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Characteristics template for EUHT RIT of “5G”

The description templates provided by NUFRONT are for the description of the characteristics of 5G[footnoteRef:1] developed by NUFRONT. It includes one characteristics template for EUHT RIT (encompassing Sub-6Gand mmWave). [1: ] 


This document provides the characteristics template for the description of the characteristics of the EUHTRIT based on a lot of previous work.

It is noted that new features in addition to the ones provided in this characteristics template might be included in future update for the RIT.

For this characteristics template, NUFRONT has addressed most of the characteristics that are viewed to be helpful to assist in evaluation activities for independent evaluation groups, as well as to facilitate the understanding of the state-of-art of NUFRONT development on the RIT. In future submission, further information will be included.



		Item

		Item to be described



		5.2.3.2.1

		Test environment(s)



		5.2.3.2.1.1

		What test environments (described in Report ITU-R M.2412-0) does this technology description template address?

This proposal addresses all the five test environments across the three usage scenarios (eMBB, mMTC, and URLLC) as described in Report ITU-R M.2412-0.



		5.2.3.2.2

		Radio interface functional aspects 



		5.2.3.2.2.1

		Multiple access schemes

Which access scheme(s) does the proposal use? Describe in detail the multiple access schemes employed with their main parameters.

· Downlink and Uplink:

The multiple access is a combination of

· OFDMA: Synchronous/scheduling-based; the transmission to/from different STAs uses mutually orthogonal frequency assignments.

The minimum element of OFDMA is 16 subcarriers.

      For EUHT Sub-6G:  Sub-carrier spacings is 78.125KHz(39.0625KHz/19.53KHz)for data

For EUHT mmWave:Sub-carrier spacings is 390.625kHzfor data.

·     CP-OFDM is applied for both downlink and uplink. 

· TDMA: Transmission to/from different STAs with separation in time. It Allocate resources to each user according to their needs

· SDMA: Possibility to transmit to/from multiple users using the same time/frequency resource (SDMA a.k.a. “multi-user MIMO”) as part of the advanced-antenna capabilities (for more details on the advanced-antenna capabilities, see Item 5.2.3.2.9 and the reference therein)	

(Note: Synchronous means that timing offset between STAs is within cyclic prefix by e.g. timing alignment.)



		5.2.3.2.2.2

		Modulation scheme



		5.2.3.2.2.2.1

		What is the baseband modulation scheme? If both data modulation and spreading modulation are required, describe in detail.

Describe the modulation scheme employed for data and control information.

What is the symbol rate after modulation?

For Sub-6G:

· Downlink and Uplink

· For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM.

· L1/L2 control: 

For URLLC：

For SICH/CCH:QPSK and frequency/time diversity.

For Short preamble:Single-carrierSpread-spectrum，

For DL/UL preamble，CRS，DRS and SRS:Multi-carrier，

For short signaling:QPSK and Multi-carrier

For mMTC & rural-eMBB:

For SICH: BPSK and Multi-carrier

For CCH: QPSK and Multi-carrier

For DL/UL preamble ,CRS，DRS and SRS:Multi-carrier

For short signaling: QPSK and Multi-carrier



· Symbol rate: 69.4Ksymbols/s (OFDM Symbol is 14.4us)



For mmWave:

· Downlink and Uplink

· For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM.

· L1/L2 control: For SICH: QPSK and Single-carrierSpread-spectrum,

For CCH : QPSK and Multi-carrierSpread-spectrum，

For UL preamble,DRSand SRS: Single-carrierSpread-spectrum，

Forshort signaling:QPSK and Multi-carrier

Symbol rate: 375.9Ksymbols/s(OFDM sample rate400MHz, FFT 1024point,CP 40 point).



		5.2.3.2.2.2.2

		PAPR

What is the RF peak to average power ratio after baseband filtering (dB)? Describe the PAPR (peak-to-average power ratio) reduction algorithms if they are used in the proposed RIT/SRIT.

The PAPR depends on the waveform and the number of component carriers. The single component carrier transmission is assumed herein when providing the PAPR. 

· Downlink and Uplink

For DL/ULTCH data: The PAPR is 10dB.

Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink. CFR（Crest Factor Reduction）algorithm is implemented in EUHT transmitter to low down PAPR to 8dB, even lower.



		5.2.3.2.2.3

		Error control coding scheme and interleaving



		5.2.3.2.2.3.1

		Provide details of error control coding scheme for both downlink and uplink.

For example, 

–	FEC or other schemes?

The proponents can provide additional information on the decoding schemes.

· Downlink and Uplink:

· For TCH data:  Support Low density parity check (LDPC) coding and Convolutional coding.LDPC channel coder facilitates low-latency and high-throughput decoder implementations. Rate matching is not needed and bit interleaving is optional for LDPC.Convolutional coding, combined with rate matching based on shortening/puncturing/repetition to achieve a desired overall code rate.

· For L1/L2 control: 

            For URLLC:

SICH /CCH data use LDPC coding, code rate is 4/7(or 1/2).

            Others:

SICH /CCH data use Convolutional coding, code rate is 1/2.



Decoding mechanism is receiver-implementation specific. Example of information on the decoding mechanism will be provided together with self-evaluation.



		5.2.3.2.2.3.2

		Describe the bit interleaving scheme for both uplink and downlink.

· Downlink and Uplink

· For TCH data:bit interleaving is performed for convolutional coding and optional for LDPC.

· For L1/L2 control: For SICH /CCH data,bit interleaving is performed after convolutional coding. For URLLC, SICH/CCH uses LDPC with optional bit interleaving.





		[bookmark: _Hlk496631322]5.2.3.2.3

		Describe channel tracking capabilities (e.g. channel tracking algorithm, pilot symbol configuration, etc.) to accommodate rapidly changing delay spread profile.

For sub-6G:

To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.

Downlink:

· DL shortpreamble can be used for synchronization, long preamble(a.k.a.common reference signal, CRS)can be used for downlink channel estimation for coherent demodulation of control channel(CCH).

· Downlink demodulation reference signal (DL DRS) can be used for downlink channel estimation for coherent demodulation of downlink transmit channel(DL-TCH).

· Downlink sounding reference signal (DL SRS) can be used for downlink channel estimation for downlink sounding channel (DL-SCH).

· Phase tracking pilot can be used for downlink compensation of residual frequency offset, including CPE.



Uplink:

· Uplink demodulation reference signal (UL DRS) can be used for uplink channel estimation for coherent demodulation of Uplink transmit channel (UL -TCH).

· Uplink sounding reference signal (UL SRS) can be used for uplink channel estimation for Uplink sounding channel (UL -SCH).

· Phase tracking pilot can be used for uplink compensation of residual frequency offset, including CPE.



Details of channel-tracking/estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used, and not part of the specification



For mmWave:

To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.

Downlink:

· System information channel(SICH)with different beampattern can be used for CAP TX antenna beamforming .

· Downlink training sequence (DL TRN)can be used for downlink channel tracking and beamtracking.

· Downlink demodulation reference signal (DRS) can be used for downlink channel estimation for coherent demodulation of downlink transmit channel and Control Channel (CCH &DL-TCH).

· Downlink sounding reference signal(DL SRS) can be used for downlink channel estimation for  downlink sounding channel (DL-SCH).

· Phase tracking pilotcan be used for downlink compensation of residual frequency offset, including CPE.

Uplink:

· RACH with different beampattern can be used for STA TX antenna beamforming.

· UL TRN can be used for uplink channel trackingand beam tracking.

· UL preamble can be used for synchronization 

· Uplink demodulation reference signal (ULDRS) can be used for downlink channel estimation for coherent demodulation of Uplink transmit channel (UL-TCH).

· Uplink sounding reference signal (ULSRS) can be used for downlink channel estimation for Uplink sounding channel (UL-SCH).

· Phase tracking pilotcan be used for uplink compensation of residual frequency offset, including CPE.

Details of channel-tracking/estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used, and not part of the specification.



		5.2.3.2.4

		Physical channel structure and multiplexing 



		5.2.3.2.4.1

		[bookmark: OLE_LINK2]What is the physical channel bit rate (M or Gbit/s) for supported bandwidths?

i.e., the product of the modulation symbol rate (in symbols per second), bits per modulation symbol, and the number of streams supported by the antenna system.

The physical channel bit rate depends on the modulation scheme, code rate, number of spatial streams, number of valid data subcarriers and FFT size of channel bandwidth, cyclic prefix (CP) length, the subcarrier spacing used, and The physical channel bit rate per spatial stream can be expressed as 



where 				

· is the number of bits per modulation symbol for the applied modulation scheme (BPSK&SQPSK :1, QPSK: 2, 16QAM: 4, 64QAM: 6, 256QAM: 8, 1024QAM:10)

·  is the number of valid data subcarriers.is FFT size of channel bandwidth,is cyclic prefix length.

·  is subcarrier spacing,please refer to section 5.2.3.2.7.



		5.2.3.2.4.2

		Layer 1 and Layer 2 overhead estimation.

Describe how the RIT/SRIT accounts for all layer 1 (PHY) and layer 2 (MAC) overhead and provide an accurate estimate that includes static and dynamic overheads.

For Sub-6G:

Downlink：

The downlink L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for DL-TCH (DRS)

b. Demodulation reference signals for DL-SCH(DL-SRS)

2. L1/L2 System Information and Control signalling (SICH/CCH) are transmitted on the up to 6 OFDM symbol for URLLC, and up to 1+6 for others.

3. L1/L2 Synchronization signal SPreamble is transmitted on 1 OFDM symbol, and Common reference signal(CRS) is transmitted on 4 OFDM symbol in URLLC and 1 for others.

4. PDU headers in L2 sub-layers (MAC/RLC/PDCP) 

The overhead due to different type of reference signals is given in the table below. 

		Reference signal type

		Example configurations

		Overhead for example configurations



		SPreamle & CRS

		1OFDM symbol SPreamle and 1 OFDM symbol CRS

		1ofdm/2ms=0.72%, so SPreamle /CRS occupies 1.44%



		SICH/CCH

		1OFDM symbol SICH and minimum number of CCH OFDM symbol is 2

		1ofdm/2ms=0.72%, so SICH/CCH occupies 2.16% to ~



		DRS

		1,2,3,4 OFDM symbol in 2ms frame

		1ofdm/2ms=0.72%, so DRS from 1 to 4  occupy 0.72% ~ 2.88%



		DL-SRS

		Similar to above

		Similar to above





Uplink：

L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for UL-TCH(UL-DRS)

b. Demodulation reference signals for UL-SCH(UL-SRS)

2. L2 control overhead due to e.g., random access, uplink time-alignment control, power headroom reports and buffer-status reports

3. PDU headers in L2 layers (MAC/RLC/PDCP) 

The overhead due to different type of reference signals is given in the table below

		DRS

		1,2,3,4 OFDM symbol in 2ms frame

		1ofdm/2ms=0.72%, so DRS from 1 to 4  occupy 0.72% ~ 2.88%



		DL-SRS

		Similar to above

		Similar to above







For mmWave：

Downlink：

The downlink L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for DL-TCH and CCH (DRS)

b. Demodulation reference signals for DL-SCH(DL-SRS)

c. Synchronization signal for uplink (UL-preamble)

2. Sequence for beam training and tracking

a. DL-TRN

3. Synchronous signal and demodulation reference signal for SICH and More SICHs with different antenna beam pattern.

4. L1/L2 Control signalling (CCH) transmitted on the up to 30 OFDM symbol.

5. L1/L2 downlink signalling feedback transmitted on the up to 15 OFDM symbol of DL-TCH, which is configurable.

6. Synchronization signaland physical broadcast control channel including demodulation reference signals included in the SICH.

7. PDU headers in L2 sub-layers (MAC) 

Uplink：

L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for UL-TCH(UL-DRS)

b. Demodulation reference signals for UL-SCH(UL-SRS)

c. 

2. Sequence for beam training and tracking

d. UL-TRN for beamforming 

3. UL preamble for initial random accessandsynchronization(RACH)

4. L1/L2 uplink signalling feedback transmitted on the first 15 OFDM symbol of UL-TCH, which is configurable

5. PDU headers in L2 layers (MAC/RLC/PDCP) 

The overhead due to different type of overload is given in the table below. 

		Reference signal type

		Example configurations

		Overhead for example configurations



		DL-DRS

		1 OFDM x Nss 

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		DL-SRS

		1OFDM x Nss

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		DL-TRN

		3OFDM x TRx ( TX & RX pairs)

		0.54%*TRx



		SICH/RACH

		3ms

		3ms/30ms = 10%



		CCH

		30OFDM

		5.4%



		DL-signaling

		15 OFDM 

		2.7%



		UL-preamble

		1 OFDM x Nss 

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		UL-DRS

		1 OFDM x Nss 

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		UL-SRS

		1OFDM x Nss

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		UL-TRN

		3OFDM x TRx ( TX & RX pairs)

		0.54%*TRx



		UL-signaling

		15 OFDM 

		2.7%



		Headers and FCS

		6byteand 4byte

		(6 and 4)/(1500 and 6 and 4) =0.66%



		

		

		





Note:

Nss: Transmission layer

TRxP:Transmission reception point



		5.2.3.2.4.3

		Variable bit rate capabilities: 

Describe how the proposal supports different applications and services with various bit rate requirements.

For a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled by the scheduler by assigning different number of resource blocks(sub-carrier set) for the transmission. In case of multiple services, the available/assigned resource, and thus the available data rate, is shared between the services.



		5.2.3.2.4.4

		Variable payload capabilities:

Describe how the RIT/SRIT supports IP-based application layer protocols/services (e.g., VoIP, video-streaming, interactive gaming, etc.) with variable-size payloads.

The MPDU payload size can supports IP-based application layer protocols/services, and the GMPDU( transport-block )consists of a series of MPDU andMPDU fragment which is depend on the number of allocateradio resource for the transmission.



		5.2.3.2.4.5

		Signalling transmission scheme:

Describe how transmission schemes are different for signalling/control from that of user data.



-Downlink:

      L1/L2 control signalling can be transmitted in separated time and frequency resources from user data or multiplexed with user data within the DL-TCH.Control signalling is limited to QPSK modulation (QPSK, 16QAM, 64QAM, 256QAM and 1024QAM for data). Exceptfor URLLC, L1/L2 Control signalling error correcting codes are Convolutional codes (LDPC codes for user data).



_Uplink:

     L1/L2 control signalling can be  transmitted in separated time and frequency resources from user data or multiplexed with user data within theUL-TCH. Control signalling is limited to QPSK modulation (QPSK, 16QAM, 64QAM, 256QAM and 1024QAM for data). Except for URLLC, L1/L2 Control signalling error correcting codes are Convolutional codes (LDPC codes for user data).



For both downlink and uplink, some higher-layer signalling (e.g. MACsignalling) can bemultiplexed with MPDU within transport blocks and thus transmitted using the same physical-layer transmitter processing as user data.



		5.2.3.2.4.6

		Small signalling overhead

Signalling overhead refers to the radio resource that is required by the signalling divided by the total radio resource which is used to complete a transmission of a packet. The signalling includes necessary messages exchanged in DL and UL directions during a signalling mechanism, and Layer 2 protocol header for the data packet.

Describe how the RIT/SRIT supports efficient mechanism to provide small signalling overhead in case of small packet transmissions.

As describe in 5.2.3.2.4.5, signalling can be transmitted in separated time and frequency resources from user data packet, and the Layer 2 protocol header for this signalling can be set as small as possible which is only used to distinguish different signaling.



		5.2.3.2.5

		Mobility management (Handover)



		5.2.3.2.5.1

		Describe the handover mechanisms and procedures which are associated with 

–	Inter-System handover including the ability to support mobility between the
RIT/SRIT and at least one other IMT system

–	Intra-System handover

	1	Intra-frequency and Inter-frequency

	2	Within the RIT or between component RITs within one SRIT (if applicable)

Characterize the type of handover strategy or strategies (for example, STA orCAP assisted handover, type of handover measurements).

What other IMT system (other than IMT-2020) could be supported by the handover mechanism?

Terminology:

To ease understanding of specific terms/abbreviations used in this item here after, few main acronyms and definitions are introduced:

-     EUHT: Enhanced Ultra High Throughput

-     CAP: Central Access Point

-     STA: Station

-    CN: Core Network

EUHT system uses network control and STA-assisted handover mechanism to support mobility.



Network provides measurement configuration information to STA. When the STA detects that the threshold of start-up measurement is satisfied, STA initiate measurements of neighbouring cells that are Intra-frequency or Inter-frequency. 

When the STA detects that the threshold for reporting measurement results is satisfied, STA will report measurement result to the network.



The source CAP decides to initiate the handover procedure based on the measured results reported by the STA.

The source CAP initiates a handover procedure and sends a "CAP Handover Request" message to the target CAP, which carries Qos flows info, security info, etc. These info help the target CAP establish RadioBearer, restore Air Interface transmission.



The target CAP can provide necessary information for STA access based on STA information provided by the source CAP. The target CAP sends a "CAP Handover Response" message to the source CAP to carry some necessary information to help the STA access the target CAP.

The source CAPsend a “Handover Command” message to theSTA, The “Handover Command” Message includes Radio Interface configuration information that is used to access the target CAP.

For some Qosflows that are required to support lossless handover, the source CAP will forward those downlink user data packets that have not received ACK from the STA to the target CAP. In addition, the source CAP also forwards those downlink user data packets newly received during the handover procedure to the target CAP.



The STA synchronizes and accesses the target CAP according to the information received from the source CAP in the "Handover Command" message.

The target CAP sends a" Path Update" message to the CN to notify the change of path. The source CAP receives a “Path Release”message from the network and release STA information.

Through the above control plane and user plane procedure, theSTA completes the handover procedure and establishes a new radio connection with the target CAP for data transmission.









Intra-system

Cellular network with intra-frequence will be supported in the system. One site may consist of three sectors or two sectors. Preamble, SICH and CCH bear at special subband, TCH bear at special subband or full band by time-sharing scheduling.CAP starts power control according to user’s near and far filed,that will reduce Interference between adjacent CAP.

Support distributed, dynamic and flexible radio resource management.TheCAP work functions ,including bandwidth, power control by Interface between CAP.



		5.2.3.2.5.2

		Describe the handover mechanisms and procedures to meet the simultaneous handover requirements of a large number of users in high speed scenarios (up to 500km/h moving speed) with high handover success rate.

EUHT sub-6G supports multi-user concurrent communication and high-speed mobile communication. Supports the handling of mobile handover for a large number of users in high-speed mobile state.

EUHT mmWavetargets to addresses Indoor hotspot-eMBB, Dense Urban-eMBB two test environments for eMMB usage scenarios as described in Report ITU-R M.2412-0, so mmWavedo not support this scenario.



		5.2.3.2.6

		Radio resource management



		5.2.3.2.6.1

		Describe the radio resource management, for example support of:

–	centralised and/or distributed RRM

–	dynamic and flexible radio resource management

–	efficient load balancing.



RRM mechanism is supported based on the following methods



General
EUHT performs radio resource management to ensure the efficient use of the available radio resource. RRM functions include:

· Radio bearer control (RBC): CAPs can accomplish the management of Radio bear by establishing, modifying and releasing radio bearer.

· Radio Admission Control (RAC): Access control can be achieved by priority access and load balancing

· Connection Mobility Control (CMC): The system supports mobility. In the Idle state, cell reselection is used to support mobility. In the connected state, the CAP controlSTA handover to support mobility



Dynamic/flexible radio resource management

EUHT supports dynamic and flexible radio resource management by packet scheduling that allocates and de-allocates resources to user and control plane packets. 



Load balancing(LB)

EUHT supports load balancing functions. In a cell with overload, access control can be realized by means of RACH back off, or Connection Release and redirect to other cells. 

EUHT-mmWave also needs to consider load balancing among different beam, which is mainly implemented by scheduler.



		5.2.3.2.6.2

		Inter-RIT interworking

Describe the functional blocks and mechanisms for interworking (such as a network architecture model) between component RITs within a SRIT, if supported.



EUHT can interwork with WLAN. A STA can dual connect EUHT and WLAN at the same time. There is an interface between the CAPs of EUHT and WLAN, which can transmit control signaling and data packets to each other to make the whole dual-connection system work more efficiently.



		5.2.3.2.6.3

		Connection/session management

The mechanisms for connection/session management over the air-interface should be described. For example:

–	The support of multiple protocol states with fast and dynamic transitions. 

–	The signalling schemes for allocating and releasing resources. 



EUHT support the following states:

-	MAC_IDLE:

-	Broadcast of system information;

-	Cell re-selection mobility;

-	DRX for CN paging.

-	MAC_INACTIVE:

-	Broadcast of system information;

-	Cell re-selection mobility;

-	DRX for RAN paging 

-	The STA AS context is stored in RAN and the STA;

-	MAC_CONNECTED:

-	RadioResource connection  is established for STA;

-	The STA AS context is stored in RAN and the STA;

-	Transfer of unicast data to/from the STA;

-	Network controlled mobility including measurements.

Transition between MAC states:

· From MAC_IDLE to MAC_CONNECTED: RadioResource connection setup

· From MAC_CONNECTED to MAC_IDLE: RadioResource connection release

· From MAC_INACTIVE to MAC_CONNECTED: RadioResource connection resume

· From MAC_CONNECTED to MAC_INACTIVE: RadioResource connection suspension

· From MAC_INACTIVE to MAC_IDLE: Radio Resource connection release 

· From MAC_IDLE to MAC_INACTIVE: not supported





		5.2.3.2.7

		Frame structure



		5.2.3.2.7.1

		Describe the frame structure for downlink and uplink by providing sufficient information such as:

–	frame length,

–	the number of time slots per frame,

–	the number and position of switch points per frame for TDD

–	guard time or the number of guard bits,

–	user payload information per time slot,

–	sub-carrier spacing 

–	control channel structure and multiplexing,

–	power control bit rate.

The frame structure related information is as follows:

For Sub-6G:

· Frame length, sub-carrier spacing

· Oneconventional EUHT radio frame of length which is configurable,can be one of the set {1,1.25,1.6,2,2.5,3.125,4,5,6.25,8,10,14} ms, and the frame consists of both downlink scheduling period and uplink scheduling period. Downlink scheduling period consists of one short-Preamble OFDM symbol, one long-Preamble OFDM symbol, one SICH OFDM symbol, the CCH channel, the DL-TCH, the DL-SCH and DGI in turn. Uplink scheduling period consists of  one uplink sounding symbol, the UL-SRCH channel , the UL-TCH, the RACH channel and UGI in turn. Data transmissions can be scheduled on anOFDM symbol basis.TheCCH channel can dynamically and adaptively allocate the resources of the traffic and the signaling channels according to the actual traffic conditions.

· The frame length may be 0.1~14ms.

· Sub-carrier spacing is 78.125KHz(39.0625KHz/19.53KHz)

· the cyclic prefixisconfigurable value {0.8, 1.6} us according to {1/8, 1/4} ratio to DFT symbol.

· The position of UL/DL switch points can be adjusted flexibly according to the real scenarios.

· The guard time consists of DGI and UGI, which can be configurable.Typically, two symbols would be allocated as guard, but different number of symbolscould be allocated as guard.

· Control channel (CCH) structure:

· The length of CCHchannel is also variable, and at least 2 OFDM symbols.

· CCH channel can’t be multiplexed with traffic data channel. 

· Power control bit rate:

No specific power-control rate is defined, but a power control command is supported. Power control contains open-loop and close-loop power control.



For mmWave:

· Frame length, subframe length, sub-carrier spacing:

· One radio frame of length 30ms consisting of two type of sub-frame: the SICH/RACH sub-frame and TCH sub-frame, each of length 1ms. Transmission mode can be Single-carrier and OFDM. The occupied bandwidth of 360MHz and the sampling rate of 400MHz. In case of Single-carrier transmission mode, the chip-rate of 266.7MHz. In case of OFDM mode, the DFT point of number is 1024, and the sub-carrier spacing is390.625kHz, the cyclic prefixis 100 ns.

· SICH/RACH sub-frame for beam training and communication setting up, using Single-carrier mode, at most 64 different beams can be used for transmission. The sub-frame consists of frame head (for frame detection, synchronization, frequency offset estimation, AGC and STA RX beam training) and SICH information part.

· TCH sub-frame (for data transmission and channel tracking and beam tracking)consists of downlink transmission period and uplink transmission period and guard interval. Downlink transmission period consists of the DL-preamble, DRS, CCH, DL-TCH, DL-TRN part. Uplink transmission period consists of the UL-preamble, UL-TCH, UL-TRN. The downlink and uplink period of length should be configured by CCH. The guard interval of length 8us.

· The CCH, DL-TCH and UL-TCH carried by OFDM symbol,, the others carried by Single-carrier transmission

· Control channel structure:

· CCH would be transmitted at the specified time and frequency interval. The time interval can span over 2-30 OFDM symbols.

· CCH can’t be multiplexed with the data transmission.

· Power control bit rate:

No specific power-control rate is defined, but a power control command is supported. Open-loop and close-loop power control can b supported.



		5.2.3.2.8

		Spectrum capabilities and duplex technologies

NOTE 1 – Parameters for both downlink and uplink should be described separately, if necessary.



		5.2.3.2.8.1

		Spectrum sharing and flexible spectrum use

Does the RIT/SRIT support flexible spectrum use and/or spectrum sharing? Provide the detail.

Description such as capability to flexibly allocate the spectrum resources in an adaptive manner for paired and un-paired spectrum to address the uplink and downlink traffic asymmetry. 

For sub-6G:

Support 5/10/20/40/80/100MHz，and support OFDMA.

· Multiple component carriers can be aggregated to achieve up to 1.6GHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).



For mmWave:

· supports flexible spectrum use through mechanisms including the following:

· Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).





		5.2.3.2.8.2

		Channel bandwidth scalability

Describe how the proposed RIT/SRIT supports channel bandwidth scalability, including the supported bandwidths. 

Describe whether the proposed RIT/SRIT supports extensions for scalable bandwidths wider than 100 MHz.

Describe whether the proposed RIT/SRIT supports extensions for scalable bandwidths wider than 1 GHz, e.g., when operated in higher frequency bands noted in § 5.2.4.2.

Consider, for example:

–	The scalability of operating bandwidths. 

–	The scalability using single and/or multiple RF carriers.

Describe multiple contiguous (or non-contiguous) band aggregation capabilities, if any. Consider for example the aggregation of multiple channels to support higher user bit rates.



For sub-6G:

One component carrier supports a scalable bandwidth, 5, 10, 20, 40, 80,100MHz for frequency range 450 MHz to 6000 MHz, with guard band ratio from 10% to 2.5%.By aggregating multiple component carriers, transmission bandwidths up to 1.6GMHz are supported to provide high data rates.Component carriers can be either contiguous or non-contiguous in the frequency domain. The number of component carriers transmitted and/or received by a mobile terminal STA can vary over time depending on the instantaneous data rate.



For mmWave:

· supports flexible spectrum use through mechanisms including the following:

· Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).





		5.2.3.2.8.3

		What are the frequency bands supported by the RIT/SRIT? Please list.

For sub-6G:

		operating band

		Uplink (UL) and Downlink (DL) operating band


		Duplex Mode



		N1

		450 - 470 MHz

		TDD



		N2

		470 - 698 MHz

		TDD



		N3

		694/698 - 960 MHz

		TDD



		N4

		1427 - 1518 MHz

		TDD



		N5

		1710 - 2025 MHz

		TDD



		N6

		2110 - 2200 MHz

		TDD



		N7

		2300 - 2400 MHz

		TDD



		N8

		2500 - 2690 MHz

		TDD



		N9

		3300 - 3400 MHz

		TDD



		N10

		3400 - 3600 MHz

		TDD



		N11

		3600 - 3700 MHz

		TDD



		N12

		4800 - 4990 MHz

		TDD







For mmWave:

		Uplink (UL) and Downlink (DL) operating band


		Duplex Mode



		24250 MHz – 52600 MHz

		TDD



		57000 MHz – 66000 MHz

		TDD









		5.2.3.2.8.4

		What is the minimum amount of spectrum required to deploy a contiguous network, including guardbands (MHz)? 

For sub-6G:

The minimum amount of unpaired spectrum is 5MHz.



For mmWave:

The minimum amount of unpaired spectrum is400MHz.



		5.2.3.2.8.5

		What are the minimum and maximum transmission bandwidth (MHz) measured at the 3 dB down points?

For sub-6G:

The 3 dB bandwidth is

BW=20M: 9.3*2=18.6MHz.

BW=40M: 19.3*2=38.6MHz

BW=80M: 39.3*2=78.6MHz



For mmWave:

The 3 dB bandwidth is375MHz



		5.2.3.2.8.6

		What duplexing scheme(s) is (are) described in this template? 
(e.g. TDD, FDD or half-duplex FDD). 

Provide the description such as:

–	What duplexing scheme(s) can be applied to paired spectrum? Provide the details (see below as some examples).

–	What duplexing scheme(s) can be applied to un-paired spectrum? Provide the details (see below as some examples).

Describe details such as:

–	What is the minimum (up/down) frequency separation in case 
of full- and half-duplex FDD? 

–	What is the requirement of transmit/receive isolation in case 
of full- an half-duplex FDD? Does the RIT require a duplexer 
in either the UE or base station? 

–	What is the minimum (up/down) time separation in case of TDD?

–	Whether the DL/UL ratio variable for TDD? What is the DL/UL ratio supported? If the DL/UL ratio for TDD is variable, what would be the coexistence criteria for adjacent cells?

· EUHTsupports only TDD duplexing scheme.In each TCH subframe,DL/UL ratio is configurable. Adjacent cells using the same carrier frequency can use the same or different DL/UL resource assignment configuration.

· For both the CAPand theSTA, duplexer is not needed.

· The TDD guard time is configurable to meet different deployment scenarios.



		5.2.3.2.9

		Support of Advanced antenna capabilities



		5.2.3.2.9.1

		Fully describe the multi-antenna systems (e.g. massive MIMO) supported in the UE, base station, or both that can be used and/or must be used; characterize their impacts on systems performance; e.g., does the RIT have the capability for the use of:

–	spatial multiplexing techniques,

–	spatial transmit diversity techniques,

–	beam-forming techniques (e.g., analog, digital, hybrid). 

For sub-6G:

Sub-6G system supportsmulti-antenna in CAP and STA, thus spatial multiplexing and spatial transmit diversity can be well achieved.



For mmWave:

The multi-antenna systems in EUHT-mmWavesupports the following MIMO transmission schemes at both the STA and the CAP:

· Spatial multiplexing with DRS based closed loop and semi-open loop transmission schemes are supported. For DL, codebook and reciprocity based precoding are supported. For UL,  codebook and non-codebook based transmission aresupported.

· Specification transparent diversity schemes can also be supported by CAP implementations.

· Hybrid beamforming including both digital and analog beamforming is supported. Beam management with periodic and aperiodic beam refinement is also supported at the STA and at the CAP.



		5.2.3.2.9.2

		How many antenna elements are supported by the base station and UEfor transmission and reception? What is the antenna spacing (in wavelengths)? 

For sub-6G:

Sub-6G system supports 1~8 antenna ports in both DL(CAP) and UL(STA). The antenna spacing is half of wavelength.



For mmWave:

EUHT-mmWave supports {1, 2, 4, 8, 12, 16, 24, 32} antenna ports in the DL and {1, 2, 4} antenna ports in the UL.

Base Station and STA support rectangular antenna arrays. The rectangular panel array antenna can be described by the followingfigure , where  Mg is the number of panels in a column,  Ng is the number of panels in row,  M are the number of vertical, N horizontal antenna elements within a panel and M*N is number of polarizations per antenna element. The spacing in vertical and horizontal dimensions between the panels is specified by dV and between antenna elements by dH.





EUHT-mmWave specification is flexible to support various antenna spacing, number of antenna elements, antenna port layouts and antenna virtualization approaches.



		5.2.3.2.9.3

		Provide details on the antenna configuration that is used in the self-evaluation.

The information will be provided with self evaluation results.



		5.2.3.2.9.4

		If spatial multiplexing (MIMO) is supported, does the proposal support (provide details if supported)

–	Single-codeword (SCW) and/or multi-codeword (MCW)

–	Open and/or closed loop MIMO

–	Cooperative MIMO

–	Single-user MIMO and/or multi-user MIMO.



In EUHT, spatial multiplexing is supported with the following options:

Single codeword is supported for 1-4 layer transmissions and two codewords are supported for 5-8 layer transmissions in DL. Only single codeword is supported for 1- 4 layer transmissions in UL

Closed loop MIMO issupported in EUHT, where for demodulation of data, receiver does not require knowledge of the precoding matrix used at the transmitter. 

Both single-user and multi-user MIMO are supported. For the case of single-user MIMO transmissions, up to 8 layers are supported in DL and up to 4 layers are supported in UL. For both DL and UL,multi-user MIMO up to 8 orthogonal DM-RS ports with up to 4 orthogonal ports per STA are supported.



EUHT-mmWavesupports coordinated multipoint transmission/reception, which could be used to implement different forms of cooperative multi-antenna (MIMO) transmission schemes.



		5.2.3.2.9.5

		Other antenna technologies 

Does the RIT/SRIT support other antenna technologies, for example:

–	remote antennas,

–	distributed antennas.

If so, please describe.

The use of remote antennas and distributed antennas is supported by EUHT.



		5.2.3.2.9.6

		Provide the antenna tilt angle used in the self-evaluation.

The information will be provided with self evaluation results.



		5.2.3.2.10

		Link adaptation and power control



		5.2.3.2.10.1

		Describe link adaptation techniques employed by RIT/SRIT, including:

–	the supported modulation and coding schemes,

–	the supporting channel quality measurements, the reporting of these measurements, their frequency and granularity.

Provide details of any adaptive modulation and coding schemes, including:

–	Hybrid ARQ or other retransmission mechanisms? 

–	Algorithms for adaptive modulation and coding, which are used in the self-evaluation. 

–	Other schemes?



For sub-6G:

For data, EUHT support the modulation schemesBPSK, QPSK, 16 QAM, 64 QAM, 256QAM and 1024QAM, and code rates between approximately 0.5 and 0.9. Some 100different modulation-scheme/code-rate combinations exist. This is valid for both downlink and uplink. 

In both downlink and uplink, link adaptation (selection of modulation scheme, code rate and repetition number) is computed by STA and report to CAP, then CAP send configure information to STA. In the downlink the network selection of modulation-scheme/code-rate combination can e.g. be based on Channel Quality Indicators (CQIs) reported by the STAs. Several different CQI modes exist, including frequency-selective and wideband modes, periodic and aperiodic modes(frequency and granularity??). The CQI mode is controlled by the CAP. In the uplink the CAP may measure either the traffic channel or sounding reference signals and use this as input to link adaptation.

On the MAC layer, ARQ is supported. The modulation scheme may be changed for retransmissions. In order to minimize delay，fast and timely feedback will be implemented.



For mmWave:

--For link adaptation, EUHT-mmWave  can determined the modulation coding mode and wireless time-frequency resources by dynamic scheduling, meantime can adaptively select the best beam according to the training result of beam;

--The terminal STA determines the transmission block size of the current transmission slot according to the dynamically allocated MCS indication and wireless resources, and currently supports the maximum 61 MCS types, the transmission layer number of multi-antenna MIMO is 1-4, and the code rate range is 0.0293-0.875;

--The uplink and downlink MCS are controlled by CAP, the downlink MCS is based on the reported CQI of STA, EUHT-mmWave adopts TDD mode, the uplink MCS can base on measurement of sounding signal or downlink report CQI, and the uplink and downlink MCS can be corrected by statistical BLER. CQI reporting supports aperiodic and periodic mode. The trigger of aperiodic reporting and the periodic granularity of periodic reporting are completely based on the dynamic configuration and scheduling of CAP;

-DL-TCH and UL-TCH channels are configured with beam training sequences, which can complete tracking and training of beam in real time, and the training results can be reported together with CQI.

--PHY and MAC layers support hybrid ARQ retransmission mechanism, and the MCS in retransmission can dynamically indicate by CAP according to current channel condition, greatly increase radio resource efficiency. At the same time, in order to minimize transmission delay, this RIT supports immediate acknowledgement and group acknowledgement mechanisms. Of course, it can also ensure higher reliability through the higher-level selective retransmission mechanism supported by this RIT.





		5.2.3.2.10.2

		Provide details of any power control scheme included in the proposal, for example:

–	Power control step size (dB)

–	Power control cycles per second

–	Power control dynamic range (dB)

–	Minimum transmit power level with power control

–	Associated signalling and control messages.

Uplink power control is independent for uplink data(UL-TCH),  and sounding reference signal SRS. The uplink power control is based on both signal-strength measurements done by the STA itself (open-loop power control), as well as measurements by the CAP. The latter measurements are used to generate power-control commands that are subsequently fed back to the STAs as part of the downlink control signaling (closed-loop power control). Both absolute and relative power-control commands are supported. There are four available relative power adjustments (“step size”) in case of relative power control, TBD. For uplink data, multiple closed loop power control processes can be configured, including the possibility separate processes with transmission beam indication. 

For example, a real implementation is as below:

Power control step size is 1dB.

Power control cycles is 20 time per second.

Power control dynamic range is from -4 to 26dB



Downlink power control is network-implementation specific and thus outside the scope of the specification. A simple and efficient power control strategy is to transmit with a constant output power. Variations in channel conditions and interference levels are adapted to by means of scheduling and link adaptation.



		5.2.3.2.11

		Power classes



		5.2.3.2.11.1 

		STA emitted power



		5.2.3.2.11.1.1

		What is the radiated antenna power measured at the antenna (dBm)?

For sub-6G:

For frequency range 1, the maximum output power is measured as the sum of the maximum output power at each STA antenna connector.  The maximum output power is defined by STA power class as following table.

							<STA maximum output power for frequency range 1>

		Power class

		PPowerClass (dBm)

		Tolerance



		2

		26

		 and 2/-3



		3

		23

		 and 2/-3~-2



		Note 1: PPowerClass is the maximum STA power specified without taking into account the tolerance









For mmWave:

<STA minimum peak EIRP >

		

		Min peak EIRP (dBm)



		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		N1

		40.0

		29

		22.4

		34



		NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance







< STA minimum spherical coverage EIRP >

		

		Min spherical coverage EIRP (dBm)



		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		N1

		32.0@85%

		18@60%

		11.5@50%

		25@20%



		NOTE 1:	Minimum spherical coverage EIRP is defined as the lower limit without tolerance at x% of the distribution of radiated power measured over the full sphere around the STA.







< STA maximum output power limits>

		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		

		Max TRP (dBm)

		Max EIRP

(dBm)

		Max TRP (dBm)

		Max EIRP

(dBm)

		Max TRP (dBm)

		Max EIRP

(dBm)

		Max TRP (dBm)

		Max EIRP

(dBm)



		N1

		35

		55

		23

		43

		23

		43

		23

		43









		5.2.3.2.11.1.2 

		What is the maximum peak power transmitted while in active or busy state?

 See item 5.2.3.2.11.1.1.



		5.2.3.2.11.1.3

		What is the time averaged power transmitted while in active or busy state? Provide a detailed explanation used to calculate this time average power.

For sub-6G:

The time averaged power transmitted in active state is subject to the type of signal/channel, STA channel condition, allocated bandwidth, and deployment scenario, etc. One example of estimate averaged transmit power is to take median of minimum STA output power and maximum STA output power (e.g. around -10dBm). 



<Minimum STA output power for frequency range 1>

		STA power class

		Channel bandwidth

(MHz)

		Minimum output power

(dBm)

		Measurement bandwidth

(MHz)



		Power class 1

		20

		4

		17.96875



		

		40

		4

		37.96875



		

		80

		4

		77.96875



		

		

		

		



		Power class 2, 3, 4

		20

		-13

		17.96875



		

		40

		-13

		37.96875



		

		80

		-13

		77.96875



		

		

		

		









For mmWave:

 The time averaged power transmitted in active state is subject to the type of signal/channel, STA channel condition, allocated bandwidth, and deployment scenario, etc. One example of estimate averaged transmit power is to take median of minimum STA output power and maximum STA output power (e.g. around -10dBm). 



<Minimum STA output power for frequency range 2>

		STA power class

		Channel bandwidth

(MHz)

		Minimum output power

(dBm)

		Measurement bandwidth

(MHz)



		Power class 1

		400

		4

		380.16



		Power class 2, 3, 4

		400

		-13

		380.16









		5.2.3.2.11.2

		Base station emitted power



		5.2.3.2.11.2.1

		What is the base station transmit power per RF carrier?

CAPs intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements which limit the maximum transmit power.



For mmWave:

For the CAP type 1-C and CAP type 1-H, the CAP conducted output power is measured at antenna connector for CAP type 1-C, or at TAB connector for CAP type 1-H. 

For the CAP type 1-O and CAP type 2-O, radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction

· For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the CAP is declared to radiate at the associated beam peak direction during the transmitter ON period.



		5.2.3.2.11.2.2 

		What is the maximum peak transmitted power per RF carrier radiated from antenna?

CAPs intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements which limit the maximum transmit power.



		5.2.3.2.11.2.3

		What is the average transmitted power per RF carrier radiated from antenna?

 The averaged transmitted carrier power is subject to the type of signal/channel to be transmitted, bandwidth, and deployment scenario, etc.



		5.2.3.2.12

		Scheduler, QoS support and management, data services



		5.2.3.2.12.1

		QoS support

–	What QoS classes are supported?

–	How QoS classes associated with each service flow can be negotiated.

–	QoS attributes, for example:

	•	data rate (ranging from the lowest supported data rate to maximum data rate supported by the MAC/PHY);

	•	control plane and user plane latency (delivery delay);

	•	packet error ratio (after all corrections provided by the MAC/PHY layers), and delay variation (jitter).

–	Is QoS supported when handing off between radio access networks? If so, describe the corresponding procedures.

–	How users may utilize several applications with differing QoS requirements at the same time.

The EUHT QoS model is based on service types, and generally includes 8 service types in two major categories: GBR service and non-GBR service. Each service flow has many QoS parameters, such as: service type index, resource type, priority level, service guarantee rate, maximum service rate, delay budget and packet loss rate budget.

When the services are established, the IP gateway and EUHT access gateway map different services to Fid Flow representing different services of the access network according to QoS parameters of the service flow.

During the handover of the radio access network, QoS of each service is guaranteed through fast handover and lossless handover supported by this RIT.

In order to support multiple services with different QoS for users, this RIT adopts multi-FID service flow multiplexing and multi-service dynamic scheduling.







		5.2.3.2.12.2

		Scheduling mechanisms

–	Exemplify scheduling algorithm(s) that may be used for full buffer and non-full buffer traffic in the technology proposal for evaluation purposes.

Describe any measurements and/or reporting required for scheduling. 

EUHT adopts TDD mode, and uplink and downlink are dynamically scheduled respectively. The supported scheduling algorithms are mainly self-developed proportional fair scheduling and semi-static scheduling algorithms:

--MIMO antennas, modulation codes and beam that need to be determined for dynamic scheduling are based on the measurement reporting and adaptive mechanism described in Section 5.2.3.2.10.1.

--The proportional fair algorithm also needs to consider the priority of different users, the QoS requirements of services, and the current service cache situation, which is suitable for full-buffer services.

--For non-fullbuffer services, such as VOIP and signal control, semi-static scheduling can be adopted, referring to the burst model of services, and a small amount of resources can be reserved periodically to ensure various service quality requirements and utilization rate of wireless resources.

In addition, the time slot resources of DL-TCH and UL-TCH of EUHT support dynamic configuration, which can be optimized according to the current service type and cache situation.





		5.2.3.2.13

		Radio interface architecture and protocol stack



		5.2.3.2.13.1

		Describe details of the radio interface architecture and protocol stack such as:

–	Logical channels

–	Control channels

–	Traffic channels

Transport channels and/or physical channels.



For EUHT sub-6G:

Radio Protocols:

The protocol stack for the user plane includes the following:MADP(MAC adaptive sublayer),MAC sublayer and PHY sublayer (terminated in UE and BS).

On the Control plane, the following protocols are defined:

-     MAC and PHY sublayers (terminated in UE and BS);

-     NAS protocol (terminated in UE and CN)

 

Radio Channels (Physical, Transport and Logical Channels)

The physical channels defined in the downlink are: 

-     the System　Information　Channel (SICH)

-     the Control　Channel (CCH)

-     the Downlink　Sounding　Channel (DL-SCH)

-     the Downlink　Transmission　Channel (DL-TCH) 

-the Downlink　Guard　Interval (DGI)

 

The physical channels defined in the uplink are: 

-     the Uplink　Sounding　Channel(UL-SCH)

-     the Uplink　Schedule　Request　Channel (UL-SRCH)

-     the Uplink　Random　Access　Channel (UL-RACH)

-     the Uplink　Transmission　Channel (UL-TCH) 

-the Uplink　Guard　Interval (UGI)

 

The following transport channels are defined:

Uplink:

-          Uplink Signalling Channel (USCH), mapped to UL-TCH

-          Uplink Data Channel (UDC), mapped to UL-TCH

-          Random Access Channel (RACH), mapped to UL-RACH

-           

Downlink:

-          Downlink Signalling Channel (DSCH), mapped to DL-TCH

-          Downlink Data Channel (DDC), mapped to DL-TCH

-          Downlink System Info(DSI), mapped to SICH

 

 

Logical channels are classified into two groups: Control Channels and Traffic Channels. 

Control channels:

-          Broadcast Control Channel (BCCH): a downlink channel for broadcasting system control information.

-          Paging Control Channel (PCCH): a downlink channel that transfers paging information and system information change notifications.

-          System Info Channel (SI): channel for transmitting control information between UEs and network. 

-          Dedicated Control Channel (DCCH): a point-to-point bi-directional channel that transmits dedicated control information between a UE and the network. 

Traffic channels:Traffic Channel (DTCH/UTCH), which can exist in both UL and DL.

In Downlink, the following connections between logical channels and transport channels exist:

-          BCCH can be mapped to DDC;

-          PCCH can be mapped to DDC;

-           DCCH can be mapped to DSCH;

-           DTCH can be mapped to DDC;

-          SI can be mapped to DSI

In Uplink, the following connections between logical channels and transport channels exist:

-DCCH can be mapped to USCH

-UTCH can be mapped to UDC.





		5.2.3.2.13.2

		What is the bit rate required for transmitting feedback information?

For sub-6G:

EUHT system can confirm the return of data packet to ACK in the same frame.

ACK is sent every frame(eg:2ms, configurable), with size of few octets, e.g. 120 bits,this results in a rate of 120/0.002=60000bit/s



For mmWave:

-Implicit acknowledgement and immediate /group acknowledgement mechanisms.

-Non-broadcast control signaling needs acknowledgement and can be confirmed according to the received response message;

-For service data and unresponsive control signaling, an immediate group acknowledgement (multi-FID) method is adopted. Since resources are independent of service data scheduling, less L2 packet header overhead can be adopted, with a typical length of 120bit；;

In addition, the slot length of EUHT-mmWave can be configured, taking 0.5ms as an example, the bit rate of feedback is 120/0.5 ms = 240 kbit/s.





		5.2.3.2.13.3

		Channel access:

Describe in details how RIT/SRIT accomplishes initial channel access, (e.g. contention or non-contention based).

For sub-6G:

EUHT system can complete initial access through random access process.

EUHT supports "random access based oncontention" and "non-contention access process".



Contention access is mainly used in the initial access process, and the STA uses random PN code to access. The CAP allocates resources for the STA to transmit the random-access request signaling, and the STA sends the random-access request signaling. After receiving the random-access response signaling, the initial access is completed.



Non-contention access is mainly used in handover process. CAP can provide dedicated resources to STA, which can avoid contention, reduce the time of access to target CAP, and quickly complete the process of access to target CAP.



For mmWave:

Channel access of mmWave includes initial channel access (contention-based random access) and handover channel access (non-contention access).

-The initial channel access of this RIT is based on a fully competitive mode, including corresponding RACH channel resources and access preamble. The available random-access resources and preamble sets can be obtained by receiving system information SICH.

-The initial random access procedure includes scanning different beams to obtain relevant SICH information, selecting the RACH channel corresponding to the most appropriate beam, randomly selecting preamble in the alternative set to initiate access, waiting to receive a random access response (DL-CCH) message which carries the initial TA, allocated uplink transmission resources, etc., and then the STA uses the allocated resources to send the first uplink message (connection establishment request) while opening a window to wait for the connection establishment response message. If the access fails, the STA can back off randomly and retry to access CAP for several times.

-From the physical layer point of view, first it need to scan multiple beams to obtain synchronization, train downlink beam and SICH information. The random access preamble is sent on RACH channel corresponding to beam, the random access response is a downlink broadcast CCH, and the others are control short message orders.





		5.2.3.2.14

		Cell selection



		5.2.3.2.14.1

		Describe in detail how the RIT/SRIT accomplishes cell selection to determine the serving cell for the users.

Forsub-6G:

The EUHT system completes cell selection through the following processes:

TheSTA searches all the frequency bands it supports, measures the specific carrier signal strength, chooses the cell that meets the signal threshold, and chooses the appropriate cell to camp by reading the system information broadcasted by the cell.



[bookmark: _Toc334778723]FormmWave:

The cell selection of EUHT-mmWave is based on the following procedures and criteria.

--STA confirms currently supported frequency;

--For each supported frequency, scanning of multiple beams needs to be completed, acquire synchronous SYNC and read the system information SICH , and then the best beam candidate set of the current frequency is confirmed, and corresponding RSSI and RACH resources are recorded;

--STA needs to select a suitable cell from multiple frequency point scans, i.e. the RSSI measured by candidate frequency point cell meets the cell selection threshold, and the corresponding cell candidate beam does not prohibit access due to overload or other reasons;

-among these suitable cells, STA selects the strongest cell to camp or initiate access on corresponding RACH resources;

-Of course, in the system information SICH, the cell with a specific frequency point can be configured as the cell with priority camp;





		5.2.3.2.15

		Location determination mechanisms



		5.2.3.2.15.1

		Describe any location determination mechanisms that may be used, e.g., to support location based services. 



For sub-6G:

EUHT provides mechanisms to support or assist the determination of the geographical position of a STA. STA position knowledge can be used for Radio Resource Management, location based services for operators, subscribers, and third party service providers.



The standard positioning methods supported for EUHT access include:

-	enhanced cell ID methods;

-	network-assisted GNSS methods;

-	observed time difference of arrival (OTDOA) positioning;



Use of one or more methods from the list above and hybrid positioning using multiple methods is supported using either STA-based and STA-assisted/RAN-based.



In future releases, EUHT system will be further studied to add richer positioningservice methods.



For mmWave:

This RIT supports an accurate positioning mechanism based on preamble ranging and beam tracking assistance:

-This positioning information is conducive to efficient radio resource management of the network;

-Provide accurate location services for network providers, subscribe users and third parties with relevant qualifications;

-preamble-based ranging can provide accuracy within a range of several meters;

-Assist beam tracking by obtaining the angle information of each antenna array element and providing three-dimensional coordinate information after a large number of calculations;

Of course, EUHT-mmWave can also choose to obtain accurate positioning information to meter level provided by EUHT's positioning module through the module's external interface;







		5.2.3.2.16

		Priority access mechanisms



		5.2.3.2.16.1

		Describe techniques employed to support prioritization of access to radio or network resources for specific services or specific users (e.g., to allow access by emergency services).

For sub-6G:

EUHT system supports overload and access control functionality.

EUHT system has priority access control, load balancing functions. In a cell with overload, access control can be realized by means of RACH back off, or Connection Release and redirect to other cell. 

For different access priorities of users of the system, some CAPs with special operational needs and reserved uses are not allowed to access STA with lower access priorities. In addition, the EUHT system also supports emergency communication services. It will dispatch and allocate radio resources according to the highest priority for emergency communication services to ensure emergency services.



For mmWave:

For special users or special service requirements, such as access initiated by emergency services, this RIT has a response mechanism to ensure priority access to wireless networks to obtain network resources:

-Support load control based on cell and beam, and system information broadcasts the current cell and beam load conditions to control access;

-Provide a variety of access control functions, RACH access collision fallback mechanism, connection establishment rejection, and fallback request;

-idle state, initiating initial access, and the corresponding connection establishment request message can carry trigger service identification and priority, so that the network can judge whether to give priority to access;

-Connection status, switching between competitive and non-competitive modes. For priority users or those with priority services, resources such as preamble, STAID and beam can be allocated in advance to avoid collision and ensure priority access;







		5.2.3.2.17

		Unicast, multicast and broadcast



		5.2.3.2.17.1

		

TheSRIT support unicast data transmission between different users and multicast data transmission from point to multipoint.

The supported broadcast data transmission includes the system information and parameter configuration information of the cell, as well as the service information broadcast within the whole gateway.

All three use shared carriers, and the three coexist mainly through mechanisms:

1. broadcasts STA identification (BSTAID) and STA unique identification (STAID)can distinguish unicast and broadcast data;

2. Configure the broadcast target IP address and the function of address learning;







		5.2.3.2.17.2

		Describe whether the proposal is capable of providing multiple user services simultaneously to any user with appropriate channel capacity assignments?



The SRIT support any user to provide multiple services at the same time:

-setting up a multi-FID service flow based on service QoS attribute for each user;

-services with mutual types of QoS attributes can reuse the same FID service flow;

-Multi-service dynamic scheduling based on proportional fair scheduling algorithm to provide appropriate channel capacity allocation;

For more details, please refer to the descriptions in the previous 5.2.3.2.12 and 5.2.3.2.13.





		5.2.3.2.17.3

		Provide details of the codec used.

Does the RIT/SRIT support multiple voice and/or video codecs? Provide the detail.

 The RIT could support various voice and video codecs, as desired. In fact, the radio interface technology (fully IP-based) is mostly agnostic to such codecs, and capable of accommodating diverse range of codec types, rates and operation (fixed/dynamic/adaptive). This enables support for all main codecs used/defined today (e.g. AMR-NB/WB, EVS), as well as the capability to support more enhanced codecs that may be defined in future.



		5.2.3.2.18

		Privacy, authorization, encryption, authentication and legal intercept schemes 



		5.2.3.2.18.1

		Any privacy, authorization, encryption, authentication and legal intercept schemes that are enabled in the radio interface technology should be described. Describe whether any synchronisation is needed for privacy and encryptions mechanisms used in the RIT/SRIT.

Describe how the RIT/SRIT addresses the radio access security, with a particular focus on the following security items:

–	system signalling integrity and confidentiality,

–	user equipment identity authentication and confidentiality,

–	 subscriber identity authentication and confidentiality,

–	 user data integrity and confidentiality

Describe how the RIT/SRIT may be protected against attacks, for example: 

–	passive, 

–	man in the middle,

–	replay,

–	denial of service. 



EUHT has implemented the subscriber’s privacy requirement. 

EUHT supports the concealment of subscription permanent identifier over-the-air. 

This feature is mainly aimed against the active attacker.

EUHT also has the guaranteed regular refreshment of subscription temporary identifier.

This feature is mainly aimed against the passive attacker.

EUHT supports multiple connections and slicing, which can help improve the stability of wireless networks.

The authentication/authorization is used in EUHT, this builds strong cryptographic primitives and security characteristics.

The authentication/authorization on both sides can prvent the illegal STA or CAP.



EUHT includes protection against eavesdropping, modification, and replay attacks.

EUHT implements the following ciphering algorithms: AES, ZUC, SMS4.

And the CRC verification mechanism on MAC layer, can ensure the integrity of payload.

Signalling and user plane traffic is encrypted and can be integrity protected.



		5.2.3.2.19

		Frequency planning



		5.2.3.2.19.1

		How does the RIT/SRIT support adding new cells or new RF carriers? Provide details.

For sub-6G:

EUHT system reserves 7 bit for physical cell identities. Thus, theoretically 768-cell reuse is realized(3-type Spreamble and 2-type CRS).

Actual cell deployment is operation specific. Self configuration can be also supported.



For mmWave:

EUHT-mmWave supports 8 bits  cell ID, so 256 cells can be reused in theory.

-This RIT works in TDD mode. If the SUL needs to be added, the same ID can be used.

-if multiple carrier components are supported through carrier aggregation, different carrier components are assigned different ID;

The NT function of EUHT can realize the self-optimized configuration of the network.





		5.2.3.2.20

		Interference mitigation within radio interface



		5.2.3.2.20.1

		Does the proposal support Interference mitigation? If so, describe the corresponding mechanism.

For sub-6G:

To mitigate interference, Half-duplex TDD and enough DL/UL switch time interval are used. Alsothere are several types of Spreamble, CRS to distinguish different cells. 7bit Cell ID is used to scramble the control and business channel to low down interference further.



For mmWave:

-- To mitigate interference, Half-duplex TDD and enough DL/UL switch time interval are used.





--Large path loss and random directional transmission of mmWave mitigate cell interference.

--The dynamic configurability of STA-specific DL-DRS and UL-DRS corresponds to the directional transmission of beams, effectively reducing interference.。

--The interference of 8 bit cell ID ofcontrol channel  further reduced interference.



		5.2.3.2.20.2

		What is the signalling, if any, which can be used for intercell interference mitigation?

The information will be provided in later update.



		5.2.3.2.20.3

		Link level interference mitigation

Describe the feature or features used to mitigate intersymbol interference.

Time and frequency synchronization to the DL and UL frame structures in combination with the use of a cyclic prefix OFDM transmission in both UL(with or without transform precoding)  and DL, provides robustness against intersymbol interference.



See also answer to 5.2.3.2.20.4



		5.2.3.2.20.4

		Describe the approach taken to cope with multipath propagation effects (e.g. via equalizer, rake receiver, cyclic prefix, etc.). 

The use of OFDM transmission in both UL and DL, in combination with a cyclic prefix, provides inherent robustness to time-dispersion/frequency-selectivity on the radio channel. 

In case of transform precoding in the DL/UL, time-dispersion/frequency-selectivity on the radio channel can be handled by receiver-side equalization.



		5.2.3.2.20.5

		Diversity techniques

Describe the diversity techniques supported in the user equipment and at the base station, including micro diversity and macro diversity, characterizing the type of diversity used, for example:

–	Time diversity: repetition, Rake-receiver, etc.

–	Space diversity: multiple sectors, etc.

–	Frequency diversity: frequency hopping (FH), wideband transmission, etc.

–	Code diversity: multiple PN codes, multiple FH code, etc.

–	Multi-user diversity: proportional fairness (PF), etc.

–	Other schemes.

Characterize the diversity combining algorithm, for example, switched diversity, maximal ratio combining, equal gain combining. 

Provide information on the receiver/transmitter RF configurations, for example:

–	number of RF receivers

–	number of RF transmitters.

The RIT provides the following means for diversity: 

· Space diversity by means of multiple transmit and receiver antennas and beamforming

· Number of TX-antenna ports: This is a deployment choice, but for the purpose of multi-layer transmissions up to8 downlink and up to 4 uplink antenna ports have been defined where the mapping of ports to physical antennas is an implementation issue

· Number of RX antenna ports: Implementation specific

· Frequency diversity by means of wide overall transmission bandwidth(data repetition in allocation to subcarriers )

· Time diversity by means of fast retransmissions with ARQ protocol, or data repetition in the same frame.

· Multi-user diversity by means of channel-aware PF scheduling；

· Code diversity: multiple preamble codes,

· 3TRxP



		5.2.3.2.21

		Synchronization requirements



		5.2.3.2.21.1

		Describe RIT’s/SRIT’s timing requirements, e.g.

–	Is base station-to-base station synchronization required? Provide precise information, the type of synchronization, i.e., synchronization of carrier frequency, bit clock, spreading code or frame, and their accuracy.

–	Is base station-to-network synchronization required?

State short-term frequency and timing accuracy of base station transmit signal.

Common general aspects:

SRIT ‘s employ TDD duplex mode, it requires base station-to-base station synchronization and base station to network synchronization.

SRIT’s employ PPS (plus per second) to achieve base station-to-base stationframe synchronization to resisting Inter-cell Interference.It provide common SFN(system frame number) to achieve spatial frame synchronization, channel access and handover.It uses Ethernet synchronization to get BS time synchronization, and provides absolute clock for system .

Some accuracy requirements

CAP transmit signals accuracy:	

· Frequency accuracy (wide area CAP): within ±0.5 ppm, observed over 1ms

· Timing accuracy: time alignment error (TAE) is within 65 ns for Single-carrier (MIMO or TX div), 260 ns for intra-band contiguous carrier aggregation, 3µs for intra-band non-contiguous and inter-band CA.

Cell phase synchronization accuracy:

· The cell phase synchronization accuracy measured at CAP antenna connectors shall be better than 3 µs.



		5.2.3.2.21.2

		Describe the synchronization mechanisms used in the proposal, including synchronization between a user terminal and a base station. 

For sub-6G:

Cell search is the procedure by which a STA acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. In downlink,STA obtains frequency offset estimation by autocorrelation of long and short preambles. Short preambles are for coarse synchronization and long preambles are for fine synchronization. The second synchronization is realized by cell reference signal.In uplink, STA pre-compensates for upstream transmission based on downlink frequency offset estimation.

Cell search is the procedure by which a STA acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. A STA receives the following synchronization signals (SS) in order to perform cell search: the short preamble(SPreamble) and common reference signal(CRS). SPreamble is used(at least) for initial symbol boundary, cyclic prefix, sub frame boundary, initial frequency synchronization to the cell. CRSis usedfor radio frame boundary identification and fine synchronization. SPreamble and CRS together used for cell ID detection. 

Other synchronization mechanisms are defined e.g. for Radio link monitoring, Transmission timing adjustments, Timing for cell activation / deactivation.



FormmWave:

Cell search and initial access arethe procedures by which a STAacquires time and frequency synchronization.

In each SICH beam training period, STA acquiresdownlink frame synchronization , frequency offset  according to reference signal of SICH head.Also it acquires TX and RX beam training with different SICH transmit beam patterns and STA receive beam patterns.

After decode SICH information, STAselects proper TXbeam pattern(from SICH RX beam training)andspecified time (From SICH TX beam training) to initiated random channel access(RACH) and uplink synchronization.

It keeps uplink time synchronization with periodic distance measurement.

It keeps beam alignment with beam tracking in TCH subframe.



		5.2.3.2.22

		Link budget template

Proponents should complete the link budget template in § 45.2.3.3 to this description template for the environments supported in the RIT.

The information is provided with link budget template.



		5.2.3.2.23

		Support for wide range of services



		5.2.3.2.23.1

		Describe what kind of services/applications can be supported in each usage scenarios in Recommendation ITU-R M.2083 (eMBB, URLLC, and mMTC).

EUHTsupports a wide range of services across variety of scenarios including eMBB, URLLC, and mMTC envisaged in Recommendation ITU-R M.2083.

The example services supported by EUHT include the services defined inRecommendation ITU-R M.1822, and other services, such as

·    eMBB services including High-Speed and High-Data-Rate services(including the vidio on the high-speed train back to ground, passengers get to internet on the high-speed train),  interactive services(including multi vidio conference call),broadcast services(including radio and television signals),conversational services(including basic/rich conversational services),and other high data rate sevices ;for stationary users,pedestrian users,to high speed train/vehicle users.        

·    URLLC services including ultra reliable and low latency services, including telemedicine services, intelligent transportation,smart grid,etc.

· mMTC services including smart city, smart home applications, and other machine-type communication.





		5.2.3.2.23.2

		Describe any capabilities/features to flexibly deploy a range of services across different usage scenarios (eMBB, URLLC, and mMTC) in an efficient manner, (e.g., a proposed RIT/SRIT is designed to use a single continuous or multiple block(s) of spectrum).

For EUHT component RIT:

EUHT is capable of flexibly deploy a range of services across different usage scenarios. Different components can benefit different services in specific usage scenarios. 

· EMBB services can benefit from the following components

·         EUHT support maximum bandwidth is 80M,that can improve the maximum data rate.

·         EUHT support 8*8 MIMO,and the maximum modulation is  1024qam.



· URLLCservices can benefit from the following components

the following low latency structures cater especially to the URLLC services

-            EUHT support to schedule unit as resource block, that time interval is less than 1ms Therefore,the Very tight STA processing time budget especially targeted for ultra-low latency device types.

-  Front loaded DMRS allows for the channel estimate to be ready before the full data block is received.

-         Instant ACK will reduce the latency for wireless transmission.



-   MMTC services can benefit from the following components

-           reduced PAPR and increased average Tx power for better coverage.

-           Flexible configuration frame length for better coverage.	

-     High-aggregation level downlink control for better coverage.

-     Extended DRX cycle for MAC_ACTIVE state to improve battery life.

·    Small data transmission during random access without moving to MAC _CONNECT mode for optimized signalling overhead .

·    Support for narrow-band (low-cost) STAs within a wide-band carrier system,such as 500K.

Repetition of a transmission for both control and data for better coverage.





		5.2.3.2.24

		Global circulation of terminals

Describe technical basis for global circulation of terminals not causing harmful interference in any country where they circulate, including a case when terminals have capability of device-to-device direct communication mode.

EUHT-STA does not support global circulation of STAs. It works coordinate with EUHT CAP.



		5.2.3.2.25

		Energy efficiency

Describe how the RIT/SRIT supports a high sleep ratio and long sleep duration.

Describe other mechanisms of the RIT/SRIT that improve the support of energy efficiency operation for both network and device.
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Network energy efficiency

The fundamental always-on transmission that must take place is the periodic BCF frame. The BCF frame is used for the STA to detect the CAP, obtain basic information of it.  The BCF interval, PHY frame length depends on the network setup. BCF frame is sent in each single sub-band. PHY frame length is one from set of {0.5, 1, 1.6, 2, 2.5, 4, other} ms. 

Remaining minimum system information carried over BCF frame needs to be broadcast at least once in BCF intervals in which the STAs are expected to be able to set up the connection to the network. When one STA acquires the BCF frame and joins the CAP, it does not need to read it again. 





Device energy efficiency

There are two power statuses of a STA's operating.

- Active status:full power of communication mode.

- Sleep status:  power save of semi-communication mode, STA can't transmit or receive data.

Switching between active status and sleep status depends on Energy efficiency Management which is described with two modesas following:

-Active mode: STA can receive any frames all the time.

-Sleep mode:  STA operates under the duration of Sleep Mode which purpose is to maximize saving power and radio resource. 

[image: 绘图1]

Duration of sleeping: it includes sleeping window and listening window.

Sleeping window time: how many milliseconds it will last , and it's variable.

Listening window time: how many milliseconds it will last, and it's constant.

DTF_IND : management frame, CAP transmits DTF_IND through listening window to notice STA if there are any data need to receive. If it does, then end to Sleep mode, or keep on Sleep mode. 

SLP_REQ: management frame, STA sends SLP_REQ to request entering Sleep mode.

SLP_RSP: management frame, STA receives SLP_RSP which contains some parameters, like, how long does a duration of sleeping last and what time Sleep mode will start accurately, etc. 







		5.2.3.2.26

		Other items 



		5.2.3.2.26.1

		Coverage extension schemes

Describe the capability to support/ coverage extension schemes, such as relays or repeaters.

The RIT supports the use of the following mechanisms to improve the coverage

· use CFR algorithm to reduce PAPR and increase average Tx power for better coverage

· use very low modulation and coding rate for better coverage.

· Beam management is used to increase the coverage in case of massive MIMO.

supports the use of different types of repeater (amplify-and-forward) functionality. However, the details of such functionality is outside the scope of the specification as the use of repeaters is transparent to both the STAand the network.



		5.2.3.2.26.2

		Self-organisation

Describe any self-organizing aspects that are enabled by the RIT/SRIT.

For EUHT component RIT:

Self Organizing Networks is an integrated part of EUHT. Several use cases that could benefit from SON will be introduced as follows and the work is continuing. 

EUHT currently supports the following Self-Organizing Network (SON) functions:

Self-configuration:

-           Automatic interference cells discovery:Under the control of the Network Management System, the CAP can acceptneighbor interference signal, and calculates the corresponding RSSI.The CAP will add the neighborCAP to the interference cells list accord to the strength of the RSSI.

-           Physical Cell Identity select: The Network Management System can distribute Physical Cell Identity to each CAP according to the capacity, scope and other standards.The selection can be based on a centralized Physical Cell Identity  assignment algorithm.



Self-optimisation:

-           Automatic optimize the parameters of handover:STA will submit the parameters,included Timing Advanced, RSSI and SNR to The Network Management.These parameters are separately from source CAP and destination CAP during the area of handover. 

-           Dynamically Allocate Downlink and Uplink Resource:the Network Management System will dynamically allocate downlink and uplink resource by the current business.    

-           Mobility load balancing: the mechanism allows a CAPto distribute cell load evenly among cells or to transfer part of the traffic from congested cells.

–	      Energy Saving: the mechanism is to reduce operational expenses through energy savings.







		5.2.3.2.26.3

		Describe the frequency reuse schemes (including reuse factor and pattern) for the assessment of average spectral efficiency and 5th percentile user spectral efficiency.

Uncoordinated frequency reuse one is used in the performance evaluations.





		5.2.3.2.26.4

		Is the RIT/component RIT an evolution of an existing IMT technology? Provide the detail.

 This RIT is new radio developed by NUFRONT, and will be evolved to be a EUHT-mmWave version



		5.2.3.2.26.5

		Does the proposal satisfy a specific spectrum mask? Provide thedetail. (This information is not intended to be used for sharing studies.)

 Yes.



STA: 	

For Frequency Range 1 (FR1)STA:

The spectrum mask is specified in terms of a normative (general) spectrum emission mask  and an additional spectrum mask, pleaserefertoEUHT standard.



For Frequency Range 2 (FR2)STA:

The spectrum mask is specified in terms of a normative (general) spectrum emission mask  and an additional spectrum mask, please refer to EUHT standard.

CAP: 

The spectrum mask is specified in terms of a normative (general) spectrum emission mask  and an additional spectrum mask .The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329.

EUHT-mmWave supports band above 24GHz



		5.2.3.2.26.6

		Describe any UE power saving mechanisms used in the RIT/SRIT. 

For EUHT component RIT:

- STA does not receive and send any energy in sleep mode.

- STA can turn off power consuming components after receiving DTF frame ,even in listen mode.



		5.2.3.2.26.7

		Simulation process issues

Describe the methodology used in the analytical approach.

Proponent should provide information on the width of confidence intervals of user and system performance metrics of corresponding mean values, and evaluation groups are encouraged to provide this information as requested in § 7.1 of Report ITU-R M.2412-0.

 As described in Section 7.1 of M.2412, system simulations are iterated over M independent ‘drops’ of user locations. Statistics, mean and 5th percentiles, are calculated over all drops, and confidence intervals are estimated by comparing the results of the different drops. The number of drops is up to each evaluator.



		5.2.3.2.26.8

		Operational life time

Describe the mechanisms to provide long operational life time for devices without recharge for at least massive machine type communications

For EUHT component RIT:

- More high ratio of sleep_time/listen_time.

- More rare ratio of scheduling TA.

- STA does not wake up when MAC frame arrivals.



		5.2.3.2.26.9

		Latency for infrequent small packet 

Describe the mechanisms to reduce the latency for infrequent small packet, which is, in a transfer of infrequent application layer small packets/messages, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the UE to the radio protocol layer 2/3 SDU egress point in the base station, when the UE starts from its most “battery efficient” state.

For EUHT component RIT:

EUHT support the following set of common features for providing low latency when waking up from its most “battery efficient” state:

-     Resumption of a previous connection for minimizing the radio resource scheduling, and the connection setup latency, when initiating a STA originated or STA terminated data transmission.





		[bookmark: _Hlk485410211]5.2.3.2.26.10

		Control plane latency

Provide additional information whether the RIT/SRIT can support a lower control plane latency (refer to § 4.7.2 in Report ITU-R M.2410-0).

For EUHT component RIT:

N/A



		5.2.3.2.26.11

		Reliability

Provide additional information whether the RIT/RSIT can support reliability for larger packet sizes (refer to § 4.10 in Report ITU-R M.2410-0).

The information will be provided in later update.



		5.2.3.2.26.12

		[bookmark: _Hlk485410169]Mobility

Provide additional information for the downlink mobility performance of the RIT/SRIT (refer to § 4.11 in Report ITU-R M.2410-0).



For EUHT component RIT: 



A mobility class is supported if the traffic channel link data rate on the downlink, normalized by bandwidth, is as shown in Table 4. 

TABLE  4

Traffic channel link data rates on the downlink normalized  by bandwidth in 4GHz band.

		Test environment

		Normalized traffic channel link data rate (bit/s/Hz)

		Mobility
(km/h)



		Indoor Hotspot – eMBB

		TBD

		10



		Dense Urban – eMBB

		TBD

		30



		Rural – eMBB

		1.23

		120



		

		0.90

		500









		5.2.3.2.27

		Other information

Please provide any additional information that the proponent believes may be useful to the evaluation process.

The information will be provided in later update, if any.
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Abbreviation

For the purposes of this document, the following abbreviations apply.

ACK: Acknowledgement

BCC: Binary Convolutional Code

BCF: Broadcasting Control Frame

BFM: Beam forming Matrix

BPSK: Binary Phase Shift Keying

BS: Buffer Size

RSTAID: Broadcasting STAID

CAP: Central Access Point (Base Station)

CCH: Control Channel

CP: Cyclic Prefix

CQI: Channel Quality Information

CRC: Cyclic Redundancy Check

CSI: Channel State Information

DL-SCH: Downlink Sounding Channel 

DL-TCH: Downlink Transmission Channel 

DSA: Dynamic Service Addition

DSC: Dynamic Service Change

DSD: Dynamic Service Delete

EQM: Equal Modulation

EUHT: Enhanced Ultra High Throughput 

FCS: Frame Check Sequence

FFT: Fast Fourier Transform

FID: Flow ID

PTI: Feedback Pilot Interval

FSN: Fragment Sequence Number

G-MPDU: Group MPDU

Group Ack: Group Acknowledgement

IFFT: Inverse Fast Fourier Transform 

IP: Internet Protocol

IACK:Instant Acknowledgement

LDPC: Low Density Parity Code

L-Preamble: Long Preamble

LSB: Least Significant Bit

MAC: Media Access Control

MCS: Modulation and Coding Scheme

MIMO: Multiple Input Multiple Output

MME: Mobility Management Entity

MMPDU: MAC Management Protocol Data Unit

MPDU: MAC Protocol Data Unit

MSB: Most Significant Bit

MSDU: MAC Service Data Unit

MU-MIMO: Multiple User MIMO

OFDM: Orthogonal Frequency Division Multiplexing

PDU: Protocol Data Unit

PHY: Physical layer

PICS: Protocol implementation consistent assertion 

PN: Pseudo Noise

QAM: Quadrature Amplitude Modulation

QoS: Quality of Service

QPSK: Quadrature Phase Shift Keying

RA: Random Access

REQ: Request

RMS: Root Mean Square

RSP: Response

SAP: Service Access Point

SBC: STA Basic Capability

SCG: Service Control Gateway

SDU: Service Data Unit

SICH: System Information Channel

SINR: Signal To Interference Noise Ratio

SN: Sequence Number

SNR: Signal To Noise Ratio

S-Preamble: Short Preamble

SSN: Starting Sequence Number

STA: Station (UE)

STAID: STA Identifier

STBC: Space Time Block Code

SU-MIMO: Single User MIMO

TDD: Time Division Duplexing

TSTAID: Temporary STAID

UEQM: Unequal Modulation

UGI: Uplink Guard Interval

UL-RACH: Uplink Random Access Channel

UL-SCH: Uplink Sounding Channel

UL-SRCH: Uplink Schedule Request Channel

UL-TCH: Uplink Transmission Channel

WAPI: WLAN Authentication and Privacy Infrastructure
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Link budget template - Channel Model A_EUHT_700MHz.xlsx
Rural-eMBB (700 MHz, EUHT 1vs1）

		Item		DL								UL

				NR PDSCH 
(NLOS)		NR PDCCH
(NLOS) 		NR PDSCH 
(NLOS O-to-I)		NR PDCCH
 (NLOS O-to-I) 		NR PUSCH 
(NLOS)		NR PUCCH
(NLOS)		NR PUSCH 
(NLOS O-to-I)		NR PUCCH
 (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70

		BS antenna heights (m)		35.00		35.00		35.00		35.00		35.00		35.00		35.00		35.00

		UT antenna heights (m)		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		72000.00		-		72000.00		-		112000.00		-		112000.00

		Transmission bit rate for data channel (bit/s)		6200000.00		-		6200000.00		-		6200000.00		-		6200000.00		-

		Target packet error rate for the required SNR in item (19a) for control channel		-		1%		-		1%		-		1%		-		1%

		Target packet error rate for the required SNR in item (19b) for data channel		10%		-		10%		-		10%		-		10%		-

		Spectral efficiency(2) (bit/s/Hz)		0.88		-		0.88		-		0.88		-		0.88		-

		Pathloss model(3) (select from LoS or NLoS)		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I

		UE speed (km/h)		120.00		120.00		3.00		3.00		120.00		120.00		3.00		3.00

		Feeder loss (dB)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)		64.00		64.00		64.00		64.00		1.00		1.00		1.00		1.00

		(1bis) Number of transmit antenna ports		2.00		2.00		2.00		2.00		1.00		1.00		1.00		1.00

		(2) Maximal transmit power per antenna (dBm)		31.00		31.00		31.00		31.00		23.00		23.00		23.00		23.00

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)		49.06		49.06		49.06		49.06		23.00		23.00		23.00		23.00

		(4) Transmitter antenna gain (dBi)		8.00		8.00		8.00		8.00		0.00		0.00		0.00		0.00

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		15.05		15.05		15.05		15.05		0.00		0.00		0.00		0.00

		(6) Control channel power boosting gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(7) Data channel power loss due to pilot/control boosting (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3.00		3.00		3.00		3.00		1.00		1.00		1.00		1.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		2.00		2.00		2.00		2.00		64.00		64.00		64.00		64.00

		(10bis) Number of receive antenna ports		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(11) Receiver antenna gain (dBi)		0.00		0.00		0.00		0.00		8.00		8.00		8.00		8.00

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		0.00		0.00		0.00		0.00		15.05		15.05		15.05		15.05

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		1.00		1.00		1.00		1.00		3.00		3.00		3.00		3.00

		(13) Receiver noise figure (dB)		7.00		7.00		7.00		7.00		5.00		5.00		5.00		5.00

		(14) Thermal noise density (dBm/Hz)		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00

		(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )		-		-169.30		-		-169.30		-		-161.70		-		-161.70

		(15b) Receiver interference density for data channel (dBm/Hz) 		-169.30		-		-169.30		-		-165.70		-		-165.70		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-		-164.99		-		-164.99		-		-160.96		-		-160.96

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		19080000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.18		-		-92.18		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		3.50		-		1.00		-		2.50		-		0.00

		(19b) Required SNR for the data channel (dB) 		4.50		-		2.00		-		3.50		-		1.00		-

		(20) Receiver implementation margin (dB)		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(21a) H-ARQ gain for control channel (dB)		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-86.68		-		-89.18		-		-100.90		-		-103.40

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-86.35		-		-88.85		-		-97.45		-		-99.95		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		155.80		-		158.30		-		145.95		-		148.45

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		155.46		-		157.96		-		142.50		-		145.00		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		8.00		8.00		8.00		8.00		8.00		8.00		8.00		8.00

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		10.45		-		8.45		-		10.45		-		8.45

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.61		-		5.13		-		6.61		-		5.13		-

		(26) BS selection/macro-diversity gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		9.00		9.00		12.50		12.50		9.00		9.00		12.50		12.50

		(28) Other gains (dB) (if any please specify)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		135.35		-		136.35		-		123.50		-		124.50

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		138.85		-		139.33		-		123.89		-		124.37		-

		Range/coverage efficiency calculation

		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		-		3086.77		-		3276.34		-		1523.28		-		1616.83

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		3804.36		-		3914.77		-		1559.52		-		1604.78		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		29933558.28		-		33723064.81		-		7289665.63		-		8212517.35

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		45468862.99		-		48146316.47		-		7640682.10		-		8090606.94		-







UMa-mMTC (EUHT)

		Item		DL												UL

				DL-TCH (LOS)		DL-CCH (LOS)		DL-TCH(NLOS)		DL-CCH (NLOS)		DL-TCH (NLOS O-to-I)		DL-CCH (NLOS O-to-I)		UL-TCH (LOS)		UL-CCH   (LOS)		UL-TCH  (NLOS)		UL-CCH   (NLOS)		UL-TCH (NLOS O-to-I)		UL-CCH  (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70

		BS antenna heights (m)		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00

		UT antenna heights (m)		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		99%		-		99%		-		99%		-		99%		-		99%		-		99%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		99%		-		99%		-		99%		-		99%		-		99%		-		99%		-

		Transmission bit rate for control channel (bit/s)		-		70.00		-		70.00		-		70.00				62.00				15.00				15.00

		Transmission bit rate for data channel (bit/s)		183.00		-		183.00		-		183.00		-		457.00		-		320.00		-		320.00		-

		Target packet error rate for the required SNR in item (19a) for control channel		-		1%		-		1%		-		1%		-		1%		-		1%		-		1%

		Target packet error rate for the required SNR in item (19b) for data channel		10%		-		10%		-		10%		-		10%		-		10%		-		10%		-

		Spectral efficiency(2) (bit/s/Hz)		1.694E-04		-		2.033E-05		-		2.033E-05		-		0.00005		-		0.00004		-		0.00004		-

		Pathloss model(3) (select from LoS or NLoS)		LOS		LOS		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		LOS		LOS		LOS		LOS		NLOS O-to-I		NLOS O-to-I

		UE speed (km/h)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Feeder loss (dB)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0) NOTE1		16.00		16.00		16.00		16.00		16.00		16.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1bis) Number of transmit antenna ports		2.00		2.00		2.00		2.00		2.00		2.00		1.00		1.00		1.00		1.00		1.00		1.00

		(2) Maximal transmit power per antenna (dBm)		24.76		24.76		34.00		34.00		34.00		34.00		23.00		23.00		23.00		23.00		23.00		23.00

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0) NOTE2		36.80		36.80		46.04		46.04		46.04		46.04		23.00		23.00		23.00		23.00		23.00		23.00

		(4) Transmitter antenna gain (dBi)		8.00		8.00		8.00		8.00		8.00		8.00		0.00		0.00		0.00		0.00		0.00		0.00

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		9.03		9.03		9.03		9.03		9.03		9.03		0.00		0.00		0.00		0.00		0.00		0.00

		(6) Control channel power boosting gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(7) Data channel power loss due to pilot/control boosting (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3.00		3.00		3.00		3.00		3.00		3.00		0.00		0.00		0.00		0.00		0.00		0.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		50.83		50.83		60.07		60.07		60.07		60.07		23.00		23.00		23.00		23.00		23.00		23.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		50.83		50.83		60.07		60.07		60.07		60.07		23.00		23.00		23.00		23.00		23.00		23.00

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		1.00		1.00		1.00		1.00		1.00		1.00		32.00		32.00		32.00		32.00		32.00		32.00

		(10bis) Number of receive antenna ports		1.00		1.00		1.00		1.00		1.00		1.00		2.00		2.00		2.00		2.00		2.00		2.00

		(11) Receiver antenna gain (dBi)		0.00		0.00		0.00		0.00		0.00		0.00		8.00		8.00		8.00		8.00		8.00		8.00

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		0.00		0.00		0.00		0.00		0.00		0.00		12.04		12.04		12.04		12.04		12.04		12.04

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		0.00		0.00		0.00		0.00		0.00		0.00		3.00		3.00		3.00		3.00		3.00		3.00

		(13) Receiver noise figure (dB)		7.00		7.00		7.00		7.00		7.00		7.00		5.00		5.00		5.00		5.00		5.00		5.00

		(14) Thermal noise density (dBm/Hz)		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00

		(15a) Receiver interference density for control channel (dBm/Hz)		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00

		(15b) Receiver interference density for data channel (dBm/Hz) 		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  		-		-166.59		-		-166.59		-		-166.59		-		-168.36		-		-168.36		-		-168.36

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  		-166.59		-		-166.59		-		-166.59		-		-168.36		-		-168.36		-		-168.36		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		1080000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		1080000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-106.25		-		-97.04		-		-97.04		-		-98.82		-		-98.82		-		-98.82

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-106.25		-		-97.04		-		-97.04		-		-98.82		-		-98.82		-		-98.82		-

		(19a) Required SNR for the control channel (dB) 		-		-21.00		-		-15.00		-		-15.00		-		-17.00		-		-17.00		-		-17.00

		(19b) Required SNR for the data channel (dB) 		-24.10		-		-14.00		-		-14.00		-		-16.00		-		-16.00		-		-16.00		-

		(20) Receiver implementation margin (dB)		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(21a) H-ARQ gain for control channel (dB)		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-125.25		-		-110.04		-		-110.04		-		-113.82		-		-113.82		-		-113.82

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-128.35		-		-109.04		-		-109.04		-		-112.82		-		-112.82		-		-112.82		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		176.08		-		170.12		-		170.12		-		156.86		-		156.86		-		156.86

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		179.18		-		169.12		-		169.12		-		155.86		-		155.86		-		155.86		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		4.00		4.00		6.00		6.00		6.00		6.00		4.00		4.00		6.00		6.00		6.00		6.00

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		6.30		-		10.26		-		12.22		-		6.30		-		10.26		-		12.22

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.30		-		10.26		-		12.22		-		6.30		-		10.26		-		12.22		-

		(26) BS selection/macro-diversity gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		0.00		0.00		0.00		0.00		26.25		26.25		0.00		0.00		0.00		0.00		26.25		26.25

		(28) Other gains (dB) (if any please specify)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		s		169.78		-		159.86		-		131.65		-		147.56		-		143.60		-		115.39

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		172.88		-		158.86		-		130.65		-		146.56		-		142.60		-		114.39		-

		Range/coverage efficiency calculation



		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		-		35351.46		-		6645.58		-		1261.03		-		9835.67		-		2550.47		-		483.49

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		42257.85		-		6265.39		-		1188.86		-		9285.47		-		2404.55		-		455.77		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		3926128736.57		-		138744261.60		-		4995745.63		-		303919246.38		-		20435745.11		-		734400.96

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		5610022376.12		-		123323442.58		-		4440304.42		-		s		-		18164236.82		-		652583.69		-





		NOTE1: The term "antenna" is understood as antenna elements.

		NOTE2: In-band mode is assumed for NB-IoT, which results in 35dBm transmission power.





UMa-URLLC (700MHz EUHT)

						DL								DL

		Item		UL								UL

				UL-TCH (NLOS)		DL-CCH (NLOS)		DL-TCH (NLOS)		UL-CCH (NLOS)		UL-TCH(NLOS O-to-I)		DL-CCH(NLOS O-to-I)		DL-TCH (NLOS O-to-I)		UL-CCH (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70

		BS antenna heights (m)		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00

		UT antenna heights (m)		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-				-				-				-

		Transmission bit rate for data channel (bit/s)		790000.00		-		790000.00		-		790000.00		-		790000.00		-

		Target packet error rate for the required SNR in item (19a) for control channel		-		0.001%		-		0.001%		-		0.001%		-		0.001%

		Target packet error rate for the required SNR in item (19b) for data channel		0.001%		-		0.001%		-		0.001%		-		0.001%		-

		Spectral efficiency(2) (bit/s/Hz)		0.04		-		0.04		-		0.04		-		0.04		-

		Pathloss model(3) (select from LoS or NLoS)		NLOS		NLOS		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		NLOS O-to-I		NLOS O-to-I

		UE speed (km/h)		30.00		30.00		30.00		30.00		3.00		3.00		3.00		3.00

		Feeder loss (dB)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)		8.00		64.00		64.00		8.00		8.00		64.00		64.00		8.00

		(1bis) Number of transmit antenna ports		8.00		8.00		8.00		8.00		8.00		8.00		8.00		8.00

		(2) Maximal transmit power per antenna (dBm)		23.00		31.00		31.00		23.00		23.00		31.00		31.00		23.00

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)		32.03		49.06		49.06		32.03		32.03		49.06		49.06		32.03

		(4) Transmitter antenna gain (dBi)		0.00		8.00		8.00		0.00		0.00		8.00		8.00		0.00

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		6.02		15.05		15.05		6.02		6.02		15.05		15.05		6.02

		(6) Control channel power boosting gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(7) Data channel power loss due to pilot/control boosting (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		1.00		3.00		3.00		1.00		1.00		3.00		3.00		1.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		37.05		69.11		69.11		37.05		37.05		69.11		69.11		37.05

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		37.05		69.11		69.11		37.05		37.05		69.11		69.11		37.05

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		64.00		8.00		8.00		64.00		64.00		8.00		8.00		64.00

		(10bis) Number of  receive antenna ports		8.00		8.00		8.00		8.00		8.00		8.00		8.00		8.00

		(11) Receiver antenna gain (dBi)		8.00		0.00		0.00		8.00		8.00		0.00		0.00		8.00

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		15.05		6.02		6.02		15.05		15.05		6.02		6.02		15.05

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		3.00		1.00		1.00		3.00		3.00		1.00		1.00		3.00

		(13) Receiver noise figure (dB)		5.00		7.00		7.00		5.00		5.00		7.00		7.00		5.00

		(14) Thermal noise density (dBm/Hz)		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00

		(15a) Receiver interference density for control channel (dBm/Hz) 		-		-169.30		-		-161.70		-		-169.30		-		-161.70

		(15b) Receiver interference density for data channel (dBm/Hz) 		-165.70		-		-169.30		-		-165.70		-		-169.30		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz 		-		-164.99		-		-160.96		-		-164.99		-		-160.96

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  		-164.03		-		-164.99		-		-164.03		-		-164.99		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18000000.00		-		18000000.00		-		18000000.00		-		18000000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18000000.00		-		18000000.00		-		18000000.00		-		18000000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.44		-		-88.41		-		-92.44		-		-88.41

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-91.48		-		-92.44		-		-91.48		-		-92.44		-

		(19a) Required SNR for the control channel (dB) 		-		-6.00		-		-6.00		-		-6.00		-		-6.00

		(19b) Required SNR for the data channel (dB) 		-6.50		-		-6.50		-		-6.50		-		-6.50		-

		(20) Receiver implementation margin (dB)		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(21a) H-ARQ gain for control channel (dB)		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0.00		-		0.00		-		0.00		-		0.00		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-96.44		-		-92.41		-		-96.44		-		-92.41

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-95.98		-		-96.94		-		-95.98		-		-96.94		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		171.57		-		152.51		-		171.57		-		152.51

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		156.08		-		172.07		-		156.08		-		172.07		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		6.00		6.00		6.00		6.00		6.00		6.00		6.00		6.00

		Penetration Loss std deviation (dB)(ii)

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		8.11		-		8.11		-		7.00		-		7.00

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		4.89		-		4.89		-		4.08		-		4.08		-

		(26) BS selection/macro-diversity gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		9.00		9.00		9.00		9.00		26.25		26.25		26.25		26.25

		(28) Other gains (dB) (if any please specify)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		153.46		-		132.40		-		137.32		-		116.26

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		139.19		-		157.18		-		122.75		-		140.74		-

		Range/coverage efficiency calculation

		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		-		4559.46		-		1318.45		-		1761.90		-		509.49

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		1967.49		-		5676.59		-		746.97		-		2155.16		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		6.53E+07		-		5.46E+06		-		9.75E+06		-		8.15E+05

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		1.22E+07		-		1.01E+08		-		1.75E+06		-		1.46E+07		-
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Link budget template - Channel Model A_EUHT_700MHz.xlsx
Rural-eMBB (700 MHz, EUHT 1vs1）

		Item		DL								UL

				NR PDSCH 
(NLOS)		NR PDCCH
(NLOS) 		NR PDSCH 
(NLOS O-to-I)		NR PDCCH
 (NLOS O-to-I) 		NR PUSCH 
(NLOS)		NR PUCCH
(NLOS)		NR PUSCH 
(NLOS O-to-I)		NR PUCCH
 (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70

		BS antenna heights (m)		35.00		35.00		35.00		35.00		35.00		35.00		35.00		35.00

		UT antenna heights (m)		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-		72000.00		-		72000.00		-		112000.00		-		112000.00

		Transmission bit rate for data channel (bit/s)		6200000.00		-		6200000.00		-		6200000.00		-		6200000.00		-

		Target packet error rate for the required SNR in item (19a) for control channel		-		1%		-		1%		-		1%		-		1%

		Target packet error rate for the required SNR in item (19b) for data channel		10%		-		10%		-		10%		-		10%		-

		Spectral efficiency(2) (bit/s/Hz)		0.88		-		0.88		-		0.88		-		0.88		-

		Pathloss model(3) (select from LoS or NLoS)		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I

		UE speed (km/h)		120.00		120.00		3.00		3.00		120.00		120.00		3.00		3.00

		Feeder loss (dB)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)		64.00		64.00		64.00		64.00		1.00		1.00		1.00		1.00

		(1bis) Number of transmit antenna ports		2.00		2.00		2.00		2.00		1.00		1.00		1.00		1.00

		(2) Maximal transmit power per antenna (dBm)		31.00		31.00		31.00		31.00		23.00		23.00		23.00		23.00

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)		49.06		49.06		49.06		49.06		23.00		23.00		23.00		23.00

		(4) Transmitter antenna gain (dBi)		8.00		8.00		8.00		8.00		0.00		0.00		0.00		0.00

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		15.05		15.05		15.05		15.05		0.00		0.00		0.00		0.00

		(6) Control channel power boosting gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(7) Data channel power loss due to pilot/control boosting (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3.00		3.00		3.00		3.00		1.00		1.00		1.00		1.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		69.11		69.11		69.11		69.11		22.00		22.00		22.00		22.00

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		2.00		2.00		2.00		2.00		64.00		64.00		64.00		64.00

		(10bis) Number of receive antenna ports		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(11) Receiver antenna gain (dBi)		0.00		0.00		0.00		0.00		8.00		8.00		8.00		8.00

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		0.00		0.00		0.00		0.00		15.05		15.05		15.05		15.05

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		1.00		1.00		1.00		1.00		3.00		3.00		3.00		3.00

		(13) Receiver noise figure (dB)		7.00		7.00		7.00		7.00		5.00		5.00		5.00		5.00

		(14) Thermal noise density (dBm/Hz)		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00

		(15a) Receiver interference density for control channel (dBm/Hz) (See 3GPP note at bottom of the table (i) )		-		-169.30		-		-169.30		-		-161.70		-		-161.70

		(15b) Receiver interference density for data channel (dBm/Hz) 		-169.30		-		-169.30		-		-165.70		-		-165.70		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-		-164.99		-		-164.99		-		-160.96		-		-160.96

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  (See 3GPP note at bottom of the table (i) )		-164.99		-		-164.99		-		-164.03		-		-164.03		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		19080000.00		-		19080000.00		-		360000.00		-		360000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18360000.00		-		18360000.00		-		1440000.00		-		1440000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.18		-		-92.18		-		-105.40		-		-105.40

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-92.35		-		-92.35		-		-102.45		-		-102.45		-

		(19a) Required SNR for the control channel (dB) 		-		3.50		-		1.00		-		2.50		-		0.00

		(19b) Required SNR for the data channel (dB) 		4.50		-		2.00		-		3.50		-		1.00		-

		(20) Receiver implementation margin (dB)		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(21a) H-ARQ gain for control channel (dB)		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0.50		-		0.50		-		0.50		-		0.50		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-86.68		-		-89.18		-		-100.90		-		-103.40

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-86.35		-		-88.85		-		-97.45		-		-99.95		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		155.80		-		158.30		-		145.95		-		148.45

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		155.46		-		157.96		-		142.50		-		145.00		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		8.00		8.00		8.00		8.00		8.00		8.00		8.00		8.00

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		10.45		-		8.45		-		10.45		-		8.45

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.61		-		5.13		-		6.61		-		5.13		-

		(26) BS selection/macro-diversity gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		9.00		9.00		12.50		12.50		9.00		9.00		12.50		12.50

		(28) Other gains (dB) (if any please specify)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		135.35		-		136.35		-		123.50		-		124.50

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		138.85		-		139.33		-		123.89		-		124.37		-

		Range/coverage efficiency calculation

		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		-		3086.77		-		3276.34		-		1523.28		-		1616.83

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		3804.36		-		3914.77		-		1559.52		-		1604.78		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		29933558.28		-		33723064.81		-		7289665.63		-		8212517.35

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		45468862.99		-		48146316.47		-		7640682.10		-		8090606.94		-







UMa-mMTC (EUHT)

		Item		DL												UL

				DL-TCH (LOS)		DL-CCH (LOS)		DL-TCH(NLOS)		DL-CCH (NLOS)		DL-TCH (NLOS O-to-I)		DL-CCH (NLOS O-to-I)		UL-TCH (LOS)		UL-CCH   (LOS)		UL-TCH  (NLOS)		UL-CCH   (NLOS)		UL-TCH (NLOS O-to-I)		UL-CCH  (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70

		BS antenna heights (m)		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00

		UT antenna heights (m)		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		99%		-		99%		-		99%		-		99%		-		99%		-		99%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		99%		-		99%		-		99%		-		99%		-		99%		-		99%		-

		Transmission bit rate for control channel (bit/s)		-		70.00		-		70.00		-		70.00				62.00				15.00				15.00

		Transmission bit rate for data channel (bit/s)		183.00		-		183.00		-		183.00		-		457.00		-		320.00		-		320.00		-

		Target packet error rate for the required SNR in item (19a) for control channel		-		1%		-		1%		-		1%		-		1%		-		1%		-		1%

		Target packet error rate for the required SNR in item (19b) for data channel		10%		-		10%		-		10%		-		10%		-		10%		-		10%		-

		Spectral efficiency(2) (bit/s/Hz)		1.694E-04		-		2.033E-05		-		2.033E-05		-		0.00005		-		0.00004		-		0.00004		-

		Pathloss model(3) (select from LoS or NLoS)		LOS		LOS		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		LOS		LOS		LOS		LOS		NLOS O-to-I		NLOS O-to-I

		UE speed (km/h)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Feeder loss (dB)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0) NOTE1		16.00		16.00		16.00		16.00		16.00		16.00		1.00		1.00		1.00		1.00		1.00		1.00

		(1bis) Number of transmit antenna ports		2.00		2.00		2.00		2.00		2.00		2.00		1.00		1.00		1.00		1.00		1.00		1.00

		(2) Maximal transmit power per antenna (dBm)		24.76		24.76		34.00		34.00		34.00		34.00		23.00		23.00		23.00		23.00		23.00		23.00

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0) NOTE2		36.80		36.80		46.04		46.04		46.04		46.04		23.00		23.00		23.00		23.00		23.00		23.00

		(4) Transmitter antenna gain (dBi)		8.00		8.00		8.00		8.00		8.00		8.00		0.00		0.00		0.00		0.00		0.00		0.00

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		9.03		9.03		9.03		9.03		9.03		9.03		0.00		0.00		0.00		0.00		0.00		0.00

		(6) Control channel power boosting gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(7) Data channel power loss due to pilot/control boosting (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		3.00		3.00		3.00		3.00		3.00		3.00		0.00		0.00		0.00		0.00		0.00		0.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		50.83		50.83		60.07		60.07		60.07		60.07		23.00		23.00		23.00		23.00		23.00		23.00

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		50.83		50.83		60.07		60.07		60.07		60.07		23.00		23.00		23.00		23.00		23.00		23.00

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		1.00		1.00		1.00		1.00		1.00		1.00		32.00		32.00		32.00		32.00		32.00		32.00

		(10bis) Number of receive antenna ports		1.00		1.00		1.00		1.00		1.00		1.00		2.00		2.00		2.00		2.00		2.00		2.00

		(11) Receiver antenna gain (dBi)		0.00		0.00		0.00		0.00		0.00		0.00		8.00		8.00		8.00		8.00		8.00		8.00

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		0.00		0.00		0.00		0.00		0.00		0.00		12.04		12.04		12.04		12.04		12.04		12.04

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		0.00		0.00		0.00		0.00		0.00		0.00		3.00		3.00		3.00		3.00		3.00		3.00

		(13) Receiver noise figure (dB)		7.00		7.00		7.00		7.00		7.00		7.00		5.00		5.00		5.00		5.00		5.00		5.00

		(14) Thermal noise density (dBm/Hz)		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00

		(15a) Receiver interference density for control channel (dBm/Hz)		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00

		(15b) Receiver interference density for data channel (dBm/Hz) 		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-		-177.00		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz  		-		-166.59		-		-166.59		-		-166.59		-		-168.36		-		-168.36		-		-168.36

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  		-166.59		-		-166.59		-		-166.59		-		-168.36		-		-168.36		-		-168.36		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		1080000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		1080000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00		-		9000000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-106.25		-		-97.04		-		-97.04		-		-98.82		-		-98.82		-		-98.82

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-106.25		-		-97.04		-		-97.04		-		-98.82		-		-98.82		-		-98.82		-

		(19a) Required SNR for the control channel (dB) 		-		-21.00		-		-15.00		-		-15.00		-		-17.00		-		-17.00		-		-17.00

		(19b) Required SNR for the data channel (dB) 		-24.10		-		-14.00		-		-14.00		-		-16.00		-		-16.00		-		-16.00		-

		(20) Receiver implementation margin (dB)		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(21a) H-ARQ gain for control channel (dB)		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-		0.00		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-125.25		-		-110.04		-		-110.04		-		-113.82		-		-113.82		-		-113.82

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-128.35		-		-109.04		-		-109.04		-		-112.82		-		-112.82		-		-112.82		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		176.08		-		170.12		-		170.12		-		156.86		-		156.86		-		156.86

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		179.18		-		169.12		-		169.12		-		155.86		-		155.86		-		155.86		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		4.00		4.00		6.00		6.00		6.00		6.00		4.00		4.00		6.00		6.00		6.00		6.00

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		6.30		-		10.26		-		12.22		-		6.30		-		10.26		-		12.22

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		6.30		-		10.26		-		12.22		-		6.30		-		10.26		-		12.22		-

		(26) BS selection/macro-diversity gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		0.00		0.00		0.00		0.00		26.25		26.25		0.00		0.00		0.00		0.00		26.25		26.25

		(28) Other gains (dB) (if any please specify)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		s		169.78		-		159.86		-		131.65		-		147.56		-		143.60		-		115.39

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		172.88		-		158.86		-		130.65		-		146.56		-		142.60		-		114.39		-

		Range/coverage efficiency calculation



		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		-		35351.46		-		6645.58		-		1261.03		-		9835.67		-		2550.47		-		483.49

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		42257.85		-		6265.39		-		1188.86		-		9285.47		-		2404.55		-		455.77		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		3926128736.57		-		138744261.60		-		4995745.63		-		303919246.38		-		20435745.11		-		734400.96

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		5610022376.12		-		123323442.58		-		4440304.42		-		s		-		18164236.82		-		652583.69		-





		NOTE1: The term "antenna" is understood as antenna elements.

		NOTE2: In-band mode is assumed for NB-IoT, which results in 35dBm transmission power.





UMa-URLLC (700MHz EUHT)

						DL								DL

		Item		UL								UL

				UL-TCH (NLOS)		DL-CCH (NLOS)		DL-TCH (NLOS)		UL-CCH (NLOS)		UL-TCH(NLOS O-to-I)		DL-CCH(NLOS O-to-I)		DL-TCH (NLOS O-to-I)		UL-CCH (NLOS O-to-I)

		System configuration

		Carrier frequency (GHz)		0.70		0.70		0.70		0.70		0.70		0.70		0.70		0.70

		BS antenna heights (m)		25.00		25.00		25.00		25.00		25.00		25.00		25.00		25.00

		UT antenna heights (m)		1.50		1.50		1.50		1.50		1.50		1.50		1.50		1.50

		Cell area reliability(1) for control channel  (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		-		95%		-		95%		-		95%		-		95%

		Cell area reliability(1) for data channel (%) (Please specify how it is calculated.) (See 3GPP note at bottom of the table (i) )		90%		-		90%		-		90%		-		90%		-

		Transmission bit rate for control channel (bit/s)		-				-				-				-

		Transmission bit rate for data channel (bit/s)		790000.00		-		790000.00		-		790000.00		-		790000.00		-

		Target packet error rate for the required SNR in item (19a) for control channel		-		0.001%		-		0.001%		-		0.001%		-		0.001%

		Target packet error rate for the required SNR in item (19b) for data channel		0.001%		-		0.001%		-		0.001%		-		0.001%		-

		Spectral efficiency(2) (bit/s/Hz)		0.04		-		0.04		-		0.04		-		0.04		-

		Pathloss model(3) (select from LoS or NLoS)		NLOS		NLOS		NLOS		NLOS		NLOS O-to-I		NLOS O-to-I		NLOS O-to-I		NLOS O-to-I

		UE speed (km/h)		30.00		30.00		30.00		30.00		3.00		3.00		3.00		3.00

		Feeder loss (dB)		3.00		3.00		3.00		3.00		3.00		3.00		3.00		3.00

		Transmitter

		(1) Number of transmit antennas. (The number shall be within the indicated range in  § 8.4 of Report ITU-R M.2412-0)		8.00		64.00		64.00		8.00		8.00		64.00		64.00		8.00

		(1bis) Number of transmit antenna ports		8.00		8.00		8.00		8.00		8.00		8.00		8.00		8.00

		(2) Maximal transmit power per antenna (dBm)		23.00		31.00		31.00		23.00		23.00		31.00		31.00		23.00

		(3) Total transmit power = function of (1) and (2) (dBm) (The value shall not exceed the indicated value in § 8.4 of Report ITU-R M.2412-0)		32.03		49.06		49.06		32.03		32.03		49.06		49.06		32.03

		(4) Transmitter antenna gain (dBi)		0.00		8.00		8.00		0.00		0.00		8.00		8.00		0.00

		(5) Transmitter array gain (depends on transmitter array configurations and technologies such as adaptive beam forming, CDD (cyclic delay diversity), etc.) (dB)		6.02		15.05		15.05		6.02		6.02		15.05		15.05		6.02

		(6) Control channel power boosting gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(7) Data channel power loss due to pilot/control boosting (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(8) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for downlink)		1.00		3.00		3.00		1.00		1.00		3.00		3.00		1.00

		(9a) Control channel EIRP = (3) + (4) + (5) + (6) – (8) dBm		37.05		69.11		69.11		37.05		37.05		69.11		69.11		37.05

		(9b) Data channel EIRP = (3) + (4) + (5) – (7) – (8)  dBm		37.05		69.11		69.11		37.05		37.05		69.11		69.11		37.05

		Receiver

		(10) Number of receive antennas (The number shall be within the indicated range in § 8.4 of Report ITU-R M.2412-0)		64.00		8.00		8.00		64.00		64.00		8.00		8.00		64.00

		(10bis) Number of  receive antenna ports		8.00		8.00		8.00		8.00		8.00		8.00		8.00		8.00

		(11) Receiver antenna gain (dBi)		8.00		0.00		0.00		8.00		8.00		0.00		0.00		8.00

		(11bis) Receiver array gain (depends on receive array configurations and technologies such as adaptive beam forming, etc.) (dB)		15.05		6.02		6.02		15.05		15.05		6.02		6.02		15.05

		(12) Cable, connector, combiner, body losses, etc. (enumerate sources) (dB) (feeder loss must be included for and only for uplink)		3.00		1.00		1.00		3.00		3.00		1.00		1.00		3.00

		(13) Receiver noise figure (dB)		5.00		7.00		7.00		5.00		5.00		7.00		7.00		5.00

		(14) Thermal noise density (dBm/Hz)		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00		-174.00

		(15a) Receiver interference density for control channel (dBm/Hz) 		-		-169.30		-		-161.70		-		-169.30		-		-161.70

		(15b) Receiver interference density for data channel (dBm/Hz) 		-165.70		-		-169.30		-		-165.70		-		-169.30		-

		(16a) Total noise plus interference density for control channel        = 10 log (10^(((13) + (14))/10) + 10^((15a)/10))  dBm/Hz 		-		-164.99		-		-160.96		-		-164.99		-		-160.96

		(16b) Total noise plus interference density for data channel        = 10 log (10^(((13) + (14))/10) + 10^((15b)/10))  dBm/Hz  		-164.03		-		-164.99		-		-164.03		-		-164.99		-

		(17a) Occupied channel bandwidth for control channel (for meeting the requirements of the traffic type) (Hz)		-		18000000.00		-		18000000.00		-		18000000.00		-		18000000.00

		(17b) Occupied channel bandwidth for data channel (for meeting the requirements of the traffic type) (Hz)		18000000.00		-		18000000.00		-		18000000.00		-		18000000.00		-

		(18a) Effective noise power for control channel = (16a) + 10 log((17a)) dBm		-		-92.44		-		-88.41		-		-92.44		-		-88.41

		(18b) Effective noise power for data channel = (16b) + 10 log((17b)) dBm		-91.48		-		-92.44		-		-91.48		-		-92.44		-

		(19a) Required SNR for the control channel (dB) 		-		-6.00		-		-6.00		-		-6.00		-		-6.00

		(19b) Required SNR for the data channel (dB) 		-6.50		-		-6.50		-		-6.50		-		-6.50		-

		(20) Receiver implementation margin (dB)		2.00		2.00		2.00		2.00		2.00		2.00		2.00		2.00

		(21a) H-ARQ gain for control channel (dB)		-		0.00		-		0.00		-		0.00		-		0.00

		(21b) H-ARQ gain for data channel (dB)		0.00		-		0.00		-		0.00		-		0.00		-

		(22a) Receiver sensitivity for control channel         = (18a) + (19a) + (20) – (21a)  dBm		-		-96.44		-		-92.41		-		-96.44		-		-92.41

		(22b) Receiver sensitivity for data channel          = (18b) + (19b) + (20) – (21b)  dBm		-95.98		-		-96.94		-		-95.98		-		-96.94		-

		(23a) Hardware link budget for control channel          = (9a) + (11) + (11bis) − (22a)   dB		-		171.57		-		152.51		-		171.57		-		152.51

		(23b) Hardware link budget for data channel           = (9b) + (11) + (11bis) − (22b)  dB		156.08		-		172.07		-		156.08		-		172.07		-

		Calculation of available pathloss

		(24) Lognormal shadow fading std deviation (dB)		6.00		6.00		6.00		6.00		6.00		6.00		6.00		6.00

		Penetration Loss std deviation (dB)(ii)

		(25a) Shadow fading margin for control channel (function of the cell area reliability and (24)) (dB)		-		8.11		-		8.11		-		7.00		-		7.00

		(25b) Shadow fading margin for data channel (function of the cell area reliability and (24)) (dB) 		4.89		-		4.89		-		4.08		-		4.08		-

		(26) BS selection/macro-diversity gain (dB)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(27) Penetration margin (dB)		9.00		9.00		9.00		9.00		26.25		26.25		26.25		26.25

		(28) Other gains (dB) (if any please specify)		0.00		0.00		0.00		0.00		0.00		0.00		0.00		0.00

		(29a) Available path loss for control channel          = (23a) – (25a) + (26) – (27) + (28) – (12)   dB		-		153.46		-		132.40		-		137.32		-		116.26

		(29b) Available path loss for data channel           = (23b) – (25b) + (26) – (27) + (28) – (12)   dB		139.19		-		157.18		-		122.75		-		140.74		-

		Range/coverage efficiency calculation

		(30a) Maximum range for control channel (based on (29a) and according to the system configuration section of the link budget) (m)		-		4559.46		-		1318.45		-		1761.90		-		509.49

		(30b) Maximum range for data channel (based on (29b) and according to the system configuration section of the link budget) (m)		1967.49		-		5676.59		-		746.97		-		2155.16		-

		(31a) Coverage Area for control channel = (π (30a)2) (m2/site)		-		6.53E+07		-		5.46E+06		-		9.75E+06		-		8.15E+05

		(31b) Coverage Area for data channel = (π (30b)2) (m2/site)		1.22E+07		-		1.01E+08		-		1.75E+06		-		1.46E+07		-
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(71)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK
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(77)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(78)EP12868321.6
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(86)EP12764965.5

(86)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(87)EP13890897.5

(87)METHOD AND DEVICE FOR FRAME ACKNOWLEDGE

(88)JP2014501418

(88)WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION METHOD THEREFOR

(89)JP2014501413

(89)WIRELESS COMMUNICATION METHOD, SENDING DEVICE AND RECEIVING DEVICE

(90)JP2014517401

(90)METHOD AND DEVICE FOR TRANSMITTING DATA

(91)JP2014501420

(91)RESOURCE REQUEST METHOD, STATION, AND CENTRAL ACCESS POINT

(92)JP2014501419

(92)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(93)JP2014524253

(93)METHOD AND DEVICE FOR POWER SAVING

(94)JP2014555058

(94)METHOD AND DEVICE FOR TRANSMITTING AND RECEIVING CHANNEL STATE INFORMATION

(95)JP2014501416

(95)WIRELESS COMMUNICATION SYSTEM, NETWORK DEVICE, AND TERMINAL DEVICE

(96)JP2014555057

(96)METHOD AND DEVICE FOR TRANSMITTING/RECEIVING DATA

(97)JP2014501414

(97)METHOD FOR IMPLEMENTING LINK SELF-ADAPTATION, NETWORK DEVICE AND TERMINAL DEVICE

(98)JP2014501410

(98)TRAFFIC FLOW ESTABLISHMENT METHOD AND DEVICE AND TRAFFIC FLOW MODIFICATION METHOD AND DEVICE

(99)JP2014501411

(99)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(100)JP2014501417

(100)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(101)KR1020137028185

(101)WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION METHOD THEREFOR

(102)KR1020137028967

(102)WIRELESS COMMUNICATION METHOD, SENDING DEVICE AND RECEIVING DEVICE

(103)KR1020147002998

(103)METHOD AND DEVICE FOR TRANSMITTING DATA

(104)KR1020137028997

(104)RESOURCE REQUEST METHOD, STATION, AND CENTRAL ACCESS POINT

(105)KR1020137028994

(105)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(106)KR1020147025236

(106)METHOD AND DEVICE FOR TRANSMITTING AND RECEIVING CHANNEL STATE INFORMATION

(107)KR1020137028292

(107)RESOURCE SCHEDULING METHOD AND DEVICE

(108)KR1020137033908

(108)METHOD AND DEVICE FOR DATA TRANSMISSION

(109)KR1020137028341

(109)WIRELESS COMMUNICATION SYSTEM, NETWORK DEVICE, AND TERMINAL DEVICE

(110)KR1020147025212

(110)METHOD AND DEVICE FOR TRANSMITTING/RECEIVING DATA

(111)KR1020137028928

(111)METHOD FOR IMPLEMENTING LINK SELF-ADAPTATION, NETWORK DEVICE AND TERMINAL DEVICE

(112)KR1020137029008

(112)TRAFFIC FLOW ESTABLISHMENT METHOD AND DEVICE AND TRAFFIC FLOW MODIFICATION METHOD AND DEVICE

(113)KR1020137028960

(113)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(114)KR1020137028263

(114)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(115)KR1020187026770

(115)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT



		





























































































































































































































Declaration Page 1

		
Licensing declaration:

The Patent Holder believes that it holds granted and/or pending applications for Patents, the use of which would be required to implement the above document and hereby declares, in accordance with the Common Patent Policy for ITU-T/ITU-R/ISO/IEC, that (check one box only):



		
[image: ]

		1.	The Patent Holder is prepared to grant a Free of Charge license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and under other reasonable terms and conditions to make, use, and sell implementations of the above document.

Negotiations are left to the parties concerned and are performed outside the ITU-T, ITU-R, ISO or IEC.

Also mark here __ if the Patent Holder's willingness to license is conditioned on Reciprocity for the above document.

Also mark here __ if the Patent Holder reserves the right to license on reasonable terms and conditions (but not Free of Charge) to applicants who are only willing to license their Patent, whose use would be required to implement the above document, on reasonable terms and conditions (but not Free of Charge).



		

		2.	The Patent Holder is prepared to grant a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to make, use and sell implementations of the above document.

Negotiations are left to the parties concerned and are performed outside the ITU-T, ITU-R, ISO, or IEC.

Also mark here __ if the Patent Holder's willingness to license is conditioned on Reciprocity for the above document.



		[image: ]

		3.	The Patent Holder is unwilling to grant licenses in accordance with provisions of either 1 or 2 above.

In this case, the following information must be  provided to ITU, ISO and/or IEC as part of this declaration:

· granted patent number or patent application number (if pending);

· an indication of which portions of the above document are affected;

· a description of the Patents covering the above document.



		Free of Charge:  The words "Free of Charge" do not mean that the Patent Holder is waiving all of its rights with respect to the Patent.  Rather, "Free of Charge" refers to the issue of monetary compensation; i.e., that the Patent Holder will not seek any monetary compensation as part of the licensing arrangement (whether such compensation is called a royalty, a one-time licensing fee, etc.).  However, while the Patent Holder in this situation is committing to not charging any monetary amount, the Patent Holder is still entitled to require that the implementer of the same above document sign a license agreement that contains other reasonable terms and conditions such as those relating to governing law, field of use, warranties, etc.

Reciprocity:  The word "Reciprocity" means that the Patent Holder shall only be required to license any prospective licensee if such prospective licensee will commit to license its Patent(s) for implementation of the same above document Free of Charge or under reasonable terms and conditions. 

Patent: The word "Patent" means those claims contained in and identified by patents, utility models and other similar statutory rights based on inventions (including applications for any of these) solely to the extent that any such claims are essential to the implementation of the same above document. Essential patents are patents that would be required to implement a specific Recommendation | Deliverable.

Assignment/transfer of Patent rights: Licensing declarations made pursuant to Clause 2.1 or 2.2 of the Common Patent Policy for ITU-T/ITU-R/ISO/IEC shall be interpreted as encumbrances that bind all successors-in-interest as to the transferred Patents. Recognizing that this interpretation may not apply in all jurisdictions, any Patent Holder who has submitted a licensing declaration according to the Common Patent Policy - be it selected as option 1 or 2 on the Patent Declaration form - who transfers ownership of a Patent that is subject to such licensing declaration shall include appropriate provisions in the relevant transfer documents to ensure that, as to such transferred Patent, the licensing declaration is binding on the transferee and that the transferee will similarly include appropriate provisions in the event of future transfers with the goal of binding all successors-in-interest.
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		Patent Information (desired but not required for options 1 and 2; required in ITU, ISO and IEC for option 3 (NOTE))





		No.

		Status

[granted/ pending]

		Country



		Granted Patent Number
or
Application Number (if pending)

		Title



		1

		

		

		

		



		2

		

		

		

		



		3

		

		

		

		



		4

		

		

		

		



		5

		

		

		

		



		6

		

		

		

		



		7

		

		

		

		



		8

		

		

		

		



		9

		

		

		

		



		10

		

		

		

		



		□

		Check here if additional patent information is provided on additional pages.





NOTE:	For option 3, the additional minimum information that shall also be provided is listed in the option 3 box above.



		Signature (include on final page only):



		Patent Holder

		

		



		Name of authorized person

		

		



		Title of authorized person

		

		



		Signature

		[bookmark: _GoBack]

		



		Place, Date

		

		





FORM version: 2 November 2018

Printed in Switzerland

Geneva, 2015
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Patent Statement and Licensing Declaration
for ITU-T or ITU-R Recommendation  ISO or IEC Deliverable

This declaration does not represent an actual grant of a license

Please return to the relevant organization(s) as instructed below per document type:

		Director

Telecommunication Standardization Bureau

International Telecommunication
Union

Place des Nations

CH‑1211 Geneva 20,

Switzerland

Fax: +41 22 730 5853

Email: tsbdir@itu.int



		Director

Radiocommunication Bureau

International Telecommunication
Union

Place des Nations

CH‑1211 Geneva 20,

Switzerland

Fax: +41 22 730 5785

Email: brmail@itu.int   

		Secretary-General

International Organization for Standardization

8 Chemin de Blandonnet

CP 401

1214 Vernier, Geneva

Switzerland

Fax: +41 22 733 3430

Email: patent.statements@iso.org

		General Secretary

International Electrotechnical Commission

3 rue de Varembé

CH‑1211 Geneva 20

Switzerland

Fax: +41 22 919 0300

Email:

inmail@iec.ch



		Patent Holder:



		Legal Name

		Beijing NuFront Mobile Multimedia Technology Co. Ltd

		



		Contact for license application:



		Name & Department

		Xingwang Zheng   Nufront Intellectual Property Department

		



		Address

		16th Floor A Building, SP Tower, Tsinghua Science Park, No.1 Zhongguancun East 

		



		

		Road, Haidian District Beijing 100084, PRC

		



		Tel.

		0086-10-82150688

		



		Fax

		0086-10-82150699

		



		E‑mail

		IP_nufront@nufront.com; xingwang.zheng@nufront.com

		



		URL (optional)

		

		



		Document type:



		[image: ] ITU-T Rec. (*)	[image: ] ITU-R Rec. (*)	[image: ] ISO Deliverable (*)	[image: ] IEC Deliverable (*)

(please return the form to the relevant Organization)

[image: ] Common text or twin text (ITU-T Rec. | ISO/IEC Deliverable (*)) (for common text or twin text, please return the form to each of the three Organizations: ITU-T, ISO, IEC)

[image: ] ISO/IEC Deliverable (*) (for ISO/IEC Deliverables, please return the form to both ISO and IEC)



		



(1)Number

(1)Title

































































































































































































































		

(1) CN201280012988.2

(1)WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION METHOD THEREFOR

(2) CN201280013145.4

(2)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(3)CN201280013188.2

(3)Method and device for channel switching

(4)CN201280012780.0

(4)METHOD AND DEVICE FOR DATA TRANSMISSION

(5)CN201280012693.5

(5)Business flow management method and device

(6)CN201280012769.4

(6)WIRELESS COMMUNICATION METHOD, SENDING DEVICE AND RECEIVING DEVICE

(7)CN201280012987.8

(7)Method and system for adjusting demodulation pilot in wireless communication system

(8)CN201280012927.6

(8)Data transmission method and system based on OFDM

(9)CN201280005764.9

(9)Method and device for implementing multiple input multiple output

(10)CN201280012885.6

(10)Device for wireless communication

(11)CN201280012870.X

(11)Wireless communication system and equipment

(12)CN201280013011.2

(12)Scheduling method, network device and terminal device

(13)CN201280012802.3

(13)Method, terminal device and network device for implementing link adaptation

(14)CN201280013155.8

(14)Uplink transmission open loop power control method and device

(15)CN201280012672.3

(15)Method and device for accessing wireless network

(16)CN201280012712.4

(16)Method and device for data transmission

(17)CN201280012538.3

(17)Method and device for uplink access open loop power control

(18)CN201280013142.0

(18)Method and device for transmitting and receiving channel state information

(19)CN201280012796.1

(19)Method, network device and terminal device for implementing link adaptation

(20)CN201280012561.2

(20)Service flow establishing method and device, and service flow modifying method and device

(21)CN201280012683.1

(21)Service flow deletion method and device

(22)CN201280013095.X

(22)Method and device for frame confirmation

(23)CN201280012767.5

(23)Method and device for data transmission

(24)CN201280013049.X

(24)Method and device for transmitting and receiving beamforming matrix

(25)CN201280012991.4

(25)OFDM-based data transmission method and transmitting station

(26)CN201511029922.6

(26)OFDM-based data transmission method, transmitting station and receiving station

(27)CN201510920228.7

(27)OFDM-based data transmission method, transmitting station and receiving station

(28)CN201280012763.7

(28)Method and device for accessing wireless network

(29)CN201280012898.3

(29)Device for wireless communication

(30)CN201280012986.3

(30)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(31)CN201610237514.8

(31)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(32)CN201610237693.5

(32)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(33)CN201280013108.3

(33)Data transmission method and device

(34)CN201280012764.1

(34)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(35)CN201511031194.2

(35)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(36)CN201280012812.7

(36)RESOURCE SCHEDULING METHOD AND DEVICE

(37)CN201280012844.7

(37)WIRELESS COMMUNICATION SYSTEM, NETWORK DEVICE, AND TERMINAL DEVICE

(38)CN201210080192.2

(38)Wireless communication method, system and device

(39)CN201110054509.0

(39)Method and communication system for accessing wireless local area network

(40)CN201210080192.2

(40)Wireless communication method, system and device

(41)CN201110080644.2

(41)Wireless communication method, system and device

(42)CN201110083209.5

(42)Method and system for adjusting demodulation pilot in wireless communication system

(43)CN201110189177.7

(43)Method, device and system for resource allocation

(44)CN201110190767.1

(44)Method and device for frame confirmation

(45)CN201110191160.5

(45)Method and device for retransmission

(46)CN201110224711.3

(46)Channel switching method and device

(47)CN201110225833.4

(47)Method for realizing time synchronization and wireless communication system

(48)CN201110233864.4

(48)Method and device for transmitting and receiving channel state information

(49)CN201210119039.6

(49)Data transmission method, system and device in wireless network

(50)CN201210128614.9

(50)Channel estimation method and device

(51)CN201410062276.2

(51)Method and device for transmitting and receiving information

(52)CN201410345338.0

(52)Data frame transmission method, transmitting device and receiving device

(53)CN201610038939.6

(53)Method for realizing user scheduling in wireless communication system and wireless communication system

(54)CN201510864249.1

(54)Method and device for frame confirmation

(55)Number: US14007529

(55)Title: WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION METHOD THEREFOR

(56)US14009012

(56)WIRELESS COMMUNICATION METHOD, SENDING DEVICE AND RECEIVING DEVICE

(57)US14130965

(57)METHOD AND DEVICE FOR TRANSMITTING DATA

(58)US14008300

(58)RESOURCE REQUEST METHOD, STATION, AND CENTRAL ACCESS POINT

(59)US14008327

(59)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(60)US14376710

(60)METHOD AND DEVICE FOR TRANSMITTING AND RECEIVING CHANNEL STATE INFORMATION

(61)US14/007,598

(61)RESOURCE SCHEDULING METHOD AND DEVICE

(62)US15130384

(62)RESOURCE SCHEDULING METHOD AND DEVICE

(63)US13981475

(63)METHOD AND DEVICE FOR REALIZING MULTI-INPUT MULTI-OUTPUT

(64)US14118692

(64)METHOD AND DEVICE FOR DATA TRANSMISSION

(65)US14007194

(65)WIRELESS COMMUNICATION SYSTEM, NETWORK DEVICE, AND TERMINAL DEVICE

(66)US14376839

(66)METHOD AND DEVICE FOR TRANSMITTING AND RECEIVING BEAMFORMING MATRIX

(67)US14376785

(67)METHOD AND DEVICE FOR TRANSMITTING/RECEIVING DATA

(68)US14009039

(68)METHOD FOR IMPLEMENTING LINK SELF-ADAPTATION, NETWORK DEVICE AND TERMINAL DEVICE

(69)US14008616

(69)METHOD AND DEVICE FOR OPEN LOOP UPLINK ACCESS POWER CONTROL

(70)US14008306

(70)TRAFFIC FLOW ESTABLISHMENT METHOD AND DEVICE AND TRAFFIC FLOW MODIFICATION METHOD AND DEVICE

(71)US14008958

(71)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(72)US14007576

(72)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(73)US14910870

(73)METHOD AND DEVICE FOR FRAME ACKNOWLEDGE

(74)EP12763215.6

(74)WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION METHOD THEREFOR

(75)EP12765544.7

(75)WIRELESS COMMUNICATION METHOD, SENDING DEVICE AND RECEIVING DEVICE

(76)EP12808016.5

(76)METHOD AND DEVICE FOR TRANSMITTING DATA

(77)EP12763164.6

(77)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(78)EP12868321.6

(78)METHOD AND DEVICE FOR TRANSMITTING AND RECEIVING CHANNEL STATE INFORMATION

(79)EP12762876.6

(79)RESOURCE SCHEDULING METHOD AND DEVICE

(80)EP12786394.7

(80)METHOD AND DEVICE FOR DATA TRANSMISSION

(81)EP12764385.6

(81)WIRELESS COMMUNICATION SYSTEM, NETWORK DEVICE, AND TERMINAL DEVICE

(82)EP12868142.6

(82)METHOD AND DEVICE FOR TRANSMITTING/RECEIVING DATA

(83)EP12764991.1

(83)METHOD FOR IMPLEMENTING LINK SELF-ADAPTATION, NETWORK DEVICE AND TERMINAL DEVICE

(84)EP12765849.0

(84)TRAFFIC FLOW ESTABLISHMENT METHOD AND DEVICE AND TRAFFIC FLOW MODIFICATION METHOD AND DEVICE

(85)EP12764244.5

(85)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(86)EP12764965.5

(86)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(87)EP13890897.5

(87)METHOD AND DEVICE FOR FRAME ACKNOWLEDGE

(88)JP2014501418

(88)WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION METHOD THEREFOR

(89)JP2014501413

(89)WIRELESS COMMUNICATION METHOD, SENDING DEVICE AND RECEIVING DEVICE

(90)JP2014517401

(90)METHOD AND DEVICE FOR TRANSMITTING DATA

(91)JP2014501420

(91)RESOURCE REQUEST METHOD, STATION, AND CENTRAL ACCESS POINT

(92)JP2014501419

(92)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(93)JP2014524253

(93)METHOD AND DEVICE FOR POWER SAVING

(94)JP2014555058

(94)METHOD AND DEVICE FOR TRANSMITTING AND RECEIVING CHANNEL STATE INFORMATION

(95)JP2014501416

(95)WIRELESS COMMUNICATION SYSTEM, NETWORK DEVICE, AND TERMINAL DEVICE

(96)JP2014555057

(96)METHOD AND DEVICE FOR TRANSMITTING/RECEIVING DATA

(97)JP2014501414

(97)METHOD FOR IMPLEMENTING LINK SELF-ADAPTATION, NETWORK DEVICE AND TERMINAL DEVICE

(98)JP2014501410

(98)TRAFFIC FLOW ESTABLISHMENT METHOD AND DEVICE AND TRAFFIC FLOW MODIFICATION METHOD AND DEVICE

(99)JP2014501411

(99)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(100)JP2014501417

(100)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(101)KR1020137028185

(101)WIRELESS COMMUNICATION SYSTEM AND COMMUNICATION METHOD THEREFOR

(102)KR1020137028967

(102)WIRELESS COMMUNICATION METHOD, SENDING DEVICE AND RECEIVING DEVICE

(103)KR1020147002998

(103)METHOD AND DEVICE FOR TRANSMITTING DATA

(104)KR1020137028997

(104)RESOURCE REQUEST METHOD, STATION, AND CENTRAL ACCESS POINT

(105)KR1020137028994

(105)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT

(106)KR1020147025236

(106)METHOD AND DEVICE FOR TRANSMITTING AND RECEIVING CHANNEL STATE INFORMATION

(107)KR1020137028292

(107)RESOURCE SCHEDULING METHOD AND DEVICE

(108)KR1020137033908

(108)METHOD AND DEVICE FOR DATA TRANSMISSION

(109)KR1020137028341

(109)WIRELESS COMMUNICATION SYSTEM, NETWORK DEVICE, AND TERMINAL DEVICE

(110)KR1020147025212

(110)METHOD AND DEVICE FOR TRANSMITTING/RECEIVING DATA

(111)KR1020137028928

(111)METHOD FOR IMPLEMENTING LINK SELF-ADAPTATION, NETWORK DEVICE AND TERMINAL DEVICE

(112)KR1020137029008

(112)TRAFFIC FLOW ESTABLISHMENT METHOD AND DEVICE AND TRAFFIC FLOW MODIFICATION METHOD AND DEVICE

(113)KR1020137028960

(113)METHOD AND DEVICE FOR ACCESSING WIRELESS NETWORK

(114)KR1020137028263

(114)METHOD AND DEVICE FOR ADJUSTING DEMODULATION PILOT FREQUENCY IN WIRELESS COMMUNICATION SYSTEM

(115)KR1020187026770

(115)METHOD AND DEVICE FOR USE IN FRAME ACKNOWLEDGEMENT



		





























































































































































































































Declaration Page 1

		
Licensing declaration:

The Patent Holder believes that it holds granted and/or pending applications for Patents, the use of which would be required to implement the above document and hereby declares, in accordance with the Common Patent Policy for ITU-T/ITU-R/ISO/IEC, that (check one box only):



		
[image: ]

		1.	The Patent Holder is prepared to grant a Free of Charge license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and under other reasonable terms and conditions to make, use, and sell implementations of the above document.

Negotiations are left to the parties concerned and are performed outside the ITU-T, ITU-R, ISO or IEC.

Also mark here __ if the Patent Holder's willingness to license is conditioned on Reciprocity for the above document.

Also mark here __ if the Patent Holder reserves the right to license on reasonable terms and conditions (but not Free of Charge) to applicants who are only willing to license their Patent, whose use would be required to implement the above document, on reasonable terms and conditions (but not Free of Charge).



		

		2.	The Patent Holder is prepared to grant a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to make, use and sell implementations of the above document.

Negotiations are left to the parties concerned and are performed outside the ITU-T, ITU-R, ISO, or IEC.

Also mark here __ if the Patent Holder's willingness to license is conditioned on Reciprocity for the above document.



		[image: ]

		3.	The Patent Holder is unwilling to grant licenses in accordance with provisions of either 1 or 2 above.

In this case, the following information must be  provided to ITU, ISO and/or IEC as part of this declaration:

· granted patent number or patent application number (if pending);

· an indication of which portions of the above document are affected;

· a description of the Patents covering the above document.



		Free of Charge:  The words "Free of Charge" do not mean that the Patent Holder is waiving all of its rights with respect to the Patent.  Rather, "Free of Charge" refers to the issue of monetary compensation; i.e., that the Patent Holder will not seek any monetary compensation as part of the licensing arrangement (whether such compensation is called a royalty, a one-time licensing fee, etc.).  However, while the Patent Holder in this situation is committing to not charging any monetary amount, the Patent Holder is still entitled to require that the implementer of the same above document sign a license agreement that contains other reasonable terms and conditions such as those relating to governing law, field of use, warranties, etc.

Reciprocity:  The word "Reciprocity" means that the Patent Holder shall only be required to license any prospective licensee if such prospective licensee will commit to license its Patent(s) for implementation of the same above document Free of Charge or under reasonable terms and conditions. 

Patent: The word "Patent" means those claims contained in and identified by patents, utility models and other similar statutory rights based on inventions (including applications for any of these) solely to the extent that any such claims are essential to the implementation of the same above document. Essential patents are patents that would be required to implement a specific Recommendation | Deliverable.

Assignment/transfer of Patent rights: Licensing declarations made pursuant to Clause 2.1 or 2.2 of the Common Patent Policy for ITU-T/ITU-R/ISO/IEC shall be interpreted as encumbrances that bind all successors-in-interest as to the transferred Patents. Recognizing that this interpretation may not apply in all jurisdictions, any Patent Holder who has submitted a licensing declaration according to the Common Patent Policy - be it selected as option 1 or 2 on the Patent Declaration form - who transfers ownership of a Patent that is subject to such licensing declaration shall include appropriate provisions in the relevant transfer documents to ensure that, as to such transferred Patent, the licensing declaration is binding on the transferee and that the transferee will similarly include appropriate provisions in the event of future transfers with the goal of binding all successors-in-interest.
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		Patent Information (desired but not required for options 1 and 2; required in ITU, ISO and IEC for option 3 (NOTE))





		No.

		Status

[granted/ pending]

		Country



		Granted Patent Number
or
Application Number (if pending)

		Title



		1

		

		

		

		



		2

		

		

		

		



		3

		

		

		

		



		4

		

		

		

		



		5

		

		

		

		



		6

		

		

		

		



		7

		

		

		

		



		8

		

		

		

		



		9

		

		

		

		



		10

		

		

		

		



		□

		Check here if additional patent information is provided on additional pages.





NOTE:	For option 3, the additional minimum information that shall also be provided is listed in the option 3 box above.



		Signature (include on final page only):



		Patent Holder

		

		



		Name of authorized person

		

		



		Title of authorized person

		

		



		Signature

		

		



		Place, Date

		

		





FORM version: 2 November 2018

Printed in Switzerland

Geneva, 2015
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Compliance template for EUHT RIT

The compliance templates provided by NUFRONT are for the assessment of the compliance ofIMT-2020 radio interface(s)of ITU-R. It includes one compliance template for EUHT RIT.

It is noted that EUHT RIT is still under development in NUFRONT. The assessment of compliance might be further updated based on the progress of NUFRONT’s study on self evaluation towards IMT-2020.  

5.2.4.1 
Compliance template for services


		

		Service capability requirements

		Evaluator’s comments



		5.2.4.1.1

		Support for wide range of services

Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?:
(YES

Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.(1)

The EUHT RIT can support rural-eMBB, URLLC and mMTC usage scenarios.

		The assessment of service requirement follows the evaluation method as defined in Section 7.3.3 in Report ITU-R M.2412.



		(1)
Refer to the process requirements in IMT-2020/2.





5.2.4.2 
Compliance template for spectrum3

		

		Spectrum capability requirements



		5.2.4.2.1

		Frequency bands identified for IMT

Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?:
(YES

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

The supported  frequency bands identified for IMT  are provided in item 5.2.3.2.8.3 in characteristics template for EUHT RIT. See the table for frequency range 1 (FR1).



		5.2.4.2.2

		Higher Frequency range/band(s)

Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:
(YES

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.

The supported  frequency bands above 24.25 GHz are provided in item 5.2.3.2.8.3 in characteristics template for EUHT RIT. See the table for frequency range 2 (FR2).





5.2.4.3 
Compliance template for technical performance3

For EUHT RIT:

NOTE : The following values are derived based on the employed evaluation configurations. Higher performance might be achieved usingother evaluation configurations.

See self evaluation report for detailed analysis, results and specific assumptions (e.g. antenna configurations, etc.).

		Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)

		Category

		Required value

		Value(2)

		Requirement met?

		Comments
(3)



		

		Usage scenario

		Test environment

		Downlink or uplink

		

		

		

		



		5.2.4.3.1
Peak data rate (Gbit/s)
(4.1)

		eMBB

		Not applicable

		Downlink

		20

		32.77~177.15

		Yes

		The values are achieved by using 16-carrier aggregation 





		

		

		

		Uplink

		10

		12.72~72.80

		Yes

		



		5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)

		eMBB

		Not applicable

		Downlink

		30

		31.71~52.4

		Yes

		The values are achieved by using 16-carrier aggregation





		

		

		

		Uplink

		15

		17.49~52.6

		Yes

		



		5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)

		eMBB

		Dense Urban – eMBB

		Downlink

		100

		

		

		



		

		

		

		Uplink

		50

		

		

		



		5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		0.3

		

		

		



		

		

		

		Uplink

		0.21

		

		

		



		

		

		

		Downlink

		0.3

		

		

		



		

		

		

		Uplink

		0.21

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		0.225

		

		

		



		

		

		

		Uplink

		0.15

		

		

		



		

		eMBB

		Rural – eMBB

		Downlink

		0.12

		

		

		



		

		

		

		Uplink

		0.045

		

		

		



		

		

		

		Downlink

		0.12

		0.37

		Yes

		For evaluation configuration B (4 GHz), Channel model A.



		

		

		

		Uplink

		0.045

		0.13

		Yes

		



		

		

		

		Downlink

		0.12

		0.21

		Yes

		For evaluation configuration C (LMLC), Channel model A.



		

		

		

		Uplink

		0.045

		0.06

		Yes

		



		5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		9 

		

		

		



		

		

		

		Uplink

		6.75 

		

		

		



		

		

		

		Downlink

		9 

		

		

		



		

		

		

		Uplink

		6.75 

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		7.8 

		

		

		



		

		

		

		Uplink

		5.4 

		

		

		



		

		eMBB

		Rural – eMBB

		Downlink

		3.3 

		

		

		



		

		

		

		Uplink

		1.6 

		

		

		



		

		

		

		Downlink

		3.3 

		8.6

		Yes

		For evaluation configuration B (4 GHz), Channel model A.





		

		

		

		Uplink

		1.6 

		4.2

		Yes

		



		

		

		

		Downlink

		3.3 

		6.5

		Yes

		For evaluation configuration C (LMLC), Channel model A.





		

		

		

		Uplink

		1.6 

		3.6

		Yes

		



		5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)

		eMBB

		Indoor-Hotspot – eMBB

		Downlink

		10

		

		

		



		

		

		

		Downlink

		10

		

		

		



		5.2.4.3.7
User plane latency
(ms)
(4.7.1)

		eMBB

		Not applicable

		Downlink

		4

		0.65~2.72

		Yes

		1/2/4 ms frame for eMBB



		

		

		

		Uplink

		4

		0.59~2.64

		Yes

		



		

		URLLC

		Not applicable

		Downlink

		1

		0.65~0.91

		Yes

		1 ms frame for URLLC



		

		

		

		Uplink

		1

		0.59~0.84

		Yes

		



		5.2.4.3.8
Control plane latency (ms)
(4.7.2)

		eMBB

		Not applicable

		Not applicable

		20

		4~13

		Yes

		1/2 ms frame for eMBB



		

		URLLC

		Not applicable

		Not applicable

		20

		4

		Yes

		1 ms frame for URLLC



		5.2.4.3.9
Connection density (devices/km2)
(4.8)

		mMTC

		Urban Macro – mMTC

		Uplink

		1 000 000 

		126,763,209

(500 kHz)

		Yes

		For evaluation configuration A (ISD=500m) with full buffer system level simulation followed by link level simulation; Channel model A.



		

		

		

		Uplink

		1 000 000 

		

		

		



		5.2.4.3.10
Energy efficiency
(4.9)

		eMBB

		Not applicable

		Not applicable

		Capability to support a high sleep ratio and long sleep duration

		Sleep ratio: 60%~99.5%

Sleep duration:

Up to 100ms

		Yes

		Network side





		

		

		

		

		

		Sleep ratio: 80%~99.9%

Sleep duration:

Up to 1s

		Yes

		Device side





		5.2.4.3.11
Reliability
(4.10)

		URLLC

		Urban Macro –URLLC

		Downlink

		1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of size 32 bytes within 1 ms in channel quality of coverage edge

		>99.999999%

		Yes

		For evaluation configuration A (4 GHz), Channel model A, NLOS.





		

		

		

		Downlink

		

		

		

		



		

		

		

		Uplink

		

		>99.999999%

		Yes

		For evaluation configuration A (4 GHz), Channel model A, NLOS.





		

		

		

		Uplink

		

		

		

		



		5.2.4.3.12
Mobility classes
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink

		Stationary, Pedestrian

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Uplink

		Stationary, Pedestrian,

Vehicular (up to 30 km/h)

		

		

		



		

		eMBB

		Rural – eMBB

		Uplink

		Pedestrian,Vehicular, High speed vehicular

		Pedestrian,Vehicular, High speed vehicular

		Yes

		For all evaluation configurations in Rural - eMBB



		5.2.4.3.13

Mobility
Traffic channel link data rates (bit/s/Hz)
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink

		1.5 (10 km/h)

		

		

		



		

		

		

		

		1.5 (10 km/h)

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Uplink

		1.12 (30 km/h)

		

		

		



		

		

		

		

		1.12 (30 km/h)

		

		

		



		

		eMBB

		Rural – eMBB

		Uplink

		0.8 (120 km/h)

		

		

		



		

		

		

		

		0.45 (500 km/h)

		

		

		



		

		

		

		

		0.8 (120 km/h)

		1.23

		Yes

		For evaluation configuration B (4 GHz), Channel model A, NLOS.

.



		

		

		

		

		0.45 (500 km/h)

		0.90

		Yes

		



		5.2.4.3.14
Mobility interruption time (ms) 
(4.12)

		eMBB and URLLC

		Not applicable

		Not applicable

		0

		0

		Yes

		



		5.2.4.3.15
Bandwidth and Scalability
(4.13)

		Not applicable

		Not applicable

		Not applicable

		At least 100 MHz

		800 MHz ~ 6.4 GHz

		Yes

		



		

		

		

		

		Up to 1 GHz

		

		Yes

		



		

		

		

		

		Support of multiple different bandwidth values(4)

		4~11 different component carrier bandwidth values

		Yes

		



		(1)
As defined in Report ITU-R M.2410-0.

(2)
According to the evaluation methodology specified in Report ITU-R M.2412-0.

(3)
Proponents should report their selected evaluation methodology of the Connection density, the channel model variant used, and evaluation configuration(s) with their exact values (e.g. antenna element number, bandwidth, etc.) per test environment, and could provide other relevant information as well. For details, refer to Report ITU-R M.2412-0, in particular, § 7.1.3 for the evaluation methodologies, § 8.4 for the evaluation configurations per each test environment, and Annex 1 on the channel model variants.

(4)
Refer to § 7.3.1 of Report ITU-R M.2412-0.





�	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.













image8.emf
Compliance  template - EUHT RIT.doc


Compliance template - EUHT RIT.doc
8




7



Compliance template for EUHT RIT

The compliance templates provided by NUFRONT are for the assessment of the compliance ofIMT-2020 radio interface(s)of ITU-R. It includes one compliance template for EUHT RIT.

It is noted that EUHT RIT is still under development in NUFRONT. The assessment of compliance might be further updated based on the progress of NUFRONT’s study on self evaluation towards IMT-2020.  

5.2.4.1 
Compliance template for services


		

		Service capability requirements

		Evaluator’s comments



		5.2.4.1.1

		Support for wide range of services

Is the proposal able to support a range of services across different usage scenarios (eMBB, URLLC, and mMTC)?:
(YES

Specify which usage scenarios (eMBB, URLLC, and mMTC) the candidate RIT or candidate SRIT can support.(1)

The EUHT RIT can support rural-eMBB, URLLC and mMTC usage scenarios.

		The assessment of service requirement follows the evaluation method as defined in Section 7.3.3 in Report ITU-R M.2412.



		(1)
Refer to the process requirements in IMT-2020/2.





5.2.4.2 
Compliance template for spectrum3

		

		Spectrum capability requirements



		5.2.4.2.1

		Frequency bands identified for IMT

Is the proposal able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations?:
(YES

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

The supported  frequency bands identified for IMT  are provided in item 5.2.3.2.8.3 in characteristics template for EUHT RIT. See the table for frequency range 1 (FR1).



		5.2.4.2.2

		Higher Frequency range/band(s)

Is the proposal able to utilize the higher frequency range/band(s) above 24.25 GHz?:
(YES

Specify in which band(s) the candidate RIT or candidate SRIT can be deployed.

NOTE 1 – In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.

The supported  frequency bands above 24.25 GHz are provided in item 5.2.3.2.8.3 in characteristics template for EUHT RIT. See the table for frequency range 2 (FR2).





5.2.4.3 
Compliance template for technical performance3

For EUHT RIT:

NOTE : The following values are derived based on the employed evaluation configurations. Higher performance might be achieved usingother evaluation configurations.

See self evaluation report for detailed analysis, results and specific assumptions (e.g. antenna configurations, etc.).

		Minimum technical performance requirements item (5.2.4.3.x), units, and Report
ITU-R M.2410-0 section reference(1)

		Category

		Required value

		Value(2)

		Requirement met?

		Comments
(3)



		

		Usage scenario

		Test environment

		Downlink or uplink

		

		

		

		



		5.2.4.3.1
Peak data rate (Gbit/s)
(4.1)

		eMBB

		Not applicable

		Downlink

		20

		32.77~177.15

		Yes

		The values are achieved by using 16-carrier aggregation 





		

		

		

		Uplink

		10

		12.72~72.80

		Yes

		



		5.2.4.3.2
Peak spectral efficiency (bit/s/Hz)
(4.2)

		eMBB

		Not applicable

		Downlink

		30

		31.71~52.4

		Yes

		The values are achieved by using 16-carrier aggregation





		

		

		

		Uplink

		15

		17.49~52.6

		Yes

		



		5.2.4.3.3
User experienced data rate (Mbit/s)
(4.3)

		eMBB

		Dense Urban – eMBB

		Downlink

		100

		

		

		



		

		

		

		Uplink

		50

		

		

		



		5.2.4.3.4
5th percentile user spectral efficiency (bit/s/Hz)
(4.4)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		0.3

		

		

		



		

		

		

		Uplink

		0.21

		

		

		



		

		

		

		Downlink

		0.3

		

		

		



		

		

		

		Uplink

		0.21

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		0.225

		

		

		



		

		

		

		Uplink

		0.15

		

		

		



		

		eMBB

		Rural – eMBB

		Downlink

		0.12

		

		

		



		

		

		

		Uplink

		0.045

		

		

		



		

		

		

		Downlink

		0.12

		0.37

		Yes

		For evaluation configuration B (4 GHz), Channel model A.



		

		

		

		Uplink

		0.045

		0.13

		Yes

		



		

		

		

		Downlink

		0.12

		0.21

		Yes

		For evaluation configuration C (LMLC), Channel model A.



		

		

		

		Uplink

		0.045

		0.06

		Yes

		



		5.2.4.3.5
Average spectral efficiency (bit/s/Hz/ TRxP)
(4.5)

		eMBB

		Indoor Hotspot – eMBB

		Downlink

		9 

		

		

		



		

		

		

		Uplink

		6.75 

		

		

		



		

		

		

		Downlink

		9 

		

		

		



		

		

		

		Uplink

		6.75 

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Downlink

		7.8 

		

		

		



		

		

		

		Uplink

		5.4 

		

		

		



		

		eMBB

		Rural – eMBB

		Downlink

		3.3 

		

		

		



		

		

		

		Uplink

		1.6 

		

		

		



		

		

		

		Downlink

		3.3 

		8.6

		Yes

		For evaluation configuration B (4 GHz), Channel model A.





		

		

		

		Uplink

		1.6 

		4.2

		Yes

		



		

		

		

		Downlink

		3.3 

		6.5

		Yes

		For evaluation configuration C (LMLC), Channel model A.





		

		

		

		Uplink

		1.6 

		3.6

		Yes

		



		5.2.4.3.6
Area traffic capacity (Mbit/s/m2)
(4.6)

		eMBB

		Indoor-Hotspot – eMBB

		Downlink

		10

		

		

		



		

		

		

		Downlink

		10

		

		

		



		5.2.4.3.7
User plane latency
(ms)
(4.7.1)

		eMBB

		Not applicable

		Downlink

		4

		0.65~2.72

		Yes

		1/2/4 ms frame for eMBB



		

		

		

		Uplink

		4

		0.59~2.64

		Yes

		



		

		URLLC

		Not applicable

		Downlink

		1

		0.65~0.91

		Yes

		1 ms frame for URLLC



		

		

		

		Uplink

		1

		0.59~0.84

		Yes

		



		5.2.4.3.8
Control plane latency (ms)
(4.7.2)

		eMBB

		Not applicable

		Not applicable

		20

		4~13

		Yes

		1/2 ms frame for eMBB



		

		URLLC

		Not applicable

		Not applicable

		20

		4

		Yes

		1 ms frame for URLLC



		5.2.4.3.9
Connection density (devices/km2)
(4.8)

		mMTC

		Urban Macro – mMTC

		Uplink

		1 000 000 

		126,763,209

(500 kHz)

		Yes

		For evaluation configuration A (ISD=500m) with full buffer system level simulation followed by link level simulation; Channel model A.



		

		

		

		Uplink

		1 000 000 

		

		

		



		5.2.4.3.10
Energy efficiency
(4.9)

		eMBB

		Not applicable

		Not applicable

		Capability to support a high sleep ratio and long sleep duration

		Sleep ratio: 60%~99.5%

Sleep duration:

Up to 100ms

		Yes

		Network side





		

		

		

		

		

		Sleep ratio: 80%~99.9%

Sleep duration:

Up to 1s

		Yes

		Device side





		5.2.4.3.11
Reliability
(4.10)

		URLLC

		Urban Macro –URLLC

		Downlink

		1-10−5 success probability of transmitting a layer 2 PDU (protocol data unit) of size 32 bytes within 1 ms in channel quality of coverage edge

		>99.999999%

		Yes

		For evaluation configuration A (4 GHz), Channel model A, NLOS.





		

		

		

		Downlink

		

		

		

		



		

		

		

		Uplink

		

		>99.999999%

		Yes

		For evaluation configuration A (4 GHz), Channel model A, NLOS.





		

		

		

		Uplink

		

		

		

		



		5.2.4.3.12
Mobility classes
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink

		Stationary, Pedestrian

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Uplink

		Stationary, Pedestrian,

Vehicular (up to 30 km/h)

		

		

		



		

		eMBB

		Rural – eMBB

		Uplink

		Pedestrian,Vehicular, High speed vehicular

		Pedestrian,Vehicular, High speed vehicular

		Yes

		For all evaluation configurations in Rural - eMBB



		5.2.4.3.13

Mobility
Traffic channel link data rates (bit/s/Hz)
(4.11)

		eMBB

		Indoor Hotspot – eMBB

		Uplink

		1.5 (10 km/h)

		

		

		



		

		

		

		

		1.5 (10 km/h)

		

		

		



		

		eMBB

		Dense Urban – eMBB

		Uplink

		1.12 (30 km/h)

		

		

		



		

		

		

		

		1.12 (30 km/h)

		

		

		



		

		eMBB

		Rural – eMBB

		Uplink

		0.8 (120 km/h)

		

		

		



		

		

		

		

		0.45 (500 km/h)

		

		

		



		

		

		

		

		0.8 (120 km/h)

		1.23

		Yes

		For evaluation configuration B (4 GHz), Channel model A, NLOS.

.



		

		

		

		

		0.45 (500 km/h)

		0.90

		Yes

		



		5.2.4.3.14
Mobility interruption time (ms) 
(4.12)

		eMBB and URLLC

		Not applicable

		Not applicable

		0

		0

		Yes

		



		5.2.4.3.15
Bandwidth and Scalability
(4.13)

		Not applicable

		Not applicable

		Not applicable

		At least 100 MHz

		800 MHz ~ 6.4 GHz

		Yes

		



		

		

		

		

		Up to 1 GHz

		

		Yes

		



		

		

		

		

		Support of multiple different bandwidth values(4)

		4~11 different component carrier bandwidth values

		Yes

		



		(1)
As defined in Report ITU-R M.2410-0.

(2)
According to the evaluation methodology specified in Report ITU-R M.2412-0.

(3)
Proponents should report their selected evaluation methodology of the Connection density, the channel model variant used, and evaluation configuration(s) with their exact values (e.g. antenna element number, bandwidth, etc.) per test environment, and could provide other relevant information as well. For details, refer to Report ITU-R M.2412-0, in particular, § 7.1.3 for the evaluation methodologies, § 8.4 for the evaluation configurations per each test environment, and Annex 1 on the channel model variants.

(4)
Refer to § 7.3.1 of Report ITU-R M.2412-0.





�	If a proponent determines that a specific question does not apply, the proponent should indicate that this is the case and provide a rationale for why it does not apply.
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Foreword

This Technical Report has been produced by NUFRONT.

The contents of the present document are subject to continuing work and may change. It will be re-released by NUFRONT with an identifying change of release date and an increase in version number.

1  Scope

This document presents the self-evaluation of EUHT according to the IMT-2020 minimum requirements of the URLLC, mMTC and Rural eMBB usage scenarios. 

2  References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2] ITU-R M.2412-0: "Guidelines for evaluation of radio interface technologies for IMT-2020".

[3] ITU-R M.2410-0: "Minimum requirements related to technical performance for IMT-2020radio interface(s)".

[4] ITU-R M.2411-0: "Requirements, evaluation criteria and submission templates for the development of IMT-2020"

[5] 3GPP TR 37.910: "Study on Self Evaluation towards IMT-2020 Submission (Release 15)".

[6] 3GPP TS 36.101: "User Equipment (UE) radio transmission and reception(Release 16)".

[7] 3GPP TS 36.104: "Base Station (BS) radio transmission and reception(Release 16)".

[8] YD/T 23942-2012  "High spectrum efficiency and high throughput wireless LAN technical requirements, Part2: Medium access control (MAC) and physical layer (PHY) specifications for enhanced ultra high throughput wireless local area network".

3  Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

CAP
Central access point

CDF
Cumulative distribution function

eMBB
Enhanced Mobile Broadband

EUHT 
Enhanced Ultra High Throughput

ISD
Inter-site distance

LMLC
Low mobility large cell

LDPC
Low dense parity code

mMTC
Massive machine type communications

PDU
Protocol data unit

RIT
Radio interface technology

SE
Spectral efficiency

SRIT
Set of radio interface technologies

STA
Station

TRxP
Transmission reception point

URLLC
Ultra-reliable and low latency communications

4  Introduction

ITU-R has set the requirements for the technical performance of IMT-2020 radio interface(s).  To qualify to be designated as an IMT-2020 technology, a candidate RAT must meet a set of minimum performance requirements over a set of usage scenarios and test environments. The usage scenarios and test environments are specified in [2] while the minimum performance requirements are specified in [3]. 

This document summarizes the self-evaluation results of EUHT for the URLLC, mMTC and Rural eMBB usage scenarios.

5  Self evaluation of eMBB technical performance

5.1 Peak spectral efficiency

As defined in Report ITU-R M.2410, Peak spectral efficiency is the maximum data rate under ideal conditions normalized by channel bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assuming error-free conditions assignable to a single CAP, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 

This requirement is defined for the purpose of evaluation in the eMBB usage scenario.

The minimum requirements for peak spectral efficiencies are as follows:

- Downlink peak spectral efficiency is 30 bit/s/Hz.

- Uplink peak spectral efficiency is 15 bit/s/Hz.

5.1.1  EUHT

The generic formula for peak spectral efficiency for a specific component carrier (say i-th CC) is given by
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wherein


· Rmax = 0.875

· For the i-th CC,

· 

[image: image2.wmf])


(


i


Layer


v


 is the maximum number of layers 

· 

[image: image3.wmf])


(


i


m


Q


 is the maximum modulation order

· 

[image: image4.wmf])


(


i


f


is the scaling factor 

· The scaling factor can at least take the values 1 and 0.75
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is signalled per band and per band per band combination as per STA capability signalling
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 is the STA supported maximum bandwidth in the given band or band combination
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is the overhead  calculated as the average ratio of the number of OFDMs or subcarriers occupied by L1/L2 control, synchronization signal, sounding signal, demodulation reference signal and guard period , etc. 

For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.

5.1.1.1  DL peak spectral efficiency

DL peak spectral efficiency for both frequency range 1 (FR1) for 450 MHz ~ 6000 MHz and frequency range 2 (FR2) for 24.25 GHz ~ 52.6 GHz are evaluated.

A range of configurations are considered in the evaluation of downlink peak spectral efficiency. The evaluated configurations assume 8-layer downlink transmission for FR1 and 6-layer downlink transmission for FR2, with 256QAM/1024QAM modulation, and a maximum coding rate of 0.875. The ratio of DL to whole link (
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) configurations are evaluated. The difference among the evaluated configurations lays in the overhead of control and reference signals, etc. The detailed assumptions are provided in Annex B.1.1.1.

The evaluation results for FR1 and FR2 with 
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=0.5 are provided in Table 5.1.1.1-1, Table 5.1.1.1-2. 

Table 5.1.1.1-1 EUHT DL peak spectral efficiency for FR1 (bit/s/Hz), 
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=0.5

		Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		33.5 

		38.4 

		40.9 

		30



		1024QAM

		41.8 

		48.1 

		51.2 

		30





Table 5.1.1.1-2 EUHT DL peak spectral efficiency for FR2 (bit/s/Hz), 
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=0.5

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		31.71

		33.53

		34.13

		30



		1024QAM

		39.64

		41.91

		42.67

		30





The evaluation results for FR1 and FR2 with 
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=0.8 are provided in Table 5.1.1.1-3, Table 5.1.1.1-4. 

Table 5.1.1.1-3 EUHT DL peak spectral efficiency for FR1 (bit/s/Hz), 
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=0.8

		Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		37.3 

		40.4 

		41.9 

		30



		1024QAM

		46.6 

		50.5 

		52.4 

		30





Table 5.1.1.1-4 EUHT DL peak spectral efficiency for FR2 (bit/s/Hz), 
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=0.8

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		33.08

		34.22

		34.60

		30



		1024QAM

		41.35

		42.77

		43.25

		30





Based on the above analysis, EUHT fulfills DL peak spectral efficiency requirement with a range of configurations.

5.1.1.2  UL peak spectral efficiency

UL peak spectral efficiency for both frequency range 1 (FR1) for 450 MHz ~ 6000 MHz and frequency range 2 (FR2) for 24.25 GHz ~ 52.6 GHz are evaluated.

A range of configurations are considered in the evaluation of uplink peak spectral efficiency. The evaluated configurations assume 8-layer uplink transmission for FR1 and 4-layer uplink transmission for FR2, with 256QAM/1024QAM modulation, and a maximum coding rate of 0.875. The ratio of UL to whole link (

[image: image21.wmf]UL


r


) configurations are evaluated. The detailed assumptions are provided in Annex B.1.1.2.

The evaluation results for FR1 and FR2 with 
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=0.2 are provided in Table 5.1.1.2-1 and Table 5.1.1.2-2. 

		Table 5.1.1.2-1 EUHT UL peak spectral efficiency for FR1 (bit/s/Hz), 
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=0.2

Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		30.5 

		36.5 

		39.8 

		15



		1024QAM

		38.1 

		45.6 

		49.7 

		15





Table 5.1.1.2-2 EUHT UL peak spectral efficiency for FR2 (bit/s/Hz), 
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=0.2

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		17.49

		20.50

		21.50

		15



		1024QAM

		21.87

		25.63

		26.88

		15





The evaluation results for FR1 and FR2 with 
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=0.5 are provided in Table 5.1.1.2-3 and Table 5.1.1.2-4. 

Table 5.1.1.2-3 EUHT UL peak spectral efficiency for FR1 (bit/s/Hz), 
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=0.5

		Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		38.3 

		40.8 

		42.1 

		15



		1024QAM

		47.9 

		51.0 

		52.6 

		15





Table 5.1.1.2-4 EUHT UL peak spectral efficiency for FR2 (bit/s/Hz), 
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=0.5

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		21.14

		 22.34

		22.75

		15



		1024QAM

		26.43

		27.93

		28.43

		15





Based on the above analysis, EUHT fulfills UL peak spectral efficiency requirement with a range of configurations.

5.2  Peak data rate

As defined in Report ITU-R M.2410, peak data rate is the maximum achievable data rate under ideal conditions (in bit/s), which is the received data bits assuming error-free conditions assignable to a single CAP, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).

For a single CAP, let W denote the channel bandwidth and SEp denote the peak spectral efficiency in that band. Then the user peak data rate Rp is given by:
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In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore the total peak data rate is:
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where
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 (i = 1,…, Q) are the effective bandwidth and spectral efficiencies on component carrier i, respectively,
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is the normalized scalar on component carrier i considering the downlink/uplink ratio on that component carrier,
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 is the carrier bandwidth of component i.

This requirement is defined for the purpose of evaluation in the eMBB usage scenario.

The minimum requirements for peak data rate are as follows:

- Downlink peak data rate is 20 Gbit/s.

- Uplink peak data rate is 10 Gbit/s.

5.2.1  EUHT

5.2.1.1  DL peak data rate

A range of configurations are considered in the evaluation of downlink peak data rate. 

DL peak data rate for EUHT is evaluated based on the evaluation results of EUHT peak spectral efficiency provided in Section 5.1.1.1. Table 5.2.1.1-1 and Table 5.2.1.1-2 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that EUHT fulfills the DL peak data rate requirement.

Table 5.2.1.1-1 EUHT DL peak data ratefor FR1
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		Per CC BW (MHz)1

		Peak data rate per CC (Gbit/s)

		Aggregated peak data rate over 16 CCs (Gbit/s)

		Required DL bandwidth to meet the requirement (MHz)2

		Req.

(Gbit/s)



		0.5

		80

		2.05

		32.77

		781

		20



		

		100

		2.56

		40.96

		781

		



		0.8

		80

		3.35

		52.66

		477

		



		

		100

		4.19

		67.07

		477

		



		NOTE 1: sub-carrier spacing is 78.125kHz 

NOTE 2: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.





Table 5.2.1.1-2 EUHT DL peak data rate for FR2
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		Per CC BW (MHz)

		Peak data rate per CC (Gbit/s)1

		Aggregated peak data rate over 16 CCs (Gbit/s)1

		Required DL bandwidth to meet the requirement (GHz)2

		Req.

(Gbit/s)



		0.5

		400

		6.82

		109.24

		1.173

		20



		0.8

		400

		11.07

		177.15

		0.722

		



		NOTE 1: 256QAM is assumed.

NOTE 2: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.





5.2.1.2  UL peak data rate

A range of configurations are considered in the evaluation of uplink peak data rate. 

UL peak data rate for EUHT is evaluated based on the evaluation results of EUHT peak spectral efficiency provided in Section 5.1.1.2.Table 5.2.1.2-1 and Table 5.2.1.2-2 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that EUHT fulfills the UL peak data rate requirement.

Table 5.2.1.2-1 EUHT UL peak data rate for FR1
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		Per CC BW (MHz)

		Peak data rate per CC (Gbit/s)

		Aggregated peak data rate over 16 CCs (Gbit/s)

		Required UL bandwidth to meet the requirement (MHz)1

		Req.

(Gbit/s)



		0.2

		80

		0.80

		12.72

		1006

		10





		

		100

		0.99

		15.91

		1006

		



		0.5

		80

		2.10

		33.66

		380

		



		

		100

		2.63

		42.08

		380

		



		NOTE 1: The value only indicates the required bandwidth to meet the UL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.





Table 5.2.1.2-2 EUHT UL peak data rate for FR2
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		Per CC BW (MHz)

		Peak data rate per CC (Gbit/s)1

		Aggregated peak data rate over 16 CCs (Gbit/s)1

		Required UL bandwidth to meet the requirement (GHz)2

		Req.

(Gbit/s)



		0.2

		400

		1.72

		27.53

		2.325

		10



		0.5

		400

		4.55

		72.80

		0.879

		



		NOTE 1: 256QAM is assumed.

NOTE 2: The value only indicates the required bandwidth to meet the UL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.





5.3  5th percentile user spectral efficiency

As defined in Report ITU-R M.2410, the 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. 

As required by Report ITU-R M.2412, 5thpercentile user spectral efficiency shall be assessed jointly with average spectral efficiency using the same simulation. Therefore, the evaluation results of the 5th percentile user spectral efficiency are provided together with average spectral efficiency in Section 5.4.

5.4  Average spectral efficiency

As defined in Report ITU-R M.2410, average spectral efficiency is the aggregate throughput of all users (the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP.

As required by Report ITU-R M.2412, average spectral efficiency and 5th percentile user spectral efficiency are assessed jointly using the same simulation.

5.4.1  EUHT

Average spectral efficiency and 5th percentile user spectral efficiency are evaluated for EUHT. A wide range of antenna configurations and transmission schemes are considered. Detailed evaluation assumptions and results can be found in Annex B.2.1.

The antenna configuration is indicated as (M,N,P,Mg,Ng; Mp,Np), where M and N are the number of vertical, horizontal antenna elements within a panel, P is number of polarizations,Mg is the number of panels in a column, Ng is the number of panels in row; and Mp and Np are the number of vertical, horizontal TXRUs within a panel and polarization.

5.4.1.1  Indoor Hotspot –eMBB

(TBD)

5.4.1.2  Dense Urban–eMBB

(TBD)

5.4.1.3  Rural–eMBB

Evaluation configuration B (carrier frequency = 4 GHz), and evaluation configuration C (LMLC) are applied for the evaluations of Rural – eMBB test environment for EUHT. 

5.4.1.3.1  Evaluation configuration B (CF = 4 GHz)

The evaluation results of DL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.3.1-1. 

It is observed that EUHT fulfill the DL spectral efficiency requirement for these configurations in evaluation configuration A.

Table 5.4.1.3.1-1 DL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration B, CF=4 GHz)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		8x8 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		3.3

		8.6



		

		

		5th-tile [bit/s/Hz]

		0.12

		0.37





The evaluation results of UL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.3.1-2. 

It is observed that EUHT fulfill the UL spectral efficiency requirement for these configurations in evaluation configuration A.

Table 5.4.1.3.1-2 UL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration B, CF=4 GHz)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		8x8 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		1.6

		4.2



		

		

		5th-tile [bit/s/Hz]

		0.045

		0.13





5.4.1.3.2  Evaluation configuration C (LMLC)

LMLC (Low mobility large cell) is characterized by the large inter-site distance (ISD=6000m) and the low mobility users in Rural – eMBB test environment.

The evaluation results of DL spectral efficiency for EUHT for evaluation configuration C are provided in Table 5.4.1.3.2-1.

Table 5.4.1.3.2-1 DL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration C, LMLC)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		8x4 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		3.3

		6.5



		

		

		5th-tile [bit/s/Hz]

		0.12

1

		0.21



		Note 1: According to Report ITU-R M.2410, the 5th percentile user spectral efficiency requirement is not applicable to LMLC. The value shown here is for information only.





The evaluation results of UL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.3.2-2. 

Table 5.4.1.3.2-2 UL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration C, LMLC)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		4x8 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		1.6

		3.6



		

		

		5th-tile [bit/s/Hz]

		0.045

1

		0.06



		Note 1: According to Report ITU-R M.2410, the 5th percentile user spectral efficiency requirement is not applicable to LMLC. The value shown here is for information only.





5.5  User experienced data rate

As defined in Report ITU-R M.2410, user experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. 

The target values for the user experienced data rate are as follows in the Dense Urban – eMBB test environment:

- Downlink user experienced data rate is 100 Mbit/s

- Uplink user experienced data rate is 50 Mbit/s

(TBD)

5.6  Area traffic capacity

As defined in Report ITU-R M.2410, area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/m2).The throughput is the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time.

This requirement is defined for the purpose of evaluation in the related eMBB test environment.

The target value for Area traffic capacity in downlink is 10 Mbit/s/m2 in the Indoor Hotspot - eMBB test environment.

(TBD)

5.7  Latency

5.7.1  User plane latency

As defined in Report ITU-R M.2410, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). 

5.7.1.1  EUHT

The evaluation of EUHT user plane latency is based on the procedure illustrated in Figure 5.7.1.1-1.
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Figure 5.7.1.1-1 User plane procedure for evaluation

The detailed assumptions of each step are provided in Table 5.7.1.1.1-1 and Table 5.7.1.1.2-1 for downlink and uplink, respectively. 

The additional assumptions to derive the evaluation results of EUHT user plane latency are list as below.

· It is assumed that the packet arrives at any time of any OFDM symbol. In this case, the 0.5 symbol length is added as the “average symbol alignment time” at the beginning of the procedure. 

· The transmission of CCH, DL-TCH,  UL-TCH cannot be across the frame. Otherwise the transmission will wait for the next frame.

· The frame length of 1/2/4 ms are evaluated. A schedule unit of 4/7/14 OFDM symbol and frame based scheduling is used. 

· Resource allocation is flexible according to requirements. 

5.7.1.1.1  Downlink

The downlink procedure is abstracted in Table 5.7.1.1.1-1, where the assumptions of each step for evaluation are given.

Table 5.7.1.1.1-1 DL user plane procedure for EUHT

		ID

		Component

		Notations

		Value



		1

		DL data transfer

		T1 = (tCAP,tx + tFA,DL) + tDL_duration + tSTA,rx

		



		1.1

		CAP processing delay

		tCAP,tx

The time interval between the data is arrived, and packet is generated.

		Tproc,2 =1.5 os( NOTE1)



		1.2

		DL Frame alignment (transmission alignment)

		tFA,DL

It includes frame alignment time, and the waiting time for next available DL Frame

		TFAis the frame alignment time within the current DL Frame and waiting time for next available DL Frame ;



		1.3

		TTI for DL data packet transmission

		tDL_duratio

It includes the time between the DL period start and the DL data packet transmission complete.

		Variable length of (1~xxx

OFDM symbol length) depend on DL period configuration.



		1.4

		STA processing delay

		tSTA,rx

The time interval between the DL PDTCH is  received and the data is decoded;

		Tproc,1=1.5 os



		2

		I-ARQ retransmission

		Ti-ARQ = T1 + T2

T2 = (tSTA,tx + tFA,UL)+ tUL_duration+ tCAP,rx (For Steps 2.1 to 2.4)

		



		2.1

		STA processing delay

		tSTA,tx

The time interval between the data is decoded, and I-ACK packet is generated.

		Tproc,1=1.5 os 



		2.2

		UL frame alignment (transmission alignment)

		tFA,UL

It includes frame alignment time, and the waiting time for the next available UL period

		TFA + Twait,

TFA is the frame alignment time within the current DL framet;

Twait is the waiting time for next available UL period



		2.3

		TTI for I-ACK transmission

		tUL_duration



		2 OFDM symbol



		2.4

		CAP processing delay

		tCAP,rx

The time interval between the ACK is  received and the I-ACK is decoded.

		Tproc, 2=1.5 os (NOTE1)



		2.5

		Repeat DL data transfer from 1.1 to 1.4

		T1

		



		-

		Total one way user plane latency for DL

		TUP= T1 + n×TI-ARQ

where n is the number of re-transmissions (n≥0)



		Note:

1. The value is used for evaluation only; CAP processing delay may vary depending on implementation.







Based on the DL user plane procedure and assumptions given in Table 5.7.1.1.1-1, a variety of configurations and STA capabilities are evaluated for EUHT.

For EUHT, the 1:1 DL/UL configurations are evaluated. The evaluation results of 1/2/4 ms are provided in Table5.7.1.1.1-2.

Table 5.7.1.1.1-2 DL user plane latency for EUHT (ms)

(Frame structure: 1:1 1/2/4 ms)

		DL user plane latency – EUHT

		STA



		

		Frame Length



		

		1 ms

		2 ms

		4 ms



		Resource scheduling unit

		M=4 (4OS)

		p=0

		0.6552

		1.1521

		2.1528



		

		

		p=0.1

		0.7661

		1.3486

		2.5589



		

		M=7 (7OS)

		p=0

		0.6984

		1.1953

		2.1960



		

		

		p=0.1

		0.8093

		1.4105

		2.5963



		

		M=14 (14OS)

		p=0

		0.7992

		1.2961

		2.2968



		

		

		p=0.1

		0.9101

		1.5171

		2.7216





5.7.1.1.2  Uplink

The uplink procedure using a grant free transmission is abstracted in Table 5.7.1.1.2-1, where the assumptions of each step for evaluation are given.

Table 5.7.1.1.2-1 UL user plane procedure for EUHT

		Step

		Component

		Notations

		Value



		1

		UL data transfer

		T1 = (tSTA,tx + tFA,UL)+ tUL_duration+ tCAP,rx

		



		1.1

		STA processing delay

		tSTA,tx

The time interval between the data is arrived, and packet is generated; 

		Tproc,2=1.5os



		1.2

		UL Frame alignment (transmission alignment)

		tFA,UL

It includes frame alignment time, and the waiting time for next available UL period.

		TFA

TFA is the frame alignment time within the current UL period, 



		1.3

		TTI for UL data packet transmission

		tUL_duration

		Variable length of (1~140) OFDM symbol length)



		1.4

		CAP processing delay

		tCAP,rx

The time interval between the UL_TCH is  received and the data is decoded;

		Tproc,1 =1.5os



		2

		I-ARQ retransmission

		TIARQ = T2 + T1

T2 = (tCAP,tx + tFA,DL) + tDL_duration + tSTA,rx (For Steps 2.1 to 2.4)

		



		2.1

		CAP processing delay

		tCAP,tx

The time interval between the data is decoded, and CCH preparation

		Tproc,1 = 1.5os



		2.2

		DL Frame alignment (transmission alignment)

		tFA,DL

It includes frame alignment time, and the waiting time for next available DL period.

		TFA,DL

TFA,DL is the frame alignment time and the waiting time for next available DL period.



		2.3

		DL period for DLIACK transmission

		tDL_duration

		Including the DL period of DL IACK scheduling transmission.



		2.4

		STA processing delay

		tSTA,rx

The time interval between the IACK is received and decoded.

		Tproc,2=1.5os



		2.5

		Repeat UL data transfer from 1.1 to 1.4

		T1

		



		

		Total one way user plane latency for UL

		TUP= T1 + n×TI-ARQ

where n is the number of re-transmissions (n≥0)



		Note:

1. The value is used for evaluation only; CAP processing delay may vary depending on implementation.

Note:

2.The grant free transmission is assumed to use the following start symbols:





Based on the UL user plane procedure and assumptions given in Table 5.7.1.1.2-1, a variety of configurations are evaluated for EUHT.

For EUHT, the 1:1 DL/UL configurations are evaluated. The evaluation results of 1/2/4 ms are provided in Table 5.7.1.1.2-2.

Table 5.7.1.1.2-2 UL user plane latency for EUHT with grant free transmission (ms)
(Frame structure: 1:1 , 1/2/4 ms)

		UL user plane latency – EUHT

		STA



		

		Frame Length



		

		1 ms

		2 ms

		4 ms



		Resource scheduling unit

		M=4 (4OS)

		p=0

		0.5904

		1.0872

		2.0880



		

		

		p=0.1

		0.7042

		1.2996

		2.5013



		

		M=7 (7OS)

		p=0

		0.6336

		1.1304

		2.1312



		

		

		p=0.1

		0.7474  

		1.3428    

		2.5445



		

		M=14 (14OS)

		p=0

		0.7344

		1.2312

		2.2320



		

		

		p=0.1

		0.8482

		1.4436

		2.6453





It is observed that EUHT fulfills UL user plane latency requirement in a wide range of configurations.

5.7.2  Control plane latency

As defined in Report ITU-R M.2410, control plane latency refers to the transition time from Idle state to the start of continuous data transfer.

There are two modes for this procedure in EUHT, basic recovery mode  and fast recovery mode. The former will guarantee the rate of uplink data transmission, and the later could reduce the latency of uplink date transmission.

5.7.2.1  Basic recovery Mode

For EUHT, control plane latency is evaluated from MAC_INACTIVE state to MAC_CONNECTED state. It is noted that, for EUHT, when Connection is suspended, date transmission will resume is permitted by CAP. Figure 5.7.2.1-1 provides an example control plane flow for the above-mentioned MAC_INACTIVE to MAC_CONNECTED state transition for EUHT.



[image: image39.emf]STA CAP


1. RaPn 


Scheduling 


DL Control Plane Procedure


3. Processing 


delay 


7. Processing 


delay


5. Processing 


delay


9. Processing 


delay 


11. Processing 


delay 


15. Processing 


delay 


13. Processing 


delay




Figure 5.7.2.1-1 C-plane activation procedure (example for Uplink Secure Mode)

Table 5.7.2.1-1 Control plane latency of Basic Mode

		Step

		Description

		CP Latency for UL data transfer [ms]



		

		

		frame length is 1ms

		frame length is 2ms



		1

		Delay due to RaPn scheduling period 

		0

		0



		2

		Transmission of RaPn

		0.25

		1



		3

		Processing delay in CAP including RaPn detection and Timing Advance Calculation

		1

		2



		4

		Assign UL Source for Ra Request

		0.25

		0.5



		5

		STA Processing Delay of Constructing RaReq message

		0.5

		0.5



		6

		Transmission of Ra Request

		0.25

		0.5



		7

		Processing delay in CAP including analysis of Ra Request and Constructing Ra Response

		1

		1



		8

		Transmission of Ra Response

		0.25

		0.5



		9

		Processing delay in STA of Ra Response 

		0.5

		2



		10

		Delay due to SrPn scheduling period and Transmission of SrPn

		0

		0



		11

		Processing delay in CAP including Srpn detection

		1

		2



		12

		Assign UL Source for Sr Request

		0.25

		0.5



		13

		STA Processing Delay of Constructing SrReq message

		0.5

		1



		14

		Transmission of Sr Request

		0.25

		0.5



		15

		Processing delay in CAP including analysis of Sr Request and start schedule UL resource in the next frame

		0.5

		1



		 

		Total delay [ms]

		6.5

		13



		Notes:

1. For step 2, when the STA received Bcf in the DL area of Nth frame, it will send RaPn at the end of this frame. The latency is 1/2 frame length.


2. For step 3 and step 4, the delay is 2.5ms. it is not really processing delay, but because of the Rach Channel is at the end of frame. When the CAP detects RaPn at the end of Nth frame, it will allocate the resource of Ra Request at the N+2 frame.


3. For step 6, in the UL area of N+2 frame, CAP will receive the Ra Request.


4. For step 7, after the CAP receive Ra Request, it can compose Ra Response immediately, that benefit of pre-schedule resource. CAP will send this message in the DL area of N+3 frame.


5. For step 8，STA will start receive downlink scheduling from CAP in the N+4 frame after receipt of Ra Response.


6. For step 10, if uplink data will be transmitted, STA send SrPn at SRCH in UL area of N+4 frame.


7. For step 11, step 12, step 13，step14, Similar RaPn, after reception of SrPn, CAP will allocate resource of SrReq in the CCH, that locates in the DL area of N+6 frame.


8. For step 15，CAP receives RaReq in the UL area of N+6 frame, then allocate the UL resource according to the bytes and actual ability.





5.7.2.2  Fast recovery Mode

In this Mode, STA will report the ID of STA, bytes of data to CAP by the message of Ra Request. So the ending point of resume is step 9 in the figure 5.7.2.1-1, as follows:
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Figure 5.7.2.2-1 C-plane activation procedure (example for Fast recovery Mode)

Table 5.7.2.2-1 Control plane latency of Fast recovery Mode

		Step

		Description

		CP Latency for UL data transfer[ms]



		

		

		frame length is 1ms

		frame length is 2ms



		1

		Delay due to RaPn scheduling period 

		0

		0



		2

		Transmission of RaPn

		0.25

		0.5



		3

		Processing delay in CAP including Preamble detection and Calculation Timing Advance;

		1

		2



		4

		Assign UL Source for Ra Request

		0.25

		0.5



		5

		STA Processing Delay of Constructing RaReq message, including ID, bytes will be send

		0.5

		1



		6

		Transmission of Ra Request

		0.25

		0.5



		7

		Processing delay in CAP including analysis of Ra Request and Constructing Ra Response

		1

		2



		8

		Transmission of Ra Response

		0.25

		0.5



		9

		Processing delay in STA of Ra Response 

		0.5

		1



		

		Total delay [ms]

		4

		8





5.8  Energy efficiency

As defined in Report ITU-R M.2410, network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided. Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics. 

The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration. 

The sleep ratio is the fraction of unoccupied time resources (for the network) or sleeping time (for the device) in a period of time corresponding to the cycle of the control signaling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place. The sleep duration is the continuous period of time with no transmission (for network and device) and reception (for the device).

5.8.1  Network Side

5.8.1.1  EUHT

The sleep ratio and sleep duration for EUHT network under unloaded case are evaluated.

The fundamental always-on transmission that must take place is the periodic BCF frame. The BCF frame is used for the STA to detect the CAP, obtain basic information of it.  The BCF interval, PHY frame length depends on the network setup. BCF frame is sent in each single sub-band. PHY frame length is one from set of {0.5, 1, 1.6, 2, 2.5, 4, other} ms. 

Remaining minimum system information carried over BCF frame needs to be broadcast at least once in BCF intervals in which the STAs are expected to be able to set up the connection to the network. When one STA acquires the BCF frame and joins the CAP, it does not need to read it again. It is illustrated in Figure 5.8.1.1-1.

· One DTF_IND occupies 1 OFDM symbols.

· Listen window and Sleep window should be an integral multiple of PHY frame length.
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Figure 5.8.1.1-1 Illustration of synchronization signal and DTF_IND transmission

The sleep ratio is computed by equation of BCF interval/duration, and duration is length of (N+1) PHY Frame, which is up to 100ms.

5.8.2  Device Side

5.8.2.1  EUHT

The sleep ratio and sleep duration under unloaded case are evaluated.

5.8.2.1.1  Evaluation of sleep ratio

For Sleep mode, the STA should monitor synchronization signal and DTF_IND frame per duration of Sleep. STA can get how long sleep window will last after DTF_IND reception. Sleep window is assumed one PHY frame length,1ms or 2ms for instance. Sleep window should be an integral multiple of PHY frame length. 

The duration of Sleep mode consists of a "listen" during which the STA should perform DTF_IND monitoring, and a "sleep" during which the STA can skip reception of downlink channels to save energy. It's illustrated in Figure 5.8.2.1.1-1. Different the duration of Sleep is illustrated in Figure  5.8.2.1.1-2.
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Figure 5.8.2.1.1-1 Illustration of Listen window and sleep window in Sleep mode

It is assumed that synchronization signal  and DTF_IND frame can be received in the same PHY frame length. After decoding DTF_IND, the STA will learn if it should keep on sleep mode or not.

The length of duration may be different. It's probably configured by 10ms, 20ms or 40ms. The "sleep" is 9,19,39 according to configuration if PHY frame length is 1ms. The "sleep" is 4,9,19, if PHY frame length is 2ms.the"listen" is one frame no matter how long frame length is.

Therefore the sleep ratio is determined by the length of "listen", the length" sleep" and PHY frame length.

Based on the above configuration and assumption, the sleep ratio is evaluated shown in Table 5.8.2.1.1-1 for 1ms frame length, and Table 5.8.2.1.1-2 for 2ms frame length.
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Figure 5.8.2.1.1-2  Different the duration of Sleep

Table 5.8.2.1.1-1 EUHTSTA sleep ratio

		Duration of sleep    (ms)

		numbers of duration

		sleep time (ms)   

		listen time (ms)   

		Frame length (ms)

		Frame numbers  in sleep

		Frame numbers in listen

		Sleep ratio  



		10

		40

		9

		1

		1

		9

		1

		90%



		20

		20

		19

		1

		1

		19

		1

		95%



		40

		10

		39

		1

		1

		39

		1

		97.5%



		…



		1000

		1

		999

		1

		1

		999

		1

		99.9%





Table 5.8.2.1.1-2 EUHTSTA sleep ratio

		Duration of sleep    (ms)

		numbers of duration

		sleep time (ms)   

		listen time (ms)   

		Frame length  (ms)

		Frame numbers  in sleep

		Frame numbers in listen

		Sleep ratio 



		10

		40

		8

		2

		2

		4

		1

		80%



		20

		20

		18

		2

		2

		9

		1

		90%



		40

		10

		38

		2

		2

		19

		1

		95%



		…



		1000

		1

		998

		2

		2

		449

		1

		99.8%





The sleep ratio is computed by equation of listen time/duration, and duration is up to 1s.

5.8.2.1.2  Evaluation of sleep duration

As the results shown in tables above, the more sleep duration for EUHT STA in Sleep mode is, the more energy efficiency is. As for different frame length, the short frame length is more effective.  

It is therefore concluded that how to choose sleep duration in terms of specific circumstance. Sleep ratio will be a bit more effective if it's given in symbol level, because more than half frame length can be cut down.

5.9  Mobility

As defined in Report ITU-R M.2410, Mobility is the maximum CAP speed at which a defined QoS can be achieved (in km/h). The QoS is defined as normalized traffic channel link data rate.

5.9.1  EUHT

A wide range of antenna configurations and transmission schemes are considered for EUHT. 

5.9.1.1  Indoor Hotspot – eMBB

(TBD)

5.9.1.2  Dense Urban – eMBB

(TBD)

5.9.1.3  Rural – eMBB

Evaluation configuration B (carrier frequency = 4 GHz) is applied for the evaluations of Rural – eMBB test environment for EUHT. The mobility class of 120km/h and 500km/h are considered. 

The evaluation results of mobility for EUHT for evaluation configuration B for mobility class of 120km/h are provided in Table 5.9.1.3-1. 

Table 5.9.1.3-1 EUHT mobility in Rural – eMBB
(Evaluation configuration B, CF=4 GHz, Mobility class of 120km/h)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement (bit/s/Hz)

		Channel  model A



		

		

		

		Channel condition

		Normalized traffic channel link data rate (bit/s/Hz)



		8x8 MIMO

		78.125

		0.8

		NLOS

		1.23





The evaluation results of mobility for  EUHT for evaluation configuration B for mobility class of 500km/h are provided in Table 5.9.1.3-2. 

It is observed that EUHT fulfills the mobility requirement under both 120km/h and 500km/h.

Table 5.9.1.3-2 EUHT mobility in Rural – eMBB
(Evaluation configuration B, CF=4 GHz, Mobility class of 500km/h)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement (bit/s/Hz)

		Channel  model A



		

		

		

		Channel condition

		Normalized traffic channel link data rate (bit/s/Hz)



		8x8 MIMO

		78.125

		0.45

		NLOS

		0.90





5.10  Mobility interruption time

As defined in Report ITU-R M.2410, mobility interruption time is the shortest time duration supported by the system during which a STA cannot exchange user plane packets with any CAP during mobility transitions.

The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the STA and CAP, as applicable to the candidate RIT/SRIT.

5.10.1  EUHT

There are some properties support 0 ms interrupt time in EUHT, such as:

1. The mode of multiple access is OFDMA in EUHT, thus can realize the carrier aggregation (CA) function, and STA could connect with source CAP and target CAP.

2. RACH – less is used in EUHT, interaction  between  source CAP and target CAP could save the time when RACH process occurs.

Figure 5.10.1-1 shows the 0ms interrupt time procedure in EUHT.
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Figure 5.10.1-1 the 0ms interrupt time procedure in EUHT

Important notes as follows:

1. the message ‘handover Request & Rach - less Request’ is send from Source CAP to target CAP, which carry the information with sub-band scheduling, time domain scheduling about the resources of the STA;

2. After the source CAP received feedback back news ‘Handover Response’ from Target CAP, the both CAP will schedule the frequency and time domain resource accordance with the contract. At this time, STA will communicate with two CAP at the same time.

3. the Target CAP establish connection with STA and transfer the effective data, then inform the source CAP would release STA. The Target CAP will schedule time and frequency resource to STA by itself.

Based on the previous introduction, the STA can always exchange user plane packets with two CAP during the mobility transitions. Therefore, 0ms mobility interruption time is achieved in EUHT for this scenario.

6  Self evaluation of URLLC technical performance

6.1  Reliability

As defined in Report ITU-R M.2412, reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality.

This requirement is defined for the purpose of evaluation in the URLLC usage scenario.

The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU(protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment.

6.1.1  EUHT

EUHT Reliability is evaluated under Urban Macro-URLLC test environment. Both downlink and uplink are evaluated. A variety of configurations are considered. Detailed assumptions and results are provided in Annex B.2.4.

6.1.1.1  DL reliability

For downlink reliability, evaluation configuration A (carrier frequency = 4GHz) is evaluated. 

The evaluation results of EUHT for downlink reliability are provided in Table 6.1.1.1-1. All the evaluation results are derived with 20MHz bandwidth for evaluation configuration A. And channel model A is considered. It is observed that EUHT  fulfills the reliability requirement for downlink.

Table 6.1.1.1-1 Evaluation results of downlink reliability - Configuration A

		Scheme and AntennaConfiguration

		Subcarrier Spacing [kHz]

		Channel condition

		Reliability

		ITU Req.



		8x8 SU-MIMO 

		78.125

		NLOS

		> 99.999999%

		99.999%





6.1.1.2  UL reliability

For uplink reliability, evaluation configuration A (carrier frequency = 4GHz) is evaluated. 

The evaluation results of EUHT for uplink reliability are provided in Table 6.1.1.2-1. All the evaluation results are derived with 20MHz bandwidth for evaluation configuration A. And channel model A is considered. It is observed that EUHT  fulfills the reliability requirement for uplink.

Table 6.1.1.2-1 Evaluation results of uplink reliability - configuration A

		Scheme and AntennaConfiguration

		Subcarrier Spacing [kHz]

		Channel condition

		Reliability

		ITU Req.



		8x8 SU-MIMO 

		78.125

		NLOS

		> 99.999999%

		99.999%





6.2  Latency

6.2.1  User plane latency

EUHT user plane latency for URLLC is evaluated based on the procedures and parameters as described in Section 5.7.1.1.

The evaluation results are shown in Section 5.7.1.1. It is observed that under a wide range of configurations EUHT fulfills both downlink and uplink user plane latency requirement of 1 ms for URLLC.

6.2.2  Control plane latency

Based on the evaluation results shown in Section 5.7.2, the control plane latency requirement is fulfilled by EUHT .

6.3  Mobility interruption time

Based on the evaluation results shown in Section 5.10, the mobility interruption time requirement is fulfilled by EUHT.

7  Self evaluation of mMTC technical performance

7.1  Connection density

As specified in Report ITU-R M.2410, connection density is the total number of devices fulfilling a specific quality of service(QoS) per unit area (per km2).

In Report ITU-R M.2412, the required QoS is that a 32-byte packet is successfully received within 10s. 

The connection density can be evaluated using one or both of two alternative methods: The Full-buffer system-level simulation followed by link level simulation, and the Non-full-buffer system level simulation. These are defined in section 7.1.3 of Report ITU-R M.2412.The detailed assumptions for these approaches, including system level configurations and traffic model, are defined in Table 5-d) in Report ITU-R M.2412. 

The connection density is defined for the purpose of evaluation in the mMTC usage scenario. The minimum requirement for connection density is 1 000 000 devices per km2.

7.1.1  EUHT

The connection density of EUHT is evaluated by using the full buffer system level simulation followed by link level simulation.

In a first step this evaluation method employs a full buffer system level simulation to derive the uplink SINR distribution for a candidate technology. In a second step link level simulation are performed to determine the uplink spectral efficiency and data rate as functions of SINR. When combined these three functions supports the calculation of the expected long-term time-frequency resources required for each SINR to support the specified traffic model.

Connection density is in a final step conceptually derived by the system bandwidth, declared for the candidate technology, divided by the average required frequency resource. The requirement is fulfilled if the recorded connection density exceeds the 1.000.000 devices/km2, while the packet delay at the 99th percentile SINR is less than 10s.

This evaluation method is targeted to evaluate the connection density in terms of the capability of uplink data transmission. The capacity calculation is based on an  assumption of ideal resource allocation among the multiple packets and users (e.g., there is no collision on resource allocation). The packet delay calculation does not consider the delays introduced by the connection access procedure.

The Urban Macro-mMTC test environment is used for evaluation. Evaluation configuration A (ISD=500m) is considered. And channel model A is considered. Traffic model is 1 message/2 hours/device with layer 2 PDU 32 bytes.

The evaluation results of EUHT are shown in Table 7.1.1-1. It is observed that EUHT fulfills connection density requirement under full buffer system level simulation followed by link level simulation. Detailed simulation assumptions and results can be found in Annex B.2.5.

Table 7.1.1-1 Evaluation results of connection density for EUHT - Configuration A

		Antenna Configuration

		Bandwidth

		Connection

Density (device/km2)

		Req.

(device/km2)



		

		

		

		



		1x2 SIMO

		500 kHz

		126,763,209

		1,000,000





8  Self evaluation of generic requirements

8.1  Bandwidth and scalability

As defined in Report ITU-R M.2410, bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers.

Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidths.

8.1.1  EUHT

The capability of bandwidth and bandwidth scalability for EUHT are evaluated. 

According to EUHT, the maximum bandwidth related to specific sub-carrier spacing (SCS) and frequency range (FR) fora component carrier is provided in Table 8.1.1-1. 

Table 8.1.1-1EUHTcapability on bandwidth

		

		SCS [kHz] 

		Maximum bandwidth for one component carrier (MHz)

		Maximum number of component carriers for carrier aggregation

		Maximum aggregated bandwidth (MHz)



		FR1

(Below 6 GHz)

		19.53125

		50

		

16

		800



		

		39.0625

		100

		16

		1600



		

		78.125

		100

		16

		1600



		FR2 
(Above 24 GHz)

		390.625

		400

		16

		6400





According to EUHT, different bandwidths are supported for a component carrier at given SCS as listed in Table 8.1.1-2. Accordingly, the bandwidth scalability capability of EUHT is summarized in Table 8.1.1-3.

Table 8.1.1-2 Transmission bandwidth configuration NSD in EUHT 

(a) for FR1

		SCS (kHz)

		5

MHz

		10

MHz

		15

MHz

		20

MHz

		25

MHz

		30

MHz

		40

MHz

		50

MHz

		60

MHz

		80 MHz

		100 MHz



		

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD



		19.53125

		224

		448

		672

		896

		1120

		1344

		1792

		2240

		N/A

		N/A

		N/A



		39.0625

		112

		224

		336

		448

		560

		672

		896

		1120

		1344

		1792

		2240



		78.125

		56

		112

		168

		224

		280

		336

		448

		560

		672

		896

		1120





(b) for FR2

		SCS [kHz]

		0.4 GHz

		0.8 GHz

		1.2 GHz

		1.6GHz



		

		NSD

		NSD

		NSD

		NSD



		390.625

		896

		1792

		2688

		3584





Table 8.1.1-3 Bandwidth scalability capability for EUHT

		

		SCS [kHz] 

		Minimum component carrier bandwidth (MHz)

		Maximum component carrier bandwidth (MHz)

		Maximum Number of supported bandwidth for a component carrier



		FR1

		19.53125

		5

		50

		8



		

		39.0625

		5

		100

		11



		

		78.125

		10

		100

		11



		FR2

		390.625

		400

		6400

		4





8.2  Spectrum

As defined in Report ITU-R M.2411, spectrum requirement include

· The capability of being able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations, and

· The capability of being able to utilize the higher frequency range/band(s) above 24.25 GHz (NOTE: In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.)

8.2.1  EUHT

The bands in which EUHT can be deployed are given in Table 8.2.1-1 and Table 8.2.1-2. It is observed that EUHT can support at least one frequency band for IMT, as well as to utilize the higher frequency range/bands above 24.25 GHz. Therefore EUHT fulfills spectrum requirement.

Table 8.2.1-1: EUHT operating bands in FR1

		Uplink (UL) and Downlink (DL)operating band

		Duplex Mode



		450 - 470 MHz

		TDD



		470 - 698 MHz

		TDD



		694/698 - 960 MHz

		TDD



		1427 - 1518 MHz

		TDD



		1710 - 2025 MHz

		TDD



		2110 - 2200 MHz

		TDD



		2300 - 2400 MHz

		TDD



		2500 - 2690 MHz

		TDD



		3300 - 3400 MHz

		TDD



		3400 - 3600 MHz

		TDD



		3600 - 3700 MHz

		TDD



		4800 - 4990 MHz

		TDD





Table 8.2.1-2: EUHT operating bands in FR2

		Uplink (UL) and Downlink (DL) operating band

		Duplex Mode



		24250 MHz – 52600 MHz

		TDD



		57000 MHz – 66000 MHz

		TDD





9  Conclusion

EUHT can meet the requirement of IMT-2020 in rural eMBB, mMTC and URLLC.

Annex A: Calibration for self evaluation 


To facilitate the self evaluation towards IMT-2020 submission, the system level simulation and link level simulation have been calibrated to ensure the correctness of the simulation environment.

The calibration was conducted to the corresponding evaluation configurations of Rural - eMBB, Urban Macro - mMTC and Urban Macro – URLLC test environment as defined in Report ITU-R M.2412. The channel model A is applied in the calibration.


The Geometry (Wideband SINR)is selected for calibration of self evaluation in system level simulation.

The calibration results for the above metrics are shown through Figure A.1 to Figure A.4.
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Figure A.1 System Level Simulation Calibration - Urban Macro URLLC Geometry SINR
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Figure A.2 System Level Simulation Calibration - Urban Macro mMTC Geometry SINR
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Figure A.3 System Level Simulation Calibration - Rural - eMBB wideband SINR

The following metrics are selected for calibration of self evaluation in link level simulation:


· ASD and ASA

· ZSD and ZSA

· Delay Spread


The calibration results for the above metrics are shown through Figure A.4 to Figure A.6, respectively.
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Figure A.4 Link Level Simulation Calibration - ASD and ASA
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Figure A.5 Link Level Simulation Calibration - ZSD and ZSA
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Figure A.6 Link Level Simulation Calibration - Delay Spread

B.1  Evaluation assumption for peak spectral efficiency and peak data rate

B.1.1Evaluation assumption for EUHT

B.1.1.1  EUHT downlink

Evaluation parameters for EUHT DL peak spectral efficiency and peak data rate is shown in Table B.1.1.1-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.

Table B.1.1.1-1 EUHT Parameters for DL peak spectral efficiency and peak data rate evaluation

		Parameters

		Values

		Remarks



		Max. number of layers
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		For FR1: 8

For FR2: 6

		



		Highest modulation order
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		For FR1: 10, 

For FR2: 8



		1024QAM, 256QAM,



		Scaling factor of modulation 
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		Max. coding rate

Rmax

		7/8 = 0.875
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		Frame type index
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		See Table 8.1.1-2 for FR1 and FR2 for specific component carrier bandwidth and SCS.

		The maximum number of sub-carrier data for the specific component carrier bandwidth and SCS is used.





B.1.1.2  EUHT uplink

Evaluation parameters for EUHT UL peak spectral efficiency and peak data rate is shown in Table B.1.1.2-1. 

Table B.1.1.2-1 EUHT Parameters for UL peak spectral efficiency and peak data rate evaluation

		Parameters

		Values

		Remarks



		Max. number of layers
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		For FR1: 8

For FR2: 4

		



		Highest modulation order
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		For FR1: 10, 

For FR2: 8



		256QAM, 1024QAM



		Scaling factor of modulation 
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		Max. coding rate

Rmax

		7/8 = 0.875

		LDPC
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		See Table 8.1.1-2 for FR1 and FR2 for specific component carrier bandwidth and SCS.

		The maximum number of sub-carrier data for the specific component carrier bandwidth and SCS is used.





B.2  Detailed assumptions and evaluation results for simulation related technical performance requirements

B.2.1  Detailed assumptions and results for average and 5th percentile user spectral efficiency

Evaluation parameters for EUHT average and 5th percentile user spectral efficiency is shown in Table B.2.1-1. 

Table B.2.1-1 EUHT Parameters for average and 5th percentile user spectral efficiency evaluation

		Parameters

		Values

		Remarks



		Duplexing

		TDD

		



		Network synchronization

		Synchronized

		



		Carrier frequency for evaluation

		4 GHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		20 MHz

		



		Numerology

		78.125kHz

		



		Modulation 

		Up to 256QAM 

		



		Coding

		LDPC

		



		Antenna configuration at TRxP

		8Ports, (1, 4, 2, 1, 1; 1, 4)

4 Ports, (1, 2, 2, 1, 1; 1, 2) for LMLC 

		



		Antenna configuration at STA

		8 Ports, (1, 4, 2, 1, 1; 1, 4)

4 Ports, (1, 2, 2, 1, 1; 1, 2) for LMLC 

		



		Channel estimation

		Realistic

		



		Scheduling

		PF

		



		Transmission scheme

		SU MIMO

		



		Mechanic tilt 

		90° in GCS (pointing to horizontal direction)

		



		Electronic tilt

		100 degree

		





B.2.2  Detailed assumptions and results for mobility

Evaluation parameters for EUHT mobility is shown in Table B.2.2-1. 

Table B.2.2-1 EUHT Parameters for mobility evaluation

		Parameters

		Values

		Remarks



		Duplexing

		TDD

		



		Network synchronization

		Synchronized

		



		Carrier frequency for evaluation

		4 GHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		20 MHz

		



		Numerology

		78.125kHz

		



		Modulation 

		Up to 64QAM 

		



		Coding

		LDPC

		



		Antenna configuration at TRxP

		8 Rx, (1, 4, 2, 1, 1; 1, 4)

		



		Antenna configuration at STA

		8 Tx, (1, 4, 2, 1, 1; 1, 4)

		





B.2.3  Detailed assumptions and results for user experienced data rate

(N/A, required only for dense urban eMBB)

B.2.4  Detailed assumptions and results for reliability

B.2.4.1  Evaluation assumption for reliability

Evaluation parameters for EUHT reliability is shown in Table B.2.4.1-1. 

Table B.2.4.1-1 EUHT Parameters for reliability evaluation

		Parameters

		Values

		Remarks



		Carrier frequency for evaluation

		4 GHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		20 MHz

		



		Channel model

		TDL-iii(NLOS)

		



		STA Speed

		3 km/h

		



		Antenna configuration at TRxP

		8Ports, (1, 4, 2, 1, 1; 1, 4)

		



		Antenna configuration at STA

		8Ports, (1, 4, 2, 1, 1; 1, 4)

		



		

		

		



		

		

		



		Channel estimation

		Realistic

		



		Modulation and coding

		QPSK, LDPC, CR = 4/7

		With repetition in frequency domain



		Packet size 

		256 bit

		TCH Payload



		Number of repetition

		16

		frequency domain



		

		

		





B.2.5  Detailed assumptions and results for connection density

B.2.5.1  Evaluation assumption for connection density

Evaluation parameters for EUHT reliability is shown in Table B.2.5.1-1. 

Table B.2.5.1-1 EUHT Parameters for connection density

		Parameters

		Values

		Remarks



		Carrier frequency for evaluation

		700 MHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		500 kHz

		



		Channel model

		TDL-iii(NLOS)

		



		STA Speed

		3 km/h

		



		Antenna configuration at TRxP

		2 Rx, (1, 2, 1, 1, 1; 1, 2)

		



		Antenna configuration at STA

		1 Tx, (1, 1, 1, 1, 1; 1, 1)

		



		TXRU pattern at TRxP

		8 dBi gain in intended direction

		



		TXRU pattern at STA

		0dBi Omni-directional

		



		Channel estimation

		Realistic

		



		Modulation and coding

		BPSK, QPSK, 16QAM; 

LDPC

		



		Packet size 

		256 bit

		TCH Payload



		Number of repetition

		1, 2, 4

		frequency domain



		Traffic model

		1 message/2 hours/device 

		





B.2.5.2  Evaluation results for connection density

Figure B.2.5.2-1 shows EUHT spectral efficiency to SINR in the mMTC usage scenario.
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Figure B.2.5.2-1 Spectral Efficiency to SINR - mMTC
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Foreword

This Technical Report has been produced by NUFRONT.

The contents of the present document are subject to continuing work and may change. It will be re-released by NUFRONT with an identifying change of release date and an increase in version number.
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This document presents the self-evaluation of EUHT according to the IMT-2020 minimum requirements of the URLLC, mMTC and Rural eMBB usage scenarios. 
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[bookmark: _Toc19615][bookmark: _Toc516617870][bookmark: _Toc8657947]3  Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

CAP	Central access point

CDF	Cumulative distribution function

eMBB	Enhanced Mobile Broadband

EUHT 	Enhanced Ultra High Throughput

ISD	Inter-site distance

LMLC	Low mobility large cell

LDPC	Low dense parity code

mMTC	Massive machine type communications

PDU	Protocol data unit

RIT	Radio interface technology

SE	Spectral efficiency

SRIT	Set of radio interface technologies

STA	Station

TRxP	Transmission reception point

URLLC	Ultra-reliable and low latency communications





[bookmark: _Toc516617874][bookmark: _Toc32520][bookmark: _Toc8657948]4  Introduction

ITU-R has set the requirements for the technical performance of IMT-2020 radio interface(s).  To qualify to be designated as an IMT-2020 technology, a candidate RAT must meet a set of minimum performance requirements over a set of usage scenarios and test environments. The usage scenarios and test environments are specified in [2] while the minimum performance requirements are specified in [3]. 

This document summarizes the self-evaluation results of EUHT for the URLLC, mMTC and Rural eMBB usage scenarios.





[bookmark: _Toc516617875][bookmark: _Toc18276][bookmark: _Toc8657949]5  Self evaluation of eMBB technical performance

[bookmark: _Toc516617876][bookmark: _Toc24068][bookmark: _Toc8657950]5.1 Peak spectral efficiency

As defined in Report ITU-R M.2410, Peak spectral efficiency is the maximum data rate under ideal conditions normalized by channel bandwidth (in bit/s/Hz), where the maximum data rate is the received data bits assuming error-free conditions assignable to a single CAP, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times). 

This requirement is defined for the purpose of evaluation in the eMBB usage scenario.

The minimum requirements for peak spectral efficiencies are as follows:

- Downlink peak spectral efficiency is 30 bit/s/Hz.

- Uplink peak spectral efficiency is 15 bit/s/Hz.

[bookmark: _Toc10936][bookmark: _Toc8657951]5.1.1  EUHT

The generic formula for peak spectral efficiency for a specific component carrier (say i-th CC) is given by



                      (5.1.1-1)

wherein	

· Rmax = 0.875

· For the i-th CC,

· 

 is the maximum number of layers 

· 

 is the maximum modulation order

· 

is the scaling factor 

· The scaling factor can at least take the values 1 and 0.75

· 

is signalled per band and per band per band combination as per STA capability signalling

· 

is the frame type 

· 



 is the duration of Downlink/Uplink in a frame (type)

· 







 is the number of subcarriers allocation in bandwidth  with frame type, where  is the STA supported maximum bandwidth in the given band or band combination

· 

is the overhead  calculated as the average ratio of the number of OFDMs or subcarriers occupied by L1/L2 control, synchronization signal, sounding signal, demodulation reference signal and guard period , etc. 

For guard period (GP), 50% of GP symbols are considered as downlink overhead, and 50% of GP symbols are considered as uplink overhead.

[bookmark: _Toc13265][bookmark: _Toc8657952]5.1.1.1  DL peak spectral efficiency

DL peak spectral efficiency for both frequency range 1 (FR1) for 450 MHz ~ 6000 MHz and frequency range 2 (FR2) for 24.25 GHz ~ 52.6 GHz are evaluated.



A range of configurations are considered in the evaluation of downlink peak spectral efficiency. The evaluated configurations assume 8-layer downlink transmission for FR1 and 6-layer downlink transmission for FR2, with 256QAM/1024QAM modulation, and a maximum coding rate of 0.875. The ratio of DL to whole link () configurations are evaluated. The difference among the evaluated configurations lays in the overhead of control and reference signals, etc. The detailed assumptions are provided in Annex B.1.1.1.



The evaluation results for FR1 and FR2 with =0.5 are provided in Table 5.1.1.1-1, Table 5.1.1.1-2. 



Table 5.1.1.1-1 EUHT DL peak spectral efficiency for FR1 (bit/s/Hz), =0.5

		Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		33.5 

		38.4 

		40.9 

		30



		1024QAM

		41.8 

		48.1 

		51.2 

		30









Table 5.1.1.1-2 EUHT DL peak spectral efficiency for FR2 (bit/s/Hz), =0.5

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		31.71

		33.53

		34.13

		30



		1024QAM

		39.64

		41.91

		42.67

		30









The evaluation results for FR1 and FR2 with =0.8 are provided in Table 5.1.1.1-3, Table 5.1.1.1-4. 



Table 5.1.1.1-3 EUHT DL peak spectral efficiency for FR1 (bit/s/Hz), =0.8

		Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		37.3 

		40.4 

		41.9 

		30



		1024QAM

		46.6 

		50.5 

		52.4 

		30









Table 5.1.1.1-4 EUHT DL peak spectral efficiency for FR2 (bit/s/Hz), =0.8

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		33.08

		34.22

		34.60

		30



		1024QAM

		41.35

		42.77

		43.25

		30







Based on the above analysis, EUHT fulfills DL peak spectral efficiency requirement with a range of configurations.

[bookmark: _Toc10263][bookmark: _Toc8657953]5.1.1.2  UL peak spectral efficiency

UL peak spectral efficiency for both frequency range 1 (FR1) for 450 MHz ~ 6000 MHz and frequency range 2 (FR2) for 24.25 GHz ~ 52.6 GHz are evaluated.



A range of configurations are considered in the evaluation of uplink peak spectral efficiency. The evaluated configurations assume 8-layer uplink transmission for FR1 and 4-layer uplink transmission for FR2, with 256QAM/1024QAM modulation, and a maximum coding rate of 0.875. The ratio of UL to whole link () configurations are evaluated. The detailed assumptions are provided in Annex B.1.1.2.



The evaluation results for FR1 and FR2 with =0.2 are provided in Table 5.1.1.2-1 and Table 5.1.1.2-2. 



Table 5.1.1.2-1 EUHT UL peak spectral efficiency for FR1 (bit/s/Hz), =0.2

		Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		30.5 

		36.5 

		39.8 

		15



		1024QAM

		38.1 

		45.6 

		49.7 

		15









Table 5.1.1.2-2 EUHT UL peak spectral efficiency for FR2 (bit/s/Hz), =0.2

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		17.49

		20.50

		21.50

		15



		1024QAM

		21.87

		25.63

		26.88

		15









The evaluation results for FR1 and FR2 with =0.5 are provided in Table 5.1.1.2-3 and Table 5.1.1.2-4. 



Table 5.1.1.2-3 EUHT UL peak spectral efficiency for FR1 (bit/s/Hz), =0.5

		Frame type ρ (ms)

		1

		2

		4

		Req.



		256QAM

		38.3 

		40.8 

		42.1 

		15



		1024QAM

		47.9 

		51.0 

		52.6 

		15









Table 5.1.1.2-4 EUHT UL peak spectral efficiency for FR2 (bit/s/Hz), =0.5

		Frame type ρ (ms)

		10

		20

		30

		Req.



		256QAM

		21.14

		 22.34

		22.75

		15



		1024QAM

		26.43

		27.93

		28.43

		15







Based on the above analysis, EUHT fulfills UL peak spectral efficiency requirement with a range of configurations.

[bookmark: _Toc17671][bookmark: _Toc516617877][bookmark: _Toc8657954]5.2  Peak data rate

As defined in Report ITU-R M.2410, peak data rate is the maximum achievable data rate under ideal conditions (in bit/s), which is the received data bits assuming error-free conditions assignable to a single CAP, when all assignable radio resources for the corresponding link direction are utilized (i.e. excluding radio resources that are used for physical layer synchronization, reference signals or pilots, guard bands and guard times).

For a single CAP, let W denote the channel bandwidth and SEp denote the peak spectral efficiency in that band. Then the user peak data rate Rp is given by:





In case bandwidth is aggregated across multiple bands, the peak data rate will be summed over the bands. Therefore the total peak data rate is:



                                    (5.2-1)









where and  (i = 1,…, Q) are the effective bandwidth and spectral efficiencies on component carrier i, respectively,is the normalized scalar on component carrier i considering the downlink/uplink ratio on that component carrier, is the carrier bandwidth of component i.

This requirement is defined for the purpose of evaluation in the eMBB usage scenario.

The minimum requirements for peak data rate are as follows:

- Downlink peak data rate is 20 Gbit/s.

- Uplink peak data rate is 10 Gbit/s.



[bookmark: _Toc18336][bookmark: _Toc8657955]5.2.1  EUHT

[bookmark: _Toc8071][bookmark: _Toc8657956]5.2.1.1  DL peak data rate

A range of configurations are considered in the evaluation of downlink peak data rate. 

DL peak data rate for EUHT is evaluated based on the evaluation results of EUHT peak spectral efficiency provided in Section 5.1.1.1. Table 5.2.1.1-1 and Table 5.2.1.1-2 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that EUHT fulfills the DL peak data rate requirement.

Table 5.2.1.1-1 EUHT DL peak data ratefor FR1

		



		Per CC BW (MHz)1

		Peak data rate per CC (Gbit/s)

		Aggregated peak data rate over 16 CCs (Gbit/s)

		Required DL bandwidth to meet the requirement (MHz)2

		Req.

(Gbit/s)



		0.5

		80

		2.05

		32.77

		781

		20



		

		100

		2.56

		40.96

		781

		



		0.8

		80

		3.35

		52.66

		477

		



		

		100

		4.19

		67.07

		477

		



		NOTE 1: sub-carrier spacing is 78.125kHz 

NOTE 2: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.







Table 5.2.1.1-2 EUHT DL peak data rate for FR2

		



		Per CC BW (MHz)

		Peak data rate per CC (Gbit/s)1

		Aggregated peak data rate over 16 CCs (Gbit/s)1

		Required DL bandwidth to meet the requirement (GHz)2

		Req.

(Gbit/s)



		0.5

		400

		6.82

		109.24

		1.173

		20



		0.8

		400

		11.07

		177.15

		0.722

		



		NOTE 1: 256QAM is assumed.

NOTE 2: The value only indicates the required bandwidth to meet the DL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.







[bookmark: _Toc29934][bookmark: _Toc8657957]5.2.1.2  UL peak data rate

A range of configurations are considered in the evaluation of uplink peak data rate. 

UL peak data rate for EUHT is evaluated based on the evaluation results of EUHT peak spectral efficiency provided in Section 5.1.1.2.Table 5.2.1.2-1 and Table 5.2.1.2-2 provides the evaluation results for the specific component carrier (CC) bandwidth. It is observed that EUHT fulfills the UL peak data rate requirement.

[bookmark: _Ref506286183]Table 5.2.1.2-1 EUHT UL peak data rate for FR1

		



		Per CC BW (MHz)

		Peak data rate per CC (Gbit/s)

		Aggregated peak data rate over 16 CCs (Gbit/s)

		Required UL bandwidth to meet the requirement (MHz)1

		Req.

(Gbit/s)



		0.2

		80

		0.80

		12.72

		1006

		

10





		

		100

		0.99

		15.91

		1006

		



		0.5

		80

		2.10

		33.66

		380

		



		

		100

		2.63

		42.08

		380

		



		NOTE 1: The value only indicates the required bandwidth to meet the UL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.







Table 5.2.1.2-2 EUHT UL peak data rate for FR2

		



		Per CC BW (MHz)

		Peak data rate per CC (Gbit/s)1

		Aggregated peak data rate over 16 CCs (Gbit/s)1

		Required UL bandwidth to meet the requirement (GHz)2

		Req.

(Gbit/s)



		0.2

		400

		1.72

		27.53

		2.325

		10



		0.5

		400

		4.55

		72.80

		0.879

		



		NOTE 1: 256QAM is assumed.

NOTE 2: The value only indicates the required bandwidth to meet the UL peak data rate. It is not necessarily supported as EUHT Transmission bandwidth.







[bookmark: _Toc10452][bookmark: _Toc516617878][bookmark: _Toc8657958]5.3  5th percentile user spectral efficiency

As defined in Report ITU-R M.2410, the 5th percentile user spectral efficiency is the 5% point of the CDF of the normalized user throughput. The normalized user throughput is defined as the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time, divided by the channel bandwidth and is measured in bit/s/Hz. 

[bookmark: _Toc516617879]As required by Report ITU-R M.2412, 5thpercentile user spectral efficiency shall be assessed jointly with average spectral efficiency using the same simulation. Therefore, the evaluation results of the 5th percentile user spectral efficiency are provided together with average spectral efficiency in Section 5.4.

[bookmark: _Toc20094][bookmark: _Toc8657959]5.4  Average spectral efficiency

As defined in Report ITU-R M.2410, average spectral efficiency is the aggregate throughput of all users (the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time) divided by the channel bandwidth of a specific band divided by the number of TRxPs and is measured in bit/s/Hz/TRxP.

As required by Report ITU-R M.2412, average spectral efficiency and 5th percentile user spectral efficiency are assessed jointly using the same simulation.

[bookmark: _Toc16474][bookmark: _Toc8657960]5.4.1  EUHT

Average spectral efficiency and 5th percentile user spectral efficiency are evaluated for EUHT. A wide range of antenna configurations and transmission schemes are considered. Detailed evaluation assumptions and results can be found in Annex B.2.1.

The antenna configuration is indicated as (M,N,P,Mg,Ng; Mp,Np), where M and N are the number of vertical, horizontal antenna elements within a panel, P is number of polarizations,Mg is the number of panels in a column, Ng is the number of panels in row; and Mp and Np are the number of vertical, horizontal TXRUs within a panel and polarization.

[bookmark: _Toc3437][bookmark: _Toc8657961]5.4.1.1  Indoor Hotspot –eMBB

[bookmark: _Toc1149](TBD)

[bookmark: _Toc8657962]5.4.1.2  Dense Urban–eMBB

[bookmark: _Toc29537](TBD)

[bookmark: _Toc8657963]5.4.1.3  Rural–eMBB

Evaluation configuration B (carrier frequency = 4 GHz), and evaluation configuration C (LMLC) are applied for the evaluations of Rural – eMBB test environment for EUHT. 

[bookmark: _Toc10029]5.4.1.3.1  Evaluation configuration B (CF = 4 GHz)

The evaluation results of DL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.3.1-1. 

It is observed that EUHT fulfill the DL spectral efficiency requirement for these configurations in evaluation configuration A.

Table 5.4.1.3.1-1 DL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration B, CF=4 GHz)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		8x8 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		3.3

		8.6



		

		

		5th-tile [bit/s/Hz]

		0.12

		0.37







The evaluation results of UL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.3.1-2. 

It is observed that EUHT fulfill the UL spectral efficiency requirement for these configurations in evaluation configuration A.

Table 5.4.1.3.1-2 UL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration B, CF=4 GHz)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		8x8 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		1.6

		4.2



		

		

		5th-tile [bit/s/Hz]

		0.045

		0.13







[bookmark: _Toc3975]5.4.1.3.2  Evaluation configuration C (LMLC)

LMLC (Low mobility large cell) is characterized by the large inter-site distance (ISD=6000m) and the low mobility users in Rural – eMBB test environment.

The evaluation results of DL spectral efficiency for EUHT for evaluation configuration C are provided in Table 5.4.1.3.2-1.

Table 5.4.1.3.2-1 DL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration C, LMLC)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		8x4 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		3.3

		6.5



		

		

		5th-tile [bit/s/Hz]

		0.12

1

		0.21



		Note 1: According to Report ITU-R M.2410, the 5th percentile user spectral efficiency requirement is not applicable to LMLC. The value shown here is for information only.







The evaluation results of UL spectral efficiency for EUHT for evaluation configuration A are provided in Table 5.4.1.3.2-2. 

Table 5.4.1.3.2-2 UL spectral efficiency for EUHT in Rural – eMBB
(Evaluation configuration C, LMLC)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement

		Channel model A



		

		

		

		BW=20MHz



		4x8 MIMO

		78.125

		Average [bit/s/Hz/TRxP]

		1.6

		3.6



		

		

		5th-tile [bit/s/Hz]

		0.045

1

		0.06



		Note 1: According to Report ITU-R M.2410, the 5th percentile user spectral efficiency requirement is not applicable to LMLC. The value shown here is for information only.







[bookmark: _Toc516617880][bookmark: _Toc29791][bookmark: _Toc8657964]5.5  User experienced data rate

As defined in Report ITU-R M.2410, user experienced data rate is the 5% point of the cumulative distribution function (CDF) of the user throughput. User throughput (during active time) is defined as the number of correctly received bits, i.e. the number of bits contained in the service data units (SDUs) delivered to Layer 3, over a certain period of time. 

The target values for the user experienced data rate are as follows in the Dense Urban – eMBB test environment:

- Downlink user experienced data rate is 100 Mbit/s

- Uplink user experienced data rate is 50 Mbit/s

(TBD)



[bookmark: _Toc516617881][bookmark: _Toc6929][bookmark: _Toc8657965]5.6  Area traffic capacity

As defined in Report ITU-R M.2410, area traffic capacity is the total traffic throughput served per geographic area (in Mbit/s/m2).The throughput is the number of correctly received bits, i.e. the number of bits contained in the SDUs delivered to Layer 3, over a certain period of time.

This requirement is defined for the purpose of evaluation in the related eMBB test environment.

The target value for Area traffic capacity in downlink is 10 Mbit/s/m2 in the Indoor Hotspot - eMBB test environment.

(TBD)



[bookmark: _Toc516617882][bookmark: _Toc19558][bookmark: _Toc8657966]5.7  Latency

[bookmark: _Toc6398][bookmark: _Toc516617883][bookmark: _Toc8657967]5.7.1  User plane latency

As defined in Report ITU-R M.2410, user plane latency is the contribution of the radio network to the time from when the source sends a packet to when the destination receives it (in ms). 

[bookmark: _Toc15145][bookmark: _Toc8657968]5.7.1.1  EUHT

The evaluation of EUHT user plane latency is based on the procedure illustrated in Figure 5.7.1.1-1.

[image: C:\work\Matlab\IMT-2020\Analysis\user planelatency - figure 5.7.1.1-1 modify.pnguser planelatency - figure 5.7.1.1-1 modify]

Figure 5.7.1.1-1 User plane procedure for evaluation

The detailed assumptions of each step are provided in Table 5.7.1.1.1-1 and Table 5.7.1.1.2-1 for downlink and uplink, respectively. 

The additional assumptions to derive the evaluation results of EUHT user plane latency are list as below.

· It is assumed that the packet arrives at any time of any OFDM symbol. In this case, the 0.5 symbol length is added as the “average symbol alignment time” at the beginning of the procedure. 

· The transmission of CCH, DL-TCH,  UL-TCH cannot be across the frame. Otherwise the transmission will wait for the next frame.

· The frame length of 1/2/4 ms are evaluated. A schedule unit of 4/7/14 OFDM symbol and frame based scheduling is used. 

· Resource allocation is flexible according to requirements. 

[bookmark: _Toc24642]5.7.1.1.1  Downlink

The downlink procedure is abstracted in Table 5.7.1.1.1-1, where the assumptions of each step for evaluation are given.

Table 5.7.1.1.1-1 DL user plane procedure for EUHT

		ID

		Component

		Notations

		Value



		1

		DL data transfer

		T1 = (tCAP,tx + tFA,DL) + tDL_duration + tSTA,rx

		



		1.1

		CAP processing delay

		tCAP,tx

The time interval between the data is arrived, and packet is generated.

		

Tproc,2 =1.5 os( NOTE1)



		1.2

		DL Frame alignment (transmission alignment)

		tFA,DL

It includes frame alignment time, and the waiting time for next available DL Frame

		TFAis the frame alignment time within the current DL Frame and waiting time for next available DL Frame ;



		1.3

		TTI for DL data packet transmission

		tDL_duratio

It includes the time between the DL period start and the DL data packet transmission complete.

		Variable length of (1~xxx

OFDM symbol length) depend on DL period configuration.



		1.4

		STA processing delay

		tSTA,rx

The time interval between the DL PDTCH is  received and the data is decoded;

		Tproc,1=1.5 os



		2

		I-ARQ retransmission

		Ti-ARQ = T1 + T2

T2 = (tSTA,tx + tFA,UL)+ tUL_duration+ tCAP,rx (For Steps 2.1 to 2.4)

		



		2.1

		STA processing delay

		tSTA,tx

The time interval between the data is decoded, and I-ACK packet is generated.

		Tproc,1=1.5 os 



		2.2

		UL frame alignment (transmission alignment)

		tFA,UL

It includes frame alignment time, and the waiting time for the next available UL period

		TFA + Twait,

TFA is the frame alignment time within the current DL framet;

Twait is the waiting time for next available UL period



		2.3

		TTI for I-ACK transmission

		tUL_duration



		2 OFDM symbol



		2.4

		CAP processing delay

		tCAP,rx

The time interval between the ACK is  received and the I-ACK is decoded.

		Tproc, 2=1.5 os (NOTE1)



		2.5

		Repeat DL data transfer from 1.1 to 1.4

		T1

		



		-

		Total one way user plane latency for DL

		TUP= T1 + n×TI-ARQ

where n is the number of re-transmissions (n≥0)



		Note:

1. The value is used for evaluation only; CAP processing delay may vary depending on implementation.







Based on the DL user plane procedure and assumptions given in Table 5.7.1.1.1-1, a variety of configurations and STA capabilities are evaluated for EUHT.

For EUHT, the 1:1 DL/UL configurations are evaluated. The evaluation results of 1/2/4 ms are provided in Table5.7.1.1.1-2.

Table 5.7.1.1.1-2 DL user plane latency for EUHT (ms)

(Frame structure: 1:1 1/2/4 ms)

		DL user plane latency – EUHT

		STA



		

		Frame Length



		

		1 ms

		2 ms

		4 ms



		Resource scheduling unit

		M=4 (4OS)

		p=0

		0.6552

		1.1521

		2.1528



		

		

		p=0.1

		0.7661

		1.3486

		2.5589



		

		M=7 (7OS)

		p=0

		0.6984

		1.1953

		2.1960



		

		

		p=0.1

		0.8093

		1.4105

		2.5963



		

		M=14 (14OS)

		p=0

		0.7992

		1.2961

		2.2968



		

		

		p=0.1

		0.9101

		1.5171

		2.7216





[bookmark: _Toc9178]5.7.1.1.2  Uplink

The uplink procedure using a grant free transmission is abstracted in Table 5.7.1.1.2-1, where the assumptions of each step for evaluation are given.

Table 5.7.1.1.2-1 UL user plane procedure for EUHT

		Step

		Component

		Notations

		Value



		1

		UL data transfer

		T1 = (tSTA,tx + tFA,UL)+ tUL_duration+ tCAP,rx

		



		1.1

		STA processing delay

		tSTA,tx

The time interval between the data is arrived, and packet is generated; 

		Tproc,2=1.5os



		1.2

		UL Frame alignment (transmission alignment)

		tFA,UL

It includes frame alignment time, and the waiting time for next available UL period.

		TFA

TFA is the frame alignment time within the current UL period, 



		1.3

		TTI for UL data packet transmission

		tUL_duration

		Variable length of (1~140) OFDM symbol length)



		1.4

		CAP processing delay

		tCAP,rx

The time interval between the UL_TCH is  received and the data is decoded;

		Tproc,1 =1.5os



		2

		I-ARQ retransmission

		TIARQ = T2 + T1

T2 = (tCAP,tx + tFA,DL) + tDL_duration + tSTA,rx (For Steps 2.1 to 2.4)

		



		2.1

		CAP processing delay

		tCAP,tx

The time interval between the data is decoded, and CCH preparation

		Tproc,1 = 1.5os



		2.2

		DL Frame alignment (transmission alignment)

		tFA,DL

It includes frame alignment time, and the waiting time for next available DL period.

		TFA,DL

TFA,DL is the frame alignment time and the waiting time for next available DL period.



		2.3

		DL period for DLIACK transmission

		tDL_duration

		Including the DL period of DL IACK scheduling transmission.



		2.4

		STA processing delay

		tSTA,rx

The time interval between the IACK is received and decoded.

		Tproc,2=1.5os



		2.5

		Repeat UL data transfer from 1.1 to 1.4

		T1

		



		

		Total one way user plane latency for UL

		TUP= T1 + n×TI-ARQ

where n is the number of re-transmissions (n≥0)



		Note:

1. The value is used for evaluation only; CAP processing delay may vary depending on implementation.

Note:

2.The grant free transmission is assumed to use the following start symbols:







Based on the UL user plane procedure and assumptions given in Table 5.7.1.1.2-1, a variety of configurations are evaluated for EUHT.

For EUHT, the 1:1 DL/UL configurations are evaluated. The evaluation results of 1/2/4 ms are provided in Table 5.7.1.1.2-2.

Table 5.7.1.1.2-2 UL user plane latency for EUHT with grant free transmission (ms)
(Frame structure: 1:1 , 1/2/4 ms)

		UL user plane latency – EUHT

		STA



		

		Frame Length



		

		1 ms

		2 ms

		4 ms



		Resource scheduling unit

		M=4 (4OS)

		p=0

		0.5904

		1.0872

		2.0880



		

		

		p=0.1

		0.7042

		1.2996

		2.5013



		

		M=7 (7OS)

		p=0

		0.6336

		1.1304

		2.1312



		

		

		p=0.1

		0.7474  

		1.3428    

		2.5445



		

		M=14 (14OS)

		p=0

		0.7344

		1.2312

		2.2320



		

		

		p=0.1

		0.8482

		1.4436

		2.6453





[bookmark: _Toc516617884]It is observed that EUHT fulfills UL user plane latency requirement in a wide range of configurations.

[bookmark: _Toc29240][bookmark: _Toc8657969]5.7.2  Control plane latency

As defined in Report ITU-R M.2410, control plane latency refers to the transition time from Idle state to the start of continuous data transfer.

There are two modes for this procedure in EUHT, basic recovery mode  and fast recovery mode. The former will guarantee the rate of uplink data transmission, and the later could reduce the latency of uplink date transmission.

[bookmark: _Toc516617885][bookmark: _Toc31431][bookmark: _Toc8657970]5.7.2.1  Basic recovery Mode

For EUHT, control plane latency is evaluated from MAC_INACTIVE state to MAC_CONNECTED state. It is noted that, for EUHT, when Connection is suspended, date transmission will resume is permitted by CAP. Figure 5.7.2.1-1 provides an example control plane flow for the above-mentioned MAC_INACTIVE to MAC_CONNECTED state transition for EUHT.





Figure 5.7.2.1-1 C-plane activation procedure (example for Uplink Secure Mode)

Table 5.7.2.1-1 Control plane latency of Basic Mode

		Step

		Description

		CP Latency for UL data transfer [ms]



		

		

		frame length is 1ms

		frame length is 2ms



		1

		Delay due to RaPn scheduling period 

		0

		0



		2

		Transmission of RaPn

		0.25

		1



		3

		Processing delay in CAP including RaPn detection and Timing Advance Calculation

		1

		2



		4

		Assign UL Source for Ra Request

		0.25

		0.5



		5

		STA Processing Delay of Constructing RaReq message

		0.5

		0.5



		6

		Transmission of Ra Request

		0.25

		0.5



		7

		Processing delay in CAP including analysis of Ra Request and Constructing Ra Response

		1

		1



		8

		Transmission of Ra Response

		0.25

		0.5



		9

		Processing delay in STA of Ra Response 

		0.5

		2



		10

		Delay due to SrPn scheduling period and Transmission of SrPn

		0

		0



		11

		Processing delay in CAP including Srpn detection

		1

		2



		12

		Assign UL Source for Sr Request

		0.25

		0.5



		13

		STA Processing Delay of Constructing SrReq message

		0.5

		1



		14

		Transmission of Sr Request

		0.25

		0.5



		15

		Processing delay in CAP including analysis of Sr Request and start schedule UL resource in the next frame

		0.5

		1



		 

		Total delay [ms]

		6.5

		13



		Notes:

1. For step 2, when the STA received Bcf in the DL area of Nth frame, it will send RaPn at the end of this frame. The latency is 1/2 frame length.

2. For step 3 and step 4, the delay is 2.5ms. it is not really processing delay, but because of the Rach Channel is at the end of frame. When the CAP detects RaPn at the end of Nth frame, it will allocate the resource of Ra Request at the N+2 frame.

3. For step 6, in the UL area of N+2 frame, CAP will receive the Ra Request.

4. For step 7, after the CAP receive Ra Request, it can compose Ra Response immediately, that benefit of pre-schedule resource. CAP will send this message in the DL area of N+3 frame.

5. For step 8，STA will start receive downlink scheduling from CAP in the N+4 frame after receipt of Ra Response.

6. For step 10, if uplink data will be transmitted, STA send SrPn at SRCH in UL area of N+4 frame.

7. For step 11, step 12, step 13，step14, Similar RaPn, after reception of SrPn, CAP will allocate resource of SrReq in the CCH, that locates in the DL area of N+6 frame.

8. For step 15，CAP receives RaReq in the UL area of N+6 frame, then allocate the UL resource according to the bytes and actual ability.





[bookmark: _Toc516617886][bookmark: _Toc5786][bookmark: _Toc8657971]5.7.2.2  Fast recovery Mode

In this Mode, STA will report the ID of STA, bytes of data to CAP by the message of Ra Request. So the ending point of resume is step 9 in the figure 5.7.2.1-1, as follows:





Figure 5.7.2.2-1 C-plane activation procedure (example for Fast recovery Mode)



Table 5.7.2.2-1 Control plane latency of Fast recovery Mode

		Step

		Description

		CP Latency for UL data transfer[ms]



		

		

		frame length is 1ms

		frame length is 2ms



		1

		Delay due to RaPn scheduling period 

		0

		0



		2

		Transmission of RaPn

		0.25

		0.5



		3

		Processing delay in CAP including Preamble detection and Calculation Timing Advance;

		1

		2



		4

		Assign UL Source for Ra Request

		0.25

		0.5



		5

		STA Processing Delay of Constructing RaReq message, including ID, bytes will be send

		0.5

		1



		6

		Transmission of Ra Request

		0.25

		0.5



		7

		Processing delay in CAP including analysis of Ra Request and Constructing Ra Response

		1

		2



		8

		Transmission of Ra Response

		0.25

		0.5



		9

		Processing delay in STA of Ra Response 

		0.5

		1



		

		Total delay [ms]

		4

		8







[bookmark: _Toc23569][bookmark: _Toc516617887][bookmark: _Toc8657972]5.8  Energy efficiency

As defined in Report ITU-R M.2410, network energy efficiency is the capability of a RIT/SRIT to minimize the radio access network energy consumption in relation to the traffic capacity provided. Device energy efficiency is the capability of the RIT/SRIT to minimize the power consumed by the device modem in relation to the traffic characteristics. 

The RIT/SRIT shall have the capability to support a high sleep ratio and long sleep duration. 

The sleep ratio is the fraction of unoccupied time resources (for the network) or sleeping time (for the device) in a period of time corresponding to the cycle of the control signaling (for the network) or the cycle of discontinuous reception (for the device) when no user data transfer takes place. The sleep duration is the continuous period of time with no transmission (for network and device) and reception (for the device).

[bookmark: _Toc21640][bookmark: _Toc8657973]5.8.1  Network Side

[bookmark: _Toc5502][bookmark: _Toc8657974]5.8.1.1  EUHT

The sleep ratio and sleep duration for EUHT network under unloaded case are evaluated.

The fundamental always-on transmission that must take place is the periodic BCF frame. The BCF frame is used for the STA to detect the CAP, obtain basic information of it.  The BCF interval, PHY frame length depends on the network setup. BCF frame is sent in each single sub-band. PHY frame length is one from set of {0.5, 1, 1.6, 2, 2.5, 4, other} ms. 

Remaining minimum system information carried over BCF frame needs to be broadcast at least once in BCF intervals in which the STAs are expected to be able to set up the connection to the network. When one STA acquires the BCF frame and joins the CAP, it does not need to read it again. It is illustrated in Figure 5.8.1.1-1.

· One DTF_IND occupies 1 OFDM symbols.

· Listen window and Sleep window should be an integral multiple of PHY frame length.

[image: C:\work\Matlab\IMT-2020\Analysis\5.8 - 1b.png5.8 - 1b]

Figure 5.8.1.1-1 Illustration of synchronization signal and DTF_IND transmission

The sleep ratio is computed by equation of BCF interval/duration, and duration is length of (N+1) PHY Frame, which is up to 100ms.

[bookmark: _Toc27801][bookmark: _Toc8657975]5.8.2  Device Side

[bookmark: _Toc13412][bookmark: _Toc8657976]5.8.2.1  EUHT

The sleep ratio and sleep duration under unloaded case are evaluated.

[bookmark: _Toc524549101]5.8.2.1.1  Evaluation of sleep ratio

For Sleep mode, the STA should monitor synchronization signal and DTF_IND frame per duration of Sleep. STA can get how long sleep window will last after DTF_IND reception. Sleep window is assumed one PHY frame length,1ms or 2ms for instance. Sleep window should be an integral multiple of PHY frame length. 

The duration of Sleep mode consists of a "listen" during which the STA should perform DTF_IND monitoring, and a "sleep" during which the STA can skip reception of downlink channels to save energy. It's illustrated in Figure 5.8.2.1.1-1. Different the duration of Sleep is illustrated in Figure  5.8.2.1.1-2.

[image: ]

Figure 5.8.2.1.1-1 Illustration of Listen window and sleep window in Sleep mode

It is assumed that synchronization signal  and DTF_IND frame can be received in the same PHY frame length. After decoding DTF_IND, the STA will learn if it should keep on sleep mode or not.

The length of duration may be different. It's probably configured by 10ms, 20ms or 40ms. The "sleep" is 9,19,39 according to configuration if PHY frame length is 1ms. The "sleep" is 4,9,19, if PHY frame length is 2ms.the"listen" is one frame no matter how long frame length is.

Therefore the sleep ratio is determined by the length of "listen", the length" sleep" and PHY frame length.

Based on the above configuration and assumption, the sleep ratio is evaluated shown in Table 5.8.2.1.1-1 for 1ms frame length, and Table 5.8.2.1.1-2 for 2ms frame length.





Figure 5.8.2.1.1-2  Different the duration of Sleep



Table 5.8.2.1.1-1 EUHTSTA sleep ratio

		Duration of sleep    (ms)

		numbers of duration

		sleep time (ms)   

		listen time (ms)   

		Frame length (ms)

		Frame numbers  in sleep

		Frame numbers in listen

		Sleep ratio  



		10

		40

		9

		1

		1

		9

		1

		90%



		20

		20

		19

		1

		1

		19

		1

		95%



		40

		10

		39

		1

		1

		39

		1

		97.5%



		…



		1000

		1

		999

		1

		1

		999

		1

		99.9%







Table 5.8.2.1.1-2 EUHTSTA sleep ratio

		Duration of sleep    (ms)

		numbers of duration

		sleep time (ms)   

		listen time (ms)   

		Frame length  (ms)

		Frame numbers  in sleep

		Frame numbers in listen

		Sleep ratio 



		10

		40

		8

		2

		2

		4

		1

		80%



		20

		20

		18

		2

		2

		9

		1

		90%



		40

		10

		38

		2

		2

		19

		1

		95%



		…



		1000

		1

		998

		2

		2

		449

		1

		99.8%







The sleep ratio is computed by equation of listen time/duration, and duration is up to 1s.

5.8.2.1.2  Evaluation of sleep duration

As the results shown in tables above, the more sleep duration for EUHT STA in Sleep mode is, the more energy efficiency is. As for different frame length, the short frame length is more effective.  

It is therefore concluded that how to choose sleep duration in terms of specific circumstance. Sleep ratio will be a bit more effective if it's given in symbol level, because more than half frame length can be cut down.

[bookmark: _Toc4851][bookmark: _Toc516617888][bookmark: _Toc8657977]5.9  Mobility

As defined in Report ITU-R M.2410, Mobility is the maximum CAP speed at which a defined QoS can be achieved (in km/h). The QoS is defined as normalized traffic channel link data rate.

[bookmark: _Toc20784][bookmark: _Toc8657978]5.9.1  EUHT

A wide range of antenna configurations and transmission schemes are considered for EUHT. 

[bookmark: _Toc16206][bookmark: _Toc8657979]5.9.1.1  Indoor Hotspot – eMBB

(TBD)

[bookmark: _Toc8140][bookmark: _Toc8657980]5.9.1.2  Dense Urban – eMBB

(TBD)

[bookmark: _Toc960][bookmark: _Toc8657981]5.9.1.3  Rural – eMBB

Evaluation configuration B (carrier frequency = 4 GHz) is applied for the evaluations of Rural – eMBB test environment for EUHT. The mobility class of 120km/h and 500km/h are considered. 

The evaluation results of mobility for EUHT for evaluation configuration B for mobility class of 120km/h are provided in Table 5.9.1.3-1. 

Table 5.9.1.3-1 EUHT mobility in Rural – eMBB
(Evaluation configuration B, CF=4 GHz, Mobility class of 120km/h)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement (bit/s/Hz)

		Channel  model A



		

		

		

		Channel condition

		Normalized traffic channel link data rate (bit/s/Hz)



		8x8 MIMO

		78.125

		0.8

		NLOS

		1.23







The evaluation results of mobility for  EUHT for evaluation configuration B for mobility class of 500km/h are provided in Table 5.9.1.3-2. 

It is observed that EUHT fulfills the mobility requirement under both 120km/h and 500km/h.

Table 5.9.1.3-2 EUHT mobility in Rural – eMBB
(Evaluation configuration B, CF=4 GHz, Mobility class of 500km/h)

		Scheme and antenna configuration

		Sub-carrier spacing (kHz)

		ITU

Requirement (bit/s/Hz)

		Channel  model A



		

		

		

		Channel condition

		Normalized traffic channel link data rate (bit/s/Hz)



		8x8 MIMO

		78.125

		0.45

		NLOS

		0.90







[bookmark: _Toc516617889][bookmark: _Toc19244][bookmark: _Toc8657982]5.10  Mobility interruption time

As defined in Report ITU-R M.2410, mobility interruption time is the shortest time duration supported by the system during which a STA cannot exchange user plane packets with any CAP during mobility transitions.

The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the STA and CAP, as applicable to the candidate RIT/SRIT.

[bookmark: _Toc25530][bookmark: _Toc8657983]5.10.1  EUHT

There are some properties support 0 ms interrupt time in EUHT, such as:

1. The mode of multiple access is OFDMA in EUHT, thus can realize the carrier aggregation (CA) function, and STA could connect with source CAP and target CAP.

2. RACH – less is used in EUHT, interaction  between  source CAP and target CAP could save the time when RACH process occurs.

Figure 5.10.1-1 shows the 0ms interrupt time procedure in EUHT.







							Figure 5.10.1-1 the 0ms interrupt time procedure in EUHT

Important notes as follows:

1. the message ‘handover Request & Rach - less Request’ is send from Source CAP to target CAP, which carry the information with sub-band scheduling, time domain scheduling about the resources of the STA;

2. After the source CAP received feedback back news ‘Handover Response’ from Target CAP, the both CAP will schedule the frequency and time domain resource accordance with the contract. At this time, STA will communicate with two CAP at the same time.

3. the Target CAP establish connection with STA and transfer the effective data, then inform the source CAP would release STA. The Target CAP will schedule time and frequency resource to STA by itself.

Based on the previous introduction, the STA can always exchange user plane packets with two CAP during the mobility transitions. Therefore, 0ms mobility interruption time is achieved in EUHT for this scenario.



[bookmark: _Toc8781][bookmark: _Toc516617890][bookmark: _Toc8657984]6  Self evaluation of URLLC technical performance

[bookmark: _Toc24978][bookmark: _Toc516617891][bookmark: _Toc8657985]6.1  Reliability

As defined in Report ITU-R M.2412, reliability is the success probability of transmitting a layer 2/3 packet within a required maximum time, which is the time it takes to deliver a small data packet from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point of the radio interface at a certain channel quality.

This requirement is defined for the purpose of evaluation in the URLLC usage scenario.

The minimum requirement for the reliability is 1-10-5 success probability of transmitting a layer 2 PDU(protocol data unit) of 32 bytes within 1 ms in channel quality of coverage edge for the Urban Macro-URLLC test environment.

[bookmark: _Toc10842][bookmark: _Toc8657986]6.1.1  EUHT

EUHT Reliability is evaluated under Urban Macro-URLLC test environment. Both downlink and uplink are evaluated. A variety of configurations are considered. Detailed assumptions and results are provided in Annex B.2.4.

[bookmark: _Toc16557][bookmark: _Toc8657987]6.1.1.1  DL reliability

For downlink reliability, evaluation configuration A (carrier frequency = 4GHz) is evaluated. 

The evaluation results of EUHT for downlink reliability are provided in Table 6.1.1.1-1. All the evaluation results are derived with 20MHz bandwidth for evaluation configuration A. And channel model A is considered. It is observed that EUHT  fulfills the reliability requirement for downlink.

Table 6.1.1.1-1 Evaluation results of downlink reliability - Configuration A

		Scheme and AntennaConfiguration

		Subcarrier Spacing [kHz]

		Channel condition

		Reliability

		ITU Req.



		8x8 SU-MIMO 

		78.125

		NLOS

		> 99.999999%

		99.999%







[bookmark: _Toc24157][bookmark: _Toc8657988]6.1.1.2  UL reliability

For uplink reliability, evaluation configuration A (carrier frequency = 4GHz) is evaluated. 

The evaluation results of EUHT for uplink reliability are provided in Table 6.1.1.2-1. All the evaluation results are derived with 20MHz bandwidth for evaluation configuration A. And channel model A is considered. It is observed that EUHT  fulfills the reliability requirement for uplink.

Table 6.1.1.2-1 Evaluation results of uplink reliability - configuration A

		Scheme and AntennaConfiguration

		Subcarrier Spacing [kHz]

		Channel condition

		Reliability

		ITU Req.



		8x8 SU-MIMO 

		78.125

		NLOS

		> 99.999999%

		99.999%





[bookmark: _Toc516617892]

[bookmark: _Toc2883][bookmark: _Toc8657989]6.2  Latency

[bookmark: _Toc516617893][bookmark: _Toc15076][bookmark: _Toc8657990]6.2.1  User plane latency

EUHT user plane latency for URLLC is evaluated based on the procedures and parameters as described in Section 5.7.1.1.

The evaluation results are shown in Section 5.7.1.1. It is observed that under a wide range of configurations EUHT fulfills both downlink and uplink user plane latency requirement of 1 ms for URLLC.

[bookmark: _Toc3084][bookmark: _Toc516617894][bookmark: _Toc8657991]6.2.2  Control plane latency

Based on the evaluation results shown in Section 5.7.2, the control plane latency requirement is fulfilled by EUHT .

[bookmark: _Toc516617895][bookmark: _Toc10072][bookmark: _Toc8657992]6.3  Mobility interruption time

Based on the evaluation results shown in Section 5.10, the mobility interruption time requirement is fulfilled by EUHT.



[bookmark: _Toc25214][bookmark: _Toc516617896][bookmark: _Toc8657993]7  Self evaluation of mMTC technical performance

[bookmark: _Toc516617897][bookmark: _Toc17497][bookmark: _Toc8657994]7.1  Connection density

As specified in Report ITU-R M.2410, connection density is the total number of devices fulfilling a specific quality of service(QoS) per unit area (per km2).

In Report ITU-R M.2412, the required QoS is that a 32-byte packet is successfully received within 10s. 

The connection density can be evaluated using one or both of two alternative methods: The Full-buffer system-level simulation followed by link level simulation, and the Non-full-buffer system level simulation. These are defined in section 7.1.3 of Report ITU-R M.2412.The detailed assumptions for these approaches, including system level configurations and traffic model, are defined in Table 5-d) in Report ITU-R M.2412. 

The connection density is defined for the purpose of evaluation in the mMTC usage scenario. The minimum requirement for connection density is 1 000 000 devices per km2.

[bookmark: _Toc30098][bookmark: _Toc8657995]7.1.1  EUHT

The connection density of EUHT is evaluated by using the full buffer system level simulation followed by link level simulation.

In a first step this evaluation method employs a full buffer system level simulation to derive the uplink SINR distribution for a candidate technology. In a second step link level simulation are performed to determine the uplink spectral efficiency and data rate as functions of SINR. When combined these three functions supports the calculation of the expected long-term time-frequency resources required for each SINR to support the specified traffic model.

Connection density is in a final step conceptually derived by the system bandwidth, declared for the candidate technology, divided by the average required frequency resource. The requirement is fulfilled if the recorded connection density exceeds the 1.000.000 devices/km2, while the packet delay at the 99th percentile SINR is less than 10s.

This evaluation method is targeted to evaluate the connection density in terms of the capability of uplink data transmission. The capacity calculation is based on an  assumption of ideal resource allocation among the multiple packets and users (e.g., there is no collision on resource allocation). The packet delay calculation does not consider the delays introduced by the connection access procedure.

The Urban Macro-mMTC test environment is used for evaluation. Evaluation configuration A (ISD=500m) is considered. And channel model A is considered. Traffic model is 1 message/2 hours/device with layer 2 PDU 32 bytes.

The evaluation results of EUHT are shown in Table 7.1.1-1. It is observed that EUHT fulfills connection density requirement under full buffer system level simulation followed by link level simulation. Detailed simulation assumptions and results can be found in Annex B.2.5.

Table 7.1.1-1 Evaluation results of connection density for EUHT - Configuration A

		Antenna Configuration

		Bandwidth

		Connection

Density (device/km2)

		Req.

(device/km2)



		

		

		

		



		1x2 SIMO

		500 kHz

		126,763,209

		1,000,000







[bookmark: _Toc27512][bookmark: _Toc516617898][bookmark: _Toc8657996]8  Self evaluation of generic requirements

[bookmark: _Toc516617899][bookmark: _Toc839][bookmark: _Toc8657997]8.1  Bandwidth and scalability

As defined in Report ITU-R M.2410, bandwidth is the maximum aggregated system bandwidth. The bandwidth may be supported by single or multiple radio frequency (RF) carriers.

Scalable bandwidth is the ability of the candidate RIT/SRIT to operate with different bandwidths.

[bookmark: _Toc19656][bookmark: _Toc8657998]8.1.1  EUHT

The capability of bandwidth and bandwidth scalability for EUHT are evaluated. 

According to EUHT, the maximum bandwidth related to specific sub-carrier spacing (SCS) and frequency range (FR) fora component carrier is provided in Table 8.1.1-1. 

Table 8.1.1-1EUHTcapability on bandwidth

		

		SCS [kHz] 

		Maximum bandwidth for one component carrier (MHz)

		Maximum number of component carriers for carrier aggregation

		Maximum aggregated bandwidth (MHz)



		FR1

(Below 6 GHz)

		19.53125

		50

				16

		800



		

		39.0625

		100

		16

		1600



		

		78.125

		100

		16

		1600



		FR2 
(Above 24 GHz)

		390.625

		400

		16

		6400





According to EUHT, different bandwidths are supported for a component carrier at given SCS as listed in Table 8.1.1-2. Accordingly, the bandwidth scalability capability of EUHT is summarized in Table 8.1.1-3.

Table 8.1.1-2 Transmission bandwidth configuration NSD in EUHT 

(a) for FR1

		SCS (kHz)

		5

MHz

		10

MHz

		15

MHz

		20

MHz

		25

MHz

		30

MHz

		40

MHz

		50

MHz

		60

MHz

		80 MHz

		100 MHz



		

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD

		NSD



		19.53125

		224

		448

		672

		896

		1120

		1344

		1792

		2240

		N/A

		N/A

		N/A



		39.0625

		112

		224

		336

		448

		560

		672

		896

		1120

		1344

		1792

		2240



		78.125

		56

		112

		168

		224

		280

		336

		448

		560

		672

		896

		1120





(b) for FR2

		SCS [kHz]

		0.4 GHz

		0.8 GHz

		1.2 GHz

		1.6GHz



		

		NSD

		NSD

		NSD

		NSD



		390.625

		896

		1792

		2688

		3584





Table 8.1.1-3 Bandwidth scalability capability for EUHT

		

		SCS [kHz] 

		Minimum component carrier bandwidth (MHz)

		Maximum component carrier bandwidth (MHz)

		Maximum Number of supported bandwidth for a component carrier



		FR1

		19.53125

		5

		50

		8



		

		39.0625

		5

		100

		11



		

		78.125

		10

		100

		11



		FR2

		390.625

		400

		6400

		4







[bookmark: _Toc516617900][bookmark: _Toc1600][bookmark: _Toc8657999]8.2  Spectrum

As defined in Report ITU-R M.2411, spectrum requirement include

· The capability of being able to utilize at least one frequency band identified for IMT in the ITU Radio Regulations, and

· The capability of being able to utilize the higher frequency range/band(s) above 24.25 GHz (NOTE: In the case of the candidate SRIT, at least one of the component RITs need to fulfil this requirement.)

[bookmark: _Toc2419][bookmark: _Toc8658000]8.2.1  EUHT

The bands in which EUHT can be deployed are given in Table 8.2.1-1 and Table 8.2.1-2. It is observed that EUHT can support at least one frequency band for IMT, as well as to utilize the higher frequency range/bands above 24.25 GHz. Therefore EUHT fulfills spectrum requirement.

Table 8.2.1-1: EUHT operating bands in FR1

		Uplink (UL) and Downlink (DL)operating band

		Duplex Mode



		450 - 470 MHz

		TDD



		470 - 698 MHz

		TDD



		694/698 - 960 MHz

		TDD



		1427 - 1518 MHz

		TDD



		1710 - 2025 MHz

		TDD



		2110 - 2200 MHz

		TDD



		2300 - 2400 MHz

		TDD



		2500 - 2690 MHz

		TDD



		3300 - 3400 MHz

		TDD



		3400 - 3600 MHz

		TDD



		3600 - 3700 MHz

		TDD



		4800 - 4990 MHz

		TDD







Table 8.2.1-2: EUHT operating bands in FR2

		Uplink (UL) and Downlink (DL) operating band

		Duplex Mode



		24250 MHz – 52600 MHz

		TDD



		57000 MHz – 66000 MHz

		TDD







[bookmark: _Toc516617902][bookmark: _Toc7414][bookmark: _Toc8658001]9  Conclusion

EUHT can meet the requirement of IMT-2020 in rural eMBB, mMTC and URLLC.

[bookmark: _Toc8658002]
Annex A: Calibration for self evaluation 

To facilitate the self evaluation towards IMT-2020 submission, the system level simulation and link level simulation have been calibrated to ensure the correctness of the simulation environment.

The calibration was conducted to the corresponding evaluation configurations of Rural - eMBB, Urban Macro - mMTC and Urban Macro – URLLC test environment as defined in Report ITU-R M.2412. The channel model A is applied in the calibration.

The Geometry (Wideband SINR)is selected for calibration of self evaluation in system level simulation.

The calibration results for the above metrics are shown through Figure A.1 to Figure A.4.



[image: SLS_Geometry SINR_URLLC]

Figure A.1 System Level Simulation Calibration - Urban Macro URLLC Geometry SINR

[image: SLS_Geometry SINR_mMTC]

Figure A.2 System Level Simulation Calibration - Urban Macro mMTC Geometry SINR



[image: ]

Figure A.3 System Level Simulation Calibration - Rural - eMBB wideband SINR



The following metrics are selected for calibration of self evaluation in link level simulation:

· ASD and ASA

· ZSD and ZSA

· Delay Spread

The calibration results for the above metrics are shown through Figure A.4 to Figure A.6, respectively.

[image: LLS_ASD_ASA]

Figure A.4 Link Level Simulation Calibration - ASD and ASA



[image: LLS_ZSD_ZSA]

Figure A.5 Link Level Simulation Calibration - ZSD and ZSA



[image: LLS_Delay Spread_new]

Figure A.6 Link Level Simulation Calibration - Delay Spread

[bookmark: _Toc516617904][bookmark: _Toc4397]


[bookmark: _Toc351][bookmark: _Toc8658008]B.1  Evaluation assumption for peak spectral efficiency and peak data rate

[bookmark: _Toc18064][bookmark: _Toc8658009]B.1.1Evaluation assumption for EUHT

[bookmark: _Toc20316][bookmark: _Toc8658010]B.1.1.1  EUHT downlink

Evaluation parameters for EUHT DL peak spectral efficiency and peak data rate is shown in Table B.1.1.1-1. The notations can be found in equation (5.1.1-1) in Section 5.1.1.

[bookmark: _Ref506285681]Table B.1.1.1-1 EUHT Parameters for DL peak spectral efficiency and peak data rate evaluation

		Parameters

		Values

		Remarks



		Max. number of layers





		For FR1: 8

For FR2: 6

		



		Highest modulation order





		For FR1: 10, 

For FR2: 8



		1024QAM, 256QAM,



		Scaling factor of modulation 





		1

		



		Max. coding rate

Rmax

		7/8 = 0.875

		LDPC



		



		1, 2, 3

		Frame type index



		



		See Table 8.1.1-2 for FR1 and FR2 for specific component carrier bandwidth and SCS.

		The maximum number of sub-carrier data for the specific component carrier bandwidth and SCS is used.







[bookmark: _Toc17871][bookmark: _Toc8658011]B.1.1.2  EUHT uplink

Evaluation parameters for EUHT UL peak spectral efficiency and peak data rate is shown in Table B.1.1.2-1. 

Table B.1.1.2-1 EUHT Parameters for UL peak spectral efficiency and peak data rate evaluation

		Parameters

		Values

		Remarks



		Max. number of layers





		For FR1: 8

For FR2: 4

		



		Highest modulation order





		For FR1: 10, 

For FR2: 8



		256QAM, 1024QAM



		Scaling factor of modulation 





		1

		



		Max. coding rate

Rmax

		7/8 = 0.875

		LDPC



		



		1, 2, 3

		Frame type index



		



		See Table 8.1.1-2 for FR1 and FR2 for specific component carrier bandwidth and SCS.

		The maximum number of sub-carrier data for the specific component carrier bandwidth and SCS is used.







[bookmark: _Toc22355][bookmark: _Toc8658012]B.2  Detailed assumptions and evaluation results for simulation related technical performance requirements

[bookmark: _Toc28206][bookmark: _Toc8658013]B.2.1  Detailed assumptions and results for average and 5th percentile user spectral efficiency

Evaluation parameters for EUHT average and 5th percentile user spectral efficiency is shown in Table B.2.1-1. 

Table B.2.1-1 EUHT Parameters for average and 5th percentile user spectral efficiency evaluation

		Parameters

		Values

		Remarks



		Duplexing

		TDD

		



		Network synchronization

		Synchronized

		



		Carrier frequency for evaluation

		4 GHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		20 MHz

		



		Numerology

		78.125kHz

		



		Modulation 

		Up to 256QAM 

		



		Coding

		LDPC

		



		Antenna configuration at TRxP

		8Ports, (1, 4, 2, 1, 1; 1, 4)

4 Ports, (1, 2, 2, 1, 1; 1, 2) for LMLC 

		



		Antenna configuration at STA

		8 Ports, (1, 4, 2, 1, 1; 1, 4)

4 Ports, (1, 2, 2, 1, 1; 1, 2) for LMLC 

		



		Channel estimation

		Realistic

		



		Scheduling

		PF

		



		Transmission scheme

		SU MIMO

		



		Mechanic tilt 

		90° in GCS (pointing to horizontal direction)

		



		Electronic tilt

		100 degree

		







[bookmark: _Toc2023][bookmark: _Toc8658014]B.2.2  Detailed assumptions and results for mobility

Evaluation parameters for EUHT mobility is shown in Table B.2.2-1. 

Table B.2.2-1 EUHT Parameters for mobility evaluation

		Parameters

		Values

		Remarks



		Duplexing

		TDD

		



		Network synchronization

		Synchronized

		



		Carrier frequency for evaluation

		4 GHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		20 MHz

		



		Numerology

		78.125kHz

		



		Modulation 

		Up to 64QAM 

		



		Coding

		LDPC

		



		Antenna configuration at TRxP

		8 Rx, (1, 4, 2, 1, 1; 1, 4)

		



		Antenna configuration at STA

		8 Tx, (1, 4, 2, 1, 1; 1, 4)

		







[bookmark: _Toc19084][bookmark: _Toc8658015]B.2.3  Detailed assumptions and results for user experienced data rate

(N/A, required only for dense urban eMBB)



[bookmark: _Toc4896][bookmark: _Toc8658016]B.2.4  Detailed assumptions and results for reliability

[bookmark: _Toc8658017]B.2.4.1  Evaluation assumption for reliability

Evaluation parameters for EUHT reliability is shown in Table B.2.4.1-1. 

Table B.2.4.1-1 EUHT Parameters for reliability evaluation

		Parameters

		Values

		Remarks



		Carrier frequency for evaluation

		4 GHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		20 MHz

		



		Channel model

		TDL-iii(NLOS)

		



		STA Speed

		3 km/h

		



		Antenna configuration at TRxP

		8Ports, (1, 4, 2, 1, 1; 1, 4)

		



		Antenna configuration at STA

		8Ports, (1, 4, 2, 1, 1; 1, 4)

		



		

		

		



		

		

		



		Channel estimation

		Realistic

		



		Modulation and coding

		QPSK, LDPC, CR = 4/7

		With repetition in frequency domain



		Packet size 

		256 bit

		TCH Payload



		Number of repetition

		16

		frequency domain



		

		

		







[bookmark: _Toc2061][bookmark: _Toc8658018]B.2.5  Detailed assumptions and results for connection density

[bookmark: _Toc8658019]B.2.5.1  Evaluation assumption for connection density

Evaluation parameters for EUHT reliability is shown in Table B.2.5.1-1. 

Table B.2.5.1-1 EUHT Parameters for connection density

		Parameters

		Values

		Remarks



		Carrier frequency for evaluation

		700 MHz

		



		Waveform

		CP-OFDM

		



		Simulation bandwidth

		500 kHz

		



		Channel model

		TDL-iii(NLOS)

		



		STA Speed

		3 km/h

		



		Antenna configuration at TRxP

		2 Rx, (1, 2, 1, 1, 1; 1, 2)

		



		Antenna configuration at STA

		1 Tx, (1, 1, 1, 1, 1; 1, 1)

		



		TXRU pattern at TRxP

		8 dBi gain in intended direction

		



		TXRU pattern at STA

		0dBi Omni-directional

		



		Channel estimation

		Realistic

		



		Modulation and coding

		BPSK, QPSK, 16QAM; 

LDPC

		



		Packet size 

		256 bit

		TCH Payload



		Number of repetition

		1, 2, 4

		frequency domain



		Traffic model

		1 message/2 hours/device 

		







[bookmark: _Toc8658020]B.2.5.2  Evaluation results for connection density

Figure B.2.5.2-1 shows EUHT spectral efficiency to SINR in the mMTC usage scenario.

[image: SINR_SE]

Figure B.2.5.2-1 Spectral Efficiency to SINR - mMTC
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Characteristics template for EUHT RIT of “5G”

The description templates provided by NUFRONT are for the description of the characteristics of 5G[footnoteRef:2] developed by NUFRONT. It includes one characteristics template for EUHT RIT (encompassing Sub-6Gand mmWave). [2: ] 


This document provides the characteristics template for the description of the characteristics of the EUHTRIT based on a lot of previous work.

It is noted that new features in addition to the ones provided in this characteristics template might be included in future update for the RIT.

For this characteristics template, NUFRONT has addressed most of the characteristics that are viewed to be helpful to assist in evaluation activities for independent evaluation groups, as well as to facilitate the understanding of the state-of-art of NUFRONT development on the RIT. In future submission, further information will be included.



		Item

		Item to be described



		5.2.3.2.1

		Test environment(s)



		5.2.3.2.1.1

		What test environments (described in Report ITU-R M.2412-0) does this technology description template address?

This proposal addresses all the five test environments across the three usage scenarios (eMBB, mMTC, and URLLC) as described in Report ITU-R M.2412-0.



		5.2.3.2.2

		Radio interface functional aspects 



		5.2.3.2.2.1

		Multiple access schemes

Which access scheme(s) does the proposal use? Describe in detail the multiple access schemes employed with their main parameters.

· Downlink and Uplink:

The multiple access is a combination of

· OFDMA: Synchronous/scheduling-based; the transmission to/from different STAs uses mutually orthogonal frequency assignments.

The minimum element of OFDMA is 16 subcarriers.

      For EUHT Sub-6G:  Sub-carrier spacings is 78.125KHz(39.0625KHz/19.53KHz)for data

For EUHT mmWave:Sub-carrier spacings is 390.625kHzfor data.

·     CP-OFDM is applied for both downlink and uplink. 

· TDMA: Transmission to/from different STAs with separation in time. It Allocate resources to each user according to their needs

· SDMA: Possibility to transmit to/from multiple users using the same time/frequency resource (SDMA a.k.a. “multi-user MIMO”) as part of the advanced-antenna capabilities (for more details on the advanced-antenna capabilities, see Item 5.2.3.2.9 and the reference therein)	

(Note: Synchronous means that timing offset between STAs is within cyclic prefix by e.g. timing alignment.)



		5.2.3.2.2.2

		Modulation scheme



		5.2.3.2.2.2.1

		What is the baseband modulation scheme? If both data modulation and spreading modulation are required, describe in detail.

Describe the modulation scheme employed for data and control information.

What is the symbol rate after modulation?

For Sub-6G:

· Downlink and Uplink

· For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM.

· L1/L2 control: 

For URLLC：

For SICH/CCH:QPSK and frequency/time diversity.

For Short preamble:Single-carrierSpread-spectrum，

For DL/UL preamble，CRS，DRS and SRS:Multi-carrier，

For short signaling:QPSK and Multi-carrier

For mMTC & rural-eMBB:

For SICH: BPSK and Multi-carrier

For CCH: QPSK and Multi-carrier

For DL/UL preamble ,CRS，DRS and SRS:Multi-carrier

For short signaling: QPSK and Multi-carrier



· Symbol rate: 69.4Ksymbols/s (OFDM Symbol is 14.4us)



For mmWave:

· Downlink and Uplink

· For both data and higher-layer control information: BPSK, QPSK, 16QAM, 64QAM，256QAM, 1024QAM.

· L1/L2 control: For SICH: QPSK and Single-carrierSpread-spectrum,

For CCH : QPSK and Multi-carrierSpread-spectrum，

For UL preamble,DRSand SRS: Single-carrierSpread-spectrum，

Forshort signaling:QPSK and Multi-carrier

Symbol rate: 375.9Ksymbols/s(OFDM sample rate400MHz, FFT 1024point,CP 40 point).



		5.2.3.2.2.2.2

		PAPR

What is the RF peak to average power ratio after baseband filtering (dB)? Describe the PAPR (peak-to-average power ratio) reduction algorithms if they are used in the proposed RIT/SRIT.

The PAPR depends on the waveform and the number of component carriers. The single component carrier transmission is assumed herein when providing the PAPR. 

· Downlink and Uplink

For DL/ULTCH data: The PAPR is 10dB.

Any PAPR-reduction algorithm is transmitter-implementation specific for uplink and downlink. CFR（Crest Factor Reduction）algorithm is implemented in EUHT transmitter to low down PAPR to 8dB, even lower.



		5.2.3.2.2.3

		Error control coding scheme and interleaving



		5.2.3.2.2.3.1

		Provide details of error control coding scheme for both downlink and uplink.

For example, 

–	FEC or other schemes?

The proponents can provide additional information on the decoding schemes.

· Downlink and Uplink:

· For TCH data:  Support Low density parity check (LDPC) coding and Convolutional coding.LDPC channel coder facilitates low-latency and high-throughput decoder implementations. Rate matching is not needed and bit interleaving is optional for LDPC.Convolutional coding, combined with rate matching based on shortening/puncturing/repetition to achieve a desired overall code rate.

· For L1/L2 control: 

            For URLLC:

SICH /CCH data use LDPC coding, code rate is 4/7(or 1/2).

            Others:

SICH /CCH data use Convolutional coding, code rate is 1/2.



Decoding mechanism is receiver-implementation specific. Example of information on the decoding mechanism will be provided together with self-evaluation.



		5.2.3.2.2.3.2

		Describe the bit interleaving scheme for both uplink and downlink.

· Downlink and Uplink

· For TCH data:bit interleaving is performed for convolutional coding and optional for LDPC.

· For L1/L2 control: For SICH /CCH data,bit interleaving is performed after convolutional coding. For URLLC, SICH/CCH uses LDPC with optional bit interleaving.





		[bookmark: _Hlk496631322]5.2.3.2.3

		Describe channel tracking capabilities (e.g. channel tracking algorithm, pilot symbol configuration, etc.) to accommodate rapidly changing delay spread profile.

For sub-6G:

To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.

Downlink:

· DL shortpreamble can be used for synchronization, long preamble(a.k.a.common reference signal, CRS)can be used for downlink channel estimation for coherent demodulation of control channel(CCH).

· Downlink demodulation reference signal (DL DRS) can be used for downlink channel estimation for coherent demodulation of downlink transmit channel(DL-TCH).

· Downlink sounding reference signal (DL SRS) can be used for downlink channel estimation for downlink sounding channel (DL-SCH).

· Phase tracking pilot can be used for downlink compensation of residual frequency offset, including CPE.



Uplink:

· Uplink demodulation reference signal (UL DRS) can be used for uplink channel estimation for coherent demodulation of Uplink transmit channel (UL -TCH).

· Uplink sounding reference signal (UL SRS) can be used for uplink channel estimation for Uplink sounding channel (UL -SCH).

· Phase tracking pilot can be used for uplink compensation of residual frequency offset, including CPE.



Details of channel-tracking/estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used, and not part of the specification



For mmWave:

To support channel tracking, different types of reference signals can be transmitted on downlink and uplink respectively.

Downlink:

· System information channel(SICH)with different beampattern can be used for CAP TX antenna beamforming .

· Downlink training sequence (DL TRN)can be used for downlink channel tracking and beamtracking.

· Downlink demodulation reference signal (DRS) can be used for downlink channel estimation for coherent demodulation of downlink transmit channel and Control Channel (CCH &DL-TCH).

· Downlink sounding reference signal(DL SRS) can be used for downlink channel estimation for  downlink sounding channel (DL-SCH).

· Phase tracking pilotcan be used for downlink compensation of residual frequency offset, including CPE.

Uplink:

· RACH with different beampattern can be used for STA TX antenna beamforming.

· UL TRN can be used for uplink channel trackingand beam tracking.

· UL preamble can be used for synchronization 

· Uplink demodulation reference signal (ULDRS) can be used for downlink channel estimation for coherent demodulation of Uplink transmit channel (UL-TCH).

· Uplink sounding reference signal (ULSRS) can be used for downlink channel estimation for Uplink sounding channel (UL-SCH).

· Phase tracking pilotcan be used for uplink compensation of residual frequency offset, including CPE.

Details of channel-tracking/estimation algorithms are receiver-implementation specific, e.g. MMSE-based channel estimation with appropriate interpolation in time and frequency domain could be used, and not part of the specification.



		5.2.3.2.4

		Physical channel structure and multiplexing 



		5.2.3.2.4.1

		[bookmark: OLE_LINK2]What is the physical channel bit rate (M or Gbit/s) for supported bandwidths?

i.e., the product of the modulation symbol rate (in symbols per second), bits per modulation symbol, and the number of streams supported by the antenna system.

The physical channel bit rate depends on the modulation scheme, code rate, number of spatial streams, number of valid data subcarriers and FFT size of channel bandwidth, cyclic prefix (CP) length, the subcarrier spacing used, and The physical channel bit rate per spatial stream can be expressed as 



where 				

· is the number of bits per modulation symbol for the applied modulation scheme (BPSK&SQPSK :1, QPSK: 2, 16QAM: 4, 64QAM: 6, 256QAM: 8, 1024QAM:10)

·  is the number of valid data subcarriers.is FFT size of channel bandwidth,is cyclic prefix length.

·  is subcarrier spacing,please refer to section 5.2.3.2.7.



		5.2.3.2.4.2

		Layer 1 and Layer 2 overhead estimation.

Describe how the RIT/SRIT accounts for all layer 1 (PHY) and layer 2 (MAC) overhead and provide an accurate estimate that includes static and dynamic overheads.

For Sub-6G:

Downlink：

The downlink L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for DL-TCH (DRS)

b. Demodulation reference signals for DL-SCH(DL-SRS)

2. L1/L2 System Information and Control signalling (SICH/CCH) are transmitted on the up to 6 OFDM symbol for URLLC, and up to 1+6 for others.

3. L1/L2 Synchronization signal SPreamble is transmitted on 1 OFDM symbol, and Common reference signal(CRS) is transmitted on 4 OFDM symbol in URLLC and 1 for others.

4. PDU headers in L2 sub-layers (MAC/RLC/PDCP) 

The overhead due to different type of reference signals is given in the table below. 

		Reference signal type

		Example configurations

		Overhead for example configurations



		SPreamle & CRS

		1OFDM symbol SPreamle and 1 OFDM symbol CRS

		1ofdm/2ms=0.72%, so SPreamle /CRS occupies 1.44%



		SICH/CCH

		1OFDM symbol SICH and minimum number of CCH OFDM symbol is 2

		1ofdm/2ms=0.72%, so SICH/CCH occupies 2.16% to ~



		DRS

		1,2,3,4 OFDM symbol in 2ms frame

		1ofdm/2ms=0.72%, so DRS from 1 to 4  occupy 0.72% ~ 2.88%



		DL-SRS

		Similar to above

		Similar to above





Uplink：

L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for UL-TCH(UL-DRS)

b. Demodulation reference signals for UL-SCH(UL-SRS)

2. L2 control overhead due to e.g., random access, uplink time-alignment control, power headroom reports and buffer-status reports

3. PDU headers in L2 layers (MAC/RLC/PDCP) 

The overhead due to different type of reference signals is given in the table below

		DRS

		1,2,3,4 OFDM symbol in 2ms frame

		1ofdm/2ms=0.72%, so DRS from 1 to 4  occupy 0.72% ~ 2.88%



		DL-SRS

		Similar to above

		Similar to above







For mmWave：

Downlink：

The downlink L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for DL-TCH and CCH (DRS)

b. Demodulation reference signals for DL-SCH(DL-SRS)

c. Synchronization signal for uplink (UL-preamble)

2. Sequence for beam training and tracking

a. DL-TRN

3. Synchronous signal and demodulation reference signal for SICH and More SICHs with different antenna beam pattern.

4. L1/L2 Control signalling (CCH) transmitted on the up to 30 OFDM symbol.

5. L1/L2 downlink signalling feedback transmitted on the up to 15 OFDM symbol of DL-TCH, which is configurable.

6. Synchronization signaland physical broadcast control channel including demodulation reference signals included in the SICH.

7. PDU headers in L2 sub-layers (MAC) 

Uplink：

L1/L2 overhead includes:

1. Different types of reference signals

a. Demodulation reference signals for UL-TCH(UL-DRS)

b. Demodulation reference signals for UL-SCH(UL-SRS)

c. 

2. Sequence for beam training and tracking

d. UL-TRN for beamforming 

3. UL preamble for initial random accessandsynchronization(RACH)

4. L1/L2 uplink signalling feedback transmitted on the first 15 OFDM symbol of UL-TCH, which is configurable

5. PDU headers in L2 layers (MAC/RLC/PDCP) 

The overhead due to different type of overload is given in the table below. 

		Reference signal type

		Example configurations

		Overhead for example configurations



		DL-DRS

		1 OFDM x Nss 

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		DL-SRS

		1OFDM x Nss

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		DL-TRN

		3OFDM x TRx ( TX & RX pairs)

		0.54%*TRx



		SICH/RACH

		3ms

		3ms/30ms = 10%



		CCH

		30OFDM

		5.4%



		DL-signaling

		15 OFDM 

		2.7%



		UL-preamble

		1 OFDM x Nss 

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		UL-DRS

		1 OFDM x Nss 

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		UL-SRS

		1OFDM x Nss

		1ofdm/1.5ms*(9/10)*Nss=0.18%*Nss



		UL-TRN

		3OFDM x TRx ( TX & RX pairs)

		0.54%*TRx



		UL-signaling

		15 OFDM 

		2.7%



		Headers and FCS

		6byteand 4byte

		(6 and 4)/(1500 and 6 and 4) =0.66%



		

		

		





Note:

Nss: Transmission layer

TRxP:Transmission reception point



		5.2.3.2.4.3

		Variable bit rate capabilities: 

Describe how the proposal supports different applications and services with various bit rate requirements.

For a given combination of modulation scheme, code rate, and number of spatial-multiplexing layers, the data rate available to a user can be controlled by the scheduler by assigning different number of resource blocks(sub-carrier set) for the transmission. In case of multiple services, the available/assigned resource, and thus the available data rate, is shared between the services.



		5.2.3.2.4.4

		Variable payload capabilities:

Describe how the RIT/SRIT supports IP-based application layer protocols/services (e.g., VoIP, video-streaming, interactive gaming, etc.) with variable-size payloads.

The MPDU payload size can supports IP-based application layer protocols/services, and the GMPDU( transport-block )consists of a series of MPDU andMPDU fragment which is depend on the number of allocateradio resource for the transmission.



		5.2.3.2.4.5

		Signalling transmission scheme:

Describe how transmission schemes are different for signalling/control from that of user data.



-Downlink:

      L1/L2 control signalling can be transmitted in separated time and frequency resources from user data or multiplexed with user data within the DL-TCH.Control signalling is limited to QPSK modulation (QPSK, 16QAM, 64QAM, 256QAM and 1024QAM for data). Exceptfor URLLC, L1/L2 Control signalling error correcting codes are Convolutional codes (LDPC codes for user data).



_Uplink:

     L1/L2 control signalling can be  transmitted in separated time and frequency resources from user data or multiplexed with user data within theUL-TCH. Control signalling is limited to QPSK modulation (QPSK, 16QAM, 64QAM, 256QAM and 1024QAM for data). Except for URLLC, L1/L2 Control signalling error correcting codes are Convolutional codes (LDPC codes for user data).



For both downlink and uplink, some higher-layer signalling (e.g. MACsignalling) can bemultiplexed with MPDU within transport blocks and thus transmitted using the same physical-layer transmitter processing as user data.



		5.2.3.2.4.6

		Small signalling overhead

Signalling overhead refers to the radio resource that is required by the signalling divided by the total radio resource which is used to complete a transmission of a packet. The signalling includes necessary messages exchanged in DL and UL directions during a signalling mechanism, and Layer 2 protocol header for the data packet.

Describe how the RIT/SRIT supports efficient mechanism to provide small signalling overhead in case of small packet transmissions.

As describe in 5.2.3.2.4.5, signalling can be transmitted in separated time and frequency resources from user data packet, and the Layer 2 protocol header for this signalling can be set as small as possible which is only used to distinguish different signaling.



		5.2.3.2.5

		Mobility management (Handover)



		5.2.3.2.5.1

		Describe the handover mechanisms and procedures which are associated with 

–	Inter-System handover including the ability to support mobility between the
RIT/SRIT and at least one other IMT system

–	Intra-System handover

	1	Intra-frequency and Inter-frequency

	2	Within the RIT or between component RITs within one SRIT (if applicable)

Characterize the type of handover strategy or strategies (for example, STA orCAP assisted handover, type of handover measurements).

What other IMT system (other than IMT-2020) could be supported by the handover mechanism?

Terminology:

To ease understanding of specific terms/abbreviations used in this item here after, few main acronyms and definitions are introduced:

-     EUHT: Enhanced Ultra High Throughput

-     CAP: Central Access Point

-     STA: Station

-    CN: Core Network

EUHT system uses network control and STA-assisted handover mechanism to support mobility.



Network provides measurement configuration information to STA. When the STA detects that the threshold of start-up measurement is satisfied, STA initiate measurements of neighbouring cells that are Intra-frequency or Inter-frequency. 

When the STA detects that the threshold for reporting measurement results is satisfied, STA will report measurement result to the network.



The source CAP decides to initiate the handover procedure based on the measured results reported by the STA.

The source CAP initiates a handover procedure and sends a "CAP Handover Request" message to the target CAP, which carries Qos flows info, security info, etc. These info help the target CAP establish RadioBearer, restore Air Interface transmission.



The target CAP can provide necessary information for STA access based on STA information provided by the source CAP. The target CAP sends a "CAP Handover Response" message to the source CAP to carry some necessary information to help the STA access the target CAP.

The source CAPsend a “Handover Command” message to theSTA, The “Handover Command” Message includes Radio Interface configuration information that is used to access the target CAP.

For some Qosflows that are required to support lossless handover, the source CAP will forward those downlink user data packets that have not received ACK from the STA to the target CAP. In addition, the source CAP also forwards those downlink user data packets newly received during the handover procedure to the target CAP.



The STA synchronizes and accesses the target CAP according to the information received from the source CAP in the "Handover Command" message.

The target CAP sends a" Path Update" message to the CN to notify the change of path. The source CAP receives a “Path Release”message from the network and release STA information.

Through the above control plane and user plane procedure, theSTA completes the handover procedure and establishes a new radio connection with the target CAP for data transmission.









Intra-system

Cellular network with intra-frequence will be supported in the system. One site may consist of three sectors or two sectors. Preamble, SICH and CCH bear at special subband, TCH bear at special subband or full band by time-sharing scheduling.CAP starts power control according to user’s near and far filed,that will reduce Interference between adjacent CAP.

Support distributed, dynamic and flexible radio resource management.TheCAP work functions ,including bandwidth, power control by Interface between CAP.



		5.2.3.2.5.2

		Describe the handover mechanisms and procedures to meet the simultaneous handover requirements of a large number of users in high speed scenarios (up to 500km/h moving speed) with high handover success rate.

EUHT sub-6G supports multi-user concurrent communication and high-speed mobile communication. Supports the handling of mobile handover for a large number of users in high-speed mobile state.

EUHT mmWavetargets to addresses Indoor hotspot-eMBB, Dense Urban-eMBB two test environments for eMMB usage scenarios as described in Report ITU-R M.2412-0, so mmWavedo not support this scenario.



		5.2.3.2.6

		Radio resource management



		5.2.3.2.6.1

		Describe the radio resource management, for example support of:

–	centralised and/or distributed RRM

–	dynamic and flexible radio resource management

–	efficient load balancing.



RRM mechanism is supported based on the following methods



General
EUHT performs radio resource management to ensure the efficient use of the available radio resource. RRM functions include:

· Radio bearer control (RBC): CAPs can accomplish the management of Radio bear by establishing, modifying and releasing radio bearer.

· Radio Admission Control (RAC): Access control can be achieved by priority access and load balancing

· Connection Mobility Control (CMC): The system supports mobility. In the Idle state, cell reselection is used to support mobility. In the connected state, the CAP controlSTA handover to support mobility



Dynamic/flexible radio resource management

EUHT supports dynamic and flexible radio resource management by packet scheduling that allocates and de-allocates resources to user and control plane packets. 



Load balancing(LB)

EUHT supports load balancing functions. In a cell with overload, access control can be realized by means of RACH back off, or Connection Release and redirect to other cells. 

EUHT-mmWave also needs to consider load balancing among different beam, which is mainly implemented by scheduler.



		5.2.3.2.6.2

		Inter-RIT interworking

Describe the functional blocks and mechanisms for interworking (such as a network architecture model) between component RITs within a SRIT, if supported.



EUHT can interwork with WLAN. A STA can dual connect EUHT and WLAN at the same time. There is an interface between the CAPs of EUHT and WLAN, which can transmit control signaling and data packets to each other to make the whole dual-connection system work more efficiently.



		5.2.3.2.6.3

		Connection/session management

The mechanisms for connection/session management over the air-interface should be described. For example:

–	The support of multiple protocol states with fast and dynamic transitions. 

–	The signalling schemes for allocating and releasing resources. 



EUHT support the following states:

-	MAC_IDLE:

-	Broadcast of system information;

-	Cell re-selection mobility;

-	DRX for CN paging.

-	MAC_INACTIVE:

-	Broadcast of system information;

-	Cell re-selection mobility;

-	DRX for RAN paging 

-	The STA AS context is stored in RAN and the STA;

-	MAC_CONNECTED:

-	RadioResource connection  is established for STA;

-	The STA AS context is stored in RAN and the STA;

-	Transfer of unicast data to/from the STA;

-	Network controlled mobility including measurements.

Transition between MAC states:

· From MAC_IDLE to MAC_CONNECTED: RadioResource connection setup

· From MAC_CONNECTED to MAC_IDLE: RadioResource connection release

· From MAC_INACTIVE to MAC_CONNECTED: RadioResource connection resume

· From MAC_CONNECTED to MAC_INACTIVE: RadioResource connection suspension

· From MAC_INACTIVE to MAC_IDLE: Radio Resource connection release 

· From MAC_IDLE to MAC_INACTIVE: not supported





		5.2.3.2.7

		Frame structure



		5.2.3.2.7.1

		Describe the frame structure for downlink and uplink by providing sufficient information such as:

–	frame length,

–	the number of time slots per frame,

–	the number and position of switch points per frame for TDD

–	guard time or the number of guard bits,

–	user payload information per time slot,

–	sub-carrier spacing 

–	control channel structure and multiplexing,

–	power control bit rate.

The frame structure related information is as follows:

For Sub-6G:

· Frame length, sub-carrier spacing

· Oneconventional EUHT radio frame of length which is configurable,can be one of the set {1,1.25,1.6,2,2.5,3.125,4,5,6.25,8,10,14} ms, and the frame consists of both downlink scheduling period and uplink scheduling period. Downlink scheduling period consists of one short-Preamble OFDM symbol, one long-Preamble OFDM symbol, one SICH OFDM symbol, the CCH channel, the DL-TCH, the DL-SCH and DGI in turn. Uplink scheduling period consists of  one uplink sounding symbol, the UL-SRCH channel , the UL-TCH, the RACH channel and UGI in turn. Data transmissions can be scheduled on anOFDM symbol basis.TheCCH channel can dynamically and adaptively allocate the resources of the traffic and the signaling channels according to the actual traffic conditions.

· The frame length may be 0.1~14ms.

· Sub-carrier spacing is 78.125KHz(39.0625KHz/19.53KHz)

· the cyclic prefixisconfigurable value {0.8, 1.6} us according to {1/8, 1/4} ratio to DFT symbol.

· The position of UL/DL switch points can be adjusted flexibly according to the real scenarios.

· The guard time consists of DGI and UGI, which can be configurable.Typically, two symbols would be allocated as guard, but different number of symbolscould be allocated as guard.

· Control channel (CCH) structure:

· The length of CCHchannel is also variable, and at least 2 OFDM symbols.

· CCH channel can’t be multiplexed with traffic data channel. 

· Power control bit rate:

No specific power-control rate is defined, but a power control command is supported. Power control contains open-loop and close-loop power control.



For mmWave:

· Frame length, subframe length, sub-carrier spacing:

· One radio frame of length 30ms consisting of two type of sub-frame: the SICH/RACH sub-frame and TCH sub-frame, each of length 1ms. Transmission mode can be Single-carrier and OFDM. The occupied bandwidth of 360MHz and the sampling rate of 400MHz. In case of Single-carrier transmission mode, the chip-rate of 266.7MHz. In case of OFDM mode, the DFT point of number is 1024, and the sub-carrier spacing is390.625kHz, the cyclic prefixis 100 ns.

· SICH/RACH sub-frame for beam training and communication setting up, using Single-carrier mode, at most 64 different beams can be used for transmission. The sub-frame consists of frame head (for frame detection, synchronization, frequency offset estimation, AGC and STA RX beam training) and SICH information part.

· TCH sub-frame (for data transmission and channel tracking and beam tracking)consists of downlink transmission period and uplink transmission period and guard interval. Downlink transmission period consists of the DL-preamble, DRS, CCH, DL-TCH, DL-TRN part. Uplink transmission period consists of the UL-preamble, UL-TCH, UL-TRN. The downlink and uplink period of length should be configured by CCH. The guard interval of length 8us.

· The CCH, DL-TCH and UL-TCH carried by OFDM symbol,, the others carried by Single-carrier transmission

· Control channel structure:

· CCH would be transmitted at the specified time and frequency interval. The time interval can span over 2-30 OFDM symbols.

· CCH can’t be multiplexed with the data transmission.

· Power control bit rate:

No specific power-control rate is defined, but a power control command is supported. Open-loop and close-loop power control can b supported.



		5.2.3.2.8

		Spectrum capabilities and duplex technologies

NOTE 1 – Parameters for both downlink and uplink should be described separately, if necessary.



		5.2.3.2.8.1

		Spectrum sharing and flexible spectrum use

Does the RIT/SRIT support flexible spectrum use and/or spectrum sharing? Provide the detail.

Description such as capability to flexibly allocate the spectrum resources in an adaptive manner for paired and un-paired spectrum to address the uplink and downlink traffic asymmetry. 

For sub-6G:

Support 5/10/20/40/80/100MHz，and support OFDMA.

· Multiple component carriers can be aggregated to achieve up to 1.6GHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).



For mmWave:

· supports flexible spectrum use through mechanisms including the following:

· Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).





		5.2.3.2.8.2

		Channel bandwidth scalability

Describe how the proposed RIT/SRIT supports channel bandwidth scalability, including the supported bandwidths. 

Describe whether the proposed RIT/SRIT supports extensions for scalable bandwidths wider than 100 MHz.

Describe whether the proposed RIT/SRIT supports extensions for scalable bandwidths wider than 1 GHz, e.g., when operated in higher frequency bands noted in § 5.2.4.2.

Consider, for example:

–	The scalability of operating bandwidths. 

–	The scalability using single and/or multiple RF carriers.

Describe multiple contiguous (or non-contiguous) band aggregation capabilities, if any. Consider for example the aggregation of multiple channels to support higher user bit rates.



For sub-6G:

One component carrier supports a scalable bandwidth, 5, 10, 20, 40, 80,100MHz for frequency range 450 MHz to 6000 MHz, with guard band ratio from 10% to 2.5%.By aggregating multiple component carriers, transmission bandwidths up to 1.6GMHz are supported to provide high data rates.Component carriers can be either contiguous or non-contiguous in the frequency domain. The number of component carriers transmitted and/or received by a mobile terminal STA can vary over time depending on the instantaneous data rate.



For mmWave:

· supports flexible spectrum use through mechanisms including the following:

· Multiple component carriers can be aggregated to achieve up to 6.4 GHz of transmission bandwidth. The aggregated component carriers can be either contiguous or non-contiguous in the frequency domain, including be located in separate spectrum (“spectrum aggregation”).





		5.2.3.2.8.3

		What are the frequency bands supported by the RIT/SRIT? Please list.

For sub-6G:

		operating band

		Uplink (UL) and Downlink (DL) operating band


		Duplex Mode



		N1

		450 - 470 MHz

		TDD



		N2

		470 - 698 MHz

		TDD



		N3

		694/698 - 960 MHz

		TDD



		N4

		1427 - 1518 MHz

		TDD



		N5

		1710 - 2025 MHz

		TDD



		N6

		2110 - 2200 MHz

		TDD



		N7

		2300 - 2400 MHz

		TDD



		N8

		2500 - 2690 MHz

		TDD



		N9

		3300 - 3400 MHz

		TDD



		N10

		3400 - 3600 MHz

		TDD



		N11

		3600 - 3700 MHz

		TDD



		N12

		4800 - 4990 MHz

		TDD







For mmWave:

		Uplink (UL) and Downlink (DL) operating band


		Duplex Mode



		24250 MHz – 52600 MHz

		TDD



		57000 MHz – 66000 MHz

		TDD









		5.2.3.2.8.4

		What is the minimum amount of spectrum required to deploy a contiguous network, including guardbands (MHz)? 

For sub-6G:

The minimum amount of unpaired spectrum is 5MHz.



For mmWave:

The minimum amount of unpaired spectrum is400MHz.



		5.2.3.2.8.5

		What are the minimum and maximum transmission bandwidth (MHz) measured at the 3 dB down points?

For sub-6G:

The 3 dB bandwidth is

BW=20M: 9.3*2=18.6MHz.

BW=40M: 19.3*2=38.6MHz

BW=80M: 39.3*2=78.6MHz



For mmWave:

The 3 dB bandwidth is375MHz



		5.2.3.2.8.6

		What duplexing scheme(s) is (are) described in this template? 
(e.g. TDD, FDD or half-duplex FDD). 

Provide the description such as:

–	What duplexing scheme(s) can be applied to paired spectrum? Provide the details (see below as some examples).

–	What duplexing scheme(s) can be applied to un-paired spectrum? Provide the details (see below as some examples).

Describe details such as:

–	What is the minimum (up/down) frequency separation in case 
of full- and half-duplex FDD? 

–	What is the requirement of transmit/receive isolation in case 
of full- an half-duplex FDD? Does the RIT require a duplexer 
in either the UE or base station? 

–	What is the minimum (up/down) time separation in case of TDD?

–	Whether the DL/UL ratio variable for TDD? What is the DL/UL ratio supported? If the DL/UL ratio for TDD is variable, what would be the coexistence criteria for adjacent cells?

· EUHTsupports only TDD duplexing scheme.In each TCH subframe,DL/UL ratio is configurable. Adjacent cells using the same carrier frequency can use the same or different DL/UL resource assignment configuration.

· For both the CAPand theSTA, duplexer is not needed.

· The TDD guard time is configurable to meet different deployment scenarios.



		5.2.3.2.9

		Support of Advanced antenna capabilities



		5.2.3.2.9.1

		Fully describe the multi-antenna systems (e.g. massive MIMO) supported in the UE, base station, or both that can be used and/or must be used; characterize their impacts on systems performance; e.g., does the RIT have the capability for the use of:

–	spatial multiplexing techniques,

–	spatial transmit diversity techniques,

–	beam-forming techniques (e.g., analog, digital, hybrid). 

For sub-6G:

Sub-6G system supportsmulti-antenna in CAP and STA, thus spatial multiplexing and spatial transmit diversity can be well achieved.



For mmWave:

The multi-antenna systems in EUHT-mmWavesupports the following MIMO transmission schemes at both the STA and the CAP:

· Spatial multiplexing with DRS based closed loop and semi-open loop transmission schemes are supported. For DL, codebook and reciprocity based precoding are supported. For UL,  codebook and non-codebook based transmission aresupported.

· Specification transparent diversity schemes can also be supported by CAP implementations.

· Hybrid beamforming including both digital and analog beamforming is supported. Beam management with periodic and aperiodic beam refinement is also supported at the STA and at the CAP.



		5.2.3.2.9.2

		How many antenna elements are supported by the base station and UEfor transmission and reception? What is the antenna spacing (in wavelengths)? 

For sub-6G:

Sub-6G system supports 1~8 antenna ports in both DL(CAP) and UL(STA). The antenna spacing is half of wavelength.



For mmWave:

EUHT-mmWave supports {1, 2, 4, 8, 12, 16, 24, 32} antenna ports in the DL and {1, 2, 4} antenna ports in the UL.

Base Station and STA support rectangular antenna arrays. The rectangular panel array antenna can be described by the followingfigure , where  Mg is the number of panels in a column,  Ng is the number of panels in row,  M are the number of vertical, N horizontal antenna elements within a panel and M*N is number of polarizations per antenna element. The spacing in vertical and horizontal dimensions between the panels is specified by dV and between antenna elements by dH.





EUHT-mmWave specification is flexible to support various antenna spacing, number of antenna elements, antenna port layouts and antenna virtualization approaches.



		5.2.3.2.9.3

		Provide details on the antenna configuration that is used in the self-evaluation.

The information will be provided with self evaluation results.



		5.2.3.2.9.4

		If spatial multiplexing (MIMO) is supported, does the proposal support (provide details if supported)

–	Single-codeword (SCW) and/or multi-codeword (MCW)

–	Open and/or closed loop MIMO

–	Cooperative MIMO

–	Single-user MIMO and/or multi-user MIMO.



In EUHT, spatial multiplexing is supported with the following options:

Single codeword is supported for 1-4 layer transmissions and two codewords are supported for 5-8 layer transmissions in DL. Only single codeword is supported for 1- 4 layer transmissions in UL

Closed loop MIMO issupported in EUHT, where for demodulation of data, receiver does not require knowledge of the precoding matrix used at the transmitter. 

Both single-user and multi-user MIMO are supported. For the case of single-user MIMO transmissions, up to 8 layers are supported in DL and up to 4 layers are supported in UL. For both DL and UL,multi-user MIMO up to 8 orthogonal DM-RS ports with up to 4 orthogonal ports per STA are supported.



EUHT-mmWavesupports coordinated multipoint transmission/reception, which could be used to implement different forms of cooperative multi-antenna (MIMO) transmission schemes.



		5.2.3.2.9.5

		Other antenna technologies 

Does the RIT/SRIT support other antenna technologies, for example:

–	remote antennas,

–	distributed antennas.

If so, please describe.

The use of remote antennas and distributed antennas is supported by EUHT.



		5.2.3.2.9.6

		Provide the antenna tilt angle used in the self-evaluation.

The information will be provided with self evaluation results.



		5.2.3.2.10

		Link adaptation and power control



		5.2.3.2.10.1

		Describe link adaptation techniques employed by RIT/SRIT, including:

–	the supported modulation and coding schemes,

–	the supporting channel quality measurements, the reporting of these measurements, their frequency and granularity.

Provide details of any adaptive modulation and coding schemes, including:

–	Hybrid ARQ or other retransmission mechanisms? 

–	Algorithms for adaptive modulation and coding, which are used in the self-evaluation. 

–	Other schemes?



For sub-6G:

For data, EUHT support the modulation schemesBPSK, QPSK, 16 QAM, 64 QAM, 256QAM and 1024QAM, and code rates between approximately 0.5 and 0.9. Some 100different modulation-scheme/code-rate combinations exist. This is valid for both downlink and uplink. 

In both downlink and uplink, link adaptation (selection of modulation scheme, code rate and repetition number) is computed by STA and report to CAP, then CAP send configure information to STA. In the downlink the network selection of modulation-scheme/code-rate combination can e.g. be based on Channel Quality Indicators (CQIs) reported by the STAs. Several different CQI modes exist, including frequency-selective and wideband modes, periodic and aperiodic modes(frequency and granularity??). The CQI mode is controlled by the CAP. In the uplink the CAP may measure either the traffic channel or sounding reference signals and use this as input to link adaptation.

On the MAC layer, ARQ is supported. The modulation scheme may be changed for retransmissions. In order to minimize delay，fast and timely feedback will be implemented.



For mmWave:

--For link adaptation, EUHT-mmWave  can determined the modulation coding mode and wireless time-frequency resources by dynamic scheduling, meantime can adaptively select the best beam according to the training result of beam;

--The terminal STA determines the transmission block size of the current transmission slot according to the dynamically allocated MCS indication and wireless resources, and currently supports the maximum 61 MCS types, the transmission layer number of multi-antenna MIMO is 1-4, and the code rate range is 0.0293-0.875;

--The uplink and downlink MCS are controlled by CAP, the downlink MCS is based on the reported CQI of STA, EUHT-mmWave adopts TDD mode, the uplink MCS can base on measurement of sounding signal or downlink report CQI, and the uplink and downlink MCS can be corrected by statistical BLER. CQI reporting supports aperiodic and periodic mode. The trigger of aperiodic reporting and the periodic granularity of periodic reporting are completely based on the dynamic configuration and scheduling of CAP;

-DL-TCH and UL-TCH channels are configured with beam training sequences, which can complete tracking and training of beam in real time, and the training results can be reported together with CQI.

--PHY and MAC layers support hybrid ARQ retransmission mechanism, and the MCS in retransmission can dynamically indicate by CAP according to current channel condition, greatly increase radio resource efficiency. At the same time, in order to minimize transmission delay, this RIT supports immediate acknowledgement and group acknowledgement mechanisms. Of course, it can also ensure higher reliability through the higher-level selective retransmission mechanism supported by this RIT.





		5.2.3.2.10.2

		Provide details of any power control scheme included in the proposal, for example:

–	Power control step size (dB)

–	Power control cycles per second

–	Power control dynamic range (dB)

–	Minimum transmit power level with power control

–	Associated signalling and control messages.

Uplink power control is independent for uplink data(UL-TCH),  and sounding reference signal SRS. The uplink power control is based on both signal-strength measurements done by the STA itself (open-loop power control), as well as measurements by the CAP. The latter measurements are used to generate power-control commands that are subsequently fed back to the STAs as part of the downlink control signaling (closed-loop power control). Both absolute and relative power-control commands are supported. There are four available relative power adjustments (“step size”) in case of relative power control, TBD. For uplink data, multiple closed loop power control processes can be configured, including the possibility separate processes with transmission beam indication. 

For example, a real implementation is as below:

Power control step size is 1dB.

Power control cycles is 20 time per second.

Power control dynamic range is from -4 to 26dB



Downlink power control is network-implementation specific and thus outside the scope of the specification. A simple and efficient power control strategy is to transmit with a constant output power. Variations in channel conditions and interference levels are adapted to by means of scheduling and link adaptation.



		5.2.3.2.11

		Power classes



		5.2.3.2.11.1 

		STA emitted power



		5.2.3.2.11.1.1

		What is the radiated antenna power measured at the antenna (dBm)?

For sub-6G:

For frequency range 1, the maximum output power is measured as the sum of the maximum output power at each STA antenna connector.  The maximum output power is defined by STA power class as following table.

							<STA maximum output power for frequency range 1>

		Power class

		PPowerClass (dBm)

		Tolerance



		2

		26

		 and 2/-3



		3

		23

		 and 2/-3~-2



		Note 1: PPowerClass is the maximum STA power specified without taking into account the tolerance









For mmWave:

<STA minimum peak EIRP >

		

		Min peak EIRP (dBm)



		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		N1

		40.0

		29

		22.4

		34



		NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance







< STA minimum spherical coverage EIRP >

		

		Min spherical coverage EIRP (dBm)



		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		N1

		32.0@85%

		18@60%

		11.5@50%

		25@20%



		NOTE 1:	Minimum spherical coverage EIRP is defined as the lower limit without tolerance at x% of the distribution of radiated power measured over the full sphere around the STA.







< STA maximum output power limits>

		Operating band

		Power class 1

		Power class 2

		Power class 3

		Power class 4



		

		Max TRP (dBm)

		Max EIRP

(dBm)

		Max TRP (dBm)

		Max EIRP

(dBm)

		Max TRP (dBm)

		Max EIRP

(dBm)

		Max TRP (dBm)

		Max EIRP

(dBm)



		N1

		35

		55

		23

		43

		23

		43

		23

		43









		5.2.3.2.11.1.2 

		What is the maximum peak power transmitted while in active or busy state?

 See item 5.2.3.2.11.1.1.



		5.2.3.2.11.1.3

		What is the time averaged power transmitted while in active or busy state? Provide a detailed explanation used to calculate this time average power.

For sub-6G:

The time averaged power transmitted in active state is subject to the type of signal/channel, STA channel condition, allocated bandwidth, and deployment scenario, etc. One example of estimate averaged transmit power is to take median of minimum STA output power and maximum STA output power (e.g. around -10dBm). 



<Minimum STA output power for frequency range 1>

		STA power class

		Channel bandwidth

(MHz)

		Minimum output power

(dBm)

		Measurement bandwidth

(MHz)



		Power class 1

		20

		4

		17.96875



		

		40

		4

		37.96875



		

		80

		4

		77.96875



		

		

		

		



		Power class 2, 3, 4

		20

		-13

		17.96875



		

		40

		-13

		37.96875



		

		80

		-13

		77.96875



		

		

		

		









For mmWave:

 The time averaged power transmitted in active state is subject to the type of signal/channel, STA channel condition, allocated bandwidth, and deployment scenario, etc. One example of estimate averaged transmit power is to take median of minimum STA output power and maximum STA output power (e.g. around -10dBm). 



<Minimum STA output power for frequency range 2>

		STA power class

		Channel bandwidth

(MHz)

		Minimum output power

(dBm)

		Measurement bandwidth

(MHz)



		Power class 1

		400

		4

		380.16



		Power class 2, 3, 4

		400

		-13

		380.16









		5.2.3.2.11.2

		Base station emitted power



		5.2.3.2.11.2.1

		What is the base station transmit power per RF carrier?

CAPs intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements which limit the maximum transmit power.



For mmWave:

For the CAP type 1-C and CAP type 1-H, the CAP conducted output power is measured at antenna connector for CAP type 1-C, or at TAB connector for CAP type 1-H. 

For the CAP type 1-O and CAP type 2-O, radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction

· For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the CAP is declared to radiate at the associated beam peak direction during the transmitter ON period.



		5.2.3.2.11.2.2 

		What is the maximum peak transmitted power per RF carrier radiated from antenna?

CAPs intended for general-purpose applications do not have limits on the maximum transmit power. However, there may exist regional regulatory requirements which limit the maximum transmit power.



		5.2.3.2.11.2.3

		What is the average transmitted power per RF carrier radiated from antenna?

 The averaged transmitted carrier power is subject to the type of signal/channel to be transmitted, bandwidth, and deployment scenario, etc.



		5.2.3.2.12

		Scheduler, QoS support and management, data services



		5.2.3.2.12.1

		QoS support

–	What QoS classes are supported?

–	How QoS classes associated with each service flow can be negotiated.

–	QoS attributes, for example:

	•	data rate (ranging from the lowest supported data rate to maximum data rate supported by the MAC/PHY);

	•	control plane and user plane latency (delivery delay);

	•	packet error ratio (after all corrections provided by the MAC/PHY layers), and delay variation (jitter).

–	Is QoS supported when handing off between radio access networks? If so, describe the corresponding procedures.

–	How users may utilize several applications with differing QoS requirements at the same time.

The EUHT QoS model is based on service types, and generally includes 8 service types in two major categories: GBR service and non-GBR service. Each service flow has many QoS parameters, such as: service type index, resource type, priority level, service guarantee rate, maximum service rate, delay budget and packet loss rate budget.

When the services are established, the IP gateway and EUHT access gateway map different services to Fid Flow representing different services of the access network according to QoS parameters of the service flow.

During the handover of the radio access network, QoS of each service is guaranteed through fast handover and lossless handover supported by this RIT.

In order to support multiple services with different QoS for users, this RIT adopts multi-FID service flow multiplexing and multi-service dynamic scheduling.







		5.2.3.2.12.2

		Scheduling mechanisms

–	Exemplify scheduling algorithm(s) that may be used for full buffer and non-full buffer traffic in the technology proposal for evaluation purposes.

Describe any measurements and/or reporting required for scheduling. 

EUHT adopts TDD mode, and uplink and downlink are dynamically scheduled respectively. The supported scheduling algorithms are mainly self-developed proportional fair scheduling and semi-static scheduling algorithms:

--MIMO antennas, modulation codes and beam that need to be determined for dynamic scheduling are based on the measurement reporting and adaptive mechanism described in Section 5.2.3.2.10.1.

--The proportional fair algorithm also needs to consider the priority of different users, the QoS requirements of services, and the current service cache situation, which is suitable for full-buffer services.

--For non-fullbuffer services, such as VOIP and signal control, semi-static scheduling can be adopted, referring to the burst model of services, and a small amount of resources can be reserved periodically to ensure various service quality requirements and utilization rate of wireless resources.

In addition, the time slot resources of DL-TCH and UL-TCH of EUHT support dynamic configuration, which can be optimized according to the current service type and cache situation.





		5.2.3.2.13

		Radio interface architecture and protocol stack



		5.2.3.2.13.1

		Describe details of the radio interface architecture and protocol stack such as:

–	Logical channels

–	Control channels

–	Traffic channels

Transport channels and/or physical channels.



For EUHT sub-6G:

Radio Protocols:

The protocol stack for the user plane includes the following:MADP(MAC adaptive sublayer),MAC sublayer and PHY sublayer (terminated in UE and BS).

On the Control plane, the following protocols are defined:

-     MAC and PHY sublayers (terminated in UE and BS);

-     NAS protocol (terminated in UE and CN)

 

Radio Channels (Physical, Transport and Logical Channels)

The physical channels defined in the downlink are: 

-     the System　Information　Channel (SICH)

-     the Control　Channel (CCH)

-     the Downlink　Sounding　Channel (DL-SCH)

-     the Downlink　Transmission　Channel (DL-TCH) 

-the Downlink　Guard　Interval (DGI)

 

The physical channels defined in the uplink are: 

-     the Uplink　Sounding　Channel(UL-SCH)

-     the Uplink　Schedule　Request　Channel (UL-SRCH)

-     the Uplink　Random　Access　Channel (UL-RACH)

-     the Uplink　Transmission　Channel (UL-TCH) 

-the Uplink　Guard　Interval (UGI)

 

The following transport channels are defined:

Uplink:

-          Uplink Signalling Channel (USCH), mapped to UL-TCH

-          Uplink Data Channel (UDC), mapped to UL-TCH

-          Random Access Channel (RACH), mapped to UL-RACH

-           

Downlink:

-          Downlink Signalling Channel (DSCH), mapped to DL-TCH

-          Downlink Data Channel (DDC), mapped to DL-TCH

-          Downlink System Info(DSI), mapped to SICH

 

 

Logical channels are classified into two groups: Control Channels and Traffic Channels. 

Control channels:

-          Broadcast Control Channel (BCCH): a downlink channel for broadcasting system control information.

-          Paging Control Channel (PCCH): a downlink channel that transfers paging information and system information change notifications.

-          System Info Channel (SI): channel for transmitting control information between UEs and network. 

-          Dedicated Control Channel (DCCH): a point-to-point bi-directional channel that transmits dedicated control information between a UE and the network. 

Traffic channels:Traffic Channel (DTCH/UTCH), which can exist in both UL and DL.

In Downlink, the following connections between logical channels and transport channels exist:

-          BCCH can be mapped to DDC;

-          PCCH can be mapped to DDC;

-           DCCH can be mapped to DSCH;

-           DTCH can be mapped to DDC;

-          SI can be mapped to DSI

In Uplink, the following connections between logical channels and transport channels exist:

-DCCH can be mapped to USCH

-UTCH can be mapped to UDC.





		5.2.3.2.13.2

		What is the bit rate required for transmitting feedback information?

For sub-6G:

EUHT system can confirm the return of data packet to ACK in the same frame.

ACK is sent every frame(eg:2ms, configurable), with size of few octets, e.g. 120 bits,this results in a rate of 120/0.002=60000bit/s



For mmWave:

-Implicit acknowledgement and immediate /group acknowledgement mechanisms.

-Non-broadcast control signaling needs acknowledgement and can be confirmed according to the received response message;

-For service data and unresponsive control signaling, an immediate group acknowledgement (multi-FID) method is adopted. Since resources are independent of service data scheduling, less L2 packet header overhead can be adopted, with a typical length of 120bit；;

In addition, the slot length of EUHT-mmWave can be configured, taking 0.5ms as an example, the bit rate of feedback is 120/0.5 ms = 240 kbit/s.





		5.2.3.2.13.3

		Channel access:

Describe in details how RIT/SRIT accomplishes initial channel access, (e.g. contention or non-contention based).

For sub-6G:

EUHT system can complete initial access through random access process.

EUHT supports "random access based oncontention" and "non-contention access process".



Contention access is mainly used in the initial access process, and the STA uses random PN code to access. The CAP allocates resources for the STA to transmit the random-access request signaling, and the STA sends the random-access request signaling. After receiving the random-access response signaling, the initial access is completed.



Non-contention access is mainly used in handover process. CAP can provide dedicated resources to STA, which can avoid contention, reduce the time of access to target CAP, and quickly complete the process of access to target CAP.



For mmWave:

Channel access of mmWave includes initial channel access (contention-based random access) and handover channel access (non-contention access).

-The initial channel access of this RIT is based on a fully competitive mode, including corresponding RACH channel resources and access preamble. The available random-access resources and preamble sets can be obtained by receiving system information SICH.

-The initial random access procedure includes scanning different beams to obtain relevant SICH information, selecting the RACH channel corresponding to the most appropriate beam, randomly selecting preamble in the alternative set to initiate access, waiting to receive a random access response (DL-CCH) message which carries the initial TA, allocated uplink transmission resources, etc., and then the STA uses the allocated resources to send the first uplink message (connection establishment request) while opening a window to wait for the connection establishment response message. If the access fails, the STA can back off randomly and retry to access CAP for several times.

-From the physical layer point of view, first it need to scan multiple beams to obtain synchronization, train downlink beam and SICH information. The random access preamble is sent on RACH channel corresponding to beam, the random access response is a downlink broadcast CCH, and the others are control short message orders.





		5.2.3.2.14

		Cell selection



		5.2.3.2.14.1

		Describe in detail how the RIT/SRIT accomplishes cell selection to determine the serving cell for the users.

Forsub-6G:

The EUHT system completes cell selection through the following processes:

TheSTA searches all the frequency bands it supports, measures the specific carrier signal strength, chooses the cell that meets the signal threshold, and chooses the appropriate cell to camp by reading the system information broadcasted by the cell.
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The cell selection of EUHT-mmWave is based on the following procedures and criteria.

--STA confirms currently supported frequency;

--For each supported frequency, scanning of multiple beams needs to be completed, acquire synchronous SYNC and read the system information SICH , and then the best beam candidate set of the current frequency is confirmed, and corresponding RSSI and RACH resources are recorded;

--STA needs to select a suitable cell from multiple frequency point scans, i.e. the RSSI measured by candidate frequency point cell meets the cell selection threshold, and the corresponding cell candidate beam does not prohibit access due to overload or other reasons;

-among these suitable cells, STA selects the strongest cell to camp or initiate access on corresponding RACH resources;

-Of course, in the system information SICH, the cell with a specific frequency point can be configured as the cell with priority camp;





		5.2.3.2.15

		Location determination mechanisms



		5.2.3.2.15.1

		Describe any location determination mechanisms that may be used, e.g., to support location based services. 



For sub-6G:

EUHT provides mechanisms to support or assist the determination of the geographical position of a STA. STA position knowledge can be used for Radio Resource Management, location based services for operators, subscribers, and third party service providers.



The standard positioning methods supported for EUHT access include:

-	enhanced cell ID methods;

-	network-assisted GNSS methods;

-	observed time difference of arrival (OTDOA) positioning;



Use of one or more methods from the list above and hybrid positioning using multiple methods is supported using either STA-based and STA-assisted/RAN-based.



In future releases, EUHT system will be further studied to add richer positioningservice methods.



For mmWave:

This RIT supports an accurate positioning mechanism based on preamble ranging and beam tracking assistance:

-This positioning information is conducive to efficient radio resource management of the network;

-Provide accurate location services for network providers, subscribe users and third parties with relevant qualifications;

-preamble-based ranging can provide accuracy within a range of several meters;

-Assist beam tracking by obtaining the angle information of each antenna array element and providing three-dimensional coordinate information after a large number of calculations;

Of course, EUHT-mmWave can also choose to obtain accurate positioning information to meter level provided by EUHT's positioning module through the module's external interface;







		5.2.3.2.16

		Priority access mechanisms



		5.2.3.2.16.1

		Describe techniques employed to support prioritization of access to radio or network resources for specific services or specific users (e.g., to allow access by emergency services).

For sub-6G:

EUHT system supports overload and access control functionality.

EUHT system has priority access control, load balancing functions. In a cell with overload, access control can be realized by means of RACH back off, or Connection Release and redirect to other cell. 

For different access priorities of users of the system, some CAPs with special operational needs and reserved uses are not allowed to access STA with lower access priorities. In addition, the EUHT system also supports emergency communication services. It will dispatch and allocate radio resources according to the highest priority for emergency communication services to ensure emergency services.



For mmWave:

For special users or special service requirements, such as access initiated by emergency services, this RIT has a response mechanism to ensure priority access to wireless networks to obtain network resources:

-Support load control based on cell and beam, and system information broadcasts the current cell and beam load conditions to control access;

-Provide a variety of access control functions, RACH access collision fallback mechanism, connection establishment rejection, and fallback request;

-idle state, initiating initial access, and the corresponding connection establishment request message can carry trigger service identification and priority, so that the network can judge whether to give priority to access;

-Connection status, switching between competitive and non-competitive modes. For priority users or those with priority services, resources such as preamble, STAID and beam can be allocated in advance to avoid collision and ensure priority access;







		5.2.3.2.17

		Unicast, multicast and broadcast



		5.2.3.2.17.1

		

TheSRIT support unicast data transmission between different users and multicast data transmission from point to multipoint.

The supported broadcast data transmission includes the system information and parameter configuration information of the cell, as well as the service information broadcast within the whole gateway.

All three use shared carriers, and the three coexist mainly through mechanisms:

1. broadcasts STA identification (BSTAID) and STA unique identification (STAID)can distinguish unicast and broadcast data;

2. Configure the broadcast target IP address and the function of address learning;







		5.2.3.2.17.2

		Describe whether the proposal is capable of providing multiple user services simultaneously to any user with appropriate channel capacity assignments?



The SRIT support any user to provide multiple services at the same time:

-setting up a multi-FID service flow based on service QoS attribute for each user;

-services with mutual types of QoS attributes can reuse the same FID service flow;

-Multi-service dynamic scheduling based on proportional fair scheduling algorithm to provide appropriate channel capacity allocation;

For more details, please refer to the descriptions in the previous 5.2.3.2.12 and 5.2.3.2.13.





		5.2.3.2.17.3

		Provide details of the codec used.

Does the RIT/SRIT support multiple voice and/or video codecs? Provide the detail.

 The RIT could support various voice and video codecs, as desired. In fact, the radio interface technology (fully IP-based) is mostly agnostic to such codecs, and capable of accommodating diverse range of codec types, rates and operation (fixed/dynamic/adaptive). This enables support for all main codecs used/defined today (e.g. AMR-NB/WB, EVS), as well as the capability to support more enhanced codecs that may be defined in future.



		5.2.3.2.18

		Privacy, authorization, encryption, authentication and legal intercept schemes 



		5.2.3.2.18.1

		Any privacy, authorization, encryption, authentication and legal intercept schemes that are enabled in the radio interface technology should be described. Describe whether any synchronisation is needed for privacy and encryptions mechanisms used in the RIT/SRIT.

Describe how the RIT/SRIT addresses the radio access security, with a particular focus on the following security items:

–	system signalling integrity and confidentiality,

–	user equipment identity authentication and confidentiality,

–	 subscriber identity authentication and confidentiality,

–	 user data integrity and confidentiality

Describe how the RIT/SRIT may be protected against attacks, for example: 

–	passive, 

–	man in the middle,

–	replay,

–	denial of service. 



EUHT has implemented the subscriber’s privacy requirement. 

EUHT supports the concealment of subscription permanent identifier over-the-air. 

This feature is mainly aimed against the active attacker.

EUHT also has the guaranteed regular refreshment of subscription temporary identifier.

This feature is mainly aimed against the passive attacker.

EUHT supports multiple connections and slicing, which can help improve the stability of wireless networks.

The authentication/authorization is used in EUHT, this builds strong cryptographic primitives and security characteristics.

The authentication/authorization on both sides can prvent the illegal STA or CAP.



EUHT includes protection against eavesdropping, modification, and replay attacks.

EUHT implements the following ciphering algorithms: AES, ZUC, SMS4.

And the CRC verification mechanism on MAC layer, can ensure the integrity of payload.

Signalling and user plane traffic is encrypted and can be integrity protected.



		5.2.3.2.19

		Frequency planning



		5.2.3.2.19.1

		How does the RIT/SRIT support adding new cells or new RF carriers? Provide details.

For sub-6G:

EUHT system reserves 7 bit for physical cell identities. Thus, theoretically 768-cell reuse is realized(3-type Spreamble and 2-type CRS).

Actual cell deployment is operation specific. Self configuration can be also supported.



For mmWave:

EUHT-mmWave supports 8 bits  cell ID, so 256 cells can be reused in theory.

-This RIT works in TDD mode. If the SUL needs to be added, the same ID can be used.

-if multiple carrier components are supported through carrier aggregation, different carrier components are assigned different ID;

The NT function of EUHT can realize the self-optimized configuration of the network.





		5.2.3.2.20

		Interference mitigation within radio interface



		5.2.3.2.20.1

		Does the proposal support Interference mitigation? If so, describe the corresponding mechanism.

For sub-6G:

To mitigate interference, Half-duplex TDD and enough DL/UL switch time interval are used. Alsothere are several types of Spreamble, CRS to distinguish different cells. 7bit Cell ID is used to scramble the control and business channel to low down interference further.



For mmWave:

-- To mitigate interference, Half-duplex TDD and enough DL/UL switch time interval are used.





--Large path loss and random directional transmission of mmWave mitigate cell interference.

--The dynamic configurability of STA-specific DL-DRS and UL-DRS corresponds to the directional transmission of beams, effectively reducing interference.。

--The interference of 8 bit cell ID ofcontrol channel  further reduced interference.



		5.2.3.2.20.2

		What is the signalling, if any, which can be used for intercell interference mitigation?

The information will be provided in later update.



		5.2.3.2.20.3

		Link level interference mitigation

Describe the feature or features used to mitigate intersymbol interference.

Time and frequency synchronization to the DL and UL frame structures in combination with the use of a cyclic prefix OFDM transmission in both UL(with or without transform precoding)  and DL, provides robustness against intersymbol interference.



See also answer to 5.2.3.2.20.4



		5.2.3.2.20.4

		Describe the approach taken to cope with multipath propagation effects (e.g. via equalizer, rake receiver, cyclic prefix, etc.). 

The use of OFDM transmission in both UL and DL, in combination with a cyclic prefix, provides inherent robustness to time-dispersion/frequency-selectivity on the radio channel. 

In case of transform precoding in the DL/UL, time-dispersion/frequency-selectivity on the radio channel can be handled by receiver-side equalization.



		5.2.3.2.20.5

		Diversity techniques

Describe the diversity techniques supported in the user equipment and at the base station, including micro diversity and macro diversity, characterizing the type of diversity used, for example:

–	Time diversity: repetition, Rake-receiver, etc.

–	Space diversity: multiple sectors, etc.

–	Frequency diversity: frequency hopping (FH), wideband transmission, etc.

–	Code diversity: multiple PN codes, multiple FH code, etc.

–	Multi-user diversity: proportional fairness (PF), etc.

–	Other schemes.

Characterize the diversity combining algorithm, for example, switched diversity, maximal ratio combining, equal gain combining. 

Provide information on the receiver/transmitter RF configurations, for example:

–	number of RF receivers

–	number of RF transmitters.

The RIT provides the following means for diversity: 

· Space diversity by means of multiple transmit and receiver antennas and beamforming

· Number of TX-antenna ports: This is a deployment choice, but for the purpose of multi-layer transmissions up to8 downlink and up to 4 uplink antenna ports have been defined where the mapping of ports to physical antennas is an implementation issue

· Number of RX antenna ports: Implementation specific

· Frequency diversity by means of wide overall transmission bandwidth(data repetition in allocation to subcarriers )

· Time diversity by means of fast retransmissions with ARQ protocol, or data repetition in the same frame.

· Multi-user diversity by means of channel-aware PF scheduling；

· Code diversity: multiple preamble codes,

· 3TRxP



		5.2.3.2.21

		Synchronization requirements



		5.2.3.2.21.1

		Describe RIT’s/SRIT’s timing requirements, e.g.

–	Is base station-to-base station synchronization required? Provide precise information, the type of synchronization, i.e., synchronization of carrier frequency, bit clock, spreading code or frame, and their accuracy.

–	Is base station-to-network synchronization required?

State short-term frequency and timing accuracy of base station transmit signal.

Common general aspects:

SRIT ‘s employ TDD duplex mode, it requires base station-to-base station synchronization and base station to network synchronization.

SRIT’s employ PPS (plus per second) to achieve base station-to-base stationframe synchronization to resisting Inter-cell Interference.It provide common SFN(system frame number) to achieve spatial frame synchronization, channel access and handover.It uses Ethernet synchronization to get BS time synchronization, and provides absolute clock for system .

Some accuracy requirements

CAP transmit signals accuracy:	

· Frequency accuracy (wide area CAP): within ±0.5 ppm, observed over 1ms

· Timing accuracy: time alignment error (TAE) is within 65 ns for Single-carrier (MIMO or TX div), 260 ns for intra-band contiguous carrier aggregation, 3µs for intra-band non-contiguous and inter-band CA.

Cell phase synchronization accuracy:

· The cell phase synchronization accuracy measured at CAP antenna connectors shall be better than 3 µs.



		5.2.3.2.21.2

		Describe the synchronization mechanisms used in the proposal, including synchronization between a user terminal and a base station. 

For sub-6G:

Cell search is the procedure by which a STA acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. In downlink,STA obtains frequency offset estimation by autocorrelation of long and short preambles. Short preambles are for coarse synchronization and long preambles are for fine synchronization. The second synchronization is realized by cell reference signal.In uplink, STA pre-compensates for upstream transmission based on downlink frequency offset estimation.

Cell search is the procedure by which a STA acquires time and frequency synchronization with a cell and detects the physical layer Cell ID of that cell. A STA receives the following synchronization signals (SS) in order to perform cell search: the short preamble(SPreamble) and common reference signal(CRS). SPreamble is used(at least) for initial symbol boundary, cyclic prefix, sub frame boundary, initial frequency synchronization to the cell. CRSis usedfor radio frame boundary identification and fine synchronization. SPreamble and CRS together used for cell ID detection. 

Other synchronization mechanisms are defined e.g. for Radio link monitoring, Transmission timing adjustments, Timing for cell activation / deactivation.



FormmWave:

Cell search and initial access arethe procedures by which a STAacquires time and frequency synchronization.

In each SICH beam training period, STA acquiresdownlink frame synchronization , frequency offset  according to reference signal of SICH head.Also it acquires TX and RX beam training with different SICH transmit beam patterns and STA receive beam patterns.

After decode SICH information, STAselects proper TXbeam pattern(from SICH RX beam training)andspecified time (From SICH TX beam training) to initiated random channel access(RACH) and uplink synchronization.

It keeps uplink time synchronization with periodic distance measurement.

It keeps beam alignment with beam tracking in TCH subframe.



		5.2.3.2.22

		Link budget template

Proponents should complete the link budget template in § 45.2.3.3 to this description template for the environments supported in the RIT.

The information is provided with link budget template.



		5.2.3.2.23

		Support for wide range of services



		5.2.3.2.23.1

		Describe what kind of services/applications can be supported in each usage scenarios in Recommendation ITU-R M.2083 (eMBB, URLLC, and mMTC).

EUHTsupports a wide range of services across variety of scenarios including eMBB, URLLC, and mMTC envisaged in Recommendation ITU-R M.2083.

The example services supported by EUHT include the services defined inRecommendation ITU-R M.1822, and other services, such as

·    eMBB services including High-Speed and High-Data-Rate services(including the vidio on the high-speed train back to ground, passengers get to internet on the high-speed train),  interactive services(including multi vidio conference call),broadcast services(including radio and television signals),conversational services(including basic/rich conversational services),and other high data rate sevices ;for stationary users,pedestrian users,to high speed train/vehicle users.        

·    URLLC services including ultra reliable and low latency services, including telemedicine services, intelligent transportation,smart grid,etc.

· mMTC services including smart city, smart home applications, and other machine-type communication.





		5.2.3.2.23.2

		Describe any capabilities/features to flexibly deploy a range of services across different usage scenarios (eMBB, URLLC, and mMTC) in an efficient manner, (e.g., a proposed RIT/SRIT is designed to use a single continuous or multiple block(s) of spectrum).

For EUHT component RIT:

EUHT is capable of flexibly deploy a range of services across different usage scenarios. Different components can benefit different services in specific usage scenarios. 

· EMBB services can benefit from the following components

·         EUHT support maximum bandwidth is 80M,that can improve the maximum data rate.

·         EUHT support 8*8 MIMO,and the maximum modulation is  1024qam.



· URLLCservices can benefit from the following components

the following low latency structures cater especially to the URLLC services

-            EUHT support to schedule unit as resource block, that time interval is less than 1ms Therefore,the Very tight STA processing time budget especially targeted for ultra-low latency device types.

-  Front loaded DMRS allows for the channel estimate to be ready before the full data block is received.

-         Instant ACK will reduce the latency for wireless transmission.



-   MMTC services can benefit from the following components

-           reduced PAPR and increased average Tx power for better coverage.

-           Flexible configuration frame length for better coverage.	

-     High-aggregation level downlink control for better coverage.

-     Extended DRX cycle for MAC_ACTIVE state to improve battery life.

·    Small data transmission during random access without moving to MAC _CONNECT mode for optimized signalling overhead .

·    Support for narrow-band (low-cost) STAs within a wide-band carrier system,such as 500K.

Repetition of a transmission for both control and data for better coverage.





		5.2.3.2.24

		Global circulation of terminals

Describe technical basis for global circulation of terminals not causing harmful interference in any country where they circulate, including a case when terminals have capability of device-to-device direct communication mode.

EUHT-STA does not support global circulation of STAs. It works coordinate with EUHT CAP.



		5.2.3.2.25

		Energy efficiency

Describe how the RIT/SRIT supports a high sleep ratio and long sleep duration.

Describe other mechanisms of the RIT/SRIT that improve the support of energy efficiency operation for both network and device.
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Network energy efficiency

The fundamental always-on transmission that must take place is the periodic BCF frame. The BCF frame is used for the STA to detect the CAP, obtain basic information of it.  The BCF interval, PHY frame length depends on the network setup. BCF frame is sent in each single sub-band. PHY frame length is one from set of {0.5, 1, 1.6, 2, 2.5, 4, other} ms. 

Remaining minimum system information carried over BCF frame needs to be broadcast at least once in BCF intervals in which the STAs are expected to be able to set up the connection to the network. When one STA acquires the BCF frame and joins the CAP, it does not need to read it again. 





Device energy efficiency

There are two power statuses of a STA's operating.

- Active status:full power of communication mode.

- Sleep status:  power save of semi-communication mode, STA can't transmit or receive data.

Switching between active status and sleep status depends on Energy efficiency Management which is described with two modesas following:

-Active mode: STA can receive any frames all the time.

-Sleep mode:  STA operates under the duration of Sleep Mode which purpose is to maximize saving power and radio resource. 

[image: 绘图1]

Duration of sleeping: it includes sleeping window and listening window.

Sleeping window time: how many milliseconds it will last , and it's variable.

Listening window time: how many milliseconds it will last, and it's constant.

DTF_IND : management frame, CAP transmits DTF_IND through listening window to notice STA if there are any data need to receive. If it does, then end to Sleep mode, or keep on Sleep mode. 

SLP_REQ: management frame, STA sends SLP_REQ to request entering Sleep mode.

SLP_RSP: management frame, STA receives SLP_RSP which contains some parameters, like, how long does a duration of sleeping last and what time Sleep mode will start accurately, etc. 







		5.2.3.2.26

		Other items 



		5.2.3.2.26.1

		Coverage extension schemes

Describe the capability to support/ coverage extension schemes, such as relays or repeaters.

The RIT supports the use of the following mechanisms to improve the coverage

· use CFR algorithm to reduce PAPR and increase average Tx power for better coverage

· use very low modulation and coding rate for better coverage.

· Beam management is used to increase the coverage in case of massive MIMO.

supports the use of different types of repeater (amplify-and-forward) functionality. However, the details of such functionality is outside the scope of the specification as the use of repeaters is transparent to both the STAand the network.



		5.2.3.2.26.2

		Self-organisation

Describe any self-organizing aspects that are enabled by the RIT/SRIT.

For EUHT component RIT:

Self Organizing Networks is an integrated part of EUHT. Several use cases that could benefit from SON will be introduced as follows and the work is continuing. 

EUHT currently supports the following Self-Organizing Network (SON) functions:

Self-configuration:

-           Automatic interference cells discovery:Under the control of the Network Management System, the CAP can acceptneighbor interference signal, and calculates the corresponding RSSI.The CAP will add the neighborCAP to the interference cells list accord to the strength of the RSSI.

-           Physical Cell Identity select: The Network Management System can distribute Physical Cell Identity to each CAP according to the capacity, scope and other standards.The selection can be based on a centralized Physical Cell Identity  assignment algorithm.



Self-optimisation:

-           Automatic optimize the parameters of handover:STA will submit the parameters,included Timing Advanced, RSSI and SNR to The Network Management.These parameters are separately from source CAP and destination CAP during the area of handover. 

-           Dynamically Allocate Downlink and Uplink Resource:the Network Management System will dynamically allocate downlink and uplink resource by the current business.    

-           Mobility load balancing: the mechanism allows a CAPto distribute cell load evenly among cells or to transfer part of the traffic from congested cells.

–	      Energy Saving: the mechanism is to reduce operational expenses through energy savings.







		5.2.3.2.26.3

		Describe the frequency reuse schemes (including reuse factor and pattern) for the assessment of average spectral efficiency and 5th percentile user spectral efficiency.

Uncoordinated frequency reuse one is used in the performance evaluations.





		5.2.3.2.26.4

		Is the RIT/component RIT an evolution of an existing IMT technology? Provide the detail.

 This RIT is new radio developed by NUFRONT, and will be evolved to be a EUHT-mmWave version



		5.2.3.2.26.5

		Does the proposal satisfy a specific spectrum mask? Provide thedetail. (This information is not intended to be used for sharing studies.)

 Yes.



STA: 	

For Frequency Range 1 (FR1)STA:

The spectrum mask is specified in terms of a normative (general) spectrum emission mask  and an additional spectrum mask, pleaserefertoEUHT standard.



For Frequency Range 2 (FR2)STA:

The spectrum mask is specified in terms of a normative (general) spectrum emission mask  and an additional spectrum mask, please refer to EUHT standard.

CAP: 

The spectrum mask is specified in terms of a normative (general) spectrum emission mask  and an additional spectrum mask .The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329.

EUHT-mmWave supports band above 24GHz



		5.2.3.2.26.6

		Describe any UE power saving mechanisms used in the RIT/SRIT. 

For EUHT component RIT:

- STA does not receive and send any energy in sleep mode.

- STA can turn off power consuming components after receiving DTF frame ,even in listen mode.



		5.2.3.2.26.7

		Simulation process issues

Describe the methodology used in the analytical approach.

Proponent should provide information on the width of confidence intervals of user and system performance metrics of corresponding mean values, and evaluation groups are encouraged to provide this information as requested in § 7.1 of Report ITU-R M.2412-0.

 As described in Section 7.1 of M.2412, system simulations are iterated over M independent ‘drops’ of user locations. Statistics, mean and 5th percentiles, are calculated over all drops, and confidence intervals are estimated by comparing the results of the different drops. The number of drops is up to each evaluator.



		5.2.3.2.26.8

		Operational life time

Describe the mechanisms to provide long operational life time for devices without recharge for at least massive machine type communications

For EUHT component RIT:

- More high ratio of sleep_time/listen_time.

- More rare ratio of scheduling TA.

- STA does not wake up when MAC frame arrivals.



		5.2.3.2.26.9

		Latency for infrequent small packet 

Describe the mechanisms to reduce the latency for infrequent small packet, which is, in a transfer of infrequent application layer small packets/messages, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the UE to the radio protocol layer 2/3 SDU egress point in the base station, when the UE starts from its most “battery efficient” state.

For EUHT component RIT:

EUHT support the following set of common features for providing low latency when waking up from its most “battery efficient” state:

-     Resumption of a previous connection for minimizing the radio resource scheduling, and the connection setup latency, when initiating a STA originated or STA terminated data transmission.





		[bookmark: _Hlk485410211]5.2.3.2.26.10

		Control plane latency

Provide additional information whether the RIT/SRIT can support a lower control plane latency (refer to § 4.7.2 in Report ITU-R M.2410-0).

For EUHT component RIT:

N/A



		5.2.3.2.26.11

		Reliability

Provide additional information whether the RIT/RSIT can support reliability for larger packet sizes (refer to § 4.10 in Report ITU-R M.2410-0).

The information will be provided in later update.



		5.2.3.2.26.12

		[bookmark: _Hlk485410169]Mobility

Provide additional information for the downlink mobility performance of the RIT/SRIT (refer to § 4.11 in Report ITU-R M.2410-0).



For EUHT component RIT: 



A mobility class is supported if the traffic channel link data rate on the downlink, normalized by bandwidth, is as shown in Table 4. 

TABLE  4

[bookmark: _GoBack]Traffic channel link data rates on the downlink normalized  by bandwidth in 4GHz band.

		Test environment

		Normalized traffic channel link data rate (bit/s/Hz)

		Mobility
(km/h)



		Indoor Hotspot – eMBB

		TBD

		10



		Dense Urban – eMBB

		TBD

		30



		Rural – eMBB

		1.23

		120



		

		0.90

		500









		5.2.3.2.27

		Other information

Please provide any additional information that the proponent believes may be useful to the evaluation process.

The information will be provided in later update, if any.
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Abbreviation

For the purposes of this document, the following abbreviations apply.

ACK: Acknowledgement

BCC: Binary Convolutional Code

BCF: Broadcasting Control Frame

BFM: Beam forming Matrix

BPSK: Binary Phase Shift Keying

BS: Buffer Size

RSTAID: Broadcasting STAID

CAP: Central Access Point (Base Station)

CCH: Control Channel

CP: Cyclic Prefix

CQI: Channel Quality Information

CRC: Cyclic Redundancy Check

CSI: Channel State Information

DL-SCH: Downlink Sounding Channel 

DL-TCH: Downlink Transmission Channel 

DSA: Dynamic Service Addition

DSC: Dynamic Service Change

DSD: Dynamic Service Delete

EQM: Equal Modulation

EUHT: Enhanced Ultra High Throughput 

FCS: Frame Check Sequence

FFT: Fast Fourier Transform

FID: Flow ID

PTI: Feedback Pilot Interval

FSN: Fragment Sequence Number

G-MPDU: Group MPDU

Group Ack: Group Acknowledgement

IFFT: Inverse Fast Fourier Transform 

IP: Internet Protocol

IACK:Instant Acknowledgement

LDPC: Low Density Parity Code

L-Preamble: Long Preamble

LSB: Least Significant Bit

MAC: Media Access Control

MCS: Modulation and Coding Scheme

MIMO: Multiple Input Multiple Output

MME: Mobility Management Entity

MMPDU: MAC Management Protocol Data Unit

MPDU: MAC Protocol Data Unit

MSB: Most Significant Bit

MSDU: MAC Service Data Unit

MU-MIMO: Multiple User MIMO

OFDM: Orthogonal Frequency Division Multiplexing

PDU: Protocol Data Unit

PHY: Physical layer

PICS: Protocol implementation consistent assertion 

PN: Pseudo Noise

QAM: Quadrature Amplitude Modulation

QoS: Quality of Service

QPSK: Quadrature Phase Shift Keying

RA: Random Access

REQ: Request

RMS: Root Mean Square

RSP: Response

SAP: Service Access Point

SBC: STA Basic Capability

SCG: Service Control Gateway

SDU: Service Data Unit

SICH: System Information Channel

SINR: Signal To Interference Noise Ratio

SN: Sequence Number

SNR: Signal To Noise Ratio

S-Preamble: Short Preamble

SSN: Starting Sequence Number

STA: Station (UE)

STAID: STA Identifier

STBC: Space Time Block Code

SU-MIMO: Single User MIMO

TDD: Time Division Duplexing

TSTAID: Temporary STAID

UEQM: Unequal Modulation

UGI: Uplink Guard Interval

UL-RACH: Uplink Random Access Channel

UL-SCH: Uplink Sounding Channel

UL-SRCH: Uplink Schedule Request Channel

UL-TCH: Uplink Transmission Channel

WAPI: WLAN Authentication and Privacy Infrastructure
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