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Introduction

802.15 Task Group 3e (TG3e) is preparing to accept technical proposals for consideration as the solution of choice for Amendment e to the IEEE 802.15.3 specification. In considering proposals, TG3e has certain requirements and expectations that it seeks to fulfull. This document provides guidance to help proposal writers deliver proposals that meet those expectations in the most efficient way possible.

[bookmark: _Toc408826419][bookmark: _Toc418613979]Applications
One of the key issues in a traditional wireless LAN system environment is the density of access points (AP). For example, at the venue of the IEEE 802 wireless interim meeting in January 2014 (at the Hyatt Century Plaza, Los Angeles), a laptop PC showed many SSIDs in the 2.4 GHz band (802.11 b/g), indicating there were a lot of APs operating, as shown in Figure 1. In such an environment where the APs interfere heavily with each other, actual observed transmission rates are far from the maximum rate specified in the standard (e.g. 54 Mbps). The measured throughput for 11g at that time was down to 1.1 Mbps.

[bookmark: _Ref389496582][image: ]
Figure 1.　Observed wireless LAN APs （Hyatt Century Plaza Los Angeles, January 2014）

A close proximity P2P solution resolves this interference issue by limiting the communication range and by simplifying the network topology. In that way, many transactions can be conducted in the same room or area without degrading throughput. Close proximity P2P applications such as file exchanges enable high speed transfer of large data files (photo, video, images, etc.) between  two electronic devices, including smartphones, digital cameras, camcorders, computers, TVs, game products, and printers. Using this technology, data can be sent at high speed with a single touch. A user can push any data file from her/his mobile device to another mobile/stationary devices by means of a simple touching action. 
Kiosk downloading
Kiosk terminals (including interactive signages) located in public spaces can function as electronic data dispensers providing high-speed file downloading services The user stops in front of  the kiosk terminal, selects a content (e.g., from a list shown in the kiosk menu) and lays his/her portable device on the indicated area of the terminal. The file of the selected content is transmitted wirelessly and stored in the user’s portable device. In general, total transmission time should be kept under about 3 seconds to avoid making the user feel the waiting time.

An overview of a typical service provided by the kiosk system is illustrated in Figure 2. This service supports portable terminal users transferring high-speed files from/to content providers or storage services (cloud services). The user’s portable terminal and the network are connected via a kiosk terminal. Wireless connection between the portable terminal and the kiosk terminal is not provided by conventional cellular systems nor a wireless LAN but by a non-contact wireless communication system whose transmission range is 50 mm or less. The kiosk terminals are typically located in public areas such as train stations, airports, malls, convenience stores, rental video shops, libraries, and public telephone boxes. When a user touches the kiosk terminal with his/her portable terminal, data files are uploaded to the network or downloaded to the portable terminal. A close proximity P2P system having a basic connecting image as shown in Figure 3  and offering this non-contact wireless transmission shall be defined in the standard.

[image: ]
[bookmark: _Ref389569112]Figure 2 An overview of typical services provided by the kiosk system
[image: ]
[bookmark: _Ref397017349]Figure 3 Basic image of a close proximity P2P

[bookmark: _Toc398043725]
Close proximity P2P application such as file exchange enables high speed transfer of large data files (photo, video, images, etc.) between two electronic products such as smart phones, digital cameras, camcorders, computers, TVs, game products, and printers. Using this technology in its simplest form, data can be sent at high speed with just a single touch. For such a use case, a user can push any data file from her/his mobile terminal to another mobile/stationary terminal with just a touching action. In certain cases, the user may select specific data to send as well as location to store (or method to process) received data before the actual touch operation. For example, students can share music with friends merely by touching the smartphone to the music player. A tourist can store and archive digital video simply by placing the smartphone close to the PC. 


[bookmark: _Toc413690741][bookmark: _Toc398043726]Actual data Downloading Time
Table 1 compares download times between systems using this standard and conventional systems (TransferJetTM and IEEE802.11ac). In the File Exchange (vending machine) use case, a user may send/receive these large data files between her/his smartphone and another mobile/stationary terminal (kiosk terminal) by means of a short distance (close proximity) connection. Data transmission rate shall be maintained above a few Gbps since it is important to complete data transfer almost instantaneously.
[bookmark: _Ref389581302]Table 1. Actual Data Downloading Time Comparison
	[bookmark: _Toc392508521][bookmark: _Toc392508582]Content type
	[bookmark: _Toc392508522][bookmark: _Toc392508583]File size (MB)
	[bookmark: _Toc392508523][bookmark: _Toc392508584]Download time (sec)

	
	
	 Sample *3
	TransferJet

	[bookmark: _Toc392508524][bookmark: _Toc392508585]802.11ac *4


	
	
	(16QAM)
	(64QAM)
	（1024QAM）
	
	

	
	
	Effective Throughput
4.6 Gbps
	Effective Throughput
 6.9 Gbps
	Effective Throughput
66 Gbps *5
	Effective Throughput
375 Mbps
	[bookmark: _Toc392508525][bookmark: _Toc392508586]Effective Throughput
[bookmark: _Toc392508526][bookmark: _Toc392508587]740 Mbps

	Book
	1
	0.002
	0.001
	0.0001
	0.021
	[bookmark: _Toc392508527][bookmark: _Toc392508588]0.011

	Comic
	30
	0.05
	0.03
	0.003
	0.64
	[bookmark: _Toc392508528][bookmark: _Toc392508589]0.32

	Magazine
	300
	0.5
	0.3
	0.03
	6.4
	[bookmark: _Toc392508529][bookmark: _Toc392508590]3.2

	Music (1hour) *1
	60
	0.10
	0.07
	0.007
	1.3
	[bookmark: _Toc392508530][bookmark: _Toc392508591]0.65

	Movie (1hour) *2
	450
	0.8
	0.5
	0.05
	9.6
	[bookmark: _Toc392508531][bookmark: _Toc392508592]4.9

	Movie (2hour) *2
	900
	1.6
	1.1
	0.11
	19.2
	[bookmark: _Toc392508532][bookmark: _Toc392508593]9.7

	Short 4K Video (1 min) *6
	263
	0.5
	0.3
	0.031
	5.65
	2.8

	Short 4K Video (5 min) *6
	1313
	2.3
	1.5
	0.15
	28.0
	14.2

	
	[bookmark: _Toc392508533][bookmark: _Toc392508594]*1: 　MP3 (Bitrate = 128 kbps)　
[bookmark: _Toc392508534][bookmark: _Toc392508595]*2:　H.265 （Hi-definition, Bitrate = 1 Mbps）
*3:    Data rates in Table 3 are used. MAC efficiency is assumed to be 70%
*4:    Nss = 1，MCS#9，Bandwidth=160 MHz，GI = 400 nsec，MAC efficiency is assumed to be 85%
*5　 Four channels aggregated
*6 　4K/60p, HEVC/H.265 (bit rate = 35 Mbps)



[bookmark: _Toc413690742][bookmark: _Toc398043727]Time duration for link establishment
Figure 4 shows a use case example of high-speed file downloading from a kiosk terminal located in a public space. The user stops in front of  the kiosk terminal, lays his/her portable terminal on the indicated area of the kiosk terminal and selects a content from the list shown in the kiosk menu. After the user sends a command to start downloading, the file of the selected content is transmitted wirelessly and stored in his/her portable terminal.　Total transmission time should be no more than 3 seconds for which 83 % people can wait without undue stress, as shown in Table 2[1].
[image: ]
[bookmark: _Ref390453783]Figure 4. A use case of content downloading at a kiosk terminal in a public area

Table 2. User Survey of Waiting Time for Website Response:
How long can you wait for a response from a website without feeling stress? [1]

	Waiting Time for Website Response
	Cumulative percentage (%)

	3 sec
	83.0

	5 sec
	59.2

	8 sec
	51.7

	10 sec
	26.7

	15 sec
	13.4

	More than 30 sec
	5.4





Ticket gates
Ticket gates (e.g. wickets, toll gates) are a related use case, in train stations, stadiums, theme parks and other venues where the customers/passengers use tickets or tokens having non-contact communication functions. In this use case, the user generally does not fully stop in front of the kiosk for the non-contact communications but instead briefly touches the specified spot while walking through the gate　（Figure 4）. The link setup shall be capable of completing within 2 msec. In order to avoid misconnecting the tickets with unintended nearby terminals such as those associated with adjacent lanes, the maximum transmission range must be specified in the system. Defining an upper limit for the transmission range is essential for ticket gates, and this value should be kept, when implemented without any steering or beamforming, to within 50 mm for the minimum required rate.

[image: ]
Figure 4

In the use case for “toll gates (wickets) in train stations” which require the shortest transmission time, the link setup time must be kept very short. Figure 5 (a) shows the relationship between the maximum file size which can be downloaded within the total touch time (250 msec) and the link setup time (time for link establishment). The duration during which a passenger’s IC card is within the communication range (50 mm radius) on the toll gate is about 250 msec. (This value is estimated from actual toll gates at train stations in Japan[4]. Throughput is set at 4.6 Gbps, 6.9 Gbps, 28 Gbps and 66 Gbps in the figure. As shown in (b) which shows a magnified portion of (a), when the link establishment is completed in 2 msec and the throughput is set to 28 Gbps, the remaining 248 msec can be allocated to the actual data transmission time and a 859 MB file (a 114 min HD video, corresponding to a typical 2-hour TV program in Japan) can be downloaded. Hence the link establishment shall be completed within 2 msec or less. As the figure shows, it is important to minimize this link setup time.

[image: ]
(a)


[image: ]
(b)
[bookmark: _Ref397076415]Figure 5. (a) shows the maximum file size which can be downloaded within 250 msec  including the link setup time (time for link establishment).  The actual data transmission is done within the remaining time. 

Figure 5. (b) shows a magnified portion of (a).. When the link setup time is 2 msec, for example, the actual data transmission time is 248 msec. With a throughput of 28 Gbps and link setup time of 2 msec, a 114-minute HD movie can be transferred. The shorter the link setup time, the larger the possible download file size, hence it is important to minimize the link setup time.


Wireless data storage
These close proximity P2P applications will be realized by wireless storages products such as wireless flash memory device, wireless SSD (solid-state drive) device, game card, smart poster, as well as electronic products. The reasons why wireless storage products will become important  in our daily lives are the following:

1) The size of contents will grow increasingly: movies, music, mobile app-zines, video clips, etc.
2) In data file transferring, P2P will be beneficial to users by reducing user mobile payments, mobile data usages via networks, and to network operators by allowing off-loading of traffic and reducing the burden on the networks

Hence, user devices in close proximity P2P communications will generally be mobile device. Occasionally, User devices will be wireless storage devices such as wireless flash memory. 

The wireless storage capability may reside inside a smart poster located in public spaces such as street signage or in movie theaters, wall boards at airports or railway stations, and guidance posts including maps or other information in shopping malls. The storage capability can also be used in a portable device to store private information or large multimedia content.

For smart posters, a user can take any data file from the standalone storage device on a billboard to her/his mobile device by means of a touching action. 
For portable storage devices, the wireless connection is established as soon as the user places his/her storage device on the indicated area on a TV or a PC (or on an external cradle/pad). The wireless storage device can remain linked until the user takes the device away. 
 

[bookmark: _Toc413690751] Spatial division transmission method for 100 Gbps
To attain higher throughput, higher multilevel modulation and spatial division multiplexing such as MIMO may be utilized. Table 3 shows the combination of modulation and MIMO for higher transmission rates.This table is based on the frequency channels for the 60-GHz band shown in Figure 7. By utilizing MIMO, more than 100 Gbps rates become possible. As described above for the kiosk application, the propagation channel will not be multipath-rich. Thus the use of short-range MIMO transmission employing appropriate element spacing in the array antennas is effective [5]. Without using spatial division but only multilevel modulation and channel aggregation, it is difficult to achieve 100 Gbps. 1024-QAM with four-channel aggregation can only provide 46 Gbps transmission rate. On the other hand, by using MIMO, more than 100 Gbps can be achieved.

[bookmark: _Ref389573249]Table 3.　Options for higher transmission rates:
This table is based on the frequency channels in the 60 GHz band.
70% MAC efficiency is assumed in the calculation of transmission rates and transmission times. 
Channel bandwidth is 1.76 GHz and coding rate is set to 14/15.

	Modulation
	No. of aggregated frequency channels
	MIMO
	Rate [Gbps]
	Data transmission time for a 2-hour movie  (0.9 GB) [sec]

	16QAM
	1
	(SISO)
	4.6
	1.57

	64QAM
	
	
	6.9
	1.04

	64QAM
	4
	
	27.6
	0.26

	256QAM
	
	
	36.8
	0.20

	1024QAM
	
	
	46.0
	0.16

	16QAM
	2
	16x16
	147.2
	0.05

	64QAM
	1
	
	110.4
	0.07




[bookmark: _Toc398043730][bookmark: _Toc392508598][bookmark: _Toc413690745]Specific issues with respect to regulations

The system uses the 60 GHz unlicensed band. The channel plan is the same as that of IEEE802.15.3c. Figure 7 shows the allocation of the 60 GHz unlicensed band in various countries. As the figure shows, Ch2 and Ch3 within this band are available in most countries. Hence the system shall support the use of these two channels.
[image: ]
[bookmark: _Ref389479828]Figure 5　Unlicensed spectrum allocation in 60 GHz[3]. The limitation of the transmission power is described in Table 95 of IEEE802.15.3c
There is no regulatory requirement with respect to carrier sensing. 

For unlicensed use in the 60 GHz band,
In Japan: requirement for carrier sense is not described in ARIB STD-T74 1.1[6].
In Europe:  requirement for carrier sense is not described in ETSI EN 302 567[7].
In US: [8] indicates on page 59847 that the regulations do not require carrier sense function. (It describes that existing WPAN standards have already adopted interference avoidance techniques

 Informative Addendum – Touchless Gate

A “Touchless Gate System” (wicket) is a class of device which, although not directly addressed by the specs, can still be fully interoperable with the 3e specifications. This new touchless implementation is realized by modifying the near -field radio characteristics using high gain antennas.

Figure 9 illustrates a millimeter-wave shower zone formed by such a high gain antenna. This arrangement expands the spatial coverage of the basic close proximity system, effectively creating a column-shaped millimeter-wave shower zone [9-13]. As shown in Figure 10 and Figure 11, this gate system is composed of a stack of contiguous shower zones. Users passing through this gate are connected to the gate system on a first-come, first-serve basis (i.e., P2P can be guaranteed by connecting using a first-come, first-serve scheme). Transmission distance is longer than that for toll gates (50 mm), shown in Figure 5. In order to avoid misconnecting the kiosks with unintended nearby terminals , the use of wave shields and wave absorbers may be needed to compartmentalize the zones, as depicted in Figure 11.
[bookmark: _Ref404257894][image: ]
Figure 6. Millimeter-wave shower zones formed by high gain antenna
[image: ]
[bookmark: _Ref404257906]Figure 7. Touchless Gate System, composed of a combination of several stacked millimeter-wave shower zones. Mobile devices (green circles) automatically make P2P connections with the Touchless Gate while traversing the zone, without requiring any physical touch.

[image: ]
[bookmark: _Ref404258090]Figure 8. Touchless GATE system with wave absorber.

 Informative Addendum – Wireless Power

Mobile wireless storage products may or may not have a power source (or battery). In case of wireless storage products without an internal power source, the device with the power source will need to supply power to the other device via some form of wireless power transmission. 

[bookmark: _Toc408826420][bookmark: _Toc418613980]Technical Requirements

The proposal shall show how all requirements specified below are satisfied.
Functional requirements
Connection topology
For the Close Proximity system, the connection is always limited to two devices and the topology is required to be Point-to-Point (P2P).

Media access mechanism
The close proximity P2P system shall have the following features to achieve its basic requirements:
· Link setup without any network identifiers
· Network topology always limited to two devices
· Link setup time of 2msec or less, prior to entering active state, to meet application requirements
· A means of ensuring spatial division from other systems without beamforming
· CSMA/CA not required prior to data transmission
· No periodic management frame transmission after connection establishment.
· A method to estimate whether a peer device drew apart and a procedure to promptly dissolve connection and change to a standby state when such estimation is made.


QoS
Because of the P2P connectivity, QoS mechanisms are not applicable.
Security
Because of the limitation of the transmission range, security mechanisms for the PHY and MAC layers may be omitted for a close proximity P2P system.

Power management
Close proximity P2P communications, where at least one of the two P2P devices in the system will be mobile/handheld, is expected to have extremely short active time. In this regard, the system shall be designed to enable low power consumption in standby state. Furthermore, the system should be designed to have low power consumption in the active state. No additional, special power management schemes are required.

Performance requirements

Operational frequency band
The system shall use the 60  GHz unlicensed band. The channel plan is based on that of IEEE802.15.3c. Ch2 is the default channel. Ch2 and Ch3 in this band are designated as unlicensed bands in many countries. Hence the system should support the use of these two channels. Channel bonding or aggregation may be used.

Transmission range
The maximum transmission range will define the close proximity area to allow the touch operation but should be kept to within 100 mm, without any steering or beamforming, when operating at the minimum required rate as defined by each proposal. Likewise, the two P2P devices should disconnect if the separation between the two becomes larger than the close proximity area.

Spectral efficiency
MIMO may be used.

Data rate
The data rates should be sufficient to support the proposed use cases in conjunction with the operational frequency plan and channel model, operating at PHY rates up to 100 Gbps.  

Link budget

The propagation loss is based on free-space communication under far field, with no obstacles except for terminal cases. Coding gain and target packet error rate would be determined depending on the PHY and protocol technologies. The reference table below contains basic information in regards to link budget calculations.

The proposal should include evidence that the system meets the requirement in Section 2.2.2 (Transmission range). For example, the proposal may show the maximum transmission range by indicating that the system margin drops below 0 dB at that distance.

Table 4 Example Link Budget:
	
	Part
	Symbol
	Value
	Unit
	Notes

	Tx side

	(a)
	Average Tx power level
	Pt
	-5.0 
	dBm
	　

	(b)
	Tx_ANT gain
	Gt
	-2.0 
	dBi
	including radiation loss

	Implementation and propagation loss

	('c)
	Implementation loss
	IL
	6.0 
	dB
	including cable feeder loss and case loss,

	(d)
	Center frequency
	fc
	64.8 
	GHz
	　

	(e)
	Transmission
loss at 1m
	PL
	68.7
	dB
	PL = 10n*log10(4πfc/c) under free space loss as n = 2

	Rx side

	(f)
	Rx_ANT gain
	Gr
	-2.0 
	dBi
	including radiation loss

	(g)
	Thermal noise
	Nth
	-173.8 
	dBm/Hz
	　

	(h)
	Rx NF
	NF
	8.0 
	dB
	　

	(i)
	Signal Bandwidth
	BW
	1.760
	GHz
	　

	(j)
	Symbol rate
	SymR
	92.5 
	dBHz
	SymR = 10log (BW)

	(k)
	Noise power level
	NP
	-73.3 
	dBm
	NP = Nth+NF+SymR on signal bandwidth

	(l)
	Required Es/No for FER=8%
	EsNo
	12.0 
	dB
	Specify MCS in the proposal
Payload length = 214 octets

	(m)
	System margin
	SysM
	0.0 
	dB
	　

	(n)
	Required Rx level
	ReqRx
	-61.3 
	dBm
	ReqRx = NP+EsN0+SysM

	Maximum transmission range

	(o)
	Allowable path loss
	APL
	46.3
	dB
	= Pt+Gt-IL+Gr-ReqRx

	(p)
	Maximum transmission range
	MaxD
	7.6 
	cm
	d = 10^((APL-PL)/10n)




[bookmark: _Toc418613981][bookmark: _Toc408826421]Regulatory requirements
 
The output RF power levels and other regulations for each country which allow the use of the unlicensed 60 GHz band shall be followed.
[bookmark: _Toc418613982]Evaluation criteria

All the requirements and conditions specified in this document as well as in the separate CMD must be satisfied in order for a proposal to be considered as a valid submission. The proposal shall demonstrate that throughput and range are achievable using the channel model described by the CMD. The main points are summarized below:

a) PHY criteria
     1. Communication distance:  Must demonstrate link budget values at a distance of 10 cm based on simulation. Refer to Annex A of this document for the simulation conditions.
     2. Frequency: Shall operate within the 60GHz unlicensed band
     3. Interference: Shall be able to operate in dense environments without mutual interference among 3e devices 
     4. Coexistence: Shall be able to coexist with other systems in the same band when operating without any beamforming technology
     5. Calculated data rate at the PHY SAP: At least one mode shall be capable of achieving 100 Gbps satisfying the common frequency regulations of US, EU, Korea, and Japan
     6. Antenna form factor:  The antenna used for satisfying the other PHY criteria shall be small enough for placement and operation inside a mobile device, including smartphones.

b) MAC criteria
     1. Connection setup time: less than 2 ms
     2. Definition of "Connection setup time": time from first successful reception of all necessary information from the management frame(s) to completion of association by both devices.
     3. P2P: Operation shall be limited to point-to-point connection between two devices only
     4. No identifiers: Connection setup shall be performed without exchanging network identifiers (PNID) for each session
     5. NO CSMA: No Listen before Talk (or CSMA) shall be used prior to transmission
     6. Management frames: No periodic management frames shall be transmitted after completion of association
     7. Data throughput: Shall be calculated at the MAC SAP
     8. Error detection and correction: In the presence of random and burst errors,  there shall not be serious throughput degradation nor falling into unstable states

 c) System criteria
     1. Touch action: Bringing the antennas to within about 1 cm shall trigger the two devices to establish connection. Accurate spatial alignment shall not be required.
     2. Disconnection: Shall be able to disconnect promptly when devices draw apart beyond 10 cm
     3. Efficient design: System shall achieve high throughput and low latency using simple design.
    4. Mobile devices should be energy-efficient.


[bookmark: _Toc408826422][bookmark: _Toc418613983]References
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[bookmark: _Toc418613984]Annex A.  Simulation scenarios
 
The performance simulations shall include the implementation impairments of the followings such as power amplifier non-linearity and phase noise models. 
 
A.1  Simulation overview
PHY simulation should be done in such scenarios as listed below.
1) – Simulation Overview --
2) Carrier frequency offset
3) Phase noiseNoise figure
4) Antenna gain
5) Channel model
6) Simulation configuration

Each model is described below.

A.2 Power amplifier (PA) nonlinearity
In order to model the nonlinearity of the radio-frequency (RF) power amplifiers (PA), a modified RAPP model shall be used as follows. 
Saturation of amplitude, or AM-AM conversion, is modeled by using [Ref_11-00-0294-00]

,
where Vout is amplitude of output voltage of RF signal, Vin is the amplitude of input voltage of RF signal, Vsat is the limiting output amplitude (saturation level), and p is the smoothness parameter (typically 2 ~ 3) defining the transition smoothness from the linear region to the saturated region.
On the other hand, phase shift due to the nonlinearity of the amplifier, or AM-PM conversion, is modeled using this modified RAPP model[Ref_15-04-0255-00]

.
Here,α, β, and q are parameters for adjusting the descending slope to an appropriate one. Specify backoff from full saturation used in the simulation calculated as PA Backoff = –10 log10 (Average TX Power/Power at saturation) for each rate.

A.3 Carrier frequency offset
Simulations for all comparisons except Offset Compensation shall be run using a fixed carrier frequency offset of 0 ppm at the receiver, relative to the transmitter.
The symbol clock shall have the same relative offset as the carrier frequency offset. Simulations shall include timing acquisition on a per-packet basis.

A.4 Phase noise
The phase noise shall be specified with the following model

,
where fz  is the zero frequency, fp is the pole frequency. Note that this impairment is modeled at both transmitter and receiver. 

A.5 Noise figure
Input referred total noise figure from antenna to output of the A/D shall be 8 dB.

A.6 Antenna Gain
In SISO systems, antenna gain is defined relative to an isotropic antenna. In MIMO systems which are referred as spatial multiplexing-based systems, each antenna gain is defined by the same principle as for SISO systems. Antenna configuration assumptions for MIMO systems consist of a uniform matrix array at both ends of the radio link with an antenna coupling coefficient of zero.

The above does not preclude any submitted proposal from using actual antenna gain and coupling in the simulations if desired. 

A.7 Channel model
[bookmark: _GoBack]System performance shall be simulated both in the free-space AWGN channel and in multipath channels. The multipath channel models are specified by the channel model document [15-15-0279-02]. 

A.8 Simulation configuration
This depicts the simulation configuration for the development of IEEE802.15.3e. The following configuration will be assumed for the evaluation of the PHY performance.

[image: ]


<End of document>
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