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Introduction
This document describes the technical approach for IEEE 802.16 operation in channels less than 100 KHz bandwidth. 

PAR Scope (From 802.15-20-0196r1):
This project specifies operation in licensed spectrum with channel bandwidths greater than or equal to 5 kHz and less than 100 kHz. The project will specify a new PHY, and changes to the MAC as necessary to support the PHY. The amendment is frequency independent but focuses on spectrum less than 2 GHz. The range and data rate supported by the narrower channels are commensurate with those of the base standard, as scaled by the reduced channel bandwidth. The project also amends IEEE Std 802.16 as required to support aggregated operation in adjacent and non-adjacent channels.
[bookmark: _Toc69757667][bookmark: _Toc69806804]Terminology
· A continuous band: a continuous spectrum range allocated to an organization and under its exclusive control. Example: the IVDS band in the US consists of 1 MHz between 218 MHz to 219 MHz.
· Private Land Mobile Radio (PLMR) system: Traditional Push to Talk (PTT) conventional or trunked radio voice system.
· A PLMR channel: a channel allocated to PLMR system usage. This is typically a 6.25 kHz, a 12.5 kHz or a 25 kHz wide channel but other channel bandwidths are also used, e.g., 7.5 kHz, 15 kHz and 50 KHz.
· A PLMR band: a spectrum range containing a few some adjacent or non-adjacent PLMR channels.
· A subchannel: a partition of a PLMR channel or a partition of a continuous band which serves as a minimal entity for allocation in the frequency domain. A PLMR channel may be considered a single subchannel or it may be partitioned into multiple subchannels. For example, in a PLMR band with a mix of 6.25 kHz, 12.5 kHz and 25 kHz wide PLMR channels, the subchannel bandwidth may be defined as 6.25 KHz. In this case, a 6.25 kHz PLMR channel will be considered a single subchannel, a 12.5 kHz PLMR channel will be considered as 2 sub-channels and a 25 kHz PLMR channels will be considered 4 sub-channels.  The sub-channel bandwidth is configurable and can go as low as 3.75 kHz.
· A subchannel group: Any subset of sub-channels which is configured as such. The subchannels within the subchannel group may be adjacent or non-adjacent to each other. A subchannel group may consists of a single subchannel or all subchannels in the group.
· Effective Channel: An aggregation of adjacent or non-adjacent subchannels used in one sector[footnoteRef:2]. Two types of channels are supported by this standard: [2:  The terms “channel”, “subchannel” and “subchannel group” are common to both the PLMR band and the continuous band. ] 

· Continuous channel: all subchannels within the channel are available. 
· Non continuous channel: One or more subchannels within the channel are not available.
·  Channel span: the frequency range extending from the low edge of the lowest frequency sub-channel to the high edge of the highest frequency subchannel in the channel.
PHY Description

[bookmark: _Toc30167738][bookmark: _Toc31271400][bookmark: _Toc69757669][bookmark: _Toc69806806]Channels, their partitioning into sub-channel and subchannel groups.
Figures 1, 2 and 3 below shows 3 examples of non-continuous and continuous channels:
· Figure 1 shows the partitioning of a non-continuous channel into subchannels and subchannel groups. Subchannel group #1 consists of a single subchannel while subchannel group 3 consists of 8 subchannels. Certain subchannels, e.g., subchannel #2 are not available. All subchannel groups in this example consists of adjacent subchannels.
· Figure 2 shows an example of the partitioning a non-continuous channel into subchannel groups, some of which consist of adjacent subchannels and some of which consist of non-adjacent subchannels. Subchannel group #3 consist of non-adjacent subchannels. As in the previous case, some of the subchannels, e.g., subchannels 7 &8 are not available.
· Figure 3 shows the partitioning of a continuous channel into subchannels and subchannel groups. 


[image: ]
Figure 1: An example of non-continuous channel partitioning

[image: ]
Figure 2: Partitioning of a non-continuous channel with a non-adjacent subchannel group



[image: ]
Figure 3: Partitioning of a continuous channel





[bookmark: _Toc69757670]

[bookmark: _Toc69806807]Channel span
The channel span may be between the minimum bandwidth of a single subchannel (5 KHz) and up to 10 MHz. Aggregation of the two bands of a paired spectrum where the separation between the two bands exceeds 10 MHz can be implemented by means of frequency translation but such means are not part of this standard.

[bookmark: _Toc69757671][bookmark: _Toc69806808]Self sufficiency
· The sector base station controls the bandwidth of an entire channel:
· All the downlink traffic to the remotes in the sector is transmitted by the base station.
· All the uplink traffic in the sector from the remotes is received at the base station.
· The base station allocates the air interface resources within the channel to the remotes in the sector.
· Each of the remotes in the sector operate over one subchannel group. 
· Subchannel groups are self-sufficient in terms of supporting communication between the base station and remote stations including DL & UL synchronization, ranging, bandwidth allocation and network entry. The remotes send and receive the data over one subchannel group. The remote does not need to listen on any other subchannel outside the subchannel group to support its communication with the base station. 
· Self-sufficiency advantages:
· Multiple types of remotes can be developed depending on the application. For example, the system may employ a low-end remote designed to operate in a single subchannel and a high-end remote designed to operate at any number of subchannels. 
· A remote transmitting in one sub-channel does not need as much power as a remote operating in multiple subchannels. 
· A remote receiving over one subchannel is not subject to interference over the other sub-channels.

[bookmark: _Toc69806809]Waveform
· Transmission in the downlink direction employs OFDM with single carrier per subchannel. FFT sizes of 16, 32, …. through 512 are proposed to support up to 512 subchannels. A subchannel bit map is used to turn off any unused subchannel. 
· Transmission in the uplink direction employs Single Carrier (SC) FDMA for remotes transmitting over one or multiple subchannels. 
· The objective of the single carrier waveform is to reduce Peak to Average Ratio (PAPR) relative to OFDM.

[bookmark: _Toc69757672][bookmark: _Toc30167739][bookmark: _Toc31271401][bookmark: _Toc69806810]
Frame structure

[bookmark: _Toc69757673][bookmark: _Toc69806811]TDD Frame Structure

· The general TDD frame structure is shown in figure 4. It has a DL subframe followed by TTG and then UL subframe followed by RTG. Figures 5 & 6 shows the frame structure in more details. (Note: the PLMR channels may or may not be contiguous)  To maintain per frame overhead at an acceptable level, the per frame overhead components (preamble, FCH and MAPs) are decoupled from the frame, i.e., they are not present in every frame.
[image: ]
Figure 4: TDD Frame
[image: ]
Figure 5: TDD Frame Example 1
[image: ]
Figure 6: TDD Frame Example 2
Each subchannel group can be shared by multiple remotes in the downlink and in the uplink direction. Each of the bursts in figure 5 & 6 above can be allocated to a distinct remote.

Preamble, FCH, pilots and MAPs are transmitted within every subchannel group. They are not required to be transmitted at every frame. Their periodicity is determined as follows:
· Preamble, FCH and pilot signal periodicity is determined by the channel dynamics as needed to maintain synchronization, e.g., static vs mobile application. 
· Map’s periodicity is determined by the characteristics of the application and the need to support efficient air interface resource allocation. 
Figure 5 shows an example of a frame containing Preamble, FCH and MAPs in every subchannel within the frame. Figure 6 shows subchannels 2,4,5,6 and 7 with no FCH and MAP, indicating the allocation is informed in previous frame whereas remaining subchannels are having the FCH and MAPs in the shown frame. In addition, subchannels 2, 4 and 6 do not have a preamble in this frame. 

[bookmark: _Toc30167740][bookmark: _Toc31271402][bookmark: _Toc69757674]

· Frame Duration
[bookmark: _Hlk74062750]The TDD frame duration will be configured based on the application requirements, e.g., latency and throughput, considering the sub-channel bandwidth. Table 1 below shows the minimum frame duration vs subchannel bandwidth. 

	Δf, kHz
	Frame Duration
 in ms

	5
	125

	6.25
	100

	12.5
	50

	25
	25

	50
	12.5


Table 1: Minimum Frame Duration vs Subcarrier spacing.
[bookmark: _Toc30167741][bookmark: _Toc31271403][bookmark: _Toc69757675]TTG and RTG configuration
· TTG configuration is done based on the round-trip delay to be supported. 
· RTG configuration will be based on the RF switching delay requirements.

[bookmark: _Toc69757676][bookmark: _Toc69806812]FDD Frame structure
· The general FDD frame structure is shown in figure 7. It has a DL subframe followed by DLresidue and UL subframe followed by ULresidue transmitted in parallel in DL frequency and UL frequency. DLresidue and ULresidue is the frame duration minus the total time occupied by the useful frame symbols.
· The structure of the DL Subframe and UL Subframe is the same as for the TDD case.


[image: Diagram
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Figure 7:FDD Frame Structure


[bookmark: _Toc69806814][bookmark: _Ref32241721]Resolution of air interface resource allocation

[bookmark: _Toc69806815][bookmark: _Ref74151410][bookmark: _Ref74155404]Bins and slots 
· The minimum air interface resource allocation in the downlink and in the uplink is the slot. It is constructed using configurable bins. 
· A bin spans over one subcarrier/tone across multiple symbols in time, e.g., 9 symbols. 
· A slot contains 6 bins.
· Multiple slots form the various transport block sizes. 
[image: ]
Figure 8: Bin Definition
· The structure of a bin containing 9 symbols is shown in figure 7. This can be modified to improve the spectral efficiency by increasing the data symbols to pilot ratio. 
[image: ]
Figure 9: Slot Definition
[bookmark: _Ref32241862][bookmark: _Toc69806816]Modulation and FEC Rates:
· Preamble and pilots will be modulated with the BPSK modulation.
· Convolutional Coding (CC) and convolutional Turbo codes (CTC) is used with various rates as listed in table 2.

	Modulation
	FEC rate

	QPSK
	1/2

	QPSK
	3/4

	QAM16
	1/2

	QAM16
	3/4

	QAM64
	3/4

	QAM64
	5/6

	QAM256
	7/8



[bookmark: _Resource_Allocation:]Table 2: Modulation and FEC rate
[bookmark: _Ref32241898][bookmark: _Toc69806817]Mapping of bins into slots & bytes vs MCS
· The minimum number of bins needed to form the minimum bytes based on the different modulation and coding schemes is as given in table below:
             
	S No
	Modulation



	FEC Rate
	Min Bins for Byte/s
	Min Bytes for min bins
	Min Bytes for FEC
Block
	Min Slots allocation
for FEC block 

	1
	QPSK
	½
	1
	1
	6
	1

	2
	QPSK
	¾
	2
	3
	9
	1

	3
	16QAM
	½
	1
	2
	12
	1

	4
	16QAM
	¾
	1
	3
	18
	1

	5
	64QAM
	¾
	2
	9
	27
	1

	6
	64QAM
	5/6
	1
	5
	30
	1

	7
	256QAM
	7/8
	1
	7
	42
	1


Table 3: Mapping of bins into bytes and slots


Table 3 above indicates that for QPSK 1/2 a minimum of 1 bin is needed to allocate 1 byte and a minimum of 6 bytes is required to form a FEC block. Therefore, 1 slot is needed to allocate 1 FEC block of 6 bytes. This information can be used to calculate number of slots required for a particular size of data. For example, consider 24 bytes to be allocated:
· QPSK ½: 24*1/6 = 4 slots will be required for transmission.
· 16QAM ½: 24*1/12 = 2 slots will be required for transmission.
· 64QAM 5/6: Minimum byte allocation is 30. 6 bytes [padding is needed. This will require 1 slot for transmission. 
[bookmark: _Toc74057534]Downlink
[bookmark: _Toc74057535][bookmark: _Toc30167743][bookmark: _Toc31271405]Data

[image: ]
[bookmark: _Toc74148890]Figure 10: DL TX Chain with Convolution Coding (CC)

[image: ]
[bookmark: _Toc74148891]Figure 11: DL TX Chain with Convolutional Turbo Codes (CTC)
Randomization
Refer section 8.4.9.1 of IEEE 802.16-2017
FEC Encoder
CC Encoder
Refer section 8.4.9.2.1 of IEEE 802.16-2017
CTC Encoder
Refer section 8.4.9.2.3.1 of IEEE 802.16-2017
Puncturing
CC Encoder
Refer section 8.4.9.2.1 of IEEE 802.16-2017
CTC Encoder
Refer section 8.4.9.2.3.4.4 of IEEE 802.16-2017
Interleaving
CC Encoder
Refer section 8.4.9.3 of IEEE 802.16-2017
CTC Encoder
Refer section 8.4.9.2.3.2 and 8.4.9.2.3.4.2 of IEEE 802.16-2017
Modulation
Refer section 8.4.9.4 of IEEE 802.16-2017. In addition, 256-QAM may be supported for UL and DL data. 
Slot Formation
Refer section Bins and slots. Modulated data samples and pilot signals are placed in respective symbols in a bin. Once slot is formed with the allotted bins then slot is mapped into a respective subcarrier. 
Sub-Carrier Mapping
Data symbols is mapped to a subset of subcarriers. 
IFFT & CP Addition
Refer to section 8.4.2 of IEEE 802.16-2017. 


[bookmark: _Toc74057536]Preamble
The preamble contains the synchronization sequence. The preamble is sent over a single sub-channel within a subchannel group based on the periodicity time configuration.
[image: ]
[bookmark: _Ref32228951][bookmark: _Toc74057721]Figure 12: Preamble in Various Partitioned Continuous channels
Figure 9  shows the way preamble will be transmitted in groups of 1,2,4,8 continuous subchannels. The preamble will be sent over time in one subchannel. 
Preamble sequence is generated from a gold sequence of length 127. Preamble is not always transmitted in every frame but transmitted with a configurable periodicity of frames. In other frames data will be transmitted instead of preamble. In a frame where preamble is to be transmitted, it is placed in the first 127 symbols. Preamble is transmitted in one of the subchannels over the subchannel group. 
[bookmark: _Toc12989402][bookmark: _Toc30167745][bookmark: _Toc31271407]Preamble is BPSK modulated.
[bookmark: _Toc74057537][bookmark: _Toc74057538][bookmark: _Toc74057539]FCH
The FCH specifies coding and size of the IOT-MAP. In order that the MS can accurately demodulate the FCH under various channel conditions, a robust QPSK rate 1/2 modulation is used. 

[image: ]
[bookmark: _Toc74057722]Figure 13 Downlink FCH

[bookmark: _Toc74057540][bookmark: _Toc74057541][bookmark: _Toc74057542]IOT-MAP
IOT-MAP carries information about DL and UL allocation.
[image: ]
[bookmark: _Toc74057723]                                                             Figure 14 Downlink IOT-MAP
[bookmark: _Toc74057543][bookmark: _Toc74057544][bookmark: _Toc74057545][bookmark: _Toc74057546][bookmark: _Toc74057547][bookmark: _Toc74057548][bookmark: _Toc74057549][bookmark: _Toc74057550][bookmark: _Toc74057551][bookmark: _Toc74057552][bookmark: _Toc74057553][bookmark: _Toc74057554][bookmark: _Toc74057555][bookmark: _Toc74057557][bookmark: _Toc74057558][bookmark: _Toc74057560][bookmark: _Toc74057561][bookmark: _Toc74057563][bookmark: _Toc74057564][bookmark: _Toc74057566][bookmark: _Toc74057567][bookmark: _Toc74057569][bookmark: _Toc74057570][bookmark: _Toc74057572][bookmark: _Toc74057573][bookmark: _Toc74057575][bookmark: _Toc74057576][bookmark: _Toc74057578][bookmark: _Toc74057579][bookmark: _Toc74057580][bookmark: _Toc74057581][bookmark: _Toc74057582][bookmark: _Toc74057583][bookmark: _Toc74057584][bookmark: _Toc74057585][bookmark: _Toc74057586][bookmark: _Toc74057587][bookmark: _Toc74057588][bookmark: _Toc74057589][bookmark: _Toc74057590][bookmark: _Toc74057591][bookmark: _Toc74057593][bookmark: _Toc74057594][bookmark: _Toc74057595][bookmark: _Toc74057596][bookmark: _Toc74057597][bookmark: _Toc74057598][bookmark: _Toc74057600][bookmark: _Toc74057601][bookmark: _Toc74057602][bookmark: _Toc74057603][bookmark: _Toc74057604][bookmark: _Toc74057605][bookmark: _Toc74057607][bookmark: _Toc74057608][bookmark: _Toc74057609][bookmark: _Toc74057610][bookmark: _Toc74057611][bookmark: _Toc74057612][bookmark: _Toc74057614][bookmark: _Toc74057615][bookmark: _Toc74057616][bookmark: _Toc74057617][bookmark: _Toc74057618][bookmark: _Toc74057619][bookmark: _Toc74057621][bookmark: _Toc74057622][bookmark: _Toc74057623][bookmark: _Toc74057624][bookmark: _Toc74057625][bookmark: _Toc74057626][bookmark: _Toc74057628][bookmark: _Toc74057629][bookmark: _Toc74057630][bookmark: _Toc74057631][bookmark: _Toc74057632][bookmark: _Toc74057633][bookmark: _Toc74057635][bookmark: _Toc74057636][bookmark: _Toc74057637][bookmark: _Toc74057638][bookmark: _Toc74057639][bookmark: _Toc74057640][bookmark: _Toc74057642][bookmark: _Toc74057643][bookmark: _Toc74057644][bookmark: _Toc74057645][bookmark: _Toc74057646][bookmark: _Toc74057647][bookmark: _Toc74057648][bookmark: _Toc74057649][bookmark: _Toc74057650][bookmark: _Toc74057651][bookmark: _Toc74057654][bookmark: _Hlk12975836][bookmark: _Toc74057655][bookmark: _Toc74057656][bookmark: _Toc74057657][bookmark: _Toc74057658][bookmark: _Toc74057659][bookmark: _Toc74057660][bookmark: _Toc30167747][bookmark: _Toc31271409][bookmark: _Toc74057661]Uplink
[bookmark: _Toc73719848][bookmark: _Toc73720248][bookmark: _Toc73724028][bookmark: _Toc73985382][bookmark: _Toc73985815][bookmark: _Toc73985909][bookmark: _Toc74042490][bookmark: _Toc74148831][bookmark: _Toc30167749][bookmark: _Toc31271411][bookmark: _Toc74057663][bookmark: _Toc30167748][bookmark: _Toc31271410][bookmark: _Toc74057662]Data
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[bookmark: _Toc74148895]Figure 0‑15: UL Tx Chain with Convolutional Coding (CC)

[image: ] 
[bookmark: _Toc74148896]Figure 0‑16 UL Tx Chain with Convolutional Turbo Codes (CTC)
Randomization
Refer section 8.4.9.1 of IEEE 802.16-2017
FEC Encoder
CC Encoder
Refer section 8.4.9.2.1 of IEEE 802.16-2017
CTC Encoder
Refer section 8.4.9.2.3.1 of IEEE 802.16-2017
Puncturing
CC Encoder
Refer section 8.4.9.2.1 of IEEE 802.16-2017
CTC Encoder
Refer section 8.4.9.2.3.4.4 of IEEE 802.16-2017
Interleaving
CC Encoder
Refer section 8.4.9.3 of IEEE 802.16-2017
CTC Encoder
Refer section 8.4.9.2.3.2 and 8.4.9.2.3.4.2 of IEEE 802.16-2017
Modulation
Refer section 8.4.9.4 of IEEE 802.16-2017. In addition, 256-QAM will be supported for UL and DL data. 
Slot Formation
Refer section Bins and slots. Modulated data samples and pilot signals are placed in respective symbols in a bin. Once slot is formed with the allotted bins then slot is mapped into a respective subcarrier. 
DFT
The transmitter groups the modulation symbols into blocks each containing M symbols. The first step in modulating the Single Carrier FDMA subcarriers is to perform a M point discrete Fourier transform (DFT), to produce a frequency domain representation of the input symbols.
Sub-Carrier Mapping
DFT output of the data symbols is mapped to a subset of subcarriers, a process called subcarrier mapping. The subcarrier mapping assigns DFT output complex values to the assigned subcarriers.
IFFT & CP Addition
[bookmark: _Hlk74155292]Refer to section 8.4.2 of IEEE 802.16-2017. 
Ranging
Ranging is performed by MS to synchronize the uplink time and power of transmissions. Ranging allocations will be sent periodically with some offset to the preamble transmission frame. Zadoff-Chu sequences will be used for ranging. 
Ranging is done in two stages, initial ranging and periodic ranging. Ranging sequence of initial ranging of any MS is generated with Zadoff-Chu sequence of length 127 with one of possible 1 to 126 root indices, which is allocated for initial ranging.  For initial ranging this 127-length sequence is placed in 254 symbols in one subcarrier by repeating each symbol twice. Repetition is done in such a way that for first symbol it is placed with cyclic prefix in the beginning and for second symbol with cyclic suffix is placed in the end of symbol and so on for the entire 127 length sequence. So, 127 length sequence is mapped on to 254 symbols in time axis and single subcarrier in frequency axis. 
 Ranging sequence for periodic ranging of any MS is generated with Zadoff-Chu sequence of length 127 with one of possible 1 to 126 root indices from the set which is allocated for periodic ranging.  For periodic ranging normal time axis mapping is done with no repetition across symbols and with cyclic prefix placed in the beginning of symbol. Periodic ranging is done after initial ranging.
Base station needs to detect the round-trip delay, TTG configured should be enough for MS to do the timing advance for UL transmission. 

[bookmark: _Toc12989410][bookmark: _Toc69757685][bookmark: _Toc30167750][bookmark: _Toc69806820]Repetitions

Repetitions will be used to improve the receiver sensitivity in both DL and UL. Up to 128 repetitions will be supported.  
[image: ]
Figure 17: Data Repetition Pattern
[bookmark: _DL_CINR][bookmark: _DL_Interference]
MAC Description

MAC Layer Modifications related to overhead reduction and efficiency.

[bookmark: _Toc69806813][bookmark: _Toc22305637][bookmark: _Toc22314742][bookmark: _Toc22541472]DL/UL Air Interface Resource Allocation
· Allocations of air interface resources in the DL and in the UL for the remotes in the sector is done by the BS. The allocations are communicated to the remotes via DL and UL MAP messages. MAPs are sent over each self-sufficient subchannel group for allocations to remotes present in that subchannel group. 
· The BS may decide to move a remote from one subchannel group to another (e.g., for load balancing purposes), by indicating on the current subchannel group the required change and the new subchannel group for this remote.
· The DL/UL MAP messages will have the following information.
· Remote Identity – Identity of the remote for which is allocation is intended.
· Allocation – A definition of the allocation in terms of start symbol and number of opportunities.
· Validity – Validity of this allocation (Allocation can be valid for one or more frames)
· Indication to change and continue operation with some other subchannel group.
BS Scheduler changes
· Scheduler will schedule allocations for a period which may run over multiple frames. 
· MAP will occur once for every allocation period.  This will reduce the overhead of MAP occurring every frame.
· MAP Period can be fixed or varied. 
MAP Period
· Fixed period: Period is fixed to N frames. Every Nth frame, BS schedules resources for next N frames
· Variable period:  Period can vary from 1 to N, where N is maximum period in frames. There must be limitation on maximum Period as any outstanding request should not wait for long. The maximum limit can be set based various factors like Per-Frame resource, Type of remotes, Latency etc.
· BS scheduler will determine the period based on the traffic requests during the start of every scheduling cycle.
· Period can be shorter in case of low traffic and longer in case high traffic. This approach helps in efficient usage of resources and reduces latency.
Simplification of Network Entry Procedure
· Remotes can quickly enter the network with this simplified approach. 
· The overhead of multiple network entry states (Ranging, Capability negotiations, Registration) can be reduced to single state (Network Attach).
· This will reduce the number of message exchanges between remote and BS.
· The reduced messages (Network Attach) will carry only essential parameters. This will reduce the overhead of message payload size.
Other Reductions
· Combining DLMAP and ULMAP into single MAP message, this will reduce the burst overhead. 
· Compressed Report response message to carry minimum parameters needed for Link adaptation. This message is periodic so reduction in message size will save bandwidth in the long run. 
MAC Layer Modifications related to support of direct Peer to Peer (PtP) communication with no infrastructure
· The PtP implementation can be considered as a private case of a PtMP sector with a single remote.  The two PtP terminals are not identical. One of the terminals serves as the master and the second terminal serves as a slave. 
· The air interface protocol will be optimized for the PtP scenario. This will include the removal of dynamic bandwidth allocation messages.
· This is a separate capability from relaying techniques. Relaying is already defined the base standard. 
· When operating in the PtP mode as a primary mode, if the communication link breaks, the remote may connect through a base station.  


Informative Section – rationale for changes:
System-level PHY Design Aspects

Performance Analysis (derived from SRD:)

[bookmark: yui_3_16_0_ym19_1_1476856068881_20985][bookmark: yui_3_16_0_ym19_1_1476856068881_20986][bookmark: yui_3_16_0_ym19_1_1476856068881_20987][bookmark: yui_3_16_0_ym19_1_1476856068881_20988][bookmark: yui_3_16_0_ym19_1_1476856068881_20989]
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