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[bookmark: _Toc5602][bookmark: _Ref30590]Introduction
At RAN1 #97 meeting, the following agreements and working assumption were made [1]:
Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS
At RAN1 #98bis meeting, the following agreements were reached [2]:
Agreements:
672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X: 
· Set id_net {0, 1, …, 335}
· Set id_oon{336, 337, 338, …, 671}
· The usage of 0 is the same as 0 as in LTE
· The usage of 336 is the same as 168 as in LTE
· The usage of 337 is the same as 169 as in LTE
Agreements:
· Do not support 2/4/8 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively.
Agreements:
· The procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference from the LTE is re-used (as a working assumption) for NR SL
· FFS SSIDs used for each priority
· FFS other potential impacts due to P3/P4/P5
· FFS whether there is an issue with prioritization among references of the same priority
Agreements:
· The following fields with “green” background are agreed
	PSBCH contents
	Number of bits
	Notes

	DFN
	
	

	Indication of TDD configuration
	
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	SL-BWP information
	
	

	In-coverage indicator
	
	

	Type of sync source
	
	

	Slot index within a subframe
	
	

	???
	
	

	CRC
	24
	

	Total bits
	
	



In email discussion [98b-NR-17], following agreements were made:
· PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
o   DM-RS RE mapping
–       Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
o   Same DM-RS sequence generation with NR Uu PBCH
–       length-31 Gold sequence with QPSK modulation
o   FFS DM-RS RE position shift in frequency domain
o   FFS the number of PSBCH symbols that contain DM-RS

[bookmark: OLE_LINK5]In this contribution, we mainly further discuss remaining issues NR V2X synchronization.
[bookmark: _Toc10347]Discussions 
[bookmark: _Toc8024]Sidelink synchronization signal/channel
[bookmark: _Toc14884]Sequence for NR SLSS
At RAN1 #97 meeting, the following working assumption was made:
	Working assumption:
· For the NR SLSS, 
· Same sequence is used for both symbols of S-PSS
· Same sequence is used for both symbols of S-SSS


To use the same sequence over two S-PSS symbols can improve timing detection performance. In fact, LTE V2X uses the same sequence over two symbols of PSSS, and the same sequence over two symbols of SSSS as well. It is natural to reuse the same design philosophy for NR V2X. 
[bookmark: _Toc20691574][bookmark: _Toc14810][bookmark: _Toc29029][bookmark: _Toc23006][bookmark: _Toc20581423][bookmark: _Toc24161249]Confirm the working assumption that same sequence is used for two symbols of S-PSS and same sequence is used for two symbols of S-SSS.
[bookmark: _Toc2419]Timing of S-SSB transmission 
In LTE V2X, one, two or three synchronization resources are configured in a synchronization resource period for in-coverage UEs to transmit SLSS/PSBCH. According to the agreements in RAN1 #98bis, (pre-)configuration of two or three synchronization resources in LTE is reused in NR V2X. Because multiple synchronization resources are included in S-SSB transmission window, offset indicator should be (pre-)configured for each S-SSB transmission window (e.g., for the start of the multiple synchronization resources in S-SSB transmission window). In order to determine timing of S-SSB transmission, two options can be considered.
· Option 1: SFN/DFN + S-SSB time index within transmission window
S-SSB time index within transmission window is mapped to slot index within S-SSB transmission window. This option can reduce indication bits in PSBCH. A pattern for synchronization resources within S-SSB transmission window needs to be (pre-)configured for every SCS. Based on the S-SSB time index derived from the detected S-SSB and the pattern, UE can determine the timing of synchronization reference and the positions of other synchronization resources for S-SSB transmission. But it should be noted that the out-of-coverage UEs cannot know the pattern configured in coverage.
· Option 2: SFN/DFN + subframe number + S-SSB slot index within a subframe
Subframe number and slot index of S-SSB within a subframe are indicated in PSBCH. In this way, there is no need for S-SSB pattern (pre-)configuration. Both the in-coverage UE and the out-of-coverage UE can determine the timing of synchronization reference only based on indicated information.
Due to its native support to OOC UE, we prefer to support option 2.
[bookmark: _Toc19721][bookmark: _Toc24161250]The timing of S-SSB is indicated based on SFN/DFN, subframe number and S-SSB slot index within a subframe.
[bookmark: _Toc8482]PSBCH DM-RS design
The email discussion [98b-NR-17] leaves two pending issues as following. 
· DM-RS RE position shift in frequency domain
It is reasonable to reuse the DM-RS design of NR Uu PBCH given there is only one meeting left for Rel-16 NR V2X WI. To determine DM-RS RE position shift in frequency domain, SL-SSID can replace cell ID, i.e., v = SL-SSID mod 4, where v is the shift value of DM-RS RE position. 
In the LTE V2X synchronization reference selection procedure, the UEs selecting the same timing reference (with the same synchronization priority order) derived from the same synchronization source would select the same SL-SSID. As a working assumption, the LTE synchronization reference selection procedure is reused in NR V2X. Based on the synchronization reference selection and same DM-RS RE position shift in every symbol of PSBCH, the reference UEs with the same timing reference will send S-SSB with same PSBCH DMRS RE shift in frequency domain. SFN transmission of S-SSB would not be impacted.
[bookmark: _Toc25600][bookmark: _Toc24161251] SL-SSID instead of cell ID is used to determine the frequency domain shift of DM-RS RE in all DMRS symbols of PSBCH.
· the number of PSBCH symbols that contain DM-RS
With the PSBCH evaluation assumption, the channel coding rate is low regardless whether every PSBCH symbol has DM-RS or every other PSBCH symbol has DM-RS (the code rate are 0.035 and 0.030 respectively). The difference would not impact PSBCH performance significantly. 
We evaluate PSBCH performance with 8 symbols for PSBCH (the first symbol in the slot is punched for AGC), including the following two cases. Other simulation assumptions can be found in Appendix A. 
Case 1: every PSBCH symbol has DM-RS
Case 2: every other PSBCH symbol has DM-RS (i.e., every two PSBCH symbols have one symbol containing DMRS)
[image: ]
Fig. 1 PSBCH decoding performance for 240 km/h
The performance results in Fig.1 show that case 1 has a slight performance gain over case 2. This is because the channel coding rate difference between the two cases is not large, while the performance difference of channel estimation due to different DMRS densities plays a key role.
[bookmark: _Toc10895][bookmark: _Toc20691159][bookmark: _Toc20581369][bookmark: _Toc11088][bookmark: _Toc7474984][bookmark: _Toc7118][bookmark: _Toc4170][bookmark: _Toc13087][bookmark: _Toc24161245][bookmark: _Toc27001]For PSBCH DM-RS, case 1 (every PSBCH symbol has DM-RS) shows better performance than case 2 (every other PSBCH symbol has DM-RS). 
[bookmark: _Toc18401][bookmark: _Toc24161252]Every PSBCH symbol has DM-RS.

[bookmark: _Toc23345]PSBCH content  
· TDD configuration
System-wide information, e.g., TDD-UL-DL-ConfigCommon is indicated for potential SL slots, e.g., only UL slots are indicated. With the largest period of 10ms and two-period configuration, the payload size of this field could be very large. For example, in TDD-UL-DL-ConfigCommon, the field dl-UL-TransmissionPeriodicity (configuration period) needs 3 bits to indicate 8 values. For the indications of uplink slots (nrofUplinkSlots) and uplink symbols (nrofUplinkSymbols), 9 bits and 4 bits are needed respectively. So 32 bits are needed totally to indicate TDD configuration information if two periods are considered and only UL slots/symbols are necessarily indicated. If flexible slots are additionally indicated, the number of bits would be more. 
The TDD configuration information can consume less number of bits if it is indicated by means of index. For example, all TDD configurations supported for sidelink are included in a table. Some parameters, such as configuration periods (including two periods) and UL slots or sidelink slots, are included in the contents of configuration. Each configuration is mapped to one table index. The detecting UE can determine the values of TDD configuration corresponding to the synchronization reference UE according to the indicated index. The number of TDD configurations supported for NR V2X is based on the length of indication bits. For example, 8 bits can support 256 kinds of TDD configurations. 
· SL-BWP information
According to the higher layer parameters for Rel-16 5G V2X [3], the maximum bandwidth supported for SL-BWP is 275 PRBs. If frequency domain location and bandwidth of SL-BWP are indicated separately, 18 bits are needed. If SL-BWP information (including frequency domain location and bandwidth) is indicated by means of RIV (resource indicator value), only 16 bits are enough. 
· Slot index within a subframe
The largest SCS supported for S-SSB transmission in Rel-16 5G V2X is 120 kHz, and at most 8 slots are included within a subframe. So 3 bits is needed to indicate slot index within a subframe. By one-to-one mapping, the slot index within a subframe can be mapped to the index of the DM-RS sequence of PSBCH. 
· Subframe number
Subframe number within a frame needs to be indicated so that the S-SSB timing can be determined accurately. 4 bits are needed. 
· Type of sync source
From the perspective of synchronization procedure, the type of sync source, e.g., GNSS or gNB/eNB, does not impact the selection of reference UE or S-SSB transmission. In LTE V2X, the type of sync source is not indicated in PSBCH. Similarly, it is not necessary to indicate type of sync source in NR PSBCH.
In summary, the proposed contents of PSBCH are listed in the Table 1.
Table 1 Proposed contents of PSBCH
	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	[8]
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	SL-BWP information
	16
	

	In-coverage indicator
	1
	

	Subframe number
	4
	

	Slot index within a subframe
	0 (by PSBCH DMRS)
	

	Reserved
	X
	

	CRC
	24
	

	Total bits
	63+X
	



[bookmark: _Toc29533][bookmark: _Toc24161253]SL-BWP information and subframe number are indicated in PSBCH. Slot index within a subframe is indicated implicitly by one-to-one mapping to the index of the DM-RS sequence of PSBCH.
[bookmark: _Toc24161254]In order to reduce payload size of PSBCH, TDD configuration is indicated by index of TDD configuration table.
[bookmark: _Toc13277]Synchronization procedure
RAN1 #98bis meeting made a working assumption to reuse in NR V2X the LTE V2X procedure for signaling, identifying priority for one or more synchronization references and selecting the synchronization reference.
Given this is the last meeting left in WI, it is reasonable to confirm this working assumption and not to pursue other solutions.
[bookmark: _Toc17862][bookmark: _Toc24161255]Confirm the working assumption of reusing in NR V2X the LTE V2X procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference.
· SL SSID
According to the agreements of last meeting, 672 SL-SSIDs are divided into 2 sets to indicate different synchronization priorities following a similar approach as in LTE-V2X. In detail, the SSID selection, in-coverage indication set and sync resource selection in NR V2X can be further analyzed as Table 2.
Table 2 UE behaviors
	Sync priority level
	SSID
	In-coverage indicator
	Sync resource

	P0/P0’/P3/P3’
	
	
	

	P1/P4’
	0
	1 or 0
	Offset1 or offset3

	P2/P5’
	0 or 337
	0 
	Offset1 or offset2

	P4/ P1’
	1~335
	1
	Offset1

	P5/ P2’
	1~335
	0
	Offset2

	P6/P6’
	338~671
（336 & 337 only for GNSS-based）
	0
	Offset1 or offset2



[bookmark: _Toc24161246]Based on RAN1 #98bis agreement, SSID selection, in-coverage indication set and sync resource selection corresponding to sync priority are further clarified in Table 2. 

[bookmark: _Toc27598]Conclusion
This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals and observations:
Observation 1:	For PSBCH DM-RS, case 1 (every PSBCH symbol has DM-RS) shows better performance than case 2 (every other PSBCH symbol has DM-RS).
Observation 2:	Based on RAN1 #98bis agreement, SSID selection, in-coverage indication set and sync resource selection corresponding to sync priority are further clarified in Table 2.

Proposal 1:	Confirm the working assumption that same sequence is used for two symbols of S-PSS and same sequence is used for two symbols of S-SSS.
Proposal 2:	The timing of S-SSB is indicated based on SFN/DFN, subframe number and S-SSB slot index within a subframe.
Proposal 3:	SL-SSID instead of cell ID is used to determine the frequency domain shift of DM-RS RE in all DMRS symbols of PSBCH.
Proposal 4:	Every PSBCH symbol has DM-RS.
Proposal 5:	SL-BWP information and subframe number are indicated in PSBCH. Slot index within a subframe is indicated implicitly by one-to-one mapping to the index of the DM-RS sequence of PSBCH.
Proposal 6:	In order to reduce payload size of PSBCH, TDD configuration is indicated by index of TDD configuration table.
Proposal 7:	Confirm the working assumption of reusing in NR V2X the LTE V2X procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference.
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[bookmark: _Toc26173]Appendix: Simulation assumptions
Simulation assumptions for PSBCH evaluation
	Parameter
	Value

	Carrier frequency
	6 GHz

	Bandwidth
	11 RB

	Channel
	urban-NLOS

	MCS
	QPSK

	Channel coding
	Polar

	Subcarrier Spacing
	15kHz

	Antenna configuration
	2T*2R

	UE (relative) speed
	240/500 km/h

	SNR range
	> -6 dB

	Number of symbols for PSBCH
	8

	PSBCH payload size
	56 (including 24bits CRC)

	Receiver handling of first symbol used for AGC
	In the 1st symbol, DMRS REs are not used for channel estimation and data REs are punctured

	Channel estimation
	MMSE
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case1: every PSBCH symbol has DM-RS  

case2: every two PSBCH symbols has DM-RS


