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[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 #98 meeting, the following agreements were reached [2]:
Agreements:
· The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.
Agreements:
· 160ms is supported as the S-SSB periodicity for all SCS.
· The number of S-SSB transmissions within one S-SSB period is (pre)configurable
· For 15kHz SCS, {1, [2]}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {???}
· For 120kHz SCS, {???}
· FFS details for the multiple S-SSB transmissions within one S-SSB period (the set of slots, repetition?, etc.)
Update on Friday:
Agreements:
The following values with change marks are further agreed:
· Note: the values in bracket are subject to further discussion regarding potential removal all-together
For FR1:
· For 15kHz SCS, {1, [2]}    
· For 30kHz SCS, {1, 2, [4]}   
· For 60kHz SCS, {1, 2, 4, [8]}   
For FR2:
· For 60kHz SCS, {1, 2, 4, 8, 16, 32}   
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64}   
After email discussion [98-NR-09], the following agreement is reached [3]:
Agreements in [98-NR-09]:
· For confirmation of the working assumption of synchronization priority rules, eNB/gNB should be included into the priority order of GNSS-based synchronization.
	GNSS-based synchronization
	gNB/eNB-based synchronization

	• P0: GNSS
• P1: UE directly synchronized to GNSS
• P2: UE indirectly synchronized to GNSS
• P3: gNB/eNB
• P4: UE directly synchronized to gNB/eNB
• P5: UE indirectly synchronized to gNB/eNB
• P6: the remaining UEs have the lowest priority.
	• P0’: gNB/eNB
• P1’: UE directly synchronized to gNB/eNB 
• P2’: UE indirectly synchronized to gNB/eNB 
• P3’: GNSS 
• P4’: UE directly synchronized to GNSS 
• P5’: UE indirectly synchronized to GNSS
• P6’: the remaining UEs have the lowest priority. 


  	When GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2
[bookmark: OLE_LINK5]In this contribution, we mainly further discuss some of above aspects for NR V2X synchronization.
Discussions 
Sidelink synchronization signal/channel
PSBCH DMRS
At RAN1 #96bis meeting, it is agreed that PSBCH spans 11 PRBs (equal to S-SSB bandwidth). It means that the number of symbols for PSBCH and the designing of DMRS for PSBCH need to be designed further. The evaluation of PSBCH performance shall be helpful to considering PSBCH/DMRS. For this evaluation, it is agreed that the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC which is the same with NR PBCH. 
Considering the same level of channel coding rate with NR PBCH, we evaluate PSBCH performance with 6 symbols for PSBCH (more symbols can improve PSBCH performance further), including the following three cases. Other simulation assumptions can be seen in Appendix A. 
· Case 1 (FDM): DMRS maps to one of every 4 subcarriers in every symbol. 
· Case 2 (TDM): DMRS maps to every subcarrier in 2 out of 6 symbols. 
· Case 3 (FDM+TDM): DMRS maps to one of every 4 subcarriers in 3 out of 6 symbols. 




(a)  Case 1 (FDM)                     (b) Case 2 (TDM)                     (c) Case 3 (FDM+TDM)
Fig. 1 PSBCH DMRS patterns for evaluation
Fig. 2 and Fig. 3 show the results of PSBCH performance for 240 km/h and 500 km/h for 15 kHz SCS. We also evaluate PSBCH performance for more cases [4] with different carrier frequencies, SCS and speeds.
It can be observed from the results in Fig.2 and Fig.3 that case 1 shows obviously better performance than case 2. The main reasons include two aspects: a) case 1 has lower DMRS overhead and therefore lower channel coding rate than case 2; b) the time domain density of DMRS in case 2 is not high enough to accurately estimate channel. Comparing to case 3, case 1 also has a slight performance gain. 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.
[image: ]
Fig. 2 PSBCH decoding performance for 240 km/h 
[image: ]
Fig. 3 PSBCH decoding performance for 500 km/h 
[bookmark: _Toc7118][bookmark: _Toc7474984][bookmark: _Toc4170][bookmark: _Toc11088][bookmark: _Toc20581369][bookmark: _Toc20691159][bookmark: _Toc10895]For PSBCH, FDM DMRS pattern shows better performance than TDM DMRS pattern. 
[bookmark: _Toc28768][bookmark: _Toc20288][bookmark: _Toc7474990][bookmark: _Toc20581422][bookmark: _Toc20691573][bookmark: _Ref30456]PSBCH DMRS is allocated on one of every 4 subcarriers and in every PSBCH symbol. 
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


If two S-PSS symbols use the same sequence, it is helpful to improve timing detection performance. For example, the impact of timing ambiguity can be combated by combining the detection results of two symbols. 
In LTE V2X, same sequence is used for two symbols of PSSS. And same sequence is also used for two symbols of SSSS. It is natural to reuse the same design philosophy for NR V2X. 
[bookmark: _Toc29029][bookmark: _Toc20581423][bookmark: _Toc14810][bookmark: _Toc20691574]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.
Synchronization resource
In LTE V2X, one, two or three synchronization resources are configured in a synchronization resource period for in-coverage UEs to transmit SLSS/PSBCH. For out-of-coverage UEs, two or three synchronization resources are used for SLSS/PSBCH. If three sync resources are configured, the third synchronization resource is used to identify special synchronization source, i.e., GNSS. For NR V2X, the same philosophy may still exist. The difference is that a set of resources should be (pre)configured to support multiple S-SSB transmission. From the purpose of simplicity, two sets of synchronization resource with TDM can be (pre-)configured in a synchronization resource period, as shown in Figure 4. In each set, multiple synchronization resources are included based on a pattern. Different sets of synchronization resource are (pre)configured to transmit S-SSB and detect S-SSB. 


Fig.4 Synchronization resource location
[bookmark: _Toc20581424][bookmark: _Toc19817][bookmark: _Toc20691575][bookmark: _Toc7474992][bookmark: _Toc1515]Two sets of candidate synchronization resources with TDM should be (pre)configured within one S-SSB period.
S-SSB transmission
In RAN1 #98 meeting, it is agreed that 160ms is supported as the S-SSB periodicity for all SCS and the number of S-SSB transmissions within one S-SSB period is (pre)configurable. The values of the number of S-SSB transmission were discussed but there was no consensus.  
· FR1
For 15kHz SCS, one slot duration equals one subframe duration in LTE. S-SSB transmission periodicity of 160 ms is the same as LTE SLSS transmission periodicity. From the perspective of synchronization, there is no significant difference between NR V2X and LTE V2X. Then, one S-SSB transmission within one S-SSB period would be sufficient to allow the same coverage of synchronization signals when comparing to LTE V2X. For 30 kHz and 60 kHz SCS, one slot duration equals half and quarter of one LTE subframe duration respectively. In order to keep comparable coverage of synchronization signals, the number of S-SSB transmission per S-SSB period should be 2 or 4 respectively. 
If beam sweeping is considered for S-SSB, more S-SSB transmissions should be supported, e.g., the maximum number of S-SSB transmissions can be 2 for 15 kHz SCS, 4 for 30 kHz SCS and 8 for 60 kHz SCS respectively. On the other hand, the actual number of S-SSB transmissions per period is determined by (pre)configuration.   

· FR2
For FR2, beam sweeping would be considered in order to enhance the coverage of sidelink synchronization signal. More number of S-SSB transmission would improve the coverage of sidelink synchronization signal, at the cost of the increased resource overhead. For the balance of coverage performance and overhead, 32 and 64 S-SSB transmissions are acceptable for 60 kHz SCS and 120 kHz SCS respectively.
[bookmark: _Toc27591][bookmark: _Toc13395][bookmark: _Toc20691576][bookmark: _Toc20581425]Following values are supported for the number of S-SSB transmissions within one S-SSB period.
· [bookmark: _Toc20691577]For 15kHz SCS, {1, 2}
· [bookmark: _Toc20691578]For 30kHz SCS, {1, 2, 4} 
· [bookmark: _Toc20691579]For 60kHz SCS, {1, 2, 4, 8} in FR1 and {1, 2, 4, 8, 16, 32} in FR2  
· [bookmark: _Toc20691580]For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64} 

PSBCH content  
In LTE V2X, PSBCH is transmitted together with SL SS to indicate some essential information, such as sidelink bandwidth, SFN/DFN and in-coverage indication, so that out-of-coverage UEs can obtain timing and other synchronization information. Similarly, in NR V2X, some indications should be included in PSBCH.
· SFN/DFN
This field indicates the System Frame Number (or Direct Frame Number) of the frame in which S-SSB is transmitted. Based on this filed, the detecting UEs can obtain the frame number information for NR V2X communication.
· S-SSB index 
Similar to Rel-15 NR Uu, the UE can derive the frame timing based on the time index of the detected S-SSB in an S-SSB transmission period. At the same time, a pattern of candidate location of S-SSB in a period is predefined. Each candidate location of S-SSB corresponds to one time index in ascending order. With both the indicated index in the defined pattern and SFN/DFN, the frame timing of S-SSB can be determined. 
In NR Uu, the candidate SSB in a half frame is indexed in an ascending order from 0 to L-1. A UE shall determine the lower 2 bits (for L = 4) or 3bits (for L > 4) of a SSB index within half frame from the DM-RS sequence transmitted in the PBCH. This method can be reused for NR V2X. For FR1, the number of S-SSB transmissions within one S-SSB period is not larger than 8. So an index of S-SSB within one S-SSB period can be one-to-one mapped to the index of the DM-RS sequence of PSBCH; and the PSBCH field indicating S-SSB time index within one S-SSB period is not needed for FR1. For FR2, if 6 bits (assuming 64 S-SSB transmissions per period are supported) is needed for index indication of S-SSB within one S-SSB period, the lower 3 bits can be mapped to the index of the DM-RS sequence of PSBCH, and the higher 3 bits are indicated explicitly in PSBCH. 
· Direct synchronization indicator
This indication can help UE to differentiate between the sync reference UEs directly synchronizing to the highest sync source (i.e., network or GNSS) and the sync reference UEs non-directly synchronizing to the highest sync source, where the non-direct synchronization means the sync reference UE is either two hops (i.e., indirectly synchronizing to gNB/eNB or GNSS) or more than two hops away from gNB/eNB or GNSS in the synchronization topology. Based on this indication, the UE can select sync reference according to priority order of sync references if it is defined.
· Range and position of sidelink bandwidth
This indication can help UE to determine the location and range of sidelink bandwidth after finish S-SSB detection. Especially in the partial coverage scenario, the out-of-coverage UE may not know the configuration of sidelink bandwidth, It is necessary to indicate this information in PSBCH.

[bookmark: _Toc21540][bookmark: _Toc20691581][bookmark: _Toc7474993][bookmark: _Toc20581426][bookmark: _Toc7866]PSBCH should carry at least SFN/DFN, range and position of sidelink bandwidth.
[bookmark: _Toc20691582][bookmark: _Ref26745]PSBCH should carry direct synchronization indicator, which is a binary Boolean indicator. 
· [bookmark: _Toc20691583]The indicator equal to TURE means the related UE directly synchronized to network (gNB/eNB) or GNSS.
· [bookmark: _Toc20691584]The indicator equal to FALSE means the related UE does not directly synchronized to network (gNB/eNB) or GNSS.
[bookmark: _Toc24400][bookmark: _Toc20581427][bookmark: _Toc20691585][bookmark: _Ref27519]Time index of S-SSB should be carried in PSBCH. For the time index of S-SSB within one S-SSB period, the lower 3 bits are one-to-one mapped to the index of the DM-RS sequence of PSBCH. The other bits, if any, are indicated explicitly in PSBCH. 
In order to support NR V2X communication in partial coverage scenario, it is necessary for out-of-coverage UEs to acquire the UL/DL TDD configuration. In order to avoid the limit to UL/DL TDD configuration in network coverage, it can be considered to indicate UL/DL TDD configuration in PSBCH. By indication information, the out-of-coverage UEs can determine the UL/DL TDD configuration in network coverage.
The payload of PSBCH would be increased largely if the information of UL/DL TDD configuration is indicated in PSBCH without compression. In Rel-15 NR, IE TDD-UL-DL-ConfigCommon determines the cell-specific Uplink/Downlink TDD configuration. In this IE configuration, two patterns (pattern1 and pattern2) may be configured to finish the cell-specific Uplink/Downlink TDD configuration. Even if only one (e.g., pattern1) is configured, 31-bit payload would be needed. In RAN1 96bis meeting, it is agreed the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC for the evaluation of PSBCH performance. Obviously, the overhead of indication for the UL/DL TDD configuration is too large for the payload size of NR V2X PSBCH. 
Solution is needed to compress the indication bits for the UL/DL TDD configuration. One potential method is to indicate the UL/DL TDD configuration by means of indicating index. For one period of the UL/DL TDD configuration, one pattern index is mapped to one slot pattern configured for sidelink. Based on this pattern index, the out-of-coverage UEs can determine the slot configuration for sidelink from predefined table. By this way, the overhead of indication for the UL/DL TDD configuration can be reduced significantly. 
[bookmark: _Toc29826][bookmark: _Toc20581370][bookmark: _Toc7474985][bookmark: _Toc16881][bookmark: _Toc20691160][bookmark: _Toc11864]It is hardly achievable to keep the PSBCH payload size no more than 56 bits if TDD UL/DL configuration is fully indicated in PSBCH.
[bookmark: _Toc20581428][bookmark: _Toc1009][bookmark: _Toc2590][bookmark: _Toc20691586][bookmark: _Ref27702]To indicate the UL/DL TDD configuration in PSBCH based on pattern index which is one-to-one mapped to the slot pattern configured for sidelink. 

Synchronization procedure
Selection for the synchronization references with same priority 
It is agreed that a UE selects the available synchronization reference with the highest priority as the reference to derive its transmission timing. When there are two or more references belonging to the same highest priority, how to handle is FFS. In our view, the further reference selection should be based on the RSRP of sidelink synchronization signal, as in LTE V2X.
[bookmark: _Toc7474996][bookmark: _Toc6492][bookmark: _Toc16433][bookmark: _Toc20581429][bookmark: _Toc20691587]When there are more than one synchronization references belonging to the same highest priority, the UE should select reference UE with the highest S-RSRP.
[bookmark: _Toc27407][bookmark: _Toc21424][bookmark: _Toc19611][bookmark: _Toc25073]Relation between incoming sync reference source and outgoing sync reference
In the last meeting, it was agreed that the NR V2X has 672 SSID’s, covering two S-PSS candidates and 336 S-SSS candidates. Similar to LTE V2X, it is natural to divide the NR SSID space into two sets, respectively for in-coverage and out-of-coverage. Certain specific SSID(s) may be used for GNSS timing. Based on the synchronization priority order agreed for NR V2X, the Table-1 shows how a Tx UE decides the SSID and direct synchronization indicator that should be set in the transmitted S-SSB.
Table-1 UE behavior for synchronization procedure in NR V2X
	GNSS-based synchronization
	gNB/eNB-based synchronization

	•   P0: GNSS 
•  P1: UE directly synchronized to GNSS 
· SSID = 0, direct_sync = True 
•  P2: UE indirectly synchronized to GNSS 
· SSID = 0, direct_sync = False
•   P3: gNB/eNB
•   P4: UE directly synchronized to gNB/eNB
· SSID = 1~335, direct_sync = True 
•   P5: UE indirectly synchronized to gNB/eNB 
· SSID = 1~335, direct_sync = False
•   P6: the remaining UEs have the lowest priority.
· SSID ≥ 336, direct_sync = False when P3, P4 and P5 are enabled
· SSID ≥ 1, direct_sync = False or Ture when P3, P4 and P5 are disabled
	•   P0’: gNB/eNB
•  P1’: UE directly synchronized to gNB/eNB 
· SSID = 1~335, direct_sync = True
•   P2’: UE indirectly synchronized to gNB/eNB 
· SSID = 1~335, direct_sync = False
•    P3’: GNSS 
•   P4’: UE directly synchronized to GNSS 
· SSID = 0, direct_sync = True
•   P5’: UE indirectly synchronized to GNSS
· SSID = 0, direct_sync = False
•  P6’: the remaining UEs have the lowest priority. 
· SSID ≥336, direct_sync = False



Based on table-1 above, UE behavior in NR V2X synchronization procedure can be summarized in following proposal. 
[bookmark: _Toc20581430][bookmark: _Toc17909][bookmark: _Toc20691588]In NR V2X synchronization procedure, SSID and direct synchronization indicator to be carried in S-SSB should be determined based on synchronization reference source and UE coverage status, as shown in Table below:
	Tx UE coverage status
	Selected Sync reference source
	<SSID_tx, direct_sync indicator> for Tx S-SSB

	GNSS timing
	IC/OOC
	Directly to GNSS
	SSID_tx = 0; direct_sync= True

	
	IC/OOC
	Rx S-SSB: SSID_rx = 0, direct_sync = True
	SSID_tx = 0; direct_sync = False

	
	IC/OOC
	Rx S-SSB: SSID_rx = 0, direct_sync = False
	SSID_tx = 336; direct_sync = False

	
	IC/OOC
	Rx S-SSB: SSID_rx = 336, direct_sync = False
	SSID_tx = 336; direct_sync = False

	Network timing
	IC
	Directly to gNB/eNB
	SSID_tx selected from [1,…,335], direct_sync = True

	
	OOC
	Rx S-SSB: 1 ≤ SSID_rx ≤ 335, direct_sync = True
	SSID_tx = SSID_rx, direct_sync = False

	
	OOC
	Rx S-SSB: 1 ≤ SSID_rx ≤ 335, direct_sync = False
	SSID_tx = SSID_rx+336, direct_sync = False

	
	OOC
	Rx S-SSB: 337 ≤ SSID_rx ≤ 671, direct_sync = False
	SSID_tx = SSID_rx, direct_sync = False

	Standalone
	N/A
	SSID_tx selected from [337,…671], direct_sync = False



Conclusion
This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals and observations:
Observation 1: For PSBCH, FDM DMRS pattern shows better performance than TDM DMRS pattern.
Observation 2: It is hardly achievable to keep the PSBCH payload size no more than 56 bits if TDD UL/DL configuration is fully indicated in PSBCH.

Proposal 1: PSBCH DMRS is allocated on one of every 4 subcarriers and in every PSBCH symbol. 
Proposal 2: 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 3: 	Two sets of candidate synchronization resources with TDM should be (pre)configured within one S-SSB
period.
Proposal 4: Following values are supported for the number of S-SSB transmissions within one S-SSB period.
· For 15kHz SCS, {1, 2}
· For 30kHz SCS, {1, 2, 4} 
· For 60kHz SCS, {1, 2, 4, 8} in FR1 and {1, 2, 4, 8, 16, 32} in FR2  
· For 120kHz SCS, {1, 2, 4, 8, 16, 32, 64} 
Proposal 5: PSBCH should carry at least SFN/DFN, range and position of sidelink bandwidth.
Proposal 6: PSBCH should carry direct synchronization indicator, which is a binary Boolean indicator. 
· The indicator equal to TURE means the related UE directly synchronized to network (gNB/eNB) or GNSS.
· The indicator equal to FALSE means the related UE does not directly synchronized to network (gNB/eNB) or GNSS.
Proposal 7: Time index of S-SSB should be carried in PSBCH. For the time index of S-SSB within one S-SSB period, the lower 3 bits are one-to-one mapped to the index of the DM-RS sequence of PSBCH. The other bits, if any, are indicated explicitly in PSBCH. 
Proposal 8: To indicate the UL/DL TDD configuration in PSBCH based on pattern index which is one-to-one mapped to the slot pattern configured for sidelink. 
Proposal 9: When there are more than one synchronization references belonging to the same highest priority, the UE should select reference UE with the highest S-RSRP.
Proposal 10: In NR V2X synchronization procedure, SSID and direct synchronization indicator to be carried in S-SSB should be determined based on synchronization reference source and UE coverage status, as shown in Table below:
	Tx UE coverage status
	Selected Sync reference source
	<SSID_tx, direct_sync indicator> for Tx S-SSB

	GNSS timing
	IC/OOC
	Directly to GNSS
	SSID_tx = 0; direct_sync= True

	
	IC/OOC
	Rx S-SSB: SSID_rx = 0, direct_sync = True
	SSID_tx = 0; direct_sync = False

	
	IC/OOC
	Rx S-SSB: SSID_rx = 0, direct_sync = False
	SSID_tx = 336; direct_sync = False

	
	IC/OOC
	Rx S-SSB: SSID_rx = 336, direct_sync = False
	SSID_tx = 336; direct_sync = False

	Network timing
	IC
	Directly to gNB/eNB
	SSID_tx selected from [1,…,335], direct_sync = True

	
	OOC
	Rx S-SSB: 1 ≤ SSID_rx ≤ 335, direct_sync = True
	SSID_tx = SSID_rx, direct_sync = False

	
	OOC
	Rx S-SSB: 1 ≤ SSID_rx ≤ 335, direct_sync = False
	SSID_tx = SSID_rx+336, direct_sync = False

	
	OOC
	Rx S-SSB: 337 ≤ SSID_rx ≤ 671, direct_sync = False
	SSID_tx = SSID_rx, direct_sync = False

	Standalone
	N/A
	SSID_tx selected from [337,…671], direct_sync = False
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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
	6

	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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