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Introduction
At RAN1 #96bis meeting, the following agreements and working assumption were made [1]:
Agreements:
· In NR V2X, S-SSB bandwidth is 11RBs. 
· PSBCH spans 11RBs.
· The S-SSB is designed following combination 1.
· Length-127 M-sequences for S-PSS and length-127 Gold sequences for S-SSS
· Two symbols are used for each of S-PSS and S-SSS, respectively.
Agreements:
· For the evaluation of PSBCH performance, the payload size of NR V2X PSBCH is 56 bits including 24 bits of CRC.
At RAN1 #96 meeting, the following agreements and working assumption were made [2]:
Agreements:
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.  
· The following table is a working assumption
	GNSS-based synchronization
	gNB/eNB-based synchronization

	· P0: GNSS 
· P1: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· P2: the following UE has the same priority: 
· UE indirectly synchronized to GNSS
· P3: 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. 


Agreements:
1. NR V2X supports using a sidelink RS for synchronization purpose
0. Applicable only on unlicensed (ITS) carrier with no network deployment on this carrier
0. This RS is not a standalone RS and not part of SLSS.  
0. This RS will not appear in the synchronization procedure for the selection of sync sources.
0. RS used for the synchronization purpose would not impact any sidelink RS design
0. FFS:  Whether this RS is DM RS or other RS
0. FFS: Whether this could be achieved by UE implementation 
0. FFS: Specification impact 
[bookmark: OLE_LINK5]In this contribution, we mainly discuss some of above aspects for NR V2X synchronization.
Discussions 
Sidelink synchronization signal/channel
PSBCH evaluation
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 symbols. 
· Case 2 (TDM): DMRS maps to every subcarriers 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                       (b) Case 2                        (c) Case 3
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 [3] with different carrier frequencies, SCS and speeds.
It can be observed from the results above 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: _Toc11088][bookmark: _Toc7474984]For PSBCH, FDM DMRS pattern shows better performance than TDM DMRS pattern. 
[bookmark: _Toc24792][bookmark: _Toc6764][bookmark: _Toc939][bookmark: _Toc7474990]PSBCH DMRS is allocated to every PSBCH symbol.  
S-SSB structure
For S-SSB structure, it should be noted that AGC and Tx/Rx switch gap are needed in the first symbol(s) and the last symbol(s) respectively. In LTE V2X, the first symbol in SLSS/PSBCH subframe is mapped to PSBCH. Even though the first symbol is punctured in receiver due to AGC process, it would not cause significant impact on PSBCH decoding performance due to low channel coding rate. This design can be reused for NR S-SSB structure. The proposed S-SSB structure (for 15 kHz SCS) is shown in Fig. 4. Two symbols for each of S-PSS and S-SSS are consecutive for better detection performance. For large SCS, e.g., 120 kHz, 2 or 3 symbols may be used for AGC process. This would decrease significantly the number of symbols used to decoding PSBCH and the decoding performance of PSBCH would degrade largely. So, considering large SCS, more symbols may be considered for PSBCH.   


Fig. 4 S-SSB structure (15 kHz SCS)
[bookmark: _Toc7474991]For 15kHz SCS, the S-SSB construction per symbol level is {PSBCH, PSBCH, PSBCH, S-PSS, S-PSS, PSBCH, PSBCH, PSBCH, S-SSS, S-SSS, Gap}.
Synchronization resource
In LTE V2X, one synchronization resource is 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 considered because of beam sweeping upon S-SSB. 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 5. In each set, multiple synchronization resources are included based on a pattern. Different sets of synchronization resource are used to transmit S-SSB and detect S-SSB. Multiple candidate S-SSB transmission resources are included in a set to support beam sweeping for S-SSB transmission.


Fig.5 Synchronization resource location
[bookmark: _Toc7474992]Two sets of candidate synchronization resources with TDM in a synchronization resource period should be supported.
PSBCH   
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, SSB index in half frame duration is indicated implicitly by PBCH DMRS sequence. S-SSB index indication can reuse the same mechanism to reduce the overhead of explicit indication. 
· 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 indirectly synchronizing to the highest sync source. Based on this indication, the UE can select sync reference according to priority order of sync references if it is defined.
[bookmark: _Toc8582][bookmark: _Toc30621][bookmark: _Toc32198][bookmark: _Toc7474993][bookmark: _Toc18214][bookmark: _Toc15096]PSBCH should carry at least SFN/DFN, S-SSB index and direct synchronization indicator.
In addition, the location and bandwidth of SL-BWP and TDD UL/DL configuration are necessary for out-of-coverage UEs if they want to communicate with the UEs in coverage. The payload of PSBCH would be increased largely if the information of SL-BWP and TDD UL/DL configuration are indicated in PSBCH. 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.
[bookmark: _Toc7474985]It is hardly achievable to keep the PSBCH payload size no more than 56 bits if TDD UL/DL configuration are fully indicated in PSBCH.
Synchronization procedure
Synchronization reference select
In NR V2X, it is agreed that 
· at least GNSS, gNB/eNB and NR UE are supported as the synchronization source (RAN1 #94bis); 
· each type of synchronization reference has a respective sync priority (RAN1 AH1901);
· the synchronization priority order based on network (eNB/gNB) or GNSS respectively (WA in RAN1 #96).
If the UE is in-coverage, the UE can select sidelink synchronization reference by reusing the mechanism of LTE V2X. To be more specific, the UE selects network (gNB or eNB) or GNSS as the highest synchronization reference source, according to configuration from network. 
If the UE is out-of-coverage, the UE can select synchronization reference according to synchronization priority order pre-configured. The working assumption reached in RAN1 #96 meeting can be accepted as the synchronization priority order.
[bookmark: _Toc7474994]For the in-coverage UEs, the mechanism of synchronization reference selection in LTE V2X is reused for NR V2X.
[bookmark: _Toc7474995]Confirm the WA in RAN1 #96 for the synchronization reference selection for out-of-coverage UE.
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]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.
S-SSB transmission/reception
In LTE V2X, when UEs cannot synchronize to GNSS or network directly, they shall detect SLSSs relayed by other UEs synchronizing to GNSS or network either directly or indirectly. At the same time, they would transmit SLSS if the transmission condition on Uu link (e.g., RSRP on Uu below a (pre)-configured threshold, indicating a cell-edge situation) is met or the instruction is available. The same mechanism can be reused for NR V2X.
One case should be noted when one UE (assumed as UE1) synchronizes to eNB while another proximate UE (assumed as UE2) synchronizes to gNB, as shown in Figure 6. In this case, the range covered by eNB and the range covered by gNB may overlap and UE1 may be in the sidelink communication range of UE2. If the SLSS transmission condition in LTE V2X is fully reused for NR SL, the UE2 may not transmit SLSS if the RSRP is not below the configured threshold value. If the timings of eNB and gNB are not aligned, the UE1 cannot receive the sidelink data from UE2 because it cannot determine the receiving timing for UE2. From this point, further enhancements need to be considered, for example, the UE always transmits S-SSB on NR SL in this case. 


Fig. 6 Synchronization issue between UE sync to eNB and UE sync to gNB
[bookmark: _Toc7474997]The SLSS transmission/reception in LTE V2X should be taken as starting point for NR V2X, with exception that the UE synchronizing to gNB/eNB should transmit S-SSB regardless of the received signal strength with the serving/reference cell.

UE capability of S-SSB transmission
Sidelink communication requires sidelink synchronization, which can be based on synchronization to GNSS or network. If a UE cannot synchronize to GNSS or network directly, it can derive sidelink timing by detecting S-SSB (including SLSS) from other UEs that either directly or indirectly synchronize to GNSS or network. If some UEs are not capable of S-SSB transmission, the proximate UEs cannot finish initial synchronization, nor can they perform sidelink communication. For example, in partial coverage scenario, as shown in Figure 7, the out-of-coverage UE (e.g., UE1) and the in-coverage UE (e.g., UE2) may be aligned to different timings (e.g., network timing and GNSS timing). If both UE1 and UE2 are not capable of S-SSB transmission, they could not achieve sidelink communication.


Fig. 7 Synchronization issue between UEs with difference sync. references
[bookmark: _Toc7474998]NR V2X UE should have the capability of S-SSB transmission.

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 are fully indicated in PSBCH.

Proposal 1:	PSBCH DMRS is allocated to every PSBCH symbol.
Proposal 2:	For 15kHz SCS, the S-SSB construction per symbol level is {PSBCH, PSBCH, PSBCH, S-PSS, S-PSS, PSBCH, PSBCH, PSBCH, S-SSS, S-SSS, Gap}.
Proposal 3:	Two sets of candidate synchronization resources with TDM in a synchronization resource period should be supported.
Proposal 4:	PSBCH should carry at least SFN/DFN, S-SSB index and direct synchronization indicator.
Proposal 5:	For the in-coverage UEs, the mechanism of synchronization reference selection in LTE V2X is reused for NR V2X.
Proposal 6:	Confirm the WA in RAN1 #96 for the synchronization reference selection for out-of-coverage UE.
Proposal 7:	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 8:	The SLSS transmission/reception in LTE V2X should be taken as starting point for NR V2X, with exception that the UE synchronizing to gNB/eNB should transmit S-SSB regardless of the received signal strength with the serving/reference cell.
Proposal 9:	NR V2X UE should have the capability of S-SSB transmission.
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Appendix: Simulation assumptions

	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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