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Introduction
According to the WID of Rel-16 NR V2X [1], the following objectives for sidelink synchronization were identified:
	· Sidelink synchronization mechanism as per the study outcome [RAN1, RAN2]
· Procedures selecting synchronization reference
· S-SSB and procedures to transmit and receive it, including when GNSS and gNB/eNB are unavailable
· Use of RS for sidelink synchronization if specification impact is identified


In the RAN1#98bis meeting some agreements have been achieved, w.r.t the selection of synchronization sources, the PSBCH contents, the partition of SL-SSIDs and the corresponding indication of synchronization priority.
	Agreements:
· When two or more UE synchronization sources have same priority, S-SSB RSRP is used for the selection of the synchronization source.
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

	In-coverage indicator
	
	

	CRC
	24
	



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:
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.


In this contribution we further discuss the S-SSB pattern in one S-SSB period, the S-SSB timing information indication method, the SLSS sequence generation method, and the metric of synchronization reference selection.
[bookmark: _Ref228947482]Discussions
S-SSB pattern
According to the agreements reached in RAN1#98 and RAN1#98bis, the number of S-SSB transmissions within one sidelink SSB period is (pre)configurable, and the candidate values per SCS are listed as Table 1:
Table 1: Configurable number of S-SSB
	
	SCS
	Configurable Values

	FR1
	15kHz
	1

	
	30kHz
	1, 2

	
	60kHz
	1, 2, 4

	FR2
	60kHz
	1, 2, 4, 8, 16, 32

	
	120kHz
	1, 2, 4, 8, 16, 32, 64



In NR, all the SSBs within one SSB period is confined within a 5-ms window. One of the motivations for such design is to reduce the time needed for measurements, as well as to reduce the time complexity and spatial complexity for cell search processing in UE side. For NR sidelink synchronization, it is reasonable to keep the similar complexity level as that of NR Uu link. Therefore, a time window with very short period in 160-ms to accommodate all S-SSB should be defined for NR sidelink. 
For FR1, consecutive transmissions of S-SSBs is worth being considered. One of the benefits is that it will ease the resource allocation of other channels by treating all the S-SSBs as one burst. As shown in Figure 1, 1 S-SSB for 15kHz SCS, 2 S-SSBs for 30kHz and 4 S-SSBs for 60kHz are assumed to be transmitted consecutively. Thus, all the S-SSBs are confined within a 1-ms window. From the high layer signaling perspective, sidelink synchronization configuration and MIB-SL do not need to be changed and subframe number is used as the time unit for the position indication of S-SSBs. 
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Figure 1. Consecutive S-SSB transmissions (1-SSB, 15kHz; 2-SSB, 30kHz; 4-SSB, 60kHz)
For the ITS band, such kind of consecutive transmissions are usually available. But in the case where sidelink shares a carrier with Uu link, at least downlink slots cannot be used for S-SSB depending on TDD configurations. Therefore, consecutive S-SSB transmissions bring an impact on the flexible TDD configuration of Uu link. Taking 60kHz SCS as an example, 4 successive UL slots are needed for S-SSB transmissions. But considering 1-ms window over a 160ms period, its impact on the flexibility of TDD configuration is negligible at least for FR1. For other configurable number of S-SSBs, such as 1 or 2, the position of each S-SSB in the time window can be configured by network as well.
For FR2, up to 64 S-SSBs can be configured within an S-SSB period, which means at least a length of 8-ms time window is needed. Since MIB-SL information should be the same within an MIB (or S-SSB) period, and DFN is included in the MIB-SL following the design principle of LTE V2X, all the S-SSBs should be transmitted in the frame configured by high layer signaling only. On the other hand, the 10-ms time window almost doubles the complexity and memory size of the blind search of synchronization signals comparing to those of the 5-ms SSB window in NR. Further extending the time window will be problematic for the UE implementation. In addition to the impact on TDD configuration as mentioned for FR1, another drawback of 64 S-SSB transmissions in one-frame window is the impact on the transmission of high priority sidelink or uplink traffic with low latency requirements from the same UE. But how to do beam management for V2X would be discussed starting from Rel.17. Different from NR, how many beams and beam-associated S-SSBs are necessary for a vehicle UE needs to be further studied. In our view, even though 64 S-SSB is a feasible configured value according to the agreement, it is not necessary to design the length of the time window for this case only. If supporting low latency traffic is necessary to be considered in this 64 S-SSB case, S-SSB dropping rule can be considered in Rel.17.
As for the S-SSB positon within the time window for FR2, the structure of SSB burst or SSB group used in NR can be reused to ease the configuration of S-SSB transmission. The S-SSB burst is in the unit of 1-ms or subframe. For 120kHz SCS, up-to-8 S-SSB transmissions can be configured in one S-SSB burst, and there are up-to-8 S-SSB burst in the one-frame window. Each S-SSB in the burst may use the same or different beam for its transmission, as shown in Figure 2. 
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Figure 2. S-SSB pattern (120kHz SCS)
Similar to NR, the information of S-SSB repetitions is not necessary to be informed to UE side, and it is up to the UE implementation to realize joint PSBCH detection among multiple S-SSBs with the same MIB-SL information. The subframe number of S-SSB burst can be configured by network. In each S-SSB burst, the position of transmitted S-SSB is also (pre)configurable with the consideration of providing the flexibility of TDD configuration and supporting higher priority traffic of sidelink and/or Uu link. Thus, we have following proposals:
Proposal 1: All the S-SSBs in one S-SSB period are confined within a time window.
· For FR1, the window length is 1ms
· For FR2, the window length is 10ms
The position of the time window is (pre)configurable. 
Proposal 2: The S-SSB positon of each S-SSB within the time window is (pre)configurable.
S-SSB index indication
Based on the above designed S-SSB pattern, the indication method of S-SSB’s position is further discussed for the receiving UE to capture the timing information of the synchronization reference. Generally, similar indication method for NR SSB can be considered for NR sidelink synchronization. 
For FR1, DMRS of PSBCH is able to carry information bits to indicate the S-SSB’s position. A 2-bit indication is enough for the indication of up-to-4 S-SSBs (60kHz SCS). For example, 2 bits are used to indicate the slot number of an S-SSB.  For FR2, in order to indicate 64 S-SSB’s positions, the 2-step SSB indication method of NR can be used similarly. As shown in Figure 2, the DMRS sequence of PSBCH is used to indicate the S-SSB’s positon in the subframe of S-SSB transmission, which is equivalent to the slot index in this subframe. Meanwhile, the subframe number of the S-SSB or S-SSB burst can be indicated in the PSBCH payload. It should be clarified that, for FR1, the maximum duration of the S-SSB burst is the same as that of S-SSB window, say 1-ms.
Proposal 3: Timing information of transmitted S-SSB is carried by PSBCH:
· the subframe number of S-SSB (burst) is indicated in the PSBCH payload; 
· the S-SSB positon in the subframe is indicated by the DMRS sequence of PSBCH.
Timing information in PSBCH contents
Referring to LTE V2X, the payload of NR PSBCH need to include the timing information of S-SSB, in-coverage indicator, sidelink bandwidth, and TDD configuration of Uu. As for the timing information, similar to LTE V2X, MIB-SL includes the DFN of the position of S-SSB’s time window. As mentioned in section 2.2, the subframe number of S-SSB or S-SSB burst should be included in the PSBCH payload. Thus, a 4-bit field is needed to indicate this additional timing information besides DFN. One different aspect that should be taken into account is the information payload generation method to indicate the positon of S-SSB. In LTE V2X, the subframe number information is included in MIB-SL. But for NR S-SSB, support of PSBCH combining decoding would be preferred to provide a better coverage. In this sense, the information bits to indicate the subframe number should be generated in the physical layer rather than in MIB-SL.
Proposal 4: In addition to DFN, the PSBCH payload should include a 4-bit field to indicate the subframe number of this PSBCH located in. To support PSBCH combining decoding, the information bit of DFN is obtained from high layer MIB-SL, while the 4-bit subframe number information is generated from PHY layer.
NR SLSS sequence generation
According to the agreements achieved in RAN1#96bis, length-127 M-sequences are adopted for S-PSS and length-127 Gold sequences are adopted for S-SSS. In addition, 2-symbol S-PSS and 2-symbol S-SSS are supported. In RAN1#97, there is the following working assumption and it was not confirmed in RAN1#98:
	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


One of the advantages by using the same sequence is that non-coherent detection can be used in the receiving side, which is beneficial for combating frequency offset and Doppler frequency shift to some extent. Considering the procedure of a UE to search a new synchronization reference is similar with that of the initial cell search of a UE in the Uu link, both time offset and frequency offset have to be mitigated during its blind synchronization processing, especially for S-PSS detection. 2-symbol synchronization signal with the same sequence is a good feature to decouple this kind of time-frequency two-dimensional misalignment problem. For example, assuming the frequency offset is , differential correlation of the received signal vectors  and   is calculated as:

Here, d is the time interval between two S-PSS symbols, and we assume it is the same as the time interval between two S-SSS symbols. 
The correlation metric is not sensitive to the frequency offset , and a high correlation peak () with the portion to the sequence length of 127 can be captured before blind cross-correlation with SL-SSID replicas. In LTE sidelink, the same sequence is used for both PSSS and SSSS as well.  Therefore, this WA can be accepted and confirmed.
Proposal 5: The working assumption can be confirmed where the same sequence is used for 2-symbol S-PSS and the same sequence is used for 2-symbol S-SSS.
Selection of synchronization reference
[bookmark: _GoBack]Two candidate metrics were discussed in the last meeting for the selection of synchronization reference under the assumptions of no GNSS coverage. One metric is S-SSB RSRP and the other one is SSID. Regarding the SSID-based method for synchronization reference selection, one advantage is to merge different synchronization clusters to one cluster. In this way, the out-of-coverage UEs are able to talked with each other because the same synchronization reference. However, it is not necessary to do so if the timing difference between two synchronization references is no so large, for example less than CP. In this case, the RSRP-based selection method is the better choice. If groupcast applications are taken into account, assuming a group member loses synchronization and tries to find a new synchronization reference (with the assumption of no reliable GNSS signals), usually the group header or group members nearby would be selected based on RSRP metric. But the SSID-based method may lead this group member to build synchronization with another UE or another group with different timing from its own group. Therefore, from overall consideration, SSB RSRP is still preferred.
Proposal 6: The working assumption of reusing LTE method for synchronization reference selection can be confirmed, and SSB RSRP is the only metric for the selection.
Conclusions
In this contribution, we share the views on some design aspects for NR-V2X sidelink synchronization mechanism, especially on the design of S-SSB pattern. The proposals are highlighted as follows.
Proposal 1: All the S-SSBs in one S-SSB period are confined within a time window.
· For FR1, the window length is 1ms
· For FR2, the window length is 10ms
The position of the time window is (pre)configurable. 
Proposal 2: The S-SSB positon of each S-SSB within the time window is (pre)configurable.
Proposal 3: Timing information of transmitted S-SSB is carried by PSBCH:
· the subframe number of S-SSB (burst) is indicated in the PSBCH payload; 
· the S-SSB positon in the subframe is indicated by the DMRS sequence of PSBCH.
Proposal 4: In addition to DFN, the PSBCH payload should include a 4-bit field to indicate the subframe number of this PSBCH located in. To support PSBCH combining decoding, the information bit of DFN is obtained from high layer MIB-SL, while the 4-bit subframe number information is generated from PHY layer.
Proposal 5: The working assumption can be confirmed where the same sequence is used for 2-symbol S-PSS and the same sequence is used for 2-symbol S-SSS.
Proposal 6: The working assumption of reusing LTE method for synchronization reference selection can be confirmed, and SSB RSRP is the only metric for the selection.
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