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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#98 meeting some agreements w.r.t S-SSB pattern, SSID number and S-SSB periodicity have been achieved for sidelink synchronization. Regarding to multiple S-SSBs, the configurable number of S-SSBs and the S-SSB pattern in one S-SSB period need to be further discussed.
	Agreements:
· For S-SSB pattern design, the first symbol is PSBCH
· Note: no specific symbol(s) reserved for AGC tuning
Agreements:
· The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.
Agreements:
· NR S-SSB structure for NCP is as follows:
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· For the case of ECP, the structure is the same as the above except that the number of PSBCH symbols after S-SSS is only 6
Send LS to RAN4 with the above agreements, and add:
· It is up to RAN4 to decide whether a transient period is necessary or not. If so, to address the transient period, one possibility is to shift the symbols starting the first S-SSS symbol by at least one symbol. 
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}


This contribution is a revision of our Tdoc [2] in the last meeting. In this contribution we further discuss the SLSS sequence generation, the S-SSB’s repetition pattern and indication method, and the timing information in PBCH contents.
[bookmark: _Ref228947482]Discussions
Sidelink synchronization signals
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 1: 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.
NR SL-SSID Set
In the last meeting, the number of NR V2X SSID is concluded as 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}. One S-PSS candidate can indicate an in-coverage UE as the synchronization reference, and the other S-PSS candidate can indicate an out-of-coverage UE as the synchronization reference. Similar with LTE-V2X, as an independent synchronization reference, GNSS has a specific synchronization priority and is indicated by a set of SL-SSIDs. Using the legacy method of LTE-V2X with the number of SSIDs 336 replaced by 672, we have the following proposal: 
Proposal 2:  672 SL-SSIDs are divided into 3 sets to indicate different synchronization priorities:
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or directly synchronized with an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and not directly synchronized with an in-coverage UE
Multiple S-SSBs
The number of S-SSBs
It was discussed in the last meeting that 2 S-SSBs in one S-SSB period can be configured for 15kHz SCS, and similarly 4 S-SSBs and 8 S-SSBs can be considered as the candidate S-SSB numbers for 30kHz and 60kHz respectively. However, it seems there is no obvious motivation to extend the coverage of NR V2X to over the coverage of LTE V2X, especially only for the synchronization signal. Using the same number of S-SSBs as that of LTE V2X for the 15KHz scenario will not bring any STD impact, e.g. on the S-SSB’s position configuration and indication.
Proposal 3:
The number of S-SSB transmissions within one S-SSB period is (pre)configured as follows for FR1
· For 15kHz SCS, {1}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {1, 2, 4}
The positon of S-SSB
In NR, all the SSBs within a period is confined within a 5ms window. One of the motivations for such design is to reduce the time needed for measurements, especially for inter-frequency measurements, which will result in the interruption of communications. For NR V2X sidelink synchronization, there is no concern on the measurement issue. But consecutive transmissions of S-SSBs is still worth being considered at least for FR1. 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 1ms window. From the high layer signaling perspective, sidelink synchronization configuration and MIB for V2X sidelink do not need to be changed because subframe or ms is used as the time unit for the position indication of S-SSB. For other configurable number of S-SSBs, it’s better to transmit the S-SSBs consecutively from the start of a subframe, like the pattern shown in Figure 2.
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Figure 1. Consecutive S-SSB transmissions (1-SSB, 15kHz; 2-SSB, 30kHz; 4-SSB, 60kHz)
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Figure 2. Consecutive S-SSB transmissions (1-SSB, 15kHz; 1-SSB, 30kHz; 2-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 a few 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 FR2, up to 64 S-SSBs can be configured within an S-SSB period, and 8-ms is needed for 64 S-SSB repetitions. Since MIB-SL information should be the same within an MIB (or S-SSB) period, and SFN 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. 
With regard to S-SSB’s position in a S-SSB window, it would be better to fix the positon of each S-SSB just like the design of NR synchronization signals. Besides the advantages in blind decoding attempts, it is also beneficial for the spatial filter association which is relevant to beam management. 
Proposal 4: 
For FR1, 
all the S-SSBs in one S-SSB period are consecutively transmitted from the start of the subframe, which is the subframe configured by high layer for S-SSB transmission via SIB or dedicated RRC signaling.
For FR2, 
all the S-SSBs in one S-SSB period are confined within a 10ms window, which is the frame configured by high layer for S-SSB transmission via SIB or dedicated RRC signaling; The position of each S-SSB in the S-SSB window is predefined, and the details are FFS.
S-SSB index indication
When multiple S-SSBs are transmitted within one S-SSB period, the S-SSB index indication is necessary for the receiving UE to capture the timing information. In order to minimize the changes to the NR SSB index indication, a similar indication method can be used for NR V2X. For FR1, DMRS of PSBCH can be used to indicate the S-SSB index. A 2-bit indication is enough for the up-to-4 S-SSB repetitions. For FR2, up to 64 S-SSBs need to be indicated, and a 2-step SSB indication method of NR can be used similarly. In order to keep the consistency of FR1 and FR2, DMRS of PSBCH is used to indicate the S-SSB index (equivalent to the slot index in a subframe) in the subframe of S-SSB transmission. Meanwhile, the subframe number of the transmitted S-SSBs can be indicated in PSBCH payload.
Proposal 5: 
An S-SSB index indication should be supported in NR V2X for receiving UE to capture timing information:
The subframe number of S-SSB repetitions is indicated in the PSBCH payload, and the S-SSB index in the subframe is indicated by DMRS 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 to the timing information, similar to LTE V2X, MIB-SL includes the SFN of S-SSB. One different aspect that should be taken into account is the indication of S-SSB index in the cases of S-SSB repetitions, as addressed in section 2.2.3. The subframe number of S-SSB or S-SSB repetitions is indicated via a 3-bit payload in PSBCH. In LTE V2X, the subframe number information is included in MIB-SL. But for S-SSB repetitions, support of multiple PSBCHs combining would be preferred to provide a better coverage. In this sense, the information bits to indicate subframe number should be generated in the physical layer.
Proposal 6: 
The timing information in PSBCH payload should be generated from MIB-SL and physical layer, wherein the information bits to indicate SFN are from MIB-SL, and the information bits to indicate subframe number are generated by physical layer.
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 repetitions. The proposals are highlighted as follows.
Proposal 1: 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 2:  672 SL-SSIDs are divided into 3 sets to indicate different synchronization priorities:
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or directly synchronized with an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and not directly synchronized with an in-coverage UE
Proposal 3:
The number of S-SSB transmissions within one S-SSB period is (pre)configured as follows for FR1
· For 15kHz SCS, {1}
· For 30kHz SCS, {1, 2}
· For 60kHz SCS, {1, 2, 4}
Proposal 4: 
For FR1, 
all the S-SSBs in one S-SSB period are consecutively transmitted from the start of the subframe, which is the subframe configured by high layer for S-SSB transmission via SIB or dedicated RRC signaling.
For FR2, 
all the S-SSBs in one S-SSB period are confined within a 10ms window, which is the frame configured by high layer for S-SSB transmission via SIB or dedicated RRC signaling; The position of each S-SSB in the S-SSB window is predefined, and the details are FFS.
Proposal 5: 
An S-SSB index indication should be supported in NR V2X for receiving UE to capture timing information:
The subframe number of S-SSB repetitions is indicated in the PSBCH payload, and the S-SSB index in the subframe is indicated by DMRS of PSBCH.
Proposal 6: 
[bookmark: _GoBack]The timing information in PSBCH payload should be generated from MIB-SL and physical layer, wherein the information bits to indicate SFN are from MIB-SL, and the information bits to indicate subframe number are generated by physical layer.
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