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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 this contribution, we discuss the sidelink synchronization signal design, the S-SSB structure and the synchronization procedures based on the outcome of the study item and objectives of the WID. 

[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:
	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, which is beneficial to combat frequency offset and Doppler frequency shift to some extent. Considering the procedure of a UE to search a new synchronization reference is similar to 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 receiving 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.

Number of NR SL-SSID
There are mainly two candidate numbers for SL-SSID under discussion, say 336 and 672 [2]. Compared to LTE networks, higher frequency bands are utilized in NR networks and result in the increase of cell number generally. As a kind of relay of the timing of the cells, the number of such ‘relay’ is in proportion to the number of cells. Thus, it is reasonable that a larger number of SL-SSIDs is needed for NR V2X just like cell IDs are increased in NR. In contrast to 336 SL-SSIDs for LTE-V2X, 672 SL-SSIDs are reasonable for NR. Only if the new synchronization priority different from that of LTE V2X is considered, LTE V2X partition method of SL-SSID can be reused based on 672 instead of 336:
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or gets synchronization directly from an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and has no direct synchronization to an in-coverage UE
Proposal 2:  672 SL-SSIDs are supported for NR V2X, and SL-SSIDs can be divided into 3 sets:
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or gets synchronization directly from an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and has no direct synchronization to an in-coverage UE

S-SSB structure
The design of S-SSB pattern
In RAN1#97, the following agreements related to S-SSB pattern were reached:
	Agreements:
The impact on detection probability performance of having or not having a transient period between S-PSS and S-SSS symbols is used to evaluate the following:
· Alt 1: S-PSS symbols and S-SSS symbols are adjacent.
· Alt 2: S-PSS symbols and S-SSS symbols are not adjacent.
Agreements:
The following parameters are assumed for evaluation:
· Power Difference for S-PSS and S-SSS symbols:
· Opt.1) MPR values: S-PSS = 0 dB, S-SSS = 3 dB;
· Opt.2) MPR values: S-PSS = 3 dB, S-SSS = 3 dB
· Opt.3) companies to report the assumed MPR values
· Transient period is
· 10us for FR1; 5us for FR2
· Waveform puncturing during the transient period
· S-PSS detection search window: 80ms and 160ms


There are about 5dB difference between S-PSS and S-SSS according to the discussions in RAN1#97 and further evaluation assumptions are given to check the necessity of placing a symbol between S-PSS and S-SSS. But it may be hard to conclude by simulations, because the number of ADC bits and the specific detection method have an impact on detection performance if PAPR is the concern. For example, 1 additional ADC bit will bring about 6dB more dynamic range tolerance. Also, if a non-coherent method is used, two same S-PSS or S-SSS experience similar clipping during quantization process, and will maintain the differential correlation peak in the detection. Comparatively, placing S-PSS and S-SSS adjacent to each other would be a good choice for the detection of S-SSS with the channel estimation facilitated by S-PSS. Again, sequence detection is robust to quantization errors from A/D converter in contrast to channel decoding. Therefore, placing synchronization symbols right after AGC symbol is reasonable. Furthermore, the synchronization symbols are followed by PSBCH. When 8-symbol PSBCH is taken in to account, we have the S-SSB pattern (for normal CP) as shown in Figure 1.


Figure 1. 14-symbol S-SSB pattern
Proposal 3: As for the positions of S-PSS and S-SSS, Alt 1 is confirmed where S-PSS symbols and S-SSS symbols are adjacent and 2-symbol S-PSS is right after the AGC symbol.

Multiple S-SSBs
In RAN1#97, the following agreement on the discussions of multiple S-SSBs in one period was reached.
	Agreements:
· In NR V2X, from transmitter perspective, the period (P1 in unit of ms) of S-SSB(s) transmission is the same for all SCS, for further down-selection:
· Alt 1: the number of S-SSB(s) transmitted within P1is (pre-)configurable.
· Alt 2: the number of S-SSB(s) transmitted is fixed within P1 per SCS.
· Alt 3: only one S-SSB for all SCS is transmitted within P1.


Although no beam management is supported in NR sidelink, multiple S-SSBs in one period are still needed in order to keep the similar coverage of synchronization signals as that of LTE V2X, especially for the case of 30kHz SCS and the case of 60kHz SCS. Considering the relationship between subcarrier spacing and its power spectrum density, 3dB power per subcarrier reduction can be derived from 15kHz to 30kHz or from 30kHz to 60kHz. Therefore, 2 S-SSB repetitions for 30kHz SCS and 4 S-SSB repetitions for 60kHz SCS are needed in order to provide the potential combining gain for the receiving UE by utilizing multiple S-SSBs, as shown in Figure 2.


Figure 2. 14-symbol S-SSB pattern
For Alt 1, the configurable number may bring a flexibility to the sidelink traffics. But if the motivation of introducing multiple S-SSBs is to ensure the coverage of the synchronization signals as that of LTE V2X, Alt 1 is obviously not a suitable solution. Regarding to Alt 3, it might be able to improve receiving SNR by combining the S-SSBs in the adjacent periods. However, the MIB in two periods can be different from each other, and thus multiple PSBCH joint decoding is not feasible. Based on the above analysis, it can be concluded that Alt 2 is the best one.
Proposal 4: As for the number of SSB(s) within a period, Alt 2 is confirmed where 1 S-SSB is transmitted in one period for 15kHz, 2 S-SSBs are transmitted in one period for 30kHz SCS and 4 S-SSBs are transmitted in one period for 60kHz SCS.

S-SSB index indication
In NR, all SSBs of a period is confined in a 5ms window. One of the motivation for such design is to reduce the time for measurements, especially for inter-frequency measurements, which will result in the interruption of communication. For NR V2X sidelink synchronization, there is no concern on the measurement issue. But consecutive transmissions of S-SSBs one by one are still worth to be considered. In Figure 3, multiple S-SSBs are treated as one entity and compared with the transmission of the S-SSB of 15kHz SCS where 1ms transmission is used for 15kHz, 30kHz and 60kHz. For the receiving UE, only the AGC symbol of first S-SSB is needed, if interference levels in different slots do not change so dramatically. Meanwhile the GP symbol of the first S-SSB can be utilized for the transmission of other signals, such as S-PSS, S-SSS etc. From 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. In this design, from receiving UE point of view, additional timing indication is necessary in order to derive the slot position for the case of 30kHz SCS and the case of 60kHz SCS. S-SSB index indication can be used as a candidate for this indication.
[image: ]
Figure 3. Consecutive S-SSB transmissions
For 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, with regard to TDD configurations. Through slidelink synchronization configuration by the network side, the available positions for multiple S-SSBs are sent to UEs via SIB message or RRC signaling. It may be unknown for an out-of-coverage UE who needs to find a new synchronization reference. In this case, a UE has to do blind search of S-SSBs. In order to collect all transmitted S-SSBs and facilitate PSBCH redundancy version combining, S-SSB index should be introduced, as shown in Figure 4. Such index is used by the UE to judge whether all RVs of PSBCH are collected, or judge the existence of the RV. As a legacy method used in NR SSB index indication (FR1), DMRS of PSBCH can be used for S-SSB index indication since only up to 4 S-SSB will be indexed.
[image: ]
Figure 4. S-SSB index indication
Proposal 5: S-SSB index indication should be supported, and DMRS of PSBCH is used to indicate the index.

Synchronization procedures
In RAN1#96, the working assumptions of synchronization priority rules was agreed：
	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. 





One issue may need to be further clarified before confirming this WA. In case that two UEs are either in groupcast or in unicast and one of them has to change its synchronization reference, the V2X service transmission/reception between them will be problematic if there is a big timing misalignment of their synchronization references. For unicast, RAN2 has agreed an assumption that the physical layer provides periodic indications of IS/OOS to the upper layer as in Uu RLM, and subsequent discussions in RAN2 may be able to address this issue for unicast [3]. Then the remaining issue is for groupcast, e.g. whether an additional synchronization priority and procedure should be designed for groupcast in order to keep an in-group synchronization. If groupcast for asynchronous network deployment would be supported, it seems the current working assumption cannot guarantee timing alignment within a group. For example, the group header obtains its sidelink timing from a gNB, while a member of the group obtains its sidelink timing from an inter-band eNB, which is possible according to the procedure defined in the current WA. But there is a high possibility that the header and the member cannot exchange information on the possible receiving timing difference defined in 38.133 (up to 500 μs for inter-band asynchronous EN(NE)-DC) between each other [4]. One candidate solution without changing the current WA would be: groupcast UE is by default to be (pre)configured as GNSS-based synchronization and is (pre)configured to eNB/gNB-based synchronization only in the synchronous network deployment.
Proposal 6: As for the synchronization priority, the current WA is confirmed with the following note:
· Groupcast UE is by default to be (pre)configured to GNSS-based synchronization and is (pre)configured to eNB/gNB-based synchronization only in the synchronous network deployment
	
Conclusions
In this contribution, we share the views on some design aspects for NR-V2X sidelink synchronization mechanism. 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 supported for NR V2X, and SL-SSIDs can be divided into 3 sets:
· Set 1 {0, 336, 337}: transmitting UE is directly or indirectly synchronized with GNSS
· Set 2 {1, …, 335}: transmitting UE is in coverage or gets synchronization directly from an in-coverage UE
· Set 3 {338, …, 671}: transmitting UE is out of coverage and has no direct synchronization to an in-coverage UE
Proposal 3: As for the positions of S-PSS and S-SSS, Alt 1 is confirmed where S-PSS symbols and S-SSS symbols are adjacent and 2-symbol S-PSS is right after the AGC symbol.
Proposal 4: As for the number of SSB(s) within a period, Alt 2 is confirmed where 1 S-SSB is transmitted in one period for 15kHz, 2 S-SSBs are transmitted in one period for 30kHz SCS and 4 S-SSBs are transmitted in one period for 60kHz SCS.
Proposal 5: S-SSB index indication should be supported, and DMRS of PSBCH is used to indicate the index.
Proposal 6: As for the synchronization priority, the current WA is confirmed with the following note:
· Groupcast UE is by default to be (pre)configured to GNSS-based synchronization and is (pre)configured to eNB/gNB-based synchronization only in the synchronous network deployment
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