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1. Introduction
In RAN1 #97 meeting [1], the following agreements were made:

	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

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.

Agreements:
At least for evaluation, one S-SSB transmission with at least the following periodicity:
· 160ms period at least for 15kHz SCS.
· FFS other value(s)


And in RAN1 #98 meeting [2], the following agreements were made:

	Agreement:
· For S-SSB pattern design, the first symbol is PSBCH
· Note: no specific symbol(s) reserved for AGC tuning


Agreement:
· 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
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 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}

Note: the values in bracket are subject to further discussion regarding potential removal all-together




In this contribution, we provide our views on several open issues related to S-SSB design and synchronization procedure based on the feature lead summary in RAN1#98 meeting. 

2. Sidelink Synchronization Signals
2.1. Design target for NR SLSS
In order to reduce the estimation ambiguity when SL-SS and NR DL-SS are time-domain multiplexed on the same carrier, SL synchronization signals and corresponding SSID should be differentiated from NR-Uu ones to guarantee low cross-correlation between them. S-PSS detection is a key operation in synchronization procedure as PSS is detected first. Hence, for a fast and reduced complexity synchronization, S-PSS should use the same sequence in both PSS symbols as different sequences imply higher number of  correlations. In addition, S-PSS and DL-NR-PSS can use the same polynomial (x7+x4+1) while differentiation is based on the cyclic shift (CS). In this way, only 5  CS values are used for PSS (3 values for NR-PSS and 2 values for S-PSS).
Proposal 1 [bookmark: _Hlk5025597]:  For S-PSS, confirm the working assumption of same sequence is used for both symbols of S-PSS and support the use of the same polynomial as NR-DL-PSS with different cyclic shifts.

Compared to NR synchronization, SL sync procedure is not based on correlation amplitude threshold only, but also on pre-configuration parameters and synchronization source type. Hence, for a reduced-complexity and faster synchronization procedure, source types classification should be performed as soon as possible in order to discard source types that are not compliant with the pre-configuration. 

Observation: Synchronization complexity when multiple sync sources are available should be investigated.

We recall here the agreement from last meeting:
Agreement:
The number of NR V2X SSID is 672 with the combination of {2 S-PSS candidates * 336 S-SSS candidates}.

Hence, we propose that SL-SSID can be written as:
SL-SSID = 2*NID1 + NID2
where NID2 ∈ {0,1} and NID1 ∈ {0...335}.
Nid2, conveyed by S- PSS indicates the synchronization initial source type e.g. 0 for GNSS as initial source and 1 for gNB/eNB as initial source. Therefore, depending on pre-configured synchronization priority list, UE can discard, since S-PSS detection, all sync sources which are not compliant with its pre-configuration.

Proposal 2 [bookmark: _Hlk7796010][bookmark: _Hlk7701464]: For reduced complexity synchronization; initial sync source type should be indicated by S-PSS.

Since there is no ambiguity whether it is a SL-SS OR NR-SS by PSS CS value detection as was proposed, and given that it was agreed the use of the same number of S-SSS candidates as NR DL-SSS (336 candidates),  S-SSS could use the same sequences as NR DL-SSS with the same cyclic shift values. This allows for a common and reduced complexity for S-SSS and NR DL-SSS. 
Proposal 3 : Support the reuse of NR DL-SSS sequences for SL-SSS (same polynomial and cyclic shifts).
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3. S-SSB Structure design
As stated in the [3], no beam management is supported for FR1 and FR2. However, it is preferable to (pre)-define multiple time-domain locations for SL-SLSS transmissions in a period in order to reduce interference between neighboring synchronization sources and also to to adapt to different scenarios where a higher periodicity could be needed for quick synchronization and for time diversity for PSBCH combining. Hence SL-SS resources should be (pre)-configured by the network. In order to reduce standardization effort, the NR-SSB periodicity pattern can be considered for NR-V2X S-SSB. 
For a fixed PSD, FDM  of S-PSS and S-SSS with other signals can reduce their coverage which is problematic for coverage edge users.  

Proposal 4  : Support configurable time-domain resources for SL-SS transmissions.
Proposal 5 : FDM  of S-PSS and S-SS with other signals should not be allowed within the S-SSB.


4. Synchronization procedures
In previous meetings, for NR sidelink synchronization procedure, a working assumption specified that a VUE could be pre-configured to follow one among two synchronization priority list, either GNSS-based or gNB/eNB-based synchronization. While this current working assumption, relying mainly on gNB/eNB or GNSS, covers main scenarios, the exclusion of particular UEs as a main synchronization reference could restrict the desired seamless communication flow in some specific scenarios derived from vehicle platooning use case.  The latter use case is intended for situations where a group of vehicles are traveling, as a tight entity, in the same direction at the same speed. When the platoon members belong to the same organization e.g. a merchandise transportation company trucks or a diplomatic convoy, a highly reliable and seamless communication between group members should be ensured. A subset of group members can lose synchronization to their common sync reference because of an obstacle such as a tunnel. After a given duration of synchronization loss, following the current working assumption, this subset can synchronize to a different reference and consequently, group members are unable to communicate in SL. In this case, it is preferable to synchronize to a pre-configured group member to ensure a fast re-synchronization allowing communication continuity.
Proposal 6 [bookmark: _Hlk7688035]: Recovering from group common synchronization loss scenarios should be investigated

Hence, when the V2X application has very stringent requirements in terms of latency and reliability, all group members should rapidly switch to a common synchronization reference. A new synchronization source with highest priority should be considered in such scenarios.

Proposal 7 : Introduce special-UE as a new transversal synchronization reference for both gNB/eNB-based and GNSS-based synchronization.

5. Conclusion 
The following proposals have been made in this document.

Proposal 1 :  For S-PSS, confirm the working assumption of same sequence is used for both symbols of S-PSS and support the use of same polynomial as NR-DL-PSS with different cyclic shifts.
Observation: Synchronization complexity when multiple sync sources are available should be investigated.

Proposal 2 : For reduced complexity synchronization; initial sync source type should be indicated by S-PSS.

Proposal 3 : Support the reuse of NR DL-SSS sequences for SL-SSS (same polynomial and cyclic shifts).

Proposal 4  : Support configurable time-domain resources for SL-SS transmissions.

Proposal 5 : FDM multiplexing of SPSS and SSS with other signals should not be allowed inside the S-SSB.

Proposal 6 : Recovering from group common synchronization loss scenarios should be investigated

Proposal 7 : Introduce special-UE as a new transversal synchronization reference for both gNB/eNB-based and GNSS-based synchronization.
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