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1. Introduction
In this contribution, we discuss the remaining issues related to SL synchronization signal and SSB design. The discussion on sidelink synchronization procedure improvement can be found in [1]. 
2. SLSS Sequences
[bookmark: _Hlk21003003]In RAN1#98, it was agreed that 672 SLSS IDs with the combination of {2 S-PSS candidates * 336 S-SSS candidates} are supported for NR sidelink. The sequences to be used for S-PSS and S-SSS are FFS. To differentiate the V2X S-PSS from NR Uu PSS, while still keeping large degree of commonality with the NR PSS/SSS sequences to enable hardware reuse at the receiver, we propose to have same PSS sequence generator but different CSs than NR Uu PSS (in particular the CSs for NR S-PSS are {21, 64}), and NR Uu SSS sequences can be reused for NR S-SSS.
Proposal 1a:  NR S-PSS uses the same polynomial as NR PSS (i.e., x7+x4+1) and the same initial value, but uses cyclic shifts {21, 64} (that differ from NR Uu PSS).
Proposal 1b:  NR S-SSS reuses the sequence generator for NR Uu SSS.
3. NR PSBCH Design
3.1 PSBCH Contents
For NR PSBCH content, the following agreements were reached at RAN1#98bis [2].
	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

	SL-BWP information
	
	

	In-coverage indicator
	
	

	Type of sync source
	
	

	Slot index within a subframe
	
	

	???
	
	

	CRC
	24
	

	Total bits
	
	






1) TDD configuration
NR TDD configuration is very flexible, which means a large number of bits is needed to convey the configuration. For example, ~50 bits are needed to configure the two common TDD UL/DL patterns. Considering the signaling overhead, it seems not feasible to directly carry the NR TDD configuration in PSBCH.
To reduce the TDD configuration signaling overhead, a set of TDD UL/DL configurations can be preconfigured. When UEs communicating on sidelink require TDD configuration, one of the preconfigured configurations that matches gNB TDD configuration the most can be selected. So only the index of the selected TDD configuration needs to be indicated in S-SSB. 
Proposal 2a: A set of TDD configurations and their associated parameters are (pre)configured; PSBCH carries index of a TDD configuration that is selected from the set.
2) SL BWP information
For V2X communications, the parameter related to BWP can be (pre)configured; for example, sidelink bandwidth and resource pool, S-SSB frequency location, etc. As a result, there is no need to indicate BWP related information in PSBCH.
Proposal 2b: PSBCH does not carry SL BWP information.
3) Type of sync source
Based on agreement from RAN1#98bis, synchronization source type is implied by SLSS ID, the same as in LTE V2X [2]:
	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



Proposal 2c: PSBCH does not indicate type of sync source.
4) Slot index within a frame
Similar to LTE V2X subframe index indication, the slot index can be carried in NR PSBCH; a UE detecting S-SSB can immediately determine frame boundary based on the decoded PSBCH. 
Proposal 2d: Slot index is carried in PSBCH.
5) S-SSB index
RAN1 agreed that multiple S-SSB transmission within a S-SSB period is supported. For a UE detecting S-SSB, it may be beneficial that it knows the index of the detected S-SSB, especially for FR2. Therefore, we propose that similar to NR Uu, S-SSB index is also carried in PSBCH. 
Proposal 2e: PSBCH carries S-SSB index.
Based on the agreement and the discussions, we can determine the NR PSBCH payload. For DFN (10 bits), in-coverage indicator (1 bit), slot index (up to 8 bits), S-SSB index (up to 6 bits), up to 25 bits are needed. We can still have 7 bits for TDD configuration, and potential future use.
3.2 PSBCH DMRS remaining issues 
The following proposals were agreed in email discussion following RAN1#98bis meeting.
	Proposals:
           PSBCH DM-RS design uses NR Uu PBCH DM-RS design as the starting point
o   DM-RS RE mapping
–       Equal DM-RS density across NR-PBCH with 3 REs/PRB/symbol (i.e., comb-4 type)
o   Same DM-RS sequence generation with NR Uu PBCH
–       length-31 Gold sequence with QPSK modulation
o   FFS DM-RS RE position shift in frequency domain
o   FFS the number of PSBCH symbols that contain DM-RS



For PSBCH DMRS sequence generation, one remaining issue is the sequence generator initialization. Since NR PSBCH transmission will reuse LTE PSBCH transmission mechanism, hop-0 S-SSB transmission and hop-2 S-SSB transmission will occur in the same resource. Similar to LTE V2X, the two S-SSB transmissions in NR V2X also need to be orthogonal. Specifically, the DMRS sequence for PSBCH on the two hops should be the same, while different cyclic shift can be applied to the DMRS symbols.
Proposal 3a: For hop-0 and hop-2 PSBCH transmissions, the DMRS sequence shall be the same, but different cyclic shift is applied to the DMRS symbols.
Another remaining issue is DMRS time density. For normal CP, there are 9 OFDM symbols available for a PSBCH transmission. If every OFDM symbol has DMRS, the coding rate would be 0.031 for 56 bits PSBCH payload; if only part of the OFDM symbols have DMRS, e.g., every other symbol has DMRS, the coding rate would be 0.027. Given the already very low coding rate, there seems no necessary to optimize/reduce DMRS density. Therefore, we propose that every OFDM symbol of PSBCH has the comb-4 DMRS.
Proposal 3b: DMRS is transmitted in every PSBCH OFDM symbol.
4. Conclusion
In this contribution, we propose the following aspects for NR V2X synchronization design.
Proposal 1a:  NR S-PSS uses the same polynomial as NR PSS (i.e., x7+x4+1) and the same initial value, but uses cyclic shifts {21, 64} (that differ from NR Uu PSS).
Proposal 1b:  NR S-SSS reuses the sequence generator for NR Uu SSS.
Proposal 2a: A set of TDD configurations and their associated parameters are (pre)configured; PSBCH carries index of a TDD configuration that is selected from the set.
Proposal 2b: PSBCH does not carry SL BWP information.
Proposal 2c: PSBCH does not indicate type of sync source.
Proposal 2d: Slot index is carried in PSBCH.
Proposal 2e: PSBCH carries S-SSB index.
Proposal 3a: For hop-0 and hop-2 PSBCH transmissions, the DMRS sequence shall be the same, but different cyclic shift is applied to the DMRS symbols.
Proposal 3b: DMRS is transmitted in every PSBCH OFDM symbol.
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