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Introduction
This contribution will discuss the remaining essential issues for synchronization mechanisms for Rel-16 NR sidelink, including the following aspects for S-SSB:
· Remaining details of QCL assumption for S-SSB 
· Remaining details of PSBCH contents
· Remaining details of timing determination of S-SSB
· Remaining details of DM-RS sequence of PSBCH
S-SSB Design
Remaining details of QCL assumption for S-SSB
First of all, a baseline QCL assumption should be analog to NR Uu, i.e., the S-SSBs with the same S-SSB index are assumed to be QCLed across S-SSB periods. This is a direct interpretation of periodical transmission of S-SSB from the UE perspective, and the corresponding specification support is missing. Hence, we have the following proposal. 
Proposal 1: Adopt the following TP for Section 16.1 of TS 38.213.
======================== Start of TP for Section 16.1 of TS 38.213 ========================
16.1	Synchronization procedures
============================== Unchanged Text Omitted =============================
A UE is provided, by numSSBwithinPeriod-SL, a number  of S-SS/PSBCH blocks in a period of 16 frames. The UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE determines indexes of slots that include S-SS/PSBCH block as +, where
-	index 0 corresponds to a first slot in a frame with SFN satisfying 
-	 is a S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with 
-	 is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by timeOffsetSSB-SL
-	 is a slot interval between S-SS/PSBCH blocks, provided by timeIntervalSSB-SL 
The UE may assume that S-SS/PBCH blocks transmitted with the same S-SS/PBCH block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters.
============================== Unchanged Text Omitted =============================
======================== End of TP for Section 16.1 of TS 38.213 ========================

Other than the baseline QCL assumption, extra QCL assumption within a S-SSB period, e.g. repetition, to further improve the coverage of S-SSB should also be supported. Because beam-related operation was not optimized in Rel-16 for NR sidelink, the main motivation of introducing multiple S-SSB transmission in Rel-16 was to provide a similar coverage of S-SSB regardless of SCSs in a way of keeping the same PSD. In this sense, soft combining multiple S-SSB within a period is quite necessary, and the corresponding specification support is to introduce QCL assumption within a period. For this purpose, we propose to introduce a (pre-)configured parameter with respect to the QCL assumption within a S-SSB period (e.g. denoted as ), such that the sidelink UE is aware this parameter in synchronization procedure, and is capable of determining the group of QCLed S-SSBs (e.g. in order to perform soft combining of S-SSBs). 
Proposal 2: Support a (pre-)configured parameter for determining the QCL assumption of S-SSBs (e.g. denoted as ), such that at least one of the following alternatives is supported, where  is the S-SSB index: 
· Alt 1: S-SSBs with same  are assumed to be QCLed;
· Alt 2: S-SSBs with same  are assumed to be QCLed.
Remaining details of timing determination of S-SSB
A UE should be able to determine the frame timing, slot timing, and symbol timing from a received S-SSB, and the specification reflecting this aspect is still not complete. According to current specification, slot index within a frame and frame index are both indicated in the payload of PSBCH, and symbol index for a particular S-SSB is predefined, then the missing component for timing is how a UE determines the S-SSB index from a received S-SSB. For this purpose, we propose as follow. 
Proposal 3: Adopt the following TP for Section 16.1 of TS 38.213.
======================== Start of TP for Section 16.1 of TS 38.213 ========================
[bookmark: _Toc29894876][bookmark: _Toc29899175][bookmark: _Toc29899593][bookmark: _Toc29917329]16.1	Synchronization procedures
============================== Unchanged Text Omitted =============================
A UE is provided, by numSSBwithinPeriod-SL, a number  of S-SS/PSBCH blocks in a period of 16 frames. The UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE determines indexes of slots that include S-SS/PSBCH block as +, where
-	index 0 corresponds to a first slot in a frame with SFN satisfying 
-	 is a S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with 
-	 is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by timeOffsetSSB-SL
-	 is a slot interval between S-SS/PSBCH blocks, provided by timeIntervalSSB-SL 
Upon reception of a S-SS/PSBCH block, a UE determines the S-SS/PSBCH block index of the received S-SS/PSBCH block according to 
,
where  and  are an index of a frame and an index of a slot within the frame including received S-SS/PBCH block, provided by the payload of PSBCH of the received S-SS/PBCH block, and  is as defined in [4, TS 38.211]. 
============================== Unchanged Text Omitted =============================
======================== End of TP for Section 16.1 of TS 38.213 ========================
Remaining details of PSBCH contents
PSBCH contents have been agreed as shown in the following Table but exact number of bits for each PSBCH content are not determined yet. In order to provide similar performance to LTE PSBCH, increasing total PSBCH payload size further is not desirable and then it is natural to confirm the working assumption on 56 bits. Considering that 120 kHz can be utilized for S-SSB transmission in FR2 and the longest periodicity of TDD configuration in NR Uu (i.e., TDD pattern) is 10 ms, the number of bits for slot index should be 7 bits to indicate up to 80 slots. 
	PSBCH contents
	Number of bits
	Notes

	DFN
	10
	

	Indication of TDD configuration
	12 
	System-wide information, e.g. TDD-UL-DL common configuration and/or potential SL slots

	Slot index
	7
	Note: Up to 3 bits can be carried in DM-RS or in PBCH payload.

	In-coverage indicator
	1
	

	Reserve bits
	
	

	CRC
	24
	

	Total bits
	56
	



Regarding indication of TDD configuration on PSBCH, in last RAN1#100 e-meeting, the following was agreed and the remaining issue is how to select values of X, Y and Z considering total size of bits for TDD configuration and indication flexibility.
	The TDD configuration indication is done as follows:
· X bits to indicate patterns + Y bits to indicate periodicity + Z bits to indicate UL slots.
· FFS the values of X, Y and Z.
· Total Z bits to indicate UL slots in pattern 1 and pattern 2 respectively if two patterns are configured.



NR Uu supports one or two patterns for TDD configuration and periodicity of each pattern can be variable depending on subcarrier spacing. It is noted that 20ms shall be divided by the sum of the two periodicity. So, the following table is a full set of possible combination for two patterns where P1 means the periodicity of pattern 1 and P2 means the periodicity of pattern 2. 
	Index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	P1
	0.5
	0.5
	0.625
	1
	1
	1
	1.25
	2
	2
	2
	2.5
	3
	3
	4
	5
	10

	P2
	0.5
	2
	0.625
	1
	3
	4
	1.25
	0.5
	2
	3
	2.5
	1
	2
	1
	5
	10

	P1+P2
	1
	2.5
	1.25
	2
	4
	5
	2.5
	2.5
	4
	5
	5
	4
	5
	5
	10
	20

	 (P1+P2)/20
	20
	8
	16
	10
	5
	4
	8
	8
	5
	4
	4
	5
	4
	4
	2
	1



As for X value from the agreement above, having one bit for X is not necessary because configuration of a single pattern is equivalent to configuration of two patterns with a same periodicity, which results to saving 1-bit. Also, this approach does not require to revert the working assumption on the number of total bits in PSBCH. So, the value of X should be 0. For Y value, 4 bits are sufficient to indicate all combinations of two patterns according to the above table. On the other hand, for Z value, 8 bits are preferred so that the first 4 bits indicate the number of last UL slots in pattern 1 and the second 4 bits indicate the number of last UL slots in pattern 2 to keep the working assumption on TDD configuration of 12 bits. 
Proposal 4:  For TDD configuration, X = 0, Y = 4 and Z = 8, and support the following PSBCH contents and payload size. 

	PSBCH contents
	Number of bits

	DFN
	10

	Indication of TDD configuration
	12

	Slot index
	7

	In-coverage indicator
	1

	Reserved bits
	2

	CRC
	24

	Total bits
	56



Remaining details of DM-RS sequence of PSBCH
In the last RAN1 e-Meeting, the following agreement regarding the DM-RS sequence of PSBCH was made: 
Agreement: 
The DM-RS sequence initialization for PSBCH is to be down-selected one from the following Alts:
· Alt 1: , where  is 3 LSBs of S-SSB index.
· Alt 2: 

RAN1 also made a working assumption that the index of slot containing the corresponding S-SSB is indicated in the payload of PSBCH, then there is no need for an explicit indication of S-SSB index using the DM-RS sequence of PSBCH, and the UE can acquire the S-SSB index from (pre-)configured information and timing information obtained from payload of PSBCH. In this sense, there is no need for carrying timing information in DM-RS of PSBCH, and the initial condition can be purely based on the sidelink synchronization ID (i.e., Alt 2). 
Proposal 5: Support Alt 2 for DM-RS of PSBCH, and adopt the following TP for Section 8.4.1.4.1 of TS 38.211.
====================== Start of TP for Section 8.4.1.4.1 of TS 38.211 ========================
[bookmark: _Toc29230470]8.4.1.4.1	Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

where  is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S-SS/PSBCH block occasion with 
.
====================== End of TP for Section 8.4.1.4.1 of TS 38.211 ========================
Conclusion
In this contribution, we have discussed the essential CRs for synchronization mechanism for NR V2X including synchronization channel design and synchronization procedure. Proposals for S-SSB design from this contribution are summarized as follow.
Proposal 1: Adopt the following TP for Section 16.1 of TS 38.213.
======================== Start of TP for Section 16.1 of TS 38.213 ========================
16.1	Synchronization procedures
============================== Unchanged Text Omitted =============================
A UE is provided, by numSSBwithinPeriod-SL, a number  of S-SS/PSBCH blocks in a period of 16 frames. The UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE determines indexes of slots that include S-SS/PSBCH block as +, where
-	index 0 corresponds to a first slot in a frame with SFN satisfying 
-	 is a S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with 
-	 is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by timeOffsetSSB-SL
-	 is a slot interval between S-SS/PSBCH blocks, provided by timeIntervalSSB-SL 
The UE may assume that S-SS/PBCH blocks transmitted with the same S-SS/PBCH block index on the same center frequency location are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when applicable, spatial Rx parameters.
============================== Unchanged Text Omitted =============================
======================== End of TP for Section 16.1 of TS 38.213 ========================

Proposal 2: Support a (pre-)configured parameter for determining the QCL assumption of S-SSBs (e.g. denoted as ), such that at least one of the following alternatives is supported, where  is the S-SSB index: 
· Alt 1: S-SSBs with same  are assumed to be QCLed;
· Alt 2: S-SSBs with same  are assumed to be QCLed.

Proposal 3: Adopt the following TP for Section 16.1 of TS 38.213.
======================== Start of TP for Section 16.1 of TS 38.213 ========================
16.1	Synchronization procedures
============================== Unchanged Text Omitted =============================
A UE is provided, by numSSBwithinPeriod-SL, a number  of S-SS/PSBCH blocks in a period of 16 frames. The UE assumes that a transmission of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE determines indexes of slots that include S-SS/PSBCH block as +, where
-	index 0 corresponds to a first slot in a frame with SFN satisfying 
-	 is a S-SS/PSBCH block index within the number of S-SS/PSBCH blocks in the period, with 
-	 is a slot offset from a start of the period to the first slot including S-SS/PSBCH block, provided by timeOffsetSSB-SL
-	 is a slot interval between S-SS/PSBCH blocks, provided by timeIntervalSSB-SL 
Upon reception of a S-SS/PSBCH block, a UE determines the S-SS/PSBCH block index of the received S-SS/PSBCH block according to 
,
where  and  are an index of a frame and an index of a slot within the frame including received S-SS/PBCH block, provided by the payload of PSBCH of the received S-SS/PBCH block, and  is as defined in [4, TS 38.211]. 
============================== Unchanged Text Omitted =============================
======================== End of TP for Section 16.1 of TS 38.213 ========================

Proposal 4:  For TDD configuration, X = 0, Y = 4 and Z = 8, and support the following PSBCH contents and payload size. 

	PSBCH contents
	Number of bits

	DFN
	10

	Indication of TDD configuration
	12

	Slot index
	7

	In-coverage indicator
	1

	Reserved bits
	2

	CRC
	24

	Total bits
	56



Proposal 5: Support Alt 2 for DM-RS of PSBCH, and adopt the following TP for Section 8.4.1.4.1 of TS 38.211.
====================== Start of TP for Section 8.4.1.4.1 of TS 38.211 ========================
8.4.1.4.1	Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

where  is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S-SS/PSBCH block occasion with 
.
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