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[bookmark: _Ref30590][bookmark: _Toc5602]Introduction
At RAN1 #99 meeting, the following working assumption and agreements were reached [1].
Agreements:
· Note: “green” already earlier; “blue” new agreements, “brown” working assumption, “change marks” for updates
	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
	


At RAN #100b-e meeting, the following agreement was reached [2]. 
Agreements:
· For indication of TDD configuration:
· X=1 bit indicates the number of patterns
· Value 0 indicates one pattern is used.
· Value 1 indicates two patterns are used.
· Y=4 bits indicate the periodicity information
· When one pattern is used, Y indicates the periodicity of the pattern.
· When two patterns are used, Y jointly indicates the periodicities of the two patterns.
· Z=7 bits indicate the UL slots
· UL slots are jointly indicated by 7 bits when two patterns are configured.
· FFS other details.

[bookmark: OLE_LINK5]In this contribution, we further discuss the remaining issues of NR V2X synchronization.
[bookmark: _Toc10347]Discussions 
[bookmark: _Toc23345]PSBCH content  
· Slot index within a frame 
It was agreed that slot-level indication is supported for TDD configuration. On the other hand, since DFN is agreed to be indicated in PSBCH. It is natural to indicate slot index within a frame. In this way, other timing information indication, e.g., subframe, can be avoided so that indication overhead is reduced. The largest SCS supported for S-SSB transmission in Rel-16 5G V2X is 120 kHz, and at most 80 slots are included within a frame. So 7 bits are enough to indicate slot index within a frame. Given this and the 12bits agreed for TDD configuration indication, the total bits of PSBCH payload are 56bits.
[bookmark: _Toc25939][bookmark: _Toc24092][bookmark: _Toc28394]Confirm the working assumption that slot index within a frame is indicated by 7 bits and the total bits of PSBCH payload are 56bits.

· TDD configuration
For TDD configuration indication, it was agreed at the last meeting that 1,4,7 bits are used to indicate the number of patterns, the periodicity information and the potential sidelink slots respectively. The remaining issue which needs to be solved is how to indicate the potential sidelink slots jointly by 7 bits when dual pattern is configured. 
In case that dual pattern is configured, the duplet of slot numbers within each period under varying SL SCS are listed in Table A in appendix. Denote the number of slots within the two periodicities as  and  respectively, the range of {1,2,...,Ns,1} and {0,2,...,Ns,2-1} UL slots needs to be indicated out of the following reasons,
· At least 1 downlink/flexible slot should be reserved for SSB transmission
· If 0 UL slot is configured in pattern 1, or if all UL slots are configured in pattern 2, single pattern could be configured instead in most cases.
· At least 1 uplink slot should be reserved for sidelink.
Thus the total number of combinations that should be indicated is . It can be seen that the number of combinations that is required to be indicated would exceed the indication range of 7 bits (i.e., 128) in 13 cases. 
In order to cover the number of combinations using 7 bits, indication based on scaled granularity of more than 1 slot is feasible. This approach could be interpreted alternatively as indication based on an appropriate reference SCS (i.e., RefSCS) determined according to the following formula.
RefSCS = min(SL SCS, maximal supportable SCS with at most 7 bits)
wherein maximal supportable SCS with at most 7 bits means a SCS based on which at most 7 bits can indicate the all potential sidelink slot combinations of two patterns.
For example, when two patterns are configured with P1 (period of pattern1 ) = 3 and P2 (period of pattern2 ) = 1 with 120 kHz SL SCS. The number of slot in each pattern is 24 and 8 respectively. Consequently, the number of combinations of the potential sidelink slots in two patterns is 192, which is larger than 128 (the range 7 bit can support). If the slots in two patterns are indicated based on RefSCS (60 kHz), one indicated slot include actually two slots based on SL SCS (120 kHz). Thus, the numbers of slots measured by RefSCS within two patterns will be 12 and 4 respectively. The number of combinations of the potential sidelink slots is 48, which is less than 128. Thus 6 bits are enough to indicate the potential sidelink slots in this case. 
It can be seen from Table B in appendix, out of the 13 cases which need to be indicated based on RefSCS, there are 5 cases which only 6 bits are used to present potential sidelink slot with RefSCS in two patterns and one bit remains unused. In order to utilize the indication bit more effectively, it is sensible to use the remaining bit to indicate potential sidelink slot further in these 5 cases. 
[bookmark: _GoBack]As illustrated in Figure 1, in the case mentioned above, if 7 UL slots are configured in pattern1 and 5 UL slots are configured in pattern2 based on SL SCS=120 kHz. After scaling based on RefSCS = 60 kHz, scaled numbers of UL slots would be 3 and 2 for pattern1 and pattern2 respectively and they can be indicated jointly by 6 bits. In addition, based on SL SCS, one UL slot in pattern1 and one UL slot in pattern2 can not be scaled. They can be indicated jointly by the remaining bit in the 7 bits. In this way, more TDD configurations in coverage can be indicated in PSBCH given the UL slot(s) derived by out of coverage UE from PSBCH should be aligned with that derived by in coverage UE from TDD-UL-DL-ConfigCommon[3]. 


Figure 1 illustration for SL potential slot indication

[bookmark: _Toc17029][bookmark: _Toc9398][bookmark: _Toc21930]Proposal 2: The number of combinations of potential sidelink slots based on SL SCS in two patterns are N_(s,1)×N_(s,2) ,where N_(s,1) and N_(s,2) are the slot numbers within each periodicity of the configured pattern respectively. If 7 bits are not enough to indicate the combinations
· Support to indicate them based on RefSCS
· [bookmark: _Toc22573][bookmark: _Toc15308]The RefSCS is determined according to
[bookmark: _Toc22208][bookmark: _Toc3691]-  RefSCS = min(SL SCS, maximal supportable SCS with at most 7 bits)
[bookmark: _Toc20305][bookmark: _Toc16945]In some cases, there is one remaining bit in the 7 bits after indicating potential sidelink slot in two patterns based on RefSCS. 
[bookmark: _Toc28046][bookmark: _Toc3373]Proposal 3: If remaining bit exists in the 7 bits after indication based on RefSCS, it should be used to indicate potential sidelink slot.
Validation Rules for S-SSB transmission
Agreements were reached for S-SSB occasion configuration in RAN1 #99:
Agreements:
· The S-SSBs within the period of 160ms are distributed with the same interval with the following (pre-)configured parameters:
· The offset from the start of the S-SSB period to the first S-SSB
· The interval between neighboring S-SSBs
The occasions configured following this agreement could overlap with DL slots and additional validation rules need to be discussed. For example, under dual pattern with P=5 ms and P2=5 ms and 64 S-SSBs configured within 160ms period, 4 S-SSBs need to be distributed with equal interval within P+P2 = 10ms. In case less than half of the slots are UL slots in both patterns, the S-SSB is likely to overlap with DL slot. Since the resource of DL is not used for sidelink, it is sensible to invalidate the S-SSB occasion which overlaps with DL slot. 

[bookmark: _Toc23437][bookmark: _Toc13788][bookmark: _Toc23068][bookmark: _Toc7710][bookmark: _Toc6465][bookmark: _Toc23544][bookmark: _Toc28518]Proposal 4: If an occasion configured for S-SSB overlaps with DL slot, it should be invalidated for S-SSB transmission/reception.

[bookmark: _Toc27598]Conclusion
This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals and observations:
Observation 1: In some cases, there is one remaining bit in the 7 bits after indicating potential sidelink slot in two patterns based on RefSCS.

Proposal 1: Confirm the working assumption that slot index within a frame is indicated by 7 bits and the total bits of PSBCH payload are 56bits.
Proposal 2: The number of combinations of potential sidelink slots based on SL SCS in two patterns are  ,where  and  are the slot numbers within each periodicity of the configured pattern respectively. If 7 bits are not enough to indicate the combinations,
 support to indicate them based on RefSCS
 The RefSCS is determined according to the following relationship
-  RefSCS = min(SL SCS, maximal supportable SCS with at most 7 bits)
Proposal 3: If remaining bit exists in the 7 bits after indication based on RefSCS, it should be used to indicate potential sidelink slot.
Proposal 4: If an occasion configured for S-SSB overlaps with DL slot, it should be invalidated for S-SSB transmission/reception.
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Appendix: 


Table A Maximum slot numbers for configuration of two patterns
	index
	Period1
(ms)
	Period2
(ms)
	Max Slot number
(SL SCS=15 kHz)
	Max slot number
(SL SCS=30 kHz)
	Max slot number
(SL SCS=60 kHz)
	Max slot number
(SL SCS=120 kHz)

	0
	0.5
	0.5
	/
	(1,1)
	(2,2)
	(4,4)

	1
	0.5
	2
	/
	(1,4)
	(2,8)
	(4,16)

	2
	0.625
	0.625
	/
	/
	/
	(5,5)

	3
	1
	1
	(1,1)
	(2,2)
	(4,4)
	(8,8)

	4
	1
	3
	(1,3)
	(2,6)
	(4,12)
	(8,24)

	5
	1
	4
	(1,4)
	(2,8)
	(4,16)
	(8,32)

	6
	1.25
	1.25
	/
	/
	(5,5)
	(10,10)

	7
	2
	0.5
	/
	(4,1)
	(8,2)
	(16,4)

	8
	2
	2
	(2,2)
	(4,4)
	(8,8)
	(16,16)

	9
	2
	3
	(2,3)
	(4,6)
	(8,12)
	(16,24)

	10
	2.5
	2.5
	/
	(5,5)
	(10,10)
	(20,20)

	11
	3
	1
	(3,1)
	(6,2)
	(12,4)
	(24,8)

	12
	3
	2
	(3,2)
	(6,4)
	(12,8)
	(24,16)

	13
	4
	1
	(4,1)
	(8,2)
	(16,4)
	(32,8)

	14
	5
	5
	(5,5)
	(10,10)
	(20,20)
	(40,40)

	15
	10
	10
	(10,10)
	(20,20)
	(40,40)
	(80,80)





Table B bits needed for indication based on RefSCS 
	index
	SL SCS 
(kHz)
	(P1, P2)
（ms）
	Max slot number
(SL SCS)
	Scaling granularity
(slot)
	Number of indication bit (RefSCS)
	Redundant bit
(Z=7 bits)
	RefSCS
(kHz)

	1
	120
	(1, 3)
	(8, 24)
	
	
	
	

	
	
	
	
	2
	6
	1
	60

	2
	120
	(1, 4)
	(8, 32)
	
	
	
	

	
	
	
	
	2
	6
	1
	60

	3
	120
	(2, 2)
	(16, 16)
	
	
	
	

	
	
	
	
	2
	6
	1
	60

	4
	120
	(2, 3)
	(16, 24)
	
	
	
	

	
	
	
	
	2
	7
	0
	60

	5
	120
	(2.5,  2.5)
	(20, 20)
	
	
	
	

	
	
	
	
	2
	7
	0
	60

	6
	120
	(3, 1)
	(24, 8)
	
	
	
	

	
	
	
	
	2
	6
	1
	60

	7
	120
	(3, 2)
	(24, 16)
	
	
	
	

	
	
	
	
	2
	7
	0
	60

	8
	120
	(4, 1)
	(32, 8)
	
	
	
	

	
	
	
	
	2
	6
	1
	60

	9
	120
	(5, 5)
	(40, 40)
	
	
	
	

	
	
	
	
	4
	7
	0
	30

	10
	120
	(10, 10)
	(80, 80)
	
	
	
	

	
	
	
	
	8
	7
	0
	15

	11
	60
	(5, 5)
	(20, 20)
	
	
	
	

	
	
	
	
	2
	7
	0
	30

	12
	60
	(10, 10)
	(40, 40)
	
	
	
	

	
	
	
	
	4
	7
	0
	15

	13
	30
	(10, 10)
	(20, 20)
	
	
	
	

	
	
	
	
	2
	7
	0
	15
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