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[bookmark: _Toc5602][bookmark: _Ref30590]Introduction
At RAN1 #101-e meeting, the following working assumption and agreements were reached [1].
Agreements:
For indication of the UL slots by Z,
· If single pattern is configured, Z bits indicate the UL slot number in the pattern is n.
· If two patterns are configured, Z bits indicate the state index derived by the UL slots,

Where
· n1 is the number of UL slots in the first pattern,
· n2 is the number of UL slots in the second pattern,
· P is the periodicity in units of ms of the first pattern,
· w is the granularity of resource indication,
·  is (working assumption)
· Alt 1: 0/1/2/3 corresponds to the 15/30/60/120 kHz SCS for SL respectively.
· Alt 2: 2 corresponds to 60 kHz SCS for FR1, and 3 corresponds to 120kHz for FR2.
Agreements:
For indication of the granularity of UL resources,
· If single pattern is configured, the granularity of the number of UL resources indicated by SL-TDD-Config is 1 slot.
· If two patterns are configured, the granularity of the number of UL resources indicated by SL-TDD-Config follows the table below (as a working assumption)
	Periodicity indication Y
	P+P2 (ms)
	Two patterns
	Granularity in slots with different SCS

	
	
	P
	P2
	15kHz
	30 kHz
	60 kHz
	120 kHz

	0
	1
	0.5
	0.5
	1

	1
	1.25
	0.625
	0.625
	

	2
	2
	1
	1
	

	3
	2.5
	0.5
	2
	

	4
	2.5
	1.25
	1.25
	

	5
	2.5
	2
	0.5
	

	6
	4
	1
	3
	1
	2

	7
	4
	2
	2
	
	

	8
	4
	3
	1
	
	

	9
	5
	1
	4
	
	

	10
	5
	2
	3
	
	

	11
	5
	2.5
	2.5
	
	

	12
	5
	3
	2
	
	

	13
	5
	4
	1
	
	

	14
	10
	5
	5
	1
	2
	4

	15
	20
	10
	10
	1
	2
	4
	8



[bookmark: OLE_LINK5]In this contribution, we further discuss the remaining issues of NR V2X synchronization.
[bookmark: _Toc10347]Discussions 
Confirmation of working assumption

During RAN1#101-e, two working assumptions about reference SL SCS and indication granularity of the number of UL resources were reached. The two working assumptions can work. They should be confirmed.
[bookmark: _Toc3904][bookmark: _Toc47554716][bookmark: _Toc24092][bookmark: _Toc25939]Confirm the working assumptions about reference SL SCS and the indication granularity of the number of UL resources in PSBCH.

Retrieval of UL slot format for two patterns in receiver end

As shown in the below extract of TS38.213, it is specified how to determine the PSBCH payload bit sequence  from transmitter perspective according to the slot format information in TDD-UL-DL-ConfigCommon. For the single pattern case, it works because the UL resource information including full and partial UL slots is directly indicated by 7 bits.


 are the 7th to 1st LSBs of , respectively
-	for , 
-	for , 
where
-	 is the number of symbols in a slot:  if cyclicPrefix-SL = "ECP"; else, 
-	 is 1 if , else  is 0
-	 is 1 if , else  is 0 
-	 is the sidelink starting symbol index provided by sl-StartSymbol
-	 is the granularity of slots indication as described in Table 16.1-2
-	, , , ,  are described in Clause 11.1
-	 corresponds to SL SCS as defined in [4, TS 38.211]

However, for the two pattern case, the indication field () indicates the state index derived by the UL slot number scaled by indication granularity, but not the UL slot number itself. When the indication granularity w is larger than 1, based on the PSBCH payload, receive UE cannot settle the slot format information in either pattern among a candidate set of w UL slot numbers according to the current spec. description. If the receive UE randomly uses a UL slot number pair among the candidate value set to perform further communication, its interpretation of the UL slot information and resource pool is likely to be mis-aligned with that in the TDD-UL-DL-ConfigCommon. We provide in the following a relevant example.
Assume slot configuration period of pattern 1 (P) is 3 ms, slot configuration period of pattern 2 (P2) is 2 ms , SL SCS is 120 kHz (μ=3). According to the table in the working assumption above, the corresponding granularity (w) equals to 2 slots. Assume the UL slot numbers configured in two patterns that need to be indicated are 13 and 9 respectively. 
Then the bit sequence  in PSBCH payload needs to indicate the following state index 

At receive end, UL slot numbers  ,   in pattern 1 and pattern 2 can be retrieved accordingly as follows,



where . In this particular example, The UL slot number is effectively



where both and  could be either of {0,1}and the receiver can not determine whether  or  should be 0 or 1. As shown in Figure 1, if the receiver randomly chose 0 as the value for both  and , one residual slot in both patterns would not be understood as UL slot by the UE. Consequently, the UL slot numbers in receiver end are mis-aligned with that in the transmitter. This would further result in mis-alignment between SL resource pools in the receiver and the transmitter[2].



Figure 1 An illustration for UL slot indication
[bookmark: _Toc47554715]Current spec. description is not sufficient to always ensure the receive UE retrieves the UL slot numbers in two patterns from the PSBCH payload as that indicated in TDD-UL-DL-ConfigCommon.
During RAN1#101-e GTW session, Rx side formula was discussed and deemed not needed. The analysis above demonstrates, however, Rx UE could face ambiguity when decoding PSBCH and this ambiguity in terms of the interpretation of UL slot indication for sidelink transmission could lead to mis-alignment of resource pool and consequent communication issues[2]. To eliminate this ambiguity, we propose to specify the Rx side formula together with several alternatives to ensure a common set of {, }shared by Tx and Rx UE. 
1) The values are fixed in the spec.
 or  could be fixed as any value ranging from 0 to w-1 according to the Rx side formula. This would require the NW configuration of TDD-UL-DL-ConfigCommon to align pre-defined slot patterns. However, if {, }are set improperly as {0,0}, {0,0} UL slots for both patterns would need to be configured by TDD-UL-DL-ConfigCommon when state index , which is not realistic. 

2) The values are pre-configured 
Alternatively, the values of {, } could be pre-configured for OoC UE taking into account the TDD-UL-DL-ConfigCommon configuration of the deployed network. The InC UE would thus expect the pre-configured values of {, } under the corresponding {periodicity, SCS} combination to be aligned with the slot patterns indicated in NW configured TDD-UL-DL-ConfigCommon. This would allow for TDD-UL-DL-ConfigCommon to be set on demand and a value set {, } to cater to that demand.

[bookmark: _Toc47554717]Capture in TS 38.213 the Rx side formula 


Note: The values of {, } are pre-configured
TP for S-SSB slot collision with DL/Flexible slots
During RAN1 #101-e, the issue of potential collision between S-SSB and DL/Flexible slots indicated by tdd-UL-DL-ConfigurationCommon was discussed. The following agreement was reached to address this issue. To our interpretation, this agreement requires a configuration restriction that S-SSB slots are neither DL nor Flexible slots, similar to the Uu principle that SSB slots are not UL slots. We believe this agreement should be reflected in current spec. 38.213 similar to spec. description for NR Uu.
	Agreement:
· S-SSB transmission/reception slots are in cell-specific UL resources in Uu.



In NR Uu, corresponding description for SS/PBCH block can be found in 11.1 in 38.213 as follows.
	For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE by ssb-PositionsInBurst in SIB1 or ssb-PositionsInBurst in ServingCellConfigCommon, for reception of SS/PBCH blocks, the UE does not transmit PUSCH, PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated as uplink by tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.


Accordingly, we propose the following TP change to sidelink synchronization procedures in 38.213.
	[bookmark: _Toc45699231][bookmark: _Toc29917329][bookmark: _Toc29899175][bookmark: _Toc29894876][bookmark: _Toc29899593][bookmark: _Toc36498203]16.1	Synchronization procedures
......
---------------------------------- < Unchanged parts are 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 does not expect the set of symbols of the slot configured for S-SSB transmission and reception to be indicated as downlink/flexible by TDD-UL-DL-ConfigCommon
---------------------------------- < Unchanged parts are omitted > -----------------------------------------



[bookmark: _Toc7710][bookmark: _Toc23437][bookmark: _Toc23068][bookmark: _Toc5539][bookmark: _Toc13788][bookmark: _Toc6465][bookmark: _Toc47554721][bookmark: _Toc28518]To adopt the following TP for 38.213.
	16.1	Synchronization procedures
......
---------------------------------- < Unchanged parts are 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 does not expect the set of symbols of the slot configured for S-SSB transmission and reception to be indicated as downlink/flexible by TDD-UL-DL-ConfigCommon
---------------------------------- < Unchanged parts are omitted > -----------------------------------------



[bookmark: _Toc27598]Conclusion
This contribution focuses on synchronization mechanism for NR V2X. It provides the following proposals and observation:
Observation 1:	Current spec. description is not sufficient to always ensure the receive UE retrieves the UL slot numbers in two patterns from the PSBCH payload as that indicated in TDD-UL-DL-ConfigCommon.

Proposal 1:	Confirm the working assumptions about reference SL SCS and the indication granularity of the number of UL resources in PSBCH.
Proposal 2:	Capture in TS 38.213 the Rx side formula


Note: The values of {, } are pre-configured
Proposal 3:	Finalize the solution to ensure a shared set of values of {,} in RAN1#102 e.
Proposal 4:	To adopt the following TP for 38.213.

	16.1	Synchronization procedures
......
---------------------------------- < Unchanged parts are 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 does not expect the set of symbols of the slot configured for S-SSB transmission and reception to be indicated as downlink/flexible by TDD-UL-DL-ConfigCommon
---------------------------------- < Unchanged parts are omitted > -----------------------------------------
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