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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
Regarding the synchronization mechanism in NR V2X, the following agreements have been achieved in the previous meetings [1]:
	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.


In this paper, we discuss the remaining issues of S-SSB and provide TPs for V2X specifications [2].

2. [bookmark: _Hlk18422011]Discussion
2.1. PSBCH content
NR TDD-config in SIB1 can be constructed by up to two distinct TDD patterns, each of which spans a configurable period belonging to {0.5, 0.625, 1, 1.25, 2, 2.5, 3, 4, 5, 10} ms. Thus, the periodicity of NR TDD-config can be a concatenation of two specific periodicities if two patterns are configured. It is noted that the semi-statically configured pattern duration shall divide 20 ms evenly to align with the default SSB periodicity.
Different periodicities should also be supported by SL-TDD-Config. To adapt to the Uu configuration, the periodicity of SL-TDD-Config should be the same as Uu TDD-config. Denoting the periodicity of TDD-config as P, the periodicity of each TDD pattern as P1 and P2, we summarize single pattern and double patterns in Table 1 and Table 2, respectively.
[bookmark: _Ref40452969][bookmark: _Hlk37366084][bookmark: _Ref20054135]Proposal 1: The periodicities indicated by SL-TDD-Config should be the same as that of NR Uu TDD config in SIB1. Each codepoint of Y is defined in Table 1 and Table 2 for X=0 and X=1, respectively.

[bookmark: _Ref40257842]Table 1. Periodicity with single TDD pattern (X=0)
	Periodicity index
	P (ms)
	Single pattern

	
	
	

	0
	0.5
	0.5

	1
	0.625
	0.625

	2
	1
	1

	3
	1.25
	1.25

	4
	2
	2

	5
	2.5
	2.5

	6
	4
	4

	7
	5
	5

	8
	10
	10



[bookmark: _Ref39849208]Table 2. Combinations of the periodicity with two TDD patterns (X=1)
	Periodicity index
	P=P1+P2 (ms)
	Two patterns

	
	
	P1
	P2

	0
	1
	0.5
	0.5

	1
	1.25
	0.625
	0.625

	2
	2
	1
	1

	3
	2.5
	1.25
	1.25

	4
	2.5
	2
	0.5

	5
	2.5
	0.5
	2

	6
	4
	2
	2

	7
	4
	3
	1

	8
	4
	1
	3

	9
	5
	2.5
	2.5

	10
	5
	3
	2

	11
	5
	2
	3

	12
	5
	4
	1

	13
	5
	1
	4

	14
	10
	5
	5

	15
	20
	10
	10



Due to limited PSBCH payload size, it is decided that UL slots are jointly indicated by Z=7 bits. In case of single pattern as shown in Table 1, when P=10ms and SCS=120kHz, up to 10*23=80 UL slots need to be indicated, thus all cases can be covered with one-slot resource indication granularity. However, when there are two patterns configured, as shown in Table 2, 7 bits may not be sufficient for resource indication in some cases. For example, if SCS=120kHz and pattern1=pattern2=10ms, each pattern contains up to 80 UL slots. Theoretically, there would be (80+1)*(80+1)=6561 possible configurations, which requires 13 bits with one-slot granularity. Therefore, some simplifications or restrictions are required since there are only 7 bits used for resource indication. A coarser granularity of indication should be inevitably used, e.g., 2, 4, or 8 slots. We summarize the applicable granularities for single pattern case and double pattern cases, and the following proposals are made.
[bookmark: _Ref40361059][bookmark: _Ref40261358][bookmark: _Ref39929214][bookmark: _Ref37364116][bookmark: _Ref37431374]Proposal 2: When there is 1 TDD pattern, the granularity of the number of UL resources indicated by SL-TDD-Config is 1 slot.
[bookmark: _Ref40361065][bookmark: _Ref40261366]Proposal 3: When there are 2 TDD patterns, the granularity of the number of UL resources indicated by SL-TDD-Config is calculated as below:
Indication granularity w =⌈((P1*2μ+1)*(P2*2μ+1)/27)1/2⌉
Where P1 and P2 are the periodicities in units of ms of the first and the second pattern respectively, u=0/1/2/3 corresponds to the 15/30/60/120 kHz SL SCS for SL respectively, and granularity means the unit of UL slot indication.
When there are 2 TDD patterns, the granularity of the number of UL resources indicated by SL-TDD-Config is calculated based on Proposal 3, for further clarification of the formula in Proposal 3, the Proposal 4 is formulated as follows.
[bookmark: _Ref40450558][bookmark: _Ref40452994]Proposal 4: When there are 2 TDD patterns, the granularity of the number of UL resources indicated by SL-TDD-Config is,
· When periodicity index=0~5, the granularity of resource indication is 1 slot
· When periodicity index=6~13
· If SL SCS=15/30/60kHz, the granularity of resource indication is 1 slot
· If SL SCS=120kHz, the granularity of resource indication is 2 slots
· When periodicity index=14
· If SL SCS=15/30kHz, the granularity of resource indication is 1 slot
· If SL SCS=60kHz, the granularity of resource indication is 2 slots
· If SL SCS=120kHz, the granularity of resource indication is 4 slots
· When periodicity index=15
· If SL SCS=15kHz, the granularity of resource indication is 1 slot
· If SL SCS=30kHz, the granularity of resource indication is 2 slots
· If SL SCS=60kHz, the granularity of resource indication is 4 slots
· If SL SCS=120kHz, the granularity of resource indication is 8 slots
Regarding determination of the indication value n by the Z bits, when there is 1 TDD pattern, if the number of UL slots is k with the reference SCS for Uu, the UL resource indication value n can be determined as below:

Where u and  correspond to SL SCS and the reference SCS for Uu, respectively.
Nevertheless, the definition of the indication value for two TDD patterns are more complicated.
For indexing the UL slot indication combinations, the order of combinations is
-	First, in increasing order of number of UL resources in the second pattern
-	Second, in increasing order of number of UL resources in the first pattern
Specifically, suppose that s and t are the numbers of UL slots for the first and second pattern respectively with the reference SCS for Uu, the UL resource indication value n in the SL-TDD-Config can be determined as below:

Where  is the periodicity in units of ms of the second pattern, w is the granularity of resource indication of SL-TDD-Config, u and  correspond to SL SCS and the reference SCS for Uu, respectively.
[bookmark: _Ref40453003]After receiving a PSBCH carrying a resource indicator with value n, the RX UE needs to derive the numbers and locations of UL resources so that it can avoid performing SL on the non-UL part and minimize its interference to Uu. We can illustrate the indication value with the following example. This procedure is an inverse process of the mapping from TDD-UL-DL-ConfigCommon to SL-TDD config discussed above, the number of UL resources can be determined based on the following formula
· If there is one pattern configured
UL slot number in the pattern=
· If there are two patterns configured
UL slot number in the first pattern=
UL slot number in the second pattern=
Where n is the value indicated by Z=7 bits in SL-TDD-Config,  is the periodicity in units of ms of the second pattern, w is the granularity of resource indication and u=0/1/2/3 corresponds to the 15/30/60/120 kHz SCS for SL respectively.
Specifically, assuming SL SCS=60kHZ, for a given periodicity index=15, that is, P1=P2=10ms, the RX UE obtains a Z=7 bits UL slots indication with value n=75 in the granularity=4 slots from SL-TDD-Config from an IC UE, the number of UL slots in each pattern can be determined as follows.
UL slot number in the first pattern=4*⌊75/⌈(10*22+1)/4⌉⌋=24
UL slot number in the second pattern=4*(75 mod ⌈(10*22+1)/4⌉)=36
Where u=2 since SL SCS=60kHz. Therefore, in this case, the OoC RX UE determines that there are 24 UL slots in the first pattern while 36 UL slots in the second pattern.
[bookmark: _Ref40455185]Proposal 5: For indexing the UL slot indication combinations, the order of combinations is
-	First, in increasing order of number of UL resources in the second pattern
-	Second, in increasing order of number of UL resources in the first pattern
[bookmark: _Ref40283257][bookmark: _Ref40464216]Proposal 6: The number of UL resources can be determined from the value n indicated by the Z bits in SL-TDD-Config based on the following formula
· If there is one pattern configured
UL slot number in the pattern=
· If there are two patterns configured
UL slot number in the first pattern=
UL slot number in the second pattern=
Where  is the periodicity in units of ms of the second pattern, w is the granularity of resource indication and u=0/1/2/3 corresponds to the 15/30/60/120 kHz SCS for SL respectively.
The associated TPs are provided below.
------------------------------------------------------ Start of Draft TP of 213-------------------------------------------------
<Unchanged parts omitted>
16.1	Synchronization procedures
For reception of a S-SS/PSBCH block, a UE assumes a frequency location corresponding to the subcarrier with index 66 in the S-SS/PSBCH block [4, TS 38.211], is provided by absoluteFrequencySSB-SL. The UE assumes that a S-PSS symbol, a S-SSS symbol, and a PSBCH symbol have a same transmission power. The UE assumes a same numerology of the S-SS/PSBCH as for a SL BWP of the S-SS/PSBCH block reception, and that a bandwidth of the S-SS/PSBCH is within a bandwidth of the SL BWP. The UE assumes the subcarrier with index 0 in the S-SS/PSBCH block is aligned with a subcarrier with index 0 in the SL BWP.
A UE is provided with SL-TDD-Config, including a uplink resource indication with value . The number of uplink slots are determined by the following formulae:
-	If there is one pattern as indicated by SL-TDD-Config

-	If there are two patterns as indicated by SL-TDD-Config


Where  is the periodicity of the second pattern indicated by SL-TDD-Config as described in Table 16.1,  is the granularity of resource indication as described in Table 16.2 when two TDD patterns are configured, and u=0/1/2/3 corresponds to the 15/30/60/120 kHz SCS for sidelink respectively.
Table 16.1: Combinations of the periodicity with two TDD patterns
	Periodicity index
	P1+P2 (ms)
	Two patterns

	
	
	P1
	P2

	0
	1
	0.5
	0.5

	1
	1.25
	0.625
	0.625

	2
	2
	1
	1

	3
	2.5
	1.25
	1.25

	4
	2.5
	2
	0.5

	5
	2.5
	0.5
	2

	6
	4
	2
	2

	7
	4
	3
	1

	8
	4
	1
	3

	9
	5
	2.5
	2.5

	10
	5
	3
	2

	11
	5
	2
	3

	12
	5
	4
	1

	13
	5
	1
	4

	14
	10
	5
	5

	15
	20
	10
	10


Table 16.2: Resource indication granularity with two TDD patterns
	Periodicity index
	u
	Resource indication granularity (slot(s))

	0
	0/1/2/3
	1

	1
	0/1/2/3
	1

	2
	0/1/2/3
	1

	3
	0/1/2/3
	1

	4
	0/1/2/3
	1

	5
	0/1/2/3
	1

	6
	0/1/2
	1

	
	3
	2

	7
	0/1/2
	1

	
	3
	2

	8
	0/1/2
	1

	
	3
	2

	9
	0/1/2
	1

	
	3
	2

	10
	0/1/2
	1

	
	3
	2

	11
	0/1/2
	1

	
	3
	2

	12
	0/1/2
	1

	
	3
	2

	13
	0/1/2
	1

	
	3
	2

	14
	0/1
	1

	
	2
	2

	
	3
	3

	15
	0
	1

	
	1
	2

	
	2
	3

	
	3
	4


---------------------------------------------------------- End of Draft TP -------------------------------------------------------

2.2. SL-TDD-Config configuration
The TDD configuration indication, i.e., SL-TDD-Config, in NR V2X is defined as below:
1 bit to indicate patterns + 4 bits to indicate periodicity + 7 bits to indicate UL slots.
In NR Uu, TDD-UL-DL-ConfigCommon provides the full information of UL-DL partitioning, where nrofUplinkSlots indicates the number of consecutive full UL slots at the end of each DL-UL pattern, and nrofUplinkSymbols indicates the number of consecutive UL symbols at the end of the slot preceding the first full UL slot. As to LTE Uu, a periodical set of UL-DL resources can be provided by configuring an index to the LTE TDD config table.
As the formats of TDD configuration indications between Uu and SL-TDD config are quite different, rules on how to convert information from TDD-UL-DL-ConfigCommon or LTE TDD config 0-6 to X, Y and Z need to be specified, which has significant spec impacts.
Alternatively, the transformation from Uu TDD configuration to SL-TDD-Config can be performed at NW side, which not only saves UE implementation cost but also eliminates spec impact. After conversion, NW transmits the SL-TDD-Config in sidelink SIB directly to UE. UE shall set the 12 bits in it PSBCH to the same value as that received in SL SIB.
[bookmark: _Ref32004271][bookmark: _Ref37364126]Proposal 7: UE sets the SL-TDD-Config bits in its PSBCH to the same values provided by SL-TDD-Config in SIB.

3. Conclusion
In this contribution, we discuss some remaining issues of NR sidelink synchronization mechanism and have the following proposals:
Proposal 1: The periodicities indicated by SL-TDD-Config should be the same as that of NR Uu TDD config in SIB1. Each codepoint of Y is defined in Table 1 and Table 2 for X=0 and X=1, respectively.
Proposal 2: When there is 1 TDD pattern, the granularity of the number of UL resources indicated by SL-TDD-Config is 1 slot.
Proposal 3: When there are 2 TDD patterns, the granularity of the number of UL resources indicated by SL-TDD-Config is calculated as below:
Indication granularity w =⌈((P1*2μ+1)*(P2*2μ+1)/27)1/2⌉
Where P1 and P2 are the periodicities in units of ms of the first and the second pattern respectively, u=0/1/2/3 corresponds to the 15/30/60/120 kHz SL SCS for SL respectively, and granularity means the unit of UL slot indication.
Proposal 4: When there are 2 TDD patterns, the granularity of the number of UL resources indicated by SL-TDD-Config is,
· When periodicity index=0~5, the granularity of resource indication is 1 slot
· When periodicity index=6~13
· If SL SCS=15/30/60kHz, the granularity of resource indication is 1 slot
· If SL SCS=120kHz, the granularity of resource indication is 2 slots
· When periodicity index=14
· If SL SCS=15/30kHz, the granularity of resource indication is 1 slot
· If SL SCS=60kHz, the granularity of resource indication is 2 slots
· If SL SCS=120kHz, the granularity of resource indication is 4 slots
· When periodicity index=15
· If SL SCS=15kHz, the granularity of resource indication is 1 slot
· If SL SCS=30kHz, the granularity of resource indication is 2 slots
· If SL SCS=60kHz, the granularity of resource indication is 4 slots
· If SL SCS=120kHz, the granularity of resource indication is 8 slots
Proposal 5: For indexing the UL slot indication combinations, the order of combinations is
-	First, in increasing order of number of UL resources in the second pattern
-	Second, in increasing order of number of UL resources in the first pattern
Proposal 6: The number of UL resources can be determined from the value n indicated by the Z bits in SL-TDD-Config based on the following formula
· If there is one pattern configured
UL slot number in the pattern=
· If there are two patterns configured
UL slot number in the first pattern=
UL slot number in the second pattern=
Where  is the periodicity in units of ms of the second pattern, w is the granularity of resource indication and u=0/1/2/3 corresponds to the 15/30/60/120 kHz SCS for SL respectively.
Proposal 7: UE sets the SL-TDD-Config bits in its PSBCH to the same values provided by SL-TDD-Config in SIB.
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