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1. Introduction
At RAN1#100-e meeting, we had many discussions via email and many agreements were reached for 5G V2X with NR-SL WID. There are a few remaining issues to make RAN1 specifications completed. In this contribution, we share our views on SL synchronization mechanism for 5G V2X with NR-SL.


2. Discussions
2.1. PSBCH contents – TDD configuration indication
	Agreements:
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.


At the last e-meeting, the above agreements were reached for TDD configuration indication. Values of X, Y, Z are not decided yet. Further discussion and decision are necessary.
For TDD configuration indication, firstly, only semi-static and common UL part should be available for SL. Dynamic UL part and/or UE specific UL part would lead to large interference to Uu. Then, let us consider how to inform semi-static and common UL part in NR-Uu. The following are reconfirmation of NR-Uu.
· Patterns
In NR-Uu, two patterns can be configured by pattern1 and pattern2 in TDD-UL-DL-ConfigCommon. Each parameter provides TDD-UL-DL-Pattern, where periodicity and the number of UL slots are included. The values can be different between pattern1 and pattern2.
· Periodicity
There are two parameters for periodicity in TDD-UL-DL-Pattern: dl-UL-TransmissionPeriodicity and dl-UL-TransmissionPeriodicity-v1530. If dl-UL-TransmissionPeriodicity-v1530 is provided, the periodicity is the value provided by dl-UL-TransmissionPeriodicity-v1530. Otherwise, the periodicity is the value provided by dl-UL-TransmissionPeriodicity.
Value set of dl-UL-TransmissionPeriodicity is {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10}. Value set of dl-UL-TransmissionPeriodicity-v1530 is {ms3, ms4}. When two patterns are configured, a multiple of the sum of two periodicities shall be 20 msec. For example, it is not expected that one is ms0p5 and the other one is ms3. 
· UL slots
nrofUplinkSlots in TDD-UL-DL-Pattern provides the number of consecutive full UL slots at the end of each pattern. Value set of nrofUplinkSlots is integer of [0, 320], while only 0 to 80 slots can be configured for UL slots in NR-Uu Rel-15.
X, Y, Z should be defined so that the above candidates are indicated as many as possible. Firstly, let us consider maximum bits for full flexibility. 
· For X, either one pattern or two patterns needs to be indicated; thereby, X = 1.
· For Y, 10 values are possible for periodicity per pattern. When two patterns are configured, two periodicities are indicated and their values are related to each other. The number of possible combinations are 16. Y = 4 for full flexibility.
· For Z, configuration with nrofUplinkSlots = 0 is invalid for SL when a single pattern is configured. The candidates of nrofUplinkSlots is integer of [1, 80]. As abovementioned, NR-Uu Rel-15 supports up to 80 slots, not 320 slots. If more slots are necessary in future release, reserved bits can be used. In case that two patterns are configured, the possible number of UL slots is integer of [1, 80] for the 1st pattern, and [0, 79] for the 2nd pattern. 0 slot in the 1st pattern and 80 slot in the 2nd pattern are invalid configuration since only one pattern should be configured instead. Given that any combinations are possible, 80×80 = 6400 candidates need to be covered. Therefore, Z = 13 for full flexibility.
In this case, bit size of TDD configuration indication is X + Y + Z = 18 bits. However, 12 bits were agreed as a working assumption and 18 bits are impossible since the remaining bit size for TDD configuration indication + reserved bits is 14. Some information should be dropped. The following discussion aims to Z = 7 for instance, where 128 combinations of UL slots can be used.
Observation 1:
· TDD configuration indication with full flexibility is impossible since 18 bits are necessary for full flexibility.

One possible solution, which was discussed in the last e-meeting that, SL communication is allowed in UL slots of either pattern only. However, such a restriction is not preferable from latency perspective since the maximum gap between two SL slots becomes larger. For lower latency, both patterns should be available for SL communication. Note that, in lower SCS, smaller bit size of Z is almost enough. For example, in SCS = 30 kHz, the case that both periodicities of the two patterns are 10 ms is only the situation uncovered by Z = 7. The following table shows the example. One of 20×20 = 400 combinations of UL slots could be configured when two patterns are configured with 10 ms periodicities. Z = 8 bits are needed. Meanwhile, Z = 7 bits are sufficient for other periodicity cases since the number of combinations is 10×10 = 100 or less. Considering this analysis, SL transmissions only in either pattern is not good choice. 
Table 1: Periodicities and candidates of UL slot number.
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Observation 2:
· It is not good choice to reduce bit size that SL communication is allowed in only either pattern when two patterns are configured.

As another solution, lower granularity per pattern is considerable in our understanding. Even when one of 1 to N slots can be configured per nrofUplinkSlots with one slot granularity, one of 1 to N slots can be indicated with multiple slots granularity. Examples are provided in Table 2. Values with blue color is updated part from table 1.
· For SCS = 30 kHz, when two patterns are configured with 10 ms periodicities, one of 1 to 20 slots or 0 to 19 slots can be indicated by with 2 slots granularity; thereby, one of {2, 4, 6, 8, 10, 12, 14, 16, 18, 20} or {0, 2, 4, 6, 8, 10, 12, 14, 16, 18} slots per periodicity.
· For SCS = 120 kHz, when two patterns are configured with 1 ms and 3 ms periodicities, one of 1 to 8 slots can be indicated with one slot granularity for 1ms periodicity. Meanwhile, one of 0 to 23 slots can be indicated with 2 slots granularity for 3 ms periodicity, where the values are {0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22} slots.
This approach enables to use UL slots in both patterns with Z = 7 bits, i.e. X + Y + Z = 12 bits. Although lower granularity leads to less SL slots in each pattern, the benefit is more attractive for us. Therefore, we prefer this solution.
Table 2: Indication with lower granularity per pattern.
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Observation 3:
· UL slot indication with lower granularity enables to use UL slots in two patterns of TDD configuration with X + Y + Z = 12 bits.
Proposal 1:
· When two patterns are provided for TDD configuration, UL slots in both patterns can be used for SL communications.
· For TDD configuration indication in PSBCH,
· X = 1 bit
· 0 indicates one pattern
· 1 indicates two patterns.
· Y = 4 bits
· For one pattern, one value from {0.5, 0.625, 1, 1.25, 2, 2.5, 3, 4, 5, 10} is indicated.
· For two patterns, one combination from {(0.5, 0.5), (0.625, 0.625), (1, 1), (0.5, 2), (2, 0.5), (1.25, 1.25), (1, 3), (3, 1), (2, 2), (1, 4), (4, 1), (2, 3), (3, 2), (2.5, 2.5), (5, 5), (10, 10)} is indicated.
· Z = 7 bits
· When the number of UL slot combinations in two patterns is more than 128, the UL slots are indicated with granularity of more than one slots.


2.2. Cluster merge
At the previous meetings, we had discussions of whether synchronization mechanism based on the lowest SLSS ID is supported for P6 and P6’ priority case or not. Although no conclusion was reached, we believe that further discussion should be made and the mechanism should be supported since clear performance gain has been identified and no technical concern would be raised for the mechanism. Details are discussed in [2].
Proposal 2:
· Cluster merge by synchronization based on lower SLSS ID for P6/P6’ UE should be discussed and supported.


3. Conclusion
In this contribution, we discussed the remaining issues on SL synchronization mechanism. Observations/Proposals are summarized as following: 
Observation 1:
· TDD configuration indication with full flexibility is impossible since 18 bits are necessary for full flexibility.
Observation 2:
· It is not good choice to reduce bit size that SL communication is allowed in only either pattern when two patterns are configured.
Observation 3:
· UL slot indication with lower granularity enables to use UL slots in two patterns of TDD configuration with X + Y + Z = 12 bits.
Proposal 1:
· When two patterns are provided for TDD configuration, UL slots in both patterns can be used for SL communications.
· For TDD configuration indication in PSBCH,
· X = 1 bit
· 0 indicates one pattern
· 1 indicates two patterns.
· Y = 4 bits
· For one pattern, one value from {0.5, 0.625, 1, 1.25, 2, 2.5, 3, 4, 5, 10} is indicated.
· For two patterns, one combination from {(0.5, 0.5), (0.625, 0.625), (1, 1), (0.5, 2), (2, 0.5), (1.25, 1.25), (1, 3), (3, 1), (2, 2), (1, 4), (4, 1), (2, 3), (3, 2), (2.5, 2.5), (5, 5), (10, 10)} is indicated.
· Z = 7 bits
· When the number of UL slot combinations in two patterns is more than 128, the UL slots are indicated with granularity of more than one slots.
Proposal 2:
· Cluster merge by synchronization based on lower SLSS ID for P6/P6’ UE should be discussed and supported.
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