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1 	Introduction
In the RAN1#100e meeting discussion on NR V2X sidelink synchronization continued and the further agreements were made.
In this contribution we discuss details of NR V2X sidelink synchronization procedure and S-SSB design.
2 	Discussion on synchronisation procedures
2.1 Synchronization to multiple sources
Already in LTE Rel-14 sidelink, multi-carrier operation was supported although carrier aggregation was introduced in Rel-15. For Rel-14 multicarrier operation, UE capability to support multiple synchronization sources was introduced. As explained in [2] UE may use network-based timing in some of the carriers and GNSS timing in some other sidelink carriers. In addition, when GNSS based timing is used, there may be different DFN offsets used in different carriers.
Like in LTE we assume that NR SL UE can search higher priority synchronization source while operating based on lower priority synchronization source. When UE finds higher priority synchronization source it should start to use it. But if the UE is e.g. having unicast or groupcast transmission it should somehow make sure that the change of the synchronization source does not mean that data transmission is discontinued. We think that UE should be capable to maintain synchronization to two different sources e.g. to GNSS based and gNB/eNB based synchronization sources. Depending on priority order of the received synchronization sources the UE should select which synchronization source is used for transmission of the SLSS from the UE in each carrier. At least in case of unicast or groupcast UE could also inform the other UEs that the highest priority synchronization source has changed, and the UE will start to use different synchronization source. The unicast/groupcast data transmission with the UE(s), that are also capable to maintain synchronization to multiple sources, could then continue without interruptions, if the receiving UEs are already synchronized to the new source. 
Proposal 1: SL UEs are capable to maintain synchronization to at least two different synchronization sources.

3	Discussion on SL synchronisation signal design

3.1 S-SSB/PSBCH content
In RAN1#100bis-e following agreements were made in relation to PSBCH content:
	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 section we consider the UL-DL slot configuration indication and slot index indication.
3.1.1 UL-DL slot configuration
It has been agreed to include the information regarding UL-DL slot configuration as a part of the PSBCH payload. The NR TDD UL-DL configuration is illustrated in Figure 1. Different mechanisms to compress the information were discussed in RAN1#99 (and Ran1#100-e) and a working assumption for the number of bits was set to 12 (i.e. ).
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[bookmark: _Ref31893594]Figure 1. Illustration of NR TDD UL-DL configuration
The NR-U TDD UL-DL slot configuration has option of including two different patterns, each with their own UL/DL slot partition. There are 10 periodicity options, {0.5, 0.625, 1, 1.25, 2, 2.5, 3, 4, 5, 10}[ms] for pattern1 (P) and pattern2 (P2). Accounting the requirement that every 20/P or 20/(P+P2) patterns, first symbol of the pattern is a first symbol of an even frame there are all together 25 combinations (P and P+P2). Hence to cover all options for periods and their combinations, 5 bits would be needed (with few indexes to spare). The number of possible pattern combinations can of course be reduced by indicating only cases where P≥P2, an then further selecting  Number of possible UL (or DL) slots per pattern depends of course on the considered sub-carrier spacing (), giving up to 80 slots in 10ms for 120kHz sub-carrier spacing, requiring 7bits per period. Thus, in order to be able to inform all possible configurations more than 12 bits would be needed, namely 5+7+7=19 bits.
Observation 1: In order to indicate full possible TDD UL configurations 19 bits would be needed.
Now evidently some method to compress the information is needed. This can be achieved in a fixed manner by precluding certain options, or in a fully flexible manner, where the content of the indication could be preconfigured. As a principle the option to have two different patterns needs to be covered, and they should not be assumed to identical in terms of UL slot numbering. 
For NR SL TDD slot configuration, as agreed in last meeting, one bit is used to indicate whether one or two patterns are used in SL configuration as well.
For pattern configurations, when accounting the alignment rule that every 20/P or 20/(P+P2) patterns, first symbol of the pattern(s) is a first symbol of an even frame are given in Table 1. This results 25 options in total, 9 options for single pattern and 16 different combinations for two patterns. Hence reserving 1 bit to indicate the number of patterns, one or two and using 4 bits to give the different pattern combinations would enable to cover all options.    
Proposal 2: For the indication of pattern times, with Y=4, pattern combinations, as show in Table 1, are directly indexed for each case, one or two patterns.

[bookmark: _Ref40175462]Table 1. Possible UL-DL slot pattern configurations with P≥P2 
	Single pattern only
	Two patterns

	pattern1 [ms]
	Index Y
	pattern1 [ms]
	panttern2 [ms]
	panttern2 [ms]
	panttern2 [ms]
	Index Y

	0,5
	0
	0.5
	0.5
	2
	-
	0, 1

	0,625
	1
	0.625
	0.625
	-
	-
	2

	1
	2
	1
	1
	3
	4
	3,4,5

	1,25
	3
	1.25
	1,25
	-
	-
	6

	2
	4
	2
	0,5
	2
	3
	7, 8, 9

	2,5
	5
	2.5
	2.5
	-
	-
	10

	
	-
	3
	1
	2
	-
	11, 12

	4
	6
	4
	1
	-
	-
	13

	5
	7
	5
	5
	-
	-
	14

	10
	8
	10
	10
	-
	-
	15



When only single pattern (pattern1) is used, and assuming that 4 bits are used for pattern(s) periodicity indication, remining 7 bits would of course be sufficient to provide full range of UL slots. It is also likely that in case of only single UL-DL pattern, fewer bits would suffice as it could be expected that also DL slots are needed. In case two patterns are used, the UL-DL TDD pattern specific slot information would need to be compressed to fit to 7 bits (as 4 bits are used for pattern(s) indication). When the remaining bits are shared, up to 16 indexes could be indicated for one pattern and 12 indexes for other pattern. In case of two patterns it would then need to be determined how the bits are split among the two patterns. If would seem feasible to apply a rule that when P≥P2 , i.e. first pattern is longer or equal to pattern 2 (P2), 4 bits are assigned for first pattern, P, slot indication and 3 bits for patter P2. And for the cases P2>P, 4 bits would be assigned for pattern P2 slot indication and 3 bits for pattern P. Of course, depending of the sub-carrier spacing, these could be indexed differently e.g. having a scs specific multiplier to increase the range of the indication/mapping. As example scs dependent multiplier could be defined as {1,1,2,4} for µ={0,1,2,3}, respectively. Alternative approach would be to select the values for each possible index (and for each scs) that can be addressed with the 7 bits. Naturally due to restricted number of bits that granularity would coarser (e.g. 4 slots) and therefore it may not be possible to indicate the exact number of UL slots, but that may not be necessary if part of the resources are used for NR-Uu.    
Observation 2: Indicating only sub-set of full UL slots of each pattern could be used to restrict the number of bits needed for UL-DL TDD slot configuration signalling. 
[bookmark: _Hlk37079902]Proposal 3: In case two patterns (P+P2) are indicated, the number of SL slots for  pattern P is  indicated by 4 bits and for pattern P2 with 3 bits when P≥P2 and when P2>P, number of SL slots for  pattern P is indicated by 3 bits and for pattern P2 with 4 bits. 
Proposal 4: For higher sub-carrier spacings where number of bits is not enough to indicate the full number of slots, higher granularity is used e.g. 2 for 60kHz and 4 for 120kHz.

[bookmark: _Hlk40255592]Now evidently as it is not possible to indicate all slots or to indicate the number of slots with granularity of one, it would need to be clarified how the SL TDD configuration is determined when the configuration used by NR-Uu (tdd-UL-DL-ConfigurationCommon)and the SL slot configuration space (sl-TDD-Config) are not compatible. It can be assumed that initially in PSBCH, as in case of partial slot information discussed above, that it is sufficient to cover the pattern so that UE would be informed only sub-set of the full (UL) slots of each pattern e.g. counting from the end of each patterns. Hence if number of UL slots for a given pattern is larger than the index space for SL slots in PSBCH configuration or that the granularity is not sufficient to give the exact value used in tdd-UL-DL-ConfigurationCommon, largest possible value that is smaller or equal to the one in tdd-UL-DL-ConfigurationCommon should be indicated (e.g. ).
[bookmark: _Hlk40255577]Proposal 5: If the full/exact number of UL slots for a given pattern given in tdd-UL-DL-ConfigurationCommon cannot be indicated in sl-TDD-Config, largest possible value (among the possible slot index space) that is smaller or equal to the value in tdd-UL-DL-ConfigurationCommon should be indicated by UE in sl-TDD-Config. 
3.1.2 Slot index indication
Discussion in section 3.1.2 shows that it would not appear to possible to fit full range of slots for all the cases of NR-Uu UL-DL slot configuration (tdd-UL-DL-ConfigurationCommon) into 12 bits in sl-TDD-Config. 
As discussed in the last meeting, when TDD UL-DL slot configuration is informed to the UE via PSBCH payload, it can be benefitted to reduce the number of bits needed for providing the slot index. I.e. as only full UL slots are valid for S-SSB transmission, and the UL-DL slot pattern(s) is period over 20ms so first symbol of every 20/P (or 20/(P+P2) periods is a first symbol of even frame (DFN={0,2,4,..}), knowing slot index within the UL slots within the patterns (e.g. in 10ms or 20ms) would suffice to provide UE the slot index in radio frame. As for example illustrated in Figure 2 (30kHz scs), indexing UL slots over the UL-DL TDD patterns and providing UE the index (e.g. 3) would be sufficient to tell slot index in radio-frame (e.g. 9).
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Figure 2. S-SSB time location indexing on UL slots
Hence in case of single UL-DL pattern, and assuming that part of the slots are DL, indexing only logically the UL slots starting from the first full UL slot of the concatenated pattern, it could be fairly reasonable assumption that 5 or 6 bits (i.e. 32 or 64 values) would suffice to indicate the S-SSB slot within the index UL-DL pattern. In case of 120ms, a configuration could be envisioned resulting number of UL slots larger than 64, e.g. with having two concatenated 10ms patterns, one with DL focus and other with UL focus. In these cases, if number of bits is reduced, there would be some restriction to the location of the possible S-SSBs. With such a large number of ULs slots, this does not seem as too stringent restriction. Also in case of very short pattern(s) where there are multiple patterns within <10ms it could be considered applying the indexing over multiple concatenated patters, so that any ambiguity over the S-SSB timing can be avoided.
Observation 3: Information regarding the UL slot locations can be used in S-SSB slot index information.


4	Conclusions
In this contribution, we have discussed synchronization aspects of NR V2X. In Section 2, we have the following proposal in relation to synchronization procedures:
Proposal 1: SL UEs are capable to maintain synchronization to at least two different synchronization sources.

Content of PBCH is discussed in Section 3.1.1, with follow observations and proposals 
Observation 1: In order to indicate full possible TDD UL configurations 19bits would be needed.
Proposal 2: For the indication of pattern times, with Y=4, pattern combinations, as show in Table 1, are directly indexed for each case, one or two patterns.
Observation 2: Indicating only sub-set of full UL slots of each pattern could be used to restrict the number of bits needed for UL-DL TDD slot configuration signalling. This would result 16 different values for number of slots per pattern. 
Proposal 3: In case two patterns (P+P2) are indicated, the number of SL slots for  pattern P is  indicated by 4 bits and for pattern P2 with 3 bits when P≥P2 and when P2>P, number of SL slots for  pattern P is indicated by 3 bits and for pattern P2 with 4 bits. 
Proposal 4: For higher sub-carrier spacings where number of bits is not enough to indicate the full number of slots, higher granularity is used e.g. 2 for 60kHz and 4 for 120kHz.
Proposal 5: If the full/exact number of UL slots for a given pattern given in tdd-UL-DL-ConfigurationCommon cannot be indicated in sl-TDD-Config, largest possible value (among the possible slot index space) that is smaller or equal to the value in tdd-UL-DL-ConfigurationCommon should be indicated by UE in sl-TDD-Config. 

In section 3.1.2, method to reduce the number of bits needed for slot index indication was discussed with following outcome:-
Observation 5: Information regarding the UL slot locations can be used in S-SSB slot index information.
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