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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 Selection of time resources for S-SSB transmission
RAN1 made a working assumption to reuse LTE procedure for signalling, identifying priority for one or more synchronization references and selecting the synchronization reference in #98bis meeting. The LTE synchronization procedure supports configuration of two or three time-domain resources for S-SSB transmission. The number of time resources for NR SL was discussed also in RAN2 and the current 38.331 running CR [7] supports configuration of only two resources (sl-SSB-TimeAllocation1 and sl-SSB-TimeAllocation2). In LTE the third resource is allocated to an out-of-coverage UE directly synchronized to GNSS. This allows the UE to receive PSBCH content update from the base station in a separate resource that it used for its own S-SSB transmission. For the case when only two resources are configured, RAN1 agreement for LTE was: “UE directly synchronized to GNSS is not required to monitor PSBCH in the other resource if GNSS is at the highest priority”. In LTE the decision to support 0, 2 or 3 resources for S-SSB transmission was made in RAN1, but the synchronization procedure is described in RAN2 specifications. We propose to clarify if the decision to support the third time-domain SSB resource is made in RAN1 or in RAN2. We think that the discussion could take place in RAN1.
Proposal 1: RAN1 decides whether the configuration of three time-domain resources for SSB transmission is supported in NR.
2.2 Synchronization to multiple sources
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 source. Depending on priority order of received synchronization sources the UE should select which synchronization source is used for transmission of the SLSS from the UE. 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 2: SL UEs are capable to maintain synchronization to two different synchronization sources.

3	Discussion on SL synchronisation signal design
3.1 S-SSB design
 In RAN1#100-e following agreement was reached
	[bookmark: _Hlk29801908]Agreements:
· SL SSID is used for DM-RS sequence initialization in PSBCH.
· The DM-RS sequence initialization for PSBCH is to be down-selected one from the following Alts:
· Alt 1: , where  is 3 LSBs of S-SSB index.
· Alt 2: 




The initialization for S-PBCH DMRS has not yet been agreed. The initialization for NR-U PBCH DMRS is determined as follows (38.211):
[image: ]
I.e. the DMRS sequence initialization is based on physical layer Cell ID (accounting the modulo 4), SSB index (Lmax>4) or SSB index and half-frame index (Lmax≤4). 
In RAN1 meeting #99 it was agreed not to support frequency domain offset based on cell ID, nor specific SSB index (corresponding to time domain candidate locations). In order to provide separation between different SL synchronization sources, it would appear natural that at least SL physical ID is accounted in the initialization. Then the question remains whether the SL physical ID would be the only information included in the initialization or whether some other additional information could be accounted. In order to minimize the UE processing, it would be preferable that the information would not require large set of hypotheses. E.g. while the set of SL physical IDs is larger, it is known by the UE based on the S-PSS and S-SSS. 
Using logical SL-SSB indexing could be one option for initialization. In RAN1#99, it was agreed that SL-SSB transmission pattern is configurable and no fixed SL-SSB indexes based on SL_SSB transmission where agreed. Hence it might not be possible to use the logical indexing of SL-SSBs as input to DMRS initialization as in principle different devices could have different pattern and/or different timing. 
Observation 1: (Logical) S-SSB index cannot be used in PSBCH DM-RS initialization.
The mapping of the synchronization sources, SL physical IDs, in-coverage bit indication (in_cov) and priority levels is illustrated in Table 1. As can be seen, based on the information provided in S-SSB UE is not able to distinguish UE2 synchronized to (UE1 synchronized to) eNB/gNB with ≥2-hops from UE2 synchronized to (UE1 synchronized to) GNSS with 1-hop as both are using SL-ID 337 and set in-coverage indication to 0. Correspondingly UE is not able to distinguish UE2 synchronized to (UE1 synchronized to) eNB/gNB with ≥2-hops from UE that is out-of-coverage as both use SL-ID 671 and set the in-coverage bit to 0. To overcome this the PSBCH DM-RS initialization could be used to introduce separation. The priority level (e.g. P0-P6) information as an index to the PSBCH DMRS scrambling with 3 bits. This would allow UE to determine the priority of the synchronization source UE that transmits the SL-SSB, e.g. whether the UE is directly or indirectly connected to network. While in total this would imply 7 hypotheses, the actual number of hypotheses that UE needs to account is of course limited based on the SL-ID.
Proposal 3: Account the priority level of the selected synchronization source in PSBCH DM-RS initialization
Proposal 4: Adopt following text proposal to Section 8.4.1.4.1 of 38.211
	[bookmark: _Toc29230470]8.4.1.4.1	Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

where  is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S-SS/PSBCH block occasion with 

where  is priority index corresponding to the S-SS/PBCH block transmission and  is the physical layer sidelink identity.



When accounting the valid SL-ID ranges for different synchronization sources, two different options can be considered for the initialization, as illustrated in Table 2. In option A the DM-RS initialization is directly dependent on the selected synchronization source in NW-based (gNB/eNB) or GNSS based priority, resulting 7 indexes. In option B the defined synchronization source level is accounted, resulting 4 indexes. In option C, only two indexes are used to ensure separation of different cases where SL-IDs is not sufficient alone.
[bookmark: _Ref31616118]Table 1. Mapping of synchronization sources, SL IDs, resources, in-coverage indication and priorities.
	Sync source of the UE
	SL ID
	Sync resource
	in_cov bit
	Priority

	gNB/enB
	1, 335
	R1
	1
	P0' + P3

	UE(1-hop gNB/eNB)
	1, 335
	R2
	0
	P1' + P4

	UE(≥2-hop gNB/eNB)
	337, 671
	R1/R2
	0
	P2'+ P5

	GNSS
	0
	R3
	0
	P0 + P3'

	UE(1-hop GNSS)
	337
	R2
	0
	P1 + P4'

	UE(≥2-hop GNSS)
	336
	R1/R2
	0
	P2 + P5'

	none (SA)
	338 , 671
	R1/R2
	0
	P6 + P6'



[bookmark: _Ref31626061]Table 2. Illustration of synchronization source, SL-ID and PSBCH DM-RS ID mapping.
	Sync source of the UE
	SL ID
	Opt. A: DM-RS ID based on synch source
	Opt. B:  DM-RS ID based synch source level 
	Opt. C: DM-RS ID to separate SL ID collisions, 

	
	
	NW- based
	GNSS-based
	
	

	gNB/enB
	1, 335
	0
	3
	0
	0

	UE(1-hop gNB/eNB)
	1, 335
	1
	4
	1
	1

	UE(≥2-hop gNB/eNB)
	337, 671
	2
	5
	2
	1

	GNSS
	0
	3
	0
	0
	0

	UE(1-hop GNSS)
	337
	4
	1
	1
	0

	UE(≥2-hop GNSS)
	336
	5
	2
	2
	0

	none (SA)
	338, 671
	6
	6
	3
	0




3.2 S-SSB/PSBCH content
In RAN1#100-e following agreements were made in relation to PSBCH content:
	Agreements:
· Slot-level indication is supported in 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.





In this section we consider the UL-DL slot configuration indication and slot index indication.
3.2.1 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. ).

[image: ]
[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 2: In order to indicate full possible TDD UL configurations 19bits 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. 
Observation 3: For NR UL-DL TDD slot configuration, option to have two patterns needs to be supported in SL slot configuration as well.
[bookmark: _Hlk37079797]Proposal 5: On the 12 bits reserved of UL-DL slot configuration in PSBCH, use one bit, X=1, to indicate whether one pattern (P) or two patterns are assumed (P+P2).
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, and accounting only pattern combinations where P≥P2, are given in Table 3. This results 21 options in total, 9 options for single pattern and 12 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. To further reduce e.g. to 3 bits, the pattern combinations could be set via reconfiguration. If pre-configuration is not possible/supported, use one bit from the slot index indication and adjust the slot index indication as discussed   
Proposal 6: For the indication of pattern times select among two options; 
 	- if pre-configuration periods candidates is supported, use 3 bits, Y=3, to indicate the predefined pattern combination, or
- if pre-configuration periods candidates is not supported, use 4 bits, Y=4, to indicate the pattern combination among options indicated in Table 3 and increasing the UL-DL slot configuration size by 1 bit.


Table 3. Possible UL-DL slot pattern configurations with P≥P2 
	Single pattern only
	Two patterns

	pattern1 [ms]
	-
	pattern1 [ms]
	panttern2 [ms]
	panttern2 [ms]

	0,5
	-
	0.5
	0.5
	-

	0,625
	-
	0.625
	0.625
	-

	1
	-
	1
	1
	-

	1,25
	-
	1.25
	1,25
	-

	2
	-
	2
	0,5
	2

	2,5
	-
	2.5
	2.5
	-

	
	-
	3
	1
	2

	4
	-
	4
	1
	-

	5
	-
	5
	5
	-

	10
	-
	10
	10
	-



When only single pattern (pattern1) is used, and assuming that 4 bits are used for pattern(s) periodicity indication, remining 8 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 8 bits (if 4 bits are used for pattern(s) indication). Of course if 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. Thus, if the remaining bits are shared, either up to 16 slots could be indicated for each pattern. 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 4: 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 7: In case single pattern (P) is indicated, number of SL slots in the pattern can be indicated directly by Z=8 bits.
[bookmark: _Hlk37079902]Proposal 8: In case two patterns (P+P2) are indicated the number of SL slots for each pattern are indicated by 4 bits for each (Z=4+4). For higher sub-carrier spacings where 4 bits is not enough, higher granularity is used e.g. 2 for 60kHz and 4 for 120kHz.
3.2.2 Slot index indication
Discussion in section 3.2.2 leads to the conclusion that it would not appear to possible to fit all the necessary information of UL-DL slot configuration (sl-TDD-Config-r16) to 12 bits without pre-configuration. Hence if pre-configuration of TDD slot pattern is not supported it would be necessary to try to reduce the number of bits used for slot index.
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).
[image: ]
Figure 2. S-SSB time location indexing on UL slots
Observation 5: Information regarding the UL slot locations can be used in S-SSB slot index information.
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.
[bookmark: _Hlk37080072]Proposal 9: Determine PSBCH information element for the slot index (slotIndex) so that it accounts the UL-DL slot configuration information, and logically indicates the index of the UL slot within the concatenated pattern. 
Proposal 10: Reduce the number of bits for the slot index (slotIndex) to 6 bits (or to 5 bits) 



4	Conclusions
In this contribution, we have discussed synchronization aspects of NR V2X. In Section 2, we have the following observations and proposals in relation to synchronization procedures:
Proposal 1: RAN1 decides whether the configuration of three time-domain resources for SSB transmission is supported in NR.
Proposal 2: SL UEs are capable to maintain synchronization to two different synchronization sources.

The S-SSB design has been discussed in Section 3.1 and following proposals and observations have been made:
Observation 1: (Logical) S-SSB index cannot be used in PSBCH DM-RS initialization.
Proposal 3: Account the priority level of the selected synchronization source in PSBCH DM-RS initialization
Proposal 4: Adopt following text proposal to Section 8.4.1.4.1 of 38.211
	8.4.1.4.1	Sequence generation
The reference-signal sequence  for an S-SS/PSBCH block is defined by

where  is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S-SS/PSBCH block occasion with 

where  is priority index corresponding to the S-SS/PBCH block transmission and  is the physical layer sidelink identity.




Content of PBCH is discussed in Section 3.2.1, with follow observations and proposals 
Observation 2: In order to indicate full possible TDD UL configurations 19bits would be needed.
Observation 3: For NR UL-DL TDD slot configuration, option to have two patterns needs to be supported in SL slot configuration as well.
Proposal 5: On the 12 bits reserved of UL-DL slot configuration in PSBCH, use one bit, X=1, to indicate whether one pattern (P) or two patterns are assumed (P+P2).
Proposal 6: For the indication of pattern times select among two options; 
 	- if pre-configuration periods candidates is supported, use 3 bits, Y=3, to indicate the predefined pattern combination, or
- if pre-configuration periods candidates is not supported, use 4 bits, Y=4, to indicate the pattern combination among options indicated in Table 3 and increasing the UL-DL slot configuration size by 1 bit.
Observation 4: 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 7: In case single pattern (P) is indicated, number of SL slots in the pattern can be indicated directly by Z=8 bits 
Proposal 8: In case two patterns (P+P2) are indicated the number of SL slots for each pattern are indicated by 4 bits for each (Z=4+4). For higher sub-carrier spacings where 4 bits is not enough, higher granularity is used e.g. 2 for 60kHz and 4 for 120kHz.
In section 3.2.2, 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.
Proposal 9: Determine PSBCH information element for the slot index (slotIndex) so that it accounts the UL-DL slot configuration information, and logically indicates the index of the UL slot within the concatenated pattern. 
Proposal 10: Reduce the number of bits for the slot index (slotIndex) to 6 bits (or to 5 bits) 
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