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1. Introduction
In RAN WG1 #100-e meeting, the following agreements were made:

	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.

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: 

Agreements:
· Scrambling for PSBCH is processed after rate matching.
· NR PSBCH scrambling sequence is initialized with  at the start of each PSBCH block.

Agreements:
· To agree the following TP on S-PSS/S-SSS frequency position in S-SSB.

Table 8.4.3.1-1: Resources within an S-SS/PSBCH block for S-PSS, S-SSS, PSBCH, and DM-RS. 
	Channel or signal
	OFDM symbol number 
relative to the start of an S-SS/PSBCH block
	Subcarrier number 
relative to the start of an S-SS/PSBCH block

	S-PSS
	1, 2
	2-128

	S-SSS
	3, 4
	2-128

	Set to 0
	1,2,3,4
	0,1, 129,130,131

	PSBCH
	0, 5,6, …,
	0,1,…,131

	DM-RS for PSBCH
	0, 5,6, …,
	0, 4, 8, …., 128



Agreements:
· Downlink pathloss based S-SSB open-loop power control is supported.
· The transmission power is same for S-PSS, S-SSS, and PSBCH symbol.



This contribution addresses the sidelink synchronization mechanisms. 

2. Discussion 
2.1. PSBCH content
In RAN1 #100-e meeting, there was a following agreement regarding TDD configuration indication field in PSBCH, with FFS for the values of X, Y and Z.
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.
We propose to allocate 1 bit, 4 bits and 7 bits for X, Y and Z respectively, which as a result confirms the current working assumption of 12 bits for TDD configuration indication. The value X for the number of patterns can be easily determined as 0 and 1 for a single and double patterns respectively.
If X=0 (a single pattern), the number of possible periodicities is 9. If X=1 (double patterns), the number of possible combinations of two periodicities for the pattern 1 and 2 is 16. As a result, 4 bits for Y can indicate the whole combinations of the periodicities for both cases of X value.
Simple indication is also possible with 7 bits for Z for indicating the number of the configured UL slots for a single pattern. The maximum number of UL slots for all SCS cases is 80, which is smaller than the maximum value represented by 7 bits. So, for a single pattern, Z bits can simply indicate the number of UL slots configured by the network.
The issue comes from the double patterns case for Z bits indication. There are cases where the total number of UL slots exceeds the range of 7 bits value, especially for a larger SCS and a long periodicity. The maximum possible number of the UL slots for two patterns is 6561, which is significantly larger than the maximum value of 7 bits. Given 7 bits for Z bits, the only solution is to adjust the reference SCS that is the unit used for counting the number of UL slots. For example, if SCS=120kHz, periodicity 1=2ms, periodicity 2=3ms, then the number of UL slots based on the SL SCS is 425. If we apply a reference SCS of 60kHz for example, then the number of UL slots based on the reference SCS becomes 117, which is within the range of 7 bits value. No further scaling down the reference SCS is needed, otherwise we lose the resolution in indicating the number of UL slots.
With the discussion above, the number of UL slots for the pattern 1 and pattern 2 can be indicated by Z bits with a table. Each table entry uniquely indicates the combination of the number of UL slots for pattern 1 and one for pattern 2.
Proposal 1: TDD configuration field in PSBCH consists of 12 bits, where X=1 bit (pattern), Y=4 bits (periodicity), Z=7 bits (UL slots). Information indicated by X, Y, and Z bits is as follows.
X value:
	X
	Number of patterns

	0
	1

	1
	2


Y value for X=0 (one pattern case):
	Y (in decimal)
	Periodicity

	0
	0.5

	1
	0.625

	2
	1

	3
	1.25

	4
	2

	5
	2.5

	6
	4

	7
	5

	8
	10


Y value for X=1 (two patterns case):
	Y (in decimal)
	Periodicity of pattern 1
	Periodicity of pattern 2

	0
	0.5
	0.5

	1
	0.625
	0.625

	2
	1
	1

	3
	0.5
	2

	4
	2
	0.5

	5
	1.25
	1.25

	6
	1
	3

	7
	3
	1

	8
	2
	2

	9
	1
	4

	10
	4
	1

	11
	2
	3

	12
	3
	2

	13
	2.5
	2.5

	14
	5
	5

	15
	10
	10


Z indicates the number of UL slots in pattern 1 and 2 with respect to the reference SCS as follows when NP1 and NP2 are the maximum number of UL slots in pattern 1 and 2 respectively for given X and Y value.
	Z (in decimal)
	#UL slots in pattern 1
	#UL slots in pattern 2

	0, …, NP2-1
	0
	1,…, NP2

	NP2, …, 2* NP2
	1
	0,…, NP2

	2* NP2+1, …, 3* NP2+1
	2
	0,…, NP2

	…
	…
	…

	k* NP2+k-1, …, (k+1)* NP2+k-1
	k
	0,…, NP2

	…
	…
	…

	NP1* NP2+ NP1-1, …, ( NP1+1)* NP2+ NP1-1
	NP1
	0,…, NP2


TDD-UL-DL-ConfigCommon configured by network indicates the DL slots, DL symbols, UL symbols, and UL slots in order. As the UL resources can be used for the SL resources, the UL slots signaled by the TDD configuration indication in PSBCH are the successive UL slots from the end of each pattern. So, there is no indication of the start position of the UL slots in TDD configuration indication.
Proposal 2: The number of UL slots for a pattern is counted as the number of successive UL slots from the end of the periodicity of the pattern. 
One issue regarding the definition of the UL slot indicated by TDD configuration indication in PSBCH is whether to include or not the slot, of which the part is filled with the UL symbols. This ‘partial’ UL slot is signaled by TDD-UL-DL-ConfigCommon as UL symbols. Considering the discussion regarding the SL BWP configuration, there is no reason to exclude the ‘partial’ slot as UL slot to be used for SL communication if the ‘partial’ slot satisfies the condition required by the SL BWP configuration. According to the SL BWP configuration, if a slot contains at least sl-LengthSymbols symbols starting from sl-StartSymbol symbol index configured for UL symbols, the slot can be included as UL slot indicated by TDD configuration indication in PSBCH.
Proposal 3: The UL slot indicated by PSBCH TDD configuration includes the slot that contains at least Y-th, (Y+1)-th, ..., (Y+X-1)-th UL symbols, where X and Y are sl-LengthSymbols and sl-StartSymbol respectively.
There is another issue with adjusting the reference SCS to reduce the number of UL slots for indication. If the reference SCS is chosen to be 2μ times smaller than the SL SCS, the 2μ ‘actual’ UL slots based on SL SCS are grouped to be counted as a one ‘virtual’ UL slot based on the reference SCS. If the number of ‘actual’ UL slots is not divided by 2μ, then there is ambiguity whether the ‘actual’ UL slots corresponding to the ‘remainder’ are signalled as ‘virtual’ UL slots or not. Our preference is not to signal those ‘remainder’ UL slots as the ‘virtual’ UL slot in TDD configuration, in order to avoid unnecessary interference to the other link, e.g. downlink. That is, the ‘virtual’ UL slot based on the reference SCS should indicate only the ‘actual’ UL slots based on the SL SCS.
Proposal 4: The ‘virtual’ UL slots based on the reference SCS signaled by TDD configuration in PSBCH should indicate only the ‘actual’ UL slots based on the SL SCS.
As discussed earlier, depending on the combination of SL SCS and the periodicities of the patterns, the reference SCS needs to be scaled down by a factor of 2μ to reduce the number of UL slots to be signalled. One issue is whether the reference SCS is determined by an implicit rule or explicitly signalled by a higher layer signalling. If an implicit rule is used, the reference SCS needs to be scaled down by no more than the required factor, so as not to lose the resolution in indicating the number of UL slots. If every UE follows the same rule, there is no ambiguity in TDD configuration interpretation. If the reference SCS is simply indicated by the network, UE does not calculate anything to properly interpret the meaning of the TDD configuration in PSBCH. Our preference is to signal the reference SCS explicitly by a higher layer signalling.
Observation 1: Regarding reference SCS for TDD configuration, following alternatives can be considered.
	Alt 1. Reference SCS is implicitly determined per combination of SL SCS and the periodicities of the patterns. Default reference SCS is the SL SCS. For a particular combination of SL SCS and periodicity, if the maximum number of UL slots exceeds 127, the reference SCS is scaled down by a factor of 2μ until the maximum number of UL slots is not greater than 127.
	Alt 2. Reference SCS is (pre-)configured by a higher layer signaling. UE does not expect that the reference SCS is (pre-)configured such that the number of UL slots is greater than 127.
Proposal 5: TDD configuration field in PSBCH and the reference SCS is (pre-)configured by a higher layer signaling.
Following the discussions above, the table below is proposed for agreement. The current working assumptions of 12 bits for TDD configuration indication, 7 bits for slot index are confirmed. As a consequence, 2 bits are proposed for reserved field for future extension.
Proposal 6: Following PSBCH fields are agreed.

	PSBCH contents
	MIB
# bits
	Payload
# bits
	Notes

	DFN
	10
	
	Agreed

	TDD configuration
	12
	
	WA is confirmed

	Slot index within a frame
	
	7
	WA is confirmed

	In-coverage indicator
	
	1
	Agreed

	Reserved
	
	2
	For future extension

	CRC
	
	24
	Agreed

	Total bits
	
	56
	


2.2. PSBCH DM-RS
There was an agreement in RAN1 #100-e meeting regarding the PSBCH DM-RS sequene initialization as follows.
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: 
Among the two alternatives, our preference is Alt 2 because including the LSB part of S-SSB index into the DM-RS sequence initialization, each S-SSB in a S-SSB period will have different DM-RS sequence. This feature is quite important for interference randomization for the DM-RS sequence. With the interference randomization, the detection/decoding performance will be enhanced and less dependent on the specific reception channel condition.
Proposal 7: DM-RS sequence initialization is associated with S-SSB index and SLSSID, similar to NR Uu PBCH DM-RS. The text proposal is provided TP#1 in Appendix.
· , 
where  is S-SSB index mod 8.
2.3. Synchronization procedure
One issue related to the sync clustering is the prioritization among the sync reference sources of the same priority. S-SSB RSRP based sync source selection and reselection should be sufficient in most of cases, except the case of synchronization source with the lowest priority of P6 and P6’. For this particular case, we share the Qualcomm’s view that SL-SSID based synchronization cluster merging could be beneficial. The SL-SSID based synchronization cluster merging should be limited to P6 and P6’ priority case, and should be applied for both GNSS-prioritized and gNB/eNB-prioritized synchronization case.
In addition, the SL-SSID based synchronization cluster merging could be an enhancement to the already agreed S-SSB RSRP based cluster merging. Network should be able to (pre-)configure which synchronization cluster merging scheme is used.
Proposal 8: NR SyncRef UE (re)selection procedure is enhanced if UE selects SynchRefUE with lower SLSS ID (as long as RSRP>threshold to ensure quality of the SyncRef UE is above a threshold as per current specification) within the out-of-coverage SSB ID set ([336, 671]).
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case
There are following agreements made in RAN1 #1901 adhoc and RAN1 #96 meeting regarding the in-device coexistence operation.
Agreements:
· For TDM solutions for in-device coexistence between LTE and NR V2X:
· Time Alignment
· Subframe boundary alignment is required between LTE and NR V2X sidelinks
· Both LTE and NR V2X sidelinks are aware of the time resource index (e.g., DFN for LTE) in both carriers
Agreements:
· From RAN1 point of view, for both intra-band and inter-band Tx/Tx FDM solutions for in-device coexistence are considered to be feasible, at least if the following conditions are met:
· For the intra-band case for dynamic power sharing, NR and LTE transmissions are fully overlapped in the time domain, i.e., NR transmissions have to span the entire LTE TTI such that the total power across the transmissions is constant. 
· For intra-band and inter-band FDM dynamic power sharing solutions, the following additional conditions apply:
· Subframe boundary alignment is required between LTE and NR V2X sidelinks
· Both LTE and NR V2X sidelinks are aware of the time resource index (e.g., DFN for LTE) in both carriers
· For purposes of dynamic power sharing between LTE and NR Tx, 
· High-level principles of prioritization (e.g., BSM is deemed to have a higher priority, etc.) of LTE/NR can be discussed during the WI phase, while it is expected that detailed solutions may be left for implementation

Summarizing the above agreements, when a UE is configured to operate following the in-device coexistence between LTE-V2X and NR-V2X, the UE needs to transmit the NR-V2X subframes to be aligned with the LTE-V2X subframes for both TDM and FDM case.
For this operation, NR-V2X module of the UE operating on NR-V2X carrier should follow the timing of LTE-V2X module operating on LTE-V2X carrier. Most preferably, it is expected that all the UEs are equipped with both NR-V2X and LTE-V2X modules. That is, there are no NR-V2X only UEs in the area of interest. If NR-V2X module follows the timing of LTE-V2X module, there is no reason not to use the DFN of LTE-V2X for determining the DFN of NR-V2X. Otherwise there is no clear reference for NR-V2X DFN.
In addition, NR-V2X module is not expected to transmit NR-V2X S-SSB because the NR-V2X module is synchronized to LTE-V2X module. No NR-V2X S-SSB transmission is especially necessary for TDM case. There might be one possible scenario where NR-V2X module may send NR-V2X S-SSB, which is synchronized to LTE-V2X timing used by LTE-V2X module. This may help, if any, NR-V2X only UE also to follow the LTE-V2X timing. However, there is an issue of what information NR-V2X S-SSB should carry in this case. LTE-V2X S-SSB does not give any information on e.g. SLSSID, inCoverage and TDD configuration for NR-V2X S-SSB. So our preference is not to send NR-V2X S-SSB for in-device coexistence operation.
Proposal 9: When a UE is configured to operate the in-device coexistence between LTE-V2X and NR-V2X, UE does not transmit NR S-SSB signal. The SL transmission timing and DFN of NR-V2X are derived from those of LTE-V2X. Send LS to RAN2 to define a relevant NR SL synchronization procedure in TS38.331.
In LTE V2X, once a synchronization reference is selected, UE does not search or track the other asynchronous synchronization reference. This makes communication difficult between UEs belonging to the different asynchronous synchronization clusters. In Rel.12/13 LTE D2D, the operation to search an asynchronous synchronization reference was supported with dropping a part of the packets for transmission. Network assistance information on e.g. the SLSS resources of the neighbor cells would help the UEs to search/track the multiple synchronization sources as in Rel.12/13 LTE D2D.
In recent email discussion, the issue of the sidelink synchronization under asynchronous cells with different timing had been discussed. Considering this issue may affect the standardization effort in RAN2 and RAN4 as well as RAN1, it seems hardly possible to finalize to support the relevant feature in Rel.16 timeline. Therefore it’s mostly desirable that this feature is treated as an important leftover issue in Rel.17. If it’s strongly required to include this feature in Rel.16, it’s recommended to just reuse the Rel.12 LTE D2D mechanism.
Observation 2: Sidelink synchronization under asynchronous cells is considered as an essential leftover issue in Rel.17.
2.4. Other issues
It was agreed in RAN1 #98bis meeting that S-SSB RSRP is used for the selection of the synchronization source when two or more UE synchronization sources have same priority. As for the S-SSB RSRP measurement, PSBCH DM-RS is the most preferred source for S-SSB RSRP measurement as it occupies the largest number of symbols in a S-SSB. In addition, S-SSS can also be used for S-SSB RSRP measurement as it enables for RX UE to differentiate the SL-SSID from each other, which is not the case for S-PSS.
Proposal 10: For S-SSB RSRP measurement, PSBCH DM-RS and S-SSS can be used as a source. Details are up to UE implementation.
In NR Uu, multiple SSBs within the SSB period are QCL-ed to indicate the same spatial filtering is applied to the SSBs. In the receiver side, those QCL-ed SSBs can be combined to improve SSB detection performance. For NR SL, all the S-SSBs transmitted by the nearby UEs are received in SFN fashion. That is, from the receiver UE side, differentiating each S-SSB is neither possible nor necessary from synchronization perspective. Therefore, QCL configuration over S-SSB is not supported at least in Rel.16.
Proposal 11: QCL configuration over S-SSB is not supported in Rel.16.
Considering support of different numerology for NR-V2X, the equations for generating DFN, SubframeNumber, and SlotNumber need to be updated accordingly.
Proposal 12: DFN for NR sidelink communication is derived by the following formula when GNSS is selected as a synchronization reference.
DFN= Floor (0.1*(Tcurrent –Tref–offsetDFN)) mod 1024
SubframeNumber= Floor (Tcurrent –Tref–offsetDFN) mod 10
SlotNumber= Floor ((Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ),
where
· Tcurrent is the current UTC time that obtained from GNSS. This value is expressed in milliseconds;
· Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900). This value is expressed in milliseconds;
· OffsetDFN is the value sl-OffsetDFN if configured, otherwise it is zero. This value is expressed in milliseconds.
For consistency of the specification text, the following correction on downlink path-loss terminology is agreed.
Proposal 13: For consistency in terminology on downlink pathloss, the following editorial correction is accepted in CR.
	 [dBm],
where
·  as described in Subclause 7.1.1



3. Conclusion
This contribution discussed on NR SL synchronization mechanism. The discussions can be summarized as follows:
Proposal 1: TDD configuration field in PSBCH consists of 12 bits, where X=1 bit (pattern), Y=4 bits (periodicity), Z=7 bits (UL slots). Information indicated by X, Y, and Z bits is as follows.
X value:
	X
	Number of patterns

	0
	1

	1
	2


Y value for X=0 (one pattern case):
	Y (in decimal)
	Periodicity

	0
	0.5

	1
	0.625

	2
	1

	3
	1.25

	4
	2

	5
	2.5

	6
	4

	7
	5

	8
	10


Y value for X=1 (two patterns case):
	Y (in decimal)
	Periodicity of pattern 1
	Periodicity of pattern 2

	0
	0.5
	0.5

	1
	0.625
	0.625

	2
	1
	1

	3
	0.5
	2

	4
	2
	0.5

	5
	1.25
	1.25

	6
	1
	3

	7
	3
	1

	8
	2
	2

	9
	1
	4

	10
	4
	1

	11
	2
	3

	12
	3
	2

	13
	2.5
	2.5

	14
	5
	5

	15
	10
	10


Z indicates the number of UL slots in pattern 1 and 2 based on the reference SCS as follows when NP1 and NP2 are the maximum number of UL slots in pattern 1 and 2 respectively for given X and Y value.
	Z (in decimal)
	#UL slots in pattern 1
	#UL slots in pattern 2

	0, …, NP2-1
	0
	1,…, NP2

	NP2, …, 2* NP2
	1
	0,…, NP2

	2* NP2+1, …, 3* NP2+1
	2
	0,…, NP2

	…
	…
	…

	k* NP2+k-1, …, (k+1)* NP2+k-1
	k
	0,…, NP2

	…
	…
	…

	NP1* NP2+ NP1-1, …, ( NP1+1)* NP2+ NP1-1
	NP1
	0,…, NP2


Proposal 2: The number of UL slots for a pattern is counted as the number of successive UL slots from the end of the periodicity of the pattern. 
Proposal 3: The UL slot indicated by PSBCH TDD configuration includes the slot that contains at least Y-th, (Y+1)-th, ..., (Y+X-1)-th UL symbols, where X and Y are sl-LengthSymbols and sl-StartSymbol respectively.
Proposal 4: The ‘virtual’ UL slots based on the reference SCS signaled by TDD configuration in PSBCH should indicate only the ‘actual’ UL slots based on the SL SCS.
Observation 1: Regarding reference SCS for TDD configuration, following alternatives can be considered.
	Alt 1. Reference SCS is implicitly determined per combination of SL SCS and the periodicities of the patterns. Default reference SCS is the SL SCS. For a particular combination of SL SCS and periodicity, if the maximum number of UL slots exceeds 127, the reference SCS is scaled down by a factor of 2μ until the maximum number of UL slots is not greater than 127.
	Alt 2. Reference SCS is (pre-)configured by a higher layer signaling. UE does not expect that the reference SCS is (pre-)configured such that the number of UL slots is greater than 127.
Proposal 5: TDD configuration field in PSBCH and the reference SCS is (pre-)configured by a higher layer signaling.

Proposal 6: Following PSBCH fields are agreed.

	PSBCH contents
	MIB
# bits
	Payload
# bits
	Notes

	DFN
	10
	
	Agreed

	TDD configuration
	12
	
	WA is confirmed

	Slot index within a frame
	
	7
	WA is confirmed

	In-coverage indicator
	
	1
	Agreed

	Reserved
	
	2
	For future extension

	CRC
	
	24
	Agreed

	Total bits
	
	56
	


Proposal 7: DM-RS sequence initialization is associated with S-SSB index and SLSSID, similar to NR Uu PBCH DM-RS. The text proposal is provided TP#1 in Appendix.
· , 
where  is S-SSB index mod 8.
Proposal 8: NR SyncRef UE (re)selection procedure is enhanced if UE selects SynchRefUE with lower SLSS ID (as long as RSRP>threshold to ensure quality of the SyncRef UE is above a threshold as per current specification) within the out-of-coverage SSB ID set ([336, 671]).
· If this enhancement is (pre)configured, it replaces the RSRP-based SynchRefUE selection only for P6 and P6’ priority case
Proposal 9: When a UE is configured to operate the in-device coexistence between LTE-V2X and NR-V2X, UE does not transmit NR S-SSB signal. The SL transmission timing and DFN of NR-V2X are derived from those of LTE-V2X. Send LS to RAN2 to define a relevant NR SL synchronization procedure in TS38.331.
Observation 2: Sidelink synchronization under asynchronous cells is considered as an essential leftover issue in Rel.17.
Proposal 10: For S-SSB RSRP measurement, PSBCH DM-RS and S-SSS can be used as a source. Details are up to UE implementation.
Proposal 11: QCL configuration over S-SSB is not supported in Rel.16.
Proposal 12: DFN for NR sidelink communication is derived by the following formula when GNSS is selected as a synchronization reference.
DFN= Floor (0.1*(Tcurrent –Tref–offsetDFN)) mod 1024
SubframeNumber= Floor (Tcurrent –Tref–offsetDFN) mod 10
SlotNumber= Floor ((Tcurrent –Tref–offsetDFN)*2μ) mod (10*2μ),
where
· Tcurrent is the current UTC time that obtained from GNSS. This value is expressed in milliseconds;
· Tref is the reference UTC time 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Thursday, December 31, 1899 and Friday, January 1, 1900). This value is expressed in milliseconds;
· OffsetDFN is the value sl-OffsetDFN if configured, otherwise it is zero. This value is expressed in milliseconds.
Proposal 13: For consistency in terminology on downlink pathloss, the following editorial correction is accepted in CR.
	 [dBm],
where
·  as described in Subclause 7.1.1



Appendix
TP#1. Text proposal for TS 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 the modulo-8 value of S-SS/PSBCH block index as defined in Subclause 16.1 of [5, TS38.213].
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