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1 Introduction

In this contribution, we discuss synchronization requirements for NR V2X such as initiation/cease of SLSS transmissions, selection/reselection of NR V2X synchronization reference source.

2 Discussion
Initiation/cease of SLSS transmissions
The requirements of initiation/cease of SLSS transmissions need to be defined for the different timing reference sources such as GNSS, gNB, eNB and SyncRef UE. For each timing reference source, we provide our views based on the agreed WF [1]. 
When gNB is synchronization reference source as Serving cell/PCell, Rel-15 NR intra-frequency measurement requirement can be considered for the evaluation period. Rel-15 NR intra-frequency measurement requirements were specified for 2 cases, such as without measurement gap, with measurement gap. The requirements are only to measure neighbor cell but serving cell. Regarding the used RSRP for NR V2X initiation/cease of SLSS transmission is RSRP of serving cell, only Rel-15 NR intra-frequency measurement requirement without measurement gap can be considered.

In LTE-V2X, the evaluation period was defined depending DRX cycle as bellows.

· For No DRX  : 2 x LTE intra-frequency measurement period for no DRX

· DRX : LTE intra-frequency measurement period + additional 1 DRX cycle
Regarding the LTE-V2X principle, the evaluation time in Table2.1 can be considered. For the yellow highlighted extra number, X and Y, we analyze the evaluation time for No DRX and DRX cycle of 2ms, 128ms, 160ms, 256ms 320ms and 512ms among all DRX cycles assuming Kp = 1, CSSFintra = 1.
Table 2-1: Tevaluate,SLSS with NR V2X SL communication
	DRX cycle
	Tevaluate,NR SLSS

[s] (number of DRX cycles

	No DRX
	max(2x200ms, ceil( (5+[X]) x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(2x200ms, ceil(1.5x (5+[Y]) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( (5+[Z]) x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


For case of X=5, Y=1, Z=1, the evaluation time when DRX cycle is 2ms is shorter than no DRX when SMTC periodicity is 80ms and 160ms as Table2-1a. It is not reasonable.
Table 2-1a: Tevaluate,SLSS (ms)with X=5, Y=1, Z=1
	SMTC periodicity (ms)
	No DRX
	DRX cycle(ms)

	
	
	2
	128
	160
	256
	320
	512

	5
	400
	400
	1152
	1440
	2304
	2880
	4608

	10
	400
	400
	1152
	1440
	2304
	2880
	4608

	20
	400
	400
	1152
	1440
	2304
	2880
	4608

	40
	400
	400
	1152
	1440
	2304
	2880
	4608

	80
	800
	720
	1152
	1440
	2304
	2880
	4608

	160
	1600
	1440
	1440
	1440
	2304
	2880
	4608


For case of X=5, Y=5, Z=1, the evaluation time when DRX cycle is 512ms is shorter than DRX cycle of 320ms for all SMTC periodicities as Table2-1b. And, the evaluation time when DRX cycle is used is longer than the case of X=5, Y=1, Z=1. It is not reasonable.
Table 2-1b: Tevaluate,SLSS (ms)with X=5, Y=5, Z=1
	SMTC periodicity (ms)
	No DRX
	DRX cycle(ms)

	
	
	2
	128
	160
	256
	320
	512

	5
	400
	400
	1920
	2400
	3840
	4800
	4608

	10
	400
	400
	1920
	2400
	3840
	4800
	4608

	20
	400
	400
	1920
	2400
	3840
	4800
	4608

	40
	400
	600
	1920
	2400
	3840
	4800
	4608

	80
	800
	1200
	1920
	2400
	3840
	4800
	4608

	160
	1600
	2400
	2400
	2400
	3840
	4800
	4608


For case of X=5, Y=5, Z=5, the evaluation time when DRX cycle > 320ms is too long and the evaluation time when DRX cycle is used is longer than the case of X=5, Y=1, Z=1 as Table2-1c. It is not reasonable
Table 2-1c: Tevaluate,SLSS (ms)with X=5, Y=5, Z=5
	SMTC periodicity (ms)
	No DRX
	DRX cycle(ms)

	
	
	2
	128
	160
	256
	320
	512

	5
	400
	400
	1920
	2400
	3840
	4800
	7168

	10
	400
	400
	1920
	2400
	3840
	4800
	7168

	20
	400
	400
	1920
	2400
	3840
	4800
	7168

	40
	400
	600
	1920
	2400
	3840
	4800
	7168

	80
	800
	1200
	1920
	2400
	3840
	4800
	7168

	160
	1600
	2400
	2400
	2400
	3840
	4800
	7168


Therefore we need to consider alternative solution. As the alternative solution, we recommend X=4, Y=1, Z=1. For case of X=4, Y=1, Z=1, the evaluation time when DRX cycle is used is not too long and the evaluation time of no DRX is shorter than DRX case as Table2-2d. It is reasonable.
Table 2-1d: Tevaluate,SLSS (ms)with X=4, Y=1, Z=1
	SMTC periodicity (ms)
	No DRX
	DRX cycle(ms)

	
	
	2
	128
	160
	256
	320
	512

	5
	400
	400
	1152
	1440
	2304
	2880
	4608

	10
	400
	400
	1152
	1440
	2304
	2880
	4608

	20
	400
	400
	1152
	1440
	2304
	2880
	4608

	40
	400
	400
	1152
	1440
	2304
	2880
	4608

	80
	720
	720
	1152
	1440
	2304
	2880
	4608

	160
	1440
	1440
	1440
	1440
	2304
	2880
	4608


Based on the analysis, we propose the evaluation time in Table2-2 when gNB is synchronization reference source.
Table 2-2: Tevaluate,SLSS with NR V2X SL communication
	DRX cycle
	Tevaluate,NR SLSS

[s] (number of DRX cycles

	No DRX
	max(2x200ms, ceil( (5+4) x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(2x200ms, ceil(1.5x (5+1) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( (5+1) x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Proposal 1: Define the evaluation time with Table2-2 for initiation/cease of SLSS transmissions when gNB is synchronization source.

When GNSS is synchronization reference source, the evaluation time in case gNB/eNB is synchronization reference source can be reused in Rel-16. Because, RRM session was agreed to study on ping-pong effect in EN-DC and NE-DC [1] , but RF session did not include EN-DC or NE-DC scenario in any priority. For information, currently, the agreed priorities on scenario of NR V2X SL operation in RF session [2] are as follows.

1st priority of NR V2X SL operation

· Single carrier in ITS band(n47) or

· Single carrier in dedicated licensed band for NR V2X SL

2nd priority of NR V2X SL operation

· Concurrent inter-band operation

· Single carrier in ITS band for NR V2X SL + single carrier in FR1 licensed band for NR Uu

· Single carrier in ITS band for NR V2X SL + single carrier in licensed band for LTE Uu

· Single carrier in dedicated licensed band for NR V2X SL + single carrier in FR1 licensed band for NR Uu
· Single carrier in dedicated licensed band for NR V2X SL + single carrier in licensed band for LTE Uu

3rd priority of NR V2X SL operation

· Concurrent intra-band operation

· Single carrier in licensed band for NR V2X SL + single carrier in licensed band for NR Uu

· Single carrier in licensed band for NR V2X SL + single carrier in licensed band for LTE Uu

For above priorities, RF session agreed to focus on single carrier operation for NR V2X UE RF core requirements as 1st priority. Even, the 2nd priority, concurrent inter-band operation may put in scope in Rel-16, the case of simultaneous gNB and eNB synchronization reference source is excluded in Rel-16 NR V2X from RF session.
Proposal 2: Reuse the evaluation time of gNB/eNB for initiation/cease of SLSS transmissions when GNSS is synchronization reference source.

When eNB is synchronization reference source as Serving cell/PCell, it was agreed to reuse the evaluation period of LTE-V2X.

When SyncRef UE is synchronization reference source, the evaluation period is recommended with 2 times of S-RSRP measurement period based on the simulation results [3]. Based on the proposed S-RSRP measurement period of 160ms, the evaluation time of 320ms is proposed.
Proposal 3: Define the evaluation time of 320ms for initiation/cease of SLSS transmissions when SyncRef UE is synchronization reference source.
Selection/Reselection of V2X Synchronization reference source
For dropping rate of SLSS transmission and V2X data transmission/reception in selection/reselection requirements, we use the same principle of LTE-V2X. In last meeting, we agreed to define it by at least considering NR SyncRef UE search and PSBCH reading time. Based on the simulation results [3], we recommend 2 SLSS period for the time for NR SyncRef UE search and PSBCH reading. With 2 SLSS period, the proposed dropping rates are below,

· When GNSS synchronization reference source is configured as the highest priority
· UE is synchronized to GNSS directly,

· UE shall not drop any V2X SLSS and data transmission
· UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly
· UE shall not drop any V2X data transmission
· UE is allowed to drop a maximum of 20% of its SLSS transmissions during Tdetect,SyncRef UE_V2X of 1.6 seconds at SCH Es/Iot ≥0 dB
· In other case
· Same as case that serving cell/PCell synchronization reference source is configured as the highest priority
· When serving cell/PCell synchronization reference source is configured as the highest priority
· UE is allowed to drop a maximum of 4% of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X of 8 seconds at SCH Es/Iot ≥ 0 dB
· UE is allowed to drop up to 2 slots of its V2X data reception per PSBCH monitoring occasion and overall drop rate shall not exceed 0.2% of its V2X data reception during Tdetect,SyncRef UE_V2X
Proposal 4: Consider 2 SLSS period for dropping rate for selection/reselection of V2X Synchronization reference source.

Proposal 5: Define dropping rate as below for selection/reselection of V2X Synchronization reference source.

· When GNSS synchronization reference source is configured as the highest priority
· UE is synchronized to GNSS directly,

· UE shall not drop any V2X SLSS and data transmission
· UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly
· UE shall not drop any V2X data transmission
· UE is allowed to drop a maximum of 20% of its SLSS transmissions during Tdetect,SyncRef UE_V2X of 1.6 seconds at SCH Es/Iot ≥0 dB
· In other case
· Same as case that serving cell/PCell synchronization reference source is configured as the highest priority
· When serving cell/PCell synchronization reference source is configured as the highest priority
· UE is allowed to drop a maximum of 4% of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X of 8 seconds at SCH Es/Iot ≥ 0 dB
· UE is allowed to drop up to 2 slots of its V2X data reception per PSBCH monitoring occasion and overall drop rate shall not exceed 0.2% of its V2X data reception during Tdetect,SyncRef UE_V2X
For UE capable number of intra-frequency V2X SyncRef UE performing S-RSRP measurements was agreed with [3] same as LTE-V2X in the last meeting.

Besides, scenarios which misalignment may exist between UEs communicating on SL were identified and related LS was sent to RAN2 in the last meeting. Regarding the agreed priority of scenario from RF session [2], below 1st and 2nd cases can be considered in Rel-16. 3rd case is not needed to be considered because it is EN-DC or NE-DC case.  
· UE1 and UE2 synced to two different gNBs, but the 2 gNBs are with different timing
· UE1 and UE2 synced to two different eNBs, but the 2 eNBs are with different timing
· UE1 synced to eNB, UE2 synced to gNB, eNB and gNB are with different timing
Anyway, RAN4 does not need to specify how to solve it because it is RAN2 work in LS [4].

Proposal 6: Do not specify how to solve misalignment between UEs communicating on SL.

3 Conclusion

In this paper, we provided our view on the initiation/cease of SLSS transmission and the selection/reselection of V2X Synchronization reference source based on the last meeting agreement in RRM and RF session. Our proposals are as follows.

Proposal 1: Define the evaluation time with Table2-2 for initiation/cease of SLSS transmissions when gNB is synchronization source.

Table 2-2: Tevaluate,SLSS with NR V2X SL communication
	DRX cycle
	Tevaluate,NR SLSS

[s] (number of DRX cycles

	No DRX
	max(2x200ms, ceil( (5+4) x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(2x200ms, ceil(1.5x (5+1) x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( (5+1) x Kp ) x DRX cycle x CSSFintra

	NOTE 1:
If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified


Proposal 2: Reuse the evaluation time of gNB/eNB for initiation/cease of SLSS transmissions when GNSS is synchronization reference source.

Proposal 3: Define the evaluation time of 320ms for initiation/cease of SLSS transmissions when SyncRef UE is synchronization reference source.
Proposal 4: Consider 2 SLSS period for dropping rate for selection/reselection of V2X Synchronization reference source.

Proposal 5: Define dropping rate as below for selection/reselection of V2X Synchronization reference source.

· When GNSS synchronization reference source is configured as the highest priority
· UE is synchronized to GNSS directly,

· UE shall not drop any V2X SLSS and data transmission
· UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly
· UE shall not drop any V2X data transmission
· UE is allowed to drop a maximum of 20% of its SLSS transmissions during Tdetect,SyncRef UE_V2X of 1.6 seconds at SCH Es/Iot ≥0 dB
· In other case
· Same as case that serving cell/PCell synchronization reference source is configured as the highest priority
· When serving cell/PCell synchronization reference source is configured as the highest priority
· UE is allowed to drop a maximum of 4% of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X of 8 seconds at SCH Es/Iot ≥ 0 dB
· UE is allowed to drop up to 2 slots of its V2X data reception per PSBCH monitoring occasion and overall drop rate shall not exceed 0.2% of its V2X data reception during Tdetect,SyncRef UE_V2X
Proposal 6: Do not specify how to solve misalignment between UEs communicating on SL.
Reference
[1] R4-1912708, “WF on NR V2X RRM requirement ”, LG Electronics, MediaTek
[2] R4-1913062, “TP on the operating scenarios for NR V2X Service”, LG Electronics 
[3] R4-19xxxxx, “Simulation results of S-RSRP measurement accuracy”, LG Electronics 
[4] R4-1912826, “LS on sidelink synchronization under multiple synchronization sources with different timing”, Qualcomm
