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1 Introduction
In last RAN4 meeting, a WF about NR V2X RRM requirement was approved. The open issues about synchronization are listed below.
	· Potential issue for initiation/cease of SLSS Tx
· RAN4 should study the following scenario:
· In EN-DC/NE-DC,
· Sidelink UE will possibly experience Ping-Pong effect when reselecting the sync. reference source since gNB & eNB are in the same priority
· Therefore, sidelink UE may suffer Ping-Pong effect between transmitting or not transmitting SLSS Tx if Pcell and PSCell have the different RSRP.
· Dropping Rate for selection/reselection of NR V2X synchronization reference source
· Define it by at least considering NR SyncRef UE search and PBCH reading time
· The side condition should be [0]dB 
· Study Rx dropping requirement by considering NR SyncRef UE identification performance and UE implementation constraint
· Tx dropping requirement
· Option 1: following LTE, dropping SLSS Tx and data Tx for 3 SLSS period in asynchronized case, dropping SLSS Tx for 3 SLSS period in synchronized case
· Other options are not precluded
· Evaluation time for initiation/cease SLSS Tx
· gNB as synchronization source
· FFS evaluation time
· Related measurement time follows NR intra-frequency measurement requirement
· eNB as synchronization source
· Reuse LTE-V2X requirement
· GNSS as synchronization source
· Depending on RAN1 decision
· SyncRef UE as synchronization source
· To be defined based on the measurement simulation in next meeting



In this paper, we will discuss on the above open issues about synchronization.
2 Ping-Pong effect when gNB & eNB are in the same priority
In current RAN1’s agreement, the gNB and eNB has the same priority but there is no clearly guide on how to choose the sync source in this priority rule. UE could measure better RSRP from gNB than eNB and chooses gNB as the sync source in T1. In T2, the RSRP of eNB would become better than gNB because the RSRP measurement uncertainty. A possible consequence is that the UE will ping-pong between gNB and eNB.

	RAN1 #98 Agreements:
	GNSS-based synchronization
	gNB/eNB-based synchronization

	•                 P0: GNSS
•                 P1: UE directly synchronized to GNSS
•                 P2: UE indirectly synchronized to GNSS
•                 P3: gNB/eNB
•                 P4: UE directly synchronized to gNB/eNB
•                 P5: UE indirectly synchronized to gNB/eNB
•                 P6: the remaining UEs have the lowest priority.
	•                 P0’: gNB/eNB
•                 P1’: UE directly synchronized to gNB/eNB 
•                 P2’: UE indirectly synchronized to gNB/eNB 
•                 P3’: GNSS 
•                 P4’: UE directly synchronized to GNSS 
•                 P5’: UE indirectly synchronized to GNSS
•                 P6’: the remaining UEs have the lowest priority. 


When GNSS-based synchronization is (pre-)configured, it is also supported to disable the use of P3, P4, P5 by (pre-)configuration (i.e., a UE skips P3, P4, P5 in synchronization reference selection procedure). Details are up to RAN2.



A similar issue is that when the RSRP measurement of the cell chosen for transmission of sidelink communication is below the level indicated by RRC signalling, the UE may transmit SLSS. However, due to measurement uncertainty, the RSRP value may be sometimes better than the threshold, sometimes worse than the threshold. Therefore, sidelink UE may suffer Ping-Pong effect between transmitting or not transmitting SLSS Tx. 
[bookmark: _Ref20669724]Observation 1: From RAN4’s view, the measurement uncertainty will result in ping-pong selection of the sync. reference source and ping-pong initiation of SLSS transmission.
In NR IDLE mode, the same measurement margin is added to avoid the ping-pong selection between serving cell and target best cell because of measurement uncertainty. For example, in Figure 1, when the cell’s RSRP value is less than measurement uncertainty plus serving cell’s RSRP margin, such as cell 1, the UE won’t reselect to this target cell. 


Figure 1. Cell reselection when rangeToBestCell is not configured 
[bookmark: _Ref536692254]Observation 2: In NR IDLE mode, a measurement margin added to the RSRP velue is to avoid the ping-pong selection between serving cell and target best cell.
Similarly as the IDLE mode requirement, a reasonable solution is to add a measurement margin to this RSRP results in NR V2X. 
[bookmark: _Ref20670058][bookmark: _Ref19958513]Proposal 1: Similar to NR IDLE mode, the measurement margin should be introduced when reselecting the sync. reference source and initiation of SLSS transmission.
3 Reselection the Synchronization Reference Source 
Requirement
In LTE V2X, UE is required to identify SyncRef UE that is sync. to GNSS directly or in-directly within 1.6 seconds, and the maximum allowed data dropping rate is 30% (480ms). The 30% is derived by assuming that UE monitors 3 full SLSS periods. In these 3 SLSS periods, UE needs to detect S-PSS/S-SSS and decode PSBCH which carries the In-Coverage indication. Now RAN1 is discussing whether carry this In-Coverage indication bit in MIB or outside by PSBCH DMRS. If this bit is carried by PSBCH DMRS, UE could just detect PSBCH DMRS, similar to SSB time index detection behavior in NR FR1.
In last meeting, it was agreed at least to consider the cell search and PBCH reading time in reselection the synchronization reference source.  

The cell search will spend one SSB periodicity based on our simulation results [2]. We also think 1 shot detection for PBCH detection is enough when the side condition is above 0dB. If we add 1 SSB period for margin, we can re-use LTE sidelink requirement in NR as 3 SLSS periods.
[bookmark: _Ref23786354]Proposal 2: Reselection the synchronization reference source time should be
            
Where,  = 1 SLSS period,  = 1 SLSS period,  = 1 SLSS period when S-SSB Es/Iot ≥ 0 dB. 
Dropping Rule
In LTE V2X, UE is required not to drop any V2X data transmission when UE is synced to a SynceRef UE that is synced to GNSS directly or in-directly. In NR, when UE is configured with the GNSS-based synchronization and UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly, UE only can reselect the higher priority synchronization reference source to GNSS or UEs directly synchronized to GNSS. Thus, all of these UEs are essentially synchronized to GNSS, and the UE only need to drop SLSS transmission in this synchronization scenario. However, UE should be allowed to drop V2X data and SLSS transmission in other asynchronized scenario.
[bookmark: _Ref20669609]Proposal 3: RAN4 should follow LTE sidelink. Dropping SLSS and data transmission is allowed in asynchronized case, and only dropping SLSS Tx is allowed in synchronized case.
4 Initiation/Cease of SLSS transmission
Measurement Time
· gNB as SyncRef source
From RAN4’s understanding, UE should measure the RSRP of the syncRef cell and evaluate whether the RSRP is lower than a SLSS transmission threshold or not. The serving cell measurement would need RF retuning if the serving cell’s SSB is not contained in the DL active BWP. Thus, this delay requirement could directly re-use NR intra-frequency measurement with/without gaps requirement when NR cell is the synchronization reference source.
[image: ]
Figure 2. Serving cell measurement with gap
[bookmark: _Ref19721461]Proposal 4: The measurement time could re-use NR intra-frequency measurement with/without gaps time when gNB is used as synchronization reference source.
· GNSS as SyncRef source
[bookmark: _Ref19721466]In legacy LTE V2X, UE will always transmit the SLSS when UE is out of coverage on the sidelink carrier and chooses GNSS as SyncRef source. There is no need to define the requirement on this scenario. In the scenario when UE is out of coverage on the sidelink carrier and in-coverage with a serving cell on a non-V2X carrier, UE should measure and evaluate the RSRP of the serving cell. UE still has to keep measuring gNB/eNB to know whether it is in the cell edge of the BS. Currently, when UE Uu link is NR SA connection, the UE should follow the measurement and evaluation of the NR serving cell to check whether it needs to send the SLSS. 
[bookmark: _Ref23786450]Proposal 5: The measurement time could follow the discussion on gNB/eNB as SyncRef source in NR/LTE SA when GNSS is used as synchronization reference source.
However, when UE is in EN-DC/NE-DC, UE can measure and evaluate both PCell and PSCell’s RSRP. Due to the sidelink system design should minimize the need to transmit SLSS, a reasonable solution is UE will initiate the SLSS when both PCell and PSCell’s RSRPs are less than a threshold in EN-DC/NE-DC. The detail procedure should be discussed in RAN1. Considering this is the last sidelink meeting in RAN1, if no detail conclusion in this meeting, RAN4 should send LS to RAN1 to further clarify this issue.
[bookmark: _Ref23786454]Proposal 6: RAN4 should wait RAN1’s design on initiation/cease of SLSS transmission when GNSS is the sync. reference source in Nov.’s meeting. If no detail conclusion in this meeting, RAN4 should send LS to RAN1 to further clarify this issue. 
· SyncRef UE as SyncRef source
The S-RSRP measurement time will be decided by the measurement simulation. Based on our simulation results, it is suggested to re-use LTE sidelink requirement as 2 S-SSB measurement periods for NR sidelink S-RSRP with the same side conditions -6dB in NR Uu measurements. The detail simulation results could refer on our another Tdoc[3].
[bookmark: _Ref23786457]Proposal 7: When SyncRef UE is the sync. reference source, it is suggested to define the requirement as 2 S-SSB measurement periods for NR sidelink S-RSRP with the same side conditions -6dB in NR Uu measurements.
Evaluation Time
In RAN4 #92 meeting, an open issue for evaluation time when NR serving cell is used as synchronization reference source is shown as follow. Generally, the evaluation time for UE to check whether the channel condition fulfills one criteria should be a multiple of the measurement periods for RSRP/S-RSRP because the small scale fading impact should be alleviated within the evaluation time. A good example is the evaluation period in Idle mode is 4 times of measurement interval. In legacy LTE Sidelink when SyncRef UE is SyncRef source, the evaluation period is 2 times of measurement interval. Thus, it’s better to use the same framework for all the SyncRef source scenario in NR V2X. 
	· Initiation/cease of SLSS transmission
When NR serving cell is used as synchronization reference source, evaluation time is [X] times of NR intra-frequency measurement time.


[bookmark: _Ref19721472]Proposal 8: Evaluation time is [2] times of S-RSRP/RSRP measurement time.
Table 1: Tevaluate,SLSS with measurements without gaps when NR cell as synchronization reference source (FR1)
	DRX cycle
	Tevaluate,SLSS

	No DRX
	max(400ms, 2 x ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, 2 x ceil(1.5x 5 x Kp) x max(SMTC period, DRX cycle)) x CSSFintra

	DRX cycle>320ms
	2 x ceil( 5 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



Table 2: Tevaluate,SLSS with measurements with gaps when NR cell as synchronization reference source (FR1)
	DRX cycle
	Tevaluate,SLSS

	No DRX
	max(400ms, 2 x 5 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, 2 x ceil(1.5x 5) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	2 x 5 x max(MGRP, DRX cycle) x CSSFintra



5 Summary
In this paper, we have some discussion on how to choose syncRef source in EN-DC network and the requirement about initiation of SLSS transmission.
Observation 1: From RAN4’s view, the measurement uncertainty will result in ping-pong selection of the sync. reference source and ping-pong initiation of SLSS transmission.
Observation 2: In NR IDLE mode, a measurement margin added to the RSRP velue is to avoid the ping-pong selection between serving cell and target best cell.
Proposal 1: Similar to NR IDLE mode, the measurement margin should be introduced when reselecting the sync. reference source and initiation of SLSS transmission.
Proposal 2: Reselection the synchronization reference source time should be

Where,  = 1 SLSS period,  = 1 SLSS period,  = 1 SLSS period when S-SSB Es/Iot ≥ 0 dB.
Proposal 3: RAN4 should follow LTE sidelink. Dropping SLSS and data transmission is allowed in asynchronized case, and only dropping SLSS Tx is allowed in synchronized case.
Proposal 4: The measurement time could re-use NR intra-frequency measurement with/without gaps time when gNB is used as synchronization reference source.
Proposal 5: The measurement time could follow the discussion on gNB/eNB as SyncRef source in NR/LTE SA when GNSS is used as synchronization reference source.
Proposal 6: RAN4 should wait RAN1’s design on initiation/cease of SLSS transmission when GNSS is the sync. reference source in Nov.’s meeting. If no detail conclusion in this meeting, RAN4 should send LS to RAN1 to further clarify this issue.
Proposal 7: When SyncRef UE is the sync. reference source, it is suggested to define the requirement as 2 S-SSB measurement periods for NR sidelink S-RSRP with the same side conditions -6dB in NR Uu measurements.
Proposal 8: Evaluation time is [2] times of S-RSRP/RSRP measurement time.
Table 1: Tevaluate,SLSS for measurements without gaps when NR cell as synchronization reference source (FR1)
	DRX cycle in NR
	Tevaluate,SLSS

	No DRX
	max(400ms, 2 x ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, 2 x ceil(1.5x 5 x Kp) x max(SMTC period, DRX cycle)) x CSSFintra

	DRX cycle>320ms
	2 x ceil( 5 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



Table 2: Tevaluate,SLSS for measurements with gaps when NR cell as synchronization reference source (FR1)
	DRX cycle in NR
	Tevaluate,SLSS

	No DRX
	max(400ms, 2 x 5 x max(MGRP, SMTC period)) x CSSFintra

	DRX cycle≤320ms
	max(400ms, 2 x ceil(1.5x 5) x max(MGRP, SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	2 x 5 x max(MGRP, DRX cycle) x CSSFintra
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