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At previous RAN4 (#92) meeting, RAN4 discussed the selection of synchronization sources in EN-DC and NE-DC scenarios where both gNB and eNB are available based on the problem highlighted in [1]. The discussions resulted in following agreement captured in the way forward [2]: 
	· Selection/Reselection to gNB or eNB in EN-DC or NE-DC
· Study potential RRM impact for following sub-bullets from RAN4 perspective 
· how to choose gNB or eNB as synchronization reference source when they’re in the same priority, and 
· how to choose serving cell as synchronization reference source when multiple active serving cells under the same RAT(NR or LTE) are configured as candidate synchronization reference sources
· how to facilitate the communication between UEs that synchronized to asynchronized synchronization reference sources. 
· Depending on RAN4 conclusions, RAN4 will inform other WGs if spec. impact to other WGs is identified
……

· Study RRM impact due to timing misalignment between GNSS & gNB/eNB



 
In this contribution, we discuss and provide our view on the topics identified above. 

Discussion
Impact of synchronization source selection
According to the NR V2X TR 38.885 v16.0.0 the V2X UE configured on SL needs to use one synchronization source for acquiring the reference time for sidelink operation information. More specifically the UE derives its transmission timing for SL operation from the list of available synchronization references with the highest priority. Examples of such synchronization sources are GNSS, gNB, eNB, NR UE. They are also associated with different synchronization priorities, as shown in Table 1.
Table 1: Synchronization source priority
	Priority level
	GNSS-based synchronization
	gNB/eNB-based synchronization

	P0
	GNSS
	gNB/eNB

	P1
	All UEs directly synchronized to GNSS
	All UEs directly synchronized to gNB/eNB

	P2
	All UEs indirectly synchronized to GNSS
	All UEs indirectly synchronized to gNB/eNB

	P3
	Any other UE
	GNSS

	P4
	N/A
	All UEs directly synchronized to GNSS

	P5
	N/A
	All UEs indirectly synchronized to GNSS

	P6
	N/A
	Any other UE



It is observed from Table 1 that gNB and eNB have the same priority which means the selection is left to UE implementation. For example, one UE implementation may select and use gNB as synchronization reference source while another UE implementation may use eNB. This may lead to different network and UE performance which may also become unpredictable. 
According to our understanding , the scenario assumed for this Rel-16 SL V2X WI is a single operator scenario and the selection of synchronization source is within a cell of that network. One of the supported scenarios for NR V2X is multicarrier operation comprising at least two serving cells, also known as EN-DC, i.e. the dual connectivity operation between LTE and NR. In this case, the LTE serving cell functions as the primarily cell and NR serving cell as the PSCell. Another scenario is called NE-DC where in NR cell is the PCell and LTE cell is the PSCell. In both these scenarios, eNB and gNB are present and can be used as timing source for NR sidelink operation, and there are two serving cells.  
The synchronization source selection rules as agreed in RAN1 allows the UE to select any of eNB and gNB as synchronization source with equal priority, see below:
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It is important to note that the timing of gNB and eNB are not always aligned and this can result in a difference in timing as experienced by the UE which can affect the SL and Uu performance. One simple solution to address this problem is to use the timing of the UL resource where SL is operated when UL and SL are time multiplexed on the same UL carrier frequency. For the licensed carrier operation, there are following scenarios: 
· Scenario 1: When NR UL and NR or LTE SL are on the same UL NR carrier frequency (TDM or FDM), then the serving gNB is used as synchronization source for the NR SL
· Scenario 2: When LTE UL and LTE or NR SL are on the same UL LTE carrier frequency (TDM or FDM), then the serving eNB is used as synchronization source for the LTE SL.
The above work only for the scenario where SL is operated on a licensed carrier.  However, the SL operation can also take place on an unlicensed carrier (ITS band). In this case, the selection of synchronization source can be based on the timing reference of the Uu link, see below:
NR SL cases when NR SL is on ITS-band:
· Scenario 3: If NR SL is operated on an unlicensed carrier and if the UE has only serving gNB then serving gNB is used as synchronization source for NR SL.

·  Scenario 4: If NR SL is operated on an unlicensed carrier and if the UE has only serving eNB then serving eNB is used as synchronization source for NR SL.

· Scenario 5: If NR SL is operated on an unlicensed carrier and if the UE has both serving gNB and serving eNB, this case needs more study and discussion in RAN4, thus the synchronization source to use is FFS. 

· Scenario 6: If LTE SL is operated on an unlicensed carrier and if the UE has only serving gNB then serving gNB is used as synchronization source for LTE SL.

·  Scenario 7: If LTE SL is operated on an unlicensed carrier and if the UE has only serving eNB then serving eNB is used as synchronization source for LTE SL.

· Scenario 8: If LTE SL is operated on an unlicensed carrier and if the UE has both serving gNB and serving eNB, this case needs more study and discussion in RAN4, thus the synchronization source to use is FFS. 

The selection of synchronization source for SL based on the cases identified above is summarized in Table 1.

Table 1 Summary of the scenarios with available synchronization sources and selected synchronization source for SL
	Case 1
	SL RAT 
	SL carrier
	Serving BS
	Sync source for SL

	1
	NR SL
	NR UL carrier
	gNB
	gNB

	2
	LTE SL
	NR UL carrier
	gNB
	gNB

	3
	NR SL
	LTE UL carrier
	eNB
	eNB

	4
	LTE SL
	LTE UL carrier
	 eNB
	eNB

	5
	NR SL
	ITS band
	gNB
	gNB

	6
	NR SL
	ITS band
	eNB
	eNB

	7
	NR SL
	ITS band
	gNB, eNB
	FFS

	8
	LTE SL
	ITS band
	gNB
	gNB

	9
	LTE SL
	ITS band
	eNB
	eNB

	10
	LTE SL
	ITS band
	gNB, eNB
	FFS





· Proposal #1: The synchronization source for SL operated is selected as in Table 1 based on the operating scenario. 
Impact of synchronization source selection during handover
RAN4 needs study the impact of having different synchronization sources for SL operation during handover procedure. The existing handover requirements are defined as follows [3]:
Dhandover = RRC procedure delay + Tinterrupt
Where Tinterrupt is defined as follows:
	Tinterrupt = Tsearch + TIU + 20+ T∆ ms
Where 
· Tsearch = the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms.
· TIU = the interruption uncertainty in acquiring the first available PRACH occasion in the new cell.
· T∆ = time for fine time tracking and acquiring full timing information of the target cell.
The steps in the time domain is illustrated in Figure 2. It is assumed that UE receives the HO command at time T1,  at time T2 UE transmits the new PRACH to the target cell, UE receives the TA of the new cell at time T3 and it is applied at T3’.  The problem is that timing of the new cell is only known and used at time T3’, and from start of T1 until T3’ UE may use the timing of the old cell. During the handover procedure the UE can be configured with an exception pool which can be used for operating SL during the entire handover procedure. The consequence is that from time T2, any SL transmission using the old timing may cause unwanted interference to other UEs (both cellular and SL UEs) in the new cell.  Hence, the UE shall not be allowed to operate SL during Ty1 part of the handover.  
 

 
Figure 1 SL handover steps
· Proposal #2: No SL operation is allowed during the handover procedure in the new cell using the timing of old cell if the synchronization sources in the old cell and in the new cells for the SL operation are different. 

Summary and Conclusions
We have in this contribution discussed open issues related synchronization and timing in SL operation, which were identified in the agreed way forward [1]. Based on the discussions, we have made following proposal and observation:
· Proposal #1: The synchronization source for SL operated is selected as follows based on the operating scenario.: 
	Case 
	SL RAT 
	SL carrier
	Serving BS
	Sync source for SL

	1
	NR SL
	NR UL carrier
	gNB
	gNB

	2
	LTE SL
	NR UL carrier
	gNB
	gNB

	3
	NR SL
	LTE UL carrier
	eNB
	eNB

	4
	LTE SL
	LTE UL carrier
	 eNB
	eNB

	5
	NR SL
	ITS band
	gNB
	gNB

	6
	NR SL
	ITS band
	eNB
	eNB

	7
	NR SL
	ITS band
	gNB, eNB
	FFS

	8
	LTE SL
	ITS band
	gNB
	gNB

	9
	LTE SL
	ITS band
	eNB
	eNB

	10
	LTE SL
	ITS band
	gNB, eNB
	FFS




· Proposal #2: No SL operation is allowed during the handover procedure in the new cell using the timing of old cell if the synchronization sources in the old cell and in the new cells for the SL operation are different. 
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