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At previous RAN4 meeting, V2X UE transmit timing requirements were discussed and the agreements were captured in [1]. The agreements are as follows:
	· RRM requirements should be specified based on the scenarios agreed in the RAN4 RF group. 
· For NR V2X SL Tx timing error
- the following synchronization reference sources should be considered based on RAN1 agreement.
· GNSS
· gNB
· eNB 
· NR UE
· RAN4 shall study the impact of synchronization source selection if any of eNB and gNB can be used as sync source based on the conclusion of RAN4 RF or RAN1. 
· On top of timing error by each synchronization reference source at reception side, additional timing error should be considered, e.g., error depends on different SCS of transmit SL 
· For next meeting, companies are encouraged to present provide  their views on:
· Methodology used for deriving the NR V2X SL Tx timing error requirement
· NR V2X SL Tx timing error
· RAN4 shall study impact of BWP switching in NR Uu (DL/UL) on NR SL.


 
As per the way forward, RAN4 identified following two issues which are to be discussed at next meeting:
· The impact of synchronization source selection if any of eNB and gNB can be used as sync source based on the conclusion of RAN4 RF or RAN1
· Impact of BWP switching in NR Uu (DL/UL) on NR SL

In this contribution, we investigate and provide our view on the above open issues.

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 of the synchronization sources for acquiring timing 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



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 scenarios, both eNB and gNB are present and can be used as timing source for NR sidelink operation. Other scenarios are NR-NR DC in which case there is only gNB present. 
The synchronization source selection rules as agreed in RAN1 allows the UE to select any of eNB and gNB as synchronization source. 
	RAN1#94bis (Chengdu, China)
Agreements: 
· At least GNSS, gNB, NR UE, and eNB are supported as the synchronization source for NR V2X. 
· eNB as a synchronization source for NR V2X UEs supporting LTE Uu/PC5 or Uu only (no change to the eNB behaviour)  
· Whether a source is supported is for further NR V2X UE capability consideration 
 
Agreements: 
· NR V2X sidelink operation includes the following cases: 
· NR V2X sidelink is synchronized with LTE V2X sidelink 
· NR V2X sidelink synchronization procedure operates independently to the LTE V2X sidelink synchronization procedure 

RAN1#96 (Athens, Greece) 

Agreements: 
· Whether GNSS-based synchronization or gNB/eNB-based synchronization is used is (pre)-configured.   
· The following table is a working assumption 
 
	GNSS-based synchronization 
	gNB/eNB-based synchronization 

	· P0: GNSS  
· P1: the following UE has the same priority:  
· UE directly synchronized to GNSS  
· P2: the following UE has the same priority:  
· UE indirectly synchronized to GNSS 
· P3: 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.  






The timing of gNB and eNB are not always not aligned and this can result in a difference in timing as experienced by the UE. To address this problem, RAN4 defined Maximum Receive Timing Difference (MRTD) and Maximum Transmission Timing Difference (MTTD) requirements for operation that involves both gNB and eNB. We propose to use these requirements as baseline for selecting synchronization source selection for NR V2X operation. On the high-level, if PCell and PSCell are synchronized, then the NR SL UE can select any of eNB and gNB as synchronization source for the SL operation. Otherwise, if PCell and PSCell operate in asynchronous DC then it is advantageous for the UE to select the synchronization source which has the better timing accuracy, i.e. gNB.
Another option is to define the synchronization source selection as function of MRTD requirements. For example, if MRTD between the PCell and PSCell is less or equal to a certain threshold (e.g. 3 µs) then UE may select any of gNB or eNB as synchronization source). Otherwise, UE should only use gNB as synchronization source. 
Table 1 Example of synchronization source selection in NR DC operation
	MRTD between PCell and PScell
	Synchronization source for SL

	≤ 3 µs
	eNB or gNB

	> 3 µs
	gNB

	SL operation is on NR serving cell served by gNB



If UE is allowed to choose any of the nodes as synchronization source, then there is a high risk that the timing difference exceeds the maximum difference that the UE or network can handle which makes transmissions/reception problematic. To alleviate this problem, it is important that UE selects the synchronization source which minimizes the timing difference. It was for this reason that RAN4 specified the MRTD/MTTD requirements for NR in release 15.  Hence, we make following proposal:

· Proposal #1: UE shall use gNB as the synchronization source when both gNB and eNB are available in NR EN-DC or NE-DC operation when the PCell and PSCell are unsynchronized. Otherwise UE may choose any of gNB and eNB.

Impact of NR Uu BWP switching on NR SL
The second FFS in the way forward is related to BWP switching on NR V2X SL and NR Uu. Following agreements were made at RAN1-ah1901:
	· Configuration for SL BWP is separated from Uu BWP configuration signalling.
· UE is not expected to use different numerology in the configured SL BWP and active UL BWP in the same carrier at a given time.
· FFS the time scale
· FFS relation to DL BWP including initial Uu BWP
· FFS relation in terms of frequency location and bandwidth



The highlighted agreement means the UE cannot operate with two different numerologies at the same time in NR V2X SL and NR Uu. However, it is important to note that NR V2X SL BWP and NR Uu BWP can be configured independently meaning that the use of different bandwidths and different numerologies is possible provided that NR V2X SL and NR Uu are not operated simultaneously. This gives rise to a scenario where NR Uu BWP switching can be performed while NR V2X SL is being operated (e.g. signals being transmitted or received).  The UE behaviour for this scenario is not defined yet which can cause unexpected interruptions and failed transmissions and receptions. Consequently, without any behaviour defined, both NR V2X SL and NR Uu performances can be degraded. One simple solution would be to define a prioritization rule that specifies which operation UE shall prioritize. For example, whether the UE should discard the SL operation and instead complete the NR Uu BWP switching or vice versa. Another option would be to simply perform the NR Uu BWP switching first and to delay the SL operation until the switching is completed, or vice versa. In this case, the switching time needs to be extended. Without any prioritization rule, RAN4 needs to specify the length interruption on NR V2X sidelink due to NR Uu BWP switching and the delay duration if sidelink operation is down- prioritized. 
· Proposal:  Prioritization rule shall be defined for the scenario when NR Uu BWP switching, and NR V2X SL operations are performed simultaneously.

Radio link monitoring for V2X Sidelink
[bookmark: _GoBack]At last meeting, RAN4 received a LS with following agreements with regard to sidelink RLM [2]:
	· Question 1: What reference signal(s) can be used for the UE pair to perform monitoring of the radio link? 
· Answer 1: RAN1 has agreed that no new reference signal dedicated to SL RLM is introduced and existing SL RS is reused for SL RLM/RLF (i.e., a SL RS introduced for other purpose(s) is reused for SL RLM/RLF. The details are still being discussed in RAN1). This implies that RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes. If further progress is made, RAN1 will inform RAN2 of it.  
· Question 2: What metric(s) can be used for SL RLM / RLF declaration? Potential metric discussed in RAN2 comprises of SL in-sync / out-of-sync indication (others are not excluded).
· Answer 2: RAN1 discussed the following as candidate metric(s) for SL RLM/RLF and expects further input from RAN2 to further progress on this topic:
· Reuse IS/OOS metric in Uu RLM as much as possible but considering the condition that RAN1 has no intention to introduce RS transmitted in a periodic manner only for SL RLM purposes
· Other metrics, e.g., congestion control metric (similar to CBR in LTE), consecutive HARQ-NACKs, etc.



As per the agreements above, RAN1 has agreed not to introduce any new reference signals dedicated to sidelink RLM. The feasibility of using the existing SL RS for SL RLM/RLF is not clear since they are not transmitted frequently. Without any periodic reference signals, reusing the RLM approach from the Uu, i.e. relating to the control channel hypothetical BLER and triggering in-sync/out-of-sync based on that might be difficult. Moreover, some other metrics (e.g. higher-layer metrics) might be used instead to trigger the RLF. Since RLM is a topic that affects RAN4, it is suggested that RAN4 revisits this topic after more progress has been made in other working groups. 

Summary and Conclusions
We have in this contribution discussed two issues which were identified for further study at last RAN4 meeting. They are the impact on synchronization source selection if any of eNB and gNB can be selected as synchronization source and the impact on BWP switching. Based on the discussions, we have made following proposal:
· Proposal #1: UE shall use gNB as the synchronization source when both gNB and eNB are available in NR EN-DC or NE-DC operation when the PCell and PSCell are unsynchronized. Otherwise UE may choose any of gNB and eNB.

· Proposal:  Prioritization rule shall be defined for the scenario when NR Uu BWP switching, and NR V2X SL operations are performed simultaneously.
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