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1 Introduction
In last RAN4 #94e-bis meeting, a WF about NR V2X RRM requirement was approved. The open issue about interruption for sync. source change is listed below.
	Interruption for Sync. source change
· Issue 3-1-x : Interruption due to source change between GNSS and gNB/eNB, or GNSS and SyncRefUE, or gNB/eNB and SyncRefUE, or SyncRefUE and SyncRefUE
· Interruption requirement 1ms applies
· when the two synchronization sources that UE switches between are not synchronized or
· when the two synchronization sources that UE switches between are synchronized and they are from different type of sources listed below, 
· GNSS and gNB/eNB or
· GNSS and SyncRefUE or 
· gNB/eNB and SyncRefUE
· For the scenario that SL UE is changing its sync source from gNB to eNB or eNB to gNB
· Option 1 : interruption is not needed to be specified
· Option 2 : interruption is needed to be specified
Interruption for switching between LTE SL and NR SL
· RRM session can discuss the interruption requirement based on the switching time requirement agreed in RF session 
· Rapporteur decides which session (RF or RRM) to discuss the starting point of switching for next meeting to avoid duplicated discussion



In this paper, we will continue to discuss the interruption requirement.
2 General
Currently, NR sidelink UE supports multiple synchronization sources:
· GNSS, UE directly synced to GNSS, UE indirectly synced to GNSS
· eNB, UE directly synced to eNB, UE indirectly synced to eNB
· gNB, UE directly synced to gNB, UE indirectly synced to gNB
Different to LTE sidelink, NR sidelink UE supports both eNB and gNB as synchronization source.
RAN4 had already agreed single carrier sidelink in which EN-DC/NE-DC Uu link is not an applicable scenario. Thus, the possible type of sidelink UE will be as follow.
	RAN4 #93
Agreement:
· Not applicable scenarios
· Single carrier in NR V2X SL + EN-DC/NE-DC/NR-DC/NR-CA/LTE-CA/LTE-DC in Uu
· 	NR V2X SL is dedicated to NR V2X SL and is not used for Uu link


In last RAN1 meeting, the UE feature list of sync. source for NR link is agreed as follow.
	15-4
	Synchronization sources for NR sidelink
	1) UE can receive S-SSB in NR sidelink if it supports 15-1.
2) UE can transmit S-SSB in NR sidelink if it supports 15-2 or 15-3.
3) UE supports GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to false.
4) UE can transmit or receive NR sidelink based on the synchronization to an gNB
5) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to gnbEnb.
6) UE additionally supports gNB, GNSS and SyncRef UE as the synchronization reference according to the synchronization procedure with sl-SyncPriority set to GNSS and sl-NbAsSync set to true.

	…
	This is the basic FG for sidelink.

Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Note: Component 4 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Note: Component 5 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1

Note: Component 6 is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E-1
	Optional with capability signalling
For UE supports NR sidelink, UE must indicate this FG is supported.


SL UE is not required to sync to gNB or eNB based on RAN1’s agreement on UE feature list.
· NR SL only
· not capable synced to both eNB and gNB
· capable synced to eNB/gNB
· capable synced to both eNB and gNB
· NR SL + NR/LTE Uu 
· NR SL + LTE SL
· NR SL + LTE SL + NR/LTE Uu
[bookmark: _Ref40346284]Proposal 1: The NR SL only UE is not required to sync to gNB or eNB based on RAN1’s agreement on UE feature list. 
3 Interruptions to WAN due to V2X Sidelink Communication
Currently, when we defined the interruption requirement for Uu link, the definition of sync./async. should be clear at first. For example, the definition on sync/async. in Uu link is different for EN-DC and NR-CA based on MRTD. However, the sync./async. definition between Uu link and V2X link was not discussed in RAN4. Since this is the last meeting to discuss sidelink requirement in R16, we suggest only define the interruption requirement based on async. scenario unless RAN4 clarified the definition on sync./async..
[bookmark: _Ref40110216]Proposal 2: Before RAN4 clarifies the definition on sync./async. between NR Uu link and sidelink, RAN4 just defines the interruption requirement based on async. scenario only.
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	NR Slot length (ms)
	Interruption length
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	0
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	1
	0.5
	3

	2
	0.25
	5

	3
	0.125
	9


     
4 Interruption due to sync. source change
Two possible reasons will result in sidelink communication dropping due to sync. source change.
· Two synchronization sources that UE switches between are not synchronized
· Two synchronization sources that UE switches between are synchronized and they are from different type of sources listed below, 
· GNSS and gNB/eNB or
· GNSS and SyncRefUE or 
· gNB/eNB and SyncRefUE
When two synchronization sources that UE switches between are synchronized and they are from different type of sources, since there is no timing adjustment between switching, it’s reasonable to define a unified interruption requirement due to sync. source change. 
However, when two synchronization sources that UE switches between are not synchronized, the UE behavior in NR will be different with LTE. In legacy LTE, the design focused on broadcast services. A signal is broadcasted to all surrounding UEs, and a UE needs to monitor all messages received. Thus, when the sync. source that UE switches between are not sync., the UE will have a short interruption duration(1ms) and continue to broadcast the signals with the new timing.
In NR SL, the new type of groupcast and unicast communication are introduced. Different to the broadcast communication, the communication is dedicated to one UE with the groupcast or unicast link. For example, when UE0 communicates with UE1 in a gNB network in T1, both UE0 and UE1 are synced to gNB with the same timing. In T2, UE0 moves outside the gNB coverage and changes the sync. source from gNB to GNSS. If these two sync sources(GNSS and gNB) are not synced, since UE1 doesn’t know any information of sync source change in UE0, the communication will be ceased.
[image: ]
[bookmark: _Ref40109139][bookmark: _Ref36907488]Proposal 3: When two synchronization sources that UE switches between are not synchronized, RAN4 shall differentiate the different type of communication in interruption requirement. 
· For broadcast communication, define the sidelink communication dropping requirement as 1ms;
· For group-cast and unicast communication, the sidelink communication will be ceased due to sync. source change. 
NR SL only
Another open issue in the WF is whether to define the requirement when SL UE is changing its sync source from gNB to eNB or eNB to gNB. For UE which supports SL only, based on RAN1’s agreement, the SL UE synced to a gNB/eNB is not required.
[bookmark: _Ref40109144]Proposal 4: For NR SL only, do not define interruption requirement for NR SL only with sync. source change between gNB and eNB because the SL UE sync. to a gNB/eNB is not required based on RAN1’s feature list.
[bookmark: _Ref40284616]Proposal 5: For NR SL only, the interruption(1ms) due to sync. source changing will happen immediately after the reselection of sync. source procedure.
NR SL + LTE/NR Uu
For UE supporting both SL and Uu link, SL UE changes the sync source from gNB to eNB or eNB to gNB will happen during Uu link inter-RAT handover. Whether SL UE will change the sync source depend on the rule of reselection of V2X sync. source after UE identifying and evaluating the newly serving cell. Thus, the sync source change interruption will happen after UE Uu link receiving the handover command on the old PDSCH and before UE sending the new PRACH.
[bookmark: _Ref40109152]Proposal 6: Whether SL UE will change the sync. source from gNB to eNB or eNB to gNB depends on the rule of V2X sync. source reselection.

[bookmark: _Ref40109154]Proposal 7: For NR SL + Uu link, the interruption(1ms) due to sync. source changing from gNB to eNB or eNB to gNB will happen after UE Uu link receiving the handover command on the old PDSCH and before UE sending the new PRACH.  
NR SL + LTE SL
In RAN1 spec., the LTE SL and NR SL in the same ITS band will share a single UL timing. Thus, when one of SL link changes the sync. source between two synchronization sources that are not synchronized, both SL communications shall be dropped to allow UE to adjust the timing.   
	RAN1 #94bis Agreements:
· For TDM solutions, LTE and NR V2X sidelinks are assumed to be synchronized. 
RAN1 #95 Agreements:
· For FDM solutions: 
· For both dynamic and semi-static power allocation solutions, RAN1 assumes synchronization between NR and LTE V2X sidelinks, for a NR V2X UE when NR and LTE V2X sidelinks are intra-band.


Since both NR SL and LTE SL will be interrupted due to other SL’s sync source change, both NR SL and LTE SL communication dropping requirement shall be defined. When NR SL communication dropping due to LTE SL sync. source change, the requirement will be defined in TS38.133. When LTE SL communication dropping due to NR SL sync. source change, the requirement will be defined in TS36.133.


[bookmark: _Ref40109157]Proposal 8: When two synchronization sources that UE switches between are not synchronized in LTE sidelink, define the interruption to NR SL due to LTE SL sync. source change in TS38.133.
[bookmark: _Ref40109161]Proposal 9: When two synchronization sources that UE switches between are not synchronized in NR sidelink, define the interruption to LTE SL due to NR SL sync. source change in TS36.133.
5 Interruption for switching between LTE SL and NR SL
Two types of TDM based solutions are supported, i.e. short term time-scale TDM and long term time-scale TDM. Based on RAN1 discussion, the switching between LTE SL and NR SL which could be dynamically changed is the short term time-scale TDM solution. The agreements and conclusions for the TDM operation in RAN1 are copied as below. 
	



When switching between LTE SL and NR SL, the previous SL communication link will be ceased other than interrupted. Thus, RAN4 doesn’t need to define an interruption requirement to SL due to switching between LTE SL and NR SL. For example, the LTE V2X sidelink will be ceased after the RF switching as shown in the following figure.
[bookmark: _Ref40109163]Proposal 10: Do not define the interruption requirement to NR SL due to switching between LTE SL and NR SL. Alternatively, we can define 
When switching from LTE SL to NR SL occurs in subframe n, the LTE SL shall cease from subframe n. The NR SL shall start in slot (n+1).
When switching from NR SL to LTE SL occurs in slot n, the NR SL shall cease from subframe n. The LTE SL shall start in slot (n+1).


However, this switching between LTE SL and NR SL will interrupt the Uu link when the UE supports NR SL + LTE SL + LTE/NR Uu. An interruption requirement to Uu link shall be defined in both TS38.133 and TS36.133.
	WF on switching period in ITS band for NR V2X(R4-2005644)
· Candidate values for intra-band switching
· 150us including transient period (majority view)
· 210us
· Suggested WF on switching period
· 150us in square brackets in the CR preparation (Majority view)


In last RAN4 meeting, the switching time is approximately to agree as 150us. We can define the interruption requirement to NR/LTE link based on this value as follow. 
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[bookmark: _Ref40109166]Proposal 11: Define the interruption to LTE and NR Uu link due to switching between LTE SL and NR SL. 
The UE is allowed an interruption of 2 subframes on the serving cell(s) in LTE.
The UE is allowed an interruption on the PCell in NR as follow.
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6 Summary
In this paper, we give our views on interruption requirement for NR SL.
Proposal 1: The NR SL only UE is not required to sync to gNB or eNB based on RAN1’s agreement on UE feature list.
Proposal 2: Before RAN4 clarifies the definition on sync./async. between NR Uu link and sidelink, RAN4 just defines the interruption requirement based on async. scenario only.
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Proposal 3: When two synchronization sources that UE switches between are not synchronized, RAN4 shall differentiate the different type of communication in interruption requirement.
· For broadcast communication, define the sidelink communication dropping requirement as 1ms;
· For group-cast and unicast communication, the sidelink communication will be ceased due to sync. source change. 
Proposal 4: For NR SL only, do not define interruption requirement for NR SL only with sync. source change between gNB and eNB because the SL UE sync. to a gNB/eNB is not required based on RAN1’s feature list.
Proposal 5: For NR SL only, the interruption(1ms) due to sync. source changing will happen immediately after the reselection of sync. source procedure.
Proposal 6: Whether SL UE will change the sync. source from gNB to eNB or eNB to gNB depends on the rule of V2X sync. source reselection.
Proposal 7: For NR SL + Uu link, the interruption(1ms) due to sync. source changing from gNB to eNB or eNB to gNB will happen after UE Uu link receiving the handover command on the old PDSCH and before UE sending the new PRACH.
Proposal 8: When two synchronization sources that UE switches between are not synchronized in LTE sidelink, define the interruption to NR SL due to LTE SL sync. source change in TS38.133.
Proposal 9: When two synchronization sources that UE switches between are not synchronized in NR sidelink, define the interruption to LTE SL due to NR SL sync. source change in TS36.133.
Proposal 10: Do not define the interruption requirement to NR SL due to switching between LTE SL and NR SL. 
Alternatively, we can define 
When switching from LTE SL to NR SL occurs in subframe n, the LTE SL shall cease from subframe n. The NR SL shall start in slot (n+1).
[bookmark: _GoBack]When switching from NR SL to LTE SL occurs in slot n, the NR SL shall cease from subframe n. The LTE SL shall start in slot (n+1).
Proposal 11: Define the interruption to LTE and NR Uu link due to switching between LTE SL and NR SL.
The UE is allowed an interruption of 2 subframes on the serving cell(s) in LTE.
The UE is allowed an interruption on the PCell in NR as follow.  
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Agreements:
e For T/Tx overlap,
o Confirm the working assumption made in RAN1#06bis.
o UE capability is defined for short-term time-scale TDM for in-device coexistence.
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Conclusion:~
©  RANI does not see any specification impact for support of Long Term Time-Scale TDM for coexistence of
NR and LTE sidelinks.
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