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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the RAN#91-e meeting, the sidelink relay WID [1] was agreed. One of the objectives is as below:  
	4.    Specify mechanisms for service continuity 
0. Limited to intra-gNB cases [RAN2] 


In this contribution, the the detailed solution for service continuity of L2 U2N relay will be discussed.
Discussion
[bookmark: _GoBack]Regarding to the intra-gNB case, there are two kinds of path switching: indirect to direct, and direct to indirect. In the following, we will analyze these two kinds of path switching individually.
Direct to indirect path switching
[bookmark: _Ref59547890][bookmark: _Ref59547894]The direct to indirect path switching was discussed in the study item and agreed to adopt the following procedure as baseline [2]:



Figure-1: Procedure for direct to indirect path switching

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]During the work item, we should further discuss the details of each step based on the above Figure-1, which include:
· Issue 1: Whether there is any enhancement on the measurement configuration and reporting procedure (step 1 in Figure-1)?
· Issue 2:  When the gNB decides the target relay UE, whether the RRC reconfiguration message sent to the target relay UE should be completed before gNB sending RRC reconfiguration to the remote UE?
· Issue 3: What information should be included in the RRC reconfiguration message sent to the target relay UE and the remote UE?
· Issue 4: When does the PC5 connection between the remote UE and the target relay UE should be established?

For Issue 1, the analysis will be performed from the following perspectives: measurement configuration, measurement trigger, measurement report trigger and measurement reporting.
Regarding to the measurement configuration, considering the remote UE is in coverage, the measurement configuration for path switching can be classified into two parts: 
· Uu measurement configuration
Regarding to the Uu measurement configuration, legacy Uu measurement configuration can be reused. 
· SL relay discovery related configuration
Since during the study item, the condition for triggering relay discovery has been agreed to follow the LTE rule. Hence, when UE performs direct to indirect path switching, the relay discovery related configuration of LTE can be reused, e.g., NR V2X SIB can configure the channel quality threshold for performing sidelink relay discovery to the remote UE.
That is to say, enhancement on measurement configuration in case of direct to indirect path switching is not needed.
Regarding to the measurement trigger, considering the remote UE is connected to the network directly, the legacy measurement trigger can be reused, e.g., based on S-measure and so on.
Regarding to the measurement report trigger, in case of direct to indirect path switching, Event A2 (Serving becomes worse than threshold) is feasible, there is no strong motivation to enhance it.
Regarding to the measurement reporting, in order to help the gNB to make decision on whether target gNB or target relay UE will be selected, additional measurement reporting should be considered, e.g., when performing the Uu measurement result reporting, the UE should also report the candidate relay UE related information together with the Uu measurement results. 
[bookmark: _Ref70431741]Proposal 1: In case of the remote UE is connected to network directly, when measurement reporting is triggered, remote UE should report the candidate relay UE related information together with the Uu measurement results.
Furthermore, it should further discuss how to determine the candidate relay UE? Whether AS and higher layer filtering is needed. In the RAN2#113bis meeting, it was agreed that:
4)    How to choose relay UE in relay (re)selection: Remote UE searches for suitable relay UE candidates which meet all AS-layer & higher layer criteria. If multiple such candidate relay UEs available, it is up to Remote UE implementation to choose one Relay UE. 
In our understanding, the above AS-layer & higher layer criteria for selecting suitable relay UE in case of relay (re)selection can be reused for selecting the candidate relay UEs in case of direct to indirect path switching.
[bookmark: _Ref70431745]Proposal 2: The AS-layer & higher layer criteria for selecting suitable relay UE in case of relay (re)selection can be reused for selecting the candidate relay UEs in case of direct to indirect path switching.
According to Proposal 1, the candidate relay UE related information should be reported as additional measurement reporting. It should further make clear what information can be regarded as the relay UE related information. In our understanding, it should at least include the identifier of the candidate relay UE(s) and the corresponding SD-RSRP of each candidate SL relay UE, and the serving cell of the candidate relay UE.
[bookmark: _Ref70431749]Proposal 3: At least the following candidate relay related information should be included in the measurement reporting message: the identifier(s) of the candidate relay UE(s), the SD-SRSP of the candidate relay UE(s) and the serving cell of the candidate relay UE(s).

For issue 2, in case of intra-gNB direct to indirect path switching, if the gNB sends the RRC reconfiguration message to the remote UE before the RRC reconfiguration complete is received from target relay UE, it may have the risk that the selected target relay UE may be not able to serve the remote UE. It will increase the path switching failure probability. In order to increase the path switching success probability, the RRC reconfiguration message sent to remote UE should be sent only after the RRC reconfiguration complete message is received from the target relay UE.
[bookmark: _Ref67574811]Proposal 4: In case of direct to indirect path switching, the RRC reconfiguration message to the remote UE should be sent after the RRC reconfiguration complete message is received from the target relay UE.

For Issue 3, according to the conclusion of the study item, gNB implementation can handle the QoS split between the Uu BH and PC5 for the end-to-end QoS enforcement of a particular session established between Remote UE and network in case of L2 U2N Relay. Hence, in our understanding, in case of direct to indirect path switching, the gNB should be responsible for determining the Uu BH RLC channel configuration and PC5 RLC channel configuration, and additionally, it should also determining the mapping amongst the end-to-end bearer, Uu BH RLC channel and the PC5 RLC channel. In detail, based on the above understanding, the RRC reconfiguration message sent to remote UE and target relay UE should have different contents:
· For the RRC reconfiguration message sent to the target relay UE, the RRC reconfiguration message should at least contains the UL/DL Uu RLC channel configurations, the PC5 RLC channel configurations from the relay UE to the remote UE, and the mapping between Uu BH RLC channel and PC5 RLC channel for each remote UE.
· For the RRC reconfiguration message sent to the remote UE, besides the information contained in the legacy Uu reconfigurationWithSync, it should also include some addition information, which includes at least the PC5 RLC channel configurations from the remote UE to the relay UE, and the mapping between E2E radio bearer and PC5 RLC channel for the remote UE.
[bookmark: _Ref67574815]Proposal 5: In case of direct to indirect path switching, the RRC reconfiguration message sent to the target relay UE should at least contains the UL/DL Uu RLC channel configurations, the PC5 RLC channel configurations from the relay UE to the remote UE, and the mapping between Uu BH RLC channel and PC5 RLC channel for each remote UE.
[bookmark: _Ref67574818][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 6: In case of direct to indirect path switching, the RRC reconfiguration message sent to the remote UE should at least contains the PC5 RLC channel configurations from the relay UE to the remote UE, and the mapping between E2E radio bearer and PC5 RLC channel for the  remote UE.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For Issue 4, considering the target relay UE is selected by the gNB, hence the remote UE had better establish the PC5 connection with the target relay UE after receiving the RRC reconfiguration message from gNB. After the PC5 connection is setup, the target relay UE can inform the PC5 RLC channel configurations (for the direction from the relay UE to the remote UE) received from the gNB to the remote UE by PC5-RRC; and the remote UE can also inform the PC5 RLC channel configurations (for the direction from the remote UE to the relay UE) received from gNB to the target relay UE.
[bookmark: _Ref67574822][bookmark: _Ref67673202]Proposal 7: In case of direct to indirect path switching, the remote UE can initiate the PC5 connection setup procedure upon receiving the RRC reconfiguration message from the gNB.
Indirect to direct path switching
The indirect to direct path switching was discussed in the study item and agreed to adopt the following procedure as the basic procedure [2]:


 
Figure-2: Procedure for indirect to direct path switching

During the work item, we should further discuss the details of each step based on the above Figure-2, which include:
· Issue 1: Whether there is any enhancement on the measurement configuration and reporting procedure (step 1 in Figure-2)
· Issue 2:  When the gNB decides the remote UE will be switch to direct connection, when to update the relay UE BH related RRC configuration and release the PC5 connection between the remote UE and the source relay UE (step 6 and step 7 in Figure-2)?

For Issue 1, similar as section 2.1, the analysis will be performed from the following perspectives: measurement configuration, measurement trigger, measurement report trigger and measurement reporting.
Regarding to the measurement configuration, considering the remote UE is connected to the network via the relay UE, the measurement configuration for path switch can be classified into two parts: 
· Uu measurement configuration
Regarding to the Uu measurement configuration, legacy Uu measurement configuration can be reused and the only difference is that the Uu measurement configuration should be sent to the remote UE from the gNB via the source relay UE.
· SL relay discovery related configuration
Since during the study item, the condition for trigger relay discovery has been agreed to follow the LTE rule. Hence, when the remote UE performs indirect to direct path switching, the relay discovery related configuration can be reused, e.g., NR V2X SIB can configure the threshold for performing the sidelink relay discovery, and when the relay UE receives the corresponding SIB, it can forward it to the remote UE. The detailed forwarding mechanism can be further discussed in the control plane procedures.
Based on the above analysis, no specific enhancement on measurement configuration in case of indirect to direct path switching is needed.
Regarding to the measurement trigger, considering the remote UE is connected to the network via remote UE, the measurement can be triggered based on the PC5 link channel quality is below a pre-configured threshold. In addition, it should further consider how to trigger the measurement for remote UE if the PC5 link is good, but the Uu link is poor. In this case, the remote UE can provide an indication to the remote UE to trigger the remote UE to perform measurement on non-serving cell or non-serving relay UEs.
[bookmark: _Ref70686190]Proposal 8: In case of the remote UE is connected to network via a relay UE, when the Uu link channel quality is below the threshold, it should notify the remote UE to perform the measurement on non-serving cell or non-serving relay UEs.
Regarding to the measurement report trigger, Event A2 (Serving becomes worse than threshold) can be used, but it should be noted that the serving refers to the SL-RSRP of the sidelink between remote UE and current relay UE.
Regarding to the measurement reporting, similar mechanism as proposed in section 2.1 can be used. In order to help the gNB to make decision on whether target gNB or target relay UE should be selected, additional measurement reporting should be considered, e.g., when measurement report is triggered, UE should report the candidate relay UE related information together with the Uu measurement results if available.
[bookmark: _Ref67673205]Proposal 9: In case of the remote UE is connected to network via a relay UE, when measurement reporting is triggered, remote UE should report the candidate relay UE related information together with the Uu measurement results.

For issue 2, upon remote UE receives the RRC reconfiguration message for indirect to direct path switching, it can try to establish the RRC connection with the gNB. Similar as the legacy UE behaviour, if the indirect to direct path switch failure, the remote UE should be able to initiate the RRC re-establishment procedure with the gNB through the source relay UE. Hence the PC5 connection between the remote UE and source relay UE and the Uu BH configuration of source relay UE had better kept until the RRC connection is established with the gNB. For the PC5 connection release, there are two options:
· Option 1: Implicit method
In this option, for the remote UE, the PC5 connection can be released upon RRC reconfiguration complete message is sent to the gNB; and for the source relay UE, the PC5 connection can be released upon receives the RRC reconfiguration message from the gNB. Explicit PC5-S connection release procedure is not needed.
· Option 2: Explicit method
In this option, the remote UE can initiate the PC5 connection release upon RRC reconfiguration complete message is sent to gNB; and/or, the source relay UE can initiate the PC5 connection release upon receives the RRC reconfiguration message from gNB.
Since the PC5-S connection is related to SA2, it had better send LS to SA2 to check their view.
[bookmark: _Ref67574832][bookmark: _Ref67673209]Proposal 10: Once the gNB receives the RRC reconfiguration complete message from the remote UE, it can send RRC reconfiguration to the source relay UE to update the Uu BH configuration.
[bookmark: _Ref67673216]Proposal 11: Send LS to SA2 to check for indirect to direct path switching, whether explicit PC5-S connection release is necessary.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: In case of the remote UE is connected to network directly, when measurement reporting is triggered, remote UE should report the candidate relay UE related information together with the Uu measurement results.
Proposal 2: The AS-layer & higher layer criteria for selecting suitable relay UE in case of relay (re)selection can be reused for selecting the candidate relay UEs in case of direct to indirect path switching.
Proposal 3: At least the following candidate relay related information should be included in the measurement reporting message: the identifier(s) of the candidate relay UE(s), the SD-SRSP of the candidate relay UE(s) and the serving cell of the candidate relay UE(s).
Proposal 4: In case of direct to indirect path switching, the RRC reconfiguration message to the remote UE should be sent after the RRC reconfiguration complete message is received from the target relay UE.
Proposal 5: In case of direct to indirect path switching, the RRC reconfiguration message sent to the target relay UE should at least contains the UL/DL Uu RLC channel configurations, the PC5 RLC channel configurations from the relay UE to the remote UE, and the mapping between Uu BH RLC channel and PC5 RLC channel for each remote UE.
Proposal 6: In case of direct to indirect path switching, the RRC reconfiguration message sent to the remote UE should at least contains the PC5 RLC channel configurations from the relay UE to the remote UE, and the mapping between E2E radio bearer and PC5 RLC channel for the  remote UE.
Proposal 7: In case of direct to indirect path switching, the remote UE can initiate the PC5 connection setup procedure upon receiving the RRC reconfiguration message from the gNB.
Proposal 8: In case of the remote UE is connected to network via a relay UE, when the Uu link channel quality is below the threshold, it should notify the remote UE to perform the measurement on non-serving cell or non-serving relay UEs.
Proposal 9: In case of the remote UE is connected to network via a relay UE, when measurement reporting is triggered, remote UE should report the candidate relay UE related information together with the Uu measurement results.
Proposal 10: Once the gNB receives the RRC reconfiguration complete message from the remote UE, it can send RRC reconfiguration to the source relay UE to update the Uu BH configuration.
Proposal 11: Send LS to SA2 to check for indirect to direct path switching, whether explicit PC5-S connection release is necessary. 
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