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1 Introduction 
RAN2 discussed relay service continuity in post-meeting email discussion#621[1] and rapporteur captured proposals on the mobility procedures as below. However, there are still some FFS in the proposals and some details that need further discussion. 
In this contribution, we provide our views on these remaining issues on service continuity in L2 relay. Please note that the remaining issues of service continuity in L3 relay is discussed in our companion paper on L3 relay [2]. Specifically, the following issues are discussed in this contribution:
· RRM changes for supporting L2 HO procedures
· Proposal 2-2 (21/22): For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching to direct Uu cell. 
· Step 1: Measurement configuration and reporting
· Step 2: Decision of switching to a direct cell by gNB 
· Step 3: RRC Reconfiguration message to remote UE
· Step 4: Remote UE performs RA to the gNB
· Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in the RRC Reconfiguration message.
· Step 6: RRC Reconfiguration to relay UE
· Step 7: The PC5 link is released between remote UE and the relay UE, if needed.
· Step 8: The data path switching.
The order of step 6/7/8 is not restricted. Followings are further discussed in WI phase, including:
· FFS: Remote UE suspends data transmission via relay link after step 3.
· FFS: Step 6 can be before or after step 3 and its necessity.
· FFS: Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration.
· FFS: Step 8 can be after step 5.
Capture Figure 2-2 in the TR.
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Figure 2-2: Procedure for remote UE switching to direct Uu cell


· CONNECTED remote UE switch to PC5 relay path mobility handling, when relay UE is in IDLE/INACTIVE state 
· Proposal 2-3 (21/22): For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching to indirect relay UE:
· Step 1: Remote UE reports one or multiple candidate relay UE(s), after remote UE measures/discoveries the candidate relay UE(s).
· Remote UE may filter the appropriate relay UE(s) meeting higher layer criteria when reporting, in step 1. 
· The reporting may include the relay UE’s ID and SL RSRP information, where the measurement on PC5 details can be left to WI phase, in step 1.
· Step 2: Decision of switching to a target relay UE by gNB, and target (re)configuration on relay UE   optionally (like preparation).
· Step 3: RRC Reconfiguration message to remote UE
· Step 4: Remote UE establishes PC5 connection with target relay UE, if the connection has not been setup yet.
· Step 5: Remote UE feedback the RRCReconfigurationComplete to gNB via target path, using the target configuration provided in RRCReconfiguration.
· Step 6: The data path switching.
Following are further discussed in WI phase, including:
· FFS: Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before.
· FFS: Step 4 can be before step 2/3.
Capture Figure 2-3 in the TR.
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Figure 2-3: Procedure for remote UE switching to indirect relay UE

2 Discussion
2.1 RRM changes
[bookmark: _Hlk54120376][bookmark: _Ref54102456][bookmark: _Ref54102460]“Relay service continuity” email discussion summary report [1] captured the high-level procedures of remote UE switching to direct Uu cell and remote UE switching to indirect relay UE. Step 1 in both switching procedures is for remote UE to send a Measurement report to gNB, to assist the gNB with HO decision. However, the details on which measurement events are configured and whether the Rel-16 Uu and SL measurement events can be reused for switching between direct Uu cell and indirect relay path are not discussed.
[bookmark: _Ref54191399][bookmark: _Ref54102482]Observation 1. Remote UE mobility procedures captured in “Relay service continuity” email discussion summary report [1], has not clarified which measurement events are configured and reported as part of step 1.
Rel-16 NR SL defined new measurement events, C1, C2, S1, S2. C1 (CBR>Threshold), C2(CBR<Threshold) measurement configuration is provided by the gNB to the UE. C1, C2 are used to report the CBR measurements to the gNB by the SL UE in-coverage. S1 (SL-RSRP>Threshold) and S2(SL-RSRP<Threshold) are used to report the SL-RSRP measurements among peer UEs. S1 and S2 measurement configuration is provided by peer UE using PC5-RRC and not reported to the network
[bookmark: _Ref54102497]Observation 2. Existing SL measurement events, S1 and S2, are not reported to NW and cannot be used as is for L2 U2N mobility.
To decide the HO of the remote UE from PC5 relay path to direct Uu cell, gNB may use the serving relay PC5 link quality and the Uu cells quality. Similarly, to decide the HO of the remote UE from direct Uu path to the PC5 relay path, gNB may use the serving Uu cell quality and the discovered SL relay UEs link quality metrics. Thus, new measurement events are necessary to support the remote UE HO.
[bookmark: _Ref54191452][bookmark: _Ref54102585][bookmark: _Ref54102582]Proposal 1. RAN2 conclude to specify new measurement event(s) to support L2 U2N mobility in SI phase. The details of new measurement events can be discussed in WI phase.
1) For remote UE switching to direct Uu cell, support new measurement events or changes to reuse existing SL measurement events (S1, S2) to allow the remote UE report serving relay SL-RSRP to the gNB. 
2) For remote UE switching to relay path, support new measurement events to allow the remote UE to report the measurements for the discovered relay UEs separately and in comparison with the serving/neighbour Uu cells.
In summary report [1], rapporteur captured that the measurement reporting may include relay UE ID and SL-RSRP. However, we think it is useful to also report relay’s serving cell ID because source gNB may not be able to distinguish whether the relay is connected to different gNB just based on reported relay UE ID. It will be helpful if some gNB prefers to perform intra-gNB HO to reduce latency caused by inter-node signalling. 
· The reporting may include the relay UE’s ID and SL RSRP information, where the measurement on PC5 details can be left to WI phase, in step 1.

[bookmark: _Ref54102593]Proposal 2. Remote UE can send both non-serving relay UE(s) measurements (SD-RSRPs, relay UE IDs, relay UE Cell IDs) and neighbour Uu cell measurements to the gNB in a single measurement report.
2.2 [bookmark: _Ref54102500]Remote UE switching to Uu cell
The procedures of remote UE switching to direct Uu cell provided in Proposal 2-2 of “Relay serving continuity” email discussion conclusion, has some FFS and pending details. Below we provide our views on these issues and proposals as these are related to basic operation and need to be concluded in the Rel-17 SI and not pushed to WI phase. 
FFS: Remote UE suspends data transmission via relay link after step 3, to discuss details in WI phase 

[bookmark: _Ref54191404]Observation 2. Proposal 2-1 in “Relay service continuity” email discussion summary report says “L2 U2N relay uses the R15 NR HO procedure as the baseline AS layer solution to guarantee service continuity”
[bookmark: _Ref54102515]Observation 3. In Rel-15 NR HO, UE releases source link after receiving the HO command from the gNB. 
[bookmark: _Ref54102522]Considering that RAN2 agreed to not support DAPS HO (i.e. simultaneous links during HO) for remote UE HO in Rel-17, it is not necessary to support the source link until target link is established. That is the relay path in case of switching to Uu cell can be releasing on receiving the HO command. We understand that the release of PC5 link after receiving HO command may not be possible in all cases, as the remote UE may be sharing the same PC5 link for both relaying and non-relaying bearers. But, at least it can be guaranteed that the Uu CP and UP operation via relay path is stopped by the remote UE and release the PC5 RLC CHs with relay UE. 
[bookmark: _Ref54102596]Proposal 3. RAN2 conclude and capture in TR that the remote UE stops Uu CP and UP operation via relay path on receiving HO command, i.e. after step 3.
FFS: Step 8 can be after step 5

In Rel-15 NR HO, UE can send and receive user data over the target link after successful handover to the target cell (i.e. after RRC reconfiguration complete). Following the Rel-15 NR HO as baseline, we see no reason to delay the data transmission/reception over the Uu cell on switching from relay path. The handling of the remote UE context at the source relay UE can be independent of this, as the Remote UE stops using the relay path on receiving HO command.
[bookmark: _Ref54102538]Observation 4. In Rel-15 NR HO, UE can send and receive data over the target link after successful handover to the target cell (i.e. after RRC reconfiguration complete).
[bookmark: _Ref54102618]Proposal 4. RAN2 conclude that the remote UE can send and receive data from the gNB over direct path after sending RRC Reconfiguration complete to the gNB, i.e. step 8 is after step 5.
[bookmark: _Ref54102621]Proposal 5. Do not add the below FFSs in the procedures for switching to direct Uu cell to TP and conclude the behaviour in SI:
· FFS: Remote UE suspends data transmission via relay link after step 3, to discuss details in WI phase 
· FFS: Step 8 can be after step 5

FFSs on Source relay UE PC5 and Uu context handling

The below FFS are included in the procedure for discussion in WI phase. These FFS are regarding when the remote UE context is released from the source relay UE and whether a PC5 link setup always happen during HO. If time permits, we think RAN2 consider discussing the below aspects in the SI phase and make some conclusions.
1. FFS: Step 6 can be before or after step 3 and its necessity 
2. FFS: Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration 

[bookmark: _Ref54102525][bookmark: _Ref54102528]If remote UE is stopping operation via relay path on receiving HO command, there is not much use of keeping UE context (Uu LCHs for relaying, adaptation layer config) at relay UE any further. This helps free up relay UE resources and reduce loading on the relay UE. Relay UE can handle the transmission of Uu RRC messages by remote UE due to fallback cases (HO failure, etc), using the SRB0 configuration, i.e. first RRC message transmission configuration, that is proposed to be defined in standards for L2 relaying. Additional relaying bearer context can be setup during the subsequent Uu connection management procedures. Thus, to address  FFS 1 above, gNB informs the source relay UE to release the remote UE context (Uu LCHs config for relaying, adaptation layer config) after sending HO command to remote UE, i.e. step 6 is after step 3. 
[bookmark: _Ref54102608]The PC5 unicast link between remote UE and relay UE may be a shared link for both relaying and non-relaying bearers. So, it may not be possible to release the link during the HO procedure if the non-relaying bearers exist. Also, the release of the PC5 link may be initiated by remote UE or relay UE due to other trigger events and when it is released is upto UE implementation. Thus, to address  FFS 2 above, it can clarified that PC5 link release i.e. step 7, may be initiated by remote UE after step 3 or initiated by relay UE after receiving remote UE context release, if the link is only used for relaying connection. 
[bookmark: _Ref54102614]When the remote UE context is released at the relay UE either due to the remote UE HO to direct Uu cell and receiving release from gNB (step 6) or the release of the PC5 link corresponding to relaying connection, the relay UE can flush the relaying data in the buffer for the corresponding remote UE. We think there is no benefit of introducing data forwarding back from relay UE to gNB during HO. Instead, as the NR PDCP terminates on the gNB and remote UE, PDCP status reports can be used for data recovery over the target link. In summary, related to FFS2 above, it can be clarified that the relay UE flushes the relaying data in the buffer for the corresponding remote UE when the remote UE context is released at the relay UE.  
2.3 Remote UE switching to PC5 relay path
[bookmark: _Ref54102542]The procedures of remote UE switching to direct Uu cell provided in Proposal 2-3 of “Relay serving continuity” [1] email discussion conclusion, has some FFS and pending details. Below we provide our views on these issues and proposals as these are related to basic operation and need to be concluded in the Rel-17 SI and not pushed to WI phase. 
Step 2, RRC reconfiguration sent directly to the relay UE, of the procedures in Figure 2-3 [1] seems to suggest the relay UE selected for remote UE HO is in CONNECTED state. RAN2#111e made an agreement below for discovery.
[Easy]Proposal11: For U2N relay, LTE principle i.e. one lower threshold and one upper threshold can be reused for relay UE in IDLE/INACTIVE state to decide whether it is allowed to transmit/receive discovery message
[bookmark: _GoBack]As per the agreement, CONNECTED remote UE may receive discovery messages from IDLE/INACTIVE relay UEs. In that case, it is not discussed in the email discussion Proposal 2-3, whether the remote UE can still be supported to switch to PC5 relay path via HO procedures. We think that RAN2 should discuss and conclude the remote UE mobility procedures for different states of relay UE (CONNECTED/IDLE/INACTIVE).
[bookmark: _Ref54191421]Observation 5. Figure 2-3 in “Relay service continuity” email discussion summary report, only discuss about the procedures for remote UE switching to indirect relay UE when both remote UE and relay UE are in CONNECTED state.
[bookmark: _Ref54191440]Observation 6. Remote UE in CONNECTED state can receive discovery messages from relay UEs in IDLE/INACTIVE state. 
In Rel-15 NR HO, there is a handover preparation phase, during which the target cell is prepared for the UE and only after that the UE is notified of HO. This type of prepared HO is called as “backward HO” in this paper. In Rel-15 NR, if the UE HO fails or UE detects RLF on serving link, it performs cell (re)selection and RRC Reestablishment procedure to connect to the new cell. The target cell uses the UE provided source cell identities to fetch the UE context from the source cell to avoid RRC setup again. This is also a type of HO, where the target cell is not prepared in advance with the UE context. Instead, it is forwarded of the UE context after the UE moved to the target cell. We use the term “forward HO” to refer to such context fetch after the UE connects to the target cell.   
Relay UE in IDLE state
When the relay UE is in IDLE state, the gNB has no context of the relay UE and will not be able to select that relay UE during HO preparation of CONNECTED remote UE. If the remote UE only sees an IDLE relay UE, then the remote UE can perform relay (re)selection to connect to the relay UE and then perform Uu RRC Reestablishment via the relay path. Relay UE transitions to CONNECTED state on receiving the PC5 link relaying connection setup from remote UE, fetch the context for remote UE during this transition, and relay remote UE Uu traffic. Thus, the relay UE is configured via “forward HO” in this case. Additionally, the CONNECTED remote UE can selectively skip sending measurement reports of IDLE relay UEs to the gNB. 
[bookmark: _Ref54191444]Observation 7. Remote UE HO to relay UE in IDLE state is not possible to support, as the gNB has no context of the IDLE relay UE and will not be able to select that relay UE during HO preparation.  
[bookmark: _Ref54191469]Proposal 6. RAN2 conclude that remote UE HO to IDLE relay UE is not supported, and, remote UE can only perform relay (re)selection to IDLE relay UE and thus perform Uu RRC Reestablishment after relay UE transitions to CONNECTED state.
Relay UE in INACTIVE state
When the CONNECTED remote UE sends measurement reports including the INACTIVE relay UEs, while the source gNB is preparing the target gNB for remote UE HO, the target gNB can select the INACTIVE relay UE for HO as the gNB has context of the relay UE. However, the target gNB will not be able to prepare the relay UE directly through RRC Reconfiguration (step 2 of Figure 2-3) as the relay UE is in INACTIVE state. In order to support “backward HO”, the target gNB has to prepare the relay UE with remote UE context before sending HO command to remote UE. However, this may require additional changes on RAN paging. Also, transitioning the relay UE to connected during HO preparation itself may result in power consumption of the relay UE, if the remote UE does not show up on that relay UE. 
To keep it simple in Rel-17, we think it is better to follow the principles of “forward HO” with relay UE. That is the relay UE transition to CONNECTED state after the remote UE connects to the relay UE and the remote UE context is fetched from gNB at that point. It should be noted that the target gNB is still prepared via “backward HO” during HO preparation. Below is a table summarizing how the relay UE gets the remote UE context, and, which procedures from CONNECTED remote UE trigger the UE to transition to connected state. Its support on “backward HO” can be discussed in future release.
[bookmark: _Ref54191447]Proposal 7. To keep it simple and efficient, the INACTIVE relay UE transition to CONNECTED state after the remote UE connects to the relay UE (as part of HO procedures) and the remote UE context is fetched from gNB at that point.
Relay UE in CONNECTED state
When the relay UE is in CONNECTED state, the target gNB can prepare the relay UE with remote UE context (at least SRB1 Uu LCH config, adaptation layer config) during the HO preparation phase , i.e. “backward HO” and then send the HO command to the UE. This helps reduce additional delays during HO execution to relay the Uu RRC reconfiguration complete message to the gNB, without waiting for SRB1 relaying configuration from gNB at that point. Thus, to address FFS: Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before in proposal 2-3  of [1], it can be concluded that step 2 happens before step 3 for CONNECTED relay UEs. 
[bookmark: _Ref54191473]Proposal 8. RAN2 conclude on the support of the procedures in table below for CONNECTED remote UE switch from direct Uu path to PC5 relay path and remote UE context setup at relay UE, for different relay UE states:
	From / To
	PC5 relay (IDLE)
	PC5 relay (INACTIVE)
	PC5 relay (CONNECTED)

	CONNECTED remote UE Uu direct path
	forward HO only
(remote UE Relay (re)selection and Uu RRC Reestablishment triggered)
	forward HO only
(remote UE HO and Uu RRC reconfiguration complete triggered)
	backward HO 
(remote UE HO preparation triggered)
 or
forward HO
(remote UE relay (re)selection and Uu RRC Reestablishment triggered)




Relay in CONNECTED state -FFS: Step 4 can be before step 2/3.
Step 4 in proposal 2-3 of [1] is regarding the PC5 link setup. In some cases, the remote UE may decide to use an existing PC5 link for relaying. In such cases, step 4 will not be PC5 link setup, but PC5 RRC reconfiguration. Thus, the FFS: Step 4 can be before step 2/3 can be addressed with below proposals.
[bookmark: _Ref54102632]Proposal 9. RAN2 confirm that if the remote UE is reusing an existing PC5 link for relay connection HO, then the existing PC5 link is reconfigured to support relaying PC5 RLC CHs using the configuration provided by gNB during HO preparation. 
[bookmark: _Ref54191480][bookmark: _Ref54102636]Proposal 10. If Proposal 13 is agreed, modify step 4 of Figure2-3 and procedural text as follows:
· Step 4 in the figure: change the dashed line to solid line, and change its explanation text to “PC5 connection establishment or PC5 RRC reconfiguration”
· Procedure text of Step 4: change to “Step 4: If the connection has not been setup yet, Remote UE establishes PC5 connection with target relay UE. Otherwise, Remote UE initiates PC5-RRC Reconfiguration with the relay UE to setup the relaying PC5 RLC CHs with the configuration provided by gNB” 
3. Conclusion
Observation 1. Remote UE mobility procedures captured in “Relay service continuity” email discussion summary report [1], has not clarified which measurement events are configured and reported as part of step 1.
Observation 2. Proposal 2-1 in “Relay service continuity” email discussion summary report says “L2 U2N relay uses the R15 NR HO procedure as the baseline AS layer solution to guarantee service continuity”
Observation 3. In Rel-15 NR HO, UE releases source link after receiving the HO command from the gNB. 
Observation 4. In Rel-15 NR HO, UE can send and receive data over the target link after successful handover to the target cell (i.e. after RRC reconfiguration complete).
Observation 5. Figure 2-3 in “Relay service continuity” email discussion summary report, only discuss about the procedures for remote UE switching to indirect relay UE when both remote UE and relay UE are in CONNECTED state.
Observation 6. Remote UE in CONNECTED state can receive discovery messages from relay UEs in IDLE/INACTIVE state.
Observation 7. Remote UE HO to relay UE in IDLE state is not possible to support, as the gNB has no context of the IDLE relay UE and will not be able to select that relay UE during HO preparation.

Proposal 1. RAN2 conclude to specify new measurement event(s) to support L2 U2N mobility in SI phase. The details of new measurement events will be discussed in WI phase.
1) For remote UE switching to direct Uu cell, support new measurement events or changes to reuse existing SL measurement events (S1, S2) to allow the remote UE report serving relay SL-RSRP to the gNB. 
2) For remote UE switching to relay path, support new measurement events to allow the remote UE to report the measurements for the discovered relay UEs separately and in comparison with the serving/neighbour Uu cells.
Proposal 2. Remote UE can send both non-serving relay UE(s) measurements (SD-RSRPs, relay UE IDs, relay UE Cell IDs) and neighbour Uu cell measurements to the gNB in a single measurement report.
Proposal 3. RAN2 conclude and capture in TR that the remote UE stops Uu CP and UP operation via relay path on receiving HO command, i.e. after step 3.
Proposal 4. RAN2 conclude that the remote UE can send and receive data from the gNB over direct path after sending RRC Reconfiguration complete to the gNB, i.e. step 8 is after step 5.
Proposal 5. Do not add the below FFSs in the procedures for switching to direct Uu cell to TP and conclude the behaviour in SI:
· FFS: Remote UE suspends data transmission via relay link after step 3, to discuss details in WI phase 
· FFS: Step 8 can be after step 5
Proposal 6. RAN2 conclude that remote UE HO to IDLE relay UE is not supported, and, remote UE can only perform relay (re)selection to IDLE relay UE and thus perform Uu RRC Reestablishment after relay UE transitions to CONNECTED state.
Proposal 7. To keep it simple and efficient, the INACTIVE relay UE transition to CONNECTED state after the remote UE connects to the relay UE (as part of HO procedures) and the remote UE context is fetched from gNB at that point.
Proposal 8. RAN2 conclude on the support of the procedures in table below for CONNECTED remote UE switch from direct Uu path to PC5 relay path and remote UE context setup at relay UE, for different relay UE states:
	From / To
	PC5 relay (IDLE)
	PC5 relay (INACTIVE)
	PC5 relay (CONNECTED)

	CONNECTED remote UE Uu direct path
	forward HO only
(remote UE Relay (re)selection and Uu RRC Reestablishment triggered)
	forward HO only
(remote UE HO and Uu RRC reconfiguration complete triggered)
	backward HO 
(remote UE HO preparation triggered)
 or
forward HO
(remote UE relay (re)selection and Uu RRC Reestablishment triggered)




Proposal 9. RAN2 confirm that if the remote UE is reusing an existing PC5 link for relay connection HO, then the existing PC5 link is reconfigured to support relaying PC5 RLC CHs using the configuration provided by gNB during HO preparation.
Proposal 10. If Proposal 13 is agreed, modify step 4 of Figure2-3 and procedural text as follows:
· Step 4 in the figure: change the dashed line to solid line, and change its explanation text to “PC5 connection establishment or PC5 RRC reconfiguration”
· Procedure text of Step 4: change to “Step 4: If the connection has not been setup yet, Remote UE establishes PC5 connection with target relay UE. Otherwise, Remote UE initiates PC5-RRC Reconfiguration with the relay UE to setup the relaying PC5 RLC CHs with the configuration provided by gNB” 
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