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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. Due to lack of time, service continuity was not discussed in RAN2#113b-e [3]. In this contribution, we discuss service continuity of L2 U2N relay. The related WID objectives are summarized below.

The objective of this work item is to specify solutions to enable single-hop, sidelink-based, L2 and L3 based UE-to-Network (U2N) relaying. 
Work Item objectives specific to Layer-2 (L2) relaying:

2. Specify mechanisms for service continuity 

a. Limited to intra-gNB cases [RAN2]

NOTE 2:
For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.

NOTE 3:
Only NR Uu interface, i.e. gNB, and 5GC is considered, and it is limited to NR SA scenario in this release.

NOTE 4:
Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.

2 Discussion  
2.1 General discussion

In TR 38.836 [2], the baseline HO procedures (i.e. NR Rel-15 like HO procedure) are captured, including HO from indirect to direct path and HO from direct to indirect path. Then a followed question is whether RAN2 will consider Rel-16 introduced DAPS-like and CHO-like HO for L2 U2N relay. Below is our view:

· DAPS-like HO: During the email discussion#621 of RAN2#112-e [4], majority preferred to deprioritize DAPS-like HO, but it was not agreed for some reason. Please note that Note 2 of agreed WID (RP-210904) has indicated Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release. In our understanding, it means DAPS-like HO can’t be supported in this release.
NOTE 2:  For L2 UE-to-Network Relay, it is assumed that the Remote UE has a single active connection towards gNB via only a single Relay UE at a given time in this release.

· CHO-like HO: During the email discussion#621 of RAN2#112-e [4], some companies showed interested in CHO-like HO, but it was not captured in TR 38.836 [2]. We think that applying CHO-like HO to L2 relay makes sense technically because of more complex radio condition in L2 relay. However, considering limited TU in normative work. We prefer to first focus on baseline HO procedure, and CHO-like HO can be studied if time allows.
Proposal 1: RAN2 prioritize to complete baseline HO with L2 U2N relay. DAPS-like design is not in scoping and the CHO-like design should be studied only after the baseline design is finalized 
2.2 Measurement events
In Figure 4.5.4-1 and Figure 4.5.4-2 of TR 38.836 [2], their 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 PC5 measurement events can be reused for switching between direct Uu cell and indirect relay path are not discussed.
In legacy Uu, measurement events like LTE (i.e. A1-A6 and B1-B2) were specified in TS 38.331 [5]. While Rel-16 NR V2X defined new measurement events C1, C2, S1, S2:

· C1 (CBR>Threshold), C2(CBR<Threshold): 
· They are used to report the CBR measurements to the gNB by the SL UE in-coverage. 
· As Uu, its measurement configuration is provided by the gNB to the UE.
· S1 (SL-RSRP>Threshold) and S2(SL-RSRP<Threshold): 
· They are used to report the SL-RSRP measurements among peer UEs. 
· Measurement configuration is provided by peer UE using PC5-RRC and not reported to the network.
Observation 1: In legacy sidelink measurement events (i.e. S1 and S2), SL-RSRP measurements are not reported to NW, and thereby cannot be reused 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. 

Proposal 2: To support L2 U2N mobility, RAN2 specify new measurement event(s) with below principle:

1) For switching from indirect to direct path, support new measurement events or changes to reuse existing SL measurement events (S1, S2) to allow the remote UE report serving relay measurements to the gNB;
2) For switching from direct to indirect 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/neighbor Uu cells.
FFS the details of new measurement events 
For the reporting contents, Step 1 in both switching procedures captured that the measurement reporting may include relay UE ID and SL RSRP. However, their formats are not clear. Our view is: 

· Format of relay UE ID: It is the identifier received in discovery message and the link layer identifier is defined in SA2 TS23.304 clause 5.9.3.1. 

· PC5 RSRP: As discussed in our paper on relay (re)selection [4], it can be SD-RSRP for the relay(s) without PC5 connection with remote UE or Rel-16 specified SL-RSRP for relay(s) with PC5 connections. 
Furthermore, 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 signaling. 

Observation 2: Reporting candidate relays’ serving cell ID will be helpful if some gNB prefers to perform intra-gNB HO to reduce latency caused by inter-node signaling
Proposal 3: Remote UE can send both available relay UE(s) measurements (SD-RSRP or SL-RSRP depending on whether connected to relay UE, relay UE ID, serving cell ID) and available Uu cell measurements to the gNB in a single measurement report. 
Proposal 4: Relay UE ID included in measurement report is the identifier received in discovery message and the link layer identifier is defined in SA2 TS23.304 clause 5.9.3.1.
2.3 Details on HO from indirect to direct path (intra-gNB only)
TR 38.836 [2] has captured the switch procedure from indirect to direct path in Section 4.5.4.1 [2]. Please note below aspects have been captured to be discussed in WI phase. We only discuss intra-gNB path switch in this section. 
  #Issue 1: Whether Remote UE suspends data transmission via relay link after step 3

  #Issue 2: Whether Step 6 can be before or after step 3 and its necessity

  #Issue 3: Whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration

  #Issue 4: Whether Step 8 can be after step 5.

  #Issue 5: Exact content of the messages (e.g. handover command)
4.5.4.1
Switching from indirect to direct path

For service continuity of L2 UE-to-Network relay, the following baseline procedure is used, in case of remote UE switching to direct Uu cell.
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Figure 4.5.4-1: Procedure for 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 Random Access 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.

NOTE:
The order of step 6/7/8 is not restricted. Following are further discussed in WI phase, including: 
-
Whether Remote UE suspends data transmission via relay link after step 3; 
-
Whether Step 6 can be before or after step 3 and its necessity; 
-
Whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration; 
-
Whether Step 8 can be after step 5.
Issue#1: Whether Remote UE suspends data transmission via relay link after step 3

Except DAPS HO specified in NR Rel-16, the UE releases source link after receiving the HO command from the gNB. Please note that in proposal 1, we propose not to support DAPS-like HO for remote UE in Rel-17. Then, following our proposal 1, remote UE is not necessary to keep the source link until target link is established. In another word, Uu CP and UP operation via relay path is stopped by the remote UE upon reception of HO command. 

Proposal 5: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), RAN2 conclude that remote UE stops Uu CP and UP operation via relay path upon reception of HO command, i.e. after step 3.
Issue#2: Whether Step 6 can be before or after step 3 and its necessity
If remote UE is stopping operation via relay path upon reception of HO command, there is not much use of keeping UE context (PC5/Uu RLC for relaying and 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 from remote UE via fallback cases (HO failure, etc), using the SRB0 configuration (i.e. first RRC message transmission configuration), as captured in RRC establishment procedure of TR 38.836 [2]. Additional relaying bearer context can be setup during the subsequent Uu connection management procedures. 
Proposal 6: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), gNB informs the source relay UE to release the remote UE context (Uu and PC5 RLC config for relaying, bearer mapping configuration) after sending HO command to remote UE, i.e. step 6 should be after step 3. 
Issue#3: Whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration
The PC5 unicast link between remote UE and relay UE may be a shared link for both relaying and non-relaying bearers. So, the PC5 link should not be released 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 up to UE implementation. 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. 
Observation 3: 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
Thus, we propose:
Proposal 7: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), 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 after step 6, if the PC5 link is only used for relaying connection. If the PC5 link is shared with non-relay connection, “PC5 link release” should be replaced with “PC5 reconfiguration” to release PC5 RLC for relaying.   
Proposal 8: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), 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 (i.e. no need to introduce data forwarding back from relay UE to gNB during HO) 
Issue#4: Whether 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.
Proposal 9: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), 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 can be after step 5.
Issue#5: Exact content of the messages (e.g. handover command)

There are two new reconfiguration messages in Figure 4.5.4-1 of TR 38.836: 

1) Reconfiguration for remote UE (i.e. HO command in step 3): Because target is Uu gNB directly, we think there is no new configuration required compared with legacy one. 

2) Reconfiguration for relay UE in step 6: As discussed in issue#2, the intention of this new signaling is to release the remote UE context (i.e. Uu and PC5 RLC config for relaying, and bearer mapping configuration)
Proposal 10: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), contents of HO related RRC messages include:
· The HO command for remote UE (i.e. step 3) is a legacy NR HO command
· The reconfiguration message for relay UE (i.e. step 6) is intended to release the remote UE context (i.e. Uu and PC5 RLC config for relaying, bearer mapping configuration)
The updated procedure on indirect to direct path switch based on Proposal 5-10 can be found in Appendix-1. 
2.4 Details on HO from direct to indirect path (intra-gNB only)
TR 38.836 [2] has captured the switch procedure from direct to indirect path in Section 4.5.4.2 [2]. 
4.5.4.2
Switching from direct to indirect path

For service continuity of L2 U2N relay, the following baseline procedure is used, in case of remote UE switching to indirect relay UE:
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Figure 4.5.4-2: Procedure for 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 is sent to relay UE optionally (like preparation). 
Step 3: RRC Reconfiguration message to remote UE. Following information may be included: 1) Identity of the target relay UE; 2) Target Uu and PC5 configuration.
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.

NOTE:
Following are further discussed in WI phase, including: 
-
Whether Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before;
-
Whether Step 4 can be before step 2/3.
Please note below aspects have been captured to be discussed in WI phase:

  #Issue 1: Whether Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before

  #Issue 2: Whether Step 4 can be before step 2/3
  #Issue 3: Exact content of the messages (e.g. handover command)

Like Section 2.3, we only discuss intra-gNB path switch in this section.
#Issue 1: Whether Step 2 should be after relay UE connects to the gNB (e.g. after step 4), if not yet before

This issue is equal to whether relay UE can be in IDLE or INACTIVE state during direct to indirect HO. We would like to discuss IDLE and INACTIVE case respectively. But before the discussion, we need to make the two HO type clear:

· Backward HO: During handover preparation phase, the target cell is prepared for the UE and only after that the UE is notified of HO. It is supported in NR Rel-15 with another name as “NW controlled HO”. 
· Forward HO: During handover preparation phase, 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. It is also supported in NR Rel-15, where the UE HO fails or UE detects RLF on serving link, it performs cell selection and RRC Reestablishment procedure to connect to the new cell. Please note that the target cell uses the UE provided source cell identities to fetch the UE context from the source cell to avoid RRC setup again.   

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 for CONNECTED remote UE. If the remote UE sees an available 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. 

Observation 4: 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 11: For HO from direct to indirect path (as illustrated in Figure 4.5.4-2 of TR 38.836), 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 then 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 4.5.4-2) 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. 

Observation 5: When target relay UE in INACTIVE, although the target gNB can prepare remote UE context before sending HO command to remote UE, this requires additional changes on RAN paging. Also, transitioning the relay UE to CONECTED during HO preparation itself may result in power consumption of the 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. Its full support on “backward HO” can be discussed in future release.
Proposal 12: For HO from direct to indirect path (as illustrated in Figure 4.5.4-2 of TR 38.836), the INACTIVE relay UE transits 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.
#Issue 2: Whether step 4 can be before step 2/3

In our understanding, the intention of Step 4 is to setup a new PC5 link for target relay if there is no existing PC5 link with target relay, i.e. Step 4 is not needed if an existing PC5 link is already available. However, we think even if the PC5 link with target relay is available, Step 4 is still needed because PC5 RLC for relaying need to be reconfigured for the existing PC5 link. In either case, Step 4 should be after Step 3 because the PC5 RLC configuration from gNB is required.
Observation 6: For switching from direct to indirect path, even if the PC5 link with target relay is available, Step 4 is still needed after Step 3 because PC5 RLC for relaying need to be reconfigured for the existing PC5 link. 
In this case, step 4 will not be “PC5 link setup” but it should be replaced with “PC5 RRC reconfiguration”. In either way, Step 4 is necessary (i.e. it should be solid line) after Step 3. Thus, we propose:
Proposal 13: For HO from indirect to direct path (as illustrated in Figure 4.5.4-2 of TR 38.836), RAN2 conclude that Step 4 is after Step 3 to either establish PC5 link (if no PC5 link exists) or reconfigure the PC5 RLC for relaying based on configuration from the gNB (if existing PC5 link is reused for relaying). 
#Issue 3: Exact content of the messages (e.g. handover command)

There are two new reconfiguration messages in Figure 4.5.4-2 of TR 38.836: 

1) Reconfiguration for remote UE (i.e. HO command in step 3): As we discussed, in issue#2, it should include the PC5 RLC config for relaying in target cell.
2) Reconfiguration for relay UE in step 2: We think step 2 is intended to provide PC5 and Uu RLC config for relaying in target cell. In addition, bearer mapping configuration between PC5 and Uu RLC should also be included.
Proposal 14: For HO from direct to indirect path (as illustrated in Figure 4.5.4-2 of TR 38.836), contents of HO related RRC messages include:
· The HO command for remote UE (i.e. step 3) includes the PC5 RLC config for relaying in target cell.
· The reconfiguration message for relay UE (i.e. step 2) include the Uu and PC5 RLC config for relaying, and bearer mapping configuration in target cell.

The updated procedure on direct to indirect path switch based on Proposal 11-14 can be found in Appendix-2.

2.5 RLM

We think that one important issue related to service continuity was missed in SI phase: Uu RLM behavior of remote UE in RRC_CONNECTED state. As either Uu or PC5 relay connection can be active at any time (not both), it makes sense to suspend RLM with gNB. 

Proposal 15: When connected to gNB indirectly, remote UE suspends Uu RLM with gNB 
2.6 Rel-17 restricted mobility scenario

As indicated in WID objective 2.a, inter-gNB mobility is not supported in this release.
2. Specify mechanisms for service continuity 

a. Limited to intra-gNB cases [RAN2]
Meanwhile, NOTE 4 of WID (RP-210904) indicates that Rel-17 will not support group mobility and HO between two indirect paths. 
NOTE 4:
Work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release.

The intention of all these restrictions is due to the concern of workload of sidelink relay. However, we think that RAN2 still need to consider specifying UE behavior in such restricted cases because they are valid cases in practical deployment. 

2.6.1 Inter-gNB HO from indirect to direct path

As we mentioned before, the intention of restriction on inter-gNB HO is due to the concern of workload of sidelink relay, e.g. Xn signaling change to support inter-gNB HO. However, in HO from indirect to direct path (i.e. target cell is a different gNB), we don’t see difference from intra-gNB case from HO signaling perspective because the HO command just needs to reuse legacy one. Since no extra spec work required, we don’t think it needs to put restriction on inter-gNB HO for this case.

Observation 7: The intention of restriction on intra-gNB case is due to the concern of workload of sidelink relay (e.g. Xn signaling change to support inter-gNB HO). However, in HO from indirect to direct path (i.e. target cell is a different gNB), no new signaling is required to support inter-gNB case, compared with intra-gNB case
Proposal 16: For HO from indirect to direct path, RAN2 confirm that NW controlled inter-gNB switch can be supported without new signaling required compared with intra-gNB case.
2.6.2 Inter-gNB HO from direct to indirect path

We think it is different case from indirect to direct HO because at least Xn signaling change is required to include bearer mapping configuration used in target cell. As Rel-17 limited to intra-gNB case, we think the Network controlled HO from indirect to direct path can’t be supported in this release. However, RAN2 still need to consider how to make inter-gNB change work in this case because it is a practical deployment. 

Observation 8: Network controlled HO from direct to indirect path can’t be supported in this release because at least spec change on Xn signaling is required to include bearer mapping configuration used in target cell. 
To make the system work, we think it is necessary to confirm that UE controlled inter-gNB HO from direct to indirect path (i.e., Forward HO) is still allowed. Specially, upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay selection and then Uu RRC Reestablishment via relay UE served by different cell.  
Proposal 17: For HO from direct to indirect path, RAN2 confirm that NW controlled inter-gNB switch can’t be supported due to spec change on Xn signaling required, but UE controlled inter-gNB switch can be supported (i.e. upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay selection and then Uu RRC Reestablishment via relay UE served by different cell).
Finally, due to complex cases of L2 relay mobility, we summarize our views in Table 1:

	From / To
	IDLE relay
	INACTIVE relay
	CONNECTED relay

	
	Intra-gNB
	Inter-gNB
	Intra-gNB
	Inter-gNB
	Intra-gNB
	Inter-gNB

	CONNECTED remote UE in Uu direct path
	Forward HO only

Remote UE performs relay selection and Uu RRC Reestablishment via relay UE in same cell 
	Forward HO only

Remote UE performs relay selection and Uu RRC Reestablishment via relay UE in different cell
	Forward HO only

Remote UE HO and Uu RRC reconfiguration complete triggered
	Forward HO only

Remote UE performs relay selection and Uu RRC Reestablishment via relay UE in different cell
	Backward HO 

(Remote UE HO preparation triggered)

 or

Forward HO

(Remote UE relay selection and Uu RRC Reestablishment triggered)

	Forward HO only

Remote UE performs relay selection and Uu RRC Reestablishment via relay UE in different cell


                    Table.1: Summary of different cases from direct to indirect path switch
2.6.3 Relay UE behaviour in relay mobility (without group mobility) 

Relay mobility is a valid scenario in real deployment (i.e. Relay UE performs HO when connected with one or more remote UE). We think it is necessary to specify the remote UE behaviour in relay mobility. 

We think the simplest solution is that relay requests the release of L2 relay connection to its connected remote UE(s) upon reception of HO command. This solution has been agreed in RAN2#113b-e [3]:
Proposal 5: When relay performs HO to another gNB, relay UE may send a PC5-S message (similar to LTE) to its connected remote UE(s) and this message may trigger relay reselection. FFS other indication/message can also be used for notification
 

2.6.4 Path switch between two indirect paths 

Like the discussion on inter-gNB HO from direct to indirect path, we think NW controlled path switch can’t be supported in this release. However, UE controlled path switch is still allowed for both intra-gNB and inter-gNB cases:

· Intra-gNB case: Upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay reselection and Uu RRC Reestablishment via another relay UE in same cell
· Inter-gNB case: Upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay reselection and then Uu RRC Reestablishment via another relay UE served by different cell.
Proposal 18: For path switch between two indirect paths, RAN2 confirm that NW controlled solution is not supported in this release, but UE controlled path switch can be supported via below procedure:

· Intra-gNB case: Upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay reselection and Uu RRC Reestablishment via another relay UE in same cell
· Inter-gNB case: Upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay reselection and then Uu RRC Reestablishment via another relay UE served by different cell.
Similarly, we can also summarize our views on supported procedure when remote UE is CONNECTED via relay indirect path in Table 2:

	From / To
	Direct path (gNB)
	Indirect path (relay)

	
	Intra-gNB
	Inter-gNB
	Intra-gNB
	Inter-gNB

	CONNECTED remote UE in relay indirect path
	Backward HO 
(Remote UE HO preparation triggered)

or

Forward HO 
(Remote UE cell selection and Uu RRC Reestablishment with gNB directly)
	Forward HO only

(Remote UE performs relay reselection and Uu RRC Reestablishment via another relay UE in same cell)

	Forward HO only

(Remote UE performs relay reselection and Uu RRC Reestablishment via another relay UE served by different cell)


                    Table.2: Summary of different cases from indirect to indirect/direct path switch
3 Conclusion
In this contribution, we discuss service continuity of L2 U2N relay. Our proposals and observations are:
General discussion
Proposal 1: RAN2 prioritize to complete baseline HO with L2 U2N relay. DAPS-like design is not in scoping and the CHO-like design should be studied only after the baseline design is finalized 
Measurements

Observation 1: In legacy sidelink measurement events (i.e. S1 and S2), SL-RSRP measurements are not reported to NW, and thereby cannot be reused for L2 U2N mobility

Observation 2: Reporting candidate relays’ serving cell ID will be helpful if some gNB prefers to perform intra-gNB HO to reduce latency caused by inter-node signaling

Proposal 2: To support L2 U2N mobility, RAN2 specify new measurement event(s) with below principle:

1) For switching from indirect to direct path, support new measurement events or changes to reuse existing SL measurement events (S1, S2) to allow the remote UE report serving relay measurements to the gNB;
2) For switching from direct to indirect 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/neighbor Uu cells.
FFS the details of new measurement events 
Proposal 3: Remote UE can send both available relay UE(s) measurements (SD-RSRP or SL-RSRP depending on whether connected to relay UE, relay UE ID, serving cell ID) and available Uu cell measurements to the gNB in a single measurement report. 

Proposal 4: Relay UE ID included in measurement report is the identifier received in discovery message and the link layer identifier is defined in SA2 TS23.304 clause 5.9.3.1.
Details on HO from indirect to direct path
Observation 3: 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
Proposal 5: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), RAN2 conclude that remote UE stops Uu CP and UP operation via relay path upon reception of HO command, i.e. after step 3.
Proposal 6: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), gNB informs the source relay UE to release the remote UE context (Uu and PC5 RLC config for relaying, bearer mapping configuration) after sending HO command to remote UE, i.e. step 6 should be after step 3. 
Proposal 7: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), 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 after step 6, if the PC5 link is only used for relaying connection. If the PC5 link is shared with non-relay connection, “PC5 link release” should be replaced with “PC5 reconfiguration” to release PC5 RLC for relaying.   

Proposal 8: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), 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 (i.e. no need to introduce data forwarding back from relay UE to gNB during HO) 
Proposal 9: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), 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 can be after step 5.
Proposal 10: For HO from indirect to direct path (as illustrated in Figure 4.5.4-1 of TR 38.836), contents of HO related RRC messages include:
· The HO command for remote UE (i.e. step 3) is a legacy NR HO command

· The reconfiguration message for relay UE (i.e. step 6) is intended to release the remote UE context (i.e. Uu and PC5 RLC config for relaying, bearer mapping configuration)

Details on HO from direct to indirect path
Observation 4: 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.  

Observation 5: When target relay UE in INACTIVE, although the target gNB can prepare remote UE context before sending HO command to remote UE, this requires additional changes on RAN paging. Also, transitioning the relay UE to CONECTED during HO preparation itself may result in power consumption of the relay UE.  

Observation 6: For switching from direct to indirect path, even if the PC5 link with target relay is available, Step 4 is still needed after Step 3 because PC5 RLC for relaying need to be reconfigured for the existing PC5 link. 
Proposal 11: For HO from direct to indirect path (as illustrated in Figure 4.5.4-2 of TR 38.836), 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 then perform Uu RRC Reestablishment after relay UE transitions to CONNECTED state.
Proposal 12: For HO from direct to indirect path (as illustrated in Figure 4.5.4-2 of TR 38.836), the INACTIVE relay UE transits 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 13: For HO from indirect to direct path (as illustrated in Figure 4.5.4-2 of TR 38.836), RAN2 conclude that Step 4 is after Step 3 to either establish PC5 link (if no PC5 link exists) or reconfigure the PC5 RLC for relaying based on configuration from the gNB (if existing PC5 link is reused for relaying). 
Proposal 14: For HO from direct to indirect path (as illustrated in Figure 4.5.4-2 of TR 38.836), contents of HO related RRC messages include:
· The HO command for remote UE (i.e. step 3) includes the PC5 RLC config for relaying in target cell.
· The reconfiguration message for relay UE (i.e. step 2) include the Uu and PC5 RLC config for relaying, and bearer mapping configuration in target cell.

RLM
Proposal 15: When connected to gNB indirectly, remote UE suspends Uu RLM with gNB 
Rel-17 restricted mobility scenario
Observation 7: The intention of restriction on intra-gNB case is due to the concern of workload of sidelink relay (e.g. Xn signaling change to support inter-gNB HO). However, in HO from indirect to direct path (i.e. target cell is a different gNB), no new signaling is required to support inter-gNB case, compared with intra-gNB case
Observation 8: Network controlled HO from direct to indirect path can’t be supported in this release because at least spec change on Xn signaling is required to include bearer mapping configuration used in target cell. 
Proposal 16: For HO from indirect to direct path, RAN2 confirm that NW controlled inter-gNB switch can be supported without new signaling required compared with intra-gNB case.
Proposal 17: For HO from direct to indirect path, RAN2 confirm that NW controlled inter-gNB switch can’t be supported due to spec change on Xn signaling required, but UE controlled inter-gNB switch can be supported (i.e. upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay selection and then Uu RRC Reestablishment via relay UE served by different cell).
Proposal 18: For path switch between two indirect paths, RAN2 confirm that NW controlled solution is not supported in this release, but UE controlled path switch can be supported via below procedure:

· Intra-gNB case: Upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay reselection and Uu RRC Reestablishment via another relay UE in same cell
· Inter-gNB case: Upon detection of PC5 RLF and/or Uu RLF, remote UE may perform relay reselection and then Uu RRC Reestablishment via another relay UE served by different cell
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Appendix-1 (updated indirect→direct path switch procedure)
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Figure.1 Updated indirect→direct path switch procedure based on Proposal 5-10
Appendix-2 (updated direct→indirect path switch procedure)
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Figure.2 Updated direct→indirect path switch procedure based on Proposal 11-14
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