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1. Introduction
According to the conclusion of the email discussion [1], there are still several remaining issues that need to be addressed for both indirect to direct path switch and direct to indirect path switch.  In this contribution, we considered how these issues should be handled.  

2. Discussion 

During RAN2#114-e, the following agreements were reached:

Agreements:

Proposal 1 (easy) (19/19): The procedure of Figure 4.5.4.1-1 in TR38.836 and the procedure of Figure 4.5.4.2-1 in TR38.836 are the baseline for Remote UE’s intra gNB mobility in RRC_CONNECTED.

Proposal 2 (easy) (19/19): INM RRC and/or X2/Xn messages for inter-gNB handover are not used for the path switch procedures in intra gNB case.

Proposal 3 (easy) (19/19): DAPS-like path switch procedure for Remote UE is not considered in this release. 

Proposal 6 (easy) (19/19): Legacy RRC Reconfiguration and Measurement Report signalling procedures can be used for path switch procedure with extension to evaluate relay link measurement and Uu link measurement.

Proposal 10 (easy) (19/19): In case of path switch from indirect to direct, detailed measurement results from Remote UE are reported when configured reporting criteria is met as legacy measurement report.

Proposal 11 (easy) (19/19): SL relay measurement report can include at least Relay UE ID, serving cell ID, RSRP information. 

Proposal 13 (easy) (19/19): Remote UE in RRC_CONNECTED suspend Uu RLM when Remote UE is connected to gNB via Relay UE.

Proposal 14 (easy) (19/19): For indirect to direct path switch, Remote UE stops UP and CP transmission via relay link after reception of RRC Reconfiguration message from gNB (i.e., step 3).

Proposal 23 (easy) (19/19): For indirect to direct path switch, the timing of step 8 is independent of step 6 and step 7.

[Note: P23 refers to the step numbers from Figure 4.5.4-1 of TR 38.836]

Proposal 24 (easy) (19/19): For indirect to direct path switch, RLC and lower layers behaviours of a Remote UE can be similar with those of legacy UE in intra-gNB handover.

Proposal 29 (easy) (19/19): For direct to indirect path switch, Remote UE stops UP and CP transmission over Uu after reception of RRC Reconfiguration message from gNB (i.e., step 3).

Proposal 31 (easy) (19/19): For direct to indirect path switch, the contents in RRC Reconfiguration message for Remote UE can include at least Relay UE ID, PC5 RLC configuration for relaying and associated E2E RB. 

There were also some conclusions from the email discussion [1] with majority supports that are expected to be resubmitted to RAN2#115-e. For this contribution, we would like to address the remainder of the issues marked as “postponed” during the email discussion which we think are important to conclude as part of the baseline design for path switch and an issue related to inter-gNB handover.
Proposal 8 (postpone): RAN2 to discuss the scenario that Relay UE sends a notification to trigger its Remote UE measurement on non-serving cell or non-serving relay UEs when Relay UE’s Uu link channel quality is below threshold.
Proposal 9 (postpone): RAN2 to discuss the necessity and how to define new S-measure criteria for Uu measurement in case of indirect to direct path switch
Proposal 12 (postpone): RAN2 to discuss SL relay measurement report for direct to indirect path switch can include candidate Relay UE(s) filtered by Remote UE based on higher layer criteria or all the candidate target Relay UE(s) based on the measurement configuration.
Proposal 27 (postpone): RAN2 to discuss whether to support Remote UE’s path switch to Relay UE in RRC_IDLE or RRC_INACTIVE and the scenario and mechanism to handle the path switch to Relay UE in RRC_IDLE or RRC_INACTIVE if supported.

With regards to the “postponed Proposal 8” above, our understanding is that the notification from the Relay UE to trigger the Remote UE to perform measurements of non-serving cell or non-serving relay UEs allow the remote UE to provide the most up-to-date measurements to the gNB; otherwise the gNB’s HO command to the remote UE may be based on sub-optimal candidates.  Without this notification, when the relay UE sends its measurement report to the gNB, it may prompt the gNB to initiate a path switch for the remote UE.  
Observation 1
It is necessary for the gNB to receive from the remote UE the most up-to-date measurements of the non-serving cells or non-serving relay UEs when the gNB receives the measurement report from the relay UE based on a triggered event.  
In light of Observation 1, we think two options may be considered.  
Option 1: A new PC5-RRC message to inform the remote UE when the relay UE’s Uu link is below the configured threshold.

When considering Option 1, recall that a somewhat related agreement from relay reselection stated the following:

When Uu RLF is detected by relay UE, 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.

Although the above agreement is meant for Uu RLF rather than mobility measurement, it could be considered whether a similar indication/notification could be used when the Relay UE’s Uu link channel quality is below a configured threshold. Since mobility measurements should be handled under the AS layer, it wouldn’t be appropriate to use PC5-S messaging for this purpose; therefore, it would be more reasonable to introduce a new PC5-RRC message to inform the remote UE when the relay UE’s Uu link is below the configured threshold if Option 1 is pursued.  It may be further considered whether the threshold used for triggering the e.g., Event A2 for measurement report sent to the gNB is the same as threshold used to trigger sending the notification/indication to the remote UE. Additionally, we could consider whether the new PC5-RRC message sent to the remote UE could be considered as a new Event trigger for the remote UE to send a measurement report to the gNB. 
Option 2: The gNB may send an explicit request to the remote UE to send an updated list of non-serving cell(s) or candidate relay UEs to the gNB.  With this option, the gNB may decide whether the existing measurement report from the remote UE is good enough or if updated measurement results are needed.    

In our view, it would be simpler to allow the gNB to explicitly request up-to-date measurements from the remote UE if needed. 
Proposal 1
The gNB may send a request to the remote UE to send an updated list of non-serving cell(s) or candidate relay UEs to the gNB for the case when the relay UEs Uu link channel quality is below a configure threshold.  
With regards to the “postponed Proposal 9” above, based on our understanding the S-measure configuration would include a threshold controlling when the UE is required to perform measurements on non-serving cells for path switches in both directions and also include candidate relay UE measurements for direct to indirect path switch.  According to some companies comments in [1], it is questionable if the NW can properly set the threshold for it to be useful, while [3] mentioned that S-measure is important to prevent the UE from performing measurements continuously.  In our view, it’s not essential to specify a new S-measure for measurements.  We could simply leave this to smart UE implementation to decide when best to perform measurements.  
Proposal 2
A new S-measure for Uu measurement is not needed.  The timing on when to perform measurements can be left to UE implementation. 
With regards to the “postponed Proposal 12” above, we think 2 alternatives may be considered for the direct to indirect path switch:
Alt 1: the remote UE provides all candidate relay UEs in the measurement report (MR) and the filtering is done at the gNB.  However, it is likely the gNB doesn’t have the UE’s upper layer requirements and the selected relay UE is not suitable for the remote UE. The remote UE may need to reject the selected relay UE if it’s not suitable, but this could result in further delay in path switch. 

Alt 2: the remote UE performs filtering of candidate relay UEs before including them in the MR.  This has the advantage that all relay UEs in the MR are suitable for the remote UE.  

We assume the process of relay (re)selection would depend on the use of discovery procedure which is based on either Model A or Model B discovery. Therefore, before the remote UE would consider a relay UE as a candidate it would need to ensure that the upper layer information provided in the discovery message e.g., User Info ID and Relay Service Code(s) are appropriate for the remote UE. Additionally, the remote UE would also need to ensure that the PLMN ID and the Cell ID provided in the AS layer of the discovery message are appropriate.  Therefore, the remote UE shouldn’t just collect a list of candidate relay UE to be included in the measurement report to the gNB, strictly based on the SD-RSRP level above a configured threshold, but also filter out the candidate relay UE that are not suitable based on the discovery procedure.  
Proposal 3
The remote UE should perform filtering of candidate relay UEs before including them in the measurement report.  

With regards to the “postponed Proposal 27” above, concerning whether to support Remote UE’s path switch to Relay UE in RRC_IDLE or RRC_INACTIVE, we think there are a few options that RAN2 should consider:

Option A: Adopt the rule that only RRC CONN relay UEs are allowed.
Option B: For service continuity from direct to indirect, the remote UE needs to select only candidate relay UEs that are RRC_CONNECTED.  

Option C: The target relay UEs may be in any RRC states. If the selected relay UE is in IDLE or INACTIVE, the relay UE would need to perform RRC establishment or Resume procedure.
Option D: The target relay UEs may be in any RRC states. If the selected relay UE is in INACTIVE, the relay UE would need to perform RRC Resume procedure.
With Option A, the requirements for the relay UE to be always RRC Connected before it can send discovery for relay (re)section is too restrictive.  Excessive power consumption from the relay UE will be a problem.  More RRC CONN relay UEs will also increase congestion at the NW, even though many of the relay UEs are only connected for relaying purpose without PC5 connected remote UEs.  Then, if some of the potential relay UEs decide to stop serving as relay UEs to reduce power consumption, that could be severely limit the chances for OoC remote UEs to connect to the NW, esp. for PS remote UEs.  

With Option B, for path switch from direct to indirect, the remote UE would provide in the measurement report of all the candidate relay UEs, regardless of the RRC state of the relay UE.  Since the gNB knows the RRC state of the reported relay UEs, it can select a relay UE from the MR that is already RRC Connected and send the RRC Reconfiguration to the target relay UE for “preparation” in step 3 and subsequently inform the remote UE of the selected relay UE in step 4 in Figure 1.  Alternatively, if the remote UE could tell which candidate relay UEs are already RRC Connected, the filtering can be done at the remote UE, so the MR will only include the list of candidate relay UEs that are RRC Connected.  This would require that a relay UE inform remote UEs of its RRC state, possibly through the discovery message.  RAN2 should further discuss what should be done if none of the candidate relay UEs is RRC Connected. 

With Option C, in case the target relay UE selected by the gNB is not RRC CONN, then the agreed procedure for direct to indirect path switch (Figure 1) would need to be modified, which may be depicted as in figure 2. For relay UEs in IDLE or INACTIVE, step 3 Figure 1 will not occur prior to the RRC establishment/Resume in step 5 of Figure 2. The benefit of this procedure is that the selected relay UE (that may be in RRC IDLE or INACTIVE) may have a better PC5 link (or Uu link) than one that is RRC connected.  The downside is that there may be additional latency to complete the path switch.
Option D is similar to Option C except only INACTIVE relay UEs may be selected by the remote UE.  Limiting to INACTIVE relay UEs for service continuity has the advantages that the gNB already has the relay UE’s context and the relay UE may be paged by the gNB to Resume to RRC CONNECTED prior to sending the HO command to the remote UE (steps 3 and 4 in Figure 3). This may also have lower latency for service continuity compared to Option C.
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In our view Options B, C and D are reasonable options while Option A is too limiting.

Proposal 4
For service continuity from direct to indirect, the remote UE should either select only candidate relay UEs that are RRC_CONNECTED or used a modified path switch procedure if the selected relay UE is in INACTIVE or both IDLE and INACTIVE.
In addition to the above open issues, the following highlighted agreement regarding inter-gNB handover from the relay reselection discussion in RAN2#113e may have impact to service continuity:
Proposal 1: For L2/L3 relay common parts of relay (re)selection, RAN2 confirm that there is no support of service continuity from AS layer perspective

Proposal 2: gNB controlled relay (re)selection” or “gNB controlled path switch” belong to L2 relay service continuity agenda item, and they are not treated in relay (re)selection discussion by RAN#92

Proposal 3: QoS controlled relay (re)selection is not treated in relay (re)selection discussion by RAN#92

Proposal 6: When PC5 RLF is detected by relay UE on a PC5 unicast link towards a remote UE, relay UE in RRC_CONNECTED sends the PC5 RLF indication to gNB (as supported in R16 specification).

Proposal 4: When Uu RLF is detected by relay UE, 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.

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
 

The reason for allowing the relay UE to send a PC5-S message to the connected remote UE was that group mobility is not supported in this release, so there is no reason for the remote UE to continue to connect to the relay UE after handover to another gNB.  Therefore, the PC5-S message is intended to allow the remote UE to perform relay reselection. However, for L2 relaying, if the remote UE is indirectly connected to the gNB and is in RRC CONNECTED, since indirect to indirect path switch is not supported in this release, the remote UE’s behaviour after the reception of the PC5-S message is no different from the case when the relay UE experiences Uu RLF.  The remote UE may attempt to find another relay UE to perform connection re-establishment.
Observation 2
When relay UE informs the remote UE of its impending handover, the behaviour at the remote UE is no different than when the relay UE experiences Uu RLF. 
However, the one difference between handover and Uu RLF is that the RRC CONNECTED remote UE may still have a chance to perform path switch from indirect to direct assuming the remote UE has moved to within coverage of the serving gNB. In case the gNB has the remote UE’s latest measurement report, it could instruct the remote UE to switch to the direct path prior to executing the handover for the relay UE.  Even if the remote UE isn’t close enough to the gNB to perform a switch to the direct path, it shouldn’t be up to the relay UE to decide whether to release the remote UEs RRC connection, but rather it should be the gNB’s decision whether to release the remote UEs. 
 
Observation 3
When the L2 relay UE sends a PC5-S message to the connected remote UEs, it essentially releases the remote UE from RRC CONNECTED, while it should be the gNB that decides whether to release the remote UEs.
Furthermore, it is also questionable how the relay UE knows whether the handover is an intra-gNB handover or an inter-gNB handover, since the handover command does not differentiate between the two gNBs, yet only the inter-gNB handover is excluded from service continuity in this release.

Observation 4
Since only inter-gNB service continuity is excluded from service continuity during handovers, it is questionable how the relay UE knows whether the handover is an intra-gNB or an inter-gNB handover to decide whether to send the PC5-S message.
Instead of following the current agreement for the relay UE to send a PC5-S message to its connected remote UEs when the relay UE performs handover, we think the following alternatives may be considered:
ALT A: The gNB should send an RRC Release message to the remote UEs to IDLE or INACTIVE prior to the relay UE’s handover.

ALT B: The gNB may send a handover command to the remote UE to switch from indirect to direct prior to the relay UE’s handover.  If necessary, the gNB may send a request to the remote UE to send an updated measurement report prior to the remote UE’s handover command.
ALT C: The remote UE may be instructed by the gNB to switch to the direct path and perform connection re-establishment/Resume, if a configured threshold is satisfied, without sending the updated measurement report. 
ALT D: The gNB may send Conditional RRC Reconfiguration to the remote UE that would be applicable for the switch for the direct path.  The remote UE may switch from the indirect to the direct path once the configured threshold condition is satisfied.

ALT E: For the case when the relay UE only serves as a relay, the gNB may release the relay UE to IDLE or INACTIVE upon HO to another gNB.  Then the relay UE may send the PC5-S message to the remote UE to release the PC5 connection with its remote UEs.
Proposal 5
When relay performs HO to another gNB, an AS layer procedure should be used to inform the remote UEs to either release the RRC connection or to switch from indirect to direct connection. 
3. Conclusion 

In this contribution, we addressed some remaining issues for path switch in SL relaying.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
It is necessary for the gNB to receive from the remote UE the most up-to-date measurements of the non-serving cells or non-serving relay UEs when the gNB receives the measurement report from the relay UE based on a triggered event.  
Proposal 1
The gNB may send a request to the remote UE to send an updated list of non-serving cell(s) or candidate relay UEs to the gNB for the case when the relay UEs Uu link channel quality is below a configure threshold.  

Proposal 2
A new S-measure for Uu measurement is not needed.  The timing on when to perform measurements can be left to UE implementation. 

Proposal 3
The remote UE should perform filtering of candidate relay UEs before including them in the measurement report.  

Proposal 4
For service continuity from direct to indirect, the remote UE should either select only candidate relay UEs that are RRC_CONNECTED or used a modified path switch procedure if the selected relay UE is in INACTIVE or both IDLE and INACTIVE.

Observation 2
When relay UE informs the remote UE of its impending handover, the behaviour at the remote UE is no different than when the relay UE experiences Uu RLF. 
Observation 3
When the L2 relay UE sends a PC5-S message to the connected remote UEs, it essentially releases the remote UE from RRC CONNECTED, while it should be the gNB that decides whether to release the remote UEs.

Observation 4
Since only inter-gNB service continuity is excluded from service continuity during handovers, it is questionable how the relay UE knows whether the handover is an intra-gNB or an inter-gNB handover to decide whether to send the PC5-S message.

Proposal 5
When relay performs HO to another gNB, an AS layer procedure should be used to inform the remote UEs to either release the RRC connection or to switch from indirect to direct connection. 
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