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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. In this contribution, we discuss relay (re)selection for L2 and L3 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 on aspects common to both L2 and L3:

1. Specify mechanisms for U2N relay discovery and (re)selection for L3 and L2 relaying [RAN2, RAN4]

a. Re-use LTE relay discovery and (re)selection as baseline
NOTE 1: RAN requests RAN2 to strive for completion of the common parts (objective 1) by RAN#92 (June). RAN understands that RAN2 will also initially work on other aspects that have cross-group dependencies. 

2 Discussion  
2.1 General discussion

As indicated in Objective 1 and NOTE 1, RAN requests RAN2 to strive for a L2/L3 common design of discovery and (re)selection, and complete it by RAN#92. However, there are some L2 specific solutions (e.g. gNB controlled relay reselection). Following the guideline of WID, we propose that RAN2 first strive for a L2/L3 common design of relay (re)selection, and L2 relay specific solution should be discussed after the common solution is finalized.
Proposal 1: For relay selection and reselection, RAN2 first strive for a common solution for L2 and L3 relay
2.2 Sidelink measurements for relay (re)selection
Sidelink relay measurement is the most important part of relay (re)selection. In TR 38.836 [2], it has captured the principle of relay measurement that both RSPP of discovery message and/or SL-RSRP may be used as relay (re)selection criteria: 
The baseline solution for relay (re-)selection is as follow:

Radio measurements at PC5 interface are considered as part of relay (re)selection criteria. 

-
Remote UE at least use the radio signal strength measurements of sidelink discovery messages to evaluate whether PC5 link quality of a Relay UE satisfies relay selection and reselection criterion. 
-
When Remote UE is connected to a Relay UE, it may use SL-RSRP measurements on the sidelink unicast link to evaluate whether PC5 link quality with the Relay UE satisfies relay reselection criterion. 
Further details on the PC5 radio measurements criteria, e.g., in case of no transmission on the sidelink unicast link can be discussed in WI phase. How to perform RSRP measurement based on RSRP of discovery message and/or SL-RSRP if Remote UE has PC5-RRC connection with Relay UE can be decided in WI phase.
However, as we see, the following 2 issues need further discussion:
1) Further details on the PC5 radio measurements criteria, e.g., in case of no transmission on the sidelink unicast link 
2) How to perform RSRP measurement based on RSRP of discovery message and/or SL-RSRP if Remote UE has PC5-RRC connection with Relay UE
For the issue 1), we think the issue doesn’t exist, i.e. there is no case of no transmission on the sidelink unicast link: 
· Before remote UE is connected to a Relay UE, the remote UE always has periodical discovery message for measurement. 
· After remote UE is connected to a Relay UE, the remote UE can perform SL-RSRP measurements at least based on periodic keep-alive message. We think it is worth confirming it is common understanding in RAN2
Proposal 2: RAN2 confirm that periodic keep-alive messages are available for SL-RSRP measurement for relay reselection after relay connected, i.e. there is no case of no transmission on the sidelink unicast link
Then for the issue 2), it was discussed in email discussion#622 of RAN2#112-e [5]. During the discussion, majority prefer to use SL-RSRP measurements on unicast PC5 link to evaluate whether to trigger relay reselection. However, some companies raised the concern that it may not be a fair comparison between SL-RSRP measured over a unicast link and RSRP measurements of SL discovery messages. That is why it is still FFS. We don’t see any issue because relay reselection is triggered when RSRP of connected relay is below threshold, i.e. no need to compare candidate relay’s RSRP to trigger relay reselection.  

Observation 1: Relay reselection is triggered when RSRP between remote UE and connected relay is below threshold without need to compare candidate relay’s RSRP.
On the other hand, if RSRP of discovery message is still needed to be measured by remote UE after connected to Relay, it will require remote UE to maintain 2 different PC5 RSRP measurements for the same relay with unicast PC5 RRC connection (i.e. one is RSRP of discovery and the other is SL-RSRP), which will increase remote UE’s power consumption and complexity. As chipset vendor, we think such unnecessary complexity should be avoided. 
Observation 2: if RSRP of discovery message is still needed to be measured by remote UE after connected to Relay, it will require remote UE to maintain 2 different PC5 RSRP measurements for the same relay with unicast PC5 RRC connection, which will increase remote UE’s power consumption and complexity
Thus, we propose:

Proposal 3: Remote UE performs sidelink measurement for relay (re)selection in following way:  
· Before connected to a Relay UE, it performs PC5 RSRP measurement of discovery message (a.k.a. SD-RSRP) for relay (re)selection, i.e. L3 filtering is applied across measurements on the PSSCH DMRS which carries (periodic) discovery message from the concerned relay
· After connected to a Relay UE, it performs Rel-16 V2X specified SL-RSRP measurement
2.3 RLF handling during relay (re)selection
In TR 38.836 [2], relay (re)selection section has captured that relay reselection may be triggered if RLF of PC5 link with current relay UE is detected by remote UE:

Relay reselection should be triggered if the NR Sidelink signal strength of current Sidelink relay is below a (pre)configured threshold. Also, relay reselection may be triggered if RLF of PC5 link with current Relay UE is detected by Remote UE. 
However, it is not clear what is the UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE. 

Observation 3: It was not concluded what is the UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE. The RLF handling will be different from PC5 RLF detected by remote UE.
We tend to think RLF handling is an important feature, and the behavior should be specified when PC5 and/or Uu RLF is detected by relay UE. Our view on these two cases are illustrated below:

· Uu RLF detected by relay: relay UE can request to release current connected PC5 links (e.g. sending relay link release indication) to all its connected remote UE(s) to trigger relay reselection. As another alternative, relay UE can stop transmit discovery message. We prefer the 1st alternative because it is simple.
· PC5 RLF detected by relay: relay UE can send the PC5 RLF report (including available PC5 measurements of relays) to gNB. And it is up to gNB implementation how to handle it correspondingly, e.g. gNB could release remote UE context upon reception of PC5 RLF report in L2 relay. 

Proposal 4: When Uu RLF is detected by relay UE, relay UE sends relay link release indication to all its connected remote UE(s) to trigger relay reselection.
Proposal 5: When PC5 RLF is detected by relay UE, relay UE sends the PC5 RLF report including available PC5 measurements of relays to gNB. And it is up to gNB implementation how to handle it correspondingly.
2.4 Additional AS criteria of relay (re)selection

In TR 38.836 [2], the baseline AS criteria of relay (re)selection is captured [6]: 

For relay selection, as in LTE, an in-coverage Remote UE searches for a candidate Relay UE if direct Uu link quality of the Remote UE is below a configured threshold.
For relay (re-)selection, Remote UE compares the PC5 radio measurements of a Relay UE with the threshold which is configured by gNB or preconfigured. Higher layer criteria also need to be considered by Remote UE for relay (re-)selection, but details can be left to SA2 to decide. Relay (re-)selection can be triggered by upper layers of Remote UE.  
Relay reselection should be triggered if the NR Sidelink signal strength of current Sidelink relay is below a (pre)configured threshold. Also, relay reselection may be triggered if RLF of PC5 link with current Relay UE is detected by Remote UE. 
The above-described baseline for relay (re)selection apply to both L2 and L3 solutions. But for RRC_CONNECTED Remote UE connected through L2 UE-to-Network Relay scenario, gNB decision on relay selection/reselection is considered in WI phase under the above baseline. Additional AS layer criteria can be considered in WI phase for both L2 and L3 UE-to-Network Relay solutions.
For relay (re-)selection, when Remote UE has multiple suitable Relay UE candidates which meet all AS-layer & higher layer criteria and Remote UE need to select one Relay UE by itself, it is up to Remote UE implementation to choose one Relay UE.  This does not exclude gNB involvement in service continuity for UE-to-Network Relay scenarios.

In short, it is same as LTE Prose relay [6] based on upper layer criteria and AS layer criteria (i.e. PC5 RSRP towards Relay UE). Note that additional AS layer criteria besides PC5 RSRP can be considered in WI phase. 

During email discussion#622 of RAN2#112-e [5], multiple candidates of additional AS criteria for relay (re)selection were discussed. Finally, only relay UE’s load got majority support, and all other candidates didn’t get over 1/3 support.  

Observation 4: In email discussion on relay (re)selection, multiple candidates of additional AS criteria for relay (re)selection were discussed. Only relay UE’s load got majority support, and all other candidates didn’t get over 1/3 support
For relay’s load, we have mixed feeling about it. On one hand, its intention is reasonable due to load balancing benefit in relay (re)selection; On the other hand, we have the concern whether RAN2 can define a good solution / metric to calculate Relay UE’s load. Please note that it has no consistent interpretation of the capability of the Relay UE, which also depends on Relay UE’s implementation. Correspondingly, it seems also to be difficulty for a Remote UE to interpret what the Relay load means at AS layer. 
Observation 5: For Relay UE’s load as additional AS criteria for relay (re)selection, although its intention is reasonable due to load balancing benefit, it is questioned whether RAN2 can define a good solution / metric to calculate Relay UE’s load because the Remote UE may have different implementation and capability

We are open for this discussion. But we will suggest RAN2 to discuss whether it can be introduced based on specific solution / metric how Relay UE calculates its load.
Proposal 6: RAN2 is kindly suggested to discuss whether to introduce Relay UE’s load as additional AS criteria of relay (re)selection based on specific solution / metric how Relay UE calculates its load. 
Meanwhile, as discussed in our companion contribution [8], we also think Cell ID and PLMN ID of the serving cell of candidate relay UE is useful at least in below 2 cases for L2 U2N relay:

· RRC establishment: if an INACTIVE/CONNECTED L2 remote UE selects a relay served by different cell, it is required to perform HO/Resume to the cell of relay. It may trigger UE context transfer between gNB but some UE/gNB may prefer to avoid this latency by selecting an intra-gNB relay during relay reselection. 

· HO: After L2 remote UE reports relay’s PC5 RSRP and UE ID to source gNB, source gNB may not be able to distinguish whether the relay is connected to different gNB just based on its UE ID. It is especially useful for sidelink relay in Rel-17 because its service continuity support is restricted to intra-gNB only [1].
Observation 6: At least for L2 U2N relay, Cell ID and PLMN ID of relay’s serving cell are useful to determine whether inter-gNB resume/HO is required to be followed by relay (re)selection, which is especially useful for sidelink relay in Rel-17 because its service continuity support is restricted to intra-gNB only
Thus, we propose to include relay’s serving cell ID and PLMN ID as additional AS layer criteria for relay (re)selection.
Proposal 7: Introduce relay’s serving cell ID and PLMN ID as additional AS layer criterion for relay (re)selection.   
In email discussion#622 of RAN2#112-e [5], other proposed candidates of additional AS criteria include relay’s RRC states, HARQ feedback etc. However, all other candidates didn’t get over 1/3 support. We are not convinced these criteria are essential, thus we suggest skipping the discussion on other AS criteria.
Proposal 8: Besides serving cell ID, PLMN ID and relay load, other AS criteria are not considered in this release.
Finally, we think it is necessary to discuss in which message to include additional info for relay (re)selection. In our understanding, these are essential AS information and should be appliable for both L2 and L3 relay. Thus, they should be included in discovery message. 

Observation 7: Information on additional relay (re)selection criteria are essential AS information and should be appliable for both L2 and L3 relay.
Proposal 9: Include the IEs required for additional relay (re)selection criteria in discovery message for both L3 and L2 relay.  
2.5 Other issues
In TR 38.836 [2], we have one L2 relay specific issues captured to discuss in WI phase:

· “The above-described baseline for relay (re)selection apply to both L2 and L3 solutions. But for RRC_CONNECTED Remote UE connected through L2 UE-to-Network Relay scenario, gNB decision on relay selection/reselection is considered in WI phase under the above baseline.”
As we mentioned in Proposal 1, we propose RAN2 first focus on L2/L3 common design, and L2 relay specific solution should be discussed after the common solution is finalized. Because this issue is L2 relay specific issues, we suggest RAN2 to discuss them after the common solution is finalized. 
Proposal 10: For the remaining L2 relay specific issue on whether to support gNB controlled relay (re)selection for RRC_CONNECTED Remote UE, RAN2 discuss it after the common solution is finalized
3 Conclusion
In this contribution, we discuss discovery and relay (re)selection. We made below observations:
Observation 1: Relay reselection is triggered when RSRP between remote UE and connected relay is below threshold without need to compare candidate relay’s RSRP.
Observation 2: if RSRP of discovery message is still needed to be measured by remote UE after connected to Relay, it will require remote UE to maintain 2 different PC5 RSRP measurements for the same relay with unicast PC5 RRC connection, which will increase remote UE’s power consumption and complexity
Observation 3: It was not concluded what is the UE behavior when PC5 RLF and/or Uu RLF is detected by relay UE. The RLF handling will be different from PC5 RLF detected by remote UE.
Observation 4: In email discussion on relay (re)selection, multiple candidates of additional AS criteria for relay (re)selection were discussed. Only relay UE’s load got majority support, and all other candidates didn’t get over 1/3 support
Observation 5: For Relay UE’s load as additional AS criteria for relay (re)selection, although its intention is reasonable due to load balancing benefit, it is questioned whether RAN2 can define a good solution / metric to calculate Relay UE’s load because the Remote UE may have different implementation and capability
Observation 6: At least for L2 U2N relay, Cell ID and PLMN ID of relay’s serving cell are useful to determine whether inter-gNB resume/HO is required to be followed by relay (re)selection, which is especially useful for sidelink relay in Rel-17 because its service continuity support is restricted to intra-gNB only
Observation 7: Information on additional relay (re)selection criteria are essential AS information and should be appliable for both L2 and L3 relay.
Based on the discussion in the previous sections we propose the following:
General discussion
Proposal 1: For relay selection and reselection, RAN2 first strive for a common solution for L2 and L3 relay

Sidelink measurements for relay (re)selection

Proposal 2: RAN2 confirm that periodic keep-alive messages are available for SL-RSRP measurement for relay reselection after relay connected, i.e. there is no case of no transmission on the sidelink unicast link
Proposal 3: Remote UE performs sidelink measurement for relay (re)selection in following way:  
· Before connected to a Relay UE, it performs PC5 RSRP measurement of discovery message (a.k.a. SD-RSRP) for relay (re)selection, i.e. L3 filtering is applied across measurements on the PSSCH DMRS which carries (periodic) discovery message from the concerned relay
· After connected to a Relay UE, it performs Rel-16 V2X specified SL-RSRP measurement

RLF handling during relay (re)selection

Proposal 4: When Uu RLF is detected by relay UE, relay UE sends relay link release indication to all its connected remote UE(s) to trigger relay reselection.
Proposal 5: When PC5 RLF is detected by relay UE, relay UE sends the PC5 RLF report including available PC5 measurements of relays to gNB. And it is up to gNB implementation how to handle it correspondingly.

Additional AS criteria of relay (re)selection

Proposal 6: RAN2 is kindly suggested to discuss whether to introduce Relay UE’s load as additional AS criteria of relay (re)selection based on specific solution / metric how Relay UE calculates its load. 

Proposal 7: Introduce relay’s serving cell ID and PLMN ID as additional AS layer criterion for relay (re)selection.   

Proposal 8: Besides serving cell ID, PLMN ID and relay load, other AS criteria are not considered in this release.

Proposal 9: Include the IEs required for additional relay (re)selection criteria in discovery message for both L3 and L2 relay.  
Other issues

Proposal 10: For the remaining L2 relay specific issue on whether to support gNB controlled relay (re)selection for RRC_CONNECTED Remote UE, RAN2 discuss it after the common solution is finalized
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