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1 Introduction
WID of Sidelink relay (RP-210904) was agreed in RAN#91e [1]. In this contribution, we discuss remaining issues on relay (re)selection. 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. 

In RAN2#113b-e [3], a good progress was made. In this contribution, we address the following remaining issues:
· Additional AS criteria of relay (re)selection
· Remaining issue on sidelink RSRP measurement 

· Further details of RLF triggered relay (re)selection 
· Remaining issue on coupling with cell (re)selection 
2 Discussion  
2.1 Additional AS criteria of relay (re)selection

In RAN2#113b-e [3], additional AS criteria of relay (re)selection besides PC5 RSRP was discussed, and the following agreements were made:
Agreements:

Proposal 2-1 [easy]: For L3 relay, the use of PLMN ID and cell ID in relay (re)selection is up to SA2

Proposal 2-2 [easy]: For L2 relay, PLMN ID supported as additional AS criteria for relay (re)selection.  Whether cell ID is used can be further discussed by RAN2.

Proposal 3-1 [easy]: Besides serving cell ID, PLMN ID, L2/L3 relay support (if agreed in discovery session) and relay load, other additional AS criteria are not considered in this release.

So, only PLMN ID for L2 relay was agreed. The current candidate criteria on the table is relay UE load, L2/L3 relay support and cell ID. We discussed them one by one.
2.1.1 Relay UE load

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. 

The requirements on relay UE load criterion were discussed in the on-going post-meeting email #602 [4]. Based on moderator’s summary, majority agreed that relay UE load should satisfy all the following requirements:

a) Simple and easy to compute

b) Reflecting performance that a remote UE could achieve if served by the relay UE candidate
c) Small spec change
d) Low signaling overhead

e) Consistent interpretation of relay load with different capability of the Relay UE taken into account
Meanwhile, the below options are on the table now with the supporting companies number illustrated:

(4/20) Option 1: Number of PC5 connections to Remote UEs currently being actively used for relaying
(3/20) Option 2: Resource pool usage or capacity

(4/20) Option 3: Number of remote UEs being served by the relay UE

(4/20) Option 4: free bandwidth (or achievable bit rate) that relay UE can provide for relay traffic

(1/20) option 5: Leave to UE implementation

(1/20) Option 6: network indication, gNB provides the load indication, e.g. high or low. Relay UE follows gNB’s indication

Although the down-selection on these options is not close yet, none of the above options can satisfy all the 5 requirements on relay load definition. Meanwhile, we also don’t see majority support for any option. 
Observation 1: Although the down-selection on candidate relay load criterion was not close yet, no option can satisfy all the requirements. Meanwhile, there is no majority support for any option
As indicated by some companies during email discussion, another option is to reuse or extend the field of “Resource Status indicator” of LTE discovery message in TS 24.334. RSI is used to indicate whether or not the UE has resources available to provide a connectivity service for additional ProSe-enabled public safety UEs. However, it is not likely at this stage to specify a metric how to extend RSI at this stage without input of SA2. If left to UE implementation, it may not be useful because it will be difficulty for remote UE to understand what is relay’s implementation.
Considering RAN plenary tasked RAN2 to complete common parts of relay (re)selection by RAN#91, we think it is not likely to conclude it by June plenary, except RSI. Thus, we suggest RAN2 can focus on discussion on RSI, and not to pursue other options in this release.     
Proposal 1: RAN2 discuss whether Resource Status Indicator (RSI) defined in LTE discovery can be specified as additional AS criteria for relay (re)selection. Other options on relay UE load is not pursued in this release
2.1.2 L2/L3 relay support
We think SA2 is considering remote UE can use relay service code in discovery message to know L2 and/or L3 relay support, i.e. an implicit indication via relay service code. Then, we think it can also be left to SA2 similar to L3 relay.  

Proposal 2: It is up to SA2 to decide whether to include L2/L3 relay support in discovery message

2.1.3 Cell ID

RAN2#113b-3 has agreed that the use of cell ID in relay (re)selection of L3 relay is up to SA2, and PLMN ID of L2 relay was agreed [3]. Then, the remaining issue is only cell ID of L2 relay. Considering some companies thought it may be a part of SIB forwarding discussion, we prefer to discuss whether to include cell ID as additional AS criteria in L2 relay control plane AI. 
Proposal 3: Considering the possible overlapping with SIB forwarding discussion, whether cell ID of L2 relay is used as additional AS criteria of relay (re)selection is suggested to be discussed in L2 relay control plane AI

2.2 Remaining issue on sidelink RSRP measurement 
In TR 38.836 [2], it has captured the principle of relay measurement that both RSPP of discovery message (i.e. SD-RSRP) 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.
Observation 2: In TR 38.836, it has captured the principle of relay measurement that both RSPP of discovery message (i.e. SD-RSRP) and/or SL-RSRP may be used as relay (re)selection criteria

In RAN2#113b-e [3], it was agreed the details on how to perform SD-RSRP for evaluation on relay(s) without unicast PC5 connection with remote UE.
Proposal 4: RAN2 confirm below NR relay (re)selection procedures which are same as LTE Prose relay:

1) PC5 Measurement: For relay(s) without unicast PC5 connection, remote UE uses RSRP measurements of sidelink discovery messages (i.e. SD-RSRP) to evaluate whether PC5 link quality of a Relay UE satisfies relay selection and reselection criterion

Proposal 6: In SD-RSRP measurement for relay (re)selection trigger and candidate relay evaluation, L3 filtering is applied across measurements on the DMRS of PSSCH transmission which carries discovery message from the concerned relay.

However, it was not concluded the details on how to perform sidelink measurement for relay(s) with unicast PC5 connection with remote UE, especially in case of no transmission on the sidelink unicast link. This issue was discussed in summary report of relay (re)selection in RAN2#113b-e [5], and moderator drafted below proposal based on majority view:

Proposal from summary report [5]:
Proposal 7: RAN2 discuss which alternatives of PC5 measurement to trigger relay reselection. The discussion should consider conclusion of transmit power of discovery message made in discovery session (e.g. whether fixed power or can be configured subject to OLPC).

· Alt-1: Based on only SL-RSRP. In case of no data transmission, remote UE can use keep-alive message or triggered PC5-S/CSI reporting from relay UE to perform SL-RSRP based on its implementation.

· Alt-2: Based on both SL-RSRP and SD-RSRP. If data is available, only SL-RSRP of data. In case of no data transmission, the remote UE triggers reselection based on SD-RSRP  
For both Alt-1 and Alt-2, some companies had concern that the transmit power imbalance issue, i.e. different relays with unicast PC5 to remote UE may use different transmit power based on Rel-16 sidelink Open-Loop power control (OLPC). 
Observation 3: On SL-RSRP measurement for relay reselection trigger and evaluation, some companies had concern on transmit power imbalance issue, i.e. different relays with unicast PC5 to remote UE may use different transmit power based on Rel-16 sidelink Open-Loop power control (OLPC). 

As we discussed in our companion contribution on discovery [6], no matter shared pool or separate pool, Rel-16 sidelink OLPC should be applied to avoid interference to the gNB by considering the DL pathloss and congestion by considering the CBR. Therefore, even discovery message of different relays may use different transmit power, i.e. we have the same transmit power imbalance issue for SD-RSRP. Actually, in LTE Prose relay, we also have similar transmit power imbalance issue between discovery message and PC5 data transmission. But it was left to Network / UE implementation to resolve it. 
Observation 4: As sidelink OLPC should be applied to discovery message, even SD-RSRP may have the same transmit power imbalance issue. Furthermore, LTE Prose relay also has similar power imbalance issue between discovery message and PC5 data transmission. But it was left to Network/UE implementation to resolve it
We think the same assumption can be reuse in NR sidelink relay, especially when RAN plenary tasked RAN2 to complete it by June. Therefore, we propose RAN2 don’t need to specify solution to resolve transmit power imbalance issue. 
Proposal 4: Same as LTE Prose relay, rely on Network / UE implementation to resolve the transmit power imbalance issue on PC5 measurement for relay (re)selection trigger and candidate relay evaluation 
Finally, back to the down-selection between Alt-1 and Al-2, we don’t prefer Alt-2 because it doesn’t make sense to mix SL-RSRP and SD-RSRP for a unicast PC5 link. In addition, if SD-RSRP 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. As chipset vendor, we think such unnecessary complexity should be avoided. 

Observation 5: 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
For Alt-1, we think “CSI” should be removed because Rel-16 sidelink CSI reporting can only be multiplexed with data transmission. Therefore, we propose:

Proposal 5: For relay(s) with unicast PC5 link, the remote UE uses only Rel-16 specified SL-RSRP to trigger relay reselection and candidate relay evaluation. In case of no data transmission, remote UE can use keep-alive message or triggered PC5-S message from relay UE to perform SL-RSRP based on its implementation. 
2.3 Further details of RLF triggered relay (re)selection
In RAN2#113b-e [3], RLF triggered relay (re)selection was discussed, and the following agreements were made with 3 FFSs:
Proposal 8: RAN2 confirm that remote UE triggers relay reselection if PC5 RLF with current relay UE is detected by remote UE.  FFS if there is any impact to other RLF handling activities.
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


In this section, we would like to address the 3 FFSs only for L3 relay because the discussion on L2 relay can’t avoid the overlapping with RRC re-establishment procedure. Thus, the impacts of L2 relay are discussed in our companion contribution on L2 relay control plane procedure [10].
2.3.1 FFS on impact to other RLF handling activities in L3 relay
In L3 relay, when PC5 RLF with current relay is detected by remote UE, it has been agreed to trigger relay reselection. Then a followed question is whether relay UE needs to be notified on the leave of remote UE. Our understanding is that relay UE will detect PC5 RLF via keep alive timer after remote UE’s reselects to another relay. Then, if the relay UE is CONNECTED state, it will send PC5 RLF to notify gNB as agreed in RAN2#113b-e [3]. Therefore, no further specification on other RLF handling is needed. We would like to confirm this is the common understanding in RAN2.  

Proposal 6: After PC5 RLF with current relay is detected by remote UE in L3 relay, RAN2 confirm that relay UE will detect PC5 RLF via keep alive timer and send PC5 RLF to notify gNB if it is CONNECTED state. No other RLF handling is required to be specified. 
2.3.2 FFS on other indication/message for notification in L3 relay
Firstly, we think it needs to clarify what is agreed “PC5-S message (similar to LTE)”. Our understanding is that it is the Disconnect Request message as captured in Section 6.3.3.3 of TS 23.287 [11]:
From Section 6.3.3.3 of TS 23.287

6.3.3.3
Layer-2 link release over PC5 reference point

Figure 6.3.3.3-1 shows the layer-2 link release procedure over PC5 reference point.
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Figure 6.3.3.3-1: Layer-2 link release procedure

0.
UE-1 and UE-2 have a unicast link established as described in clause 6.3.3.1.
1.
UE-1 sends a Disconnect Request message to UE-2 in order to release the layer-2 link and deletes all context data associated with the layer-2 link.

2.
Upon reception of the Disconnect Request message UE-2 may respond with a Disconnect Response message and deletes all context data associated with the layer-2 link.


The V2X layer of each UE informs the AS layer that the unicast link has been released. This enables the AS layer to delete the context related to the released unicast link.
For L3 relay, the only possible other message for notification of Uu RLF is to introduce a new PC5-RRC message for request of PC5 link release. However, we don’t see the benefit of this new PC5-RRC message over the Disconnect Request/Response message. Thus, we propose no need to introduce other notification message for L3 relay.

Proposal 7: RAN2 confirm that the agreed “PC5-S message (similar to LTE) to notify remote UE Uu RLF and HO” is the Disconnect Request message as captured in Section 6.3.3.3 of TS 23.287
Proposal 8: For L3 relay, no need to introduce other message / indication for notification of Uu RLF and/or HO. The case of L2 relay can be discussed in L2 relay control plane AI.
Secondly, we think the case of cell (re)selection in relay UE is equivalent to HO, but it was missed in the agreement. It should be applied to both L2 and L3 relay.
Proposal 9: For both L2 and L3 relay, when relay performs cell (re)selection to another gNB, relay UE may send the Disconnect Request message to its connected remote UE(s) and it may trigger relay reselection
Finally, as highlighted above, remote UE may respond with a Disconnect Response message upon reception of the Request message from relay UE. It is also aligned with the current agreement, i.e. upon reception of notification, this message may trigger relay reselection. Our understanding it means remote UE can decide to keep the current unicast PC5 link in some cases (e.g. if it has no active ongoing traffic, or shares with other PC5 traffics terminated in relay UE). 
Observation 6: Both RAN2 agreement and TS 23.287 indicate the sidelink UE may not response the Disconnect Request Message. This may happen if remote UE has no active ongoing traffic, or shares with other PC5 traffics terminated in relay UE
Thus, it should be up to remote UE implementation whether / when to trigger relay (re)selection. We would like to confirm this is common RAN2 understanding.
Proposal 10: For L3 relay, upon reception of PC5-S message on notification of HO/RLF/Cell-(re)selection, RAN2 confirm that it is up to remote UE implementation whether / when to trigger relay (re)selection
Correspondingly, to make a good decision on whether to trigger relay (re)selection, the remote UE should be aware of why relay UE sends the Disconnect Request message (i.e. cause value for HO or cell reselection or Uu RLF). However, the current Disconnect Request message doesn’t include such cause value. Therefore, the cause value can be included in the Disconnect Request message.                                                                                                                                                                                                                                                                                                                                                                                                                                       
Proposal 11: For remote UE to make decision on whether to trigger relay (re)selection, the Disconnect Request message sent by relay UE can include the cause value, i.e. HO or cell (re)selection or Uu RLF
2.4 Remaining issue on coupling with cell (re)selection
In offline#611 of RAN2#113b-e [7], the coupling between relay (re)selection and cell (re)selection was discussed, and below proposal was drafted based on majority view:
Proposal 7: The remote UE may perform cell (re)selection and relay (re)selection procedure independently. FFS whether exceptional case(s) for L2 relay

However, this proposal was not agreed in online discussion because of diverse view on exceptional case(s) for L2 relay. Like Section 2.3, we would like to only discuss L3 relay because the discussion on L2 relay can’t avoid the overlapping with its discussion on control plane procedure.
In LTE Prose relay, there is no specified procedure for the coupling between relay (re)selection and cell (re)selection in both TS 36.331 [8] and TS 36.304 [9]. Our understanding is that it means the remote UE may perform cell (re)selection and relay (re)selection procedure independently. Thus, we would like to confirm it is RAN2 common understanding:
Proposal 12: Same as LTE Prose relay, no procedure needs to be specified for the coupling between relay (re)selection and cell (re)selection for L3 relay
3 Conclusion
In this contribution, we discuss discovery and relay (re)selection. We made below observations:
Observation 1: Although the down-selection on candidate relay load criterion was not close yet, no option can satisfy all the requirements. Meanwhile, there is no majority support for any option

Observation 2: In TR 38.836, it has captured the principle of relay measurement that both RSPP of discovery message (i.e. SD-RSRP) and/or SL-RSRP may be used as relay (re)selection criteria

Observation 3: On SL-RSRP measurement for relay reselection trigger and evaluation, some companies had concern on transmit power imbalance issue, i.e. different relays with unicast PC5 to remote UE may use different transmit power based on Rel-16 sidelink Open-Loop power control (OLPC). 

Observation 4: As sidelink OLPC should be applied to discovery message, even SD-RSRP may have the same transmit power imbalance issue. Furthermore, LTE Prose relay also has similar power imbalance issue between discovery message and PC5 data transmission. But it was left to Network/UE implementation to resolve it

Observation 5: 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 6: Both RAN2 agreement and TS 23.287 indicate the sidelink UE may not response the Disconnect Request Message. This may happen if remote UE has no active ongoing traffic, or shares with other PC5 traffics terminated in relay UE
Based on the discussion in the previous sections we propose the following:
Additional AS criteria of relay (re)selection

Proposal 1: RAN2 discuss whether Resource Status Indicator (RSI) defined in LTE discovery can be specified as additional AS criteria for relay (re)selection. Other options on relay UE load is not pursued in this release

Proposal 2: It is up to SA2 to decide whether to include L2/L3 relay support in discovery message

Proposal 3: Considering the possible overlapping with SIB forwarding discussion, whether cell ID of L2 relay is used as additional AS criteria of relay (re)selection is suggested to be discussed in L2 relay control plane AI

Remaining issues on sidelink measurements for relay (re)selection

Proposal 4: Same as LTE Prose relay, rely on Network / UE implementation to resolve the transmit power imbalance issue on PC5 measurement for relay (re)selection trigger and candidate relay evaluation 

Proposal 5: For relay(s) with unicast PC5 link, the remote UE uses only Rel-16 specified SL-RSRP to trigger relay reselection and candidate relay evaluation. In case of no data transmission, remote UE can use keep-alive message or triggered PC5-S message from relay UE to perform SL-RSRP based on its implementation. 
Further details on RLF triggered relay (re)selection

Proposal 6: After PC5 RLF with current relay is detected by remote UE in L3 relay, RAN2 confirm that relay UE will detect PC5 RLF via keep alive timer and send PC5 RLF to notify gNB if it is CONNECTED state. No other RLF handling is required to be specified. 

Proposal 7: RAN2 confirm that the agreed “PC5-S message (similar to LTE) to notify remote UE Uu RLF and HO” is the Disconnect Request message as captured in Section 6.3.3.3 of TS 23.287
Proposal 8: For L3 relay, no need to introduce other message / indication for notification of Uu RLF and/or HO. The case of L2 relay can be discussed in L2 relay control plane AI.
Proposal 9: For both L2 and L3 relay, when relay performs cell (re)selection to another gNB, relay UE may send the Disconnect Request message to its connected remote UE(s) and it may trigger relay reselection
Proposal 10: For L3 relay, upon reception of PC5-S message on notification of HO/RLF/Cell-(re)selection, RAN2 confirm that it is up to remote UE implementation whether / when to trigger relay (re)selection
Proposal 11: For remote UE to make decision on whether to trigger relay (re)selection, the Disconnect Request message sent by relay UE can include the cause value, i.e. HO or cell (re)selection or Uu RLF
Remaining issue on coupling with cell (re)selection
Proposal 12: Same as LTE Prose relay, no procedure needs to be specified for the coupling between relay (re)selection and cell (re)selection for L3 relay
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