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1 Introduction
In RAN#96, a new WI was approved for sidelink relay in order to cover the enhancements and solutions which are not included in R17 WI “NR Sidelink Relay” due to lack of time. To be specific, the WI will specify mechanisms to support single-hop Layer-2 and Layer-3 UE-to-UE relay for unicast. The objectives are illustrated below [1]:
	1. Specify mechanisms to support single-hop Layer-2 and Layer-3 UE-to-UE relay (i.e., source UE -> relay UE -> destination UE) for unicast [RAN2, RAN3, RAN4].
A. Common part for Layer-2 and Layer-3 relay to be prioritized until RAN#98
i. Relay discovery and (re)selection [RAN2, RAN4]

ii. Signalling support for Relay and remote UE authorization if SA2 concludes it is needed [RAN3]

B. Layer-2 relay specific part
i. UE-to-UE relay adaptation layer design [RAN2]

ii. Control plane procedures [RAN2]

iii. QoS handling if needed, subject to SA2 progress [RAN2]

Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
Note 1B: A remote UE is connected to only a single relay UE at a given time for a given destination UE.


In this contribution, we provide our view on relay discovery and (re)selection, for UE-to-UE relay.
2 Discussion
RAN2 has studied sidelink-based UE-to-UE relay in R17 and documented the agreements in Section 5 of TR38.836 [2]. These agreements and solutions should be taken as baseline during the discussion of UE-to-UE relay in WI. 
Proposal 1: The R17 SI agreements and conclusions for UE-to-UE relay, which are captured in Section 5 of TR38.836, are valid unless a decision is taken to revert them.
2.1 Relay discovery
In R17, a new sidelink SRB (SL-SRB4) was introduced to carry discovery messages for both UE-to-NW relay and non-relay discovery. No differentiation in AS layer between UE-to-NW relay and non-relay discovery messages is required and thus a single sidelink SRB for all discovery messages was considered. Similarly, there is no requirement of distinguishing UE-to-UE relay discovery message from UE-to-NW relay and non-relay discovery message in AS layer. So we consider to reuse SL-SRB4 for UE-to-UE relay discovery message and RAN2 does not need to repeat the discussion on SL-SRB4 configurations, e.g. SCCH configuration, LCH priority, PDCP format, RLC mode, etc.

Proposal 2: Reuse SL-SRB4 to carry all discovery messages for UE-to-UE relay.
In order to transmit/receive discovery message, RAN2 discussed the benefits of shared and dedicated discovery pools and finally both shared and dedicated discovery pools are supported for UE-to-NW relay and non-relay discovery. RAN2 also discussed and specified the mechanisms to support discovery message transmission/reception on shared and/or dedicated discovery pool. The discovery pool-related mechanisms are summarized below:

1) NW can configure shared and dedicated pool simultaneously. 

· If only shared pools are configured in SIB/RRC/Pre-config, all the configured pools can be used for discovery and SL communication, without extra indication required.
· Dedicated pools can be configured simultaneously with TX shared pool in SIB/RRC/Pre-configuration.
· As baseline, shared pool can only be used for SL communication in case dedicated and shared pools are configured simultaneously.

· The UE is expected to monitor the dedicated discovery pool if configured; we do not specify that the UE monitors only the dedicated discovery pool after it is configured.

2) The discovery dedicated exceptional resource pool is not introduced. The exceptional pool usage condition for discovery can follow the legacy Rel-16 mechanism
3) Reuse Rel-16 power control mechanism for transmission of discovery messages.
4) Resource allocation for discovery:

· For IC relay UE, for IC remote UE which has not been connected to network via a relay UE, and for OOC remote UE which has not been connected to network via a relay UE, relay discovery reuses the Rel-16 V2X resource allocation principles.

· For UE (including IC remote UE and OOC remote UE) which has been connected to network via a relay UE, only resource allocation mode 2 can be used.

5) CBR measurement is supported for NR SL discovery transmission:

· When UE is configured to transmit discovery, CBR measurements can be performed in dedicated discovery pool or shared pool, based on which pool the UE selects to transmit discovery.

· When UE is configured to transmit discovery, in addition to dedicated discovery pool or shared pool, CBR measurements can also be performed in other pools (e.g. tx-PoolMeasToAddModList, sl-TxPoolExceptional) as legacy behaviour in sidelink communication.

6) UL/SL prioritization rules in MAC specification also apply to SL discovery transmissions.

7) SL CG type-1 (if configured) can be used for Non-relay discovery transmission.
As discovery pool related aspects has be discussed thoroughly in R17 and the above mechanisms fit UE-to-UE relay discovery as well, we propose:
Proposal 3: RAN2 confirm that the shared and dedicated discovery pools in R17 are reused to transmit/receive discovery messages for UE-to-UE relay and all agreements made for discovery pool are applicable to UE-to-UE relay discovery.
Another issue is which configuration is used for UE-to-UE relay discovery. In R17, UE decides the discovery configuration it should follow by adopting the following rules:
1) Relay UE and remote UE (IC) in RRC CONNECTED can use the discovery configuration provided via dedicated signalling if available.

2) Relay UE and remote UE (IC) in RRC IDLE or RRC INACTIVE shall use the discovery configuration provided via SIB if available.

3) L2 relay UE will always use the discovery configuration provided by gNB (either via SIB or dedicated signalling).

4) For L2 remote UE which is out-of-coverage, and is neither in RRC_CONNECTED nor RRC_IDLE/INACTIVE, it can rely on pre-configuration.

5) For L3 remote UE which is out-of-coverage, and is neither in RRC_CONNECTED nor RRC_IDLE/INACTIVE, it should follow pre-configuration.

6) For L2 remote UE which is out-of-coverage, but connected to network via a relay UE (i.e., either in RRC CONNECTED or RRC IDLE/INACTIVE), it should follow network configuration, i.e., SIB or dedicated signalling, if available.

7) For relay/remote UE in RRC IDLE/INACTIVE state, in-coverage on the serving frequency, and the serving frequency is not shared with concerned frequency, if the configuration of concerned SL frequency is absent within the SIB of the serving frequency or if there is no discovery related SIB on the serving frequency
- If there is Uu deployedcoverage at the concerned SL frequency, UE shall 1) rely on the discovery related SIB, if any broadcasted in the concerned SL frequency; Or 2) if there is no discovery related SIB on the concerned SL frequency, UE does not perform SL discovery transmission/reception on the concerned frequency.
- If there is no Uu deployedcoverage at the concerned frequency, UE shall rely on pre-configuration.

8) For relay/remote UE in RRC IDLE/INACTIVE state, in-coverage on the serving frequency，if the serving frequency is shared with concerned SL frequency 
- If there is no discovery related SIB broadcasted on the serving carrier, UE does not perform SL discovery transmission/reception on the concerned frequency.

9) For relay/remote UE in RRC IDLE/INACTIVE state, and in-coverage on the serving frequency, if there is discovery related SIB broadcasted on the serving frequency, and if the configuration of concerned SL frequency is included within the SIB of the serving frequency but the Tx resource pool configuration is absent, UE shall enter RRC CONNECTED state to acquire dedicated configuration on Tx resource pool.

10) RRC_CONNECTED relay/remote UE which are in-coverage on the serving frequency, if there is discovery related SIB broadcasted on the serving frequency, and if the configuration of concerned SL frequency is included within the SIB of the serving frequency, it can only use the SL discovery Tx resource configuration provided by dedicated signalling if provided, or not transmit discovery if not provided.

11) RRC_CONNECTED L3 relay/remote UE or layer 2 remote UE which are in-coverage on the serving frequency, and the serving frequency is not shared with concerned frequency, if the configuration of concerned SL frequency is absent within the SIB of the serving frequency or if there is no discovery related SIB on the serving frequency, 
- If there is Uu coverage at the concerned SL frequency, UE shall 1) rely on the discovery related SIB, if any broadcasted in the concerned SL frequency; Or 2) if there is no discovery related SIB on the concerned SL frequency, UE does not perform SL discovery transmission/reception on the concerned frequency.

12) For L2 remote UE which is out-of-coverage, but connected to network via a relay UE and in RRC IDLE/INACTIVE state, if the network configuration is not available, i.e., SIB, remote UE shall rely on pre-configuration to perform discovery.

13) For L2 remote UE which is out-of-coverage, but connected to network via a relay UE and in RRC CONNECTED state, if the network configuration is not available, i.e., SIB or dedicated signalling, remote UE shall rely on pre-configuration to perform discovery.
After digging into the above agreements, we found that they are not only applicable to UE-to-NW relay and non-relay discovery but also to UE-to-UE relay discovery, since they are agnostic to specific architecture. 
Proposal 4: The agreements related to the conditions on which the relay and remote UE rely on dedicated signalling, SIB or pre-configuration for discovery configuration acquisition in UE-to-NW relay discovery and non-relay discovery are also applicable to UE-to-UE relay.

SA2 is currently working on further 5G system enhancements to support sidelink relay in R18 and the solutions for UE-to-UE relay discovery are documented in Section 6 of TR23.700-33 [3]. No conclusion has been agreed yet by SA2 for discovery model/procedure. However, in R17, SA2 made the following interim conclusions for Layer-3 relay discovery [4]:
-
UE-to-UE Relay discovery and selection are supported by:

-
Model A discovery (as described in sol#11);

-
Model B discovery (as described in sol#8); and

-
Integrated PC5 unicast link establishment procedure (as described in sol#8).

SA2 also made the following interim conclusions for Layer-2- relay discovery [4]:

-
For UE-to-UE Relay discovery, both Model A and Model B are supported. It is recommended that Relay discovery is integrated into the PC5 unicast link establishment procedure.
We think RAN2 impact of Model A and Model B should be discussed with higher priority than integrated PC5 unicast link establishment procedure. The procedures in sol#11for Model A discovery and in sol#8 for Model B discovery are depicted below:
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b) Model B described in sol#8
In Model A described in sol#11, UE-R announces that it can act as a UE-to-UE relay by periodically transmitting an Announcement message including a list of "Target User Info". The list of "Target User Info" is a list of directly reachable neighboring UEs which are discovered by UE-R in previous steps (based on previous discovery or based on existing or prior communication between UE-R and neighboring UEs). Then, based on the information received via Announcement message, Source UE (UE-1) decides to establish a one-to-one communication link with Target UE (UE-2) via UE-R.
Proposal 5: WA: In Model A, the Announcement message includes an up-to-date list of Target UEs that are directly reachable by the candidate Relay UE.

We think RAN2 should discuss which UEs can be selected and included in the list of "Target User Info", considering AS layer criteria, e.g. RSRP measurement of PC5 link. In UE-to-NW relay, a UE decides whether it can act as a relay by comparing Uu link quality with two configured thresholds. Similarly, a suitable UE-to-UE relay should be a UE which is located at the "right" distance, i.e. not too close and not too far from the Target UE. It means the signal strength between the Relay UE and the Target UE should not be too high or too low. Thus, we propose:
Proposal 6: If Model A is supported for UE-to-UE relay discovery, Relay UE decides the list of Target UEs by comparing the signal quality between itself and the neighboring UE with one configured lower threshold and/or one configured upper threshold.
With regarding to whether Relay UE is allowed to transmit the Announcement message from AS layer point of view, we think the list of "Target User Info" should not be empty, i.e. at least one Target UE is included.
Proposal 7: If Model A is supported for-UE to-UE relay discovery, Relay UE is allowed to transmit the Announcement message if there is at least one target UE included in the target UE list.

In Model B described in sol#8, as depicted in Figure b), Source UE broadcasts Solicitation message indicating that it wants to communicate with Target UE via a relay. On reception of Solicitation message, the candidate Relay UE broadcasts Solicitation message with RSC or target UE ID. The Target UE that matches the RSC or the UE ID responds to the candidate Relay UE with a Response message. Finally, the candidate Relay UE send Response message to the Source UE on reception of response message from the Target UE. 
Before step 1, Source UE should decide whether a relay is allowed to be involved for sidelink communication. In UE-to-NW relay, an in-coverage Remote UE measures Uu link signal strength and begin to transmit/receive discovery message when the single strength is lower than one configured threshold by the NW, or, an OOC Remote UE can always perform relay discovery. In UE-to-UE relay, if Source UE has tried to discover Target UEs via previous direct discovery or establish connection with Target UE via previous direct communication procedures, it should decide whether to allow a Relay UE to assist the communication based on the results of the previous direct discovery or direct communication procedures. Specifically, Source UE decides a relay is required if the link quality between itself and the Target UE cannot satisfy the requirements of the ProSe Service, i.e. the signal strength is blow one configured threshold (including the case where Source UE cannot discover the Target UE).
Proposal 8: If Model B is supported for UE-to-UE relay discovery, Source UE is allowed to transmit Solicitation message with relay indication enabled if the link quality between itself and Target UE is below one configured threshold (including the case where Source UE cannot discover Target UE) when the link quality results are available.
Similar to discovery Model A, a suitable relay should be a UE located at the right distance. Thus, we propose:
Proposal 9: If Model B is supported for UE-to-UE relay discovery, candidate Relay UE decides whether it is allowed to send Solicitation message to by comparing the link quality between itself and Source UE with one configured lower threshold and/or one configured upper threshold.
Proposal 10: If Model B is supported for UE-to-UE relay discovery, Target UE decides whether it is allowed to respond to the candidate Relay UE by comparing the link quality between itself and the candidate Relay UE with one configured lower threshold and/or one configured upper threshold.
2.2 Relay (re)selection
As captured in TR 38.836, RAN2’s agreements on the trigger of UE-to-UE relay (re)selection are summaries as follows:
	· 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.


With regarding to the triggering of relay selection for UE-to-UE relay, we think similar mechanism of UE-to-NW relay can be reused, i.e. the remote UE triggers relay selection when PC5 link quality of peer remote UE is below a configured threshold. On the other hand, UE may trigger RRC re-establishment to re-establish the RRC connection upon detecting Uu RLF. However, sidelink UE releases the PC5-RRC connection immediately upon SL RLF declaration. We think it is make sense to allow the remote UE trigger relay selection upon detecting PC5 RLF towards peer remote UE, then another communication path might be selected to recovery the PC5 connection.
Proposal 11: Remote UE triggers relay selection when: a) PC5 link quality of peer remote UE is below a configured threshold; or b) RLF of PC5 link with peer remote UE is detected.

In UE-to-NW relay, remote UE may trigger relay reselection when reception of an upper layer release message or similar indication from current relay UE. It is expected that relay reselection in UE-to-UE relay can be handled in a similar way. Thus, we propose:
Proposal 12: Remote UE triggers relay reselection upon reception of an upper layer release message or similar indication from current relay UE.
In R17, additional AS criteria for relay (re)selection are discussed. PLMN ID and serving cell ID are supported as additional AS criteria. On Uu interface, UE is responsible for selecting a proper PLMN and cell for subsequent connection setup and data communication. However, on sidelink, UEs belong to different PLMN operators and/or camp on cells can communicated with each other directly.  Thus, we think PLMN ID and cell ID are not useful for UE-to-UE relay (re)selection. In addition, relay load was discussed and majority of companies supported the use of relay load as additional AS criteria for UE-to-NW relay. However, it is hard to specify the metrics that could adequately represent relay load and finally relay load is not used for relay (re)selection. Thus, the following proposal is suggested:
Proposal 13: No additional AS criteria for UE-to-UE relay (re)selection are considered in this release.
3 Conclusion

In this contribution, we provide our view on relay discovery and (re)selection for UE-to-UE relay, and made the following proposals:
Proposal 1: The R17 SI agreements and conclusions for UE to UE relay, which are captured in Section 5 of TR38.836 are valid unless a decision is taken to revert them.
Proposal 2: Reuse SL-SRB4 to carry all discovery messages for UE to UE relay.
Proposal 3: RAN2 confirm that the shared and dedicated discovery pools in R17 are reused to transmit/receive discovery messages for UE to UE relay and all agreements made for discovery pool are applicable to UE-to-UE relay discovery.
Proposal 4: The agreements related to the conditions on which the relay and remote UE rely on dedicated signalling, SIB or pre-configuration for discovery configuration acquisition in UE to NW relay discovery and non-relay discovery are also applicable to UE to UE relay.

Proposal 5: WA: In discovery Model A, the Announcement message includes an up-to-date list of Target UEs that are directly reachable by the candidate Relay UE.

Proposal 6: If discovery Model A is supported for UE to UE relay, Relay UE decides the list of Target UEs by comparing the signal quality between itself and the neighboring UE with one configured lower threshold and/or one configured upper threshold.

Proposal 7: If discovery Model A is supported for UE to UE relay, Relay UE is allowed to transmit the Announcement message if there is at least one target UE included in the target UE list.

Proposal 8: If discovery Model B is supported for UE to UE relay, Source UE is allowed to transmit Solicitation message with relay indication enabled if the link quality between itself and Target UE is below one configured threshold (including the case where Source UE cannot discover Target UE) when the link quality results are available;

Proposal 9: If discovery Model B is supported for UE to UE relay, candidate Relay UE decides whether it is allowed to send Solicitaion message to by comparing the link quality between itself and Source UE with one configured lower threshold and/or one configured upper threshold.
Proposal 10: If discovery Model B is supported for UE to UE relay, Target UE decides whether it is allowed to respond to the candidate Relay UE by comparing the link quality between itself and the candidate Relay UE with one configured lower threshold and/or one configured upper threshold.
Proposal 11: Remote UE triggers relay selection when: a) PC5 link quality of peer remote UE is below a configured threshold; or b) RLF of PC5 link with peer remote UE is detected.
Proposal 12: Remote UE triggers relay reselection upon reception of an upper layer release message or similar indication from current relay UE.
Proposal 13: No additional AS criteria for UE-to-UE relay (re)selection are considered in this release.
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