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Introduction
In this contribution, we will further discuss the remaining issues for U2U relay relay discovery and (re)selection.
Discussion
2.1 Relay Discovery

According to previous agreements, the conditions for discovery transmission for remote/relay UE in different discovery models are summarized as below (blue text). Also there are some issues can be further discussed (black text). 
Table 1. Conditions for discovery transmission for remote/relay UE
	
	Source remote UE
	U2U Relay UE
	Target remote UE

	Model A
	No discovery transmission.
	RAN2#122: For Model A discovery, the relay UE should only announce the neighbour UEs for which the SD-RSRP/SL-RSRP between the relay UE and the neighbour UE is above a configured threshold in a discovery announcement message. LS is sent to SA2.
	No discovery transmission.

	Model B
	RAN2#119bis: Discovery message transmission at the remote UE is conditioned on at least upper layer indication.

RAN2#122: For non-integrated U2U relay discovery model B, when relay (re)selection is triggered at the remote UE, the discovery transmission may be triggered at the same time to search for candidate relay UEs.

- whether different conditions for discovery transmission can be considered? 
	- whether conditions for relay UE to forward discovery solicitation/response should be considered?
	RAN2#121bis: For Model-B discovery, after receiving a discovery message from a relay UE, a target remote UE transmits the discovery response message only if the PC5 RSRP between the target remote UE and the relay UE is above a configured threshold.  FFS if there is separate impact for this agreement from the relay selection functionality.



	Integrated-discovery
	- When relay (re)selection is triggered, the integrated-discovery can be also triggered.
	RAN2#121bis: For the integrated-discovery case, the relay UE forwards the discovery message for DCR message with integrated Discovery case only if the PC5 RSRP between the relay UE and the source remote UE is above a threshold.

- How about relay UE forwards DCA message with integrated discovery?
	RAN2#122: For integrated-discovery, when receiving DCR message from one or multiple relay UEs, the target remote UE should consider candidate relay UEs towards which the SL-RSRP is above a configured threshold to respond and that satisfy upper-layer criteria, and select a relay UE from among them.




Model B U2U relay discovery
For discovery transmission at source remote UE, besides upper layer indication, the following conditions could be considered:

- a) the PC5 signal strength between the source remote UE and the target remote UE is below a configured threshold;

- b) the PC5 signal strength between the source remote UE and the current serving relay UE is below a configured threshold;
While a) is a trigger for relay selection and b) is a trigger for relay re-selection as agreed. And RAN2 agreed when relay (re)selection is triggered at the remote UE, the discovery transmission may be triggered at the same time to search for candidate relay UEs. The concern is whether different thresholds can be used for discovery message transmission and relay (re)selection trigger, e.g. the threshold for discovery message transmission is higher than relay selection trigger. In this case, the discovery is initiated in advance to relay selection, then when relay selection is triggered, remote UE can timely select a relay UE based on currently searched candidate relays, which may have latency benefit to some extent.
In R17 U2N relay discovery, the conditions for discovery message transmission are specified separately from the trigger conditions for relay (re)selection. But the same thresholds are used for discovery message transmission and relay (re)selection trigger for remote UE, e.g. thresholds in sl-RemoteUE-Config. We think the same principle for U2N relay can be followed by U2U relay case. That is,  
Proposal 1a: For U2U relay, the conditions for discovery message transmission are specified separately from the trigger conditions for relay (re)selection.

Proposal 1b: The same thresholds are used for discovery message transmission and relay (re)selection trigger for U2U remote UE.
In Model B discovery, upon receiving discovery solicitation message from a source remote UE, relay UE needs to decide whether to find target remote UE for the source remote UE. If the link quality between the source remote UE and the relay UE is satisfied (e.g. higher than a threshold), the relay UE further sends discovery solicitation message. Otherwise, the relay UE does not need to further sends the discovery solicitation message to find target remote UE. And it is too late to check the link quality between the source remote UE and the relay UE after receiving discovery response message as the previous procedures are unnecessary if the link quality is poor. 

Upon receiving discovery solicitation message from a relay UE, RAN2 agreed that the target remote UE transmits discovery response message only if the PC5 RSRP between the target remote UE and the relay UE is above a threshold. Correspondingly, upon receiving discovery response message from the target remote UE, only if the link quality between the target remote UE and the relay UE is satisfied, the relay UE further sends the discovery response message to the source remote UE. It is better that the link quality of the second hop check again considering the changing channel quality.
Proposal 2a: For Model B discovery, the relay UE transmits discovery solicitation message to target remote UE only if the PC5 link quality between the relay UE and the source remote UE is above a threshold.

Proposal 2b: For Model B discovery, the relay UE transmits discovery response message to source remote UE only if the PC5 link quality between the relay UE and the target remote UE is above a threshold.

Integrated-discovery in PC5 link establishment procedure
In the last meeting, RAN2 agreed for Model B discovery, when relay (re)selection is triggered at the remote UE, the discovery transmission may be triggered at the same time to search for candidate relay UEs. It is reasonable that when relay (re)selection is triggered, integrated-discovery can be also triggered to discovery and select a relay UE.
RAN2 agreed that the relay UE forwards the discovery message for DCR message with integrated Discovery case only if the PC5 RSRP between the relay UE and the source remote UE is above a threshold. Similar to the discussion for Model B discovery at relay UE, for integrated discovery within DCA, the relay UE further sends DCA message to the source remote UE only if the PC5 RSRP between the relay UE and the target remote UE is above a threshold.

Proposal 3a: When relay (re)selection is triggered, integrated-discovery can be also triggered to discovery and select a relay UE.
Proposal 3b: For integrated-discovery, the relay UE forwards the DCA message with integrated discovery only if the PC5 RSRP between the relay UE and the target remote UE is above a threshold.

Discovery configuration for RRC connected remote/relay UEs
	#119b: In UE-to-UE relay, the remote/relay UE in RRC_IDLE/RRC_INACTIVE or OOC can acquire discovery configuration as in Rel17 (i.e., cell-specific configuration/preconfiguration).  FFS if any restrictions specific to UE-to-UE relay are introduced for in-coverage UE in RRC_CONNECTED.
#119b: Both shared and dedicated resource pool can be used for U2U discovery transmission and Rel-17 pool selection principle is re-used.

#121b: Both mode-1 and mode-2 resource allocation can be supported on both remote UE and relay UE in U2U relay case.  No impact to legacy resource allocation procedures is expected.


RAN2 agreed that both mode 1 and mode 2 resource allocation are supported for both remote UE and relay UE in U2U relay. That is, mode 1 and mode 2 resource allocation are supported for both U2U relay discovery and communication. As legacy, dedicated signalling needs to be used to schedule mode 1 resources for RRC_CONNECTED UEs in U2U relay. 
On the other hand, for coexistence of U2N and U2U UE, according to the reply LS [1] from SA2, SA2 confirmed that a UE can be acting as both U2N UE and U2U UE at the same time based on its capability and provisioned policy. Suppose a UE in RRC_CONNECTED acting as U2U remote UE and U2N relay UE at the same time, resource conflict may be happened if it is configured with mode 1 resources for U2N relay communication while using mode 2 resource pool based on SIB configuration for U2U relay communication. It’s better that NW configures resources for both U2N relay communication and U2U relay communication for the RRC_CONNECTED UE via dedicated signalling.
Proposal 4: In U2U relay, RRC_CONNECTED remote/relay UEs acquire discovery resource configuration from dedicated signalling as legacy. 
2.2 Relay (re)selection

Relay selection trigger

	#119bis: Relay selection triggers include at least 1) Upper layer trigger; 2) PC5 signal strength conditions.  

#120: UE-to-UE relay selection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) of the direct link falling below a threshold.  FFS which remote UE (or both) can trigger relay selection.  FFS the relationship between selection and discovery.  

#121: For relay UE selection, the remote UE uses SL-RSRP measurements towards peer remote UE to trigger relay UE selection when there is data transmission on direct link.  In both cases, it is left to remote UE implementation whether to use SL-RSRP or SD-RSRP for relay (re)selection trigger evaluation in case of no data transmission.
#121b: Each remote UE (source or destination) can trigger relay selection based on the direct link quality.  FFS interaction between discovery and selection.


Besides above trigger conditions for relay selection, it is reasonable that when PC5 RLF of direct link is detected, either source remote UE or target remote UE can trigger relay selection.
Proposal 5: When PC5 RLF of the direct link is detected, remote UE can trigger relay selection. 

Relay re-selection trigger

	#119b: Relay reselection triggers include at least 1) Upper layer trigger; 2) PC5-RLF detection at the remote UE; 3) PC5-RLF indication received from the relay; 4) PC5 signal strength conditions; 5) PC5 link release message from relay to remote.  RAN2 further discuss details for trigger 4), potentially including T400 expiry.  FFS if some of the conditions could be indicated to upper layer instead of directly causing reselection.
#120: UE-to-UE relay reselection can be triggered based on the PC5 RSRP (FFS SL-RSRP or SD-RSRP) between a remote UE and the relay UE falling below a threshold.  FFS which remote UE (or both) can trigger relay reselection.  FFS if/how the second hop between the relay UE and the peer UE is considered.  

#120: When the remote UE receives PC5-RLF indication from the U2U relay UE, it would inform upper layers and rely on upper layers to trigger relay reselection (or not).  FFS if there would be any constraints on the remote UE implementation behaviour to keep or release the PC5 link with the relay UE.

#121: Each Remote UE can trigger Relay reselection based at least on current hop quality.


In the last meeting, RAN2 agreed that Each Remote UE can trigger Relay reselection based at least on current hop quality. However, it is still not clear if/how the second hop between the relay UE and the peer UE can be considered for relay re-selection.

If there are bi-directional data communication between the remote UE pair via the U2U relay UE, remote UE1 does not need to consider the link quality of the second hop since remote UE2 can trigger the relay re-selection based on the link quality of the second hop. 
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Figure 1. An example of uni-directional U2U relay communication
However, if there is only uni-directional data from remote UE2 to remote UE1, as shown in the figure 1, the link quality of the second hop can be considered. For example, the relay UE detects that the link quality between remote UE2 and the relay UE is poor, while the link quality between remote UE1 and the relay UE is good, although remote UE2 can be relied on to trigger relay reselection, remote UE2 may not trigger in a timely manner since there is no data transmission from the relay UE to remote UE2. In this case, the relay UE can inform remote UE1 that the link quality of the second hop between the relay UE and remote UE2 is poor (e.g. when lower than a threshold). After receiving the indication, remote UE1 can decide whether to initiate relay reselection. 

On the other hand, RAN2 agreed relay reselection triggers include 3)PC5-RLF indication received from the relay, that is, relay UE can notify the PC5-RLF of the second hop to remote UE to trigger relay reselection at the remote UE. Follow the same logic, relay UE can inform the poor link quality of the second hop to remote UE for remote UE to decide whether to trigger relay reselection.
Proposal 6: Relay UE sends indication to the remote UE upon detecting the PC5 link quality of the second hop is below a configured threshold. When receiving the indication, the remote UE may trigger relay re-selection even the PC5 link quality of the first hop is good.

Switch from indirect link to direct link

Whether remote UE can switch from indirect link to direct link, the main issue is whether/how remote UE can discovery/identify the direct link is available when communicating via indirect link. 

1) if the current indirect link is in good quality (i.e. relay reselection is not triggered):
- Since different L2 IDs are used for relay service and non-relay service, remote UE can not identify the peer remote UE/direct link via L2 ID of the peer remote UE.
- whether remote UE can identify the peer remote UE/direct link via upper layer info (e.g. ProSe application ID, user info ID) via legacy ProSe Direct Discovery may need confirmation from SA2, which may require cross-group communication and spec impact. Considering the related WI in SA2 will be completed soon and the limited time in RAN2, it is suggested to avoid further discussion on this issue.
- whether U2U Model B discovery can be performed if relay reselection is not triggered? If yes, based on user info of discoverer and discoveree included in the Model B discovery messages, remote UE can identify the peer remote UE/direct link if available. But based on discussion in section 2.1, it is suggested the same thresholds used for discovery message transmission and relay (re)selection trigger. That is, Model B discovery performed when relay reselection is not triggered is not allowed.
- In addition, if switching back to direct link when the indirect link is good, the service will be interrupted and the service continuity is impacted.

Based on above reasons, it is suggested that switching from indirect link to direct link is not considered when the current indirect link is good.
if relay re-selection is triggered (due to the current indirect link is not good or other relay reselection triggers)

As agreed in the last meeting, when relay re-selection is triggered, U2U Model B discovery transmission at source remote UE is also triggered. Since user info of discoverer and discoveree are included in the Model B discovery messages, source/target remote UE can identify the direct link if available. If the direct link is available and the link quality of the direct link is above a threshold, remote UE can prioritize to switch to direct link over indirect link.

Proposal 7a: Switching from indirect link to direct link is not considered when the current indirect link is good.
Proposal 7b: When relay re-selection is triggered, if direct link is available and the link quality of the direct link is above a threshold, remote UE prioritizes to switch to direct link.

In U2N relay, the relay (re)selection is for RRC idle/inactive UE and OoC UE. For RRC connected UE, relay is selected by gNB and it is actually the path switch procedure. For U2U relay (re)selection, basically the relay (re)selection discussed is applied for at least RRC idle/inactive/OoC U2U remote UE, however it is not clear how does the RRC_CONNECTED remote UE to perform relay (re)selection, i.e. operates the same as RRC idle/inactive and OoC UE or controlled by gNB. We think it’s better to keep the principle that RRC connected UEs are controlled by gNB, i.e. relay (re)selection for RRC connected U2U remote UE is controlled by gNB.
Proposal 8: It is suggested relay (re)selection for RRC_CONNECTED U2U remote UE is controlled by gNB.
Conclusion
In this contribution, we discussed remaining issues of U2U relay discovery and (re)selection. And we have the following observations and proposals:

Relay discovery:

Proposal 1a: For U2U relay, the conditions for discovery message transmission are specified separately from the trigger conditions for relay (re)selection.

Proposal 1b: The same thresholds are used for discovery message transmission and relay (re)selection trigger for U2U remote UE.
Proposal 2a: For Model B discovery, the relay UE transmits discovery solicitation message to target remote UE only if the PC5 link quality between the relay UE and the source remote UE is above a threshold.

Proposal 2b: For Model B discovery, the relay UE transmits discovery response message to source remote UE only if the PC5 link quality between the relay UE and the target remote UE is above a threshold.

Proposal 3a: When relay (re)selection is triggered, integrated-discovery can be also triggered to discovery and select a relay UE.
Proposal 3b: For integrated-discovery, the relay UE forwards the DCA message with integrated discovery only if the PC5 RSRP between the relay UE and the target remote UE is above a threshold.

Proposal 4: In U2U relay, RRC_CONNECTED remote/relay UEs acquire discovery resource configuration from dedicated signalling as legacy. 
Relay (re)selection:
Proposal 5: When PC5 RLF of the direct link is detected, remote UE can trigger relay selection. 

Proposal 6: Relay UE sends indication to the remote UE upon detecting the PC5 link quality of the second hop is below a configured threshold. When receiving the indication, the remote UE may trigger relay re-selection even the PC5 link quality of the first hop is good.

Proposal 7a: Switching from indirect link to direct link is not considered when the current indirect link is good.
Proposal 7b: When relay re-selection is triggered, if direct link is available and the link quality of the direct link is above a threshold, remote UE prioritizes to switch to direct link.

Proposal 8: It is suggested relay (re)selection for RRC_CONNECTED U2U remote UE is controlled by gNB.
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