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Introduction
During RAN Meeting #96, a Revised WID on NR Sidelink Relay enhancements was agreed[1]. According to the WID, both L2 and L3 UE-to-UE relay shall be specified. Among the objectives common to both L2 and L3 U2U relay, relay discovery and (re)selection shall be specified. In this contribution, we will discuss the U2U relay discovery and (re)selection taking into account the SI output and conclusions of U2N relay, and then present our considerations. 
	The objective of this work item is to specify solutions that are needed to enhance NR Sidelink Relay for the V2X, public safety and commercial use cases.
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]



Discussion
Relay Discovery
Discovery model
During the Sidelink relay SI phase, RAN2 has discussed the discovery model and agreed that Model A/ B discovery model similar to LTE is reused for U2U relay. According to SA2, in model A, Relay UE announces the Relay discovery message including neighbor list periodically. In Model B, the Relay UE sends a response message to Remote UE based on it’s neighbor list when receiving the Relay solicitation message announced by Remote UE. In Model A/B, ‘Discovery Type’ is used to distinguish whether this message is for U2U relay or U2N relay or Non-relay. The legacy Non-relay discovery procedure is reused to maintain the neighbor list. Moreover, according to TR 23.700, SA2 also proposed two integrated models for U2U relay:
Alternative 1: UE-to-UE relay discovery and selection is integrated into the unicast link establishment procedure;
Alternative 2: UE-to-UE relay discovery and selection is integrated into Model B direct discovery procedure.
In Alternative 1, upon receiving Direct Link Establishment Request with relay_indication enabled from source remote UE and decide to participate in the procedure, the relay UE broadcast a new Direct Link Establishment Request message in their proximity without relay_indication enabled. when receiving Direct Link Establishment Accept message from target remote UE, the relay UE sends the Direct Link Establishment Accept message to the source UE with its Relay UE info added in the message. In alternative 2, upon receiving discovery solicitation message with relay_indication enabled and decide to participate in the procedure, then relay UE broadcast a new discovery solicitation message in their proximity without relay_indication enabled. when receiving discovery response message from target remote UE, the relay UE sends the discovery response message to the source UE with its Relay UE info added in the message. From our perspective, RAN2 should consider to support Model A/B discovery models and two integrated discovery models. Furthermore, RAN2 should strive for common solutions for different discovery models. 
Proposal 1: For U2U relay, RAN2 should support and strive for common solutions for Model A/B discovery models and two integrated discovery models. 
Criteria to transmit discovery message
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In U2N relay, Uu RSRP threshold is used to be a condition for both relay UE and remote UE to transmit discovery message. When it comes to U2U relay, the link quality between source remote UE and target remote UE or link quality between relay UE and target remote UE should be considered. In Model B and two integrated Models, remote UE initiates the discovery procedure. In our opinion, when PC5 RSRP of the direct path between source UE and target UE is lower than the configured threshold, remote UE can transmit Relay solicitation message or Direct Link Establishment Request message with relay_indication enabled to find a suitable relay. The RSRP threshold can be configured by gNB or preconfigured.
Proposal 2: It is suggested that the Remote UE is allowed to transmit discovery message if measured signal strength of direct link is lower than a (pre)configured threshold.  
In Model A discovery model, Relay UE announces the Relay discovery message including neighbor list periodically and then remote UE may select this UE as relay if the UE which the source remote UE want to communicated with is included in the neighbour list. If the link quality between relay UE and the neighbour is poor and cannot support the communication between the two UEs, then the relay cannot act as a valid relay, so relay UE should guarantee the link quality towards it’s neighbour(s) in the neighbour list is above a threshold. Then when it’s neighbour list is not empty, the relay UE can transmit U2U discovery message. The RSRP threshold can be configured by gNB or preconfigured.
Proposal 3: It is suggested that the Relay UE is allowed to transmit discovery message if the UE’s neighbour list is not empty, and the neighbour(s) need to meet the condition that measured signal strength between the relay UE and it’s neighbour(s) should be above a (pre)configured threshold. 
Resource pool
In U2N relay, the issue on whether resource pool to transmit discovery message should be shared or separate resource pool has been fully discussed. The final conclusion is that shared resource pool shall be the baseline for discovery message transmission/reception and dedicated discovery resource pool is supported besides shared resource pool configuration, whether dedicated discovery resource pool is configured is based on network implementation. When it comes to U2U relay, we think the configuration principle of discovery resource pool can be the same as U2N relay. Both shared resource pool and dedicated discovery resource pool can be used to transmit/receipt U2U discovery message and dedicated discovery resource pools can be used to both U2N discovery message transmission/reception and U2U discovery message transmission/reception. 
Proposal 4: Both shared resource pool and dedicated discovery resource pool are supported for U2U discovery message transmission/reception.
Proposal 5: Dedicated discovery resource pool (if (pre)configured) is shared for U2N and U2U discovery message transmission/reception.
In addition, Direct Link Establishment Request message with relay_indication is used in Integrated Direct Link Establishment Request Model. From our view, the new  Direct Link Establishment Request message with relay_indication and legacy Direct Link Establishment Request message can be differentiated  by upper layer, AS layer legacy communication resource pool can be used to transmit/receipt the new  Direct Link Establishment Request message with relay_indication.
Proposal 6: Legacy communication resource pool can be used to transmit/receipt the new  Direct Link Establishment message with relay_indication.
SL-SRB used for U2U discovery message transmission
RAN2 defined a new SL-SRB4 used for discovery message transmission/reception in U2N relay discussion. According to TS 23.700, SA2 distinguish different discovery message by Discovery Type, e.g. U2U discovery message and U2N discovery message has different Discovery Type value. And AS layer does not need to know whether a discovery message is U2N discovery message or U2U  discovery message. So, SL-SRB4 should be reused for U2U discovery message transmission/reception. Moreover, Direct Link Establishment Request message with relay_indication is used in Integrated Direct Link Establishment Request Model. In our opinion, AS layer does not need to know whether the Direct Link Establishment  message is legacy DCR message or new DCR message, so SL-SRB0 should be reused for Integrated DCR message transmission/reception.
Proposal 7: SL-SRB4 is used for U2U discovery message transmission/reception.
Proposal 8: SL-SRB0 is used to transmit/receipt DCR message in Integrated Direct Link Establishment Request Model.
Configuration for Model A/Model B
According to TS 23.700, Group Member Discovery procedure is used to discover neighbour and maintain neighbour list. In model A, relay UE broadcast discovery message with it’s neighbour list periodically. Source remote UE can select one UE as relay from the relay UEs who’s neighbour list include the target remote UE. In model B, source remote UE broadcast discovery solicitation message with the target remote UE L2 ID and relay UE can response the discovery message when the target remote UE in it’s neighbour list. So one question is How to ensure the link quality between relay UE and target remote UE. In our opinion, there are two solutions to guarantee the link quality between relay UE and target remote UE is satisfied.
Option 1: link quality between UE and it’s neighbour in the neighbour list should above a (pre)configured threshold;
Option 2: link quality between UE and it’s neighbour in the neighbour list is included in discovery message.
We prefer option 1, since when receiving discovery message with neighbor list  which includes the target UE that source remote UE want to engage communication with,  the source remote UE cannot select the UE who transmit the discovery message as relay if the link quality between the UE and the neighbor is below a (pre)configured threshold. Not only that, the invalid neighbor also increase the overhead of discovery message.
Proposal 9: The link quality between UE and it’s neighbour in the neighbour list should be above a (pre)configured threshold.
Configuration for Integrated Model
In Integrated Models, relay UE need to decide whether to participate in the procedure as a relay when receiving discovery message with relay_indication enable or Direct Link Establishment Request with relay_indication enable from source remote UE.  Relay UE need to ensure the link quality between source remote UE and relay UE is satisfied before participate the procedure and broadcast a new Direct Communication Request message or discovery message in their proximity without relay_indication enabled. So the measured link quality between source remote UE and relay UE need to be above a (pre)configured threshold.
Proposal 10: relay UE can participate the procedure as a relay only when the link quality between source remote UE and relay UE is above a (pre)configured threshold.
Relay (re)selection
Trigger of relay (re)selection
In U2N relay, L3 U2N remote UE in all RRC states and L2 U2N RRC_IDLE/INACTIVE remote UE can trigger relay selection when direct Uu link quality is below a (pre)configured threshold. And L2 U2N RRC_CONNECTED remote UE report measurement result to gNB for relay selection when meeting the condition of measurement event configured by gNB before, then gNB perform relay selection on behalf of L2 U2N RRC_CONNECTED remote UE.
Observation 1: In U2N relay, L3 remote UE in all RRC states and L2 RRC_IDLE/INACTIVE remote UE trigger relay selection when direct Uu link quality is below a (pre)configured threshold.
Observation 2: In U2N relay, gNB perform relay selection on behalf of L2 RRC_CONNECTED remote UE through measurement event configuration.
When it comes to U2U relay, similar mechanism can be considered. When measured direct link signal strength between source remote UE and target remote UE is below a (pre)configured threshold, L3 U2U source remote UE or L2 RRC_IDLE/INACTIVE source remote UE can trigger relay selection procedure. Moreover, gNB can perform relay selection on behalf of L2 U2U RRC_CONNECTED remote UE through measurement configuration. If gNB has not configured measurement event for relay selection, L2 U2U RRC_CONNECTED remote UE can trigger relay selection procedure when measured direct link signal strength between source remote UE and target remote UE is below a (pre)configured threshold.
[bookmark: _GoBack]Proposal 11: L3 U2U Remote UE and L2 RRC_IDLE/INACTIVE U2U remote UE can trigger relay selection when direct PC5 link quality is below than a (pre)configured threshold. 
Proposal 12: gNB can perform relay selection on behalf of L2 RRC_CONNECTED U2U remote UE through measurement event configuration, and L2 RRC_CONNECTED U2U remote UE can trigger relay selection when direct PC5 link quality is below than a (pre)configured threshold if gNB has not configure the measurement event for relay selection.
In U2N relay, remote UE may trigger relay reselection based on a) PC5 measurement towards current relay UE is below a (pre)configured threshold; b) PC5 RLF with current relay UE is detected by remote UE; c) receiving NotificationMessageSidelink(including relayUE-Uu-RLF, relayUE-HO, relayUE-CellReselection, relayUE-Uu-RRC-Failure) from relay UE; d) triggered by upper layer.
Observation 3: In U2N relay, remote UE can trigger relay reselection when detecting PC5 RLF or measured PC5 RSRP below a (pre)configured threshold or receiving NotificationMessageSidelink from relay UE.
When it comes to U2U relay, similar mechanism can be considered. When detecting RLF with the current relay UE, remote UE can trigger relay reselection procedure. Remote UE can also trigger relay reselection procedure when PC5 measurement towards the current relay UE is blow a  (pre)configured threshold. Moreover, when detecting RLF between relay UE and target remote UE or measured PC5 RSRP below the (pre)configured threshold, relay UE can send a notification message to source remote UE. Upon receiving notification message from relay UE, source remote UE can trigger relay reselection procedure.
Proposal 13: Relay UE can send notification message to source remote UE when detecting PC5 RLF with target remote UE.
Proposal 14: Relay UE can send notification message to source remote UE when PC5 link quality towards the target remote UE is below a  (pre)configured threshold.
Proposal 15: Source remote UE can trigger relay reselection when below conditions is matched:
-	detecting RLF between source remote UE and the current relay UE.
-	PC5 measurement towards current relay UE is below a (pre)configured threshold.
-	receiving notification message from relay UE.
-	triggered by upper layer.
Relay selection
As mentioned above, in U2N relay, gNB  can perform relay selection on behalf of L2 RRC_CONNECTED remote UE through measurement event configuration, L3 remote UE and L2 RRC_IDLE/INACTIVE remote UE can select a relay by it’s implementation and the selected relay need to meet the condition that link quality between the remote UE and the relay UE is above a (pre)configured threshold.
Observation 4: In U2N relay, gNB perform relay selection on behalf of L2 RRC_CONNECTED remote UE, L3 remote UE and L2 RRC_IDLE/INACTIVE remote UE can select a relay by it’s implementation.
When it comes U2U relay, in Model A, source remote UE may received discovery messages form multi relay UE. Then source remote UE select a UE as relay and decides to establish a one-to-one communication link with the UE and engage in communication with target remote UE via the relay UE. In Model B, source remote UE broadcast discovery solicitation message to solicit UE-to-UE relay for establishing end-to-end PC5 link with target remote UE. Upon reception of the Solicitation message, relay UE realises that it can act as a UE-to-UE Relay and replies with a Response message. Then  source remote UE select a relay UE and decides to establish a one-to-one communication link with the relay UE and engage in communication with target remote UE via the relay UE.
In our opinion, as in U2N relay, for L2 RRC_CONNECTED source remote UE, gNB can select a relay on behalf of source remote UE by measurement event configuration. The L2 RRC_CONNECTED source remote UE can select a relay by itself when gNB has not configure a measurement event for remote UE to do relay selection. For L3 source remote UE in all RRC states and L2 RRC_IDLE/INACTIVE source remote UE, the source UE can select a relay by it’s own implementation. The relay which source remote UE selected by itself need to meet the condition that link quality between the remote UE and the relay UE is above a (pre)configured threshold.
Proposal 16: In Model A/Model B, source remote UE can select a relay as follow:
 -	for L2 RRC_CONNECTED source remote UE, gNB can do relay selection on behalf source remote UE by measurement event configuration, UE can select a relay by itself when gNB has not configured the measurement event for relay selection;
-	L3 source remote UE in all RRC states and L2 RRC_IDLE/INACTIVE source remote UE can select a relay by it’s own implementation.
In Integrated Models, target remote UE may receive discovery solicitation message or Direct Link Establishment Request message with source remote UE information for multi relay UE, target remote UE also may receive discovery solicitation message with relay_indication enable or Direct Link Establishment Request message with relay_indication enable from source remote UE directly. To avoid unnecessary broadcast storm, target remote UE should stop indirect link DCR/discovery message processing and reply when direct link is  available. So direct link quality should be above a (pre)configured threshold.
In addition, target remote UE can select one ore more relay to reply Direct Link Establishment Accept or Discovery Response message. In our opinion, relay selection procedure may be the same way as source remote UE in Model A/Model B. For RRC_CONNECTED target remote UE, gNB can select a relay on behalf of the target remote UE by measurement event configuration. For RRC_IDLE/INACTIVE target remote UE, UE can select a relay by it’s own implementation. Target remote UE can select a relay by itself when gNB has not configure a measurement event for remote UE to do relay selection.
Proposal 17: Target remote need not to process and reply DCR/discovery message when the measured link quality of direct link is below the threshold.
Proposal 18: In Integrated Models, target remote UE can select a relay as follow:
 -	for L2 RRC_CONNECTED target remote UE, gNB can do relay selection on behalf of target remote UE by measurement event configuration, UE can select a relay by itself when gNB has not configured the measurement event for relay selection;
-	L3 source remote UE in all RRC states and L2 RRC_IDLE/INACTIVE source remote UEcan select a relay by it’s own implementation.
Moreover, source remote UE may also receive more than one Direct Link Establishment Accept or Discovery Response message with its Relay UE info added in it from relay UE. Source remote UE need to select one relay to engage in communication with target remote UE. In our opinion, relay selection procedure may be the same way as source remote UE in Model A/Model B. For RRC_CONNECTED source remote UE, gNB can select a relay on behalf of the source remote UE by measurement event configuration. For RRC_IDLE/INACTIVE source remote UE, UE can select a relay by it’s own implementation. Source remote UE can select a relay by itself when gNB has not configure a measurement event for remote UE to do relay selection.
Proposal 19: In Integrated Models, source remote UE can select a relay as follow:
 -	for L2 RRC_CONNECTED source remote UE, gNB can do relay selection on behalf of source remote UE by measurement event configuration, UE can select a relay by itself when gNB has not configured the measurement event for relay selection;
-	L3 source remote UE in all RRC states and L2 RRC_IDLE/INACTIVE source remote UEcan select a relay by it’s own implementation.
Proposal 20: In all Models, the relay which remote UE selected by itself need to meet the condition that link quality between the remote UE and the relay UE need to be above a (pre)configured threshold.
Conclusion
In this contribution, we focused on U2U relay discovery and (re)selection. And we have the following observations and proposals:
Observation 1: In U2N relay, L3 remote UE in all RRC states and L2 RRC_IDLE/INACTIVE remote UE trigger relay selection when direct Uu link quality is below a (pre)configured threshold.
Observation 2: In U2N relay, gNB perform relay selection on behalf of L2 RRC_CONNECTED remote UE through measurement event configuration.
Observation 3: In U2N relay, remote UE can trigger relay reselection when detecting PC5 RLF or measured PC5 RSRP below a (pre)configured threshold or receiving NotificationMessageSidelink from relay UE.
Observation 4: In U2N relay, gNB perform relay selection on behalf of L2 RRC_CONNECTED remote UE, L3 remote UE and L2 RRC_IDLE/INACTIVE remote UE can select a relay by it’s implementation.

Proposal 1: For U2U relay, RAN2 should support and strive for common solutions for Model A/B discovery models and two integrated discovery models. 
Proposal 2: It is suggested that the Remote UE is allowed to transmit discovery message if measured signal strength of direct link is lower than a (pre)configured threshold.  
Proposal 3: It is suggested that the Relay UE is allowed to transmit discovery message if the UE’s neighbour list is not empty, and the neighbour(s) need to meet the condition that measured signal strength between the relay UE and it’s neighbour(s) should be above a (pre)configured threshold. 
Proposal 4: Both shared resource pool and dedicated discovery resource pool are supported for U2U discovery message transmission/reception.
Proposal 5: Dedicated discovery resource pool (if (pre)configured) is shared for U2N and U2U discovery message transmission/reception.
Proposal 6: Legacy communication resource pool can be used to transmit/receipt the new  Direct Link Establishment Request message with relay_indication.
Proposal 7: SL-SRB4 is used for U2U discovery message transmission/reception.
Proposal 8: SL-SRB0 is used to transmit/receipt DCR message in Integrated Direct Link Establishment Request Model.
Proposal 9: The link quality between UE and it’s neighbour in the neighbour list should be above a (pre)configured threshold.
Proposal 10: relay UE can participate the procedure as a relay only when the link quality between source remote UE and relay UE is above a (pre)configured threshold.
Proposal 11: L3 U2U Reomte UE or L2 RRC_IDLE/INACTIVE U2U remote UE can trigger relay selection when direct PC5 link quality is below than a (pre)configured threshold. 
Proposal 12: gNB can perform relay selection on behalf of L2 RRC_CONNECTED U2U remote UE through measurement event configuration, and L2 RRC_CONNECTED U2U remote UE can trigger relay selection when direct PC5 link quality is below than a (pre)configured threshold if gNB has not configure the measurement event for relay selection.
Proposal 13: Relay UE can send notification message to source remote UE when detecting PC5 RLF with target remote UE.
Proposal 14: Relay UE can send notification message to source remote UE when PC5 link quality towards the target remote UE is below a  (pre)configured threshold.
Proposal 15: Source remote UE can trigger relay reselection when below conditions is matched:
-	detecting RLF between source remote UE and the current relay UE.
-	PC5 measurement towards current relay UE is below a (pre)configured threshold.
-	receiving notification message from relay UE.
-	triggered by upper layer.
Proposal 16: In Model A/Model B, source remote UE can select a relay as follow:
 -	for RRC_CONNECTED source remote UE, gNB can do relay selection on behalf source remote UE by measurement event configuration, UE can select a relay by itself when gNB has not configured the measurement event for relay selection;
-	RRC_IDLE/INACTIVE source remote UE can select a relay by it’s own implementation.
Proposal 17: Target remote need not to process and reply DCR/discovery message when the measured link quality of direct link is below the threshold.
Proposal 18: In Integrated Models, target remote UE can select a relay as follow:
 -	for L2 RRC_CONNECTED target remote UE, gNB can do relay selection on behalf of target remote UE by measurement event configuration, UE can select a relay by itself when gNB has not configured the measurement event for relay selection;
-	L3 source remote UE in all RRC states and L2 RRC_IDLE/INACTIVE source remote UEcan select a relay by it’s own implementation.
Proposal 19: In Integrated Models, source remote UE can select a relay as follow:
 -	for L2 RRC_CONNECTED source remote UE, gNB can do relay selection on behalf of source remote UE by measurement event configuration, UE can select a relay by itself when gNB has not configured the measurement event for relay selection;
-	L3 source remote UE in all RRC states and L2 RRC_IDLE/INACTIVE source remote UEcan select a relay by it’s own implementation.
Proposal 20: In all Models, the relay which remote UE selected by itself need to meet the condition that link quality between the remote UE and the relay UE need to be above a (pre)configured threshold.
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