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1 Introduction
The Rel-18 WID on NR sidelink relay enhancements has, as one of its objectives, the design of UE to UE Relays, described as follows [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.
As in the work on UE to NW Relay in Release 17, RAN2 should first prioritize the common part for Layer-2 and Layer-3.  As a result, in this contribution we discuss the design of discovery and (re)selection for UE to UE Relay.   
2 Discussion
2.1 Discovery Procedure for use in Relay Selection
In Rel17, a UE supports model A and Model B discovery procedure to discover and eventually select a UE to NW relay.  In model A procedure, a relay transmits a discovery message.  In model B procedure, a remote UE transmits discovery solicitation, and any potential relay transmits a discovery response.  In either case, the remote UE performs measurement of the discovery message received from the relay UE and performs relay selection based on those measurements.

For UE-to-UE relay, the Rel17 TR conclusion was to support model A and model B discovery as a baseline [2].  While SA2 has not yet decided the exact procedure for model A and model B discovery, multiple options have been captured in TR 23.700-33 [3].  One of these options (solution 30) is illustrated below.
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UE-to-UE Relay discovery with Model A (Solution 30) [3]
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UE-to-UE Relay discovery with Model B (Solution 30) [3]
In model A discovery, the UE-to-UE relay has discovered other proximity UEs and sends the information of these proximity UEs in model A announcement messages.  In model B discovery, the source UE sends solicitation messages which are forwarded by potential UE-to-UE relays.  The target UE sends response message to the selected relay that forwards it to the source UE.  In both solutions, relay selection is performed by the remote UE based on measurements of the discovery message.  The relay UE is not involved in path selection and performs only the task transmitting/forwarding discovery messages.  From RAN2 perspective, leaving the relay out of path selection has the advantage that the relay (re)selection procedure is performed only by the source/target UE, which is aligned with UE-to-NW Relay (re)selection where the remote UE performs the (re)selection.  Most of the potential solutions captured by SA2 in [3] assume relay (re)selection at the source and/or target UEs.     
Observation 1:
Most of the potential solutions captured by SA2 assume U2U relay (re)selection is performed by both/either the source and/or destination UE, which is in line with U2N relay (re)selection, where this is done at the remote UE. 

To align the procedures as much as possible between U2U and U2N relay in RAN2, we should keep the functionality of relay selection at the source and/or destination UE(s) and have the relay UE involved only in transmission/forwarding of discovery.  This preference from RAN2 can be informed to SA2.  

Proposal 1:
Relay (re)selection is supported by source and destination UEs.  No route selection is performed at the relay UE.  RAN2 informs SA2 

SA2 is also currently discussing the possibility of supporting combined discovery and connection establishment procedure, as shown in the figure below [3]
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Connection establishment procedure via Layer-2 UE-to-UE Relay (Solution 13) [3]
From message transmission perspective, combined discovery and connection establishment procedure is very similar to model B discovery procedure.  Specifically, instead of supporting relay (re)selection procedure on discovery message, measurements for (re)selection would also be needed on DCR and other link establishment messages transmitted using PC5-S. 
Observation 2:
From RAN2 perspective, support of solicitation-like procedure can be applied to both discovery and link establishment messages
Some minor impacts to RAN2 can be expected if SA2 decides to support combined discovery and connection establishment procedure.  It would therefore be best that RAN2 is aware of this early in the work for Rel18.  
Observation 3:
RAN2 would need to be aware of whether relay selection functionality is applied to link establishment signalling
We therefore suggest that an LS be sent to SA2 to confirm whether this procedure needs to be supported and use the LS provided in the appendix for the communication.
Proposal 2:
RAN2 sends LS to SA2 asking whether support of combined discovery and link establishment procedure is to be supported by SA2.  Draft LS text in the appendix is used as a baseline.

2.2 Triggers and Criteria for Relay (Re)Selection

2.2.1  (Re)selection based on Measurements
Relay (re)selection for UE-to-NW Relays in Rel17 is based on RSRP measurements of the SL link only.  Specifically, the remote UE will measure the SL-RSRP or SD-RSRP to determine whether to perform (re)selection and decide the relay to select.  

Although measurements of the Uu hop between the UE-to-NW relay and the network is not explicitly considered in the (re)selection procedure, it is considered implicitly in the rule for transmission of discovery by the relay UE.  Namely, the relay UE only transmits discovery messages if the Uu RSRP is above a NW-configured threshold.  As a result, a remote UE cannot select a relay where the Uu link is weak because the relay will not transmit discovery in the first place.   
For UE-to-UE relay, a similar implicit approach of having the relay UE turn off discovery transmission is not feasible because the relay UE may serve as a relay for multiple remote UE’s. 
Observation 4:
UE-to-NW Relay considers the quality of the Uu hop implicitly by the rules for transmitting discovery at the relay.  Similar (implicit) approach of the UE-to-UE relay not transmitting discovery is not feasible because multiple destinations are possible for each relay UE. 
Instead, a relay UE may include only the identity of the source/destination UEs for which the measured link is above a threshold.  In this way, the corresponding destination/source UE can select the relay which can reach the desired peer via an acceptable second hop.  This functionality requires that the relay UE selectively drops/forwards discovery messages based on the RSRP of the discovery message it receives, especially for model B.    
Proposal 3:
Transmission/forwarding of discovery by a relay UE can be conditioned on the RSRP measurement(s) of discovery messages it receives.  FFS on the details. 

In addition, the source and/or destination in question should be able to consider the measurements of both hops to perform relay (re)selection.  Specifically, a UE may select a relay which has a better combined first hop and second hop measurement.  Alternatively, the UE may perform (re)selection based on measurement of either hop.  In either case, the UE performing relay (re)selection should have access to the measurements of both hops to make proper relay selection, and such measurements should be included in the discovery message, along with the identity of the peer UE.
Proposal 4:
RSRP measurements on both hops to the peer UEs can be used for relay (re)selection.  FFS on the details. 

Proposal 5:
Discovery message transmitted by the relay UE should carry the RSRP measurement(s) measured by the relay of the link to each source/destination UE. 

2.2.2 (Re)selection Based on Link Problems
Reselection triggered by link problems is supported in Rel17 UE-to-NW Relays.  In particular, if a remote UE in RRC_IDLE/RRC_INACTIVE detects SL-RLF or receives an indication from the relay UE of Uu-RLF, the remote UE may release the PC5-RRC connection and trigger relay reselection.  However, such decision is based on UE implementation and is not required for the remote UE since the remote UE has no active UL/DL data.  On the other hand, for a remote UE in RRC_CONNECTED, the remote UE triggers a re-establishment procedure (which initiates cell/relay reselection) upon SL-RLF or reception of Uu-RLF indication.  Similar functionality should be supported in UE-to-UE relays.  Whether any conditions related to the presence of active data is needed in addition can be further discussed.
Proposal 6:
SL-RLF of the hop between the relay and destination can be used as a trigger for reselection at the source UE.

Proposal 7:
SL-RLF detected by the source UE (of the hop between the source UE and relay UE) can be used as a trigger for reselection at the source UE.
2.2.3 (Re)selection based on Topology
Topology-based relay selection avoids the use of unnecessary/redundant paths to a destination.  In Rel17 UE-to-NW relays, topology is implicitly considered by allowing a remote UE to perform discovery procedure only when out of coverage.  This ensures that the remote UE does not use a relayed path to the gNB when the direct path is possible.  Similar consideration of topology should be incorporated into (re)selection in UE-to-UE relays, as it is not possible to do so via discovery means only.
Observation 5:
Topology-based (re)selection should be considered in UE-to-UE relay to reduce unnecessary sidelink resource usage

The first rule to be considered is similar to the Rel17 rule of ensuring a UE-to-NW relay is only used when the remote UE is out of network coverage.  Specifically, if a UE can communicate with its peer without the use of a relay (i.e., the direct link has sufficiently good quality), the UE should not use a relay (e.g. should not participate in discovery), or if it participates in discovery, the direct link should be selected over the relayed link (e.g. using some offset of RSRP measurement).  
Proposal 8:
(Re)selection should prioritize a direct link over a relayed link.  FFS on details.
Another issue to be avoided is to have two UEs communicate to each other via different relays, or one UE communicates with two different UEs via two different relays when a single relay could be used.  This would result in additional unicast links which are unnecessary and result in sidelink resource waste.  Relay (re)selection decision could avoid such cases, by prioritizing the selection of relays where an existing unicast link is already established (e.g., through a bias in measurements).  
Proposal 9:
(Re)selection should prioritize a relay with the next hop already established via an existing PC5-RRC connection.  FFS on details.

3 Conclusion
In this contribution, the following observations were made on discovery and relay selection for UE to UE relays:
Observation 1:
Most of the potential solutions captured by SA2 assume U2U relay (re)selection is performed by both/either the source and/or destination UE, which is in line with U2N relay (re)selection, where this is done at the remote UE. 

Observation 2:
From RAN2 perspective, support of solicitation-like procedure can be applied to both discovery and link establishment messages

Observation 3:
RAN2 would need to be aware of whether relay selection functionality is applied to link establishment signalling
Observation 4:
UE-to-NW Relay considers the quality of the Uu hop implicitly by the rules for transmitting discovery at the relay.  Similar (implicit) approach of the UE-to-UE relay not transmitting discovery is not feasible because multiple destinations are possible for each relay UE. 

Observation 5:
Topology-based (re)selection should be considered in UE-to-UE relay to reduce unnecessary sidelink resource usage

Based on this, the following conclusions are made.

Proposal 1:
Relay (re)selection is supported by source and destination UEs.  No route selection is performed at the relay UE.  RAN2 informs SA2 

Proposal 2:
RAN2 sends LS to SA2 asking whether support of combined discovery and link establishment procedure is to be supported by SA2.  Draft LS text in the appendix is used as a baseline.

Proposal 3:
Transmission/forwarding of discovery by a relay UE can be conditioned on the RSRP measurement(s) of discovery messages it receives.  FFS on the details. 

Proposal 4:
RSRP measurements on both hops to the peer UEs can be used for relay (re)selection.  FFS on the details. 

Proposal 5:
Discovery message transmitted by the relay UE should carry the RSRP measurement(s) measured by the relay of the link to each source/destination UE. 

Proposal 6:
SL-RLF of the hop between the relay and destination can be used as a trigger for reselection at the source UE.

Proposal 7:
SL-RLF detected by the source UE (of the hop between the source UE and relay UE) can be used as a trigger for reselection at the source UE.

Proposal 8:
(Re)selection should prioritize a direct link over a relayed link.  FFS on details.

Proposal 9:
(Re)selection should prioritize a relay with the next hop already established via an existing PC5-RRC connection.  FFS on details.

4 Appendix – Draft Text for LS to SA2

1. Overall Description:
RAN2 has discussed discovery and relay (re)selection for UE-to-UE relays in RAN2#119.  During the discussion, RAN2 agreed that relay (re)selection procedure is supported by source/destination UE’s associated with and end-to-end link between a source and destination UE that occur via a UE-to-UE relay.  In other words, relay or route selection decision is not performed at the relay UE.
In addition, RAN2 assumes model A and model B based discovery procedure are supported, as per conclusion from RAN2 study in Rel17.  From RAN2 perspective, solicitation-based procedure can be applied to both discovery and DCR message.  As a result, if SA2 prefers to also support combined discovery and relay selection, this is possible from RAN2 perspective, but RAN2 would need to be aware of such decision for its own specification work.
2. Actions:

To WG RAN1:
RAN2 would like to ask SA2 to take the above information related to relay (re)selection for UE-to-UE relays in into account in their work.

RAN2 would also like to ask SA2 whether combined discovery and connection establishment for UE-to-UE relays is to be supported in Rel18.
3. Date of Next TSG-RAN2 Meetings:

TSG-RAN2 Meeting #119bis-e

10 - 19 October 2022


Online
TSG-RAN2 Meeting #120

14 - 18 November 2022


Canada
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