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1. Introduction
A new WI for Rel-18 on NR sidelink relay enhancements has been approved at RAN#95 and revised in RAN#96 [1]. Objective 1 of the WI is related to:
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]

Following up on the specification for UE-to-Network (U2N) relaying this work item shall specify single-hop unicast UE-to-UE (U2U) relay procedures for L2 and L3. The common part for discovery and (re-)selection is to be prioritized.
This document covers the selection criteria and message content for discovery response to enable and improve U2U relay functionality in Rel-18.
2. SL U2U Relay Scenario
In 5G NR UE-to-UE Relay communication, a source UE communicates with a target UE (=destination UE) via a relay UE. In Figure 1, UE A (source UE) wants to send a message to UE C (target UE), where UE C is out of UE A's reach. Therefore UE A needs to first discover and then select and use UE B as a relay UE.

[bookmark: _Ref110948155]Figure 1 - U2U relay scenario
Other than in UE-to-Network relaying, the destination of an incoming message is not the same for all relays. A remote UE connecting to a UE-to-Network (U2N) relay UE expects, that the relay UE – if responding to a relay discovery or broadcasting a discovery message – has a connection to the network and can relay the message. Not every UE-to-UE (U2U) relay UE in the proximity that could answer a discoverymessage necessarily has a chance to reach the destination remote UE, i.e. the target UE. For example, in Figure 1, UE D cannot act as a U2U relay for UE C. It may discover UE E in the future though.
It is worth mentioning that a relay UE can in principle handle traffic for multiple source and target UEs.
3. SL U2U Relay (Re-)Selection Criteria
During RAN2#119-bis-e selection criteria for U2U relay were discussed but no agreement was reached upon which criteria shall be used to select a specific relay.
First of all, the to-be-selected relay UE shall have a connection to the remote UE or at least being able to establish one. This condition can be met by sending out a discovery response only if the remote UE can be reached.
[bookmark: _Toc118416565]Relay UE only replies to discovery if remote UE can be reached, i.e. a PC5 connection is already existing or can be established.
The relay UE therefore needs to maintain a list of connected UEs. For a relay UE to determine which remote UEs are in reach, another discovery procedure is started by the relay UE. This is not necessary if the UE already has an established PC5 connection to a specific remote UE. 
[bookmark: _Toc118416570]The Relay UE maintains a list of connected Remote UEs.
The connection alone might not be sufficient to decide upon answering a discovery from the source UE. The number of supported application IDs of the remote UEs needs to be considered. If the application ID of the discovery message does not fit the current PC5 connection to the target UE, another discovery may be necessary to check for supported application IDs.
[bookmark: _Toc118416566]The Relay UE needs to know, whether a remote UE supports a certain application ID.
Instead of retrieving this information for every new discovery (with potentially different application ID), the remote UE can also send a list of supported application IDs in the first discovery response message and/or PC5 connection establishment to the relay UE. The relay UE can add this information to its list of connected (or reachable) remote UEs to spare additional discovery procedures for this remote UE.
[bookmark: _Toc118416571]The Relay UE adds the supported application IDs to its list of connected/reachable remote UEs.
The relay UE could also keep this list of UEs up-to-date via Model B discovery[footnoteRef:2]. In discovery Model A[footnoteRef:3], the relay UE can also inform remote UEs about its list of connected target UEs that are reachable. [2:  TS 23.303, v17.0.0 [2] – Model B is defined as ‘who is there?/are you there?’ discovery]  [3:  TS 23.303, v17.0.0 [2] – Model A is defined as ‘I am here’ discovery] 

[bookmark: _Toc118416567]A Relay UE can keep the list of reachable UEs up-to-date in discovery Model B.
If a relay UE is currently serving remote UEs, the UE should be able to send out a discovery Model A message to inform remote UEs about its list of reachable/connected remote UEs and their supported application IDs.
[bookmark: _Toc118416572]A relay UE can send a discovery Model A message to inform remote UEs about its list of reachable/connected remote UEs and their supported application IDs.
This information helps remote UEs to select the right relay UE without extensive discovery procedures.
4. SL U2U Relay UE information
In RAN2#119-bis-e the following agreement was reached for U2N Relay:
	Agreements:
Proposal 1A: The relay UE is restricted to serve only one remote UE in Scenario 2.


Scenario 2 describes the scenario where a remote UE is connected to a UE-to-Network relay UE and both UEs are in-coverage of a gNodeB. Therefore it is our understanding that this agreement is only valid for U2N SL relay UEs and does not apply to U2U relay UEs.
[bookmark: _Toc118416573]RAN 2 to confirm the agreement “The relay UE is restricted to serve only one remote UE in Scenario 2.” to be valid for U2N relay operation only.
Because of the U2N relay UE only serving one remote UE, the load on the relay UE is expected to be moderate. For the U2U relay UE, multiple source and target UEs can be connected – therefore the load on the relay UE increases with the number of remote UEs.
The U2U relay UE can try to limit the load by not answering discovery messages after reaching a threshold. This is up to implementation and has no specification impact.
In certain scenarios this behavior will lead to performance issues and might still concentrate traffic on certain relay UEs. Given a scenario in Figure 2 where relay UE B1 is in a location where there are a lot of remote UEs in line-of-sight, this relay UE B1 will get a relatively high RSRP reading. Because the RSRP is already agreed to be used for selection, remote UEs will most likely consider this relay UE B1 as a valid candidate for selection.
Another relay UE B2 with similar RSRP readings would not be selected, even though they might be in a location nearby, but with slightly lower RSRP. Remote UEs looking for a relay UE will most likely select the relay UE B1. This relay will eventually stop answering discovery messages when the number of connections reaches a certain threshold, the load on the device (CPU, memory, energy consumption, etc.) is too high or if there are not enough radio ressources.
[bookmark: _Toc118416568]U2U Relay UEs with multiple remote UEs in line-of-sight and high RSRP could become overloaded and will eventually stop answering discovery messages.
[image: C:\Users\pjn\Desktop\3GPP\5GIP_Sidelink Relay_MIRROR\pix\Relay Graphics_Selection.png]
[bookmark: _Ref118375472][bookmark: _Ref118375463]Figure 2 - U2U Relay scenario with high load UE B1
Whereas the detailed algorithm for relay selection could still be up for implementation, additional information about the U2U relay UE could assist the remote UEs to select an appropriate relay and better distribute traffic between the relays.
[bookmark: _Toc118416569]Additional information about the U2U relay UE in the discovery response can assist the selection process of the source (or destination) remote UE.
Given the U2U relay UE B1 in Figure 2 included a load indicator in the discovery response message, relay UE B2 with very load load but similar but slightly lower RSRP reading would become the selected relay UE for the connection between UE A and UE C.
[bookmark: _Toc118416574]The load of the U2U relay UE can be used by the remote UEs for relay (re-)selection. FFS how this load is measured.
[bookmark: _Toc118416575]The U2U relay UE adds assistance information in the discovery response message, e.g. its load, certain UE capabilities, etc. Remote UEs can take this information into account to select a suitable U2U relay UE.
In addition to the (CPU, memory, energy consumption) load, other properties of the U2U relay UE could be used as well, e.g. the battery status, external power, number of connected remote UEs, etc. RAN 2 should discuss, which if these additional indicators would benefit the U2U relay (re-)selection.
[bookmark: _Toc118416576]RAN 2 to consider additional selection criteria for U2U relay selection other than RSRP.
Given the U2U relay UE already keeps a list of connected and/or reachable remote UEs, additional information about the remote UEs could be used by the source UEs to select the overall best U2U relay. RAN 2 already discussed that RSRP between relay and target UE has to be considered for the selection.
5. Conclusions
The following observations and proposals have been made in this document:
Observation 1:	Relay UE only replies to discovery if remote UE can be reached, i.e. a PC5 connection is already existing or can be established.
Observation 2:	The Relay UE needs to know, whether a remote UE supports a certain application ID.
Observation 3:	A Relay UE can keep the list of reachable UEs up-to-date in discovery Model B.
Observation 4:	U2U Relay UEs with multiple remote UEs in line-of-sight and high RSRP could become overloaded and will eventually stop answering discovery messages.
Observation 5:	Additional information about the U2U relay UE in the discovery response can assist the selection process of the source (or destination) remote UE.

Proposal 1:	The Relay UE maintains a list of connected Remote UEs.
Proposal 2:	The Relay UE adds the supported application IDs to its list of connected/reachable remote UEs.
Proposal 3:	A relay UE can send a discovery Model A message to inform remote UEs about its list of reachable/connected remote UEs and their supported application IDs.
Proposal 4:	RAN 2 to confirm the agreement “The relay UE is restricted to serve only one remote UE in Scenario 2.” to be valid for U2N relay operation only.
Proposal 5:	The load of the U2U relay UE can be used by the remote UEs for relay (re-)selection. FFS how this load is measured.
Proposal 6:	The U2U relay UE adds assistance information in the discovery response message, e.g. its load, certain UE capabilities, etc. Remote UEs can take this information into account to select a suitable U2U relay UE.
Proposal 7:	RAN 2 to consider additional selection criteria for U2U relay selection other than RSRP.

6. [bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942][bookmark: _Toc21338854][bookmark: _Toc21338955]References
[bookmark: _Ref494465620][bookmark: _Ref527624780][1] RP-221262 “3GPP WID: NR sidelink relay enhancements”, RAN#96.
[2] TS 23.303, v17.0.0 “Proximity-based services (ProSe); Stage 2”, 2021-12


image1.png
N

Remote UE

A

o o),

U2U Relay BE

“
Q ,"" Pcswaﬂ‘ed Remote UE

A % - -> Target
Remote UE

-> Source




image2.png
R, B

U2U Remote UE

A

\
@ H ‘ D © @
v V
U2U Relay UE
.............. @) [X) U2N Relay UE
D e g 5 Y
A

LY V@y(‘ﬁ wanted™ U2N Remote UE
D @ - ',,,-"'-> Target
U2N Remote UE™ @ _____
-> Source B2 © @‘

U2U Relay UE





