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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]L2 and L3 U2U relay is to be supported in REL18. In this contribution, we discuss the common parts of L2/L3 U2U relay, i.e. relay discovery and (re)selection.
During RAN2#119e the following agreements relating to U2U Relaying were reached [1].
	
UE-to-UE relay
· RAN2 confirm that the Scenario, Assumption and Requirement in section 5.1 of TR 38.836 apply for UE-to-UE relay support, with below clarifications:
· For cast type on UE-to-UE communication, only unicast is considered
· FFS if coverage and RRC state aspects need to be revisited in light of the existing U2N support.
· RAN2 will follow SA2 decision on the discovery model including cast type.
· gNB will not configure a Uu RSRP threshold to be used by U2U Relay or Remote UE to determine whether to transmit U2U discovery signalling.  FFS what conditions would govern transmission of the discovery signalling.




Discussion
In general the baseline for U2U NR sidelink relaying is based on the scenario and assumptions captured in TR38.836 as agreed at RAN2#119e and captured in [1]. The following discusses details regarding the discovery procedure and model as captured in the SA2 TR [2] along with aspects relating to (re)selection considering the Access Stratum.

2.1 U2U Relay Discovery
Firstly, discovery is an independent procedure and in itself it does not necessarily lead to link establishment. Existing sidelink discovery as a baseline sends discovery messages using legacy Model A and Model B discovery procedures (regardless of their potential modification of the messages for U2U relaying). SA2 currently considering solutions using these models and both discovery methods are captured for U2U Relay discovery procedure in [2].
Proposal 1: Discovery Model A and Model B are both considered as a baseline solution for discovery in U2U NR sidelink relaying procedure. 

It is noted that a new or extended discovery message behaviour for use in the U2U relaying discovery procedure may be expected to be defined by SA2 for U2U relay discovery. 
A question for RAN2 is whether to introduce new resources or if legacy resources can be reused for transmission of U2U relay discovery. In R17, dedicated or shared resource pools were used for discovery and can be configured and transmitted to the Remote and Relay UEs by the network. Resource selection as well as resource pool selection are also defined when either a single pool or both pools are configured. We think there is no need to introduce new additional resource pools or provide additional mechanisms to split these resources for U2U relay discovery. Legacy resource pool selection is based on available resource pool(s) as indicated by the serving cell for the frequency(s) chosen by the UE to transmit the discovery message. In addition to being broadcast resource pools are available via dedicated signalling or may be preconfigured. We see no need to overturn these legacy behaviours for U2U relaying.
Legacy resource pools and resource pool selection mechanisms can be reused for U2U relay discovery transmission.
Proposal 2: Legacy resource pools (shared and dedicated), resource pool configuration and signalling and resource pool selection mechanisms can be reused for U2U relay discovery transmission.

Also, discovery messages in legacy are sent on a dedicated radio bearer SL-SRB4 which can also assist the UE in managing priority of discovery messages. There seems no strong reason to amend this behaviour
Proposal 3: Reuse dedicated radio bearer SL-SRB4 for U2U relay discovery transmission.

[bookmark: _Hlk110861348]The UE higher layer may initiate a U2U relaying discovery at a Remote UE or Relay UE in order to enable the establishment of an E2E connection between a source Remote UE and a target Remote UE, potentially using a U2U Relay UE. This higher layer trigger may be influenced by other factors and triggers in order to initiate the U2U relaying discovery procedure. In U2N relay, the Remote UE can trigger discovery based on Uu channel quality, since the poor Uu channel quality indicates potential RLF. In the U2U relaying scenario, the Remote UE should therefore trigger discovery if an existing PC5 connection fails or is about to fail. One straightforward factor to indicate potential PC5 connection failure is the PC5 channel quality falling below certain threshold. 
This can apply equally to the case of a single PC5 connection between a source and a target Remote UE as well as individually to the PC5 connections established separately for both hops in an existing U2U relaying connection. Also, it is noted that SA2 captures in [2], multiple solutions which propose to trigger discovery based on signal quality.
Proposal 4: U2U relay discovery shall be triggered if the Remote UE, or Relay UE determines that the PC5 channel quality is below a threshold. FFS whether the threshold is configurable.

Moreover, unlike the Uu interface, a reference signal may not always available on the sidelink and so a UE may not obtain the measurement result for the sidelink. T400 expiry and the maximum number of consecutive HARQ DTX were introduced to trigger sidelink RLF. Therefore, sidelink RLF may occur before UE can detect PC5 channel quality becomes lower than the threshold. U2U relay discovery should be triggered in advance of RLF in the case the sidelink measurement is not available. Otherwise, UE can only trigger U2U relay discovery after sidelink RLF occurs, which may delay the relay selection and extend the service interruption. 
Proposal 5: U2U relay discovery should be triggered in advance of sidelink RLF in case the sidelink measurement result is not available, in order to minimise any service interruption from potential sidelink RLF.

2.2 AS criteria to act as U2U relay UE
In Rel-17 U2N relay, a minimum and a maximum threshold are defined for a Relay UE to determine whether it can be a Relay UE or not. When both thresholds are configured, only when the relay UE’s Uu RSRP is within the interval of the minimum and maximum threshold, can the UE acts as a candidate relay UE. This is to ensure the relay UE is neither too close to nor too far away from the network to guarantee both the coverage and the communication quality. 
When it comes to U2U, according to the latest SA2 progress, U2U relay discovery with Model A and Model B are both supported. For Model A, the U2U Relay UE broadcasts an announcement message which may include the user information of the Remote UEs. For Model B, the U2U Relay UE broadcasts the discovery solicitation message and the discovery response message to the target/source remote UEs respectively. 
Similar as U2N, it makes sense for U2U to define some AS criteria to determine whether a UE can serve as a Relay UE or not for both Model A and Model B. Considering the different operating schemes, different principles may need to be introduced for different models. 
For Model A, since the candidate relay UE is to broadcast the announcement message, the SL-RSRP/SD-RSRP between the relay UE and at least a certain number of remote UE should be larger than the minimum threshold to ensure the transmission quality. For Model B, since upon reception of the discovery message, relay UE is able to derive the L2 ID information of both the source remote UE and target remote UE, the SL-RSRP/SD-RSRP of each hop should be considered separately, i.e., the SL-RSRP/SD-RSRP between the source/target remote UE and relay UE is above the minimum threshold. 
Proposal 6: For Model A, a UE can act as candidate relay UE when the SL-RSRP/SD-RSPR between this UE and a certain number of remote UE is above the minimum threshold.
Proposal 7: For Model B, a UE can act as candidate relay UE when the SL-RSRP/SD-RSPR between this UE and source/target remote UE is above the minimum threshold. 

2.3 Relay (re)selection
SA2 TR [2] captures a number of scenarios and proposed solutions relating to discovery and Relay UE (re)selection both for source Remote UE and target Remote UE. Because a source Remote UE cannot be sure of the ability for any single Relay UE to reach a target Remote UE, or for the source Remote UE to be able to reach the target Remote UE direct, the source Remote UE discovery solicitation may potentially be received in multiple solicitation messages each from different Relay UEs at the target Remote UE, as well as possibly being received directly from the source Remote UE.
How the target Remote UE responds to these received messages is a decision for the UE implementation, which may be influenced by several factors. [2] captures this for example in the following.

	6.1.1 …
It may exist a situation where multiple UE-to-UE relays can be used to reach the target UE or the target UE may also directly receive the Direct Communication Request or Solicitation message from the source UE. The target UE may choose which one to reply according to e.g. signal strength, local policy (e.g. traffic load of the UE-to-UE relays), Relay Service Code if there is any or operator policies (e.g. always prefer direct communication or only use some specific UE-to-UE relays).



Whether the target Remote UE responds to only the directly received solicitation message, to one or more message received via a Relay UE(s) or to both the directly received solicitation message and one or more of the solicitation messages received via the Relay UEs is down to target Remote UE local rules.
Observation: The target Remote UE may respond to one, some or all of any received solicitation messages relating to a discovery solicitation for U2U relaying. The solicitation messages, originate from a single source Remote UE and may be received directly or via one or more U2U capable Relay UEs.
As indicated in the excerpt from [2] above, in order to support the target Remote UE a number of assistance parameters may assist the selection of which message or messages to respond to and hence potentially a down selection of Relay UE(s). Some of these assistance information relate to Non-Access Stratum information and some relate to Access Stratum information and include the following.
· PC5 Signal strength 
· Local policy/ preference 
· Traffic load of potential U2U Relay UE
· Relay Service Code
· Operator policies (direct over U2U relay)
· Specific Relay UE or Relay UEs for communication 

SA2 has discussed NAS criteria of the candidate relay UE, and RAN2 should agree the Access Stratum parameters to be used for this selection process, it is therefore proposed the PC5 signal strength be considered during Relay UE selection.
[bookmark: _Hlk115424109][bookmark: _Hlk115424675][bookmark: _GoBack]In U2N relay, only the U2N relay UE whose signal strength is above the threshold is considered for relay (re)selection. Similar procedure could be introduced during U2U relay (re)selection.
[bookmark: _Hlk115424597]Proposal 8: Candidate U2U Relay UE is considered to meet the AS criteria if its PC5 link quality is above a configured threshold. FFS if same U2N threshold to be re-used.
Proposal 9: A Remote UE receiving multiple discovery messages may rank separately for selection the Relay UEs sending each of the messages. The Relay UE ranking shall be according to their respective PC5 link quality. The Relay UE ranking shall be forwarded to the Remote UE higher layer in order to assist the Remote UE in its Relay UE selection, and which discovery messages it replies to.

When multiple candidate Relay UEs detect a target Remote UE it may be beneficial that multiple Relay UEs indicate the availability of the target Remote UE to the source Remote UE. In particular as in the case where only one Relay UE is selected (as per example in #1 [1]), this may not be the most optimum Relay UE to connect to for the source Remote UE, in particular if other Relay UEs are available, and hence may not lead to the best or even a compromise U2U relay configuration for all parties in the final U2U relay configuration. As such the Relay UE should indicate to the source Remote UE, additional AS Information during discovery such as the PC5 connection signal strength for target Remote UE.
Proposal 10: Candidate U2U Relay UE should indicate the PC5 connection signal strength for target Remote UE to the source Remote UE, FFS if this is sent via the AS Information during discovery.

As discussed above [2] also captures that the Relay UE load is also considered during the Relay UE selection. If multiple U2U relay UE fulfils AS and NAS requirement, a simple solution is to select the U2U relay UE with the lowest load. If there are multiple lowest load relay UEs, it’s up to remote UE to select one based on other parameters.
Proposal 11: If multiple U2U relay UE fulfils AS and NAS requirement, the Remote UE selects the U2U relay UE with the lowest load.

Further, specific Relay UE selection behaviours can be applied for each discovery model type.
[bookmark: _Hlk115424135]For Model A, it is the source remote UE to select the relay UE if multiple announcement messages including the user information of the target remote UE are received. The mechanism from U2N can be reused, i.e., the SL-RSRP/SD-RSRP between the source remote UE and the relay UE is above the minimum threshold. If there are multiple relay UE satisfying the condition, it is up to source remote UE’s implementation to select one relay UE. 
[bookmark: _Hlk115424569]Proposal 12: For Model A, source Remote UE selects a Relay UE for which the SL-RSRP/SD-RSRP is above the minimum threshold.

For Model B, either the source remote UE or the target remote UE can select the relay UE. If relay UE selection is performed by the target remote UE, the target remote UE only forwards the discovery response to the selected relay UE and the selected relay UE delivers this response to the source remote UE. If relay selection is performed by the source remote UE, which means the target remote UE blindly forwards the discovery response messages to all or a subset of the relay UEs from which the discovery message is received, then upon reception of multiple response messages of the same target remote UE, the source remote UE performs final selection for the following E2E communication. No matter whether the source remote UE or the target remote UE selects the relay UE, the general principle is the same, i.e., the SL-RSRP/SD-RSRP between the source/target remote UE and the relay UE is above the minimum threshold. 
Proposal 13: For Model B, target remote UE can select the relay UE for which the SL-RSRP/SD-RSRP is above the minimum threshold and forwards the discovery response message to the selected relay UE. 
Proposal 14: For Model B, source remote UE can select the relay UE for which the SL-RSRP/SD-RSRP is above the minimum threshold if multiple discovery response messages from the same target remote UE are received from multiple Relay UEs.

2.4 Discovery Message
Regarding the content carried in U2U relay discovery message particularly to aid Relay UE selection where multiple Relay UEs are candidates to establish a U2U relay link, SA2 TR [2], proposed to consider traffic load as well as a number of other factors of the relay UE during relay UE selection as following.
	6.1.1 …
When a UE-to-UE relay receives a Direct Communication Request or a Solicitation message with the relay_indication set, then it shall decide whether to forward the message (i.e. modify the message and broadcast it in its proximity), according to e.g. Relay Service Code if there is any, Application ID, authorization policy (e.g. relay for specific ProSe Service), the current traffic load of the relay, the radio conditions between the source UE and the relay UE, etc.
It may exist a situation where multiple UE-to-UE relays can be used to reach the target UE or the target UE may also directly receive the Direct Communication Request or Solicitation message from the source UE. The target UE may choose which one to reply according to e.g. signal strength, local policy (e.g. traffic load of the UE-to-UE relays), Relay Service Code if there is any or operator policies (e.g. always prefer direct communication or only use some specific UE-to-UE relays).



Therefore, traffic load should be included in the discovery message. RAN2 can further discuss how to define the load of the relay UE. One straight way to define the load is based on relay UE’s CBR result.
Proposal 15: Load information of U2U relay UE can be included in the AS information transmitted with the U2U relay discovery message, FFS on how to determine the load information.

Conclusion
[bookmark: _In-sequence_SDU_delivery]Based on the discussion in section 2, we have following observation and proposals
Observation: The target Remote UE may respond to one, some or all of any received solicitation messages relating to a discovery solicitation for U2U relaying. The solicitation messages, originate from a single source Remote UE and may be received directly or via one or more U2U capable Relay UEs.

Proposal 1: Discovery Model A and Model B are both considered as a baseline solution for discovery in the U2U NR sidelink relaying procedure. 
Proposal 2: Legacy resource pools (shared and dedicated), resource pool configuration and signalling and resource pool selection mechanisms can be reused for U2U relay discovery transmission.
Proposal 3: Reuse dedicated radio bearer SL-SRB4 for U2U relay discovery transmission.
Proposal 4: U2U relay discovery shall be triggered if the Remote UE, or Relay UE determines that the PC5 channel quality is below a threshold. FFS whether the threshold is configurable.
Proposal 5: U2U relay discovery should be triggered in advance of sidelink RLF in case the sidelink measurement result is not available, in order to minimise any service interruption from potential sidelink RLF.
Proposal 6: For Model A, a UE can act as candidate relay UE when the SL-RSRP/SD-RSPR between this UE and a certain number of remote UE is above the minimum threshold.
Proposal 7: For Model B, a UE can act as candidate relay UE when the SL-RSRP/SD-RSPR between this UE and source/target remote UE is above the minimum threshold. 
Proposal 8: Candidate U2U Relay UE is considered to meet the AS criteria if its PC5 link quality is above a configured threshold. FFS if same U2N threshold to be re-used.
Proposal 9: A Remote UE receiving multiple discovery messages may rank separately for selection the Relay UEs sending each of the messages. The Relay UE ranking shall be according to their respective PC5 link quality, and forward this ranking to the Remote UE higher layer in order to assist the Remote UE in its Relay UE selection.
Proposal 10: Candidate U2U Relay UE should indicate the PC5 connection signal strength for target Remote UE to the source Remote UE, FFS if this is sent via the AS Information during discovery.
Proposal 11: If multiple U2U relay UE fulfils AS and NAS requirement, UE select the U2U relay UE with the lowest load.
Proposal 12: For Model A, source remotes UE selects a relay UE for which the SL-RSRP/SD-RSRP is above the minimum threshold.
Proposal 13: For Model B, target remote UE can select the relay UE for which the SL-RSRP/SD-RSRP is above the minimum threshold and forwards the discovery response message to the selected relay UE. 
Proposal 14: For Model B, source remote UE can select the relay UE for which the SL-RSRP/SD-RSRP is above the minimum threshold if multiple discovery response messages from the same target remote UE are received.
Proposal 15: Load information of U2U relay UE can be included in the AS information transmitted with the U2U relay discovery message, FFS on how to determine the load information.
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