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[bookmark: _Ref466049030]1	Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]For NR Rel-16, a first version of NR sidelink was developed and it solely focuses on supporting of V2X-related road safety services. On top of that, sidelink/network coverage extension and power efficiency improvement are important for supporting public safety service. In RAN#86, a new SID on sidelink relay has been agreed in which sidelink-based relaying functionality will be studied to further explore coverage extension for sidelink-based communication, including both UE-to-NW relay and UE-to-UE relay [1]. However, only one hop relay will be considered in Rel.17. One objective of the SID is to study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel/ signal. 

In this paper, we discuss general design principles of discovery/link establishment for NR sidelink relay. 
[bookmark: _Ref489281230]2	Discussion
[bookmark: _Toc524990168][bookmark: _Toc525034673][bookmark: _Toc525034698][bookmark: _Toc525036412][bookmark: _Toc525313102][bookmark: _Toc525313112][bookmark: _Toc528339360][bookmark: _Toc528508883][bookmark: _Toc528877230][bookmark: _Toc528877259][bookmark: _Toc686695][bookmark: _Toc970977][bookmark: _Toc971002][bookmark: _Toc971031][bookmark: _Toc971195]In NR Rel-16, three cast types where introduced for sidelink and the unicast was the only one having a PC5-RRC connection. The unicast link establishment procedure over PC5 has been defined in [2]. Further, regarding the discovery in LTE sidelink, there are two types of ProSe Direct Discovery: open and restricted. Open discovery is the case where there is no explicit permission that is needed from the UE being discovered, whereas restricted discovery only takes place with explicit permission from the UE that is being discovered. In this solution, only restricted type is proposed. Besides, there are two models for ProSe Direct Discovery exists in EPS: Model A and Model B. These two models are re-proposed in this solution as the same mechanism in EPS. And the definition for Model A and Model B is as defined in clause 5.3.1.2 of TS 23.303 [3].

Strictly speaking, in Rel-16 NR sidelink, the discovery procedure can be considered as part of the link establishment since the discovery message are the first step toward the establishment of a sidelink between two nearby UEs. This link establishment procedure is initiated by broadcasting a Direct Communication Request message using PC5-S   and this message includes Source User Info, V2X Service Info, IP Address Configuration, QoS Info, and optionally the Target User Info (if provided by higher layer). The UEs or target UE (i.e., based on the Target User Info field) that are interested in using the announced V2X Service(s) can respond to the request by sending a Direct Communication Accept message (i.e., still over PC5-S) which includes Source User Info, QoS Info and IP Address Configuration for IP communication. The destination Layer-2 ID used to send the Direct Communication Accept message is set to the source Layer-2 ID of the received Direct Communication Request message.

Upon receiving the Direct Communication Accept message, the UE which has sent the Direct Communication Request message obtains the peer UE's Layer-2 ID for future communication, for signaling and data traffic for this unicast link. 

[bookmark: _Toc46753325][bookmark: _Toc46753339][bookmark: _Toc46838973][bookmark: _Toc47114220]In Rel-16 NR sidelink, the discovery procedure has been defined as part of the PC5 link establishment procedure and support only single-hop operations.
 
[bookmark: _Toc46753327][bookmark: _Toc46753341][bookmark: _Toc46838975][bookmark: _Toc47114222]In Rel-16 NR sidelink, the discovery/link establishment procedure is both user- and service-based. 

In Rel-17, according to the objective of the sidelink relay SID [1], only one-hop relay is considered (i.e., UE-Relay-UE/NW). For the UE-to-UE relay architecture, a UE could communicate with another UE via a relay UE in between and all the links adopt the NR PC5 interface. Given this, it would be natural to adopt as baseline the discovery/link establishment procedure for PC5 already standardized in Rel-16. 

The PC5 discovery/link establishment procedure already standardized in Rel-16 for NR sidelink, should be adopted as baseline for the UE-to-UE relay architecture.

However, the following aspects should be considered when designing the PC5 discovery/link establishment procedure for UE-to-UE relay (but also for UE-to-NW relay): 

· A UE may communicate with another UE either directly or via a relay UE (i.e., if two UEs cannot establish a direct communication). 
· A UE may discover multiple relay UE candidates, and, in this case, it would be more efficient to integrate into the discovery/link establishment procedure also relay UE selection aspects.
· Both service- and user-based discovery/link establishment procedure should be supported for UE-to-UE relay.

When considering more than one hop, additional information may need to be considered to enhance the Rel-16 discovery/link establishment procedure for the case of UE-to-UE and UE-to-NW relay.

For UE-to-UE relay, RAN2 to study possible enhancements to the Rel-16 discovery/link establishment related to the presence of more than one hop.

For UE-to-UE relay, RAN2 to aim at integrating the relay UE selection aspects within the discovery/link establishment procedure.

[bookmark: _Toc47114305]When it comes to the UE-to-NW relay architecture, one of the main differences with the UE-to-UE relay one is that there is only one PC5 hop between the remote and relay UEs. However, also for UE-to-NW relay the discovery/link establishment procedure already standardized during Rel-16 should be adopted as baseline since there are no substantial differences for the NR PC5 connection. 

The PC5 discovery/link establishment procedure already standardized in Rel-16 for NR sidelink, should be adopted as baseline for the UE-to-NW relay architecture.

[bookmark: _Hlk47114189]However, also for the UE-to-NW relay RAN2 may consider to adopt/study some enhancements by e.g. including additional information in the Direct Communication Request message to indicate that the PC5 link is set up for relaying Uu traffic from/to the cellular NW, or including information related to traffic, service, or QoS.  

For UE-to-NW relay, RAN2 to study possible enhancements to the Rel-16 discovery/link establishment related to the presence of more than one hop.

[bookmark: _Toc458380516][bookmark: _Toc458380524]3	Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:


1. In Rel-16 NR sidelink, the discovery procedure has been defined as part of the PC5 link establishment procedure and support only single-hop operations.
 
In Rel-16 NR sidelink, the discovery/link establishment procedure is both user- and service-based. 

When considering more than one hop, additional information may need to be considered to enhance the Rel-16 discovery/link establishment procedure for the case of UE-to-UE and UE-to-NW relay.

Based on the discussion in section 2 we propose the following: 

1. The PC5 discovery/link establishment procedure already standardized in Rel-16 for NR sidelink, should be adopted as baseline for the UE-to-UE relay architecture.

For UE-to-UE relay, RAN2 to study possible enhancements to the Rel-16 discovery/link establishment related to the presence of more than one hop.

For UE-to-UE relay, RAN2 to aim at integrating the relay UE selection aspects within the discovery/link establishment procedure.

The PC5 discovery/link establishment procedure already standardized in Rel-16 for NR sidelink, should be adopted as baseline for the UE-to-NW relay architecture.

For UE-to-NW relay, RAN2 to study possible enhancements to the Rel-16 discovery/link establishment related to the presence of more than one hop.
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