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1. Introduction
A new study item for Rel-17 on single-hop NR sidelink-based relay has been approved at RAN#86 [1]. The objectives of the SI are as follows:
This study item targets to study single-hop NR sidelink-based relay. 
1. Study mechanism(s) with minimum specification impact to support the SA requirements for sidelink-based UE-to-network and UE-to-UE relay, focusing on the following aspects (if applicable)  for layer-3 relay and layer-2 relay [RAN2];
0. Relay (re-)selection criterion and procedure;
0. Relay/Remote UE authorization;
0. QoS for relaying functionality;
0. Service continuity;
0. Security of relayed connection after SA3 has provided its conclusions;
0. Impact on user plane protocol stack and control plane procedure, e.g., connection management of relayed connection;
1. Study mechanism(s) to support upper layer operations of discovery model/procedure for sidelink relaying, assuming no new physical layer channel / signal [RAN2];
NOTE 1: The study shall take into account of further input from SA WGs, e.g., SA2 and SA3, for the bullets above (if applicable).
NOTE 2: It is assumed that UE-to-network relay and UE-to-UE relay use the same relaying solution.
NOTE 3: Forward compatibility for multi-hop relay support in a future release needs to be taken into account.
NOTE 4: For layer-2 UE-to-network relay, the architecture of end-to-end PDCP and hop-by-hop RLC, e.g., as recommended in TR 36.746, is taken as starting point.


Discovery can be defined as the mechanism that detects and identifies another UE in proximity, e.g. as a potential entity used for selection as relay UE that matches the requirements e.g. w.r.t QoS of the discoverer UE. In objective 2 of the SID RAN2 is expected to study the mechanisms that can support upper layer procedures for discovery in case of a sidelink relay. This contribution outlines some initial views on the discovery procedure for NR sidelink-based relaying. 

2. Discussion
The direct discovery procedure should encompass a common procedure for 5G ProSe enabled UE, 5G ProSe UE-to-Network Relay and a 5G ProSe UE-to-UE Relay. The direct discovery procedure is applicable for ProSe direct communication i.e. including unicast, groupcast and broadcast communication. 
Regarding the discovery models to be used for NR, the two existing models for ProSe Direct Discovery, i.e. Model A and Model B, can be reused from LTE [2]. Model A means that a certain number of UEs are making discovery announcements. On the other hand, Model B is an event-driven discovery where discovery request and response messages are exchanged between the UEs.  In our view, the aspect of power consumption and impact of DRX should be considered in the design and evaluation of both discovery models. Additionally, for Model B as the discoverer UE will be collecting response messages from the discoveree UE, a timely execution of the discovery procedure is needed, e.g. because of changing radio conditions. Hence, latency is an important aspect to be considered.  Also, collision handling of simultaneous response messages should be taken into consideration. This implies that reliability for Model B should also be considered.
[bookmark: _Toc46386812]Existing discovery models defined for D2D are used as a baseline for NR sidelink-based relaying. 
[bookmark: _Toc46386808] RAN2 to discuss and study the protocol support for Model A and Model B considering aspects of at least power consumption, latency and reliability.
For groupcast, it is assumed that the group-specific information will be provided by the application layer. It is possible that particular UEs in the vicinity are distributed across several upper layer groups. The discovery procedure should take into account the number of active groups and the individual group size. Hence, the discoverer UE in groupcast might send a PC5 discovery message within its own group. It might be beneficial to have a coordination amongst group member UEs in order to avoid collision of response messages in case of, e.g. Model B. 
Based on the type of discovery model being used by the UE the following messages are needed [3]:
· Announcement message for Model A discovery
· Solicitation message for Model B discovery
· Response message for Model B discovery 
These discovery messages will consist of the header fields that includes the Destination L2 ID, the Source L2 ID and the frame type that indicates it is a discovery message. The discovery message size might differ depending on the discovery type (open or restricted) [1] and based on the use case being supported. The information contained in every discovery message is already defined in [3]. The exact frame format for these messages along with the protocol identifier in the Access Stratum (AS) of the frame type field needs discussion by RAN2. 
[bookmark: _Toc46386813]The content of the discovery messages has already been defined in [3]. 
[bookmark: _Toc46386809]The frame format for the discovery messages should be defined. 
It is important to identify in which UE states the UE can start the discovery procedure. This includes both, the transmission and reception of discovery messages by remote UE and relay UE. To avoid any delay, it should be possible for the UE to transmit discovery messages to the nearby UEs when required. Hence, a UE should not always be mandated to be in a particular state, e.g. connected state to start the discovery procedure. Similarly, for the UE to receive discovery messages, it should again not be mandated to be in a particular state to search and receive the discovery messages. 
[bookmark: _Toc46386810] Transmission and reception of discovery messages should not be restricted to UE connected state.
Lastly, when the relay UE is in-coverage, i.e. in case of UE-to-Network relay, the network can assist the discovery procedure. This might help the UE to reduce the monitoring time for the discovery messages. In order to enable network assisted discovery, the gNB will need to update information at least regarding the UE location and the status of the UEs, which allow itself to be discovered. Also, the UEs involved in the discovery procedure might be in some cases in different cells. This can result in overlooking of potential UEs in proximity because the discoverer UE is only considering its current cell. Therefore inter-cell coordination might be needed for an efficient discovery procedure. 
[bookmark: _Toc46328743][bookmark: _Toc46386811]RAN2 to study discovery procedure also for in-coverage UEs where discovery might be assisted by the gNB.

3. [bookmark: _Toc43290706][bookmark: _Toc43290707][bookmark: _Toc43290708][bookmark: _Toc43290709]Conclusions
The following observations and proposals have been made in this document:
Observation 1:	Existing discovery models defined for D2D are used as a baseline for NR sidelink-based relaying.
Observation 2:	The content of the discovery messages has already been defined in [3].
[bookmark: _Toc21362209][bookmark: _Toc21362372][bookmark: _Toc21362477][bookmark: _Toc21338841][bookmark: _Toc21338942]Proposal 1:	RAN2 to discuss and study the protocol support for Model A and Model B considering aspects of at least power consumption, latency and reliability.
Proposal 2:	The frame format for the discovery messages should be defined.
Proposal 3:	Transmission and reception of discovery messages should not be restricted to UE connected state.
Proposal 4:	RAN2 to study discovery procedure also for in-coverage UEs where discovery might be assisted by the gNB.
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