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1. Introduction
For NR Sidelink Relay [1], relay discovery is the first important step to enable the overall feature. In this paper, we discuss the AS layer mechanisms for relay discovery, which could be common for both Layer 2 and Layer 3 relay solutions.
2. Discussions

2.1
General 

In LTE ProSe Relay design [2], both Model A and Model B discovery are supported, as depicted in Figure 1 below. In Model A discovery, the relay UE broadcast an announcement of its suitability to be a relay, e.g., periodically, so that other UEs in proximity can discovery its existence. With Model B discovery, the remote UE, which is in need of a relay, sends a message to inquiry for a relay. After receiving the inquiry from the remote UE, one or multiple relay UEs may respond to the request with a discovery response message to indicate its capability to act as a relay for this remote UE. 
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Figure 1: Examples for model A and model B discovery for relay case

In R17, a generic PC5 discovery solution [3] is to be introduced by SA2, which is not only limited to SL relay discovery. Both Model A and Model B relay discover have its suitable use scenarios. Hence, we think NR Sidelink relay discovery shall support both models.

Proposal 1
Both Model A discovery and Model B discovery are supported in NR Sidelink Relay.
Relay Discovery are usually needed in the case when there is no link between the remote UE and relay UE yet. AS layer broadcast and groupcast can be considered for relay message transport. Conveying relay discovery message in SL unicast link, which can only occur after PC5-RRC connection is established, does not need to be considered in the study. Of course, once the PC5 link between remote UE and relay UE is established, remote UE can still discover further information about the relay UE such a sidelink capability, but that is not in the scope of relay discovery discussion here.
Proposal 2
Only SL broadcast and groupcast need to be considered in AS layer for relay discovery in NR Sidelink Relay study.
It is worth noting that in NR sidelink design, there is no dedicated PSDCH channel. As a result, SL relay discovery messages are mixed with other SL traffic from upper layers in PSSCH. If AS layer lack of specific means to distinguish the discovery message from other SL traffic, it will bring some problems to AS layer designs, such as:

1. The AS layer of TX UE cannot prioritize the transmission of SL discovery messages.

2. RX UE cannot selectively measure the SL discovery messages and can only blindly measure all SL traffic.

We think it is beneficial to consider some mechanisms to make sidelink discovery messages not opaque to AS layer. For example, AS layer can be configured with a specific Destination L2 ID address for “relay discovery”, or a dedicated sidelink LCID for discovery, or a dedicated discovery resource pool, etc.

Proposal 3
RAN2 consider introducing a mechanism to distinguish Relay Discovery message in AS layer(s).
2.2
Relay UE operation in Relay Discovery 

Ideally, to act as a UE-to-NW relay, the relay UE is better to be located in an area near the cell edge to cover some out-of-coverage UEs via relay link, but not too close to the edge. In order to achieve this, LTE ProSe has adopted a two-threshold configuration in RRC [4]. When Uu link measurement is below a higher “link quality” threshold, relay UE is not very close to gNB. When Uu link measurement is above a lower threshold of “link quality”, relay UE is still be able to have a reliable Uu link to reach gNB. Both thresholds can be optionally configured. In general, such a configuration can also be used in NR sidelink relay, where Uu link measurement follow RRM measurements defined for NR Uu cell quality: SS-RSRP/SS-RSRQ or CSI-RS based measurements. 
Proposal 4
Reuse the two-threshold RRC configuration for UE-to-NW relay UE to evaluate its suitability for relay operation.

Another obvious criterion is that the UE-to-NW relay shall be able to relay normal access service to the remote UE. If the serving cell is barred, or the UE is in limited service state, the UE shall not advertise itself as a UE-to-NW relay.

Proposal 5
Only UE camps in a cell which provides normal service can be a UE-to-NW relay.
Meeting the AS layer criteria does not mean the UE is 100% suitable to be a relay and should announce the relay discovery message(s). Other factors, such as relay authorization, upper layer rules, remaining battery life of UE, the moving speed or mobility pattern of UE, may all have impacts on whether this relay is suitable or not. The details of those considerations can be left for SA2 to determine.
Proposal 6
For a UE satisfying the AS layer criteria, whether the UE should act as a UE-to-NW relay is up to upper layer to decide.
For remote UE’s role, there might be a need to discourage in-coverage UEs to use UE-to-NW relay to reach the network, especially when the UE is in very good cell coverage. This helps to prevent the relay UEs from being overloaded by unnecessary relay operations. In LTE ProSe [4], there is a single threshold configured as AS layer condition for remote UE. We think it is reasonable to reuse this approach for NR Sidelink Relay. 

Proposal 7
Reuse the single-threshold RRC configuration for remote UE using UE-to-NW relay to evaluate its suitability for relay operation.

For UE-to-UE relay, there is no Uu link involved. Logically, there is no need of evaluation of Uu link quality for the sake of UE-to-UE relay operation. Any Sidelink UE, in regardless of its coverage status, may behave as a UE-to-UE relay. At this stage of study, it is still too early to decide whether any AS layer criteria are needed. RAN2 need first discuss the exact scenarios where UE-to-UE relay discovery is applied.
2.3
Relay (Re)selection in Relay Discovery 
Relay (re)selection is performed by the remote UE, after it discovers one of more relay UEs with Model A or Model B discover mechanism. The basic AS layer mechanism utilized in relay (re)selection is to measure the signal strength of received SL relay discovery message (transmitted by the relay UE) and use it to predict the quality of PC5 link between the remote UE and relay UE. Remote UE shall select a relay UE only if the expected PC5 link quality is above a minimum threshold. This threshold can be applicable to both UE-to-NW relay and UE-to-UE relay.
Proposal 8
Remote UE only (re)selects a relay whose expected relay link quality is above a RRC-configured threshold.
In LTE ProSe, when evaluating the discovered sidelink relays, remote UE apply layer 3 filtering to the collected SD-RSRP measurements. Similar mechanism can also be reused in NR Sidelink relay and the filter coefficients can be either preconfigured (for OOC UE) or configured in SIB (for in-coverage remote UE).
Proposal 9
Remote UE applies the Layer 3 filtering mechanism on collected measurement on SL relay discovery messages.
Finally, in case of multiple relay UEs all have satisfied the PC5 link quality threshold condition (e.g., SL-RSRP), remote UE still need to decide which relay is ultimately selected. We think this cannot be decided by AS layer solely based on the PC5 link quality metric. It is worth noting that the overall soundness of relay operation may not depend only on the best PC5 link quality, but other AS-layer factors as well, such as, but not limited to:

·  Uu link quality between the UE-to-NW relay and gNB (for UE-to-NW relay case);

·  Information about in the access restrictions on the serving cell (e.g., UAC parameters) of the relay UE for UE-to-NW relay case;

·  Whether relay UE supports SL operation on FR1, FR2 or both;

·  Whether relay UE supports NR sidelink mode 1 or mode 2.
Some upper layer restrictions are also to be considered. For example, a Public-safety Remote UE only want to connect to another Public Safety relay UE, not a non-Public Safety relay.
As there exists a plethora of factors could influence the relay selection decisions, we feel how AS-NAS layer interactions occur in the relay selection process, and which relay UE is chosen among the satisfying candidate relays are better to be left to UE implementation.

Proposal 10
How AS layer and upper layer interacts for relay selection is up to UE implementation.

Proposal 11
Among multiple candidate relays satisfying AS-layer threshold for SL-RSRP, which relay UE is chosen is up to UE implementation.
Finally, for in-coverage remote UE, it is possible for the UE to seek gNB assistance for making relay (re)selection decisions. At the current stage of study, it is not clear to us that how gNB can provide better guidance than the UE itself, given that all SL related measurements are done by the remote UE. Thus, we propose to deprioritize this approach in the study. 

Proposal 12
gNB-assisted relay (re)selection for remote UE is deprioritized in the study. 

3. Conclusions

In this paper, we have discussed the relay discovery issue and have the following proposals:

Proposal 1
Both Model A discovery and Model B discovery are supported in NR Sidelink Relay.
Proposal 2
Only SL broadcast and groupcast need to be considered in AS layer for relay discovery in NR Sidelink Relay study.
Proposal 3
RAN2 consider introducing a mechanism to distinguish Relay Discovery message in AS layer(s).
Proposal 4
Reuse the two-threshold RRC configuration for UE-to-NW relay UE to evaluate its suitability for relay operation.

Proposal 5
Only UE camps in a cell which provides normal service can be a UE-to-NW relay.
Proposal 6
For a UE satisfying the AS layer criteria, whether the UE should act as a UE-to-NW relay is up to upper layer to decide.
Proposal 7
Reuse the single-threshold RRC configuration for remote UE using UE-to-NW relay to evaluate its suitability for relay operation.

Proposal 8
Remote UE only (re)selects a relay whose expected relay link quality is above a RRC-configured threshold.
Proposal 9
Remote UE applies the Layer 3 filtering mechanism on collected measurement on SL relay discovery messages.
Proposal 10
How AS layer and upper layer interacts for relay selection is up to UE implementation.

Proposal 11
Among multiple candidate relays satisfying AS-layer threshold for SL-RSRP, which relay UE is chosen is up to UE implementation.

Proposal 12
gNB-assisted relay (re)selection for remote UE is deprioritized in the study. 
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