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Introduction
Based on the descriptions in TR 38.836 V1.0.0 (2020-12) [1] section 5.2 and section 5.3, this contribution proposes five items to be examined on discovery and relay (re-)selection for UE-to-UE relay in WI phase.

Discovery of remote UE
TS 23.303 [2] clause 5.3.2 describes two methods for discovery, namely, model A and model B. TS 23.303 clause 5.4.5 describes a method to establish a secure layer-2 link over PC5 between UEs that can communicate via direct communication with Direct communication request message.
On the other hand, TR 23.752 [3] describes the following solutions regarding discovery and relay (re-)selection for UE-to-UE relay.
· section 6.8 Solution #8: UE-to-UE Relay Selection Without Relay Discovery
(Alternative 1) A UE initiating communication sends a Direct communication request message to discover a remote UE that is a communication partner in UE-to-UE relay case. The same Direct communication request message also establishes a secure relay layer-2 link between two UEs. If multiple relay layer-2 links are established, the UE that initiated communication selects one remote UE and one relay layer-2 link to use.
(Alternative 2) A UE discovers remote UEs that it can communicate with via UE-to-UE relay with model B method. The UE that started the discovery chooses one UE as a communication partner, and proceeds to establish a secure relay layer-2 link between itself and the selected UE.
· section 6.9 Solution #9: Connection establishment via UE-to-UE Layer-2 Relay
A UE initiating communication sends Direct communication request message to discover a remote UE that is a communication partner in UE-to-UE relay case. The same Direct communication request message also establishes a secure relay layer-2 link between two UEs. This corresponds to Solution #8 (Alternative 1) above.

We think that Solution #8 (Alternative 1) and Solution #9 above have the following demerits.
· It is inconvenient for UEs that the discovery method in case of direct communication between UEs (model A or model B) is different from the discovery method in case of UE-to-UE relay.
· When there are multiple candidates for remote UE and relay UE, unnecessary relay layer-2 links are established temporarily and released in a short period of time.
From the above considerations, we consider that it is better to discover communication partner UEs and relay UEs with a method based on model A or model B and to establish relay layer-2 link with Direct communication request message after discovery separately. Therefore, we propose the following items to be examined in WI phase.

[bookmark: _Ref59809947]Item to be examined on discovering a remote UE with model A for UE-to-UE relay
Let us consider a case where a UE discovers a remote UE to communicate with via UE-to-UE relay by obtaining an Application Code supported by the remote UE through a relay UE in UE-to-UE relay using model A discovery. Discovery method described in TS 23.303 [2] clause 5.3.2 shows how a UE announces an Application Code supported by itself to neighbor UEs with which it can communicate via direct communication. However, TS 23.303 does not describe how a UE announce an Application Code supported by itself to remote UEs with which it can communicate through a relay UE. With model A discovery, a UE can obtain UE ID of UEs that support an Application Code and candidates for relay UEs before trying to initiate communication with a UE that supports the Application Code. Thus, model A discovery has the merit of reducing the time it takes for a UE to start communication. Therefore, we consider it is necessary to define an additional method with which a UE obtains Application Codes announced by remote UEs with which it can communicate through relay UEs in model A for UE-to-UE relay.
Figure 1 shows an example sequence for UE-C (Discoverer) to obtain an Application Code announced by a remote UE (UE-A, Discoveree) through a relay UE (UE-B).
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[bookmark: _Ref59802874][bookmark: _Hlk59803812]Figure 1 Example sequence for discovering remote UEs with model A

We explain the sequence in Figure 1 in the following.
1) UE-A sends Application Code supported by itself with Announcement message described in TS 23.303.
2) UE-B, acting as a relay, records Application Code supported by UE-A and UE ID of UE-A (e.g. ProSe UE ID) contained in Announcement message received from UE-A.
3) UE-B sends Application Code supported by itself, Application Code supported by UE-A and UE ID of UE-A with Announcement message.
4) UE-C checks if Application Code supported by UE-A, which is contained in Announcement message received from UE-B, match Discovery Filter it has. If Application Code supported by UE-A match, UE-C chooses UE-A as a communication partner.
The above procedure enables UE-C to discover UE-A that supports Application Code that UE-C is looking for.

Proposal 1:
Examine how a UE discovers a remote UE with which it communicates through a relay UE based on model A procedure in WI phase.

[bookmark: _Ref59809950]Item to be examined on discovering a remote UE with model B for UE-to-UE relay
Let us consider a case where a UE discovers a remote UE to communicate with via UE-to-UE relay with Solicitation and Response message described in TS 23.303 [2] through a relay UE in UE-to-UE relay using model B discovery. Discovery method described in TS 23.303 clause 5.3.2 shows how a UE discovers UEs with which it can communicate via direct communication by exchanging Solicitation and Response messages with neighbor UEs. However, TS 23.303 does not describe how a UE discovers remote UEs with which it can communicate through relay UEs by exchanging Solicitation and Response messages with other UEs. Therefore, we consider that it is necessary to define an additional method with which a UE discovers remote UEs with which it can communicate through relay UEs by exchanging Solicitation and Response messages with other UEs in model B for UE-to-UE relay.
Figure 2 shows an example sequence for UE-A (Discoverer) to discover a remote UE (UE-C, Discoveree) with which UE-A can communicate through a relay UE (UE-B) by exchanging Solicitation and Response messages through UE-B.
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[bookmark: _Ref59803910]Figure 2 Example sequence for discovering remote UEs with model B

We explain the sequence in Figure 2 in the following.
1) UE-A sends Query Code with Solicitation message explained in TS 23.303.
2) UE-B, acting as a relay UE, determines if it sends Response message to UE-A based on Query Code contained in Solicitation message received from UE-A.
3) UE-B relays Solicitation message received from UE-A to neighbor UEs including UE-C simultaneously.
4) UE-C checks if Query Code contained in Solicitation message received from UE-B matches Discovery Query Filter it has.
5) If Query Code matches, UE-C sends Response message to UE-B in order to send Response Code to UE-A.
6), 7) UE-B relays Response message, which is addressed to UE-A, received from UE-C to UE-A.
8) UE-A checks if Response Code of UE-C contained in Response message received from UE-B matches Discovery Response Filter it has. If Response Code matches, UE-A chooses UE-C as a communication partner.
The above procedure enables UE-A to discover UE-C that supports a service that UE-A is looking for.

Proposal 2:
Examine how a UE discovers a remote UE with which it communicates through a relay UE based on model B procedure in WI phase.

[bookmark: _Ref59812758]Item to be examined on discovering a remote UE with UE ID for UE-to-UE relay
TS 23.303 [2] clause 5.3.7 “Direct Discovery for Public Safety use” describes how a UE for public safety use discovers group members via direct communication based on model A or model B. The procedure described in TS 23.303 clause 5.3.7 uses ProSe UE ID as UE ID.
Let us consider a case where UE-to-UE relay is used for public safety use and a UE for public safety use communicates one-to-one with a remote UE discovered by group member discovery via UE-to-UE relay after discovery. In this case, UEs communicating via UE-to-UE relay may need to update relay UE while communicating due to the movement of UEs. A UE needs to be able to discover a relay UE that it uses for communicating with a specified ProSe UE ID so that it can update a relay UE. We think a UE needs to be capable of discovering ProSe UE IDs through relay UEs to discover a relay UE used for communicating with a specified ProSe UE ID.
Figure 3 shows an example sequence for UE-C (Discoverer) to discover a UE ID announced by a remote UE (UE-A, Discoveree) that UE-C communicates with via UE-to-UE relay through relay UE (UE-B).
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[bookmark: _Ref59812592]Figure 3 Example sequence for discovering UE ID of remote UEs with model A

We explain the sequence in Figure 3 in the following.
1) UE-A sends its UE ID (e.g. ProSe UE ID) with Announcement message described in TS 23.303.
2) UE-B, acting as a relay UE, records UE ID of UE-A contained in Announcement message received from UE-A.
3) UE-B sends its UE ID and UE ID of UE-A with Announcement message.
4) UE-C records UE ID of UE-A contained in Announcement message received from UE-B.
The above procedure enables UE-C to discover UE ID of UE-A.

Proposal 3:
Examine how a UE discovers a remote UE with which it communicates through a relay UE with UE ID (e.g. ProSe UE ID) in WI phase.

Item to be examined on establishing relay route between UEs for one-to-one communication via UE-to-UE relay
It is necessary for UEs to establish a relay route so that UEs can communicate one-to-one after discovering remote UEs to communicate with. TS 23.303 [2] clause 5.4.5 describes a method to establish secure layer-2 link over PC5 between UEs that can communicate via direct communication. However, TS 23.303 does not show how UEs establish relay route between UEs via UE-to-UE relay. We consider that it is necessary to define a method for UEs to establish relay route between UEs.
Figure 4 shows an example sequence for UEs to establish relay route between UEs communicating through a relay UE.
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[bookmark: _Ref59814847]Figure 4 Example sequence for establishing relay route between UE-A and UE-C

We explain the sequence in Figure 4 in the following.
1) Here we assume UE-A completed the discovery of a remote UE (UE-C) with which it communicates one-to-one via UE-to-UE relay. UE-A sends Direct communication request message to UE-B, which is a relay UE.
2), 3) UE-B establishes relay route between UE-A and UE-C which is the final destination of Direct communication request message. Then, UE-B relays Direct communication request message to UE-C.
4) UE-C receives Direct communication request message and establishes one-to-one communication with UE-A. 

Proposal 4:
Examine how UEs establish relay route between UEs communicating one-to-one through relay UE in WI phase.

Relay (re-)selection
Item to be examined on considering PC5 link quality between a relay UE and a remote UE in relay (re-)selection for UE-to-UE relay
[bookmark: _Hlk60152141]TR 38.836 V1.0.0 (2020-12) [1] section 5.3 describes that a remote UE considers radio measurement at PC5 interface between itself and a relay UE when (re-)selecting a relay UE. In one-to-one communication via UE-to-UE relay, PC5 link quality between a rely UE and both UEs communicating through the relay UE affects the quality of end-to-end communication between UEs. Thus, we think it is desirable for a UE to consider PC5 link quality between a remote UE and a relay UE in addition to PC5 link quality between itself and a relay UE when (re-)selecting a relay UE. Therefore, we propose to examine a method to allow a UE to take PC5 link quality between a remote UE and a relay UE, in addition to PC5 link quality between itself and a relay UE, into account in relay (re-)selection in WI phase.
Figure 5 shows an example sequence for a relay UE to send information on PC5 link quality between the relay UE and a remote UE with a message for discovery based on model A discovery.
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[bookmark: _Ref59821476]Figure 5 Example sequence for sending information on PC5 link quality between remote UE and relay UE

We explain the sequence in Figure 5 in the following.
1) Relay UE (UE-B) receives Announcement message from UE-A.
2) UE-B measures PC5 link quality between UE-A and itself when receiving Announcement message from UE-A. UE-B also processes the received Announcement message.
3) UE-B sends information on PC5 link quality between UE-A and itself, in addition to Application Code supported by UE-A, with Announcement message.
4) UE-C measures PC5 link quality between UE-B and itself when receiving Announcement message from UE-B. UE-C (re-)selects relay UE based on PC5 link quality between UE-B and itself and information on PC5 link quality between UE-A and UE-B contained in Announcement message received from UE-B.

Proposal 5:
Examine a method to allow a UE to take PC5 link quality between a remote UE and a relay UE, in addition to PC5 link quality between itself and a relay UE, into account in relay (re-)selection in WI phase.

Conclusion 
In this contribution we make the following proposals: 

Proposal 1:
Examine how a UE discovers a remote UE with which it communicates through a relay UE based on model A procedure in WI phase.

Proposal 2:
Examine how a UE discovers a remote UE with which it communicates through a relay UE based on model B procedure in WI phase.

Proposal 3:
Examine how a UE discovers a remote UE with which it communicates through a relay UE with UE ID (e.g. ProSe UE ID) in WI phase.

Proposal 4:
Examine how UEs establish relay route between UEs communicating one-to-one through relay UE in WI phase.

Proposal 5:
Examine a method to allow a UE to take PC5 link quality between a remote UE and a relay UE, in addition to PC5 link quality between itself and a relay UE, into account in relay (re-)selection in WI phase.
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