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Abstract: It is proposed a new solution for multi-hop U2U Relay Discovery. 
1. Introduction
In KI#2 Support of Layer-3 multi-hop UE-to-UE Relays of TR 23.700-03, there are the following bullets:
-	Whether and how to enhance the existing mechanisms for multi-hop UE-to-UE Relay discovery.
-	Whether and how to control the maximum number of hops supported when using multi-hop UE-to-UE relays.

This paper focuses on the following issues:
· How to enhance the existing mechanisms for multi-hop UE-to-UE Relay discovery with Model B
· How to control the maximum number of hops supported when using multi-hop UE-to-UE relays

The main idea of this solution is to obtain the User Info ID of all Relays in a path for path selection and avoiding loop during packet forwarding, while the maximum number of hops is determined considering QoS/RSC.
1. The U2U Relay additionally includes its own User Info ID in the Solicitation message. The Response message contains the User Info ID of all Relays in a path.
2. U2U Relay may drop the Solicitation message when its own User Info ID is already contained in the received Solicitation, i.e. it has already forwarded the Solicitation previously. So as to avoid loop and may save some wireless resource compared with using TTL.
3. The QoS splitting may be extended to multi-hop. Thereby the maximum number of hops for discovery procedure may be determined based on specific QoS or RSC so as to avoid discovering multi-hop path that can NOT satisfy QoS requirement.
4. When initiating Link Establishment or Link Modification after Discovery, the Source End UE may include the User Info ID of all Relays in a selected path (e.g., a sequential list) in the DCR/LMR message, thereby the U2U Relay may know the next hop easily.
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Fig 1. Example scenario for multi-hop U2U Discovery with Model B
For example, 
T=1. Relay1 sends Solicitation message which contains the User Info ID of Relay1 and the Direct Discovery set. 
T=2. Relay1 receives a Solicitation message which contains User Info ID of Relay1, Relay2. Thus, Relay1 drops this received Solicitation message.
T=3. Relay3 sends a Solicitation message which contains User Info ID of Relay1, Relay2.
T=4. Relay3 receives a Solicitation message which contains User Info ID of Relay1, Relay2, Relay4. It is possible for Relay3 to know that it has sent Solicitation message with the same Direct Discovery set and lower number of hops. But it will surely make the solution complicated.
T=5. End UE2 receives multiple Solicitation messages, the signal strength with Relay4 is better than that with Relay3. UE2 may choose to respond for Path#2, or both Path#1 and Path#2.
2. Text Proposal
* * * * First change (All text are new) * * * *
6.X	Solution #X: Support of Multi-hop UE-to-UE Relay Discovery
6.X.1	Description
This solution addressed Key Issue #2 “Support of Layer-3 Multi-hop UE-to-UE Relays”. 
In this solution, the ProSe 5G UE-to-UE Relay operations is supported with the following principles:
-	5G ProSe multi-hop UE-to-UE Relay discovery with Model B:
· The Source End UE decides the maximum number of hops for discovery based on QoS requirement and (pre-)configuration. E.g., according to some mapping to the service or RSC.
Note: the maximum number of hops decided by the Source End UE may also be used in Model A discovery.
· The Source End UE sends a 5G ProSe UE-to-UE Relay Discovery Solicitation message containing the maximum number of hops for discovery in the UE-to-UE Discovery set.
· [bookmark: _Hlk157605755]The User Info IDs of UE-to-UE Relays are used for (1) avoiding loop: if the Relay’s own User Info ID is already contained in the message, the Relay may drop the message; (2) counting the number of hops in the path, a UE-to-UE Relay decides whether to forward the Solicitation message according to the maximum number of hops and the number of User Info IDs of UE-to-UE Relays.
· When a UE-to-UE Relay forwards the Solicitation message, it additionally includes its own User Info ID in the message. The principles of assigning Source Layer-2 ID of the Solicitation message reuse the current Rel-18 methods.
· The Target End UE responds to a UE-to-UE Relay with a Response message, including the User Info IDs of Relays in the path. If the Target End UE may choose the path based on e.g., the PC5 signal strength of each message received, the number of hops to the Source End UE.
6.X.2	Procedures


Figure 6.X.2-1: 5G ProSe multi-hop UE-to-UE Relay Discovery with Model B
The procedure of 5G ProSe multi-hop UE-to-UE Relay Discovery with Model B is extended based on the Rel-18 UE-to-UE Relay Discovery with Model B.
1. The Source End UE decides the maximum number of hops for discovery based on e.g., according to QoS requirement or configuration. 
Then the Source End UE can decide the maximum number of hops based on this End-to-End QoS parameters and PQI parameters. For example, the E2E Packet Delay Budget is 100ms while the PDB of a PQI is 30ms, then the max number of hops can be decided as floor[100/30]=3.
2a. The Source End UE sends a Solicitation message. The Solicitation message additionally contains the maximum number of hops.
The maximum number of hops can be a constant value or a variable similar to TTL which will be decreased by 1 per hop. They are equivalent if the User Info IDs of Relays in the path are also included in the message. i.e., can be calculated out of each other.
3a. A 5G ProSe UE-to-UE Relay may forward the Solicitation message when its own User Info ID is not contained in the received Solicitation message. If the number of User Info IDs of Relays included in the message has reached the maximum number of hops (or the TTL is 0), the Relay should drop the message.
4a. A 5G ProSe UE-to-UE Relay sends a Solicitation message, it additionally includes its own User Info ID in the message. i.e., the message contains the User Info IDs of all Relays in the path.
The UE-to-UE Relay may assign unique Layer-2 ID for sending Solicitation message as described in the current Rel-18 single-hop U2U Relay discovery procedure.
2b.-6b. Another discovery path.
7-8. The Target End UE responds to the 5G ProSe UE-to-UE Relay with a Response message. 
The Response message additionally contains the User Info IDs of Relays in the path.
If the Target End UE may choose the path based on e.g., the PC5 signal strength of each message received, hops to the Source End UE, the User Info IDs of UE-to-UE Relays in the path, etc.
9-10. A UE-to-UE Relay sends a Response message. The Response message additionally contains the User Info IDs of Relays in the path. 
A UE-to-UE Relay can associate the User Info ID and Layer-2 ID of neighbour UE-to-UE Relays according to the Response message. The association can be used in the subsequent Link Management procedure.
11. The Source End UE may perform the UE-to-UE Relay(s)/path selection based on e.g., the PC5 signal strength and the number of hops of the received Response messages. The number of hops corresponds to the number of User Info IDs of Relays in the path.
6.X.3	Impacts on services, entities and interfaces

There is no impact to NG-RAN, as the solution is using the existing features supported in Rel-18 NR ProSe design.
There are impacts to 5G ProSe End UE, UE-to-UE Relay, maybe to ProSe Policy.
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* * * * Second change * * * *
[bookmark: _Toc22214907][bookmark: _Toc22286586][bookmark: _Toc23317647][bookmark: _Toc94300259]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * End of changes * * * *
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