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Abstract: It is proposed a new solution for multi-hop UE-to-UE Relay link management. 
1. Introduction
In KI#2 Support of Layer-3 multi-hop UE-to-UE Relays of TR 23.700-03, there is the following bullet:
-	How to manage multi-hop PC5 links, at least including how to establish, modify and release Layer-2 link over PC5 reference point for multi-hop UE-to-UE Relays.
The solution proposed in this paper focuses on addressing the bullet.
The main idea of this solution is to use the User Info IDs of U2U Relays for message forwarding during the Link Establishment or Link Modification procedure, so as to avoid broadcasting DCR message between U2U Relays. The last Relay may need to broadcast DCR to Target End UE, as Rel-18 does.
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Fig.1 Example scenario of Link Management procedure
Fig. 1 illustrates the main idea of the solution: 
Relay2 receives a DCR/LMR message from Relay1 which contains the User Info ID of Relays in the path (e.g., [Relay1, Relay2, Relay4]). Relay2 may know the next hop is Relay4 based on its own User Info ID.
Relay2 unicasts a DCR message to Relay4, the Destination Layer-2 ID is associated with the User Info ID of Relay4.
Relay4 broadcast DCR message to UE2.
2. Text Proposal
The following changes are proposed to TR 23.700-03 v0.1.0
* * * * First change (All text are new) * * * *
6.X	Solution #X: Support Multi-hop UE-to-UE Relay Layer-2 Link Management
6.X.1	Description
This is a solution for Key Issue #2 “Support of Layer-3 Multi-hop UE-to-UE Relays”. This solution is applicable for Layer 3 UE-to-UE Relay.
In this solution, the ProSe 5G UE-to-UE Relay operations is supported with the following principles:
-	Layer-2 link establishment for PC5 communication via 5G ProSe Layer-3 UE-to-UE Relay:
· Assume that the Source End UE obtained the User Info IDs of Relays in the path from the discovery procedure, the Source End UE sends a Direct Communication Request message to the first Layer-3 UE-to-UE Relay. The DCR message additionally includes the User Info IDs of Relays in the path, which is used to specify routing information to prevent DCRs from being broadcast between UE-to-UE Relays.
· The Source End UE decides the Destination Layer-2 ID for sending the DCR message according to the association between Layer-2 ID and User Info IDs of the 1st U2U Relay.
· Each Layer-3 UE-to-UE Relay decides the Destination Layer-2 ID for sending the DCR message according to the association between Layer-2 ID and User Info IDs of Relays contained in the received DCR message. If a U2U Relay cannot decide the unicast Layer-2 ID of the Target End UE, it broadcasts the DCR message.
-	Layer-2 link modification for PC5 communication via 5G ProSe Layer-3 UE-to-UE Relay:
· If there is already a PC5 link established between the Source/Target End UE and a UE-to-UE Relay or between UE-to-UE Relays, an LMR message is sent instead of DCR. The LMR message also additionally includes the User Info IDs of Relays in the path.

6.X.2	Procedures
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Figure 6.X.2-1: Layer-2 link establishment via 5G ProSe Layer-3 UE-to-UE Relay
The procedure of 5G ProSe multi-hop UE-to-UE Relay Link Establishment is extended based on the Rel-18 UE-to-UE Relay Link Establishment.
1. It is assumed that the Source End UE selected Relays/path to the Target End UE and obtained the User Info IDs of Relays in the path from the discovery procedure which is captured in Solution X.
2. The Source End UE sends a Direct Communication Request message to the UE-to-UE Relay. The DCR message additionally includes the User Info IDs of Relays in the path, corresponding to the Relays/path selected after the discovery procedure.
If there is already a PC5 link established between the Source/Target End UE and UE-to-UE Relay or between UE-to-UE Relays, an LMR message is sent instead of DCR. The LMR message also additionally includes the User Info IDs of Relays in the path. 
3. After security establishment procedure, the UE-to-UE Relay can obtain the User Info ID of Source End UE and associate it with the Layer-2 ID of Source End UE.
4. A UE-to-UE Relay sends a DCR message to the next UE-to-UE Relay.
The Source Layer-2 ID of the DCR message is self-assigned by the UE-to-UE Relay and the Destination Layer-2 ID is the unicast Layer-2 ID associated with the User Info ID of the next hop UE-to-UE Relay.
Editor's note: whether the U2U Relay assigns unique Layer-2 ID and deletes User Info ID(s) of previous Relay(s) when sending DCR message is for FFS. 
6. A UE-to-UE Relay may know it is the last Relay in the path (e.g., according to the User Info IDs of Relays in the received DCR/LMR message). The UE-to-UE Relay sends a DCR message to the target 5G ProSe Layer-3 End UE. 
The Destination Layer-2 ID is a broadcast Layer-2 ID or the unicast Layer-2 ID of Target End UE. Unicast Layer-2 ID is used only if the Layer-2 ID of the Target End UE is known to the UE-to-UE Relay.
8. The Target End UE sends a Direct Communication Accept message to the UE-to-UE Relay it has successfully established security with. The DCA message may include the User Info IDs of Relays in the path.
9.
Editor's note: whether to enhance IP allocation is for FFS.
10. After receiving the DCA message, the UE-to-UE Relay sends a DCA message to the next UE-to-UE Relay or Source End UE it has successfully established security with.
14.
Editor's note: whether to enhance DNS Query is for FFS.
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.
* * * * Second change * * * *
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Table 6.0-1: Mapping of Solutions to Key Issues
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