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Abstract of the contribution: This contribution proposes a new solution for KI#2 regarding discovery for Multi-hop U2U
1	Discussion
In clause 5.2 of TR 23.700-03, the key issue description of KI#1 Support of multi-hop UE-to-UE Relays include: 
-	Whether and how to enhance the existing mechanisms for multi-hop UE-to-UE Relay discovery.
-	Whether and how to enhance the existing mechanisms for IP address/prefix allocation.
-	Whether and how to control the maximum number of hops supported when using multi-hop UE-to-UE relays.
-	Whether and how to support path changes or Relay (re)selections, e.g., in the case one or more UE-to-UE Relays become unavailable/suitable.
-	Whether and how to support the network control 5G ProSe multi-hops UE-to-UE Relay operations, including at least, authorization, policy and parameters provisioning etc.
-	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.
-	How to establish the connection between source UE and target UE via multiple 5G ProSe UE-to-UE Relays.
-	How to satisfy end-to-end QoS requirements for the End UEs over the path via 5G ProSe multi-hop UE-to-UE Relays, if needed.
This contribution proposes a new solution for FS_5G_ProSe_Ph3 KI#2 to address the issues in KI description. 

2 	Proposal
[bookmark: _Hlk513714389][bookmark: _Hlk91782779]It is proposed to add this solution to TR 23.700-03
*** First change***
6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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*** Next change (all new text) ***

[bookmark: _Toc157657231]6.2.X	Solution #Y:  5G Prose Multi-hops UE-to-UE relay discovery
6.2.X.1	Description
In the previous release, we have studied the 5G ProSe UE-to-UE Relay Communications and in Rel-19, we decided to extend the 5G ProSe UE-to-UE Relay Communications over multiple hops. In order to use the relay communications, the Source (End) UE needs to discovery the 5G ProSe UE-to-UE Relay which supports relay service for the specific application identified by RSC. In Rel-19, both relay discovery models, i.e. Model A and Model B, are supported. 
In this paper, we propose the 5G ProSe UE-to-UE Relay discovery Model B which supports multiple hops relays. In multiple hops scenario, several things should be considered, such as network congestion caused by message flooding, length of the path, duplicated message and so on. 
In Model B, the 5G ProSe UE-to-UE Relay Discovery Solicitation message is broadcasted into the network, so it needs some additional parameters for considering the multiple hops environment. To limit the number of hops of relaying messages, Hop Limit is needed. Also, for avoiding duplicated relaying, a unique indication (e.g. Original Source L2-ID) is needed. More parameters for multiple hops are described in the below procedures. 
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Figure 6.2.Y.1-1 Example scenario for Multi-hop UE-to-UE relay

It is assumed that corresponding 5G Prose UEs (5G Prose End UEs, 5G Prose UE-to-UE relay) end UEs have already been configured by the network with policies related to 5G prose Communication via Multi hop UE-to-UE Relays.

6.2.X.2	Procedures
[image: ]
Figure 6.2.X.2-1
0. It is assumed that the corresponding Prose enabled UEs (end UEs, UE-to-UE Relays) are authorized for Multi-hop UE-to-UE relay communication.

1. The discoverer 5G ProSe End UE (5G ProSe End UE-1 in the figure) sends a 5G ProSe UE-to-UE Relay Discovery Solicitation message using Layer-2 Source and Destination IDs including following parameters
a. Direct discovery set
i. User Info ID
1. Discover info
2. Discoveree info
b. UE-to-UE relay discovery set of identifiers
i. User info ID of UE-to-UE relay
ii. Relay service code
c. Multi-hop parameters
· Hop limit = configured/self-assigned
· Current Hop count = 0

2. UE-to-UE relay(s) receives the solicitation message
If the RSC is matched and the Hop Count is less than the HOP limit. It sends UE-to-UE relay Discovery solicitation message including following parameters
a. Direct discovery set
i. User Info ID
1. Discover info
2. Discoveree info
b. UE-to-UE relay discovery set of identifiers
i. User info ID of UE-to-UE relay
ii. Relay service code
c. Multi-hop parameters
· Hop limit = Hop limit of received solicitation - 1
· Current Hop count = hop count of received solicitation + 1
· Original Source L-2 ID: of the discoverer 
On receiving a UE-to-UE relay discovery solicitation message, UE-to-UE relay may not send a message in the following cases
· UE checks if the Hop limit is 0 (and it’s not the end UE)
· UE also checks the Original Source L2 ID, and if multiple messages are received, it may send only one of them (e.g. depending on first arrived message or based on PC5 signal strength by waiting for some time so that all the solicitation messages are arrived)

3. Similar to Step 2.
UE-to-UE relay-3 discards the solicitation message received from the UE-to-UE relay-2

4. Similar to Step 2 and Step 3
5G-Prose UE-to-UE Relay sends the 5G ProSe UE-to-UE Relay Discovery Solicitaion message to 5G-Prose UE-to-UE End UE-2

Discoveree UE receives the solicitation message and checks the RSC, User Info ID and if they match, sends the response to the solicitation message.

Further in case when the UE receives multiple solicitation message for the same User ID info of discoverer, end may choose not to send solicitation message for the corresponding path by comparing signal strength, hop count etc.

5. Discoveree 5G ProSe End UE sends the 5G ProSe UE-to-UE Relay Discovery Response message.
Discoveree UE sets the Hop count to 0 in the response message and Hop limit equal to the Hop counts of received solicitation message + 1 and Discoverer UE receives the corresponding Discovery response message. 
In the response message, it uses the Layer-2 Destination ID as the Layer-2 Source ID of the of the corresponding received solicitation message (that is the Layer-2 Source ID used in Step 4).

6. 5G Prose UE-to-UE Relay-4 to UE-to-UE Relay-3
Upon receiving the UE-to-UE relay discovery response message, 5G Prose-UE-to-UE relay, sends the response message further by decreasing the Hop-limit and increasing the Hop count by 1.
In the response message it uses the Layer-2 Destination ID as the Layer-2 Source ID of of the corresponding received solicitation message (that is the Layer-2 Source ID used in Step 3).

7. Similar to Step 6

8. Discoverer UE upon receiving the response message matches the RSC and the User Id info, and upon accepting the path start communicating using the corresponding path.
6.2.Y.3	Impacts on services, entities and interfaces 
UE: 
· Includes more parameters for multiple hops scenarios; Hop Limits, Hop Counts, Original Source L2-ID
· Drops the duplicated messages and message with Hop Limits = 0
PCF/AS:
· Provides authority policy 5G-Prose UE-to-UE Relay for being UE-to-UE Relay supporting multiple hops.
· Provides authority policy to 5G-Prose End-UE for using UE-to-UE Relay supporting multiple hops for 5G Prose communication.
· Provides additional parameters for multiple hops scenarios; Hop Limits etc.
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