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Abstract of the contribution: This contribution proposes a solution for KI#1 to support multi-hop 5G ProSe UE-to-Network Relays with procedures for multi-hop Relay Discovery and Layer-3 Communication.
1. Discussion 
This contribution proposes a new solution to KI#1 to support 5G ProSe multi-hop UE-to Network Relays. The following aspects are addressed:

· Multi-hop 5G ProSe UE-to-Network Relay discovery.
· 5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay.
2. Proposal

It is proposed to include the following text in TR 23.700-03.   

*** Start of changes ***
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Solutions
6.0
Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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	Solutions
	1
	2
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6.X
Solution #X: Multi-hop 5G ProSe UE-to-Network Relay Discovery and Layer-3 Communication
6.X.1
Description

This solution provides a mechanism for enabling multi-hop 5G ProSe UE-to-Network Relay, where the Remote UE is connected to the UE-to-Network Relay via one or more 5G ProSe Intermediate Relay(s). It is assumed that the 5G ProSe UE-to-Network Relay, the Remote UE and the 5G ProSe Intermediate Relay(s) receive appropriate authorization and configuration to perform multi-hop 5G ProSe UE-to-Network Relay. In particular, the maximum number of hops is assumed to be a configurable parameter which can be set by the operator during registration for the 5G ProSe-enabled UEs supporting multi-hop Relay.
The solution addresses the following aspects:

· 5G ProSe UE-to-Network Relay Discovery: To perform discovery, the Discovery message sent by the 5G ProSe UE-to-Network Relay in Model A or the Remote UE in Model B is propagated by the Intermediate Relays until the maximum number of hops is reached. The number of hops for each path is tracked by including a counter in the discovery message, which is updated by each 5G ProSe Intermediate Relay before forwarding. The discovery message is dropped if the maximum number of hops is reached. To avoid loops in the multi-hop paths, each 5G ProSe intermediate Relay includes its own ID when relaying the discovery message. The 5G ProSe Intermediate Relay does not transmit a discovery message that already includes its own ID.
As the Remote UE may receive a response from the same UE-to-Network Relay via different intermediate relays and paths, the Remote UE should select both the UE-to-Network Relay and the path to reach it including the set of Intermediate Relays. The Remote UE may select the UE-to-Network Relay and path based on parameters such as the number of hops, the end-to-end QoS, or additional information on the 5G ProSe Intermediate Relay(s) or links. To assist the Remote UE with UE-to-Network Relay and path selection, each Intermediate Relay also includes additional information on the relay and link.
· 5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay with and without N3IWF support: Once the 5G ProSe UE-to-Network Relay and the multi-hop path have been selected by the Remote UE, the Remote UE sends a multi-hop Communication Request to the 5G ProSe UE-to-Network Relay, which includes information about the selected path (i.e. list of IDs of intermediate 5G ProSe Intermediate Relay(s)) and a path ID that can be used to reference the path in further communications. The multi-hop Communication Accept message includes the path ID. Then, the complete UE-to-Network multi-hop path is established, and 5G ProSe Direct Communication is established between the 5G ProSe-enabled UEs for each hop.

6.X.2
Procedures
6.X.2.1
5G ProSe multi-hop UE-to-Network Relay Discovery
6.X.2.1.1
5G ProSe multi-hop UE-to-Network Relay Discovery with Model A

Figure 6.X.2.1.1-1 illustrates the procedure for 5G ProSe muti-hop UE-to-Network Discovery with Model A.
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Figure 6.X.2.1.1-1: 5G ProSe multi-hop UE-to-Network Relay Discovery with Model A
1. The 5G ProSe UE-to-Network Relay sends a UE-to-Network Relay Discovery Announcement message. Additional to the parameters described in clause 6.3.2.3.2 from TS 23.304 [4], the UE-to-Network Relay Discovery Announcement message includes an indication that multi-hop relay is supported, and an initialized multi-hop counter.
2. The 5G ProSe Intermediate Relays propagate the Announcement message while updating the multi-hop counter until the maximum number of hops is reached, in which case the message is dropped. Additional information related to the intermediate relays and links of the path from which the Announcement message transits is added at each hop to facilitate path selection by the Remote UE and avoid loops.
The 5G ProSe Remote UEs monitor the announcement messages corresponding to the desired services, and select the 5G ProSe UE-to-Network Relay and multi-hop path based on the information received.
6.X.2.1.2
5G ProSe multi-hop UE-to-Network Relay Discovery with Model B
Figure 6.X.2.1.2-1 illustrates the procedure for 5G ProSe muti-hop UE-to-Network Discovery with Model B.
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Figure 6.X.2.1.2-1: 5G ProSe multi-hop UE-to-Network Relay Discovery with Model B
1. The 5G ProSe Remote UE sends a 5G ProSe UE-to-Network Relay Discovery Solicitation message which includes, additional to the parameters described in clause 6.3.2.3.3 from TS 23.304 [4], an indication that multi-hop relay is supported, and an initialized multi-hop number counter.
2. The Solicitation message is propagated by the 5G ProSe Intermediate Relay(s) while updating the multi-hop counter until the maximum number of hops is reached, in which case the message is dropped. To avoid loops and allow the routing of the Discovery Response, each Intermediate Relay includes its ID in the message.
3. If the information contained in the Solicitation message matches the 5G ProSe UE-to-Network Relay configuration, the 5G ProSe UE-to-Network Relay(s) that receives the Solicitation message send a Response which is relayed back to the Remote UE by the Intermediate Relays. Additional information related to the Intermediate Relays and links of the path from which the Response message transits is added at each hop to facilitate path selection by the Remote UE.
4. The 5G ProSe Remote UE selects the 5G ProSe UE-to-Network Relay and multi-hop path to reach it based on the information received.
6.X.2.2
5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay
6.X.2.2.1
5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay without N3IWF support
Figure 6.X.2.2.1-1 depicts the procedure for 5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay without N3IWF support.
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Figure 6.X.2.2.1-1: 5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay without N3IWF
1. Service authorization and provisioning are performed for the 5G ProSe Layer-3 UE-to-Network Relay (step 1a), the 5G ProSe Intermediate Relay(s) (step 1b), and the 5G ProSe Layer-3 Remote UE (step 1c).

2. Similar to Step 2 in clause 6.5.1.1 from TS 23.304[4], the 5G ProSe Layer-3 UE-to-Network Relay may establish a PDU Session for relaying.
3. The 5G ProSe Layer-3 Remote UE performs discovery of a 5G ProSe Layer-3 UE-to-Network Relay and multi-hop path as described in clause 6.X.2.1. 
4. Once the 5G ProSe UE-to-Network Relay and the multi-hop path have been selected by the Remote UE, the Remote UE sends a multi-hop Communication Request to the 5G ProSe UE-to-Network Relay, which includes information about the selected path (i.e. list of IDs of 5G ProSe Intermediate Relay(s)) and a path ID. The 5G ProSe UE-to-Network Relay responds with a multi-hop Communication Accept message which includes the path ID. 

5. The complete UE-to-Network multi-hop path is established, and 5G ProSe Direct Communication is established between the 5G ProSe-enabled UEs for each hop. The 5G ProSe Layer-3 UE-to-Network Relay may establish a new PDU Session.
6. Steps 5 to 7 as described in clause 6.5.1.1 from TS 23.304[4].

 6.X.2.2.2
5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay with N3IWF support
The procedure for 5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay with N3IWF support is similar to the single-hop 5G ProSe Communication via 5G ProSe Layer-3 UE-to-Network Relay with N3IWF support as detailed in clause 6.5.1.2 from TS 23.304[4], where the discovery and connection establishment in Steps 2 and 3 are performed as described in steps 3-5 from clause 6.X.2.2.1 using the RSC configured for making the 5G ProSe Layer-3 Remote UE access to 5GC via N3IWF.
6.X.3
Impacts on services, entities and interfaces
The solution has impacts on the following entities:

UE:
-
Needs to support 5G ProSe Intermediate Relay functionality, as well as the procedures for multi-hop 5G ProSe UE-to-Network Relay.
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