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Abstract of the contribution: This paper is to propose some conclusions for KI#1.
1. [bookmark: _Hlk513714389]Discussion
Based on the discussion on the Pre-SA2#163 NWM Discussion for FS_5G_ProSe_Ph3 Conclusions, it can be seen that most companies supported the proposed way forward that conclusions for KI#1 (Support of multi-hop UE-to-Network Relays) should be based on the solutions #1, #2 and #7 of TR 23.700-03. It was also pointed out by many companies that there are big differences between solution #1 and solution #2/#7, and further discussion are needed to select the final solution.
This paper evaluates the solution #1 and #2 (solution #7 is similar to solution #2) in terms of Relay discovery, PC5 link establishment and end-to-end QoS, and proposes some conclusions for KI#1.
(1) Relay discovery
The solution #1 supports both Model A and Model B discovery for multi-hop UE-to-Network Relay.
-	For Model A discovery, a new parameter Hop-Count is included the Announcement message sent by the UE-to-Network Relay. The Intermediate UE-to-Network Relay increment the value of the received Announcement message by 1 before forwarding it if the value is smaller than the Hop-Limit value of the associated RSC provisioned in the Intermediate UE-to-Network Relay. The Root Relay Info (User Info ID of UE-to-Network Relay) is also included in the Announcement message. The Intermediate UE-to-Network Relay(s) keeps a record of the RSC, Root Relay Info, Announcer Info and the associated Hop-Count value.
-	For Model B discovery, when receiving the Solicitation message from Remote UE/Intermediate UE-to-Network Relay.
-	If the Intermediate UE-to-Network Rely has valid stored information entries (including RSC, stored Root Relay Info, and stored Hop-Count) and all the criteria are met, the Intermediate UE-to-Network Relay responds with a Response message. For any Intermediate UE-to-Network Relay received the Response message (Model B), it updates/creates a new information entry.
-	If the Intermediate UE-to-Network Rely does not have a stored entry matching all the criteria, it may forward the Solicitation message. If a UE-to-Network Relay received a Solicitation message and all the criteria are met, the UE-to-Network Relay may respond with Response message. For any Intermediate UE-to-Network Relay received the Response message, it updates/creates a new information entry with the Discoveree Info stored as the Root Relay Info.
It can be seen that the solution #1 relies on all the Intermediate UE-to-Network Relays receiving the Announcement/Response message keep a record of the RSC, Root Relay Info, Parent Intermediate UE-to-Network Relay Info and the associated Hop-Count value. The Remote UE is only aware of the Intermediate UE-to-Network Relay it may have direct connection with but no other Intermediate UE-to-Network Relays.
Observation 1a: The solution #1 relies on all the Intermediate UE-to-Network Relays receiving the Announcement/Response message keep a record of the RSC, Root Relay Info, Parent Intermediate UE-to-Network Relay Info and the associated Hop-Count value. The Remote UE is only aware of the Intermediate UE-to-Network Relay it may have direct connection with but no other Intermediate UE-to-Network Relays.
The solution #2 also supports both Model A and Model B discovery for multi-hop UE-to-Network Relay.
-	For Model A discovery, the UE-to-Network Relay sends an Announcement message. The Announcement message contains the User Info ID of itself, maximum number of hops or TTL, RSC. The intermediate Relay may include its own User Info ID and forward an Announcement message when its own User Info ID is not included in the message.
-	For Model B discovery, the Remote UE sends a Solicitation message containing the maximum number of hops for discovery. The UE-to-Network Relay responds to Remote UE via Intermediate Relay(s) with a Response message, including the User Info IDs of intermediate Relays in the path and UE-to-Network Relay.
It can be seen that in the solution #2, the Remote UE is aware of all the Intermediate UE-to-Network Relays in the path to the UE-to-Network Relay, and the Intermediate UE-to-Network Relays don’t need to maintain any contexts after discovery is completed.
Observation 1b: For the solution #2, the Remote UE is aware of all the Intermediate UE-to-Network Relays in the path to the UE-to-Network Relay, and the Intermediate UE-to-Network Relays don’t need to maintain any contexts after discovery is completed.
The solution #1 requires all the Intermediate UE-to-Network Relays to maintain the contexts about its parent Intermediate UE-to-Network Relay, the UE-to-Network Relay and hops to the UE-to-Network Relay. Once the contexts in one Intermediate UE-to-Network Relay are updated, the update needs to be propagated to all the related Intermediate UE-to-Network Relays which cost a lot of signalling to maintain the contexts. While the solution #2 keeps all the necessary contexts in the Remote UE and the Intermediate UE-to-Network Relays don’t need to maintain any contexts. So it is proposed to take the discovery procedure in the solution #2 as conclusions.
Proposal 1: It is proposed to take the discovery procedure in the solution #2 as conclusions.
(2) PC5 link establishment
For the solution #1, each of the Intermediate UE-to-Network Relay needs to establish a Layer-2 Link with its parent Intermediate UE-to-Network Relay or the 5G ProSe UE-to-Network Relay, before it can serve the 5G ProSe Remote UE. Also, when an Intermediate UE-to-Network Relay has a child Intermediate UE-to-Network Relay or a 5G ProSe Remote UE connected, it needs to update the Layer-2 link with its parent relay.
It can be seen that the Intermediate UE-to-Network Relay needs to connect to the parent Relay before it can serve the Remote UE, and the parent Relay needs to be updated once the Intermediate UE-to-Network Relay has a Remote UE/Intermediate Relay connected.
Observation 2a: For the solution #1, the Intermediate UE-to-Network Relay needs to connect to the parent Relay before it can serve the Remote UE, and the parent Relay needs to be updated once the Intermediate UE-to-Network Relay has a Remote UE/child Intermediate Relay connected.
For the solution #2, 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. an ordered list of User Info IDs of intermediate 5G ProSe Intermediate Relay(s)) and optionally a path ID that can be used to reference the path in further communications.
It can be seen that in the solution #2, the PC5 link can be established from the Remote UE to the UE-to-Network Relay via the selected Intermediate Relays by using the path information and it does not require all the Intermediate Relays to be connected and updated.
Observation 2b: For the solution #2, the PC5 link can be established from the Remote UE to the UE-to-Network Relay via the selected Intermediate Relays by using the path information and it does not require all the Intermediate Relays to be connected and updated.
The solution #1 requires all the Intermediate Relays to be connected even if the Intermediate Relay is not selected by the Remote UE and the connection relationship needs to be updated once a new Remote UE/Intermediate Relay is connected. The solution #2 establishes the PC5 link by only using the selected Intermediate Relays. So it is proposed to take the PC5 link establishment procedure in the solution #2 as conclusion.
Proposal 2: It is proposed to take the PC5 link establishment procedure in the solution #2 as conclusions.
(3) end-to-end QoS
The solution #1 claims that End-to-end QoS management for multi-hop UE-to-Network Relays can be done similarly as End-to-end QoS management for single hop Layer-3 UE-to-Network Relay as defined in TS 23.304 clause 5.6.2.1, with enhancement to handle QoS split over multiple legs of PC5 interface considering, e.g. hop adjustment factor and hop info. It may work when the end-to-end path is established and link modification procedure may be used for this. But it is not clear how the end-to-end QoS is achieved when all the Intermediate Relays are connected.
Observation 3a: For the solution #1, it is not clear how the end-to-end QoS is achieved when all the Intermediate Relays are connected.
The solution #2 follows the Rel-18 single hop UE-to-Network Relay QoS handling principles with the enhancements that the Intermediate Relays participating in the QoS split.
Observation 3b: The solution #2 follows the Rel-18 single hop UE-to-Network Relay QoS handling principles with the enhancements that the Intermediate Relays participating in the QoS split.
The solution #2 is more of a clear QoS handling solution for multi-hop UE-to-Network Relay which is based on the Rel-18 single hop UE-to-Network Relay QoS handling principles. So it is proposed to take end-to-end QoS handling in the solution #2 as conclusions.
Proposal 3: It is proposed to take the end-to-end QoS handling procedure in the solution #2 as conclusions.
2. Proposal
It is proposed to agree the following changes into TR 23.700-03.

1st Change
8.1	Conclusions for KI#1
The followings are taken as conclusions for KI#1 “Support of multi-hop UE-to-Network Relays”:
· The 5G ProSe multi-hop UE-to-Network Relay Discovery procedure as described clause 6.2.2.1 is taken as basis for normative work.
· The 5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay as described in clause 6.2.2.2 is taken as basis for normative work.
· The end-to-end QoS handling as described in clause 6.2.1.2 is taken as basis for normative work.
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