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Abstract:
This contribution proposes the solution for multi-hop extension of ProSe 5G Layer-3 UE-to-NW Relay.
1
Discussion
This contribution proposes a new solution supporting multi-hop UE-to-NW Relay to address aspects in KI#1.
2. Proposal

It is proposed to agree the following solution into TR 23.700-03
Start of Change (all new changes)

6
Solutions

6.X
Solution #X: Multi-hop extension of 5G ProSe UE-to-NW Relay 
6.X.1
Description

In this solution, discovery and connection management of 5G ProSe UE-to-Network in TS23.304 is enhanced to support Relay 5G ProSe multi-hop Layer-3 UE-to-NW Relay over NR PC5 with the following principles:
· Intermediate Relay (i.e., IM Relay)
· Intermediate Relay is defined and authorized for multi-hop support. Intermediate Relay may be provisioned with a Relay service code for intermediate Relay (IM_RSC) with maximum hop count.

· Intermediate Relay may support relaying signalling message and traffics for UE-to-NW Relay service among Remote UE, UE-to-NW Relay.

· Multi-hop UE-to-NW Relay Discovery

· When Remote UE and 5G ProSe UE-to-NW Relay cannot connect directly via PC5, Intermediate Relays can be used to connect Remote UE and 5G ProSe UE-to-NW Relay.
· Intermediate Relay receives Relay Discovery message including relay discovery set from a U2N Relay including multi-hop support or from another intermediate Relay.

· For model A discovery, relay discovery set includes Type of Discovery Message, Announcer Info and RSC.
· For model B discovery, relay discovery set includes Type of Discovery Message, Discoverer Info, RSC and optionally Target Info.
· When intermediate Relay senda a Relay discovery message including relay discover sets received from a U2N Relay and/or from other intermediate Relays, each relay discovery set is appended with hop counter showing number of hops from U2N Relay and user info of Intermediate Relay. Whenever intermediate Relay sends relay discovery set received from U2N Relay or other intermediate Relay, the appended hop counter is increased by 1.
· When Remote UE discovers and selects a UE-to-NW Relay via multi-hop path, it saves the Route information from Remote UE to the UE-to-NW Relay using intermediate Relay user info [list]. 

· Multi-hop UE-to-NW Relay Communication setup
· Remote UE sends a DCR to a closest intermediate Relay in the Route information to the U2N Relay. DCR includes Route information using intermediate Relay user info [list], where the route is selected based on the prior discovery. It may also include multi-hop indication, MH_U2N_RSC, U2N Relay user info, Remote UE user info.

· When an intermediate Relay receives a DCR for connection with UE-to-NW Relay with Route information from a Remote UE, the intermediate Relay sends a DCR or LMR (when reusing existing PC5 connection) with Intermediate Relay at next hop or UE-to-NW Relay based on the Route information for end-to-end connection setup between Remote UE and UE-to-NW Relay.

· The intermediate Relay responds to the DCR or LMR from Remote UE or intermediate Relay based on the response received from an intermediate Relay or UE-to-NW Relay.

· When a UE-to-NW Relay receives a DCR or LMR with Routing information for multi-hop connection setup with Remote UE, the UE-to-NW Relay reports Remote UE’s information and the list of Intermediate Relay to the NW after PDU session setup or modification in order to identify the UE-to-NW Relay via multi-hop in the 5GC.
· IP Address assignment and IP traffic handling
· UE-to-NW Relay reuse existing IP address allocation mechanism for Remote UE.

· When receiving IP traffics from Remote UE or UE-to-NW Relay, an Intermediate Relay forwards the IP traffic to another Intermediate Relay, UE-to-NW Relay, or Remote UE based on the saved Routing information.

· How to handle IP traffic between Remote UE and UE-to-NW Relay: intermediate Relay receives  IP traffic from Remote UE or UE-to-NW Relay, adds Routing information and forwards the traffic to another Intermediate Relay at next hop, to the UE-to-NW Relay or to the Remote UE based on its IP routing table.
· QoS handling
· Intermediate Relay at each hop can determine the per-hop QoS or cumulative QoS.(e.g. delay).

· UE-to-NW Relay may consider the requested PC5 QoS info from Remote UE and cumulative QoS info(e.g., cumulative delay) from Intermediate Relays when determing PC5 QoS parameters for the PC5 QoS flow corresponding to the QoS flows of relaying PDU session for Remote UE.
· When receiving DCA/LMA message from UE-to-NW Relay or another Intermediate Relay, Intermediate Relay calculates the per hop QoS with Remote UE or another Intermediate Relay at the next hop based on E2E QoS and the received calculated per-hop QoS(s) of Intermediate Relays at the earlier hops.
6.X.2
Procedures

6.X.2.1 UE-to-Network relay UE discovery via multi-hops

It is update on TS23.304 Procedure 6.3.2.3 as follows: 

6.X.2.1.1 Multi-hop Discovery using Model A
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Figure 6.X.2.1.1-1: Multi-hop U2N Relay Discovery using Model A

Precondition:  Remote UE, Intermediate Relay(i.e. IM Relay) and U2N relay are authorized and provisioned with multi-hop specific configurations such as multi-hop indication to indicate multi-hop is enabled, multi-hop authorization based on the capabilities/subscription, multi-hop parameters such as multi-hop specific RSC, (e.g., MH_U2N_RSC, IM_RSC), and allowed max #hops linked to each RSC and maximum delay allowed for multi-hop connection for each RSC. 

1a. U2N relay sends a U2N relay discovery announcement message including multi-hop indication, Relay Discovery Set (i.e., type of discovery message, MH_U2N_RSC (multi-hop specific relay service code for U2N relay service), U2N Relay user info) with assistance information (i.e. hop-counter value which is set to zero initially, timestamp, maximum delay allowed to the MH_U2N_RSC).

1b. IM Relay_1 sends an IM Relay discovery announcement message including Relay Discovery Sets with assistance information. IM Relay Discovery announcement message may include multiple set of Relay Discovery Sets with assistance information. Hop-counter value in the assistance information increase by 1. User Info of IM Relay_1 is included in the assistance information.
2. IM Relay_2 sends an IM Relay discovery announcement message including Relay Discovery Sets with assistance information. User Info of IM Relay_2 is included in the assistance information. IM Relay_2 includes Relay Discovery Sets which satisfy the condition that the number of hop and time delay since timestamp does not exceeds max #hops and max delay allowed in IM Relay discovery announcement message.

When same Relay Discovery Sets are received from different U2N Relays and IM Relays, IM Relay-2 selects a Relay Discovery Set based on various criteria (e.g., minimum hop counter value, minimum delay, or channel quality of received message.)
Remote UE monitors announcement messages with the RSC or MH_U2N_RSC corresponding to the desired services. Remote UE selects the 5G ProSe UE-to-Network Relay and Routing information which includes list of IM Relays in the path based on the information received in step 2. 

6.X.2.1.2 Multi-hop Discovery using model B
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Figure 6.X.2.1.2-1: Multi-hop U2N Relay Discovery using Model B

Precondition:  Remote UE, Intermediate Relay(i.e. IM Relay) and U2N relay are authorized and provisioned with multi-hop specific configurations such as multi-hop indication to indicate multi-hop is enabled, multi-hop authorization based on the capabilities/subscription, multi-hop parameters such as multi-hop specific RSC, (e.g., MH_U2N_RSC, IM_RSC), and allowed max #hops linked to each RSC and maximum delay allowed for multi-hop connection for each RSC. 

1a. Remote UE senda a U2N relay discovery solicitation message including multi-hop indication, IM_RSC, Relay Discovery Set (i.e., type of discovery message, MH_U2N_RSC(multi-hop specific relay service code for U2N relay service), User Info of Remote UE, (optional)User Info of Target U2N Relay) with assistance information(i.e. hop-counter value which is set to zero initially, timestamp, maximum delay allowed to the MH_U2N_RSC).

1b. IM Relay_1 sends an IM Relay discovery solicitation message including multi-hop indication, IM_RSC, Relay Discovery Sets with assistance information. IM Relay Discovery solicitation message includes Relay Discovery Sets with assistance information received from Remote UE. Hop-counter value in the assistance information increase by 1. User Info of IM Relay_1 is included in the assistance information.

2. IM Relay_2 sends an IM Relay discovery solicitation message including multi-hop indication, IM_RSC, Relay Discovery Sets with assistance information. User Info of IM Relay_2 is included in the assistance information.IM Relay_2 sends IM Relay Discovery solicitation message for Relay Discovery Sets which satisfy the condition that the number of hop and time delay since timestamp does not exceeds max #hops and max delay allowed in IM Relay discovery announcement message.When same Relay Discovery Sets are received from Remote UE and IM Relays, IM Relay-2 selects a Relay Discovery Set based on various criteria (e.g., minimum hop counter value, minimum delay, or channel quality of received message.)
3. U2N Relay sends an U2N Relay Discovery Response message to IM Relay when U2N Relay match MH_U2N_RSC and target UE’s user info, when included. IM Relay Discovery Response message includes IM_RSC, Relay Discovery Set (i.e., type of discovery message, MH_U2N_RSC, U2N Relay User info) with assistance information (i.e., #hop of selected multipath, list of IM_Relays, time delay since the timestamp of selected multipath)
4. IM Relay sends an IM Relay Discovery Response message to Remote UE which include IM_RSC, Relay Discovery Set (i.e., type of discovery message, MH_U2N_RSC, U2N Relay User info) with assistance information (i.e., #hop of selected multipath, list of IM_Relays, time delay since the timestamp of selected multipath).


Remote UE selects the 5G ProSe UE-to-Network Relay and Routing information which includes list of IM Relays in the path based on the information received in step 4.

6.X.2.2 5G ProSe Communication via 5G ProSe multi-hop Layer-3 UE-to-Network Relay without N3IWF
It is update on TS23.304 Procedure 6.5 as follows: 
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1.
Service authorization and provisioning are performed for the 5G ProSe Layer-3 UE-to-Network Relay and 5G ProSe Layer-3 Remote UE for multipath support.
2.
U2N Relay establish PDU session as in step 2 clause 6.5.1.1 of TS23.304.

3.
Remote UE performs discovery of U2N Relay as described in clause 6.X.2.1 in this solution. 
4.
Remote UE selects a U2N Relay in multipath and sends a DCR to a closest IM Relay of the selected path. DCR includes multi-hop indication, MH_U2N_RSC, U2N Relay User info, Remote UE user info, and Route information using IM Relay user info [list], where the route is selected based on the prior discovery. The DCR may include requested PC5 QoS info.
5. 
IM Relay sends a DCR received in step 4 to Relay at the next hop (IM Relay or U2N Relay). The DCR includes IM_RSC. If IM Relay has a unicast PC5 connection with relay at the next hop, it may send a LMR instead.


IM Relay may calculate the cumulative delay (time since the original DCR) from Remote UE and include it in the DCR.

6.
When receiving a DCR or LMR from IM Relay for relaying service of Relay Service Code to the Remote UE, if there is no PDU Session associated with the Relay Service Code or a new PDU Session for relaying is needed, the U2N Relay initiates a new PDU Session establishment procedure for relaying before completing the PC5 connection establishment.


The NW decides that the PDU Session to be established is for relay traffic and then generates the QoS rules and QoS Flow level QoS parameters to U2N Relay. When U2N Relay determines QoS parameters for PC5 QoS flows, it consider the requested PC5 QoS info from Remote UE and cumulative delay between U2N relay and Remote UE via IM Relays.


U2N Relay determines the PDU session type for relaying and performs relaying function at the corresponding layer as specified in step 4 clause 6.5.1.1 of TS23.304.

7-8. U2N Relay sends a DCA or LMA to the IM Relay which includes multi-hop indication, MH_U2N_RSC, U2N Relay User info, Remote UE user info, and Route information using IM Relay user info [list] and QoS info.


IM Relay sends a DCA which includes multi-hop indication, IM_RSC, MH_U2N_RSC, U2N Relay User info, Remote UE user info, and Route information using IM Relay user info [list] and QoS info.


IM Relay determines per hop QoS between U2N Relay and IM Relay, between IM Relay and IM Relay, and between IM Relay and Remote UE.
9.
For IP PDU Session Type and IP traffic over PC5 reference point, IPv6 prefix or IPv4 address is allocated for Remote UE as specified in step 5 clause 6.5.1.1 of TS23.304.
10.
Remote UE may provide PC5 QoS Info and PC5 QoS rule(s) to the U2N Relay using link modification procedure and U2N relay may update QoS flows correspondingly as specified in step 6 clause 6.5.1.1 of TS23.304.
11. U2N Relay sends a Remote UE Report including Remote User ID, Remote UE info and list of IM Relays in the selected multi path.
6.X.3
Impacts on services, entities and interfaces
5GC:

· Authorization and provisioning parameters for multi-hop Layer-3 UE-to-NW Relay

Remote UE, Intermediate Relay UE, U2N Relay:

· Support Multi-hop Layer-3 UE-to-NW Relay functionality
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