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Abstract of the contribution: This paper proposed a solution update to resolve some ENs and add clarifications.
1	Discussion
This paper proposed a solution update to Sol#2 to resolve some ENs and add clarifications.

The followings are the resolution for the Editor’s note:
Editor's note:	How to minimize the number of propagated Announcement messages is FFS.
Resolution: It is proposed to resolve this issue based on UE implementation, e.g. the Intermediate Relay may decide not to forward the Announcement message if the received multi-hop counter is larger than the previous received smallest one.
Editor's note:	It is FFS how the multi-hop path ID is provided and managed.
Resolution: It is proposed to make path ID as an optional parameter used to reference the ordered list of Intermediate Relays.
Editor's note:	When the Remote UE needs to switch to a new Intermediate Relay (e.g. due to link failure), if there are multiple UE-to-Network Relays associated with the same RSC, it is FFS whether and how the Remote UE needs to retrieve the same UE-to-Network Relay with which the original connection was established.
Resolution: It is proposed the Remote UE may perform the discovery procedure and connection establishment procedure for the desired services, in order to use the up-to-date list of Intermediate Relays.

The followings are clarifications added:
1) Clarify that indication that multi-hop relay is supported is per RSC.
2) Clarify ID of Intermediate Relay is the User Info ID of Intermediate Relay.
3) Clarify Layer-2 IDs used for sending Announcement/Solicitation/Response messages.
4) Clarify the assumption is that an Intermediate Relay sends the DCR message to the next Intermediate Relay only if the security association is established with the previous Intermediate Relay.
5) Clarify how IP address is allocated for Remote UE.

2	Proposal
[bookmark: _Hlk513714389]It is proposed to update TR 23.700-03 as follows.
[bookmark: _Toc517082226]* * * * First change * * * *
[bookmark: _Toc160717648]6.2	Solution #2: Multi-hop 5G ProSe UE-to-Network Relay Discovery and Layer-3 Communication
[bookmark: _Toc160717649]6.2.1	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 the ProSe policy/parameter provisioning procedure for the 5G ProSe-enabled UEs supporting multi-hop Relay. The ProSe policy/parameter also includes an indication that multi-hop relay is supported for a RSC.
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 User Info ID when relaying the discovery message. The 5G ProSe Intermediate Relay does not transmit a discovery message that already includes its own User Info 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. 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. The multi-hop Communication Accept message optionally 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.
[bookmark: _Toc160717650]6.2.2	Procedures
[bookmark: _Toc160717651]6.2.2.1	5G ProSe multi-hop UE-to-Network Relay Discovery
[bookmark: _Toc160717652]6.2.2.1.1	5G ProSe multi-hop UE-to-Network Relay Discovery with Model A
Figure 6.2.2.1.1-1 illustrates the procedure for 5G ProSe muti-hop UE-to-Network Discovery with Model A.


[bookmark: _CRFigure6_3_2_3_21]Figure 6.2.2.1.1-1: 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 of TS 23.304 [4], the UE-to-Network Relay Discovery Announcement message includes an indication that multi-hop relay is supported for a RSC, and an initialized multi-hop counter.
	The Source Layer-2 ID is self-assigned by the UE-to-Network Relay, and the Destination Layer-2 ID is set to a Default Destination Layer-2 ID.
2.	The 5G ProSe Intermediate Relays with (pre)configured RSC(s) matching the RSC in the Relay Discovery Announcement message 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 Source Layer-2 ID is self-assigned by the Intermediate Relay, and the Destination Layer-2 ID is set to a Default Destination Layer-2 ID.
Editor's note:	How to minimize the number of propagated Announcement messages is FFS.
NOTE:	To minimize the number of propagated Announcement messages, based on implementation the Intermediate Relay may decide not to forward the Announcement message if the received multi-hop counter is larger than the previous received smallest one.
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.
[bookmark: _Toc160717653]6.2.2.1.2	5G ProSe multi-hop UE-to-Network Relay Discovery with Model B
Figure 6.2.2.1.2-1 illustrates the procedure for 5G ProSe muti-hop UE-to-Network Discovery with Model B.


[bookmark: _CRFigure6_3_2_3_31]Figure 6.2.2.1.2-1: 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 of TS 23.304 [4], an indication that multi-hop relay is supported for a RSC, and an initialized multi-hop number counter.
	The Source Layer-2 ID is self-assigned by the Remote UE, and the Destination Layer-2 ID is set to a Default Destination Layer-2 ID.
2.	The Solicitation message is propagated by the 5G ProSe Intermediate Relay(s) with (pre)configured RSC(s) matching the RSC in the message 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 User Info ID in the message.
	The Source Layer-2 ID is self-assigned by the Intermediate Relay, and the Destination Layer-2 ID is set to a Default Destination Layer-2 ID.
NOTE:	To minimize the number of propagated Solicitation messages, based on implementation the Intermediate Relay may decide not to forward the Solicitation message if the received multi-hop counter is larger than the previous received smallest one.
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.
	The Source Layer-2 ID is self-assigned by the UE-to-Network Relay, and the Destination Layer-2 ID is set to the unicast Source Layer-2 ID of the received Relay Discovery Solicitation message from the Intermediate Relay.
Editor's note:	How to minimize the number of transmitted Response messages is FFS.
4.	If one or more discovery responses are received, 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.
	The Source Layer-2 ID is self-assigned by the Intermediate Relay, and the Destination Layer-2 ID is set to the unicast Source Layer-2 ID of the received Relay Discovery Solicitation message from the Remote UE.
[bookmark: _Toc160717654]6.2.2.2	5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay
[bookmark: _Toc160717655]6.2.2.2.1	5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay without N3IWF support
Figure 6.2.2.2.1-1 depicts the procedure for 5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay without N3IWF support.


[bookmark: _CRFigure6_5_1_11]Figure 6.2.2.2.1-1: 5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay without N3IWF
1.	Service authorization and parameter 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 the (re-)discovery of a 5G ProSe Layer-3 UE-to-Network Relay and multi-hop path as described in clause 6.2.2.1. As part of the discovery procedure the Layer-3 Remote UE learns about the connectivity service the Layer-3 UE-to-Network Relay provides. The Layer-3 Remote UE obtains the User Info ID of Layer-3 UE-to-Network Relay and an ordered list of User Info IDs of Intermediate Relays during the discovery procedure. If no multi-hop path is discovered, the 5G ProSe Communication cannot be established, and the other steps are skipped.
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. ordered list of User Info IDs of 5G ProSe Intermediate Relay(s)) and optionally a path ID. The path ID is used reference the ordered list of User Info IDs of Intermediate Relay in the DCR message. The 5G ProSe UE-to-Network Relay responds with a multi-hop Communication Accept message which optionally includes the path ID and the path ID is used reference the reversed ordered list of User Info IDs of Intermediate Relay in the DCA message.
Editor's note:	It is FFS how the multi-hop path ID is provided and managed.
	It is assumed an Intermediate Relay sends the DCR message to the next Intermediate Relay only if the security association is established with the previous Intermediate Relay.
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. If there is no PDU Session associated with the Relay Service Code or a new PDU Session for relaying is needed, the 5G ProSe Layer-3 UE-to-Network Relay may establish a new PDU Session for relaying.
6.	Steps 5 to 7 as described in clause 6.5.1.1 of TS 23.304 [4].
The IP address of Remote UE is allocated by the UE-to-Network Relay, and the mechanism defined in clause 5.5.1.3 of TS 23.304 [4] is used and the IPv4 DHCP messages/IPv6 Router messages are routed via the Intermediate Relays.
[bookmark: MCCTEMPBM_00000024]If the PDU Session for relaying is released by the UE-to-Network Relay or the network as described in clause 4.3.4 of TS 23.502, the UE-to-Network Relay and 5G ProSe Intermediate Relay(s) should initiate the release of the layer-2 links associated with the released PDU Session using the procedure defined in clause 6.4.3.3 of TS 23.304 [4].
[bookmark: MCCTEMPBM_00000030]The PDU Session(s) used for relaying should be released as described in clause 4.3.4 of TS 23.502 [12] (e.g. by 5G ProSe Layer-3 UE-to-Network Relay), if the service authorization for acting as a 5G ProSe Layer-3 UE-to-Network Relay in the serving PLMN is revoked.
The 5G ProSe Layer-3 UE-to-Network Relay may send the Remote UE Report message when the 5G ProSe Layer-3 Remote UE or any 5G ProSe Intermediate Relay disconnects from the multi-hop 5G ProSe Layer-3 UE-to-Network Relay chain, to inform the SMF that the 5G ProSe Layer-3 Remote UE(s) have left.
NOTE:	The security aspects of multi-hop UE-to-Network path establishment will be addressed by SA WG3.
Editor's note:	When the Remote UE needs to switch to a new Intermediate Relay (e.g. due to link failure), if there are multiple UE-to-Network Relays associated with the same RSC, it is FFS whether and how the Remote UE needs to retrieve the same UE-to-Network Relay with which the original connection was established.
When the Remote UE needs to switch to a new Intermediate Relay (e.g. due to link failure), in order to use the up-to-date list of Intermediate Relays, the Remote UE may perform the discovery procedure and connection establishment procedure for the desired services.
[bookmark: _Toc160717656]6.2.2.2.2	5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay with N3IWF support
[bookmark: MCCTEMPBM_00000025]Intermediate Relay UE can connect to N3IWF according to clause 6.5.1.2 of TS 23.304 [4] and provides the relay function to Remote UE.


Figure 6.2.2.2.2-1: Control plane protocol stacks between 5G ProSe Layer-3 Remote UE and N3IWF over 5G ProSe Layer-3 Intermediate Relay and Layer-3 UE-to-Network Relay after the signalling IPSec SA is established
Figure 6.2.2.2.2-2 shows the Connection (re-)establishment over 5G ProSe Layer-3 Intermediate Relay and UE-to-Network Relay with N3IWF support:


Figure 6.2.2.2.2-2: 5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay with N3IWF support
1.	The 5G ProSe Layer-3 UE-to-Network Relay, the Remote UE and the 5G ProSe Layer-3 Intermediate Relay UE perform service authorization and parameter provisioning.
2.	The 5G ProSe Layer-3 Remote UE performs the (re-)discovery of a 5G ProSe Layer-3 UE-to-Network Relay and multi-hop path as described in clause 6.2.2.1 using the RSC configured for making the 5G ProSe Layer-3 Remote UE access to 5GC via N3IWF.
3.	A 5G ProSe Layer-3 UE-to-Network Relay and 5G ProSe Layer-3 Remote UE follow the procedures described in steps 4-5 in clause 6.2.2.2.1 for communication establishment using the RSC configured for making the 5G ProSe Layer-3 Remote UE access to 5GC via N3IWF.
4.	Steps 4-7 in clause 6.5.1.2 of TS 23.304 [4] are performed by the Remote UE.
Editor's note:	Whether and how the Intermediate Relay(s) perform N3IWF selection and IPSec tunnel establishment is FFS.
[bookmark: _Toc160717657]6.2.3	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 discovery and communication establishment procedures for multi-hop 5G ProSe UE-to-Network Relay for the 5G ProSe Remote UE, 5G ProSe Layer-3 UE-to-Network Relay, and 5G ProSe Intermediate Relay.
* * * * End of Changes * * * *
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