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[bookmark: _Toc462478989][bookmark: _Hlk154651783]Abstract of the contribution: This paper proposes to update solution#2 to support to restrict the number of propagated discovery messages among the intermediate U2N Relays.  
1	Discussion
In the solution#2, there is an EN left for how to minimize the number of the propagated Announcement message. If without any restriction, more complicated paths will be generated among the Intermediate Relays until the max-allowed hops are reached. That means lots of resources are wasted. Generally, the multi-hop path with less hops is selected by Remote UE. So propose to remove the redundant Announcement messages, only keep the Announcement message with minimum hops in Intermediate Relay if receiving multiple Announcement messages from same U2N Relay, same RSC.
For example, shown in figure 1, for the same Announcement message with same U2N Relay, same RSC, the Intermediate Relay 1 receives one Announcement message from U2N Relay, and also another one from Intermediate Relay 2, Intermediate Relay 1 can drop the Announcement message from Intermediate Relay 2. Only keep the path 1. It can save lots of resources and avoid to generate more redundant paths.
Editor’s Note: How to minimize the number of propagated Announcement messages is FFS.
[image: ]
Figure 1 redundant multi-hops paths for U2N Relay discovery with model A
Proposal: Intermediate Relay removes the redundant Announcement messages, only keep the Announcement message with minimum hops when receiving multiple Announcement message from same U2N Relay, same RSC.
2	Proposal
It is proposed to include the following changes in TR 23.700-03 V0.1.0.
[bookmark: _Toc93073650]* * * * Start of Changes * * * *
[bookmark: _Toc160536446]6.2	Solution #2: Multi-hop 5G ProSe UE-to-Network Relay Discovery and Layer-3 Communication
[bookmark: _Toc160536447]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 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.

[bookmark: _Toc160536448]6.2.2	Procedures
[bookmark: _Toc160536449]6.2.2.1	5G ProSe multi-hop UE-to-Network Relay Discovery
[bookmark: _Toc160536450]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 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 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.
	When one 5G ProSe Intermediate Relay receives multiple Announcement messages that include same RSC and same Announcer Info of 5G ProSe UE-to-Network Relay, one 5G ProSe Intermediate Relay determines to keep the Announcement message with minimum value fo the multi-hop counter, and drop any other Announcement messages.
Editor’s Note: How to minimize the number of propagated Announcement messages is FFS.
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: _Toc160536451]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 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) 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 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.
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.

[bookmark: _Toc160536452][bookmark: _Hlk158214849]6.2.2.2	5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay
[bookmark: _Toc160536453]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.
[bookmark: _Hlk160030197]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. 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 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. 
Editor’s note: It is FFS how the multi-hop path ID is provided and managed.
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 from TS 23.304[4].
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.
The PDU Session(s) used for relaying should be released as described in clause 4.3.4 of TS 23.502 (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 SA3.
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.
[bookmark: _Toc160536454]6.2.2.2.2	5G ProSe Communication via multi-hop Layer-3 UE-to-Network Relay with N3IWF support
Intermediate Relay UE can connect to N3IWF as per clause 6.5.1.2 in TS 23.304 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
Following diagram 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 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: _Toc160536455]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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