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1.	Discussion

Based on the SA#163 Drafting session, the following conclusions were proposed for approval (using contents/principles from documents: S2-2407106, S2-2406135, S2-2406494, S2-2406803):
After SA2#162 meeting there are 10 proposals in TR 23.700-03 to solve KI#1 and KI#2 to varying extents. Some proposed solutions are based on what has already been standardized in TS 23.304 for Release 18, while others rely on work done earlier within the IETF for mobile ad-hoc networking.
A NWM was carried out to get inputs and preferably agreements on principles preferred for solutions of KI#1 and KI#2 respectively.
For KI#1 there are five different solutions documented in TR 23.700-03 v0.3.0 (i.e., solution #1, #2, #4, #7 and #8) on support of Layer-2 and Layer-3 multi-hop UE-to-Network Relays. The NWM has resulted in general support for common parts of solution #1, #2 and #7.
Solution #1 has the following characteristics compared to solution #2 and #7:
-	The Remote UE does not need to know all the Intermediate Relays on the path to the UE-to-Network Relay. This means that topology changes in the ad-hoc network, e.g., due to movement of the Remote UE or Intermediate Relays, is automatically handled by the Intermediate Relay nodes. This minimizes signaling for any path/topology change in the mobile ad-hoc network. It also reduces the E2E path management burden on the Remote UE.
-	The Remote UE only needs to establish a connection with the Intermediate Relay that offers the shortest/best in terms of QoS forwarding path to the UE-to-Network Relay.
For KI#2 there are six different solutions documented in TR 23.700-03 v0.3.0 (i.e., solution #3, #4, #5, #6, #9 and #10) on support of Layer-3 multi-hop UE-to-UE Relays. There is not a single solution covering all the aspects of KI#2, but the NWM has showed great interest in solution #3 and #4 and little less interest for solution #5, #6, #9 and #10.
Solution #3 and #4 have the following characteristics:
- 	They are based on an existing MANET protocol (RFC 7181) which is a proven mobile ad-hoc routing protocol.
-	The End UE is aware of other End UEs in the mobile ad-hoc network, but the exact paths between the 5G ProSe End UEs is determined by the UE-to-UE Relays at the IP layer. The End UE does not have to manage the routing paths. Routing is performed at the IP layer.
-	Topology changes in the ad-hoc network, e.g., due to movement of End UEs or Relays, is handled by the UE-to-UE Relays at IP layer based on MANET protocols.
-	They support point-to-multipoint, which is vital feature for public safety networks.
-	MANET have QoS support at IP layer. The link quality is reflected in RFC 7181 by using the link metrics; some explanation is available in RFC 7185. Additionally, there is also the DLEP (Dynamic Link Exchange Protocol) RFC 8175 defined mechanisms for link state management. All these protocols are defined by the IETF and run over IP layer. Hence, no work for 3GPP is necessary. There could be further optimization for MANET operation, e.g. reusing some existing PC5-S signalling to reduce MANET signalling. Whether such optimization is needed can be decided in the normative phase.
Note: Security aspects will be addressed by SA3.
Based on the above discussion we have a proposal for how to conclude KI#1 and KI#2, see the Conclusion section.
2.	Text proposal
It is proposed to agree the following changes in vs. TS 23.700-03 v0.3.0:
>>>> Start of Changes <<<<
8	Conclusions
Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.
8.x	Conclusions for KI#1
The following principles are used for normative work:
 -    5G ProSe Multi-hop Layer-3 UE-to-Network Relay Communication with N3IWF support:
-    The 5G ProSe Layer Remote UE connects to N3IWF over 5G ProSe Layer-3 Intermediate Relay and Layer-3 UE-to-Network Relay.
-    The 5G ProSe Layer-3 Intermediate Relay neither selects N3IWF nor connects to N3IWF.
Support of multi-hop UE-to-Network Relays:
· Layer-3 multi-hop UE-to-Network Relay can proceed into normative work.
· The service authorization and policy/parameter provisioning procedures will be described in the normative phase.
· Standalone discovery & link setup/management is considered and both Model A and Model B are supported.
· When Model A discovery is performed, remote UE may choose intermediate relay based on the announcement message sent by the intermediate relay.
· When Model B discovery is performed, remote UE selects both the UE-to-Network Relay and the path to reach the UE-to-Network Relay. To perform link management, the DCR message is unicasted between Relays according to the path information included in the message. The path information is an (ordered) list of User Info ID of Relays in the selected path. Remote UE sends the selected path information to the Intermediate UE-to-Network Relay for communication setup.
· The 5G ProSe Direct Discovery message will be extended with an indication that multi-hop relay is supported, along with the hop count and the maximum number of hops.
· The maximum number of hops is provisioned by the network to the 5G ProSe Remote UE, Intermediate Relay and UE-to-Network Relays per RSC.
· The 5G ProSe Direct Discovery message may be dropped if the maximum number of hops is reached.
· The relay path is selected based on e.g., the PC5 signal strength, number of hops between the Remote UE and the UE-to-Network Relay UE, per-hop or cumulative QoS information. The path selection criteria and the support of these metrics can be determined during normative phase. 
· The 5G ProSe Direct Communication procedure defined in TS 23.304 is reused for the Layer-2 link establishment between each pair of UEs in the path.
· End-to-end QoS management for multi-hop U2N Relays is done similarly to the end-to-end QoS management for single hop L3 U2N Relay as defined in TS 23.304 [x], with enhancement to handle QoS split over multiple legs of the PC5 interface.
· The QoS flows setup can be initiated by the network or the 5G ProSe Layer-3 Remote UE during Layer-2 link establishment or link modification procedure.
· UE-to-Network Relay allocates IP address/prefix, the Intermediate Relay may act as DHCP proxy or may relay IP allocation message (e.g. Router Solicitation, Advertisement).
· Details about remote UE report, Additional discovery message handling can be determined in the normative phase.
NOTE: Security aspects will be addressed by SA3.

8.y	Conclusions for KI#2
The following principles are used for normative work:
For PDU type IP:
Support of layer-3 multi-hop UE-to-UE Relay to normative phase is based on solution #3 and #4, with the following reasoning:
- 	They are based on an existing MANET protocol (RFC 7181) which is a proven mobile ad-hoc routing protocol.
-	The End UE is aware of other End UEs in the mobile ad-hoc network but the exact paths between the 5G ProSe End UEs is determined by the UE-to-UE Relays at the IP layer. The End UE does not have to manage the routing paths. Routing is performed at the IP layer.
-	Topology changes in the ad hoc network, e.g., due to movement of End UEs, or Relays, is handled by the UE-to-UE Relays at IP layer based on MANET according to RFC 7181.
-	MANET link state management at IP layer (e.g. RFC 7181) is reused. Whether further optimization for MANET operation is needed, e.g. reusing some existing PC5-S signalling to reduce MANET signalling, will be decided in the normative phase. 
For PDU type Ethernet and Unstructured:
The support of multi-hop UE-to-UE Relay is based on the extension of R18 methods as described in TS 23.304. 
-	For 5G ProSe multi-hop UE-to-UE Relay Discovery & link setup/management, both Model A and Model B are supported.
-	The maximum number of hops could be decided per RSC, or be decided by End UE based on QoS requirements.
-	UE-to-UE Relay includes its own User Info ID when relaying the discovery message.
-	5G ProSe End UE selects the multi-hop UE-to-UE Relay path to another 5G ProSe End UE.
-	To perform link management, the DCR message is unicasted between Relays according to the path information included in the message. The path information is an (ordered) list User Info ID of Relays in the selected path. 5G ProSe End UE sends the selected path information to the UE-to-UE Relay for communication setup.
-	The End-to-End QoS is handled hop-by-hop, by using Rel-18 QoS handling mechanism, each UE-to-UE Relay decides the QoS of adjacent PC5 hop and the remaining hops.
NOTE X: Security aspects will be addressed by SA3.
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