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Abstract of the contribution: This contribution proposes a new solution for KI#1.
1. Discussion 
In clause 5.1 of TR 23.700-03, the key issue description of KI#1 Support of multi-hop UE-to-Network Relays include: 
-	Whether and how to support the authorization of multi-hop UE-to-Network Relay and Remote UE authorization and policy and parameter provisioning.
-	Whether and how to support the multi-hop UE-to-Network Relay discovery.
-	Whether and how to perform multi-hop UE-to-Network Relay (re-)selection.
-	Whether and how to enhance the existing mechanisms for IP address/prefix allocation to support Layer-3 multi-hop UE-to-Network Relay.
-	Whether and how to control the maximum number of hops supported when using multi-hop Layer-3 UE-to-Network relays.
-	How to manage multi-hop PC5 links, at least including how to establish, modify and release Layer-2 link over PC5 reference point for multi-hop UE-to-Network Relays.
-	Whether and how to support end-to-end QoS requirements between Remote UE and the network via multi-hop Layer-3 UE-to-Network Relay.
This contribution proposes a new solution for FS_5G_ProSe_Ph3 KI#1 to address the issues in KI description. 
2. Proposal
[bookmark: _Toc524945853]It is proposed to adopt the following changes into TR 23.700-03.   

*** Start of the change ***
[bookmark: _Toc157764622][bookmark: _Toc22214907][bookmark: _Toc22286586][bookmark: _Toc23317647][bookmark: _Toc157764635][bookmark: _Toc155796954][bookmark: _Hlk155859225]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[bookmark: definitions][2]	3GPP TR 23.752: "Study on system enhancement for Proximity based Services (ProSe) in the 5G System (5GS)".
[3]	3GPP TR 23.700‑33: "Study on system enhancement for Proximity based Services (ProSe) in the 5G System (5GS); Phase 2".
[4]	3GPP TS 23.304: "Proximity based Services (ProSe) in the 5G System (5GS)".
[5]	3GPP TS 22.278: "Service requirements for the Evolved Packet System (EPS); Stage 1".
[6]	3GPP TS 22.261: "Service requirements for next generation new services and markets; Stage 1".
[7]	3GPP TS 22.115: "Service aspects; Charging and billing; Stage 1".
[8]	3GPP TS 23.501: "System Architecture for the 5G System; Stage 2".
[y]	3GPP TS 23.502: "Procedures for the 5G System (5GS); Stage 2".
[z]	3GPP TS 23.287: "Architecture enhancements for 5G System (5GS) to support Vehicle-to-Everything (V2X) services".
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6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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*** Next change (all new text) ***

[bookmark: _Toc500949097][bookmark: _Toc92875660][bookmark: _Toc93070684][bookmark: _Toc157534623][bookmark: _Toc157747894]6.X	Solution #X: 5G ProSe Communication via Multi-hop Layer-3 UE-to-Network Relay 
[bookmark: _Toc500949099][bookmark: _Toc92875662][bookmark: _Toc93070686][bookmark: _Toc157534624][bookmark: _Toc157747895]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc92875663][bookmark: _Toc93070687][bookmark: _Toc157534625]This solution aims to address the issues in KI#1: Support of multi-hop UE-to-Network Relays, in particular, the enhancements to the existing framework of 5G ProSe Communication via 5G ProSe Layer-3 UE-to-Network Relay to support the multi-hop scenarios. The QoS handling mechanism for single-hop UE-to-Network Relay scenarios is also enhanced to support the end-to-end QoS between the 5G ProSe Layer-3 Remote and the network via more than one relays.
6.X.1.1	Enhancements to QoS handling 
For a 5G ProSe Layer-3 Remote UE accessing the network via one 5G ProSe UE-to-Network Relay and one or more 5G ProSe Intermediate Relay(s), the end-to-end QoS requirements of the relay traffic between 5G ProSe Remote UE and UPF can be satisfied by the corresponding QoS control of the following legs in Figure 6.x.1-1:
· PC5 QoS control for the PC5 link 1 between 5G ProSe Remote UE and 5G ProSe Intermediate Relay 1;
· PC5 QoS control for the PC5 link (2,..., n): the PC5 link(s) between 5G ProSe Intermediate Relays, if applicable; and the PC5 link between a ProSe Intermediate Relay and UE-to-Network Relay; 
· QoS control for PDU session established between 5G ProSe UE-to-Network Relay and UPF (e.g. Uu QoS control). 


Figure 6.x.1-1 Example scenario of multi-hop UE-to-Network Relay
For the single-hop UE-to-Network relay scenarios, as specified in TS 23.304 [4], the PC5 QoS can be controlled by PC5 QoS rules and PC5 QoS parameters (e.g. PQI, GFBR, MFBR, PC5 LINK-AMBR), and the QoS of the PDU session established between the 5G ProSe UE-to-Network Relay and UPF (i.e. Uu QoS control) is controlled with QoS rules and 5G QoS parameters (e.g. 5QI, GFBR, MFBR) as specified in clause 5.7 of TS 23.501 [8]. For the multi-hop UE-to-Network relay scenarios as shown in Figure 6.x.1-1, the end-to-end QoS can be met only when the QoS requirements are properly translated and satisfied over the multiple legs. 
To control and maintain the end-to-end QoS, the QoS mapping mechanism for single-hop relay scenarios can be still applied in the multiple-hop U2N scenarios. The QoS mapping might be pre-configured or provided to the 5G ProSe Layer-3 UE-to-Network Relay and Intermediate Relay(s) by the PCF using multi-hop Prose Policy. The QoS mapping may include the combinations of the 5QIs and PQIs mapping as entries. The PQI(s) can be have standardized values as defined in Table 5.6.1-1 of TS 23.304 [4] and in Table 5.4.4-1 of TS 23.287 [z], or new values. The 5QI are standardized values as defined in TS 23.501 [8] clause 5.7.4. 
The QoS mapping may also include adjustment factor(s) for the PQI's PDB. Compared to the single-hop U2N relay, for the multi-hop U2N relay scenarios, the bigger number of PC5 hops may increase the overall end-to-end delay between the remote UE and UPF. Therefore, the PDB of a PQI might be varied with the numbers of hops, e.g. the scenario with larger number of PC5 hops may be associated with a higher PDB. The adjustment factor(s) associated to a PQI or PDB might be configured as an overall number for all of the PC5 links, e.g. ¾ of the standardised PDB value over all of the PC5 links in Figure 6.x.1-1, then the UE-to-Network Relay determines the adjustment factors of each PC5 link, e.g. based on the number of hops, the air interface quality and capability of different relays, etc. 
[bookmark: _GoBack]NOTE:	The Prose Policy for multi-hop UE-to-Network Relays is addressed by other solutions for KI#1.
In the current framework of U2N relay communication, the QoS flow setup and modification can be initiated either by the Remote UE and the U2N Relay. Similar mechanism with enhancements are possible to be applied to the multi-hop U2N relay scenarios.
QoS Flows setup are initiated by network
The SMF can base on the PCC rules or its local configuration to generate the QoS rules and QoS Flow level QoS parameters (e.g. 5QI, GFBR, MFBR) and signal them to the 5G ProSe UE-to-Network Relay using PDU Session Establishment/Modification procedure, similar to the single-hop U2N relay case. 
Then the 5G ProSe UE-to-Network Relay may decide the PC5 QoS parameters for the corresponding PC5 QoS Flow by determining the PQI based the QoS mapping. In the multi-hop U2N relay scenarios, for the GBR QoS flow, the values of the GFBR and MFBR of the PC5 GBR QoS Flow over every PC5 link might be configured the same as those for the GBR QoS Flow. Then the 5G ProSe UE-to-Network Relay will indicate the determined PQI and any other QoS related parameters to the ProSe Intermediate Relay. If the ProSe Intermediate Relay accepts the PC5 QoS configuration, it will indicate to the parameters to the next ProSe Intermediate Relay. The QoS parameters will be transferred successively until the last ProSe Intermediate Relay that connects to the Remote UE is reached. 
PC5 QoS flows setup or modification is initiated by the 5G ProSe Layer-3 Remote UE
The Remote UE may initiate the PC5 QoS Flows setup or modification during the Layer-2 link establishment or modification procedure. In this case, the 5G ProSe Remote UE provides the QoS Info to the 5G ProSe UE-to-Network Relay, via the intermediate relay(s). The PC5 QoS parameters of the QoS Info (i.e. PQI and conditionally other parameters such as MFBR/GFBR, etc.) are interpreted as the end-to-end QoS requirements by the 5G ProSe Layer-3 UE-to-Network Relay for the traffic transmission between 5G ProSe Layer-3 Remote UE and UPF.
If the end-to-end QoS requirements can be supported by an entry of QoS mapping, the 5G ProSe Layer-3 UE-to-Network Relay uses the 5QI of the entry for the Uu QoS control and uses the PQI of the entry for the PC5 QoS control. Same PQI might be applied to all the PC5 links in the multi-hop U2N relay scenario. The determined PQI will be transferred from the UE-to-Network Relay successively to the remote UE via successive intermediate relay(s) to. If any of the intermediate relay cannot accept the PQI, it sends the reject message to the Layer-3 UE-to-Network Relay, e.g. via intermediate relay(s) if applicable. 
If the end-to-end QoS requirements cannot be supported by any entries of QoS mapping, the 5G ProSe Layer-3 UE-to-Network Relay, based on its implementation, decides the 5QI for the Uu QoS control and PQI for the PC5 QoS control of all the PC5 hops in the multi-hop relay scenario. The 5G ProSe Layer-3 UE-to-Network Relay provides the QoS Info (including PQI value chosen by the 5G ProSe Layer-3 UE-to-Network Relay) as part of the Accept message to the Intermediate relay connects to it. If the 1st Intermediate relay accepts the QoS Info, it will provide QoS Info to the successive Intermediate relay until the QoS info reaches the Remote UE. 
The 5G ProSe Layer-3 UE-to-Network Relay performs the UE requested PDU session Modification as defined in TS 23.502 [y], clause 4.3.3 for authorizing the requested QoS including the 5QI and the Packet Filters. If the PCF authorizes the requested QoS with a different 5QI value, the 5G ProSe Layer-3 UE-to-Network Relay may further update the PQI value based on the authorized 5QI value to the intermediate relay(s) and Remote UE, e.g. by performing Layer-2 link modification procedure to update the corresponding PC5 QoS Flow with the updated PQI value.
NOTE:	Layer-2 link management is addressed by other solutions for KI#1.

6.X.1.2	5G ProSe Communication via Layer-3 UE-to-Network Relays 
The enhanced 5G ProSe Communication via Layer-3 UE-to-Network Relays to support multi-hop scenarios is detailed in clause 6.x.2.

[bookmark: _Toc157747896]6.X.2	Procedures
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc92875664][bookmark: _Toc93070688][bookmark: _Toc157534626][bookmark: _Toc157747897]


[bookmark: _CRFigure4_16_15_2_11]Figure 6.x.2-1 Multi-hop 5G ProSe Communication via Layer-3 UE-to-Network Relays
1. Service authorization and provisioning are performed for the 5G ProSe Layer-3 UE-to-Network Relay in step 1a, for 5G ProSe Intermediate Relay(s) in step 1b, and 5G ProSe Layer-3 Remote UE in step 1c. 
2.	The 5G ProSe Layer-3 UE-to-Network Relay may determine to establish a PDU Session for relaying. 
3.	The 5G ProSe Layer-3 Remote UE performs discovery of one 5G ProSe Layer-3 UE-to-Network Relay and one or more 5G ProSe Intermediate Relay(s). As part of the discovery procedure, the 5G ProSe Layer-3 Remote UE, 5G ProSe Intermediate Relay(s), and 5G ProSe Layer-3 UE-to-Network Relay may learn about the connectivity service and capability of the 5G ProSe Layer-3 UE-to-Network Relay and 5G ProSe Intermediate Relay(s) can be supported.
NOTE:	multi-hop UE-to-Network Relay discovery is addressed by other solutions for KI#1.
4.	The 5G ProSe Layer-3 Remote UE selects one 5G ProSe Layer-3 UE-to-Network Relay and one or more 5G ProSe Intermediate Relay(s) to establish the end-to-end connection for unicast mode communication to the network. 
	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 initiate a new PDU Session establishment procedure for relaying. This may happen before completing the PC5 connection establishment between the 5G ProSe Layer-3 Remote UE and 5G ProSe Intermediate Relay, between 5G ProSe Intermediate Relays if applicable, and between 5G ProSe Intermediate Relay and 5G ProSe UE-to-Network Relay. 
	The network 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 5G ProSe Layer-3 UE-to-Network Relay with relay consideration and optionally multi-hop relay related information (e.g. the number of PC5 hops, etc.), and can initiate the setup of QoS flows. 
	The Remote UE may also initiate the setup of QoS flows by providing PC5 QoS info and (optionally) PC5 QoS rule(s) to the 5G ProSe Layer-3 UE-to-Network Relay, e.g. via 5G ProSe Intermediate Relay(s). 
5.	For IP PDU Session Type and IP traffic over PC5 reference points, IPv6 prefix or IPv4 address (including NAT case) could be allocated for the 5G ProSe Layer-3 Remote UE.
NOTE:	IPv6 prefix or IPv4 address allocation is addressed by other solutions for KI#1.
6.	The 5G ProSe Layer-3 Remote UE may provide PC5 QoS Info and PC5 QoS rule(s) to the 5G ProSe Layer-3 UE-to-Network Relay via 5G ProSe Intermediate Relay(s), e.g. using Layer-2 link modification procedure.
7.	The 5G ProSe Layer-3 UE-to-Network Relay may send a Remote UE Report (Remote User ID, Remote UE info) message to the SMF for the PDU Session associated with the relay. The Remote User ID, as defined in TS 33.503, is an identity of the 5G ProSe Layer-3 Remote UE user that was successfully connected in step 4. The Remote UE info is used to assist identifying the 5G ProSe Layer-3 Remote UE in the 5GC. 
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. 

6.X.3	Impacts on services, entities and interfaces
Remote UE, Intermediate Relay, UE-to-Network Relay:
-	support multi-hop Layer-3 UE-to-Network Relay communication and QoS handling 

*** End of the change ***
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