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Abstract: New Solution for 5G ProSe Multi-hop UE-to-Network Relay including Discovery, Link Management, QoS Handling and Communication via multi-hop Layer-3 UE-to-Network Relay with/without N3IWF support.
1. Introduction/Discussion
This Solution provides a solution for 5G ProSe Multi-hop Layer-3 UE-to-Network Relay.
This paper focuses on addressing the following bullets:
· 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.
· How to satisfy end-to-end QoS requirements for the End UEs over the path via 5G ProSe multi-hop UE-to-UE Relays.
Similar to Sol#5, the main idea of this solution is to obtain the User Info ID of all Intermediate Relays in a path for path selection (routing) and avoiding loop, while the maximum number of hops is determined considering QoS/RSC.
The main idea of QoS handling is to extend the QoS splitting action to all the intermediate U2N Relays. Each intermediate Relay splits the received QoS Info into [the previous hop QoS] and [the rest hops QoS].
Regarding communication with N3IWF, this solution proposes, different from Sol#2, that Intermediate Relay(s) neither select nor connect N3IWF.
2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-03.
[bookmark: _Toc519004414][bookmark: _Toc517082226]* * * * First change (All new text)* * * *
6.X	Solution #X: 5G ProSe Multi-hop Layer-3 UE-to-Network Relay Communication with N3IWF Support
6.X.1	Description
This solution addressed Key Issue #1 "Support of Multi-hop UE-to-Network Relays".
In this solution, the ProSe 5G UE-to-Network Relay operations are supported with the following principles:
-	5G ProSe multi-hop UE-to-Network Relay discovery with Model B:
-	The Remote UE decides the maximum number of hops for discovery based on QoS requirement and (pre-)configuration. E.g., according to some mapping to the service or RSC.
-	The Remote UE sends a 5G ProSe UE-to-Network Relay Discovery Solicitation message containing the maximum number of hops for discovery.
-	The User Info IDs of 5G ProSe Intermediate Relays are used for (1) avoiding loop: if the Relay's own User Info ID is already contained in the message, the Relay may drop the message; (2) counting the number of hops in the path, an Intermediate Relay decides whether to forward the Solicitation message according to the maximum number of hops and the number of User Info IDs of Intermediate Relays.
-	When an Intermediate Relay forwards the Solicitation message, it additionally includes its own User Info ID in the message. The principles of assigning Source Layer-2 ID of the Solicitation message reuse the current Rel-18 methods.
-	The UE-to-Network Relay responds to Remote UE via Intermediate Relay(s) with a Response message, including the User Info IDs of intermediate Relays in the path and UE-to-Network Relay. The UE-to-Network Relay may choose the paths based on e.g., the PC5 signal strength of each message received, the number of hops to the Remote UE.

-	5G ProSe multi-hop UE-to-Network Relay discovery with Model A:
-	The UE-to-Network Relay decides the maximum number of hops for discovery based on (pre-)configuration. E.g., according to some mapping to the RSC.
-	The 5G ProSe UE-to-Network Relay sends a UE-to-Network Relay Discovery Announcement message. The Announcement message contains the User Info ID of itself, maximum number of hops or TTL, RSC. The intermediate Relay may include its own User Info ID and forward an Announcement message when its own User Info ID is not included in the message.
-	The 5G ProSe intermediate Relay initiates Model A discovery only when it has found a UE-to-Network Relay, which has a connection to the network.

-	Layer-2 link establishment for PC5 communication via 5G ProSe Layer-3 UE-to-Network:
· Assume that the Remote UE obtained the User Info IDs of intermediate Relays in the path and the UE-to-Network Relay from the discovery procedure, the Remote UE sends a Direct Communication Request message to the first Intermediate Relay. The DCR message additionally includes the User Info IDs of intermediate Relays in the path, which is used to specify routing information to prevent DCRs from being broadcast between Relays.
· The Remote UE decides the Destination Layer-2 ID for sending the DCR message according to the association between Layer-2 ID and User Info IDs of the first intermediate Relay.
· Each intermediate Relay decides the Destination Layer-2 ID for sending the DCR message according to the association between Layer-2 ID and User Info IDs of intermediate/UE-to-Network Relays contained in the received DCR message.
-	Layer-2 link modification for PC5 communication via 5G ProSe Layer-3 UE-to-Network Relay:
· If there is already a PC5 link established between the Remote UE and an intermediate Relay or between intermediate/UE-to-Network Relays, a Link Modification Request message is sent instead of DCR. The Link Modification Request message also additionally includes the User Info IDs of Relays in the path.

-	The 5G ProSe Intermediate Relay(s) split the QoS parameters, according to the received QoS Info, into two parts: one for the previous hop and one for the rest hops. The UE-to-Network Relay decides QoS parameters of the previous hop and the Uu QoS according to the received QoS Info.

-	5G ProSe Multi-hop Layer-3 UE-to-Network Relay Communication with N3IWF support:
· The 5G ProSe Layer-e 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.
6.X.2 Procedures
6.X.2.1	5G ProSe multi-hop UE-to-Network Relay Discovery
6.X.2.1.1	5G ProSe multi-hop UE-to-Network Relay Discovery with Model B


Figure 6.X.2.1.1-1: General procedures for 5G ProSe multi-hop UE-to-Network Relay Discovery with Model B
1. The 5G ProSe Remote UE decides the maximum number of hops for discovery based on e.g., according to QoS requirement or (pre-)configuration.
[bookmark: _Hlk156081743]2a.	 The 5G ProSe Remote UE sends a 5G ProSe UE-to-Network Relay Discovery Solicitation message. The 5G ProSe UE-to-Network Discovery Solicitation message contains the Type of Discovery Message, Discoverer Info, RSC, the maximum number of hops or TTL and optionally Target Info.
The Target Info may contain the User Info of UE-to-Network Relay and Intermediate Relay(s). The maximum number of hops can be a constant value or a variable similar to TTL which will be decreased by 1 per hop.
3a. A 5G ProSe Intermediate Relay may send a Solicitation message when its own User Info ID is not contained in the received Solicitation message. If the number of User Info IDs of intermediate Relays included in the message has reached the maximum number of hops (or the TTL is 0), the Relay should drop the message. If the Target Info included in the received Solicitation does not contain the User Info ID of itself, the Relay may drop the message.
A 5G ProSe Intermediate Relay may send a Response message when it has already found or established PC5 link with 5G ProSe UE-to-Network Relay(s), without sending Solicitation message. i.e. Step 4a-8a are skipped and step 9a is performed directly. The response message additionally contains the User Info ID(s) of U2N Relay, User Info ID(s) of intermediate Relay(s) to the U2N Relay. 
NOTE 1:	If the Source End UE does not receive any response after a timeout, based on application requirement, it may increase the maximum number of hops and send the discovery message again.
NOTE 2:	Based on implementation, Relay UEs can decide to forward the discovery message with the same Remote UE User Info ID at most once in order to control the total number of discovery messages transferred among relays.
4a. A 5G ProSe intermediate Relay sends a Solicitation message, it additionally includes its own User Info ID in the message. i.e., the message contains the User Info IDs of all intermediate Relays in the path.
2b.-6b. Another discovery path.
7-8. The UE-to-Network Relay responds to the Remote UE via Intermediate Relay with a Response message.
	The Response message additionally contains the User Info IDs of intermediate Relays in the path.
	The UE-to-Network Relay may choose the path based on e.g., the PC5 signal strength of each message received, hops to the Remote UE, the User Info IDs of intermediate Relays in the path, etc.
9-10. An intermediate Relay sends a Response message. The Response message additionally contains the User Info IDs of Relays in the path.
11.	The Remote UE may perform the Relay(s)/path selection based on e.g., the PC5 signal strength and the number of hops of the received Response messages. The number of hops corresponds to the number of User Info IDs of Relays in the path.
6.X.2.1.2	5G ProSe multi-hop UE-to-Network Relay Discovery with Model A


Figure 6.X.2.1.2-1: General procedures for 5G ProSe multi-hop UE-to-Network Relay Discovery with Model A
1.	The UE-to-Network Relay decides the maximum number of hops for discovery based on (pre-)configuration. E.g., according to some mapping to the RSC.
2a.	The 5G ProSe UE-to-Network Relay sends a UE-to-Network Relay Discovery Announcement message. The Announcement message contains the User Info ID of itself, maximum number of hops or TTL, RSC. 
3a.	A 5G ProSe Intermediate Relay may forward the Announcement message when its own User Info ID is not contained in the received Announcement message. If the number of User Info IDs of Relays included in the message has reached the maximum number of hops (or the TTL is 0), the Relay should drop the message.
Note: The 5G ProSe intermediate Relay initiates Model A discovery only when it has found a UE-to-Network Relay, which has a connection to the network. The intermediate Relay may decide the maximum number of hops considering the hops to UE-to-Network Relays it has found.
4a.	A 5G ProSe Intermediate Relay sends a UE-to-Network Relay Discovery Announcement message including its own User Info ID.
2b-6b. another discovery path.
7. The Remote UE may choose the path based on e.g., the PC5 signal strength of each message received, hops to the UE-to-Network Relay, the User Info IDs of Relays in the path, etc.
6.X.2.2	5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay without N3IWF support


Figure 6.X.2.2-1: QoS control for Layer 3 UE-to-Network Relay operation
1.	Service authorization and provisioning are performed for the 5G ProSe Layer-3 UE-to-Network Relay, Intermediate Relay(s) and 5G ProSe Layer-3 Remote UE.
2.	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 discovery of a 5G ProSe Layer-3 UE-to-Network Relay.
4.	The 5G ProSe Layer-3 Remote UE selects a path and establishes a connection for unicast mode communication.
5.	For IP PDU Session Type and IP traffic over PC5 reference point, IPv6 prefix or IPv4 address (including NAT case) may be allocated for the 5G ProSe Layer-3 Remote UE by the UE-to-Network Relay to Intermediate Relay.
-	Option1: the UE-to-Network Relay assigns IP address for Remote UE and all the intermediate Relays in the path, e.g. based on the User Info ID list included in the DCR message, assign for each node.
-	Option2: the UE-to-Network Relay and Intermediate Relay assigns IP address to the next hop.
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 using Layer-2 link modification procedure via Intermediate Relay(s). Intermediate Relays may split the PC5 QoS hop-by-hop.
[bookmark: _Hlk160553589][bookmark: _Hlk160553651]7.	For the Remote UE Report, the Remote User ID is an identity of the 5G ProSe Layer-3 Remote UE. 
[bookmark: _Hlk160618934]For IP PDU Session Type, the Remote UE info is IP info related to Remote UE. 
[bookmark: _Hlk160618955]-	for IPv4, the 5G ProSe Layer-3 UE-to-Network Relay shall report TCP/UDP port ranges assigned to individual 5G ProSe Layer-3 Remote UE(s), or port ranges assigned to the intermediate Relay which is used to relay traffic to Remote UE;
-	for IPv6, the 5G ProSe Layer-3 UE-to-Network Relay shall report IPv6 prefix(es) assigned to individual 5G ProSe Layer-3 Remote UE(s).
For Ethernet PDU Session Type, the Remote UE info is Remote UE MAC address which is detected by the 5G ProSe Layer-3 UE-to-Network Relay. 
6.X.2.3	QoS handling for 5G ProSe Multi-hop UE-to-Network Relay without N3IWF


Figure 6.X.2.3-1: QoS control for Layer 3 UE-to-Network Relay operation
If the 5G ProSe Layer-3 Remote UE initiates PC5 QoS Flows setup or modification during the Layer-2 link establishment or modification procedure, 
1. The 5G ProSe Layer-3 Remote UE provides the QoS Info to the first Intermediate Relay.
2-3. The Intermediate Relay(s) decide the PC5 QoS hop by hop. i.e., the Intermediate Relay splits the QoS parameters, according to the received QoS Info, into two parts: one part is the QoS parameters of the previous hop, the other part is the QoS parameters from the Intermediate Relay to network (the rest PC5 QoS parameters). The Intermediate Relay(s) send the rest QoS parameters to the next hop.
4. The U2N Relay decides the Uu QoS and the PC5 QoS with the previous hop, and sends the accepted PC5 QoS with the previous hop in a DCA message.
5-6. For each Intermediate Relay, if the previously received “the rest PC5 QoS parameters” can be satisfied according to the accepted PC5 QoS in the received DCA message, Intermediate Relay sends the accepted PC5 QoS with the previous hop in a DCA message.

If the QoS Flows setup are initiated by network, 
1. The SMF generates the QoS rules and QoS Flow level QoS parameters and sends to U2N Relay. The U2N Relay decides the PC5 QoS parameters for the corresponding PC5 QoS Flow by determining the PQI based the QoS mapping as described in clause 5.6.2 of TS 23.304 [4]. These PC5 QoS parameters correspond to the QoS between Remote UE and U2N Relay. 
2. Similar to step 2-3 in Figure 6.2.2.3-1, the Intermediate Relay(s) decide the PC5 QoS hop by hop, i.e. splits the QoS parameters into two parts: one part is the QoS parameters of the previous hop, the other part is the QoS parameters from the Intermediate Relay to Remote UE (the rest PC5 QoS parameters).
[bookmark: _Hlk163158793]6.X.2.4	5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay with N3IWF support
Figure 6.x.2.4-1 and Figure 6.x.2.4-2 show the user plane protocol stack and the control plane protocol stack, respectively, for 5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay with N3IWF support.

[image: C:\Users\z00848122\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\4FDFF91F.tmp]
Figure 6.x.2.4-1 User 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
[image: C:\Users\z00848122\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8043FF85.tmp]
Figure 6.x.2.4-2 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.x.2.4-3 illustrates the procedure of 5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay with N3IWF support.


[bookmark: _GoBack]Figure 6.x.2.4-3: 5G ProSe Communication via multi-hop 5G ProSe Layer-3 UE-to-Network Relay with N3IWF support
1.	5G ProSe Layer-3 UE-to-Network Relay performs Registration procedures and obtains the ProSe Policy that corresponds to the operation supporting the access to N3IWF. The 5G ProSe Layer-3 Remote UE is configured with the corresponding ProSe Policy and URSP rules.
Supporting of the RSC configured for making the 5G ProSe Layer-3 Remote UE access to 5GC via N3IWF is preconfigured or provisioned to the Intermediate Relay by the ProSe Policy. 
2-4. A 5G ProSe Layer-3 UE-to-Network Relay, 5G ProSe Intermediate Relay(s) and 5G ProSe Layer-3 Remote UE perform multi-hop discovery using the RSC configured for making the 5G ProSe Layer-3 Remote UE access to 5GC via N3IWF.
5.	The 5G ProSe Layer-3 Remote UE that connects to a 5G ProSe Layer-3 UE-to-Network Relay with N3IWF support selects an N3IWF and determines the N3IWF IP address.
6.	The 5G ProSe Layer-3 Remote UE establishes a signalling IPsec tunnel using IKE procedures with a N3IWF via Intermediate Relays and UE-to-Network Relay performs NAS Registration.
7.	Based on Additional QoS Information received from the N3IWF, the 5G ProSe Layer-3 Remote UE determines whether it is necessary to request for QoS session modification for the dedicated QoS Flows toward the 5G ProSe Layer-3 UE-to-Network Relay, taking the number of hops into account.
* * * * Second change * * * *
[bookmark: _Toc22214907][bookmark: _Toc22286586][bookmark: _Toc23317647][bookmark: _Toc94300259]6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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* * * * End of changes * * * *
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