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Abstract: Add UE-to-UE Relay Link Management and QoS Handling to Solution 5.
1. Introduction/Discussion
The Sol#5 provides a solution for 5G ProSe Multi-hop UE-to-UE Relay Discovery. This paper updates it into a complete solution including discovery, link management and QoS handling.

This paper focuses on KI#2, 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-UE 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.

The main idea of link management is to use the User Info IDs of U2U Relays for explicit routing during the Link Establishment or Link Modification procedure, so as to avoid broadcasting DCR message between U2U Relays. The last Relay may need to broadcast DCR to Target End UE, as Rel-18 does.
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Fig.1 Example scenario of Link Management procedure
For example, 
Relay2 receives a DCR/Link Modification Request message from Relay1 which contains the User Info ID of Relays in the path (e.g., a sequential list, [Relay1, Relay2, Relay4]). Relay2 may know the next hop is Relay4 based on its own User Info ID.
Relay2 unicasts a DCR message to Relay4, the Destination Layer-2 ID is associated with the User Info ID of Relay4.
Relay4 broadcast DCR message to UE2.

The main idea of QoS handling is to extend the QoS splitting action to all the U2U Relays. Each Relay splits the received QoS Info into [the previous hop QoS] and [the rest hops QoS].

2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-03.
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6.5	Solution #5: Support of Multi-hop UE-to-UE Relay Discovery
6.5.1	Description
This solution addressed Key Issue #2 “Support of Layer-3 Multi-hop UE-to-UE Relays”. 
In this solution, the ProSe 5G UE-to-UE Relay operations is are supported with the following principles:
-	5G ProSe multi-hop UE-to-UE Relay discovery with Model B:
· The Source End 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.
Note: the maximum number of hops decided by the Source End UE may also be used in Model A discovery.
· The Source End UE sends a 5G ProSe UE-to-UE Relay Discovery Solicitation message containing the maximum number of hops for discovery in the UE-to-UE Discovery set.
· [bookmark: _Hlk157605755]The User Info IDs of UE-to-UE 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, a UE-to-UE Relay decides whether to forward the Solicitation message according to the maximum number of hops and the number of User Info IDs of UE-to-UE Relays.
· When a UE-to-UE 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 Target End UE responds to a UE-to-UE Relay with a Response message, including the User Info IDs of Relays in the path. If tThe Target End UE may choose the path based on e.g., the PC5 signal strength of each message received, the number of hops to the Source End UE.

-	5G ProSe multi-hop UE-to-UE Relay discovery with Model A:
· When a 5G ProSe UE-to-UE Relay has received Direct Discovery set(s) from other UEs, it may obtain the corresponding path indicated by a list of User Info ID of Relays, maximum number of hops or TTL of the Direct Discovery set, RSC. The 5G ProSe UE-to-UE Relay sends a UE-to-UE Relay Discovery Announcement message. The Announcement message contains the User Info ID of itself, Direct Discovery set(s), corresponding path indicated by a list of User Info ID of Relays, maximum number of hops or TTL of corresponding Direct Discovery set.

-	Layer-2 link establishment for PC5 communication via 5G ProSe Layer-3 UE-to-UE Relay:
· The Source End UE obtains the User Info IDs of Relays in the path from the discovery procedure, the Source End UE sends a Direct Communication Request message to the first Layer-3 UE-to-UE Relay in the path. The DCR message additionally includes the User Info IDs of Relays in the path, which is used to specify routing information to prevent DCRs from being broadcast between UE-to-UE Relays.
· The Source End 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 U2U Relay.
· Each Layer-3 UE-to-UE Relay decides the Destination Layer-2 ID for sending the DCR message according to the association between Layer-2 ID and User Info ID of next hop Relay contained in the received DCR message. If a U2U Relay cannot decide the unicast Layer-2 ID of the Target End UE, it broadcasts the DCR message.
-	Layer-2 link modification for PC5 communication via 5G ProSe Layer-3 UE-to-UE Relay:
· If there is already a PC5 link established between the Source/Target End UE and a UE-to-UE Relay or between UE-to-UE Relays, an Link Modification Request message is sent instead of DCR. The Link Modification Request message includes the User Info IDs of Relays in the path.

-	QoS handling for 5G ProSe Layer-3 Multi-hop UE-to-UE Relay:
· UE-to-UE Relays decide the PC5 QoS hop by hop. i.e., each UE-to-UE Relay in the path 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 UE-to-UE Relay to Target End UE (we call it "the rest PC5 QoS parameters"). The UE-to-UE Relay sends the rest QoS parameters to the next hop.

6.5.2	Procedures
6.5.2.1 5G ProSe Multi-hop UE-to-UE Relay Discovery with Model B 



Figure 6.5.2.1-1: 5G ProSe multi-hop UE-to-UE Relay Discovery with Model B
The procedure of 5G ProSe multi-hop UE-to-UE Relay Discovery with Model B is extended based on the Rel-18 UE-to-UE Relay Discovery with Model B.
1. The Source End UE decides the maximum number of hops for discovery based on e.g., according to QoS requirement or policy configuration. 
The policy may be configured by PCF or pre-configured in UE.  Tthe Source End UE can decide the maximum number of hops based on this End-to-End QoS parameters and PQI parameters. For example, the E2E Packet Delay Budget is 100ms while the PDB of a PQI is 30ms, then the max number of hops can be decided as floor[100/30]=3. Alternatively, the Source End UE can decide the maximum number of hops according to a mapping between QoS parameters/RSC and the number of hops.
2a. The Source End UE sends a Solicitation message. The Solicitation message additionally contains the maximum number of hops.
The maximum number of hops can be a constant value or a variable similar to TTL which will be decreased by 1 per hop. They are equivalent if the User Info IDs of Relays in the path are also included in the message. i.e., can be calculated out of each other.
3a. A 5G ProSe UE-to-UE Relay may forward the Solicitation message when its own User Info ID is not contained in the received Solicitation 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 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 direct discovery set at most once in order to control the total number of discovery messages transferred among relays. To determine the identical direct discovery set, the relay UE can compare the direct discovery set bit by bit if it is encrypted, or check the source End UE and target End UE User info if the direct discovery set is not encrypted. 
4a. A 5G ProSe UE-to-UE 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 Relays in the path.
The UE-to-UE Relay may assign unique Layer-2 ID for sending Solicitation message as described in the current Rel-18 single-hop U2U Relay discovery procedure.
2b.-6b. Another discovery path.
7-8. The Target End UE responds to the 5G ProSe UE-to-UE Relay with a Response message. 
The Response message additionally contains the User Info IDs of Relays in the path.
If tThe Target End UE may choose the path based on e.g., the PC5 signal strength of each message received, hops to the Source End UE, the User Info IDs of UE-to-UE Relays in the path, etc.
9-10. A UE-to-UE Relay sends a Response message. The Response message additionally contains the User Info IDs of Relays in the path. 
A UE-to-UE Relay can associate the User Info ID and Layer-2 ID of neighbour UE-to-UE Relays according to the Response message. The association can be used in the subsequent Link Management procedure.
11. The Source End UE may perform the UE-to-UE 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.

6.5.2.2 5G ProSe Multi-hop UE-to-UE Relay Discovery with Model A
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Figure 6.5.2.2-1: 5G ProSe multi-hop UE-to-UE Relay Discovery with Model A
1.	When a 5G ProSe UE-to-UE Relay has received Direct Discovery set(s) from other UEs (e.g., via a previous 5G ProSe UE-to-UE Relay Discovery or 5G ProSe UE-to-UE Relay Communication procedures), it may obtain the corresponding path indicated by a list of User Info ID of Relays, maximum number of hops or TTL of the Direct Discovery set and RSC.
2.	The 5G ProSe UE-to-UE Relay sends a UE-to-UE Relay Discovery Announcement message. The Announcement message contains the User Info ID of itself, a list of Direct Discovery sets, a path indicated by a list of User Info ID of Relays and maximum number of hops or TTL corresponding to each Direct Discovery set in the list. 
The UE-to-UE Relay Discovery Announcement message is sent using the Source Layer-2 ID and Destination Layer-2 ID as described in clause 5.8.4 of TS 23.304 [4].
3.	A 5G ProSe UE-to-UE Relay may forward the Announcement message when it support the RSC and its own User Info ID is not contained in the received Announcement message. If the number of User Info IDs of Relays of a Direct Discovery set included in the message has reached the corresponding maximum number of hops (or the TTL is 0), the Relay should drop the Direct Discovery set, i.e. not send it in the Announcement message.
NOTE:	Based on implementation, Relay UEs can decide to forward the same direct discovery set at most once in order to control the total number of discovery messages transferred among relays. To determine the identical direct discovery set, the relay UE can compare the direct discovery set bit by bit if it is encrypted, or check the source End UE and target End UE User info if the direct discovery set is not encrypted. 
4.	A 5G ProSe End UE or A 5G ProSe UE-to-UE Relay monitors announcement message from a 5G ProSe UE-to-UE Relay. The 5G ProSe End UEs and 5G ProSe UE-to-UE Relays determine the Destination Layer-2 ID for signalling reception as specified in clause 5.1 of TS 23.304 [4].

6.5.2.3 5G ProSe Multi-hop UE-to-UE Relay Layer-2 Link Management


Figure 6.5.2.3-1: Layer-2 link establishment via 5G ProSe Layer-3 UE-to-UE Relay
The procedure of 5G ProSe multi-hop UE-to-UE Relay Link Establishment is extended based on the Rel-18 UE-to-UE Relay Link Establishment.
1. It is assumed that the Source End UE selected Relays/path to the Target End UE and obtained the User Info IDs of Relays in the path from the discovery procedure which is captured in clause 6.5.2.1 and 6.5.2.2.
2. The Source End UE sends a Direct Communication Request message to the first hop UE-to-UE Relay. The DCR message additionally includes the User Info IDs of Relays in the path, corresponding to the Relays/path selected after the discovery procedure.
If there is already a PC5 link established between the Source/Target End UE and UE-to-UE Relay or between UE-to-UE Relays, a Link Modification Request message is sent instead of DCR. The LMR message also additionally includes the User Info IDs of Relays in the path. 
3. After security establishment procedure, the UE-to-UE Relay associates User Info ID of Source End UE with the Layer-2 ID of Source End UE.
4. A UE-to-UE Relay sends a DCR message to the next hop UE-to-UE Relay.
The Source Layer-2 ID of the DCR message is self-assigned by the UE-to-UE Relay and the Destination Layer-2 ID is the unicast Layer-2 ID associated with the User Info ID of the next hop UE-to-UE Relay.
Optionally, the U2U Relay may delete User Info ID(s) of previous Relay(s) when sending DCR message to reduce the message size.
6. A UE-to-UE Relay may know it is the last Relay in the path (e.g., according to the User Info IDs of Relays in the received DCR/Link Modification Request message). The UE-to-UE Relay sends a DCR message to the target 5G ProSe Layer-3 End UE. 
The Destination Layer-2 ID is a broadcast Layer-2 ID or the unicast Layer-2 ID of Target End UE. Unicast Layer-2 ID is used only if the Layer-2 ID of the Target End UE is known to the UE-to-UE Relay.
8. The Target End UE sends a Direct Communication Accept message to the UE-to-UE Relay it has successfully established security with. The DCA message may include the User Info IDs of Relays in the path.
9. IP address/prefix allocation is performed hop-by-hop reusing the current Rel-18 methods.
10. After receiving the DCA message, the UE-to-UE Relay (e.g. Relay2) sends a DCA message to the next UE-to-UE Relay (e.g. Relay1) or Source End UE it has successfully established security with. The UE-to-UE Relay may decide the User Info ID of the next UE-to-UE Relay (e.g. Relay1) according to the received DCA message or from which it previously received a corresponding DCR message.
14. If the Source End UE does NOT receive the IP address of the Target End UE from DCA message, it may send DNS Query to the U2U Relay. If the U2U Relay also does NOT know, it may send DNS Query to the next U2U Relay in the path to the Target End UE.

[bookmark: _GoBack]6.5.2.4 5G ProSe Multi-hop UE-to-UE Relay QoS Handling 


Figure 6.4.2.4-1: QoS control for Layer 3 UE-to-UE Relay
1. When the Source End UE initiates unicast communication establishment with the target End UE, it decides the E2E QoS parameters between Source End UE and Target End UE based on the application layer requirements. The Source End UE sets up a PC5 QoS Flow. Then Source End UE provides the E2E QoS parameters to a U2U Relay in a DCR message, corresponding to step 2 in Figure 6.5.2.3-1.
2-3. The U2U Relays decide the PC5 QoS hop by hop. i.e., the U2U 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 U2U Relay to Target End UE (the rest PC5 QoS parameters). The U2U Relay sends the rest QoS parameters to the next hop.
4. Target End UE sends the accepted PC5 QoS with a U2U Relay in a DCA message, corresponding to step 8 in Figure 6.5.2.3-1.
5-6. For each U2U Relay, if the previously received “the rest PC5 QoS parameters” can be satisfied according to the accepted PC5 QoS in the received DCA message, U2U Relay sends the accepted PC5 QoS with the previous hop in a DCA message.
When the QoS flow is applied to an existing PC5 link between the End UE and the U2U relay, or between two U2U relays, Link modification procedure is applied with the same principle. 
6.5.3	Impacts on services, entities and interfaces

There is no impact to NG-RAN, as the solution is using the existing features supported in Rel-18 NR ProSe design.
There are impacts to 5G ProSe End UE, UE-to-UE Relay, maybe to ProSe Policy.

* * * * End of changes * * * *
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