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Abstract of the contribution: This contribution proposed a solution for Key Issue #1: Support of UE-to-UE Relay.

1. Introduction

In TR 23.700-33, Key Issue #1: Support of UE-to-UE Relay is agreed to support the following aspects:

-
How to discover UE-to-UE Relay(s) and (re)-select a UE-to-UE Relay UE in proximity.

-
Whether and how the network can control UE-to-UE Relay operation, at least including how to:

-
Authorize the UE-to-UE Relay, e.g. authorize a UE as UE-to-UE Relay.

-
Authorize Source/Target UEs to use a UE-to-UE Relay.

-
Provisioning policy and parameters for UE-to-UE Relay service.

-
How to establish the connection between the source UE and the target UE via UE-to-UE Relay.

-
How to provide end-to-end QoS framework to satisfy the QoS requirements (such as data rate, reliability, latency).

-
How to enhance the system architecture to provide security/privacy protection for a relayed connection.

-
How to provide a mechanism for a path changing in case of e.g. UE-to-UE Relay changes, including reducing communication disruptions and fulfilling QoS requirements.

-
Whether and how to determine whether Layer-2 UE-to-UE Relay or Layer-3 UE-to-UE Relay or both are supported by the Source, Target and Relay UEs and how to make sure the Source, Target and Relay UE all use the same type of relay.

NOTE 1:
The solution should take into account the forward compatibility for supporting more than one hop in a later release.

NOTE 2:
For the involvement of NG-RAN, coordination with RAN WGs is needed.

NOTE 3:
For security/privacy protection aspects, coordination with SA WG3 is needed.
NOTE 4:
This KI covers both Layer-2 and Layer-3 UE-to-UE relay cases.
In this contribution, we propose solutions for supporting the above aspects.

2. Proposal

It is proposed to document the text below as a solution for Key Issue #1 in TR 23.700-33. 

>>>>Start OF CHANGES<<<<
6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues
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>>>>Next CHANGES<<<<
6.x
Solution #x: ProSe UE-to-UE relay support 
6.x.1
General Description

This solution address KI#1. This solution focuses on a unified route selection procedure for both Layer-2 and Layer-3 UE-to-UE relay operation, so that the UE can determine which 5G ProSe UE-to-UE Relay can provide connection to a target UE. 
In this solution, the ProSe 5G UE-to-UE Relay operation is supported with the following principles. Some of the aspects that are specific to Layer-2 operation are indicated explicitly:

-
Authorization and configuration:

-
Only the UEs authorized by the service authorization configuration can act as a 5G ProSe UE-to-UE Relay or a 5G ProSe U2U UE. These UEs will be configured according to the service authorization and provisioning mechanism defined in solutions for KI#6 to operate in the UE-to-UE Relay mode.

-
5G ProSe UE-to-UE Relay discovery:

-
Reuse the Model A and Model B UE-to-Network relay discovery procedures defined in clause 6.3.2.3 of TS 23.304 for discovering the 5G ProSe UE-to-UE Relay by the 5G ProSe U2U UEs. RSC may be associated with multiple ProSe services. Relay discovery is supported independent of the 5G ProSe U2U UEs communicating with each other via the 5G ProSe UE-to-UE Relay.
NOTE 1:
The Layer-2 ID used for the discovery can be specific for UE-to-UE Relay discovery.
-
5G ProSe  UE-to-UE Route discovery:

-
When 5G ProSe UEs cannot discover each other directly using the ProSe direct discovery procedures described in TS 23.304, ProSe direct discovery messages are relayed via the 5G ProSe UE-to-UE Relay to discover each other. During this end-to-end discovery relaying procedure, the 5G ProSe U2U UEs also discover the route, i.e., R-UEs, that can reach another 5G ProSe U2U UE.
-
5G ProSe  UE-to-UE Relay discovery messages (both Model A and Model B) are reused to include the end-toend direct discovery message information to assist with 5G ProSe U2U UE route discovery. The End-to-End (E2E) direct discovery message information contains the User Info/ProSe discovery codes corresponding to the ProSe service supported by the 5G ProSe U2U UE, and it may be different from the User Info used in Relay discovery message.

-
5G ProSe UE-to-UE Route selection:

-
When multiple routes, i.e. R-UEs, are discovered during the Route discovery, the source 5G ProSe U2U UE selects a best route before U2U relay connection setup based on Radio link quality criteria and Upper layer criteria like E2E discovery message (i.e. ProSe service matching) information.
NOTE 2:
Radio link quality criteria for 5G ProSe  UE-to-UE Route selection are in the scope of RAN WG2.
-
5G ProSe UE-to-UE Relay operation:

-
Per-hop unicast links are established between the 5G ProSe U2U UEs and the selected 5G ProSe UE-to-UE Relay before U2U relay communication is supported. Unicast link that is already setup between the 5G ProSe U2U UE and 5G ProSe  UE-to-UE Relay can be shared for relaying traffic to different 5G ProSe U2U UEs. 

-
When a source 5G ProSe U2U UE needs to communicate with target 5G ProSe U2U UE via the Layer-3 5G ProSe UE-to-UE Relay, it sends a DNS query to obtain the IP address and IP/non-IP relaying is supported via the per-hop unicast links as described in sol#2. 

-
In case of Layer-2 5G ProSe UE-to-UE relay operation, an end-to-end unicast link is also necessary to be setup between source 5G ProSe U2U UE and target 5G ProSe U2U UE before relaying IP/non-IP data. When per-hop unicast link is shared between different end-to-end unicast links, there is additional routing functionality that will be defined by RAN WG2 for Layer-2 relaying.
-
QoS handling:

-
For Layer-3 5G ProSe UE-to-UE relay connection, 5G ProSe  UE-to-UE Relay configures the per-hop PC5 QoS flows to meet the E2E QoS, as described in sol#2.

-
For Layer-2 5G ProSe UE-to-UE relay connection, source 5G ProSe U2U UE and target 5G ProSe U2U UE establish and modify the PC5 QoS Flows using the procedures in TS 23.287. The E2E QoS flows are not known to the Layer-2 ProSe UE-to-UE relay. Hence, to support the E2E QoS, how the QoS parameters for the per-hop PC5 link RLC channels are configured by the Layer-2 ProSe 5G UE-to-UE Relay will be defined by RAN WG2. 

-
Security handling:

-
source 5G ProSe U2U UE and target 5G ProSe U2U UE can establish bearer level security with the ProSe 5G UE-to-UE Relay for the unicast L2 Link, using procedures defined in TS 23.304 [3].
-
If end-to-end security protection is required between source 5G ProSe U2U UE and target 5G ProSe U2U UE connected via Layer-3 ProSe 5G UE-to-UE Relay, IPSec can be used.
-
End-to-end security protection between source 5G ProSe U2U UE and target 5G ProSe U2U UE connected via Layer-2 5G ProSe  UE-to-UE Relay can be supported via bearer level security for the E2E unicast link.
NOTE 3:
The security protection of the traffic of source 5G ProSe U2U UE and target 5G ProSe U2U UE will be specified by SA WG3.

6.x.2
Procedures
6.x.2.1 
Route discovery  

6.x.2.1.1 
Model A route discovery 
Route discovery procedures described are common for both Layer-3 and Layer-2 5G ProSe UE-to-UE relay operation.
Figure 6.x.2.1.1-1 shows the procedure for Model A route discovery to discover the route, i.e., R-UEs, that can reach other 5G ProSe U2U UEs supporting ProSe service.
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Figure 6.x.2.1.1-1: Model A route discovery

1.
Announcing UE, which is the target 5G ProSe U2U UE for communication, sends Announcement message to the 5G ProSe UE-to-UE Relay requesting to relay the ProSe direct discovery information to other 5G ProSe U2U UEs. The Announcing UE includes the Type of Discovery Message, Announcer Info, RSC and E2E discovery information in the Announcement message. RSC is included to indicate which 5G ProSe UE-to-UE Relay(s) can relay the discovery message. The announcement message is sent using the Source Layer-2 ID self-assigned by the Announcing UE and Destination Layer-2 ID corresponding to the RSC configured as per the policy.

E2E discovery information can contain the E2E ProSe direct discovery message with contents including the User Info ID, Discovery Codes, Application layer Group ID. 
2.
Upon receiving an announcement message including RSC from a 5G ProSe U2U UE, the 5G ProSe  UE-to-UE Relay forwards the E2E discovery information to other 5G ProSe U2U UEs. The 5G ProSe UE-to-UE Relay sends Announcement message containing the Type of Discovery Message, Announcer Info (i.e. Relay User Info), RSC, Relay indication (to indicate ProSe direct discovery forwarding), original Announcer Info (i.e. target 5G ProSe U2U UE user Info) and E2E discovery information. The announcement message is sent using the Source Layer-2 ID self-assigned by the 5G ProSe  UE-to-UE Relay and Destination Layer-2 ID corresponding to the RSC configured as per the policy.
NOTE:
The security protection of the E2E discovery and Relay discovery will be defined by SA WG3.

3.
Monitoring UE, which is looking for other 5G ProSe U2U UEs, i.e. source 5G ProSe U2U UE for communication, receives the Announcement message from 5G ProSe UE-to-UE Relay(s). The presence of Relay indication in the Announcement message indicates that the announcement message contains the E2E discovery information that is relayed by the 5G ProSe UE-to-UE Relay. Monitoring UE checks the E2E discovery information for the desired ProSe service support by the 5G ProSe U2U UE and selects one of the 5G ProSe UE-to-UE Relay(s), when the announcement message is received from multiple 5G ProSe UE-to-UE Relay(s). Monitoring UE uses the original Announcer Info (i.e. target 5G ProSe U2U UE user Info) while communicating with the 5G ProSe UE-to-UE Relay to setup per-hop links or to determine the IP address of the target 5G ProSe U2U UE. The E2E discovery information is only used between the 5G ProSe U2U UEs.

6.x.2.1.2 
Model B route discovery 

Figure 6.x.2.1.2-1 shows the procedure for Model B route discovery to discover the route, i.e., R-UEs, that can reach other 5G ProSe U2U UEs supporting ProSe service. 
The Route discovery procedures described are common for both Layer-3 and Layer-2 ProSe 5G UE-to-UE relay operation.
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Figure 6.x.2.1.2-1: Model B route discovery

1.
Discoverer UE, which is the source 5G ProSe U2U UE for communication, sends solicitation message to the ProSe 5G UE-to-UE Relay requesting to relay the ProSe direct discovery information to other 5G ProSe U2U UEs. The Discoverer UE includes the Type of Discovery Message, Discoverer Info, RSC and E2E discovery information in the solicitation message. RSC is included to indicate which ProSe 5G UE-to-UE Relay(s) can relay the discovery message. The solicitation message is sent using the Source Layer-2 ID self-assigned by the Announcing UE and Destination Layer-2 ID corresponding to the RSC configured as per the policy.

E2E discovery information can contain the complete E2E ProSe direct discovery message or some of the contents like the User Info ID, Discovery Codes, Application layer Group ID intended for reception of other 5G ProSe U2U UEs. 
2.
On receiving the solicitation message including RSC from a 5G ProSe U2U UE, ProSe 5G UE-to-UE Relay(s) forwards the E2E discovery information to other 5G ProSe U2U UEs. The ProSe 5G UE-to-UE Relay sends solicitation message containing the Type of Discovery Message, Discoverer Info (i.e. Relay User Info), RSC, Relay indication (to indicate ProSe direct discovery forwarding), original Discoverer Info (i.e. source 5G ProSe U2U UE user Info) and E2E discovery information. The solicitation message is sent using the Source Layer-2 ID self-assigned by the ProSe 5G UE-to-UE Relay and Destination Layer-2 ID corresponding to the RSC configured as per the policy.
NOTE:
The security protection of the E2E discovery and Relay discovery will be defined by SA WG3.

3.
Discoveree UE(s), that match the E2E discovery information (i.e. target 5G ProSe U2U UE for communication) respond to the solicitation message via a response message. The Discoveree UE includes the Type of Discovery Message, Discoveree Info, RSC, original Discoverer Info (i.e. source 5G ProSe U2U UE user Info) and E2E discovery response information in the response message. The original Discoverer Info (i.e. source 5G ProSe U2U UE user Info) indicates to the ProSe 5G UE-to-UE Relay(s) the source 5G ProSe U2U UE to which the response message is to be forwarded to. The response message is sent using the Source Layer-2 ID self-assigned by the Discoveree UE and Destination Layer-2 ID corresponding to the RSC configured as per the policy.

4.
On receiving the response message including RSC from a 5G ProSe U2U UE, ProSe 5G UE-to-UE Relay(s) forwards the E2E discovery information to other 5G ProSe U2U UEs. The ProSe 5G UE-to-UE Relay sends response message containing the Type of Discovery Message, Discoveree Info (i.e. Relay User Info), RSC, Relay indication (to indicate ProSe direct discovery forwarding), original Discoveree Info (i.e. target 5G ProSe U2U UE user Info) and E2E discovery information. The response message is sent using the Source Layer-2 ID self-assigned by the ProSe 5G UE-to-UE Relay and Destination Layer-2 ID corresponding to the source 5G ProSe U2U UE user Info received in step 1.

5.
Discoverer UE, which is looking for other 5G ProSe U2U UEs, i.e. target 5G ProSe U2U UE for communication, receives the response message from ProSe 5G UE-to-UE Relay(s). Discoverer UE selects one of the ProSe 5G UE-to-UE Relay(s), when the response message is received from multiple ProSe 5G UE-to-UE Relay(s). Discoverer UE uses the original Discoveree Info (i.e. target 5G ProSe U2U UE user Info) while communicating with the ProSe 5G UE-to-UE Relay to setup per-hop links or to determine the IP address of the target 5G ProSe U2U UE. The E2E discovery information is only used between the 5G ProSe U2U UEs and not for 5G ProSe  UE-to-UE Relay.

6.x.2.2 
5G ProSe UE-to-UE Relay Connection setup 

Figure 6.x.2.2-1 shows the 5G ProSe UE-to-UE relay connection setup procedure for both Layer-3 and Layer-2 UE-to-UE relay communication.
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Figure 6.x.2.2-1: 5G Prose  UE-to-UE relay connection setup

1.
5G ProSe U2U UE interested in communicating with another 5G ProSe U2U UE may optionally perform UE-to-UE Relay discovery procedures to determine if there is atleast one ProSe 5G UE-to-UE Relay supporting an RSC of interest in proximity before performing the remaining steps.

2.
Source 5G ProSe U2U UE and target 5G ProSe U2U UE participate in the Route discovery procedures as described in clause 6.x.2.1 to determine the 5G ProSe UE-to-UE Relay that can support connection between the UEs. 

3.
Per-hop unicast link is setup between the 5G ProSe U2U UEs and the selected 5G ProSe UE-to-UE Relay. 5G ProSe UE-to-UE Relay may allocate an IP address/prefix to the 5G ProSe U2U UEs on each per-hop link. Target User Info for the Target 5G ProSe U2U UE obtained from route discovery procedure as in clause 6.x.2.1 is used in this step. 
3a. Source 5G ProSe U2U UE performs unicast link setup or unicast link setup modification procedure as defined in clause 6.4.3 of TS 23.304 with the selected 5G ProSe  UE-to-UE Relay. Source 5G ProSe U2U UE indicates the target 5G ProSe U2U UE User Info corresponding to the RSC discovered during the Model A or Model B route discovery procedure. The source L2 ID used for the unicast link setup/modification messages is self-assigned by the Source 5G ProSe U2U UE and the destination L2 ID is the L2 ID corresponding to the 5G ProSe  UE-to-UE Relay. Source 5G ProSe U2U UE also indicates the E2E QoS required for UE-to-UE relay traffic via the ProSe Direct Link Security Mode Complete or the ProSe Direct Link Modification Request message sent to the ProSe 5G UE-to-UE Relay.

3b. 5G ProSe UE-to-UE Relay performs a unicast link setup or unicast link setup modification procedure as defined in clause 6.4.3 of TS 23.304 with the target 5G ProSe U2U UE.  The source L2 ID used for the unicast link setup/modification messages is self-assigned by the 5G ProSe UE-to-UE Relay and the destination L2 ID is the L2 ID corresponding to the target 5G ProSe U2U UE User Info received in step 3a. 
NOTE 1: If the 5G ProSe UE-to-UE Relay does not have available target 5G ProSe U2U UE User Info, the 5G ProSe UE-to-UE Relay may either return a failure to source UE, or trigger a route discovery procedure based on implementation.    
4.
5G ProSe UE-to-UE Relay decides the per-hop QoS parameters to satisfy the E2E QoS indicated by source 5G ProSe U2U UE. The UE-to-UE Relay can decide this based on local configuration, e.g. split the QoS requirements equally among the two hops.  
4a. 5G ProSe UE-to-UE Relay send the per-hop QoS parameters and QoS flow information to the source 5G ProSe U2U UE either during unicast link or via unicast link modification procedure. This step may be carried out together with step 3a. 
4b. 5G ProSe UE-to-UE Relay send the per-hop QoS parameters and QoS flow information to the target 5G ProSe U2U UE either during unicast link or via unicast link modification procedure. This step may be carried out together with step 3b. 
5.
 Layer-3 source 5G ProSe U2U UE sends a DNS query for the target UE (based on target 5G ProSe U2U UE User Info) to the ProSe 5G UE-to-UE Relay over the unicast link, which will return the IP address/prefix of the target 5G ProSe U2U UE.

6.
Layer-3 source 5G ProSe U2U UE sends the IP/non-IP to the 5G ProSe UE-to-UE Relay for forwarding it to the target 5G ProSe U2U UE as discussed in sol#2.

7.
Layer-2 source 5G ProSe U2U UE performs an end-to-end unicast link setup with the target 5G ProSe U2U UE by sending the E2E PC5-S messages to the Layer-2 ProSe 5G UE-to-UE Relay. RAN WG2 will define how the E2E PC5-S messages are relayed between the 5G ProSe U2U UE by the Layer-2 5G ProSe UE-to-UE Relay. Source 5G ProSe U2U UE and target 5G ProSe U2U UE negotiate the E2E QoS using the PC5-S messages. 

8.
E2E QoS information is used by the Layer-2 5G ProSe UE-to-UE Relay to decide the split of QoS parameters and the configuration of RLC CHs for both per-hop links to satisfy the E2E QoS. 
NOTE 2: RAN WGs will define how the E2E QoS and split of QoS parameters are handled. 

9.
Layer-2 data relaying via the UE-to-UE Relay.

NOTE 3: RAN WGs will define how the E2E user data is relayed via the Layer-2 5G ProSe UE-to-UE Relay. 
6.x.3
Impacts on Existing Nodes and Functionality
The solution has impacts in the following entities:

-
ProSe 5G UE-to-UE Relay, 5G ProSe U2U UE – support Relay discovery, Route discovery and selection, ProSe 5G UE-to-UE Relay connection setup procedures.
>>>>END OF CHANGES<<<<
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