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Abstract of the contribution:  This PCR introduces the solution for UE-to-UE Relay Reselection (sol #50 selected as conclusion in TR 23.752) and fixes a typo in the description of the Layer-3 based UE-to-UE Relay Re-selection sub-section.
1. Reason for Change
This PCR introduces the solution for UE-to-UE Relay Reselection to TR 23.700-33 (sol #50 of TR 23.752). Solution #50 was selected in the conclusion for KI #4. A typo in the description of Layer-3 based UE-to-UE Relay Re-selection procedure has been found and needs to be fixed to avoid any confusion. 
As can be seen in TR 23.752, Figure 6.50.2.2-1 shows at step 10 that a Link Modification Ack message is sent to the Relay 1 and that at step 11, Relay 1 forwards the message to the Target UE. However, in the description of step 11, it is specfied that Relay 2 receives the Link Modification Ack message and forwards it to the Target UE. This is a typo and it needs to be fixed.
2. Proposal

It is proposed to agree the following changes to 3GPP TR 23.700-33.
* * * First Change * * *
6.X
Solution for Key Issue #1: Negotiated UE-to-UE Relay Reselection
6.X.1
Description

This solution provides a solution for UE-to-UE Relay reselection in Key Issue #1. Since the solution is independent of how the relay forwards traffic between Source UE and Target UE this solution is applicable to both Layer 2 UE-to-UE Relays and Layer 3 UE-to-UE Relays.

Solution#8 from TR 23.752 provides a solution for UE-to-UE Relay Selection, and this solution is suitable for initial Relay selection and it could be extended for UE-to-UE Relay reselection. However, it will cause the UE-to-UE Relay in proximity broadcast the relay discovery message. Under some cases, these broadcast messages can be avoided, by Source UE and Target UE negotiating the relay reselection using the existing relay connection.

After the connection between Source UE and Target UE is setup, the Source UE and Target UE may receive relay discovery messages from the other UE-to-UE Relays. The Source UE or Target UE may find that the signal quality with other UE-to-UE Relays is better than that with the currently used UE-to-UE Relay. Alternatively if the Source UE or Target UE finds that the signal quality with the selected UE-to-UE Relay is not good enough, it will initiate the discover message to find the candidate UE-to-UE Relays which can provide a better connection. After new candidate UE-to-UE Relays have been identified, the Source UE or Target UE will initiate the relay reselection procedure and then these two UEs can negotiate UE-to-UE Relay reselection using the existing relay connection.
6.X.2
Procedures
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Figure 6.X.2-1: UE-to-UE Relay Reselection Procedure

1.
Connection between Source UE and Target UE via Relay 1 is setup by using the other solutions such as Solution #9 and Solution #10 from TR 23.752, and Relay 1 is selected as UE-to-UE Relay, such as by using the Solution #8.

2.
The Source UE decides to perform UE-to-UE Relay reselection. This may be triggered by receiving the relay discovery message from another UE-to-UE Relay, and the signal quality with this UE-to-UE Relay is better than that with Relay 1. Alternatively the Source UE will initiate the discover message to find candidate UE-to-UE Relays which can provide a better connection, when it finds that the signal quality with Relay 1 is not good enough.

3.
After the Source UE identifies the candidate UE-to-UE Relays, the Source UE sends the UE-to-UE Relay reselection request to the Target UE using the connection via Relay 1, and the request message includes the candidate UE-to-UE Relay ID(s) ordered by the Source UE's preference based on e.g. the signal quality of UE-to-UE Relays.

NOTE 1:
Details of UE-to-UE Relay reselection request message and how the message is forwarded by UE-to-UE Relay depends on the Layer 2 UE-to-UE Relays and Layer 3 UE-to-UE Relays solution.

4.
The Target UE decides to change from Relay 1 to a new UE-to-UE Relay. The new UE-to-UE Relay is chosen from the candidate UE-to-UE Relay ID(s) included in the reselection request. This decision can be based on a new UE-to-UE Relay providing the best signal quality, additionally based on the order of candidate UE-to-UE Relay ID (s) received from the Source UE. If the Target UE has not received a relay discovery message from a candidate UE-to-UE Relay or does not connect to the candidate UE-to-UE Relay, the Target UE may perform the UE-to-UE Relay discovery procedure with a candidate UE-to-UE Relay ID in discovery message.

NOTE 2:
Whether and how the signal quality information is used for candidate UE-to-UE Relay selection needs to be coordinated with RAN WG.

5.
The Target UE sends a response to the Source UE via Relay 1 that includes the new UE-to-UE Relay ID. If no new UE-to-UE Relay is chosen, the Target UE may not respond to Source UE or send a response indicating Relay reselection failure.

6.
[Optional] If the Target UE choses a new UE-to-UE Relay in step 5, the Source UE initiates the connection setup procedure via the new UE-to-UE Relay, and also releases the connection via Relay 1.

6.X.2.1
Layer-2 based UE-to-UE Relay Re-selection

Figure 6.X.2.1-1 illustrates the procedure for UE-to-UE Relay re-selection for Layer-2 based solution (as defined in Sol#9 from TR 23.752).
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Figure 6.X.2.1-1: Layer-2 based UE-to-UE Relay Re-selection

1.
A PC5 unicast link is established between Source UE and Target UE via Relay 1 (using Layer-2 based solution as described in sol#9 from TR 23.752).

2.
Traffic is exchanged between the Source UE and the Target UE over the PC5 unicast link, via Relay 1.

3.
Source UE detects a condition or receives a trigger to change the UE-to-UE Relay. The Source UE may perform a discovery procedure to obtain a list of candidate UE-to-UE Relay IDs (i.e. RIDs).

4.
Source UE sends a Link Modification Request message to Target UE (via Relay 1) including a Relay re-selection indication, a list of candidate RIDs and a source UE link ID, which is used on the Source UE, at steps 9 and/or 10, to associate the existing PC5 unicast link via Relay 1 to the replacing PC5 unicast link with the selected Relay (e.g. Relay 2).

5.
Target UE selects a Relay from the received list of candidate RIDs (e.g. Relay 2).

6.
Target UE sends a Link Modification Accept message to Source UE (via Relay 1) including the Relay re-selection indication, its Selected RID and a target UE link ID, which is used on the Target UE, at step, 8 to associate the existing PC5 unicast link via Relay 1 to the replacing PC5 unicast link with the selected Relay (i.e. Relay 2).

7.
Source UE sends a broadcast Direct Communication Request (DCR) message including the Target UE user info, and the Selected RID and the target UE link ID received from Target UE during the Relay re-selection at step 6.

8.
Relay 2 receives the DCR message and verifies if the "Selected RID" value matches its own RID and forwards the DCR message only if the "Selected RID" value matches its own RID. The UE-to-UE Relay adds its RID to the forwarded DCR message (as specified in Layer-3 based sol #9). Target UE receives the DCR message and validates that the target UE link ID matches its link ID as previously sent to Source UE (at step 6). Target UE also verifies that the DCR message is received from its selected RID (i.e. RID2). Target UE uses the target UE link ID to find the previous PC5 unicast link to be replaced by the new PC5 unicast link. The association between the Application Layer identifier and the PC5 unicast link via Relay 1 is updated with the new PC5 unicast link via Relay 2 once the traffic is ready to be switched to the new PC5 unicast link (via Relay 2) (i.e. at step 12).

9.
Target UE may trigger the security establishment procedure, via Relay 2, and include the source UE link ID, as received on the Link Modification Request at step 4. The security establishment procedure may be skipped if the existing security context used with the previous PC5 unicast link is re-used with the replacing PC5 unicast link, allowing a quicker link setup and path switching. Source UE uses the source UE link ID to find the previous PC5 unicast link with Relay 1 to be replaced by the new PC5 unicast link being established (i.e. via Relay 2). The association between the Application Layer identifier and the PC5 unicast link via Relay 1 is updated with the new PC5 unicast link via Relay 2 once the traffic is ready to be switched to the new PC5 unicast link (via Relay 2) (i.e. at step 12).
10.
Target UE sends a Direct Communication Accept message which may include the source UE link ID from Source UE as received at step (4).

11.
A new PC5 unicast link is established between the Source UE and Target UE via the Relay 2.

12.
Source UE and Target UE switch the data traffic to the new PC5 unicast link via Relay 2. Source UE or Target UE may terminate the PC5 unicast link via Relay 1.

Editor’s note: Security related aspects will be specified by SA WG3.
6.X.2.2
Layer-3 based UE-to-UE Relay Re-selection

Figure 6.X.2.2-1 illustrates the procedure for UE-to-UE Relay re-selection for Layer-3 based solution (as defined in Sol#10 from TR 23.752).
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Figure 6.X.2.2-1: Layer-3 based UE-to-UE Relay Re-selection

1.
Source UE has a PC5 unicast link established with Relay 1.

1a.
Target UE has a PC5 unicast link established with Relay 1 and exchange IP packets via Relay 1.

2.
Source UE has a PC5 unicast link established with Relay 2.

2a.
Target UE has a PC5 unicast link established with Relay 2.

3.
Source UE and Target UE exchange IP packets via Relay 1.

4.
Source UE detects or receives a trigger to change the Relay.

5.
Source UE sends a PC5 Link Modification Request message for Target UE (via the PC5 unicast link with Relay 1) which includes a Relay reselection indication, a list of candidate Relay IDs (RIDs), Source UE and Target UE IP addresses used to communicate via Relay 1. The IP addresses are specified since the PC5 Link Modification message does not include these IP addresses which are needed at the Relay to fetch the corresponding PC5 unicast link from its mapping table toward the Target UE (as specified in sol#10).

The list of candidate RIDs is selected based on the PC5 unicast links already established between Source UE and such Relays (RIDs). The IP address of multiple Target UE s may be specified in the case where Source UE is communicating with multiple Target UEs via Relay 1.

6.
Relay 1 determines that the message is destined to the Target UE based on the "Relay reselection indication" and Target UE's IP address. Relay 1 sends a PC5 Link Modification Request message to Target UE's IP address (as specified in the message); if multiple Target UEs are impacted, the Relay 1 sends a PC5 Link Modification Request to each of these Target UEs.

7.
Based on the relay reselection indication, Target UE knows that the communication with Source UE needs to be handled via another Relay. Target UE selects a RID from the list of candidate RIDs. Target UE may select a RID with which a PC5 unicast link is already established or Target UE may establish a new link with the selected RID.

8.
Target UE sends a Link Modification Accept message to Relay 1, which includes a Relay reselection indication, Source UE and Target UE IP addresses used via Relay 1, and Target UE's IP address used via Relay 2 and the selected RID (e.g. RID2).

9.
Relay 1, based on the relay reselection indication, sends a PC5 Link Modification Accept message to Source UE using the specified Source UE's IP address.

10.
Source UE extracts the selected Relay ID (RID2) from the Link Modification Accept message and sends a Link Modification Ack message, which includes its IP address associated to Relay 2, to Relay 1.

11.
Relay 1 receives this message and forwards it to the Target UE since the Relay reselection indication is specified. This Ack message is needed to synchronise the switch of traffic between the Source UE and Target UE, via the selected UE (Relay 2), at the same time.

12.
From this point on, Source UE and Target UE switch the IP traffic to the new PC5 unicast link via Relay 2 (since Source UE and Target UE have exchanged their respective IP address in above steps they can skip performing DNS query steps with Relay 2).

6.X.3
Impacts on services, entities and interfaces

Source UE:

-
Identifies the candidate UE-to-UE Relays, and initiates Relay reselection via the existing connection.

Target UE:

-
Decides the new UE-to-UE Relay.
UE-to-UE Relay:

-
Sends/receives discovery messages to/from the Source UE or the Target UE.
* * * End of Changes * * *
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