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1.	Introduction
The work item on NR sidelink relay enhancements was approved for Rel-18 and the recent WID [1] is shown in RP-221262 including the following objectives:
	1. Specify mechanisms to support single-hop Layer-2 and Layer-3 UE-to-UE relay (i.e., source UE -> relay UE -> destination UE) for unicast [RAN2, RAN3, RAN4].
A. Common part for Layer-2 and Layer-3 relay to be prioritized until RAN#98
i. Relay discovery and (re)selection [RAN2, RAN4]
ii. Signalling support for Relay and remote UE authorization if SA2 concludes it is needed [RAN3]
B. Layer-2 relay specific part
i. UE-to-UE relay adaptation layer design [RAN2]
ii. Control plane procedures [RAN2]
iii. QoS handling if needed, subject to SA2 progress [RAN2]
Note 1A: This work should take into account the forward compatibility for supporting more than one hop in a later release.
Note 1B: A remote UE is connected to only a single relay UE at a given time for a given destination UE.



In this contribution, we will share our view about the control plane procedure and path switching in U2U relay operation.
2.	Discussion
2.1 Control plane procedure for U2U relay
The 38.300 running CR describes the control plane procedure for U2U relay operation, however, there are still remaining issues for discussion. We think a simple U2U control procedure is needed to reduce handshaking signals for the initial setting. Figure 1 shows the connection procedure for the U2U relay we are trying to propose.
[image: ]
Figure 1. Example of the control plane procedure for U2U relay operation
When source remote UE sends the RRCReconfigurationSidelink message to the selected Relay UE for the 1st-hop SL connection establishment, the RRCReconfigurationSidelink message can include the followings:
- QoS profile: it’s for the relay UE to do QoS split.
- Local ID Request: source remote UE request local ID assignment to the relay UE.
- End-to-end bearer configuration: The end-to-end bearer is not yet established between source remote UE and target remote UE. However, the source remote UE will perform the end-to-end bearer configuration for the target remote UE after the 2nd-hop sidelink configuration is accomplished. The source remote UE can deliver the end-to-end bearer configuration to the relay UE in advance, which configuration information will be helpful for the relay UE to configure the 2nd-hop sidelink connection. 
- 1st-hop SL configuration: source remote UE configures SRAP/RLC/MAC/PHY for the 1st-hop sidelink connection.After the relay UE receives the initial RRCReconfigurationSidelink message from the source remote UE, the relay UE performs QoS split and local ID assignment. The split QoS and assigned local ID can be delivered by RRCReconfigurationCompleteSidelink message.
Proposal 1: To reduce the number of signaling messages and latency, local ID request, assigned local ID, QoS profile, and split QoS value can be included in RRCReconfigurationSidelink and/or RRCReconfigurationCompleteSidelink message.
Proposal 2: The initial 1st-hop RRCReconfigurationSidelink message from the source remote UE to the relay UE can include local ID request, QoS profile, the 1st-hop sidelink configuration, and end-to-end bearer configuration. The end-to-end bearer configuration will be configured to the target remote UE later. 
Proposal 3: The 1st-hop RRCReconfigurationCompleteSidelink message from the relay UE to the source remote UE can include split QoS and assigned local ID for each of the source remote UE and the target remote UE.
After the initial 1st-hop SL connection is established, the upper layer of the relay UE triggers the 2nd-hop SL connection establishment. When the relay UE sends the RRCReconfigurationSidelink message to the target remote UE, the message includes split QoS, assigned local ID, and the 2nd-hop SL configuration for SRAP, RLC, MAC, and PHY. The relay UE can perform the 2nd-hop SL configuration properly by using the end-to-end bearer configuration received by the source remote UE in advance. 
Proposal 4: When relay UE sends the initial RRCReconfigurationSidelink message to the target remote UE, the RRCReconfigurationSidelink message includes split QoS, local IDs for the local IDs for each of the source/target remote UEs, and the 2nd-hop sidelink configuration.
After the second hop SL connection is established, the source remote UE sends an RRCReconfigurationSidelink message to the target remote UE via the relay UE. The message includes end-to-end bearer configuration, which is the same configuration as the source remote UE gave to the relay UE in the first hop SL connection establishment. The RRCReconfigurationSidelink message for configuring end-to-end bearer is delivered with having SRAP header. The local ID is already assigned to each remote UE and the bearer ID for the SRB will be fixed
Proposal 5: After the hop-by-hop SL connection is established, the RRCReconfigurationSidelink message for end-to-end bearer configuration is delivered with the SRAP header.
When the relay UE gives the local IDs for both the source and target remote UEs to the source remote UE, the assigned local ID of the target remote UE needs to be delivered with the associated L2 ID of the target remote UE. The source remote UE can make a single SL connection between the source remote UE and the relay UE, but the single SL connection in the 1st-hop can be connected for the multiple different target remote UEs. In this case, the source remote UE has to know the assigned local ID is mapped with which target remote UE. Similarly, when the relay UE gives the local IDs for both the source and target remote UEs to the target remote UE, the assigned local ID of the source remote UE needs to be delivered with the associated L2 ID of the source remote UE. The multiple SL connection between multiple source remote UE and the relay UE can be connected with one single SL connection between the relay UE and the target remote UE. In this case, the target remote UE should be able to differentiate the local ID of the source remote UE. For this differentiation at the target remote UE, the relay UE gives the relation between the local ID and L2 ID of the source remote UE to the target remote UE. 
Proposal 6: The relay UE gives the local ID of the target remote UE with the associated L2 ID of the target remote UE to the source remote UE.
Proposal 7: The relay UE gives the local ID of the source remote UE with the associated L2 ID of the source remote UE to the target remote UE.
Even though the source remote UE sends the local ID request message to the relay UE, the relay UE does not assign the local ID to the source remote UE. In this case, the source remote UE should be able to trigger relay reselection. If the source remote UE cannot get the assigned local IDs from the relay UE, that's why the end-to-end bearer configuration is not possible.
Proposal 8: If the source remote UE does not receive local IDs from the relay UE even though sending the local ID request, the source remote UE can trigger relay reselection.
The relay UE performs QoS split for the 1st-hop and the 2nd-hop SL connection. The split QoS information for the 1st-hop is delivered to the source remote UE and the split QoS information for the 2nd-hop is delivered to the target remote UE. The reason for delivering the split QoS for the 2nd-hop to the target remote UE is for the target remote UE to be able to send messages by using the existing SL connection.
Proposal 9: When relay UE receives QoS profile (i.e., PDB) information from source remote UE, the relay UE performs QoS split for the 1st-hop and 2nd-hop sidelink.
Proposal 10: When relay UE performs the QoS split, the split QoS is delivered to each source remote UE and target remote UE.
- The source remote UE can perform data delivery within the split PDB in the 1st-hop.
- When the target remote UE has data for sending to the source remote UE, the target remote UE can reuse the already configured sidelink configuration in the 2nd-hop since the sidelink configuration is usable bi-directional. 
Even though the source remote UE provides QoS profiles to the relay UE, the relay UE cannot give the split QoS information to the source and the target remote UE. In this case, the source remote UE can deliver sidelink messages under the assumption that the QoS is split evenly. 
Proposal 11: If the source remote UE does not receive split QoS from the relay UE, the source remote UE can assume the PDB value is split evenly.
2.2 Path switching from indirect to direct
Regardless of lossless delivery, the direct path between remote UE and the target remote UE can be changed to the indirect path via relay UE. Contrary the indirect path between remote UE and the target remote UE via relay UE can be changed to the direct path. The condition of triggering relay selection/reselection has been discussed in the RAN2 meeting. But it’s not clear in which condition the indirect path can be triggered to the direct path in U2U. For example, if both PC5-RSRP in the 1st-hop and the PC5-RSRP in the 2nd-hop are above the pre-defined threshold, each end remote UE can trigger path switching from the indirect path to the direct path. And this case, release and add SLRB via the RRCReconfigurationSidelink can be configured to the target remote UE.  
Proposal 12. Even though not considering the lossless path switching, the remote UE performing U2U relay can switch from the indirect path to the direct path by release and add SLRB via RRCReconfigurationSidelink message.
Proposal 13: If both SL-RSRP, one is for the SL-RSRP between remote UE and relay UE in the 1st-hop and the other is for the SL-RSRP between relay UE and the target remote UE in the 2nd-hop, are above a pre-defined threshold, the remote UE can trigger path switching from indirect path to the direct path.
2.3 Measurement configuration for Path switching
While the source remote UE transmits data to the target remote UE via a U2U relay UE, the source remote UE needs to know whether path switching to a direct path is possible. If the source remote UE knows whether the direct connection is possible, the source remote UE may try to a direct connection to the target remote UE. If the PC5 RSRP of each hop is above a threshold, the source remote UE can try path switching to the direct path. But the source remote UE doesn’t know the PC5 RSRP of the 2nd-hop. One of the methods for the source remote UE to know the 2nd-hop PC5 RSRP is to configure measurement reporting to the relay UE or target remote UE. For example, if the source remote UE configures measurement report to the relay UE, the relay UE reports the PC5 RSRP between the relay UE and the target remote UE. Or if the source remote UE configures a measurement report to the target remote UE via the indirect path, the target remote UE reports the measurement between the target remote UE and the relay UE. We think these measurement reporting mechanisms can be utilized by using the current SL measurement framework. If there are no these kinds of measurement configurations, the source remote UE may send the discovery message to the target remote UE at any time to know the possibility of the direct connection.  
[bookmark: _GoBack]Also, the current agreement is each source end/or target remote UE can trigger relay reselection based on the current hop quality. However, it’s not sure whether the end remote UE can trigger relay reselection based on the next hop quality measured by relay UE. We think this can be discussed for clarification.
Proposal 14: While the source remote UE communicates with the target remote UE via a relay UE, the source remote UE should know whether direct path communication is possible.
Proposal 15: RAN2 can discuss whether relay reselection can be triggered based on the 2nd-hop sidelink quality measured by relay UE. 
Proposal 16: There could be three following methods for the source remote UE to know whether direct path communication is possible.
- The source remote UE sends a discovery message to the target remote UE at any time (by UE implementation).
- The source remote UE configures measurement report to the relay UE to receive 2nd-hop PC5 RSRP using the current SL measurement framework.
- The source remote UE configures measurement report to the target remote UE to receive 2nd-hop PC5 RSRP using the current SL measurement framework.
Proposal 17: The source remote UE can trigger relay reselection either when the RSRP between the source remote UE and the relay UE is below a configured threshold or when the RSRP between the relay UE and target remote UE is below a configured threshold.
Proposal 18: The source remote UE configures measurement report to the relay UE to receive PC5 RSRP between relay UE and the target remote UE.
3.	Conclusion
Proposal 1: To reduce the number of signalling messages and latency, local ID request, assigned local ID, QoS profile, and split QoS value can be included in RRCReconfigurationSidelink and/or RRCReconfigurationCompleteSidelink message.
Proposal 2: The initial 1st-hop RRCReconfigurationSidelink message from the source remote UE to the relay UE can include local ID request, QoS profile, the 1st-hop sidelink configuration, and end-to-end bearer configuration. The end-to-end bearer configuration will be configured to the target remote UE later. 
Proposal 3: The 1st-hop RRCReconfigurationCompleteSidelink message from the relay UE to the source remote UE can include split QoS and assigned local ID for each of the source remote UE and the target remote UE.
Proposal 4: When relay UE sends the initial RRCReconfigurationSidelink message to the target remote UE, the RRCReconfigurationSidelink message includes split QoS, local IDs for the local IDs for each of the source/target remote UEs, and the 2nd-hop sidelink configuration.
Proposal 5: After the hop-by-hop SL connection is established, the RRCReconfigurationSidelink message for end-to-end bearer configuration is delivered with the SRAP header.
Proposal 6: The relay UE gives the local ID of the target remote UE with the associated L2 ID of the target remote UE to the source remote UE.
Proposal 7: The relay UE gives the local ID of the source remote UE with the associated L2 ID of the source remote UE to the target remote UE.
Proposal 8: If the source remote UE does not receive local IDs from the relay UE even though sending the local ID request, the source remote UE can trigger relay reselection.
Proposal 9: When relay UE receives QoS profile (i.e., PDB) information from source remote UE, the relay UE performs QoS split for the 1st-hop and 2nd-hop sidelink.
Proposal 10: When relay UE performs the QoS split, the split QoS is delivered to each source remote UE and target remote UE.
- The source remote UE can perform data delivery within the split PDB in the 1st-hop.
- When the target remote UE has data for sending to the source remote UE, the target remote UE can reuse the already configured sidelink configuration in the 2nd-hop since the sidelink configuration is usable bi-directional. 
Proposal 11: If the source remote UE does not receive split QoS from the relay UE, the source remote UE can assume the PDB value is split evenly.
Proposal 12. Even though not considering the lossless path switching, the remote UE performing U2U relay can switch from the indirect path to the direct path by release and add SLRB via RRCReconfigurationSidelink message.
Proposal 13: If both SL-RSRP, one is for the SL-RSRP between remote UE and relay UE in the 1st-hop and the other is for the SL-RSRP between relay UE and the target remote UE in the 2nd-hop, are above a pre-defined threshold, the remote UE can trigger path switching from indirect path to the direct path.
Proposal 14: While the source remote UE communicates with the target remote UE via a relay UE, the source remote UE should know whether direct path communication is possible.
Proposal 15: RAN2 can discuss whether relay reselection can be triggered based on the 2nd-hop sidelink quality measured by relay UE. 
Proposal 16: There could be three following methods for the source remote UE to know whether direct path communication is possible.
- The source remote UE sends a discovery message to the target remote UE at any time (by UE implementation).
- The source remote UE configures measurement report to the relay UE to receive 2nd-hop PC5 RSRP using the current SL measurement framework.
- The source remote UE configures measurement report to the target remote UE to receive 2nd-hop PC5 RSRP using the current SL measurement framework.
Proposal 17: The source remote UE can trigger relay reselection either when the RSRP between the source remote UE and the relay UE is below a configured threshold or when the RSRP between the relay UE and target remote UE is below a configured threshold.
Proposal 18: The source remote UE configures measurement report to the relay UE to receive PC5 RSRP between relay UE and the target remote UE.
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