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Introduction

During the RAN2#116bis-e, RAN2 reached the below working assumption [1].

WA: The gNB can select a relay UE in any RRC state i.e., RRC_IDLE/INACTIVE/CONNECTED as a target Relay UE when triggering the direct to indirect path switch procedure for the Remote UE by the Remote UE oriented solution, i.e. after receiving the path switch command, Remote UE establishes PC5 link with the Relay UE and sends HO complete message via the Relay UE which will trigger the Relay UE to enter CONNECTED state.
In this contribution, we will comb the whole procedure for Remote UE path switching to a RRC idle/inactive relay UE. 
Discussion

Figure 1 shows the whole signalling procedure for Remote UE switching to an indirect path via a Relay UE in RRC idle/inactive state. We will comb the procedure step by step and discuss the issues might be considered in each step.
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Figure 1. Procedure for Remote UE switching to an indirect path via a RRC_IDLE/INACTIVE Relay UE
(Remote) UE is connected to gNB via direct Uu link. If the UE is able to/interested in Relay discovery/ communication, it may send SUI to gNB.
Issue 1: Remote UE source L2 ID reporting

As discussed in [2], since RAN2 agreed that RRC reconfiguration message towards the target Relay UE should include the Remote UE’s local ID/AL ID and L2 ID when preparing the direct-to-indirect path switch, Remote UE needs to report its source L2 ID to gNB, in which the source L2 ID is used to establish PC5 link with the target relay UE. When receiving a DCR from a Remote UE with the source L2 ID, Relay UE may recognize the Remote UE is configured by gNB to switch to it, who is different from those Remote UEs with autonomously relay (re)selection. Then Relay UE can associate the Remote UE with its local ID. 

Anyway, Remote UE needs to report its source L2 ID to gNB, though if a RRC idle/inactive relay UE is selected as the target relay UE, there won’t be advanced configuration towards the relay UE for path switch preparation.

Observation 1: Remote UE needs to report its source L2 ID to gNB, in which the source L2 ID is used to establish PC5 link with the target relay UE.
Issue 2: Remote UE capability reporting
During last meeting, there is a WA: UE capability for support by the remote UE of handover to idle/inactive UE. As discussed in [3], some companies think there are some new remote UE behaviors to support target relay UE in IDLE/INACTIVE and a UE capability shall be introduced. But in our view, it is not really a capability of remote UE and shall not be introduced. There isn’t much difference from Remote UE side to switch to a Relay UE in CONNECTED or in IDLE/INACTIVE. On the other hand, to not path switch to an IDLE/INACTIVE relay UE, instead of reporting UE capability, Remote UE shall not report candidate IDLE/INACTIVE relay UEs to network so that network will not select such relay UE for it. For Remote UE being aware of discovered Relay UE’s RRC state and filter out IDLE/INACTIVE relay UEs in measurement report, RRC state info can be included in discovery message.

Observation 2: Instead of reporting UE capability, Remote UE shall not report candidate IDLE/INACTIVE relay UEs to network so that network will not select such relay UE for it. For Remote UE being aware of discovered Relay UE’s RRC state and filter out IDLE/INACTIVE relay UEs in measurement report, RRC state info can be included in discovery message.
The Uu measurement configuration and measurement report signalling procedures are performed to evaluate both Uu link measurement and candidate relay link measurements. The measurement results from U2N Remote UE are reported when configured reporting criteria is met. Remote UE reports one or multiple candidate U2N Relay UE(s) and Uu measurements, after it measures/discovers the candidate U2N Relay UE(s).

- The UE may filter the appropriate U2N Relay UE(s) according to Relay selection criteria before reporting. The UE shall report only the U2N Relay UE candidate(s) that fulfil the higher layer criteria.

- The reporting can include at least U2N Relay UE ID, U2N Relay UE’ s serving cell ID, and SL measurement quantity information. SD-RSRP is used as the SL measurement quantity for the case of path switch from direct to indirect path. 

Two new measurement events Y1 and Y2 are defined for direct to indirect path switch. Relay UE’s serving cell ID in measurement report is NCGI. Relay UE ID is discovered/measured Relay UE’s source L2 ID for discovery transmission.

The gNB decides to switch the U2N Remote UE to a target U2N Relay UE. Suppose an RRC IDLE/INACTIVE relay UE is selected as the target Relay UE for Remote UE, there won’t be advanced configuration towards the relay UE for path switch preparation.
The gNB sends the RRCReconfiguration message to the U2N Remote UE. The contents in the RRCReconfiguration message can include at least U2N Relay UE ID, Remote UE’s local ID, PC5 RLC channel configuration and bearer mapping for transmission Remote UE’s SRB1 (RRCReconfigurationComplete message). The U2N Remote UE stops UP and CP transmission over Uu after reception of RRCReconfiguration message from the gNB.
Specifically, the existing reconfigurationWithSync is used to indicate direct-to-indirect path switch to Remote UE. sl-PathSwitchConfig within reconfigurationWithSync includes necessary configuration for direct-to-indirect path switch, e.g. target Relay UE ID, Remote UE’s local ID and new T304-alike timer. The target Relay UE ID is Relay UE’s source L2 ID for discovery transmission as Remote UE reporting in measurement report. The Remote UE starts the timer upon reception of the RRC reconfiguration message indicating direct-to-indirect path switch, and the Remote UE initiates RRC re-establishment upon timer expiry. The left issue is the stop condition of the timer.
Issue 3: Stop condition of the new T304-alike timer
As discussed in [3], four options are listed as potential solutions. In our view, Option 2 (Upon the PC5 unicast link is successfully established with the target Relay UE) is more align with Uu behaviour of T304. T304 is stopped upon successful completion of random access, but not required to successfully send out the RRC reconfiguration complete message or receive the confirmation from network. Similarly, the new timer here is not required to successfully send out the RRCReconfigurationComplete message to Relay UE/network or receive the confirmation from Relay UE/network, in our view the new T304-alike timer shall be considered to stop upon the PC5 unicast link is successfully established with the target Relay UE, i.e. Option 2. 
Observation 3: For the stop condition of the new T304-like timer, Option 2 (Upon the PC5 unicast link is successfully established with the target Relay UE) is more align with Uu behaviour of T304.
Issue 4: PC5 RLC channel used to transmit SRB1 (RRCReconfigurationComplete message)
As discussed in [3], the majority supporting the default PC5 RLC channel (SL-RLC1) is used. Both a new specified SL-RLC or default PC5 RLC channel to be used are workable. We are fine with majority to support default PC5 RLC channel though we think a new specified SL-RLC is more simple. So, at least the bearer mapping of SRB1 to SL-RLC1 shall be included in RRCReconfiguration message to the Remote UE. 

Observation 4: For transmission of RRCReconfigurationComplete message, default PC5 RLC channel is used.
Remote UE initiates PC5 connection establishment towards the target Relay UE with the Relay UE ID configured in RRCReconfiguration message.
As discussed above, the Relay UE ID is Relay UE’s source L2 ID for discovery transmission as Remote UE reporting in measurement report. However, the destination ID for Remote UE transmitting DCR may be different from the Relay UE ID in RRCReconfiguration message, since the destination ID for discovery and communication shall be different. So, the Remote UE shall be aware of the association of the destination ID for communication and the Relay UE ID. 
The Remote UE sends the RRCReconfigurationComplete message to the Relay UE via the default PC5 RLC channel (i.e. SL-RLC1). Remote UE local ID and RB ID are conveyed in the SRAP header. 

When receiving RRCReconfigurationComplete message of Remote UE, Relay UE is triggered to perform RRC setup/resume procedure to enter into RRC connected state. 

Issue 5: IDLE/INACTIVE relay UE may fail to establish the RRC connection with gNB
When the new T304-like timer in Remote UE stops, the direct-to-indirect path switch may still fail because the IDLE/INACTIVE relay UE may fail to establish the connection on Uu hop. Someone thinks the stop condition of T304-like timer shall be related to the Relay UE’s RRC connection procedure, i.e. when Relay UE enters RRC connected, it sends confirmation to Remote UE. Upon receiving the confirmation from Relay UE, Remote UE stops T304-like timer. But as we discussed in Issue 3, the stop condition of T304-like timer shall be decoupled with Relay UE’s RRC connection establishment. If the IDLE/INACTIVE relay UE fails to establish the connection with gNB, relay UE could send PC5-S release message to Remote UE. Then Remote UE regards path switch failure and triggers RRC reestablishment procedure. This is the simplest way to address the issue with no spec impact. Optimization solution shall not be pursued at this time.
Observation 5: The stop condition of T304-alike timer shall be decoupled with Relay UE’s RRC connection establishment.

Observation 6: If the IDLE/INACTIVE relay UE fails to establish the connection with gNB, relay UE could send PC5-S release message to Remote UE. Remote UE regards the path switch failure and triggers RRC reestablishment procedure.
Issue 6: Relay UE reselects to another cell
As discussed in [3], One issue is raised that how does the remote UE handle the case that the target relay UE reselects to another cell after Remote UE measurement reporting and before path switch. In our view, if a relay UE is in RRC connected, gNB is aware of the mobility of the relay UE and can decide not to select the UE as target relay UE. If a relay UE is in RRC idle/inactive, gNB is not able to do preparation for path switching to such a target relay UE, anyway, the configuration shall be performed after relay UE entering RRC connected, so this case is not necessary to consider for idle/inactive relay UE. Thus, it is not an issue for relay UE in any RRC states.
Observation 7: Relay UE reselects to another cell is not considered as a critical issue for Relay UE in any RRC states.
The Relay UE sends SidelinkUEInformation to gNB to acquire the configuration for transmission of Remote UE’s SRB1 (RRCReconfigurationComplete message). The SUI message may at least include the destination ID and Relay UE’s source L2 ID. 

Issue 7: Relay UE source L2 ID reporting
As discussed in [3], Relay UE needs to report source L2 ID to gNB. Since the usage of the ID is for gNB to associate relay UE with the candidate relay UE L2 ID reported by remote UE in measurement report, the source L2 ID should be the source ID of discovery transmission. 
In the idle/inactive Relay case, by the destination ID (remote UE’s source L2 ID for communication) and Relay UE’s source L2 ID reported in SUI, gNB can recognize the Relay UE is the target Relay UE in RRC Reconfiguration that gNB configured to Remote UE.

Observation 8: The Relay UE source L2 ID reported in SUI is the source ID for discovery.
Issue 8: Relay UE source L2 ID update
Someone concerns the Relay UE L2 ID may be changed after remote UE’s measurement report/path switch command to Remote UE before Relay UE entering into RRC connected, then the gNB cannot associate the measurement reports with the relay UE context of new Src L2 ID. 

As discussed in [3], Relay UE L2 ID in measurement report and in path switch command to Remote UE is discovery ID, there is no requirement in TS 23.304 on source ID update for discovery transmission. On the other hand, if source ID for discovery transmission is also required to update, the source ID update issue is common for relay UE in any RRC states (not an issue for idle/inactive relay UE only). So the simplest way is that assuming the source ID for discovery transmission will not change.

Observation 9: It is assumed that the source ID for discovery transmission will not change.
The gNB sends RRCReconfiguration message to the Relay UE. The RRCReconfiguration message contains at least the configuration for transmission Remote UE’s SRB1 message, e.g. thee local ID of Remote UE, SRAP configuration, Uu RLC channel configuration.

The Relay UE forwards the RRCReconfigurationComplete message of Remote UE to gNB via the configured Uu RLC channel. 

The data path is switched from direct path to indirect path between the U2N Remote UE and the gNB.
In the running CR of TS 38.300, signalling procedure for Remote UE switching to an indirect path via a Relay UE in RRC CONNECTED is captured. If switching to a RRC idle/inactive relay UE is supported, it is suggested to capture the Figure 1, i.e. the signalling procedure for Remote UE switching to an indirect path via a RRC_IDLE/INACTIVE Relay UE, into stage 2 specification.
Proposal 1: It is suggested to capture the Figure 1, i.e. the signalling procedure for Remote UE switching to an indirect path via a RRC_IDLE/INACTIVE Relay UE, into stage 2 specification.
Conclusion

In this contribution, we combed the signalling procedure and issues might be considered in the procedure. We have the following observations and proposals:

Observation 1: Remote UE needs to report its source L2 ID to gNB, in which the source L2 ID is used to establish PC5 link with the target relay UE.
Observation 2: Instead of reporting UE capability, Remote UE shall not report candidate IDLE/INACTIVE relay UEs to network so that network will not select such relay UE for it. For Remote UE being aware of discovered Relay UE’s RRC state and filter out IDLE/INACTIVE relay UEs in measurement report, RRC state info can be included in discovery message.
Observation 3: For the stop condition of the new T304-like timer, Option 2 (Upon the PC5 unicast link is successfully established with the target Relay UE) is more align with Uu behaviour of T304.

Observation 4: For transmission of RRCReconfigurationComplete message, default PC5 RLC channel is used.
Observation 5: The stop condition of T304-alike timer shall be decoupled with Relay UE’s RRC connection establishment.

Observation 6: If the IDLE/INACTIVE relay UE fails to establish the connection with gNB, relay UE could send PC5-S release message to Remote UE. Remote UE regards the path switch failure and triggers RRC reestablishment procedure.

Observation 7: Relay UE reselects to another cell is not considered as a critical issue for Relay UE in any RRC states.

Observation 8: The Relay UE source L2 ID reported in SUI is the source ID for discovery.
Observation 9: It is assumed that the source ID for discovery transmission will not change.
Proposal 1: It is suggested to capture the Figure 1, i.e. the signalling procedure for Remote UE switching to an indirect path via a RRC_IDLE/INACTIVE Relay UE, into stage 2 specification.
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