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Introduction
During RAN#91-e meeting, SL relay WI was approved. One of the objectives is to specify the service continuity mechanism for intra-gNB cases.  It should be noted that work specific to the mobility scenario of “between indirect (via a first Relay UE) and indirect (via a second Relay UE)”, and the group mobility is not supported in this release. In this contribution, we will first discuss the service continuity scenarios and then present design considerations for the L2 relay service continuity procedure. 
Discussion
Service continuity scenarios
According to the SL relay WID [1], work specific to the mobility scenario between indirect (via a first relay UE) and indirect (via a second Relay UE) is not supported in Rel-17. In addition, the group mobility is not supported. For the service continuity support in Rel-17 SL relay, we should focus on the intra-gNB path switch between direct (via Uu) and indirect path (via the relay UE). 

Generally speaking, the service continuity only need to be considered for RRC_Connected remote UE. For the RRC_IDLE/INACTIVE remote UE, it may perform relay (re)selection to establish the PC5 link with selected relay, or perform cell (re)selection to find a suitable cell to camp if the original path is not good enough. During the SL relay SI phase, the following two gNB controlled intra-gNB path switch scenarios were discussed for RRC_Connected remote UE. 
Scenario 1-1: gNB controlled path switch from direct path to indirect path (as shown in Figure 1a)
Scenario 1-2: gNB controlled path switch from indirect path to direct path (as shown in Figure 1b)
According to the TR 38.836, the Rel-15 NR handover procedure is used as the baseline AS layer solution to guarantee service continuity. To be specific, gNB hands over the Remote UE to a target cell or target Relay UE, including 1) Handover preparation type of procedure between gNB and Relay UE (if needed), 2) RRCReconfiguration to Remote UE, Remote UE switching to the target, and 3) Handover complete message, similar to the legacy procedure. 
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Figure 1 Intra-gNB path switch between direct link and indirect link
In addition to the gNB controlled path switch, we think the UE autonomous path switch should also be considered. For example, if RRC_Connected remote UE detects the Uu/PC5 RLF, it may perform the relay (re)selection/ cell (re)selection and switch to indirect/direct path. To be specific, the following scenarios may be considered:

Scenario 2-1: Autonomous path switch from direct path to indirect path when RRC_Connected remote UE detects Uu RLF
Scenario 2-2: Autonomous path switch from indirect path to direct path when RRC_Connected remote UE detects PC5 RLF or is notified of relay UE’s Uu RLF
Scenario 2-3: Autonomous path switch from indirect path to indirect path when RRC_Connected remote UE detects PC5 RLF or is notified of relay UE’s Uu RLF
For Scenario 2-1, remote UE can perform relay selection and select a suitable relay. In order to ensure service continuity, remote UE may initiate the RRC re-establishment procedure with gNB once it establishes the PC5 connection with relay UE. In order to confine the path switch within one gNB, remote UE should be able to identify the serving gNB of candidate relay UE and select the relay UE served by the same gNB.

For Scenario 2-2, remote UE can perform cell selection and select a suitable cell. In order to ensure service continuity, remote UE may initiate the RRC re-establishment procedure with gNB via the direct path. In order to support the intra-gNB path switch, the remote UE should be able to select the cell which is belongs to the same serving gNB of remote UE.  

With regard to Scenario 2-3, it is actually the path switch between indirect and indirect path. It seems that it should be excluded from Rel-17 SL relay. However, if the remote UE can initiate the RRC re-establishment procedure similar to Scenario 2-1 and 2-2 without additional work specific to scenario 2-3, we think this scenario should also be supported in Rel-17.

Proposal 1: In addition to the gNB control path switch between direct and indirect path, the following two remote UE’s autonomous path switch scenarios should be considered: 1) autonomous path switch from direct path to indirect path when RRC_Connected remote UE detects Uu RLF; 2) autonomous path switch from indirect path to direct path when RRC_Connected remote UE detects PC5 RLF or is notified of relay UE’s Uu RLF. 
Proposal 2: Suppose no additional specification work is required, it is suggested to consider the remote UE’s autonomous switch from indirect path to indirect path when remote UE detects PC5 RLF or is notified of relay UE’s Uu RLF.
Proposal 3: For the remote UE’s autonomous path switch scenario, the Rel-15 NR RRC connection re-establishment procedure is used as the baseline AS layer solution to guarantee service continuity. 
Signalling procedures for path switch
During the SL relay SI phase, the baseline procedure for remote UE switching between direct and indirect link (intra-gNB case) is discussed and captured in TR 38.836. In this section, we address the FFS issues of the procedure and present our considerations. 
gNB controlled path switch from indirect to direct link
Figure 2 illustrates the baseline procedure for remote UE switching from indirect link to direct Uu link (intra-gNB case). According to TR 38.836, there are several FFS issues to be discussed in WI, such as whether Remote UE suspends data transmission via relay link after step 3, whether Step 6 can be before or after step 3 and its necessity, whether Step 7 can be after step 3 or step 5, and its necessity/replaced by PC5 reconfiguration, whether Step 8 can be after step 5.
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Figure 2 Procedure for Remote UE switching to direct Uu cell (TR 38.836)
With regard to step 6, we think the RRC reconfiguration of the relay UE is needed to notify the path switch of remote UE and to configure the release of remote UE relevant configuration, such as the dedicated Uu/PC5 RLC channel for the remote UE and the bearer mapping rule. During the SL relay SI phase, some companies argue that the relay UE can release the remote UE related configuration upon receiving the PC5 link release from the remote UE or it can be up to relay UE implementation. But this is not the normal UE behaviour. Generally, UE behaviour shall follow network configuration. 

In addition, we think it is better to send the RRCReconfiguration to relay UE at step 6, not before or after step 3. Since the path switch to direct link may fail and remote UE may fallback to indirect link, it is suggested to keep the remote UE relevant configuration until the remote UE successfully connected to the gNB via Uu. The RRC reconfiguration of relay UE before or after Step 3 is too early. Similarly, with regard to Step 7, we think it can be after step 5 but step 3 considering the potential fall back to indirect link of remote UE. 
For step 8, during the data path switch to the direct Uu link, the lossless delivery should be considered. As we know, end-to-end PDCP is supported between remote UE and gNB while hop-by-hop RLC is supported between remote UE, relay UE and gNB. Suppose remote UE1 initially connect to the network via indirect link, remote UE1 transmits packet 1,2,3,4 to relay UE and receives ack(1,2,4) and nack(3) from relay UE as shown in Figure 3(a). At this time remote UE 1 receives the indication from gNB to switch from indirect link to direct link. After remote UE1 connects to the gNB via direct Uu link, remote UE 1 may perform PDCP recovery for RLC AM bearer. According to TS 38.323, the Tx PDCP entity shall perform retransmission of all the PDCP Data PDUs previously submitted to re-established or released AM RLC entities in ascending order of the associated COUNT values for which the successful delivery has not been confirmed by lower layers. So remote UE1 performs PDCP recovery and transmits start from the first nacked packet 3. However, if relay UE Uu link failure occurs after transmission of packet 1, the stored packet 2,4 may be discard, thus packet loss occurs during path switch. To solve this problem, it is suggested that remote UE performs retransmission of PDCP PDUs based on PDCP status report received from gNB. In this way, the UL lossless delivery of remote UE during path switch could be ensured.  

Similar issue also exists for DL packet delivery in L2 UE-to-Network relay. As shown in Figure 3(b), the network transmits packet 1, 2, 3, 4 to relay UE and receives ack(1,2,4) and nack(3) from relay UE. Suppose the remote UE 1 switch from indirect link to direct link, gNB may perform PDCP recovery for RLC AM bearer after remote UE1 connects to the gNB via direct Uu link. For example, the gNB may perform PDCP retransmission based on the PDCP status report received from remote UE1. In this case, even if the PC5 RLF happens and the packet 2, 4 are discarded at relay UE, the gNB can still ensure DL packet lossless delivery to remote UE. Actually, how to perform PDCP recovery at gNB is up to implementation. It is not necessary to further discuss it. 
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(a) UL delivery                                                                                  (b) DL delivery

Figure 3 Illustration of packet loss during path switch
Proposal 4: For gNB controlled path switch from indirect to direct link, it is necessary for gNB to send the RRC reconfiguration message to the relay UE, which can be used to notify the path switch of remote UE and to e release the remote UE relevant configuration. 

Proposal 5: Considering that the path switch from indirect to direct link may fail and remote UE may fallback to indirect link, it is suggested to keep the remote UE relevant configuration until the remote UE successfully connects to the gNB via Uu.

Proposal 6: In order to ensure the UL lossless delivery during path switch from indirect to direct link, it is suggested that remote UE performs PDCP retransmission based on PDCP status report received from gNB after remote UE connects to the gNB via direct link. 

gNB controlled path switch from direct to indirect link
Figure 4 illustrates the baseline procedure for remote UE switching from direct link to indirect link (intra-gNB case). According to TR 38.836, there are also several FFS issues to be discussed in WI, such as whether step 2 should be after relay UE connects to the gNB (e.g. after step 4) if not yet before, whether Step 4 can be before step 2/3.
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Figure 4 Procedure for Remote UE switching to indirect Relay UE (TR 38.836)
With regard to Step 2, gNB may prioritize the RRC_Connected relay UE to be selected as the target relay UE for remote UE. However, if no such suitable relay UE exists, gNB may also require the remote UE to switch to an RRC_IDLE/INACTIVE relay UE. In this case, the Step 2 can be after Step 4. Similarly, we think relay UE can be selected as the target relay UE before the remote UE establish the PC5 connection with relay UE. So we think it is not necessary to put Step 4 before Step 2/3. 

Proposal 7: For the gNB controlled path switch from direct to indirect link, both RRC_Connected relay UE and  RRC_IDLE/INACTIVE relay UE may be selected by gNB as the target relay UE for remote UE. 

Proposal 8: For the gNB controlled path switch from direct to indirect link, relay UE can be selected by gNB as the target relay UE before the remote UE establish the PC5 connection with relay UE. 
UE autonomous path switch

In this section, an example signalling procedure for UE autonomous path switch from indirect to direct link is presented in Figure 5. As we can see, the remote UE initially transmit the UL and DL packet via relay UE. Suppose PC5 RLF is detected, the remote UE may perform the autonomous path switch as follows:
Step 1: Detect the PC5 RLF with relay UE
Step 2: remote UE performs cell (re)selection and perform Random Access to the gNB 

Step 3: Remote UE performs RRC reestablishment with gNB
Step 4: RRC Reconfiguration to Relay UE to release the remote UE relevant configuration
Step 5: The data path switching.

During this procedure, remote UE need to select a cell which belong to the same gNB of relay UE. After that, remote UE may initiate the RRC re-establishment procedure with gNB. In order to ensure service continuity,  it is suggested that remote UE performs PDCP retransmission based on PDCP status report received from gNB after remote UE connects to the gNB via direct link. 
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Figure 5 Procedure for Remote UE autonomous switching to direct link

Proposal 9: It is suggested to consider the signalling procedure for remote UE autonomous path switch. 
Conclusion
In this contribution, we first discussed the service continuity scenarios and then presented design considerations for the L2 relay service continuity procedure. And we have the following observations and proposals:

Proposal 1: In addition to the gNB control path switch between direct and indirect path, the following two remote UE’s autonomous path switch scenarios should be considered: 1) autonomous path switch from direct path to indirect path when RRC_Connected remote UE detects Uu RLF; 2) autonomous path switch from indirect path to direct path when RRC_Connected remote UE detects PC5 RLF or is notified of relay UE’s Uu RLF. 
Proposal 2: Suppose no additional specification work is required, it is suggested to consider the remote UE’s autonomous switch from indirect path to indirect path when remote UE detects PC5 RLF or is notified of relay UE’s Uu RLF.
Proposal 3: For the remote UE’s autonomous path switch scenario, the Rel-15 NR RRC connection re-establishment procedure is used as the baseline AS layer solution to guarantee service continuity. 
Proposal 4: For gNB controlled path switch from indirect to direct link, it is necessary for gNB to send the RRC reconfiguration message to the relay UE, which can be used to notify the path switch of remote UE and to e release the remote UE relevant configuration. 

Proposal 5: Considering that the path switch from indirect to direct link may fail and remote UE may fallback to indirect link, it is suggested to keep the remote UE relevant configuration until the remote UE successfully connects to the gNB via Uu.

Proposal 6: In order to ensure the UL lossless delivery during path switch from indirect to direct link, it is suggested that remote UE performs PDCP retransmission based on PDCP status report received from gNB after remote UE connects to the gNB via direct link. 

Proposal 7: For the gNB controlled path switch from direct to indirect link, both RRC_Connected relay UE and  RRC_IDLE/INACTIVE relay UE may be selected by gNB as the target relay UE for remote UE. 

Proposal 8: For the gNB controlled path switch from direct to indirect link, relay UE can be selected by gNB as the target relay UE before the remote UE establish the PC5 connection with relay UE. 
Proposal 9: It is suggested to consider the signalling procedure for remote UE autonomous path switch.  
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