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Introduction
At RAN#96e meeting, new WID on NR SL Relay enhancements [1] was approved. One of the objectives is to specify mechanisms to enhance service continuity for L2 U2N relay on inter-gNB indirect/direct path switching, intra-gNB/inter-gNB indirect/indirect path switching cases.   

	2. Specify mechanisms to enhance service continuity for single-hop Layer-2 UE-to-Network relay for the following scenarios [RAN2, RAN3]:

A.Inter-gNB indirect-to-direct path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> gNB Y”)

B.Inter-gNB direct-to-indirect path switching (i.e., “remote UE <-> gNB X” to “remote UE <-> relay UE A <-> gNB Y”)

C.Intra-gNB indirect-to-indirect path switching (i.e., “remote UE <-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB X”)

D.Inter-gNB indirect-to-indirect path switching (i.e., “remote UE<-> relay UE A <-> gNB X” to “remote UE <-> relay UE B <-> gNB Y”)

Note 2A: Scenario D is to be supported by reusing solutions for the other scenarios without specific optimizations.


In R17 SL relay WI, intra-gNB path switch between direct and indirect link is specified. In this contribution, we will discuss the details of the above four path switch cases based on the path switch procedures specified in R17. 
Discussion
2.1 Inter-gNB indirect-to-direct path switching
For the inter-gNB indirect-to-direct path switching, the procedures of intra-gNB indirect-to-direct path switch specified in R17 can be taken as baseline. Figure 1 shows the signalling procedure of inter-gNB indirect-to-direct path switching. The inter-gNB case involves some Xn based signallings, e.g. Handover admission over Xn, data forwarding over Xn and path switch towards 5GC, which are in the scope of RAN3. While the Uu signalling procedures are common for intra-gNB and inter-gNB case, such as measurement configuration and reporting, RRC reconfiguration to remote UE and relay UE.  
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Figure 1. Singalling procedure of inter-gNB indirect-to-direct path switching
In specific, the measurement report events X1 and X2 specified in R17 could be reused for inter-gNB indirect-to-direct path switching. The contents in RRC Reconfiguration message for Remote UE can be same as legacy NR RRC Reconfiguration with sync. And the existing T304 could be used for inter-gNB indirect-to-direct path switch. The gNB sends RRCReconfiguration message to the Relay UE to reconfigure the connection between the L2 U2N Relay UE and the gNB (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
Proposal 1: The RAN impact and Uu signalling procedures are common for intra-gNB and inter-gNB indirect-to-direct path switch, no new specific for inter-gNB case is needed.
After receiving Handover request acknowledge from target gNB, the source gNB may send the SN status transfer to the target gNB (i.e. step 9 can be performed after step 3). During HO execution, user data can be forwarded from source gNB to target gNB, in which the forwarding should take place in order as long as packets are received at the source gNB from the UPF or the source gNB buffer has not been emptied. Specifically, for DL data forwarding, the source gNB may forward in order to the target gNB via the DRB DL forwarding tunnel all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE. 
Regarding to U2N relay case, the remote UE is connected to source gNB via relay UE, source gNB may forward to target gNB all DL data which have not been acknowledged by the relay UE. That is, the source gNB forwards DL data to target gNB based on the receiving status of relay UE instead of remote UE. However, the receiving status of relay UE is not actually reflecting the receiving status of remote UE. Since the path switching may be triggered due to PC5 link quality becoming worse, it is very likely that the PC5 RLF occurs during HO execution. Then there may be some DL packets buffered at relay UE which have been RLC-acked by relay UE to source gNB but have not been transmitted to remote UE due to PC5 RLF. In this case, such packets might be regarded as lost packets after remote UE successfully switched to target gNB. So the lossless delivery for DL data forwarding during path switching shall be considered.
Observation 1: For inter-gNB indirect-to-direct path switching, the source gNB forwards DL data to target gNB based on the receiving status of relay UE instead of remote UE, which may lead to the DL data that have been acked by relay UE to source gNB but have not been transmitted to remote UE due to PC5 RLF being lost. 
Proposal 2: It is suggested to consider the lossless delivery for DL data forwarding during path switching.
2.2 Inter-gNB direct-to-indirect path switching
In R17, intra-gNB direct-to-indirect path switching is specified. Figure 2 shows a signalling procedure of inter-gNB direct-to-indirect path switching considering the RAN procedures for intra-gNB case and RAN3 impacts, supposing the relay UE is in RRC connected state.
[image: image2.png]remote UE

e

1. measurement configuration arld reporting

relay aNB2

2. decision of path switching

6. RRC Reconfiguration message|

3.0 HO request

4RRC Reconfiguration procedure

5. X HO ack

8. PCS connection establishs

7SN status transfer

pent, if not exist

9. RRC Reconfiguration con]

plete message

UL/DL data_

10_UE context relegse





Figure 2. Signalling procedure of inter-gNB direct-to-indirect path switching
The measurement report events Y1 and Y2 specified in R17 could be reused for inter-gNB direct-to-indirect path switch. As specified in R17, the measurement report includes at least L2 ID, serving cell ID (NCGI) and PC5 link quality of each candidate relay UE. As we know, NCGI comprises PLMN ID and NCI while gNB ID is included in NCI, so source gNB is able to identify the serving gNB of each candidate relay UE based on NCGI included in measurement report. 
Observation 2: Source gNB is able to identify the serving gNB of each candidate relay UE based on NCGI included in measurement report.
After receiving measurement report from remote UE, the source gNB may decide to switch the remote UE to an indirect link of a neighbour gNB. Suppose candidate relay UE2 under gNB2 is in RRC idle state while candidate relay UE3 under gNB3 is in RRC connected state, if the PC5 link quality of the two candidate relay UEs are good and nearly the same as reported in measurement report, it is better for source gNB to select the candidate relay UE3 in RRC connected state as the target relay UE, considering that a target relay UE in RRC idle state needs more time to enter into RRC connected state, even worse the RRC connection setup may be failed. However, source gNB is not aware of the RRC state of the candidate relay UEs in other gNBs. It is beneficial that the source gNB is aware of the RRC state of each candidate relay UE for relay UE selection. To achieve this, it is suggested that remote UE acquires RRC state of relay UE and reports the RRC state of each candidate relay UE to gNB.

Proposal 3: It is suggested that remote UE acquires RRC state of relay UE and reports the RRC state of each candidate relay UE to gNB, which is beneficial for the source gNB to select a more appropriate target relay UE, especially for the inter-gNB path switch.
On the other hand, if source gNB identifies that there are multiple candidate relay UEs served by a same neighbour gNB based on the measurement report received from remote UE, source gNB may request the neighbour/target gNB to select a target relay UE from the multiple candidate relay UEs, since the target gNB is more clear about the status of these candidate relay UEs.

Proposal 4: For inter-gNB direct-to-indirect path switching, RAN2 to discuss whether the source gNB or target gNB to select the target relay UE.
If remote UE’s HO is accepted and a target relay UE is selected, the target gNB provides the SL path switch configuration and relay communication related configuration to remote UE. The SL path switch configuration and T420 specified for intra-gNB direct-to-indirect path switch within ReconfiguraionWithSync could be reused for inter-gNB direct-to-indirect path switch.

Proposal 5: The SL path switch configuration and T420 specified for intra-gNB direct-to-indirect path switch within ReconfiguraionWithSync could be reused for inter-gNB direct-to-indirect path switch.
As in R17, source gNB could select a relay UE in any RRC states (i.e. RRC connected/idle/inactive) as a target relay UE. If the target relay UE is in RRC connected state, the target gNB sends relay communication related configuration to the relay UE before sending path switch command to remote UE. While if the target relay UE is in RRC idle/inactive state, the handling is the same as intra-gNB case, i.e. after receiving the path switch command, Remote UE establishes PC5 link with the target Relay UE and sends RRC complete message via the Relay UE which will trigger the Relay UE to enter RRC CONNECTED state.
Proposal 6: For inter-gNB direct-to-indirect path switching, a relay UE in any RRC states could be selected as a target relay UE. If a RRC idle/inactive relay UE is selected, the handling is the same as intra-gNB case, i.e. after receiving the path switch command, Remote UE establishes PC5 link with the target Relay UE and sends RRC complete message via the Relay UE which will trigger the Relay UE to enter RRC CONNECTED state.
2.3 Intra-/Inter-gNB indirect-to-indirect path switching
Figure 3 shows the signalling procedure of intra-gNB indirect-to-indirect path switching. 
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Figure 3. Signalling procedure of intra-gNB indirect-to-indirect path switching
In this case, the following measurement report events could be considered:

 Event Z1: serving L2 U2N relay UE becomes worse than a threshold, which is the same as Event X2 specified for intra-gNB indirect-to-direct link path switching.

 Event Z2: candidate L2 U2N relay UE becomes better than a threshold, which is the same as Event Y2 specified for intra-gNB direct-to-indirect link path switching.

 Event Z3: candidate L2 U2N relay UE becomes offset better than serving L2 U2N relay UE.
According to R17 mechanism, for the serving L2 U2N relay, SL-RSRP is used as the SL measurement quantity. When SL-RSRP of the serving relay is not available, it is up to remote UE’s implementation to measure SD-RSRP. No separate threshold is needed for SD-RSRP measurement for the case that when SL RSRP of the serving relay is not available (UE treats the SD-RSRP measurement with the same threshold as SL-RSRP). For the candidate relay UE, SD-RSRP is used as the SL measurement quantity. 

In the case of indirect-to-indirect path switching, it is possible to directly compare the serving relay link with SL-RSRP or SD-RSRP and the candidate relay link with SD-RSRP. And an offset can be used to avoid ping-pong affect. It is suggested to define the new measurement report event Z3 for indirect-to-indirect path switching.

Proposal 7: It is suggested to define a new measurement report event for indirect-to-indirect path switching: candidate L2 U2N relay UE becomes offset better than serving L2 U2N relay UE.
After receiving SL measurement report from remote UE, gNB may decide to switch the remote UE to another relay UE. As in R17, gNB could select a target relay UE in any RRC states (i.e. RRC connected/idle/inactive are supported). Then gNB sends a RRC Reconfiguration message to the target relay UE (if in RRC connected state), which is the same as intra-gNB direct-to-indirect case. In addition, gNB sends a RRC reconfiguration including SL path switch configuration to remote UE. The SL path switch configuration and T420 specified for intra-gNB direct-to-indirect path switch within ReconfiguraionWithSync could be reused for indirect-to-indirect path switch. And the other steps are the same as intra-gNB direct-to-indirect/or indirect-to-direct path switch.
Proposal 8: The SL path switch configuration and T420 specified for intra-gNB direct-to-indirect path switch could be reused for indirect-to-indirect path switch.
For inter-gNB indirect-to-indirect path switching, the issues identified in inter-gNB direct-to-indirect and indirect-to-direct path switching may also exist in this case. And the solutions for inter-gNB direct-to-indirect and indirect-to-direct path switching can be reused as much as possible. 
Conclusion
In this contribution, we discussed the details of inter-gNB path switch between direct link and indirect link and the intra-/inter-gNB indirect-to-indirect link path switching. And we have the following observations and proposals:

Proposal 1: The RAN impact and Uu signalling procedures are common for intra-gNB and inter-gNB indirect-to-direct path switch, no new specific for inter-gNB case is needed.
Observation 1: For inter-gNB indirect-to-direct path switching, the source gNB forwards DL data to target gNB based on the receiving status of relay UE instead of remote UE, which may lead to the DL data that have been acked by relay UE to source gNB but have not been transmitted to remote UE due to PC5 RLF being lost. 
Proposal 2: It is suggested to consider the lossless delivery for DL data forwarding during path switching.
Observation 2: Source gNB is able to identify the serving gNB of each candidate relay UE based on NCGI included in measurement report.
Proposal 3: It is suggested that remote UE acquires RRC state of relay UE and reports the RRC state of each candidate relay UE to gNB, which is beneficial for the source gNB to select a more appropriate target relay UE, especially for the inter-gNB path switch.
Proposal 4: For inter-gNB direct-to-indirect path switching, RAN2 to discuss whether the source gNB or target gNB to select the target relay UE.
Proposal 5: The SL path switch configuration and T420 specified for intra-gNB direct-to-indirect path switch within ReconfiguraionWithSync could be reused for inter-gNB direct-to-indirect path switch.
Proposal 6: For inter-gNB direct-to-indirect path switching, a relay UE in any RRC states could be selected as a target relay UE. If a RRC idle/inactive relay UE is selected, the handling is the same as intra-gNB case, i.e. after receiving the path switch command, Remote UE establishes PC5 link with the target Relay UE and sends RRC complete message via the Relay UE which will trigger the Relay UE to enter RRC CONNECTED state.
Proposal 7: It is suggested to define a new measurement report event for indirect-to-indirect path switching: candidate L2 U2N relay UE becomes offset better than serving L2 U2N relay UE.
Proposal 8: The SL path switch configuration and T420 specified for intra-gNB direct-to-indirect path switch could be reused for indirect-to-indirect path switch.
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