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Introduction
In previous RAN2 meetings, some agreements related to service continuity were reached. In this contribution, we will further discuss some remaining issues during path switching, such as measurement configuration, path switch configuration, RRC reconfiguration to source relay UE and lossless delivery. 
Discussion
Measurement configuration

At the last meeting, SA2 replied the LS on the differentiation of L2IDs and confirmed that L2 IDs used for U2U are different from U2N services.
	Question2:

Can the L2ID used for U2U communication be the same as the L2ID for U2N services?

Answer 2:
No. The Source Layer-2 IDs used for 5G ProSe UE-to-UE Relay Communication would be different from the Source Layer-2 IDs used for 5G ProSe UE-to-Network Relay Discovery and Communication.


Since L2 IDs for U2U and U2N are always different, it would be only SD-RSRP available for candidate U2N relay UEs. 
	#119bis: For i2i scenario, serving/candidate U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity.  Wording can be revisited if it is determined that L2IDs for U2U and U2N are always different (so that candidate U2N relay UEs would never have SL-RSRP available).


So it is suggested to revise the agreement as following.
Proposal 1: For i2i scenario, for serving U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. For candidate U2N relay UEs, SD-RSRP is used as the measurement quantity.
2.2 Path switch configuration

	For i2d path switch scenario, re-use the existing T304 timer   

For d2i and i2i path switch scenarios, re-use the existing T420 timer.


In R17 SL relay, for intra-gNB i2d path switch, the contents in RRC Reconfiguration message for Remote UE is the same as legacy NR RRC Reconfiguration with sync. Regarding to the inter-gNB i2d path switch, it is actually the same as intra-gNB case. That is, the RRC reconfiguration for remote UE is the same as the legacy NR RRC Reconfiguration with sync.
As we know, the T420 Timer is included in sl-PathSwitchConfig which is used to indicate the path switch configuration to remote UE. Since RAN2 had agreed to reuse the existing T420 timer for d2i and i2i path switch, it is naturally to reuse the sl-PathSwitchConfig in ReconfiguraionWithSync to indicate the path switch configuration for remote UE for d2i and i2i path switch. However, the existing sl-PathSwitchConfig is conditionally configured for DirectToIndirect-PathSwitch. So some changes may be needed when reusing the sl-PathSwitchConfig for i2i path switch. The details can be discussed in stage 3.
Proposal 2: For inter-gNB i2d path switch, the contents in RRC Reconfiguration message for Remote UE is the same as legacy NR RRC Reconfiguration with sync.
Proposal 3: For inter-gNB d2i and i2i path switch, the sl-PathSwitchConfig within ReconfiguraionWithSync can be reused to indicate the path switch configuration for remote UE. Details can be discussed in stage 3.
2.3 RRCReconfiguration to the source relay UE during i2x path switch
During inter-gNB i2d/i2i path switch, it is not clear when the source gNB to configure the source relay UE to release the remote UE related configuration in the source indirect link. Generally, there are two options:

Option 1: Upon receiving UE context release about remote UE from the target-gNB, the source gNB releases radio resources related to the remote UE context and sends RRC reconfiguration to relay UE to release remote UE related configuration, as option 1 shown in Figure 1. 

Option 2: The RRC reconfiguration to the relay UE can be sent any time after the RRC reconfiguration to remote UE based on source gNB implementation, as option 2 shown in Figure 1.
Option 1 is aligned with UE context release in legacy HO procedure. As we know, in legacy HO, upon reception of the PATH SWITCH REQUEST ACKNOWLEDGE message from the AMF, the target gNB sends the UE CONTEXT RELEASE to inform the source gNB about the success of the handover. The source gNB can then release radio and C-plane related resources associated to the UE context. Option 2 is aligned with R17 intra-gNB i2d path switch.
If path switch to the target path is failed, i.e. the remote UE is not successfully accessed to the target gNB directly or via a relay UE, the remote UE can fallback to the source indirect link within Option 1 as the relay UE has not release remote UE related configuration. While it is not possible to fallback to the source indirect link within Option 2. So it is suggested to adopt Option 1.

Proposal 4: During inter-gNB i2d/i2i path switch, upon receiving UE context release about remote UE from the target gNB, the source gNB sends RRC reconfiguration to relay UE to release remote UE related configuration.
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Figure 1 Illustration of 2 options for RRC reconfiguration to source relay UE
2.4 Lossless delivery

At RAN2#121 meeting, RAN2 agrees that 

	RAN2 consider that lossless data delivery in the inter-gNB i2x cases needs to be addressed.  Solutions can be considered next meeting (including the possibility of solutions needing work from RAN3).  Solutions based on the PDCP status report mechanism are the baseline.


In the following, we will discuss solutions ensuring lossless data delivery in the inter-gNB i2x path switch.
2.4.1 UL transmission
For UL data transmission via a relay link, the UL data that have been acked by Relay UE may be not successfully transmitted to the gNB over Uu hop. Then such packets would be missing during inter-gNB i2d/i2i path switch based on legacy procedure. Even PDCP re-establishment or PDCP data recovery is configured and performed, UL packet may be still lost in UL during i2d/i2i path switch since both of them are re-transmitted based on RLC feedback of relay UE instead of the receiving status of the gNB. 

Observation 1: Since the re-transmission of PDCP re-establishment and PDCP data recovery are based on RLC feedback, even they are configured and performed, UL packet loss may be still happened during i2d/i2i path switch.
To ensure UL lossless delivery during i2x path switch, the solution is straightforward that Remote UE re-transmits UL packets that have not been acknowledged by PDCP status report from target gNB after accessing to the target gNB.
Proposal 5: To ensure UL lossless delivery during i2d/i2i path switch, Remote UE can re-transmit UL packets that have not been acknowledged by PDCP status report from target gNB after switching to the target gNB.
2.4.2 DL transmission

In legacy HO, after receiving HO request acknowledge from target gNB, the source gNB may send the SN status transfer to the target gNB and forward UL/DL data to target gNB. Specifically, for DL data forwarding, the source gNB may forward in order to the target gNB all downlink PDCP SDUs with their SN corresponding to PDCP PDUs which have not been acknowledged by the UE. 

For inter-gNB i2d/i2i path switch cases, due to the hop-by-hop RLC in original indirect path, 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 packet loss occurring at PC5 interface due to the poor PC5 link quality. 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 successfully transmitted to remote UE over PC5 hop. In this case, such packets are not forwarded by source gNB to target gNB if legacy Xn data forwarding is followed. Even the target gNB gets PDCP status report from remote UE, it cannot re-transmit such DL packets to remote UE since it didn’t receive them from source gNB. Therefore, such DL packets will be missing at remote UE after remote UE successfully switched to the target gNB.  

Observation 2: For inter-gNB i2d/i2i path switch cases, due to the hop-by-hop RLC in original indirect path, source gNB may forward to target gNB all DL data which have not been acknowledged by the Relay UE instead of Remote UE. 

Observation 3: The DL packets which have been RLC-acked by relay UE to source gNB but have not been successfully transmitted to remote UE over PC5 hop will not be forwarded by source gNB to target gNB if legacy Xn data forwarding is followed. So, the target gNB cannot re-transmit such DL packets to remote UE and these packets are missing at remote UE. 
An example is shown in Figure 2,

- Step 1, gNB1 transmits DL packet (1,2,3,4) to relay UE and receives RLC ack(1,2,4) and nack(3) from relay UE;

- Step 2, relay UE transmits DL packet (1,2,4) to remote UE and receives RLC ack (1) and nack(2,4) from remote UE; suppose the packet (2,4) are lost over PC5 interface considering the PC5 link quality may become worse during path switch;
- Step 3, gNB1 forwards packet 3 (which has not been acked by relay UE) and other DL data to gNB2; gNB1 does not forward packet (1,2,4) which have been acked by relay UE;
- Step 4, After remote UE access to gNB2, it should send PDCP status report to gNB2 if configured. gNB2 re-transmits and prioritizes all downlink data forwarded by gNB1, that is, gNB2 re-transmits packet 3 and then transmit packets (5,6...) to remote UE via direct link.

- Even gNB2 gets PDCP status report from remote UE, it can not re-transmit packet (2,4) to remote UE since it doesn’t receive them from the source gNB if legacy Xn data forwarding is followed.  
- As we can see, packet (2,4) are lost at remote UE.
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Figure 2. An example for DL packet loss during inter-gNB i2d path switch
In order for DL lossless delivery, the essential issue is the source gNB needs to know the receiving status of Remote UE’s DL packets and forwards the DL packets that have not been received by Remote UE to target gNB. Generally, the following ways can be considered:
- Option 1: Upon receiving PDCP status report from Remote UE, the target gNB requests the source gNB to forward the DL packets that have not been acknowledged by Remote UE to it. 
- Option 2a: The relay UE reports to the source gNB the DL packets that have not been successfully transmitted to remote UE. 

- Option 2b: The relay UE sends the RLC ack to source gNB after receiving PC5 RLC ack from remote UE of corresponding DL packets during path switch. 

- Option 3: The source gNB configures the remote UE to send PDCP status report before path switch and forwards DL packets to target gNB based on the latest PDCP status report from remote UE.
Option 1 is a clear way to ensure DL lossless delivery which needs XnAP enhancements for target gNB to request needed packets from source gNB. Option 2a needs to enhance Uu signalling for relay UE to report the unacked packets to gNB. Option 2b requires end-to-end RLC feedback which violates the current hop by hop RLC feedback mechanism. In addition, in the last meeting, RAN2 agreed solutions based on the PDCP status report mechanism are the baseline. So Option 2a/2b are passed. For Option 3, the DL data forwarding is different from the legacy. In addition, due to the worsening link quality of the source link (so path switch is triggered), the source gNB may not receive PDCP status report from remote UE before path switch. On the other hand, it may be wasteful to perform DL data forwarding based on source link’s PDCP status report, e.g. after receiving PDCP status report from remote UE, the remote UE may continuously receive DL packets before path switch, these packets are actually not needed to be forwarded to target gNB. Therefore, Option 1 is preferred.
Proposal 6: To ensure DL lossless delivery, upon receiving PDCP status report from Remote UE, the target gNB requests the source gNB to forward the DL packets that have not been acknowledged by Remote UE to it. 
2.5 Procedure for indirect to indirect path switch
The gNB can select a L2 U2N Relay UE in any RRC state i.e., RRC_IDLE, RRC_INACTIVE, or RRC_CONNECTED, as a target L2 U2N Relay UE for indirect to indirect path switch.

For service continuity of L2 U2N Remote UE, the following procedure is used, in case of the L2 U2N Remote UE switching to indirect path via a L2 U2N Relay UE in RRC_CONNECTED:
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Figure 3. Procedure for L2 U2N Remote UE switching from indirect to indirect path
The Uu measurement configuration and measurement report signalling procedures are performed to evaluate relay link measurement. The measurement results from L2 U2N Remote UE are reported when configured measurement reporting criteria are met. The L2 U2N Remote UE reports the serving L2 U2N Relay UE and one or multiple candidate L2 U2N Relay UE(s), after it measures/discovers the candidate L2 U2N Relay UE(s):

-
For serving L2 U2N Relay UE, the measurement report shall include at least L2 U2N Relay UE's source L2 ID, serving cell ID (i.e., NCGI/NCI), and sidelink measurement quantity result. The sidelink measurement quantity can be SL-RSRP of the serving L2 U2N Relay UE, and if SL-RSRP is not available, SD-RSRP is used. 
-
For candidate L2 U2N Relay UE(s), the L2 U2N Remote UE filters the appropriate L2 U2N Relay UE(s) according to relay selection criteria before reporting. The L2 U2N Remote UE shall report only the L2 U2N Relay UE candidate(s) that fulfil the higher layer criteria. The reporting includes at least a L2 U2N Relay UE ID, a L2 U2N Relay UE' s serving cell ID, and a sidelink measurement quantity information. SD-RSRP is used as sidelink measurement quantity.

The gNB decides to switch the L2 U2N Remote UE to a target L2 U2N Relay UE. 
The gNB sends an RRCReconfiguration message to the target L2 U2N Relay UE, which includes at least the L2 U2N Remote UE's local ID and L2 ID, Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration.

The gNB sends the RRCReconfiguration message to the L2 U2N Remote UE. The RRCReconfiguration message includes at least the target L2 U2N Relay UE ID, Remote UE's local ID, PC5 Relay RLC channel configuration for relay traffic and the associated end-to-end radio bearer(s). The L2 U2N Remote UE stops UP and CP transmission over the source indirect path after reception of the RRCReconfiguration message from the gNB.

The L2 U2N Remote UE establishes PC5 RRC connection with target L2 U2N Relay UE.

The L2 U2N Remote UE sends the RRCReconfigurationComplete message to the gNB via the target L2 U2N Relay UE.
The gNB sends the RRCReconfiguration message to the source L2 U2N Relay UE to reconfigure the connection between the L2 U2N Relay UE and the gNB. The RRCReconfiguration message to the source L2 U2N Relay UE can be sent any time after step 4 based on gNB implementation (e.g., to release Uu and PC5 Relay RLC channel configuration for relaying, and bearer mapping configuration related to the L2 U2N Remote UE).
Either source L2 U2N Relay UE or L2 U2N Remote UE's AS layer can release PC5-RRC connection and indicates upper layers to release PC5 unicast link after receiving the RRCReconfiguration message from the gNB. The timing to execute link release is up to UE implementation.
The data path is switched from indirect path to indirect path between the L2 U2N Remote UE and the gNB. The PDCP re-establishment or PDCP data recovery in uplink is performed by the L2 U2N Remote UE for lossless delivery during path switch if gNB configures it.
In case the selected target L2 U2N Relay UE is in RRC_IDLE or RRC_INACTIVE, after receiving the path switch command, the L2 U2N Remote UE establishes a PC5 link with the L2 U2N Relay UE and sends the RRCReconfigurationComplete message via the L2 U2N Relay UE, which triggers the L2 U2N Relay UE to enter RRC_CONNECTED state. 
Proposal 7: Capture the procedure of switching from indirect to indirect path as illustrated above in stage 2 spec.
Conclusion
In this contribution, we discussed some remaining issues for service continuity, such as measurements, path switch configuration, RRC reconfiguration to source relay UE and lossless delivery. And we have the following observations and proposals:

Proposal 1: For i2i scenario, for serving U2N relay UEs, when SL-RSRP is unavailable, SD-RSRP is used as the measurement quantity. For candidate U2N relay UEs, SD-RSRP is used as the measurement quantity.
Proposal 2: For inter-gNB i2d path switch, the contents in RRC Reconfiguration message for Remote UE is the same as legacy NR RRC Reconfiguration with sync.
Proposal 3: For inter-gNB d2i and i2i path switch, the sl-PathSwitchConfig within ReconfiguraionWithSync can be reused to indicate the path switch configuration for remote UE. Details can be discussed in stage 3.
Proposal 4: During inter-gNB i2d/i2i path switch, upon receiving UE context release about remote UE from the target gNB, the source gNB sends RRC reconfiguration to relay UE to release remote UE related configuration.
Proposal 5: To ensure UL lossless delivery during i2d/i2i path switch, Remote UE can re-transmit UL packets that have not been acknowledged by PDCP status report from target gNB after switching to the target gNB.
Proposal 6: To ensure DL lossless delivery, upon receiving PDCP status report from Remote UE, the target gNB requests the source gNB to forward the DL packets that have not been acknowledged by Remote UE to it. 
Proposal 7: Capture the procedure of switching from indirect to indirect path as illustrated above in stage 2 spec.
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