


3GPP TSG-RAN WG2 Meeting #122	R2-2305420
Incheon, South Korea, 22– 26 May 2023	

Agenda item:	7.9.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on L2 U2N relay service continuity issues for inter-gNB path switch
WID/SID:	NR_SL_relay_enh - Release 18
Document for:	Discussion and Decision
1	Introduction
The approved release 18 WI on enhanced NR SL Relay [RP-221262] includes the following objective on enhancement of service continuity:
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 RAN2#119-e, the following agreements have been made for inter-gNB direct to indirect or indirect to indirect path switching:
Agreements:
For inter-gNB d2i path switching and intra-/inter-gNB i2i path switching in Rel-18, the network can select a target U2N relay UE in any RRC state, i.e., RRC_CONNECTED/IDLE/INACTIVE.
For the target U2N relay UE in any RRC state, the Rel-17 procedures for intra-gNB d2i path switching are used as a baseline for inter-gNB d2i path switching with the addition of inter-gNB signaling over the Xn interface.
The Rel-17 remote UE oriented solution to trigger the target U2N relay UE to the CONNECTED state should also be applicable to the Rel-18 inter/intra-gNB scenarios as a baseline for single-path relay.  Other mechanisms are not excluded if an issue is found with the baseline.

In RAN2#121 the following agreements have been made for inter-gNB direct to indirect or indirect to indirect path switching:
Agreements:
RAN2 confirms that the relay UE A and relay UE B in scenario D are two different relay UEs.  No UE behaviour is expected to enforce this, i.e., the network does not trigger inter-gNB path switch to the same relay UE.  FFS how/if to capture in spec.

Event Z2 will not be specified unless the issue of comparing SL-RSRP and SD-RSRP can be resolved.  LS to RAN1/RAN4 to ask about the feasibility of such comparisons, clarifying that there is not yet consensus on whether to support the event.

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 RAN2#121bis meeting, the following agreements on lossless data delivery has been made for inter-gNB indirect to direct or indirect to indirect path switching:
Agreements:
For uplink lossless data delivery for path switch, continue considering solutions U3 and U5 from R2-2304305.  Other solutions are not pursued.
For downlink lossless data delivery for path switch, Solution-D4 is taken as the baseline solution and keep Solution-D3/D5 on the table for further decision at the next meeting.

This contribution discusses the issues that impact the service continuity of L2 U2N relay for inter-gNB path switching scenario (i.e. scenario A, B and D) including the case when the relay UE in RRC_IDLE or RRC_INACTIVE state and proposes the solutions to be discussed in RAN2.
2	Discussion
2.1	Discussion on the solutions for lossless data delivery
2.1.1	Lossless uplink data delivery
As an outcome of emails discussion [AT121bis-e][432] “Candidate solutions for lossless delivery” (R2-2304305), RAN2 has agreed for UL lossless data delivery during path switching, solution U3 (Remote UE’s PDCP retransmission based on DL PDCP Status Report from target gNB) and U5 (Source Relay UE continues to transmit UL data to source gNB and gNB forwards to the target gNB) are the candidate solutions to be considered. 
Solution U3 enhances the remote UE’s PDCP retransmission based on DL PDCP Status Report from the target gNB instead of based on lower layer confirmation, which is the legacy mechanism. This solution can prevent the data loss that is caused by lower layer confirmation coming from the relay UE for packets that are not forwarded to the NW, and the unnecessary retransmission as DL PDCP Status Report from the target gNB indicates which data has been lost. 
The drawback of this solution is that it introduces some delay for the UL data transmission, as the remote UE needs to wait for DL PDCP Status Report from the target gNB and then resume the UL data transmission to the target gNB. If there is no data lost in the indirect path to the source gNB, the remote UE can resume the UL data transmission to the target relay UE over the PC5 interface or to the target gNB right after the RRC Reconfiguration Complete message is sent to the target gNB without waiting for DL PDCP Status Report from the target gNB. To reduce the delay introduced by solution U3, the source relay UE can send to the remote UE an indication or an assistant information on data transmission status of the uplink second hop of Uu interface. Based on the indication, the remote UE can identify whether there is data transmission acknowledged over the PC5 interface, but not successfully delivered to the source gNB by the relay UE over the Uu interface. In this way the remote UE can determine whether to wait for DL PDCP Status Report or not before it resumes the UL transmission. The data transmission status indication from the relay UE to the remote UE can be one-bit indication to show whether there is data received from the remote UE but not been delivered to the source gNB successfully.
Proposal 1: RAN2 to discuss the enhancement of solution U3 by introducing a simple indication from the relay UE to the remote UE whether there is data received from the remote UE and acknowledged over PC5 interface but not been delivered to the source gNB over Uu interface successfully.
Solution U5 proposes the source relay UE continuous transmitting UL data to the source gNB and the source gNB forward the data to the target gNB. As the remote UE’s inter-gNB path switching may be triggered due to poor Uu condition or HO of the source relay UE, it cannot be guaranteed that the source relay UE always be able to transmit all the remote UE’s UL data to the source gNB especially when the remote UE’s path switching is triggered due to relay UE’s Uu issue. Therefore, solution U5 is not a robust solution, and it cannot provide lossless data delivery.
Proposal 2: RAN2 to agree not to pursue U5 as the solution for lossless data delivery in UL.
2.1.2	Lossless downlink data delivery
For DL lossless data delivery, RAN2 agreed to take solution D4 (Enhanced Data forwarding from source gNB to target gNB per target gNB request (legacy PDCP status report based)) as the baseline and solution D3 (A PDCP status report sent from Remote UE to the source gNB) and D5 (Proactive Data forwarding from source gNB to target gNB) can also be considered as the candidate solution. 
Solution D4 enhances the data forwarding from the source gNB to the target gNB per the target gNB request. In this solution, the target gNB needs to wait for the UL PDCP Status Report from the remote UE to identify which DL data has not been received by the remote UE and then requests the data forwarding from the source gNB for the undelivered data. The delay of resuming the DL data transmission in the target gNB after path switching is even longer than in solution U3 for UL due to the extra delay introduced by the data forwarding from the source gNB. This is not good solution for lossless data delivery especially for delay sensitive traffic. Moreover the DL data may have already been deleted in the source gNB during the time while the target gNB is waiting for the PDCP Status Report from the remote UE. The extra delay introduced by this solution can also be considered data loss as in some cases the heavily delayed packets are considered lost data. The potential data discard in the source gNB before forwarding all data to the target gNB can cause data loss in this solution. Therefore, it is proposed to re-evaluate the applicability of solution D4 to provide lossless path switch.
Proposal 3: RAN2 to re-evaluate solution D4 due to the potential data loss caused by the extra delay introduced by this solution.
Solution D3 relies on the PDCP status report from the remote UE to the source gNB during the path switching to prevent the data loss. The remote UE’s path switching may be triggered by either relay UE’s Uu link quality or SL link quality between the remote UE and the relay UE. Therefore, it cannot be guaranteed that the request from the source gNB is reliably received by the remote UE for triggering the remote UE to send PDCP status report, or the PDCP status report can be successfully received by the source gNB. Therefore, the solution D3 is not a robust solution that prevent data loss during path switching.
Proposal 4: RAN2 to agree not pursue D3 as the solution for lossless data delivery in DL.
Solution D5 relies on the proactive data forwarding solution that the source gNB forwards all the buffered data to the target gNB. It can solve the data loss issue, but at the cost of unnecessary data forwarding over Xn interface if the source gNB blindly forward all the buffered data to the target gNB. As the relay UE is fully aware of the PDCP PDU/RLC SDU transmission status over Uu and PC5 link for the indirect path, the indication or assistance information from the relay UE to the source gNB can help the source gNB to determine the DL data forwarding to the target gNB. The data transmission status indication from the relay UE to the source gNB can be a simple indication to show whether there is data received from the source gNB but not been delivered to the remote UE successfully. Based on the indication, the source gNB can determine how to forward the buffered data (e.g., whether to forward all the buffered data or forward only the buffered data that are not acknowledged by the lower layer) to the target gNB to reduce the unnecessary data forwarding over Xn interface. 
Proposal 5: RAN2 to agree solution D5 as baseline solution with the enhancement to introduce the indication from the relay UE to the gNB whether there is DL data received by the relay UE that has not been delivered to the remote UE successfully.
2.2	Issues related to simultaneous relay UE’s inter-gNB HO and connected remote UE’s path switching 
When the remote UE has already established U2N relay connection via the relay UE with the serving gNB, the remote UE’s UP and CP traffic transmission with the serving gNB are forwarded via the relay UE. In rel-17, when the relay UE is configured by the serving gNB to handover (HO) to another gNB, the relay UE sends a NotificationMessageSidelink message to the remote UE to indicate relay UE’s HO, which triggers the remote UE to initiate RRC connection re-establishment procedure. The RRC connection re-establishment procedure will impact the remote UE’s service continuity. To enhance the service continuity of remote UE during connected relay UE’s HO, it is better to configure the remote UE by the serving gNB to make the path switching rather than initiating the RRC connection re-establishment. 
Observation 1: The remote UE benefits from being able to perform path switching instead of initiating RRC connection re-establishment when the connected relay UE performs HO
Proposal 6: RAN2 to agree the remote UE can be configured to perform path switching instead of initiating RRC connection re-establishment when the connected relay UE performs HO.
The serving gNB may configure the remote UE to perform path switching when it configures the relay UE to perform inter-gNB HO. In L2 U2N relay, the RRC procedure of the remote UE is between the remote UE and the serving gNB, and thus the relay UE is not aware of which RRC procedure has been initiated by the serving gNB for the remote UE. When the relay UE receives RRC reconfiguration message (i.e., HO command message in HO case) from its own serving gNB to configure the relay UE to perform HO, the relay UE will start execution of the configured HO by detaching from the serving cell and synchronize to the target cell. This may happen before the relay UE receives the RRC reconfiguration message of the remote UE over Uu interface from the serving gNB. In this case the remote UE will not receive the RRC reconfiguration message from the serving gNB, thus the remote UE’s RRC connection to the current serving gNB will be interrupted and the ongoing services of the remote UE will be impacted.
Solving the problem by the gNB triggering the remote UE’s RRC reconfiguration procedure for path switching always earlier than the relay UE’s RRC reconfiguration for HO is not feasible: 
· It may be too late to initiate RRC reconfiguration procedure to the relay UE for HO if the gNB needs to wait for the completion of the remote UE’s RRC reconfiguration procedure. This may impact robustness of relay UE’s HO, especially, in high mobility scenario that is typical scenario for many V2X use cases.
· In normal HO procedure, the RRCReconfigurationComplete message from the UE is not sent to the serving gNB (source gNB), but to the target gNB. In this case with regards to path switching of the remote UE, the serving gNB is not able to ensure the RRC reconfiguration message has been delivered to the remote UE before it initiates the RRC reconfiguration procedure to the relay UE for HO as there is no end-to-end RLC or MAC protocol between the gNB and the remote UE to allow the gNB be aware of the delivery of RRC reconfiguration message by ARQ or HARQ feedback.

Observation 2: The path switch command for the remote UE and HO command for the relay UE are independent messages, and it is not possible for the gNB to ensure the path switch configuration arrives before the HO command.
To avoid the relay UE detaching from the serving cell before the relay UE receives the RRC Reconfiguration message of the remote UE from the serving gNB over Uu interface, the relay UE should be explicitly indicated that the remote UE’s RRC Reconfiguration message has been delivered or received at least by the relay UE.
Proposal 7: RAN2 to discuss how to deliver the remote UE’s RRC reconfiguration message to the relay UE when the serving gNB configures the relay UE to perform inter-gNB HO and the remote UE’s path switching, simultaneously.
2.3	Issues related to selection of relay UE in RRC_IDLE or RRC_INACTIVE state
According to the baseline procedure of intra-gNB path switching, the path switching decision on remote UE switching to indirect path is made by the serving gNB based on measurement report from the remote UE. In the measurement report, the remote UE reports the candidate relay UEs with the relay UE’s ID, relay UE’s serving cell ID and sidelink channel quality information such as SL-RSRP. It is rather straightforward for a gNB to select the best relay UE in RRC_CONNECTED state as relay UE’s context including relay UE’s capability information, Uu link condition, connected remote UEs and traffic load etc is available in the gNB. However, for a relay UE in RRC_IDLE/INACTIVE state, the gNB doesn’t have any UE context information listed above. The only criteria that the gNB can use to select the target relay UE is the reported SD/SL-RSRP from the remote UE, which is the SL channel quality at the time when the RSRP is measured and may not reflect the latest SL condition especially in very dynamic SL channel environment. Therefore, enabling the gNB to select the best possible relay UE in RRC Idle/Inactive state should be discussed in RAN2 to enhance the service continuity of the remote UE during path switching to indirect path. For instance, the candidate relay UEs in RRC_IDLE/INACTIVE may be commonly paged by the gNB to enable the gNB to measure the Uu link quality of the candidate relay UEs in RRC_IDLE/INACTIVE state. Or the remote UE may be indicated to make the final selection of the relay UE based on the indication from the gNB.
Proposal 8: RAN2 to discuss how to enhance the selection of a relay UE in RRC Idle/Inactive state for service continuity during path switching to indirect path; e.g., by allowing the gNB to page candidate relay UEs in RRC_IDLE/INACTIVE or by allowing the final selection of relay UE to be up to remote UE by indication of gNB.
2.4	Issues related to relay UE’s cell reselection or HO during indirect path switching of the remote UE 
According to baseline procedure of intra-gNB direct to indirect path switching, the measurement report from the remote UE to the serving gNB includes the candidate relay UEs’ information such as relay UE ID, relay UE’s serving cell ID, SL measurement quantity information, etc. Based on those information elements, the gNB makes the decision of path switching and selects the target relay UE for the remote UE. The target gNB corresponding to the selected target relay UE’s serving cell provides the RRC reconfiguration parameters for the remote UE to make the path switching. 
If the selected target relay UE is in RRC_IDLE or RRC_INACTIVE, the relay UE may reselect a new cell without notifying the network between the measurement report is sent from the remote UE to the serving gNB and PC5 connection established between the relay UE and the remote UE. If the relay UE has made the cell reselection and is camping on a new cell when the remote UE sends RRCReconfigurationComplete message, the relay UE will establish RRC connection with the new cell instead of the previous camping cell that reported to the network by the remote UE. Thus, the RRCReconfigurationComplete message of the remote UE will be relayed to the new cell (instead of the previous camping cell), causing failure of the remote UE’s indirect path switching. The same failure of the remote UE’s indirect path switching will happen if the selected relay UE is in RRC_CONNECTED and configured to perform a handover.
Observation 3: In case the camping/serving cell of the selected target relay UE changes during path switching (e.g., UE in RRC_IDLE/INACTIVE has performed cell reselection to a new cell), the RRCRreconfigurationComplete message of the remote UE will be relayed to the new cell (instead of the previous camping/serving cell), causing failure of the remote UE’s indirect path switching.
In Rel-17, NotificationMessageSidelink was specified for the relay UE to send the notification to the connected remote UE when the relay UE made the cell reselection or handover. However, this can only be applied for the case that the relay UE and the remote UE have established the PC5 connection. In inter-gNB path switching scenario, the remote UE may request to establish PC5 connection with the selected target relay UE only after the remote UE receives the RRCReconfiguration message to configure the path switching. The relay UE cannot send NotificationMessageSidelink message to inform the remote UE about the cell reselection before the PC5 connection is established between the relay UE and the remote UE. Therefore, the sidelink notification message procedure in Rel-17 cannot solve the failure issue caused by the relay UE’s cell reselection or HO during the remote UE’s indirect path switching. Further enhancement to handle the failure scenario should be discussed in RAN2. For instance, the relay UE may be triggered to send relay discovery message after each cell reselection or handover to inform the cell change. Or the remote UE may indicate to the relay UE the target cell the path switching is configured. Or the relay UE may be configured to reject the PC5 connection establishment if relay UE is in RRC_CONNECTED and configured to perform a handover.
Proposal 9: RAN2 to discuss the solutions to avoid the path switching failure caused by the relay UE’s cell reselection or by the relay UE’s handover during remote UE’s indirect path switching.
2.5	Issue related to prolonged inter-gNB signaling over Xn interface for inter-gNB path switching
The Rel-17 baseline procedure of the intra-gNB direct to indirect path switching, which was agreed to be used as a baseline, is illustrated in Figure 1 (Figure 16.12.6.2-1 in TS 38.300). The gNB first configures the Relay UE for remote UE in step 2 before the gNB sends RRCReconfiguration message to configure the remote UE for switching to indirect path in step 3.


Figure 1: Rel-17 procedure for L2 U2N Remote UE switching to indirect path (TS 38.300, Figure 16.12.6.2-1) 
For inter-gNB indirect path switching, the inter-gNB signaling over the Xn interface should be similar to HO preparation procedure (i.e., HO Request and HO Request Acknowledgement) over Xn interface for inter-gNB HO. That is, the serving gNB sends the path switching request to the target gNB and the target gNB responses the path switching request acknowledgement as illustrated in Figure 2. Following the baseline procedure of intra-gNB indirect path switching, the target gNB should first configure the target relay UE for the remote UE using RRC Reconfiguration procedure before it can send Path Switching Request Acknowledgement to the serving gNB of remote UE. The additional RRC reconfiguration procedure between the target gNB and the selected target relay UE will prolong the path switching preparation time before the source gNB can send path switching command to the remote UE. During the prolonged path switching preparation time, the probability of missing the path switching command transmitted from the source gNB for configuring path switching becomes higher than in normal inter-gNB HO scenario. For example, during the prolonged path switching preparation procedure over Xn, the remote UE may already move out of coverage of the current serving cell if the remote UE has direct path with the source gNB, or if the remote UE has indirect path with the source gNB, it may happen that the relay UE moves out of coverage of source cell or the SL connection between the remote UE and the currently connected relay UE fails and thus sending the RRCReconfiguration message to the remote UE may fail. Missing of the RRCReconfiguration message by the remote UE as illustrated in Figure 2 will cause path switching failure, which will impact the remote UE’s service continuity. To enhance the remote UE’s service continuity for inter-gNB path switching, RAN2 should discuss the possible solution to deal with the issue, for instance to allow early RRCReconfiguration message to the remote UE for path switching and/or to use the target relay UE to assist the remote UE’s inter-gNB path switching.


Figure 2: Procedure of inter-gNB path switching to indirect path
Observation 4: Missing of the RRCReconfiguration message by the remote UE due to prolonged path switching preparation time caused by inter-gNB path switching may cause path switching failure, which will impact the remote UE’s service continuity.
Proposal 10: RAN2 to discuss whether/how to allow early RRCReconfiguration message to the remote UE for path switching and/or to use the target relay UE to assist the remote UE’s inter-gNB path switching.

3	Conclusion
This document has made the following observations and proposals:
Proposal 1: RAN2 to discuss the enhancement of solution U3 by introducing a simple indication from the relay UE to the remote UE whether there is data received from the remote UE and acknowledged over PC5 interface but not been delivered to the source gNB over Uu interface successfully.
Proposal 2: RAN2 to agree not to pursue U5 as the solution for lossless data delivery in UL.
Proposal 3: RAN2 to re-evaluate solution D4 due to the potential data loss caused by the extra delay introduced by this solution.
Proposal 4: RAN2 to agree not pursue D3 as the solution for lossless data delivery in DL.
Proposal 5: RAN2 to agree solution D5 as baseline solution with the enhancement to introduce the indication from the relay UE to the gNB whether there is DL data received by the relay UE that has not been delivered to the remote UE successfully.
Observation 1: The remote UE benefits from being able to perform path switching instead of initiating RRC connection re-establishment when the connected relay UE performs HO
Proposal 6: RAN2 to agree the remote UE can be configured to perform path switching instead of initiating RRC connection re-establishment when the connected relay UE performs HO.
Observation 2: The path switch command for the remote UE and HO command for the relay UE are independent messages, and it is not possible for the gNB to ensure the path switch configuration arrives before the HO command.
Proposal 7: RAN2 to discuss how to deliver the remote UE’s RRC reconfiguration message to the relay UE when the serving gNB configures the relay UE to perform inter-gNB HO and the remote UE’s path switching, simultaneously.
Proposal 8: RAN2 to discuss how to enhance the selection of a relay UE in RRC Idle/Inactive state for service continuity during path switching to indirect path; e.g., by allowing the gNB to page candidate relay UEs in RRC_IDLE/INACTIVE or by allowing the final selection of relay UE to be up to remote UE by indication of gNB.
Observation 3: In case the camping/serving cell of the selected target relay UE changes during path switching (e.g., UE in RRC_IDLE/INACTIVE has performed cell reselection to a new cell), the RRCRreconfigurationComplete message of the remote UE will be relayed to the new cell (instead of the previous camping/serving cell), causing failure of the remote UE’s indirect path switching.
Proposal 9: RAN2 to discuss the solutions to avoid the path switching failure caused by the relay UE’s cell reselection or by the relay UE’s handover during remote UE’s indirect path switching.
Observation 4: Missing of the RRCReconfiguration message by the remote UE due to prolonged path switching preparation time caused by inter-gNB path switching may cause path switching failure, which will impact the remote UE’s service continuity.
Proposal 10: RAN2 to discuss whether/how to allow early RRCReconfiguration message to the remote UE for path switching and/or to use the target relay UE to assist the remote UE’s inter-gNB path switching.
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