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1	Introduction
In RAN2#121 meeting, the following agreement on lossless data delivery was made:
Agreement:
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.

This paper discusses the solution for providing lossless data delivery during the inter-gNB indirect to direct or indirect to indirect path switching.
2	Discussion
It has been identified in RAN2 that the data loss may happen during inter-gNB indirect to direct or indirect to indirect path switching if the PDCP data PDU is acknowledged by lower layers in the first hop of indirect path, but not delivered successfully in the second hop of indirect path before the path switching. The reason of the data loss is that the transmitting PDCP entity is not aware the status whether the PDCP data PDUs acknowledged by the lower layers in the first hop is delivered to the second hop successfully or not. When the relay UE receives the data PDUs from the transmitting side, the relay UE knows the data delivery status in the second hop; e.g. based on HARQ ACK/NACK in MAC layer or ARQ ACK/NACK in RLC layer.
Observation 1: The relay UE knows whether the DL data PDU received from the gNB is delivered successfully to the remote UE over SL or the UL data received from the remote UE is delivered successfully to the relay UE over Uu.
RAN2 agreed the solution based on PDCP status report mechanism is used as the baseline. According to TS 38.323 of PDCP specification, PDCP status report is triggered upon PDCP entity re-establishment or PDCP data recovery requested from upper layer in the target gNB, so the PDCP status report from the remote UE on DL data reception will be sent to the target gNB after UE performs the inter-gNB path switching successfully. However, the PDCP status report will not be triggered to send to the source gNB. Or even the new mechanism is introduced to trigger the PDCP status report to the source gNB, the delivery of the PDCP status report to the source gNB may not be robust enough during the inter-gNB path switching as the poor indirect path performance with the source gNB is usually the trigger to inter-gNB path switching. If the source gNB doesn’t have information carried in PDCP status report, the source gNB doesn’t know the PDCP PDUs has been delivered to the remote UE successfully or not even the acknowledgement from the lower layers over Uu interface is received. Thus, the PDCP PDUs that has been acknowledged at RLC layer on Uu interface between gNB and the relay UE but has not been successfully delivered to the remote UE over PC5 link may not be forwarded to the target gNB if the current specification on PDCP status report and PDCP data recovery are followed.
Observation 2: As the source gNB considers a PDCP PDU delivered based on RLC acknowledgement received from the relay UE, the source gNB may not forward all PDCP PDUs that are undelivered to the remote UE to the target gNB without any further information from the relay UE or the remote UE.
As discussed above, transmission of PDCP status report from the remote UE to the source gNB is not reliable enough during inter-gNB path switching. While 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 gNB will help the source gNB to determine the DL data forwarding to the target gNB. The indication or assistance information can carry the information of data transmission status in the second hop of the indirect path. Based on the indication, the source gNB can determine which data has not been delivered to the remote UE and should be forwarded to the target gNB. Thus, the data loss during inter-gNB indirect-to-direct or indirect-to-indirect path switching can be avoided. 
Proposal 1: RAN2 to discuss the solution of introducing the indication of DL data transmission status from the relay UE to the gNB to avoid the data loss for inter-gNB path switching. 
The indication of the data transmission status may be specified in the following options:
· Option 1: a simple indication that there is received data in the relay UE from the gNB, but not yet delivered to the remote UE successfully. Based on this indication, the source gNB can forward all the buffered PDCP PDUs (acknowledged or non-acknowledged from the lower layers) to the target gNBs. 
· Option 2: the indication includes further information, e.g., the number of TBs that is received from the gNB, but not delivered to the remote UE successfully yet, or the list of RLC SNs or the earliest RLC SN that the relay UE received from the gNB, but not delivered to the remote UE successfully yet. Based on the indication, the source gNB can identify which data has been acknowledged from the lower layers but still not delivered to the remote UE successfully so that those data should be forwarded to the target gNB.
Proposal 2: RAN 2 to discuss and agree option 1 or option 2 as the indication of the data transmission status from the relay UE to the gNB. 
Regarding the signalling message to transmit the indication from the relay UE to the gNB, either RRC signalling message or MAC CE can be used.
Proposal 3: RAN2 to discuss and agree whether RRC signalling or MAC CE is used to transmit the indication of the data transmission status from the relay UE to the gNB.
3	Conclusion
This document has made the following observations and proposals:
Observation 1: The relay UE knows whether the DL data PDU received from the gNB is delivered successfully to the remote UE over SL or the UL data received from the remote UE is delivered successfully to the relay UE over Uu.
Observation 2: As the source gNB considers a PDCP PDU delivered based on RLC acknowledgement received from the relay UE, the source gNB may not forward all PDCP PDUs that are undelivered to the remote UE to the target gNB without any further information from the relay UE or the remote UE.
Proposal 1: RAN2 to discuss the solution of introducing the indication of DL data transmission status from the relay UE to the gNB to avoid the data loss for inter-gNB path switching. 
Proposal 2: RAN 2 to discuss and agree option 1 or option 2 as the indication of the data transmission status from the relay UE to the gNB. 
Proposal 3: RAN2 to discuss and agree whether RRC signalling or MAC CE is used to transmit the indication of the data transmission status from the relay UE to the gNB.



