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[bookmark: OLE_LINK99][bookmark: OLE_LINK98]For service continuity, we discussed lossless handover for UL and DL in last meeting. Companies shared their view for the candidate solution in contribution [1], however, the discussion does not converge completely. In this contribution, we will further discuss the solutions of lossless handover for UL and DL for i2x path switching.

[bookmark: OLE_LINK71][bookmark: OLE_LINK72]RAN2 Agreements:
· RAN2 consider that lossless data delivery in the inter-gNB i2x cases needs to be addressed.  
· 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.
[bookmark: _Hlk59519022]Discussion
Uplink Lossless delivery
In last RAN2 meeting, we achieved preliminary conclusion that solution-U3 and U5 can be further discussed. However, as indicated in the offline discussion, some companies still have concerns about the performance of those solutions, especially how to configure appropriate discardTimer at PDCP transmitting entity.
Before discussing the details of uplink solutions, we quote the legacy behaviors for PDCP entity re-establishment, packets discard and re-transmission as described in TS38.323. The transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU, when the discardTimer expires, or the successful delivery of a PDCP SDU is confirmed by PDCP status report. The transmitting PDCP entity performs retransmission of the PDCP SDUs from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU that has not been confirmed by lower layers. The PDCP status report, the FMC can indicate the first missing PDCP PDU, and the bitmap field indicates which SDUs are missing and which SDUs are correctly received in the receiving PDCP entity, as shown in Fig.1. 


Fig.1 PDCP entity re-establishment and re-transmission
When it comes to solution-U3, the upper layers of remote UE requests a PDCP entity re-establishment during inter-gNB handover, and the gNB provides the PDCP status report to remote UE. Different from legacy PDCP entity re-establishment procedure, in SL relay, the receiving status at gNB may be delayed than transmitting status which is confirmed by lower layer on first hop, in another word, the packets that be successfully received in gNB almost are confirmed by Relay UE RLC entity. So, whether those lost data can be re-transmitted depends on whether their corresponding discardTimer are expired. As shown in Fig.2, the first missing packet is still in the buffer, although it has been confirmed by lower layer. For such case, if the PDCP entity re-transmits the data based on the PDCP status report, the UL lossless issue can be solved. For the case that missing data had not been discarded by PDCP transmitting entity, as illustrate in Fig.3, the missing data can not be re-transmitted.  


[bookmark: OLE_LINK1]Fig.2 Case that missing data had not been discarded by PDCP transmitting entity


Fig.3 Case that missing data had been discarded by PDCP transmitting entity
[bookmark: _GoBack]As we analysis above, solution-U3 can not solve the uplink lossless delivery, unless a proper discard timer is configured. The configuration of the discard timer can be left to gNB implementation. However, the buffer size at PDCP transmitting entity and the transmission latency should be considered when long discard timer is configured. 
Observation 1: Solution-U3 can not solve the uplink lossless delivery, unless a proper discard timer is configured. 
Observation 2: Buffer size at PDCP transmitting entity and the transmission latency should be considered when long discard timer is configured. 
For solution-U5, the source relay UE configuration for relaying should be kept until all the remote UE’ UL data is delivered to gNB. Firstly, this solution is too much relay on network implementation, to setting a longer release timer or does not release Remote UE Uu context in the Relay UE, which may bring some implementation complexity to network. Secondly, with the solution-U5, during the data delivery from relay UE to source gNB, the source gNB and target gNB may need some information about whether the delivery procedure is finished or not. We do not think it is a good solution that left all thing to complementation. Thirdly, solution-U5 may have some impacts to Xn interface, it can be discussed and evaluate in RAN3.
Observation 3: Solution-U5 is too much relay on network implementation, and the impacts to Xn interface need further discussion in RAN3.
We understand that the key point for UL lossless delivery is how to inform remote UE the real receiving condition as accuracy as possible, and how to store the dedicated data packet in PDCP transmitting buffer. If the data is not successfully transmitted, it can not be discarded, even though its discard timer is expired. So, indicator from relay UE or gNB to remote UE can be introduced to inform the UL data transmission condition. Considering the overhead of indicator, it can be triggered during the inter-gNB i2x handover only.
Proposal 1: Indicator from relay UE or gNB to remote UE can be introduced to inform the UL data transmission condition. 
Proposal 2: Indicator can be triggered during the inter-gNB i2x handover only.
Downlink Lossless delivery
As concluded in last meeting, solution-D4 is considered as baseline, and solution-D3 an D5 can be further discussed. 
For solution-D3, PDCP status report to source gNB should be triggered before the source gNB perform SN status transfer to target gNB. In this solution, The time or condition to trigger the PDCP status report may have influence on performance of that solution. The early PDCP status report can not exactly reflect the data receiving condition at remote UE, and the late PDCP status report may be fail to be transmitted to source gNB, because of the deteriorating indirect path quality. So, we suggest to exclude solution-D3 for downlink lossless delivery.
Proposal 3: Excluding solution-D3 for downlink lossless delivery.

For solution-D4, the target gNB requests the source gNB to additionally forward the missing DL packets that were not forwarded earlier after receiving the PDCP status report. An indicator from target gNB to source gNB is needed at Xn interface to indicator the missing DL packet. The source gNB should forwarding the missing data. As in solution-D4, an indicator for missing data and data forwarding procedure are introduced, which may increase the complexity for network implementation.
Proposal 4: Indicator for missing data and data forwarding procedure after RAN HO Completion shall be introduced as solution-D4.
For solution-D5, source gNB may forwarding all the buffered data at PDCP transmitting entity to target gNB. Comparing with solution-D4, the indicator from target gNB to source gNB is not needed. However, as solution-D5, all the data in PDCP transmitting buffer should be forwarded to target gNB, which brings lots of overhead to Xn interface. 
Proposal 5: Data forwarding procedure after RAN HO Completion shall be introduced as solution-D5.
As we analysis above, the complexity for network implementation should be evaluated in RAN3, instead of RAN2 makes decision on that. So, we propose to inform RAN3 the solution-D4 and solution-D5, and left the final decision to RAN3. 
Proposal 6: Ask RAN2 to inform solution-D4 and solution-D5 to RAN3, and left the final decision to RAN3. 
Procedure for intra-gNB indirect to indirect path switching
As discussed in last meeting, the inter-gNB path switching could be introduced to TS38.300 by RAN3. In this contribution, we only provide the procedure for the intra-gNB path switching from indirect to indirect path. 


Fig.4 Intra-gNB indirect-to-indirect path switching
The signalling flow for U2N remote UE switching from indirect path to indirect path under same gNB is shown as follows,
1.	The gNB configures the UE measurement procedures and the UE reports according to the measurement configuration.
2.	The gNB decides to handover the UE to target relay UE of same gNB, based on MeasurementReport.
3.	The gNB sends RRCReconfiguration message to the U2N Remote UE. The RRCReconfiguration message includes L2 U2N Relay UE ID, PC5 Relay RLC channel configuration for relay traffic at least.
4. The The gNB sends RRCReconfiguration message to the target Relay UE, which includes at least the Remote UE's L2 ID and local ID, Uu and PC5 Relay RLC channel configuration for relay traffic and bearer mapping configuration.
5. The gNB sends RRCReconfiguration message to the source Relay UE to reconfigure the connection between the source relay UE and the gNB.
6. Remote UE establishes PC5 connection to target relay UE, if not exist.
7. Remote UE sends the RRCReconfigurationComplete message to gNB via the target Relay UE.
8. Either source Relay UE or Remote UE can initiate the PC5 unicast link release. 
Proposal 7: It is proposed to agree the overall procedure in Fig.4 as a baseline to support intra-gNB indirect to indirect path switching.
Conclusions
According the above discussion we have following proposals: 
Observation 1: Solution-U3 can not solve the uplink lossless delivery, unless a proper discard timer is configured. 
Observation 2: Buffer size at PDCP transmitting entity and the transmission latency should be considered when long discard timer is configured. 
Observation 3: Solution-U5 is too much relay on network implementation, and the impacts to Xn interface need further discussion in RAN3.
Proposal 1: Indicator from relay UE or gNB to remote UE can be introduced to inform the UL data transmission condition. 
Proposal 2: Indicator can be triggered during the inter-gNB i2x handover only.
Proposal 3: Excluding solution-D3 for downlink lossless delivery.
Proposal 4: Indicator for missing data and data forwarding procedure after RAN HO Completion shall be introduced as solution-D4.
Proposal 5: Data forwarding procedure after RAN HO Completion shall be introduced as solution-D5.
Proposal 6: Ask RAN2 to inform solution-D4 and solution-D5 to RAN3, and left the final decision to RAN3. 
Proposal 7: It is proposed to agree the overall procedure in Fig.4 as a baseline to support intra-gNB indirect to indirect path switching.
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