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[bookmark: _Ref488331639]Introduction
[bookmark: _Ref178064866]In the last meeting, RAN2 discussed the issue of lossless data delivery during inter-gNB path switch. There was consensus reached on the introduction of standardized mechanisms to resolve the issue.   
Agreement @RAN2#121:
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 issue and summarizes the possible mechanisms to use.
Discussion
The data loss for UL transmission during path switch
UL data transmission
In case of direct-to-indirect or indirect-to-indirect inter-gNB path switch for UE-to-Network relay, it is assumed that the gNB holding the PDCP entity for the radio bearers of the Remote UE changes after path switch. Then this scenario is like the inter-gNB handover for normal UEs as in legacy handover procedure.
In legacy handover, for RLC AM based radio bearer, if the target gNB receives the receiving status of UL PDCP in SN Status Transfer, the target gNB may use it in a PDCP Status Report sent to the UE. This will help the UE to determine if a PDCP packets should be retransmitted to the target gNB after handover.   
As specified by PDCP specification (i.e.,TS38.323), the current UL PDCP retransmission determines the boundary with reference to the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers.
During direct-to-indirect or indirect-to-indirect inter-gNB path switch, from Remote UE point of view, at PDCP layer, he may skip the packet that has already been successfully transmitted (i.e. acknowledged at PC5 RLC by Relay UE at the first hop) during his decision on the packet boundary for retransmission. In addition, the PDCP entity of Remote UE may discard the packet that has already been successfully transmitted (i.e. acknowledged at PC5 RLC by Relay UE at the first hop) when the discard timer expires. This means that during this type of path switch, even though the target gNB receives the receiving status of UL PDCP in SN Status Transfer message and use it to send the accurate PDCP status report to the Remote UE, the Remote UE may not be able to do retransmission for the missing UL packets (i.e. acknowledged at PC5 RLC by Relay UE at the first hop, but did not reach the gNB at the second hop).

In Rel-17, in intra-gNB path switch (Rel-17 scenario), the network may be able to solve the UL packet loss via network implementation. For example, the same gNB will be able to know about the missing UL PDCP packets and thus can wait until the RLC packets corresponding to these PDCP packets are all received via the indirect Uu before releasing the indirect Uu resources with Relay UE, which reduces the possibility to lose the UL packets. However, for the inter-gNB scenario (Rel-18 scenario), following the same example as described above, it may require the source gNB to keep the UE context (Remote UE and Relay UE) until the missing packets are received (which means the source gNB should not release the Uu after sending the HO comment). Then source gNB needs to forward them to the target gNB, even after the completion of the path switch. 
As can be seen, network implementation (i.e., Rel-17 mechanism) cannot handle Rel-18 scenario if no unusual specs change is done. Based on these analysis, we think there is a need to ensure the UL data transmission without loss via standardized mechanisms. 
DL data transmission
The similar issue is existing at DL direction. In legacy handover, for RLC AM based radio bearer, from source gNB perspective, the unacknowledged PDCP SDUs are forwarded to target gNB during handover. In addition, the PDCP Status Report (by UE report) helps target gNB to skip the PDCP SDUs that are received by UE, but source gNB has not received the acknowledgement from the UE. 
If we assume the symmetric operation of PDCP entity be adopted by Base Station in practical implementation, logically the similar issue, as discussed for UL data loss, should be applicable to DL also. The only thing different is that the sender of the data for retransmission is changed from source gNB to target gNB. In addition, target gNB determines the retransmission boundary for PDCP packets PDCP Status Report reported by the UE and the packets forwarded from source gNB.   
For the packets that was acknowledged at Uu RLC by Relay UE at the first hop, but did not reach the Remote UE at the second hop (i.e. PC5), the source gNB may discard them when the discard timers expire, then source gNB has no chance to forward these packets to target gNB for retransmission, which will lead to data loss at downlink data transmission.   
In intra-gNB path switch (Rel-17 scenario), the network may be able to configure a long enough PDCP discard timer to hold the concerned PDCP packets, or use other private mechanism to keep the packets at the gNB. Then the gNB can perform DL packet retransmission when it is not acknowledged by PDCP status report from the UE later on. 
For the inter-gNB scenario (Rel-18 scenario), following the same example as described above, it may require the target gNB to fetch the missing PDCP packets from source gNB based on the UE PDCP status report after path switch, which requires the source gNB to keep the PDCP packets after the completion of path switch.  This is an unusual handling and may be extremely difficult within the multi-vendor deployment scenarios. 
Hence, we reach the same conclusion that network implementation (i.e., Rel-17 mechanism) cannot handle Rel-18 scenario if no unusual specs change is done. Based on these analysis, we think there is a need to ensure the DL data transmission without loss via standardized mechanisms. 

Observation: For both UL and DL data transmission during inter-gNB path switch for U2N relay, network implementation (i.e., Rel-17 mechanism) cannot handle the data loss for Rel-18 scenario if no unusual specs change is done.  

UL data loss avoidance 
From uplink perspective, as the first option, Relay UE can maintain the transmission status between the received PC5 RLC packets and the outgoing Uu RLC packets. When providing RLC status report to Remote UE, the Relay UE only provides the positive feedback to Remote UE on the PC5 RLC packets, of which the corresponding Uu RLC packets have been successfully transmitted to source gNB via Uu RLC (which means acknowledgements have been received for these packets over Uu from source gNB). As in legacy handling, the Remote UE will not indicate its successful transmission of such packets (ACKed at PC5 RLC, not ACKed at Uu RLC) to PDCP layer, since the positive acknowledgement for these packets is postponed by Relay UE. The direct consequence of this mechanism is that it will trigger the Remote UE to resend these packets (ACKed at PC5 RLC, not ACKed at Uu RLC) to Relay UE, when receiving the RLC status report indicating NACK on these packets. When receiving the retransmitted such packets, Relay UE can ignore such packets (mis-retransmission) and should not forward such packets over the Uu RLC again. 
As the second option, the UE’s PDCP behaviour can be changed to avoid data loss. The essential reason for the UL data loss during inter-gNB path switch (i.e., handover) is that the current UL PDCP retransmission will determine the boundary with reference to the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers. If following the principle of legacy handover, it can be assumed that the target gNB would send a PDCP Status Report to the Remote UE after path switch, in order to help the Remote UE to decide the retransmission boundary for the PDCP SDUs. 
This option basically requires the Remote UE to determine the PDCP SDUs for retransmission to the target gNB after path switch based on the following:   
the PDCP SDUs indicated as missing according to the PDCP status report if it is received from target gNB, for the Remote UE during inter-gNB path switch scenario; and 
the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers
This option can reduce the data loss during path switch since more PDCP SDUs can be retransmitted from Remote UE to the target gNB at PDCP layer.

As the third option, additional indication can be added by Relay UE within the RLC status report when providing that report to Remote UE for the RLC packets. The additional information can be the status of the acknowledgement at the second hop (i.e., Uu). When receiving the RLC status report including this additional information, Remote UE’s RLC entity calculates the corresponding PDCP SDU packet based on the RLC status report and feedback to PDCP entity to indicate the transmission status of the PDCP packets. In this case, PDCP entity is fully aware of the transmission status of the PDCP SDUs at both first hop and second hop. Remote UE can decide the retransmission boundary for the PDCP SDUs based on both transmission status as received from its RLC layer and the PDCP Status Report he may receive from the target gNB. With this option, Remote UE’s PDCP entity will potentially retransmit missing PDCP packets at the second hop, if the PDCP packet was not discarded due to expiration of PDCP discard timer.   

Proposal-1:  RAN2 to discuss the following options for UL data loss avoidance.
Option 1: Relay UE delays its RLC Ack to Remote UE if successful transmission at Uu is not confirmed
Option 2: Remote UE’s PDCP determines the PDCP SDUs for retransmission based on the PDCP SDUs indicated as missing according to the PDCP status report from target gNB.  
Option 3: Relay UE provides the full transmission status to Remote UE at PC5 RLC. Remote UE’s RLC layer inform it to PDCP layer, which determines the PDCP SDUs for retransmission accordingly 

DL data loss avoidance 
The first option for DL data loss avoidance may be similar to UL case. Relay UE can maintain the transmission status between the received Uu RLC packets and the outgoing PC5 RLC packets. When providing RLC status report to source gNB, the Relay UE only provides the positive feedback to source gNB on the Uu RLC packets, of which the corresponding PC5 RLC packets have been successfully transmitted to Remote UE via PC5 RLC, which means acknowledgements have been received for these packets over PC5 from Remote UE. Base station’s PDCP/RLC entity operation is not specified by 3GPP, but we assume the symmetric operation of PDCP/RLC entity corresponding to UE side is adopted by Base Station. As in legacy symmetric RLC operation, the source gNB’ RLC does not indicate its successful transmission of such packets (ACKed at Uu RLC, not ACKed at PC5 RLC) to its PDCP layer, since the positive acknowledgement for these packets is postponed by Relay UE.

As discussed in section 2.1, the essential reason for the DL data loss during inter-gNB path switch (i.e., handover) is that source gNB may discard the PDCP packet when the discard timer of that PDCP packet expires. In legacy handover, source gNB forwards unacknowledged PDCP SDUs to target gNB. Target gNB determines the PDCP packets for transmission based on the PDCP status report from UE after handover. A potential option would need basically to enable the source gNB forwards more PDCP SDUs to target gNB in order to avoid data loss. As discussed for UL case, we think that, additional indication can be added by Relay UE within the RLC status report when providing that report to source gNB for the RLC packets. The additional information can be the status of the acknowledgement at the second hop (i.e., PC5). When receiving the RLC status report including this additional information, source gNB UE’s RLC entity may calculate the corresponding PDCP SDU packet based on the RLC status report. If these information can be provided to source gNB’s PDCP entity. The source gNB may decide to forward the corresponding PDCP SDUs to target gNB for the potential retransmission to the Remote UE, in order to avoid data loss at DL.

Proposal-2:  RAN2 to discuss the following options for DL data loss avoidance.
Option 1: Relay UE delays its RLC Ack to source gNB if successful transmission at PC5 is not confirmed
Option 2: Relay UE provides the full transmission status to source gNB at PC5 RLC. The source gNB’s RLC layer informs it to PDCP layer, which determines the PDCP SDUs for forwarding to target gNB accordingly

Conclusion and Proposal
We have the following proposals:
Observation: For both UL and DL data transmission during inter-gNB path switch for U2N relay, network implementation (i.e., Rel-17 mechanism) cannot handle the data loss for Rel-18 scenario if no unusual specs change is done.

Proposal-1:  RAN2 to discuss the following options for UL data loss avoidance.
Option 1: Relay UE delays its RLC Ack to Remote UE if successful transmission at Uu is not confirmed
Option 2: Remote UE’s PDCP determines the PDCP SDUs for retransmission based on the PDCP SDUs indicated as missing according to the PDCP status report from target gNB.  
Option 3: Relay UE provides the full transmission status to Remote UE at PC5 RLC. Remote UE’s RLC layer inform it to PDCP layer, which determines the PDCP SDUs for retransmission accordingly

Proposal-2:  RAN2 to discuss the following options for DL data loss avoidance.
Option 1: Relay UE delays its RLC Ack to source gNB if successful transmission at PC5 is not confirmed
Option 2: Relay UE provides the full transmission status to source gNB at PC5 RLC. The source gNB’s RLC layer informs it to PDCP layer, which determines the PDCP SDUs for forwarding to target gNB accordingly
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