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1 Introduction
In RAN3#117-e, it was agreed that [1]:

Regarding the support of lossless data delivery during path switch, RAN3 would wait for RAN2’s progress first.

In RAN2#120, RAN2 discussed lossless service continuity and the following agreement was made [2]: 

Agreement:

RAN2 will investigate whether providing lossless delivery in DL and UL in the inter-gNB service continuity cases is feasible using Rel-17 mechanisms.

This contribution provides details regarding this investigation.
2 Discussion

Consider the indirect/indirect path switch scenario shown below.
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Assume that by the time the HO command was received at the remote UE (i.e., message 6 received), the PDCP buffer at the remote UE looks like this (where the Nx represent PDCP PDU sequence numbers):

	Nx
	Nx+1
	Nx+2
	Nx+3
	Nx+4
	Nx+5
	Nx+6
	Nx+7


Assume the following:

· All the RLC packets corresponding to packets Nx and Nx+1 were received at the source gNB (but Nx and Nx+1 still in the PDCP buffer due to PDCP discard timer still running and PDCP status not received).

· All the RLC packets corresponding to packets Nx+2 to Nx+5 were received at the source relay UE, but all of these RLC packets not received yet at the source gNB (i.e., pending transmission between the source relay UE and source gNB).
· None of the RLC packets corresponding to Nx+6 and Nx+7 were received yet at the source relay UE

From the remote UEs point of view, Nx to Nx+5 have already been successfully transmitted, as they are all ACKed at RLC level by the source relay UE. Thus, when the remote UE receives the HO command, which contains an indication to re-establish the PDCP, the remote UE will only retransmit packets Nx+6 and Nx+7 to the target, as specified in PDCP spec (TS 38.323):

for AM DRBs whose PDCP entities were not suspended, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP entity re-establishment.
Observation 1:
NR PDCP was designed with a one-hop link in mind, and as such, during indirect to direct/indirect path switch, a PDCP packet with corresponding RLC packets that are ACKed over the SL but not over the Uu is not retransmitted to the target gNB, leading to UL packet loss.
In the DL, the RLC packets corresponding to the PDCP packets sent by the source gNB may have been ACKed by the source relay UE, but they may be pending transmission over the SL towards the remote UE when the HO occurs. Unless the network associates a very high PDCP discard timer, which is not practical, we will have similar problem as in the UL regarding packet loss during a path switch from indirect link. 

Observation 2:
DL packet loss could also occur during indirect to direct/indirect path switch, as a DL PDCP packet with corresponding RLC packets that are ACKed over the Uu but not over the SL may not be retransmitted to the UE via the target gNB if the source gNB has already discarded them (e.g., due to discard timer expiry).
In intra-gNB path switch, the network may be able to solve the UL packet loss via network implementation. For example, from the PDCP status report sent from the UE upon the PDCP re-establishment during HO, gNB will be able to know about the missing PDCP packets and thus can wait until the RLC packets corresponding to these PDCP packets are all received via the backhaul Uu before releasing the backhaul Uu resources associated with the remote UE. 

Observation 3:
In the intra-gNB scenario, UL packet loss may be prevented via network implementation.

However, for the inter-gNB scenario, this may not be possible to do via implementation (e.g., in the multi-vendor scenario) or complicated/sub-optimal even for the single vendor case. For example, Xn changes may be required to enable the forwarding of PDCP status report received from the UE at the target gNB so that the source gNB can keep the UE context (remote UE and relay UE) until the missing packets are received and forward them to the target gNB. That is, the source gNB may need to maintain the backhaul Uu link even after the HO command was sent to the remote UE, just in case there are missing packets. Even if the forwarding was possible, this may lead to out of packet delivery (e.g., Nx+6 may have been received earlier at the target gNB than Nx+5, which is later forwarded from the source), which could cause performance issues at the application layer (e.g., TCP may trigger transmit/receive window reduction, and hence throughput penalty, as it may assume the out of order reception as an indication of packet loss).  If in-order delivery was configured on the gNB side, there could be interruption of UL data while the target gNB is waiting for the missing packets.
Observation 4:
For the inter-gNB scenario, it may not be possible to solve the UL packet loss problem via network implementation (e.g., multi-vendor case, where Xn changes are required), and even in the case of a single vendor, it will be complicated or/and suboptimal.  
Network implementation could also be used to solve the issue for the DL in the intra-gNB scenario, maybe even easier than for the UL case, as the packets may still be available at the gNB (assuming the network has configured long enough PDCP discard timers). However, in the inter-gNB scenario, the situation is very similar to the UL case, except for the difference that the source gNB may still have the concerned packets in its buffer.

Observation 5:
Network implementation may be able to prevent DL packet loss for the intra-gNB scenario some extent, but it is suboptimal or not possible for the inter-gNB scenario. 

Considering the above, we propose:
Proposal 1:
RAN2 to discuss how to avoid packet loss during the inter-gNB path switch from indirect to direct/indirect.
3 Conclusion
In this contribution, the following observations are made regarding UL/DL packet loss during inter-gNB indirect to indirect/direct path switch:
Observation 1:
NR PDCP was designed with a one-hop link in mind, and as such, during indirect to direct/indirect path switch, a PDCP packet with corresponding RLC packets that are ACKed over the SL but not over the Uu is not retransmitted to the target gNB, leading to UL packet loss.

Observation 2:
DL packet loss could also occur during indirect to direct/indirect path switch, as a DL PDCP packet with corresponding RLC packets that are ACKed over the Uu but not over the SL may not be retransmitted to the UE via the target gNB if the source gNB has already discarded them (e.g., due to discard timer expiry).

Observation 3:
In the intra-gNB scenario, UL packet loss may be prevented via network implementation.

Observation 4:
For the inter-gNB scenario, it may not be possible to solve the UL packet loss problem via network implementation (e.g., multi-vendor case, where Xn changes are required), and even in the case of a single vendor, it will be complicated or/and suboptimal.  

Observation 5:
Network implementation may be able to prevent DL packet loss for the intra-gNB scenario some extent, but it is suboptimal or not possible for the inter-gNB scenario. 

Based on these observations, the following is proposed:

Proposal 1:
RAN2 to discuss how to avoid packet loss during the inter-gNB path switch from indirect to direct/indirect.
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