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1 Introduction
In RAN2#120, the issue of lossless data delivery in the inter-gNB indirect to indirect/direct was discussed and it was agreed that [1]:

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 contribution proposes some possible solutions to address lossless packet delivery in the UL/DL. 
2 Discussion

Consider the indirect/indirect path switch scenario shown below.
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As we have discussed in detail in [2], the main reason for a possible packet loss in UL/DL during indirect to indirect/direct HO is that PDCP re-establishment, which is typically performed after a HO, will not result in the retransmission of PDCP packets that have already been ACKed by lower layers (as specified in PDCP re-establishment procedure in 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:
Packet loss during indirect to indirect/direct path switching by the remote UE is caused by PDCP re-establishment not retransmitting the PDUs whose reception is confirmed by lower layers even though they may still have been pending to be transmitted to the UE (in the DL) or gNB (in the UL). 

For the UL, one way to address this issue is for the relay UE to delay the sending of the RLC ACKs over the SL until the corresponding RLC packet is ACKed by the gNB over the backhaul Uu. Similarly, for the DL, the relay UE can delay the sending of the RLC ACKs over the Uu until the corresponding RLC packet is ACKed by the remote UE over the SL. This solution is transparent to the remote UE and the gNB but will require changes at the relay UE (e.g., delaying the sending of RLC ACKs, book-keeping the relationship between the RLC packets over the SL and the Uu, etc.,). Additionally, this solution makes the hop-by-hop RLC design of the SL relaying to operate in a way like E2E RLC, resulting some disadvantages such as increased RLC window size/memory requirements at the remote UE/gNB and associated reduced throughput.

Observation 2:
Lossless path switching from indirect to indirect/direct can be achieved by the relay UE delaying the transmission of the RLC ACKs over the SL until the corresponding RLC packets are ACKed over the Uu (for UL packets) and delaying the transmission of the RLC ACKs over the Uu until the corresponding RLC packets are ACKed over the SL (for DL packets).

Observation 3:
Delaying RLC ACKs by the relay UE, though transparent to the remote UE/gNB, may result in undesirable behaviour such as increased RLC window size, loss of throughput and complexity at the relay UE in keeping track of the relationship between the RLC packets on the Uu and SL.
Another way to address the lossless path switching in the UL is by changing the remote UE behaviour so that upon PDCP re-establishment, the UE transmits/retransmits all PDUs that are in the transmit buffer, even those which have already been ACKed by lower layers. This will ensure that there will be no UL packet loss upon path switch from indirect to indirect/direct, as long as the PDU has not been discarded already due to the expiry of the discard timer. The same principle can be applied at the gNB (though that is up to gNB implementation). However, this may result in some redundant retransmissions (as the PDU may have already been received at the peer entity).

Observation 4:
PDCP re-establishment procedure upon indirect to indirect/direct path switching can be modified to enable the retransmission of PDCP PDUs that have already been ACKed by lower layers to prevent packet loss. However, this may lead to unnecessary retransmissions.

In PDCP, the reception of a status PDU is used to determine whether a PDU is received properly at the receiving entity and if so, the corresponding PDCP SDU will be discarded even before the discard timer for it has not expired.  

For AM DRBs, when a PDCP status report is received in the downlink or in the sidelink, the transmitting PDCP entity shall:

-
consider for each PDCP SDU, if any, with the bit in the bitmap set to '1', or with the associated COUNT value less than the value of FMC field as successfully delivered, and discard the PDCP SDU as specified in clause 5.3.
Thus, the PDCP does not take immediate action on the PDUs that have been marked as not received. This is inline with PDCP design, as PDCP does not perform ARQ. 

However, in the case of path switching from indirect to indirect/direct, if the UE receives a PDCP status PDU from the target after the path switching, it makes sense for the UE to retransmit those PDUs indicated as not received, if they are still available at the transmit buffer (i.e., discard timer has not expired for the corresponding PDCP SDU).  This is because these PDUs are not going to be retransmitted at the lower layers (e.g., RLC/MAC) as the RLC/MAC buffers are flushed after the path switching.  This will also not result in unnecessary retransmission as in the modified PDCP re-establishment procedure discussed above. However, since the UE has to wait for the reception of the status PDU from the gNB, there is an extra delay (at least one RTT) before the PDUs can be retransmitted by the UE. Similar approach can be taken by the gNB when it comes to the DL (as the UE triggers PDCP status reporting upon PDCP re-establishment). Also, care must be taken to ensure that that this behaviour is applied only immediately after the path switching (i.e., PDCP status PDU reception in other cases will not result retransmissions) to inadvertently introduce PDCP level ARQ at all times.
Observation 5:
By retransmitting PDUs not ACKed in the PDCP status PDU received (immediately) after an indirect to indirect/direct path switching, UL/DL packet loss can be prevented. However, it should be ensured that this behaviour is applied only immediately after the path switching (i.e., PDCP status PDU reception in other cases will not result retransmissions) to not inadvertently introduce PDCP level ARQ.
The table below summarizes the pros and cons of the three solutions discussed above.

	
	Description
	Pros
	Cons

	Solution 1
	Relay UE delays the sending of RLC ACKs over SL until the reception of the ACKs for the corresponding RLC packets over Uu (or vice versa for the DL)
	Transparent to UE/gNB

	Relay UE complexity/specification impact

Increased requirements (e.g., RLC window size) 

Possible throughput degradation

	Solution 2
	PDCP re-establishment retransmits PDUs that are already ACKed by lower layers
	Low specification impact 
	May result in unnecessary retransmissions

	Solution 3
	Reception of PDCP status PDU after path switching results in retransmission of unACKed PDUs.
	Prevents unnecessary retransmission
	Specification impact to ensure this is triggered only once after a path switching from indirect to direct.
Extra RTT delay before the missing PDUs can be retransmitted


We propose that RAN2 to consider the above description of the solutions, their pros/cons, and choose one of them to resolve the issue of packet loss during path switching from indirect.

Proposal 1:
Select one of the following solutions for packet loss prevention during path switching from indirect:

1. Relay UE delaying the sending of RLC ACKs over SL until the reception of the ACKs for the corresponding RLC packets over Uu (or vice versa for the DL).
2. PDCP re-establishment retransmits PDUs that are already ACKed by lower layers.
3. Reception of PDCP status PDU after path switching results in retransmission of unACKed PDUs.

3 Conclusion
In this contribution, the following observations are made regarding solutions for preventing UL/DL packet loss during inter-gNB indirect to indirect/direct path switch:
Observation 1:
Packet loss during indirect to indirect/direct path switching by the remote UE is caused by PDCP re-establishment not retransmitting the PDUs whose reception is confirmed by lower layers even though they may still have been pending to be transmitted to the UE (in the DL) or gNB (in the UL). 

Observation 2:
Lossless path switching from indirect to indirect/direct can be achieved by the relay UE delaying the transmission of the RLC ACKs over the SL until the corresponding RLC packets are ACKed over the Uu (for UL packets) and delaying the transmission of the RLC ACKs over the Uu until the corresponding RLC packets are ACKed over the SL (for DL packets).

Observation 3:
Delaying RLC ACKs by the relay UE, though transparent to the remote UE/gNB, may result in undesirable behaviour such as increased RLC window size, loss of throughput and complexity at the relay UE in keeping track of the relationship between the RLC packets on the Uu and SL.

Observation 4:
PDCP re-establishment procedure upon indirect to indirect/direct path switching can be modified to enable the retransmission of PDCP PDUs that have already been ACKed by lower layers to prevent packet loss. However, this may lead to unnecessary retransmissions.

Observation 5:
By retransmitting PDUs not ACKed in the PDCP status PDU received (immediately) after an indirect to indirect/direct path switching, UL/DL packet loss can be prevented. However, it should be ensured that this behaviour is applied only immediately after the path switching (i.e., PDCP status PDU reception in other cases will not result retransmissions) to not inadvertently introduce PDCP level ARQ.

Based on these observations, the following is proposed:

Proposal 1:
Select one of the following solutions for packet loss prevention during path switching from indirect:

1. Relay UE delaying the sending of RLC ACKs over SL until the reception of the ACKs for the corresponding RLC packets over Uu (or vice versa for the DL).
2. PDCP re-establishment retransmits PDUs that are already ACKed by lower layers.

3. Reception of PDCP status PDU after path switching results in retransmission of unACKed PDUs.
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