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1 Introduction

In RAN2#101, it was agreed that for LTE HRLLC session

Agreements:
2
 At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
In RAN2#101bis, it was agreed that for NR user plane that
· At PDCP data recovery, for AM DRBs, when retransmitting PDCP PDUs, if PDCP duplication is configured and activated, duplicated PDCP PDUs are submitted to both associated RLC entities.
In this contribution, we discuss the left issues for PDCP data recovery duplication operation, focusing on LTE system.
2 Discussion
In general, for LTE, there could be two types of procedures where PDCP data recovery is to be used
:

· Procedure-1: Bearer type change from split bearer to non-split bearer without key change; 

· Procedure-2: Inter-SN mobility of split bearer without key change;

For both procedures, where one RLC entity is kept (not re-established) during the data recovery, and if the bearer is configured with PDCP duplication and is activated before data recovery, the re-transmitted PDCP PDUs already exist in the said RLC entity, which is kept (not re-established) during the PDCP data recovery.
Observation 1 The re-transmitted PDCP PDU already exists in one RLC entity which is not re-established during PDCP data recovery, if duplication is configured and activated before data recovery.
A summary of the cases can be summarized as follows

Table 1 Different cases of duplication w.r.t. data recovery 
	Case
	Duplication state before data recovery
	Duplication state after data recovery

	1
	Configured and activated
	Deconfigured

	2
	Configured and activated
	Configured and activated

	3
	Deconfigured
	Deconfigured

	4
	Deconfigured
	Configured and activated


In Table 1, the 4 cases can be divided into two types:
· Case 1/2: where each packet has been submitted to both associated RLC entities before the data recovery procedure, and thus the re-transmitted packet (PDCP PDUs previously submitted to re-established AM RLC entity for which the successful delivery has not been confirmed by lower layers.) has already existed in the RLC entity which is not re-established/released.

· Case 3/4: where each packet would be submitted to only one of the associated RLC entities before the data recovery procedure, and thus the re-transmitted packet (PDCP PDUs previously submitted to re-established AM RLC entity for which the successful delivery has not been confirmed by lower layers.) does not exist in any RLC entity after data recovery.

And thus we will focus on the case 1/2 in the following - We use Figure 1 to illustrate the scenario, where during the PDCP data recovery, RLC A is kept and thus not re-established, but RLC B1 is re-established and reconfigured as RLC B2. Before the data recovery, packets 1-6 are submitted to RLC A and B1, but only packets 1-4 are delivered successfully. So based on the current PDCP behavior, Packet 5-6 are to be re-transmitted.
perform retransmission of all the PDCP PDUs previously submitted to re-established AM RLC entity in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers.
If following the agreement from RAN2#101, the retransmission of packet 5-6 would be done via both RLC A and B2, although packet 5-6 has already been in RLC A.

2
 At PDCP data recovery, when retransmitting PDCP SDUs for AM DRBs, duplicated PDUs are submitted to both associated RLC entities when PDCP duplication is activated.
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Figure 1 Re-transmission of PDCP data recovery in case duplication is activated before data recovery, and there is one RLC entity which is not re-established / released
For Case 3/4, the current agreement is enough, i.e., the re-transmitted packet should be submitted 

· Either to a single associated RLC entity in case duplication is not activated after data recovery;

· Or to both associated RLC entity in case duplication is activated after data recovery;

For Case-1/2, the problem of existing packet in RLC A would make re-transmission via RLC A redundant.

Observation 2 The re-transmission is redundant for the RLC entities which are not re-established during data recovery, if duplication is configured and activated before data recovery.

To solve the issue for case-1/2, we see some solution alternatives as follows.

Alternative-1: Keep the current agreement as it is

In this case, we leave the duplicate packets 5-6 in RLC A as it is, but considering the duplicate discard procedure in PDCP (based on endorsed CR R2-1805999),
For the transmitting PDCP entity associated with two RLC entities, the transmitting PDCP entity shall:

-
if the successful delivery of a PDCP Data PDU is confirmed by one of the two associated RLC entities:

-
indicate to the other RLC entity to discard the duplicated PDCP Data PDU;

There is an ambiguity of UE operation, e.g.,
- When packet 5/6 in RLC B2 is delivered successfully, whether only one or both copy of packet 5/6 in RLC A to discard?

- When packet 5/6 (the blue ones which are submitted to RLC before data recovery) in RLC A is delivered successfully, whether to discard the re-transmitted ones (the green ones which are submitted to RLC due to data recovery).

So there would be an issue that how we define the UE behavior in this case.

Observation 3 Keep the agreement as it is, RAN2 needs to further clarify what is the UE behavior would be for the duplicate PDCP PDU in one RLC entity.

Alternative-2: Do not do PDCP PDU re-transmission for case 1/2
In this way, we do not bother to handle the various re-transmission cases, considering the packet anyway exist in one RLC entity. In other words, we limit the re-transmission to the case where duplication is not activated before data recovery.

This way would lose the duplication benefit for the PDCP PDU due to data recovery. But it is somehow easier to be captured in PDCP specification (as follows).

The TP can be found in Annex 5.1.

Alternative-3: Submit the re-transmitted PDU to RLC B2 only for case 2
In this way, we want to secure the duplication benefit for the retransmitted packet as well, i.e., data would be retransmitted to RLC B2 for the case 2 as well, even if there is already a packet in RLC A already. For case 1, no need to do re-transmission, since duplication benefit is not expected anyway, considering the duplication is deconfigured.

With the technical benefit, however, some specification effort is needed for this alternative, in order to first filter out the case 2, and then clarify the corresponding operation.

The TP can be found in Annex 5.2.

We summarize the pros and cons of different alternatives as follows, and ask RAN2 to clarify this issue.

Table 2 Comparison between alternatives
	Alternatives
	Advantages
	Disadvantages

	Alt-1
	Not need to change the agreement.
	Clarification on duplicate discard is needed for UE behaviour in this case.

	Alt-2 
	Smaller specification change
	Agreement is reverted
The PDCP duplication benefit is lost for data recovery

	Alt-3
	The PDCP duplication benefit is obtained for data recovery

	Agreement is reverted

Larger specification change


Proposal 1 RAN2 clarify that in case one RLC entity is kept (not re-established) during PDCP data recovery and if duplication is activated before and after data recovery, the retransmitted PDCP Data PDU is only submitted to the re-established RLC entity. 
Proposal 2 If RAN2 decides to keep the agreement as it is (i.e., Alternative-1 is selected), UE behavior for “two duplicate PDCP PDU in one RLC entity” needs to be clarified.
3 Conclusion
Based on the discussion in section 2, we observe:

Observation 1
The re-transmitted PDCP PDU already exists in one RLC entity which is not re-established during PDCP data recovery, if duplication is configured and activated before data recovery.
Observation 2
The re-transmission is redundant for the RLC entities which are not re-established during data recovery, if duplication is configured and activated before data recovery.
Observation 3
Keep the agreement as it is, RAN2 needs to further clarify what is the UE behavior would be for the duplicate PDCP PDU in one RLC entity.


Based on the observation, we propose:
Proposal 1
RAN2 clarify that in case one RLC entity is kept (not re-established) during PDCP data recovery and if duplication is activated before and after data recovery, the retransmitted PDCP Data PDU is only submitted to the re-established RLC entity.
Proposal 2
If RAN2 decides to keep the agreement as it is (i.e., Alternative-1 is selected), UE behavior for “two duplicate PDCP PDU in one RLC entity” needs to be clarified.


4 Reference
[1] 3GPP TS 36.323: "E-UTRA PDCP specification".
[2] 3GPP TS 38.323: "NR PDCP specification".
5 Annex
5.1 TP for Alternative-2:

Beginning of changes
5.9
PDCP Data Recovery procedure

When upper layers request a PDCP Data Recovery for a radio bearer, the UE shall:

-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report as described in subclause 5.3.1, and submit it to lower layers as the first PDCP PDU for the transmission;

-
perform retransmission of all the PDCP PDUs previously submitted to re-established AM RLC entity in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers, if duplication is not activated before data recovery.

After performing the above procedures, the UE shall follow the procedures in subclause 5.1.1.

End of changes

5.2 TP for Alternative-3

Beginning of changes
5.9
PDCP Data Recovery procedure

When upper layers request a PDCP Data Recovery for a radio bearer, the UE shall:

-
if the radio bearer is configured by upper layers to send a PDCP status report in the uplink (statusReportRequired [3]), compile a status report as described in subclause 5.3.1, and submit it to lower layers as the first PDCP PDU for the transmission;

-
perform retransmission of all the PDCP PDUs previously submitted to re-established AM RLC entity in ascending order of the associated COUNT values from the first PDCP PDU for which the successful delivery has not been confirmed by lower layers: 

-  if duplication is not activated before data recovery, and if PDCP duplication is activated after data recovery: 
-  duplicate PDCP Data PDUs to be retransmitted and submit the PDCP Data PDUs to both associated RLC entities. 
-  if duplication is not activated before and after data recovery: 
-  submit PDCP Data PDUs to be retransmitted to either associated RLC entity.
-  if duplication is activated before and after data recovery: 
-  submit the PDCP Data PDUs to be retransmitted to the re-established RLC entity.

After performing the above procedures, the UE shall follow the procedures in subclause 5.1.1.

End of changes

� Here the case of bearer type change between MCG bearer and SCG bearer without key change is not considered, which is defined in NR only till now.
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