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1. Introduction
This contribution discusses further the PDCP operation related to the following reconfigurations during MeNB handover:

· MCG bearer to split bearer
· split bearer to MCG bearer
· split bearer to split bearer
During RAN2#87 meeting, the following agreements were reached regarding these scenarios:
=>
At Split bearer to MCG bearer change with MeNB handover, the PDCP PDU reordering is disabled immediately and legacy PDCP re-establishment procedure is applied.
=>
At Split bearer to Split bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT. After MeNB handover, the reordering should take into account both SDUs and PDUs.
=>
At Split bearer to MCG bearer change with MeNB handover, the PDCP PDUs stored in the PDU reordering buffer are deciphered and decompressed and kept in the PDCP, associated with COUNT. After MeNB handover, legacy SDU reordering applies.
In addition, the following email discussion took place after the meeting [4]:
[87#23][LTE/DC] PDCP issues (Samsung) 

The contribution details our views on the PDCP operation in these scenarios in the light of our previous contribution [2], taking into account the meeting agreements and the output from the discussion.
2. Discussion
2.1. Overview of legacy operation
The PDCP processing during legacy MeNB handover with PDCP reestablishment is recalled here for reference. As done in [4] it can be split into 2 successive phases:

One-shot operation

This gathers the operations performed just once at the time upper layers request a PDCP reestablishment, including the handling of PDCP PDUs flushed from lower layers (i.e. from the source PDCP PDU flow). They are described in the re-establishment procedure section in [3]:
· 5.2 Re-establishment procedure / 5.2.2 DL Data Transfer Procedures / 5.2.2.1 Procedures for DRBs mapped on RLC AM

When upper layers request a PDCP re-establishment, the UE shall:
-
process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2;
-
reset the header compression protocol for downlink (if configured);
-
apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.
-
if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure.

Continuous operation
This gathers the generic handling of PDCP PDUs received from lower layers (except from the ones flushed at PDCP re-establishment). In MeNB handover case, this comprises all PDUs from the target PDCP PDU flow. It is described in DL data transfer procedures section in [3] (the section also covers the processing of flushed PDUs from lower layers at re-establishment, but this is invoked as part of one-shot operation only).

· 5.1.2 DL Data Transfer Procedures / 5.1.2.1 Procedures for DRBs / 5.1.2.1.2 Procedures for DRBs mapped on RLC AM

For DRBs mapped on RLC AM, at reception of a PDCP Data PDU from lower layers, the UE shall:[…]
if the PDCP PDU received by PDCP is not due to the re-establishment of lower layers […]
The impact of re-establishment on continuous operation is the need to handle retransmissions of PDCP PDUs/SDUs in the target flow, which are needed for lossless handover realization.
2.2. One-shot operation
Given the agreements from the last meeting, the Table 1 summarizes the relevant actions required in the different scenarios, and highlights the differences from the legacy operation in yellow:

	
	To MCG
	To Split

	From MCG
	Need to decipher/decompress the PDCP PDUs from lower layers due to the re-establishment of the lower layers
	Need to decipher/decompress the PDCP PDUs from lower layers due to the re-establishment of the lower layers

	From Split
	Need to decipher/decompress
- the PDCP PDUs from lower layers due to the re-establishment of the lower layers
- the PDCP PDUs stored in PDCP
	Need to decipher/decompress 
- the PDCP PDUs from lower layers due to the re-establishment of the lower layers
- the PDCP PDUs stored in PDCP


Table 1
2.2.1. MCG bearer to Split bearer

No new action is required. One-shot operation is identical to legacy PDCP reestablishment use case.
2.2.2. Split bearer to MCG/Split bearer
Similar new actions needs to be taken when the source bearer type is a split bearer: perform deciphering and header decompression of the stored PDCP PDUs.
However, in order for the decompression to be successful, it has to be performed in the ascending order of COUNT value. As a consequence it is not possible to dissociate this processing from the legacy processing of PDCP PDUs received from lower layers due to re-establishment.

Hence the correct processing would be:
· process the PDUs flushed from lower layers using the split bearer reordering function (in the same way as PDUs received before the re-establishment request)
· proceed to in-order deciphering/decompression of stored PDUs to SDUs
· stop reordering timer if running, since no further PDUs (from source flow) are expected
At this point, PDCP PDUs from source flow have all been processed and stored as SDU (along with COUNT value). 
2.3. Continuous operation
Taking into account the agreements from the last meeting, the Table 2 summarizes the relevant actions required in the different scenarios, and highlights the differences from the legacy operation in yellow:
	
	To MCG
	To Split

	From MCG
	Need to perform reordering of 
- stored SDUs
- (re)transmitted SDUs (with in-order arrival)
	Need to perform reordering of
- stored SDUs
- (re)transmitted SDUs (with out-of-order arrival)


	From Split
	Need to perform reordering of 
- stored SDUs
- (re)transmitted SDUs (with in-order arrival)
	Need to perform reordering of
- stored SDUs
- (re)transmitted SDUs (with out-of-order arrival)


Table 2
2.3.1. From Split bearer to MCG bearer

No new action is required. PDCP can perform reordering of stored SDUs and (re)transmitted SDUs (with in-order arrival) using legacy continuous operation.

2.3.2. From MCG/Split bearer to Split bearer

In both scenarios, PDCP needs to perform reordering of stored SDUs and (re)transmitted SDUs (with out-of-order arrival).
This scenario is detailed in our previous contribution [2]. Target flow PDCP PDUs being received through a split bearer, the split bearer reordering function is in charge of performing the reordering. As agreed at last meeting, the reordering will handle both stored PDCP SDUs (from source flow) and PDCP PDUs (from target flow).
What has not yet been agreed upon is the handling of retransmitted “already submitted” or “already stored” duplicate PDCP PDUs.
In Figure 1, we illustrate what could be the state of the split bearer reordering buffer once the flushed PDCP PDUs have just been taken into account. We can make the following observations:

· PDCP PDUs retransmissions are only expected from beginning of range 2 to the end of range 3, i.e. in the PDCP SN half space before the last PDU received. Indeed, only in flight PDUs (i.e. not acknowledged through RLC ACK or PDCP status report) may be retransmitted. Retransmissions received in range 1 or 4 would mean that transmitter has put more than half of the PDCP SN space in flight. In case PDCP status report is used and waited for by the PDCP transmitter, only missing PDUs from range 3 could be retransmitted, however its use is not mandatory and we have to consider the generic scenario.
In range 3, gaps can correspond either to missing PDUs (e.g., not yet received from SCG at the time of reestablishment because of X2 delay) or discarded PDUs (from NW PDU discard mechanism)

· PDCP PDUs transmissions are only expected from beginning of range 3 to the end of range 4
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Figure 1
Legacy behavior:

· “Already submitted” duplicate PDUs (received in range 1 or 2) are deciphered and decompressed to ensure that ROHC context is updated. The SDU is discarded.
· “Already stored” duplicate PDUs (received in range 3 whereas there is already one stored SDU with same SN) are deciphered and decompressed to ensure that ROHC context is updated. The SDU is discarded.
This behavior ensures that header decompression is performed on all target flow PDUs, in increasing order of COUNT values. Hence there is no risk for instance to miss an IR packet or to have it decoded out of order.
Currently defined split bearer continuous operation:

Both “already submitted” and “already stored” duplicate PDUs are silently discarded (without deciphering/header decompression). Hence there is a risk to miss an IR packet, preventing correct header decompression of following packets.
Because “already submitted” duplicate PDUs fall out of the reordering window, it is not possible to ensure that the target PDUs header decompression will be processed in order, even if “already submitted” and/or “already stored” duplicate PDUs are processed. 
In our previous contribution [2], we highlight the following way to avoid these ROHC related issues at the UE side:
Observation 1: If PDCP status report is configured, and the target cell waits for it before restarting downlink transfer, correct processing can be ensured, at the detriment of a possible small data transfer interruption.

Now, assuming the target cell does not wait for the PDCP status report, the UE will most likely receive “already submitted” and “already stored” duplicate PDUs. IR packet is typically sent first. If “already submitted” packets are received, then IR packet will be among them. Hence we make the following proposal:
Proposal 1: During split bearer continuous operation in PDCP, perform deciphering and header decompression of PDUs received out of the duplicate detection window, and discard the SDU.
In our previous contribution [2], we also make the following observation:
Observation 2: In order to avoid the need to handle out-of-order arrival of retransmitted PDUs at the UE side, target cell may transmit PDUs only through one cell group (MCG or SCG) till it receives the confirmation that all retransmitted PDUs were successfully received. 
The target cell may want to behave this way in order to avoid any ROHC related issues at the UE side. This however requires to have a similar handling of duplicated PDUs as in the legacy operation, hence requires to perform the header decompression of “already stored” duplicate PDUs. This needs to be done by storing the PDU in the reordering window, to have it processed when leaving the reordering window. It is possible to have this header decompression fail if initial IR packet was sent on the other link; so it is preferable to keep the original SDU.
Proposal 2: During split bearer continuous operation in PDCP, store PDUs received with the same SN of an already stored SDU in the reordering buffer, along with the original SDU. When the PDU leaves the reordering buffer, perform deciphering and header decompression, discard the resulting SDU, and keep the original SDU.
3. Conclusion 
It is proposed to discuss and agree on the following:
Observation 1: If PDCP status report is configured, and the target cell waits for it before restarting downlink transfer, correct processing can be ensured, at the detriment of a possible small data transfer interruption.

Proposal 1: During split bearer continuous operation in PDCP, perform deciphering and header decompression of PDUs received out of the duplicate detection window, and discard the SDU.
Observation 2: In order to avoid the need to handle out-of-order arrival of retransmitted PDUs at the UE side, target cell may transmit PDUs only through one cell group (MCG or SCG) till it receives the confirmation that all retransmitted PDUs were successfully received. 

Proposal 2: During split bearer continuous operation in PDCP, store PDUs received with the same SN of an already stored SDU in the reordering buffer, along with the original SDU. When the PDU leaves the reordering buffer, perform deciphering and header decompression, discard the resulting SDU, and keep the original SDU.
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