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1 Introduction

At RAN2#83bis, architecture option 3C was selected for intra bearer data split. In this contribution, we discuss the reordering functionality of PDCP, and how it needs to be extended to support reordering caused by bearer split in dual connectivity.
2 Discussion

2.1 PDCP reordering
PDCP already supports reordering for DRBs mapped on RLC AM [1]. For legacy operation, PDCP reordering is supported during handover, to ensure in-sequence delivery when data forwarding is applied between the source eNB and target eNB. 

A PDCP reordering window of half the maximum PDCP Sequence Number (SN) space is defined. PDUs received outside the reordering window are discarded. PDUs received within the reordering window are placed in a reordering buffer and released to higher layers once correct order has been restored at re-establishment of lower layers, based on the PDCP SN of the received PDUs and the use of PDCP state variables Next_PDCP_RX_SN and Last_Submitted_PDCP_RX_SN. 
A PDCP status report is used to request missing PDCP PDUs at re-establishment of lower layers during handover. The PDCP status report is used to inform the PDCP transmitter of which PDCP PDUs have been correctly received by the PDCP receiver, so that those PDCP PDUs that are missing in the reordering window can be retransmitted. Once the packets are received, the reordering window is advanced.

We note that the re-ordering functionality of PDCP needs to be extended to operate also during normal data transmission. However, the existing PDCP reordering window as such can be used as a basis for reordering in dual connectivity. 

Observation 1 The PDCP reordering functionality needs to be extended to operate also during normal data transmission.

Observation 2 The PDCP reordering window can be used as a basis for reordering in dual connectivity.

2.2 HFN ambiguity
One challenge for the reordering functionality is to ensure that the HFN is properly updated and does not become out of sync between the network and the UE. The HFN together with the PDCP SN forms the 32-bit COUNT value that is used for ciphering and integrity protection, see Figure 1. 
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Figure 1: Format of COUNT

The HFN is stepped each time the PDCP SN of the received PDCP PDU wraps around. Correct updating of HFN for PDCP PDUs received within the reordering window is already part of the data transfer procedure of PDCP. If the PDCP SN wrap around is within the reordering window, the receiver correctly applies HFN-1 where applicable. 

Observation 3 HFN ambiguity is avoided as long as reordering from dual connectivity does not exceed the reordering window of PDCP.
2.3 Extending the reordering window to normal operation
What is needed on top of the already defined reordering window in PDCP is some means of preventing to advance the reordering window in the case of packet loss over X2 during normal operation prematurely, in order to prevent out of sequence delivery in that case. Configuring RLC AM for the MeNB and SeNB links respectively will ensure each link delivers data in sequence to the reordering function of PDCP. Configuring RLC AM also means that data delivery on each link will be gapless, as there is no discard functionality in RLC. This means that PDCP reordering is only needed to restore the reordering caused by the use of the parallel MeNB and SeNB links.

We can think of the following ways to advance the reordering window in the case of packet loss on X2:

1. As in the case of legacy handover, a PDCP status report could be used to request retransmission of the missing PDCP PDUs, in order to advance the reordering window. However, transmission of the PDCP status report is currently triggered by higher layer, which in practice means that RRC should be used to signal to the UE that a PDCP PDU that was lost over the X2 interface. This seems not so efficient. Furthermore, retransmissions should be local on X2 interface, i.e. should not be handled by PDCP. Remaining losses observable in PDCP should be propagated to higher layers, since these would indicate congestion on X2. 
2. A reordering timer could be introduced to monitor the time that a PDCP PDU is kept in the PDCP reordering window. The reordering timer would be started when a PDCP PDU is received out of sequence and is placed in the reordering window. Once the reordering timer expires, PDCP PDUs expected before the PDU received out of sequence are determined as lost, and subsequent in-sequence data is delivered to higher layers. The value of the reordering timer should be network configured, to allow for optimization based on network deployment, backhaul delay and queuing in SeNB, see [2].
Proposal 1 A timer based reordering window is included in PDCP to extend the reordering functionality to normal operation.
2.4 DRBs mapped on RLC UM
There is currently no PDCP reordering window defined for DRBs mapped on RLC UM. Thus, in order to support type 3 bearer split also for DRBs mapped on RLC UM, a similar PDCP reordering window as defined for DRBs mapped on RLC AM needs to be defined also for DRBs mapped to RLC UM.

On the other hand, we have not yet discussed the need for bearer split for DRBs mapped on RLC UM. This has to be considered first.

Proposal 2 RAN2 to discuss the need for RLC UM support for split bearers in dual connectivity.
3 Conclusion

In this contribution we have discussed the PDCP reordering functionality for dual connectivity. In section 2 we made the following observations:
Observation 1
The PDCP reordering functionality needs to be extended to operate also during normal data transmission.
Observation 2
The PDCP reordering window can be used as a basis for reordering in dual connectivity.
Observation 3
HFN ambiguity is avoided as long as reordering from dual connectivity does not exceed the reordering window of PDCP.


Based on the discussion in section 2 we propose the following:
Proposal 1
A timer based reordering window is included in PDCP to extend the reordering functionality to normal operation.
Proposal 2
RAN2 to discuss the need for RLC UM support for split bearers in dual connectivity.
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