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1 Introduction
It has been agreed that “After split bearer reconfiguration towards MCG bearer, PDCP continues reordering operation for a short while”.
There are further discussions on the following options in the email discussion [86#31][LTE/DC] PDCP reordering after split bearer reconfiguration towards MCG bearer (NSN):
1. Until reordering buffer is emptied

2. Until reordering buffer is emptied and next received PDU does not create SN gap

3. Until a timer expires

4. Until an explicit indication is received

5. Left for UE implementation

6. The re-ordering continues until PDCP re-establishment
This contribution analyzes these alternatives, and observes the following:

· Alt1, Alt2, Alt3 and Alt5 either suffer a loss of PDCP PDU if reordering operation is terminated pre-maturely, or hamper MeNB’s capability of discarding PDCP PDU for congestion control if reordering operation is kept running unnecessarily;
· Alt6 either is not aligned with the agreements already made by RAN2, or it requires re-establishment of all UE bearers, leading to unnecessary data interruption and complexity;
· Alt4 can be implemented quite easily by the network to terminate the re-ordering function right after the last out-of-sequence PDCP PDU.
2 Discussion
Alt1: Until reordering buffer is emptied

Alt2: Until reordering buffer is emptied and next received PDU does not create SN gap
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Figure 1 An example on why Alt1 and Alt2 are not feasible
Alt1 and Alt2 can’t avoid packet loss when split bearer is switched to MCG bearer, as shown in an example illustrated in Figure 1. In the example, PDCP PDUs 1, 2, 4 and 6 are transmitted directly from MeNB to UE, and PDUs 3 and 5 are offloaded to SeNB. Before split bearer reconfiguration towards MCG bearer, SeNB manages to deliver only the PDU 3 to UE. Hence MeNB re-transmits the PDU 5 to UE after the reconfiguration.
UE delivers the PDUs 1, 2 and 3 to upper layers after receiving the PDU 2. This empties the reordering buffer. UE would stop reordering at this point if Alt1 is adopted. Since the PDU 4 does not create SN gap, UE would stop reordering after the PDU 4 is received with Alt2. In both cases, reordering will be stopped before the PDU 5 is received. However, the PDU 5 is still an out-of-sequence PDU, and it will be discarded if the reordering is stopped pre-maturely.
For the sake of easier illustration, only one PDU is illustrated as being discarded in the example. In practice, however, all the PDUs unsuccessfully delivered by the SeNB may get discarded. Hence, Alt1 and Alt2 have defect in the design, and can perform no better than simply stopping reordering right after split bearer being reconfigured to MCG bearer.
Alt3: Until a timer expires

In Alt3, UE starts a timer when it releases the SCG RLC entity. The UE stops reordering when the timer expires. The timer can be configured by MeNB to UE when the split bearer is reconfigured to MCG bearer.
Action timer has been avoided as much as possible for difficulties in setting and maintaining it on both network and UE. If the timer value is set too small, there is a risk that UE still receives out-of-sequence PDUs after the reordering is stopped. On the other hand, setting the timer value too big would unnecessarily keep the UE running reordering operation, only to hamper MeNB’s capability of discarding PDCP PDU for congestion control. Alt4 below can provide the network with easier and more efficient way to terminate the reordering operation.
Alt4: Until an explicit indication is received

In Alt4, MeNB indicates which PDCP Data PDU is the last out-of-sequence PDU to UE. UE stops reordering when the lower edge of reordering window exceeds the COUNT value of the indicated last out-of-sequence PDU. This can be accomplished by various means:
Alt4-1: Indicated via PDCP Data PDU

In Alt4-1, MeNB includes a special marker in the last out-of-sequence Data PDU. UE stops reordering if the lower edge of reordering window exceeds the COUNT value of the Data PDU carrying the special marker. Since there is no spare bit any more in the PDCP Data PDU with extended SN (15bits), Alt4-1 can be challenging.
Alt4-2: Indicated via PDCP Control PDU

In Alt4-2, MeNB sends UE an indication to stop reordering in a PDCP Control PDU, and UE stops reordering after receiving the Control PDU.
More generally, the MeNB can include the SN of the last out-of-sequence Data PDU in the PDCP Control PDU. The UE stops reordering if the lower edge of reordering window exceeds the indicated SN value. This provides MeNB more time flexibility in sending the indication to stop PDCP reordering. 
Alt4-3: Indicated via RRC message
In Alt4-3, MeNB includes the COUNT value of the last out-of-sequence PDU in a RRC message. UE stops reordering, if the lower edge of reordering window exceeds the COUNT value. One variant of this alternative is to simply add a COUNT value IE in the RRC reconfiguration message used to reconfigure the split bearer to MCG bearer. One problem of this alternative is it mixes the operations of user plane and control plane, which may cause unnecessary coupling of the packet transmissions on SRB and DRB.
Alt5: Left for UE implementation
It is impossible for UE to know which PDUs are not successfully delivered by SeNB and will be re-transmitted by MeNB. Hence, UE will not be able to find out which PDU is the last out-of-sequence PDU. Then UE would probably base its decision either on some kind of states of reordering buffer, just as in Alt1 and Alt2, or some kind of timer, just as in Alt3, or some combinations of both. As analysed above, those options lack the involvement of MeNB, which performs the retransmission. Hence, they can’t terminate the reordering function accurately at the right moment. They would either suffer the loss of PDCP PDU if reordering operation is terminated pre-maturely, or hamper MeNB’s capability of discarding PDCP PDU for congestion control if reordering operation is kept running unnecessarily.
Alt6: The re-ordering continues until PDCP re-establishment

Alt6 basically keep the reordering operation running until an MeNB handover occurs. In theory, this means reordering is applied to an MCG bearer if it comes from a reconfiguration of a split bearer. This is not aligned with the following two agreements:
· PDCP reordering may only be configured for split bearers.

· After split bearer reconfiguration towards MCG bearer, PDCP continues reordering operation for a short while.

It may seem tempting to apply an intra-eNB handover to stop the reordering function. But that is at the expense of re-establishing all UE bearers, leading to unnecessary data interruption and complexity. With the same amount of signaling requirement (one control message), Alt4 can terminate reordering operation without interrupting any on-going data transmission and any L2 entity reset/re-establishment.
3 Conclusion
In the contribution, we analyze the alternatives to stop reordering after split bearer reconfiguration towards MCG bearer. Alt1, Alt2, Alt3 and Alt5 can’t terminate the reordering function accurately at the right moment. They would either suffer a loss of PDCP PDU if reordering operation is terminated pre-maturely, or hamper MeNB’s capability of discarding PDCP PDU for congestion control if reordering operation is kept running unnecessarily. Alt6 is not aligned with the agreements already made by RAN2. It requires re-establishment of all UE bearers, leading to unnecessary data interruption and complexity. 
Alt4 can be implemented quite easily by the network to terminate the re-ordering function right after receiving the last out-of-sequence PDCP PDU. Among the 3 variants of Alt4, Alt4-1 needs to introduce a new format of PDCP Data PDU, and Alt4-3 couples the operations of user plane and control plane. Hence, Alt4-2 is preferred. Therefore, we have the following proposal:
Proposal: The MeNB indicates to the UE in a PDCP Control PDU the SN value of the last out-of-sequence Data PDU; and the UE stops PDCP reordering if the lower edge of reordering window exceeds the SN value.
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