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1 Introduction
PDCP reordering is only needed for split bearers. However, it may be beneficial to continue PDCP reordering for certain period after a split bearer is released, as re-transmission of out-of-sequence PDCP PDUs can be carried out to fill holes in UE’s PDCP buffer. This contribution investigates when PDCP reordering can be stopped after the SCG RLC entity associated with a split bearer is released. 
2 Discussion
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Figure 1 PDCP reordering at split bearer release
Figure 1 illustrates an example of PDCP reordering operation after releasing a split bearer. In the example, the PDCP PDU 1, 3 and 5 are sent directly from the MeNB to the UE. The PDU 2 and 4 are first offloaded to the SeNB. But the SeNB does not successfully send them to the UE before the UE releases the SCG RLC entity associated with the split bearer. As MeNB still has copies of PDU 2 and 4 stored in its buffer, the MeNB can send them to the UE after the PDU 5. After the PDU 2 and 4 are sent, the MeNB can start to send other PDUs (e.g. the PDU 6 and 7) in-sequence.
Observation 1: PDCP reordering should be stopped after PDCP PDUs are received in increasing order of SN.
For MeNB to (re-)transmit out-of-sequence PDCP PDUs 2 and 4, MeNB needs to assess that the acknowledgements of PDUs 2 and 4 have not been received. This can be done by having feedback from either SeNB or UE. Feedback from SeNB can be flow control feedback, or SN Status Transfer message at split bearer release. Feedback from UE can be the PDCP Status Report. 
Observation 2: The MeNB can obtain PDCP PDU delivery status on SeNB from reports sent by either SeNB or UE.
As out-of-sequence PDCP PDU can be transmitted after switching to MCG bearer, PDCP re-ordering may be needed after UE switches off the split bearer. A few options exist to determine when the UE can stop the PDCP re-ordering function.
Option 1: Detected by UE itself
[1] proposed that the UE should stop reordering once the lower PDCP window edge exceeds the last PDU received before the bearer switching. However, the solution does not work, if the last PDU received before the bearer switching is not the last out-of-sequence PDU. An example is illustrated in Figure 1, where the last PDU received before the bearer switching is the PDU 3, but the last out-of-sequence PDU is the PDU 5.
As the last out-of-sequence PDU mainly depends on how the PDUs are split between MeNB and SeNB, it would be difficult for UE to recognize it on its own. Hence, option 1 may not be feasible.
Option 2: Controlled by a timer 
In the option 2, the MeNB configures a timer to the UE via the RRC reconfiguration message which is used to switch the bearer. The UE starts the timer at the time when it releases the SCG RLC entity. The UE stops PDCP reordering when the timer expires. The timer value should be set big enough, so when the timer expires, PDCP PDUs are received at UE in increasing order of SN.
Action timer has been avoided as much as possible for difficulties in setting and maintaining it on both eNB and UE. On one hand, if the timer value is set too small, there is a risk that the UE still receives out-of-sequence PDUs after the PDCP reordering has been stopped. On the other hand, if the timer value is set too big, the reordering will be kept running unnecessarily, and it hampers MeNB’s capability of discarding PDCP PDU for congestion control.
Option 3: Indicated by MeNB 

In the option 3, the MeNB indicates which PDU is the last out-of-sequence PDU. This can be accomplished by various means, explicitly or implicitly.
Option 3-1: Indicated via PDCP Data PDU

In the option 3-1, the MeNB includes a special marker in the last out-of-sequence Data PDU. The UE stops PDCP reordering if the lower PDCP window edge exceeds the SN of the Data PDU carrying the special marker.

Since there is no more spare bit in the PDCP Data PDU with extended SN (15bits), Option 3-1 can be challenging.
Option 3-2: Indicated via PDCP Control PDU

In the option 3-2, the MeNB sends UE an indication to stop PDCP reordering in a PDCP Control PDU, and the UE stops PDCP reordering after receiving the Control PDU. 
As a variant, the MeNB can include the SN of the last Data PDU for PDCP reordering in the PDCP Control PDU. The UE stops reordering if the lower PDCP window edge exceeds the SN of the last Data PDU for PDCP reordering. This provides MeNB more time flexibility in sending the indication to stop PDCP reordering.  
Option 3-3: Indicated via RRC message
In the option 3-3, the MeNB includes the COUNT value of the last Data PDU for the PDCP reordering in a RRC message. The UE stops PDCP reordering, if the lower PDCP window edge exceeds the SN of the last Data PDU for reordering.
Option 3-3 can be easily done by adding a COUNT value IE in the RRC reconfiguration message used to switch the bearer.
Proposal: The MeNB indicates to the UE which PDCP PDU is the last PDU for PDCP reordering; and the UE stops PDCP reordering if the lower PDCP window edge exceeds the SN of the indicated PDU.
3 Conclusion
In the contribution, we analyze the options to stop PDCP reordering after a radio bearer is switched from split bearer to MCG bearer.
Observation 1: PDCP reordering should be stopped after PDCP PDUs are received in increasing order of SN.
Observation 2: The MeNB can obtain PDCP PDU delivery status on SeNB from reports sent by either SeNB or UE.
Proposal: The MeNB indicates to the UE which PDCP PDU is the last PDU for PDCP reordering; and the UE stops PDCP reordering if the lower PDCP window edge exceeds the SN of the indicated PDU.
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