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Discussion and Decision
1
Introduction

In previous RAN2 meetings the discussion on PDCP in dual connectivity reached the following agreements [1]: 
	0
We do not support RLC UM bearers in split mode.

1
RLC UM like reordering scheme (with a t-Reordering timer) is used for PDCP layer reordering in case of split bearers.

2
From RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB.

4
PDCP reordering may only be configured for split bearers.
=>
RAN2 intends to support RoHC on split bearers unless significant problems are identified. More complexity in specification should not be considered as much a problem as e.g. complexity in UE implementation. We should not change legacy behaviour on MCG and SCG bearers. The transition time needs further investigation. Changes to the specification shall be minimized.
=>
Burst delivery of packets from reordering to the deciphering entity in the UE is not considered an issue since RLC AM may show the same behaviour already today. 

=>
The PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync. (as in legacy behaviour). 
5
The SeNB provides to the MeNB PDCP SNs of the successfully delivered PDCP PDUs (based on RLC AM state in SeNB) among the ones that it received from the MeNB. 

 


In this paper we mainly discuss how to ensure that “the PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync. (as in legacy behaviour)”. Further, we will analyse how the PDCP transmission window can be handled for downlink transmissions.
2
Discussion
Issue 1: what type window (Pull or Push) should be adopted for PDCP reordering?
Based on discussion in [2], for pulled window, HFN de-sync may occur whenever a old PDCP PDU falls out of the reordering window. For avoiding this issue, more enhancement or refrainment needs to be introduced to specification. However, compared with pulled window, if a pushed window is used, potential enhancement may be very small. Detailed analysis is discussed in following section. 

Therefore, we prefer lightly adopt a pushed window for reordering PDCP packets arrived at receiver.
Proposal 1: To use a pushed window for the PDCP reordering of split bearer.

Issue 2: How does MeNB handle the transmission window?
Based on currently specified flow control mechanism, the Feedback from the SeNB to the MeNB shall include the highest PDCP PDU sequence number successfully delivered in sequence to the UE, the available buffer size in bytes for the concerned E-RAB, and those X2-U packets that were declared as being "lost" by the SeNB. Usually based on the information provided, the transmitter can assess the reordering-window status at the peer entity, and adjust the transmission window accordingly and refrain from transmitting PDUs that would fall outside the reordering window at the receiver. 
However, since actual transmission of RLC SDUs happens in the SeNB while the MeNB handles the corresponding PDCP PDU transmission window, and the X2-U between MeNB and SeNB has unreliable protocol stack, then some abnormal cases could occur during data transmission. Some new issues would arise as below: 
Issue 2.1: Shall MeNB retransmit those PDUs that were declared as being "lost" by SeNB？
There are three options for choice in total as below:

Option 1：MeNB shall retransmit those lost PDUs based on the feedback from SeNB.

Option 2：MeNB is not allowed to retransmit those lost PDUs.

Option 3：whether to retransmit those lost PDUs depends on network implementation.
Apparently mandating the MeNB retransmitting will delay the transmission of PDCP PDU, as the transmitter has to wait for the successful transmission indication of each PDCP SDU. However if a PDCP PDU is lost during transmission, the UE has to wait for the reordering timer expiry to ignore the gap, and the packet loss will be reflected at the TCP layer. As a result, the data rate of the UE will be reduced. As such, we think that whether to retransmit the lost PDCP PDU should be left to the MeNB implementation, as the MeNB can take different cases into account to minimize the impacts on the data rate and the packet transmission latency at the UE.
Proposal 2: Whether to retransmit the lost PDCP PDUs is left to the MeNB implementation.
Issue 2.2: How does transmitter handle the case in which the feedbacks from SeNB are missing?
The case may be further divided into two scenarios. Scenario 1 is that no feedback from SeNB is received. Then the transmission window at MeNB would be stalled due to the lack of the information on the transmission status of those PDUs having been brought in flight. Thus for avoiding such a thing three potential options are listed as below:

Option 1：Based on the feedback from UE

Option 2：Allowing the retransmission of the lost feedbacks from SeNB.
Option 3：Based on the discard timer of each PDCP SDU.
For option 1, according to the agreement reached in previous RAN2 meeting, “from RAN2 point of view we do not want continuous PDCP status reporting from the UE to the MeNB”. Then if PDCP PDUs are successfully received by UE, PDCP status report should not be triggered by the UE. Furthermore, if a bunch of PDCP PDUs are lost, the UE would trigger several PDCP status reports which could cost lots of Uu signaling.  
For option 2, it is required for MeNB to voluntarily ask SeNB to retransmit those lost feedbacks. The trigger may be the expiration of a timer. But the option may need more standard efforts over X2.
Compared with above two options, option 3 seems more simple and feasible. But the option may introduce extra delay for data transmission, considering this case occurs rarely, it should be acceptable.
Proposal 3: The discard timer of each PDCP SDU is used for the case in which no feedback from SeNB is received.
Scenario 2 is that MeNB receives a feedback from SeNB, which is followed by a lost feedback. Then the lost feedback would be in the middle of two normal feedbacks. The case would let MeNB consider the information newly received as a normal feedback, and then based on the highest PDCP PDU sequence number indicated in the message to advance the transmission window. However the reception gap would be created at the UE. And the UE will not advance the reordering window until the reordering timer expires. In the worst-case scenario, the lost feedback message includes a list of lost X2-U packets, which are likely to make MeNB delivery the PDUs out of reordering window towards UE. In serious cases, HFN de-sync would occur.
For avoiding such a thing, there are two potential options listed as below:
Option 1: To enhance the feedback mechanism at receiver.
Option 2: To enhance the control mechanism at transmitter.
For option 1, the basic principle is described as [2], and its main purpose is to timely correct understanding of the reordering window between UE and MeNB. However, the option is likely to lead to wrong network operation as the receiver has no means to differentiate whether the PDUs outside of reordering window is new or old from the entire PDCP SN length point of view. For example, when UE receives new PDCP PDUs outside of reordering window from network, according to Trigger 1 described as [2], it may initiate a PDCP status report towards network to correct the MeNB’s false understanding. Accordingly the MeNB shall stop from transmitting any new PDUs and update its transmission window. Then such operation may be assumed as trying to adjust transmission window backwards. On the other hand, normally the receipt window at UE side is more forward than the transmission window at MeNB as the UE always handle PDUs received successfully more early than the MeNB does. Then if an old PDU outside of reordering window is received, likewise a PDCP status report shall be triggered, but upon the receipt of the report, it would be difficult for the MeNB to adjust its transmission window, onwards or backwards? Another issue to be considered is that the PDCP status report triggered by the UE in case of normal data transmission is likely to be missing over X2 when the uplink PDCP PDUs flow is configured as via SCG. For this case, the option 1 proposed in [2] would not work very well.
For option 2, it is required for MeNB to know the transfer status of feedback message from SeNB in advance, and then the handling mechanism discussed below can be applied. Based on currently specified flow control mechanism, X2-U specific sequence number information is included in a user data packet for SeNB to detect whether an X2-U packet was lost. Likewise this mechanism can also be applied for detecting the transfer status of feedback message from SeNB. If MeNB finds that a certain feedback packet from SeNB is lost, it shall start a timer which takes into account the reordering timer configured at UE, to avoid advancing the packet transmission too much. Subsequently, the MeNB can avoid the HFN de-sync by being aware of the feedback loss over X2. Compared with option 1, this option is simpler, as we can reuse the SN information used in the downlink X2-U packet for the uplink feedback.
Proposal 4: The MeNB shall be aware of the feedback loss over X2.
For legacy network, the PDCP transmitter complies with the rule: “Transmitter shall not transmit beyond PDCP SN of (x + Reordering_window) where x is the SN of the first PDCP SDU whose successful delivery has not been confirmed by the lower layer ”[3]. Likewise, based on the assumption given above, if Proposal 2 ,3 and 4 are agreed for DC, the transmitting PDCP entity of the pushed window mechanism will be well controlled.
Proposal 5：It is proposed for the transmitter to ensure that the PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync.
If RAN2 may finally decide above requirement of PDCP transmission mechanism, the detail analysis of impact on protocol stack should be discussed by RAN3. An LS to RAN3 is needed to inform them of our decisions.
Proposal 6：RAN2 is kindly asked to send an LS to RAN3 to inform them our decision on the control of the transmitting PDCP entity.
4
Conclusion

This contribution discussed PDCP window handling, and concluded as the followings:
Proposal 1: To use a push window for the PDCP reordering of split bearer.
Proposal 2: Whether to retransmit the lost PDCP PDUs is left to the MeNB implementation.
Proposal 3: The discard timer of each PDCP SDU is used for the case in which no feedback from SeNB is received.
Proposal 4: The MeNB shall be aware of the feedback loss over X2.
Proposal 5：It is proposed for the transmitter to ensure that the PDCP transmitter should not bring more than half the sequence number space in flight in order to avoid HFN de-sync.

Proposal 6：RAN2 is kindly asked to send an LS to RAN3 to inform them our decision on the control of the transmitting PDCP entity.
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