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Discussion and Decision
1
Introduction

In RAN#66 meeting, the following requirement need to be investigated and evaluated [1]: 
· Study the need and solutions for other enhancement or optimization, e.g. UE-AMBR coordination, X2-UP flow control (UE throughput history, UL X2-U loss detection support) between MeNB and SeNB.
In this paper we mainly discuss the need and solutions for X2-UP flow control (UE throughput history, UL X2-U loss detection support) between MeNB and SeNB.
2
Discussion
Issue 1: Whether UL X2-U loss detection should be supported in R13?
Based on currently specified flow control mechanism, Feedback from SeNB to MeNB shall include the highest PDCP PDU sequence number successfully delivered in sequence to a 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, transmitter can assess reordering-window status at peer entity, and adjust transmission window accordingly and refrain from transmitting PDUs that would fall outside reordering window at receiver. 

However, the feedbacks from SeNB may be lost since X2-U between MeNB and SeNB has unreliable protocol stack, then some abnormal cases could occur during data transmission. For example, PDCP PDUs 1, 2, 4, 6, 8 and 10 are transmitted from MeNB to SeNB, but the PDU 2 is lost over X2, then the SeNB builds a feedback with Lost Packet Report towards the MeNB, but the feedback is also lost. In this case if a later feedback with latest ACKed PDCP PDU sequence number (e.g. the PDU 10 is signalled as the latest ACKed PDU in the feedback) is received by the MeNB, the MeNB will consider the information newly received as a normal feedback, then based on the highest PDCP PDU sequence number indicated in the message to advance transmission window, apparently that is a wrong operation.

Observation 1: Lost feedback frames over X2 would make MeNB wrongly assess transmission status of PDCP PDUs deliveried to a UE by SeNB.
In other hand, at UE side, reception gap would be created due to the lost PDU 2. And the UE will not advance the reordering window until reordering timer expires. In the worst-case scenario, the gap are likely to make UE receive the PDUs out of the reordering window from network. In serious cases, HFN de-sync would occur.
Observation 2: In the worst-case scenario, receiption gap are likely to make UE receive the PDUs out of reordering window. In serious cases, HFN de-sync would occur.

From description above, it seems beneficial to introduce an enhancement in R13 to solve remaining issues in R12.
Proposal 1: It seems beneficial to introduce an enhancement in R13 to solve remaining issues in R12.
Additionally, there is another potential requirement for UL X2-U loss detection support in R13 since Uplink Split bearer feature may be introduced in R13. For Uplink Split bearer, a reordering function for PDCP PDUs from two RLC entities needs to be executed at MeNB. Likewise, in case a UL packet is lost over X2, receiving window at MeNB side will be stalled due to reception gap, but transmission window at UE side will continue to advance. In serious cases, HFN de-sync would also occur. Then UL X2-U loss detection support is also suitable for this case. 

Observation 3: For Uplink Split bearer possibly specified in R13, UL X2-U loss are likely to make MeNB receive the PDUs out of reordering window. In serious cases, HFN de-sync would occur.
Thus for future release, there is requirement for enhancement of X2-UP flow control in aspect of UL X2-U loss detection support to solve the potential issue in R13.

Proposal 2: For future release, enhancement of X2-UP flow control in aspect of UL X2-U loss detection support should be investigated.

Issue 2: what are the potential solutions for enhancement of X2-UP flow control in aspect of UL X2-U loss detection support?
In R12, According to RAN2 discussion[1], it has been agreed that enhancement mechanism at receiver is excluded. Then enchancement mechanism at transmitter should be studied, for example, MeNB would have the possibility to detect losses of feedback frames, which could give some information to the MeNB and allow it reacting earlier. So far there may be four potential options for choice in total:
Option 1: Add X2-U SNs in UL in the Downlink Data Delivery Status frame.
Option 2: Introduce loss indications of DL DATA DELIVERY STATUS frames from MeNB to SeNB based on the SN, and allow SeNB to retransmit the lost DL DATA DELIVERY STATUS frames;

Option 3: Keep the PDCP-PDU loss indications included in the successive DL DATA DELIVERY STATUS frames until confirmed by MeNB.
Option 4: Repeatedly transmit the Downlink Data Delivery Status frame with loss indication many times.  
For Option 1, it is required for MeNB to know the transfer status of feedback message from SeNB in advance. If MeNB finds that a certain feedback packet from SeNB is lost, for avoid advancing the packet transmission too much, it shall start a timer which takes into account the reordering timer configured at UE. Additionally, the option is also applied to UL PDCP PDU loss case for Uplink split bearer. 

Option 2 is optimization for Option 1. Based on check of continuous SNs in UL, once MeNB finds that a certain or some feedback packets from SeNB are lost, it is allowed to ask SeNB to retransmit the lost reports. Likewise, the option is also applied to UL PDCP PDU loss case for Uplink split bearer. But the option requires SeNB to preserve the feedback frames or UL PDCP PDUs for a period of time.
For Option 3, it is required for SeNB to keep record of the PDCP-PDU loss indications and add them in the successive DL DATA DELIVERY STATUS frames until confirmed by MeNB. Additionally the confirmation by MeNB would be implemented by defining a new PDU type in DL sent by MeNB. But the option is not applied to UL PDCP PDU loss case for Uplink split bearer.
For Option 4, in case of occurrence of X2-U packet loss, SeNB repeatedly transmit the DL DATA DELIVERY STATUS frame with lost packet report many times for improving reliability, like “end marker” packets during X2 handover. Considering that occurrence of X2-U packet loss is rare case, then the option has negligible signalling load over X2.
By comparing above four options, Option 1 is simple and feasible. But the option may introduce extra delay for data transmission. Option 2 needs to introduce more specification modification. Option 3 ensures MeNB to be aware of data transmission status in lost feedback frames more accurately, but some specification modification also is required, in addition, it is not applicable for UL PDCP PDU loss case. Option 4 seems more simple and efficient since the option can avoid extra delay for data transmission and simultaneously has minor standard effort.
We kindly request RAN3 to further evaluate these solutions and other potential solutions during WI phase, and determine a solution as enhancement of X2-UP flow control in aspect of UL X2-U loss detection support.
Proposal 3：RAN3 is kindly asked to further evaluate these solutions and other potential solutions during WI phase, and determine a solution as enhancement of X2-UP flow control in aspect of UL X2-U loss detection support.
4
Conclusion

This contribution discussed the need and solutions for X2-UP flow control (UE throughput history, UL X2-U loss detection support) between MeNB and SeNB, and concluded as the followings:
Observation 1: Lost feedback frames over X2 would make MeNB wrongly assess transmission status of PDCP PDUs deliveried to a UE by SeNB.

Observation 2: In the worst-case scenario, receiption gap are likely to make UE receive the PDUs out of reordering window. In serious cases, HFN de-sync would occur.

Proposal 1: It seems beneficial to introduce an enhancement in R13 to solve remaining issues in R12.
Observation 3: For Uplink Split bearer possibly specified in R13, UL X2-U loss are likely to make MeNB receive the PDUs out of reordering window. In serious cases, HFN de-sync would occur.
Proposal 2: For future release, enhancement of X2-UP flow control in aspect of UL X2-U loss detection support should be investigated.

Proposal 3：RAN3 is kindly asked to further evaluate these solutions and other potential solutions during WI phase, and determine a solution as enhancement of X2-UP flow control in aspect of UL X2-U loss detection support.
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