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1
Introduction

The open issue document for Stage 3 E-UTRA RLC [1] states RLC status reporting and polling mechanisms for RLC AM data transfer as an open issue. This document addresses this issue.

2
Discussion
2.1Polling triggers 
Polling is an effective mechanism for the RLC AM transmitter to request the status feedbacks from the receiver so that the transmitter can update its window and/or retransmit missing PDU(s). There are seven different polling triggers in UTRAN. In LTE, up to now the following are necessary:

- Last PDU in the transmission buffer;

This trigger is used for recovery of last PDU and “Last PDU or PDU segment in the retransmission buffer” is also needed. When continuous PDUs cumulate in the transmitting buffer, other polling triggers are needed to avoid window stalling. The followings can be considered:

- Every Poll_SDU SDU
SDU counter can not directly express the SN expanding in the transmitting window so this trigger is inefficient in advancing the window.
- Every Poll_PDU PDU and Window based
These two triggers are both based on the number of PDUs in the transmitting window whose ACKs have not received. The trigger with PDU number is not flexible when the recevier triggers the status reporting ahead of schedule. On the other hand, window based trigger can be based on the newest window condition, and therefore would be an efficient solution.

- Timer based
Considering the discontinuity of the traffic data and the shared channel, the number of transmitted PDU within the window has low correlation with the time. So this trigger is inefficient.
-Poll timer

When the polling mechanism is triggered, the transmitter sends a packet with a polling bit to the receiver. At the same time the transmitter starts a periodic polling timer to repeat polling procedure when expected status report is not received in time.
Proposal 1: Window based and last PDU polling trigger should be supported. Poll timer is also needed to recover from the failure of previous polling procedure.
2.2 Status reporting triggers 
In LTE, RLC should support the follow triggers of status reporting:

· Polling bit set in a received PDU

· Detection of missing PDU(s) and/or PDU segment(s)

· Missing PDU(s) and/or PDU segment(s) reporting timer

In UTRAN, the periodic status reporting is used for updating the transmitting window. But in LTE, which is the shared channel based system, window based polling is more efficient than timer based reporting.
In order to increase the reliability of the reporting and the retransmission, there needs to be a new timer for periodically reporting missing PDU(s) and/or PDU segment(s). The timer will start up when the first missing PDU or PDU segment has been detected and will not stop until all the missing PDU are received successfully or MRW is received.[2]
Proposal 2: Status reporting triggers listed in the above should be supported.
2.3 Missing PDU detection 
Status reporting triggered by missing PDU detection is useful to recover the residual errors but needed to be enhanced because of HARQ out-of-reception, which should be handled by RLC. Traditional method to directly regard the gap in receiving window as the missing PDU(s) is not suitable any more, and a timer is needed to wait for the jitter caused by N-channel HARQ. The jitter timer value is decided by the maximum transmission delay in HARQ which is more easily estimated in SYNC HARQ than in ASYNC HARQ. In ASYNC HARQ, retransmitted PDU(s) should have higher priority than a first time transmitted PDU, so schedule delay of retransmission may not be too long to be estimated. Following Fig 1 shows a heavy-missing example. 

[image: image1.emf]Transmitter

Receiver

PDU1 PDU2PDU3PDU4PDU5

PDU1 PDU3

PDU6

（1） （2）（3） （4）

Time

Success

Receive

Failure

Receive

Status

Report

HARQ Jitter

Timer

Periodic

Timer

PDU6PDU7

PDU7 PDU5 PDU6

PDU2 PDU2

PDU2

PDU4

PDU4

（5） （6） （7） （8）


Fig 1 Missing PDU(s) detection and reporting

Fig 1 shows the operation of ARQ Missing PDU(s) detection and reporting and the following is description.

At time (1), the receiver detects out a gap in receiver buffer, which is caused by PDU2. The receiver starts a jitter timer to confirm whether it was caused by HARQ retransmission or not.

At time (2), the receiver detects out another gap in receiver buffer, which is caused by PDU4. A jitter timer is also started.

At time(3), Jitter timer of PDU2 expires, the receiver adds it to the missing PDU list and reports NACK for PDU2. At the same time, a periodic timer is started.

At time (4), the receiver detects out another gap in receiver buffer, which is caused by PDU6. A jitter timer is started too.

At time (5) and (6), Jitter timer of PDU4 and PDU6 expires respectively. The receiver adds them to the missing PDU list and waits for next reporting time to report NACK for these PDUs.

At time (7), the periodic time expires, the receiver reports NACK for all PDUs in the missing PDU list, including PDU2, PDU4 and PDU6.

At time(8), the missing PDU list is empty as the retransimissions of all missing PDUs are successful, so the periodic time is stopped. And one procedure of missing PDU(s) detection and recovery is accomplished. 

Missing PDU segment detection is the same as the above except for some additional re-segmentation information e.g. segment offset (SO) and last segment flag (LSF).
ARQ NACK reporting in Fig 1 can recover the residual error or failure left by HARQ when there is continuous flow. Isolated packet or last PDU can be treated with polling mechanism.

Proposal 3: The timer based missing PDU(s) or PDU segment(s) detection should be supported.
2.4 Status reporting when received poll 
When receiving polling bit, the receiver need to produce an ACK status report. Due to the out-of-order caused by HARQ, the mechanism of ACK status report is different from UTRAN. 
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Fig 2 ACK status reporting
Fig 2 shows two feasible methods of ACK status report. In the left part of Fig 2, the receiver sends an ACK status report as soon as the polling bit is received. Last PDU SN in receiving buffer, missing PDUs list and/or unknown PDUs information must be contained in the same status report. Unknown PDUs are the gaps whose jitter timers do not expire yet. After the jitter timer expires, NACK status report about new missing PDU(s) is sent. In the right part of Fig 2, the receiver records the last PDU SN received when the polling bit is received. After the jitter timers of PDUs which are lower than the recorded SN all expire or stop, a status report is sent, in which the recorded SN and missing PDU list is contained. The method in right part is more efficient.
Proposal 4:The status report shall be triggered after the RLC PDU containing the poll has passed the jitter detection.
3
Conclusion
In this document, we present our consideration on RLC status reporting and polling mechanisms for RLC AM data transfer. It is hoped to adopt the proposals in each section above.
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