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1 Introduction
In RLC specification, abnormal conditions of lost RLC signallings are treated carefully to enhance the Layer 2 transmission efficiency. For examples, Timer_Poll is used to handle the loss of a poll and Timer_MRW is used for the loss of a MRW SUFI or the loss of its responding MRW ACK SUFI.  For handling possible loss of a STATUS PDU, a EPC mechanism, although vaguely specified, was the only functionality in RLC specification for many years.

In RAN2 meeting #37, partly because the EPC mechanism cannot be implemented deterministically and partly because it does not work well for HSDPA, it was agreed that the EPC mechanism was eliminated.[1] Unfortuantedly, there has been no replacing functionality proposed to handle lost STATUS PDU.

2 Necessity analysis for handling lost STATUS PDU
From the point of view of the receiver, there are two kinds of triggers to send a status report: (1) Poll-trigger: The receiver triggers a status report when it receives an AMD PDU with the poll bit set. In other words, the receiver sends a status report under the request of the sender. (2) Self-trigger: The receiver sends a status report without receiving a poll from the sender. In the current RLC specification, there are two self-triggers: “detection of missing PDU(s)” and “timer based status report transfer”. When triggered by detection of missing PDU(s), negative acknowledgement (NACK) will always be included in the status report. When triggered by timer based status report transfer, the status report may or may not contain NACKs.

1) For the case of poll-triggers, i.e. triggered by a poll of the sender, if the status report gets lost, the Timer_Poll mechanism can handle this abnormal condition by polling again when Timer_Poll expires. Therefore, there is no extra functionality needed for lost status reports triggered by a poll.

2) For a status report that contains only positive acknowledgement (e.g. in a timer based status report transfer), whether the status report gets lost, the receiver advances its receiving window normally. For the sender, it will poll by one of its configured polling triggers to ensure timely advancement of its transmission window. In other words, advancement of both transmission window and receiving window will not be delayed by the lost of the status report. Thus, there is no need to deal with lost status report containing positive acknowledgement only. Note that EPC mechanism did not deal with this abnormal condition either.

3) For a status report that contains NACKs, if it gets lost, the sender will not retransmit the NACKs as expected by the receiver, the advancement of receiving window will be delayed. Thus, the two mechanism, detection of missing PDU(s) and timer based status report transfer, may not work as well as they are expected to.

Therefore, functionality to handling lost self-triggered STATUS PDU containing NACKs is needed to enhance layer 2 transmission efficiency.
3 Proposed functionality
3.1 Reasoning
To get the functionality to handling lost self-triggered STATUS PDU containing NACKs, we make some observations on the problem:

1) At the sender, the retransmission of NACKs has higher priority over transmission of new PDU. This is mandated in the RLC specification subclause 11.3.2.2.

2) After the status report is sent out, it takes a round-trip time for radio transmission and lower-layer (e.g. MAC-hs in HSDPA) processing before the receiver receives the first retransmitted PDU of the NACKs.

3) After the round-trip time, if before any NACKed PDU is received, the receiver receives a PDU not NACKed in the status report, there are two possibilities: either the sender missed the status report or the receiver missed all the retransmitted PDUs that were NACKed. The receiver should send an update status report in either case.

4) After the status report is sent out, if the receiver receives a PDU with poll bit set whether within or after the round-trip time, the sender’s polling function will take over the handling of abnormal conditions of lost status report.

5) After the round-trip time, if before all the NACKed PDUs are received, the receiver receives a PDU not NACKed in the status report and receives no poll, the last NACKed PDU might be received without poll because the Last PDU in Retransmission buffer is not configured or the last NACKed PDU might get lost. In either case, the receiver should send an update status report. (This is kind of “Detection of missing Retransmitted PDU(s)” or “Detection of missing NACKs”.) For simplicity, we can treat this as a general case of Bullet 3).

Bullet 4) above can be dealt with current RLC specification. Thus, we need only focus on Bullets 2) and 5), which covers Bullet 3). Note that to make Bullets 3 and 5) work, the estimation of the round-trip time does not need to be pricise. Time duration slightly longer than the actual round-trip time is sufficient for the estimation.

3.2 Proposal
After the above reasoning, we propose the following simple functionality for handling lost STATUS PDU, called “Detection of missing NACKs”:

(1) A timer called Timer_Status is proposed to work as the round-trip timer. 

(2) When a status report not trigger by a poll is sent out, Timer_Status is started and the procedure for detection of missing NACKs starts. 

(3) When all the NACKs in the status report are received correctly, the procedure for detection of missing NACKs ends and Timer_Status is stopped if still running.

(4) When an update status report is triggered to send, the procedure for detection of missing NACKs ends and Timer_Status is stopped if still running. Step (2) is iterated. (Note that this step covers Bullet 4 of Section 3.1.)

(5) After Timer_Status expires, if before all the NACKed PDUs are received, the receiver receives a PDU, which was not NACKed in the status report, an update status report is triggered to send. Step (2) is iterated.

4 Conclusion / Discussion
A status report trigger function called Detection of missing NACKs is proposed with its background analysis presented.  A draft CR on RLC specification is attached based on the proposal. If the proposal is agreed, a formal CR on RLC and an accompanying CR on RRC will be provided.
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9.5
Timers

The timers defined in this subclause are normative. The timers shall be considered active from the time they are started until the time they either expire or are stopped.

[ … ]

i)
Timer_MRW.


This timer is used to trigger the retransmission of a status report containing an MRW SUFI field. The value of the timer is signalled by upper layers.


In the UE this timer shall be started (or restarted) when the successful or unsuccessful transmission of a STATUS PDU containing the MRW SUFI is indicated by lower layer. In UTRAN, it should be started when a STATUS PDU containing the MRW SUFI is submitted to lower layer.


Each time the timer expires the MRW SUFI is retransmitted. It shall be stopped when one of the termination criteria for the SDU discard with explicit signalling procedure is fulfilled (see subclause 11.6.4).
j)
Timer_Status.


This timer shall only be used when the Detection of missing NACKs function as described in subclause 9.7.2 is configured by upper layers. It is meant to account for the roundtrip delay, i.e., the time between the transmission of a status report and the reception of the first retransmitted AMD PDU. The value of the timer is signalled by upper layers.


In the UE, this timer shall be started when the successful or unsuccessful transmission of the last STATUS PDU of a status report, which is not triggered by a poll and contains at least one negative acknowledgement, is indicated by lower layer. In UTRAN it should be started when the last STATUS PDU of a status report, which is not triggered by a poll and contains at least one negative acknowledgement, is submitted to lower layer. 

This timer shall be stopped according to subclause 9.7.2. 
9.7.2
STATUS transmission for acknowledged mode

The Receiver transmits status reports to the Sender in order to inform the Sender about which AMD PDUs have been received and not received. Each status report consists of one or several STATUS PDUs. The Receiver shall trigger the transmission of a status report when receiving a poll request. Additionally, the following triggers for transmission of status reports are configurable by upper layers:

1)
Detection of missing PDU(s).


If the Receiver detects one or several missing AMD PDUs it shall trigger the transmission of a status report to the Sender.

2)
Timer based status report transfer.


The Receiver triggers the transmission of a status report to the Sender periodically. The timer Timer_Status_Periodic controls the time period according to subclause 9.5 g). When "Periodical Status blocking" is configured by upper layers, the trigger shall not be active.

3)
Void
4)  Detection of missing NACKs.

When this trigger is configured by upper layers, the receiver shall:
-
start the timer Timer_Status according to subclause 9.5 j); 
-
initiate the procedure for detection of missing NACKs when the timer Timer_Status is started; 
-
if all the retransmitted AMD PDUs negatively acknowledged in the status report that lead to the start of the timer Timer_Status are received successfully:
-
stop the timer Timer_Status and terminate the procedure for detection of missing NACKs;
-
if the Receiver triggers the transmission of another status report:
-
stop the timer Timer_Status and terminate the procedure for detection of missing NACKs;

-
if the timer Timer_Status has expired; and
-
if the Receiver receives an AMD PDU, which is not negatively acknowledged in the status report; and

-
if at least one of the AMD PDUs that are negatively acknowledged in the status report has not been received successfully:
-
trigger the transmission of another status report to the Sender.
There is one function that can prohibit the Receiver from sending a status report containing any of the SUFIs LIST, BITMAP, RLIST or ACK. Status reports containing other SUFIs are not prohibited. Upper layers control whether this function should be used for each RLC entity. If the following function is used the transmission of the status report shall be delayed, even if any of the triggering conditions above are fulfilled, except for the generation of a status report triggered by MAC-hs reset:

1)
STATUS prohibit.


The timer Timer_Status_Prohibit is started according to subclause 9.5 f). The Receiver is not allowed to transmit a status report while acknowledgement is prohibited (see subclause 9.5 f)). If a status report was triggered during this time, the status report is transmitted after the timer Timer_Status_Prohibit has expired, as described below.

2)
Void
When a status report is triggered the Receiver shall:

-
if transmission of status reports is not prohibited by the function "STATUS prohibit":

-
assemble and transmit the status report to the Sender, as specified in subclauses 11.5.2.2 and 11.5.2.3.

-
otherwise (if the status report is prohibited by the function "STATUS prohibit"):

-
if MRW, MRW_ACK or WINDOW SUFIs are required in the status report:

-
send a status report immediately excluding ACK, LIST, BITMAP, and RLIST SUFIs;

-
if ACK, LIST, BITMAP, or RLIST SUFIs are required in the status report:

-
delay sending these SUFIs until the prohibit function terminates.

Upon expiry of the timer Timer_Status_Prohibit, the Receiver shall:

-
if at least one status report was triggered but could not be transmitted due to prohibition:

-
transmit one status report to the Sender, using the procedure described in subclause 11.5.2.3.
11.5
STATUS report transfer procedure

11.5.1
General

The status report transfer procedure is used for transferring of status information between two RLC peer entities, which are operating in acknowledged mode. Figure 11.5 below illustrates the elementary procedure for status report transfer. A status report consists of one or several STATUS PDUs.

In case two logical channels are configured in the uplink, control PDUs are transmitted on the second logical channel. In case two logical channels are configured in the downlink, control PDUs can be transmitted on any of the two logical channels.

The STATUS PDUs have higher priority than AMD PDUs.
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Figure 11.5: Status report transfer procedure

11.5.2
Initiation

The Receiver shall:

-
if one of the following triggers is detected:

1)
The "Polling bit" in a received AMD PDU is set to "1";

2)
"Missing PDU Indicator" is configured and a missing AMD PDU is detected;

3)
The "Timer based STATUS transfer" is configured and the timer Timer_Status_Periodic has expired:
4)
The  "Detection of missing NACKs" is configured and at least a missing NACK is detected as specified in subclause 9.7.2;
-
act on the trigger as specified in subclause 9.7.2.
5)
An indicator received from MAC requesting generation of a status report following MAC-hs reset:
· generate a status report,even if the STATUS prohibit is configured to prohibit the Receiver from sending a status report containing any of the SUFIs LIST, BITMAP, RLIST or ACK as specified in subclause 9.7.2.
11.5.2.1
Piggybacked STATUS PDU

The Receiver may:

-
if STATUS PDU(s) to be sent fit into padding octets in AMD PDU(s) to be sent:

-
piggyback a STATUS PDU on the AMD PDU to be sent.

Submission of a piggybacked STATUS PDU in an AMD PDU to the lower layer follows the same rules as an ordinary STATUS PDU.
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