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1
Introduction

The data transmission rates in EUTRAN are going to be very high, so the RLC protocol must be efficient to guarantee a low-cost implementation. Therefore, simplicity of the ARQ mechanisms is as important as high performance. It is thus desirable that some of the features now present in the UTRAN ARQ be removed. UTRAN ARQ was designed to an environment that didn’t have an HARQ at the MAC layer, so it is clear that many of its sophisticated features are not really needed in the EUTRAN.

This document gives a proposal for the polling and status reporting in the EUTRAN ARQ system.
2
Description of the proposed procedures
The status reporting procedures will be described below before the polling procedures although they chronologically follow the polling procedures in the operation of the ARQ system. However, the order here is more logical, because the design of the polling procedures depends on the choices made in the design of the status reporting. The processing of the AMD PDU segment is described separately, because they should be handled separately from the main ARQ procedures.

2.1 Status reporting

2.1.1
Triggering
Status reporting may be triggered by four events:

-
Polling request from the peer RLC;
-
Indication from upper layers;

-
Detection of a missing PDU;

-
Detection of a lost status report or a lost retransmission.

Before getting into the details of each of these triggers it must be pointed out that the reception buffer status doesn’t reflect the reception status in the sense that is valid for generating the status report. The MAC layer may deliver the RLC PDUs out of sequence to the RLC due to the properties of the HARQ procedures. Therefore, there may be some missing PDUs in the sequence of the PDUs in the reception buffer although they are on the way and will usually be received and decoded correctly by the MAC and delivered shortly to the RLC.

The status report generation must thus be delayed by a small safety margin to guarantee that the “missing PDUs” are truly lost in the air interface. In fact, this is logically the same as having a separate reordering layer before the ARQ, but it is simpler to use just a single window which is the ARQ window. For example, handling the retransmitted PDUs would be cumbersome for the reordering layer as they would typically fall outside the reordering window.

When one of the status report triggers is activated, the Receiver should
-
store the largest sequence number of the correctly received PDUs in the reception buffer in a suitable state variable (let’s call it “S” for now)

-
start the reordering timer with an expiration time that is configured according to the expected delay variation (out-of-sequence depth) of the PDUs delivered from the MAC to the RLC (expected to be about 15…50 ms)

These actions should naturally be performed only if the timer is not already running, because successive triggers would prevent the timer expiration for possibly a very long time. This is not desirable, because it would deteriorate the ARQ response time. Hence, the timer should not be restarted. This means that new status report triggers are set to a pending status.

Pending status report triggers can be combined when they are to be served, because it does not matter to the peer transmitter what was the cause of the status reports. The polling request and the indication from upper layers naturally override the other pending triggers and they can be deleted when one of these is pending.

When the reordering timer expires, the action depends on the triggering event
-
if the trigger was the polling request of the indication from upper layers, the status report should always be generated unconditionally

-
if not, it should be checked whether the triggering status is still valid, i.e. whether the blocks that were missing at the start of the timer are still missing

-
the procedure should be executed from the beginning (store the last SN to S and start the reordering timer), if there are pending triggering events

If the upper layer indication to send the status report is caused by a handover, the status report should be generated without delay disregarding any timers that may already be active. This exception is needed, because handover execution is typically too fast to allow reordering. Fortunately, this simplification doesn’t cause any harm in the handover context, because the status report has not enough time to cause many superfluous retransmissions in practise.

Proposal 1: A single timer should be used for detecting missing PDUs, reordering out-of-sequence PDUs, and delaying status reporting after receiving a polling request.
The detection of the missing PDUs and the single timer benefits are discussed in depth in another document of ours [7].

Proposal 2: Pending status report triggers can be combined when they can be serviced, so a single status report may result from multiple triggers.
2.1.2
Status report generation

New PDUs are usually received while the reordering timer was running. Although the missing PDUs are uncertain, it is possible to extend the status report with the new SNs that are in sequence with the one stored in the status variable S. This should be done by incrementing S as long as there are successive PDUs in the receiving buffer. This way the status variable always indicates the last acknowledged PDU.

The status report should contain
-
the value of the latest sequence number stored in a state variable S when the timer was started (positive acknowledgement)

-
the sequence numbers of the preceding missing PDUs if there are any (negative acknowledgements i.e. retransmission requests)

The use of a single timer makes the implementation very much simpler and lighter than the multi-timer solutions. Furthermore, the absence of multiple independent timers makes the status report prohibition methods obsolete, because the transmission of the status reports very close to each other is never attempted.

Proposal 3: The status report should contain the acknowledgement of the last PDU before the first unreordered missing PDU and a list of preceding missing PDUs if there are any.
2.1.3
Detecting lost status reports and lost retransmissions
There are two alternative ways to guarantee that the loss of the status report or a loss of a retransmission don’t cause any serious damage. The simpler way is to always use periodic polling.

Another way is to start a timer each time a status report is transmitted. The timeout of such a timer should be so long that the normal retransmission procedure easily gets finished before the timer expires. The typical timeout depends on many other parameters, but it is expected to be a few hundreds of milliseconds. The timer should also be restarted each time a status report is transmitted.

The sequence number at which the timer is started must be stored in a variable to guarantee error free operation in all cases. If the timer expires, the contents of the receiving buffer preceding this variable are examined. If there are missing PDUs, a status report must be regenerated. It is appropriate to build is according to the new status of the buffer (without the PDUs still under reordering, of course).

It is worth noting that this timer is needed if the use of periodic polling is made mandatory. However, both alternatives are included in the text proposal at the end of the document to facilitate discussion and to enable fast progress if it is accepted.

Proposal 4: A timer should be used to detect the loss of a status report or a loss of a retransmitted PDU.
2.1.3
Note on retransmissions
As the retransmission may be triggered by a local NACK in addition to the status report from the peer receiver, it is necessary to use a retransmission prohibition timer that is associated with each retransmitted PDU. This timer should be started at each retransmission and any retransmission triggers should be ignored while the timer is active.

Proposal 5: A retransmission prohibit timer should be used to prevent retransmitting the same PDU immediately again.
2.2
Polling
The Sender should start the polling procedure
-
when the last PDU in the transmission or retransmission buffer is transmitted, a status report must be requested explicitly, as otherwise the loss of the last data would remain undetected;
-
when periodical polling is used and the number of PDUs defined by the configuration has been reached;

-
when an upper layer requests an acknowledgement of the successful delivery of the SDU;

-
when either the polling request or the resulting status report has been lost, a new polling request must be sent.
Periodical polling is required to advance the transmitter window, as status reports are not generated when all PDUs are received correctly by the peer Receiver. There are many alternatives how periodical polling can be carried out. Only one should be selected for simplicity and we have chosen the one that is based on counting the PDUs (c.f. justification in chapter 3.1).

The polling procedure has the following steps:

-
set the polling flag of the next PDU to be transmitted or retransmitted to ‘1’;

-
store the highest sequence number of the blocks that have been transmitted earlier or the sequence number of the PDU that will carry the polling request (the that will be transmitted with the polling bit set to ‘1’) whichever is higher to suitable status variable (let’s call it x for now);

-
start a timer to guarantee that there will be an alert if either the polling request or the resulting status report is lost;

-
the timer will be stopped if a status report with a positive acknowledgement of the PDU with the sequence number x (if some other kind of status report is received, it is possible that it was caused by another event in the receiver and there is thus a chance that the polling request was lost and the timer should not be stopped).

If the timer expires and no valid status report has been received

-
start the polling procedure again including the update of the status variable (x) according to the new transmission buffer status;

-
if there are no PDUs to be transmitted or retransmitted the PDU with the sequence number x shall be transmitted again as the polling bit can’t sent alone (if the polling failed there is a 50 % probability that due to the loss of the PDU carrying the polling, so the retransmission of the PDU is the proper action)

If a new event that triggers the polling request occurs while the timer is running, the timer shall be restarted and the status variable x be updated accordingly. It is clear that very frequent polling requests can be transmitted, because triggering events are independent of each other. Despite of that, no poll prohibit mechanism is needed. The status prohibit feature (although implicit) at the peer Receiver guarantees that status reports are not sent too frequently. It is worth noting that sending the polling requests too frequently does not waste any resources as long as status report generation is properly controlled.

Proposal 6: Periodical polling should be based on counting the number of transmitted PDUs.

Proposal 7: Polling should be used when transmitting the last data in the buffer or when requested by upper layers.

Proposal 8: If a status report is not received after transmitting a polling request, the polling request should be repeated. The PDU that carried the polling request can be retransmitted at the same time.
2.3
Re-segmented PDUs
The re-segmented PDUs should be handled separately from the main ARQ procedures, because the structure of the reception buffer would become rather complicated. In theory, each cell of the buffer should be able to store a large number, in theory an infinite number of re-segmented pieces. This would not be sensible, because it would be heavy and complicated in the implementation with the dynamic memory management and also in formulating the ARQ algorithm in the standard. As re-segmentation is applied very rarely, it is better to keep the dynamic memory management in a separate small entity and have a simpler and faster buffering in the main ARQ.

The basic idea is that the re-segmented sub-PDUs are not delivered to the main ARQ, but they are withheld in an intermediate storage. The main ARQ will see these PDUs as missing until all pieces of the re-segmented PDU have been received. After the original PDU has been reassembled, it is delivered to the reception buffer of the main ARQ system.

When the main ARQ algorithm detects a missing PDU and generates the status report accordingly, the intermediate storage must be checked. If parts of the missing PDU have already been received, the status report will request a retransmission of only the missing parts.

The text proposal at the end of this document doesn’t contain the handling of the re-segmented PDUs yet, because it is better to freeze the relevant parts of the main ARQ first.

Proposal 9: The PDU segment handling should be separate from the main ARQ window.
3
Comparison to other solutions

The target in the EUTRAN standardisation and the ARQ procedure design in it is that

-
it should be as simple as possible (while being functional, of course);

-
overlapping functionalities should be avoided, i.e. a single method should be used to meet a requirement.

Most of the contents of this chapter is description how and justification why unnecessary procedures, functions, and methods can and should be avoided and removed.
3.1
Procedures proposed by others
Periodic polling can be based on timers, counting the PDUs, counting the TTIs, and counting the number of bytes [3]. Counting the PDUs is likely to be the one that has the best overall performance, if just one of the alternatives has to be picked.  A timer-based solution works well with a regular data rate, but irregular data rates cause either too frequent or too few status reports relative to the number of PDUs transmitted. Counting the TTIs is insensitive to the amount of actual data transmitted, so it has basically the same problems as the timer-based solution. Counting the number of bytes does not take the channel bandwidth into account and the status reports are likely to be too frequent with high data rates and vice versa. The capacity of the buffers is not measured in the number of bytes, because the ARQ window sizes are measured in the number of PDUs. Therefore, counting the PDUs is the best basis for the regular polling. Note that the PDU-based periodic polling doesn’t cause status report stalling although there is a pause in the data transmission, because polling request is also triggered when the transmission buffer gets empty.

Window based polling behaves in a very similar way to our proposal. The polling is triggered when the number of PDUs in the transmitter window exceeds a certain threshold, so the polling request is activated periodically when no PDUs are lost and the data transfer is continuous. The window based polling causes somewhat less polling requests than our proposal, so the number of PDUs in the transmitter window is a little higher on average. The behaviour also differs slightly from our proposal when one or more PDUs are lost. The differences are marginal, so we see the window based polling also as a viable alternative.
It has been proposed that the status report should be generated whenever the Receiver observes that the reception buffer is getting full [4, 5]. It is obvious that this is a situation where a status report should be sent to prevent buffer overflow. However, it is not necessary to use this situation as a status report trigger, because already the missing block detection mechanism will be generating status reports regularly in this case. The only way the reception buffer can get full is that a PDU is missing at the beginning of the buffer. It is obvious that the missing PDU detection mechanism has started the repeat requests a long time before the buffer is actually getting full, so another trigger for status reporting in this case is not needed.

Periodic status reporting has been present earlier in the UTRAN and has also been proposed for EUTRAN [5, 6]. It is not really needed, because periodic polling can be used for the same purpose. Sending a polling request to the peer RLC does not consume any resources, because it is a fixed flag in the RLC PDU header. Having the periodic status reporting would thus be an overlapping, superfluous functionality and should not be used.

When the missing PDU detection and the status report generation in the Receiver is based on more than one independent timers, a status prohibit mechanism, usually based on another timer, is needed [5, 6]. When only a single timer is used in delaying the status report generation after the missing PDU detection and when this is combined with the polling request processing in the way described in chapter 2.1, the need for a separate status report inhibition disappears. The single-timer method acts implicitly as a status report prohibit timer, so nothing else is needed.

Alternative 1: The window based polling may be considered instead of the counter based periodical polling.
3.2
Some procedures used in UTRA
UTRA RLC [2] uses a poll prohibit procedure to prevent sending poll requests very close to each other. This is, however, unnecessary in the proposed EUTRA RLC ARQ procedures, because the status report generation is limited in the way described above.

Proposal 10: Being unnecessary, poll prohibit should not be used for simplicity.
4
Summary
Status reporting is triggered either by the polling request or by detection of a missing PDU. The status report generation is delayed with a timer to make the status report describe the true reception status at the time of the triggering event. No status report prohibit mechanism is necessary, because the main procedure design guarantees a sufficient interval between the status reports.

The status report contains the positive acknowledgement of the latest correctly received PDU and a list of missing PDUs before the acknowledged one.

Polling request may be sent when transmission buffers become empty, when a certain number of PDUs has been transmitted, or when requested by an upper layer. Polling is repeated if the polling request or the resulting status report was lost.

The ARQ processing of the re-segmented PDUs should be handled by a separate entity. Handling only complete PDUs in the main ARQ keeps it simple and efficient. Re-segmentation occurs so seldom that its complexity and inefficiency have little impact in the overall efficiency.

Proposal 1: A single timer should be used for detecting missing PDUs, reordering out-of-sequence PDUs, and delaying status reporting after receiving a polling request.
Proposal 2: Pending status report triggers can be combined when they can be serviced, so a single status report may result from multiple triggers.
Proposal 3: The status report should contain the acknowledgement of the last PDU before the first unreordered missing PDU and a list of preceding missing PDUs if there are any.
Proposal 4: A timer should be used to detect the loss of a status report or a loss of a retransmitted PDU.
Proposal 5: A retransmission prohibit timer should be used to prevent retransmitting the same PDU immediately again.
Proposal 6: Periodical polling should be based on counting the number of transmitted PDUs.

Alternative 1: The window based polling may be considered instead of the counter based periodical polling.
Proposal 7: Polling should be used when transmitting the last data in the buffer or when requested by upper layers.

Proposal 8: If a status report is not received after transmitting a polling request, the polling request should be repeated. The PDU that carried the polling request can be retransmitted at the same time.
Proposal 9: The PDU segment handling should be separate from the main ARQ window.
Proposal 10: Being unnecessary, poll prohibit should not be used for simplicity.

The text proposal for TS 36.322 is given below.
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5.2
ARQ procedures

ARQ procedures are only performed by an AM RLC entity.
5.2.1
Retransmission

An AM RLC entity can retransmit RLC PDUs or RLC PDU segments when notified that they are lost at lower layer.
An AM RLC entity can be notified that an RLC PDU or an RLC PDU segment is lost at lower layers by the following:
· STATUS reports from its peer AM RLC entity including negative acknowledgements;

· HARQ delivery failure from the transmitting MAC entity.
When a retransmission for AMD PDU with the Sequence Number X is triggered, the Sender shall

-
if timer Timer_Retransmission_Prohibit of the AMD PDU X is not active,

-
start timer Timer_Retransmission_Prohibit for the AMD PDU X;

-
retransmit AMD PDU X.
Editor’s note: It is intended to specify more details as necessary regarding which RLC PDUs or RLC PDU segments should be considered for retransmission at the transmitter in this section.

5.2.2
Polling

An AM RLC entity can poll its peer AM RLC entity in order to trigger STATUS reporting at the peer AM RLC entity.
Triggers to initiate polling include:

· Transmission of last data in the transmission or retransmission buffer.
· Expiration of the timer Timer_Poll

· Every Poll_PDU PDU

Both new and retransmitted AMD PDUs shall be counted.

· Request of an acknowledgement of the SDU by an upper layer.

Which of the triggers shall be used is configured by upper layers for each RLC entity.
When the Polling function is triggered, the Sender shall:

-
if there is one or more AMD PDUs to be transmitted or there are AMD PDUs not acknowledged by the Receiver:

-
initiate the Polling function by setting the polling bit
-
otherwise (if there is no PDU to be transmitted and all PDUs have already been acknowledged):

-
not initiate the Polling function.
Editor’s note: It is intended to specify details regarding polling triggers (including the need for more triggers than those indicated above) and poll prohibit timer (it is FFS if this is needed) in this section.

5.2.3
Status reporting

An AM RLC entity sends STATUS reports to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC PDUs and/or RLC PDU segments.

Triggers to initiate STATUS reporting include:

· Indication from upper layers;
· Polling from its peer AM RLC entity;

· Detecting a loss of a PDU by the Receiver;
· Detecting a loss of the STATUS report or a loss of a retransmission.
Procedures for the status report trigger and transmission is as follows:
If the receiver detects missing PDU(s), it shall
-
if Timer_Reordering is not already active

-
start Timer_Reordering
-
set VR(SRE) = VR(H) - 1

If the receiver receives a poll or an indication from upper layers, it shall
-
set VR(PIR) = TRUE

-
if Timer_Reordering is not already active

-
start Timer_Reordering
-
set VR(SRE) = SN of the AMD PDU with the polling
When Timer_Reordering expires and VR(PIR) = TRUE, the receiver shall

-
send a STATUS report for the AMD PDUs whose SN ≤ VR(SRE)

-
set VR(PIR) = FALSE

-
if there are missing AMD PDUs with VR(SRE) < SN < VR(H)


-
start Timer_Reordering

-
set VR(SRE) = VR(H) – 1
When Timer_Reordering expires and VR(PIR) = FALSE, the Receiver shall

-
while AMD PDU with the SN = VR(SRE) + 1 has already been received correctly

-
repeat incrementing VR(SRE) by one

-
if there are missing AMD PDUs with SN < VR(SRE), i.e. VR(R) < VR(SRE)

-
send a STATUS report for the AMD PDUs whose SN ≤ VR(SRE)

-
set VR(SRT) = VR(SRE)

-
start or restart timer Timer_Status_Report_Loss_Detect

-
if there are missing AMD PDUs with VR(SRE) < SN < VR(H)

-
start Timer_Reordering_Delay

-
set VR(SRE) = VR(H) – 1

The STATUS report contains


-
the acknowledgement of the AMD PDU with SN = VR(SRE)


-
the negative acknowledgement of the missing AMD PDUs with the VR(R) ≤ SN < VR(SRE) (if there are any).

When Timer_Status_Report_Loss_Detect expires

-
if there are missing AMD PDUs < VR(SRT), i.e. VR(R) < VR(SRT),
-
while AMD PDU with SN = VR(SRT) + 1 has already been received correctly,
-
repeat incrementing VR(SRT) by one;

-
send a STATUS report that acknowledges the AMD PDU with SN = VR(SRT) and negatively acknowledges the missing AMD PDUs with VR(R) ≤ SN < VR(SRT);

-
else

-
stop timer Timer_Status_Report_Loss_Detect;
Upon reception of the STATUS report, the Sender shall:

-
update the state variables VT(A) and VT(MS) according to the received STATUS report;

-
if the STATUS PDU includes negatively acknowledged AMD PDUs:

-
retransmit these AMD PDUs;

Editor’s note: It is intended to specify details regarding STATUS reporting triggers (including the need for more triggers than those indicated above), generation of STATUS reports and STATUS prohibit timer (it is FFS if this is needed) in this section.
7
Variables, constants and timers
7.1
State variables

The state variables defined in this subclause are normative.

The RLC shall maintain the following state variables in the Sender:
a) VT(S) - Send state variable
This state variable is maintained by each transmitting UM RLC entity and the transmitting side of each AM RLC entity. It holds the value of the SN to be assigned for the next newly generated UMD PDU or AMD PDU. This state variable is initially set to 0.

b) VT(A) - Acknowledge state variable
This state variable is maintained by the transmitting side of each AM RLC entity. It holds the value of SN following the SN of the last in-sequence acknowledged AMD PDU. This status variable indicates the lower edge of the transmission window. This state variable is initially set to 0.

c) VT(MS) - Maximum Send state variable
This state variable is maintained by the transmitting side of each AM RLC entity. It holds the SN of the first AMD PDU that can be rejected by the peer receiver. This state variable equals VT(A) + Window_Size. This status variable indicates the upper edge of the transmission window. 
d) VT(PDU)
This state variable is used when the "poll every Poll_PDU PDU" polling trigger is configured. It shall be incremented by 1 for each AMD PDU that is transmitted including both new and retransmitted AMD PDUs. When it becomes equal to the value Poll_PDU, a new poll shall be transmitted and the state variable shall be set to zero. It is FFS whether this variable should also be reset to zero each time a status report is received. This variable is initially set to 0.
The RLC shall maintain the following state variables in the Receiver:

a) VR(R) - Receive state variable
This state variable is maintained by the receiving side of each AM RLC entity. It holds the SN of the last in-sequence received AMD PDU except the discarded one. This status variable indicates the lower edge of the receiving/reordering window. This state variable is initially set to 0.
b) VR(H) – Highest expected state variable

This state variable is maintained by the receiving side of each AM RLC entity. It holds the SN following the highest SN of any received AMD PDU. The initial value of this variable is 0.
c) VR(MR) – Maximum acceptable Receive state variable
This state variable is maintained by the receiving side of each AM RLC entity. It holds the value of the higher edge of the receiving/reordering window. This state variable equals VR(R) + Configured_Window_Size.

d) VR(SRE) – Status Report Endpoint sequence number

This variable is used to mark the AMD PDU that caused starting the timer Timer_Reordering. When the timer expires the status report can’t contain sequence numbers that are greater than this variable, because the HARQ transmission at the MAC layer may still be unfinished with those AMD PDUs.

e) VR(PIR) – Polling request or Indication from upper layers Received

This variable is set to TRUE when the polling request has been received and reset to FALSE when the status report has been sent. The initial value of this variable is FALSE.

f) VR(SRT) – Status Report Transmission time

The value of the VR(SRE) is stored in this variable to enable the retransmission of a STATUS report if the last one or a retransmission was lost.
The value range is 0 to [2^(SN field length) – 1] for these state variables. When their value of exceeds [2^(SN field length) – 1] due to any update operation described in sub clause 5, then a modulus operation shall be performed with the modulus base being [2^(SN field length)].

7.2
Constants

a) Configured_Window_Size

This constant is used by the transmitting side of AM RLC entity to calculate VT(MS) from VT(A), and by the receiving side of each AM RLC entity to calculate VR(MR) from VR(R).
b) Poll_PDU.

This protocol parameter indicates how often the transmitter shall poll the Receiver in the case where "polling every Poll_PDU PDU" is configured by upper layers. It represents the upper limit for the state variable VT(PDU). When VT(PDU) equals the value Poll_PDU a poll shall be transmitted to the peer entity.
7.3
Timers

The timers defined in this subclause are normative.
a) Timer_Poll.
This timer shall only be used when so configured by upper layers. The value of the timer is signalled by upper layers. This timer shall be started (or restarted) when an AMD PDU containing a poll is transmitted. If x is the value of the state variable VT(S) after the poll was submitted to lower layer, the timer shall be stopped upon receiving a positive acknowledgement for all the AMD PDUs with Sequence Number x – 1 or lower.
b) Timer_Reordering
This timer is used to delay the transmission of the STATUS report so that all the AMD PDUs that have been transmitted before the one with the polling bit set or before the missing PDU was detected have been delivered by a lower layer to the RLC. A delay is necessary, because the lower layer may deliver the PDUs out of sequence..
c) Timer_Status_Report_Loss_Detect

This timer is used to guarantee that a loss of a status report or the resulting retransmission is detected. This timer is started and restarted each time the Receiver transmits the STATUS report. The value of the VR(SRE) is stored in the status variable VR(SRT). When the timer expires the STATUS report is generated according to subclause 5.2.3, if there are missing AMD PDUs with the Sequence Number smaller than VR(SRT).

This timer may be configured to be inactive, if periodic polling is used.

d) Timer_Retransmission_Prohibit

This timer is created for each AMD PDU whose retransmission is requested. When this timer is active, the retransmission of the associated AMD PDU is prohibited.
Editor’s note: It is intended to specify necessary details in this section as discussions proceed, but it is foreseen that at least discussions regarding transmit/reordering window state variables, polling/STATUS reporting related state variables, polling/STATU reporting/reordering/SDU discard related timers are needed.
