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1
Introduction

One of the cornerstones of the ARQ algorithm is the detection of the loss of the PDUs at the receiver. The problem in EUTRAN is somewhat challenging, because the MAC layer doesn’t deliver the RLC PDUs in the right order. The parallel HARQ processes may have different number of retransmissions and the RLC may receive the blocks out of sequence. Furthermore, there may be parallel logical channels, so low-priority traffic may be stalled for a moment when the higher-priority channels temporarily fill the physical channel.

This document discusses the detection of the loss of the first transmission only. Detecting the lost retransmissions is discussed in another document of ours [4].
2
PDU loss detection and management

2.1
Discussion
When a discontinuity in the sequence numbers of the received PDUs is observed, the transmission of a status report can’t be triggered immediately, because the MAC layer may still deliver the missing blocks in the following tens of milliseconds.  A simple and obvious solution to this is to start a timer each time a discontinuity is detected [2]. However, such a solution is rather heavy, as timers would be created, started, and stopped very often. In addition to the heavy implementation, the expiring timers would probably trigger the status report transmission more often that the status prohibit timer would allow transmitting the status reports, so the full sensitivity of the missing block detection would be wasted.

Therefore, we propose a simpler mechanism where just a single timer is needed for each logical AM channel. The timer is semistatic, i.e. it can be created at the channel setup and it is static after that through the lifetime of the channel.

2.2
The algorithm description
A timer is started each time a discontinuity in the sequence numbers is detected. At the same time, the sequence number of the latest received PDU is stored in a variable. When the timer expires, the algorithm examines the part of the reception buffer with the lower sequence numbers than the stored one. If there are still missing PDUs, a status report is generated. After this, it must be checked whether there are missing PDUs in the part of the reception buffer with the higher sequence numbers than the stored one, i.e. if further PDUs were lost while the timer was running. If this is the case, the timer is started again and the highest received sequence number is stored to the variable.

This timer can be combined with the poll request handling, because it requires similar handling. Sending the status report immediately at receiving the polling request would result in a false status report for the same reasons related to the out-of-sequence delivery of blocks by the MAC layer. This further simplifies the status report handling.

The single timer also automatically acts as a status report prohibit timer. If there were more than a single timer to handle missing PDUs and polling requests, they would be unsynchronized and uncoordinated, so a separate status report prohibit timer would be needed to avoid generating status reports next to each other. With a single timer to handle everything such a problem doesn’t exist.

This timer also acts as a reordering timer. A separate reordering layer is not required as logically the timer together with the ARQ receiving window perform also the reordering function.

The typical timeout for the timer is dependent on the MAC HARQ parameters and the MAC resource allocation, but it is expected to be about 15…50 ms.
3
Comparison to other methods
3.1
Using multiple timers
A multiple timer based PDU loss handling means starting a timer every time a discontinuity in the sequence of PDUs is observed. The status report generation is triggered whenever the timer expires and the PDU that was missing is still missing. [2] This is a simple method, but it has many problems:

-
The implementation is heavy, because it requires the creation of a timer each time a discontinuity is detected. Using static timers is difficult, because the needed number of timers is not known in advance.

-
Due to the properties of the HARQ in the MAC layer, the number of blocks delivered out of sequence may be high although all blocks are delivered correctly. As each discontinuity in the sequence triggers a timer creation, running, expiration, and deletion, a lot of resources (which are often microcontroller operating system services) are continuously wasted in rather heavy operations that don’t usually lead to any actions.

-
As there’s no simple coordination between the timers, several timers may be started and thus will expire very close to each other. This may often lead to triggering the status report transmission so frequently that it is not sensible. Therefore, a separate status report prohibition mechanism must be designed to prevent too many status reports.

The method proposed in chapter 2.2 doesn’t have any of these problems. At the first sight it may seem that the proposed method reacts more slowly to successive PDU losses, because only one timer is used. However, this is not true because the immediate reaction to each discontinuity would be annulled by the status report prohibition mechanism anyway in the method based on multiple timers. The end result in the performance of both of the alternative solutions is likely to be very similar.
3.2
Loss detection by using the HARQ information
It has also been proposed that the MAC layer inform the RLC when the HARQ detects that the transmission of a PDU fails [3]. It is hard to see how this can be a reliable method, because the MAC has no information what was the logical channel of the PDU that was not decoded correctly. Therefore, it is impossible to direct the error information to the right ARQ process. The only situation where this could work is a channel setup having only a single logical channel. This should not be considered as a sufficient reason to adopt this approach.
4
Conclusion

We propose that

-
the loss detection and management is based on a single timer that is started when a discontinuity in the sequence of the received PDUs is observed

-
the PDU that caused starting the timer is marked, i.e. its SN is stored in a variable

-
the same timer is used for handling the polling request

-
the same timer acts implicitly as a status report prohibit timer, so a separate status report prohibit mechanism is not needed

The text proposal to the TS 36.322 reflecting these proposals is included at the end of this document.
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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;
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

When Timer_Reordering expires, 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)

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

-
start Timer_Reordering_Delay


-
set VR(SRE) = VR(H) – 1

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.

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.

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).
7.3
Timers

The timers defined in this subclause are normative.
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..
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.
