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1
Introduction

There have been presented a number of proposals regarding how ARQ should operate in LTE as a consequence of its always being associated with HARQ operation collocated in a single entity, UE or eNB. This Tdoc attempts to summarise the issues involved and draw some conclusions.

2
Discussion

With the collocation of the ARQ and HARQ functions in eNB and the universal use of HARQ with ARQ there have been a number of proposals made for simplifying the ARQ functionality and strongly linking it to HARQ operation.

At first sight it appears that there are new mechanisms that can be applied but it is questioned whether they are so different and whether the procedures that are to be adopted are not dissimilar to what we have used before.

Firstly it is noted that at WG2#53 it was identified that it is necessary to offer different levels of ARQ reliability:

· For signalling RABs, a high reliability configuration and possibly the capability to configure for ARQ acknowledgement for each received SDU could be required,

· For user traffic bearers, a lower level of reliability could be acceptable in exchange for reduced signalling overhead and an absence of stalling.

It is possible that two configurations could be sufficient although by setting of parameter values, such as timers, a range of behaviours could be possible. It is suggested that for the simplification of standards a single specification is required which could imply some use of a toolbox concept.

By the same principle it may be possible to view UM mode as a simplification of AM mode although it may be convenient to refer to them by separate identities.

2.1 Fundamentals of ARQ

The techniques of ARQ operation are well known and have been around for a long time. Components from the past remain potential building blocks for the ARQ process that is adopted for use with UMTS LTE.

Transmit window operation: 

The transmitter will not transmit SDU/PDUs with sequence numbers greater than L+w where w is the window size and L its lower edge. SDU/PDUs that have sequence numbers within the window can be retransmitted. The size of W will depend upon UE capability and sequence number range.

Two methods for advancing the window are noted:

· Timer: A timer is associated with the window lower edge and when it completes the lower edge PDU is deleted and the window advanced.

· Status Acks: Acks received in status messages from the Rx.

Receiver window operation:

Traditionally the receiver would control data flow via Ack reports buffering out of sequence PDUs until retransmissions were received. If a timer based Tx window is used the Rx will operate a window buffer in which it stores SDU/PDUs pending re-ordering and retransmission. The upper edge of the window will be advanced by the highest numbered SDU/PDUs received and so it will be necessary for the Tx window timer to be sufficiently large that retransmissions (possibly more than one attempt) can be requested and received in its time-out period otherwise retransmissions will fail and data lost. 

Triggering of retransmissions:

There are a number of methods available for identifying that SDUs/PDUs should be retransmitted. These can be transmitter based or receiver based:

Transmitter based: 

The transmitter can detect loss from Ack or Ack and Nack indications in status report received from the Rx RLC after comparison with a record of what has been transmitted. The status reports can be triggered by:

· Periodic transmission of status reports timed in the Rx.

· Polling from the Tx. The poll could be transmitted periodically, when a retransmission is made, every nth SDU, when retransmissions are made or when buffers are empty. 

If the Tx RLC fails to receive a poll response status report within a timer period the poll can be retransmitted. To prevent the over sending of polls a poll prohibit timer can set a minimum time between polls or a minimum time interval between status report transmissions by the Rx RLC can be enforced.

Transmitter based loss detection can provide simple, loss free ARQ but there is an overhead of status report signalling.

Receiver based: 

Traditionally an RLC receiver detects PDU loss when PDUs are received out of sequence. If re-ordering to compensate for parallel HARQ processes is performed at the RLC level then a more complex window/timer function will be required. The receiver will still detect loss by out of sequence detection, but it would delay transmission of a status report for a time period in case the SDU/PDU has been delayed by the parallel HARQ processes taking different numbers of transmissions to be successful. The choice of delay time will be a trade off between unnecessary status transmission and a delay to the retransmission request being made.

If the Rx fails to detect a retransmission within a time interval it can resend a request.

Receiver detection is not sufficient on its own to ensure lossless data delivery. SDU loss at the end of a sequence or for single SDU transmission is not possible and polling techniques are required to cover this condition.

2.2 New detection mechanisms for LTE

Because of the collocation of HARQ and ARQ functions two new detection procedures have been proposed:

Maximum number of retransmissions exceeded: 

This is detected by the HARQ process and identifies that a HARQ PDU was not successfully transmitted. It has been proposed that the ARQ processes of the contained PDUs should be instructed to retransmit them. 

This procedure does not impact on the Rx RLC or HARQ. Equivalent detection of loss at the RLC level would be significantly slower and less reliable. It seems sensible to make use of this procedure but care will need to be taken to ensure that a retransmission is not triggered twice, once for max retransmissions and once by a status report.

Nack-Ack error detection at the HARQ Rx:

The HARQ Rx can detect that a HARQ Nack-Ack error has occurred when it detects a new transmission when a retransmission is expected. It has been proposed that a status report can be sent to the HARQ Tx indicating, via physical level frame number, the PDU lost which, in turn, triggers retransmission of affected RLC PDUs at the RLC level. An alternative would be for the event to trigger a status transmission at the RLC level

It is suggested that the proposed new loss detection mechanism is quite similar to out of sequence detection at the RLC level, for which it could become a substitute. The following are noted:

· The detection process fails at the end of a sequence or for isolated HARQ PDUs. This is the same as out of sequence detection, however, it cannot detect the DTx-Ack error, which out of sequence detection can.

· To avoid unnecessary retransmissions, the Nack-Ack detection process should identify those cases where max retransmissions occurs or where there was no content in the HARQ PDU that required ARQ level retransmissions. Unfortunately, unless control signalling indicates whether content requires retransmission and the max retransmission value applying (unless there is only one max retransmissions value applying to all HARQ transmissions) this does not seem to be possible. 

· It not possible, unless some acknowledgement process is introduced, to detect that the status report has been received and acted on although it has been proposed that the high reliability of HARQ transmission reduces the significance of this issue. Timers can be used with out of sequence detection to trigger re-requests if a requested retransmission is not received.

· If status reports for Nack-Ack error are made at the HARQ level and polling is used at the RLC level then there will be two sets of status protocols operating in parallel. This may or may not introduce difficulties. It should be possible for the Tx RLC to avoid duplicate retransmissions. If status reports are triggered at the RLC level, they can be co-ordinated but every RLC process that operates ARQ would make a status report. 

There do, however, appear to be some advantages with the detection and reporting mechanism:

-
Detection could be faster than 'out of sequence' detection. How useful this would be is not clear and could depend, in part, on the delay in obtaining resources for transmitting the status reports particularly in the uplink.

-
Status reports, requesting a single HARQ retransmission, should be smaller and of a consistent size than a report made at the ARQ level, which could include Ack and Nack components each represented by SDU and/or PDU identifiers. 

Based on the above it is suggested that it is not clear that the advantages of implementing Nack-Ack detection rather than out of sequence detection are significant enough to justify the extra complexity involved in operating loss detection at two levels. 

2.3 Observations

Based on the above the following are noted:

1. Advancing the ARQ Tx window:

A number of companies have expressed a desire that the removal of ARQ PDUs held pending retransmission request and advancing the ARQ transmit window should not be controlled by Acks contained in status reports but by a timer. 

Whilst the use of a timer runs a risk of PDUs not being available for retransmission, should multiple retransmission attempts be required, and wrap around problems must be avoided, it seems advantageous when error rates are low because the need for periodic status reports are avoided.

However, where status reports containing Acks are received it seems sensible to allow them to advance the window. Consequently it is proposed that a universal solution of window advance based on status and timer is adopted. Where no status reports are received the timer will control the window. If it is desired to advance by Acks then the timer value can be set to a large value.

2. Use of Max Retransmissions detection

It seems sensible to utilise this detection mechanism to trigger retransmissions. Care will need to be taken to ensure that duplicate retransmissions are not triggered by both the procedure and status reports.

3. Use of ARQ (RLC) level status reports and polling

It appers that the HARQ based detection methods are not adequate to ensure high reliability because of the inability to detect loss at the end of sequences or the transmission of isolated SDUs. To overcome these losses, ARQ level generated status reports, containing the identities of SDUs/PDUs received or not received, combined with polling are required.

It is therefore proposed that ARQ instances should be capable of being configured to support polling and corresponding ARQ level status reports. Status reports could contain Acks at an SDU level and Nacks at a PDU level. The FFS attached to the use of RLC status reports in [1] should be removed.

The poll triggers that would be available should include at least 'buffer empty'. It is proposed that the option to use other poll triggers e.g. periodic, every nth SDU, every retransmission should be investigated. For example, periodic polling could provide a simple solution for downlink data transfer if the scheduler were to allocate uplink resources periodically for status report transfer. Use of polling implies a need for poll retransmission timers and, possibly, poll prohibit timers.

4. Receiver based status triggers

It is clear that a receiver based, RLC or HARQ, loss detection mechanism is required if periodic status reports are to be avoided. As has been noted above it is not clear that adopting HARQ Nack-Ack detection in place of 'RLC 'out of sequence' detection offers any significant advantage and may have disadvantages. 

3. 
Conclusions

Based on the analysis presented above it is concluded that the best way forward for stage 2 ARQ specification would be to base the ARQ on conventional principles, i.e. ARQ level status reports and polling, and that HARQ-ARQ interaction should be limited to 'max retransmissions detected'. With reference to sections 6.2 and 6.3 of [1]:

HARQ/ ARQ interactions should be limited to the case of maximum retransmissions being exceeded for a TB the relevant ARQ entities are notified.

ARQ principles are:

· RLC re-transmissions are on the basis of RLC PDUs.

· The transmit window is advanced by status reports (SDU acknowledgements) and/or a timer (elapsed time since SDU transmission).

· RLC retransmissions are based status reports (PDUs not received) and HARQ/ARQ interaction.

· Status reports are generated by out of sequence detection and polling. The use of periodic status reports is FFS. The triggering of status reports by a failure by the transmitter to respond to a status report within a time period is FFS.

· Polling triggers e.g. last in sequence are FFS. The repeat of polls unacknowledged within a time interval is FFS.

· The receiver detects PDU loss by out of order reception uncorrected within a time interval.

· The RLC receiver can invoke a discard procedure (FFS)

· The RLC can invoke a reset procedure (FFS). 
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