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1 Introduction

A multi-channel stop-and-wait (SAW) approach has been proposed as the scheme to implement HARQ. Its advantages include simplicity from a protocol standpoint and low signalling overhead with the choice of the right stop-and -wait scheme. Also proposed has been a variant of the Aync/Async scheme. This contribution addresses the claimed advantages of the latter and discusses the differences between the schemes proposed.

2
SAW Schemes

 Three primary approaches for enabling a SAW protocol scheme have been identified.

1. Sync/sync

2. Async/Sync

3. Async/async

In the Sync/sync (SS-SAW) scheme the transmitter at the RNC schedules re-transmissions of HARQ attempts at defined instances. However, this does not imply that the transmitter needs to necessarily schedules retransmission attempt to a UE as opposed to a transmission (or retransmission) to another UE. Thus this scheme has an element of asynchronicity to it. The SAW channel is identified implicitly through the use of the SFN. The receiver sends the acknowledgement back at defined instances on receiving a HARQ transmission. Thus the receiver transmissions are synchronous.

In the async/sync (AS-SAW) scheme, the channel is identified explicitly though the use of a sequence number (sized to the number of channel in the N-channel SAW scheme) sent on the control channel (the shared control channel is the preferred approach in order to keep the dedicated control channel code usage to a minimum, assuming a two-step scheme. In the one-step scheme as well the identifier is sent on the shared control channel by default). The receiver as in the SS-SAW scheme sends acknowledgements back to the transmitter at defined intervals and is therefore synchronous.

In the async/async (AA-SAW) scheme, an identifier is used on the control channel to identify the channel as in the AS-SAW scheme. In addition, the receiver is also able to transmit acknowledgments at any time. This is possible due to the use of the sequence number in the uplink to acknowledge the transmission. A variant of the AA-SAW scheme, the Async/Async selective repeat (AA-SR) scheme was proposed at Hayama, wherein a transmitter window is defined to limit the number of frames sent to the mobile at any given time. 

In the following we address the differences between the schemes. We focus primarily on the SS-SAW and AA-SR schemes. It is shown here that all schemes are essentially variants of SAW mechanisms. 

1. Synchronous nature - One major and obvious difference is in the synchronous nature of the uplink and downlink. 

· In the SS-SAW scheme by definition the transmissions in the uplink and downlink have fixed time relationships. However, it is important to note that this does not restrict the scheduler on the downlink to only retransmit as opposed to sending a transmission to another UE - in that sense the SS-SAW scheme has elements of asynchronicity in it - albeit of a limited nature.

·  In the AS-SAW scheme the downlink is asynchronous and this is achieved through use of a channel identifier - with the number of bits needed defined by the number of channels in the scheme. Thus the scheduler can schedule the downlink retransmissions on any channel as seen from a timing standpoint since the channel identity is defined through the channel identifier. 

· In the AA-SAW scheme the uplink acknowledgements can be transmitted by the mobile without any restriction on the channel it received the data on as long as it complies to a maximum performance requirement. 

· In the AA-SR scheme the asynchronous nature on the downlink is obtained through use of a multi-bit sequence number - the number of bits can exceed the minimum required for the n-channel AS-SAW scheme and is dictated by the round-trip time and desired maximum number of retransmissions - the size of the transmitter window.

It should be noted that the only difference between the SS-SAW and AA-SR scheme from this stand-point then is the use of the sequence number on the uplink for acknowledgements and some slight additional flexibility in terms of scheduling on the downlink. In the case of the downlink if the SS-SAW scheme uses MAC sequence number for re-ordering purposes and this is transmitted on the control channel, similar asynchronous behavior can be obtained.

The additional gains from a asynchronous uplink is actually not clear since with the use of appropriate UE capability the same performance can be obtained in the SS-SAW schemes. Moreover, this performance can be obtained can be obtained with  less complexity since the Node B need not worry about the possibility of receiving acks from the mobile over a length of time defined by a timer and the associated error cases. More importantly the Node B might end up having to wait for the timer to expire before making the decision on whether to retransmit or not in order to really take advantage of the CACK feature. This then essentially converts the AA-SR scheme to a synchronous one.

2. The phrase "selective repeat" is a misnomer in this instance - the only thing common with a text-book Selective Repeat scheme is the use of an "outer" transmitter window (more on "outer" later). In a selective repeat scheme the transmitter selectively repeats PDUs (here frames TTI long) that are not received correctly at the receiver. This however is true for all the HARQ schemes which have more in common with SAW mechanisms than with selective repeat ARQ mechanism. The transmitter window mentioned in the description of the AA-SR scheme (R2-011151) is only necessitated by the need for re-ordering at the receiver and to ensure a finite size for the re-ordering memory. However, in practice similar windows would need to be implemented in the other schemes (and in fact was proposed in R2-01278 to solve the in-sequence delivery problem for the SS-SAW scheme) to obtain in-sequence delivery. The  AA-SR scheme further uses an implicit "inner" transmitter window to limit the UE soft combining memory - this window was assumed to be of the order of 4 TTIs that being the assumed round trip delay (including reception, processing, transmission of ack at UE and processing of ack at the Node B ). While this value will be dictated by the performance requirements and complexity issues being studied in other working groups, suffice it to say here that the soft combining memory requirement would be no different then in the case of SS-SAW schemes where the number of N-channels is also decided based on the UE and Node B processing capabilities and complexity studies. Thus the AA-SR mechanism is actually a SAW scheme. There is an implicit value of "N" for the AA-SR scheme as well. The mere use of a transmitter window does not make it any more "selective repeat" than the other schemes since all the SAW schemes would need to use similar mechanisms for the express purpose of re-ordering at the receiver.

3. The other major difference is the concept of CACK in the AA-SR scheme. This supposedly permits the Node B to detect errors in prior status messages from the mobile (in addition to the CRC based error detection mechanism already present in this and other schemes). In the other schemes (SS-SAW and AS-SAW) the acknowledgements are based on simple ACK/NACK signalling requiring one bit. In their last AdHoc on REL-5, RAN WG1 re-visited the HARQ aspects by considering Layer 1 issues related to the energy required for sending six bits on the uplink in support of the AA-SR selective repeat scheme (1 bit for the ACK type indicator and 5 bits for the sequence number). While, the conclusions are still being studied by other companies, preliminary results from the proponents of the AA-SR scheme indicate that 2.5 dB additional power is necessary in order to transmit these six bits. This has an adverse impact on the uplink coverage -mobiles on the edge of the cell may not be able to communicate with the Node B.

2.1
Async/Async Selective Repeat Scheme

The primary reason for considering the AA-SR scheme has been two-fold - enabling in-sequence delivery and a supposed advantage in improving turn-around delays as mobiles get more sophisticated and have improved processing capabilities. However, if the in-sequence delivery issues can be resolved without having to carry the burden of the additional power necessary for supporting the AA-SR scheme while simultaneously enabling the evolution of HSDPA performance with improvement in mobile and Node B processing capabilities, then the simpler SAW scheme is seen to be more advantageous especially since there is no hit on the uplink coverage.

It is also necessary to visit the other purported gains and aspects of the AA-SR scheme -

1. It is claimed that the AA-SR protocol is more robust. The protocol defined for the AA-SR scheme is an ACK-only based protocol with the additional definition of a CACK which allows for cumulative ACKs. The latter is claimed to be useful in the case where a lack of transmission by the mobile is interpreted as an ACK by the Node B. The use of a CACK however brings with it additional risks due to the potential of misinterpreting the sequence number sent in the CACK since in this case the CACK is acknowledging multiple frames. In fact again going by the analysis in R1-010706 it is seen that in order to limit the probability of error for the latter case to 10e-4 a Eb/No of 12.8 dB is required and is the dominating Eb/No requirement for the AA-SR scheme. The problem is acute in the case when the mobile sends a CACK and the Node B interprets it incorrectly to indicate a higher SN than intended by the mobile. Depening on implementation the Node B could then flush those PDUs from it's buffer; however on receipt of a subsequent CACK the Node B may realize its error in prior interpretation or may assume an incorrect interpretation of the latest CACK and choose to ignore it. As mentioned earlier one approach to resolving this would be to implement the Node B scheduler to always wait for the timer associated with the frame to expire before making a decision on retransmissions. Other smart approaches are possible - the point however is that this brings in additional complexity at the Node B and the UE. In any case, it is rather obvious that  this scheme has a host of additional complexity associated with it both at the Node B and mobile stations. More importantly, in the WG1 analysis provided by the proponents of the AA-SR scheme of the various error cases and the necessary Eb/No targets to achieve a particular level of reliability (and in fact the same level of reliability as the SS-SAW scheme), the AA-SR scheme requires more power on the uplink. 

2. Transmission of a CACK when the frame is received correctly but the sequence number is outside the receiver window (it is assumed here that the receiver window mentioned here is the "outer" window as defined earlier in this contribution) - this would occur when the transmitter moves the outer transmit window based on an erroneous interpretation of a status message but the mobile has not moved the receive window due to outstanding frames to be re-ordered and outstanding frames to be received correctly. It is not clear why the re-ordering buffer (sized to the outer receiver window) would not overflow in the first instance in this case. Furthermore, in this case the previous error continues to propagate and thus is not taken care of. It is assumed that the movement of transmitter and receiver windows is done autonomously Node Bd on the status of outstanding PDUs and re-ordering status. Another case where this might occur would be in case the transmitter has exceed it's configured number of retransmission attempts and moves the transmission window. 

3. Error case considerations - Three errors have been considered by the aforementioned contribution to WG1 related to both the SS-SAW scheme and AA-SR scheme. These are:

i. (C)ACK is transmitted but the Node B detects the wrong code word.

ii. (C)ACK is transmitted but "nothing" is detected

iii. the mobile misses the assignment and transmits nothing but the Node B interprets it to be a (C)ACK.

It has been shown through analysis in the WG1 contribution that the Eb/No requirements for all the three cases are not very different in the AA-SR scheme (and this is assuming ideal conditions). Case (i) and (iii) are significant error cases since here the Node B station has the potential of moving on and the mobile will never receive some PDUs. The Eb/No requirement for achieving a probability of error of 10e-4 in case (i) is 12.8 dB, with the requirement for the error cases (ii) and (iii) being just slightly less than 12.8 dB.

In the case of the SS-SAW scheme however, the performance requirement of 10e-4 for the error case that a NACK is transmitted but an ACK is interpreted is achieved very easily and the Eb/No requirement is around 5 dB. At 10 dB Eb/No the probability of this error is somewhere in the neighborhood of 10e-8 which far exceeds the capability of the AA-SR scheme. In fact with increased Eb/No targets for the SS-SAW scheme even the probability that the mobile misses the assignment on the downlink and transmits nothing, but the Node B interprets it to be an ACK, can be decreased to the order of 10e-3, with reliability levels of 10e-5 - again something the selective repeat scheme would require 14 dB to achieve.

The claimed advantage of the AA-SR scheme is that of the (C)ACK being used to detect previously mis-interpreted errors. However, as shown above the actual practical usage of this "tool" is suspect. The other advantage claimed is that of being able to deal with improvements in UE and Node B processing capabilities with an asynchronous uplink mechanism. However, the SS-SAW scheme is able to handle this very well with the use of UE capability parameters.

3
Conclusions

It is shown that the actual benefits of the AA-SR scheme are difficult to quantify and in fact it has been shown that the SS-SAW scheme has better error performance for the same Eb/No requirements. The selective repeat scheme offers no more reliability than the simple SAW scheme. Even this it does at the expense of more energy on the uplink with the concomitant decrease in coverage. 

The implicit channel identification SS-SAW scheme on the other hand is well understood, easier to implement and a lot less complex and offers improved error performance. It is not seen beneficial to sacrifice these obvious advantages for the hoped for gains in robustness in the rare case. In should be borne in mind that in any case, the SS-SAW scheme provides high reliability of 10e-4 with reduced Eb/No requirements. It might in fact be more beneficial to use the extra power needed for the AA-SR to improve the reliability of the simple SAW scheme (though not proposed since it would result in uplink coverage holes) - if the analysis of the RAN WG1 contribution (R1-010706) is taken at face value then increasing the Eb/No target for the SS-SAW scheme to that required by the AA-SR scheme would enable error performance of 10e-5 for the case where the mobile missed the downlink signalling and transmitted nothing on the uplink, but the Node B detected it to be an ACK. However, since the Eb/No curves for all three error cases considered in the AA-SR scheme are close together no more improvement can be obtained in that scheme. 

It is therefore recommended that RAN WG2 adopt the simpler and more efficient SS-SAW SAW scheme for the HARQ protocol.
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