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1 Introduction

This paper is intended to highlight perceived deficiencies in the transmitter/receiver window scheme as proposed in [2] and demonstrate the distinct advantages of utilising an inband ASN field [1] in solving these issues. This ASN field could be used within the framework of the proposal in [2], which in its self can be used to implement the implementation rules previously discussed in [1].

2 Comparison on Issues regarding Stall Avoidance 

2.1 Direct and Quick Resolution of Stall at the UE Receiver

In-band: Using ASN, quick determination of a stalled gap in the receiver re-sequencing buffer can be attained since the TSN of the aborted transmission or ASN can be sent in the next new transmission after an ACK has been received. The aborted transmission can be due to Nack to Ack misinterpretation or data block transmission pre-empted by a higher priority data block. The ASN can be sent in any of the HARQ processes. This flexibility is required since a UE may be scheduled in different HARQ processes at different time. Hence, the in-band ASN can be used immediately at the next new transmission in any of the N HARQ processes.

Window: Window based mechanism does not directly address stalling at the UE re-sequencing buffer but rather it depends on the timer or new incoming data blocks to advance the window past the stalled gap or gaps. The disadvantages of this scheme are:

1. Waiting for the timer to expire adds latency and decreases throughput. The timer setting has to consider the worst-case scenario where a data block has to be retransmitted up to the maximum number of retransmission attempts allowed, resulting in large timer setting. 

2. Flushing of stalled gaps by advancing the window is a function of the incoming load and the window size. Both factors (low load and/or large window size) can significant reduce the possibility that stall gaps can be flushed effectively. 

2.2 Signalling of Explicit Discard

In-Band: In addition to the aborted data blocks transmission scenarios as described above, the ASN also explicitly signals data block transmission that has been discarded by the NodeB, typically after a specified total number of retransmission have been exceeded. This may be more frequent than erroneous NACK/ACK interpretations.

Window: Window based mechanism has no inherent mechanism to address this problem and a gap in the TSN sequence is left until expiry of the timer or sufficient data blocks to move the window have been received as before. 

2.3 Minimise Cascading Timer Problem

In-Band: As clearly pointed out in [3], multiple gaps in the re-sequencing buffer can stifle throughput significantly when one timer is started after another. This cause correctly received data blocks to be stalled in the re-sequencing buffer for a significantly long time and could not be delivered to the upper layers until several timers have expired. With ASN, these gaps are identified quickly (during the elapsed time of an on going timer) and enables correctly received data blocks and gaps indicated by ASN to be forwarded to upper layers on expiry of the earlier timer. Thus, the use of ASN could prevent the starting of these unnecessary additional timers altogether or stop the on going timer before it expires. 

The net effect is that due to the information provided with the ASN, the gap or gaps can be flushed even before any additional new data blocks arrived in order to advance the window. This would also improve the speed at which data blocks are sent to the higher layers again improving the overall system throughput. 

Window: Window based mechanism has no inherent deterrent to the problem of cascading timer.

3 Summary

In summary HSDPA throughput performance is enhanced with ASN by enabling 

· Quick flushing of gaps in receiver buffer by explicit identification of data blocks due to erroneous NACK interpretation as ACK in Node B. i.e. No need to await delivery of sufficient data blocks to move receiver window or expiry of long timer.

· Identification of data blocks terminated due to pre-emption from higher priority data blocks, upon resumption of original priority traffic.

· Explicit identification of data block TSN for terminated transmissions by Node B due to reaching max. number of retransmissions, enabling flushing of receiver buffer.

· Reduction in the need to cascade timers to obtain delivery of data streams with several missing blocks, by reception of ASN indicating Node B's non-transmission of outstanding data blocks before timers are initiated.

4 Conclusions

This document demonstrates the clear advantages of in-band signalling to avoid stalling of data block delivery in the receiver buffers. It is a quick and robust resolution of UE re-sequencing buffer stalling issue. 

Although sent in-band, any increase in overhead is considered a very small percentage of the data block size and no out-of-band signalling either through L1 signalling or RRC signalling is required.

In conclusion, it is proposed that the addition of this ASN field into the in-band signalling fields of HS-DSCH be accepted.
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