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1 Introduction 

To reduce stall in the UE buffer, small timer value can be used for the forwarding of data blocks to the upper layer. However, in [1] it is shown that this comes at a cost of high residual error rate, and this will result in RLC re-transmissions. To keep the residual error rate small, moderately large timer values have to be employed.   It is also shown in [1] that larger timer values cause a degradation of throughput performance.    This degradation of throughput performance may be offset by employing an in-band stall avoidance mechanism [2]. In this contribution, we provide a summary on how the Acknowledge Sequence Number (ASN)[2], [3] can improve the UE re-ordering buffer performance.

2 In-Band Stall Avoidance with ASN

The ASN method may be used to reduce stall in the UE and thus improve throughput performance.   Extra bits are used in the MAC-hs header to signal in-band to the UE the transmission sequence number (TSN) of the MAC-hs PDUs for which an ACK has been received from the UE.   This provides the UE with information which can be used to identify PDUs which are stalling the buffer due to e.g. NACK/ACK mis-interpretation.    The ASN may also be used to identify the TSN of MAC-hs PDUs that have been discarded by the Node B  (due to exceeding maximum delay or number of re-transmissions, or priority pre-emption).  A brief summary of the advantages of ASN is provided below:

1. Robust In-band Signaling: Derive gain from the HARQ operation as well as the Turbo coding gain. Save on power as well as bandwidth required with out-of-band signaling that requires higher power or additional coding to protect against errors.

2. Direct and Quick Resolution of Stall at the UE receiver due to ACK/NACK bit misinterpretation and HARQ process abortion (due to priority pre-emption, maximum delay criteria exceeded, and maximum number of re-transmissions exceeded).   It is direct because 

a. Data block acknowledged is identified by its Sequence Number 

b. ASN can be sent in any available HARQ processes to inform the UE buffer 

3. Minimize Cascading Timer that allows for faster forwarding of packets to the upper layer

4. Small Overhead: As demonstrated by [2], the bit requirement of the ASN field can be made smaller than the TSN field with trade-offs on the range of Sequence Numbers that can be acknowledged. 

3 Conclusion 

This document demonstrates the clear advantages of in-band signalling to efficiently minimize the stalling of data blockdelivery in the UE receive buffers, thereby improving throughput performance. It i provides a quick and robust resolution of the UE buffer stalling issues.   These benefits come at the small cost of a few extra bits in the MAC-hs header.    The increase in overhead is a very small percentage of the data block size.  No out-of-band signalling, either through L1 signalling or HARQ protocol changes, is required.

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