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1 Introduction

This paper discusses the physical-layer aspects of the HS-DSCH Hybrid ARQ functionality. The basic structure for the Hybrid ARQ functionality is presented, followed by a discussion on the detailed structure and the relation between the physical-layer Hybrid-ARQ functionality and the Release 99 (R99) rate-matching functionality.

2
Basic structure of physical-layer Hybrid-ARQ functionality

Figure 1 illustrates the position of the Physical-layer Hybrid-ARQ functionality within the coding/multiplexing chain (derived from TR 25.858). 
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Figure 1
The Turbo coder precedes the Hybrid-ARQ functionality. The input to the turbo coder is the concatenated HS-DSCH transport blocks, appended by the physical-layer CRC. At the output of the Turbo coder, there are a total of NT bits, consisting of three parts: 

· Ssyst: systematic bits  (Ns bits)

· Sparity,1: First parity bits (Np bits)

· Sparity,2: Second parity bits (Np bits)

Note that the transport-block set and thus the output of the Turbo coder is invariant between Hybrid-ARQ retransmissions.

The Hybrid-ARQ functionality is followed by the physical-channel segmentation. The input to the physical-channel segmentation consists of Nch bits where, for HS-DSCH, Nch = 480(Ncodes(Nmod , Ncodes is the channelization-code-set size, and Nmod is the number of bits per modulation symbol (two for QPSK and four for 16QAM). Note that the channelization-code-set size and/or the modulation scheme, and thus also Nch, may change between retransmissions.

The basic task of the physical-layer Hybrid-ARQ functionality is thus to select Nch bits from the NT = Ns+2(Np bits provided by the Turbo coder according to some parameterized rule. At this level, the Hybrid ARQ functionality is thus identical to the R99 rate-matching functionality. For R99, the rate-matching algorithm is completely determined by the number of input bits (Ns and NP) and the number of output bits (Nch). In contrast, for the physical-layer Hybrid-ARQ functionality, it should be possible to generate different set of output bits (different “redundancy versions”) for the same set of input bits and the same number of output bits, i.e. Incremental Redundancy should be supported. Thus there is a need for a parameter controlling the Hybrid-ARQ functionality, referred to as the “RV” (redundancy version) parameter in Figure 1. At this level, the physical-layer Hybrid-ARQ functionality can thus be seen as a direct generalization of the R99 rate-matching functionality, i.e. the R99 rate-matching functionality extended with the RV parameter. 

4
Detailed structure of physical-layer Hybrid-ARQ functionality

What remains to be decided by RAN1 is the details of the Hybrid-ARQ functionality, i.e. the “rate-matching rule” by which the parameters Ns, Np, Nch and RV selects the Nch bits to be transmitted over the physical channels. There are several proposals for this detailed Hybrid-ARQ functionality, see e.g. [1,2,3,4,5,6]. 

Several of these proposals are based on the so-called “two-stage rate-matching” [3,5,6] approach, the basic principle of which is the use of two cascaded rate-matching stages, see Figure 2
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Figure 2 Two-stage rate matching, basic principle

The first stage matches to the UE soft-buffering capability while the second stage matches to the number of HS-PDSCH channel bits, i.e. Nch. Both rate-matching stages can and is also proposed to reuse the R99 rate-matching algorithm. 

The main benefit with the two-stage rate-matching approach is that it offers the possibility for a high degree of commonality with the R99 rate-matching functionality. This is not only in terms of hardware and algorithm commonality but also a functional commonality. 

As an example, for R99, Hybrid ARQ with soft combining at the physical layer is not applicable. Thus, for R99 transport channels, the UE soft-buffering capability is not relevant and can, in this context, be assumed to be infinite. This implies that, for R99 transport channels, the first rate-matching stage is transparent. Assuming that the R99 rate-matching rule is applied to the second stage, the two-stage rate-matching approach will thus be equivalent to R99 rate matching for R99 transport channels. 

This implies that the physical-layer Hybrid-ARQ functionality can be introduced in release as a straightforward extension of R99 rate matching. Other proposals for the physical-layer Hybrid-ARQ functionality would imply that a separate functionality, only applicable to HS-DSCH, must be introduced. At the same time, R99 rate matching would not be present in the HS-DSCH coding/multiplexing scheme. 

We think this is a very strong argument in favor of the “two-stage rate-matching approach
The identified drawback of the two-stage rate-matching approach it that, in contrast to e.g. the proposal of [1], one can not guarantee the lowest possible code rate after retransmissions in all cases, e.g. when the number of channel bits Nch changes between retransmissions. This can be expected to have an impact on the overall Hybrid-ARQ performance. However, the impact is expected to be relatively small which is also indicated by [7] ((0.2 dB and up to 0.5 dB for very high code rates). Although not a negligible performance difference, we do not think this out-weights the significant “backwards-compatibility advantages with the two-state rate-matching approach.

Conclusions

There is only a small and in our view non-critical difference in performance and basic complexity between the two main proposals for the physical-layer Hybrid ARQ functionality. The two-stage rate-matching approach proposed in e.g. [4] provides significant commonality with release 99 rate-matching functionality. In principle, the physical-layer Hybrid-ARQ functionality can be introduced into the specification as a straightforward generalization of the release 99/4 rate matching. We believe this is a major advantage with the two-stage rate matching approach. Thus we recommend that the detailed specification of the physical-layer Hybrid-ARQ functionality should proceed based on basic principles of [4], i.e. two-stage rate matching based on the R99 rate-matching algorithm. 
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