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1 Introduction

Several proposals for the physical-layer Hybrid-ARQ functionality have been presented to RAN1, see e.g. [1,2]. This paper describes the Ericsson view on this topic. 

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 retransmissions.

The Hybrid ARQ functionality is followed by the physical-channel segmentation. The input to the physical-channel segmentation consists of Nch bits, where 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 generate 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 thus coincide with the release 99 rate-matching functionality. For release 99, Nch is the only parameter that controls the rate-matching algorithm, i.e. the rate-matching rule is completely determined by the number of bits to generate. However, for the physical-layer Hybrid-ARQ functionality, it should be possible to generate different set of bits (different “redundancy versions”) for the same set of input bits and the same number of output bits. Thus there is a need for a second 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 release 99 rate-matching functionality. 

With this in mind, it is clearly desirable to achieve as much commonality as possible with the details of the release 99 rate-matching structure when deciding on the details of the physical-layer Hybrid-ARQ functionality. As an example, it would be desirable if the release 99 rate-matching functionality could be described, also in the details, as a special case of a more general Hybrid-ARQ functionality. It would also be desirable if the special case of Chase combining, i.e. a single value for the RV parameter, would coincide with what would be generated by straightforward application of the release 99 rate-matching algorithm. 

4
Detailed structure of physical-layer Hybrid-ARQ functionality

What remains to be decided is the rule by which the parameters Nch and RV controls the output of the physical-layer Hybrid-ARQ functionality, i.e. the details of the physical-layer Hybrid-ARQ functionality. There are currently two main proposals: 

· The “block-interleaving” approach of [3]

· The “two-stage rate-matching” approach exemplified in [4]

Note that rate matching is carried out in both cases, not only in [4]. The term “rate matching” for the case of [4] is related to the fact that, in this case, the release 99 rate-matching algorithm is used within the physical-layer Hybrid-ARQ functionality. 

In most respects the two proposals have equivalent features. Especially

· both proposals should be able to support different types of Hybrid ARQ (full IR, partial IR, Chase combining, partial Chase, etc.)

· both proposals should be compatible with different proposals for symbol mapping

The main differences between the two proposals seems to be:

· In contrast to the proposal of [3], it is not clear that the proposal of [4], (the “rate matching” approach) can ensure “orthogonal” redundancy versions if Nch can change arbitrarily between retransmissions. This may lead to somewhat worse performance in some cases. However, the loss is expected to be relatively small in most cases.

· The proposal of [4] reuses more of the basic release 99 rate-matching algorithm. Thus, with the proposal of [4], it should be possible to provide more commonality with the release 99 rate-matching functionality, as expressed desirable above. 

For the moment, we tend to prefer the “rate matching” approach exemplified by [4], due to its larger commonality with the release 99 structure. We think this is beneficial for two reasons:

· Somewhat reused engineering effort to implement

· Possibility for better integration of release 99 rate-matching functionality and the physical-layer Hybrid-ARQ functionality within a common concept.

Conclusions

There is, at most, only a small and in our view non-critical differences in performance and complexity between the two main proposals for the physical-layer Hybrid ARQ functionality. We tend to prefer the “rate-matching” approach exemplified in [4] due to its higher-degree of commonality with release 99 rate-matching functionality. Thus we recommend that the detailed specification of the physical-layer Hybrid-ARQ functionality should proceed based on basic principles [4], i.e. two-stage release 99 rate matching with the redundancy-version parameter controlling the eini variable. 
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