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1. Introduction

In RAN WG1 #32, two contributions were presented [1],[2] indicating a performance reduction in the HS-DSCH associated with certain coding rates. In a separate TDOC (712), a CR is to presented to WG1 #33 proposing a modification to the HS-DSCH rate matching algorithm that overcomes the performance degradation. Some simulation results indicating the need to introduce this change will also be presented in a separate TDOC (726). The purpose of this document is to elaborate on the contents of the CR and the mechanism by which the performance degradation is avoided.

The proposed method checks in both stages of the rate matching whether a problematic rate has been selected. In the majority of cases where such a rate has not been selected, rate matching proceeds as previously. Where a problematic rate may arise, either or both of the following corrections may be applied:

· In the first stage, the lengths of the two parity streams may be adjusted slightly (i.e. more bits are punctured in one stream than another) to adjust the rates in each stream away from the problematic rate

· In the second stage, the rate matching parameters are adjusted during the rate matching such that the coding rate alternates from a rate slightly below the problematic rate to one slightly above.

2. Proposed HS-DSCH Rate matching algorithm

In [1], analysis of the rate matching issue was restricted to the situation in which the first stage HS-DSCH rate matching is transparent. In this case, it was shown that the performance degradation arises from an interaction between the periodicity of the rate matching pattern and the inherent periodicity of the turbo encoder. In particular, it was shown that at the problematic code rates, the positions (in the unpunctured bit stream) of survivor (i.e. non punctured) bits lie in the same position or positions within a modulo 7 period for long segments of the unpunctured stream. In [2] it was demonstrated that performance degradations arise via exactly the same mechanism when the first stage is not transparent.

In the following description, a “puncturing pattern” is defined to be the pattern of positions of bits that are punctured from an original stream. “Puncturing Rate” is defined to be the reciprocal of the number of bits between punctured bit positions (inclusive of  the punctured positions) in the original bitstream.

In the case of two stage rate matching, two overlaid puncturing patterns exist:

· A pattern arising from bits punctured the first stage only

· A pattern arising from bits punctured in the second stage; this pattern is dependent upon both the first and second rate matching stages.

In order to avoid either of these patterns causing performance degradation, the following methodology has been adopted:

· In the first stage, test whether the puncturing is likely to cause a periodic pattern. This is achieved by evaluating an “implicit duration” function, which predicts the length of periodicity in the puncturing pattern. The first stage rate matching is only adjusted if the calculated implicit duration indicates a necessity. In this case, the amount of bits punctured in the first parity stream is increased slightly, whilst in the second stream the number is correspondingly decreased slightly. This has the effect of shifting the puncturing rates in both streams to break up modulo 7 periodicity, whilst keeping the total amount of punctured bits the same. The adjustment in the puncturing rate in each of the streams is kept sufficiently small to leave the coding performance in each stream unaffected.

· In the second stage, a composite puncturing rate for each stream, taking into account adjustments to the puncturing rate carried out at the first stage is calculated.  The composite puncturing rate in each stream is compared with a look up table, which predicts rates at which modulo-7 periodic patterns, and hence coding degradations will arise. If the composite rate of a stream falls within a range of problematic rates, the “dithering” algorithm described in the section 2.2 is applied.
2.1.  Application of different puncturing rates in the two parity streams

Differing puncturing rates are applied in the two parity streams if the puncturing pattern in the first stage is likely to lead to a performance degradation, or is likely to contribute to an unwanted pattern after second stage rate matching.  In this case, the number of bits punctured in the first parity stream is reduced by an amount ΔNPARITY, whilst the number of bits punctured in the second stream is increased by the same amount. The decision as to whether such a change should take place is based upon a calculated parameter λ, which estimates the inverse of the length of runs of survivor bits which hold the same modulo 7 position in the unpunctured stream [1]. The length of survivor bit runs is termed “implicit duration”.

The procedure for deciding to apply the split rates, and calculating ΔNPARITY is captured in section 4.5.4.2.1 in TDOC 712. In the CR, a search is made for periods modulo 7, 14, 21 and 28 (controlled by the α parameter). In each search, λ is calculated, and it is determined whether λ lies near to a peak in “implicit duration” (denoted in the CR as “round”). “Near” is defined to occur when the implicit duration is less than 49 bits.  If λ does not lie near a peak, or the puncturing rate is very close to zero or 100%, ΔNPARITY is set to zero in order that the lengths of the two parity streams are not adjusted. If near an implicit duration peak, the calculated value of ΔNPARITY depends on the side of the peak at which the coding rate lies, which is indicated by the sign of λ. This is indicated conceptually in Figure 1. In the figure, the y axis can be viewed as “implicit duration” and corresponds to the amount of performance degradation, whilst the x axis is puncturing rate. If the unmodified rate lies to the left of the peak, the upper coding rate is chosen to be a fixed distance from the peak that is known to give acceptable performance. The lower rate is then chosen in order that the total amount of puncturing remains the same, and can be guaranteed not to lead to a higher implicit duration and worse performance. In the unmodified rate lies to the right of the implicit duration peak, the selection of upper and lower rates is reversed.
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Figure 1 Selection of modified coding rates for the two parity streams (left) when the unmodified rate is below a peak and (right) when above.

2.2. Dithered puncturing algorithm

The dithered puncturing algorithm may be applied to either or both of the two parity streams in the second stage.  The decision as to whether it is necessary to apply dithered puncturing to a parity stream is made by means of comparing a composite puncturing rate (taking into account any rate adjustments in the first stage) to a predefined list of coding rates at which problems may occur.

If dithering is to be applied, when processing a parity stream, the algorithm employs two puncturing rates, one higher than the original, and one lower, it then switches between these two puncturing rates whilst applying puncturing to the parity bit stream. The total number of bits punctured is kept the same as it would have been with the original algorithm. 

Generically it is possible to have one or many switching points between the two puncturing rates within a parity stream. The number of points is not critical to the performance, since the fraction of the bit stream punctured at each rate is independent of the number of switching points. In the proposed CR, the number of switching points is set to one, meaning that the punctured stream consists of two segments in which the first segment uses a lower puncturing rate than the original, the second uses a higher puncturing rate. The two segments do not account for the whole of the parity stream; a third segment is allowed at the end that is punctured at the original rate.  The third segment is kept short, and allows for puncturing exactly the correct amount of bits to maintain the overall puncturing rate. By breaking the parity stream into a low number of segments in this way, the original rate matching algorithm, as is currently defined in section 4.2.7.5 of TS25.212 can easily be used with some minor parameter changes.

The different between the higher puncturing rate in the first segment and the original rate, and also between the lower puncturing rate in the second segment and the original has been set to 1/49. This selection allows for problematic rates to be avoided in all cases whilst not representing a significant change in coding rate.

The procedure for applying the ditering in the second stage is captured in section 4.5.4.3 of TDOC 712
3. Conclusion

A CR for 25.212, modifying the rate matching algorithm for HS-DSCH to avoid degradations in performance will be presented alongside this contribution. 

In the majority of cases, the modified rate matching algorithm operates in exactly the same manner as previously defined. In the minority of cases in which either the first or second stage rate matching would lead to a performance degradation, unequal length streams and/or dithering are applied. Both of these modifications do not change the body of the rate matching procedure in any way, but rather the rate matching parameters that are applied. Furthermore, in an implementation, the modifications can be achieved with a modification to the Rate Matching DSP software without affecting any other part of the system.
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Figure 2: Sample puncturing patterns before and after application of the physical layer modification.
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