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1. Introduction

In sections 4.6.5 and 4.6.6 of the TS 25.212 [1] the coding and rate matching for HS-SCCH is specified to be based on the Rel. 99 R = 1/2 convolutional code and the Rel. 99 rate matching algorithms. This paper shows that for part 1 and part 2 the Rel. 99 R = 1/3 convolutional code shows better performance. Furthermore due to the short code block length, the Rel. 99 rate matching algorithm performs sub-optimal. Thus improved rate matching patterns are searched. The overall performance gain is 0.6 dB for part 1 and 0.3 dB for part 2.

2. Comparison of different code rates for HS-SCCH 

Part 1 of the HS-SCCH consists of 8 information bits and 8 tail bits. For R = 1/2 eight out of 32 coded bits must be repeated to 40 bits, while for R = 1/3 eight out of 48 coded bits must be punctured. Part 2 contains 13 information bits, 16 bit CRC and 8 tail bits, i.e., a total of 37 bits before encoding. For R = 1/2 six out of 74 bits must be repeated to 80 bits, while for R = 1/3 31 out of 111 coded bits must be punctured.

First, the performance of R = 1/2 and R = 1/3 convolutional codes using Rel. 99 RM are compared for both parts of HS-SCCH. Fig. 1 shows that for both cases, the R = 1/3 convolutional code performs better. At FER = 10-3 the gains are 0.4 dB for part 1 and 0.1 dB for part 2. Therefore we recommend to use R = 1/3 codes for HS-SCCH coding.
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Figure 1: Performance of R = 1/2 and R = 1/3 convolutional codes, Rel. 99 RM
3. Performance gain by improved rate matching pattern

In the sequel further improvements of the decoding performance by means of adapted rate matching patterns for the R = 1/3 convolutional code and the HS-SCCH specific code block lengths are investigated.

4.1. HS-SCCH Part 1

The Rel. 99 rate matching is well-suited for code words that exceed a certain length, since it assures equal distribution of the puncturing over the frame. For short code words, however, the effect that bits near the beginning and the end of the frame have better protection than those in the middle becomes significant. Thus the rate matching pattern has to be adapted. An rate matching pattern search has been conducted to improve decoding performance. 

Fig. 2 compares the FER performance of the Rel. 99 RM algorithm to the best adapted rate matching pattern found, which punctures the following bits: 1, 2, 4, 8, 42, 45, 47, 48 (where the bit count ranges from 1 to 48). The adapted pattern shows about 0.2 dB gain with respect to Rel. 99 RM. An evaluation of the BER per bit position within the frame shows that using the Rel. 99 RM algorithm results in quite unequal protection for the single bits, as can be seen in Fig. 3. The adapted pattern, however, achieves a quite homogeneous protection level for all bits in the frame (Fig. 4).
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Fig. 2 FER performance of different rate matching pattern for HS-SCCH, Part 1 
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Fig. 3 BER per bit for Rel. 99 rate matching, HS-SCCH, Part 1, Es/N0 = -3 dB
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Fig. 4 BER per bit for adapted rate matching pattern, HS-SCCH, Part 1, Es/N0 = -3 dB 

4.2. HS-SCCH Part 2

A similar rate matching pattern search has been conducted to improve decoding performance of HS-SCCH Part 2. Best performance has been found by a pattern that punctures the following bits: 1, 2, 3, 4, 5, 6, 7, 8, 12, 14, 15, 24, 42, 48, 54, 57, 60, 66, 69, 96, 99, 101, 102, 104, 105, 106, 107, 108, 109, 110, 111. 

Fig. 5 compares the FER performance of this pattern to Rel. 99 RM. We see that the adapted pattern performs again about 0.2 dB better than the Rel. 99 RM. An evaluation of the BER per bit position within the frame shows that using the the adapted RM also results in considerably better BER distribution over the frame, as depicted in Fig. 5 and 6.

[image: image5.wmf]-3

-2.5

-2

-1.5

-1

-0.5

0

10

-4

10

-3

10

-2

10

-1

Es/N0 in dB

FER

hs_scch_111_80_0.dat_1

hs_scch_111_80_19.dat_1


Fig. 2 FER performance of different rate matching pattern for HS-SCCH, Part 2 
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Fig. 5 BER per bit for Rel. 99 rate matching, HS-SCCH, Part 2, Es/N0 = -2 dB
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Fig. 6 BER per bit for adapted rate matching pattern, HS-SCCH, Part 2, Es/N0 = -2 dB 

4. Conclusion

We have shown that by using the UMTS R = 1/3 convolutional code instead of the currently proposed R = 1/2 code and by adapting the rate matching patterns the decoding performance can be improved by 0.6 dB for part 1 of HS-SCCH and by 0.3 dB for part 2, respectively. We therefore recommend to use R = 1/3 convolutional code and to puncture the following bits: 1, 2, 4, 8, 42, 45, 47, 48 (out of 48) for part 1 and 1, 2, 3, 4, 5, 6, 7, 8, 12, 14, 15, 24, 42, 48, 54, 57, 60, 66, 69, 96, 99, 101, 102, 104, 105, 106, 107, 108, 109, 110, 111 (out of 111) for part 2.
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