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1. Introduction

When using 16QAM modulation, where each modulation symbol carries four bits, two of the bits have a lower reliability (low reliability bits) than the other two bits (high reliability bits). This is in contrast to QPSK, where both the bits carried by one modulation symbol have identical reliability. Hence, the issue of mapping the Turbo coded bits onto 16QAM symbols has been raised, and several contributions have addressed this issue, e.g., [1]

 REF _Ref534620692 \r \h 
[2]

 REF _Ref534622193 \r \h 
[3]

 REF _Ref534622277 \r \h 
[4]. This contribution is an attempt to summarize the different proposals and compare their performance. It should be kept in mind that the issue of bit mapping is only relevant for 16QAM modulation, which can be expected to be used rather infrequently compared to QPSK in an ordinary cellular environment. 

2. Overview of the Proposals

In [1], Nokia points out that the current R99 channel interleaver is inappropriate for 16QAM modulation due to the so-called clustering effect. After R99 deinterleaving, sequences of 60 bits will have alternating reliability, i.e., 60 bits with low reliability are followed by 60 bits with high reliability and so on. This will cause a performance degradation of the Turbo decoder performance. A simple solution through the creation of a 4(15 “hole” in the upper right corner of the R99 channel interleaver is proposed as a remedy to avoid the clustering effect. The same interleaver is proposed to be used for QPSK without any performance impact. 

Samsung has proposed SMP (Symbol Mapping based on Priority) in [2] (among other contributions). Since systematic bits are more important to the decoder than parity bits, the main idea is to (logically) separate the interleaving of systematic and parity bits and, to the extent possible, map systematic bits to positions with high reliability and parity bits to positions with low reliability. This is implemented by splitting the incoming bit stream into two sub-streams, one containing systematic bits and one containing parity bits, and dividing the interleaving matrix into two equally sized parts, an upper part and a lower part. The systematic bits are written into the interleaving matrix row by row from left to right starting in the upper left corner, while the parity bits are written “backwards” (row by row from right to left) starting in (or close to) the lower right corner. After R99 column permutations, bits are read out in pairs, two from the upper part of the interleaving matrix (containing primarily systematic bits) and two from the lower part (containing primarily parity bits) and mapped onto 16QAM symbols. The scheme is conceptually relatively straight forward, although probably more complex than the current R99 interleaver. The details on physical channel segmentation when multiple channelization codes are used for HS-DSCH are not addressed in [2]. One possibility is to perform the splitting into systematic and parity bits prior to physical channel segmentation and to distribute the systematic/parity bits evenly among the different channelization codes.

An SMP-like scheme based on the R99 rate matching algorithm has been proposed by Siemens in [3]. The main idea is similar to Samsung’s, namely to treat systematic and parity bits separately and to map systematic bits (primarily) onto high reliability positions. For code rates higher than 1/2, some systematic bits must be mapped onto low reliability positions (and vice versa for rates lower than 1/2). In Samsung’s proposal, the last part of the systematic bits are mapped onto low reliability positions, while Siemens proposes to use a distributor based on the R99 rate matching algorithm to evenly distribute the systematic bits that must be mapped onto low reliability positions. This is true for code rates above 1/2, while for code rates below 1/2 a similar argument holds for the mapping of parity bits onto high reliability positions. Implementing the distributor requires an additional instance of the rate matching algorithm, which has an impact on the complexity of the scheme. After the distribution of bits between low and high reliability streams, the two streams are interleaved independently using two R99 block interleavers. The low reliability stream is written into the interleaving matrix using an offset, while the high reliability stream does not use an offset. The physical channel segmentation is not described in [3], although one possibility is to perform the distribution into low and high reliability streams prior to the physical channel segmentation. 

Nortel has proposed modifications to the bit collection performed after rate matching and to the channel interleaving to enhance the performance when using 16QAM [4]. Instead of using R99 bit collection, the bits are grouped four-by-four, where systematic bits are added to the first positions in a group (more reliable bits) and parity bits are added backwards at the end of a four bit group (less reliable bits). Whenever a four bit group is filled with bits, a new four bit group is assembled. Each bit group specifies one 16QAM symbol such that the first two bits in the bit group are mapped to the more reliable bit positions, while the last two bits are mapped to the less reliable positions. The channel interleaver is modified such that it is performed on symbols instead of bits. Symbol interleaving can be performed by using four bit interleavers operating in parallel. For QPSK modulation it is proposed that the current R99 scheme is reused, i.e., the transport channel coding structure is different for 16QAM compared to QPSK, which will have an impact on the implementation complexity.

3. Performance Comparison

The different proposals have been compared for both an AWGN channel and for a flat Rayleigh fading channel. For the AWGN channel, a scheme without any interleaver at all is included as well as a reference. Three different code rates have been investigated, 1/3, 1/2, and 3/4, although the HS-DSCH is in no way limited to these code rates. A single channelization code has been assumed, which with the aforementioned Turbo code rates and 16QAM modulation correspond to a transport block size of 612, 930, and 1407 bits, respectively. After CRC attachment, Turbo coding, and transparent first stage rate matching (i.e., full soft buffering capability), the second stage rate matching punctures the coded stream to 1920 coded bits per TTI. The Turbo decoding metric used was log-max and the number of turbo decoder iterations was eight. Perfect channel state information was assumed available.

Simulation results for both AWGN and a flat fading channel (corresponding to a mobile speed of 120 km/h) can be found in the Appendix. In Table 1, the gain in Eb/N0 relative to R99 interleaving at a block error rate of 1% is summarized. As seen in the table, the R99 scheme in most cases has the worst performance. Furthermore, the difference between the different proposals is rather small. It should also be noted that the performance difference is present for 16QAM only and not for QPSK, where both bits carried by one symbol has the same reliability.



R99
Nokia
Samsung
Siemens
Nortel
No interleaver

AWGN
R=1/3
0
+0.3
-0.1
+0.4
+0.4
+0.3


R=1/2
0
+0.2
+0.3
+0.3
+0.4
+0.2


R=3/4
0
+0.1
+0.0
+0.1
+0.2
+0.1

Fading
R=1/3
0
+0.1
+0.1
+0.2
+0.3
-


R=1/2
0
+0.1
+0.2
+0.2
+0.3
-


R=3/4
0
+0.0
+0.0
+0.1
+0.1
-

Table 1: Approximative gains in Eb/N0 in dB relative the R99 interleaver at a TrBLER of 1% for the different schemes.

4. Conclusions

A summary and performance comparison of the different proposals for channel interleaving currently under consideration for HS-DSCH has been presented. It was found that the spread in performance for the different proposals is rather small, typically less than 0.1​–0.2 dB, and that they all provide some performance gain compared to R99 interleaving. Coupled with the fact that the performance gain is obtained with 16QAM only and not when using QPSK, it is expected that the difference in overall system performance between the different proposals is minor. It is therefore recommended to consider other aspects such as implementation complexity and similarities with the R99 scheme when making the final decision on the details of the HS-DSCH coding chain.
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Appendix: Simulation Results
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