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1 Introduction

In the last WG1 meeting in Espoo, several different interleaving and bit arrangement schemes were on the table. In [1], the performance of several schemes were compared showing that the differences for the first transmission are minimal. Similar results were shown in [2] as well. In [3], it was claimed that the major differences are in the retransmissions and the scheme presented in [4] was shown to have big gains. In this document, we present simulation results also for retransmissions which show that it is possible to achieve the gains presented in [3] with the simple scheme presented in [2] when combined with the simple constellation rearrangement scheme presented in [5].

2 Simulated schemes

The different schemes are compared with 16QAM and rate 1/2 and rate 3/4 code rates in AWGN channel. The scheme that have been compared are:

- rel99 interleaver with no enhancements (this is used as a reference)

- Nortel’s proposal for bit mapping with symbol level interleaving [4], targeted at filling the reliable positions in the 16-QAM symbol with systematic bits, while the parity bits will go to the less reliable positions

- Samsung’s proposal for SMP [6]

- Nokia’s proposal for dual interleaver [2], where even bits go through first interleaver and odd bits through second interleaver and first interleaver output is mapped to more reliable positions and second interleaver output to less reliable positions in the 16QAM symbols

3 Simulation results

This section describes the performace of the different approaches when using multiple transmissions in order to increase the realiability of the detection of the received bit stream.

The simulations have been carried out using an AWGN channel, where the noise power level (G factor) has been swept from –13 dB to +1 dB in order to cover code rates from 1/2 to 3/4. The HSDPA power level was constant at –1dBc (80% of the total power).

For the simulations, a constant number of transmissions (5) was selected, and the output from the simulations can be used to estimate the error performance for the different schemes. The required EbNo for a certain BLER target (10% in this analysis) is estimated. In order to get an estimate for the performance gain of the different schemes, all the gains for the different methods and transmissions are normalised to the rel'99 2nd interleaver, using no special approach for retransmissions.

The constellation rearrangement scheme has been implemented according to [5] stepping the different arrangements in order b = 0,1,2,3,0 and the redundancy versions (RV) have been implemented according to [7].

It should be noted that the simulations have been carried out using only 16-QAM as the modulation scheme.

Effective Code Rate = 1/2

The following tables show the performance gain in dB relative to the first transmission of the Rel99 interleaving scheme. The effective code rate was R = 1/2. The effective code rate is defined as the ratio of the number of bits entering the CRC encoder to the available number of channel bits. In these simulations, single code channel was used.

Rel99
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
0
2.58
3.91
4.73
5.28

CoRe=on, RV=2,2,2,2,2
0
4.15
5.47
6.67
7.34

CoRe=on, RV=2,3,2,3,2
0
4.50
5.74
6.93
7.55

CoRe=on, RV=2,3,0,1,2
0
4.50
6.17
7.44
8.12

CoRe=on, RV=2,0,3,1,2
0
4.41
6.14
7.11
7.84

Dual
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
0.29
2.86
4.21
5.06
5.65

CoRe=on, RV=2,2,2,2,2
0.29
4.14
5.47
6.63
7.29

CoRe=on, RV=2,3,2,3,2
0.29
4.44
5.74
6.85
7.49

CoRe=on, RV=2,3,0,1,2
0.29
4.44
6.20
7.53
8.21

CoRe=on, RV=2,0,3,1,2
0.29
4.33
6.18
7.05
7.77

Samsung
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
0.26
2.83
4.17
5.06
5.67

CoRe=on, RV=2,2,2,2,2
0.26
4.13
5.47
6.64
7.33

CoRe=on, RV=2,3,2,3,2
0.26
4.49
5.77
6.91
7.57

CoRe=on, RV=2,3,0,1,2
0.26
4.49
6.29
7.59
8.36

CoRe=on, RV=2,0,3,1,2
0.26
4.18
5.62
6.43
7.02

Nortel
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
0.30
2.90
4.19
5.07
5.67

CoRe=on, RV=2,2,2,2,2
0.30
4.15
5.46
6.61
7.28

CoRe=on, RV=2,3,2,3,2
0.30
4.45
5.72
6.85
7.48

CoRe=on, RV=2,3,0,1,2
0.30
4.45
6.32
7.56
8.24

CoRe=on, RV=2,0,3,1,2
0.30
4.53
6.02
7.06
7.71

Effective Code Rate = 3/4

The following tables show the performance gain relative to the first transmission of the Rel99 interleaving scheme. The effective code rate was R = 3/4.

Rel99
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
 0
2.92
4.53
5.58
6.34

CoRe=on, RV=2,2,2,2,2
-0.01
4.18
5.70
6.91
7.65

CoRe=on, RV=2,3,2,3,2
-0.01
4.81
6.23
7.42
8.13

CoRe=on, RV=2,3,0,1,2
-0.01
4.81
7.91
9.62
10.26

CoRe=on, RV=2,0,3,1,2
-0.01
5.81
7.55
9.08
9.69

Dual
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
0.15
3.04
4.67
5.74
6.49

CoRe=on, RV=2,2,2,2,2
0.16
4.26
5.73
6.94
7.69

CoRe=on, RV=2,3,2,3,2
0.15
4.55
6.00
7.14
7.81

CoRe=on, RV=2,3,0,1,2
0.15
4.55
7.84
9.47
10.05

CoRe=on, RV=2,0,3,1,2
0.15
5.82
7.95
9.45
10.09

Samsung
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
0
2.88
4.48
5.53
6.26

CoRe=on, RV=2,2,2,2,2
-0.01
4.22
5.72
6.94
7.68

CoRe=on, RV=2,3,2,3,2
-0.01
4.77
6.24
7.42
8.20

CoRe=on, RV=2,3,0,1,2
0
4.77
7.89
9.69
10.34

CoRe=on, RV=2,0,3,1,2
0
5.56
6.86
8.19
8.64

Nortel
1st Tx
1st Re-Tx
2nd Re-Tx
3rd Re-Tx
4th Re-Tx

CoRe=off, RV=2,2,2,2,2
0.12
3.03
4.64
5.71
6.47

CoRe=on, RV=2,2,2,2,2
0.12
4.22
5.70
6.91
7.66

CoRe=on, RV=2,3,2,3,2
0.12
4.70
6.16
7.29
8.02

CoRe=on, RV=2,3,0,1,2
0.12
4.70
8.00
9.58
10.20

CoRe=on, RV=2,0,3,1,2
0.12
6.00
7.73
9.25
9.83

These simulation results show that the release'99 interleaver is not feasible due to the poor performance in the first transmission. For the different retransmissions, the differences between the schemes are small. Furthermore, for the retransmissions, it is clearly beneficial to enable the constellation rearrangement feature.

Exact code rate 3/4 and 1/2

In order to have comparable results with [3], some simulations were carried out using the same puncturing tables as in [3], i.e., with exact code rates of 3/4 and 1/2. For rate 3/4, the scheme is full IR scheme where the first and second transmission do not overlap. For rate 1/2, the scheme is a partial IR scheme with self decodable transmissions.
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Figure 1 Full IR schemes with rate 3/4

Figure 1 shows the BLER results for the first, second and third transmission for the rate 3/4 full IR scheme. It can be seen that dual interleaver scheme [2] and Nortel’s bit mapping scheme with symbol interleaver [4] have the same performance and both outperform the rel99 interleaving scheme. This result clearly shows that the symbol interleaver is not giving any gain compared with the dual interleaver.
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Figure 2 Throughput for different schemes with exact rate 1/2 starting code rate, partial IR with self decodable transmissions.

Figure 2 shows the throughput results for different schemes with exact rate 1/2 starting code rate, partial IR with self decodable transmissions. For a single code channel the maximum throughput is approximately 480 kbit/s. In this simulation a maximum of three transmissions was allowed. Again the dual interleaver scheme and the Nortel’s bit mapping scheme with symbol interleaver have the same performance and both outperform the rel99 interleaving scheme. This figure also clearly shows the benefit of the constellation rearrangement scheme: the light blue curve is for the dual interleaver with swapping of the more and less reliable positions for the both retransmissions.

Our simulations show that the turbo decoder works best if all the input bits, systematic and parity, have the same reliability. For retransmissions, this is easily achieved by using different constellation rearrangements.

4 Discussion

We have shown results for different schemes with retransmissions. The results show that the performance differences of different schemes are small when constellation rearrangement scheme is used to improve the performance of all the schemes. In the discussion of the performance of the different algorithms, we should not forget the probabilities of getting into the different situations. That is, if for instance 16-QAM is only used for 20% of all transmissions, and if we are operating at a target BLER of 10%, the probability of having retransmission for a slow moving UE will become 2%, for multiple retransmissions, this probability will be lower. Thus we should select the simplest solution that still improves the first transmission. Adding extra complexity in order to optimize the last 0.1 dB for the 2% case is not a valid argument.

The different bit mapping schemes, like [4] and [6] add extra complexity without bringing significant gains. Extra operations are needed at both transmitter and receiver to map systematic and parity bits differently. Furthermore, the rate dematching in the receiver cannot operate at bit level, instead the symbol of four bits has to be handled at a time to know which bit is systematic and which parity.

5 Conclusions

The dual interleaver has been shown to be a simple way to break the clustering effect of the rel99 interleaver and the constellation rearrangement scheme has been shown to yield the biggest gains for the retransmissions. Both schemes are simple to implement.

These schemes are proposed to be added into TR [1]. Text proposals are given in [8] and [5].
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