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1 Introduction

This contribution discusses the constellation rearrangement for 16QAM in repetitive transmission at HARQ. 
Because the bit reliability depends on the position in multi-level modulation symbol, it is good for transmission quality to re-arrange the bit position in case of the repetitive transmission. For instance, in [1], the constellation re-arrangement is defined for 16QAM modulation. 
Then, assuming the log-likelihood ratio based chase combing, we presents the PER (Packet Error Rate) performance of Twin Turbo decoder with the swapping constellation re-arrangement in [2], and the computer simulation verifies that the swapping constellation re-arrangement can also improve the Twin Turbo performance. 
In this document, for further evaluation of [2], we reports the PER performance of the swapping constellation re-arrangement with log-likelihood based chase combining. 
2 System Model
Figure 1 shows the transmission block diagram, where the Turbo code with a coding rate of 1/3 is used with 16QAM. Systematic bits “An”, the parity bits “Bn” and “Cn” are output after the channel interleaving. Let N be the number of information bits. Then, one sequence consists of N systematic bits and 2N parity bits. 

Those bits are mapped on 16QAM symbols, whose constellation is depicted in Figure 2. In this figure, the bits on i1 and q1 are more reliable than those on i2 and q2, because former bits are employed so as to distinguish the quadrant of the constellation and latter bits are used to decide the position in the same quadrant. Figure 3 and Figure 4 show the different mapping rules. Figure 3 is a base mapping rule and used in the initial transmission. Figure 4 is a swapped version of Figure 3 between MSB (i1 and q1) and LSB (i2 and q2) shown in [2]. 
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Figure 1:  Transmission Block Diagram
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Figure 2:  16QAM Constellation
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Figure 3:  Sequence Mapping for 16QAM (Base Mapping Rule)
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Figure 4:  Sequence Mapping for 16QAM (Swap)
3 Simulation Assumptions and Results
Table 1 summarizes the simulation parameters. In this section, two kinds of re-transmission schemes are evaluated. One is the no constellation re-arrangement with the base mapping rule and the other is the swapping constellation re-arrangement. 
Figure 5 and Figure 6 show the PER performances in AWGN and Typical Urban multi-path channels, respectively, where NT means Normal Turbo decoder and T2 does Twin Turbo decoder. As shown in these figures, it is obvious that the swapping constellation re-arrangement is effective in not only the conventional Turbo decoder but also Twin Turbo decoder even if the log-likelihood based chase combining is assumed. 

Table 1:  Simulation Parameters
	Number of information bits (N)
	1600 / sub-frame

	FEC
	Turbo code (K =4, R =1/3)

	Number of transmission / repetition
	2 / 1 (total coding rate is equivalent to 1/6)

	Modulation
	16QAM

	Combining
	Log-likelihood based chase combining

	Decoding algorithm
	Max log-MAP (8 iterations), normal and Twin Turbo decoder

	Multi-path model
	AWGN and Typical Urban (TUx) with 6 Rayleigh paths



	Maximum Doppler frequency
	56 Hz in Typical Urban multi-path model


	Channel estimation
	Perfect.

	Number of reception antenna
	1


[image: image5.wmf]10

-3

10

-2

10

-1

10

0

-1.5

-1

-0.5

0

0.5

1

1.5

2

w/o Re-Arrangement (NT)

w/o Re-Arrangement (T2)

w/ Re-Arrangement (NT)

w/ Re-Arrangement (T2)

Packet Error Rate

Average E

s

 / N

0

 [dB]


Figure 5:  Packet Error Rate Performances in AWGN Channel
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Figure 6:  Packet Error Rate Performances in Typical Urban Multi-Path Channel
4 Conclusion

This contribution presented the PER performance of Twin Turbo decoder with the swapping constellation re-arrangement for repetition transmission. The computer simulations verify that the swapping constellation re-arrangement can also improve the Twin Turbo performance even if the log-likelihood based chase combining is assumed. 
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