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1 Introduction

This contribution focuses on the constellation rearrangement for 16QAM in repetition 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 repetition transmission. For instance, in [1], constellation re-arrangement is defined for 16QAM.
Considering that the iterative detection scheme such as twin turbo decoder [2] improves the multi-level transmission, careful re-arrangement may add more improvement in sequence repetition. In this contribution, three kinds of constellation are evaluated with and without twin turbo decoder. 
2 System Model 
Figure 1 shows the transmission diagram, where turbo code of rate 1/3 is used with 16QAM. Systematic bits “An”, the parity bits “Bn” and “Cn” are putted out 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 that 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. Figures 3 to 5 show different mapping rules. Figure 3 is a base mapping rule. Figure 4 is a swapped version of Figure 3 between MSB (i1 and q1) and LSB (i2 and q2), but the bit combination is the same for one modulation symbol. Figure 5 adds another rule to Figure 4, which changes the bit combination in a modulation symbol.
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          Figure 1: Transmission Diagram.



Figure 2: 16QAM Constellation.
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Figure 3: Sequence Mapping for 16QAM (base).
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Figure 4: Sequence Mapping for 16QAM (swap).
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Figure 5: Sequence Mapping for 16QAM (swap and shift).

There are three kinds of retransmission schemes provided here, as show in Table 1. Table 2 summarizes the simulation parameters.
Table 1: Re-transmission Schemes

	
	1st TX
	2nd TX

	I.   Without Re-arrangement
	Figure 3
	Figure 3

	II.  Swap
	Figure 3
	Figure 4

	III. Swap and Shift
	Figure 3
	Figure 5


Table 2: Simulation Parameters

	Number of information bits (N)
	1600 / 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 with Chase Combining

	Decoding algorithm
	Max log-MAP (8 iterations), normal and twin turbo decoder

	Channel
	Static AWGN

	Channel Estimation
	Ideal

	Reception Antenna(s)
	Single


3 Simulation Results
Figure 6 shows the Packet Error Rate (PER), where NT means normal turbo decoder and T2 does twin turbo decoder. It is confirmed that the PER performance of mapping rule I is the worst and that of mapping rule III is the best when T2 is applied as the decoding method. The iterative detection scheme such as T2 shall improve the link quality by obtaining the extra mutual information between MSB and LSB of the different bit mapping pairs. On the other hand, no improvement can be seen when the normal turbo decoder is employed. This is because normal turbo decoder treats the MSB and LSB bits independently. In other words, constellation re-arrangement for repetition transmission will not affect the performance of normal turbo decoder.
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Figure 6: Packet Error Rate in Static AWGN Channel.
4 Conclusion

This contribution presented the mapping rules for repetition transmission scheme. For 2nd transmission by repetitions, “swap and shift” is the best for the mapping re-arrangement, especially with iterative detection scheme such as twin turbo decoder.
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Text Proposal for 7.1.2.3 and 9.1.2.5
7.1.2.3

HARQ
Downlink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet.

Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing. 

The benefits of synchronous HARQ operation when compared to adaptive, asynchronous IR based HARQ operation are: 

· Reduction of control signalling overhead.

· Lower operational complexity.

· Possibility to soft combine control signalling information across retransmissions for enhanced decoding performance.
In the case of chase combining mode, constellation re-arrangement at each retransmission shall enable to improve the downlink quality by adopting some iterative detection scheme.

9.1.2.5
HARQ
Uplink hybrid ARQ should be based on Incremental Redundancy. Note that Chase Combining is a special case of Incremental Redundancy and is thus implicitly supported as well.
The capability of adaptively being able to change the packet format (i.e., adaptive IR) and the transmission timing (i.e., asynchronous IR) yields an adaptive, asynchronous IR based HARQ operation. Such a scheme has the potential of optimally allocating the retransmission resources in a time varying channel. For each HARQ retransmission, control information about the packet format needs to be transmitted together with the data sub-packet.

Synchronous HARQ transmission entails operating the system on the basis of a predefined sequence of retransmission packet format and timing. 

The benefits of synchronous HARQ operation when compared to adaptive, asynchronous IR based HARQ operation are: 

· Reduction of control signalling overhead.
· Lower operational complexity.
· Possibility to soft combine control signalling information across retransmissions for enhanced decoding performance.
Therefore, for the purpose of the feasibility study, synchronous HARQ operation is assumed for the SC-FDMA based E-UTRA uplink. The impact of ACK/NAK signalling errors on synchronous HARQ operation needs further study.

Adaptive asynchronous HARQ is for further study.
In the case of chase combining mode, constellation re-arrangement at each retransmission shall enable to improve the uplink quality by adopting some iterative detection scheme.
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