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1 Introduction
In the current specification [1], the starting position of RV is defined as 
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. This redundancy version definition optimizes the performance of the 1st HARQ transmission, especially for high code rate transmissions. However, no consideration was taken into account for the performance of retransmissions. 
In this contribution, we show that additional consideration for optimizing retransmission performance can be easily accommodated. Adding an offset to each RV starting position can provide noticeable performance improvement with negligible complexity.
2 Adjustment to starting position of redundancy versions
Apart from the proposal of minimizing the code rate during retransmissions [2], this contribution points out that we can achieve better performance for HARQ retransmissions with small adjustment to the starting position of redundancy versions. To be more specific, with the current RV definition, the distance between two RVs (with dummy bits pruned) are divisible by 4 and 6 for a large number of different QPP sizes. This causes a problem in retransmission because the repeated coded bits are always mapped to the same modulation positions. As shown by ZTE [3], the performance loss can be more than 1dB. Therefore, we propose to add an offset to the starting positions of redundancy versions such that the same coded bits are not mapped to the same modulation position in retransmission. Table 1 shows an example of the offsets applied for QPPIndex of 60 and 100. Our simulation results show significant performance improvement due to this adjustment.

Please note that in this contribution, the offsets used are only one set of feasible solution that makes the distance between any two RVs indivisible by 4 or 6. The solution can be further optimized by searching for the set of optimal offsets.
Table 1. Offset to RV starting posistions

	QPPIndex
	Offset for RV=0
	Offset for RV=1
	Offset for RV = 2
	Offset for RV = 3

	60
	0
	3
	1
	4

	100
	0
	3
	1
	4


3 Simulation results

PDSCH transmissions in accordance to TS 36.212 are simulated in AWGN channel. The simulation configurations are shown in Table 2. The simulation results are shown in Figure 1 - Figure 6. 
Table 2. Simulation assumptions

	Parameter
	Details

	Transmission  Bandwidth
	10 MHz

	NFFT
	1024

	Sub-carrier spacing
	15 kHz

	Sub-frame duration
	1ms

	RV definition
	4

	Channel Model
	AWGN

	Turbo Coding 
	8 iterations, code rate 1/3, 1/2

	Modulation
	QAM16, QAM64

	QPP Index
	60 (K=512), 100 (K=1280)

	Comparative Schemes
	RV(0,0), RV(0,1), RV(0,2), RV(0,3), Working Assumption (WA)

RV(0,2), RV(0,3) - proposed


From the simulation results, we can see that by adding a small offset to the starting positions of each RV so that the distance between any two RVs becomes indivisible by 4 or 6, the performance of retransmissions with higher order modulation is improved by 0.5dB ~ 1dB.
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Figure 1. 16-QAM, 1/3, QPP 60 (K=512)
As shown in Figure 1, the performance loss of “Proposed-RV(0,2)” over “WA-RV(0,2)” in this case is about 0.6dB; the performance gain of “Proposed-RV(0,3)” over “WA-RV(0,3)” is about 1.2dB.
[image: image3.emf]2.5 3 3.5 4 4.5 5 5.5 6

10

-3

10

-2

10

-1

10

0

SNR (dB)

BLER

 

 

WA-RV(0,0)

WA-RV(0,1)

WA-RV(0,2)

WA-RV(0,3)

Proposed-RV(0,2)

Proposed-RV(0,3)


Figure 2. 64-QAM, 1/3, QPP 60 (K=512)

As shown in Figure 2, the performance gain of “Proposed-RV(0,2)” over “WA-RV(0,2)” in this case is about 1dB; the performance gain of “Proposed-RV(0,3)” over “WA-RV(0,3)” is about 0dB.
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Figure 3. 16-QAM, 1/2, QPP 60 (K=512)

As shown in Figure 3, the performance loss of “Proposed-RV(0,2)” over “WA-RV(0,2)” in this case is about 0.2dB; the performance gain of “Proposed-RV(0,3)” over “WA-RV(0,3)” is about 0.6dB.
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Figure 4. 64QAM, 1/2, QPP 60 (K=512)

As shown in Figure 4, the performance gain of “Proposed-RV(0,2)” over “WA-RV(0,2)” is about 0.4dB; the performance gain of “Proposed-RV(0,3)” over “WA-RV(0,3)” is about 0dB.
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Figure 5. 64QAM, 1/2, QPP 100 (K=1280)

As shown in Figure 5, the performance gain of “Proposed-RV(0,2)” over “WA-RV(0,2)” is about 0.5dB; the performance gain of “Proposed-RV(0,3)” over “WA-RV(0,3)” is about 0dB.
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Figure 6. 64QAM, 1/3, QPP 100 (K=1280)

As shown in Figure 2, the performance gain of “Proposed-RV(0,2)” over “WA-RV(0,2)” is about 1.1dB; the performance gain of “Proposed-RV(0,3)” over “WA-RV(0,3)” is about 0dB.
4 Conclusion

In this contribution, we propose to add a small offset to the starting position of each RV such that the distance between any two RVs is not divisible by the 4 or 6. Simulation shows that the performance of HARQ retransmissions with higher order modulations can be significantly improved. 
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