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Additional Simulation Results on Incremental Redundancy (IR) Schemes

1.0 Introduction

This contribution is a continuation of [2] and [3].  In this paper, additional link simulation results are presented for the scheme proposed in [1] and compared with other schemes such as IR based on rate matching [4] and [5].  

2.0 Simulation Assumptions
In this contribution all the Full IR schemes are implemented for the transport block size and modulation scheme as shown in Table 1.

	Transport block size (bits)
	Modulation
	Turbo Code Rate

	1536
	16-QAM
	4/5

	1440
	16-QAM
	3/4

	960
	16-QAM
	1/2

	768
	QPSK
	4/5

	720
	QPSK
	3/4

	576
	QPSK
	3/5

	480
	QPSK
	1/2


Table 1. Modulation and Coding Schemes simulated

The turbo codes used in the hybrid ARQ system consists of a parallel concatenation of two R=1/2 systematic and recursive convolutional encoders as shown in Figure 1 giving an overall coding rate of 1/3.  The three output streams comprise the input stream x1i itself and the two parity streams produced by the first and second convolutional code p1i and p2i respectively.  In the proposed IR scheme the output of the encoder is fed into the systematic and parity block interleaver in contrast to the Rel-99 rate-matching approach where two stages of rate matching is used, a) the first stage is used to match the amount of coded bits to the UE buffering capability and b) the second stage is used to generate the different redundancy versions.  It may be noted that the first stage will be bypassed in case the UE has full buffering capability.                 
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Figure 1.  Block Diagram of the Turbo Encoder

3.0 Simulation Results

Two different IR schemes were simulated, a) the proposed scheme as illustrated in [1] without the bit priority mapper, b) Ericsson’s and Nokia’s rate matching scheme as proposed in [4] and [5].  Table 2 list the simulation parameters.    

Table 2. Simulation Assumptions

	Parameter
	Value

	Carrier Frequency
	2GHz

	Channel conditions
	AWGN, Flat (3Kmph, Quasi faded)

	CPICH relative power
	10% (-10dB)

	HSDPA frame length
	2 msec (3 slots)

	Ior/Ioc
	Variable

	Channel Estimation
	Ideal/Non-ideal

	Fast fading model
	Jakes spectrum

	Channel coding
	Base R=1/3 Turbo code (PCCC)

	Tail bits
	12

	Max no. of iterations for Turbo Coder
	8

	Metric for Turbo Coder
	Max

	Input to Turbo Decoder
	Soft

	Turbo Interleaver
	Random

	Hybrid ARQ
	Various IR Schemes

	Max # of transmissions for H-ARQ
	2

	Information Bit Rates (Kbps)
	240/288/384/480/720/768 kbps

	Number of Multicodes Simulated
	As defined 

	STTD
	Off


Figure 2 to Figure 14 compares the FER and throughput performance of the three IR schemes using QPSK modulation and code rates R=1/2, 3/5, ¾ and 4/5 for static, quasi faded
 and flat fading channel and at a vehicle speed of 3 kmph.  It may be observed from that figures that the block interleaving approach is approximately 0.2dB better in the 2nd transmission except for very high code rates (R=4/5) where it is approximately 0.5dB better for both the first and second transmission.  This is due to the fact that the block interleaving approach achieves a lower effective code rate in the 2nd transmission.  This translates to slight improvement in throughput or spectral efficiency (0.2-0.5dB) in some cases.  Figure 15 to Figure 20 compares the FER and throughput performance of the two IR schemes using 16-QAM and code rates R=1/2,  ¾ and 4/5 for flat fading channel and at a vehicle speed of 3 kmph.  The same conclusions as in the case of QPSK modulation can be drawn from these figures.

4.0 Conclusions

Based on simulation results, the performance of the block interleaving scheme was shown to be 0.2-0.5dB superior than the rate matching approach.  In view of the above the optimum IR scheme should be accepted for HSDPA.
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Figure 2. FER performance for N=480, R=1/2, QPSK, Static Channel
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Figure 3. FER performance for N=480, R=1/2, QPSK, Quasi faded Rayleigh Channel
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Figure 4.  Spectral Efficiency for N=480, R=1/2, QPSK, AWGN Channel.
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Figure 5. FER performance for N=576, R=3/5, QPSK, 3 km/h Static Channel
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Figure 6. FER performance for N=576, R=3/5, QPSK, Quasi faded Channel
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Figure 7.  FER performance for N=576, R=3/4, QPSK, Static Channel
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Figure 8. FER performance for N=576, R=3/5, QPSK, Quasi faded Rayleigh Channel
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Figure 9.  .  FER performance for N=720, R=3/4, QPSK, 3 km/h Flat Rayleigh Channel.
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Figure 10.  Spectral Efficiency for N=720, R=3/4, QPSK, 3 km/h Flat Rayleigh Channel. [image: image12.wmf]
Figure 11.   FER performance for N=768, R=4/5, QPSK, AWGN Channel.

[image: image13.wmf]
Figure 12. Spectral Efficiency for N=768, R=4/5, QPSK, AWGN Channel.
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Figure 13.   FER performance for N=768, R=4/5, QPSK, 3 km/h Flat Rayleigh Channel.
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Figure 14.  Spectral Efficiency for N=768, R=4/5, QPSK, 3 km/h Flat Rayleigh Channel.
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Figure 15.  FER performance for N=960, R=1/2, 16-QAM, 3 km/h Flat Rayleigh Channel.
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Figure 16. Spectral Efficiency for N=960, R=1/2, 16-QAM, 3 km/h Flat Rayleigh Channel.
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Figure 17.  FER performance for N=1440, R=3/4, 16-QAM, 3 km/h Flat Rayleigh Channel.

[image: image19.wmf]
Figure 18. Spectral Efficiency for N=1440, R=3/4, 16-QAM, 3 km/h Flat Rayleigh Channel.
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Figure 19.  FER performance for N=1536, R=4/5, 16-QAM, 3 km/h Flat Rayleigh Channel.
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Figure 20. Spectral Efficiency for N=1536, R=4/5, 16-QAM, 3 km/h Flat Rayleigh Channel.













































































































































































































































































































































































































� Quasi faded implies that the fading process is fixed over the TTI and independent between TTI’s
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