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1. Introduction

In this paper, we studied the performance of two rate matching algorithms in conjunction turbo codes based on QPP interleavers [1].  The first approach is based on the Rel6 rate matching algorithm [2].  The second rate matching approach is based on circular buffers (CB) [3].  We found the two perform more or less on par with each other though there are occasions where one shows strength over the other.  
2. Preliminary Performance Analysis

We tested the performance of two rate matching algorithms based on the parameters listed in Table I.  To focus the interaction between the QPP interleavers and the rate matching algorithms, the test coding rates are selected not to coincide with those irregular points identified in [4].  For the Rel6 rate matching scheme, the simulations are based on QPSK RV=0 settings.  The interleaver settings for the CB rate matching scheme are provided in the appendix.  

Table 1 Simulation Parameters
	Common Code Structure
	QPP-based Turbo Coding 

	Rate Matching Algorithms
	1. Rel6 with RV=0 for QPSK

2. CB with interleavers specified in the Appendix

	Test Block Lengths
	All 188 QPP interleaver sizes

	Coding Rates
	r = 0.4, 0.5, 0.6, 0.7, 0.8, 0.9

	Decoding Algorithm
	Improved Max-Log-MAP [4]

	Iterations
	8

	Modulation
	QPSK

	Channel
	Static AWGN


2.1. Results for Block Length Set I
We first compare the performance of the two rate matching algorithms for block lengths that are not multiples of seven.  The required Eb/N0 values for 10%, 1% and 0.1% BLER targets are plotted in Figure 1, Figure 2 and Figure 3, respectively.   For code rates r=0.4, 0.5 and 0.8, the two rate matching algorithms perform essentially the same.  For code rate r=0.6 and 0.7, the Rel6 scheme performs marginally better than the CB scheme.  For code rate r=0.9, the two schemes perform similarly except for a cluster of block lengths around 176 to 344 bits.  On the other hand, there several high error floor cases for the CB scheme at code rate r=0.8.
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Figure 1 Performance comparison of rate matching algorithms at BLER target=10%.  The plot includes 6 different coding rates and 160 block lengths that are not multiples of 7.
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Figure 2 Performance comparison of rate matching algorithms at BLER target=1%.  The plot includes 6 different coding rates and 160 block lengths that are not multiples of 7.
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Figure 3 Performance comparison of rate matching algorithms at BLER target=0.1%.  The plot includes 6 different coding rates and 160 block lengths that are not multiples of 7.
2.2. Results for Block Length Set II
In this section, we compare the performance of the two rate matching algorithms for block lengths that are multiples of seven.  The required Eb/N0 values for 1% BLER are plotted in Figure 4 and Figure 5 for the Rel6 and CB rate matching algorithms, respectively.  For both algorithms, further optimization of settings appears necessary for some of these block lengths at high coding rates.
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Figure 4 Performance of Rel6 rate matching at BLER target=1% for 6 different coding rates.
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Figure 5 Performance of CB rate matching at BLER target=1% for 6 different coding rates.
3. Conclusion

Preliminary performance results for two rate matching algorithms are presented.  As shown in Table II, both approaches are sound in that the required Eb/N0 values are at uniform distances away from the QPSK modulation capacity across all tested coding rates.  While the two rate matching algorithms perform closely, there are occasions where one shows strength over the other.  Further study seems necessary to fine tune the settings in these algorithms.

Table 2 Comparison of Required Eb/N0.

	Coding
Rate
	QPSK Capacity
	K>6000 @ 1% BLER

	
	
	Rel6
	CB

	0.4
	−0.21 dB
	0.79 dB
	0.80 dB

	0.5
	0.21 dB
	1.15 dB
	1.14 dB

	0.6
	0.70 dB
	1.59 dB
	1.66 dB

	0.7
	1.30 dB
	2.25 dB
	2.27 dB

	0.8
	2.06 dB
	3.03 dB
	3.08 dB

	0.9
	3.22 dB
	4.26 dB
	4.29 dB
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5. Appendix
The CB rate matching scheme tested in this paper is based on the following interleaver settings.   Let L denote the length of an input stream.  The i-th output bit from the interleaver is read from Πrm(i+Δ mod L)-th input bit, where i = 0, 1, …, L-1.  The rate matching interleaver Πrm(i) is pruned from a larger interleaver ΠB(j) defined below.  The offsets Δ for the systematic, parity 1 and parity 2 streams are set to 0, 1 and ceil(L/2), respectively.

1. Set M2= ceil(log2(L/2)) and M3= ceil(log2(L/3)).

2. If 2×2M2 <= 3×2M3, set M=M2 and J=2; else set M=M3 and J=3.

3. The interleaver ΠB(j) of size B = M×J is defined by the following


[image: image9.wmf](

)

(

)

ë

û

(

)

J

j

J

j

j

M

M

B

/

BRO

mod

2

+

=

P

, 

where j = 0,1, …, B-1 and BROM(k) is a bit-reversal function for the M-bit input k.

4. If B>L, addresses higher than L-1 are pruned.
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