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1. Introduction

A convolutional code rate matching algorithm based on the circular buffer approach [1] was recently discussed in RAN1#49bis Orlando [2].  The basic structure is illustrated in Figure 1.  The three parity bit streams from the LTE convolutional code [3] are interleaved independently by the same rectangular interleaver.  The interleaved parity bits are then block multiplexed for form the circular buffer.  The column permutation for the rectangular interleaver is given in Table 1.  The algorithm is designed to implement the optimal period-2 puncturing patterns for the LTE convolutional code [4, 5] with low complexity.
We present extensive performance simulation results for the circular buffer based rate matching (CB RM) algorithm for LTE convolution coding.  Based on the observed performance benefits, it is recommended to adopt this algorithm for the LTE system.
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Figure 1 Convolutional code rate matching based on a circular buffer structure.
Table 1 Inter-column permutation pattern for rectangular sub-block interleaver.
	Number of columns C
	Inter-column permutation pattern

< P(0), P(1), …, P(C-1) >

	32
	<1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31, 0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30>


2. Performance Analysis

We test the CB RM algorithm and two other reference cases based on the parameters listed in Table 2.  The code rate r ranges from 0.35 to 0.75 with a 0.05 increment.  The information block size K ranges from 30 to 80 bits with increment of 2 bits.  All RM algorithms are decoded with the simple adaptive two-pass Viterbi algorithm [8, 9].  An AWGN channel with the QPSK modulation is assumed.
2.1. Dummy Bit Placement
When the information block length K is not a multiple of the column length (32), it is necessary to introduce and prune D=32×(K/32(−K dummy bits before and after the rectangular sub-block interleavers.  The placement of dummy bits was not explicitly discussed in [2].  In Figure 2, we present performance results for two alternative dummy bit placement methods.  It can be concluded identical performance is achieve regardless whether the dummy bits are pre-pended at the front or appended at the end.  

To make the rate matching procedures for turbo and convolutional coding more consistent in the specification [10], it is proposed to place the dummy bits at the front.
Table 2 Simulation Parameters
	Common Code Structure
	LTE Convolutional Coding [3]

	Rate Matching Algorithms
	1. Circular Buffer [2]

2. Rel99 [6]

3. Modified Rel99 [7]

	Coding Rates
	r = 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65, 0.7, 0.75

	Test Block Lengths
	K = 30, 32, 34, …., 80

	Decoding Algorithm
	Adaptive two-pass Viterbi decoding algorithm [8, 9]

	Modulation
	QPSK

	Channel
	Static AWGN
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Figure 2 Performance comparison for alternative dummy bit placements.
2.2. Performance Comparison

To verify the performance of the CB RM algorithm, reference cases based on Rel99 and modified Rel99 RM algorithms are adopted as benchmarks:

· For code rate r ≤ 0.5, the Rel99 algorithm per Section 4.2.7.2.2.2 of TS 25.212 [6] is tested: eplus=6×K, eminus=2×|3×K−Nc|, eini=1, where Nc is the desired number of bits after rate matching.
· For code rate r ≥ 0.5, a modified Rel99 algorithm [7] is tested.  The parity bits for the third generator polynomial are pre-punctured.  The Rel99 algorithm with the following modified parameter settings is then applied: eplus=4×K, eminus=2×|2×K−Nc|, eini=eplus−1.  
The required Eb/N0 for different block error rate (BLER) targets, code rates and block sizes are plotted in Figures 3—11.  It can be observed that the CB RM algorithm achieves better performance. 
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Figure 3 Required Eb/N0 at code rate r=0.75.
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Figure 4 Required Eb/N0 at code rate r=0.70.
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Figure 5 Required Eb/N0 at code rate r=0.65.
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Figure 6 Required Eb/N0 at code rate r=0.60.
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Figure 7 Required Eb/N0 at code rate r=0.55.
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Figure 8 Required Eb/N0 at code rate r=0.50.
[image: image9.png]Required EbiNo [dB]

r=045

38

36

34%

32

5" Rel9RM

| — CBRM

45 50 55 60
Information Block Size [bits]

65

70 75

80




Figure 9 Required Eb/N0 at code rate r=0.45.
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Figure 10 Required Eb/N0 at code rate r=0.40.
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Figure 11 Required Eb/N0 at code rate r=0.35.
3. Conclusion

We presented extensive performance simulation results of the circular buffer based rate matching algorithm for LTE convolution coding [2].  Based on the observed performance benefits, it is recommended to adopt this algorithm for the LTE system.
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