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1 Introduction

A good puncturing pattern may provide 0.2-1.3 dB performance gain and reduce computation power for release 6 turbo coding. The conventional puncturing concept only removes coded bits in the redundancy part and keeps systematic part. This bad concept largely sacrifices free distance and worsens error rate performance at high code rate. Removing coded bits in both systematic and redundancy parts is a better puncturing concept to keep large free distance. This contribution provides new puncturing pattern examples and preliminary simulation results to demonstrate this idea. Significantly improved performance is demonstrated. A myth that turbo code performs badly at high rate does not hold any more. This comes from correctly removing coded bits to match desired code rate. 
2 Puncturing patterns


Puncturing removes coded bits to match desired code rate. Figure 1 demonstrates puncturing function applying to turbo encoder. X represents systematic part; Y1 and Y2 represent redundancy parts corresponding to both convolutional code encoders. Puncturing functional block removes coded bits in X, Y1 and Y2 according to puncturing pattern. Tables 1 and 2 show two kinds of puncturing pattern for the code rates 1/2, 2/3 and 3/4 turbo coding.
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Fig. 1: Turbo code encoder.
Conventional puncturing pattern only removes coded bits in redundancy parts as shown in Table 1. As the code rate is high, the free distance decreases and the error floor goes higher. Table 2 provides new puncturing patterns. The proposed new pattern removes coded bits in both systematic part and redundancy parts. The more remaining bits in redundancy parts enhance free distance properties than that in systematic part. Therefore the error floor is steeper.
Table 1: Standard puncturing patterns for turbo codes (“1”=keep, “0”=delete)
	Code Rate
	Puncturing vector

	1/2
	X = [1 1]
Y1 = [1 0]
Y2 = [1 0]

	2/3
	X = [1 1 1 1]
Y1 = [1 0 0 0]
Y2 = [0 0 1 0]

	3/4
	X = [1 1 1 1 1 1]
Y1 = [1 0 0 0 0 0]
Y2 = [0 0 0 1 0 0]


Table 2: New puncturing patterns for turbo codes (“1”=keep, “0”=delete)
	Code Rate
	Puncturing vector

	1/2
	X = [1 1 1 0]
Y1 = [1 0 1 1]
Y2 = [0 1 0 1]

	2/3
	X = [1 1 1 0 1 1 1 0]
Y1 = [0 0 1 0 1 0 0 1]
Y2 = [0 0 1 0 1 0 0 1]

	3/4
	X = [1 1 1 1 1 0]
Y1 = [0 0 1 0 0 1]
Y2 = [0 0 1 0 0 0]


3 Performance

Figure 2 and 3 compare the FER and average iteration number of various code rates, respectively. New puncturing pattern provides excellent performance and requires less computation power. UTRA release 6 turbo coding [1] is used in these simulations and the interleaver length is 3200 bits. BPSK and AWGN channel are considered. We compare two puncturing pattern of three kinds of code rates in Table 1 and 2.
· Code rate=3/4. The new puncturing pattern outperforms the standard by 0.2 and 1.3dB at FER=10-2 and 10-4. The computation power of the new is also obviously better than the standard.
· Code rate=2/3. The new puncturing pattern outperforms the standard by 0.5 dB at FER=10-4.The computation power is slightly better than the standard. 

· Code rate=1/2. The new puncturing pattern slightly outperforms the standard by 0.2 dB at FER=10-4.
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Fig. 2: Frame error rate performance of various code rates over AWGN channel.
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Fig. 3: Average number of iterations of various code rates over AWGN channel.  

4 Conclusion
Modifying puncturing pattern simply improves release 6 turbo coding performance. Our simulation results demonstrate significant performance gain. A good puncturing pattern retains large free distance which is critical to fading channel performance. Besides, computation power can be slightly reduced when stopping mechanism applied. This benefits battery life. Therefore, we highly recommend modifying original puncturing patterns or specifically rate matching algorithm.

Questions:
· Must the new puncturing pattern satisfy incremental redundant ARQ constraint?
· Do we need code rate = 5/6 puncturing pattern?
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