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1 Introduction

A good puncturing pattern may provide 2.0 dB performance gain for turbo coding but the cost is choosing which bits should be removed. The conventional puncturing concept only removes coded bits in the redundancy part and keeps original data. This bad design concept largely sacrifices free distance and worsen error rate performance at high code rate or fading channel. Removing coded bits in both systematic and redundancy parts is a good 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 over high rate and fading channel is demonstrated. An alternative puncturing pattern for turbo code especially at high code rate could be considered. This contribution proposes an alternative method of removing coded bits to match desired code rate in turbo code.
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. In flat Rayleigh fading channel, the free distance dominates diversity gain, and thus the performance decreases significantly at high rate.


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 and the performance gain is more as flat Rayleigh fading channel than that in AWGN channel.
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 0 1 0]
Y1 = [1 1 1 0]
Y2 = [1 1 1 0]

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

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


3 Performance

The following provides performance results. UTRA release 6 turbo coding [1] is used in these simulations and the interleaver is substituted by IBPI [1]. The performance over different code rates and modulation schemes is evaluated including BPSK/QPSK, 16QAM and 64QAM; Gray mapping is applied. Code rate=1/2, 2/3, 3/4 are considered. These combinations provide totally 11 kinds of data rates: 0.5, 0.67, 0.75, 1.0, 1.33, 1.5, 2.0, 2.67, 3.0, 4.0 and 4.5 bits/HZ. Table 3 shows all channel usage combinations. Two kinds of puncturing patterns in Tables 1 and 2 are used.

AWGN and flat Rayleigh fading channels are two considered environments. Flat Rayleigh fading channel is a reasonable assumption. OFDM modulation and rich multi-path effect induce severe amplitude variation. A channel interleaver spreads channel effect over all blocks. Therefore, influence is similar to flat Rayleigh fading channel. If the channel effect is not rich, channel variation is not severe and the equivalent effect will be similar to AWGN channel. In the following, we first compare performance over AWGN and then compare that over flat Rayleigh fading channels. 
Table 3: Channel usage for various modulation scheme and code rate combinations.
	
	BPSK/QPSK
	16QAM
	64QAM

	1/2
	0.5/1.0 bits/Hz
	2.0 bits/Hz
	3.0 bits/Hz

	2/3
	0.67/1.33 bits/Hz
	2.67 bits/Hz
	4.0 bits/Hz

	3/4
	0.75/1.5 bits/Hz
	3.0 bits/Hz
	4.5 bits/Hz
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Fig. 2: Various modulation and code rate simulation results over AWGN channel.

3.1 AWGN channel
This part evaluates FER over AWGN channel. Figure 2 compares the FER of various code rate and modulation combinations. One new puncturing pattern provides excellent performance at higher SNR but loses at lower SNR. 
· Code rate=3/4. The new puncturing pattern outperforms the standard by 1-1.5dB at FER=10-4 but loses by 0.1-0.4 at FER=10-2. 
· Code rate=1/2. The new puncturing pattern has similar performance to the standard and outperforms in error floor slightly. 
· Code rate=2/3. The new puncturing pattern loses to the standard. Similar results are also shown in the flat Rayleigh fading channel environment.
Code rate 2/3 puncturing pattern should be redesign. The code rate 2/3 performance curves are far to the code rate 1/2 curves and close to the code rate 3/4 performance curves. Even for the standard pattern, the curves are still too far. We expect there is a puncturing pattern could enhance performance.

3.2 
Flat Rayleigh fading channel
This part evaluates FER over flat Rayleigh fading channel. Figure 3 compares FER of various code rate and modulation combinations. New puncturing patterns provide excellent performance at higher SNR/lower FER regions but loses at lower SNR/higher FER regions. 
· Code rate=3/4. The new outperforms the standard by 2-3dB at FER=10-4 but loses by 0.1-0.4 at FER=10-2. 
· Code rate=1/2. The new has similar performance to the standard and outperforms in error floor slightly. 
· Code rate=2/3, the new minor loses to the standard at lower SNR but outperforms at higher SNR. 
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Fig. 3: Various modulation and code rate simulation results over flat Rayleigh fading channel.
4 Conclusion

Puncturing is very simple technique but affects the performance significantly. For code rate=3/4, new puncturing pattern provides 1-3 dB performance gain at frame error=10-4. At flat Rayleigh fading channel, proper puncturing pattern provides 2-3 dB performance gain at frame error rate=10-4. The gain comes from larger free distance which provides diversity gain over fading channel.  Our results show that the new puncturing pattern provide better performance than standard puncturing pattern at high rate or fading channel. We highly recommend redesigning of puncturing pattern. More specifically, we should design puncturing patterns for different modulations to optimize performance and to reduce the headers.
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----------------------------------------- Start of Text Proposal -----------------------------------------------------

7.1.1.3
Channel coding and physical channel mapping
Current assumption for the study-item evaluations should be that channel coding for “normal” data [Layer 3 information] is based on UTRA release 6 Turbo coding, possibly extended to lower rates by extension with additional code polynomials, extended longer code blocks, modified by the puncturing pattern and modified by the removal of the tail. However, the use of alternative FEC encoding schemes could also be considered, especially if significant benefits in terms of complexity and/or performance can be shown. 
To achieve high processing gain, repetition coding can be used as a complement to FEC.

Channel coding for lower-layer control signaling is TBD.   

9.1.1.3
Channel coding and physical channel mapping
Similar to the downlink, the current assumption is that uplink channel coding for Layer 3 information is based on current UTRA release 6 Turbo coding, possibly extended to lower rates by the extension of additional code polynomials, extended to longer code blocks, modified by the puncturing pattern and modified by the removal of the tail. However, also similar to the downlink, the use of alternative FEC encoding schemes could be considered if significant benefits in terms of complexity and performance could be shown. 
To achieve high processing gain, repetition coding can be used as a complement to FEC.

Uplink channel coding for lower-layer control signaling is TBD.

------------------------------------------ End of Text Proposal -----------------------------------------------------
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