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1. Introduction

This contribution is a resubmission of [1]. Simulations are now done with the QPP interleaver. The difference between QPP and release 6 type of interleaver is very small as can be seen in the figure 3.

In this contribution performance of release 6 type of turbo code with tail bits is compared to tail-biting turbo codes. Information block sizes of 48 and 480 bits are studied. The two smallest information block sizes to be studied were agreed to be 42 and 52 [2] so the block size of 48 represents well the smallest block sizes, where the effect of tail-biting is visible. 
2. Simulations

In the simulations AWGN channel, BPSK modulation and 1-RX receiver is used. Standard release 6 rate 1/3 turbo code is used.

Figure 1 compares tail-biting and release 6 zero state turbo codes. Information block size is the same in both cases. It can be seen that at 480 bit information block size the difference is negligible, but at small block size difference is visible. There is loss in tail-biting turbo code because the start and end state of the encoder is unknown in the decoder. In this figure energy of coded bits is compared. The energy of 12 bits that are needed in zero state turbo code to terminate the encoder are ignored in this figure.
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Figure 1 Ec/N0 vs. BLER. Trellis termination bits of zero state code are not considered
In the figure 2, energy of tail bits is taken into account so that the additional enrgy needed for 12 termination bits of zero state turbo coder is taken into account. When the transmitted energy is scaled to be the same, it can be seen that the performance of tail-biting and zero state turbo code is almost the same. 

[image: image2]
Figure 2 Ec/N0 vs. BLER

In the figure 3 the effect of puncturing is studied. The release 6 zero state turbo code is punctured so that the number of transmitted bits is the same as with the tail-biting turbo code. Release 6 type of puncturing pattern is used in this study. It can be seen that in this case there is a small about 0.1 dB performance loss in zero state code. If puncturing is optimized the loss can be made smaller.

[image: image3]
Figure 3 Ec/N0 vs. BLER zero-state with puncturing. Also the difference of QPP and Rel6 interleaver is presented
3. Summary

In this contribution the two mechanisms that need to be considered when comparing tail-biting and zero state turbo codes are studied. In the case of tail-biting a little bit more power is needed because the start and end state of the encoder is not known by the decoder. In the zero state case 12 additional terminations bits needs to be transmitted. It is shown that the loss from these two mechanisms is about the same.
Complexity and performance improvement need to be evaluated in order to conclude usefulness of tail-biting. The encoder of the tail-biting turbo code is more complex than release 6 turbo coder because additional operations are needed to determine the initial state of the encoder. In the decoder the number of operations is roughly the same. According to our study small (figure 3) or no gain (figure 2) is obtained from tail biting. Because there is no clear performance benefit from tail-biting and it involves some additional complexity in the encoder, our opinion is that tail-biting turbo-codes should not be standardized for LTE.
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