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1 Introduction

The technical report TR25.814 [1] states in sections 7.1.1.3 and 9.1.1.3 that " 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, 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". With this contribution we propose to modify the internal interleaver of the Convolutional Turbo Code (CTC) and to introduce circular termination. This interleaver enables an inherent parallelism in the process and introduces noticeable performance gains while keeping the same CTC structure (same constituent codes). With circular termination, tail bits are no longer required. 
2 Suggested modifications: circular encoding and new interleaver
2.1.1 Circular encoding
Trellis termination is necessary when convolutional coding is employed, in order to guarantee continuity between the extremities (initial and final states) of the trellis. If no trellis termination is applied, the information bits at the end of each block do not benefit from the same level of protection and performance can be altered. The method currently used with 3GPP Turbo Code consists in adding tail bits at the end of each codeword, in order to force the trellis to come back to its initial state. This method decreases spectral efficiency and can still suffer from some performance degradation, since the tail bits are not turbo coded.  

Circular encoding is an efficient way to terminate trellis and eliminates the need for tail bits at the end of each codeword. The principle consists in encoding the block of information bits such that the final state of the register is similar to the initial state. With circular encoding, the trellis can therefore be viewed as a circle. This technique has already been used with Turbo Codes in several standards: IEEE 802.16 [3], DVB-RCS [4] and DVB-RCT [5].
2.1.2 New interleaver 
The current internal interleaver of Rel. 6 Turbo Code consists in "bits-input to a rectangular matrix with padding, intra-row and inter-row permutations of the rectangular matrix, and bit-output from the rectangular matrix with pruning". This permutation organizes the bits in a rectangular pattern. Circular permutations represent a different approach, particularly appropriate for turbo codes internal interleavers. These permutations assimilate the block of k information bits to a circle, i.e. the bits are written in a linear memory and the two extremities (i = 0 and i = k-1) are contiguous, as represented on Figure 2‑1.   
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Figure 2‑1: Circular trellis
The bits are read out of the memory such that the j-th bit read was written at position i given by:
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The permutation proposed belong to the class of Almost Regular Permutations (ARP), which consist in generic permutation models enabling an inherent parallelism in the decoder architecture while improving the performance of the Turbo code. More details on the Almost Regular Permutations can be found in [2].
The permutation proposed is defined by the relation:
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in which k is the information blocksize and p is defined by:
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Therefore, this permutation model therefore requires only 4 parameters: P, Q1, Q2 and Q3 and no storage of all the interleaved addresses is needed. 
This permutation has a periodicity of 4, and therefore has an inherent parallelism of 4. Indeed, the congruence of j and Π(j), modulo 4, is periodic. In other words, the circle can be evenly divided into four parts, or quadrants, and four SISO (Soft-In/Soft-Out) processors can operate in parallel on each quadrant, as each SISO processor addresses the information in a distinct quadrant. For each clock period, the processors will change quadrants through cyclic shifts and two processors will therefore never access the same quadrant. This parallelism is depicted in Figure 2‑2.
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Figure 2‑2:  Parallelism of degree 4 (trellis divided in 4 quadrants, enabling 4 processors to operate in parallel)
Higher degrees of parallelism are possible with larger periodicities, provided that the blocklength is a multiple of the periodicity. Interleavers enabling parallelism of 8, 12 and 16 (and even higher if necessary) can therefore be proposed in order to meet targeted throughput requirements.
3 Performance 

The performance obtained when the Rel. 6 Turbo Code is modified according to the propositions above has been compared with the performance of the original Rel. 6 Turbo Code. Circular termination and the permutation described in section 2.1.2 have been employed. The parameters used in the different cases simulated are:
· P = 197 , Q1 = 8 , Q2 = 20 , Q3 = 12 for the case k = 320  bits,

· P = 201 , Q1 = 24 , Q2 = 12 , Q3 = 4 for the case k = 640  bits,

Figures 3-1 and 3-2 illustrate the performance gains obtained with the proposed modifications. Black curves correspond to the performance (packet Error Rates vs SNR) of the current 3GPP Turbo Code, while red curves (labelled ARP) represent the performance obtained with the same Turbo Code, but with the proposed modifications (circular encoding and new interleaver). The performance results have been obtained with Max-Log-MAP decoding and 8 iterations. With the same structure but different interleavers, the slope of the performance curves can become much steeper as depicted on the figures.
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Figure 3-1: Performance of Rel. 6 CTC (UMTS) vs the Rel. 6 CTC with the proposed modifications (ARP): 320 bits information blocksize, Max-Log-MAP decoding, 8 iterations
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Figure 3-2: Performance of Rel. 6 CTC (UMTS) vs the Rel. 6 CTC with the proposed modifications (ARP): 640 bits information blocksize, Max-Log-MAP decoding, 8 iterations
4 Conclusion

It is already suggested in TR 25.814 that slight modifications can be provided to the current Release 6 turbo coding scheme. This contribution proposes an enhanced turbo code scheme with only two modifications to the current Rel. 6 Turbo Code: 
· Circular encoding, which improves spectral efficiency by eliminating the need for tail bits at the end of each codeword to terminate the trellis, and guarantees the same  protection level for all the bits.
· A new interleaver, based on circular permutation. The proposed interleaver has several advantages:

· inherent parallelism: the interleaver can be designed to enable N processors to operate in parallel, with N = {4, 8, 12, 16, …}, and meet higher throughputs,
· storage requirements are limited to only 4 parameters per blocksize, instead of all the interleaved addresses,
· Large performance gains over the original interleaver of Rel. 6 Turbo Code.
These modifications would therefore significantly enhance the current Rel. 6 Turbo Code while preserving the same structure (same constituent codes). Thus, with respect to the current coding scheme, we believe that this enhanced turbo code will not affect significantly the implementation of the current coding/decoding.

Thus we propose to take into account these remarks by including a section on these modifications in section 7.1.1.3 of [1], see the next proposal above.
----------------------------------------- Start of Text Proposal -----------------------------------------------------

7.1.1.3
Channel coding and physical channel mapping
The design of the current Rel. 6 Convolutional Turbo Codes should be slightly modified to accommodate parallelized architectures and improve spectral efficiency through the removal of the tail bits. This requires the following modifications to the Rel.6 Convolutional Turbo Code:

· circular encoding should be introduced, to eliminate the tail bits inserted at the end of each block

· the internal interleaver should be replaced by a new interleaver enabling higher degrees of parallelism, such as Almost Regular Permutations.  

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