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1 Introduction
It has been reported that the performance of turbo decoder severely degrades with certain higher coding rates in [1,2]. In [3,4,5], to resolve the turbo code irregularity problem, it is proposed to modify the rate matching by introducing the different puncturing rate for each parity stream and the dithering only for the problematic code rates. 

Rate matching algorithm could be implemented by either software or hardware depending on the companies. The hardware implementation could be preferred from UE point of view. Hence, it seems to be very critical especially in UE side that the rate matching is implemented by the DSP solution instead of the hardware solution to apply the modified rate matching only for the problematic code rates. It also shall be noted that it is not desirable to implement the modified rate matching by the hardware. The UE hardware complexity increase will be very significant. Depending on the hardware implementation structure developed to implement the current rate matching, two or three times complexity increase is expected. Hence, we need to consider whether such complicated rate matching algorithms would be necessary only “for the minority of cases”, at the sacrifice of complexity aspect.

In this context, we consider the bit interleaving as an alternative solution to resolve the turbo coder irregularities at certain coding rates. The proposed algorithm can achieve the same effect as the modified rate matching method of [3,4,5]. Moreover, it is a simple and easy approach to implement at both Node-B and UE sides. Before the rate matching process, simple bit interleavers are applied on both parity 1 and parity 2 bit streams for shuffling the original sequences so that the puncturing pattern will be spread out to the entire region after rate matching to prevent the uniform puncturing pattern as well as the periodicity of the surviving parity bits. As expected, the simulation results demonstrate the proposed algorithm can resolve the problem. The proposed algorithm can be exploited as a simple solution for both TDD and FDD system. 

2 Bit Interleaving 
It may be natural to change the rate matching algorithm for the problematic code rates, since this problem comes from the interaction of turbo encoder and the current rate matching algorithm, which generates puncturing periodicity. However, it should be noted that such a big change may not be necessary if those algorithms would work only for the selected problematic code rates. A simple shuffling of the orders of parity bits with a specific pattern without the periodicity of 7 may be enough to avoid the problem. Based on this idea, we propose the insertion of small bit interleavers for parity 1 and parity 2 bit streams prior to the rate matching block in HS-DSCH coding chain as shown in Figure 1. 
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Figure 1 : The conceptual blocks

 Figure 2 illustrates an example of the proposed bit interleaving structure with 6 registers applied on both parity 1 and parity 2 bit streams. In this example, the reading orders are exactly reverse to the input bit streams. i.e., when the input bit orders are designated as 0,1,2,3,4,5, they are read out sequentially downwards from bit 5 to bit 0. In this manner, the turbo output bit streams can be well shuffled to prevent the appearance of uniform puncturing patterns as well as the periodicity of the surviving parity bits. 
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Figure 2 : An example of the proposed bit interleaver 

Figure 3 depicts the overall structure of the proposed method. Once the problematic coding rates are selected, the turbo encoder output bit streams are switched to the bit interleaver and shuffled by a specific interleaving rule. On the contrary, the bit streams directly go through to the rate matching block when the selected code rates are regular. Note that the conventional rate matching algorithm shall be used without any slight change even for the problematic code rates. 
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Figure 3 : The overall structure of the proposed scheme

 For efficient implementation of the example in Figure 2, bit interleavers with 12 registers (2x6) may be enough to minimize the processing latency. In this case, we need to only consider the initial latency depending on the size of the bit interleaver. It is clear that the proposed bit interleaving scheme is efficient for implementation and operation at both UE and Node B sides.

3 Simulation Results
Simulations were performed in AWGN with the FDD HS-DSCH without the HARQ function. The simulation conditions are given by the required Ior/Ioc for achieving 10% FER with 4 HS-DSCH multi-codes. In Figure 4, it is shown that the proposed bit interleaving scheme is very successful for rejecting the peaks at the problematic code rates. Note that there is no performance degradation in turbo decoding just by employing a pair of simple bit interleavers without any slight change of the current rate matching mechanism. 
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Figure 4 : Ior/Ioc required for decoding a Transport Block on HS-DSCH
4 Conclusions
We demonstrate that the bit interleaving scheme proposed in this contribution can prevent the performance degradation of turbo decoder at the problematic coding rates. The proposed scheme can be employed for both TDD and FDD systems. The proposed scheme is a simpler and more practical solution than modifying the rate matching as proposed in [3,4,5] especially from UE implementation point of view.

As mentioned, there is lots of freedom for the structure of bit interleavers and the interleaving patterns. We recommend that it may be desirable to choose such a bit interleaver with less latency and less complexity increase.
If it is agreed to adopt the simple scheme proposed in this contribution, we will prepare the relevant CR.
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