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1. Introduction
Improvement of coverage and throughput in areas near cell edges is one of the important technical issues for the evolved UTRAN. Some companies have suggested application of low rate codes to the issue [1][2][3]. In the existing UTRA system, a bit repetition scheme is used to achieve coding rates of lower than 1/3 and this has been suggested in TR25.814 as a method of achieving higher processing gain.
For this issue, we proposed an alternative method to the conventional repetition scheme, of applying the technique of “Shortened codes [4]” to the existing UTRA R=1/3 turbo code, in order to achieve coding rates of less than 1/3 [5]. What we discussed and evaluated so far are summarized as follows:

· Our proposal:

· For R(1/3:  Existing UTRA R=1/3 turbo code
· For 1/5(R<1/3:  Shortened code
· For R<1/5:  Shortened code of rate 1/5 (or 1/7) and bit repetition on it
· We showed the link-level simulation results assuming ideal channel estimation and no receive antenna diversity compared to the repetition schemes [5].
· We proposed two different implementations of the code shortening termed ‘Outer’ and ‘Inner’ [6].
　　　→The maximum performances gain of the outer and the inner shortened turbo codes over repetition schemes are 0.4dB and 0.5dB, respectively.
· We showed the link-level simulation using real channel estimation and receive antenna diversity [6]. 
→The results show the performance gain of proposed method over the repetition method is about 0.2 to 0.5 dB even under the real channel estimation.
· We showed the system-level simulation results under E-UTRA downlink and uplink arrangements are provided [7].
→The simulation results show the user throughput gains of the proposed methods over the repetition method are about 5% to 10% for the 5% CDF and 10% CDF points.
· We showed the link-level simulation results using turbo codes with QPP interleaver.
                             →The simulation results show the gains are similar to the ones with the PIL interleaver.

                                  Especially, the results for the outer methods are slightly better than PIL.

· The decoding complexities are not so increased.
→The processing complexities are increased by about 10% to 30% over the repetition schemes, while the circuit size is not so increased since the existing architecture of the decoder can be reused.
In this contribution, we will discuss and propose the channel coding chain with the lower rate shortened turbo codes including H-ARQ functionality and methods to apply to the H-ARQ retransmission schemes.
2. Channel Coding Chain
2.1. Unified Code Shortening Procedure for QPP Interleaver and Lower Rate Coding
(1) Code Shortening for QPP Interleaver
At the RAN1#47bis meeting, it was agreed that the QPP interleaver is adopted as the internal interleaver of the LTE turbo code (referred as ‘QPP-Turbo code’ in this contribution). Since a size of the QPP interleaver are allowed to be only one of the given sets in the table of [11], the number of the bits to be encoded should be aligned with the size using code shortening regardless of the coding rate.
Figure 1 shows the coding chain depicted in [11]. The usage of the code shortening (filler bit insertion) is determined according to the (segmented) code block size. If the code block size does not match any sizes in the table, the nearest size greater than the code block size is selected, then the filler bits are inserted in order to align the interleaver size.
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Figure 1.  Unified coding chain with code shortening for QPP interleaver and lower rate coding
Removal/puncturing (code shortening) scheme of the filler bits and the associated parity bits has not been discussed so far. However, these can be implemented in the 1st rate matching process of the H-ARQ functionality as depicted in Figure 3. A filler bit removal block is added to the 1st rate matching.
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Figure 2.   H-ARQ Functionality for unified coding chain
(2) Code Shortening for Lower Rate Coding
The code shortening for lower rate coding can be implemented using same coding chain with unified manner. If the coding rate is less than 1/3, filler bit insertion is applied in order to generate the desired coding rate in the code block segmentation function. The code block size after the filler bit insertion should also be aligned with the QPP interleaver size. Removal/puncturing of the filler bits and the associated parity bits can be performed in the 1st rate matching process of the H-ARQ functionality as for the QPP code shortening.

2.2. Code Block Segmentation
The code block segmentation scheme for the QPP-Turbo were modified from the Release-6 one [11]. For the lower rate shortened turbo codes, the same algorithm can basically be applied to the bit sequence after the filler bits insertion. It is noted that code block segmentation will be done even if the size of the information bits is not greater than the maximum interleaver size due to the large number of the filler bits insertion. Figure 3 shows an example of the code block segmentation (the number of the code block is 2) for R=1/5 shortened turbo encoding.
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Figure 3.  Example of the code block segmentation for the shortened turbo code.
For R=1/5 shortened turbo encoding, the number of filler bits is equals to the number of the information bits including CRC bits, i.e. 4024 bits. The resultant block size after filler bit insertion is 8048 bits that is beyond the maximum size of 6144. Thus, the block is segmented into 2 code blocks. It is noted that the number of the filler bits for each block is 2020 (it is not 2012 because 4024 is not an allowed interleaver size).

3. H-ARQ processing
3.1. Case 1: Coding Rate of the First Transmission < 1/3
In this case, if the coding rate of the first transmission (R1) is larger than or equals to 1/5, shortened code of the rate R1 is used for encoding. If the coding rate of the first transmission is less than 1/5, shortened code of the rate 1/5 is used for encoding and then bit repetition is used on this code in order to generate the actual coding rate code and other redundancy versions of IR.
Figure 4 shows an example of the former case. Since there is no repetition used, only Chase combining (CC) can be used for H-ARQ retransmissions.
Figure 5 shows an example of the latter case, i.e. the coding rate of the first transmission is less than 1/5. Bit repetition of different part of the coded bits can be used for IR H-ARQ.

For both cases, improved coding gain can be obtained than the conventional repetition scheme by using the low rate code (See Appendix).
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Figure 4.  Example of H-ARQ for coding rate of the first transmission ( 1/5
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Figure 5.  Example of H-ARQ for coding rate of the first transmission < 1/5
3.2. Case 2: Coding Rate of the First Transmission ( 1/3
In this case, the code shortening does not used. Therefore, usual H-ARQ processing can be used.
4. Conclusion
We proposed a unified channel coding chain with code shortening for the QPP interleaver and the lower rate coding. Actual code block segmentation scheme and H-ARQ processing for shortened turbo coding are also proposed.
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Appendix A:  Link Level Simulation results for Turbo codes with QPP interleaver
Figure A1 shows the required Eb/N0 performances of various low rate coding schemes including the proposed ones. The information block size of 320, the modulation scheme of QPSK and the target BLER of 0.1 are used in the simulation. In Figure A2, the performances of the Rel.6 turbo code with PIL for the same conditions are shown as references.

The inner S-TBC shows good performances irrespective of the interleaving schemes. On the other hand, for the outer S-TBC, the performances of QPP are better than those of PIL for 1/7(R(1/4 and the performances of QPP with the repetition (R<1/7) are better than those of PIL for 1/9(R(1/4. We think that the reason is that the use of the almost uniformly distributed padding bits and QPP interleaver which has the contention free property will make the padding bit positions for the second component code input, i.e. the interleaver output, widely distributed also.
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Figure A1 – The required Eb/N0 under AWGN, information block size=320, QPSK,
Target BLER=0.1 for turbo codes with QPP.
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