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1. Summary

This document proposes a modified code block segmentation rule for EUTRA turbo coding. This rule is needed since it was decided (in the Tallin meeting, 3GPP TSG RAN WG1#46) that contention-free (CF) turbo interleavers are to be adopted for E-UTRA. With a CF interleaver criterion (e.g., almost-regular permutation (ARP) or quadratic permutation polynomial (QPP), etc), the turbo interleavers are defined for only a subset of the information block sizes K due to the following:

(a) CF interleavers for certain interleaver sizes (e.g. K is a prime number) may not be parallelized efficiently;

(b) To guarantee a certain level of internal parallelism M (e.g. 32), interleaver sizes have to be a multiple of M;
(c) Since each interleaver is specified with its own parameters, the number of interleavers defined should be a compromise between complexity and performance;

(d) Padding (along with CF interleavers) greatly helps in obtaining sufficient parallelization for all information block sizes.

For example, instead of defining 5075 turbo interleavers to cover all K of 40 ~5114 bits, the CF interleaver design R1-063061 [3] describes a set of 45 CF turbo interleavers for selected sizes (called Ktable) ranging from 128 bits to 6144 bits. Thus the code block segmentation rule in [2] cannot be used directly with CF interleavers. This contribution proposes a modification to [2] that is compatible with CF interleavers, while minimizing filler bits insertion and maintaining transport block performance.
The code block segmentation rule for convolutional codes (CC) does not need to be changed from [2] as the CC supports contiguous block sizes .
2. Modification of Code Block Segmentation 

For E-UTRA, transport block (TB) can be as large as 70 kbits or more. In general, since TB sizes are often much larger than the maximum FEC block size, code block segmentation rule [2] is used to segment a TB into several small segments, and each segment is encoded as a separate FEC codeword. 
This contribution proposes modifications to the code block segmentation rule when a limited set of non-contiguous CF interleaver sizes are defined between Zmin and Zmax, both inclusive.  The rule is designed to achieve the best performance for a transport block considering following factors. 
· Number of segments per TB and the segment size;

· Padding of filler bits and complexity due to padding;
Each aspect is discussed in detail. Note that zero padding is applied when a segment cannot be handled directly by the FEC (i.e., a CF interleaver with length equal to the segment size is not defined).
2.1. Number of Information Blocks

Segmentation rule incorporates following properties of turbo code (TC) and its role in physical layer.

(a) TC performance improves with increasing interleaver size K.
(b) TC performance as a function of increasing block size has diminishing returns beyond a few thousand bits (e.g., <0.05 dB coding gain between 8192-bit and 12800-bit interleavers). 
(c) A TB is received correctly only if all its segments are decoded correctly. This is important since TB is the HARQ retransmission unit. 
Properties (a) and (c) imply TB performance is limited by the worst-performing segment (e.g., smallest size) and therefore, like [2], it is better to have segments of approximately equal sizes.
Property (b) suggests that very large interleaver sizes (e.g., 8192, 12800) may not be needed in Ktable from coding gain perspective. Above ~5000 bits, the maximum interleaver size in Ktable needs to be determined balancing two requirements: 

(i). For reduced storage and faster access, a small set of sizes in Ktable is desirable. This suggests having a small maximum size Zmax in Ktable for a given granularity of the sizes in Ktable.

(ii). A small number of segments minimizes segmentation penalty. This suggests having a large maximum size Zmax in Ktable for a given granularity of the sizes in Ktable. 
In [3] maximum size Zmax in Ktable is chosen as 6144 bits, just large enough to handle half an IP packet. 
2.2. Information Block Size Determination (Rel. 6) 
When X bits are input to the segmentation function, the rule for determining the interleaver size as described in Rel 6 version is as follows
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where Zmax=5114 is the maximum interleaver size defined in [2], C is the number of code blocks (or segments), K is the interleaver size, and Y is the total number of filler bits per TB. Therefore, a TB of size X is segmented into C pieces of approximately same size K, and each piece is encoded using a K-bit interleaver. When Y>0, Y zeros are prepended to the beginning of the first information block before encoding. Since, Rel-6 TC interleavers are defined for all values between 40 and 5114 bits, the number of filler bits is small. 
Next, two simple code block segmentation rules for EUTRA TC are described using [3] as an example. 
2.2.1. Allow one interleaver size only

A simple way to modify (1) is to let all segments be encoded with a single interleaver size KI , where
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where i, 1<=i<=T, indexes into the group of non-contiguous interleaver sizes available in Ktable (assuming sizes in Ktable are sorted in ascending order). This method simply chooses the smallest interleaver size KI from Ktable where KI ≥ 
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, where 0 ≤  < KIKI-1, and 
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 (Note that KI-1 =0 when I=1). In this case, the number of filler bits per TB is 
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Therefore, Y is large when ( and C are large. For example, if Ktable has T = 100 values uniformly distributed between Zmin = 40 and Zmax = 5114, the maximum filler bits is approximately equal to 50×C.
However, filler bit insertion can be reduced by using two adjacent interleaver sizes instead. This is particularly attractive when adjacent interleaver sizes have approximately the same FEC performance. 

2.2.2. Allow Two Adjacent Interleaver Sizes
For a given TB, it is proposed that two adjacent interleaver sizes KI-1 and KI, KI-1<KI, 1<=I<=T, be selected from Ktable (KI-1 =0 when I=1).  This method still uses the number of segments C and the larger interleaver size KI as in the previous case (Section 2.2.1).
Instead of using filler bits and a larger interleaver size KI  to encode every segment, this method allows the use of adjacent smaller interleaver size KI-1 to reduce filler bit insertion, whenever possible. This method directly reduces the decoding burden due to filler. 

Let CI-1 and CI be the number of segments that are encoded using interleaver sizes KI-1 and KI, respectively, and let DI = KI​ KI-1 denote the difference between the adjacent interleaver sizes KI-1 and KI. The parameters (CI, CI-1) are determined as follows: 
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Note that when 
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This method works well when the TC performance difference between adjacent interleaver sizes is close., a condition that will be satisfied for E-UTRA. If code block segmentation is needed (C>1), the smallest KI has a value greater than 2557 within the interleaver pair (KI, KI-1) (i.e., worst case scenario X = 5115 when Zmax = 5114). Since the larger interleaver size KI is always greater than 2557 bits, adjacent interleavers sizes have close performance [3].
2.3. Filler Bits Insertion

When the actual information block size is smaller than the turbo interleaver size, filler bits are padded to the information block before TC encoding. The number of filler bits (per each segment) is a function of the segment size and interleaver size (e.g., determined using Sec 2.2.1 or Sec. 2.2.2). The filler bits may be distributed as follows. 
· Concentrated-filler. Put filler bits into as few segments as possible (e.g., in Rel-6, all filler bits are padded to the first segment). Moreover, filler bits can be padded to segments that are encoded with the larger interleaver size KI when two interleaver sizes are used for a TB. 

· Distributed-filler. Distribute filler evenly (as much as possible) into all the segments. 
The filler bits and the parity bits of the first constituent encoder can be discarded prior to transmission. The parity bits of the second constituent encoder corresponding to the filler bits (after interleaving) cannot be simply discarded and will make the actual code rate lower than the nominal code rate. Puncturing or the rate-matching algorithm may be used to obtain the desired code rate. 
3. Comparison of Code Block Segmentation Rules

In Figure 1, the number of filler bits corresponding to (a) using one size KI (Equation (2)), and (b) using two adjacent sizes KI-1 and KI (Equation (4)), are compared for transport block sizes X up to 36000 bits. The set of sizes Ktable listed in [3] is used as the set of valid turbo interleaver sizes, and the maximum difference between adjacent sizes is limited to 512. The figure shown that using (a) maximum number of filler bits grows with the transport block size X. However, it is upper bounded by Dmax  = max(DI) =512 in the second approach (b). 

4. Conclusions

This contribution proposes a modified code block segmentation rule to handle the non-contiguous interleaver sizes that will be defined for E-UTRA turbo codes. Instead of using one interleaver size for all segments of a transport block, two adjacent interleaver sizes are allowed to minimize the number of filler bits for a given transport block. The proposed design ensures good performance of an entire transport block while using contention-free turbo interleavers. 
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Figure 1.
Fraction of filler bits inserted as a function of Transport block size for to the proposed segmentation rules. 
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