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1. Encoding blocks for turbo codes

In order to facilitate a reasonable realization of a turbo encoder and the corresponding decoder the length of the coding block has to be limited in some way.  Tdoc smgx049 suggests the maximum encoding block length of 8192 bits including the user data, a possible error detection field (CRC) and the termination. Let the number of termination bits be NTAIL, the length of the user data block TDELAY (seconds), and the user data rate of the service RDATA (bits per second). Let the number of other bits which are added to the original user data (CRC etc.) be NEXTRA. The following condition has to be satisfied: 

RDATA * TDELAY + NEXTRA + NTAIL ( 8192.

In the case this condition is not satisfied the data to be encoded has to be segmented so that the each of the segments satisfies this condition. The number of segments NS has to satisfy the condition

round_up( ( RDATA * TDELAY + NEXTRA ) /NS ) + NTAIL ( 8192.

It is recommendable to choose the smallest NS satisfying the inequality:

NS = round_up( (RDATA * TDELAY + TEXTRA) / ( 8192 – NTAIL ) ).

It may happen that all the encoding blocks don't end up being of the same length, i.e. that (RDATA * TDELAY + NEXTRA) /NS is not an integer. In this case we can proceed in one of the following ways: Algorithm A, the last turbo block is allowed to be of different length than the others, or Algorithm B, to the input data NFILL filler bits (zeroes) are added so that (RDATA * TDELAY + NEXTRA + NFILL ) /NS is the smallest possible integer. Below the Modification describes an alternative way to determine a length of a turbo block for Algorithm A and Algorithm B.

1.1 Algorithm A

This Algorithm lets the last turbo block after segmentation to be shorter that others.

Inputs:

RDATA
the user data rate (bits per second)

TDELAY
encoding user data block length (seconds)

NEXTRA 
extra data to be appended to the user data before encoding (bits)

NTAIL
number of tail bits to be appended to the encoding blocks

Outputs:

NS
number of segments

NTB
number of bits in the turbo encoder input blocks except the last one

NLAST_TB
number of bits in the last turbo encoder input block

Do:

1. Let NS = round_up(  (RDATA * TDELAY + NEXTRA) / ( 8192 – NTAIL ) )

2. Let NTB = round_up ( (RDATA * TDELAY + NEXTRA ) / NS ) + NTAIL;

3. Let NREM = remainder of (RDATA * TDELAY + NEXTRA ) / NS;

4. If NREM is not equal to zero then NLAST_TB = NTB – NS + NREM  else NLAST_TB = NTB.
5. End.

If this algorithm is used an adaptive turbo interleaver is needed since the last turbo encoder input block may be shorter than others but. The number of systematic bits in the output of the encoder is

RDATA * TDELAY + NEXTRA + NS * NTAIL,

i.e., no there are no other additional bits than the ones due to the termination of each segment.

1.2 Algorithm B

This Algorithm makes all turbo encoder input blocks to be of equal size.

Inputs:

RDATA
the user data rate (bits per second)

TDELAY
encoding user data block length (seconds)

NEXTRA 
extra data to be appended to the user data before encoding (bits)

NTAIL
number of tail bits to be appended to the encoding blocks

Outputs:

NS
number of segments
NTB
number of bits in the turbo encoder input blocks

NFILL              number of filler (zero) bits in the last turbo encoder input block

Do:

1. Let NS = round_up(  (RDATA * TDELAY + NEXTRA) / ( 8192 – NTAIL ) )

2. Let NTB = round_up ( (RDATA * TDELAY + NEXTRA ) / NS ) + NTAIL;

3. Let NREM = remainder of (RDATA * TDELAY + NEXTRA ) / NS;

4. If NREM is not equal to 0 then insert NFILL = ( NS – NREM ) zero bits to the end of the input data else NFILL = 0.

5. End.

All turbo encoder input blocks are of equal size and therefore the same turbo interleaver can be used for all turbo blocks. In this case a number of systematic bits over an entire channel interleaving block at output of the encoder is

NS * ( round_up( ( RDATA * TDELAY + NEXTRA )  / NS) + NTAIL )

so there may be some additional bits other than the termination bits.

1.3 Modification

In Algorithms A and B the length of the turbo encoder input block is maximized by choosinh the smallest possible NS. In some cases it may be feasible to use NS's that are powers of 2 but this will make the turbo encoder input blocks blocks shorter. In this case the first step of the Algorithms A and B above would be replaced by the steps

1a. Let nS = round_up ( (RDATA * TDELAY + NEXTRA) / ( 8192 – NTAIL ) );

1b. Let m = round_up ( log2 nS);

1c. Let NS = 2m;

2. Summary

Two algorithms for segmentation of a the turbo encoder input are proposed. The Algorithm A allows the last turbo encoder input block to be shorter than others whereas the Algorithm B adds some additional bits to the end of the input block in order to make all turbo encoder input blocks of equal size. The Modification to the Algoritms A and B allows the number of segments to be a power of two.

3. Nokia proposal

Nokia recommends to use the Algorithm B for combining and segmentation.
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