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Abstract

End puncturing had been shown to provide an improved performance for short rate 1/3 convolutional codes (in the order of 24 to 120 payload bits) [1]. In this contribution we show that end punctured rate 1/2 convolutional codes also show such a performance improvement, both for AWGN and fading environments. We also show that the scheme can be combined with blind rate detection for fixed positions in the downlink.

We further show that this scheme also achieves a good performance for very small numbers of payload bits (e.g. only 3 bits). Here the performance is even better than the performance of the biorthogonal coding scheme (used for TFCI coding) which was proposed in [2] for this particular application.

An other application which we will highlight is the use of end puncturing to anticipate radio frame equalisation.

We have already shown, that the advantages of end puncturing are not turned into a disadvantage, even if it is followed by and independent puncturing/repetition operation in the rate matching step. For further improvements we have developed a method that integrates both operations in a single procedure, but we will only suggest this to be studied for release 2000 due to time constraints.

We will therefore suggest to incorporate this scheme in [3] and [4] to improve the performance of convolutional codes for small and very small numbers of input bits.

Principle

In this chapter we shortly recap the construction principle for end puncturing. The scheme relies on the fact, that the first and last bits of a block have a better BER than the bits in the middle. This is caused by the fact, that the trellis of the convolutional code begins in a known state and also ends in a known state. These implicit known states are available for decoding so that the information bits at the beginning and at the end of a block are better protected against transmission errors than the bits in the middle of a block. However, this does not achieve the best overall performance, because energy is wasted to obtain the extra protection of the bits at both ends. This waste of energy can be avoided if some more bits are punctured at both ends of the code to align the error probability of the bits at the ends with the one of the bits in the middle. This can be obtained by puncturing a predetermined pattern of bits at the beginning and end of the coded bits. This operation can be implemented right after the convolutional coder before of rate matching.

The principle of end puncturing, compared with regular puncturing is shown in Fig. 1. The number of error events in the middle of the block is reduced whereas the error events at both ends are increased, where it does not ‘hurt’ because the error rate is anyhow below average. The fixed puncturing pattern is only applied to the beginning and end of the block. 

For end puncturing of rate 1/3 codes always 8 coded bits are punctured on both ends, i.e. 16 coded bits are punctured in total. The following end puncturing pattern is used (‘x’ means that this bit is punctured):

x x 1 x 1 x 1 x 1 1 x 1 1 x 1 1 x 1 1 1 1 ... 1 1 1 1 x 1 1 x 1 1 x 1 1 x 1 x 1 x 1 x x

After this fixed puncturing pattern the normal rate matching is performed to match the number of transmitted bits with the available bits which are offered by the slot structure. Even though two independent puncturing or repetition operations are not generally optimum, the performance advantage of end puncturing is not offset by this effect. 
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Fig. 1: Principle of  end puncturing scheme

The simulation results presented in [1] showed a performance gain of about 0.4 dB for short block lengths (96 coded bits) cf. Fig. 2. At larger block lengths the performance gain is 0.3 dB for a block length of 192 coded bits and 0.2 dB for 384 coded bits. The Simulations were run under AWGN conditions. Clearly, the smaller the data blocks are the better is the performance gain of end puncturing. For very large block sizes the difference will be marginal.
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Fig. 2: Performance of end-puncturing, compared to normal puncturing for rate 1/3

End puncturing for rate 1/2 codes

The puncturing pattern presented above was designed for a rate 1/3 code. Clearly, a rate 1/2 code will require a different pattern, mainly because there are less coded bits which correspond to the known tail bits. We have also run simulations for the rate 1/2 convolutional code and found a performance improvement of up to 0.25dB too. The results are shown in  Fig. 3. We have assumed 32 payload bits which are coded into 72 transmitted bits and again compared to the normal, equidistant rate matching.

The puncturing pattern used for this case was:

1 1 x 1 x 1 1 1 x x 1 1 1 1 ... 1 1 1 1 x 1 x x 1 1 x 1

Again an x denotes a punctured bit.
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Fig. 3: Performance of  end-puncturing, compared to normal puncturing for rate 1/2, AWGN channel

We have also performed simulations for the same scenario under fading conditions (30 km/h, no power control, ideal channel estimation, block interleaving) and found a FER performance improvement of even 0.35 dB as shown in Fig. 4.
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Fig. 4: Performance of  end-puncturing, compared to normal puncturing for rate 1/2, fading channel

Blind rate detection in conjunction with fixed bit positions 

For blind rate detection in conjunction with fixed bit positions, which is applicable in the downlink, concerns were raised at the last meeting. These concerns were justified. 
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Fig. 5: Blind rate detection using fixed positions without end puncturing

The principle of blind transport format detection using fixed positions with CRC is described in Annex A.1.2 "Blind transport format detection using CRC" of [3]. Here the trellis of a Viterbi decoder is traced back from all potential end positions, as shown in Fig. 5. The correct end position is verified by a CRC check. If an end puncturing pattern is applied after coding, the data from a single forward recursion cannot be used, because the puncturing pattern will be at different positions, depending on which end position is applicable. Therefore multiple runs of the forward recursion must be done. It is not necessary to perform complete runs, only the last part, corresponding to the length of the end puncturing pattern, has to be redone. This is shown by the short forward arrows in Fig. 6. The white circles indicate the positions of the punctured bits at the end.
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Fig. 6: Blind rate detection using fixed positions with end puncturing. 
White circles symbolise the end puncturing positions.

Obviously, blind rate detection is not impossible in this case, but it requires more computations for the multiple parts of the forward recursion. Still the complexity is much less than for the blind rate detection for variable positions, because in this case a complete forward recursion has to be performed for each possible block size, not only a partial forward recursion. As can be seen from Fig. 6, it is the puncturing at the end, not at the beginning, which causes the trouble. Therefore we propose not to apply the puncturing at the end but only at the beginning. In this way 50% of the potential improvement can still be obtained without any complexity increase for the forward recursion.

End puncturing for very short blocks using rate 1/2 codes 

Rate 1/2 convolutional coding will be a candidate for very small block sizes (e.g. 3 bits). However, even with rate 1/2 coding, the effective code rate would be 3/(2*(3+8)) = 1/7.33 which may be to low in comparison to other transport channels (depending on their relative quality of service requirements). We therefore have optimised the puncturing pattern for very short blocks as well. We have selected a puncturing pattern of 8 bits, this would result in an effective code rate of 3/(2*(3+8) -8) = 1/4.66 which is still smaller than rate 1/2 or 1/3, but which will be in a reasonable range. As there is less coding gain than for example for turbo codes, the effective rate may possibly have to be lower than 1/3. Lower rates than 1/4.66 can be easily realised by repetition. In this case it is better to start with a good code of 14 bits and employ repetition, rather than start with a worse 22 bit code and hope that puncturing will improve it.

We have conducted simulations and compared the results both to the ordinary rate 1/2 convolutional codes. We have biased the simulation assumptions against the proposed scheme: We have repeated bits after end puncturing to arrive with 22 bits in both cases. 

We have also simulated the competing second order Reed Muller coding scheme, which proposes to use the TFCI coding scheme, but then transmits this information not via the TFCI bits, but in an ordinary transport channel. In other words, convolutional coding is replaced by second order Reed Mueller coding. We have assumed all the lately proposed performance improvements for TFCI coding (optimised order of masks, using all the 32 bits without puncturing). This will of course overestimate the performance of the TFCI coding scheme as has already been shown, because this scheme is sensitive to puncturing.

Again we find that the end punctured convolutional scheme has an advantage of 0.2 dB against the conventional convolutional code and an advantage of even 0.5 dB against the standard TFCI coding scheme in AWGN scenarios.

In fading conditions the proposed scheme also shows the best BER performance but there is less difference for FER. It should be noted that the simulation conditions were biased against the proposed scheme, in particular in comparison to TFCI coding, because for the latter 32 bits are sent compared to 22bits. More bits of course give a better time diversity, which is crucial in fading conditions.
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Fig. 7: Performance of  end-puncturing for very short block size of 3 bits, compared to 
standard convolutional coding and to standard TFCI coding, AWGN channel
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Fig. 8: Performance of  end-puncturing for very short block size of  3 bits, compared to 
standard convolutional coding and to standard TFCI coding, Fading channel, no PC

With short block sizes it is difficult to obtain a large coding gain and therefore the performance in terms of required Eb/N0 must be expected to be worse for small block sizes compared to large ones. This observation is applicable to any coding scheme, the larger the block size the more potential coding gain can be achieved. While this is of course also the case for the proposed scheme, it still maintains the best performance for very short blocks from all the available options. 

End puncturing used to aid radio frame equalisation
In the uplink, radio frame size equalisation is performed by padding the input bit sequence with dummy bits in order to ensure that the output can be segmented in Fi data segments of same size where Fi denotes the number of radio frames in one Transmission Time Interval of the TRCH. This operation is necessary for the following interleaver.

Obviously padding is not very efficient, in particular for small blocks, because it adds transmission energy without information content. End puncturing can be tailored to substitute radio frame equalisation without the disadvantage of inserting dummy bits. All that needs to be done is shorting the end puncturing pattern appropriately. This is a very elegant way to achieve a suitable number of bits for interleaving. 

Fig. 9 shows the relative overhead of the padding bits expressed in dB. The actual gain depends on the TTI, the block size and the coding rate. An overhead of up to 0.2 dB can be observed for block sizes as large as 60 bits.
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Fig. 9: Overhead caused by padding bits for radio frame equalisation.

Alternate end puncturing implementation, integrated into rate matching

There is one sub optimum aspect with the proposed end puncturing method, that is the fact that it may be followed by additional puncturing or repetition in the conventional rate matching step, depending on the available number of bits for transmission over the radio link. It should be noted that this does however not turn the performance advantage of the end puncturing scheme into a disadvantage, it only means that the full potential advantage cannot be utilised in all cases. This has been shown by the simulations provided in [1]. 

There would be an advantage, if the end puncturing scheme could be integrated into the normal rate matching scheme. This would require that the rate matching scheme is extended to not only allow uniform puncturing or repetition but also more heavy puncturing at the end of the coded bits and less heavy puncturing in the middle. For the case of repetition this would mean light repetition at the end but more repetition in the middle. If the number of bits after rate matching is very close to the number of input bits, it may even be optimum to do some (light) puncturing at the ends compensated by some repetition in the middle, i.e. applying both puncturing and repetition in the same frame but not one after the other but in different regions of the frame. Of course, the full flexibility of the present rate matching scheme, i.e. the possibility to match any number of input bits in an optimum way to any number of output bits must be retained. 

It turns out that the rate matching formula in [3],[4] is versatile enough to be extended for these requirements. The amount of puncturing/repetition is basically determined by the relation of the parameters eplus and eminus. In the present formulation of the algorithm the parameter eminus is fixed for all bits of a transport channel. If eminus is allowed to be varied and takes different values for the bits at the end of a block as compared to the bits in the middle of the block, then different local repetition/puncturing rates can be achieved in the different areas, while the repetition/puncturing patterns within such an area are still evenly distributed. Even at the border between these areas there is no discontinuity (i.e. in particular no repetition/puncturing of adjacent or very close bits and also no extremely long gap).

This simple modification does not allow puncturing and repetition in the same frame, but even this is possible with some modification of the algorithm. In this way we can also avoid having two separate algorithms, one for repetition and the other for puncturing which are so similar that one would expect that they could be easily merged into a single algorithm.

We present here the proposed algorithm and will then discuss it further:

e = eini = 1 







-- initial error between current and desired puncturing ratio










-- this is now proposed to be set to 1, see [5] and the CRs [6],[7]
m = 1









-- index of current bit

do while m <= N 

e = e – eminus(m)





-- update error

do while e <= 0 





-- check if and how often bit number m should be sent

select bit xm for transmission

e = e +  eplus





-- update error

end do

m = m + 1







--  next bit

end do

In the inner loop a bit is selected for transmission, if e <= 0. In this way puncturing, ordinary transmission and any number of repetitions can be realised, depending on the value of e when entering the inner loop: 

· If  e > 0 

the bit is not selected at all, in other words, the bit is punctured. 

· If   -eplus < e <= 0 
the bit is selected exactly once, in other words, the bit is neither punctured nor repeated. 

· If   e <= -eplus 
the bit is selected more than once, in other words, the bit is repeated. 

The parameter eminus or more specifically its relation to eplus determines how often a bit is transmitted. It will be transmitted between ( eminus/eplus (  and ( eminus/eplus ( times. If eminus/eplus is not an integer the algorithm will maintain an smooth distribution of bits that are transmitted above and below their nominal "quota" so that the total transmitted energy, when averaged over a few consecutive bits, will be as close as possible to the desired value.

For practical reasons we would suggest to only consider integer values for eminus and eplus. We further introduce the relative importance or weight of every individual bit and call it w(m), again we suggest integer values for simplicity of the implementation. As in [3] and [4], Ni denotes the number of bits before rate matching and Nc the number of bits after rate matching. Then individual weights w(m) can be selected as appropriate for the coded block. For the rate matching step the parameters eminus(m) and eplus are then computed as:

eminus(m) = w(m) Nc
eplus =
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To obtain the effect of end puncturing, the weights w(m) of the bits at both ends of the blocks can be assigned a predefined higher value than the bits in the middle which would all receive the same value. In this way all the regions can be transmitted with optimum energy without the risk that there is too heavy or too light puncturing or repetition locally due to the interaction of two uncoordinated puncturing/repetition operations.

Conclusion

This paper has shown, that end puncturing has very appealing properties regarding performance. This advantage applies both for rate 1/2 and rate 1/3 codes. Further more, the performance for very short codes (down to e.g. 3 bits only) is also enhanced. 

The end puncturing operation can be implemented very simply right after convolutional coding.

End puncturing can be applied for fixed positions as well, but only the bits in the beginning (not in the end) should be punctured.

We therefore propose to implement the end puncturing scheme (possibly under control of higher layers) immediately after convolutional coding and before interleaving or rate matching. This principle is also intended to supplement the toolbox to support Unequal Error Protection within layer 1 under higher layer control.

We have also shown, that end puncturing can be combined with the standard rate matching, however, given the time pressure to finalise release 99, we would propose to study this scheme for release 2000.
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Appendix, Text proposal for TS25.212

In the following pages we describe the changes that are needed for the introduction of this scheme.

4.2.3
Channel coding

Code blocks are delivered to the channel coding block. They are denoted by 
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, where i is the TrCH number, r is the code block number, and Ki is the number of bits in each code block. The number of code blocks on TrCH i is denoted by Ci. After encoding the bits are denoted by 
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. The encoded blocks are serially multiplexed so that the block with lowest index r is output first from the channel coding block. The bits output are denoted by 
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, where i is the TrCH number and Ei = CiYi. The output bits are defined by the following relations: 
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The relation between oirk and yirk and between Ki and Yi is dependent on the channel coding scheme. 

The following channel coding schemes can be applied to TrCHs:

-
Convolutional coding

-
Turbo coding

-
No channel coding 
The values of Yi in connection with each coding scheme:

-
Convolutional coding, ½ rate: Yi = 2*Ki + 16 - NEP; 1/3 rate: Yi = 3*Ki + 24 - NEP
NEP is defined in section 4.1.3.1.1.
-
Turbo coding, 1/3 rate: Yi = 3*Ki + 12
-
No channel coding, Yi = Ki
Table 1: Error Correction Coding Parameters
Transport channel type
Coding scheme
Coding rate

BCH
Convolutional code
1/2

PCH



FACH



RACH



CPCH

1/3, 1/2 or no coding

DCH



CPCH
Turbo Code
1/3 or no coding

DCH



4.1.3.1
Convolutional coding
4.1.3.1.1
Convolutional coder

-
Constraint length K=9. Coding rate 1/3 and ½.

-
The configuration of the convolutional coder is presented in figure 3. 

-
The output from the convolutional coder shall be done in the order output0, output1, output2, output0, output1, …,output2.  (When coding rate is 1/2, output is done up to output 1).
-
K-1 tail bits (value 0) shall be added to the end of the code block before encoding.
-
The initial value of the shift register of the coder shall be "all 0".
· If end puncturing is applied, the number of bits to be punctured (NEP) is calculated as indicated in table 2:

· The NEP bits on the first NEP positions listed in table 3 (counting from 0 for the first bit from output(0) of the resulting outputstream after coding are punctured: 

Table 2: Number of Bits NEP to be puncturd from End Puncturing Patterns


Uplink
Downlink

Rate 1/2
Fixed positions of the TrCHs
Not applicable
4


Flexible positions of the TrCHs
(2*Ki + 15) mod Fi +9- Fi 
8

Rate 1/3
Fixed positions of the TrCHs
Not applicable
8


Flexible positions of the TrCHs and Ki > 3
(3*Ki + 23) mod Fi +17- Fi 
16


Flexible positions of the TrCHs and Ki < 4
(3*Ki + 19) mod Fi +13- Fi
12

Table 3: End Puncturing Patterns
Rate 1/2
Fixed positions of the TrCHs
2, 4, 8, 9, 


Flexible positions of the TrCHs
2, 2*Ki +13, 4, 2*Ki +10, 8, 2*Ki +9, 9, 2*Ki + 7

Rate 1/3
Fixed positions of the TrCHs
0, 1, 3, 5, 7, 10, 13, 16


Flexible positions of the TrCHs
0, 3*Ki +23, 1, 3*Ki +22, 3, 3*Ki +20, 5, 3*Ki +18, 
7, 3*Ki +16, 10, 3*Ki +13, 13, 3*Ki +10, 16, 3*Ki + 7
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Backward recursions can only partly make use of data from first forward recursion. 







The last part of the forward recursion, corresponding to the puncturing pattern at the end of the block, has to be repeated for every end bit position.
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Eb/No

BER

BLER

BER

BLER

BER

BLER

BER 30

FER 30

BER 32

FER 32

BER rev 32

FER rev 32

5.0

0.0472327

0.086275

0.0561187

0.102064

0.046674

0.088537

0.0606980286538601

0.103928498923779

0.0538343526422977

0.090073861181736

0.0430468581616879

0.0706114992499352

6.0

0.034741

0.063925

0.0433173

0.079268

0.0344167

0.065973

0.0463263243436813

0.0794849395751953

0.0402665659785271

0.0682733654975891

0.0301663670688868

0.0510542690753937

7.0

0.0250527

0.046382

0.0327927

0.060417

0.0250537

0.048394

0.0327686220407486

0.0572540946304798

0.0278967265039682

0.0487163253128529

0.0209949500858784

0.0351765863597393

8.0

0.0176647

0.032954

0.0244423

0.045307

0.0177287

0.034673

0.0236829333007336

0.0399201586842537

0.0202749278396368

0.0347475595772266

0.0138101521879435

0.0232785511761904

9.0

0.0122597

0.023009

0.0178927

0.033438

0.0123133

0.024338

0.016585810109973

0.0293789301067591

0.0141048701480031

0.0242871716618538

0.00926831271499395

0.0150575200095773

10.0

0.00833433

0.015734

0.0129257

0.024293

0.00844467

0.016838

0.0117461197078228

0.0208685491234064

0.00940291490405798

0.0166262090206146

0.00604309933260083

0.00995837431401014

11.0

0.00555867

0.010596

0.00912033

0.01726

0.00570267

0.01151

0.00805298890918493

0.0145201105624437

0.00615308899432421

0.010884472168982

0.00357479276135564

0.00579962320625782

12.0

0.00364033

0.006996

0.00636

0.012125

0.003795

0.00776

0.00556501606479287

0.00993512384593487

0.00398533418774605

0.00711475405842066

0.00223390548489988

0.00366449356079102

Ergebnis Fading + complete 2nd Interleaving

22_22

22_14

22_14_22

TFCI

Eb/No

BER

BLER

BER

BLER

BER

BLER

BER 30

FER 30

BER 32

FER 32

BER rev 32

FER rev 32

5.0

0.0410699993371964

0.0723399966955185

0.0425333343446255

0.0722099989652634

0.0380766652524471

0.0689800009131432

0.0477954372763634

0.079076386988163

0.044630903750658

0.0724217817187309

0.0440567433834076

0.0730193480849266

6.0

0.0289866663515568

0.0511900000274181

0.0306766666471958

0.0519599989056587

0.0271899998188019

0.0494000017642975

0.0340976901352406

0.0565802864730358

0.0314060486853123

0.0510542690753937

0.0314480252563953

0.0530250817537308

7.0

0.0200133342295885

0.0354700013995171

0.0218133330345154

0.0368099994957447

0.019256666302681

0.0348899997770786

0.024475010111928

0.0399744175374508

0.022050715982914

0.0355644077062607

0.0213803127408028

0.0358757264912128

8.0

0.0135500002652407

0.024040000513196

0.0149633334949613

0.0252500008791685

0.0130366664379835

0.0237199999392033

0.0163275972008705

0.0271613653749228

0.0141724357381463

0.02322718501091

0.0143649261444807

0.0236933138221502

9.0

0.00925666652619839

0.0162400007247925

0.0102133331820369

0.0172400008887053

0.00847666710615158

0.0155100002884865

0.0109747797250748

0.0180596690624952

0.00906601920723915

0.0146685633808374

0.00951927620917559

0.0156057365238667

10.0

0.0059366668574512

0.0104400003328919

0.00705000013113022

0.0118100000545382

0.00559333339333534

0.0102800000458956

0.0071290829218924

0.0119097242131829

0.0059597953222692

0.00982366502285004

0.00622622342780232

0.0101193068549037

11.0

0.00382666662335396

0.00675999978557229

0.00443999981507659

0.0075199999846518

0.00361333321779966

0.00663999980315566

0.00459833536297083

0.00777478003874421

0.0038134315982461

0.00621237652376294

0.00395505456253886

0.00632783211767673

12.0

0.00243000010959804

0.00426999991759658

0.00283666676841676

0.00475999992340803

0.00218999991193414

0.003969999961555

0.00275105820037425

0.00466557173058391

0.0023026168346405

0.00379392900504172

0.00232616835273802

0.00382874766364694

Ergebnis Fading (v=30 km/h, fdmax = 55,3 Hz)

80_72_reg

80_72_c1

Eb/No

BER

BLER

BER

BLER

5.0

0.075081

0.216916

0.0730187

0.198227

6.0

0.05407

0.158791

0.0519598

0.143403

7.0

0.0379513

0.113122

0.0361434

0.101281

8.0

0.0261466

0.079018

0.0244847

0.06972

9.0

0.0176414

0.054118

0.0163176

0.047147

10.0

0.0116514

0.036229

0.0106916

0.031388

11.0

0.00758891

0.023831

0.00689966

0.020561

12.0

0.00487169

0.015484

0.00439059

0.013234

0.0

0.0

0.0

1.0

1.0

1.0

2.0

2.0

2.0

3.0

3.0

3.0

4.0

4.0

4.0

5.0

5.0

5.0

6.0

6.0

6.0

0.154

0.142

0.166085362434387

0.104

0.0902

0.113404400646687

0.0595

0.0517

0.0719735100865364

0.029

0.0251

0.0362056493759155

0.0119

0.0102

0.0162324495613575

0.00398

0.00306

0.00556312780827284

9.64E-4

6.71E-4

0.00149401568342

5.0

5.0

5.0

6.0

6.0

6.0

7.0

7.0

7.0

8.0

8.0

8.0

9.0

9.0

9.0

10.0

10.0

10.0

11.0

11.0

11.0

12.0

12.0

12.0

0.0410699993371964

0.0380766652524471

0.0440567433834076

0.0289866663515568

0.0271899998188019

0.0314480252563953

0.0200133342295885

0.019256666302681

0.0213803127408028

0.0135500002652407

0.0130366664379835

0.0143649261444807

0.00925666652619839

0.00847666710615158

0.00951927620917559

0.0059366668574512

0.00559333339333534

0.00622622342780232

0.00382666662335396

0.00361333321779966

0.00395505456253886

0.00243000010959804

0.00218999991193414

0.00232616835273802

5.0

5.0

5.0

6.0

6.0

6.0

7.0

7.0

7.0

8.0

8.0

8.0

9.0

9.0

9.0

10.0

10.0

10.0

11.0

11.0

11.0

12.0

12.0

12.0

0.0723399966955185

0.0689800009131432

0.0730193480849266

0.0511900000274181

0.0494000017642975

0.0530250817537308

0.0354700013995171

0.0348899997770786

0.0358757264912128

0.024040000513196

0.0237199999392033

0.0236933138221502

0.0162400007247925

0.0155100002884865

0.0156057365238667

0.0104400003328919

0.0102800000458956

0.0101193068549037

0.00675999978557229

0.00663999980315566

0.00632783211767673

0.00426999991759658

0.003969999961555

0.00382874766364694

5.0

5.0

6.0

6.0

7.0

7.0

8.0

8.0

9.0

9.0

10.0

10.0

11.0

11.0

12.0

12.0

0.216916

0.198227

0.158791

0.143403

0.113122

0.101281

0.079018

0.06972

0.054118

0.047147

0.036229

0.031388

0.023831

0.020561

0.015484

0.013234

0.0

0.0

0.0

0.0

0.0

1.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

3.0

3.0

3.0

3.0

3.0

4.0

4.0

4.0

4.0

4.0

5.0

5.0

5.0

5.0

5.0

6.0

6.0

6.0

6.0

6.0

0.165180042386055

0.154

0.142

0.0874

0.0807

0.112930551171303

0.104

0.0902

0.0575

0.0514

0.0687426924705505

0.0595

0.0517

0.0329

0.0296

0.0361402258276939

0.029

0.0251

0.0171

0.0142

0.0167101137340069

0.0119

0.0102

0.00665

0.00571

0.00543177174404263

0.00398

0.00306

0.00227

0.00175

0.00147969706449658

9.64E-4

6.71E-4

5.63E-4

3.87E-4

5.0

5.0

5.0

5.0

5.0

5.0

6.0

6.0

6.0

6.0

6.0

6.0

7.0

7.0

7.0

7.0

7.0

7.0

8.0

8.0

8.0

8.0

8.0

8.0

9.0

9.0

9.0

9.0

9.0

9.0

10.0

10.0

10.0

10.0

10.0

10.0

11.0

11.0

11.0

11.0

11.0

11.0

12.0

12.0

12.0

12.0

12.0

12.0

0.0730193480849266

0.0723399966955185

0.0689800009131432

0.0440567433834076

0.0410699993371964

0.0380766652524471

0.0530250817537308

0.0511900000274181

0.0494000017642975

0.0314480252563953

0.0289866663515568

0.0271899998188019

0.0358757264912128

0.0354700013995171

0.0348899997770786

0.0213803127408028

0.0200133342295885

0.019256666302681

0.0236933138221502

0.024040000513196

0.0237199999392033

0.0143649261444807

0.0135500002652407

0.0130366664379835

0.0156057365238667

0.0162400007247925

0.0155100002884865

0.00951927620917559

0.00925666652619839

0.00847666710615158

0.0101193068549037

0.0104400003328919

0.0102800000458956

0.00622622342780232

0.0059366668574512

0.00559333339333534

0.00632783211767673

0.00675999978557229

0.00663999980315566

0.00395505456253886

0.00382666662335396

0.00361333321779966

0.00382874766364694

0.00426999991759658

0.003969999961555

0.00232616835273802

0.00243000010959804

0.00218999991193414

5.0

5.0

5.0

5.0

6.0

6.0

6.0

6.0

7.0

7.0

7.0

7.0

8.0

8.0

8.0

8.0

9.0

9.0

9.0

9.0

10.0

10.0

10.0

10.0

11.0

11.0

11.0

11.0

12.0

12.0

12.0

12.0

0.075081

0.0730187

0.216916

0.198227

0.05407

0.0519598

0.158791

0.143403

0.0379513

0.0361434

0.113122

0.101281

0.0261466

0.0244847

0.079018

0.06972

0.0176414

0.0163176

0.054118

0.047147

0.0116514

0.0106916

0.036229

0.031388

0.00758891

0.00689966

0.023831

0.020561

0.00487169

0.00439059

0.015484

0.013234
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Coded variable-rate DCH data
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One backward recursion for every possible end position, all making use of the same data from the forward recursion







Possible end bit positions {nend}
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One forward recursion for all nend
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