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METHOD AND ARRANGEMENT FOR DECODING 
A CONVOLUTIONALLY ENCODED CODEWORD 

FIELD 

[0001] The disclosed embodiments relate to a method and 
an arrangement for decoding a convolutionally encoded 
codeWord. 

BACKGROUND 

[0002] The transmission channel used for data transmis 
sion in telecommunication systems frequently causes dis 
turbance for data transmission. Disturbance occurs in all 
kinds of systems, but in Wireless telecommunication sys 
tems, in particular, the transmission path attenuates and 
distorts the signal to be transmitted in many Ways. Distur 
bance on the transmission path is typically caused by 
multi-path propagation of a signal, different kinds of fading 
and re?ection and also by signals transmitted on the same 
transmission path. 

[0003] In order to reduce the effect of the disturbance, 
various encoding methods have been provided, the purpose 
of Which is to protect the signal against disturbance and to 
eliminate errors caused by the disturbance in a signal. One 
ef?cient encoding method is convolutional encoding. In 
convolutional encoding the signal to be transmitted, con 
sisting of symbols, is encoded into codeWords by convolv 
ing the symbols to be transmitted With polynomials of a 
code. The convolutional code is de?ned by a coding rate and 
coding polynomials. The coding rate (k/n) refers to the 
number of the encoded symbols (n) in relation to the number 
of the symbols to be encoded (k). The encoder is often 
implemented by means of shift registers. The constraint 
length K of the code often refers to the length of the shift 
register. The encoder may be regarded as a state machine 
With 2K states. 

[0004] One encoding method further developed from the 
convolutional encoding method is a parallel concatenated 
convolutional code PCCC, Which is called a turbo code. One 
Way to form a PCCC code is to use tWo recursive systematic 
convolutional encoders and an interleaver. The convolu 
tional encoders may be similar or different. The resulting 
code comprises a systematic part, Which directly corre 
sponds to the symbols at the input of the encoder, and tWo 
parity parts, Which form the outputs of the parallel convo 
lutional encoders. 

[0005] The function of the receiver is thus to decode the 
encoded signal, Which has propagated over the transmission 
path and has often been distorted in many Ways. The 
convolutional code is generally decoded by means of a 
trellis corresponding to the state machine of the encoder. The 
trellis expresses the states of the encoder and the transitions 
betWeen the states With the required codeWords. 

[0006] The purpose of the decoder is thus to determine the 
sequential states, i.e. the transitions, of the encoder from one 
state to another. In order to determine the transitions in the 
decoder, branch metrics are used, Which illustrate the prob 
abilities of different transitions. The branch metrics are 
proportional to the logarithms of the transition probabilities. 
Hence, the sums of the metrics correspond to the sums of the 
probabilities. Small metrics correspond to a high probability. 

[0007] In connection With turbo codes, in particular, itera 
tive decoding methods are applied, Which use soft bit 
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decisions. A soft decision comprises a bit decision and a 
probability that the decision is correct. These methods are 
usually based on the knoWn Maximum A Posteriori (MAP) 
algorithm, Which functions by means of symbols. The 
original MAP algorithm, disclosed in connection With turbo 
codes in publication Berrou, Glavieux, Thitimaj shima: Near 
Shannon limit error-correcting coding: Turbo codes, Proc. 
IEEE Int. Conf Commun, Geneva, SWitZerland, pp. 1064 
1070, 1993, for example, is too complex to be implemented 
in telecommunication systems in practice. It has been further 
developed into What is knoWn as a MaxLogMap method, 
described in the folloWing publications, for example: S. S. 
Pietrobon S. A. Barbulescu, A Simplification of the Modi?ed 
Bahl Decoding Algorithm for Systematic Convolutional 
Codes, ISITA 1994, Sydney, NSW, pp. 1073-1077, Nov 
1994, and S. Benedefto, D. Divsalar, G. Montorsi, F. Pollara, 
Soft-Output Decoding Algorithms in Iterative Decoding of 
Turbo Codes, TDA Progress report pp. 42-124, Feb 15, 
1996. 

[0008] The use of both the MAP and the MaxLogMap 
involves an extensive memory requirement. In iterative 
computation, data is taken from the preceding iteration to the 
next iteration round in the form of an extrinsic Weight 
coef?cient. In order to compute the Weight coef?cient, one 
must knoW the values of the path metrics in the trellis, 
computed both forWards and backWards. In both directions, 
the current values of the path metrics are computed on the 
basis of the preceding values, and the computation goes in 
opposite directions along the received signal. This means 
that the metrics of one direction of travel should be stored in 
a memory to aWait the computation going in the opposite 
direction. For example, if the number of the original 
uncoded bits is N=5,000 and an eight-state code is used, the 
amount of the available memory should be 8*N, i.e. 4,000 
units, and assuming that the Word Width is 16 bits, the 
memory requirement Would be 80 kB, Which is a large 
amount, implemented by means of today’s techniques. The 
exemplary numerical values used herein correspond to 
parameters of novel telecommunication systems. 

[0009] The memory requirement can be reduced by using 
What is knoWn as the sliding WindoW principle. Here, for 
example, the metrics to be computed forWards are computed 
as a continuous function, Whereas the metrics going back 
Wards are computed inside the WindoW sliding over the 
received signal to be transmitted. The problem relating to 
this is that at the end of the WindoW (seen from the direction 
of forWard-going computation), the values of the metrics to 
be computed backwards are not knoWn. HoWever, this 
problem is eliminated by the Well knoWn feature of path 
metrics, according to Which, irrespective of the values used 
at the beginning, the numerical values converge into the 
correct values after path metrics have been computed for a 
While. “Leaming” period computation must therefore be 
performed at the beginning; in other Words, there is a 
Warm-up period, after Which the correct values are found. 
The length of the learning period depends on the constraint 
length of the code. It is Well knoWn that a good result is 
achieved if the learning period is about ?ve times the 
constraint length of the code. 

[0010] Solutions of this kind utiliZing the sliding WindoW 
technique are disclosed in the above-mentioned publication 
by S. Benedefto et al. and in US. Pat. No. 5,933,462, for 
example. The amount of required memory may thus be 
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reduced. However, there are still other drawbacks in the 
solutions disclosed. The solutions require a relatively com 
plex control system and multi-port memory elements from 
which several memory locations can be read simultaneously. 

SUMMARY 

[0011] An object of the invention is thus to implement a 
method and an arrangement implementing the method for 
advantageously decoding a convolutional code. This is 
achieved by a method of decoding a convolutionally 
encoded codeword by means of a window sliding over the 
codeword, which method comprises computation of path 
metrics simultaneously forwards and backwards in the slid 
ing window and computation of a decoding result in a 
synthesis unit on the basis of the path metrics. 

[0012] In the method according to the invention, a) a 
four-part sliding window is used; b) path metrics are com 
puted in the forward direction in the ?rst part of the sliding 
window, and the path metrics are stored in a four-part 
memory; c) the path metrics are computed in the backward 
direction in two other parts of the sliding window in such a 
way that the input of the computation units comes from the 
four-part memory; d) the metrics computed are applied to a 
synthesis unit, and a decoding result is computed; e) the 
sliding window is moved one part forwards; and f steps a) 
to e) are repeated. 

[0013] The invention also relates to an arrangement for 
decoding a convolutionally encoded codeword over the 
codeword by means of a sliding window, which arrangement 
comprises a ?rst memory for storing the codeword; ?rst, 
second and third computation means for computing path 
metrics forwards and backwards; a synthesis unit for com 
puting a decoding result on the basis of the path metrics; and 
a second memory element for temporary storage of the path 
metrics. 

[0014] In the arrangement according to the invention, the 
?rst computation means are arranged to read codeword 
symbols from the ?rst memory, to compute path metrics in 
the forward direction in the ?rst part of the four-part sliding 
window of a given length and to store the path metrics in the 
second memory; the output of the second memory is con 
nected to the inputs of the second and third computation 
means; the second and third computation means are 
arranged to compute path metrics in the backward direction 
in two other parts of the sliding window; the outputs of the 
second and third computation means and the output of the 
second memory are functionally connected to the input of 
the synthesis unit; and the arrangement comprises control 
means, which are arranged to move the sliding window one 
part forwards, until the end of the codeword is reached. 

[0015] Preferred embodiments of the invention are dis 
closed in the dependent claims. 

[0016] A sliding window is thus applied in a solution 
according to the invention. Thanks to this, the amount of the 
required memory is small. In solutions according to pre 
ferred embodiments of the invention, the sliding window is 
divided into four parts and moved forwards by a quarter 
step. The computed forward-going path metrics are stored 
into the four-part memory, the storing always going in the 
same direction, and the input data of the backward-going 
path metrics is read from the four-part memory, always 
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going in the same direction, yet in the direction opposite to 
the direction of storing the forward-going metrics. The 
solution ?rst applies computation of forward-going metrics 
to the received signal and only after this computation of 
backward-going metrics. 

[0017] A solution utiliZing a four-part window is prefer 
able in the sense that it is easy to control the writing and 
reading in the memory, because there is no need to change 
writing and reading directions when the window moves. 
Another signi?cant advantage is that the signal memory 
does not have to be a double-port memory, because the 
signal is read once per sample during one round. This is done 
when the forward-going metrics are being computed. The 
backward-computing metrics units read data stored by the 
forward-going metrics unit from the auxiliary memory. 

BRIEF DESCRIPTION OF THE DISCLOSED 
EMBODIMENTS 

[0018] The invention will now be described in more detail 
in connection with preferred embodiments, with reference to 
the attached drawings, of which 

[0019] FIG. 1 illustrates an example of a convolutional 
encoder transmitter and a receiver, to which the solution 
according to the invention can be applied; 

[0020] FIGS. 2a and 2b illustrate an example of a structure 
of a turbo encoder and a turbo decoder; 

[0021] FIG. 3 illustrates a decoder solution according to 
preferred embodiments of the invention; and 

[0022] FIG. 4 illustrates a sliding window. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0023] With reference to FIG. 1, let us ?rst study an 
example of a transmitter 100 and a receiver 102, in connec 
tion with which a solution according to preferred embodi 
ments of the invention can be applied. In the example of 
FIG. 1, the transmitter 100 and the receiver 102 communi 
cate via a radio channel 104. The transmitter 100 comprises 
a data source 106, which may be a voice encoder or some 
other data source. A signal 108 to be transmitted is received 
from the output of the data source, which signal is applied 
to a channel encoder 110, in this case a convolutional 
encoder, preferably a turbo encoder. The encoded symbols 
112 are applied to a modulator 114, in which the signal is 
modulated in a known manner. The modulated signal is 
applied to radio frequency parts 116, in which it is ampli?ed 
and sent to the radio channel 104 by means of an antenna 
118. 

[0024] On the radio channel 104 the signal is affected by 
disturbances and typically also some noise. The receiver 102 
comprises an antenna 120, by means of which it receives the 
signal, the signal being applied to a demodulator 124 
through radio frequency parts 122. The demodulated signal 
is applied to a channel decoder 126, in which it is subjected 
to decoding according to preferred embodiments of the 
invention. From the encoder, the decoded signal 128 is 
further applied to other parts of the receiver. 

[0025] FIG. 2a illustrates the structure of a typical turbo 
encoder. The encoder comprises two encoders 200, 202 and 
an interleaver 204. The signal 108 to be encoded is applied 
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as such to the output of the encoder. This component is 
called systematic part S of the code. The signal to be 
encoded is also applied as such to the ?rst encoderA200 and 
to the interleaver 204. The interleaved signal is applied to the 
second encoder B 202. The output signal P1 of the ?rst 
encoder and the output signal P2 of the second encoder are 
called parity parts of the code. The encoders A and B may 
be similar or different. Their structure is according to the 
prior art. 

[0026] FIG. 2b illustrates the general structure of a typical 
turbo encoder When there is a 1/3 code. The systematic part 
Sk and the parity parts P1k and P2K of the code enter the 
decoder as an input. The decoder comprises tWo decoder 
units, a ?rst unit A 210 and a second unit B 212. The 
systematic part Sk, the parity part Plk and the extrinsic 
Weight coef?cient Ek of the code from the preceding itera 
tion round enter the ?rst unit as an input. The Weight 
coef?cient arrives from the output of the second unit B 212 
through a de-interleaver 214. At the output of the ?rst unit 
A 210, there are a neW extrinsic Weight coef?cient Ek, Which 
is applied to the second unit 212 as an input through an 
interleaver 216, and an output A comprising a soft decision, 
Which is applied to other parts of the receiver, if needed. The 
systematic part Sk of the code through the interleaver 218 
and the parity part P22 also enter the second unit B as an 
input. The output of the unit is formed by the neW extrinsic 
coef?cient Ek, Which is applied to the ?rst unit 210 through 
the de-interleaver 214, and by an output B comprising a soft 
decision, Which output B is applied to other parts of the 
receiver, if needed. 

[0027] In practice, the interleavers 216 and 218 are often 
implemented by means of one interleaver. Decoders may 
also be arranged in parallel. In such a case, the decoder units 
210 and 212 are implemented by means of parallel decoders. 

[0028] MaxLogMap computation performed in the 
decoder units comprises three main parts: forWard-going 
computation of path metrics, backWard-going computation 
of path metrics, and combination of the path metrics com 
puted forWards and backwards in order to compute a neW 
extrinsic Weight coef?cient and a soft decision. The neW 
extrinsic coef?cient is applied to the next iteration round to 
serve as an input parameter, and a hard bit decision is made 
from the sign of the soft decision. 

[0029] Let us noW study an example of decoder operation. 
It is to be noted that, as is obvious to a person skilled in the 
art, the arithmetical operations presented only represent one 
Way to implement the desired computation. The solution 
according to the invention may also be applied in other 
decoding computation methods. For example, various cor 
rection terms may be used. Let us consider path metrics of 
state s of otk(s) turbo code encoder at time k, k=0, 1, 2, . . . 
,N, Where N denotes the length of the uncoded (original) 
data block, the potential states being s=0, l, 2, 3, 4, 5, 6, and 
7. Depending on the encoding method, the initial state of the 
encoder is either knoWn in the receiver or it has to be 
estimated. In this example, it is assumed that the initial state 
is knoWn and it is s=0. Hereby, path metrics computation 
going forWards in the trellis may be initialized as folloWs: 

oto(0)=lO000, and oto(s)=—oto(O) for each state s=l, 2, 

[0030] The branch metrics of the alloWed state transition 
betWeen the states of the encoder and betWeen state s' of time 
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k and state s of time k+l are denoted by y k(S',s), and they 
may be given a numerical value in connection With Max 
LogMap in the case of one parity as folloWs: 

Where xk=l if the state transition betWeen states s' and s is 
brought about by a Zero bit and xk=—l if the state transition 
betWeen states s' and s is brought about by a one bit. 
Correspondingly, if yk=l if the parity bit betWeen states s' 
and s is a bit having a value of 0 (“a Zero bit”) and yk=—l 
if the parity bit of the state transition betWeen states s' and 
s is a bit having a value of l (“a one bit”). Here, Sk denotes 
the received numerical value of the systematic part of the 
turbo code, Which value may be in an interleaved or direct 
order relative to time, depending on the stage of the decod 
ing; Ek refers to the numerical value of the extrinsic Weight 
coefficient, Which value may also be in an interleaved or 
direct order; and Pk is that parity part of the code Whose turn 
it is to decode, Pk being alWays read in a direct order. It is 
assumed here that the modulation in question maps the Zero 
bit as value 1 and the one bit as value —l. 

[0031] The path metrics going forWards are computed by 
the formula 

[0032] That is, the value of the path metrics ak+l(S) is 
selected to be equal to the largest path metrics entering the 
state s at the time k+l from those states s' of the time k that 
alloW transition forWards into the state s of the time k+l, the 
alloWed state transitions being determined by the code used. 

[0033] The backWard-going path metrics [3k(S') are com 
puted as folloWs: 

[0034] [3N(0)=l0000 and [3N(s)=—[3N(0), When s=l, 2, 3, 
4, 5, 6, and 7; and 

,...,, 

[0036] Here, too, but backwards, the value of the path 
metrics [3k(S') is selected to be equal to the largest path 
metrics entering the state s' at the time k from those states s 
of the time k+l that alloW transition backWards into the state 
s' of the time k. 

[0037] The parity part of branch metrics Yk(S',S) of the 
encoder is denoted by 

MS is), MS ’S)=(Yk[5k)/2 

[0038] Where yk=l if the parity bit of the alloWed state 
transition betWeen the state s' of the time k and the state s of 
the time k+l is a Zero bit and yk=—l if the parity bit in 
question is a one bit. 

[0039] The Weight coef?cient Ok of time k for the Zero bit 
is computed by the formula 

Ok=max (ak(s')+7qg(s’,s)+[5k+l(s)) When k=0, 1, 2, . . . 
a a 

[0040] Where the greatest sum is selected as the Weight 
coef?cient Ok out of all sums corresponding to the state 
transitions brought about by the Zero bit betWeen the states 
s' of the time k and the states s of the time k+l. Correspond 
ingly, the Weight coef?cient Yk of the Zero bit of time k is 
computed by the formula 

- a a 
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[0041] Where the greatest sum is selected as the Weight 
coef?cient yk out of all sums corresponding to the state 
transitions brought about by the one bit betWeen the states s' 
of the time k and the states s of the time k+l. 

[0042] The neW extrinsic Weight coefficient uEk at time k 
is computed by the formula 

“E1501; Yk, 
[0043] and the Weight coef?cient Bk of the soft decision by 
the formula Bk=Sk +Ek+uEk, 
[0044] Where Ek is the extrinsic Weight coe?icient of the 
preceding round. If Bk is equal to or greater than Zero, the 
Zero bit is set as the received bit, in other cases the one bit. 
The sum (Sk +Ek) is called an intrinsic Weight coef?cient, 
and the neW extrinsic Weight coef?cient uEk is set as an input 
parameter for the next decoding round. 

[0045] FIG. 3 illustrates a decoder solution according to 
preferred embodiments of the invention. The signal 300 to 
be decoded is applied to a ?rst memory element, i.e. an input 
buffer 302. The signal comprises a systematic part S and 
parity parts P1 and P2, as described earlier. In the forWard 
direction, a unit 304 computing path metrics reads data from 
the buffer memory. The unit stores data in a second memory 
element 306. The memory element 306 has four parts, the 
use of Which Will be described later. The decoder comprises 
tWo other computation units 308, 310 performing backWard 
computation of path metrics. The inputs of these computa 
tion units are connected to the second memory element 306, 
from Where they read the data the unit 304 has processed, as 
Will be described later. The outputs of the computation units 
308, 310 are connected to a multiplexer 312. The decoder 
further comprises a synthesis unit 314, Which computes on 
the basis of the path metrics a soft decision, a hard decision 
and a neW extrinsic Weight coef?cient for the next iteration 
round. The input of the synthesis unit is formed by the 
outputs from the second memory element and the multi 
plexer. The decoder also comprises control logic 316, Which 
controls the operation of the different parts, such as the use 
of the second memory element 306, and the multiplexer in 
such a Way that the outputs of the computation units 308, 
310 are applied to the synthesis unit in turn. The connection 
may also be implemented in another Way Without a multi 
plexer. 
[0046] Let us noW consider a solution according to a 
preferred embodiment of the invention for performing 
decoding in a decoder unit according to FIGS. 2b and 3, 
Which decoder comprises a computation unit (F) 304 per 
forming forward-computation of path metrics, tWo compu 
tation units (B1, B2), 308, 310 performing backWard-com 
putation of path metrics, a synthesis unit (S) 314 and a 
four-bank memory element (M0, M1, M2 and M3) 306. Let 
us assume in this example that the length of the sliding 
WindoW used is 128 and the length of the learning period 32. 
HoWever, the solution is not limited to these values, as is 
obvious to a person skilled in the art. 

[0047] The unit computing forWards continuously per 
forms computation at the beginning of the sliding WindoW, 
While, taking turns, one of the units computing backwards 
performs the learning period, i.e. the Warm-up period, and 
the other performs useful computation. The backWard-com 
puting units use the values in the memory element as their 
input. The reading directions of the memory element alWays 
stay the same. 
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[0048] The method is illustrated by FIG. 4. The ?gure 
shoWs a sliding WindoW 400, the length of Which is in this 
example 128, as mentioned above. The sliding WindoW is 
divided into four parts 402 to 408, the length of each part 
being 32. In the ?rst part 402 of the sliding WindoW, 
computation is performed in the forWard-direction, i.e. from 
left to right. The data is read from the ?rst memory, and the 
resulting data is stored in one of the parts M0 to M4 of the 
second memory. In the second WindoW 404, the computation 
unit performs the learning period, reading data from one of 
the parts M0 to M4 of the second memory. This computation 
proceeds from right to left. There are no activities in the third 
part 406 of the WindoW, Whereas in the fourth part, actual 
computation is performed reading data from one of the parts 
M0 to M4 of the second memory. This computation also 
proceeds from right to left. The use of the different parts of 
the memory Will be described in more detail later. Finally, 
the sliding WindoW is moved by one quarter step to the right. 

[0049] The systematic samples Sk and the extrinsic Weight 
coef?cients Ek computed during the preceding round are 
read in a direct or interleaved order, depending on the round 
in question. The parity samples, by contrast, alWays arrive in 
a direct order but from tWo different parity data memories, 
corresponding to tWo component codes of a turbo code. In 
a serial implementation, one parity memory is used in one 
round and the other parity memory in the next round, taking 
turns. In an implementation With parallel decoders, both 
decoders alWays use the same parity part. Both parities are 
therefore denoted by Pk. 

[0050] The forWard-going computation unit (F) 304 of 
path metrics reads its input data in accordance With the 
control of the control unit and computes the path metrics 
folloWing the alloWed state transitions of the code. The 
numerical values of the path metrics and other data required 
are directed into one of the four parts M0, M1, M2 and M3 
of the second memory element. At each particular time k, the 
part of the memory to be used is determined according to 
time k as folloWs: 

[0051] the number of the part of the second memory in use 
is (k div 32) modulo 4. 

[0052] Here, a div b refers to the integer part of quotient 
a/b. The number of a cell of this part of the second memory 
to store output records at time k is (k modulo 32). 

[0053] One memory cell comprises the folloWing infor 
mation: the forWard-going path metrics, the intrinsic Weight 
coef?cient, the numerical value of the parity and the address 
of the memory location from Where the extrinsic Weight 
coef?cient Was retrieved: 

[0054] (X110), 01111), 01112), (X113), (X114), (X115), (X116), 
otk(7) (path metrics) 

[0055] (Sk+Ek) (intrinsic Weight coef?cient (sum as 
computed)) 

[0056] Pk (parity) 

[0057] index (k or the kth element of the interleaver) 

[0058] Simultaneously With the forWard-going computa 
tion of path metrics, the second backWard-going computa 
tion unit of path metrics performs the learning period. If (k 
div 32) is even, the learning period is performed by B1308, 
Whereas With the odd values the learning period is per 
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formed by B2310. The backWard-going computation per 
forming the learning period reads its input data from the part 
number 

[0059] ((k div 32)+3) modulo 4 of the second memory 

[0060] from the memory location 31i(k modulo 32). 

[0061] The backWard-going path metric values Which 
have been computed during the learning period are not 
utiliZed, but the aim is to store the path metric values 
corresponding to the last index of the period to be used as an 
estimate of the correct values for the path metrics. This can 
be implemented in such a Way, for example, that the utili 
Zation of the path metrics begins at the last numerical values. 

[0062] Further, simultaneously With the preceding func 
tions, the second backWard-going computation of path met 
rics, Which is B1 if (k modulo 32) is odd and B2 if it is even, 
reads its input data from the part number 

[0063] ((k div 32)+l) modulo 4 of the second memory 

[0064] from the memory location 31i(k modulo 32), 
sends the current path metrics computed backwards simul 
taneously With the numerical values of forWard-going path 
metrics in the above-mentioned memory location and With 
other data further to the unit (S), and computes neW back 
Ward-going path metrics by means of the input data. The 
synthesis unit (S) 314 computes a neW extrinsic Weight 
coef?cient and stores it in the memory, in the location index, 
from Where the corresponding preceding extrinsic Weight 
coef?cient Was retrieved, for the folloWing round. The unit 
(S) also computes the Weight coef?cient of the soft decision, 
the sign of Which determines the hard decision of the round. 

[0065] There are no activities in the part of the second 
memory of number ((k div 32)+2) modulo 4, and the use of 
the memory banks changes after each period of 32. All 
backWard-going path metrics are initialiZed for the learning 
period to be equal, for example Zero, except at the end of the 
data block, Where the learning period is not required, 
because the encoder is assumed to ?nish at a Zero state, 
Whereby the Zero state metrics are emphasiZed more than 
other metrics. In connection With the termination of What is 
called a cyclic trellis, the learning period is also performed 
at the end of the data block. 

[0066] Computation of backWard-going path metrics is 
re-initialiZed after each period of 64, Whereby it is in the 
Warm-up mode during the next 32 samples, in other Words 
it is performing the learning period, after Which it begins to 
produce usable data for computation of a neW extrinsic 
Weight coe?icient, a soft decision or a hard 

[0067] At the initial situation, the ?rst useful learning 
period starts at time k=64, and the next starting times of the 
learning period are k=64+n*32, n=0, 1, 2, 3, . . . Unit B1 
starts the learning period at times k=(n+l)*64, and unit B2 
starts the learning periods at times k=(n+l)*64+32. 

TABLE 1 

State M0 M1 M2 M3 

00 F B2 B1CS 
01 B2CS F B1 
10 B1CS F B2 
11 B1 B2CS F 
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[0068] The above Table 1 illustrates the use of the parts of 
the second memory by means of a state machine during 
decoding. The left column illustrates the different states of 
the state machine in binary form. The above states are 
de?ned by the equation 

state=(k div 32) modulo 4. 

[0069] Columns M0, M1, M2 and M3 contain the infor 
mation on Which computation unit is processing Which part 
of the second memory at a particular time. The computation 
unit F computing path metrics forWards stores into the 
second memory, and the computation units computing path 
metrics backwards read from the second memory. 

[0070] The unit computing forWards in state 00 stores into 
the part M0 of the second memory. The backWard-comput 
ing unit B2 reads data from the part M1 and performs useful 
computation. There are no activities in the part M2 of the 
second memory. The backWard-computing unit B1 reads 
data from part M3 and is at the Warm-up stage (Blcs). 

[0071] The unit computing forWards in state 01 stores into 
the part M1 of the second memory. The backWard-comput 
ing unit B2 reads data from the part M0 and is at the 
Warm-up stage (B2CS). The backWard-computing unit B1 
reads data from the part M2 and performs useful computa 
tion. There are no activities in the part M3 of the second 
memory. 

[0072] The unit computing forWards in state 10 stores into 
the part M2 of the second memory. The backWard-comput 
ing unit B1 reads data from the part M1 and is at the 
Warm-up stage. The backWard-computing unit B2 reads data 
from the part M3 and performs useful computation. There 
are no activities in the part M0 of the second memory. 

[0073] The unit computing forWards in state 11 stores into 
the part M3 of the second memory. The backWard-comput 
ing unit B1 reads data from the part M0 and performs useful 
computation. There are no activities in the part M1 of the 
second memory. The backWard-computing unit B2 reads 
data from the part M2 and is at the Warm-up stage. 

[0074] When an example of a general situation is studied, 
the length of the quarter WindoW is denoted by L and the 
length of the learning period by W. These may be of different 
lengths, for example L=2*W, Whereby the siZe of the parts 
of the memory is doubled but the number of the learning 
periods to be performed is reduced. HoWever, LEW. As 
regards the implementation, poWers of tWo are preferable, 
because then the computation of the required control infor 
mation is simple, for example L=W=32 or L=64 and W=32. 

[0075] Thus, it is marked 

[0076] L=length of the quarter WindoW 

[0077] W=length of the learning period 

[0078] N=number of the bits to be decoded, k=0, 1, 2, 
. . . , N-1 

[0079] The forWard-going path metrics are Written 
together With other data in the record in the part number 

[0080] (k div L) modulo 4 of the second memory using 
the address k modulo L. 

[0081] The learning period is performed by B1 alWays 
When the (k div L) is even, and B1 starts the learning period 
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when k=(n+l)*2*L+L-W, where n=0, 1, 2, . . . The part of 
the second memory in use for the learning period is 

[0082] (k div L+3) modulo 4 and the addresses L—li(k 
modulo L). 

[0083] Correspondingly, the learning period is performed 
by B2 always when (k div L) is odd, and B2 starts the 
learning period when k=(n+l)*2*L+2*L-W, where n=0, 1, 
,... 

[0084] Useful backward-going path metrics are produced 
by B1 when (k div L) is odd, and correspondingly by B1 
when (k div L) is even. The part of the second memory used 
in the useful period is 

[0085] (k div L+l) modulo 4 and addresses L—li(k 
modulo L). 

[0086] When the symbols to be decoded run out, the 
decoding must be stopped in a controlled manner, depending 
on the termination used in connection with the encoding. Let 
us consider, by way of example, stopping of conventional 
termination in a case where L=W=32. This takes place in 
such a way that the forward-computing unit stops its opera 
tion when k=N, but the backward-going units continue their 
operation, until k=K=N+3l-[(N—l) modulo 32]. After this, 
another backward-going unit, for example B1, jumps into 
the location N-l, and the path metrics that favour the code 
state Zero are set as the initial values of the metrics to be 
computed backwards. Unit B2 is turned off. Next, unit Bi 
begins to compute metrics backwards from the part t=((N-l) 
div 32) modulo 4 of the second memory, continue to the part 
(t+3) modulo 4 of the second memory, and ?nally to (t+2) 
modulo 4. For example, if t=00, the parts of the second 
memory to be used are M0, M3 and M2. If the length of the 
block is below 65, the stopping order is always M1 and M0 
or only M0. The memory cells are read in a descending order 
from each part of the second memory during the stop. 

[0087] Termination in connection with what is called 
cyclic termination takes place as above, except that the 
initial values that the learning period gave at the beginning 
of the block in state 01 are set as the initial values of B1. In 
cyclic termination, there has to be one learning period more 
at the beginning than in conventional termination. 

[0088] When there is no termination at all, the stopping 
takes place in connection with conventional termination, but 
values favouring all path metrics equally are set as the initial 
values of B1. 
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[0089] While the invention has been described above with 
reference to the example according to the attached drawings, 
it is obvious that it is not limited thereto but may be modi?ed 
in many ways within the inventive idea de?ned by the 
attached claims. 

1. A method comprising: 

decoding a convolutionally encoded codeword by means 
of a window sliding over the codeword, which method 
comprises computation of path metrics simultaneously 
forwards and backwards in the sliding window, the 
method further comprising: 

a) using a four-part sliding window comprising four 
successive parts; 

b) computing path metrics in the forward direction only 
in a ?rst part of the four successive parts of the 
sliding window and storing path metrics in a four 
part memory; 

c) computing path metrics in the backward direction 
only in two other parts of the sliding window in such 
a way that an input for a computation unit comes 
from the four-part memory; 

d) taking the computed metrics to a synthesis unit and 
computing a decoding result; 

e) moving the sliding window one part forwards; and 
f) repeating the preceding steps a) to e). 

2. A method according to claim 1, further comprising 
computing the path metrics in the backward direction in 
such a way that, in the second part of the sliding window, the 
computation unit performs a warm-up period for future 
computation and computing in the fourth part of the sliding 
window for the path metrics. 

3. A method according to claim 1, further comprising the 
step of computing the path metrics in the backward direction 
in two parts in such a way that one part performs the 
warm-up period while the other part is performing an actual 
computation. 

4. A method according to claim 1, further comprising the 
step of reading the four-part memory always from the same 
direction, the reading direction being opposite to the storing 
direction. 

5. A method according to claim 2, wherein in the fourth 
part of the sliding window, the path metrics computed by the 
computation unit are applied to a synthesis unit. 

* * * * * 


