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(57) Abstract

The invention relates to a reception method and a receiver. In the method a transition metric corresponding to & conditional probability
is formed for a received symbol in all states (So, So, S0, - 51, 51, 51) of each trellis level (1 - AMOUNT. OF_BITS-1). A cumulative transition
metric is formed by multiplying the transition metric (T(0000), T(0001), T(1110), T(1111)) by a cumulative metric relating to each state (so,
S0, 80, — 51, §1, 51) of the previous level (1 - AMOUNT_OF_BITS-1} or by summing the logarithmic forms of the metrics. The cumulative
metric (cum(1,000), (cum(,001), cum(1+1,000)) relating to different states of each level (I - AMOUNT_OF_BITS-1) is formed by summing
the cumulative transition metrics on the basis of the symbols (so, s1) used for denoting the states (so, so, So, — 51, 51, 1), and a received
symbol is determined as a bit decision by using the cumulative transition metrics.
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1
A RECEPTION METHOD AND A RECEIVER

FIELD OF THE INVENTION

The invention relates to a reception method in which received
symbols are functions of bits, which are determined by means of temporally
successive trellis levels A and B, which comprise a predetermined number of
states, a transition from each of the states to a state at the next level B being
performed on the basis of a received symbol.

The invention also relates to a receiver which is arranged to
determine the bits relating to a received symbol on the basis of temporally
successive trellis levels A and B, which comprise a predetermined number of
states, a transition from each of the states to a state at the next level B being
performed on the basis of a received symbol.

BACKGROUND OF THE INVENTION

in a finite-state, discrete-time Markov process, with white noise
influencing the estimates usually made concerning the conditions of a digital
cellular radio system, the Viterbi algorithm provides for sequence estimation
an optimum recursive algorithm, which is not, however, equally good for
detecting individual bits. A received signal can be Viterbi-decoded at a base
station or at a subscriber terminal of a cellular radio system. At a Viterbi block
of the receiver a trellis of a message is searched for, whereby a transition
metric of the received message is calculated. The Viterbi decoding is thus
used for detecting the symbols corresponding to the transmitted information,
the symbols representing bits or bit combinations of the transmitted message.
The Viterbi algorithm is used, as known, in signal detection and decoding. The
Viterbi algorithm generates an ML (Maximum Likelihood) sequence estimate
from a signal and typically also makes soft decisions for channel decoding
functions. The ML estimate comprises estimates of the symbol sequences that
the signal comprises. The ML method is discussed in Proakis, J., G., Digital
Communications, McGraw-Hill Book Company, 1989, chapter 4.2. and the
hardware implementation of the Viterbi algorithm is discussed in a publication
by Fettweis, G., Meyer, H., High-Speed Parallel Viterbi Decoding: Algorithm
and VLS! Architecture, IEEE Communications Magazine, Vol. 29(5), 1991,
which are inctuded herein as references.

A prior art Viterbi detector sums the transition metrics between the
states of each level, the transition metrics representing a probability of
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transition between the states, to cumulative transition metrics; compares the
formed cumulative transition metrics in each state: and selects, on the basis of
the transition metrics, survivor paths entering each state, requiring a correct
path tracing phase for making bit decisions. This causes delay in the bit
decisions and in the detection of symbols. In addition, the Viterbi detector
falters, i.e. loses the correct path for the duration of several state transitions
after having selected a wrong path branch even once.

SUMMARY OF THE INVENTION

An object of the present invention is thus to provide a reception
method and a receiver using the method, the receiver replacing a detection
based on the Viterbi algorithm without using sequence estimation. Further, the
method does not include the generating of survivor paths, so correct path
tracing is not performed either.

This is achieved with a method described in the preamble,
characterized by forming, at more than one known state of the level B, a
transition metric for a received symbol, the transition metric corresponding to a
conditional probability and being used in the transition for moving from known
states of the preceding level A to each said known state of the next level B, a
state of a preceding level being determined as symbols in the transition metric,
the symbols each having a predetermined number of symbol alternatives; by
forming a cumulative transition metric by multiplying the transition metric by a
cumulative metric relating to each known state of the preceding level A; by
forming a cumulative metric relating to the states of the level B by summing
cumulative transition metrics relating to the states of the level B over the
symbol alternatives of a symbol, with a known location, determining a state of
the preceding level A; and by determining the bits of the received symbols
separately for each bit of a symbol, irrespective of each other, by -using the
cumulative transition metrics.

A method of the invention is also characterized by forming, at more
than one known state of the level B, a transition metric for a received symbol,
the transition metric corresponding to a conditional probability; and by forming
a logarithm of the transition metric, the transition metric being used in the
transition for moving from known states of the preceding level A to each said
known state of the next level B, a state of a preceding level being determined
as symbols in the transition metric, the symbols each having a predetermined
number of symbol alternatives; by forming a logarithmic-cumulative transition
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metric by summing a logarithmic transition metric to a logarithmic-cumulative
metric relating fo each known state of the preceding level A; by forming an
exponential cumulative metric by using the logarithmic-cumulative transition
metric as an argument for an exponent function; and by summing the
exponential cumulative metrics over the symbol alternatives of a symbol, with

- a known location, determining a state of the preceding level A; by forming the

logarithmic-cumulative metric by generating a logarithm of the sum of the
exponential-cumulative metrics; and by determining the bits of the received
symbols separately for each bit of a symbol, irespective of each other, by
using the logarithmic-cumulative transition metrics.

A receiver of the invention is characterized in that the receiver
comprises means for forming, in more than one state of the state B, a
transition metric for a received symbol, the transition metric corresponding to a
conditional probability and to a transition from known states of the preceding
level B to each said state of the next leve! B, a state of a preceding level being
determined as symbols in the transition metric, each symbol having a
predetermined number of symbol alternatives; means for forming a cumulative
transition metric by multiplying a transition metric by a cumulative metric
relating to each known state of the preceding level A; means for forming a
cumulative metric by summing the cumulative transition metrics relating to the
different states of the level B over the symbol! alternatives of the last symbol
determining a state in the preceding level A; and the receiver is arranged to
determine the bits of the received symbols separately for each bit of a symbol,
irrespective of each other, by using the cumulative transition metrics formed in
the means.

A receiver of the invention is also characterized in that the receiver
comprises means for forming, in more than more states of the state B, a
logarithmic transition metric for a received symbol, the logarithmic transition
metric corresponding to a conditional probability and to a transition from
known states of the preceding level B to each said state of the next level B, a
state of a preceding level being determined by symbols in the transition metric,
each symbol having a predetermined number of symbol alternatives; means
for forming a logarithmic-cumulative transition metric by summing a logarithmic
transition metric to a logarithmic-cumulative metric relating to each known
state of the preceding level A; means for forming a cumuiative metric by
summing the cumulative transition metrics relating to the different states of the
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level B over the symbol alternatives of the last symbol determining a state in
the preceding level A; and for forming a logarithmic-cumulative metric of the
level B by generating a logarithm of the sum; and the receiver is arranged to
generate the bits of the received symbols separately for each bit of a symbol,
irrespective of each other, by using the logarithmic-cumulative transition
metrics.

The method of the invention provides considerable advantages.
Compared with prior art solutions, it enhances performance, speeds up both
bit decisions and the determining of a symbol, and removes faltering typica! of
a prior art detection.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described in greater detail with
reference to examples given in the attached drawings, in which

Figure 1 illustrates a trellis diagram;

Figure 2 illustrates a block diagram of a receiver,;

Figure 3 illustrates a block diagram of a receiver,

Figure 4 illustrates means for forming a metric; and

Figure 5 illustrates a receiver comprising a plural number of
branches.

DESCRIPTION OF PREFERRED EMBODIMENTS

A method and a receiver of the invention can be applied to digital
radio systems, particularly to a GSM system, without the invention being,
however, restricted to it. Data samples y of a signal received in a radio system
can be expressed as follows:

y=HS +n, @)

where H is a channel estimate, i.e. an impulse response estimate, S
represents the transmitted data, n represents noise and interference. Boid
type is used to show that the character concerned is a vector or a matrix. Let
us first study the theoretical basis of the solution of the invention. A group B
with two elements is determined. The group B is called a bit

B ={a, a;}, @
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where a, is for instance 0 and a, is for instance 1. A symbol S, can then be
determined by means of sequences formed of bits x;

SEf (G Xina-Xio) 5 Xina€B A Xn2€B ALLA X €B, (3

which means that the symbol S; is a function of the bits X,y.4,X;y....X,o- The sign
A in formula (3) is an AND-sign. In this expression N represents the number of
the bits. The symbol S, can thus comprise m = 2" values, said values being
denoted by S, € A = {s,, s,,.... s»1}. By applying the Markov chain, the
probability p(yfS;), or the like, which means that the received y, comprises the
symbol 8, can thus be written in the following form:

p(y|lsl) = p(YiISiv Si~11"l Si-rv) p(YHISi-h Si—21"- Si-r-h) p(YOlsu)! (4)

where the channel impulse response estimate is r + 1 bits long and

Y= <Y Vi -or Yo> represents the received symbols, S, = <§, S,,, ..., S5
representing the transmitted symbols. It is assumed here that the probability
concerning all symbols is of equal magnitude. It can be noted that two
successive terms share one and the same symbol, so there is only m = 2"
possible transitions from one state to another. The transitions can thus be
drawn as a state diagram and/or a trellis diagram, in which m' = (2" states,
which corresponds to the Viterbi algorithm. From each state there are m
different transitions to a next state. By using a characteristic and a probability
theorem of the Markov chain, a recursion can be written between the different
states of the trellis:

P(YiIS:.S.1. . Sivau) =ErA P(Vi1lSir, Sizres Su™8) PSS Sims), - (5)

where p(yiS; S...... Si.9) is the transition metric, p(y;,|S.,, S.s..., S..=8,) is the
cumulative metric of the initial state of the transition, p(y|S, Sis.... Sirw) is @
cumulative metric and t is a constant to be determined. A summation over the
symbol alternatives s, € A is performed on the basis of the symbols S,. In
other words, the summation of bits is separately performed for the bit 0 and
the bit 1. Recursion can be started from the index i = 0 and it can be continued
until the end of a received burst, or the like, if it has an end. Thus p(y|S, S,,..,
S,.++) comprises the cumulative probability of all paths comprising the symbols
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Siv Si~1n--v Sl-r»tfr
The above recursive method involved determining symbol states.
This is nsually not enough, typically information about a soft decision
concerning the transmitted bits is needed. A method for estimating a soft
5 decision will be described below by using the above recursion. For each bit, a
probability p(xly) will be estimated. A probability p(x..., = ajy;) for one bit x,..,
can first be written in the form

PXirax = A1lY;) = PYIXiax = @)P(Xr = @) ply) =

10
P(YiIS)p(S))/ply). ©)
(<8807 lineS; € A A.ASs € AA xy=ay)
where k = [0,..., N - 1] and point to bit N. A likelihood ratio can now be
determined
_ p(y,|S;)p(S;)/ p(y;)
15 p(xf.r-t,k = ai'yj) {58078, e AALA So e A xiu=ay)
P(Xi.rx = a0l ;) 2 P(Y;IS)P(S;)/ p(Y,)
£581,..86IS; € AA.A Sp € AA Xppgu=20)
p(Y:|Si)p(S:)
N <8 Se>l5; € AA.LA So €A AXirax=ar} -
p(y:|Si)p(S:)
{<8,...80>IS; e AA..A Sp € AN Xjrk=30)
20
P(Yis1Si1, Sz, 0, Sir)P(Yi1 81,84, 812,.., Sir)
{<5iSir 1218y € AALAS .t €AA Xprqi=ay)
P(Yi4lSia,Siz,-.., Sicet)P(Y ) Si,Si4, 12,0, Sirt) |
{<8irnSi-rt>ISi € AAA Sipy € AN Xirqy=ag)
@
25

where j represents block length (or received values, which are used for
decision-making). A sub-optimal assumption is made if i < |. The above shows
that the bit probability p(x..Jy;) can be calculated during the formation of the
symbol metrics as a sum of the transitions. It can aiso be noted that the
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probability p(x....ly:) is optimal when i = j. By means of a parameter t selected
by the user it is possible to determine the length of the decision in the trellis. In
practice small values of a parameter t already provide good reliability (the
value selected for the parameter t can be t = 0). If the signal to be received is
5 a continuous one, the last symbol cannot be determined, whereby it is not
possible to make optimal decisions. The decision metric in question is thus
determined for one bit x,, in one symbol. The metric can be separately
determined for all bit indices k in any one symbol, to provide thus all bit
decisions.
10 To generate a likelihood, division is required. Division is, however, a
slow operation and it can be avoided by using a logarithm

Prw=aly),
J P(xi.,.tk=ao|yj)) = log( Z plyilS))

15
- log( > py,IS:)) (8)

Another method for estimating a symbol will be described below.
instead of a likelihood decision, or in addition to it, a probability decision can
20  be determined. The probability of a bit can then be determined as follows:

( ' p(yilS)

<5,,..86%18, e ALL Sp € AL 1.y qy=ar)

P(ieax = A4y = ' =
we Py 1S)

{<5nS0>(Ss € A Lol So € A}

PYiilSia, Siase o, Siet)P(Yil Si, Sit. Sz, St

{<8issSiur 4|51 € A A Start € AA Xinputp=ar)
25

PYialSit:Si2s-. ., Sicr)P(Vil S1,814, Sz Sivrt)

{€8iSir?1Si e AAASiy €A}

(9)

In the denominator the probability, or the like, is calculated for the bit 1 or 0 as
is seen from the summation {<S,...., S, >|S;€A A...A S,,,eA}.
30 In the following the inventive method is described by using bits,
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which simplifies the mathematics to be used.

Let us now examine a method of the invention by using the trellis
diagram of Figure 1 which comprises, by way of example, 8 states (STATE)
and 8 levels (LEVEL). The example presented concerns a case in which a
symbol S, comprises two values, i.e. one bit. The states can be denoted with
bits, whereby 3 bits, or symbols corresponding to bits, are needed for denoting
8 states, the bits being s, and s, and they correspond to the bits a, and a,
mentioned above. Levels |, | + 1, .., AMOUNT OF_BITS-1 comprise
temporally successive states s,, sy, 5 - 54, 8, 8,, the transition to which takes
place on the basis of received symbols, bits or bit combinations. The detection
of received bits proceeds from left to right in the trellis diagram, which
represents the chronological order of events taking place in the trellis.
Transition can be used for proceeding from a point, i.e. state, at each level to
two different states at the next level over two different paths, depending on the
received bit (the bit is either 1 or 0). On the other hand, if symbols that are bit
combinations are used instead of bits, 2' transitions take place from each state

to 2' states at the next level, r representing the number of the bits that the

symbol comprises. in this example the impulse response estimate thus
comprises four bits, so r = 3. Thus, when 2-bit symbols are used, four
transitions take place from one state to the next states. The use of symbols is
thus equivalent to the use of bits, and all symbol-level events in the trellis can
therefore always be returned to bit-level events. A state in a metric represents
a window, displaying only a few bits, usually four, at a time, in an infinite bit
sequence (in the present example a window comprises 3 bits, because each
leve! only comprises 8 states). From the sequence of a few bits appearing on
the window, one bit is always omitted as the metric proceeds from one level to
another and at the same time a new, received bit enters the sequence at its
opposite end. The omitted bit is detected.

Symbols are used to proceed in the trellis in temporally successive
trellis levels A (i-r-t) and B (i-r-t+1), which comprise a predetermined number of
states, according to formula (5). A received symbol y, is, however, preferably
determined by means of bit decisions. Transition from each state to a state at
the next level B takes place on the basis of the received symbol. A transition
metric p(y|S;, S..... Si.) corresponding to a conditional probability is formed
for the received symbol y, preferably in all states of the level B, the transition
metric being used for moving in the transition from known states of the
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preceding level A to each known state of the next level B. In the transition
metric a state of the previous level A is determined as symbols S,,, S,,...., S,,.,
each symbol S, having a predetermined number 2" of symbol alternatives s,.
Further, in the inventive method is formed a cumulative transition metric by
multiplying the transition metric p(y4S,, S....., S..,) by a cumulative metric
P(YislSis. Siav 8. relating to each known state of the preceding level A. A
cumulative metric p(yiS, S.,..., S, relating to states of the level B is then
formed by summing the cumulative transition metrics p(y.,S.,, Sia.., Sip=5))
P(YISi, Si1.-, Si.) relating preferably to all states of the level B over the symbol
alternatives s, € A of a symbol, with a known location, determining a state of
the previous level A. In a binary case s, = f (a,, a,) cumulative metrics
corresponding to the bit 0 and bit 1 are formed. in this manner the symbols are
used for proceeding in the trellis. Bit probabilities or likelihood are then deter-
mined separately for each bit of a symbol, irrespective of each other, by using
the cumulative transition metrics p(y,,(S,1, S,.--, Sir=S) PYIS, Sitre.r Sia)-
When logarithmic probabilities are used, the inventive method is to
a large part similar to the previous method. A difference is, however, that in
the method a logarithm log(p(y|S, Si...., S..)) of a transition metric
corresponding to a conditional probability is formed for the received symbol y,.
A logarithmic-cumulative transition metric is formed by summing the logarith-
mic transition metrics log(p(yilS, S...... S..J) to a logarithmic-cumulative metric
log(p(¥:4/Si1, Sizr-v Sicy)) relating to each known state of the previous level A.
An exponential cumulative metric is formed, whereby a logarithmic-cumulative
transition metric a®[b-log(p(yilS, S...... S..))+0gPY. S, Siz- S, in
which the sign * indicates involution, is used as an argument for the exponent
function. The character a here is preferably a Neper number e or 2 and b is
F1or Fin2. The exponential cumulative metrics are then summed over the
symbol alternatives s, of the symbol S,, with a known location, determining a
state of the previous level A, the summation being performed according to a
clause Z at[b-log{p(yilS, Si,.., Si.=s))+blog(p(y.4lS;., Si,-.. Si.=sy))l, where

S, is assumed to be, by way of example, S,,. The logarithmic-cumulative
metric is then formed by generating a logarithm from the sum
Iog{Za"[bJog(p(yilSi, Sii SiEs))+b-log(p(yislSis, Sizres Su=s))l} of the

exponential cumulative metrics. Bit probabilities or likelihood are then
determined separately for each bit of a symbol, irrespective of each other, by
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using the cumulative transition metrics
ar[b-log(p(yilS;, S.1..., Si..m8))+10g(P(Yi4]S., Si-m--g Si=s)-

“The decision about whether a received bit is x,,, can thus be made
when a sample y; has been received. It can be assumed in the processing that
t = 0 and thus it would not need to be indicated. This can be done by using the
log-tikelihood function according to formula (7) and (8) for the bit decisions. A
bit decision is made as a Iogarithmic’ likelihood decision by summing such
cumulative transition metrics p(y.4S.,, Sis... S..=s) p(YIS, S, Si=sy), of
the states of the level B, in which a bit x,,,, with a predetermined location, of
the symbol (e.g. S,,.,), with a known location, corresponds to 1 (x,,, = a,), and
by generating the following logarithm of the sum

gl 2. PWirlSin Sz SiemS) PYISH Sizrenr Sumsi)]

SkeA A Xipq=a;

A similar summation is performed in the method for such cumulative transition
metrics p(Yi ISis, Sz Si=s) PYIS, Sia, S8, of the states of the level
B, in which a bit x,,,, with a known location of the symbol (e.g. S, with a
known location corresponds to 0 (x,., = a,), and the following logarithm of the
sum is generated

log[ Z PYialSis Sizrer Si=Si) PYIS, Siareoy Sie@8))

SKEA A Xj.rqSay

A difference of the logarithms of the surs of the cumulative transition metrics
is then formed:

logf Z P(YirlSis: Sizr Sii=8 PYIS, Sizoy Siemsi)] -

SkeA A xp.rq=ay

logl Y. PWulSin Sizers S=S) PYIS, Siiees Suemsl,

SkEA A X =ag

said difference representing the bit likelihood. The difference between the
logarithmic sums means the same as dividing the sums of the transition
metrics by each other as in the formula (7) and generating a logarithm of the
quotient.

When logarithmic probabilities are used, the bit decision is made as
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a likelihood decision in the following manner. Exponential cumulative transition
metrics a*[b-log(p(yIS; S..... S..=8))+b-log(p(y.+ISi:. Siz..., Si.=8y)] of the
states of the level B are formed. Preferably in all states of the level B are
summed such exponential cumulative transition metrics

Z at[b-log(p(yilS. Si+.-., Si.=s N +blog(P(yis[Sit, Siz-., Sin=sil,

SkEA A Xjp 781

in which a bit x,,,, with a predetermined location of the symbol S, with a known
location, corresponds to 1 (x,,, = a,), and a logarithm of the sum is generated

IOQ{ z aA[b'Iog(p(inSi' Si-h"l Si-r»tzsk))+b'l°g(p(yi-1Isl-‘ll Si»Zl"l Si-r-l=sk)]}r

Sk€A A Xj.rp=ay

the logarithm providing a logarithm of the sums of the cumulative transition
metrics. A corresponding summation is made of such exponential cumulative
transition metrics

Y. at[blog(P(YiISi Surv--r Sun=SN)b10G(PYiAlSur, Sz Sur=s ],

SKEA A Xipr=d0

of the states of the level B in which a bit x,,, with a predetermined location, of
the predetermined symbol S, corresponds to 0, and a logarithm of the sum is
generated

Z log{Za*[b-log(p(YilS;, Siiv.., Sipy=8))+b-log(P(¥iilSis, Sizres Sirs=s NI},

sxeA L xi,s=ap

thereby providing a logarithm of the sums of the cumulative transition metrics.
A difference of the logarithms of the sums of the cumulative transition metrics
is then formed

z a*Mb-log(p(yilS, Sis..., Si.=s,))+b1og(p(y.1|S.1, Sz, Susd -

SkeA A Xp.rag=ag

Z tog{Za*[b-log(p(yiS,, S.1..., Si=s))+b-log(p(yiilSi+, Sizr-., Siee= 8}

s5k€A A Xj.r47ap

the difference representing the bit fikelinood.
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Correspondingly, a probability concerning a bit decision is
generated similarly as a likelihood decision. The denominator in the formula
(9) is the"same, the only difference being that the denominator in the formula
(9) is a probability

PV sl SirsSizs s Sicrt = SRV 181, St Siczs -, Sirt = 8k)

18,810 2|Si € AAASicr €A}

that the bit x,,,, with a known location of the symbol S, with a known location
corresponds to 1 or 0. Thus for instance the probability of the bit x..
corresponding to 1 (x.., = &,) provides the following difference

|09[ Z p(YMISi-h Si-21“x Si-r-tzsk) p(yilSh S\~2|"v Si»r-t=sk)] -

SreA A Xppr=ay

|°9[E P(Y:1Sit: Siarers Sire™8) PYISH Siavh Siesi)

sped

Other probabilities are formed in a corresponding manner known to a person
skilied in the art.

Let us now examine a simple example of a state diagram illustrated
by using a trellis. A symbol in this example has only two values, so it can also
be presented as bits. The successive levels A and B are now levels tand | + 1.
in a situation according to Figure 1, a cumulative metric cum(,000) of the
previous trellis events is cumulated to a state s, s, 5, of the state 1. At a state
So, o S4 Of the level | the cumulative metric is cum(l,001). From the state s, s,,
s, begins a transition the transition metrics of which is denoted by T(0000),
which means that the bit to be omitted is 0 and transition to the state s,, s,, S¢
takes place. Transition T(0001) from the state s,, s;, 5, means that the bit to be
omitted is 1 and transition to the state s, s,, 5, of the level | + 1 takes place.
Correspondingly, transition T(1110) is used when moving from a state s,, s,, $,
of the level | to a state s,, s,, 5, of the level | + 1, the bit to be omitted then
being 0. Similarly, a transition T(1111) is used for moving from the state s,, s,,
s, of the level | to the state s,, s,, s, of the level, the bit to be omitted then
being 1.

Both when logarithmic transitions and non-logarithmic transitions
are used in connection with the forming of a transition metric, the impact of
interference 1 is taken into account, preferably by generating a variance or a
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variance-type result of the received signal samples. The interference
represents noise and interference.

In the inventive method the metrics used in the detection is
controlled when an impulse response estimate is available. The operation is
performed by generating preferably hard bit decisions of the received symbols
and by generating symbols of the hard bit decisions. A convolution of the
impulse response and the generated symbols is used for generating reference
samples. By comparing the reference samples to corresponding received

samples by applying the least square sum method, the metrics to be used in

the detection can then be controlled by using the result of the least square
sum obtained by the comparison of the reference samples and the received
samples, the result being advantageously a new impulse response estimate
H. The metric is then controlled by changing the impulse response estimate H
towards a gradient representing change in the least square method. The
magnitude of the change of the impulse response estimate H is preferably
controlled in the following way:

res_vec = create_symbol{hard(jout,,..., out, ])};
dist = y, - H*res_vec";
H=H+ mu*dist*res_vec; (10)

where create_symbol generates symbols from hard bit decisions, hard
generates hard bit decisions from bit likelhood or probability, res_vec is a
symbol vector, y, is a symbol vector of a received signal, H is an impuise
response estimate vector, dist is a difference vector of the signal samples and
the reference samples, I:I*res_vec is a reference symbol vector and mu = [0,
1] acts as a weighting coefficient of a change towards the gradient. If the mu is
0, the impulse response estimate is not changed. On the basis of a simulation,
a good value for the parameter mu is for instance 1/128.

The number that can most advantageously be used as a radix of
the logarithm function of the sums of the numbers representing transition
metric probability is 2, instead of the Neper number e, because the use of the
radix 2 facilitates floating point number operations in a binary number system.

When received bits are used for making hard bit decisions, a
convolution of the hard bit decisions and the impulse response are used for
generating reference samples. A convolution is generally calculated from an
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impulse response H and estimates§ estimated for instance on the basis of
the following formula (11)

(A*S);, = £H,'S,, (1)

where i and  are elements denoting indices. The reference samples are then
compared with temporally corresponding received samples by applying the
least square sum method shown in formula (12)

LS = Tly - H=§f, (12)

where LS is the result of the least square sum. The result LS obtained by the
comparison of the reference samples and the received samples is used for
controlling the metric to be used in the Viterbi detection by changing the
impulse responseH.

Let us now study in greater detail a receiver of the invention that
functions according to the method of the invention. A receiver according to
Figure 2 comprises means 201 for forming a transition metric, means 202 for
forming a cumulative metrics and means 203 for forming a cumulative
transition metric. The receiver also advantageously comprises means 204 and
205 for summing, means 206 for generating a logarithm, means 207 for
generating a difference, a memory 208. The receiver further comprises means
209 for summing cumulative transition metrics relating to the bit 0 or 1 and
means 210 for generating a logarithm, means 211 for generating a difference,
a memory 212, The receiver comprises means 213 for summing the
cumulative transition metrics relating to the bit 0 or 1 and means 214 for
generating a logarithm, means 215 for generating a difference and a memory
216. To control the metrics, the receiver advantageously also comprises
means 217 for generating hard bit decisions, LMS means 218 and delay
means 219. The operation of the receiver is advantageously controlied by
control means 220.

Let us now study the operation of the receiver in a receiver
according to Figure 2. A sample y, of a received signal arrives at the means
201, the sample being used for generating a probability, i.e. a value p(y|S.,, S,
21 Sirs=8y), Which denotes the probability and which aiso represents the tran-
sition metric of the current state. Means 203 are used for forming cumulative
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transition metrics p(y.,[S.., Siz-n Si=84) PYilS: Si4,.. Si=8,) by muitiplying
previous cumulative metrics p(y.4|S.,, S,5..., S,.=5,), stored in the means 203,
by the probability p(y,|S, S.i..., S...=S). A cumulative metric is formed in the
means 203 by summing the cumulative transition metrics

P(YiilSits Sizies S8 PYS, Sy, Siry=S) on the basis of the symbols Sy
The cumnulative transition metrics p(y..[Si1, Sz Si=8)) PYISH S Sir=Si)
are used for forming bit likelihood and/or probability according to the method of
the invention.

Logarithmic likeiihood of the bits in the received sample is
generated in the receiver advantageously in the following manner. In the
means 204 and 204 are summed a plural number of cumulative transition
metrics, their number being preferably equal to the number of all states at
each level, p(y;|S.i, Sisi..s Sie=si) YIS, Siv,-., S8y, in which a bit x,..,, with
a predetermined location, of the symbol S, = S,,,, with a known location, is 0-
bit. The symbol 8, is advantageously the last symbol in a sequence
determining a state and the bit is the last bit in the symbol. The 1-bit is also
summed correspondingly. The means 205 is a memory register and the
means 204 is a summation means. From the sum of the transition metrics of
all the states of a level is advantageously generated a logarithm in the means
206 and a difference of the logarithms of the sums is generated in the means
207. The result thus obtained, i.e. a log-likelihood decision of the received
symbol y, is advantageously stored into the register 208.

Instead of a likelihood decision, or in addition to it, a probability of
the bit decisions concerning the received sample y, can be generated in the
receiver. The means 213 and 209 in Figure 2 advantageously sum such
cumulative transition metrics of all the states of each level in which a bit with a
predetermined location of the symbol with a known location is 0 or 1. In the
means 214 and 210 is generated a logarithm of the sums concerned, from
which is then subtracted, in the means 215 and 211, a logarithm, generated in
the means 206, of the sum of the cumulative transition metrics relating to the
bit 1 and bit 0. The probability relating to the bit 1 of the bit decision of the
symbol is stored into the register 216 and the probability relating to the bit 0
into the register 212. The receiver comprises, at least in principle, a piural
number of entites of the means 204 to 217, their number being
advantageously equal to the number of bits needed in symbo! coding. The
physical number of the means 204 to 217 can be reduced for instance by
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means of serial processing.

To enhance the operation of the receiver, the impulse response
estimate needed in the metric can be made adaptive. The means 217 of the
receiver then make hard bit decisions concerning the bit likelihood, coming
from the means 208, and/or probability, coming from at least one of the means
212 and 216. Means 221 are used for generating symbols from the hard bit
decisions. A convolution of the generated symbols and the impulse response
estimate is used for generating reference samples, i.e. reference symbals, in
the means 218, the samples being compared with the received symbols, i.e.
the samples y. By means of the differences between the received samples
and the reference samples, the impulse response estimate is changed to
better correspond to reality and thus to produce a better bit decision. The
changed impulse response H is fed to the means 201 in which it is used for
forming the metric.

The receiver according to Figure 3 comprises the means 201 for
forming a transition metric, means 302 for forming a cumulative transition
metric and means 303 for forming a cumulative metric. In addition, the receiver
advantageously comprises means 304 for generating an exponent function. In
other respects the receiver is similar to the receiver in Figure 2. The receiver
comprises, at least in principle, a plural number of entities of the means 304
and 204 to 217, their number being advantageously equal to the number of
bits needed for symbol coding. The physical number of the means 304 and
204 to 217 can be reduced for instance by means of serial processing.

Figure 4 illustrates in greater detail the structure of the means 201
when Ungerboeck metrics is applied. The means 201 for forming the metrics
comprises means 401 for generating reference values, a matched filter 402
and means 403 for taking interference into account. The means 403 divide the
output of both the matched filter 402 and the means 401 by a signal variance
X

The receiver can also comprise a plural number of diversity
branches. This kind of a solution is illustrated by a block diagram in Figure 5.
The receiver comprises diversity branches 510 and 511, which comprise for
instance an antenna and a signal preprocessing means, such as a mixer,
analog-to-digital conversion means and means for generating signal samples,
variance and an impulse response estimate. The receiver further comprises
means 201 for forming the metric, means 202 for forming the transitions,
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means 203 for forming the cumulative transition metric, means 501, means
217 for making a hard decision, LSM means 218 and means 219 for
generating a delay. Instead of the means 202 and 203, the means 302 and
303, which appeared in Figure 3, can be used. The means 501 represent at
least some of the means (304) 204 to 216. The receiver forms for each

. diversity branch a metric of its own and determines the bits by using for each

branch separately. There are typically a plural number of the means 501, 217
and 221, their number advantageously corresponding to that of the bits in the
symbol.

In the invention, received detection results are used for adaptively
controlling the estimated impuise response. This can be carried out by
minimizing the quadratic error. A typical Least Square (LSE) problem can be
solved by implementing the means 218 by using a Kalman filter, an Extended
Kalman Filter, a Recursive Least Square (RLS) filter, a Least Mean Square
(LMS) filter. An LMS means 218 advantageously performs the algorithm (10).

The magnitude of the channel interference required in the solution
of the invention is calculated for instance followingly. A comparison signal YR
is first generated, advantageously as a convolution, of the estimated channel
impulse response and a predetermined sequence, such as a GSM system
training sequence, and then an interference energy | is calculated, in a
variance-type manner, from the comparison signal and the predetermined
sequence of the signal received from the channel. By using the obtained
comparison signal YR and the received signal Y, which is the received,
predetermined sequence, a formula (15) is applied to calculate the variance-
type resuit | from the signals.

2 IRe(Y()- YR() ) + Im(Y()) - YR() /] :
| = - 5 ) (15)

where P is any constant.

The solutions of the invention can be implemented, particularly as
regards digital signal processing, for instance by using ASIC or VLSI circuits
(Application-Specific Integrated Circuit, Very Large Scale integration). The
operations to be performed are advantageously carried out as programs
based on microprocessor technology.

Although the invention is described above with reference to an
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example shown in the attached drawings, it is apparent that the invention is
not restricted to it, but can vary in many ways within the inventive idea
disclosed in the attached claims.
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- The claims defining the invention are as follows:;

1. A reception method in which received symbols are functions of bits,

which are determined by means of temporally successive irellis levels A and B, which

s  comprise a predetermined number of states, a transition from each of the states to a

state at the next level B being performed on the basis of a received symbol, the method
comprising the steps of: -

forming, at more than one known state of the level B, a transition metric for a

received symbol, the transition metric corresponding to a conditional probability and

sess” 10 being used in the transition for moving from known states of the preceding level A to

:"-E each said known state of the next level B, a state of a preceding level being determined
Taees as symbols in the transition metric, the symbols each having a predetermined number of
: 3 : : : symbol alternatives;

N
e forming a cumulative transition metric by multiplying the transition metric by a
15 cumulative metric relating to each known state of the preceding level A;

. o forming a cumulative metric relating to the state of the level B by summing
.:.;:. cumulative transition metrics relating to the states of the level B over the symbol

- alternative of a symbol, with a known location, determining a state of the preceding
':'":' level A; and
R 20 determining the bits of the received symbols separately for each bit of a
Sl symbol, irrespective of each other, by using the cumulative transition metrics.

2. A reception method in which received symbols are functions of bits,

which are determined by means of temporally successive trellis levels A and B, which

25 comprise a predetermined number of states, a transition from each of the states to a

state at the next level B being performed on the basis of a received symbol, the method
comprising the steps of:

forming, at more than one known state of the level B, a transition metric for a

received symbol, the transition metric corresponding to a conditional probability; and

NCALIBKIO 1 114:MXL
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forming a logarithm of the transition metric, the transition metric being used in the
transition for moving from known states of the preceding level A to each said known
state of the next level B, a state of a preceding level being determined as symbols in the
transition metric, the symbols each having a predetermined number of symbol
alternatives;

forming a logarithmic-cumulative transition metric by summing a logarithmic
transition metric to a logarithmic-cumulative metric relating to each known state of the
preceding level A;

forming an exponential cumulative metric by using the logarithmic-cumulative
transition metric as an argument for an exponent function and by summing the
exponential cumulative metrics over the symbol alternatives of a symbol, with a known
location, determining a state of the preceding level A;

forming the logarithmic-cumulative metrics by generating a logarithm of the
sum of the exponential-cumulative metrics; and

determining the bits of the received symbols separately for each bit of a
symbol, irrespective of each other, by using the logarithmic-cumulative transition

metrics.

3. A method according to claim 1, whereby a log-likelihood decision of a
bit is produced, the method comprising the further steps of:

summing such cumulative transition metrics of the states of the level B in
which a bit with a predetermined location of the symbol with a known location
corresponds to 1, and by generating a logarithm of the sum,

summing such cumulative transition metrics of the states of the level B in
which a bit with a predetermined location of the symbol with a known location
corresponds to 0, and by generating a logarithm of the sum, and

generating a difference of the logarithms of the sums of the cumulative

transition metrics, the difference representing the log-likelihood decision of the bit.

IN:ALIBKIO1114:MXL
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4. A method according to claim 1, whereby a bit probability‘ of a bit
corresponding to 1 is generated, the method comprising the further steps of;

summing such cumulative transition metrics of the states of the level B in
which a bit with a predetermined location of the symbol with a known location
corresponds to 1, and by generating a logarithm of the sum,

summing such cumulative transition metrics of the states of the level B in
which a bit with a predetermined location of the symbol with a known location
corresponds to 1 or 0, and by generating a logarithm of the sum, and

generating a difference of the logarithms of the sums of the cumulative

transition metrics, the difference representing the bit probability.

5. A method according to claim 1, whereby a bit probability of a bit
corresponding to O is generated, the method comprising the further steps of:

summing such cumulative transition metrics of the states of the level B in
which a bit with a predetermined location of the symbol with a known location
corresponds to 0, and by generating a logarithm of the sum,

summing such cumulative transition metrics of the states of the level B in
which a bit with a predetermined location of the symbol with a known location
corresponds to 1 or 0, and by generating a logarithm of the sum, and

generating a difference of the logarithms of the sums of the cumulative

transition metrics, the difference representing the bit probability.

6. A method according to claim 2, whereby a log-likelihood of a bit is
generated, the method comprising the further steps of:

forming exponential cumulative transition metrics of the states of the level B;

summing such exponential cumulative transition metrics in which a bit with a
predetermined location of the symbol with a known location corresponds to 1, and by
generating a logarithm of the sum, whereby is generated a logarithm of the sums of the

cumulative transition metrics;
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summing such exponential cumulative transition metrics of the states of the
level B in which a bit with a predetermined location of the symbol with a known
location corresponds to O, and by generating a logarithm of the sum, whereby is
generated a logarithm of the sums of the cumulative transition metrics; and

generating a difference of the logarithms of the sums of the cumulative

transition metrics, the difference representing the log-likelihood of the bit.

7. A method according to claim 2, whereby a bit probability of a bit
corresponding to 1 is generated, the method comprising the further steps of:

forming exponential cumulative transition metrics of the states of the level B;

summing such exponential cumulative transition metrics in which a bit with a
predetermined location of the symbol with a known location corresponds to 1, and by
generating a logarithm of the sum, whereby is generated a logarithm of the sums of the
cumulative transition metrics;

summing such exponential cumulative transition metrics of the states of the
level B in which a bit with a predetermined location of the symbol with a known
location corresponds to 1 or 0, and by generating a logarithm of the sum, whereby is
generated a logarithm of the sums of the cumulative transition metrics; and

generating a difference of the logarithms of the sums of said cumulative

transition metrics, the difference representing the bit probability.

8. A method according to claim 2, whereby a bit probability of a bit
corresponding to O is generated, the method comprising the further steps of:

forming exponential cumulative transition metrics of the states of the level B;

summing such exponential cumulative transition metrics in which a bit with a
predetermined location of the symbol with a known location corresponds to 0, and by
generating a logarithm of the sum, whereby is generated a logarithm of the sums of the

cumulative transition metrics;
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summing such exponential cumulative transition metrics of the states of the

level B in which a bit with a predetermined location of the symbol with a known

location corresponds to 1 or 0, and by generating a logarithm of the sum, whereby is
generated a logarithm of the sums of the cumulative transition metrics; and

5 generating a difference of the logarithms of the sums of said cumulative

transition metrics, the difference representing the bit probability.

9. A method according to claim 1 or 2, whereby the impact of the

interference is taken into account when a transition metric is formed.

10
::::.; 10. A method according to claim 1 or 2, whereby when an impulse
.:..:: response estimate is available, the method comprises the further steps of:
.::::; using received bits for making hard bit decisions;
:.:::: using bit decisions for generating symbols;
15 using said symbols and the impulse response for generating reference symbols;
comparing the reference symbols with corresponding received symbols by
: :. applying the least square sum method, or the like, and
e using the result obtained by the comparison of the reference symbols and the
ceedd received symbols for controlling the metric to be used in detection.
R
. ) 11. A method according to claim 10, whereby in the least square sum
:.:": method, a gradient of the impulse response estimate is observed and the metric is
e el controlled by changing the impulse response estimate towards the change of the
gradient.
25
12. A method according to claim 11, whereby the magnitude of the

change of the impulse response estimate is controlled by weighting the change by a

predetermined coefficient.
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13. A method according to claim 1 or 2, whereby when the receiver
comprises a plural number of diversity branches, the symbol is determined and the bit

decision is made for each of the diversity branches irrespective of each other,

14. A receiver which is arranged to determine the bits relating to a
received symbol on the basis of the temporally successive trellis levels A and B, which
comprise a predetermined number of states, a transition from each of the states to a
state at the next level B being performed on the basis of a received symbol, wherein
the receiver comprises

means for forming, in more than more states of the state B, a transition metric
for a received symbol, the transition metric corresponding to a conditional probability
and to a transition from known states of the preceding level B to each said state of the
next level B, a state of a preceding level being determined as symbols in the transition
metric, each symbol having a predetermined number of symbol alternatives;

means for forming a cumulative transition metric by multiplying a transition
metric by a cumulative metric relating to each known state of the preceding level A;

means for forming a cumulative metric by summing the cumulative transition
metrics relating to the different states of the level B to the symbol alternative of the last
symbol determining a state in the preceding level A; and

the receiver is arranged to determine the bits of the received symbols
separately for each bit of a symbol, irrespective of each other, by using the cumulative

transition metrics formed in the means for forming a cumulative transition metric.

15. A receiver which is arranged to determine the bits relating to a
received symbol on the basis of temporally successive trellis levels A and B, which
comprise a predetermined number of states, a transition from each of the states to a
state at the next level B being performed on the basis of a received symbol, wherein the

receiver comprises
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. means for forming, in more than more states of the state B, a transition metric
for a received symbol, the transition metric corresponding to a conditional probability
and to a transition from known states of the preceding level B to each said state of the
next level B, a state of a preceding level being determined as symbols in the transition

5 metric, each symbol having a predetermined number of symbol alternatives;
means for forming a logarithmic-cumulative transition metric by summing a
logarithm transition metric to a logarithmic-cumulative metric relating to each known
state of the preceding level A;
means for forming a cumulative metric by summing the cumulative transition

10 metrics relating to the different states of the level B over the symbol alternatives of the

.::": last symbol determining a state in the preceding level A and for forming a logarithmic-
.:. .: : cumnulative metric of the level B by generating a logarithmic of the sum, and

_:::' the receiver is arranged to generate the bits of the received symbols separately
:. .., for each bit of a symbol, irrespective of each other, by using logarithmic-cumulative

15 transition metrics.

et 16. A receiver according to claim 14, wherein for generating log-
ot likelihood of a bit, the receiver comprises

means for summing such cumulative transition metrics of the states of the level

.
secees
‘:.”; 20 B in which a bit with a predetermined location of the symbol with a known location
C corresponds to 1, and means for generating a logarithm of the sum,
S.:": means for summing such cumulative transition metrics of the states of the level
Yo Tel B in which a bit with a predetermined location of the symbol with a known location
corresponds to 0 and means for generating a logarithm of the sum, and
25 means for generating a difference of the logarithms of the sums of the

cumulative transition metrics, the difference representing the log-likelihood of the bit.

17. A receiver according to claim 14, wherein for generating a bit

probability of a bit corresponding to 1 the receiver comprises

IN:ALIBKIO1114:MXL
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means for summing such cumulative transition metrics of the states of the level
B in which a bit with a predetermined location of the symbol with a known location
corresponds to 1, and means for generating a logarithm of the sum;

means for summing such cumulative transition metrics of the states of the level
B in which a bit with a predetermined location of the symbol with a known location
corresponds to 0;

means for summing such cumulative transition metrics of the states of the level
B in which a bit with a predetermined location of the symbol with a known location
corresponds to 0 or 1, and means for generating a logarithm of the sum; and

means for generating a difference of the logarithms generated in the means for
generating the logarithm of a sum formed by summing such cumulative transition
metrics of the states of the level B in which a bit with a predetermined location of the
symbol with a known location corresponds to 1, and the means for generating the
logarithm of a sum formed by summing such cumulative transition metrics of the states
of the level B in which a bit with a predetermined location of the symbol with a known

location corresponds to 0 or 1, the difference representing the bit probability.

18. A receiver according to claim 14, wherein for generating a bit
probability of a bit corresponding to 0 the receiver comprises

means for summing such cumulative transition metrics of the states of the level
B in which a bit with a predetermined location of the symbol with a known location
corresponds to 1, and means for generating a logarithm of the sum;

means for summing such cumulative transition metrics of the states of the level
B in which a bit with a predetermined location of the symbol with a known location
corresponds to 0;

means for summing such cumulative transition metrics of the states of the level
B in which a bit with a predetermined location of the symbol with a known location

corresponds to 0 or 1 and means for generating a logarithm of the sum;
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means for generating a difference of the logarithms generated in the means for
generating the logarithm of the sum of summing such cumulative transition metrics of
the states of the level B in which a bit with a predetermined location of the symbol with
a known location corresponds to 1 and the means for generating the logarithm of the
sum formed by summing such cumulative transition metrics of the states of the level B
in which a bit with a predetermined location of the symbol with a known location

corresponds to 0 or 1, the difference representing the bit probability.

19. A receiver according to claim 15, wherein for generating a log-
likelihood of a bit, the receiver comprises

means for forming exponential cumulative transition metrics of the states of the
level B;

means for summing such exponential cumulative transition metrics in which a
bit with a predetermined location of the symbol with a known location corresponds to
1, and means for generating a logarithm of the sum, whereby is generated a logarithm
of the sums of the cumulative transition metrics;

means for summing such exponential cumulative transition metrics of the states
of the level B in which a bit with a predetermined location of the symbol with a known
location corresponds to 0, and means for generating a logarithm of the sum, whereby is
generated a logarithm of the sums of the cumulative transition metrics;

means for generating a difference of the logarithms of the sums of the

cumulative transition metrics, the difference representing the log-likelihood of the bit.

20. A receiver according to claim 15, wherein for generating a bit
probability of a bit corresponding to 1 the receiver comprises

means for forming exponential cumulative transition metrics of the states of the
level B;

means for summing such exponential cumulative transition metrics in which a

bit with a predetermined location of the symbol with a known location corresponds to
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1, and means for generating a logarithm of the sum, whereby is generated a logarithm
of the sums of the cumulative transition metrics;

means for summing such exponential cumulative transition metrics in which a
bit with a predetermined location of the symbol with a known location corresponds to
0;

means for summing such exponential cumulative transition metrics of the states
of the level B in which a bit with a predetermined location of the symbol with a known
location corresponds to 1 and 0, and means for generating a logarithm of the sum,
whereby is generated a logarithm of the sums of the cumulative transition metrics;

means for generating a difference of the logarithms generated in the means for
generating the logarithm of the sum formed by summing such exponential cumulative
transition metrics in which a bit with a predetermined location of the symbol with a
known location corresponds to 1, and the means for generating the logarithm of the
sum formed by summing such exponential cumulative transition metrics of the states of
the level B in which a bit with a predetermined location of the symbol with a known

location corresponds to 1 and 0, the difference representing the bit probability.

21. A receiver according to claim 15, wherein for generating a bit
probability of a bit corresponding to O the receiver comprises

means for forming exponential cumulative transition metrics of the states of the
level B;

means for summing such exponential cumulative transition metrics in which a
bit with a predetermined location of the symbol with a known location corresponds to
1, and means for generating a logarithm of the sum, whereby is generated a logarithm
of the sums of the cumulative transition metrics;

means for summing such exponential cumulative transition metrics in which a
bit with a predetermined location of the symbol with a known location corresponds to

0;
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means for summing such exponential cumulative transition metrics of the states
of the level B in which a bit with a predetermined location of the symbol with a known
location corresponds to 1 or 0, and means for generating a logarithm of the sum,
whereby is generated a logarithm of the sums of the cumulative transition metrics;

means for generating a difference of the logarithms generated in the means for
generating the logarithm of the sum formed by summing such exponential cumulative
transition metrics in which a bit with a predetermined location of the symbol with a
known location cofresponds to 1, and the means for generating the logarithm of the
sum formed by summing such exponential cumulative transition metrics of the states of
the level B in which a bit with a predetermined location of the symbol with a known

location corresponds to 1 or 0, the difference representing the bit probability.

22. A receiver according to claim 14 or 15, wherein when the transition
metric is formed, the receiver is arranged to take into account the impact of

interference.

23, A receiver according to claim 14 or 15, wherein when an impulse
response estimate is available, the receiver comprises

means for using the received bits for making hard bit decision;

means for using hard bit decisions for generating symbols;

means for using said symbols and the impulse response for generating
reference symbols and for comparing the reference symbols with the corresponding
received symbols by applying the least square sum method, or the like, and for using
the result obtained by the comparison of the reference symbols and the received
symbols for controlling the means for forming, in more than more states of the state B,

a transition metric for a received symbol to change the metrics to be used in detection.

24, A receiver according to claim 23, wherein the means for using said

symbols are arranged to control the means for forming, in more than more states of the
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state B, a transition metric for a received symbol in such a way that the impulse

response estimate follows a gradient of the impulse response estimate,

25. A receiver according to claim 24, wherein the means for using said
symbols are arranged to control the magnitude of the change of the impulse response

estimate by a predetermined coefficient.

26. A receiver according to claim 14 or 15, wherein when the receiver
comprises a plural number of diversity branches, the receiver is arranged to determine

the bits of each diversity branch separately for each diversity branch.

217. A reception method substantially as herein described with reference to

any one of the embodiments of the invention shown in the accompanying drawings.

28. A receiver, substantially as herein described with reference to any one

of the embodiments of the invention shown in the accompanying drawings.

DATED this Twenty-seventh Day of November 1998
Nokia Telecommunications OY
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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