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ABSTRACT

ADAPTIVE EQUALIZER

5 Since a conventional adaptive equalizer handles an update quantity control

- parameter p as a fixed value, the update quantity control parameter p is not optimized
adaptively to variation of a channel state and the BER characteristic is deteriorated.
Thereupon, the invention controls a parameter p for controlling the update quantity of
updating the impulse response of a channel by the adaptive algorithm operating portion

10 (2) according to an estimated BER value, by performing a BER estimating process by the
BER estimating portion (4) and performing an update quantity control parameter
adjusting process by the update quantity control parameter adjusting porion (5), and
increases the parameter p so that it follows variation of a channel state in an environment

where the channel state varies substantially, and decreases the parameter p in a good

15  environment where the channel state varies little, and thereby reduces deterioration in
Jreee BER characteristic which could have been caused by a fact that the value of p is not

optimized adaptively to variation of a channel state.
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ADAPTIVE EQUALIZER

CROSS REFERENCE TO RELATED APPLICATIONS

The present invention claims priority from Japanese Patent Application No. 10-

063170 filed March 13, 1999, the contents of which are incorporated herein by reference.
BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to an adaptive equalizer, and more particularly to an
adaptive equalizer for equalizing a received signal in order to reduce interference between
codes.

2. Description of Related Art

Up to now, in a digital communication system such as a mobile radio
communication system and the like, a technique of adaptively equalizing a received signal
with an adaptive equalizer in order to compensate for degradation in performance of a
transmission channel due to interference between codes has been known (Japanese Patent
Application Laid-open No.5-3437, No.5-316083, No.5-110617, and the like).

Fig. 9 shows a block diagram of an example of a portable telephone provided with
an adaptive equalizer. In Fig. 9, a received signal received by a radio receiving portion 41
is converted into a digital signal by an analog-to-digital (AD) converter 42 and then is
supplied 1o an adaptive equalizer 43 and is applied here with an adaptive equalizing
process to be an equalized data signal. An equalized data signal outputted from the
adaptive equalizer 43 is supplied to an error correction decoder 44, and is here error-
corrected and decoded and then taken out.

Fig. 10 shows a block diagram of an example of a conventional adaptive equalizer
used as the above-mentioned adaptive equalizer 43. In Fig. 10, a received signal is inputted
into a channel estimating portion 1, an adaptive algorithm operating portion 10, and a
Viterbi decoder 3. The channel estimating portion 1 estimates a channel state from an

inputted reception signal to find an impulse response of the channel. The adaptive




algorithm operating portion 10 updates an impulse response with an adaptive algorithm on
the basis of the received signal and the impulse response of the channel estimated by the

- channel estimating portion 1.

The adaptive algorithm is an algorithm for updating every moment the impulse

5 response of a channel in order to bring the impulse response as close as possible to an

actual channel state. What the update is performed on the basis of is entrusied to a

reference literature describing in detail adaptive algorithms ("Waveform Equalizing

Techniques for Mobile Digital Communication", pp.33 issued by TORIKKEPS), but this is
simply described as follows.

10 A result obtained by multiplying an impulse response used in an adaptive
equalizing process by a result of the adaptive equalizing process is compared with the
received signal. If the impulse response has been correctly estimated, both of them must be
equal to each other. A difference between both of them is detected as an error, and this is
fed back for updating the impulse response. It is assumed that a parameter to control the

15 update quantity of an impulse response to be updated is referred to as an update quantity

control parameter p. An error which is equal in quantity to but larger in u than another

error has a larger update quantity in impulse response, while an error which is equal in
quantity to but smaller in u than another error has a smaller update quantity in impulse
response.

20 The Viterbi decoder 3 equalizes a received signal by performing a Viterbi
decoding process based on the received signal and the impulse response of a channel
updated by the adaptive algorithm operating portion 10. The equalized data signal obtained
by this Viterbi decoder 3 is outputted to the latter stage and simultaneously is fed back to
the adaptive algorithm operating portion 10. Thus, the received signal is taken out as an

25  equalized data signal applied with an adaptive equalizing process.

However, since the above-mentioned conventional adaptive equalizer handles as a
fixed value an update quantity control parameter p for controlling the update quantity of an

impulse response to be used in updating a result of estimating a channel state according to
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an adaptive algorithm, the update quantity control parameter  is not optimized adaptively
to variation of the channel state, and this causes deterioration in BER (bit error rate)
performance.

SUMMARY OF THE INVENTION

The present invention has been performed in consideration of the above-
mentioned point, and has an object of providing an adaptive equalizer capable of reducing
deterioration in BER performance by optimizing an update quantity control parameter p
for controlling the update quantity of an impulse response adaptively to variation of a
channel state.

In order to attain the above-mentioned object, the present invention provides an
adaptive equalizer comprising; a channel estimating means for having a received signal
inputted and estimating the impulse response of a channel of the received signal, an
adaptive algorithm operating means for adaptively updating the impulse response of the
channel estimated by the channel estimating means according to an update quantity control
parameter on the basis of an adaptive algorithm, a decoding means for performing a Viterbi
decoding process based on the received signal and the impulse response obtained the
adaptive algorithm means and outputting an equalized data signal of the received signal, a
bit error rate estimating means for estimating a bit error rate of the equalized data signal
taken out from the decoding means, and an update quantity control parameter adjusting
means for adjusting and supplying an update quantity control parameter on the basis of an
estimated bit error rate value calculated by the bit error rate estimating means to the
adaptive algorithm operating means.

Since the present invention adjusts and supplies an update quantity control
parameter on the basis of an estimated error rate value to an adaptive algorithm operating
means, it can estimate a channel state on the basis of the estimated bit error rate value and
optimize the value of an update quantity control parameter p adaptively to variation of the
channel state.

The present invention provides an adaptive equalizer as described above, further
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comprising an average power calculating means for calculating the average power of
reccived signals, in which the update quantity control parameter adjusting means
determines what class an average power calculated by the average power calculating
means belongs to among plural predetermined classes and compares in magnitude a
predetermined threshold value corresponding to a class determined by it and the estimated
bit error rate value with each other, and updates an update quantity control parameter so
that it increases or decreases according to a result of comparison obtained at this time.

Since the present invention determines what class the average power of a received
signal belongs to among plural classes and compares in magnitude a predetermined
threshold value corresponding to a class obtained by the determination with an estimated
bit error rate value, and increases or decreases an update quantity conirol parameter
according to a result of comparison obtained at this time, it can adjust an update quantity
control parameter corresponding to the magnitude of an expected bit error rate varying
with the strength of a reception electric field even in the same channel state.

Hereupon, the update quantity control parameter adjusting means is characterized
by updating an update quantity control parameter so that it increases by one step width
which has been initially set when an estimated bit error rate value calculated by the bit
error rate estimating means is larger than a threshold value and updating an update quantity
control parameter so that it decreases by one step width initially set when an estimated bit
error rate value is equal to or smaller than a threshold value.

The bit error rate estimating means according to the present invention is
characterized by taking out data corresponding to a training sequence out of equalized data
taken out from the decoding means, comparing the data with a predetermined reference
sequence, counting the number of bits in those data being different in value from each
other, and determining a value obtained by dividing that number of different bits by the
number of bits of the data corresponding to the training sequence as an estimated bit error
rate value.

The update quantity control parameter adjusting means may limit the upper limit
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of a value obtained by updating an update quantity control parameter so that it increases to
a predetermined maximum value, and may limit the lower limit of a value obtained by
ﬁpdaling an update quantity control parameter so that it decreases to a predetermined
minimum value.
BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention are described with reference to the
following drawings.

Fig. 1 is a block diagram showing an adaptive equalizer of an embodiment of the
present invention.

Fig. 2 is a flowchart of an adaptive equalizing process.

Fig. 3 is a flowchart for explaining operation of a BER estimating portion.

Fig. 4 is a flowchart for explaining operation of an update quantity control
parameter adjusting portion.

Fig. 5 shows a BER characteristic in a good channel state.

Fig. 6 shows a BER characteristic in a bad channel state (a multi-path fading
environment).

Figs. 7A, 7B and 7C show a signal format of a equalized data signal.

Fig. 8 is an average power classification table.

Fig. 9 is a block diagram showing an example of a portable telephone provided
with an adaptive equalizer.

Fig. 10 is a block diagram showing an example of a conventional adaptive
equalizer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1 is a block diagram showing an embodiment of an adaptive equalizer
according to the present invention. An adaptive equalizer of this embodiment is an
example in which the present invention is applied to a portable telephone, and is composed
of a channel estimating portion 1, an adaptive algorithm operating portion 2, a Viterbi

decoder 3, a BER estimating portion 4, an update quantity control parameter adjusting
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portion 5, and an average power calculating portion 6.

A received signal is inputted into the channel estimating portion 1 and the Viterbi
decoder 3. The channel estimating portion 1 estimates a channel state from the inputted
reception signal to find the impulse response of a channel. The Viterbi decoder 3 equalizes
the received signal by performing a Viterbi decoding process on the basis of the received
signal and the impulse response of the channel from the adaptive algorithm operating
portion 2 and outputs the equalized data signal. The adaptive algorithm operating portion 2
updates the impulse response estimated by the channel estimating portion 1 by means of an
adaptive algorithm.

As described above, the adaptive algorithm 2 is an algorithm for updating every
moment the impulse response of a channel in order to bring the impulse response as close
as possible to an actual channel state. In the same way as a conventional technique, a result
obtained by multiplying an impulse response used in an adaptive equalizing process by a
result (an equalized data signal outputted from lﬁe Viterbi decoder 3) of the adaptive
equalizing process is compared with the received signal. If the impulse response has been
correctly estimated, both of them must be equal to each other. A difference between both
of them is detected as an error, and the impulse response is updated according to an update
quantity control parameter .

Fig. 5 is a diagram showing qualitatively a BER characteristic taking an update
quantity control parameter w as a parameter in a good channel state. As known from the
characteristic diagram of Fig. 5, in case of the same reception electric field strength, the
smaller the update quantity control parameter u is, the better the BER characteristic is. And
Fig. 6 is a diagram showing qualitatively a BER characteristic taking an update quantity
control parameter w as a parameter in a bad channel state such as a multi-path fading
environment. As known from the characteristic diagram of Fig. 6, in case of the same
reception electric field strength, the smaller the update quantity control parameter p is, the
worse the BER characteristic is.

Ordinarily, therefore, the need of trade-off of selecting an update quantity control
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parameler | to satisfy both of those characteristics to some degree results in occurring.
This embodiment reduces deterioration in BER characteristic caused by variation of a
channel state by controlling the value of an update quantity control parameter p according
to an estimated BER value.

The BER estimating portion 4 shown in Fig. 1 is a block for estimating a BER by
detecting a training sequence contained in an equalized data signal and counting the
number of errors in the training sequence. The update quantity control parameter adjusting
portion 5 determines and outputs the optimum update quantity control parameter p on the
basis of the estimated BER value and the average power of received signals over one frame
obtained by the average power calculating portion 6. A process performed inside this
update quantity control parameter adjusting portion 5 is described in detail later.

Next, operation of the embodiment of the present invention is described with
reference to the flowchart showing an adaptive equalizing process of Fig. 2. First,
parameters to be initially set for controlling the value of an update quantity control
parameter p are set (step S1). It is assumed that the parameters to be initially set include
the initial value u0, one step width uS, the maximum value pmax of an update quantity
control parameter p, the minimum value pmin of the update quantity control parameter p,
the number of classes of average reception power and their threshold values, threshold
values of BER corresponding to the classes of average reception power and the like, and all
of them are invariable through the whole adaptive equalizing process.

Then, the channel estimating portion 1 estimates a channel state on the basis of an
inputted reception signal to estimate the impulse response of a channel (step S2). An
adaptive equalizing process is to be performed using this impulse response, but it is judged
whether or not the current adaptive equalizing process is the first adaptive equalizing
process since the power of a portable telephone adopting this embodiment was turned on
(step S3). If it is the first process, since the value of the update quantity control parameter
u has not been set properly, the initial value p0 is used in the adaptive equalizing process

as an update quantity control parameter w (step S). And if it is the second or later process,

-10-




since an update quantity control parameter p has been set in the previous adaptive
equalizing process, the value of that parameter is set so as to be used (step S4). The setting

of it is described later.
Following this, an adaptive equalizing process is performed over one frame by the
5 adaptive algorithm operating portion 2, using the update quantity control parameter p set in
step S4 or S5 (step S6). When the adaptive equalizing process for one frame is ended, the
BER estimating portion 4 performs a BER estimating process (step S7), and then the
update quantity control parameter adjusting portion 5 performs an update quantity control

parameter adjusting process (step S8). Thus, when the adaptive equalizing process for one

e el 10 frame is ended (step S9), the system returns to step S2 and estimates a channel. In such a
o '..: way as this, the system repeats a process from step S2 to step S8 for each frame.

Next, the BER estimating process in step S7 is described in detail with reference

to the flowchart of Fig. 3. The BER estimating portion 4 first takes out a data sequence

R 1T(k) corresponding to a training sequence out of an equalized data signal from the Viterbi
ot 15 decoder 3 (step S71).

e v Hereupon, in the signal format of said equalized data signal, each frame is
: composed of n slots as shown in Fig. 7A and each of the slots has a structure composed of

a data sequence 21 and a data sequence 22 following it as schematically shown in Fig. 7B
or a structure in which a training sequence is multiplexed between data sequences 31 and
20 32. Since in each of these cases the position where the data sequence of a training sequence
is multiplexed in equalized data is known in advance, only the data sequence of the
training sequence can be extracted.
Next, the BER estimating portion 4 compares such a data sequence rT(k) of the
training sequence 21 or 32 with data of a training sequence (called a reference sequence)
25 held by the receiver side (step S72). A bit having a different value as a result of this
comparison is considered to be judged as an error bit in an adaptive equalizing process.
Therefore, the BER estimating portion 4 counts the number of bits being different

in these values (step S73), and then divides the number of these different bits obtained by

11-
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this counting by the number of bits of the training sequence and determines the quotient as
an estimated BER value (step S74). And the BER estimating portion 4 outputs this
estimated BER value to the update quantity control parameter adjusting portion 5 (step
S75).

Next, an update quantity control parameter adjusting process by the update
quantity control parameter adjusting portion 5 in step S8 of Fig. 2 is described in more
detail with reference to the flowchart of Fig. 4. The update quantity control parameter
adjusting portion S first takes in an estimated BER value outputted from the BER
estimating portion 4, and takes in the average power (average reception power) of received
signals over one frame calculated by the average power calculating portion 6 in order to
know the average reception electric field being currently processed (step S81).

Following this, the update quantity control parameter adjusting portion 5
determines what class the average reception power taken in belongs to among N classes
into which the average reception power is classified as shown in Fig. 8 (step $82). Since
the magnitude of a BER to be expected varies with the strength of a reception electric field
even in the same channel state, these classes are set. And a BER threshold value is set in
advance for each class of a reception electric field. In Fig. 8, the classes are set in stages of
10 dBm, but the number N of classes representing fineness of this classification may be
made larger depending upon conditions of a device.

Then, the update quantity control parameter adjusting portion 5 compares an
estimated BER value and the threshold value of BER (set in step S1 of Fig. 2) in a class
corresponding to the magnitude of an average reception power determined in step S82 with
each other (step S83). That is to say, for example, when an average reception power is -55
dBm, it belongs to class 6 in the example of classification of Fig. 8, and so the threshold
value of class 6 and an estimated BER value are compared with each other.

Based on this comparison, the update quantity control parameter adjusting portion
5 determines whether or not the estimated BER value is larger than the threshold value

(step S84), and when the estimated BER value is larger, it judges the channel state is bad

12-
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and increases the update quantity control parameter p by one step width uS, and if the
increased parameter value "w + pS" exceeds the maximum value pmax, it limits the
parameter value to the maximum value pmax (step S85).

On the other hand, when the estimated BER value is equal to or smaller than the
threshold value of the class, it judges the channel state is good and decreases the update
quantity control parameter p by one step width uS, and if the decreased parameter value "
- uS" is equal to or smaller than the minimum value wmin, it limits the parameter value to
the minimum value pwmin (step S86). The step width pS, the maximum value umax and the
minimum value umin in the steps S85 and S86 have been initially set in step S1 of Fig. 2.
The reason why an update quantity control parameter p which has been updated is limited
up to the maximum value pmax and down to the minimum value wmin is that an adaptive
equalizing process is performed within a normal and proper range corresponding to a
system which the invention is to be applied to.

And the update quantity control parameter adjusting portion 5 outputs the update
quantity control parameter p updated in the step S85 or 886 to the adaptive algorithm
operating portion 2 so as to be used in the next frame (step S87).

Thus, this embodiment controls an update quantity control parameter p according
1o an estimated BER value by the BER estimating process and the update quantity control
parameter adjusting process, and controls the update quantity control parameter p so as to
follow variation of a channel state in an environment where the channel state is bad and
severely varies by increasing the parameter p and thereby reduces deterioration in BER
characteristic as shown in Fig. 6. On the other hand, in a good environment where the
channel state varies little, by making small the update quantity control parameter y, as
shown in Fig. 5, it reduces deterioration in BER characteristic which could have been
caused by a fact that the value of an update quantity contro] parameter p is not optimized
adaptively to variation of a channel state.

As described above, since the present invention adjusts and supplies an update

quantity control parameter to the adaptive algorithm operating portion on the basis of an

13-
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estimated bit error rate value and thereby estimates a channel state on the basis of the
estimated bit error rate value and optimizes the update quantity control parameter p
adaptively to variation of the channel state, it can control the update quantity control
parameter p so as to follow variation of a channel state in an environment where the
channel state is bad and severely varies by increasing the parameter p. which controls the
degree of updating a result of channel estimation performed by the adaptive algorithm, and
can control the parameter p so as to be small in a good environment where the channel
state varies little, and thereby can reduce deterioration in bit error rate (BER) characteristic
which could have been caused by a fact that the value of an update quantity control
parameter u is not optimized adaptively to variation of a channel state.

Since the present invention classifies the average power of received signals in
magnitude into plural classes, set a threshold value for each of the classes, compares the
threshold value and an estimated bit error rate in magnitude with each other and increases
or decreases an update quantity control parameter according to a result of the comparison,
and thereby adjusts the update quantity control parameter adaptively to an expected bit
error rate value varying with the strength of a reception electric field even in the same

channel state, it can perform a fine and optimal equalizing process onto a received signal.

14-
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“WHATES EtATEDES:
The claims defining the invention are as follows:
1. An adaptive equalizer comprising;

a channel estimating means for having a received signal inputted and estimating
the impulse response of a channel of said received signal,

an adaptive algorithm operating means for adaptively updating the impulse
response of the channel estimated by said channel estimating means to a magnitude
according to an update quantity control parameter on the basis of an adaptive algorithm,

a decoding means for performing a Viterbi decoding process on the basis of said
received signal and the impulse response of the channel obtained by said adaptive
algorithm operating means, and outputting an equalized data signal of said received signal,

a bit error rate estimating means for estimating the bit error rate of the equalized
data taken out from said decoding means, and

an update quantity control parameter adjusting means for adjusting and supplying
said update quantity control parameter to said adaptive algorithm operating means on the

basis of the estimated bit error rate value calculated by said bit error rate estimating means.

2. An adaptive equalizer according to claim 1, further comprising an average power
calculating means for calculating the average power of said received signals, wherein said
update quantity control parameter adjusting means determines what class an average power
calculated by said average power calculating means belongs to among plural
predetermined classes, compares in magnitude a threshold value set correspondingly to a
class determined here and an estimated bit error rate value calculated by said bit error rate
estimating means with each other, and updates said update quantity control parameter so

that it increases or decreases according to a result of said comparison.

3. An adaptive equalizer according 1o claim 2, wherein said update quantity control

parameter adjusting means updates said update quantily control parameter so that it

-15-
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increases by one step width initially set when an estimated bit error rate value calculated
by said bit error rate estimating means is larger than said threshold value, and updates said
update quantity control parameter so that it decreases by said one step width initially set
when said estimated bit error rate value calculated by said bit error rate estimating means is

equal to or smaller than said threshold value.

4. An adaptive equalizer according to claim 1, wherein said bit error rate estimating
means takes out data corresponding to a training sequence out of said equalized data taken
out from said decoding means, compares the data with a predetermined reference sequence,
counts the number of bits being different in value from each other, and determines a value
obtained by dividing this number of different bits by the number of bits of the data

corresponding to said training sequence as said estimated bit error rate value.

5. An adaptive equalizer according to claim 1, wherein said update quantity control
parameter adjusting means limits the upper limit of a value obtained by updating said
update quantity control parameter so that it increases to a predetermined maximum value,
and limits the lower limit of a value obtained by updating said update quantity control

parameter so that jt decreases to a predetermined minimum value.

6. An adaptive equalizer according to claim 2, wherein said update quantity control
parameter adjusting means sets the number of said plural classes to be compared with the
magnitude of the average power calculated by said average power calculating means as a

number adapted to conditions of a device.

-16-




7. An adaptive equalizer substantially as herein described with reference to

Figs. 1 to 9 of the drawings.
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DATED this Eleventh Day of March 1999
NEC Corporation
Patent Attorneys for the Applicant
SPRUSON & FERGUSON

A7-




Received Signal

$

1/8

Equalized Data

3
S
§
1 Viterbi
S Decoder
Channel
Estimating )
Portion
2
{
Adaptive
Algorithm
Operating
Prtion
5 4
§ S
Update Quantity BER
Control Parameter Estimating
Adjusting Portion Portion

BER

Average
Power
Calculating
Portion

~ 6

FIG.1

18-




2/8

( Adaptive Equalizing Process )
J/ S1
$

initial setting : g 0 ——initial value, £ S——1 step width,

¢ max — — maximum value of g,y min —— minimum value of #,
number N of classes for average reception power and their
threshold values, and threshold values of BER corresponding to
classes for average reception power

N
i\

channel estimation is . g2
performed.

s the current
adaptive equalizing
process the first 2

YES

N S5
¢

update quantity control
parameter u updated by the
previous adaptive equalizing
process is used.

initial value « 0 is used
as an update quantity
control parameter (.

il

|
a
adaptive equalizing process of received signals of
one frame is performed by using a specified u.

v

BER estimating process|[>S7

l

update quantity‘ control
parameter adjusting process

!

adaptive equalizing process for :
one frame is ended. ~ 39 FIG.2

y

- S6

~ S8

19-




3/8

C BER Estimating Process )

data rT (k) corresponding to a training sequence
.. is taken out from an equalized data sequence. ~ S71
rT (k) is compared with a reference .sequence. b S72
W, number of different bits is counted. - S73
value obtained by dividing the number of different | g74
bits by the number of bits of the training

sequence is determined as an estimated BER value.

......

estimated BER value is outputted to the update
. . . ~ S75
quantity control parameter adjusting portion 5.

End

FI1G.3

-20-




compared with estimated BER value.

4/8

(Update Quantity Adjusting Process '

estimated BER value is taken in and
average reception power is taken in.

|

in magnitude into N classes.

}

~ 581

average reception power is classified | 382

BER threshold value corresponding a
class of average reception power is

~ 583

Is the estimated BER
value larger than the
threshold value?

NO

S86
$

i is increased by 1 step width (u
8y uo=p+ ops; if ud=u, p

= gmax.

i 1s decreased by 1 step

width (us); ¢ = ¢ - us; if

4 <= g, g = gnin

le

il

5

this ¢ is outputted to adaptive
algorithm operating portion as an
update quantity control parameter
to be used in the next frame.

End

21-

~ S87

FIG4




5/8
BER
x{u is Large
\ ¢ is Medium
0.01 —
£ is Small
o Reception Electric Field

FIG.5

BER
_\\//u is Small
01 |~ N s Medium

0.01 |- i is Large

Reception Electric Field

FIG.6

22




6/8

aouanbag elR(

9ousnbag souanbeg el

‘Sururei],
! w v w ]
i €g 4 1€ |
| |
souanbeg el®R eouanbag
S ®Ed ururel],
llllllllllllllllllllll w w 1
....................... e 13 i
T#jug | " lea|ra|ug| T e T R{uB| T | | TH US| T |H(TH
1015|1015 |.___|301S|101S|30IS | ___|301S[01S [101S | ___|I0IS|30IS|I0IS| . ___| OIS |I0IS
P # owelg ¢ # owely] 2 # owel] T # owel,

ssee
Yy

JLOId

d2.°D14

V. Old

23-




Average Reception Power

/8

)/ Class N——— BER

— 50dBm ————

~ 60dBm ————

Class 6-——> BER

Class 5——— BER

- 70dBm ———

—80dBm —————

Class 4———> BER

Class 3——> BER

—90dBm ———

Class 2———> BER

—100dBm ———

Class 1—— BER

W I I I I

—110dBm ————

FIG.8

24-

Threshold

Threshold

Threshold

Threshold

Threshold

Threshold

Threshold

Value

Value

Value

Value

Value

Value

Value




seee

------

8/8

[%gl 4g2 4$3 4$4 Data
Radio . Error S
Receiving—>| é(]))nverter — }E\daplt‘we —>{ Correction
Portion qualizer Decoder

FIG.9
3
g .
Received Signal Equalized Data
S ¢
1 Viterbi
§ Decoder
Channel
Estimating
Portion
10
¢
Adaptive
Algorithm
Operating
Portion

FIG.10

25-




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS

