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Channel estimation is performed by decomposing the intersymbo} interference into a compoenent die to transmission apparatus and

& component due to the channel. Several channel estimates are made, and the best

symbels with local replicas.

is chosen, based on the correlation of synchronisation
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CHANNEL ESTIMATION ARRANGEMENT

The present invention relates generally to estimator
circuitry for a digital receiver operable in a digital
communication system. More particularly, the present
invention relates to channel estimator circuitry, and an
asgociated method, for estimating channel characteristics
of a transmisgion channel, including transmitter and
receiver filter circuitry, upon  which a digital
communication signal is transmitted.

The channel estimator circuitry, and the associated
method of channel estimation, provides a channel estimate
of improved quality. Because the guality of the channel
estimate 1is improved, recovery of the informational
content of thé communication signal is facilitate. The
circuitry and method can be advantageously utilized in a
satellite communication system in which intersymbol
interference introduced upon a communication signal
transmitted between a transmitter and a receiver ig
introduced only by filter circuitry of the transmitter and
receiver. The circuitry and method is also advantageously
utilized in other communication systems, such as a digital
cellular communication system.

BACKGROUND QF THE INVENTION

A communication system is formed, at a minimum, of
2 transmitter and a receiver interconnected by a
communication channel. The communication system is
operable at least to transmit communication signals,
having an informational content, generated at, or applied
to, the transmitter upon the communication channel. The
receiver is operable to receive the transmitted,
communication signal and to recreate the informational
content of the communication signal.

A radio communication system is a communication

system in which the communication channel is formed of cne
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or more frequency bands of the electromagnetic frequency
spectrum. A transmitter operable in a radic communication
system generates a communication signal of characteristics
permitting its transmission upon the communication
channel, and the receiver operable in the radio
communication system is operable to receive the
communication signal transmitted upon the communication
channel.

Typically, the vradic receiver includes tuning
circuitry tunable to the frequencies of the communication
channel upon which the communication signal is
transmitted, down-conversion circuitry for down-converting
a receive signal formed of the communication signal from
a transmission frequency into a lower frequency, or
baseband, signal, demodulation, and dJecoder circuitry
which permit the informational content of  the
communication signal to be recreated. & radio
communication system is advantagecus for the reason that
a fixed, or hard-wired, comnection is not required to form
the communication  channel extending between the
transmitter and receiver. Communication can be
effectuated between remotely-positioned transmitters and
receivers without the need to form the hard-wired or other
fixed connectien therebetween.

Technological advancements in communication
technologies have permitted communication systems to
utilize digital communication techniques. Some existing
communication systems have been converted to permit the
utilization of digital communication techniques; other
communication systems have beesn planned, or have been made
possible, as a result of such technological advancements.
Utilization of digital communication techniques is
advantageocus as information can be more efficiently
transmitted upon a communication channel than by utilizing
conventicnal, analog communicaticn techniques. Alsc, some
transmission difficulties which distort the communication

signal as the communication gignal is transmitted by a
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transmitter to a receiver can sometimes be more readily
overcome when digital communication techniques are
utilized.

A transmitter operable in such a communication system
digitizes an information signal to form a digital signal.
Once digitized, the digital signal can be modulated by a
digital modulation technique, such as by a Gaussian
Minimum Shift Keying (GMSK) modulation technigue. The
digitized signal, once modulated, is transmitted upon a
communication c¢hannel.

A receiver operable to receive the gignal transmitted
upeon  communication channel includes circuitry to
demodulate the signal received thereat and to form a
digitized signal which can then be converted into ancother
form, if desired, such as by a decoding process.

Distortion is sometimes introduced upon the signal
transmitted by the transmitter. The distortion can, for
instance, be caused by filter circuitry of the .
transmitter, or filter circuitry of the receiver, or the
communication c¢hannel. The filter c¢ircuitry of the
transmitter, the communication channel, and the filter
circuitry of the receiver shall, at times, be together
referred to as the "transmission channel” below.

Cne type of distortion which is sometimes introduced
on the signal is referred to as intersymbol interference.
The causes of intersymbol interference and the distortion
caused therefrom is well-known,

Recelvers operable to receive signals in a digital
communication system sometimes include circuitry, referred
to as channel estimator circuitry, which estimates the
¢hannel characteristics, namely, the channel impulse
response, of the transmission channel. Such channel
estimators generate an estimate of a channel impulse
response of the transmission channel. The channel impulse
response estimated by the channel estimator is used by
receiver equalizer circuitry to counteract for the

intersymbol interference, thereby to permit the receiver
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Lo recreate more accurately the informational content of
the communication signal actually formed at the
transmitter.

U.S. Patent No. 5,432,821 discleoses an MLSE (maximum

5 likelihood sequence estimator)-based data sequence
estimation system. A geparate channel estimator is
provided for each of N possible survivers of a receive
signal. Separate metrics computations are performed to
compute all of the transition metrics for each of the

10 survivors for a particular transition time.

European Patent Application No. EPF 0 604 209
discloses a maximum likelihood data detector which
includes channel impulse response estimators. Preamble
sequences are autocorrelated and the channel impulse

15 response estimator can be constituted by a circuit for
calculating the correlation between a receive signal and
~a preamble sequence,

The quality of the channel estimate is important
since an accurate estimation of the chamnel impulse

20 response is determinative cf the ability of the receiver
equalizer to counteract for intersymbol interference, a
high-quality channel estimator able to accurately estimate
the channel impulse response is necessary.

Any manner by which to improve the guality of the

25 channel estimate would therefore be beneficial to
facilitate better the recreation at the receiver of a
signal transmitted thereto.

It is in light of this background information related
to digital communicaticn systems, and channel estimator

30 circuitry operable therein, that the significant

improvements of the present invention have evolved.

SUMMARY OF THE INVENTION

The present invention advantageously provides channel
estimator circuitry, and an associated method, of
obtaining a channel estimate of improved quality. When
embodied to form a portion of a digital receiver operable

AMENDED SHEET
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in a digital communication system, the éccuracy of an
estimate of the channel characteristics of the
transmission channel upon which signals are transmitted
to the receiver is improved, thereby facilitating the
accurate recreation of the informational content of the
signal transmitted to the receiver.

The circuitry and method is advantageously utilized
to form a portion of the receiver circuitry used in a
satellite communicaticn system in which intersymbol
interference introduced upon a communication signal
transmitted between a transwmitter and a receiver aoperable
therein is introduced primarily by filter circuitry of a
transmitter which transmits the communication signal and

a recelver which receives the communication signal. When
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intersymbol interference is not introduced upon the
transmitted signal during transmission upon a variable,
communication channel, but rather is intreduced only at
the transmitter and receiver, the parameters required to
be calculated by the channel estimator circuitry are’
reduced, thereby to improve the efficiency of the
estimation. An uplink of a satellite communication system
is exemplary of a communication system having a
communication channel upon which little intersymbol
interference is introduced during its transmission
thereupon, In such a system, intersymbol interference
introduced upon the communication signal is introduced
primarily by the filter circuitry of the transmitter and
receiver. Because the characteristics of the filter
circuitry of the fixed devices are determinable, viz.,
essentially known quantities, advantage of this
determinable quantity is made te improve the quality of
channel estimation, thereby to facilitate subsequent
operation of equalizer circuitry to correct for
distortions caused by intersymbol interference introduced
upon & signal during its transmission to the receiver.
The circuitry and method is also advantageously
utilized in a communication gystem, such as a cellular
communication system, in which intersymbol interference
is introduced alsc upon a communication channel during
transmission of the communication signal between a
transmitter and a receiver. By decomposing the distortion
introduced upon the communication signal inte distortion
compecnent portions, the compeonent portions of the
distortion caused by the transmitter and receiver filters
are, again, essentially known quantities, and are
therefore determinable. Advantage is taken of the
determinability of the intersymbol interference introduced
upcn  the communication signal by the transmitter and
receiver circuitry to improve the quality of the channel
estimator circuitry. The cirecuitry and methed is further
also advantagecusly utilized when just the component
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portion of distortion caused by the transmitter filter is
essentially a known guantity.

In one aspect of the present invention, a channel
estimator estimates a channel impulse response of a
transmission channel upon which a communication signal
having synchronization symbols is transmitted by a
transmitter. The communication signal is transmitted at
a communication gymbol rate to a receiver. A symbol
sampler is coupled to receive signals representative of
the communication signal received by the receiver. The
symbel sampler samples values of synchronization symbols
of the =signal, such as portions of the signal
corresponding to a synchronization word, at a sampling
rate greater than the communication signal symbol rate.
Each of the synchronization symbols is thereby sampled at
least at a first sampling point and at a second sampling
point. At least a first sampled signal and a second
sampled signal of values representative of the
synchronization symbols sampled at the first and second
sampling points is genmerated. Correlator circuitry is
coupled to receive the sampled signals generated by the
gymbol sampler. The correlator circuitry correlates
portions of the sampled signals with a stored data word.
The stored data word is of values representative of the
synchronization symbols modified by a selected level of
distortion introduced upon the communication signal by the
transmitter and the receiver, prior to transmission and
subsequent to reception, respectively, of the
communication signal. The correlator circuitry further
selects which of the first sampled signal and the second
sampled signal correlates most closely with the stored
data word, thereby to estimate the channel impulse
response.

In another aspect of the present invention, a channel
estimator estimates a channel impulse response of a
transmission channel upon which a communication signal

having synchronization symbols is transmitted by a



WO 97/37468 -7 PCT/US97/04968

transmitter. The communication signal is transmitted at

a éommunication signal symbol rate to a receiver. A

symbol sampler is coupled to receive signals

representative of the communication signal received by the

) receiver. The symbol sampler samples values of

synchronization symbols, such as portions of the signal

corresponding to a synchrenization word, of the signal and
generates a sampled signal representative thereof.

Correlatoer circuitry is coupled to receive the sampled

10 signals generated by the symbol sampler. The correlator

circuitry correlates portions of the sampled signals with

stored data words. The stored data words are of values

representative of the synchronization symbols modified by

selected levels of distortion introduced wupon the

15 communication signal by the transmitter and the receiver,
prior to transmission and subsequent tc reception,

respectively, of the communication signal. The levels of

distortion correspond to different sampling points. The

correlator circuitry further selects which of the stored

20 data words correlates most closely with the stored data
word, thereby to estimate the channel impulse response.

In these and other aspects, a channel estimator, and

an associated method, for a digital receiver is disclosed.

A  symbol sampler is coupled to receive signals

25 representative of a communication signal received by the

receiver. The communication signal includes

synchronizaticn symbols, and the symbol sampler samples

values of at least the synchronization symbols of the

signal and to generate sampled signals representative

30 thereof. Metric calculating eircuitry, such as correlator

circuitry, is coupled to receive the at least the first

sampled signal and the second sampled signal generated by

the symbol sampler. The metric calculating circuitry

calculates metrics between portions of the at least the

first sampled signal and the second sampled signal with

a stored data word. Resporigive Lo such metric

calculations performed by the metric calculating

AMENDED SHEET
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circuitry, the channel impulse response corresponding to,
e.g., best metric is estimated.
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A more complete appreciation of the present inventicn
and the scope thereof can be obtained from the
accompanying drawings which are briefly summarized below,
the following detailed description of the presently-

preferred embodiments of the invention, and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates a functional block diagram of
a communication system in which an emwbodiment of the
present invention is cperable.

Figure 2 illustrates a functional block diagram of
a digital receiver which includes the channel estimator
circuitry of an embodiment of the present invention.

Figure 3 illustrates a functional block diagram,
similar to that shown in Figure 2, but of a digital
receiver which includes the channel estimator circuitry
of another embodiment of the present invention.

Figure 4 1illustrates a flow diagram listing the

method of operation of an embodiment of the present
invention.

DETAILED DESCRIPTION

Referring first to Figure 1, a communication system,
shown generally at 10, permits the communication of a
ctommunication signal transmitted by a transmitter 12 to
a receiver 14 by way of a communication channel 16. The
communication system 10 is a digital communication system
wherein the transmitter 12 forms a digital transmitter and
the receiver 14 forms a digital receiver.

The transmitter 12 includeg transmitter circuitry 18
which is operable here to digitize an informational signal
applied to the circuitry 18 by way of the line 22. 1In
other embodiments, of course, an already-digitized signal
can instead be applied to the circuitry 18 on the line 22.

The transmitter circuitry further is operable to modulate




WO 97/37468 PCT/US97/04968

10

15

20

25

30

35

-9

the digitized signal according to a digital modulation
technigue.

A modulated signal is generated by the transmitter
circuitry on line 24 which is coupled to a transmitter
filter 26, such as a portion of a duplexer filter. The
transmitter filter 26 filters the modulated signal applied
thereto to form a transwmit signal on line 28. While not
separately shown, the transmit signal is formed by an
antenna device which transduces an electrical signal into
electromagnetic form in conventional manner.

The transmit signal is transmitted upon the
communication channel 16 to the receiver 14. The receiver
14 is tunable to the frequencies encompassed by the
communication channel 16 to receive the transmit signal,
referred to as the receive signal, once received by the
receiver. BAgain, while not separately shown, the receiver
includes an antenna device to convert the receive signal
into electrical form.

The receiver 14 includes a receiver filter 34 which
receives the receive signal applied thereto on line 32.
The receiver filter generates a filtered, receive signal
on line 36 which is applied to receiver circuitry 38.

The receiver circuitry 38 includes demcdulator
¢circuitry corresponding to the modulation circuitry of the
transmitter circuitry 18. The demodulation circuitry is
cperable to demodulate the receive signal, once filtered
by the receiver filter 34. The receiver circuitry 38 also
includes equalizer circuitry and decoder circuitry for
equalizing and decoding the receive signal, once
demodulated by the demodulator circuitry thereof.

As described previously, intersymbol interference is
gometimes introduced upon the signal generated by the
transmitter circuitry 18. In some communication syatenms,
such as a satellite communication system, the intersymbol
interference is not introduced primarily during
transmission of the transmit signal upon the communication

channel 16. Instead intersymbel interference is primarily
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introduced by the transmitter filter 26 and the receiver
filter 34 during their respective filtering cperations.
Such intersymbocl interference distorts the informational
content of the signal applied to the receiver circuitry
38 on the line 36.

Channel estimation circuitry is sometimes included
as a portion of the receiver circuitry 38 to estimate
channel impulse responses. Such estimates are provided
to equalizer circuitry, operative to distortion which
distorts the informational content of the communication
signal.

The channel estimator circuitry of an embodiment of
the present invention takes advantage of the determinable
nature of the intersymbol interference caused by the
transmitter and receiver filters 26 and 34 to simplify the
calculation required to estimate the channel impulse
response of a transmission channel 40, defined to be
formed of the communication channel 16 together with the
filters 26 and 34. Such estimations permit distortions
introduced upon the communication signal to be
counteracted by equalizer circuitry.

In a communication system in which intersymbol
interference is caused primarily by the transmitter and
receiver filters, by knowing the characteristics of the
transmitter and receiver filters, the quality, i.e.,
accuracy, of estimations formed by the channel estimator
is improved. In communication systems in which
intersymbol interference is additionally intrcduced upon
the transmit signal when transmitted upon the channel 16,
the channel estimater circuitry of an embodiment of the
present invention i& also operative to estimate the
channel impulge response, thereby to facilitate the
effects of the intersymbol interference tc be counteracted
by equalizer circuitry, by decomposing the components of
the intersymbol interference intc channel-introduced
component portions and filter-induced component pertions.

Because the channel estimator is able to estimate the
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distortion caused by intersymbol interference using
calculations with fewer parameters, improved recreation
of the transmitted signal is facilitated.

Figure 2 illustrates the receiver 14 of an embodiment
of the present invention. Receive signals 44 are
detected by an antenna device 46 and converted into
electrical form on line 48, Line 48 is coupled to a
demodulator 52 which demodulates the signals applied
thereto on line 48. The demodulator 52 generates
demodulated signals on line 54 which are applied to a
symbol sampler 56.

The symbol sampler 56 samples the signals applied
thereto on line 54 at a rate in excess of the symbol rate
of the signal. Here, a clock 58 is coupled to the symbol
sampler 56 by way of line 62 to sample the symbols of the
signal applied thereto, for example, on each rising or
falling edge of the clock signal generated by the clock
58. 1In one embodiment, the symbol sampler 56 is operable
to oversample the signal applied thereto at eight times
the symbol rate.

The symbol sampler 56 generates sampled signals on
the lines 64-1 through 64-n which are applied teo
correlators 66-1 through 66-n. The sampled signals
generated on different ones of the lines 64 correspond to
gampling positions of each symbol at which the symbol is
sampled. For instance, a first sampled signal generated
cn line 64-1 is of values corresponding to first sampling
position of each of the symbels sampled by the symbol
sampler 56, and the sampled signal generated on line 64-n
is of a sampled signal sampled at the nth sampling
position of the symbols at which each of the symbols is
sampled.

Each of the correlators 66-1 through 66-n correlate
synchronization words which form portions of the sampled
signals with stored synchronization words stored in memory
elements 68-1 through 68-n. The stored synchronization

words are of values of the synchronization word known to




.ot

vy

W0 97/37468 -12- PCT/US97/04968

10

15

20

25

30

be_transmitted by a transmitter, such as the transmitter
12 shown in Figure 1, but modified by values
representative of distortion introduced by the transmitter
and receiver filters, such as the filters 26 and 34 shown
in Figure 1.

The correlators 66-1 through 66-n correlate wvalues
of the modified synchronization words stored in the memory
elements &8-1 through 68-n with corresponding sampled
signals generated on the lines 64-1 through ¢€4-n,
respectively. The correlators generate signals on lines
72-1 through 72-n which are applied to a comparator 74.
In other embodiments, other metric calculating circuitry
is substituted for the correlator circuitry.

The comparator 74 compares levels of correlation
determined by the correlators and pass a sampled signal
on line 76 corresponding to the sampled signal applied to
the correlators 66-1 through 66-n which exhibits the
greatest correlation with the modified synchronization
word stored in the memory elements 68-1 through 68-n.
Line 76 1is coupled to an equalizer 78 and a decoder 80
which is coperable in conventional manner. The decoder 80
in turn, is coupled to a transducer, here a speaker 82,
also in conventional manner.

Figure 2 further illustrates a counter 84 coupled to
receive clock signals generated by the clock 58 to cause
resetting of the comparator 74 at selected times.

The symbol sampler 56, the correlators 68-n, and the
comparator 74 together form equalizer circuitry.

Figure 3 illustrates a receiver 14 of another
embodiment of the present invention. Again, receive
signals 44 are detected by an antenna device 46 and are
converted inte electrical form on line 48. ©Line 48 is
coupled to a demodulator 52 which demodulates the signals
applied thereto and generates a demodulated signal on line
54,

AMENDED SHEET
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- Line 54 is coupled to a sywbol sampler 56 which
samples the signals applied thereto. The symbol sampler
56 is coupled to a clock 58 by way of line 62 and samples
the demodulated signals applied theretc responsive, for
example, to rising or falling clock edges of clock pulses
generated by the cleck 58. In this embodiment, the symbol
sampler 56 samples each symbol of the signal applied
thereto one time. That is to say., in contrast to the
embodiment illustrated in Figure 2, the symbol sampler Sé
of the embodiment shown in Figure 3 does not oversample
the symbols of the demodulated signal.

The symbol sampler 56 generates a sampled signal on
line 64 which is applied to correlators 66-1 through 66-n.
The correlators 66-1 through 66-n are also coupled to
memory elements, here memory elements 88-1 through 88-n.
The memory elements 88-1 through 88-n store different
values in contrast to the same values stored in the memory
elements 68-1 through 68-n of the embodiment shown in
Figure 2.

The correlators generate signals on lines 72-1
through 72-n which are applied to a comparator 74. The
comparator 74 is again operable to compare the levels of
correlation determined by the correlators and to pass the
signal on line 76 corresponding to the greatest, exhibited
level of correlation. Line 76 is again coupled to a
decoder 78 and, in turn, to a transducer 82.

The clock 58 is further coupled to the comparator 74
to cause resetting of the comparator 74 at selected times.

The symbol sampler 56, correlators 66-1 through 66-n,
comparator 74, and memory elements 68-1 through 68-n
together form equalizer circuitry.

The channel impulse response of a signal received by
the receiver 14 is represented by the following equation:

AMENDED SHELT
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Wherein:

a is a fading level; and

cx are values of impulse response taps arising
due to the transmit and receive filters.

As mentioned previously, distortion introduced upon
a communication signal by the transmitter and receiver
filters is determinable. Because the tranamitter and
receiver filters, such as the filters 24 and 36 shown in
Figure 1, are essentially fixed devices having fixed
characteristics, values of ¢, are essentially known
quantities for amy sampling point k. Advantage is taken
of the determinable nature of the values of ¢,. Thereby,
only the quantity a of the above equation is required to
be estimated and such estimation can be performed by
utilizing the available information concerning c,.

The embodiment shown in and described with respect
to Figure 2 utilizes an oversampling receiver in which
sampling at a plurality of sampling positions, within a
symbol period, are correlated with a known synchronization
word passed through a preferred set of c¢,s. In the
embodiment of Figure 2, the sampling position at which an
optimal correlation is detected is chosen, and the
corregponding wvalue of a is determined from the
correlation.

In the embodiment illustrated in Figure 3,
oversampling is not utilized., Instead, a receive signal
is sampled at a rate of one sample per symbol. 1In this
embodiment, the memory elements 88-1 through 88-n store
multiple models of ¢,. The best estimate of the multiple
models is chosen responsive to correlations performed by
the multiple member of correlators. The best estimate is

chosen responsive to the correlations performed thereat.
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Again, in other embodiments, other metric calculations can
be substituted for correlation operations of correlators.

In another embodiment, conventional correlation
operations can be performed with an estimated value of the
combination of a and ¢, Thereafter, a choice of sampling
positions and the value of a is made to fit the model of
a, ¢, for different values of ¢,

When intersymbel interference is introduced upon the
communication channel, such as the communication channel
16, decomposition of the actual transmission channel, into
the communicaticn channel 16 and including the filters 26
and 34 is made. The channel impulse response of a signal
received by the receiver 14, is, instead, represented by

the following convelution equation:

L-l Nl
c(t)=Y, a, 5(t-1T) *Y. ¢, & (t-kT)
1=0 k=0

Wherein the terms are as described previcusly. Analogous
such decomposition can be performed when only the
characteristics of the transmitter filter are
determinable.

Calculation of the channel impulse response is again
simplified as the values of c are determinable and need
not be calculated. For instance, if the contribution due
to the transmit and receive filters 26 and 34 give rise
to taps (c,, ¢;, and <¢;), and the contributicn due to the
tading channel might be represented by (ac,a ). the
combination is (¢qay, C18y + Coa;, Cp8, + €;a,, C:d;) because
there are only two independent taps since the channel only
produces two taps. The estimator circuitry is thereby
required only to estimate a, and a,, thereby reducing the
complexity of calculations reguired to be performed by the
channel estimator circuitry. _

Figure 4 illustrates a method, shown generally at
110, of an embodiment of the present invention. The
method 110 illustrates the method of operation of the
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egualizer of the embodiment shown in Figure 2. The method
estimates a channel impulse response of a transmission
channel wupon which a communication signal having
synchronization symbols is transmitted by a transmitter.
The communication signal is transmitted at a communication
signal symbel rate to a receiver. First, and as indicated
by the block 112, wvalues of at least the synchronization
gymbols are sampled, The values are sampled at a sampling

rate greater than the communication signal symbol rate,

- thereby to sample each of the synchronization symbols at

least at a first sampling point and at a second sampling
point.

Then, and as indicated by the block 114, at least a
first sampled signal and a second sampled signal are
generated. The sampled signals are of values
representative of the synchronization symbols sampled at
the at least first and second sampling points.

Thereafter, and as indicated by the bleck 116,
pertions of the sampled signals are correlated with the
stored data word. The stored data word is of wvalues
representative of the synchronization symbols modified by
a selected level of distortion introduced upon the
communication signal by the transmitter and the receiver.

Then, and as indicated by the block 118, the sampied
signal which correlates most closely with the stored data
word is selected, thereby to estimate the channel impulse
response.

The channel estimator circuitry and its associated
method of channel estimation improves the gquality of
channel estimation. Because of such improvement, the
informational content of a signal transmitted to a
receiver including such circuitry is more accurately
recreated. The circuitry and method of the present
invention is advantageously utilized in a satellite
communication system in which only winimal amounts of
intersymbol interference are introduced upon a

communication channel upon which a communication signal




e
. .
‘ H

wes

-
sedadd

i

hes

-
.

w ere
.a

*e s »4
-

a«n
vesy
-
.
et 0w

a

veoe

-
e

s
sena
ssen

3
sves

L]
PR TYY
.

..
. =
.

"
e

10

15

17-

is transmitted. The present invention is also advantageously utilized in other
types of digital communication systems, such as a digital, celiular communication
system.

Operation of the present invention further facilitates 'trackihg of a dynamic
channel having changing characteristics as calculations are performed with fewer
parameters. Better equalizer operatiqh is permitted even when larger sequences
of data, although transmitted upon a dynamic channel, are equalized because of
the improved tracking ability provided by the present invention.

The previous descriptions are of prefemred examples for implementing the
invention, and the scope of the invention should not necessarily be limited by this
description. The scope of the present invention is defined by the following claims.

“Comprises/comprising” when used in this specification is taken to specify
the presence of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other features, integers, steps,
components or groups thereof. '
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

. A channel estimator for estimating a channel impulse response of a
transmission channel upon which a communication signal having synchronisation
symbols is transmitted by a transmitter, the communication signal transmitted at a
communication signal symbol rate to a receiver, said channel eslimator, including:

a symbol sampler coupled to receive signals representative of the
communication signal received by the receiver, said symbol sampler for sampling
values of a portion of the signal comesponding to at least the synchronisation
symbols of the signal at a sampling rate greater than the communication signal
symbol rate, thereby to sample each of the synchronisation symbols at least at a
first sampling point and at a second sampling point, and for generating at least a
first sampled signal and a second sampled signal of values representative of the
synchronisation symbols sampled at the first and s$econd sampling points,

egeesd respectively; and

2 metric calculating circuitry coupled to receive the at least the first sampled
signal and the secand sampled signal generated by said symbol sampler, said
‘ metric calculating circuitry for caleulating metrics between partions of the at least

the first sampled signal and the second sampled signal and a stored data word, the

stored data word of values representativé of the synchronisation symbols modified

Lt by a selected level of distartion introduced upon the communication signal by the

T e transmitter and the receiver, prior to trénsmission and subsequent {o reception,
respectively, of the communication signal, said metric calculating circuitry further for

selacting which of the at least first sampied signal and the second sampled signal
corresponds most closely with the stored data word, thereby to estimate the
channel impulse response.

2. The channel estimator of claim 1 wherein said mefric calculating circuitry
includes correlator circuitry for correlating portions of the sampied signals with the
stored data word and for selecting which of the at least first sampled signal and the
second sampled signal comrelates most closely with the stored data word.
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3. The channel estimator of claim 2 wherein the sampling rate at which said
symbol sampler samples the values of at least the synchronisation symbols

includes a sampling rate at least twice as great as the communication signal
symbol rate.

4. The channel estimator of claim 2 wherein said symbol sampler generates
numbers of sampled signals comresponding to numbers of sampling points at which
each of the synchronisation symbols is sampled.

5. The channel estimator of claim 4 wherein said correlator circuitry correlates
portions of each of thersampled signals with the stored dala word and selects the
sampled signal which correlates most closely with the stored data word.

6. The channel estimator of claim 2 wherein the stored data is representative
of the synchronisation symbels modified further by a selected level of distortion
introduced upon the communication signal by the transmission channel.

7. The channel estimator of claim 2 further inciuding memory circuitry for
storing the stored data word to which said cormrelator circuitry correlates the portions
of the sampled signals. '

8. The channel estimator of claim 2 wherein said symbol sampler includes an
analog-to-digital converter,

9. A channel estimator for estimating a channel impulse response of a
transmission channe! upon which a communication signal having synchronisation
symbols is transmitted by a transmitter, the communication signal transmitted at a

communication signal symbol rate to a receiver, said channel estimator including:
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a symbol sampler coupled to receive signals representative of the
communication signal received by the receiver, said symbol sampler for sampling
values of at least each of the synchronisation symbols of the signal at a rate at
least corresponding to the communication signal symbol rate and for generating a
sampled signal representative thereof; and

metric calculating circuitry coupled to receive the sampled signal generated
by said symbol sampler, said metric calculating circuitry for calculating metrics
between portions of the sampled signal and stored data words, the stored data
words of values representative of the synchronisation symbols modified by selected
levels of distortion introduced upon the communication signal by the transmitter
and the receiver, prior to transmission and subsequent to reception, respectively, of
the communication signal, said metric calculating circuitry further for selecting,
responsive to the mefrics, a stored data word of the stored data words which
corresponds most closely with the sampled signal, thereby to estimate the channel
impulse response.

10.  The channe! estimator of claim @ wherein the metric calculating circuitry
includes correlator circuitry for correlating portiohs of the sampled signals with
stored data words and for selecting a stored data word of the stored data words

which exhibits best levels of correlation.

11, The channel estimator of claim 9 wherein said stored data words include a
plurality of stored data words, each of a different value.

12. The channel estimator of claim 9 further including memory circuitry for
storing the stored data word to which said comrelator circuitry correlates the portions

of the sampled signals.

13.  The channe! estimator of clam @ wherein said symbol sampler includes an
analog-to-digital converter.
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14. A method for estimating a channel impulse response of a transmission
channel upon'which a communication signal having synchronisation symbols is
transmitted by a transmitter, the qommunication signal transmitted &t a
communication signal symbol rate to a receiver, said method including the steps of:

sampling values of at least the synchronisation symbols of the signal at a
sampling rate greater than the communication signal symbol rate. thereby to
sample each of the synchronisation symbals at \east at a first sampling point and at
a second sampling point;

generating at least a first sampled signal and a second sampled signal of
values representative of the synchronisation symbols sampled at the at least first
and second sampling points, respectively, during said step of sampling;

calculating metrics between portions of the first sampled signal and a stored

data word and the second sampled signal and a stored data word, the stored data

ageeed words of values representative of the synchronisation symbols modified by 8
selected level of distortion introduced upon the communication signal by the
: transmitter and the receiver, prior o transmission and subsequent to reception,
::' := respectively, of the communication signal; and

selecting which of the al least first sampled signal and the second sampled
signal corresponds most closely with the stored data word, thereby to estimate the

T 1 channel impulse response.

15. The method of claim 14 wherein said step of calculating metrics includes

R carrelating portions of the sampled signals and the stored data word.

16. A method for estimating a channel jmpulse response of a transmission
channel upon which a communication signal having synchronisalion symbols is
transmitted by 2 transmitter, the communication signal transmitted at @
communication signal symbol rate to a receiver, said method including the steps of:

sampling vaiues of at \east each of the synchronisation symbols of a signal
representative of the communication signal at a rate at least correspanding to the

communication signal symbol rate;




22

generating a sampled signal representative of the values sampled during
said step of sampling; - .

calculating mefrics between portions of the sampled signai and stored dat
words, the stored data words of values representative of the synchronisation
symbols modified by selected levels of distortion introduced upon the
communication signal by the transmitter and receiver, prior to transmission and
subsequent to reception, respectively, of the bommunication signal; and

selecting which of the stored data words coresponds most closely with the

sampled signal, thereby to estimate the channel impulse response.

17.  The method of claim 16 wherein said step of calculating metrics includes
correlating portions of the sampled signals and the stored word.

18. The method of claim 17 wherein the step of selecting includes selecting
which of the stored data words correlates most closely.

19. A channel estimator as claimed in claim 1 substantially as herein described
with reference to the accompanying drawings.

20. A method of estimating a channel impulse response as claimed in claim 14
substantialiy as herein described with reference to the accompanying drawings.

DATED this 30" day of June, 1939

ERICSSON INC.

WATERMARK PATENT & TRADEMARK ATTORNEYS
290 BURWOOD ROAD

HAWTHORN VICTORIA 3122

AUSTRALIA
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