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A METHOD OF CHANNEL ESTIMATION AND COMPENSATION
BASED THEREON

Abstract

The method of channel estimation determines linear
regression coefficients for N blocks of a first signal
component in a recelved signal on a block-by-block basis,
and determines a channel estimate based on the linear
regression coefficients for the N blocks. Using the
channel estimate, channel distortion in a second signal
component of the received signal can be significantly

elimlinated.

IS T M B o 3 S re—_L ) VN N 4 b M e e




10

15

20

25

CA 02305987 2000-04-18

Buehrer 4-3-4-1] 1

A METHOD OF CHANNEL ESTIMATION AND COMPENSATION
BASED THEREON

Field Of The Invention

The present invention relates to the field of

[}

wireless communication, and more particularly, a method of

channel estimation and compensation based thereon.

DescriEtion Of Related Art

In recent decades, many new technologies, such as
multi-carrier transmission and smart antenna algorithms,
have been proposed to i1ncrease the capacity of multi-user
wlreless communication systems. However, the performance
improvement promised by such new technologies is usually
limlited by the accuracy of channel estimation. Channel
estimation 1s the estimate of the distortion between the
transmitter and the receiver of a signal introduced by the
physical channel or medium through which the signal was
transmitted. Using an estimate of this distortion (i.e.,
channel estimate), the recelver can remove some of this
distortion and i1mprove the accuracy of the received
signal. Even a small improvement in channel estimation may
introduce significant benefit to, for example, multi-user

technologies.

Conventional channel estimation techniques usually
assume the physical channel, and therefor the distortion
therein, 1s time-invariant over a finite length sampling
window. Channel estimates are assigned by taking the mean
value of some observed parameter over the sampling window,
and then applylng the mean value to eliminate distortion

1n the received signal. Examples of such conventional
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techniques include recursive least squares (RLS), least

mean sdquares (LMS), and moving average filtering.

These techniques, however, fail to adapt and produce

deslirable results 1n a fast varying environment such as a
wlireless moblle communication system including moving
moblle stations; whereln the physical channel can vary
rapidly. Moreover, 1in code-division multiple access (CDMA)
systems, where a low signal-to-nolse ratio (SNR) 1is
desired to maximize capacility, high noise further
complicates the channel estimation problem because the
channel estimation technique must satisfy the conflicting
requlirements of small window size for time-invariance and

long window size for noise immunity.

Summary Of The Invention

The method of channel estimation according to the
present 1nvention assumes that the channel changes
linearly with time. By performing linear regression on the
samples within a sampling window of a first signal
component 1n a received signal, a channel estimate, which

varlies wlith a rapidly varying environment, is obtained.

The computational complexity of the linear regression
1s simplified by determining the linear regression
coefficients for blocks of samples. On a block-by-block
basls, new samples of a received signal are obtained, and

the linear regression coefficients therefor are derived.

Using the determined linear regression coefficients for
the new block and the stored linear regression
coefficients for previous blocks, linear regression

coefficients for the entire window are determined.
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By applying the complex conjugate of the channel
estimate to a second signal component in the received
signal, the channel distortion i1n the second signal

component can be significantly reduced.

5 Furthermore, by estimating the distortion caused by
frequency offset (frequency mismatch between the modulator
of the transmitter and the demodulator of the receiver)
and compensating for the frequency offset prior to

performing channel estimation, a much larger sampling

10 window is used to perform the channel estimation. This

translates into greater nolse 1lmmunity.

Brief Descrigtion Of The Drawings

The present invention will become more fully understood
from the detailed description given hereinbelow and the

15 accompanying drawings which are given by way of 1llustration

only, whereln like reference numerals designate

corresponding parts in the various drawilngs, and wherein:

Fig. 1 illustrates the device for generating a
channel estimate and performing channel estimate

20 compensation according to the present 1nvention; and

Fig. 2 illustrates a flow chart of the method for

generating a channel estimate according to the present

invention.

Detailed Description Of The Preferred Embodiments

25 Fig. 1 illustrates the device for generating a

channel estimate and performing channel estimate

compensation according to the present invention. As shown,

a received signal is supplied to a frequency offset
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estimator 10. Using a known signal component 1n the

recelved signal, the frequency offset estimator 10

estimates the frequency offset of the received signal.

Equation (1) below generically represents the

received symbols of a signal component 1n the received

signal.
r(t) = s(t) x £(t) x g(t) + white noilse (1)

where r(t) is the received symbol, s(t) 1s the transmitted
symbol, f(t) is the frequency offset, and g(t) 1s the

channel distortion.

Because the oscillator used to demodulate signals at
the receiver will not be in perfect synchronization with
the oscillator used to modulate signals at the
transmitter, an offset between the two will exist and
appear as distortion, called frequency offset, 1in the
received symbol. This distortion appears as a periodilcC
signal over a small sampling window as compared to the

channel distortion. The frequency offset estimator 10

generates a frequency offset estimate f (t), and supplies

)

the frequency offset estimate f (t) and the received symbol

r(t) to a frequency offset compensator 12.

The frequency offset compensator 12 uses the

”~

estimated frequency offset f (t) to compensate for the
frequency offset in the received signal and generate

compensated received symbols r’ (t) 1n known and unknown

signal components of the received signal.

The compensated received symbols r’ (t) are received

by a channel estimator 14, which generates an estimate,
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P

g (t), of the channel distortion g(t) using the compensated

recelved symbols r’ (t) of the known signal component and a

> channel

estimate g (t) constitutes linear regression coefficients.

The channel estimator 14 supplies the channel estimate

”~

g (t) and the compensated received symbols r’ (t) to a

channel estimate compensator 16. The channel estimate

-~

compensator 16 uses the channel estimate g (t) to

compensate for the channel distortion 1n the compensated

recelved symbols r’ (t) of unknown signal components 1n the

received signal.

Preferably, but not essentially, the device further

includes a window si1ze generator 18 adaptively generating
a window si1ize W based on the linear regression

coefficients from the channel estimator 14.

The operation of the present invention will now be
described 1n detailil. As mention above, estimates based on
the symbols 1n known signal components of the received
signal are used to perform compensation on the known and
unknown components of the received signal. Some wilreless
communication systems like CDMAZ2000 1include known signal
components 1n both uplink (reception by a base station)
and downlink (transmission by a base station)
communication. In CDMA2000, the pilot signals 1n the
uplink and downlink communication are the known signal

component.

Alternatively, a known symbol sequence called a
training sequence 1s periodically inserted into an unknown

signal component, and can be used as the known signal
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component. For example, time-division multiple access

(TDMA) systems 1nclude such periodic training seguences.

As a further alternative, non-coherent detection of
the unknown signal component 1s performed. Non-coherent
detection 1s estimation of the data symbols without
accounting for channel distortion. The result of the non-
coherent detection 1s then treated as the known signal

component.

As previously mentlioned, the frequency offset appears

as a periodic signal, which can be represented by the

following equation:
f(t) = e”(Jwt) (2)

where w 1s the frequency difference between the local
osclllator at the demodulator 1n the receiver compared to
the oscillator at the modulator of the transmitter.
Consequently, w can be estimated by averaging the phase

difference between adjacent symbols over time as shown 1n

equation (3) below:

- S =
v o= | phase(a(nAt) - a(nAt — At)) */At /S (3)

n=1

—

where a(nAt) is the known signal component of the received
signal at time nAt, a(nAt-At) is the known signal

component of the received signal at time (n-1)At, At is

the time between adjacent symbols, and S 1s the number of

samples used to create the estimate.
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The frequency offset estimator 10 estimates w

according to equation (3), and using w in equation (2)

)

generates the frequency offset estimate f (t).

pra—

The frequency offset compensator 12 compensates for

the frequency offset f(t) by applying the conjugate of the

o,

frequency offset estimate f (t) to the recelived symbols
r{t) of the received signal, and generates the compensated
received symbols r’ (t) of the received signal. By
estimating the frequency offset and compensating therefor,
a larger sampling window can be used for performing the
channel estimation with the attendant benefit of greater

nolse immunity.

The channel estimator 14 receives samples of the
known signal component on a block-by-block basis, and

d

ctermines the channel estimate over a number of blocks N

equal to a window size W. During the set-up of the
wireless communication system incorporating the present
invention, a potential range of window sizes 1s determined
based on the expected Doppler frequency range, which 1s
dependent on the speed that mobile stations may move,
using any well-known technique. Taking the maximum and
minimum window silzes, maxXxlmum and minlmum numbers of

blocks per window are determined according to the equation

N = (W/2) A (1/2). An integer value lyving between the maxilimum

and minimum number of blocks, 1n accordance with the
designers preference, 1s selected as the number of blocks

per window. Preferably, but not essentially, the number

')

of blocks is chosen such that an integer multiple thereof
equals the size of a frame of data specified by the
wireless standard according to which the wireless

communication system operates. Consequently, besides
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setting the number of blocks N, this process establishes

the 1nitial window size W and the size of a block.

The operation of the channel estimator 14 to generate
the channel estlimate will now be described with respect to

the flow chart 1llustrated in Fig. 2.

In step S20, a count value C 1s set to 1, and the
channel estimator 14 determines if C 1s greater than N-1
in step S25. If C 1s less than N-1, then in step S30 the

samples 1n the next block of samples for the known signal

component, the Cth block, are received and stored. These
samples are stored over the previously stored block of
samples such that the channel estimator 14 only stores one
block of samples at a time. It should be understood, that
the channel estimator 14 1s not limited to storing only
one block of samples, but dolng so reduces the memory

requlrements of the channel estimator 14.

In step S35, the channel estimator 14 calculates and
stores the linear regression coefficients for the Cth
block of samples. Specifically, the channel estimator 14
calculates the mean and slope of a line that minimlzes a
mean square error of the samples 1n the Cth block. Next,
1n step S40, using the stored linear regression
coefficients for blocks 1 to C, the channel estimator 14
calculates the channel estimate. Specifically, the channel
estimator 14 calculates the mean and slope of a line that

minlimlzes a mean square error of samples 1n the 1 to C

blocks as represented by linear regression coefficients
for each block. Instead of using the samples for each
block, only the linear regression coefficients are used.

Consequently, only the linear regression coefficients, and
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not the samples, for the 1 to C-1 blocks have to be

stored.

After step S40, the count value C 1s 1ncreased by one

in step S50, and processing returns to step S25. Once N-1
blocks have been processed and the linear regression
coefficients therefor stored, the count value C will
exceed N-1. Accordingly, processing wlill proceed from step
S25 to step S55, and with the recelpt of the next block of
samples, samples for an entlire sampling window wlll have

been recelived.

In step S55, the next block of samples for the known
signal component, the Cth block of samples, are received
and stored. These samples are stored over the previously
stored block of samples such that the channel estimator 14
continues to store only one block of samples at a time. As

stated above, the channel estimator 14 1s not limlited to

storing only one block of samples, but doing so reduces

the memory requilirements of the channel estimator 14.

Then, 1in step S60, the channel estimator 14

calculates and stores the linear regression coefficients
for the Cth block of samples. Specifically, the channel
estimator 14 calculates the mean and slope of a line that
minimizes a mean square error of the samples 1n the Cth
block. Next, in step S65, using the stored linear
regression coefficients for blocks (C+1-N) to C (now a
total of N blocks or the size of the sampling window), the
channel estimator 14 calculates the channel estimate.

Specifically, the channel estimator 14 calculates the mean

and slope of a line that minimizes a mean square error of
samples in the (C+1-N) to C blocks as represented by the

linear regression coefficients for each block. Instead of
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using the samples for each block, only the linear
regression coefficients are used. Consequently, only the
linear regression coefficients, and not the samples, for
the N-1 blocks have to be stored. This significantly
reduces the memory requirements for the channel estimator

14,

Next, 1n step S70, the linear regression coefficients
for the Cth block are stored over the linear regression
ccefficients for the (C+1-N)th block. After step S70, the
count value C 1s increased by one in step S50, and

processing returns to step S25.

Unlike conventional channel estimation techniques,
the channel estimation method according to the present
1nvention does not assume a constant channel over an
observation window. Instead, the channel 1s assumed to

change linearly with time (i1.e., an arbitrary straight

line 1n the complex plane).

Furthermore, by generating the channel estimate
through block updated linear regression where only one
block at a time 1s updated to shift the observation or
sampling window, the processing delay and computation
complexity resulting from a large observation window 1is
signlificantly reduced compared to using the samples 1n the
observation window themselves. However, it should be
understood that 1nstead of using linear regression
coefficients, the samples themselves could be used to
generate the channel estimate. Of course, such an
implementation would require a significantly greater

amount of memorvy.
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The channel estimate compensator 16 applies the

¥

complex conjugate of the channel estimate g (t) from the

channel estimator 14 to the compensated received symbols
r’ (t) of unknown signal components in the received signal

to remove the channel distortion from the compensated

recelived symbol.

In a CDMAZ2000 wilireless system, for example, the
unknown signal component could be a traffic channel. In
the alternative discussed above i1involving training
sequences, the unknown signal component would be the non-

training sequence portion of the received signal. In the

further alternative 1nvolving non-coherent detection of
the received signal, the received signal prior to non-
coherent detection in the unknown signal component and the
recelved signal after non-coherent detection i1s the known

signal component.

Next, the operation of the window size generator 18

wlll be described. In a preferred embodiment, the window
size generator 18 determines the sampling window size W
based on linear aggression coefficients from the channel
estimator 14. However, before the linear regression
coefficients have been generated, the window size

generator 18 supplles the predetermined window size

discussed above to the channel estimator 14. The sampling
window (also called the observation window) size 1s a

design parameter, which can be empirically determined to

best meet the designer’s preferences; and therefor, can be

fixed. But, as mentioned, 1n a preferred embodiment, the

sampling window size W 1s adaptively determined based on
linear regression coefficients from the channel estimator

14 according to equation (4) below:
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W= alphal * PI(2*beta/delta)”1/2 + alpha? (4)

where alphal and alpha?2 are empirically determined

constants that best meet the designer’s preferences;

delta = 1=t=b e

L —J(7n2 — 1) (4n? - 1)

ko (1) = mean of the 1th block; k;(1) = slope of the ith

block; n = size of a block; L = observation 1nterval over

which Doppler frequency 1s assumed constant (a design
parameter set according to a designer's preference); and C

= block index or count value discussed above.

If the window size determined according to equation
(4) exceeds the current window size by the size of a block

or 1s less than the current window size by the size of a

block, the window size generator 18 respectively increases
or decreases the window size W by a block. Accordingly,

the number of blocks N respectively increases or

decreases. The new number of blocks N (1.e., the window
size) 1s supplied to the channel estimator 14, and used to

generate the channel estimate g(t).

It will be apprecilated that the method of determining
the window size 1s not limited to the method discussed

above, but that any method could be used.

It should be understood that the method according to

the present invention can be 1mplemented by a properly

programmed digital signal processor or ASIC having
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sufficient memory capaclity, and that the digital signal

processor or ASIC 1s resident 1in the receiver of the
transmitted signal. Accordingly, the method according to
the present invention may be employed by both mobile

stations and base stations of a wireless communication

system.
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Claims:
1. A method of channel estimatlion, comprising:

a) determining linear regression coefficients for N
blocks of a first signal component 1n a received signal,
5 cach of said N blocks including a number of samples of

said first signal component; and

b) obtaining a channel estimate based on said llinear

regression coefficients for said N blocks.

2. The method of claim 1, prior to said step a), further

10 comprising:

c) compensating for frequency ocffset 1n said first

signal component.

3. The method of claim 1, whereiln salid step a)
comprlses:
15 al) storing linear regression coefficients for each

of a first to (N-1)th block of said N blocks;

a?2) receiving samples in an Nth block of said N

blocks; and

a3) determining linear regression coefficients for

20 said Nth block using sald received samples.

4 The method of claim 3, wherein said step al) stores,
for each of said first to (N-1)th blocks, a slope and a
mean of a line, which minimizes a mean square error of
samples in a corresponding one of said first to (N-1)th
25 blocks, as said linear regression coefficients of said

first to (N-1)th blocks.
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5. The method of claim 4, wherein said step a3)
determlines a slope and a mean of a line, which minimizes a
mean square error 0of sald recelved samples 1in said Nth
block, as sald linear regression coefficients of said Nth

block.

o . The method of claim 5, wherein said step b) obtains a
slope and a mean 0of a line, which minimizes a mean sqguare
error of samples 1n salid first to Nth blocks as
represented by sald linear regression coefficilents for

salid first to Nth blocks, as sald channel estimate.

7. The method of claim 3, whereln said step a3)
determines a slope and a mean of a line, which minimizes a
mean square error of said received samples 1n salid Nth
block, as sald linear regression coefficients of said Nth

block.

8. The method of claim 3, whereln said step b) obtains a
slope and a mean of a line, whlch minimlizes a mean sqguare
error of samples 1n said first to Nth blocks as
represented by sald linear regression coefficients for

sald first to Nth blocks, as said channel estimate.

9. The method of claim 3, whereiln said step a) stores

samples only for said Nth block.

10. The method of claim 1, whereilin saild first signal

component 1s a known signal component.

11. The method of claim 10, wherelin sald known signal

component 1s a pilot signal of a CDMAZ000 system.

12. The method of claim 10, whereilin said known signal

component 1s a periliodilc tralnlng seqguence.
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13. The method of claim 1, wherein said first signal

component 1is a non-coherent detection of a data signal.

14. The method of claim 1, further comprising:

c) determining symbols of a second signal component

using said channel estimate.

15. The method of claim 14, wherein salid first signal
component is a periodic training sequence of a signal

segment.

16. The method of claim 15, whereilin said second signal
component is a non-training sequence portion of said

signal segment.

17. The method of claim 14, wherein said first signal
component is a non-coherent detection of a data signal,

and said second signal component is sald data signal.
18. The method of claim 1, further comprising:
c) adaptively changing a value of N.

19. The method of claim 18, wherein said step C)
adaptively changes said value of N based on llnear

coefficients for at least one of said N blocks




02305987 2000-04-18

CA

1/2

(1),

J]

HOLVSNAdWO)
J1VWILS]
1INNVHD

(1)¢

Vv

(1) .9

Bl

HOLVHINII

/IS
MOONIM

HOLVNI LSS

TINNVH)

¢l

HO1VWI1SS

145440 0dd
(1) .J

I 914

01

LT,

(})J

HOLVHI LSS

35440 0db4

TYNOLS
03A14)3

- e ity + e Pkl vy o

A s V—— C—  mes



CA 02305987 2000-04-18

NG

RECEIVE AND STORE SAMPLES
OF CTH BLOCK OVER SAMPLES
OF (C-1)th BLOCK

CALCULATE LINEAR REG.
COEF. FOR Cth BLOCK
AND STORE

CALCULATE CHANNEL
ESTIMATE USING LINEAR

REG. COEF. OF C BLOCKS

2/2

FIG. 2

530

333

340

3¢

YES

RECEIVE AND STORE SAMPLES
OF Cth BLOCK OVER SAMPLES
OF (C-1)th BLOCK

CALCULATE LINEAR REG.
COEF. FOR Cth BLOCK

CALCULATE CHANNEL ESTIMATE
USING LINEAR COEF. OF
C T0 (C+1-N) th BLOCKS

STORE LINEAR REG. COEF.
OF Cth BLOCK OVER
(C+1-N) th BLOCKS

533

o6

570

Ay



() () L oL

(1) ESTIMATE
COMPENSATOR

CHANNEL
ESTIMATOR

FREQ. OFFSET
ESTIMATOR

RECEIVED | FREQ. OFFSET
SIGNAL ESTIMATOR

- le 15

WINDOW
SIZE
GENERATOR

18



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - abstract drawing

