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BAJO 35 USC 111.
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Mediante la autoridad otorgade por
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(fdo)
T. LAWRENCE
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NOTA DEL TRADUCTOR: EN LA PARTE INFERIOR IZQUIERDA DEL
DOCUMENTO HAY UN SELLO DORADO Y EN ALTO RELIEVE DE LA
OFICINA DE MARCAS Y PATENTES DE LOS ESTADOS UNIDOS DE
AMERICA.
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REIVINDICACIONES

1. Un método para estimar una propagacién Doppler para un canal de
comunicaciones, y el método comprende:

El suministro de un estimado del canal de comunicaciones;

La generacién de una funcién de autocorrelacién para el estimado del canal
de comunicaciones;

La seleccién de una de las diversas hipétesis de funcién de autocorrelacién
para aproximar la funcién de autocorrelacién para el estimado del canal de
comunicaciones en donde cada una de las hipbtesis de funci6n de

autocorrelacién corresponde a una hipétesis estimada de propagacién
Dopplerrespectwa,

haelecdéndeunndehs}upélumdeeshmméndepropagaaénDoppla
conupondlmluahlhrpdlshdefunddndeaulmoﬂehdﬁnaeleu:lmdn
como un estimado de la propagacién Doppler para el canal de
comunicaciones.

2 Un método de acuerdo con la reivindicacion 1 en el cual la seleccion de
una de las hipétesis de funcién de autocorrelacién comprende la comparacion
de la funcibn de autocorrelacion para el estimado del canal de
comunicaciones con cada una de las diversas hipétesis de funcién de
autocorrelacién.

3. Un método de acuerdo con la reivindicacién 1 en el cual la selecci6n de
una de las hip6tesis de funcién de autocorrelacién comprende la seleccién de
una de las diversas hipétesis de funcién de autocorrelacién que se aproxime
mis a la funcibn de autocorrelacién para el estimado del canal de
comunicaciones.

4. Un método de acuerdo con Ia reivindicacién 1 en el cual la seleccién de
una de las hip6tesis de funcién de autocorrelacién comprende:

La generaci6n de una pluralidad de sefiales de error que corresponden
respectivamente a la diversidad de hip6tesis de funcién de autocorrelacién en
la cual cada una de las sefiales de error representa una diferencia entre la
hipétesis de funcién de autocorrelacién respectiva y la funcién de
autocorrelacion del estimado del canal de comunicaciones;

Y,

La comparacién de las sefiales de error para seleccionar la hipétesis de
autocorrelacién para aproximar la funciém de autocorrelacién para el
estimado del canal de comunicaciones.
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5. Un método de acuerdo con la reivindicacién 4 en el cual la comparacién de
las sefiales de error comprende la eleccibn de una seilal de error que
represente una menor diferencia entre la hipotesis de funcién de
autocorrelacién correspondiente y la funcién de autocorrelacién para el
estimado del canal de comunicaciones.

6. Un método de acuerdo con la reivindicacién 5 en el cual la eleccién de la
sefial de error comprende Ia elecci6n de por lo menos una de las sefiales de
error.

7. Un método de acuerdo con la reivindicacién 4 en el cual la comparacién
de las sefiales de error esté precedida por:

El promediar cada una de las sefiales de error para proporcionar sefiales de
error promediadas en las cuales la comparacién de las sefiales de error
comprende la comparacién de las seflales de error

8. Un método de acuerdo con la reivindicacién 7 en donde el célculo del
promedio de cada una de las sefiales de error comprende uno entre célculo
de promedio en bloque, célculo de promedio corrido y célculo del promedio
de ventana deslizante.

9. Un método de acuerdo con la reivindicacién 1 en el cual cada una de las
diversas hipétesis de funcién de autocorrelacin comprende diversas
muestras y en la cual la funcién de autocorrelacién para el estimado del canal
de comunicaciones comprende una pluralidad de muestras.

10. Un método de acuerdo con la reivindicacién 1 en el cual el canal de
comunicaciones comprende un canal de radio.

11. Un método de acuerdo con la reivindicacién 1 en el cual la funcién de
autocorrelacién comprende una diversidad de muestras y en el cual la
generacién de la funcién de autocorrelacién comprende la reduccién de un
error de frecuencia de la pluralidad de muestras.

12. Un método de acuerdo con la reivindicacién 1 que ademis comprende:
El suministro de un segundo estimado del canal de comunicaciones
utilizando el estimado de la propagacién Doppler para el canal de
comunicaciones.

13. Un método de acuerdo con la reivindicacién 1 en el cual el suministro de
un estimado del canal de comunicaciones comprende la recepcién de una
pluralidad de muestras de datos sobre el canal de comunicaciones en el cual
se usan muestras de datos para generar los estimados del canal, cuyo método
comprende ademds:

La realizacién de un chequeo de redundancia ciclica en las muestras de datos
usados para generar estimados de canal;
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La actualizacién de un estimado de Doppler a largo plazo con el estimado de

la propédgacién Doppler cuando Ias muestras de los datos pasan el chequeo

de redundancia ciclica.

14. Un método de acuerdo con la reivindicacién 1 en el cual el suministro de

un estimado del canal de comunicaciones ¢

La recepcibn de una pluralidad de sfmbolos plloln en el canal de

comunicaciones;

La reduccién de la ambigliedad de fase entre los simbolos piloto;

Y,

La utilizacién de los simbolos piloto habiendo reducido la ambigtiedad para

generar el estimado del canal de comunicaciones.

15. Un estimador de propagacién Doppler para estimar una propagacién

Doppler para un canal de comunicaciones; el estimador de propagacién

Doppler comprende:

Una pluralidad de hip6tesis de funcién de autocorrelacién correspondiente a

una pluralidad respectiva de hipétesis estimadas de propagacién Doppler;

Un estimador de canal que estima el canal de comunicaciones;

Un generador de autocorrelacién que genera una funcién de autocorrelacién

para el estimado del canal de comunicaciones;

Un probador de hip6tesis de funcién de autocorrelacién que selecciona una

de las hipé6tesis de funcién de autocorrelacién para aproximar la funcién de

autocorrelacién para estimar el canal de comunicaciones; y

Un selector de hipbtesis de propagacién Doppler que selecciona una de las

hip6tesis estimadas de propagacién Doppler correspondiente a las hip6tesis

de funcién de autocorrelacién seleccionadas como un estimado de la
i6n Doppler para el canal de comunicaciones.

16. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15

en el cual el probador de hipdtesis compara la funcién de autocorrelacién

para el estimado del canal de comunicaciones con cada una de las diversas

hipé6tesis de funcién de autocorrelacién.

17. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15

en el cual el probador selecciona una de las diversas hipétesis de funcién de

autocorrelacién que se aproxime mis a la funcién de autocorrelacién para el

estimado del canal de comunicaciones.

18. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15

en el cual el probador de hip6tesis genera una pluralidad de sefiales de error

que corresponden respectivamente a la pluralidad de las hipétesis de funcién

de autocorrelacién en las cuales cada una de las sefiales de error representa

una diferencia entre la hip6tesis de funcién de autocorrelacién respectiva y la
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funcién de autocorrelacién del estimado del canal de comunicaciones y en la
cunlelprobadordehipouhcomparahueﬂalesdeermrpmuelmomrla
hipétesis de autocorrelacién para aproximar la funcién de autocorrelacién
para el estimado del canal de comunicaciones.

19. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 18
en el cual el probador elige una sefial de error que represente una menor
diferencia entre la hip6tesis de funcién de autocorrelacién correspondiente y
1a funcién de autocorrelacién para el estimado del canal de comunicaciones.
20. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 19
en el cual el probador de hip6tesis elige por lo menos una de las sefiales de
error.

21. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 18
en el cual el probador de hipétesis promedia cada una de las seiales de error
pmproporuomroeﬂaleudeerrorpromednduenhscualselpmbadorde
hip6tesis compara las sefiales de error

22. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 21
el cual el probador de hip6tesis promedia cada una de las sefiales de error
usando uno entre: célculo del promedio en bloque, cflculo del promedio
corrido y célculo del promedio de ventana deslizante .

23. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15
en el cual la pluralidad de las hipé6tesis de la funcién de autocorrelacién
comprende una pluralidad de muestras y en el cual la funcién de
autocorrelacién para el estimado del canal de comunicaciones comprende
una pluralidad de muestras.

24. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15
en el cual el canal de comunicaciones comprende una canal de radio.

25. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15
en el cual la funci6bn de autocorrelacién comprende una pluralidad de
muestras y en el cual el generador de autocorrelacién reduce un error de
frecuencia de la pluralidad de muestras.

26. Un estimador de propagacién Doppler de acuerdo a 1a reivindicacién 15
en el cual el estimador de canal proporciona un segundo estimado del canal
de comunicaciones usando el estimado de la propagacion Doppler para el
canal de comunicaciones.

27. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15
en el cual el estimador de canal recibe una pluralidad de muestras de datos
sobre el canal de comunicaciones en el cual se usan dichas muestras de datos
para estimar el canal de comunicaciones, en donde el estimador de canal
realiza un chequeo de redundancia ciclica en las muestras de datos usados
para generar los estimados de canal; el estimador de propagacién Doppler
comprende ademds:
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Un estimador Doppler de largo plazo en donde este estimador se actualiza
con el estimado de la propagacién Doppler cuando las muestras de datos
pasan el chequeo de redundancia ciclica.

28. Un estimador de propagacién Doppler de acuerdo a la reivindicacién 15
en el cual el estimador de canal recibe una pluralidad de sfmbolos piloto
sobre el canal de comunicaciones, reduce la ambigliedad de la fase entre los
simbolos piloto y utiliza estos simbolos habiendo reducido la ambigfiedad
para proporcionar el estimado del canal de comunicaciones.

29. Un método para recibir comunicaciones, que comprende;

Recepci6n de una sefial de un canal de comunicaciones en donde la sefial
representa datos de un transmisor remoto; generacién de un estimado de
canal de comunicaciones sobre el cual se recibe la sefial;

Generacién de una funcién de autocorrelacién para el estimado del canal de
comunicaciones;

Seleccién de una entre varias hip6tesis de funcién de autocorrelacién
correspondiente a una pluralidad respectiva de hipétesis estimadas de
propagacién Doppler para aproximar la funcién de autocorrelacién para el
estimado del canal de comunicaciones;

La seleccién de una de las hipétesis de estimado de propagacién Doppler
correspondiente a las hipétesis de funcién de autocorrelacién seleccionadas
como un estimado de la propagacién Doppler para el canal de
comunicaciones;

Y,
La reproduccién de un estimado de datos transmitidos por el transmisor
remoto.

30. Un método de acuerdo a la reivindicacién 29 en el cual la seleccién de
una de las hipétesis de funcién de autocorrelacién comprende la comparacién
de la funcién de autocorrelacién para el estimado del canal de
comunicaciones con cada una de las diversas hipétesis de funcién de
autocorrelacién.

31. Un método de acuerdo a la reivindicacién 29 en el cual la seleccién de
una de las hip6tesis de funcién de autocorrelacién comprende la seleccién de
una de las diversas hip6tesis de funcién de autocorrelacién que se aproxime
més a la funcién de autocorrelacién para el estimado del canal de
32 Un método de acuerdo a la reivindicacién 29 en el cual la seleccién de
una de las hip6tesis de funcién de autocorrelacién comprende:

La generaciSn de diversas seflales de error que corresponden
respectivamente a las diversas hipétesis de autocorrelacién en las cuales cada
una de las sefiales de error representa una diferencia entre la hipétesis de
funcién de autocorrelacién respectiva y la funcién de autocorrelacién del
estimado del canal de comunicaciones;
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Y,

La comparacibn de sefiales de error para seleccionar la hipétesis de
autocorrelacién para aproximar la funcién de autocorrelacién para el
estimado del canal de comunicaciones.

33. Un método de acuerdo a la reivindicacién 32 en donde la comparacién de
sefiales de error comprende la eleccién de una sefial de error que represente
una menor diferencia entre la hipétesis de funcién de autocorrelacién
correspondiente y la funcién de autocorrelacién para el estimado del canal de
comunicaciones.

34. Un método de acuerdo a la reivindicacién 33 en el cual la eleccién de la
sefial de error comprende elegir de por lo menos una de las sefiales de error.

35. Un método de acuerdo a la reivindicacién 32 en el cual la comparacién de
las sefiales de error estii precedida por:

El promediar cada una de las sefiales de error para proporcionar sefiales de
error promediadas en las cuales la comparacién de las sefiales de error
comprende la comparacién de las seftales de error promediadas.

36. Un método de acuerdo a la reivindicacién 35 en el cual el promediar cada
una de las sefiales de error comprende una entre: céiculo de promedio en
bloque, cdlculo de promedio corrido y célculo de ventana deslizante.

37. Un método de acuerdo a la reivindicacién 29 en el cual cada una de las
diversas hipétesis de funcién de autocorrelacién comprende diversas
muestras y en el cual la funcién de autocorrelacion para el estimado del canal
de comunicaciones comprende diversas muestras.

38. Un método de acuerdo a la reivindicacién 29 en el cual e] canal de
comunicaciones comprende un canal de radio.

39. Un método de acuerdo a la reivindicacién 29 en el cual la funcién de
autocorrelacién comprende diversas muestras y en el cual la generacién de la
funcién de autocorrelacién comprende la reduccién de un error de frecuencia
de las diversas muestras.

40. Un método de acuerdo a la reivindicacién 29 que comprende ademds:

El suministro de un segundo estimado de canal de comunicaciones utilizando
el estimado de la propagacién Doppler para el canal de comunicaciones.

41. Un método de acuerdo a la reivindicacién 29 en el cual el suministro de
un estimado de canal de comunicaciones comprende la recepcién de diversas
muestras de datos en el canal de comunicaciones en el cual las muestras de
datos se usan para generar los estimados de canal, el método ademds
comprende:

La realizacién de un chequeo de redundancia ciclica en las muestras de datos
usadas para generar estimados de canal;

= <
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Actualizacién de un estimado Doppler a largo plazo con el estimado de la
propagacién Doppler cuando las muestras de datos pasan el chequeo de
redundancia ciclica.

42 Un método de acuerdo a la reivindicacién 29 en el cual los datos
recibidos del transmisor remoto comprenden simbolos piloto y en el cual la
generacién de un estimado del canal de comunicaciones comprende:

La reduccién de la ambigliedad de fase entre los sfmbolos piloto;

La utilizacién de los sfmbolos piloto habiendo reducido la ambigitedad para
proporcionar el estimado del canal de comunicaciones.

43. Un receptor que comprende:

Un recepior y convertidor de radio que recibe una sefial sobre un canal de
comunicaciones;

Un estimador de canal que estima el canal de comunicaciones sensible a la
sefial recibida en el canal de comunicaciones;

Diversas hip6tesis de funcién de autocorrelaciéon correspondiente a diversas
hipttesis de estimado de propagacién Doppler respectivas;

Un generador de autocorrelacién que genera una funcién de autocorrelacién
para el estimado del canal de comunicaciones;

Un probador de hip6tesis de funcién de autocorrelacién que selecciona una
de las hipétesis de funcién de autocorrelacién para aproximar la funcién de
autocorrelacién para el estimado del canal de comunicaciones;

Y,

Un selector de hipétesis de propagacién Doppler que selecciona una de las
hip6tesis de estimado de propagacién Doppler correspondiente a las
hip6tesis de funcién de autocorrelacién seleccionadas, como un estimado de
la propagacién Doppler para el canal de comunicaciones.

44. Un receptor de acuerdo a la reivindicacién 43 en el cual el probador de
hipétesis compara la funcién de autocorrelacion para el estimado del canal de
comunicaciones con cada una de las diversas hipétesis de funcién de
autocorrelacién.

45. Un recepior de acuerdo a la reivindicacién 43 en el cual el probador
selecciona una de las diversas hipétesis de funcién de autocorrelacién que se
aproxime més a la funcién de autocorrelacién para el estimado del canal de
comunicaciones.

46. Un receptor de acuerdo a la reivindicacién 43 en el cual el probador de
hip6tesis genera diversas sefiales de error que corresponden respectivamente
a las diversas hipétesis de funcién de autocorrelacién en el cual cada una de
las sefiales de error representa una diferencia entre la hipé6tesis de funcién de
autocorrelacién respectiva y la funcién de autocorrelacién del estimado del
canal de comunicaciones y en el cual el probador de hipétesis compara las

3
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sefiales de error para seleccionar la hipStesis de autocorrelacion para
aproximar la funcion de autocorrelacién para el estimado del canal de
comunicaciones.

47. Un receptor de acuerdo a la reivindicacién 46 en el cual el probador de
hipétesis selecciona una sefial de error que representa una diferencia menor
entre la hipétesis de funcién de autocorrelacién correspondiente y la funcién
de autocorrelacién para el estimado del canal de comunicaciones.

48. Un receptor de acuerdo a la reivindicacién 47 en el cual el probador de
hipétesis promedia cada una de las sefiales de error.

49. un receptos de acuerdo con la reivindicacifn 46 en el cual un probador de
hip6tesis promedia cada una de las sefiales de error para generar sefiales de
error promediadas en donde el probador de hip6tesis compara las sefiales de
error promediadas.

50. Un receptor de acuerdo a la reivindicacién 49 en el cual el probador de
hip6tesis promedia cada una de las sefiales de error utilizando una entre:
céiculo del promedio en bloque, célculo de promedio corrido y cdlculo de
ventana deslizante.

51. Un receptor de acuerdo a la reivindicaci6n 43 en el cual cada una de las
diversas hipétesis de funci6n de autocorrelacién comprenden diversas
muestras y en el cual la funcién de autocorrelacién para el estimado del canal
de comunicaciones comprende diversas muestras.

52. Un receptor de acuerdo a la reivindicacién 43 que comprende ademis:
Un procesador de sefial acoplado entre el estimador de propagacién Doppler
y el estimador de canal en el cual el procesador de sefial modifica la
operaciéon del] estimador de canal sensible al estimado de la propagacién
Doppler para el canal de comunicaciones.

53. Un receptor de acuerdo a la reivindicacién 43 en el cual el canal de
comunicaciones comprende un canal de radio.

54. Un receptor de acuerdo a la reivindicacién 43 en el cual la funcién de
autocorrelacién para el estimado del canal de comunicaciones comprende
diversas muestras y en el cual el generador de autocorrelacién reduce un
error de frecuencia de las diversas muestras.

55. Un receptor de acuerdo a la reivindicacién 43 en el cual el estimador de
canal proporciona un segundo estimado del canal de comunicaciones usando
el estimado de la propagacién Doppler para el canal de comunicaciones.

56. Un receptor de acuerdo a la reivindicacién 43 en el cual 1a sefial recibida
en el canal de comunicaciones comprende diversas muestras de datos en las
cuales el estimador del canal utiliza las muestras de datos para estimar el
canal de comunicaciones, en el cual el estimador de canal realiza un chequeo
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- de redundancia ciclica en las muestras de datos usadas para generar los
estimados de canal, el receptor comprende ademis:
Un estimador Doppler a largo plazo en el cual este estimador se actualiza
con el estimado de la propagacién Doppler cuando las muestras de datos
pasan el chequeo de redundancia ciclica.
57. Un receptor de acuerdo a la reivindicacién 43 en el cual la sefial recibida
en el canal de comunicaciones comprende diversos simbolos piloto, en los
cuales el estimador de canal reduce la ambigiiedad de la fase entre los
sfmbolos piloto y en el cual el estimador de canal usa los sfmbolos piloto que
tienen una ambigiledad de fase reducida para proporcionar el estimado del
canal de comunicaciones,
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

August 21, 2000

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY FROM
THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A

FILING DATE UNDER 35 USC 111.

APPLICATION NUMBER: 09/373,289
FILING DATE: August 12, 1999

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS
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Certifying Officer
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ATTY DOCKET NO.: 8194-299
DATE: August 12, 1999

UTILITY PATENT APPLICATION TRANSMITTAL LETTER
AND FEE TRANSMITTAL FORM (37 CFR 1.53(b))

BOX PATENT APPLICATION
Assismnt Commissioner for Patents

Washington, DC 20231
Sir:
Transmitted herewith for filing under 37 CFR 1.53(b) is:
Eaplm:tappliclﬁm

a Continuation [ ] a Divisiopal [ ] a Continuation-in-Part (CIP)

of prior application no.: ; filed
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Attomey Docket No. 8184-289

METHODS FOR ESTIMATING DOPPLER SPREADS INCLUDING
AUTOCORRELATION FUNCTION HYPOTHESES AND RELATED
SYSTEMS AND RECEIVERS

FIELD OF THE INVENTION
The present invention relates to the fleld of communications and more
particularly to receiving radio communications.

BACKGROUND OF THE INVENTION

A radio channel for a mobile terminal in a cellular radiotelephone
communications system may be difficult to operate. In particular, the
transmitted signale are often reflacted, scattered, diffracted, delayed, and
attsnuated by the surrounding environment. Moreover, the radio channel for
a moblle terminal s often not stationary bacause of movement of the mobile
terminal and movement of objects near the mobile terminal. The moblile
terminal may move rapidly when used in an automobile, and other vehicies
may also be in motion near the mobile terminal.

Characteristics of the radio channel may also vary from one area to
angther due to differences in temain/bulidings, climate, and/or other factors.
The propagation of a radio signal along the madio channel may thus be subject
to multi-path fading, shadowing, and path loss. Of these factors, multi-path
fading may be the most significant, and multi-path fading can be characterized
by envelope fading, Doppler spread, and time-delay spread.

Doppler shift is the frequency shift experienced by the radio signal
when the mobile terminal is in motion, and the Doppler spread Is a measure of
the spectral broadening caused by the time rate of change of the mabile radio
channel. Doppler spread thus leads te frequancy dispersion, and the Doppler
spread in the frequency domain is closely related to the rate of change in the
observed signal. The adaptation ime.of an algorithm used in an adaptive
receiver shouki thus be faster than the rate of change of the channel o be
able to accurately track the fluctuations in the received signal.

A mobile terminal in a DAMPS cellular radiotelephone communications
systam, for example, may experience a Doppler spread In the range of 0Hz to



eHa8T 0" 68BELEHN

10

15

20

~ &

Attomey Docket No. 8194-280 CO

250Hz depending on the vehicle speed, camier frequency, and other factors.
Knowledge of the rate of change of the radio channel can be used to improve
receiver performance and/or reduce racaiver complexity. Moreover, the
adaptation parameters for an adaptive recelver can be varied as a function of
the Doppler spread. Instead of fixing the tracker and interpolation paramaters
for the worst case expected Doppler spread, for example, the parameters can
be changed adaptively as a function of the Doppler information to improve
performance. Similarly, Doppler spread Inforrmation can be used to control
the receiver adaptively for different speeds at which the mobile may be
traveling. In other words, different receiver algorithms can be used depending
on the speed at which the mobile terminal Is traveling.

Estimates of the Doppler spread can thus be used to increase receiver
performance. The parameters of a receiver adaptation algorithm can be
varied as a function of the Doppler epread to adaptively optimlre a coherent
detector in a receiver, for example. In addition, the hand-off process in a
cellular moblle telephone system can be enhanced if an estimate of the
Doppler spread is avaliable. Handoff of a fast moving mobile terminal to a
micro cell can thus be avoided.

Doppier spread estimation is discussed, for example, in U.S. Patent
No. 4,723,303 to Koch entitied “METHOD OF AND CIRCUIT
ARRANGEMENT FOR MEASURING THE QUALITY OF RADIO-
TRANSMISSION CHANNELS OF A RADIO-TRANSMISSION SYSTEM®, and
U.S. Patent No. 5,016,017 to Ralth entitied "METHOD OF CONTROLLING
THE FREQUENCY OF A COHERENT RADIO RECEIVER AND APPARATUS
FOR CARRYING OUT THE METHOD". The disclosures of sach of these
patents s hereby Incorporated herein in their entirety by reference.

A method of estimating Doppler spreeds from a sequence of channel
estimates is discussed, for exampie, in the thesis by Lars Lindbom entitled
*Adaptive Equalization For Fading Moblle Radio Channels®, (Techn.Lic.Thesls
No. UPTEC 92124R, November 1882, Department of Technology, Uppsala
University, Uppsala Sweden), the disclosure of which is hereby incorporated
herein in its entirety by referencs. In the Lindbom thesls, differentials of the
channel estimate, which comprise differences of values between two points in
time, are used to estimate Doppler spreads. These differentials, however,

2
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may be noisy so that averaging may be needed. As a result, the averaging
may give biased estimates of the Doppler spread.

Other Doppler spread estimation techniques are discussed in the
reference by Karim Jamal et al. entited “Adaptive MSLE Performance On The
D-AMPS 1800 Channel” ([EEE Trans. Vshic. Taechnol., vol. 48, Aug. 1987),
and the reference by M. Morelli ot al. entitied “Further Results In Carrier
Frequency Estimation For Transmissions Over Fiat Fading Channeis” (/EEE
Commun. Leiters, vol. 2, pp. 327-330, Dec. 1688). The disclosures of these
references are also incorporated herein in their entirety by reference.

- Notwithstanding the approaches discussed above, there continues to
axist a need In the art for improved Doppler spread estimation approaches.

SUMMARY OF THE INVENTION

it is therefore an abject of the present invention to provide improved
methods of estimating Doppler spreads for communications channels and
related systoams and recelvers.

It is ancther object of the present invention to provide less complex
methods ofaéﬂmaﬂng Doppler spreads and relatad systems and receivers.

These and other objects can be praviied according to the present
invention by providing an estimate of the communications channel and
generating an autocorrelation function for the estimate of the communications
channel. One of a plunality of autocorrelation function hypotheses is selected
to approximate the autocorrelation functlon for the estimate of the
communications channel wherein each of the autocormelation function
hypotheses corresponds to a respective Doppler spread estimate hypothesis.
The Doppler spread estimate hypothesis comesponding to the selected
autocorrelation function hypothesis is then selected as an estimate of the
Doppler spread for the communications channel.

The autocomelation function hypotheses can thus be saved in a
memory of a Doppler spread estimator according to the present invention and
compared to the autocorrelation function of the estimate of the
communications channei, with the closest autocomreiation function hypotheses
being accepted a3 an estimate of the actual autocormrelation function for the
communications channel. The Doppler spread hypothesis corresponding to

3
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the closest autocomelation function can thus be used as an estimate of the
achial Doppler spread for the communications channel. The complexity of
calculations ysed to estimate the Doppler spread can thus be reduced while
providing a relatively accurate estimate of the Doppler apread. In addition, the
number of autocorelation function hypotheses used can be increased to
provide a more accurate estimation, or decreased to reduce the number of
calculations and amount of memory used.

In greater detail, the selection of one of the autocorrelection function
hypothesas can include comparing the autacorrelation function for the
estimate of the communications channe! with each of the plurality of
autocomelation function hypotheses. In addition, the selaction of one of the
autocorrelation function hypotheaes can include selecting one of the plurality
of autocorrelation function hypotheses most closely approximating the
autocorrelation function for the estimate of the communications channel.

Moraover, the selection of one of the autocomelation function
hypotheses can include generating a plurality of emror signals respectively
comresponding to the plurality of autocomelation function hypotheses wherein
each of the error signals represents a difference between the respactive
autocorrelation function hypothesis and the autocomelation function of the
estimate of the communications channel, and comparing the error signals to
select the autocomelation hypothesis to approximate the autocorrelation
function for the estimate of the communications channel. In particular, the
error signals can be compared to choose the error signal representing a least
difference between the corresponding autocorrelation function hypothesis and
the autocomelation function for the estimate of the communications channel.
in addition, the comparison of the error signals can be preceded by averaging
each of the error signals to provide averaged error signals wherain comparing
the error signals comprises comparing the averaged error signals.

Methods, systems, and receivers according to the present invention
can thus be used to provide estimates of Doppler spreads for a
communications channel with reducad complaxity.

Attomey Docket No. 8184-209
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a communications system including a
receiver according to the present invention.

Figures 2-4 are block diagrame of receivers according to the present
invention.

Figura 5 is a block diagram of a Doppler spread estimator according to
the present invention.

Figure 6 is a graph illustrating autocorrelation functions for radio
channels at different speeds of a recelver relative to a base station.

Figure 7 is a table illustrating a storage of samples of the
autocorrelation functions of Figure 8.

DETAILED DESCRIPTION

The present invention will now be deacribed more fully herelnafter with
reference tn the accompanying drawings, in which preferred embodiments of
the invention are shown. This invention may, however, be embodied in many
different forms and should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are pravided so that this disclogure
will be thorough and complets, and will fully convey the scope of the invention
to those skdlied in the art. Like numbers refer to Iika elements throughout

Figure 1 illustrates a tranamitter T and a receiver R according to the
present invention wherein data d is transmitted by the transmitter T over the
radio channel ¢. The recsived signal r is a function of the transmitted data d,
the radlo channel ¢, and noise n. In a flat fading channel:

r=hedn. (equation 1)

As discussed abhove, receiver performance can be improved by estimating the
Doppier spread and using the estimated Doppler spread {0 adapt recsiver
functions. More particularly, the estimated Doppler spread can be usad to
more accurately estimate the radio channel h. The use of Doppler spread
estimators in recelivers is discussed in co-pending U.S. Patent Application
Serial No. to Leonid Krasny et al. entitied “DOPPLER SPREAD

63
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ESTIMATION SYSTEM" filed on March 22, 1889 (Docket No. P10387-RCUR
and 1280.00105). The Krasny et al. application Is assigned to the assignee of
the present application, and the Krasny et al. application shares a common
inventor with the present application. In addition, the disclosure of the Krasny
et al. application is hereby incorporated herein in its entirety by referance.

Various receivers Ra, Rb, and Re including Doppler spread estimators
according to the present invention are illustrated in Figures 2-4. In particular,
the receiver Ra of Figure 2 is adapted for use with known pilot symbols, and
this receiver includes an antenna 21 that receives the signal r, a radio
receiver and converter 23a, a channel estimator 25a, a Doppler spread
estimator 27a, a known symbol block 29a, and a signal processor 31a. The
antenna 21a receives the radio signals r, and the radio recaiver and convertor
23a filters, amplifies, and converts the received radlo signals r into digital
samples for processing. More particularly, the recaived mdio signale can be
converted to a form such as complex numerical sample values sultable for
processing. The channel estimator recaives the converted radio signals and
known symbols from the known symbol block 29a.

In particular, the known symbol block 28a can provide pilot symbols or
other known reference symbols, such as synchronlzation symbols, included in
the received signal r that can be used {o calculate channel estimates.
Morecver, the known symbol block 28a can include a memory where the
known symbols are stored or a code generator that can generate the known
symbols. The channel estimator 25a cormrelates the received digital samples
with the known symbols to provide an estimate of the channel ¢ to be used by
the Doppler spread estimator 27a. The Doppler spread estimator estimatas
the Doppler spread using the channel estimates and then sends the estimated
Doppler spreed to the signal processor 31a. The operation of the Doppler
spread estimator will be discussed in greater detail below. The signal
processor 31a processes the sampled signal to extract information, and the
signal processor 31a provides feedback to the channel estimator 25a so that
the channel estimates can be improved after the Doppler spread estimation.

The receiver Rb of Figure 3 is adapted for use without known pilot
symbols. This receiver includes an antenna 21b that recelves the signair, a
radio receiver and converter 23b, a channel estimator 25b, a Doppler spread

6\
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estimator 27b, a symbol estimator 28b, and a signal processor 31b. The
recelver Rb is similar to the receiver Ra of Figure 2 with the exception that the
symbol estimator 29b is used instead of the known symbol block 29a used in
the receiver of Figure 2. The symbol estimator 29b can be used In
applications where symbols are not known. The symbol estimator 28b, for
example, can uee arror detection and comrection tachniques to estimate
received symbols with a high level of accuracy. These estimated symbols can
then be used by the channel estimator 25b to estimate the channel h. The
Doppler spread estimator 27b uses the channel estimates to estimate the
Doppier spread as diacussed in greater detall below.
In code-division multiple access (CDMA) cellular systems (such as IS-
95 systems), a transmitter tranamits a stream of known symbols known as the
pilot code. The pliot code is transmitted on the same channel and at the
same time as other information bearing symbols using different spreading
codes. The receiver R of Figure 4 provides Doppler spread estimations in
such a CDMA system. The receiver Re of Figure 4 is adapted for use with
known pliot symbois, and this receiver includes an antanna 21¢ that receives
tha signal r, a radio receiver and converter 23¢, a channel estimator 26c, a
Doppler spread estimator 27¢c, and a signal processor 31¢. In this CDMA
receiver, the channel can be estimated directly by the channel estimator 25¢
without the known symbol block 29a of Figure 4 or the symbol estimator 28b
of Figure 2, and the channel estimates used for Doppler apread estimation.
The channel estimator 25¢ correlates the received signal r including
the known pilot code and other codes in additive superimposition, and filters
the resultant complex correlation to obtain channel estimates. The received
signal can also be comelated with other codes carrying information to be
decoded. The results of comrelating with information camrying codes are
multiplied by the conjugate of pilot code correlations for the same delay, and
the results added to coherantly combine the multi-path signals. In wide band
CDMA (WBCDMA) systems, modulation symbol intervals may be much
shorter thus allowing multiple propagation paths to be resolved with much
finer time resolution.
The receivers of Figures 2-4 thus illustrate various receivers Iincluding
Doppler spread estimators according to the present invention. In each

7
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receiver, channe) estimates are provided to the Doppler spread estimator for
calculation of the Doppler spread estimates. Receivers including Doppler
spread estimators according to the present invention are not limited to the
channel estimators discussed above, and those having skill in the art will
recognize that any channel estimation technique can be used to provide
channel estimates.

In particular, the channel estimator can generate an estimate of the
channel over a TDMA time slot using symbols representing data samples
received during the time slot. For example, the raceiver Rb of Figure 3 can
include the symbol estimator 208 to estimate the symbols. The Doppler
spread estimator can then use the channel estimate for the current time slot to
calculste a Doppler spread estimate for the current time slot, and the signal
processor can use this Doppler spread estimate in calculations for
subsaquent time slots, such as calculations of channel estimates for
subsequent time slots. In other words, the Doppler spread estimate for the
current time slot can be used to update a long term Doppler estimate in the
signal processor which Is used in subsequent calculations. The long term
Doppler estimate can be updated, for example, using averaging techniques
discussed in greater detail below.

When a symbol estimator is used as discussed with reference to Figure
3, it may be useful fo perform a cydlical redundancy check (CRC) on the
estimated symbols used to calculate the Doppler spread estimate for the time
slot. If the cydlical redundancy check passes, the channel estimate shouki be
relatively accurate, and the resulting Doppler spread estimate can be used to
update the long term Doppler estimate. If the cydical redundancy check falls,
however, the channel estimate may be unraliable, and it may thus be
desirable to not update the long term Doppler estimate using a Doppler
spread estimate based on a potantially unreliable channel estimate.

The Daoppler spread estimation will now be discussed in greater detait
with reference to the Doppler spread estimator of Figure 5. The Doppler
spread estimator can be used, for example, with receivers of radiotelephone
communication systems operating according to either the DAMPS or
DAMPS+ standards. in DAMPS+, known pilot symbols are provided. In
DAMPS, with a multi-pass demodulation, the Class 1 bits demodulated in the
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first pass can be used as pilot symbaols if they pass the cyclical redundancy
check (CRC). Preferably, phase ambiguities between the pilot siots is
reduced to increase the reliabllity of the results. A method of resolving phase
ambigulty is discuased, for example, in the referenca by T. Fuighum antitied
"Channel Interpolation On Second Pass Demodulation®, (Tech. Rep. Tr/X
98:1230, Ericsson, RTP, NC, Feb. 22, 1908) the disclosure of which Is hereby
incorporated hereln in its entirety by reference.

Assuming that the pilot symbols are available and that the phase
ambiguity between pilot symbols has been reduced to an acceptable level,

samples of the autocorrelation function R ,can be found by the
autocormrelation calculator §1 using the channel estimates obtained from the
pilot symbols. The samples of the autocomelation function are then compared
with different hypotheses (H¢, Ha, Hy, ... Hy) of the true autocorrelation
function of different Doppler spread values using the hypothesis comparaior
53 to provide ermor calculations (@smy ®amy @3gny --- Expm)) fOr the
autocomelation function sampies with respect to each of the hypothesss.
Each of the ermor calculations can then be averaged over several siots using
the averager &5 to provide a respective plurality of averaged error values
(Omy, 1, Oav.a Bav,s ... Oavx)- The Doppler spread corresponding to the
hypothesis resulting in the iowest averaged error value ls then selected by the
minimum efvor selector 57 to provide the estimated Doppler spread 1 amsien
In greater detail, the channel estimatas can be determined using
techniques available now or in the future, and the hypotheses of the different
autocorreiation functions (Hy, Hz, Hs, ... Hx) comresponding to different Doppler
spread values can be calculated and stored in memory. In particular, actual
radio channels and corresponding Doppler spread values can be determined
at different mobile terminal speeds relative to the base station, and the
reeulting autocorrelation functions can be calculated for each speed.
Graphical examp!es of hypotheses of different autocomelation functions
(comelation vs. 1) comesponding to radio channels measured at different
speeds and corresponding to different Doppler spread values are iflustrated in
Figure 6.
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Samples of each autocorrelation function representing a respective
hypothesis Hy can be stored In memory for the hypothesis comparator 53 to
provide the hypothesis Hy, Hy, Hs, ... Hx shown in Figure 5. For example,
samples of each autocomelation function of the graph of Figure 8
corresponding to different values of t can be stored in memory as flustrated
In Figure 7. While five different hypotheses are shown in the graph of Figure
6, any number can be used. A greater number (k) of hypotheses can be used
to provide a greater accuracy in the estimation of Doppler spread values,
while a fewsr number (k) of hypotheses can provide less complicated
operation with fewer calculations and a lower memory requirement.
Moreover, the number of samples z saved for each hypothesis can be varied
depending on the desired lavel of accuracy for the Doppler spread estimation.

The autocomrelation function estimation for a channel with frequency
error can be caiculated using the autocormelation estimator 61 using the
channel estimates over the known field as:

Attorney Docket No. 8194-209

ko)=L TAMI (k=) (equation 2)
L =T

In this equstion, & . is the estimated autocorrelation function including the
frequency eror, and /, is the channel estimates over the known fields (or pilot
aymbols). Note that when there Ia a frequancy error in the received signal, it
may directly effect the channel estimates which may be rotated by the amount
of the frequency ermor thus effecting the autocorrelation estimate. Designating
the frequency error as £, the rotation in the channel estimates can be
calculated as:

I;,(k)=fte”"'n. (equation 3)
where /i represents the channel estimates when there is no frequency eror.

The autocorrelation function with frequency emor can thus be rewritien as:

10
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] L - . A
R'(‘)=_I- Z},(k )eﬂ'fﬂ'ht(k_,: )elw;{t-uf' (equation 4)

L""t bt ]

or.

ﬁ'( T)= I‘é( T Je T (equation 5)

where £ (1) is the autocormalation estimate without the frequency error.

The frequency error f, can be calculated using know methods as
discussed for axample in the reference by Morelli et al. entitied "Further
Results In Carrier Frequency Estimation For Transmissions Over Flat Fading
Channels”, (IEEE Commun. Letters, vol. 2, pp. 327-330, Dec. 1898), the
disciosurae of which is heraby incorporated herein in its entirety by reference.
The effect of the frequency emor can thus be removed from the correlation of
the channel estimates as:

R(T) = R'(T)elh"r, (equation 8)

The frequency error-free cormrelation estimates can then be compared with the

different hypotheses (Hy, Hz, Hs, ... Hy) of the hypothesis comparator 53.
The hypotheses (Hs, Ha, Hy, ... Hy) can be determined and stored in

memory as discussaed above with regard to Figures 6 and 7. The efror ex(m)

of the autocormrelation estimate & , with respect to each of the hypotheses is
calculated using:

or(m) = S48 - RO, X' . (equation7)

In this equation, ex{m) is the arror comasponding to the mth slot between the
estimated autocorrelation function and the different samplss of the kth
hypothesis of the normallzed true autocormrelation function Ryx{n) given as:

11
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Ruudn) = Jo(2nfaoppmrantT), (equation 8)

where fugowx Is the kth Doppler spread hypothesis. The error term e Is
averaged over several slots at the averager 56 (filter) using the equation:

M
Covs = —;7_2_"!. (m), (equation 9)

where e,y is the averaged eror corresponding to the kth hypothesis, and M
le the length of the averaging window. In this example, block averaging is
used to average the emmor. Alternately, other averaging techniques such as
running averaging or sliding window averaging can be used. Averaging thus
reduces statistical erors.

The minimum error selector §7 determines the lowest of the averaged
BITOrs agyx to select the autocomelation function hypothesis Hy most closely
approximating the autocorrelation function for the received channel. The
Doppler spread hypothesis selector selects the Doppler spread hypothesis
corresponding to the selected autocomelation function hypothesis as the
estimate of the Doppler spread f apper In other words, the minimum of the
averaged eImors 8., r-0avx i8 used to select the autocomelation function
hypothesis resulting in the lowest averaged error (at the minimum error
selector 57), and the Doppler spread hypothesis comesponding to the
selected autocorrelation function hypothesis is salected as the astimate of the
Doppler spread (at the Doppier spread hypothesis selector §9) according to
the following equation.

fa,,:.=ﬂ'8f— o (equation 10)
sopplegk

Altemately, the autocorrelation function with frequency error can be
calcutated as discussed in the Morelli et al. reference. Instead of finding the
frequency error and removing it from the estimated autocorrelation function,

12
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Ry = | R =1 R(?%T | =|R (1)) (equation 11)

This absolute value of the autocorrelation function estimate (without frequency
error) can then be compared with the different hypotheses of the true
envelope autocorrelation function comesponding to the different Doppler
spread values as:

e (m )=g|§(n)-ﬁ(0)ﬁ,u(n)|' (equation 12)

Ry (0) = o S e s T, - (equation 13)

The error terms are used ag before to determine the hypothesis that provides
the least error in the estimation of the Doppler spread vaiue.

In DAMPS systems, phase ambiguity can be substantially removed
within a ime slot using known techniques. Phase ambiguity across time slots,
however, may still exist. According to the present invention, the correlation
within slots can be estimated and compared with the different hypotheses.
Errors across slots, however, are averaged.

As praviously discussed, the number of hypotheses can be varied
depending on the desired accuracy and complaxity of the Doppler spread
estimator and receiver. A greater number of hypotheses can provide greater
accuracy while requiring more memory and computation, A fewer number of
hypothesas can reduce memory use and computation while providing a less
accurate Doppler spread astimation.

The Doppler spread estimation methods according to the present
invention can thus be implemented with relative computational efficiency, and
good results. In particular, the use of the envelope comsiation function can

13
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provide a level of performance close to that of other techniques without
requiring frequency error estimation.

Doppler estimation, according to the present invention, can be
performed, for example, In the context of 8 DAMPS cellular radio telephone
systam using the following downlink siot and transmission formats: x/4-
DQPSK with root raised cosine pulse shaping; TDMA frame of 20ms; and 3
users sharing the TDMA frame. Moraover, each user can transmit twice
during a frame with a slot duration of 8.867 ms. The transmission medium
can be a Raylsigh fading channel, and the channel can be simulated using
Jake's fading model. A single antenna receiver and a carmier frequency of
1800 MHz can be used.

In downlink joint demodulation, only one Doppler spread needs to be
estimated for both desired and interfering signals because both desired and
interfering base stations are fixed and the mobile terminal is moving. This
assumption Is reasonable assuming there is no direct path. The Doppler
spreads can thus be estimated using information corresponding to the
stronger user which is the desired user in most cases.

in the receiver, ideal sync location can be assumed to be known, and
the received sampies can be used to coherantly demodulate the user's
Information sequences. Kalman based channel estimation using a second
order autoregressive model (AR-2) can be used for channel tracking. As
discussed above, channel tracking depends on the Doppler information. As
the Doppler Information may not be known initially, the tracker parameters can
be inttially set to a relatively high Doppler spread of 100Hz. As the Doppler
spread estimate converges to the actual Doppler spread, the tracker
parameters should also be changed in the adaptive receiver.

The present invention may be embodied as methods or devices. In
addition, the invention may take the form of an entirely hardware embodiment,

Attomey Docket No. B184-289

-an entirely software embodiment, or an embodiment combining both hardware

and sofiware aspects. The present invention has been described in part with
respect to the biock diagrams of Figures 1-5. It will be understood that each
block of the llustrations, and combinations of blocks, can be Implemented by

14
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computer program instructions. These program instructions, which may
represent steps, may be pmvid_ed to a processor to produce a machine.

Accordingly, blocks of the block diagrams support combinations of
means for performing the specified functions in combinations of steps for
performing the specified functions. it will be understood that each block of the
illustrations, and combinations of blocks, can be implemented by special
purpose hardware-based systems which performn the specified functions or
steps, or combinations of special purpose hardware and computer
instructions.

In the drawings and specification, there have been disclosed typical
preferred ambodiments of the invantion and, although specific terms are
employed, they are used In a generic and descriptive sense only and not for
purposes of limitation, the scope of the invention being sat forth in the
following claims.

15
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THAT WHICH IS CLAIMED IS:

1. A method for estimating a Doppler spread for a communications
channel, the method comprising:

providing an estimate of the communications channel;

generating an autocorrelation function for the estimate of the
communications channel;

selecting one of a plurality of autocomrelation function hypotheses to
approximate the autocomelation function for the estimate of the
communications channel wherein each of the autocorrelation function
hypotheses comesponds to a respective Doppler spread estimate hypothesis;
and

selecting one of the Doppler apread estimate hypotheses
comresponding to the selected autocormelation function hypotheses as an
estimate of the Doppler spread for the communications channel.

2, A method according to Claim 1 wherein selecting one of the
autocorralection function hypotheses comprises comparing the
autocorrelation function for the estimate of the communications channel with
aach of the piurality of autocorreiation function hypotheses.

3. A method according to Claim 1 wherein selecting one of the
autocormalation function hypotheses comprises selecting one of the plurality of
autocomrelation function hypothesss most closely approximating the
autocormelation function for the estimate of the communications channel.

4, A method according to Clalm 1 wherein selecting one of the
autocorrelation function hypotheses comprises:

generating a plurality of error signals respectively corresponding to the
plurality of autocormelation function hypotheses whearein each of the error
signals represents a difference between the respective autocorrelation
function hypothesis and the autocorrelation function of the estimate of the
communications channel; and

18
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comparing the ermror signals to select the autocorrelation hypothesis to

approximate the autocormrelation function for the estimate of the
communications channel.

Attorney Docket No. 8184-289

5. A method according to Claim 4 wherein comparing the error
signals comprises choosing an emor signal representing & least difference
between the comesponding autocorrelation function hypothesis and the
autocorrelation function for the estimate of the communications channel.

8. A method according to Claim & wherein chooaing the error
signal comprises choosing a least one of the eror signals.

7. A method according to Claim 4 wherein comparing the emror
signals is preceded by:

averaging each of the error signals to provide averaged error signale
wherein comparing the error signals comprises comparing the averaged ermor
signals.

8. A method according to Claim 7 wherein averaging each of the
ertur sighals comprises one of block averaging, running averaging, and sliding
window averaging.

9. A method according to Claim 1 wherein each of the plurality of
autocorrelation function hypotheaas comprises a plurality of samples and
wherein the autocomelation function for the estimate of the communications
channel comprises a piurality of samples.

10. A method according to Claim 1 wherein the communications
channel comprises a radio channel.

11. A method according to Claim 1 wherein the autocomelation
function comprises a plurality of samples and wherein generating the
autocormrelation function comprises reducing a frequency emror of the plurality
of samples.

17
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12. A method according to Claim 1 further comprising:
providing a second estimate of the communications channel using the
estimate of the Doppler spread for the communications channel.

13. A method according to Claim 1 wherein providing an estimats of
the communications channel comprises receiving a plurality of samples of
data over the communicationa channel wherein the samples of data are used
to generata the channel estimates, the method further comprising:

performing a cyclical redundancy check on the samples of data used to
generate the channel estimates;

updating a long term Doppler estimate with the estimats of the Doppler
spread when the samples of data pass the cyclical redundancy check.

14. A method according to Claim 1 wherein providing an estimate of
the communications channel comprises:

receiving a plurality of pilot symbois over the communications channel;

reducing phase ambiguity between the pilot symbols; and

using the pilot symbols having reduced ambiguity to provide the
estimate of the communications channel.

15. A Doppler spread estimator for estimating a Doppler spread for
a communications channel, the Doppler spread estimator comprising:

a plurality of autocorrelation function hypotheses comesponding to a
respective plurality of Doppler spread estimate hypotheses;

a channel estimator that estimates the communications channel;

an autocorrelation genarator that generates an autocomelation function
for the estimate of the communications channel;

an autocorrelation function hypothesis tester that selects one of the
autocorrelation function hypotheses to approximate the autocomelation
function for the estimate of the communications channel; and

& Doppler spread hypathesis salector that selects one of the Doppler
spread estimate hypotheses corresponding to the selacted autocorrslation

18
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function hypotheses as an estimate of the Doppler spread for the
communications channel.

18. A Doppler spread estimator according to Claim 15 wherein the
hypothesis tester compares the autocorrelation function for the estimate of the
communications channel with each of the pluraiity of autocoeiation function

hypotheses.

17. A Doppler spread estimator according to Claim 15 wherein the
hypothesis tester selects one of the plurality of autocomelation function
hypotheses most closely approximating the autocomelation function for the
estimate of the communications channel.

18. A Doppler spread estimator according to Claim 15 wherein the
hypothesis tester generates a plurality of error signals respectively
comresponding to the plurality of autocomelation function hypotheses wherein
each of the error signals rapressnts a difference between the respective
autocomelation function hypothesis and the autocorrelation function of the
estimate of the communications channel, and wherein the hypothesis tester
compares the error signais to select the autocomelation hypothesis to
appraximate the autocorrelation function for the estimate of the
communications channel.

19. A Doppler spread estimator according to Claim 18 wherein the
hypathesis tester chooses an arror signal representing a least difference
between the comesponding autocorrelation function hypothasis and the
autocorrelation function for the estimate of the communications channel.

20. A Doppler spread estimator according to Claim 18 wherein the
hypothesls tester chooses a least one of the error signals.

21. A Doppler spread estimator according to Claim 18 wherein the
hypothesis tester averages each of the error signals to proviie averaged error
signals wherein the hypothesis tester compares the averaged error signals,

19
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22. A Doppler spread estimator according to Claim 21 wherein the
hypothesis tester averages each of the error signals using one of block
averaging, running averaging, and sliding window averaging.

23. A Doppier spread estimator according to Claim 15 wherein each
of the plurality of autocorrelation function hypotheses comprises a plurality of
samples and wherein the autocormelation function for the estimate of the
communications channel comprises a plurality of samples.

24. A Doppler spread estimator according to Claim 15 whereln the
communications channel comprises a radio channel.

25. A Doppler spread estimator according to Claim 15 wherein the
autocorrelation function comprises a plurality of samples and wherein the
autocorrelation generator reduces & frequency error of the plurality of
samples.

26. A Doppler spread estimator according to Claim 15 wherein the
channel estimator provides a second estimate of the communications channel
using the estimate of the Doppler spread for the communications channel.

27. A Doppler spread estimator according to Claim 15 wherein the
channel estimator receives a plurality of samples of data over the
communications channel whenein the samples of data are used to estimata
the communications channel, whereln the channel estimator performs a
cyclical redundancy check on the samples of data used to generata the
channel estimates, the Doppler spread estimator further comprising:

a long term Doppler eatimator wherein the long term Doppler estimator
is updated with the estimate of the Doppler spread when the samples of data
pass the cyclical redundancy check.

28. A Doppler spread estimator according to Claim 15 wherein the
channel estimator receives a plurality of pilot symbola over the
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communications channel, reduces phase ambiguity betwean the pilot
symbols, and uses the pllot symbols having reduced ambiguity to provide the
estimate of tha communications channel.

29. A method for receiving communications, the method comprising:

receiving a signal over 8 communications channel wherein the signal
reprasents data from a remote transmitter;

generating an estimate of the communications channel over which the
signal is received;

generating an autocomrelation function for the estimate of the
communications channel;

selecting one of a plurality of autocorrelation function hypotheses
conesponding to a respective plurality of Doppler spread estimate hypotheses
to approximate the autocormrelation function for the estimate of the
communications channel;

selecting one of the Doppler spread estimate hypotheses
corresponding to the selected autocorrelation function hypotheses as an
estimate of the Doppler spread for the communications channel; and

reproducing an estimate of the data fransmitted by the remote
fransmitter.

30. A method according to Claim 28 wherein selecting one of the
autocomelection function hypotheses comprises comparing the
autocormrelation function for the estimate of the communications channel with
each of the plurality of autocorrelation function hypotheses.

31. A method according to Claim 28 wherein selecting one of the
autocorrelation function hypotheses comprises selecting one of the plurality of
autocorrelation function hypotheses most closely approximating the
autocorrelation function for the estimate of the communications channel.

32. A method according to Claim 28 wherein selecting one of the
autocorrelation function hypotheses comprises:
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generating a plurality of error signais respectively coresponding to the
plurality of autocorrelation function hypotheses wherein each of the emor
signals represents a difference between the respective autocormelation
function hypothesis and the autocomelation function of the estimate of the
communications channel; and

comparing the error signals to select the autocomelation hypothesis to
approximate the autocorrelation function for the estimate of the
communications channel.

Attorney Docket No. 8194-288

33. A method according to Claim 32 wherein comparing the error
signals comprises choosing an error signal representing a least difference
betwesn the comeaponding autocorrelation function hypothesis and the
autocorrelation function for the estimate of the communications channel.

34. A method according to Claim 33 wherein choosing the error
signal comprises choosing a least one of the error signals.

35. A method according to Claim 32 wherein comparing the ermror
signals is preceded by:

averaging each of the efror signals to provide averaged error signals
wherein comparing the emor signals comprisas comparing the averaged error
signals.

36. A method aceording to Claim 35 wherein averaging each of the
emor signals compriges one of block averaging, running averaging, and sliding
window averaging.

37. A method according to Claim 28 wherein each of the plurality of
autocorrelation function hypotheses comprises a plurality of samples and
wherein the autocomelation function for the estimate of the communications
channel comprises a plurality of samples.

38. A method according to Claim 29 wherein the communications
channel comprises a radio channel.
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39 A method according to Claim 20 wherein the autocomelation
function comprises a plurality of samples and wherein generating the
autocorrelation function comprises reducing a frequency error of the plurality
of samples.

40. A method according to Claim 29 further comprising:
providing a second estimate of the communications channel using the
estimate of the Doppler spread for the communications channel.

41. A method according to Claim 29 whaerein providing an estimate
of the communications channel comprises receiving a plurality of samples of
data over the communications channel wherein the samples of data are used
to generate the channe! estimates, the method further comprising:

performing a cyclical redundancy check on the samples of data used to
generate the channel estimates;

updating a long term Doppler estimate with the estimate of the Doppler
spread when the samples of data pass the cyclical redundancy check.

42. A method according to Claim 20 wherein the data recelved from
the remote transmitter comprises pilot symbois, and wherein generating an
estimate of the communications channel comprises:

reducing phase ambigulty between the pilot symbols; and

using the pliot symbols having reduced ambiguity to provide the
estimate of the communications channel.

43. A receiver comprising:

a radio receiver and converter that receives a signal over a
communications channel;

a channel estimator that estimates the communications channel
responsive io the signal received over the communications channel;

a plumality of autocorrelation function hypotheses comesponding to a
respective plurality of Doppler spread estimate hypotheses;

23



C52TE80" 68AELZEGDO

10

15

P

Attomey Docket No. 8154-289

an autocomrelation generator that generates an autocomslation function
for the estimate of the communications channel;

an autocormretation function hypothesis tester that selects one of the
autocorrelation function hypotheses to approximate the autocorrelation
function for the estimate of the communications channel; and

a Doppler spread hypothesis selector that selects one of the Doppler
spread estimate hypotheses comesponding to the selected autocorrelation
function hypotheses as an estimate of the Doppler spread for the
communications channel.

44. A receiver according to Claim 43 wherein the hypothesis tester
compares the autocomelation function for the estimate of the communications
channe! with each of the plurality of autocorrelation function hypotheses.

45. A receiver according to Claim 43 wherein the hypothesis tesler
selects one of the plurality of autocorrelation function hypotheses most closely
approximating the autocorrelation function for the eatimate of the
communications channel.

48. A receiver according to Claim 43 wherein the hypothes!s taster
generates a plurality of error signals respectively corrasponding to the plurality
of autocorrelation function hypotheses wherein each of the error signals
represents a differance between the respective autocorrelation function
hypothesis and the autocorrelation function of the estimate of the
communications channel, and wherain the hypothesis tester compares the
error signals to select the autocomrelation hypothesis to approximate the
autocorrelation function for the estimate of the communications channel.

47. A recelver according to Claim 46 wherein the hypothesia tester
chooses an error signal representing a least difference between the
coresponding autocorrelation function hypothesis and the autocorrelation
function for the estimate of the communications channel.
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48. A receiver according to Claim 47 wherein the hypothesis tester
chooses a least one of the eror signals.
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49. A receiver according to Claim 468 wherein the hypothesis tester
averages each of the error signals to provide averaged arror signals wherein
the hypathesis tester comparea the averaged error signals.

60. A receiver according to Claim 49 whereln the hypothesis tester
averages each of the error signals using one of block averaging, running
averaging, and siiding window averaging.

51. A recsiver according to Claim 43 wherein each of the plurality of
autocomralation function hypotheses comprises a plurality of samples and
wherein the autocorrelation function for the estimate of the communications
channel comprises a plurality of samples.

52. A receiver according to Claim 43 further comprising:

a signal processor coupled between the Doppler spread estimator and
the channel estimator wherein the signal processor modifies the operation of
the channel estimator responsive to the estimate of the Doppler spread for the
communications channel.

53. Areceiver according to Claim 43 wherein the communications
channel comprises a radio channel.

54. A receiver according to Claim 43 wherein the autocorrelation
function for the estimate of the communications channel comprises a plurality
of samples and wherein the autocomelation generator reduces a frequency
ermror of the plurality of samples.

55. A receiver according to Claim 43 wherein the channel estimator
provides a second estimate of the communications channel using the
estimate of the Doppler spread for the communications channel.

25
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56. A receiver according to Claim 43 wherein the signal received
over the communications channel comprises a plurality of samples of data
whenein the channel estimator uses the samples of deta to estimate the
communications channel, wherein the channe| estimator performs a cyclical
redundancy check on the samples of data used to generate the channel
estimates, the receiver further comprising:

a long term Doppler estimator wherein the long term Doppler estimator
is updated with the estimate of the Doppler spread when the samples of data
pass the cyclical redundancy check

57. A receiver according to Claim 43 wherein the signal received
over the communications channel comprises a plurality of pilot symbole,
wherein the channel eatimator reduces phase ambiguity beiween the pliot
symbols, and wherein the channel estimator uses the pilot symbols having
reduced phase ambiguity to provide the estimate of the communications
channel.
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METHODS FOR ESTIMATING DOPPLER SPREADS INCLUDING
AUTOCORRELATION FUNCTION HYPOTHESES AND RELATED
SYSTEMS AND RECEIVERS

Attorney Docket No. 8194-299

ABSTRACT

A Doppler spread for a communications channel is measured by
providing an estimate of the communications channel and generating an
autocorrelation function for the estimate of the communications channel. One
of a plurality of autocomrelation function hypotheses is selected to approximate
the autocomelation function for the estimate of the communications channel
wherein each of the autocorrelation function hypotheses corresponds to a
respective Doppler spread estimate hypothesis. One of the Doppier spread
estimate hypotheses is selected corresponding to the selected autocorrelation
function hypothesss as an estimate of the Doppler spread for the
communications channel.
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DECLARATION AND POWER OF ATTORNEY FOR PATENT APPLICATION
Attomey Docket No. 8194-208

As a below named inventor, | hereby declare that:

My residence, post office address and citizenship are as stated below next to my
nhame.

| believe | am the original, first and sole inventor (if only one name is listed below) or
an original, first and joint Inventor (if plural names are listed below) of the subject
matter which Is claimed and for which a patent is sought on the invention entitied
METHODS FOR ESTIMATING DOPPLER SPREADS INCLUDING
AUTOCORRELATION FUNCTION HYPOTHESES AND RELATED SYSTEMS
AND RECEIVERS, the specification of which

[{ is attached hereto

OR
[ ] was filed on as United States Application No. or PCT international
Application Number and was amended on (if applicable).

| heraby state that | have reviewed and understand the contents of the above-
identified specification, including the claims, as amended by any amendment
referred to above. —

| acknowledge the duty to disclose information which is material to patentability as
defined in Title 37 Code of Federal Regulations, §1.56.

| hereby claim foreign priority benefits under Title 35, United States Code, § 119(a)-
(d) or § 385(b) of any foreign application(s) for patant or inventor's certificate, or §
365(a) of any PCT Intemational application which designated at least one country
other than the United States of America, listed below and have also identified below
any foreign application for patent or inventor's certificate, or of any PCT International
application having a filing date before that of the application on which priority is
claimed.

None []Yes[]No I
Number Country MM/DD/YYYY Filed Priority Clalmed

[] Yes [] No ]

Number Country MM/DD/YYYY Filed Priority Claimed I
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| hereby claim the benefit under Title 35, United States Code, § 118(e) of any United
States provisional application(s) listed below.

None I
Application Number(s) Filing Date (MM/DD/YYYY) I
————

I Application Number(s) Filing Date (MM/DD/YYYY) I

| hereby claim the benefit under Title 35, United States Code, § 120 of any United
States application(s) or § 385(c) of any PCT intemational application designating
the Unlted States of America, listed below and, insofar as the subject matter of each
of the claims of this application is not diaclosed in the prior United States or PCT
Intemational application(s) in the manner provided by the first paragraph of Title 35,
United States Code, § 112, | acknowledge the duty to disclose information which is
material {o patentability as defined in Title 37, Code of Federal Regulations, § 1.56
which became available between the filing date of the prior application and the
national or PCT intarnational filing date of this application (37 C.F.R. § 1.83(d)).

None
Appin. Serial No. Filing Date Status
Patented/Pending/Abandoned
I Appin. Serial No. Filing Date Status
Patented/Pending/Abandoned
I D _
Appin. Serial No. Filing Date Status
Patented/Pending/Abandoned

I hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false
statements and the like 50 made are punishable by fine or imprisonment, or both,
under Section 1001 of Title 18 of the United States Code and that such willful false
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statements may jeopardize the validity of the application or any patent issued
thereon.

POWER OF ATTORNEY: As a named inventor, | hereby appoint the following
registered attomey(s) to prosecute this application and transact all business in the
Patent and Trademark Office connected therewith.

Customer Number 20792

Send correspondence to: Scott C. Hatfield

Myers Bigel Sbley & Sajovec
Post Office Box 37428
Raleigh, North Carolina 276827

Direct telephone calls to: Scott C. Hatfield
(919) 854-1400

Facsimile: (919) 854-1401

Full name of first Inventor: Karl James Molnar

Inventor's .
Signature: _m,um_’m.{..L Date: Ang G | 1999

Reslidence: Cary, North Carolina
Citizenship: United States of America

Post Office Address: 110 Flying Leaf Court
Cary, North Carolina 27513
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Full name of second inventor:  Leonid Krasny

Inventor's s

Signature: _ .« €o &> Aore ;,- Date: _o ;r/u;/'f
Residence: Cary, North Carclina

Citizenship: Ukralne

Post Office Address: 111 Gray Mare's Lane
Cary, North Carolina 27511
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Full name of third inventor: Haseayin Arelan

Inventor's

signaturs: __ - clyflan Date: _$/9 /179919
Residence: Durham, North Carolina
Citizenship: Turkey

Post Office Address: 600 Aaran Circle, #812
Durham, North Carolina 27713
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