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Matching Receiver Carrier Frequency.”

Field
[1001] The disclosed embodiments relate generally to wireless
communications, and more specifically to matching the frequency of a received

carrier signal in a mobile wireless communication system.

Background

[1002] As modern-day wireless communication systems become more
prevalent, the demand for wireless system capacity increases. In order to
support a greater number of subscribers, a wireless service provider can either
increase the frequency spectrum used for its systems or find ways to support
more subscribers within its already-allocated frequency spectrum. Often unable
to acquire additional frequency spectrum, wireless service providers must often
look instead for ways to increase capacity without using more spectrum. In
other words, wireless service providers must find more efficient ways to use
their existing spectrum.

[1003] In response to the demand for more efficient use of spectrum,
manufacturers of wireless equipment have developed various techniques for
increasing the capacity of wireless systems. One way of providing efficient
wireless voice and data communications is the use of code division multiple
access (CDMA) techniques. Several standards using CDMA techniques have

been developed for terrestrial wireless voice and data systems. Examples of



Conmpatibility Standard for Dual - Mode W deband Spread Spectrum Cel | ul ar
System', hereinafter referred to as "I S-95," and "TI A/ EI A/I S-2000, "

her ei naf twp 03f0¢f186 red to as "cdma 2000." Additional stand&CadaSezss7been
proposed for wreless conmmunication systens that are optim zed to provide
hi gh-speed wireless data comunications. Exanpl es of such standards for

hi gh-speed w reless data comruni cations include "TIA ElIA|S- 856,
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the user t %Ur'ﬂ naarled to tth #erenfcg,rthléﬁecﬁe C/l is said to be low. When the C/I value

is high, the user terminal can receive more data within a given period of time.
When the C/l value is low, the rate of data sent to the user terminal is reduced
in order to maintain an acceptable frame error rate.

[1005] Carrier frequency recovery is one aspect of user terminal design that
can‘ greatly affect the C/l perceived by the user terminal. Carrier frequency
recovery refers to the generation within a user terminal of a reference carrier
signal having the same frequency as a carrier signal received from a base
station. The user terminal uses the reference carrier signal to demodulate data
signals received from a base station. A mismatch between the reference carrier
signal and the received carrier signal, called carrier frequency mismatch,
decreases the efficiency of the demodulation process. Such decreased
efficiency of demodulation is perceived at the user terminal as a decrease in C/I.
Carrier frequency mismatch thus decreases the rate at which data can be sent
to the user terminal.

[1006] In tension with the need for precise carrier frequency recovery is the

desire to minimize the hardware cost of the user terminal. The market for user



WO 03/043180 PCT/US02/35877 3 termnal equipnment such as wrel ess phones
and nodens is very conpetitive and is often characterized by |low profit
mar gi ns, WD ewe1ssubsi di es by service providers. There i ®crhsozsssre a need
in the art for techniques that increase the precision of carrier frequency
recovery in user termnal equipnent withqut substantially increasing the
cost of user term nal hardware. SUMVARY [°1007] Enbodi nents di scl osed herein

address the stated needs hy .dividing the task of carrier freguency
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locally generated reference carrier. The error signal is used to adjust

the frequency of the reference carrier until it matches the frequency of

the received carrier. [1008] In an %mbﬁé&gspect, a reference carrier is

generated using two stages, with a e generating a carrier having
a broad frequency range but coarse frequency resolution, and a second
stage having a nore narrow range but finer frequency resolution. In such
an aspect, [HWO7]ir imbodigeerits disclosathlheeideaddress dbd adwva stated needs by
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generated by the second stage can be kept within a predeterm ned frequency
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PCT/ US02/ 35t8leZ1inal includes a means for generating an error signal indicative of the
difference between the frequency of a received carrier and that of a locally
generated reference carrier. The error signal is used to adjust the frequency of
the reference carrier until it matches the frequency of the received carrier.
[1008] In an exemplary aspect, a reference carrier is generated using two
stages, with a first stage generating a carrier having a broad frequency range
but coarse frequency resolution, and a second stage having a more narrow
range but finer frequency resolution. In such an aspect, the first stage is an
analog device such as a voltage-controlled oscillator, and the second stage is a
digital device such as a digital oscillator. The frequency of the signal generated
by the first stage may be adjusted such that the frequency of the signal
generated by the second stage can be kept within a predetermined frequency
range.
[1009] The word “exemplary” is used herein to mean “serving as an
example, instance, or illustration.”  Any embodiment described as an
‘exemplary embodiment” is not necessarily to be construed as being preferred

or advantageous over other embodiments.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS [1010] FIG 1 shows a multiple-stage
carrier frequency recovery apparatus; [1011] FIG 2 shows a frequency

t racki ng wodalogiappar atus; and [1012] FIG 3 is a fl owhaPCTasonB33Q7 a

met hod for adjusting downconverter frequencies in a nultiple-stage carrier
frequency recovery system. DETAI LED DESCRI PTI ON [ 1013] A user term nal
referred to herein may be nobile or stati'onary, and mnay communi cate with
one or nore base stati I ' ceives data
packets through one o [Wgﬁﬁég'gﬂmoﬁu@@@@m&é s are called
nodem pool transceivers. Each nodem pool transceiver mnay be connected to

an HDR base station controller called a nodem pool <controller (MPC). Mdem
pool transcElﬂné)l]s dr6. nmiquoacnmIﬁpﬂefjstagdaeame?rﬁfequpacyse(ﬁiVeay agpzwl?td@'cal | ed
an access n erconnect ed nodes o access networ

typically cﬁﬂ\eﬁa aFTE; \%%rh? eSPﬁB?y H?PHBQW‘%‘E‘Je aPRAAESSAYW  connecti ons
such as T1 PFU’IQTC“FQGSB @nﬁ%’\;@cﬁém&a«m mﬁ e[(h?éiﬁ& thSad F%]ﬁn RRGHELR &géefveen
mul ti pI e user térm nals. e access net e fur connec}, to
addi ti onal fregu@ndiss bua mtd’eplekﬁéamcasrierrﬂ@lqwenky rexovenasystencor por at e
intranet or the Internet, and may transport data packets between each user
term nal and such outside networks. A user term nal that has established
an active traffic channel CO”DE’FAHDEU SEGRTP ys nodem pool
transceivers is called an active user term na is said to be in a

traffic state. A user termnal that is in the process of establishing an
active traf channel connection with one or nore nodem pool transceivers
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controller (MPC). Modem pool transcelvers and modem pool controllers are

parts of a network called an access network. The interconnected nodes of the
access network typically communicate with each other using fixed, land-based
connections such as T1 connections. An access network transports data
packets between multiple user terminals. The access network may be further
connected to additional networks outside the access network, such as a
corporate intranet or the Internet, and may transport data packets between each
user terminal and such outside networks. A user terminal that has established
an active traffic channel connection with one or more modem pool transceivers
is called an active user terminal, and is said to be in a traffic state. A user
terminal that is in the process of establishing an active traffic channel
connection with one or more modem pool transceivers is said to be in a
connection setup state. A user terminal may be any data device that
communicates through a wireless channel or through a wired channel, for
example using fiber optic or coaxial cables. A user terminal may further be any
of a number of types of devices including but not limited to PC card, compact
flash, external or internal modem, or wireless or wireline phone. The
communication link through which the user terminal sends signals to the modem

pool transceiver is called a reverse link. The communication link through which



5 a nodem pool transceiver sends signals to a user termnal is called a
forward link. [1014] FIG 1 is a block diagramof an enbodi nent of an
exenpl ar ywouBwiyiBe- stage carrier frequency recovery apparPamruso2/33371 he
enbodi ment shown, carrier frequency recovery is divided into two stages,
one using an anal og carrier signal sour%g 114 and anot her using a digital
carrier signal source 110. An enbodi mnent” may have nore than two stages, or

use di fferent canbi natjpons of anal og_.an igital stages.. [1015] si_gnal
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I n an anal ogjnrl xer 102. The analog carrier signal is generated by a

vari abl e-frequency slié?}nal source such as a voltage-controlled oscillator
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digital -to-ana converter (DAC). [1016] The resolution of the voltage
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out put by the VCO 114. Thus, the control processor 112 cannot generally
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to the VCO 114 using a pulse density modulator (PDM) 118 and a low-pass
filter (LPF) 116. The PDM 118 receives a digital value from the control
processor 112 and outputs a train of pulses having a duty-cycle that is based on
the digital value. The LPF 116 may be a simple RC circuit or an integrator or
any equivalent circuit. The LPF 116 converts the pulse train output by the PDM
118 into a DC voltage that determines the frequency of the carrier signal output4
from the VCO 114. In an alternate embodiment, the PDM 118 and LPF 116 are
replaced with a simple digital-to-analog converter (DAC).
[1016] The resolution of the voltage adjustments that can be made at the
input to the VCO 114 is relatively coarse. In other words, a change of the least-
significant bit in the digital value provided from the control processor 112 to the
PDM 118 may result in a relatively large change in the frequency of the carrier
signal output by the VCO 114. Thus, the control processor 112 cannot
generally cause the frequency of the carrier signal output by the VCO 114 to
match the carrier frequency of signal received through the antenna 100. Even if
a high-resolution DAC is substituted for the LPF 116 and PDM 118, analog
noise at the input to the VCO 114 makes fine-tuning of the VCO output

frequency very inexact.



noi se at the input to the VCO 114 nakes fine-tuning of the VCO out put
frequency very inexact. WD 03/043180 6 PCT/ US02/ 35877 [1017] Because of the
expect ed wogpmiziko i n frequency between the out put of theP¢C@SYEs8and t he
carrier frequency of the signal received through the antenna 100, the

out put of the analog m xer 102 is generally not a pure baseband signal. In
ot her words, the signal output by the anal og m xer 102 wll generally
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range of frequencies. For example, VCO 114 may be capable of producing
signals within a frequency range of +/- 45 megahertz in steps of 30 hertz, where
- digital oscillator 110 can produce signals with an arbitrarily fine resolution and a
frequency range only limited by the analog to digital converter sampling
frequency. One skilled in the art will recognize that obvious variations using
different combinations of digital and analog frequency generators and mixers
are alternate embodiments of the embodiment described above.
[1019] In an exemplary embodiment, digital oscillator 110 is a digital rotator
capable of generating fine-resolution frequency and phase correction signals.
By increasing the number of bits used to represent the frequency and phase
inputs, a digital rotator can be readily designed to have greater frequency and
phase resolution. In an alternative embodiment, digital oscillator 110 is a direct
digital synthesizer (DDS). Digital oscillator 110 may also be any of a variety of
other types of digital frequency reference generator. VCO 114 could be any of
a variety of voltage-controlled oscillators, including a temperature-controlled
crystal oscillator (TCXO) or oven-controlled crystal oscillator (OCXO).
[1020] A frequency tracking module 108 measures the residual frequency

error in the signal output by digital mixer 106 and generates at least one error



digital synthesizer (DDS). Digital oscillator 110 may al so be any of a
variety of other types of digital frequency reference generator. VCO 114
coul d be woy3oi3isa vari ety of voltage-controlled oscill at@cy/usonsisatdi ng a
tenperature-controlled crystal oscillator (TCXO or oven-controlled
crystal oscillator (OCXO . [1020] A freguency tracking nodul e 108 measures
t he residual frequency error in the signal output by digital m xer 106 and
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[1022] Also, in order to keep the digital oscillator 110 operating within its
optimal or operational frequency range, the control processor 112 increases the
VCO 114 frequency and decreases the digital oscillator 110 frequency.
Conversely, where appropriate, the control processor 112 decreases the VCO
114 frequency and increases the digital oscillator 110 frequency.
[1023] In an exemplary embodiment, the control processor 112 adjusts the
coarse frequency in fixed frequency steps by changing a digital control signal
provided to the PDM 118. For exampile, if the PDM has a resolution of 30 Hz
per bit, the control processor 112 may increase the PDM control signal by 30,
60, or 90 Hz by changing the digital input value of the PDM by 1, 2, or 3. At the
same time, the control processor 112 adjusts the control signal to the digital
~oscillator 110 such that the output frequency of the digital oscillator 110 is
decreased by 30, 60, or 90 Hz. Due to the coarse resolution of the output of the
VCO 114, the size of the frequency step for the VCO 114 can only be
estimated. In contrast, the size of the frequency step of the digital oscillator 110
is very precise. Consequently, even after the digital oscillator 110 frequency is
adjusted to compensate for a step change in VCO 114 frequency, the digital



per bit, the control processor 112 may increase the PDM control signal by
30, 60, or 90 Hz by changing the digital input value of the PDM by 1, 2,
or 3. At wbas/osas®e tine, the control processor 112 adj ust #Crhsowsssyr ol
signal to the digital oscillator 110 such that the output frequency of the
digital oscillator 110 is decreased by Sé) 60, or 90 Hz. Due to the coarse
resolution of the output of the VCO 114,"the size of the frequency step
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[1025] = A pilot burst chip clock 210 generates clock signals during the pilot
bursts of each received slot. The clock signals are provided to a PN generator
208 that then generates a PN signal having the same clock rate as the pilot
burst chip clock 210. That PN signal is then mixed with the downconverted
baseband signal in a digital mixer 202, to produce a PN despread pilot signal. -
The PN despread pilot signal is then accumulated over the pilot burst period in
an accumulator 204. The output of the accumulator 204 will be a phase error
signal corresponding to the phase error of the now fully demodulated pilot
signal. This phase error signal is then provided to a frequency tracking loop
(FTL) 108, which converts the phase error signal into a digital signal that can be
used by the control processor 112. One of skill in the art would recognize that
FTL 108 could be a first-order loop, a second-order loop, or other configuration
of FTL.
[1026] In an exemplary embodiment, the frequency tracking module 108
generates one phase error estimate per slot using the two pilot burst periods
within the slot. In an alternate embodiment, the frequency tracking module 108

generates more than one phase error estimate per slot. For example, the



The PN despread pilot signal is then accunul ated over the pilot burst
period in an accunul ator 204. The output of the accurulator 204 will be a
phase errwp 03®iygsal corresponding to the phase error of tReTn®d02/B83s1y
demodul ated pilot signal. This phase error signal is then provided to a
frequency tracking loop (FTL) 108, which converts the phase error signal
into a digital signal that can be wused by the control processor 112. One
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all-one's code, so there is no
each mode uses a different ratio of phase error estimates to slots.
[1027] In HDR, the pilot is spread using the all-one’s code, so there is no
need for an explicit Walsh despreader between the digital mixer 202 and the
integrator 204. In an exemplary embodiment, the PN generator 208 generates
a complex PN code, and the digital mixer 202 is a complex multiplier. The
complex output of the digital mixer 202 is accumulated in the accumulator 204
in such a way that phase information is preserved in real and imaginary portions
of the accumulated value.
[1028] FIG. 3 is a flowchart of an exemplary method for adjusting
downconverter frequencies in a multiple-stage carrier frequency recovery
system, such as shown in FIG. 1. During the operation of the carrier frequency
recovery system, the fine frequency value F; is monitored at step 302 to
determine when it is operating within the optimal or operational frequency range
of a fine frequency generation source, such as the digital oscillator 110 shown in
FIG. 1. At step 304, the fine frequency value F; is tested to determine whether
an adjustment should be made in the coarse frequency output of a coarse
frequency generation source, such as the VCO 114 shown in FIG. 2. If an

adjustment is necessary, then both F; and F¢ are adjusted at step 306. If no



need for an explicit WAl sh despreader between the digital m xer 202 and the
integrator 204. In an exenplary enbodi ment, the PN generator 208 generates
a conpl exwBN3pexie9 and the digital mxer 202 is a conpl ex Pemlusopsiser. The
conpl ex output of the digital m xer 202 is accunulated in the accurmul at or
204 in such a way that phase informatiopyis preserved in real and

I mginary portions of the accunul ated va ? [1028] FIG 3 is a flowhart
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hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
blocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions shouid not be interpreted as causing a departure from
the scope of the present invention.
[1031]  The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor, such as

the control processor 112 described above, may also be implemented as a



wi th the enbodi nents di scl osed herein may be i nplenented as el ectronic
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disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily apparent o those
skilled in the art, and the generic'principles defined herein may be applied to
other embodiments

[1034] without departing from the spirit or scope of the invention. Thus, the
present invention is not intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with the principles and novel

features disclosed herein.



information from and wite information to, the storage nedium In the
alternative, the storage nedium my be integral to the processor. The
processorweand/os3180 st orage nmedi um nmay reside in an ASI C. TRETASLE3IsAY

reside in a user terminal. In the alternative, the processor and the
storage nedium may reside as discrete cepponent s in a user term nal

[ 1033] The previous description of the disclosed enbodinents is provided to
enabl e any person skilled in the art to nmake or use the present invention.
Various nodifications to these enbodinents will be readily apparent to

t hose skil [t@35n tWHATHS GIAIMER 18eneric princi pl es defined herein nay be
applied to other enbodi nents [1034] mﬁthoMEsﬁeparting fromthe spirit or
scope of the invention. Thus, the pr vention is not intended to be
limted to the enbodi nents shown herein but is to be accorded the w dest
scope consistent with the principles and novel features disclosed herein.
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second frequency resolution; and
multiplying the received signal by the analog carrier signal and the digital

carrier signal to generate a downconverted signal.

2. The method of claim 1 further comprising:
measuring a residual frequency error in the downconverted signal; and

adjusting the second frequency based on said measuring.

3. The method of claim 1 further comprising:
increasing the first frequency by a coarse frequency step size; and

decreasing the second frequency by the coarse frequency step size.

4. The method of claim 1 further comprising:
decreasing the first frequency by a coarse frequency step size; and

increasing the second frequency by the coarse frequency step size.

5. A method for downconverting a received signal, the method comprising:
generating an analog carrier signal having a first frequency from a first
generation source having a first frequency range and a first frequency

resolution;



3. The method of claim11 further conprising: increasing the first frequency
by a coarse frequency step size; and decreasing the second frequency by

t he coar swofismepiency step size. 4. The nethod of claim1 fPamtuser/35877 _
conprising: decreasing the first frequency by a coarse frequency step size;
and increasing the second frequency by §he coarse frequency step size. 5.
A net hod for downconverting a received signal, the nethod conprising:

enerating an an rarash i [ [ - f a first
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6. The nethod of claim er conprising: neasuring a resi requency
error in theeeRwhteavency@ssluienl andnd adj usting the second frequency

based on said ne : | . hod, of ¢laimb5 further conprising:

i ncreasing the f|iir“s"('d'%ggqﬁ"eenggﬁﬁ%ei a%@éﬂ%?@ﬁ%%eﬁ'&? @9@% E?rg'gf to
decr easi ng ybreste ardbincmverted siphal.he coarse frequency step size. 8. The
met hod of claim5 further conprising: decreasing the first frequency by a

coarse frequency step size; and increasing the second frequency by the
coarse freqgencyThbeRethbd%f claim 5 further comprising:

measuring a residual frequency error in the downconverted signal; and
adjusting the second frequency based on said measuring.

7. The method of claim 5 further comprising:
increasing the first frequency by a coarse frequency step size; and

decreasing the second frequency by the coarse frequency step size.

8. The method of claim 5 further comprising:
decreasing the first frequency by a coarse frequency step size; and

increasing the second frequency by the coarse frequency step size.

0. An apparatus for downconverting a received signal, the apparatus
comprising:

means for generating an analog carrier signal having a first frequency
from a first generation source having a first frequency range and a first
frequency resolution;

means for generating a digital carrier signal having a second frequency
from a second generation source having a second frequency range and a
second frequency resolution, wherein said first frequency range is greater than
said second frequency range, and said first frequency resolution is less than
said second frequency resolution; and



9. An apparatus for downconverting a received signal, the apparatus
conprising: neans for generating an analog carrier signal having a first

f requencywofosomi8o fi r st generation source having a first PCaFgse2s3g87T ange
and a first frequency resolution; nmeans for generating a digital carrier
signal having a second frequency from ajgecond generation source having a
second frequency range and a second frequency resolution, wherein said

first frequency i 1 sak d: I ney. . e, an
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resol uti on; thedigitel carien sipgal tigdeTAates 2Ab8A8TAventedsighar, mul tipl ying t he
received signal by the analog carrier signal and the digital carrier
signal to generate a downconverted signal. 10. The nmethod of claim9

further conmoi si Mae MBMIY dfUlaifEe furthditomnpiingiual frequency error in the
downconverted signal; and neans for adjusting the second frequency based

on sai d measuri n§leans. forhaeasuningl aofesidusil rfreyUemcy harorcimntite sowaconestsd f or
i ncreasi ng ts[(}l%ai'ie{nﬁt frequency by a coarse frequency step size; and neans
for decreasing tUhe second frequency by the coarse frequency step size. 12.
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frequency by a coarse frequency step size; and neans for i1ncreasing the

second frequency by the coarse frequency step size. 13. An apparatus for
downconvertipg a i i I ratu conprising: neans for
generating an anghggﬁ%’[grﬁrﬂi@rcwgﬁg%gqrnﬁé\%ﬁ?rg'}ir st frequency
means for increasing the first frequency by a coarse frequency step size;
and
means for decreasing the second frequency by the coarse frequency

step size.

12. The method of claim 9 further comprising:

means for decreasing the first frequency by a coarse frequency step size;
and (

means for increasing the second frequency by the coarse frequency step
size.

13.  An apparatus for downconverting a received signal, the apparatus
comprising:

means for generating an analog carrier signal having a first frequency
from a first generation source having a first frequency range and a first
frequency resolution;

means for multiplying the received signal by the analog carrier signal to
produce an adjusted analog signal;

sampler for sampling said adjusted analog signal to produce a digital
sample stream;

means for generating a digital carrier signal having a second frequency
from a second generation source having a second frequency range and a

second frequency resolution, wherein said first frequency range is greater than



froma first generation source having a first frequency range and a first
frequency resolution; nmeans for nultiplying the received signal by the
anal og cawpiodn4aBgnal to produce an adjusted anal og si gn&CI/usarpiser for
sanpling said adjusted anal og signal to produce a digital sanple stream
means for generating a digital carrier sjggnal having a second frequency
froma second generation source having a second frequency range and a

second fre ncy. - ' ei_n ysal: ' ' ater
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first frequengyetes®iretjuoncy eedohstiontbad sai d second frequency resol ution;

and neans for nultiplying the adjysted, analo i gnal the digital carrier

signal to generam@aaSJ@wmemmde&%i jpted ?g‘.afoﬂqlé'%ﬁ&é(dnﬁ 3&99@’ ekl

further Conaéﬁglitﬂ -qu?&g%&%nwédwﬁ?ﬁaﬂesi dual frequency error in the
s ghal’; a

downconverte and neans for usting the second frequency based
on said neasuring. 15. The nethod of claim 13 further conprising: neans for

increasing the first frequency b oarse frequency step size; and nmeans
for decreasthg t Qeg'g‘gE)ﬂ%OFp e%c@'”%‘?rf:ﬂ@p@ﬁ e frequency step size. 16.

The nmethod of cl giBhdFof Whé AR IringOaREsRIUAY fredfidRsy fedfordActheagomgcdriveriedr st
frequency by a coarse Prequency step size; and neans for increasing the

second f reqsignalya_bgi the coarse frequency step size. 17. A receiver
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15.  The method of claim 13 further comprising:
means for increasing the first frequency by a coarse frequency step size;
and
means for decreasing the second frequency by the coarse frequency

step size.

16.  The method of claim 13 further comprising:

means for decreasing the first frequency by a coarse frequency step size;
and

means for increasing the second frequency by the coarse frequency step

size.

17. A receiver apparatus comprising:

analog oscillator having a first frequency range and a first frequency
resolution for producing an analog carrier signal having a first frequency;

analog mixer for multiplying a received signal by the analog carrier signal
to produce a first downconverted signal;

digital oscillator having a second frequency range and a second
frequency resolution for producing a digital carrier signal having a second
frequency, wherein said first frequency range is greater than said second
frequency range, and said first frequency resolution is less than said second

frequency resolution; and



resolution for producing an analog carrier signal having a first frequency;
anal og m xer for nmultiplying a received signal by the anal og carrier signal
to producwoasfuyise downconverted signal; digital oscill at®CTh®e2/ss7a second
frequency range and a second frequency resolution for producing a digital
carrier signal having a second frequencyg wherein said first frequency
range i s greater than said second frequency range, and said first

frequency resol utd; & 2 : i on,. .and WO
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downconverted signal. 18. The apparatus of claim 17 further conpri sing:
frequency tracking nodule for neasuring a residual frequency error in the

second downei@vertoashatls oftdrs I . for adjusting a first
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frequency of the first carrier signa n second frequency of the second
carrier signal bdsyesay deacking amduledor rlastiiing s pesidualsfrofuena) arrds in

wher ei n sai r tracki nmodul e i,.s a frequency tracking |oop. 20.
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first-order freqesniyl probelssoidrarfustil a e MERAIRY\ST L FLELARILP syﬁ%r ein
said frequency tracking nodule is a second-order ffequency tracking loop.
22. The appé’ﬂ%ﬁu@%ﬁn%ﬁ@ﬂlﬂﬁw qitibe sepord carrigr gignall besed bhasaid messaridggi t al
rotator. 23. The apparatus of claim 17 wherein said digital oscillator is a
direct digital synthesizer. 24. The apparatus of claim 17 wherein said

anal og osci [1Bat ofThesagparatusagielaimants ahkesin @sid frealiohcy ?réckiﬁ@%é.&lﬁl@{ji@tés of
e

claim17 vvh?rei n sa{d anal og oscillator is a tenperature-contro
crystal oscieO4EaFY tracking lodp.

20.  The apparatus of claim 18 wherein said frequency tracking module is a
first-order frequency tracking loop.

21.  The apparatus of claim 18 wherein said frequency tracking module is a
second-order frequency tracking loop.

22.  The apparatus of claim 17 wherein said digital oscillator is a digital
rotator.

23.  The apparatus of claim 17 wherein said digital oscillator is a direct digital
synthesizer.

24.  The apparatus of claim 17 wherein said analog oscillator is a voltage-
controlled oscillator.

25. The apparatus of claim 17 wherein said analog oscillator is a
temperature-controlled crystal oscillator.

26.  The apparatus of claim 17 further comprising:
pulse density modulator (PDM) for providing a train of pulses having a
duty-cycle that varies in accordance with a digital input signal; and



26. The apparatus of claim 17 further conprising: pulse density nodul ator
(PDM for providing a train of pulses having a duty-cycle that varies in
accor dancwowiois1so di gi tal i nput signal; and WO 03/ 043180 PCT/USg8D23836877 17
| ow- pass filter (LPF) for converting the train of pulses into an

approxi mately tine-invariant voltage, whegrein the nmagnitude of the tine-

i nvariant voltage varies in accordance wth the duty-cycle of the train of

pul ses, and whelpg fadderiftdrr SLPES SfBeNBYyYANGE e 1R ObFIAGEY! It ! B
approxi mately time-invariant voltage. 27. e apparatus of claim17
further congpprekingatelyc dime-oivapipot esdtagef ovherail) uhei nadritidei 0§t thier digueency

and the second.frequency. 28.. The apparatus of c]aim 27 _further conprising
2 Conput or - PuaHRIH DS, veries: 1B AR PRETEeE RSP FOP-HRR O MR Ao BeBei vead
signal , theaR@tfideirt HEPfitst MEqUTRYSVWANERT irf alBSIdMaE Witie AHENSprBkiRitelyn t he
downconverted signal; and adjusting the second frequency based on sard
measuri ng. thoe-imfvariandpyaltagels of claim 27 further conprising a

conput er -readabl e nmedia enbodying a nmethod for downconverting a received
signal, the nethod conprising: increasing the first frequency by a coarse

frequency spep sT ﬁ@:a;%ﬁfﬂatu@eéf SR Y7 tORhEE CORTriSIRI 4e BENtrlY pfdtessOafse
frequency step size. 30. The apparatus of claim 27 Turther conprising a

conput er - r cadibgiing thediirst freemensy and thengeaepd freueney¥nconverting a recei ved
signal, the nethod conprising: decreasing the first frequency by a coarse
frequency step size; and increasing the second frequency by the coarse
frequency s2®p sTie appiratds oboRiIM@7-fuehdabbphsitigan esimpdidrrgadabetrhediaf or
downconverting a received signal, the nethod conprising: generati nt% a
first frequ@wg’9d¥'68t eolmaingralors slowesrivetingng 4e¢sivad $igBguetiey meihodn
anal og carrjer sigpal output by an anal og oscillator having a first
frequency ranBe and a first frequency resol ution;

: measuring a residual frequency error in the downconverted signal; and

adjusting the second frequency based on said measuring.

29. The apparatus of claim 27 further comprising a computer-readable media
embodying a method for downconverting a received signal, the method
comprising:
increasing the first frequency by a coarse frequency step size; and
decreasing the second frequency by the coarse frequency step size.

30. The apparatus of claim 27 further comprising a computer-readable media
embodying a method for downconverting a received signal, the method
comprising:

decreasing the first frequency by a coarse frequency step size; and

increasing the second frequency by the coarse frequency step size.

31. A computer-readable media embodying a method for downconverting a
received signal, the method comprising:

generating a first frequency control signal for controlling a first frequency
of an analog carrier signal output by an analog oscillator having a first frequency
range and a first frequency resolution;



WO 03/ 043180 PCT/ US02/ 35877 18 generating a second frequency control
signal for controlling a second frequency of a digital carrier signal

out put bywe odiogiisal oscill ator having a second frequency PCanye2/3s3d7 a
second frequency resolution, wherein the first frequency range is greater
than the second frequency range, and theqgirst frequency resolution is

| ess than said second frequency resol ution; neasuring a residual frequency

error in a downc i . j i 0 i d sed
on sai d measuri nge S, 3 88ang BRGueRE) KPR a0silel 5 PO R e T e
met hod f ur t frequeooypf ashgital adimiertsigral tdudpidtibysa digitad oscilistor daving a seeoad to
increase the first frequency b coar se frequgncy ﬁtep sizgé and

adi usting t AEIUEROAIPTIGEENE AsPaoRrl TRty arolt Eomer herslin Tha: st Beanancy
frequency b i f u ' 3 e z

redia of ol s 1 R B oo rankes ARIMHE TS FRCEChR,

first frequeesgutiamisriess thagnsaid isecord freguentihresbiutsn; f r equency by a coarse
frequency step size: and adjusti t he second freguenc ontrol signal to
i ncrease the sec ecﬁsu_f"chﬁJ'éér%@J_aﬁ?/%ﬂHgn‘%ﬁFr%'”f"?’98@@989¥%r§%(83'9ﬂ%.3n 4. The
conput er - r eadabl @d{ﬂ%ﬂhgtl@é set@ndiréduedlebsidd bigafd mahsiiggluency control
signal is a digital signal provided to a pul se density nodul ator. 35. The

conput er -readabl e medi a of claim31, wherein the second frequency control
CLOnl o S TPk ARl RERAE ol RS pod Rt ot o
signal is acdmprisas: signal provided to a direct digital synthesizer.
adjusting the first frequency control signal to increase the first frequency
by a coarse frequency step size; and
adjusting the second frequency control signal to decrease the second
frequency by the coarse frequency step size.

33. The computer-readable media of claim 31, wherein the methbd further
comprises:

adjusting the first frequency control signal to decrease the first frequency
by a coarse frequency step size; and

adjusting the second frequency control signal to increase the second

frequency by the coarse frequency step size.

34.  The computer-readable media of claim 31, wherein the first frequency

control signal is a digital signal provided to a pulse density modulator.

35.  The computer-readable media of claim 31, wherein the second frequency
control signal is a digital signal provided to a digital rotator.

36.  The computer-readable media of claim 31, wherein the second frequency

control signal is a digital signal provided to a direct digital synthesizer.



