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RECElI VE PATH BACKGROUND 1. Field [0001] The present invention rel ates
generally to electronics, and nore specifically to a diversity receiver for
wi rel essWORAMSLEAt i on. H. Background [0002] In a wirelPEIU280 AL at i on
system a transmtter nodul ates data onto a radio frequency (RF) carrier
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ant ennas Lnde ende y true to at |east an extent,
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mul tiple antennas are used to receive the RF nodul ated signal. [0004] A

mul ti-antenna receiver conventionally has one RF receiver processing path
(or sinpl L "relin:kgmmnlt h") for each frequency band and each receive
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characteristics of the propagation paths may vary over time due to various phenomena
such as fading and multipath. Consequently, the transmitted signal may experience
different chamnel conditions and may be received with different amplitudes and/or
phases over time.

[0003]  To provide diversity against deleterious path effects, multiple antennas may
be used to receive the RF modulated signal. At least one propagation path typically
exists between the transmit antenna and each of the receive antennas. If the propagation
paths for different receive antennas are independent, which is generaliy true to at least
.an extent, then diversity increases and the received signal quality improves when
multiple antennas are used to receive the RF modulated signal.

[0004] A multi-antenna receiver conventionally has one RF receiver processing path
(or simiply, “receive path™) for each frequency band and each receive antenna. For
example, if the multi-antenna receiver is designed to operate at two frequency bands
(e.g., cellular and PCS bands), then it wounld normally have four receive paths for the
two frequency bands for each of the two receive antennas. Each receive path includes
various circuit blocks (e.g., amplifiers, filters, mixers, and so on) used to condition and
process a received signal at a designated frequency band from an associated antenna.
The circuit blocks are typically designed to meet various system requirements such as

linearity, dynamic range, sensitivity, out-of-band rejection, and so on, as is known in the



2 art. In conventional receiver designs, the receive path is often
replicated for each frequency band of each of the receive antennas, wth
circuit nodifications (as needed) for different freque bands. The
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bands, reduggserponer consunptlon,, and lowers costs. Furthernore, the
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unit can provide good performance under nbst operating conditions. For a
mul ti - ant exmitaisrfor eiprismary path andoisresonpliast withiapplicehie u@tmmqmmmnﬁaﬁetganeousl y

process t als. fr WO ant enn a £-ant receiver,
el er® el g P20 8P e, 28R\ R R, L 70 sedud' BReFROIRES Jof Ao

condi ti Onssec&i%laﬂf/&%&%ﬁy@atﬁ' diiﬁ'h%s h'i‘é&é!ve%ia&{‘ﬂﬂat 1sfshﬂ‘éﬁ%9%w%%%m}éﬁehﬁ)é§ﬁ§] I'n an
exenpl ary embodi'nent, a“dual -band, dual-path receivei with two recefver

units i s demds (&)gdcelﬁﬂzthCScéiNeandlm Dn);a'iﬁhlaphamd@leagnmcmum’s fewes dirceifuency
bands. The first ﬁgel ver n | udes f,irst and second an‘gllfters first

and secondORRIRAUS H9TPRIY my F‘ﬂ"}egf’ylb JEAGER (ROWET GRUSHRHGN, A9l i £ i er

anmpl i fi es @wetd bs! Fﬁﬂhenn%kél'ﬂi’é sefoeﬁd @céwéxsdnufl% %yﬁmwoﬂ@ﬁgm(ﬁﬂgan of ikl ul ar
band) and provides a first anplified nal first "downconverter

t r ansl at essystem ﬂqusttmmﬁtpl Fori examypleg thel secrmdfmmr\myt niay og des1guedrho &pergiown t o

baseband) gv%? a%rm%Yl Synalms G Elrarnsgte a?:ﬁscg ?r?e% requg'gx%lents OF senst VR}CII b% ot olr %{11:-

of-band rejection of large amplitude “jammers”, which are undesired signals of a

particular level or higher. This non-compliant design allows the second receiver unit to
be implemented with lower power consumption, less area, aﬁd lower cost. The second
receiver unit can provide good performance under most operating conditions. For a
multi-antenna receiver, the two receiver units can be used to simultaneously process two
input signals from two antennas. For a single-antenna receiver, one of the ;:wo receiver
units may be selected, based on the operating conditions, to process a single input signal
from one antenna.

[0006] In an exemplary embodiment, a dual-band, dual-path receiver with two
receiver units is described. Each receiver unit can operate at one of two frequency
bands. The first receiver unit includes first and second amplifiers, first and second
downconverters, and a first lowpass filter. The first amplifier amplifies a first input
signal for a first frequency band (e.g., cellular band) and provides a first amplified
signal, The first downconverter translates the first amplified signal in frequency (e.g.,
from RF down to baseband) and provides a first baseband signal. The second amplifier
amplifies a second input signal for a second frequency band (e.g., PCS band) and



anplifies a second input signal for a second frequency band (e.g., PCS band)
and WD 2005/ 081426 PCT/ US2005/004861 3 provides a second anplified signal.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009]  The features and nature of the present invention will become more apparent
from the defailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and
wherein:

[0010]  FIG. 1 shows a wireless communication system,;

[0011]  FIG. 2 shows a single-antenna terminal;

[0012]  FIG. 3 shows a mulii~antenna terminal;

[0013]  FIG. 4 shows a single-band, dual-path receiver;

[0014]  FIG. 4 shows a dual-band, dual-path receiver;

[0015] FIG. 5 shows a dual-band, dual-path plus GPS receiver;

[0016]  FIG. 6 shows a dual-band, dual-path plus GPS receiver with a shared local
oscillator (LO) generator;

[0017])  FIG. 7 shows frequency responses of filters within receiver units in FIG. 4;
[0018}  FIG. 8 shows a jammer detector; and

[0019]  FIG. 9 shows a process for operating two receiver units in a wireless terminal.



[0019] FIG 9 shows a process for operating two receiver units in a wreless
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anpl i t udes 13mdgElliRRASOMay belong to a satellite positioning system such as the well-known
Global Positioning System (GPS). Each GPS satellite transmits a GPS signal encoded

with information that allows GPS receivers on earth to measure the time of arrival of the

GPS signal. Measurements for a sufficient number of GPS satellites can be used to
accurately estimate a three-dimensional position of a GPS receiver. A terminal may
also be capable of receiving signals from other types of transmitting sources such as a
Bluetooth transmitter, a Wireless Fidelity (Wi-Fi) transmitter, a wireless local area
network (WLAN) transmitter, an IEEE 802.11 transmitter, aﬁd SO on.

[0023] In FIG. 1, each terminal 110 is shown as receiving signals from multiple
transmitting sources simultaneously, where a transmitting source may be a base station
or a satellite. In general, a terminal may receive signals from zero, one, or multiple
transmitting sources at any given moment. For multi-antenna terminal 110b, the signal
from each fransmitting source is received by each of the multiple antennas at the
terminal, albeit at different amplitudes and/or phases.

[0024]  System 100 may be a Code Division Multiple Access (CDMA) system, a
Time Division Multiple Access (TDMA) system, or some other wireless
communication system. A CDMA system may implement one or more CDMA
standards such as I8-95, IS-2000 (also commonly known as “1x™), IS-856 (also



[ 0024] System 100 may be a Code Division Miltiple Access (CDVA) system a
Time Division Multiple Access (TDVA) system or sone other wrel ess

comuni cati on_system A CDVA system nay inpl enent one or nore CDVA
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WO 2005/ 081426 PCT/ US2005/004861 5 comdronly known as "1xEV-DO'),
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Frequency Band.  Frequenc e ,ersonal ., Co ni catjon System (PCS) 1850 to
1990 Mz Ce&m%%ﬂs&%éag’@g- m}eseﬁiﬁ'@f?aﬂf%ﬁﬂ%?‘w&} " em (DCS) 1710 to
1880 MHz 00 I | 3 | 0 ' Lons-
1920 1o 2000 080 R e SR SRy o T R "5 s
MHz  KPCS viribls froquchié® bivhits irGRBichS4ter 100 iy GoperdibizasTwell REShd fivgueansy al so
known as GSML900 he DCS band is al so known as GSML800, and the cellular
band is albagdey -as an Advanced Mbbil e Phone System (AMPS) band. System
100 may al so operate on a frequency band that is not listed in Table 1.

[ 0026] For each of the frequency band?ablléfted in Table 1 (except for GPS),
one frequency range is used for the forward link (i.e., downlink) fromthe

R TN RN e A gt e R
exanpl e, for theerghilllafimbaieationd Rt PCS 849 1850 to 1990 MHz

Cellular 824 to 894 MHz

Digital Cellular System (DCS) 1710 to 1880 MHz

GSM900 890 to 960 MHz

Izrgggn(aIt;ZTni (l;/égl)aile Telecommunications- 1920 to 2170 MEHz

CDMAA450 ’ 411 to 493 MHz

JCDMA 832 to 925 MHz

KPCS 1750 to 1870 MHz

GPS 1574.4 to0 1576.4 MHz

The PCS band is also known as GSM1900, the DCS band is also known as GSM1800,
and the cellular band is also known as an Advanced Mobile Phone System (AMPS)
band. System 100 may also operate on a frequency band that is not listed in Table 1.
[0026]  For each of the frequency bands listed in Table 1 (except for GPS), one
frequency range is used for the forward link (i.e., downlink) from the base stations to
the terminals, and another frequency range is used for the reverse link (i.e., uplink) from
the terminals to the base stations. As an example, for the cellular band, the 824 to 849
MHz range is used for the reverse link, and the 8§69 to 894 MHz range is used for the
forward link.

[0027] A terminal may be a single-band terminal or a multi-band terminal. A
single-band terminal supports operation on one specific frequency band (e.g., cellular or

PCS). A multi-band terminal supports operation on multiple frequency bands (e.g.,



MHz range is used for the reverse link, and the 869 to 894 MHz range is used
for the forward link. [0027] A term nal may be a single-band termnal or a
mul ti-band termnal. A single-band term nal supports operati on on one

speci fi c MO W4 pand (e.g., cellular or PCS). A mulRGTBEANES0438 nal
supports operation on nultiple frequenay bands (e.g., WO 2005/ 081426

PCTI US2005/ 004861 6 cellular and PCS) and typically operates on one of the
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stream of sadifvisgnpliedsband arejéc@mi,adndss@mb piicd G885 be ﬁslaSPforZﬁD dberatihgir t her
processi ng. An ADC_240b receives and digitizes the output baseband signal
from receiopditionhi Reosivds W22 boisi @é@l&e@@é&mswn%p@ﬂnd&mdmm to DSP

250. Alt ho&é@l%ued based on less stringent requirements, and may be used for most operating

conditions. Exemplary designs for receiver units 220a and 220b are described below.
[0030]) A switch (SW) 230 receives the two output baseband signals (Pokﬁt and Sout)
from receiver units 220a and 220b, selects one of the two signals based on a Sel signal,
and provides the selected output baseband signal to an analog-to-digital converter
(ADC) 240a. ADC 240a digitizes the selected output baseband signal and provides a
first stream of data samples to a digital signal processor (DSP) 250 for further
processing. An ADC 240b receives and digitizes the output baseband signal from
receiver unit 220b and provides a second stream of data samples to DSP 250. Although
not shown in FIG. 2 for simplicity, each output baseband signal and each data sample
stream may be a complex signal/stream having an inphase (I) component and a
quadrature (Q) component.

[0031]  For the embodiment shown in FIG. 2, a jammer detector 260 receives a first
detector input signal (D1) from receiver unit 220a and a second detector input signal
(D2) from receiver unit 220b, detects for the presence of large amplitude jammers in the
received signal, and provides a jammer status signal indicating whether large amplitude

jammers are present in the received signal. A control unit 262 receives the jammer



not shown in FIG 2 for sinplicity, each output baseband signal and each
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nmay be act at the sange. ti t o si nul t aneousl rogess si.gnals fromtwo
it forent 240braawbeaniied sipes aRly.ouS s qpcls 19 10 Plgeajsed b ny gy e moment.

orem . i i 220b
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may provi aseband signals directly to 240a and 240b,
respect i vdime tp OdfBltarkeloGsly 3Spebesassigndid dimkn divagdidiferaft systearsb (e, revitelast

mul ti -anten terpnal ~110b. Ip this enbadipment, .terminal 110k incl udes two
ant enna. 31800 ERGBE0)- JBRF IiRson BN SR £0 Dok pe SHHHSDHSI FIHECT S
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(e.g., with printed traces on a circulit board, “wre ctors, and so on),
as i s knovObjrespeetinely. Each receiver unit 320 processes the received

signal fromone a npa, 312 d. pr.ovi des, a respective, output baseban

si gnal . F@lever %&Yr 8 S@?‘@%aﬁ’i”%é@?%ﬁ&t@d‘“f@h@“ﬁ#i“%ﬁ?‘ﬁuﬂﬁﬂm F@m&?gi gned

to meet applghCdhkifs embodiment, terminal 110b includes two antenna 312a and 312b and two
receiver units 320a and 320b. The two antennas 312a and 312b may be formed in

various manners at terminal 110b (e.g., with printed traces on a circuit board, wire
conductors, and so on), as is known in the art. Each receiver unit 320 processes the
received signal from one antenna 312 and provides a respective output baseband signal.
Receiver unit 320a is designated as the primary path, is designed to meet applicable
system requirements, and may be used for all operating conditions. Receiver unit 320b
is designated as the secondary/diversity path, is wideband and designed based on less
stringent requirements, and may be used for most operating conditions. In one
configuration, either receiver unit 320a or 320D is selected for use at any given moment,
depending on the operating conditions. In another configuration, both receiver units
320a and 320b may be active at the same time to simulianeously process two received
signals for the same wireless system, to achieve diversity. In yet another configuration,
both receiver units 320a and 320b may simultaneously process signals for two different
systems (e.g., wireless cellular and GPS). Exemplary designs for receiver units 320a
and 320b are described below.



systemrequirenents, and nmay be used for all operating conditions. Receiver
unit 320b is designated as the secondary/diversity path, is w deband and
desi gned _based on | ess stringent requirenments, and may be used for
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conditions. In another configuration, both receiver units 320a and 320b may
be active |@034lhe 2DE 340ctivessindidigitinesdbs fiyst putpaebaseban sigmé(Roat) fragnal s

I:g:lf |t gﬁr Z?gﬁ%rrﬁaﬁﬁgé%’%d%%iﬁgﬁ %%E@%%@gg%% ?&%ﬁﬁb@bpr ocess
signal s f qgcéi%é Al diGtiS8Y the S¥Hh8 ThtpuEbisebant ﬁ%a?g%%lﬁ?ﬁbhhh%ei%%@:ﬁb

Exenpl ary designs for receiver units 320a and 3 are described below. WO
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second recei ved sign vides a jammer status signal. A control unit
362 enabl € GB’EF@%FE%’"B@%‘%%%& units 320a and 320b based on the jammer
status sig f I ORarg t S sodel 350.
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receiver units 420a and 420b are prqvided wth different received sjgnals
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ant chithgnsl 9 e, Rl por
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path, and smemiay?12auidt3i2B0lespestiveles Egibareesvaamitd 0sappatheopetation ehswby pat h.
The input signal for_receiver unit 420a is  referred tQ as the Bri mary path
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to as the gecaRdamy: B3bd ik %ﬁ%ﬂasde@ 12! mé Sﬁrﬂ')lary path, and receiver unit 420b is
designated as the secondary/diversity path. The input signal for receiver unit 420a is
referred to as the primary path input signal (Pin), and the input signal for receiver unit
420b is referred to as the secondary path input signal (Sin).
[0036] A receiver may implement a super-heterodyne architecture or a direct-to-
baseband architecture. In the super-heterodyne architecture, the received signal is
frequency downconverted in multiple stages, e.g., from RF fo an intermediate frequency
(IF) in one stage, and then from IF to bascband in another stage. In the direct-to-
baseband architecture, the received signal is frequency downconverted from RF directly
to baseband in one stage. The super-heterodyne and direct-to-baseband architectures
may use different circuit blocks and/or have different circuit requirements. For clarity,
the following description is for the direct-to-baseband architecture.
[0037]  Receiver unit 420a is designed to meet applicable system requirements. For
CDMA, IS-98D and cdma2000 specify a two-tone test and a single-tone test. For the
two-tone test, two tones (or jammers) are located at +900 KHz and +1700 KHz from the
center frequency of a CDMA waveform and are 58 dB higher in amplitude than the
CDMA signal level. For the single-tone test, a single tone is located at +900KHz from



[ 0036] A receiver may inplenent a super-heterodyne architecture or a
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simul taneously on the forward |link and reverse |ink.
transmit signal sent by the terminal on the reverse link is typically much larger in

=t

amplitude than the received signal for the forward link. Bandpass filter 426a may pass
the RF components for the entire receive frequency range (e.g., from 869 to 894 MHz
for the cellular band) and filter out and suppress the RF components for the transmit
frequency range (e.g., from 324 to 849 MHz for the cellular band). Bandpass filter 426a
thus has a passband that corresponds to the entire frequency range/band of interest (e.g.,
cellular). Because of the potentially large difference in the transmit and receive signal
levels, bandpass filter 426a needs to provide a large amount of out-of-band rejection in
order to meet system requirements. Bandpass filter 426a may be implemented with a
surface acoustic wave (SAW) filter, which has a sharp roll-off and is commonly used
for applications requiring large attenuation of out-of-band signals.

[0039] A variable gain amplifier (VGA) 428a amplifies the signal from bandpass
filter 426a with a gain Glcb and provides a conditioned cellular signal having the
desired signal level. LNA 424a and VGA 428a provide the required amplification for
the first cellular signal, which may vary by 90 dB or more. (The total required gain may
be provided by LNA 424a, VGA 428a, and other circuit blocks and units such as DSP



transmt signal sent by the termnal on the reverse link is typically nmuch
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filter 426 naya W th ter that passes

recei ve f rfmpnemwdcrm@avértsrthb endi@SneBCS sighabwith 986 first LID ApnblHrdmdr@l
filters out other, frequencjes I rect-to- baseband architecture,
each bandp3gsraiqri4das %ﬂdﬁ%ﬂggg %‘i@g?ﬂﬂﬂal conponents in the transmt

frequency pgafe | A highSeARFAGIR! RHPRA Hiter tARBES HIRES Ble S RESES and
signal or the PCS baseband signal to pass the signal components in the RF channel of

interest and to remove noise and undesired signals that may be generated by the
downconversion process. For the direct-to-baseband architecture, each bandpass filter
426 may pass the entire frequency band of interest, and lowpass filter 440a would then
pass the RF channel of interest. Lowpass filter 440a is designed to have a relatively
sharp roll-off in order to attenuate large amplitude jammers in the received signal.
These jammers can take up a large portion of the dynamic range of the subsequent ADC
if they are not sufficiently filtered. Lowpass filter 440a may be implemented with
various filter types (e.g., Butterworth, elliptical, Chebychev, and so on), with the proper
filter order and bandwidth, and with sufficient bias current to meet linearity and
dynamic range requirements. For example, lowpass filter 440a may be implemented
with a 5th order elliptical filter. Lowpass filter 440a provides a first filtered
cellular/PCS baseband signal. An amplifier 442a amplifies and buffers the first filtered
cellular/PCS baseband signal and provides a first output cellular/PCS baseband signal

(Pout).



frequency downconverts the conditioned PCS signal with the first LO signal
fromLO generator 446a and provides a PCS baseband signal. [0041] A
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suppression unit 456. Similarly, the second PCS signal is amplified by variable gain

LNA 424d with a gain G2p and processed by suppression unit 456, Suppression umnit
456 suppresses large amplitude undesired éignal components in the signals from LNAs
424c and 424d. A simple and low-cost design may be used for suppression unit 456.
For example, since the transmit signal is the predominant undesired signal component,
suppression unit 456 may bhe implemented with a transmit cancellation wnit (which is
also called an adaptive filter) described in commonly assigned U.S. Patent Application
Serial No. [Attorney Docket No. 020181], entitled “Adaptive Filter for Transmit Signal
Rejection,” filed xx. This fransmit cancellation unit receives a portion of the transmit
signal (TXin), adjusts the gain and/or phase of this TXin signal, and subtracts the
adjusted signal fo suppress the transmit signal component in the Sin signal. .Suppression
unit 456 may also be implemented with a bandpass filter, a highpass filter, a ceramic
filter, and so on.

[0044] A multiplexer (MUX) 458 selects either the filtered cellular signal or the
filtered PCS signal from suppression umnit 456, depending on the selected frequency
band. A VGA 428c amplifies the selected signal from suppression unit 456 with a gain
G2 and provides a conditioned cellular or PCS signal, depending on the selected



[0043] Wthin receiver unit 420b for the secondary/diversity path, a
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second filtered cellular/PCS baseband signal and provides a second output cellular/PCS
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baseband signal (Sout).

[0046] An LO gencrator 446b provides the second LO signal used to downconvert
the Sin signal. LO generator 446b may be implemented with a dual-band VCO, similar
to LO generator 446a. However, LO generator 446b may be designed with more
relaxed phase noise requirements. A PLL 448b receives the second LO signal and
generates a second conirol signal for LO generator 446b. The same or different
reference signals may be used for PLLs 4482 and 448b.

[0047]  Receiver unit 420a is designed to be compliant with applicable system
requirements for both frequency bands. To meet these requirements, two separate
receive paths are typically needed from diplexer 422a to lowpass filter 440a. Each of
the two receive paths is designed for (or tuned to) the frequency band of interest in order
to meet linearity, dynamic range, and sensitivity requirements. Two separate
narrowband LNAs 424a and 424b are used for the two frequency bands and are
designed for low noise figure, which typically requires narrowband matching at the
frequency band of interest. Two separate natrowband VGAs 428a and 428b and two

separate narrowband downconverters 430a and 430b are also typically used to achieve



then filters the cellular/PCS baseband signal to pass the signal conponents
in the RF channel of interest and to renove noi se and undesired signals.
Filter 440b may be inplenmented with | ower order, less bias current, snaller
size, andVQ@a0eM8142han for filter 440a. This i s becausePEHESHEFHMMBEents for
filter 440b are less stringent than thage for filter 440a. For exanple,
filter 440b may be inplenmented with a 3rd order elliptical filter having
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phase noi se pert ormance. pertTor manc ese Clrcul S

typically téfoitr@sng heluooes (whichaygiedlhs becagyal tegs areap opaRiRt dico®. of | ar ger
capacitors, inductors and/or_ transistors) and alpgrq%g amounts of bias

current. [ bowspumiyeiBesausenfithe lenstringend dingariy iC 1EBEe EgpiTeets,
requir emenLﬁI.A M-\ﬂcczﬂld 4244, VGA 428c, downconverter 430c, filter 440b, and amplifier 442b

may be designed with smaller-sized circuit components (e.g., smaller capacitors) and

less bias current. Also, because large amplitude jammers are assumed to be absent for
receiver unit 420b, the overall gain may be distributed differently for the
secondary/diversity path in a manner to further achieve low cost, low power, and small
area.

[0049]  FIG. 4 shows a specific design for receiver units 420a and 420b. In general,
a receiver unit may perform signal conditioning using one or more stages of amplifier,
filter, mixer, and so on, which may be arranged differently from that shown in FIG. 4.
Moreover, a receiver unit may employ other circuit blocks not shown in FIG. 4 for
signal conditioning,

[0050)  FIG. 7 shows the frequency responses of various filters within receiver units
420a and 420b. Bandpass filter 426a has a frequency response 726, which is
characterized by a passband that spans the entire frequency range/band of interest (e.g.,
celtular or PCS) and a sharp roll-off. Suppression unit 456 has a frequency response
756 that also passes the signal components in the frequency range/band of interest and

suppresses the transmit signal. For simplicity, the frequency response of suppression



assunme that |arge anplitude jamrers are not present. Receiver unit 420b can
be designed for |ower cost, |ower power consunption, and smaller area than

receiver_unit 420a. Suppression unit 456 may be inple t it n-chip
circuit VONGHBAIE instead of with an external SAWfTi %ﬁ%@%ﬁﬁay be

needed for bandpass filters 426a and 426b). Separate narrowband LNAs 424c
and 424d are used for the two frequenc bands to attain | ow noi se figures.
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further adiselen thewoneeyt descibedabawe foraeceivard0). area. [0049] FIG 4 shows a
specific Lgn f receiver .unikts 420a an 0b n era a receiver
unit nay §§ﬁ$ rm ﬁﬁhglsﬁ‘%ﬁaibchkrﬁa?%raﬂsqff?gg'{?i%a%q P#ﬁr(gﬁ@t%‘gga%FecaWﬁi fier,
filter, sl Rees 300 MncMMsCHvdReREr BAltABRIaiH 556y BBt 'nayf BOMddNRE shown
in FIG 4. Moreover, a receiver unit may enploy other circuit bl ocks not

shown in ReGivet uniis 2284 gnd 220y raspecibvalygf sidsattemeaenninghdia hBlG. (Zequency

responses of, various filt wiihin receiver units,. 420a and.4 Bandpass
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| owpass filter 440a has a frequency response 740a, which is characterized
by a passbadd30bmand the smbsasuentrhabeband direnit bloghs. vWlithins¢eah gowobdnvefter 530,
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528 with an inphase first LO signal (ILO1) from a divider wnit 536 and provides an

- inphase (I) baseband signal. Similarly, a mixer 534 receives and downconverts the
conditioned signal from the same VGA 528 with a quadrature first LO signal (QLO1)
from divider unit 536 and provides a quadrature (Q) baseband signal. The I and Q
baseband signals (from both downconverters 530a and 530b) are filtered by high-
petformance lowpass filters 540a and 540b, respectively, and further amplified by
amplifiers 542a and 5420, respectively, to obtain output I and Q cellular/PCS baseband
signals (Pout,i and Pout,q).
[0054]  Receiver unit 520b for the secondary/diversity path is similar in design to

receiver unit 420b in FIG. 4. However, receiver unit 520b includes three front-end
paths for celinlar, PCS, and GPS. The front-end paths for the cellular and PCS are
implemented with a diplexer 522b, variable gain VGAs 524¢ and 524d, a suppression
unit 556, and a multiplexer 558. These circuit blocks operate as described above for
receiver unit 420b. For the third front-end path for GPS, a GPS signal (Gin) is
amplified by a variable gain LNA 524e with a gain G2g and filtered by a bandpass filter
526c. Bandpass filter 526¢ may be implemented with a SAW filter or some other type
of filter. Multiplexer 558 selects the cellular, PCS, or GPS signal, depending on the



gradual roll-off. [0051] A receiver may al so be designed to support nore
than two frequency bands based on the concept described above for receiver
400. [0052] FIG 5 shows 'a block diagram of a dual -band plus GPS, dual -path
recei ver WOSH05/0823ei ver 500 i ncl udes two recei ver unit PEHIOREAI8I0b t hat
may be used for receiver units 220a and 220b, respectively, of
single-antenna termnal 110a in FIG 2, and for receiver units 320a and
320b, r espelebicdalyytemfanttul A VGAS280 amipkifies thel signb o muBiglexed S5Eavith secei ver

unit 520 supports operation on.twy frequen bands.. Recei ver, unit, 520b has
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2005/ 081426 PCT/ US2005/ 004861 15 sel ected system band. A VGA 528c anplifies
the si gnal [0PFAm niRecsiperesndt S2¥piswidgband and designed for lower cost, lower power

consumption, and smaller area than receiver unit 520a. Wideband VGA 528c and

wideband downconverter 530c are shared for both frequency bands and GPS.

[0058]  Receivers 400 and 500 each include two LO generators that can be operated
independently. Moreover, each of the two LO generators -covers all of the frequency
bands of interest. This design allows the primary and secondary paths to simultaneously
process two signals on two different RF channels. This capability may be useful for
various applications. For example, a terminal with this capability can f-eceive two
simmltaneous transmissions on two RF channels from one or two systems. As another
example, the terminal with this capability can perform mobile-assisted hand-off
(MAHO) to select the best base stations to communicate with. The terminal can receive
a transmission from a serving base station with the primary path and can simultaneously
search for signals from other base stations with the secondary/diversity path. This
would then allow the terminal to initiate a hand-off to another base station that is better
than the serving base station, if one is found. If independent operation of the primary
and secondary paths is not needed, then one LO generator can be shared by the primary
and secondary paths.



gain & and provides a conditioned cellular, PCS, or GPS signal, depending
on which one of the three receive paths is selected. [0055] FIG 5 also
shows a quadrature design for frequency downconverter 530c and the
subsequeMO PWAYYI4Hd circuit bl ocks for the secondary/ diRfE/STH0Y5/19486H
Downconverter 530c is inplenmented with g xers 532c and 534c and a di vi der
unit 536c, which operate as descri bed above for downconverters 530a and
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secondary/diversity pa ermnal to 1Tnitiate a
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station, if one is found. |If independent operation of the primary and
secondary @@t?@g)is not needed, then one LO generator can be shared by the

primary  apgefCORYe. ¥ WA b10M dtiidih 884 famblddistra 0, Yt8 G ay be used
for jammer detectors 260 and 360 in FIGS. 2 and 3. The D1 and D2 signals from the
first and second receiver uvnits are rectified by rectifiers 862a and 862b, filtered by

lowpass filters 864a and 864b, and provided to comparators 866a and 866b,
respectively. Each rectifier 862 converts its input signal from a sinusoidal signal (with
positive and negative amplitude) to a single-ended signal (with only positive amplitude)
and may be implemented with a diode. Each lowpass filter 864 may be implemented,
for example, with a single-order lowpass filter of an appropriate bandwidth (e.g., several
hundred Hertz). Each comparator 866 compares its filtered signal against a threshold
level (Vth) and provides an output signal, which is (1) logic high (‘1°) if the filtered
signal amplitude is larger than the threshold level, indicating the presence of large
amplitude jammers in the received signal, and (2) logic low (*0”) otherwise. Detector
logic 868 combines the output signals of comparators 866a and 866b and provides the
jammer status signal to control unit 262 or 362.

[0062] In general, jammer defection may be performed based on (1) only the D1
signal, (2) only the D2 signal, or (3) both the D1 and D2 signals. The filtered signals
may be compared against the threshold level as shown in FIG. 8 to obtain a 1-bit output



16 [0059] FIG 6 shows a bl ock diagram of a dual -band plus GPS, dual-path
receiver 600 with a shared LO generator. Receiver 600 includes two receiver

units 620a and 620b that may be used for receiver units 220a and 220b,
respect i VAP0S4 gl e-antenna  terminal 11 Ca in FI GFC/USAPWEIEL, ecei ver

units 320a and 320b, respectively, of #alti- antenna termnal 110b in FIG
3. Receiver unit 620a is for the primary path and is inplenented in the
same nmanneignab Tee ginveer siafius sigaglafrom jEn@er Seteft0086) nidyckn weed tawneblé20b i s

for the segcondary/diversit ath and s inplemented_.in . siml er as
Fecel vor * diaPbiecenbh o fie-Fes FedRNe oBfY o T, AETEDBBAA, o IovRR: Hlies s

mul ti pl exefq @38y hiigtaldorteldished RAthl dnf ADCUS bt fulfifo Bite Bf kHREDE! Ther 646a
and the second LO'signal froman LO generator 646b, provides the first LO

si gnal t o circuid blocks i thettwio 16@dveri units maydisl adinsted (rg.PEdh iffirentgains| bies ed, and

provi des the second LO , si | if SIS | ected.. L ener at or ,646a,my be
ool emment GRITSREH A OO PATERLa Whefier, of BoF LirEe aeip S
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generator 646b may be inplenmented with a VCO that covers 3.15 GHz, which is
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based on the detected jammer signal level and/or the desired signal level (block 918).
[0064]  For simplicity, the description above is for a direct-to-baseband architecture.
The concepts described herein may also be used for a super-heterodyne architecture. In
this case, for the primary path, one variable gain LNA and one RF to IF downconverter
may be provided for each frequency band. The input signal for each frequency band is
downconverted to a predetermined IF and filtered with a common bandpass filter. The
bandpass filter may be implemented with a SAW filter and may perform RF channel
selection (i.e., has a passband corresponding to one RF channel, instead of an entire
frequency band). Another downconverter then frequency downconverts the IF signal to
baseband. If the RF channel selection is performed by the bandpass filter, then the
requirements for the lowpass filter may be relaxed. For the secondary receive path, the
circuit blocks may be designed based on less stringent requirements, which assume the
absence of large amplitude jammers in the received signal.

[0065]  The diversity receiver described herein may be used for a wireless terminal
to receive forward link transmissions from base stations. The diversity receiver may

also be used for a base station to receive reverse link transmissions from user terminals.



signal, (2) only the D2 signal, or (3) both the D1 and D2 signals. The
filtered signals mybe conpared against the threshold | evel as shown in
FIG 8 to obtain a 1-bit output WO 2005/081426 PCT/US2005/004861 17 signal.
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sinplici tyl;ﬁ b?ﬂe dg&ﬁk&@g?@%@%\/gﬁ?g?r#eodr&gcﬁgcll %@%g&&eﬁ%ﬁé%%dﬁ%%gégﬁgﬁéct ure.
The concepny gease idhiitbdhéd ahe arbytoahmke e usedhd Qrestns Upesntioal ervdione
architecture. In, this case, for the pri m':lrﬁf pat h, one varjable gain LNA and

one RF to pedifiggiions i Eese pmbadipests Willohs teadily appagent fio fhase skilled im Hecart, The

i nput si gngl 4 . r , ined IF
and i1t or i BpRER ok RRRRYes BER ipy SOMARAEOHEE BB R AT, ¢

i mpl enment edkpudting fRonSAWY fpitit & scdpe offdhe peerdtivhm Pinse irfedent d6lesidd mdii - €.,
has a passband corresponding to one RF charnel, instead of an entire

fr equ?ancy igtendyd toAedimitsd tgdmershadiments shoremhereiaduit frctp h@?ﬁﬂ@dg@%ﬁvﬁgﬁﬂﬁe | F
basapass. riPRE RO ot e A0S ov el el Sed RGP, Pl "o

rel axed. For the secondary receive path, the

[0069] WHAT IS CLAIMED IS:




circuit blocks may be designed based on | ess stringent requirenments, which
assume the absence of large anplitude jamers in the received signal.

[0065] The di ver3|ty recei ver described herein may be used for a wirele

termi nal WR PR, o forward |ink transnissions from baRe/E¥2R07mest The
diversity receiver may also be used fdp a base station to receive reverse
link transm ssions fromuser termnals. W 2005/081426 PCT/ US2005/004861 18
[ 0066] The diversity receiver descri(llAlMSei n may be used for various
wirel ess comunication systenms such as a CDVA system a TDVA system a GSM
system an AMPS system a mul tiple-input multiple-output (MMJ) system an
or t hogonal quenc i si.on mul tiplexing (OFDM system an orthogonal
frequency di VI§i ‘%ﬂ‘f“tex pge\gg%técggpr%m) system a wireless |local area
net work (VLAN) 1aﬁ@€ire§élvéﬂ1mt b to&eé@w@dp&ﬁﬂumﬁrefana séﬁoﬁﬁriﬁﬁﬂth ggei ver
(possibly all circuit blocks“except SAWTfilters, control units 262 and 362,
and DSPs 250 fasidar8b §gcomd yfréguencsp bemdsntoe dbteim figeandr sevond aﬁthﬁt:deggrﬁsgd

i (s B B8 S o S
d j
i e o

[ 0068] Theandr evi ous description of the dlsclosed enbodlnents is prOV|ded to
enable any person skill.ed in the

S.ent ent i on.
AP e A i S LSRR g T A SR S
those skil 1 Rodduer: ﬁu%ncr% 24 16 BetaBel@ih ﬂﬁ@& I mﬂde?fd dlﬁoﬂmﬁﬁ&e%t fhe may be

applied to other enbo s without departing f spirit or scope of
t he i nventthird aniplified sigha fmmRErtbbasebemd mm?pmmdaattmrdhasehamtmgrml behelréini t ed to

t he enmbodi rents shown her but to b ccor d.t W de
consi st entGS¢qen I’i"eceb‘feFHEﬁ 'é‘ijeéﬁa @?Q@Fﬁéér ﬁé’ryéﬁﬁ%fﬁfooag]

VWHAT | S C&@lldl\ggggnld \&Qm%,e&ﬁﬁp81426 PCT/ U82005/ 004861 19 CLAIMS 1. A
Wi rel ess device co Isng: a first receiver unit operable to receive and

anplify first and second input signals for first and second frequency bands

to obtain first_and ec nd aml i.f.i e na respectively, to
downconvert the?firstiefgrieeo il“fh%ﬁﬁﬁn@‘bﬁ%@ SHVFR “Includes a

wideband frequency downconverter that is shared by the first and second frequency
bands. |

3. The device of claim 1, wherein the second receiver unit includes a
wideband variable gain amplifier (V GA) that is shared by the first and second frequency
bands.

4, The device of claim 1, wherein the first receiver unit is compliant with
system requirements for a receiver and the second receiver unit is non-compliant with at

least some of the system requirements.

5. The device of claim 4, wherein the system requirements are specified by

a single-tone test and a two-tone test in IS-98D.

6. The device of claim 1, wherein the first frequency band is a cellular band

and the second frequency band is a Personal Communication System (PCS) band.



frequency (RF) to baseband and provide first and second baseband signal s,
respectively; and a second receiver unit operable to receive and anplify a
third input signal for the first or second frequency band to obtain a third
anmpl i fi e‘goép‘& 1426 and to downconvert the third anplifPEU/TSRYPIAM8FY om RF to
baseband and provide a third baseband gjgnal, wherein the second receiver
unit includes at least one RF circuit block that is shared by the first and

second frequengy bamiis.deiceTbe ctini Tewhbretl ahensdcondhficeiver LR BeABDEr
receiver unit_includes a w.deband frequency downconverter that is shared by
the fir st oBgrablsdecivacive.cauplkty ang dogaconyertrp Globgl Resitipniag Sywem (WRE) ei n t he

second re%%%}ﬁ?ﬁglb?&ﬁd% Qg%‘gﬂgoglggﬁﬁfgg egl'vari able gain anplifier (VG that

is shared Irs ncy bands. 4. The device of claim
1, wherein the first receiver unit is conpliant with systemrequirenents
for a receiver and the second receiver unit is non-conpliant. with at | east

sone of the sy$t em H8§deviepehclimy, wheeiny thy st secondaprd third japviesignalye

system requi ﬁlﬁ eIl specified by a single-tone test and a two-tone test
inlS 98D%36§r hgagréw cé of claiml, wherein the first frequency band is a

cellular band and the second frequency band is a Personal Comunication
System (PCS) band. WO 380.5/ 081426 PCT/ U52005/ 004861 20 7. The devi ce of
claim1, wherePn t hdhgdevreiof daim Ldprthericompasingi t her operable to receive,

anplify, and d RasiL.il.Qni t LGN d
provi de a domg\gi%&g%§§%§%‘?g%?t. ﬂghf#%d&'eg)gvll E%Bh%@a%i%rﬁdf?&%n%%aﬁ t he
first, se@pmdfirgnd sédonddnpuipighalshghal s are fromone antenna. 9. The device

of claiml1, further conprising a detector operative to detect for_presence
of |arge anpli Buematighdas pragativegtparable the fissts eeeivero pnit &€ dangei Ppplituds gnal ;
and a con . URi erati 0 I .ecei \ .t 1 f..] arge
anplit ude%%lﬁgg@ iS{r%lgﬁm gﬁigregtegraéﬁg%[%%tég%g%% lelﬁ%ffbxﬁéér gffslgrg&)a nadm?'hetlécgel ver
unit if | apdeiredeighdlsdee ndideesteded signals are not detected.

10.  The device of claim 1, wherein the first and second input signals are
from a first antenna and the third input signal is from a second antenna, and wherein the
first receiver unit is for a primary path and the second receiver unit is for a diversity
path.

11.  The device of claim 10, wherein the second receiver unif is enabled for a
diversity mode with signals from the first and second antennas being processed

concurrently.

12.  The device of claim 1, wherein the first and second receiver units are
operable to downconvert the first, second, and third amplified signals directly from RF

down to baseband.

13.  The device of claim 1, wherein the second receiver unit is biased with

less current and occupies a smaller area than the first receiver unit.

14,  Anintegrated circuit comprising:
a first receiver unit including
a first amplifier operable to receive and amplify a first input signal for a

first frequency band and provide a first amplified signal,



10. The device of claiml, wherein the first and second i nput signals are
froma first antenna and the third input signal is froma second antenna,
and wherein the first receiver unit is for a primary path and the second
recei veW Q03081426 or a3 diversity path. 11. The devi ce?CHURBIRAMIG  wherein
t he second receiver unit is enabled fa@1 a diversity node wth signals from
the first and second antennas bei ng processed concurrently. 12. The device
of claim 1, whereinasdévendianmplifiandpesahio tuireceive and amptifyt s sevoad immesighile to
downconvert the fiyrst, second, and.&hird lified signals directly fromRF
down to bESessed feguengybayd and prayided sgpopd)a W#é?deﬁlﬁl ‘he second receiver

unit 1s biased W th, £@pSiokiHobfkieRUbelb! b Chedhchl! doiinaBirs A hhe i st

receiver unit. 14. An integrated circuit conpriSing: r recel ver unit
i ncl udi ngamplifiedssigmmirphd priovidecpinstirseband sipnekaré and anplify a first input

signal for a first freqyency band and provide a first anplified signal, WO -

20051081426 PCT/ usz@@%“zoggzig@%m%ﬁaf ORSE: Et‘ég‘ﬁﬂ\l?l}cé(r‘fo&ﬁwla‘fﬂl‘%fhﬁée? ive and

anplify a 0 : i . ency band and provide a
ar@?l?fl?éel%ﬂ%ﬁihg g%dr ﬁiogfq@l a sehQd FasSR68 @%ﬁﬂr Gy

second anp rst downconverier operable to frequency
downconvert t hasdoond recepmpimif inethdinggnal and provide a first baseband signal,

and a second downconverter operable to frequengy downconvert the cond
anmplified signal an%lttﬂ{‘t)?fp@ég%roé’@ ?‘ﬁjt"tﬁ%eéﬁ%ﬂ‘&f%h&n? ﬂ’d‘fﬁidmﬁms%%i Ir ecei ver
unit i ncl pdi i i fi ' ang lify a third

i nput si gﬂ%lﬁ}%ﬁs&{bﬁgﬁeﬁ?ﬁdygﬁﬁgg@%ﬁfg F%q%@%%@ﬁggﬁﬁﬂgﬁ%’ %{%vi de a third
amplified signal, aadhadtdowstodvsmer cspeeabie o dipguahdye doombomagrtetieythird

d t t.hi rd [jfi . Si I d i d t hi. b band si |,
Pt RN RO RN R S G
shared byuf e%ﬂ&hv&%geﬁfﬁﬂﬂ%ahﬂ%ﬂeﬁgﬁhﬂg@melérst %ﬁlﬁséé&h& e?;glglg: lrcurt

of claim erein irst recerver unit rs conplrant wt em
requi r enebdmslsf or a receiver and the second receiver unit is non-

15. The integrated circuit of claim 14, wherein the first receiver unit is
compliant with system requirements for a receiver and the second receiver unit is non-

compliant with the system requirements.

16.  The integrated circuit of claim 14, wherein the first and second input

gignals are from a first antenma and the third input signal is from a second antenna.

17.  The integrated circuit of claima 14, wherein the first amplifier and the first
downconverter are narrowband and cover the first frequency band, and wherein the
second amplifier and the second downconverter are narrowband and cover the second

frequency band.

18.  The integrated circuit of claim 14, wherein the third amplifier is further
operable to receive and amplify a Global Positioning System (GPS) signal and provide
an amplified GPS signal, and wherein the third downconverter is further operable to
frequency downconvert the amplified GPS signal and provide a GPS baseband signal.

19.  The integrated circuit of claim 14, wherein the second receiver unit
further includes



conpliant with the systemrequirenents. 16. The integrated circuit of claim
14, wherein the first and second input signals are froma first antenna and
the third input signal is froma second antenna. 17. The integrated circuit
of clai mMVU200PEA n the first anplifier and the first PEIUSROOTRMMSGler are
narrowband and cover the first frequen@g band, and wherein the second
anplifier and the second downconverter are narrowband and cover the second
frequency band. 18. albeppressigratiedparable to treapivech dirgh ihppt wigaalefon thddirdthi r d
anplifier js further, operable to recei.ve and anplif G obal ., Positioning
Syt em ( GPESIUERGHBAIx FHPDERSS i 18t Irapsimiignal FompRuset &t tsdicst iR SipeLantl ¢ he
third do 3 .. ATy I ; [ATaNVY - [a¥al t he

anpl 1 od TRRCE ety RSl g R R R i B SO DRISARERLE, car at ed
circuit of claim214, wherein the second receiver unit further includes WO

2005/ 081426 PCT{US200Q5/.004861. ,22.a ression.upit operable.to receive a
first input si I ?ﬁl}e m—%&ﬁ?qﬁcm#quff@@@y‘”b%ﬂ} hgﬁBﬂﬁ'Eiséorh“ql“’P Fansmit
signal co Pﬂ%td b8 o 5dcdhd i Lsigiaf R the 3REbndPHAY ISy HARA,! fippdsd RPUL

si gnal ha\rﬁiiﬁgt e ?elcrst transmt sisé%ial corrgone_rﬁ su press(,ygﬁ{.l’ §2H8f) '?’#12

i nt egr at edsecondcimartsmit sigrah compénentinethe sevond énpmti pignals sadprowidetthé thifflunguter
operable tqQ recei.ve_a secaond i nput sjgnal for the second frequency band,
suppr ess at ﬁ%%gmeéﬁ@ﬁ%t%@ﬁ’&%gnékm’?tquﬂplieﬁsﬁgsecond i nput signal, and
provide the third input signal having the second transmt signal conponent
suppressed. 21. The integrated circuit of claim 14, wherein the first

recei ver unit f2irt hefhd intdgrdebciecufitiof staildwpwherein | t er operable to filter the

first or second, bgseband sign nd provide a,first filter signal , and
Hher 6 bt e oA ae GRS M e JR GRS 4 Tt IS et brale i SUe P! 1 or

operabl e tgf ?}1‘ &Eﬁndﬁﬁ&ahﬁisfcg?a%ﬁeﬂ?@ﬂée % I6e Rt RO BHa Wl YiRrgecond fil tered

signal. 22. The Integrated rcurt of claim?2l, wherein the second | owpass
filter has a |thoeecond devsivichuanit firthef inchides avqmand ldvpase filtePdperabietol filteegr at ed

circuit of_cl.aim?2 erejn the second | ass.filter has |ower dynamc
Cange and e et Binel g mioras Aarorn SRR bwpase 1l ter 24 The
integrated circuit of claim 14, wherein the third anplifier and the third

downconverter are biased with less current than the first anplifier and the
first 22.  The integrated circuit of claim 21, wherein the second lowpass filter has

a lower order than the first lowpass filter.

23.  The integrated circuit of claim 21, wherein the second lowpass filter has

lower dynamic range and lower power consumption than the first lowpass filter.

24,  The integrated circuit of claim 14, wherein the third amplifier and the
third downconverter are biased with less current than the first amplifier and the first

downconverter, respectively.

25.  The integrated circuit of claim 14, wherein the third amplifier and the
third downconverter are implemented with smaller-sized circuit components than the

first amplifier and the first downconverter, respectively.

26.  The integrated circuit of claim 14, firther comprising:
a first local oscillator (LO) generator operable to provide a first LO signal for the
first and second downconverters, wherein the first LO generator covers the first and

second frequency bands; and



downconverter, respectively. 25. The integrated circuit of claim 14, wherein
the third anplifier and the third downconverter are inplenented with

smal l er-sized circuit conponents than the first anplifier and the first
downconve¥Q 210503428 act i vel y. 26. The integrated circuit PEOFUSIF 4858  f urt her
conprising: a first local oscillator (LI generator operable to provide a
first LOsignal for the first and second downconverters, wherein the first
LO generat or coa seeniheOf genstataxneberabde tm grdviden a saeondbbOdsignal nfgr W@ third

2005/ 081426 PCTI US2005/,0048 23 cond LO generator _opgrable to provide
a second L%"g’f“ﬁ’ﬂﬁ? o PICFRED ¢ ?Pamao@ﬁc%?ﬂ? ?re?i,govﬁ‘?g?m@i Wetﬁ@?fﬁgcﬁ%orﬁo
generator ghsRnePHgi@, the first and second frequency bands. 27. The

integrated circult of claim26, wherein the first LO generator has better
phase noi se performance than the second LO generator. 28. The integrated

circuit of claimi14, finther, gonpri,sing:.. a,Jocal osgilla LQ) ,gener at or
operabl e to profide Xﬁe E%e%r?‘ﬁﬁaclqp rOf{]‘ﬁ@mf ?é’s‘fv, ere@eﬁ’grﬁf& gpdg?nr#qi% has
downconver h&fes phideGoftc hekbnddet 4eMRhAERbnE PO Belaft, first and second

frequency bands. 29. An apparatus conprising: nmeans for receiving and
anplifying a first input signal for a first frequency band to obtain a
first anplified,signal;.neans,for .recei.vi and anpli.f.ying a second i nput
signal for a seggnd &i‘%%ﬁ%ﬁdcﬁ 'f{%%?‘gﬁﬁggg@Bﬂ &mplified signal;
means for downc ' ' A pefd i r { o f ncy
(RD) 10 baseban op PiTbitl ) feripe bR ke 70 ' DT 6] Rr'hEa?
downconver sécond,tand thied downcamyéritdrs, evhesein isd LOrgeneor covdrs Selfinmthndsecqndovi de a
second bas%band SL%{]&;\I; means for receiving and anplifying a third input

si gnal for "EHEOFY PER9Sor second frequency band to obtain a third anplified
signal; and neans for downconverting the third anplified signal fromRF to
baseband to provide a third baseband signal, wherein the neans for

recei ving and aB®l i f Zaragparatusicogiprisingut si gnal and the means for

downconverting %n%gnst or ;‘e%e? i é r!uI aenzcliphs rg]aa,l :ﬁ:'stnlgl{nliltdsefgn%tl chreaagftst frequency band

to obtain a first amplified signal;

means for receiving and amplifying a second input signal for a second frequency
band to obtain a second amplified signal;

means for downconverting the first amplified signal from radio frequency (RF)
to baseband to provide a first baseband signal;

means for downconverting the second amplified signal from RF to baseband 1o
provide a second baseband signal;

means for receiving and amplifying a third input signal for the first or second
frequency band to obtain a third amplified signal; and

means for downconverting the third amplified signal from RF to baseband to
provide a third baseband signal, wherein the means for receiving and amplifying a third
input signal and the means for downconverting the third amplified signal include at least
one RF circuit block that is shared by the first and second frequency bands.

30.  The apparatus of claim 29, wherein the first and second baseband signals
are compliant with system requirements for a receiver and the third baseband signal is

non-compliant with the system requirements.

31. A method of operating multiple receiver units in a wireless device,

comprising:



one RF circuitblock that is shared by the first and second frequency bands.
30. The apparatus of claim?29, wherein the first and second baseband signals
are conpliant with systemrequirenments for a receiver and the third baseband
signal iWOXBWSEPApl i ant with the system requirenents. PET/USRGHOHSH of
operating nultiple receiver units in azairel ess device, conprising: WO
2005/ 081426 PCTI US2005/ 004861 24 defecting for presence of |arge anplitude
undesi red si gndkigcting fr btdsedcel oftatize ainglitide vadesired eippald ih At iBp @ tdnal
enabling a first receiver, unit to process the first input signal if large
anpl i t ude OF aferoBd iyt 8iEB#Al s are detected; and enabling a second receiver

unit to proces e I I i f Rt k
signals are no'}%n %ﬁgﬁgcsdtgﬁ,f]gev?lﬁ@%?lﬂﬁttﬁgac?érss?g%%?B@ﬁ%aﬁgp %rr%}ln %@ﬁs&g‘? | east
two recei vadghehsighss amtdebeesesl andvo frequency bands, and wherein the second

receiver unit includes one recejve path for the at least twp freguency
bands. 32. The R¥HRER Eecqndareseiyer %épeﬂfﬁcftsﬁéﬁﬁsﬁg‘ﬂ}d i fignah i laces 1 d

HTPe Sng Wl Rl R BRRIARE 0N etcatdh, WERFiT B MeceP it HbindiREL &1 1 L0

first and con gnal s are rom a ntenna a itd input
signal i s ldaspve recien gathptfonnm.least two frequency bands, and wherein the second

receiver unit includes one receive path for the at least two frequency bands.

32.  The method of claim 31, wherein the first, second, and third input signals

are from one antenna.

33.  The method of claim 31, wherein the first and second input signals are

from a first antenna and the third input signal is from a second antenna.



