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« FREQUENCY DI VI SI ON MULTI PLEXER AND MODULATOR BACKGROUND OF THE | NVENTI ON 1.
Field of the Invention This invention is directed to RF egljuHeaso@nd
-personal conmuni cations systens. Mre particularly, it is directed to base
stations for such systens operating in a nmultipath transm ssion and
reception environnent. 2. Description of the Related Art RF cellular and

‘personal comruni cation service s ste"gé W %Eer referred to
collectively as "PCS systgmm‘jI i c&RF ‘g with one or nore fixed
base stations an r r I Lpal s. Wen a
portable term nawgm,nﬁgséggamﬁxgac%ﬁnﬁuﬁbﬁ%ﬁ session with a
base station. Although the portable term nal conmunicates only with the
base station, the base station. may service a nunber of port @m\m\m\ms
at the sane tinme. The bagggggﬂéw JrRYER" SnvEerynvi 1t ual corm | en
two currently active portapre—termals, or Tt 1y provide a congggbd on
bet weenyt hg; bO§ tAblRat hFANR ondNd a conventional tel ephone network or the
i ke. Radro~wavestyprcalrty travel fromtransmtter to receiver in several
di fferent nodes. Fprs @ra@Bkeond PWiGewdve 86 RRIERACEINAVENPHRRAGARLON
occurs when radi o waves i npact the ground and propagate toward the receiver
t hr oughcbhguiadd i ch S W fatmsdue Mard trarddientlairtal ¢condactivietyed Sky wave
propagati on 20 June 2003 _ -2occurs when space-bound radi o waves from a
transmi bhee aseatiefrrsactfed i authe Easttdiss icorosphey e &nd adi mudtépaback
toward the receiver. Finally, space wave propagation includes t::e direct,
| i ne- of tsagémisdsimTsmrssiregeptisadeny ipraenftrom transnitter to receiver as
wel |l as reflected waves which bounce off the Earth's surfacmmwmmﬂmmgm""”"l
features or man-nmade objects one or nore tines before they

receiver. Due to the particular dielectric characteristics of thg,karth's
sur f ace2aReSerinsann  of e, Red e as transnmission nedia, the primary

node of transm ssjion | CS systens_is, usual | a v r | on.
Since radi o si gnat's Cfiigk}gﬂfﬁ{ésf’ﬁrgf,%@e Cﬁ%ﬁéﬁ??%ﬁ r?otfé’%r?%ygg%g% | ect ed
one or re tinmes before reachj el yer~aF ﬁ@pl shows a
typi cal ( %?%ngﬁgcetrefa %Brneeggﬁséfé;%eil%%'v‘\{'?ﬁghé%/mg%o%sa e te?%‘?ir:% sl%o and 22
recei ve_si fro tat, b { LAG- OfmSir@H cProfagat i on
and by %I?:%% %ﬁ%ao%@aﬁﬁg‘?ﬁi%}l%béég %t%glrahz%,aaraeés)pecti vely. Since the
di st ancg,bdaeldad ) «a teirhensis S| GMesi Ortandeateent hel eds sigrpl (or by
two scattered signals travelling on different paths) will differ, the

si gnal siwi bkt B8] ostieof aphreaunithtome assshet atthhe rexsd vetatidn.the phase
difference is an even multiple of n (corresponding to a delay of 360, 720,
etc. ),AltugsuiHe ippreabder tetmimal merfiericatesi aAnhhi ehth e dmsssite
‘received signal is reinforced. Small nultiples corresponding to a short

del ay sitatiijor,ncteasbashe SRtéoni WaYsi SFRIIGR rangiAPreF (Ofe RN e

recei ved signal; however, if the transmtted signal is nodul ated wth,

e.qg., digpnimalgatat e géamel tiBtes dBFr E56nFRGIPB PGy PFEVAFE Ean result

in an "echo" effect which .
' virtual connection between two currently active portable

terminals, or it may provide a connection between the portable
terminal and a conventional telephone network or the like.
Radio waves typically travel from transmitter to
receiver in several different modes. For example, ground wave
or surfacé wave propagation occurs when radio waves impact the
ground and propagate toward the receiver through the Earth's

surface due to its electrical conductivity. Sky wave propagation



20 June 2003 ' - 3 blurs the boundaries between adjacent nodul ated fi el ds.
* This effect is known as inter-strnbol interference. On the other hand, if

t he phase difference is an odd rmultiple of n (correspondi pg Juhe20d®, S40,
~etc. phase difference), the two signals will be opposite in phase to one
anot her, and the received signals will conpletely cancel out one another)
O course, phase differences that arepnot integer multiples of n wll

Tesult iRt i dhecanegblabbefd Okatibe neceisvetk @i gnaltraashaveer! enal of
inter-synbol interference, a reduction in the signal-to-noise ratio of the

recei ved¥irgdtkd andid@artkes heospidiedanll ¢orpenshbiang toratdehe
destructive effects of nultipath wave propagati on as descri bed above

i nvol vesetché vege ofimiVeysidpaceowachousiprpanenofinthodes the alidieiciter ent
transm ssion paths which is superior in quality. The nost common diversity
met hods ldne-bfequghtytdanensision iaf wediv twavasestragf transsdsitesf toi gnal s
transmtted at different frequencies is used polarization diversity, in
whi ch t keckeveerasfwed lhasi zehlettad pelvasi vetckinpvalceandf athee Eairgal by
pol ari zed signal is used; and space diversity or antenna diversity, in
whi ch' t serfase, sngharal rkapdwretedr (RAN TGS POAPCHSi ABE R Y% taRE&nnas
separated by a number of wavel engths is used. Antenna ivzﬁgit¥ has proven
to be t RELRBELLRAABPECHeERR GFeHUPEr paf p? cPHyREF ShCLoMpEHEAEF6RFn PCS
systems; _however, ils inplemeptatipn is constrain nu r.pf factors.
For exaﬁﬁ?é,acﬁ%?jf%%’rces togr;ﬁe;aﬁgrh %@rs{?ﬁeeﬁgga%gg?gpl}%aﬁ |w§1%§aﬁ§?%e| d or
Othermﬁ%grggnéé-€¥g§§%i%gkgg M@ﬁfﬁl qgenﬁfimaf§)m%ﬁ@eogcgggnsmission in

PCS systems is usually space wave propagation.

Since radio signals travelling in space propagation

mode may be reflected one or more times before reaching the

receiver. For example, FIG. 1 shows a typical personal telephone

system in thch two portable terminals 20 and 22 receive signals

from a base station 24 by both line-of-sight propagation and by

scattering off a building 26 and a car 28, respectively. Since

the distance travelled by a line-of-sight signal and a scattered

signal (or by two scattered signals travelling on different

paths) will differ, the signals will be out of phase with one

another at the receiver. If the phase difference is an even

multiple of n (corresponding to a delay of 360°, 720°, etc.), the

result is constructive interference in which the composite

received signal is reinforced. Small multiples corresponding to

a short delay simply increase the effective signal strength of

the composite received signal; however, if the transmitted signal

is modulated with, e.g., digital data, large multiples

corresponding to long delays can result in an "echo” effect which



- 4 readily permt effective physical separation of multiple antennas.

" Moreover, the use of antenna diversity at the receiver requires the use of
acconpanying circuitry to select the optinmal received siggelJurie2603 urt her
.Jincreasing the size as well as the power consunption and cost of the
portable term nal. For these reasons, the use of antenna diversity at the
base station side is preferable. A thqugh this techni que provides the

‘| onest st jze t1en r aieniaskicsi60Rst he past abl e
term na g?r§t§béqaggg§9€%$%t§€gfﬁggd% |§%¥%§ted §F§E§| path control at the
base SE%%EQ@tfPé LEASONS tiRak kL hpsoom dacimnaepar ent . The capacity of
nost PCS comuni cati1on standards™is too limted for the systemto be used
in a dedicated, ol UseloP@r GARA,NiEathenprisenel f faxdeceFars exanpbe, the
Digital European Cordl ess Tel ephone (DECT) standard provi des twel ve speech
channel g, peipRF @Fanpel (cdrre sgBhdshandar d apr b80 tes 560§t ;etamd phesPer sonal
Handy Phone (PHS), Personal Digital Cellular (PDC) and | S54 digital

st andar dsf perande)onl shd hvee siagfalsTovild peacppositet har ehase, taopae

techni que nust be used to increase the information-carrying capacity of

si gnal sagorfer nangl thestete stethdagosls Twbl b FORMPAEEROESCIIEE L ONE BRGI si on
mul tiplexing (TDH ) and frequency division multiplexing éFEmQ. A TDM si gnal
i s diviasdther o s@fueruirsie.f PSS Ghbf RANGES £HaY Avfatioh <SPHRIFE (e. g.,
user voice signals) are each assigned a difteLent, fh eg.tined§lgﬁ within a
frane. m@&ﬁﬁ&#e%héfiﬁToWhﬁ%iéﬁ%ﬁﬁ%ndP% PETFbpet (VE ;a anpl €& at™& poi nt

corresponding to its tine._slot, 20 June 2003 - d. ased on the
sanplegr?%ﬁ¥égﬁuﬁﬁQQ%%i %N*QHeFe&SVSgd?gpb???%hﬁ?“%%atﬁéggﬁk%g?§%§1 g

corresponding. to ti sl at s .of .each. | nf i -0 I g¢ ifned with
each ot Fet¥¢9*¥ecShs (’S[J.g[nﬁg Brgf‘g?h%‘? is)%{g?'ral&alog':fn| %? ?%gegﬁlﬁgrgﬁgﬂg%' an FDM

signal contains .a _nunber of information signals which originally occupied
the sand” f@ﬁ%?ﬁ%?'band. The frequencies of the different information

signals are of f sgf, s Y S0 BRbeAYEF 1 AP fuirt Brhord snaidiereandreiss ri but ed
within the range%%f gﬁgngwlngngF bandﬁ?dth. A famliar exanple of an FDM

si gnal - | pdaghBi¥hihdascFDbA Giapoak hrawd ngesathandse dt h of
q??g%ggléykhaﬂﬁﬂag%égﬁgt i c

1070 k mb535 to 1 ) can sinultaneously carry 107 signals each
havi ng & 5 dehze RARGWI 06N, chbies ineachesi gfial tws sepamared €ibheeehtacent

signals by 10 kHz. These two techni ques can of course be conbined for
maxi mune i sminesiiomnpatns Whighc apapiner iofoin er@Hity,. aLTRCBO§FsE¥MRthi ch uses
an FDM signal frequency nultiplexing four signals, eacg o% 2Qich ii a TDM
si gnal diversutiyt meltdrdagateufrem@nanfdévaatibr SgnRishcEhReefsEtiive
support sixteen users as shown in TABLE, 1: . . d:
a number of signals transmitted at different frequencies 1s used;
polarization diversity, in which the better of a horizontally
polarized signal and a vertically polarized signal is used; and
space diversity or antenna diversity, in which' the best signal
transmitted (or received) using multiple antennas separated by
a number of wavelengths is used.
Antenna diversity has proven to be the most viable
means of multipath propagation compensation in PCS systems;
however, its implementation is constrained by a number of

factors. For example, portable terminals in PCS systems are

typically hand-held or otherwise small-scale units which do not



Ti me Sl ot Frequency Channel A B C DI User 1User 5User 9User 1311 User 2User
6User ZQOUser 14111 User 3User 7User 11User 15| VUser 4User 8User 12User 16
TABLE 1 ' If such a systemis inplenented using antenna 28Quh&206903 - 6

-diversity, frequent reallocation of users and tinme slots anmong frequency

channel s may be necessary. For exanple consider an antenna diversity system
using two antennas 30 and 32 as show4 in FIG 1. Users 5 and 7 may be at
‘physi calrebdcayi opsrmber eedfitenite 3@hysdviades seperaesen copfruniieHt iRve pat h,
and User 6 may be at a position where antenna 32 provides superior results.
I n thisacasenabr ediceroyeChahheluse afistnisnng AeFesdlty adntBANE ST i ng
time slot |, redirected to antenna 32 during tinme slot |I, and then

di r ect ed eiaékes ot ot £30CHRRPATYY HIHELEFBEETY 10 PRILECEWF PR BT Matst be
done with simlar allocations occurring simnul tﬁgeousl on t

t
f r equen&gcehunes 5Inafe tdr sy EUL FREB NV CERRERTFi IS sTIAT 25 Bﬁ?fia?ﬁjl r ant enna

may be transmtting all frequency channel s |y .sone t he channels, or
no chanﬁ@?’§ra?°%ili“.‘p*-€%?féraé}cﬁf°§ eaﬁi ﬁlae Q%%t%gs% tsetréntlflgffll‘nay be required to

ore o ot to o tokaf Anadl GRRBRHEN e LEEWEN SIANAELE O PERARS 2L One

time slot to a co ht~"and ™ unpr edi | e"alTocation at the

Chown | RSB S P LAGRP e 1 Bort 57 Slich ol Lt one 1y ahdoaee one

una orm such a nction. I n such

mul ti pl ?S\rrfdeé\l T di gic;nvgédsthuaégﬁ uregi fput zghanpelerCl M smgteagh fed to
u

a respectrve quadrature ator 341 - 34N. In the nodul ators, the

respect Exgrgggégig?gyelfg - £ AN iﬁogts&geto fadilnate, a cgarrigusrgsal F1 -

FN havi ng a unique frequency froman associated |ocal oscillator 361 - 36N
The out PHHt%eI)Eesdmﬁmltatc@ltéd%ﬂgnal%bltar@oritacbll atatserbd sy saapliofi er 38

whi ch conbi nes the signal s to produce an FDM out put signal T, . where each
of the guttipdexes tampondrit scoh béeomDMpgiagealt . T is a

The capacity of most PCS communication standards is too
limited for the system to be used in a dedicated, one user per
communication channel mode. For example, the Digital European
Cordless Telephone (DECT) standard provides twelve speech
channels per RF channel; the GSM standard provides eight; and the |
Personal Handy Phone (PHS), Personal Digital Cellular (PDC) and
1S54 digital standards permit oﬁly three each. To be practical,
therefore, some technique must be wused to increase the
information-carrying capacity of signals conforming to such
standards.

Two such ﬁethods are time division multiplexing (TDM)
and frequency division multiplexing (FDM). A TDM signal 1is
divided into sequential frames, and multiple information signals
(e.g., user voice signals) are each assigned a different, fixed

time slot within a frame. Each of the information signals 1is

repetitively sampled at a point corresponding to its time slot,



20 June 2003 digital TDbi signal. One solution to the above problemis to
-arbitrarily assign each of the frequency channels to one of the antennas.
For exanple, assunme in the arrangenent of TABLE 1 that Fraguaney2003annels A
~and B are assigned to antenna 30, while Frequency Channels C and D are
assigned to antenna 32. This avoids the need to dynam cally reassign
frequency channels to antennas; however, it reduces systemefficiency in
‘the procgss. thOr ! Baséur bRy dHdesShpteb! ,id f raphenneca0 pr gides the
best conmuni cation path for Users 2 and and antenna 32 provi des the best

COMUNI GRldeQReBat PofOlotsyts the BoMl shi4naaldorseswdddidd tohoumyerlotdser 10
is al so best served by antenna 30, the system cannot accommbdate all three
users Wwidrh dduh tvof Jrmepiencys ighadnelre assiogirédetio wanhemaah3@tharnd tane of
the users' signals would be transmitted under |ess than optimal conditions.
SUMVARY r@echEriblvENTE G- 1ginalewighathe above problens, it is an object of
the present invention to provide a nethod of dynamcally allocating users
of a conmuni cat i ofinstke erfilteay GeRfunie LM F idiginEPELaREs t3 angwiessirdn
facilities thereof which places only m ninmal constraints on system

ef fi ci edafoanat pentbienialiss ahdch |QrikindddyhefCieb) kL Lhef SaR FESHeRFY

invention to provide a circuit for dyn cal | | | ocati ng users of a
conmuni @affon E?%t%ﬁﬁ%%?QﬁiﬁﬁuﬁFcé??cﬁ;éggﬁ%%§lgngﬂﬁm?Y%ﬁﬁnﬁ%ﬂﬁa&ﬁ faGilities

hereof culieh hes. 27100 Tl Igpaclon skLem sh{lelenc: Samlenity and
th within the range of the FDM signal bandwidth. A familiar example
of an FDM signal is the AM radio band, in which an FDM signal
having a bandwidth of 1070 kHz (from 535 to 1605 kHz) can
simultaneously carry 107 signals each having a 5 kHz bandwidth,
where each signal is separated from adjacent signals by 10 kHz.
These two techniques can of course be combined for
maximum information carrying capacity. For example, a PCS system
which uses an FDM signal frequency multiplexing four signals,
each of which is a TDM signal time multiplexing four user

information signals can effectively support sixteen users as

shown in TABLE 1:

Time Slot : Frequency Channel
A B Cc D
I User 1 User 5 User 9 User 13
II User 2 User 6 User 10 User 14
III User 3 User 7 User 11 User 15
v User 4 User 8 User 12 User 16
TABLE 1

If such a system is implemented using antenna



fre~ency djv ; , present en nultiplexing an arbitr ,.ls~or nultip.~exer
“whic Inv tion to n~er of outputs, a-y n~er of in ~h ~S capable of Puts over
an ar ; ~. it is still b'tLary to provide a fre~enc a furphgune@omad of the
."reconfiguring signa~ Y~divis.~on nultiPlexer wP esent invention h on a
time slot to t7nPa hs for time division mM ~ch is capable of rt =s slot
basis, ult.iplexed signal ProT,ride-asbh a further object o s system whzc

‘ase stayigarkaryp Pesqiedtherqylasgativnvent issonadnditing ¢l tGaanbubl t
comuni cation s optimal Coz~unicationf inplenent diversity tec, ervice

Pat hs nfireguentyi chiemdls piayimte neekssear-dYnafd cadxaifpdse antsatber anbj ect
elf and systemus rnodulato |Y reconfigurable fre s a;e realized by
Prov~er antanha i ¢l eers fDRAMYemwischgat@e arpeEynadidfi singh 3dulatsi phewrdi ng a
utPuts. rn P s multiple inputs and xer and a is connected a preferred
enbodi mént FpGovildes Usersod anshch roscile & gifaisigeadt decafiiiensnolerat es of
the inputs ator_ nodulator is select w=th the input signal, a .local RF or
rF of uePhenzaplQ Mmevsdes YhewPeehetPBINdFaFh0R HHE o @UUSEE 8aBAY or nor e
nodul ators ~ Each anplifier rece P thf one of a n-~er %enerﬁﬁes n FDM at

Cits inp@tdt SEesithEnVERCTHhETIEBA PR G patREST S hdiSS¥ ddd o put
SHOTal LEBESEIL o SR LEThT 2R UG oMl 0N L. AN Bk el g 0 @
oo B T AT RS bR St hoate e ) bt s erect
may be sekegtly Ryl Sehl baker o Sl BON8Aring time slot III.
| This switching must be done with similar allocations
occurring simultaneously on the other frequency channels.
Therefore, in any given time slot, a particular antenna may be
transmitting all frequency channels, only some of the channels,
or no channels at all. Generally speaking, the base station may
be required to move from any arbitrary allocation of frequency
channels to antennas at one time slot to a completely different
and unpredictable allocation at the nekt time slot.
Prior art frequency division multiplexers such as the
one shown in FIG. 2 are unable to perform such a function. In
such multiplexers, N TDM digital quadrature input channels C; -
Cy are each fed to a respective quadrature modulator 34; - 34y.
In the modulators, the respective input channel C; - Cy is used
to modulate a carrier signal F; - Fy having a unique frequency
from an associated local oscillator 36; - 36y. The outputs of
the modulators 34; - 34y are fed to a summing amplifier 38 which

combines the signals to produce an FDM output signal T, where

each of the multiplexed components of the FDM signal T is a



20 June 2003 g Ot her objects and features of the invention wll appear in
~the course of the description thereof, which follows. BRI EF DESCRI PTI ON OF

TEE DRAW NGS Addi ti onal objects and advantages of the presgQune2003ti on
~will be nere readily apparent fromthe follow ng detail ed description of
preferred enbodi nent thereof when taken together with the acconpanying
drawi ngs in which: FIG Z shows nul tiipath propagation conditions in a

'typicaldfgg%éawﬁgynsﬂadgl_z is a block diagramof a typical frequency
di vision mul ti pl exer "according to the prior art; FIG 3 is a block diagram

of a PCS base st ajhe0nsACEAkbdi g thea abokst pepbadinnest tof atrbetpaesent
invention; FIG 4 is a block diagram of a DRFDVZ according to the first

enbodi nesdiqgFl&actb o8 thechemptdneydichgnamlef tanonapof ahpl ehtennasnd switch
subcircuit of the DRFDM2 of FIG 4; FIG 6 is a schematic diagram of an
out put Bowpld:famgrlesubssunei in ¢chet her DRFEOMI OO IFTABLE;1 EhEt Fredwercy he
signal conbi ning operation of the DRFDM2 of FIG _4; FIG 8_is a bl ock

di agr amthenree IBRFDMEndcBordiengssbgaed ekondnEaddrli Abnt Wbt e hET pFeee
invention; FIG 9 shows a crosspoint switch used in the DRFDM of FIG 9;
and FI Ghanr@liss G a5dbdk aHa@snoseda tOREDEANBR cof di ngittd avoilds the

need to dynamically reassign frequency channels to antennas;
however, it reduces system efficiency in the process. For
example, during Time Slot II, if antenna 30 provides the best
communication path for Users 2 and 6 and antenna 32 provides the
best communication path for Users 10 and 14, all is well. If,
however, User 10 is also best served by antenna 30, the system
cannot accommodate all three users‘ with the two frequency
channels assigned to antenna 30, and one of the users' signals

would be transmitted under less than optimal conditions.

SUMMARY OF THE INVENTION

In view of the above problems, it is an object of the
present invention to provide a method of dynamically allocating
users of a communication system to communication channels and
transmission facilities thereof which places only minimal
constraints on systeﬁ efficiency and protocol usage.

It is another object of the present invention to
provide a circuit for dynamically allocating users of a
communication system to communication channels and transmission
facilities thereof which has a minimal impact on system

efficiency, complexity and power consumption.



20 June 2003 - - 10 third enbodi rent of the present invention. DETAILED
* DESCRI PTI ON OF THE PRESENTLY PREFERRED EXEMPLARY EMBODI MENT The prefer red
enbodi ments of the present invention are a hereinafter deggrjumd2003 h

“reference to the acconpanying drawings. In a base station transceiver
according to a first enbodi ment of the present invention, a DRFDM2 circuit
40 receives N digital input signal chgnpels ClL - CN as shown in FIG 1. The

i t ch ls Cl f I di i gnal s
rout ‘chamnel s CI e O MRycheaneralet Lo or exalpl o audlo o gnal

usi ng appropriate pul’se code no on (

simplici . Ci [ I S ; .04 o ver, | structure
w il be é%"a‘ﬁlﬁé;haapﬁgéf nétI{C%lyo ?h&&g%lozﬂ%mee&%lﬁ&?ﬁe%grlpg e ﬁﬂéé;@ Afcuit 40

al so regRiMapINxGALT ia8r SAnahs f remharbark 19f it iat e, fyequency (IF)
| ocal oscillziors ng - 42N. %hg SRFDNE ciréh?#t%o%an uﬁg%e%g§%e gﬁfriers

as descride@belfosutpugenerate two frequency division nodulated I F signals
| F1 and I F2. Each of the signals IFl and IF2 may include one or nore of the

carriers each nodotaiedsthylla or €apeBtt Vebjdgito fchabngte £dnCNnvER@ ighgnal s
|F1 and IF2 are conbined with a signal froma radio frequency (RF) | ocal

osci | | atter p4dviide nd xBresqudBtyaddva620n rmasipeigtliexelrywh Ttie fHOMdgabdegbal s
therefromare respectively fed to power anplifiers 481 and 482. Anplifiers

481 and r48eniigupted axigivlay héths o cimacid woden anptiplersd whiigohleach

i ncl ude .
on a time slot to time slot basis.

It is a further object of the present invention to
provide a base station for a personal communication service
system which can fully implement diversity techniques to provide
optimal communication paths between itself and system users.

These and other objects are realized by providing a
dynamically reconfigurable frequency division multiplexer and
modulator (DRFDMZ) which accepts multiple inputs and provides
multiple outputs. In a preferred embodiment, each of the inputs
is connected to a modulator which modulates a local RF or IF
oscillator signal with the input signal. The output of each
modulator is selectively switched to an input of one of a number
of output amplifiers. Each amplifier receives the dutput of one
or more modulators at its inputs, sums the inputs signals, and
generates an FDM output signal representative thereof for
application to an antenna. It is also pessible that the inputs
are connected to the modulators via a crosspoint switch and the
modulator outputs are directly connected to the output
amplifiers. Further, the modulators may be selectively switched

between an array of local oscillators.



20 June 2003 11 an integral low pass filter. The ou tputs of anplifiers 4Bl
and 982 pass through circulators 50 1 and 50z and are radi ated as

tranm stted radio signals via anten nas 521 and S22, respggiJunel 2003The
~function of each of circulator selectively direct incomng signal s 501 and
502 istos at its transmtter port to its antenna port, and to direct inc
omng si nay Port to its receiver r s at its antenna pot' In this wa
‘the operating in | f dupze; ~ de. Y~ when_.syst i rful _transmt
signals are not etf'z’seédo gecf%seaggcgﬁlt%rresv\ﬁgr%he[ ﬁglg/’e%tgﬁét(\ewdl’flir 8%?‘3%?@. Al so,
t he cirgulators, fe .l sLtive 20l a r l.xed signals from
bei ng ﬁgggg f%ufﬁg %%.?ﬁ?aéééﬁg%égien %ﬂggggfﬁegyﬁ§%ﬂ£5¥¥?w%éfIected and
subsequently de r g ade the received signal g,~ality at the receiver-
Preferably, the G the t rculators 501 and 502 are of ype disclosed in

United States Patent BRIEF DESCRIPTION OF THEE DRAWINGS

Additional objects and advantages of the present
invention will be more readily apparent from the following
detailed description of preferred embodiments thereof when taken
together with the accompanying drawings in which:

FIG. 1 shows multipath propagation éonditions in a
typical PCS system;

FIG. 2 is a block diagram of a typical frequency
division multiplexer according to the prior art;

FIG. 3 is a block diagram of a PCS base station
according to a first embodiment of the present invention;

FIG. 4 is a block diagram of a DRFDM? according to the

first embodiment;

FIG. 5 is a schematic diagram of an input amplifier and

switch subcircuit of the DRFDM? of FIG. 4:

FIG. 6 is a schematic diagram of an output amplifier

subcircuit of the DRFDM? of FIG. 4;

FIG. 7 shows the signal combining operation of the

DRFDM? of FIG. 4;
FIG. 8 is a block diagram of a DRFDM? according to a

second embodiment of the present invention;

FIG. 9 shows a crosspoint switch used in the DREDM? of

FIG. 9; and
FIG. 10 is a block diagram of a DRFDM? according to a



08434,763 to G een, the con PPlication Serial No. tents of which, are

" hereby .incorporated by reference. . Small parts of the signals from and
482 are tapped b power anplifiers 4al Y detectors 511 and26URiner20(3ecti ve)
"necessary, the controller can cause Y- Tf RF switches 531 and S32 to feed
the signals received b a Y ntennas 52z and 52z to the detectors 511 and 512
to monitor the condition of the antennas 521 and 52z, O herw se, the RF sw
‘itches n . | e ft i = ' shown in FrG 4 described
A e e P
transcei ver receive signals fromhe base station portable term nals, they
pass via circulators 501 and 50~ to band pass f.zl~ers 541 and 542, |ow

20 June 2003 12 noi se anpkritxsrs peetrapri®b6dF @B m xer/ | F sections 581 and
582 (if used) respectiveély. The FDM conponents of the outputs o~ mixer/IF
sections 581 and PRRSENTLY CPREFERREP| BXEMPIABY SEMBIDIMENTSdUl at ors 6011 - 601V
using IF oscillators 621y - 62IN and denodul ators 6021 - 602N using |IF
oscillators 62., I'he 622Ketped feenbadiigenas FCWhei grésdnt npuenchannedes R11 -
RIN and R21. - R2N. A controller (not shown) conpares the signal quality of
cor r espbeck inp iz s defsceilgrdl swRill arefREnceR1 2oangdh®22aceempakyiog ant ennas
521 and 522 and controls the DRFDM2 to direct the correspondi ng i nput
channel dGwyin@s. etc. to the antenna 521 or 522 which provides the best

signal path in the next tinme slot based on that conparison. .
In a base station transceiver according to a first

embodiment of the present invention, a DRFDM? circuit 40 receives
N digital input signal channels C; - Cy as shown in FIG. 1. The
input channels C; - Cy may be generated from, for example, audio
signals using appropriate pulse code modulation (PCM) circuits
or the like. For simplicity, such circuitry is not shown in FIG.

1; however, its structure will be readily apparent to those

skilled in the art.

The DRFDM? circuit 40 also receives N carrier signals
from é bank of intermediate frequency (IF) local oscillators 42,
- 42y. The DRFDM? circuit 40 modulates the carriers as described
below to generate two frequency division modulated IF signals IF;
and IF,. Each of the signals IF; and IF, may include one or more
of the carriers each modulated by a respective input channel C; -
Cy-

The signals IF; and IF, are combined with a signal from
a radio freguency (RF) local oscillator 44 in mixers 46, and 46y,
respectively. The FDM RF signals therefrom are respectively fed
to power amplifiers 48, and 48,. Amplifiers 48; and 48, are

preferably high efficiency power amplifiers which each include



It should be noted that while the above system i npl enents antenna diversity
"to obtain the best antenna for receiving a particular portable termnal's
transmtted signal, it can also inplenment antenna diversi2yJuped@os n t he
."best antenna for transmitting a signals to that termnal. This is because
frequency reciprocity typically used in PCS systens between the base
station and the portable term nal dictjates that the transmt and receive
'frequencaines \rgill e,the sane_ar nearlx t he sane, gd . a. ., wthin. the sane
frequendy BEFEI Fher8l oP2ss 4 ennalGhPRPPrOVaé8PepEiAEF f&reintd on of a
port abl gt ermnal,..si | will .probabl.y als rovide optimal transm ssion of
a signaﬁa?oqaéi %ﬁ% e?ﬁ%ﬁﬂ?ﬁanaé%aréﬂ d%pﬁea§§n§rﬁlﬁédﬁiﬂﬁﬁl%%

operat i t; VP ' ' , In ich_the input channels
Cl - O\quralggrt}é“ggeg?l:r espég?#gleg%%Fg?%&éae%é?%l-ar&%g@o oAy S ddrri er
signals from| oca 03.=11 scl |slatars=421_ - . .Each

modul at ed si gnal )iﬂéefégmt]%rbgl c%gr ?%E%o":’%i%’E‘C"b‘%aa}ﬁ?éﬁ?h&?di@d\' AP &P/ swi t ch
subcircekele66ivebN d deser i edming0seahelsdst a WhisGh lifies the
medui at ed signal glnd directs it tgosggeg([)? ?%Aoi%sf;llt)%nce l\gt}lggegggglkénd 682.
The si giab samtedms srsr t§8 knando 682r e isudmEE gan gy i %sb)ﬁneahfwt
anplifiers 701 and 702 (al so further described below), respectively, to
gener at po¥E $bg.ital seceivandpbrE2 . Iby effersablay, tdieersigial s patdm besween the
i nput anplifier/switch subcircuits 661 - 66N and the output amplifiers 701
and 7020p@e3bElaricetiadé duslad Bedealpwes tbda trsessilc hs ignadyi b8eat®: superi or
intheir inmmunity to signal interference and fabrication processing

vari at i RhESed nt@ hEhpnpaEeanpr i ¥here stieey onigt ofamagepibsentns ivievdal anced

i nput a Iifier%gswitch subcircuit 66 as shown in FIG 5, the signal from
the nodUfHttorehssds Snr Fiigh CARCRhpERT DI B fedwSPk Prevent meddisrsshti al
anplifiger st 76 i,ch provides signal gain for the input signal as well
as unbasl%agﬁl@el%‘gsfgoﬂla}ggﬁegdgéﬁﬁ 154 rtsriag‘ﬁ.mﬁérba‘t’%%%dtrtﬁﬁ PO t he
differegnti i 7 oes to.a.saqurce fol]ower stage .78 which
or ovi aer £2erBRRLl i s ShEUR IR IP RS R FE TR b BB R Lot
tanpl i fiekga70d @0 /02 o Lbed j I .« he, bal anced
out put aof tﬁe _sgurcee To!ﬁ%?gg?ggeﬂ#8%?éegg%{:&e%%bg g%/q\n@t _?:@;esar@f%and 802
of switrel 5pséidInAQswhi ch 1malkeat §¥al ok @aeéﬁetAé:yﬁcawbhfs@&aﬂpéw at ed
signal at a pair of outputs connected to bus 6 or at a palr of outputs
connect@éd4Ba, D63 682 baseenpn th® pedrtfertfs CIP! @AMBBhAr ¥ reONhe@khyi gnal s
20 June Z003 - 14 VT1/-VT1 and VTZ/ -VTZ applied thereto fromthe

af or eméntoopedatedtbplteferedseng switch 801 as an exanpl e, when control
signal VT1 is high and its conplenent -VT1 is |low, the seriés-connected
FETs are biased Bhoradte sfunheFETgnaldi fise pofWersempiattiehe 464 tch 801
isin an "on" state; thus, the switch 801 has a |ow insertion |loss and
passesRfiedbut R BAIPRSLRE desecsass 8ingindPlo rREPBASLIBELY. WWBA VTL is

| ow and ~VT1 is hi.gh, the ﬁﬁri es-connected_FETs are gi ased off and the
shunt FEIT¥bYas REFOLHEE FAR SIS BEFLTShEs ad1 e 932 af?: t hus,

he swi h i ghj i on | d f foll
St age. A H0dE tnof iy TROTES bl HACeG HTocothe 260Nt 134 FApULE car rying.
S| gnalc:?e%gc.gtﬁ;‘% s\ﬂza%@idstlhe'c{; :Frxrch)%/ ee 'i?ﬂ&@t £ L £ N2 SRS ed to

one anot e I'nput signa e isolate rom bo uses and 682.

Tf it 48 m@ws_z%hatoaqmﬂsiec,ukﬁé ﬁﬁaﬁgﬂ%gggsi BpUta gRal el Al yays be

connected to ei her the 681 bus ox the bus® f or an§ grven tine slot,
each a0 r pbsiBRohs Canok conneet ed 4t ordhe 4goaPpS eipnbpakathsnothar, i.e.,
VT1 connected to -VTZ and wIl connected to VT2, to reduce the nunber of
swi t cldesantibeld biedes.for that particul ar channel by half,

When antennas 52; and 52, of the base station

transceiver receive signals from portable terminals, they pass

via circulators 50; and 50, to band pass filters 54; and 54,, low



Because the comon node out put voltage fromthe source foll ower stage 78
“which provides drain and source bias to the FETs in the switch sections 801
and 802 is m dway between VDD and ground, the power suppl 20 {amnetdonaci rcuit
--and its control voltages can be driven directly from CMOS-conpati bl e
control logic for many GaAs FET IC technol ogy switch transistors.
Preferably, the 20 June 2003 - le\/EUt anplifier/switch subcircuits

‘6n' 1 - 66N are |an enent Si SFET | f or . maxi erf or mance;
however ROdiSeVERPS 1 L sf Jté‘é’rﬁﬂgl Sagi %%d Ty S/ ?ﬁ@cﬁé%s n%tdecﬁsabove
t he bal ed b es 681 e connected taq . out arrpl rs 701 and
70. a( ed$&ERPAL %eg{lt pﬁ%h%ngé}f FYEPOIEIS § ovt\;rﬁ1 % %The

out put mle f/ﬁr %tl@ﬁ'u oflrerentt alkenabe 29Dl Lot %9&? §§m o

receivi ng t e SI gn S on a provi g si gna Icatl

bal ance%ehsdme%g@cg@}]Z'dgtngb COIWARIST 0N o SEhiE 10WLRYt ee_»f the §di ffgfgnti al

anplifier stage S si ngl’e- ended open sour célsourcé ower

stage 84chBHuQNEHHS &l ijve. 6@2@ UhBUL FOfsc i e o 62,1 ollmgﬁ,rt%th@ fed to
an |F m xer 46 as des |bed ove . Wth the operatlon of e i nput

anpl i fi grAgnhiChpeubei Foddlt i@Buandnenield RIPH Rigradd RJy W mdy,. tiwe signal
conbi ni ng operation of the DRFDMZ 40 can be better understood FIG 7 shows

the ef f eehtvellesi stnst neshowk) seestminrdshe thput ssgmmial sq@dlityCN ahen

el ectrically connected to one of the output anplifiers 70. Here, each input
anpl i fi eofsespaidisubpiaicai ¢§ sd@balsHN appdans Ry iend Borr espontifamy source
861 - 86N as a pair of resistances RL - RN which coErespond to the

resi st opstemaad | Ag1t Hadsetdesanbnaertedd s r Bpi SREPY i ot h?él@ﬁtt cHissect i ons

801 and 802, and_the series-connected resistors on the in t he
di f f er eRPFRESRARSIITT MPsCa§BaBDe b Crh&ouhGr ARpthei BRLS %p PIas
resi stapces Ro.. Then, ettlngth volta efromso rceCk be. nd since
t he eff\g%llwq;} AR rets?g'l Eégn%\gdpw =* ?h’éGXt 261%?3' 03 - -
16 VA VM + VA VA VN+ VA VB =O RS RS RS 2 R above equatl on

r educesb?% ed on \G'lat comparls

It should be noted that while the above system
implements antenna diversity to obtain the best antenna for
receiving a particular portable terminal's transmitted signal,
it can also implement antenna diversity to obtain the best
antenna for transmit’;ing a signal to that terminal. This is
because frequency reciprocity typically used in PCS systems
between the base station and the portable terminal dictates that
the transmit and receive fregquencies will be the same or nearly
the same, i.e., within the same frequency band. Therefore, an
antenna which provides optimal reception of a portable terminal
signal will probably also provide optimal transmission of a
signal to that portable terminal at around the.same time.

Detailed operation of the DRFDM? 40 is shown in FIG.
4, in which the input channels C; - Cy are uséd by respective

modulators 64; - 64y to modulate carrier signals from local



R VA=-\Vg= ( V1+VZ+...+VN) 3 R+Rs Thus, since all currents fromthe sources
861 - 86N flowinto and out of the resistances Ro, a voltage drop
representative of the sumof the signals Cl1L - CN appears 2xrgqae 2008m and a
~virtual ground is forned at the series connection therebetween. Wen the
nunber of input and outputs to be switched is relatively |ow, the DRFDVZ 40
as descri bed above nmay be inplenentedaias a single integrated circuit for
‘size an S tion, i nim | O nunbe f_inputs and
out put s%rsrgg\tﬁégggg\n ggﬁed aﬁ fabralz%;a i@%dg{%‘%ﬂencgl %8‘5’2@ dgsno{edge’f?ﬁ £

i nt egr athbePe 9PoRu Sh M L1 LUy e OREDYE £4 08, | 1@d owi th

nodul at or s 64?Oi npu? anpi | félaerl/% 'It:)? subc??@%ggéG@r@%Pguts\@énpl ifiers

70 on digkf er@rlckOed Thins @RIRachadt S0 ProOVHeswyl &at ek Lbi Lity, since
t he sw tching cgpaciety of the DRFDWM2 40 may b@ e‘;I(panded ?%lgi(ér%dhhgr

f ashi onmodypa e&d |34,grBESaRaSEL HiAsl QAStORRIAbE Blo baeaHEesg IS ddy gycess of
10 MHz, and at such frequencies GaAs FET circuits offers signifi caht

advant ages 6@er ottres §admadlat banbusebsolédgi end reerdr ofusidanabngat h
distortion and isolation. O her potentially useful fabrication technol ogies
i ncl udeampl i Cid oviynsatbpor MOGREEimmd BV GQMOBndi r Ty t Jalkh afsecioasd

enbodi nent of the present invention, a 20 June 2003 -t DRFDMZ 40" shown
in Fl Gdssendadiesavdul Fespscedtely, 64y Nagfnatealé sognebankEf ezhd o

dedi cated, variable frequency local oscillators 421 - 42v; rather, each can
be sel ekfd-vely connected to one of a bark of fi:ced frequency | ocal
oscillators 891 - SEN, each of which generates one cf the FDM conponent
frequencies. In ERE eEéEgY' t hERg npﬁ%g’g?ﬂann%‘?"sh CclPetNegRa=FhauppiaRid t o the
nodul at AVl cr 00i.r _t_swi.tch_90 chenmat i.cal | shown in FIG 9)

whi ch cagr{r?sla{'rﬂd‘%tr?i‘r” ?§RC%L?‘H1 CUL? gélt'h N A Lﬁhecﬁﬁﬁ%‘éﬁ:sa%lﬂl- %%t 0 any of
the no a 4 - o] ; i r - are

sel ect %jél éﬂé?u% é%et%g?%e%eﬁ‘géél %?%%%1466 1%1399%%%1}5% (g)%%?écfl-rlﬁ%g\l/gmst ches

9211 - $2205a56 L4 QL PUkS: OF sHBUHL 8501, Odddn) B4RV Ak Lok et Y to

the output anplifiers 701 and 702. ‘The above-descri bed second enbodi nent

el i m naagsitheipgedrdodsdiiry vapdbrapgnki fier/switch subcircuits 661 - 66N
and vari abl e frequency |local oscillators 421 - 42ND however, to do so it
adds crosspoint 5mitied ipuandmphefoér Nenioahes 9214 Q32 sehuathes, since
the nodul ators 641Z - 642N are permanently connected to either out put

anpl i f belabedoinF@R, aniel heraswi tchconbechorwalti [6& wsoshbRhsineFs&on of the
DRFDVZ is sonewhat restricted. Al so, to handle the worst-case scenario
wher e 811tRei spanathineel sheimodohetar rasaescttégoughebrhérpotit bi@sanplifier
701 or 702, it_is necessary to connect N nodulators to each of the output

a. ~npl PEFEPEX 701 P 78t fanpRsiathamBee bRl eHIAAR MéniRAE) PEQUIERS twice as
many nodul a%ors.as he R rst,_enbodi nent.. As a L rther ariatiﬁg, athird
enbodi FEPE2of IPHE r¥seht®i APEHEI ot GRSVERD A SROERenT 5
vari a J 03 _-_1i guen | o cill LEh e second
enbodiblljrrg%]?nég%r;gs}' 510|qnt cgwl’ig’éﬁi‘é‘g as g Smggjhaxgeé fglttg[llgl \g) 40" has
the adyaptans, ofsielingiiat bpg 5N teNge 92011502 the
second en%odl rrpnat; aﬁ?\/\é’vea ? e g}(}glg%%gg%ﬂ\%t ors 54%%1-8%§N2#us ® be
capabl #g ofhyahi ?Qbeiaésq!aen@ghop_@mtemorsoqmr eRMer g1 H 41 Oslshib e | ocal
oscillators 4211 - 422N in the first enbodi nent only needed to be able to
changendtespignciesoonser exep i Al reoe, adderd pcalesesebkbatiar sndd4ll - 942N
nmust be able to switch frequencies every time slot within the TDM frane.
Al t houtgtaiie belegent The érileanedasuttmenoffuthy stescel fetlowerauaget i on with
the preferred enbodi nent thereof with reference to the acconpary' ng
draw s is eppdied be swittadietsh80; vand 60s ehaawjdshandchbel {8t athiiohs wil |
beconme apparent to those skilled in the art. For exanple:

selectively present the amplified, modulated signal at a pair of

outputs connected to bus 68y or at a pair of outputs connected

to bus 68, based on two pairs of complementary control signals



-- while the above enbodi nents of the DRFDWM2 use two FDM out puts, the
" DRFDM2 may be readily adapted to accommbdate any arbitrary nunber of

outputs; -- although the above enbodi nents are used in cop) Uagkei 2003 t h
--quadrature anplitude nodul ati on, any appropriate nodul ati on or encodi ng
techni que can be used; -- while the above enbodi nents are used in

conjunction with the transm ssion of jdigital data, the DRFDM2 can be
“r eadi | yv,ﬁfﬁjﬁred RN apfﬁmgggatagp%aa%hdaéao agroel khe- afobiehent henabove

enmbodi nehit’s ‘arte “Used junction with quadrature anpl:.tude nodul ated
signalscoﬁJFEﬂ%?ng can be readily adapted to accommodate ot her anplitude,
frequency or phase nodul ati on techni ques as well; 20 June 2003 19 --

al t hough the abovg iagbedi tEnBs, aae ansedanpleomhencePBEr & SASN2BV T nput
data, the input channel signals need not be tine divis'_on nul tEi'bIr)l exed; --
whi | e the Higeaknasiid lamplenem: (18 abdvevenbbeli Fmias 6PEREFE2at F RS
frequencies, RF oscillators may be used and the_subsequent m xer_circuitry
el i m naigslbiaseal bhoanh wre ehuatsBERGS &f 3Rt AET afo\rE2&nbbfi FENS i s
performed on the basis of nonitored antenna.receive signals, other

sel ect i @iy dsi terim "o/ até‘éebet%d,th‘-’--s%?%% Re' 2DHAV & EnbRFHES have

been used to i npl t t di it t
Tl 1§ patén pracsagacron e PBFPRb P LEPRCES, BTy ee i g Baf BB i th

other diversity techniques, and. may. be.used Wpse] Eupstimnal ity
ot her t&%n nliRerpath 15r opadHt oxqgilsst %ﬁ#?’bntité%rrépég%s?g?i%gﬁ? gnd -- al t hough

t he above enbodi ments a i r n 1N BPES Hase shati eRe s$diecdmventi on
may be ¥edliased \%i?gea %ﬁheetngkggﬁc%lrﬁqgatai on systens and in portable

termn as_wel | as basenStaLions+hRydch ehangesandspdhis cat iloigh are to
be undgé@t odd af brllngg?ﬁcl Egéﬁ wi thin the scope of t(lrr]@; present invention

as defified by e appendgdeid diutput o20sdunee ZRAAMBATSESIELM MEBS S - 20

1l

not appear on the bus 68;.

Since the control inputs carrying signals VT; and VT,
and their respective complements are not connected to one
another, the input signal may be isolated from both buses 68; and

68,. If it is known that a particular channel's input signal

will always be connected to either the 68, bus or the 68, bus for

any given time slot, each control input can be connected to the

complement of the other, i.e., VI connected to ~VT, and ~VT;

connected to VT,, to reduce the number of switch control lines

for that particular channel by half.

Because the common mode output voltage from the source

follower stage 78 which provides drain and source bias to the

FETs in the switch sections 80; and 80; is midway between VDD and

ground, the power supply for the circuit and its control voltages

can be driven directly from CMOS-compatible control logic for

many GaAs FET IC technology switch transistors. Preferably, the



1. P.r. electronic circuit conprising: a plurality of local oscillators
" each generating a carrier signal; a plurality of nodul ators, each connected

to an output of a corresponding one of said plurality of $®9aheCsp3d | atcrs
-and nodul ating said carrier signal therefromresponsive to an input channel
signal applied to an input of said nodulator to generate a nodul at ed
signa' _; a plurality of switching neans, each receiving a nodul ated signha
“froma respective gne of said glura1iiy of faor selectively

. Of ; dul ators,
provi di HEPYE s 2RBALF AR B0SYSh [Gikal SHRC it 361 aG'gJDu? a?FMyaSF FIPpEPEREFIsai d
swi tchi ng, means responsj ve tq a signal at a.control input of sai wi tchin
neans; %éﬁp%tﬁﬁ%ﬁzﬁgg%fﬁﬁfa§u 'n@a%é%ﬁﬁ,pﬁﬁgﬁn¥3ﬁﬁﬁcP8 V6 a gésﬁ@%tive °
out put of f_ said.pluralit f_ switchi means, for sunm ng signals
from safd fle esgttie\F n&llgﬁﬁ?% & %)‘]'osro \gﬁgéeng“gaet&?ng an out put si gnalg °

representative ther gg{tlelcﬁz'ab%,dtrhcemﬁaﬁn%cﬁ!BUsJes V@B?}r ey egeh Qfesaid

plurality of |oca ators 'has a contr i nput and gener at®s said

carrier-sioanglsd @3PRHRELYE atne;qu\i@wew{ Eesey dOéPné_r{cWa skgpakendatifie circuit

of claiml, sald swtching neans conprfsing: an input anplifier receiving

and amidyin@npaii ¢ gpdud atednsivangh ;rmnd 6. 20hd uiepi@03mpl 28ied FOM tCh
receiving said anplified signal and selectively providing said anplified

si gnal #r- 18Ut ffe reicdasWokChi BgpheaADST r e8pgnst Y eréce isairdy siignal at
said control input of said switching neans. 4. The circuit of claim 3,

wher ei rsigeaild aompl af ited sé@nahdi pravialiage e giagnangloficasing tams

portl(”521;§;;1 to unbalanced signal conversion. The output of the
differential amplifier stage 82 is fed tc a single-ended open
source source follower stage 84 for output drive. The output of-
the source follower 84 is fed to an IF mixer 46 as described
above.

With the operation of the input amplifier/switch
subcircuit 66 and output amplifier 70 in mind, the signal
combining operation of the DRFDM2 40 can be better understood.
FIG. 7 shows the effective resistor network seen by the input
signals C; - Cy when electrically connected to one of the output
amplifiers 70. Here, each input amplifier/switch subcircuits 66;
- 66y appears to its corresponding source 86, - 86y as a pair of
resistances R; - Ry which correspond to the resistors shunting
the series—connected transistors in the switch sections 80; and
80,, and the series-connected resistors on the input of the
differential amplifier stage 82 of the output amplifier 70 appear
as resistances Rg. Then, letting the voltage from source Cy be
Vis

and since the effective circuit is symmertrical and Vg =-V,, the



said switc:~ conprises two sections, each of which switches one of said
" portions. 5. The circuit of claiml, wherein said outputs of said swtching

means are bal anced outputs. 6. A transmitter conprising: gggowecoa plura
-~ channel s of input signals; processing neans connected to said source for,

responsive to a control signal applied thereto, grouping said input signals
into a plurality of groups and generajqnog a plurality of frequency division

‘nul tiplexed signals correspopdi ¢0 sajd r GHPY, each of said frequency
di vi si on nodul ati on signa#iggéﬁgggﬁep# atfﬁ;rtﬂ input signals inits
correspondi ng group; and rddi o signal generating nmeans receiving said
plurality of frequency division nmultiplexed signals and generating a

plurality of radjo. frequs i.gnal s each representative of one of said
frequen&y°drv F%ﬁﬁéén |%!%%e§osignals; and 20 June 2003 - 22 a

plurality of antennas each radiating or.e of said radio frequency signals.
7. The transnmitter o claims$..,wherein: Fd plyral channels of input
: ! O L.y Wnerel Ny ySa) 4. Py ; :
signals are time division nil t1%pi3Red,si'gndl s; And said processing means
i ncludes | ocal oscillators whose frequencies change synchronously with a
frame of said time division nmultiplexed signals. 8. The transmtter of
cl ai m 6Thubersinte sdildcpriemts dramnehe soMricgu 65iyfakst e imitRe2Bd vi si on
mul ti pl exed signals; and said_processing neans includes | qcal gscillators
whose out of the resistances Ry, a voltage drop representative of the
sum of the signals C; - Cy appears across them, and a virtual
ground is formed at the series connection therebetween.

When the number of input and outputs to be switched is
relatively 1low, the DRFDM2 40 as described above may be
implemented as a single integrated circuit for size and power
consumption minimization. When a large number of inputs and
outputs must be switched and fabrication technologies do not
permit integration on a single chip, the DRFDM? 40 may be
implemented with modulators 64, input amplifier/switch
subcircuits 66 and output amplifiers 70 on different ICs. This
approach also provides greater flexibility, since the switching
capacity of the DRFDM? 40 may be expanded in a modular fashion.

Typically, PCS base stations operate at frequencies in
excess of 10 MHz, and at such frequencies GaAs FET circuits
offers significant advantages over other fabrication technologies
in terms of signal path distortion and isolation. Other
potentially useful fabrication technologies include silicon-on-

insulator MOSFET and BiCMOS circuits.

In a second embodiment of the present invention, a



frequenci es change synchronously with nultipl exed conponents of said tine

" di vi sion

mul tiplexed signals. 9. The transmtter of claim®6, further

conprising: a plurality of demultiplexers, each connectedg 9ufe209Becti ve
-~one of said antennas, for processing a signal received by its respective

antenna to generate denultipl exed signals corresponding to frequency

di vi si on nul tipl exed conponents thereot? “and nmeans for, for correspondi ng
‘ones of said derultiplexed signals fromeach of said plurality of
BXERS? M5l GhBLA! 09 1t.OB L A8 uddImakiuaBuags iy €OfdAsRbACE Ng

exed signals according to a predetermned criteria, and 20 June
2003 - 23;.60nté0! lddnghesibd ptocersicagedranacablhat frequancy f tecakrcy
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64;, - 645y via one-of-N switches 92,; - 92,y and the outputs of
modulators 64;; - 64py are fed directly to the output amplifiers
70, and 70;.

The above-described second embodiment eliminates the
need for the input amplifier/switch subcircuits 66; - 66y and
variable frequency local oscillators 42; - 42N; however, to do
so it adds crosspoint switch 90 and one-of-N switches 9211 -
92,47 further, since the modulators 641; - 64y are permanently
connected to either output amplifier 70, or 70,, the dynamic
reconfigurébility of this version of the DRFDM?2 is somewhat
restricted. - Also, to handle the worst-case scenario where all
N input channels Cl'Q Cy are connected to either output amplifier

70, or 70y, it is necessary to connect N modulators to each of

the output amplifiers 70; and 703/ thus, the second embodiment

may require twice as many modulators as the first embodiment.

As a further variation, a third embodiment of the

present invention combines the first embodiment's variable

i nput ;

i pl exed
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reference to the accompanying drawings, it is to be noted that

‘various changes and modifications will become apparent to those

skilled in the art. For example:

-- while the above embodiments of the DRFDMZ use two
FDM outputs, the DRFDM? may be readily adapted to accommodate any

arbitrary number of outputs;

- although the above embodiments are used in
conjunction with quadrature amplitude modulation, any appropriate

modulation or encoding technique can be used;

-- while the above embodiments are used in conjunction
with the transmission of digital data, the DRFDM? can be readily

adapted to accommodate analog data as well;

-- while the above embodiments are used in conjunction

2
with quadrature amplitude modulated signals, the DRFDM® can be
readily adapted to accommodate other amplitude, frequency or

phase modulation techniques as well;
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other selection criteria may also be used;

while the above embodiments have been

implement antenna diversit
propagation distortion effects,
other diversity techniques, and may be
functionality other

compensation; and

although the above embodiments are
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a PCS base station,

of communication systems and in portable terminals as

base stations.
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modulated signal from a respective one of said plurallty of

modulators, for selectively providing its modulated signal at one
of a plucality of outputs of said switching means responsive to
a signal at a control input of said switching means; and

a plurality of summing means, each connected to a
respective output of each of said plurality of switching means,
for summing signals from said respective outputs and for

generating an output signal representative thereof.

2. The circuit of claim 1, wherein each of said
plurality of local oscillators has a control input and generates

said carrier signal responsive to a value of said control signal.

3. The circuit of claim 1, said switching means

comprising:

an input amplifier receiving and amplifying said

modulated signal; and
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4. The circuit of claim 3, wherein:

said amplified signal is a balanced signal comprising

two portions; and

said switch comprises two sections, each of which

switches one of said portions.

5. The circuit of claim 1, wherein said outputs of

said switching means are balanced outputs.

6. A transmitter comprising:

a source of plural channels of input signals;

processing means connected to said source for,
responsive to a control.signal applied thereto, grouping said
input signals into a plurality of groups and generating a
plurality of frequency division multiplexed signals corresponding
to said groups, each of said frequency division modulation
signals Dbeing repfesentative of input signals in its
corresponding group; and

radio signal generating means receiving said plurality
of frequency division multiplexed signals and generating a
plurality of radio frequency signals each representative of one

of said frequency division multiplexed signals; and
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Pl ?v saild processing means includes local oscillators whose
frequencies change synchronously with a frame of said time

division multiplexed signals.

8. The transmitter of claim 6, wherein:

said plural channels of input signals are time division
multiplexed signals; and

said processing means includes local oscillators whose
frequencies change synchronously with multiplexed components of

sald time division multiplexed signals.

9. The transmitter of claim 6, further comprising:

a plurality of demultiplexers, each connected to a
respective one of said antennas, for processing a signal received
by its respective antenna to generate demultiplexed signals
corresponding to frequency division multiplexed components
thereof; and

means for, for corresponding ones of said demultiplexed
signals from each of said plurality of demultiplexers,
determining an optimal signal among said corresponding

demultiplexed signals according to a predetermined criteria, and
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division multiplexad data; and
processing means for receiving said plurality of input
channels, forming groups of said input channels responsive to a

control input, and generating a plurality of frequency division

multiplexed sign each representative of onz of said groups:

wherein said processing means comprises :
a plurality of modulators, each modulator corresponding to
one of said input channels, said modulators receiving said input channels
and generating modulated carrier signals representative thereof responsive
to a first control input; and
a plurality of summing amplifiers, each receiving at least cne
of said modulated carrier signals and generating a frequency division

multiplexed signal representative thereof.

11 . The sigreal processing systam of claim 10, wherein
each of said modulators incliudas a dadicated loczl oscillator

first control input.
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channels to said modulators responsive to a second control input.

15, A method of processing signals, said method
comprising the steps of:
time division multiplexing a plurality of input signals

to broduce a plurality of time division multiplexed signals; and

generating  a plurélity of frequency division
multiplexed signalé, each representative of time division
multiplexed signals in said pluralicy of time division
multiplexed signals salected according to 2 control input:

wherein said generating step comprises the steps of :
medulating a plurality of carrier signals with a
respective time division multiplexed signal to produce a plurality of

modulated carrier signals; and
generating each of said frequency division multiplexed

signals by summing selected ones of said plurality of modulated carrier

signals.




-

"109% & ()-T) "109% & ()-T)9s@gssstu|[:vU410 " 10%S8"S& ()- "10%S8"S& ()-

©"10%5zS& ()- Fl0%S8"S& ()- 10%88"S& ()- s10%S8"S& ()-uvvswwwy [:vU410 5

10988" S& () - 410%68"S& ()- 2 10%88"S& ()- vy, !10%88" S& () - 20 JUHESHR () -

+"10%68" S& () - wwwwx XxXxXuT310 T'10% (& ()-S & 10% " & ()-m & 10%s& ()-m

"L10% " & ()-10S8" S10S8" S10S8" S f 7f 10%88" S& () - xAyyyz{|||[:-310r"

L LIT10%"& ()-g ,L1110%"& ()-g ,LI110%& ()-g '10% " & ()- y!'10%"& ()-S

110% " & ()-S||[]]]| }a@10r" @L10%R&&&E ()- 10%R&&&' () - )

-&10%&&' ()-!1-&10% 1 & ()- !L10%&&&& ()-10r"10r" }Xiq}~) ~a~z~|[: @10r

ff109R&&&' ()- S3109R&&& ()- 910%R&&& (¥ 1109R&&& ()- 3 109R&&& () - |

, SGLOYRER&' () - z~~LEs- | [ :rr31Q&E8 4! G%&&&%(is C;a%(y { z(k),“g(éég%&&&& ()-

8109R&&& ()- S!!109%R8&& ()- F 10YRE&& ( 109&°& ()- FS

10% & ()comdriivy &hl) dﬂ%pl@ﬁi&(l@%n(e):atﬁ g‘,le%d 8 10ra20&&8L0&&EN\ | k- @B108&&

63! 10% & ()- $ 31 109%& ( 311094 & ()- 3!10%& ()- L:10% & ()- ]10%k

*& () - TnopyCtop AL S %Wl&t()oflwrllméemkequsy11@@@18@5(9_-11/6%;2&?;/« g (1 2) ”
ok 11 s U410 3ff 10% & ()- 3 10% &

gl(vn?_ \?%L%D%Qé'% S %fg)clﬁg )°° BEFQL 169G ()- \|[NA41010k 10k 10k

03&8$f 10% & () - 3&$f 1098 ()-  3&$f 10% & ()- X3&$F 109k & ()- 3&%f

109 & ()- )n{Z9NA41010 10%r>! Y& ()- 10%(>! Y& ()- 10%/>! Y& ()- S

109> Y& ()-!_ 109&7 () - Tha09¥=ho® ¢3 - 094 {n NA4 100> kA Y2 YD Yot & 9

10%r>! Y& () - "% 10%r>! Y& s,, 109 Y& ()1 ~s, 10%r>! Y& () -

10%y>! Y&'C%%‘“Ds NAZ 106y >F F(’)Y%Ylow ye 1o%(>15\ﬁ&d()ume% OV () -

. ( "L mon | 13] ¢, " Headi ng
S5 RS G LA Qo B SR S

73] c" " Headnags 82@]e€1erai:b@.dbﬂg a93ﬂ>_(3ﬂfﬁl"1@©f %ﬁ t fB@J@-gf?&RAency local

Font TM'$) LO5: @\GVBY<_ekpty. ~p8) 2% 39E Q nL[ n8cdef ghi j kI opONI" - O
%' ), -=poscillators responsive to a part of said control input.
18, The method of claim 15, ‘said modulating step

comprising a step of selectively providing, responsive to a part
of said control input, each of said time division multiplexed

signals to one of said modulators.

139, The method of claim 15, said generating step
comprising the step of, for each of said frequency diwvision
multiplexed signals, selecting modulated carrier signals in said

plurality of modulated carrier signals to be summed together
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responsive to a part of said control input.



