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This invention provides a method and system lor distrdiut-
ing multibancf wireless cximmunications signals. Downlink
RF signals in a plurality of downlink lrequency bands are
received and then combined into a combined clownlinkRl'ignalat the main unit The combined doivnlink Rl'signal is
subsequently spiit into multiple downlink RF-parts, which
arc convcrtcd to multiple clownlink optical si naia and
optmally transmiued to the remote units. At each remote
umt, a deliverecf downhnk optical signal is lirst converted
bacl to a cfownhnl RF-part which is subsequently separated
into a plurality of downlink Rl -groups by frequency bancl
L'ach downlink Rlugroup is indiviclually conditioned (e.g,
filtcrccl and amplifie). Thc individual-conclitioned down-
link RF- roups arc then combined ancl transmitted to a
iledicated ilownlink antenna.
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METHOD AND SYSTEM FOR
DISTRIBUTING MUI.TIBAND WIRELESS

COMMUNICATIONS SICNALS

FIELD OF THE INVENTION

This invention rclatcs gcncrally to wirclcss commumca-
tions systems. Morc particularly, it rclalcs to a novel mcthocl
and system for dislnbuting multiband wireless commumca-
tion si mals.

BACKGROUNDART

As wirelcss communications become a way of life in
society, a chalknge to wirclcss communications network 3

operators is to transport ancl distribute multibancl wirclcss
communications si naia in an elficient, fiexible, aml eco-
nomical manner. Aml the challenge is particularly acute in
areas that are not traditionally covered by macro-networks.
Such areas reside mostly in indoor environments, including zo

airports, mails, offiicc buildings, tunnels, hotels, convention
centers, ancl sports arenas

Distnbuled radio systems are convenuonally used in the
art to provide the radio beverage lo the incloor environments,
employing an architecture of one distributed antenna system
supporting one ivireless radio frequency (Rl') hand Such an
architccturc cntails that in order to support multiple RF
bancls, scparatc clistributccl antenna systems must be
installed in parallel, each accommodating a specilic RF
hami. This is a rather tnelitcient, aml al nmes, cumbersome
underlal ing.

Thc past fciv years have seen a feyv other approaches in
the art, attempting to distribute mulliband vvireless commu-
nication signals in a morc cfficicnt manner. For example,

35
U.S. Pal. No. S,969,S37 by Farber et al. describes a com-
munications system in which multiple RF signals from
multiple ivireless communications networks are tirst cnm-
liined at a hase unit. The combined Rl'ignal is then split
into multiple outputs, which arc subscqucntly convcrtccl to

40
optical si nals and transmitted lo rcmotc units by optical
filters. At each rcmotc unit, thc rcccived optical signal is
converted bacl lo an RF signal. The RF signal is then spht
and routed lo separate antennas, wherein each antenna is
designated to a specific frequency band (e g., PC!k (iSM, or
pag'"g).

A notaiile disadvantage of the above prior art system is
that each frequency band requires a dechcatecl antenna,
which handles both downlink aml uplmk RF signals by way
of a duplexer. (Anil it should be noteci that the duplexer (84)
as disclosed by I'arber et al cannot feasibly separate more
than one frequency hand, particularly intertwined bands
such as cellular and iDEN bands.) Such a confi uration can
bcconic considerably hulky and incihcicnt, especially when
dealing with muluple (e.g., more than two) frequency bamls.
There are additional shortcomings common to the above aml
other prior art multiband distnbuted systems, summanzed as
folloivs:

1. The prior art systems typically employ a star
architccturc, in which each rcmotc unit is connected to co
a niain (or hase) unit by a dcdicatcd fibe-optic cable.
Such an architccturc is inflexible ancl ineflicicnt for
many applicauons.

2 Strong downlink RF signals transmitted by lhe main
uml teml lo interiere with lhe reception of weak uphnk es
Rl si naia in a remote unit by saturating the front-end
radio receivers

3 Intermociulanon products produced by the nonlinean-
ties in the downlink amplihers tend to fall into the
upiink frequency bands, thereby desensitizing the
uplink receivers

4 Intcrmodulation products produced in onc downlink
frequency band often fall into other clownlink fre-
quency bands, thereby causing regulatory violauons.

5 Adlacent aml,'or intertwined frequency bands (e.g.,
iDEN aml cellular bamls) cannot be ieasibly separated
and therefore effectively hltered and amplified.

fii The prior art systems cannot support 'I'ime Division
Iluplev (I'DD) protocols, in which the downlink ancl

uplink RF signals sharc thc same frcqucncy band bul
arc interleaved in time.

7 Thc prior art systems arc dcvoicl of carrying out an
end-to-end gain calibration, such that a prescribed gain
ior each of lhe frequency bands is estabhshed in each
of lhe remote units.

In view of the forgoing, there is a need in the art for a
multiband distributed wireless communications system that
ovcrcomcs thc prior art problems.

SUMMARY

The aforemennoned need in the art is provided by a novel
method anil system for distributing mulhband wireless com-
munication signals according to the present invention In a
multiliand distributed ivireless communications system of
thc present invention, a main unit is linked to multiple
rcmotc units by optical fiber in a hybnd staricascadcd
architecture. As a way of example, the main unit can be
directly connected to incliviclual remote units, and/or con-
nected to one or more cascadecl chains of remote umls. The
main unit can also be linked to some of the remote units via
one or more expansion units in an hierarchical (or tree-like)
structure. Such a hyiirid staricascadcd architecture of thc
prcscnt invention proviclcs a moclular and ficxfiilc way of
chslwbuting muhiband wireless communicahons signals,
parucularly in an indoor environment.

In the present invention, mulhband wireless communica-
tions signaLs are transported and distributecl as follows On
the doyvniink, a plurality of downlink Rlnsets in a plurality
of downlink frequency bands transmitted from a plurality of
wirclcss communication networks arc rcccivccl at thc main
umt. The downlink RF-acts each contain clownlink RF
signals in one of the downlink frequency bamls. Some of
these clov:nlink RF signals are frequency-division-duplexed
(I'IIII), such that downlink and uplink Rl'ignals are
separate in frequency; ivhile others are time-clivision-
duplexed (TDD), such that doivnlink and uplink signals
sharc thc same frequency hand but arc separated in time.

Thc rcccivcd downlink RF-sets arc then combined into a

combined downlink RF signai, ivhich is subscqucntly split
into multiple dov:nhnk RF-parts. Each downlink RF-part is
essentially a "copy*'f the combined downhnk RF signal in
that it contains the doivnlink Rl signals from all of the
downlink RI-sets. 'lite downhnk Rlnparts are then con-
vcrtcd to dovvnlink optical signals in a onc-to-onc
correspondence, which arc suiiscqucntly transmitted lo lhc
rcmotc units by way of optical fibers.

At each of the remote units, a dclivcrccl downlink optical
signal is converted to a delivered clownlink RF-part. Thc
clettverecl downhnk RF-part is then separated into a plurality
of clov:nlinl RF-groups by frequency band. Inciividual
clownlink-signal-c:omhhoning is subsequently performed on
each of the downlink Rl'-groups, wherein the downlink-
signal-conditioning includes one or more steps of
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RF-amplifying, gain-adlusnng, and RF-Iiltenng. By per-
forming amplilication on the downhnk RF- roupa
scparatcly, nonlinear intcrmodulation products amongst the
rloivnlink RF-groups can bc cflcctively avoided. Thc
individual-conditioned downlmk Riugronps are then com-
fiined and transmitted to a downlink antenna. Note that in the
present invennon, each remote unn ts m RF-commumcahon
with at least one downhnk antenna dedicatetl to handle the
rlownlink RF signals transmitttxl from the rcmotc unit.

I.ikeivise, each of the remote units is also in in
RF-communication with at least one uplink antenna dedi-
cated to handle thc uplink RF si naia to bc received by the
remote umt. Having separate uplink and downlinl antennae
enables the recepnon of uplink RF signals aml the transmis-
sion of downlink Rl'ignals to occur with spatial separation
in the present invention. Such spatial separation creates
propagation loss betiveen the transmit (uplink) and receive
(downlink) antcnnac, which helps protect thc scnsitivc
uplink receiver from being dcacnsitizcd by strong downhnk
RF aignaB andior by downlink intermodulation products zo
that fall into one or more uplink frequency hands.

On thc uplink, multiple uplink RF signals in a plurahty of
uphnk frequency bands are lirat received by the uphnk
antenna connected to the remote unit. The received uphnk
Rl'ignals are then separated into a plurality of uplink
Rlvgroups by frequency banal Individual uplink-signal-
conrlitioning is subscqucntly performed on each of thc
uplink RF- roups, which includes onc or more steps of
RF-amplifying, gain-adjusting, and RF-filtering Thc
individual-con&linoned uphnk RF-groups are then combined
into an uplinl RF-part, which ia further convertetl to an
uplink optical signal As such, multiple uplink optical sig-
nals corresponding to multiple uplink Rluparts are optically
transmitted from thc rcmotc units to the main unit.

At the main umt, the received uplink optical signals are 35
first converted back to the uplink Rluparts The uplink
RF-parts arc then combined into a combined upiink RF
signal, which is subscqucntly transmitted to thc wircicss
communications networks.

Thc prcscnt invention arlvantagcously utilizes vanous to

frcqucncy translations to allow for separation of rlownhnk
RF signals into downlink RF-groups by Irequency hami
using feasible means (such as RF-Iiltemng), whereby these
downlink RF-groups can be individually conditioned (e.g.,
filtered and amplified) at a remote unit before being trans-
mitted to a downlink antenna 'Ilie frequency translations
can also be eifi:ctivcly used to prcvcnt thc interfercncc
cffccts and intcrmodulation products amongst diffcrcnt
(downlmk anil uplink) Irequency banda. For instance, a Iirst
frequency-tranalanon may be performed on one or more o

downhnk RF-seta, so aa to place the downlink RF-sets in
disjoint frequency bands that are sufflciently far apart to
alloiv for economical separation of downlink RF signals m
difl'crcnt frcqucncy bands by RF-filtering. Such a task would
otherwisc bc very rliflicult if not cntircly impossiiffc to s
accomphsh, parncularly when dealm ~ with adtacent (aml,'or
intertwined) frequency bamla. At each of the remote units, a

second frequency-translation mav be subsequently per-
formed on one or more downlink Riugroups, which sub-
stantially undoes the effect of the first frequency translation ro
and thereby places the downlink RF signals back to their
ori inal downlink frequency bands respectively. Thcrc can
also be first and aecoml Irequency-tranalanons performed on
one or more downlink RF-groupa at a remote unit, whereby
the downhnk-signal-i:ondinomng (e.g., RF-Iiltenng, anal es
RF-amplifyin ) on these downlink Rlugroups can be per-
formed more effectively in one or more intermediate fre-

quency bands. Simdarly, there can be lirst and aeconii
Irequency-translations performed on one or more uplink
RF-groups at a rcniotc unit, so as to perform thc uplink-
signal-conditioning on these uplink RF- roups more cffcc-
tively in one or more intermediate frequency hands As such,
these frequency translations effectively facilitate the trans-
portation anrf distribution of mulnband RF signalw anti are
particularly desirable when tlealing with RF signals in,
adlaccnt (andror intcrtivincd) frcqucncy bands.

I'he present invention further entails carrying out an
cnd-to-and gain calibration, thereby setting a prcscribcd ain
for each of thc downlink RF-groups. To maintain the prc-
scriberf gain over temperature changes aml other elfecta, a

downlink-gain-control signal (e.g, a pilot or an Frequency-
Shift-Key signal) that is set to a frequencv outside of any of
the frequency bands used by the ivireless communications
networks (and frequency-translated hands) can be mjected to
and transmitted alon with each of thc downlink RF-parts to
thc remote units. At each of the remote units, thc downlink-
gain-control signal is detected anal thereby used to maintain
the gain for each of. the downlink RF-groupa at the pre-
scribed level.

In the present invention, the downlink and uplink optical
signals between the main umt and remote units can be
further transmitted via one or more expansion units I'or
example, a doivnlink optical signal can be first transmitted
from the main unit to an expansion unit, whcrc it is amplificd
and further split into multiple secondary-optical-signals. Thc
sccomlary-optical-signals arc then transmitted to additional
remote units (and/or one or more lower-level expansion
umts). On the uphnk, a plurality of uplink opncal signals
from a number of the remote units can be first transmitted to
an expansion unit, where they are amplifierl and further
combined to a combined optical signai. The comliincd
optical signal is then transmitted to thc main unit (or to a
higher-level expansion unit). The rlcploymcnt of thc expan-
sion units enhances the flexibility aml eihciency of the
present invention in transporting aml diatnbuting mulnbanii
wireless communication signals.

In an exemplary embodiment of a mulnbaml distributed
wireless communicanons system according to the present
invention, the main unit compnses an Rlvdownlink-
interface for receiving a plurality of downlink Rlusets in a

plurality of downlink frcqucncy bands from a plurality of
wire less communications networks; a downlink
RF-combining nicans for combining thc rlownlink RF-acts
into a combmed downlink RF si nal, a downlinl
RF-aplitnng means for splitung the combined downlink RF
signal into multiple downl ink Ri -parts; and multiple Riuto-
optical converters for convertin the downlink Rlnparts to
downlink optical signals. The main unit further comprises
multiple optical-to-RF convcrtcrs for convertin thc
rcccivcd uplink optical signals to uphnk RF-parts; an uplink
RF-i:ombining means for combining the uplink RF-parts
into a combinerl uphnk RF signal, and an RF-uplinl-
interface for transmitting the combined uplink RI'ignal to
the wireless coniflluiiications networks

Each of. Ihe remote units composes a downlink optical-
to-Rl'onverter for converting a delivered downlink optical
signal to a delivered downlink Rlnpart; a downlmk splitting-
filtcrin means for separating thc downlink RF-part into a

plurality of downlink RF- roups by frcqucncy band; a

plurality of downlink-si mal-conditioning asaembliea for
performing individual downlinl -signal-i:ondinonin ~ on
each of the rfownlinl RF- roupa, and a downlink Iiltering-
combimng means for combinin the indivirlual-conditionerl
downlink Rlngroups into a downlink Rlutransmit signal,
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which is to be tranamiued to a deahcated downlink antenna.
The downlink spliuing-Iiltenng means can be providetl by a
series of RF-filters configurcrl in parallel, each charactcnzcd
by a distinct frcqucncy passband. Each of the downlink-
signal-conditioning assemblies can be in the form of one or
more RF-amplifier, gain-adjustin clcments, and RF-filters.
Note that in the present invention, each of thc remote units
is in RF-communication with at least one downlink antenna,
dedicated to handle downlink RF signals in a plurality of
frequency ham)a. lc

Moreover, each of the remote units is in
RF-communicauon with at least one dedicated uplink
antenna, from which mulnple uplinl RF signals in a plural-
ity of uplink frequency hands are received by the remote
unit Lach of the remote units further comprises an uphnk
splittin -filtering means for separating thc received uphnk
RF signals mto a plurality of uplink RF-groups by frequency
hami, a plurality of uphnk-signal-conditioning assembhes
for performing individual uplink-signal-condiuoning on
each of the uplink RF-groups, an uplink tiltering-combimn ~ zc
means for combining the individual-conditinned uplink
Rlzgroups into an uplink RF-part; and an uplink Rlnto-
optical converter for converting thc uplink RF-part to an
uplink optical signal. Each of the remom units may bc
further coupled to an auxiliary antenna by an RF-switching
means, whereby downhnk RF signals in a TDD frequency
hami from the remote unit are transmuted to, and uplinl RF
signals in the 'I'DD frequency hand are received at the
remote unit from this TDD antenna by actuating the
RF-switching means. Thc RF-switching means can bc pro- ic
vided by an RF-(Transmit:Receive)switch coupled to a
downlink power-detect means, whereby it is actuated
according to the power level of the downlmk RF signals in
the TDD frequency band aa determined by the downhnk
power-detect means Alternatively, a downlink RI -sivitch zs
and an uplink Rlnswitch can be separately implemented
along a rloivnlink TDD RF-path and an uplink TDD
RF-path, and further coupled to a downlink power-detect
means m a remote unit. By detecting the power level on the
downhnk TDD RF-path, the downlinl power-detect means ac
enables the downlink TDD signals to be transmntetl, along
with the doivnlink (I DD) RF signals in other dmvnlink
frequency bands, to the downlink antenna; while permitting
the uplink TDD signals to bc received, along with the uplink
(FDD) RF signals in other uplink frequency bands, from the a-
uplink antenna when there is no downlink transmission.

Thc multiband distributed wirclcss communications sys-
tem of the present invention may further comprise a
frequency-translation means Ior performing various
frequency-tranalauons on downlink and uplinl RF signals, c

to allow for feasible aeparauon of downlinl RF si mals into
doivnlink Rl -groups by frequency banal anal to prevent the
interference etTects anal intermnrlulation pniducts amnngst
difi'crcnt (downlink and uplink) frequency banrls. By v ay of
example, the frequency-translation means may comprise a s
global-Lone mixer (coupled to a global-tone enerator) in
RF-commumcauon with the downlink RF-combining means
ai the main unit, ao as to perform one or more first
frequency-translations on one or mnre downl ink Rinsets and
thereby place the downlink Rlzsets in rlisjoint frequency rc
banrls that are sufficicntly far apart to allow for economical
separation of downlink RF signals in different banrls by way
of RF-Iiltewng. The frequency-translation means may fur-
ther compose multiple remote global-tone mixers coupletl to
the remote units, such that there are one or more remote es
global-tone mixers m each of the remote units, for perform-
ing one or more second frequency-translations and thereby

placing the downlink RF-groupa back into their onginal
Irequency bands respectively. (The remote global-tone mix-
crs may bc coupled to a reniotc global-tone gcncrator, which
is substantially thc same as the onc uscrl in thc main unit, or
receive a glnbal-tone signal from the main unit) The
frcqucncy-translation means may also bc in the form of onc
or morc downlink-local-tone niixcrs (coupkd to a downlink-
local-tone gcncrator), in RF-communication with at least
one of the downlinl -si mal-condiuoning asaembliea in a

remote unit. The downhnk-local-tone mixera serve to place
one or more dnwnlink Ri -groups in one or more interme-
diate frequency bands ivhere the downlink-signal-
conditioning on these downlink RF-groups can bc morc
cft'cctivcly pcrformcd, and subsequently place thcsc down-
link RF-groups back into their respcctivc original frcqucncy
ham)a. The frequency-translauon means may further be in
the form of one or more uplinl -local-tone mixers (coupled
to an uplink-local-tone generator), in RI -communication
with one or more upiink-signal-conditioning assemblies in a
rcmotc unit. Thc uplink-local-tone mixcrs likcwisc serve to
place onc or morc uplink RF-groups in onc or morc intcr-
mcdiatc frequency hands, such that thc uplink-signal-
conditioning on these uplink RF- roupy can be performed
more etfectively. Moreover, the Irequency-tranalanon means
can be in the fnrm of a combination of global-tnne and
local-tone mixers (and other frequency-translation means
known in the art) iniplcmcntcrl in thc main unit and thc
rcmotc units, for perfomiing various frequency-translations
on downlink and uplink RF signals, so as to best facilitate
the distribution of mulhband RF signals.

Thc multiband distributcrl wirclcss communications sys-
tem of the present invention may Iurther compose a ain-
calibration means for carrymg out an emi-to-end gain cali-
bratton (initially or when there is no transmission of
downiink Rli signals), thereby settin a prescriberl gain for
each of the downlink RF-groups As a way of example, the
gain-calibration nicans may bc provirlcd by a calibration-
tonc generator in RF-communication with thc downlink
RF-i:ombining means in the main unit that intacta a caldira-
uon tone. The frequency of. Ihe caldirauon tone is aet to lie
within the frequency hami of each downlink RF-group to be
calibrated. 'Ih maintain the prescribed gain against tempera-
ture changes and other etTects, one or more gain-control-
signal combiners can lie implcmentcd in thc main unit, for
inlccting a gain-control-si nal (c g., a pilot or FSK signal) to
each of thc downlink RF-parts to bc transmitted to thc
remote units. The gain-control-signal is aet at a frequency
outside of any of ihe downhnk frequency bands useai by the
wireless communications networks (anal frequency-
translated bands). Liach of the remote units further comprises
a downlink RF-splitting means coupled with a downlink
gain-control element, for dctccting anal thereby using thc
gain-control-si nal to maintain thc dcsircrl gain for each of
the downlinl RF-groups.

Thc multiband distributcrl wirclcss communications sys-
tem of the present invenuon may Iurther compnae one or
more expansion umtm serving aa intermediate hubs for
linking the main unit to addinonal remote unity. Aa a way of
example, an expansion unit can be configured in the form of
a downlink assembly and an uplink assembly The downlink
assembly may include a downlink optical-to-RF convcrtcr
for converting a doivnlink optical signal dclivcrcd to thc
expansion unit to an RF signal, a downlink RF-ampliiier for
ampliTying the RF signal, a downhnk RF-to-opucal con-
verter for converung the ampliiied RF signal to an optical
signal; and an optical-splitting means for splitting the optical
signal to multiple secondary-optical-signals, which are sub-
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sequently transmitted to addinonal remote units (and or one
or more lower-level expansion units). Alternatively, the RF
signal niay first be split into multiple secondary-RF-signals
by an appropriate RF-splittin means, which arc then con-
verted to multiple secondary-optical-signals The uplink
assembly may include an optical-combinin elcmcnt for
conibining multiple uplink optical signals arriving at the
expansion unit into a combined optical signal; an uplink
ophcal-to-RF converter for converung the combined optical
tngnal to a combined RF signal; an uplinl RF-amplitier for
amplifying the combined Ri signal; and an uplink Rlnto-
optical converter for converting the combined RF signal to
an optical signal, which is further transmittcrl to thc main
unit (or a higher-Icvcl expansion unit). Altcmativcly, thc
uplink optical si nals may first bc converted to multiple,s
uphnk RF signals, which are subsequently combmed into a
combined RF signal by a suitable RF-combining means. The
exemplary embodiment descrfiied above provides only one
of many embodiments of a multiband distributed ivireless
coniniunications system according to thc prescm invention. zo
Those skilkd in thc art will rccognizc that a variety of
multibanrl distributed wirclcss communication systems can
be constructeil according to the principle of the present
invennon, ami various means and methods can be devised to
perform the designated functions in an efiicientiequivalent
manner Moreover, vanous changes, substitutions, and alter-
nations can bc made hcrcin without departing from thc
principle and thc scope of the invention. For instance, thc
combined downlink RF si nal may be first converted to a
combined opucal signal at the main unit, which is subse-
quently split into muluple downlinl opucal signals by an
appropriate optical-splittmg means I.ikev ise, multiple
uplink optical signals receiverl at the main unit may Iie hrst
conibinctl into a combined optical signal by a suitable
optical-combining means, which is then convcrtcrl to a zs
conibinctl RF signal to bc transmitkd to thc wirclcss com-
mumcations networks. Vamous RF-splitting means,
RF-combining means, RF-Iiltenng means, RF-switchin ~

means, and frequency-translation means depicted in the
above embodiments can be provided iiy RI -splitters,
RF-combinns, RF-filters, RF-switches, RF-circulators,
power combincrs, duplcxcrs, triplcxcrs (anil other suitable
multiplcxcrs), frequency mixers and multipliers known in
the art. Moreover, a wavelength-division-multiplexing
(WDM) Iilter may be used to transmit a pair of downlinl and
uplink optical signals along a single optical fiber, thereby
reducing the number of optical fibers tn be deployed in the
system Additionally, the pilot (or I'SK) signals employed m
the present invention for thc purpose of gain-comrol can be
further utilizcrl to estabhsh di ital communications amongst so
the main unit ami remote unua.

As such, thc mcthorl and system for distributing multi-
band wirelcss communication signals according to thc
present invention provide many advantages over the prior art
systems, summarized aa follows. 5

1. The use of separate downlinl and uplinl antennae
dedicated to each remote unu provides a simple ami
eliicient way to transmit and receive RF si mals in
multiple frequency banrls upnn downlink and uplink.
Such an implementation is especially etl'ective when ro
dealing with multiple (c.g., morc than two) wirclcss
frcqucncy hands, inclurling intcrtwincd bands (such as
cellular anti tDEN bands). Moreover, having separate
uplink ami downlink antennae enables the recepuon of
uplink RF si naia and the transmission of downlink RF as
signals to be spatially separated in the present inven-
tion. Such a spatial separation creates a prnpagation

loss between the transmit (downlink) anti receive
(upiink) antennae, ivhich helps protect the sensitive
uplink receivers from tieing desensitized by strong
downlink Rl'ignals and ior by downlink intermodula-
tion products that fall into one or morc uplink frc-
qucncy bands.

2 By separating downlink (or uphnk) RF signals accord-
ing to frequency band in each remote unit, RF signals
in tiillerent frequency bands are individually comh-
tioned (e.g, filtered and amplified), before heing
recombined to be transmitted to a dedicated downlink
antenna (or after being rcccivcrl from a dcdicatcd
uplink antenna).

3 Various frequency translations cmploycd in thc prcscnt
invention make it possible to separate downlink RF
signals into downlink RF-groups by frequency banal
using feasible means (such as Rlohltenng), such that
these dnivnlink Rlogroups can be individually condi-
tioned (e.g, filtere and amplified) before being trans-
mitted to a downlink antenna in a rcmotc unit. Thc
frequency translations can also be cft'cctivcly utilized to
prevent the interference el(acts and intermodulation
products amongst diferent (downhnk and uplinl ) Ire-
quency banria. Aa such, these Irequency translations
efi'ectively facilitate the transportation and distribution
of wireless Rl'ignals in multiple frequency banrls, anal

arc particularly dcsiraiile when rlcalin with RF signals
in adtaccnt (anal or intcrtwincd) frcqucncy banrls.

4 Thc gain for each of the downlink RF- roups is
individually calibrated anil established at a prescnbed
level, and further mmntained over temperature changes
and other extraneous effects.

S I'he present invention support both I'DD and TDD
prntocols in a simple and flexible way 'I'he use of an
RF-switching means to couple a TDD antenna to a
remote unit, or thc implementation of appropriate
RF-switches coupled with an RF power-detect means
in a remote unit, provides a simple and eilective way of
transmiuing and receiving TDD signals Such imple-
mentatinns prevent the noise transmitted nn the down-
link from desensitizing the reception on the uplink
(since thc uplink and downlink share thc same fre-
quency band for TDD protocols).

(a Thc cmploymcnt of a novel hybrirl starcascaded archi-
tecture provides a modular, fiexdile and eilicient way of
tiistributing muluband wireless RF aignaka.

7 The use of. a pilot (or an FSK) signal not only provides
an etiective way of maintaining the desired gain for
each of the dnwnlink Rl -groups, it can alan be utilized
to establish an ctfcctivc communication link bctwccn
thc main unit and thc rcmotc umts.

All in all, thc present invention provitlcs an ctficicnt,
fiextble, aml economical way of tranaporung and distrdiut-
ing wireless communication signals in multiple (adtacent,
intertwined, or otherwise) frequency bands

I'he novel features of this invention, as well as the
invention itself, vvill bc best understood from thc following
tlrawings and detailed description.

BRIL'F l)ES(IRIPTION Ol'1IL''l(iURLS
FIG 1 iiepicts an exemplary embodiment of a mulubanti

distributed system, in ivhich a mam unit is linked to multiple
remnte units in a hybrid star bascaded architecture, accord-
in to thc present invention;

Itl(iS. 2A—2D show tlowcharts illustrating an exemplary
method of the present invention for transporting and dis-
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tribuhng multibanti wireless communicanon signals on the
downlink and uplink;

I'IGS 3A—3('how exemplary emborliments of a main
unit and a remote unit respectively, according to the present
invention;

FIGS. 4A—4B depict alternative cmbodimcnts of a main
unit and a remote unit rcspcctivcly, according to thc prcscnt
invention; anti

FIGS. 5A—5B depict two exemplary embodiments of an
luexpansion unit according to the present invenhon.

DETAILED DES(:RIPTION

Although the following detailed description contains
many specific details for thc purposes of illustration, anyone,,
of ortlinary skill in the art will apprcciam that many varia-
uons and allerahons to the following details are within the
scope of the invennon. Accordingly, the exemplary emboth-
ment of the invenuon descnbed below is set forth without
any loss of generality to, and without imposing limitations
upon, the claimed invention.

FIG. I depicts an cxcmplary embodiment of a multibantl
tlistributcd wireless communications system according to
thc present invention By way of cxamplc to illustrate thc
pnncipal concept and lhe topological structure of a hybnd
star cascadeti architecture of the present invention, the
exemplary multiband distrdiuted wireless communications
system 100 comprises a main unit 101; multiple remote units
including a first cascaded chain of remote units 102, an
indivitlual rcmotc unit 103, and a second cascaded chain of,u
rcniotc units 104, and first and second expansion units 105,
106. A plurality of wireless communicahons networl s IZO,
including (but not limited to) LDEN, cellular, PCS, paging,
and WI.AN hase-stations (BTS), is connected to main unit
101 by way of an Rlusignal transfer means 121 (such as one
or more coaxial Rlucables) Main unit 101 is in turn
connected to multiple rcmotc units and expansion units by a

plurality of primary-optical-fiber 107-1 through 107-N,
includmg lirst cascadeti chain of remote units 102 by
pnmary-optical-liber 107-1 and Iirst expansion unit 105 by
primary-optical-hber 107-N ('I'he remote units linked to
main unit 101 by other members of primary-optical-filter
107-1 through 107-N are not shown in I'IG I) I irst
expansion unit 105 is further conncckd to indivitlual remote
unit 103 by first secondary-optical-fiber 108, to second as
cascaded chain of remote units 104 by secontl secondary-
ophcal-liber 109, and to second expansion unit 1U6 by third
secondary-optical-fiber 110. (Seconrl expansion unit 106
may likewise be connected to additional remote units and
expansion units that are not shown in I'IG I)

As such, multiband distributed wirclcss communications
system 100 of thc prcscnt invention utflizcs a hybrid star,'ascaded

architecture to link a main unit to multiple remote
units distwbutetl throughout the system. The implementation
of one or more expansion units iurther provides an hierar-
chical structure, in ivhich the expansion units each serve as
an intermediate hub and thereby link a variety of remote
units (in intlividual anil cascaded forms) to thc main unit in
a "tree-like" ramiticd structure. This novel architccturc of
the present invention provides a modular, flcxifdc, and ru
efficient way of transporung and distnbuting multibaml
wireless communications signals, which is particularly
effective in an indoor environment

In the present invention, the wireless communications
networks 1ZO include, bul are not limited to, paging, cellular, es
PCS, UMTS, (iSM, ('DMA, 'I'DD, I'DMA, GPS, L'D(iL,
W-(:DMA, bluetooth, WI.AN (wide area data) and [.AN

(local area tiala) networks, and lhe hke. Some oi'hese
ilownlink RF signals transmitted irom these wireless net-
works arc frequency-tlivision-duplexctl (FDD), such that
downlink and uphnk RF signals are separate in frequency,
while others are hme-thvision-duplexed (TDD), such that
downlink aml uplink signals share the same frequency banti
but are time muitiplexed.

FIGS. 2A—2B show two flowcharts illustrahng an exem-
plary method of the present invention for distributing multi-
band wireless communication signals on the downlink
according to the present invention Shown in I'l(L 2A is an
cxcmplary dotvnlink operation at a main unit, as a way of
cxamplc to illustrate thc gcncral pwnciplc of thc prcscnt
invention. A phirality of downhnk RF-sets in a pluralny of
downlink frequency bamls are received at the main unit in
step 201, wherein each of the doivnlink Rlusets is a collec-
tion of downlink Rl'ignals in a given downlink frequency
hand transmitted from one of the wireless communications
networks. Thc received dotvnlink RF-sets arc then combined
into a combined downlink RF signal in step 202. Thc
combined downlink RF signal is subsequently split into
multiple itov:nlink RF-parts in step 203, such that each of the
downlink RI -parts is essentially a "copy'* of the combinerl
downlink RI signal in that it contains the rlownlink Rl'ignalsfrom all of the downlink Rlusets The downlink
RF-parts are then converted to downhnk optical signals in a
onc-to-onc corrcspondencc in step 204, which arc subsc-
quentlv transmilled Lo multiple remote units and one or more
expansion units by optical libera in step ZU5. Depicted in
l)G. 2B is an exemplary doivnlink operation at an exem-
plary remote unit X, as a ivay of example to illustrate the
general principle of the present invention. A delivered down-
link optical signal is convcrtetl to a dclivcred downlink
RF-part in step 221. The dclivercd downhnk RF-part is then
separated into a plurality of. downlink RF-groups by ire-
quency hami in slap ZZ2, whereby each downlink RF-group
contains downlink RF-si mals in a downlink frequency
band. (In the case where there are adjacent/intertwined
frequency bands, a doivnlink Rlugroup may, rlepending on
implcmcntation, contain tlownlink RF signals in frcqucncy
ban(Is corresponding to onc or morc of thc downlink
RF-sets.) Imhvidual downlinl -signal-contiinoning is subse-
quentlv performed on each of the downlink RF-groups in
step 223, wherem the downlink-signal-i:omlitioning
includes one or more steps of Rluamplifying, gain-
adlusting, and Rlufilterin . An advantage of performing
scparatc amplification on each of the downlink RF-groups is
that nonlinear intcrniodulation products amongst the down-
link RF-groups can be avoideti. The individual-condihoned
ilownlink RF-groups are then combined and transmined to
one or more downhnk antennae dethcated lo remote unu X
in step 224 Note that in the present invention, each remote
umt is in Rlucommunication with at least one downlink
antenna dedicated to handle thc dotvnlink RF signals trans-
mitted from the remote unit. Additionally, it is possible to
transmit ilownlink RF signets in a TDD irequency band to
a separate TDD antenna by actuating an RF-swuching
means, as recited in step 225, while lransmitnng the down-
hnk RI'ignals in all other frequency bands (supporting
I'DD protocols) to a downlink antenna As a way of
cxamplc, thc actuation of thc RF-stvitching means is accom-
plished by detecting the power level of thc rlownlink TDD
signals when there is an appreciable power level asaowiated
with the downhnl TDD signals, the RF-switching means is
actuated lo transmit; otherwise, lhe RF-switching means is
activated to receive (It should be noted that the downlink
TDD signals can be alternatively transmitted along with the
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downlink RF signaLs in other downhnk FDD frequency
bamls to the downhnk antenna, and the uplink TDD signals
can iic altcrnativcly rcccived along vvith thc uplink RF
signals in other uphnk FDD frequency ban(is from thc
uplink antenna, by implementing appropriate Rluswitches
and Rl'ower-detect means in a remote nnit.)

FIG. 2A further comprises step 211 of performing first
global-frcqucncy-translation on onc or morc downlink
RF-sets, so as to place the downlmk RF-sets in distoint
frequency bands that are suificiently far apart Io allow
economical Rlufiltering means to separate these frequency
iiands into downlink Rlugroups Accordingly, IilG 20 fur-
ther comprises step 231 of performing a second lobal-
frcqucncy-translation on onc or more downlink RF-groups
at remote unit X, which substantially umlocs thc etfect of thc,s
lirst global-irequency-translauon and thereby places the
downhnk RF signals back to their omginal downlink fre-
quency bands respectively. Additionally, there can be hrst
and second local-frequency-translations performed on one
or morc downlink RF-groups at remote unit X as rccitcd in zc
steps 232, 233, whereby thc downlink-si nal-conrlinoning
(c, RF-filterin and RF-amplifying) on thcsc rlownhnk
RF-groups can be peri ormed more eifecuvely in one or more
intermediate frequency bands.

FIG. ZA iurther composes step 212 of intecting a cali-
bration tone for carrying out an end-to-encl gam calibrahon
and thereby sating a prescnbeai gmn for each of the down-
link Rl -groups. The end-to-encl calibration for a specihc
doivnlink Rlugroup is accomplisherl by transmitting the
caliiiration tone, sct to a frcqucncy within thc frequency io

band of thc downlink RF-group to lic calibrated, from the
main unit to the remote umts. At each of the remote units the
calibratetl tone passes through a speciiic downlinl RF-path
corresponihng to the downlink RF-group to be calibraterl.
'I'he downlink Rlupath contains various Rluamplifiers, gain- zs
adjusting elements, and Rlufilters for performing downlink-
signal-conrlitioning. The strcn th of thc calibrate(i tone is
mcasurcd at the cnd of thc downlink RF-path. This mea-
surement provides a gauge of the system gam all the way
from the main unit, through the specilic downlinl RF-path, so
to the point of the remote unit where the downlink RF
signals would be ready to be transmitted to the dmvnlink
antenna Based on this measurement, the gain of the down-
link RF-group in thc remote units can bc arljustcd to sct the
system gain to an accurate, prcscribcrl lcvcl. The process is as
rcpeatcd for each of thc downlink RF- roups.

To maintain thc prescribed gain for each of thc downlink
RF-groups over tcmpcraturc changes anil other cfl'ccts, FIG.
ZA further includes step 213 of intecung a downlink-gain-
control signal, such as a pilot or Frequency-Shift-Key (FSK) o

signal, to each of the downlink RF-parts preceding step 204.
'I'he downlink- ain-control signal is set to a frequency
outside of any of the downlink frequency hands (and
frcqucncy-translatcrl bands) Accordin ly, FIG. 2B further
includes step 234 of rlctccting and thereby using thc s
downlink-gain-control signal to maintam the gain for each
of the downlink RF-groups at the prescribed level. (As a way
of example, immediately after the eml-to-eml calibration for
each of the downlink Rlugroups takes place, the poiver level
of the pilot signal can be measured at each remote unit. This re
mcasurcmcnt establishes what the dcsircd power lcvcl of thc
pilot signal shoulrl bc when thc system gain is sct at thc
prescribed leveL Subsequently in the course of normal
operation, each remote unit continuously (or pemodically)
monitors Ihe power level of ihe pilot si mal transmitted to it as
and adjusts its gam to maintain the power level of the pilot
signal at the desired value Since the gain for each dmvnhnk

RF-group is inihally set by the eml-to-eml calibrauon, it is
subsequently maintained in reference to the corrected sys-
tem gain through use of the pilot signal

FIGS. 2C—ZD show two flowcharts illustrating an exem-
plary methori of Ihe, present invenuon for transmiuing multi-
band v:ireless commumcation signals on the uplinl . Shown
in FIG. 2C is an exemplary uplinl operanon at the exem-
plary remote unit X described in I l(l 213, as a way of
example to further illustrating the general princqile of the
prcscnt invention. Multiple uplink RF signals in a plurality
of uplink frequency ban(is arc first reccivcd from an uplink
antenna at remote unit X in step 251. (As on the downlinl,
each remote unit is in RF-communicauon with at least one
uplink antenna rledicated to hen&lie uplink RF signals.)
Additional upiink Rlr signals in the lqiD frequency banal
may be separately received at remote unit X from a VDD
antenna by way of actuating an RF-switch, as rccitcd in 257.
Thc rcccivcd uplink RF si naia are then scparatcrl into a
plurality of uplink RF-groups by frequency band in step 252.
Indiviriual uphnl -signal-conilitiomng is subsequently per-
fiirmeri on each of. Ihe uphnk RF-groups in step 253, which
includes one or more steps of Riuamplifying, gain-
adjusting, and RF-tiltering. The individual-conrlitioned
uplink RF-groups arc then combined into an uplink RF-part
in step 254, which is further convcrtcd to an uplink optical
signal in step 255. The uplink ophcal signal is then trans-
mitted Io the main unit (or an expansion unit) in step 256. As
such, multiple uplink optical signaLs corresponding to mul-
tiple uplink Rluparts are optically transmitted from the
remote units to the main unit

Dcpictcd in FIG. 2D is an cxcmplary uplink operation at
the main unit descnbed in FIG. ZA, as a way of example to
iurther illustrating the eneral principle of the present inven-
tion. The uplink optical signals delivered to the main unit are
first converted hack to the uplink Rluparts m step 271 The
uplink Rluparts are then combined into a combined uplink
RF signal in step 272, which is subsequently transmitted to
thc wirclcss communications networks in step 273.

FIG 2C further compnses performing lirst and second
uplink local-frequency-translations on one or more uplink
Rl -groups as recited in steps 261, 262, so as to perform the
uplink-si nal-conditioning on thcsc uplink RF-groups morc
cft'cctively in one or morc intermediate frcqucncy bands. To
maintain the gain for each of. Ihe uphnk irequency bands at
a ilesireil level, FIG. 2C iurther includes step 263 of intect-
ing a gain-control-signal (e.g., a pilot or FSK signal) to the
uplink Rl apart preceding step 255. Accordingly, I'IG 2D
further includes step 281 of detecting and thereby using the
gain-control-si nal to maintain thc desirc(I gain for each of
thc uplink frequency ban(is at thc main unit.

Refernng bacl to FIG. ZB, step 235 entaiis diverung a

fraction of the delivered doivnlink Rl -part to other remote
umts, preceding step 222. Such a process is involved in

applications ivhere remote unit X is in a cascarled chain of
rcmotc units (such as first cascaded chain of rcmotc units
102 in FIG. 1). Similarly, FIG. 2C further inclurlcs step 264
of delivering;uldihonal uplink RF signals irom other remote
umts and combining these additional uplink RF signals with
the upiink Ri -part, preceding step 255 I'his process also
occurs in situations where remote unit X is cascaderl with
other remote units

Those slofled in the art will reco nize that the exemplary
embodiments of FIGS. ZA—ZD provides only one of many
ways of transporung and distmbunn ~ muluband wireless
communication signals in accordance ivith the principle of
the present invention. Various changes, substitutions, anal
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alternauons can be made herein without deparung from the
pnnciple and the scope of the invention. Moreover, alterna-
tive means anil methods can bc dcviscd to perform the
rlcsignatcd functions in an cificicnticquivalent manner. A
skilled artisan can devise a particular method for distributing
multiband ivireless communication signals according to the
present invenuon, to best suit a given application.

Thc following drawings aml description provirlc cxcm-
plary embodiments of the main unit, remote units and
expansion units depicted in I'IG I anil described in I'IGB. ic
ZA—2D.

I'IG 3A depicts an exemplary emborliment of a main unit
according to the prcscnt invention. On the rlownlink route,
main unit 300 comprises a downlinl -RF-interface, 301 for
rccciving a plurality of downlink RF-acts in a plurality of,;
downhnk frequency bands from a plurality of wireless
communications networkg a Irequency-translauon means
including a first global-tone mixer 305 (coupled to a global-
tone generator 315) for performing a first global-frequency-
translation on onc or morc downlink RF-acts; a rlownlink zc
RF-combiner 302 for combining thc rcccivcd rlownlink
RF-acts into a combincrl downlink RF signai; an RF-switch
303 coupled to a ain-caldiration means in the fiirm of a

calibrauon-tone generator 304 for purpose of carrymg out an
end-to-end gain calibration; a downlink Rivsplitter 306 for
splitting the combinerl downlink RI'ignal into multiple
rlownlink RF-parts; multiple downlink RF-amplifier 307-1
through 307-N for amplifying thc downlink RF-parts; mul-
tiple downhnk gain-control-signal combiners 308-1 throu h
308-N for injecting a gain-control-signal signal (such as a

pilot signal) into each of the downlinl RF-parts, and mul-
tiple Rlato-optical converters 309-1 through 309-N for
converting the doivnlink Rlvparts along with the injected
pilot signals to downlink optical signals, which arc subsc-
qucntly transmittcrl to remote units by multiple rlownlink zs
optical fibers 310-1 through 310-N. Note that structurally,
downlink RF-spluter 306 eifecuvely le tule to multiple down-
linl RF-paths 311-1 through 31I-N, each mcluihn ~ a down-
link Rluamplifier, a downlink gain-control-signal combiner,
folloived by an Rl -to-optical converter tc

RF-switch 303 serves to faciluate the end-to-end gain
calibration described above When performing an end-to-
end gain calibration for each of the rkiwnlink RF-groups
initially (or when thcrc is no transmission of dov nlink RF
signals), RF-switch 303 fiips to caliliration-tone gcncrator as
304, so as to allow a calibration tone to pass and further split
along multiple downlink RF-paths 311-1 through 311-N.
The frequency of the calibration tone ts adtustetl to lie within
the frequency band of a specific downlink Riagroup to lie
calibrated. The calibration tone is transmitted to the remote so
units, ivhcrc it is mcasurcd and thc gain for thc spccihc
rlownlink RF-group is sct accorrlingly at a prescribed lcvcl.
After the cnd-to-cnd calibration is carried out for each of thc
downhnk RF-groups, RF switch 303 Ilips bacl to connect
downhnk RF-combiner 302 to downlink RF-spliuer 306,
thereby alloivin passage of the downlink Rl'signals during
normal operation

On the uplink route, main umt 300 comprises muluple
optical-to-Rl converters 321-1 through 321-N for convert-
ing multiple uplink optical signals delivered to the main unit re

by multiple uplink optical fibers 320-1 through 320-N to
multiple uplink RF-parts; multiple uplink RF-spiittin clc-
ments 3Z7-1 through 327-N for extracting a ain-control-
signal such as a pilot signal from each of the uphnk
RF-parts, multiple uphnk gain-control elements 322-1 es
through 322-N for using the extracted gain-control-signal to
adjust the gain of each of the uplink Rluparts; multiple

uplink RF-ampliliers 3Z3-1 through 323-N Ior amplifying
the uplinl RF-parts, an uplinl RF-combiner 324 for com-
bining thc uplink RF-parts to a combined uplink RF signal;
and an uplink-RF-intcrfacc 325 for transmitting thc com-
bined uplink RI signal to the wireless communications
networks. As such, there arc cfibctivcly multiple uplink
RF-paths 326-1 throu h 326-N convcrgin to uplink
RF-combiner 324, whcrcin each of the uplink RF-paths
incluiies an optical-to-RF converter, an uphnk RF-spliuing
element, an uplink gam-control element, and an
RI -amplifier Additional RI -signal-conditioning elements
(such as RI-filters) can be further implemented m each of
thc uplink RF-paths.

I'Itl 3B shows an exemplary embodiment of a remote
umt according to the present invention On the downlink
route, rcmotc unit 350 coniprises a downlink optical-to-RF
converter 351 that converts a downlink optical signal deliv-
ered by a downlink optical liber 367 to a delivered downlink
RF-part (which may mcluile a gain-i:ontrol-signal such as a

pilot signal), a downhnk RF-amplilier 352 Ior amplifying
the dehvered downlink RI -part; a downlink Rlusplitting
element 364 for evtractin a gain-control-signal such as a

pilot signal; a downlink gain-control ekmcnt 353 for usin
thc extracted gain-control-si nal to perform gain adjust-
ment; a downlinl sphuing-Iiltering assembly 354 in the
form of a plurality of. downhnk RF-Iilters 354-1 (for Ire-
quency band-1) ihrou h 354-N (for TDD frequency banii),
for splitting the downlink Rlapart into a plurality of down-
hnk RI-groups by frequency hand; and a plurality of
rlownlink-signal-conditioning assembhcs 355-1 through
355-N for performing inrhvidual downhnk-signal-
conditioning (e.g., RF-amphlying and RF-Iiltenng) on each
of the iiownlink RF-groups. As a way of example, downlinl-
signal-conditioning assembly 355-N is coupled to downlink
RI'-biter 354-N for performing downlink-RF-signal-
conditioning on doivnlink RI si naia in a 'I'DD frequency
band, and is further coupled to a TDD antenna 358 by way
of an RF-switchin means in the form of an RF-(Transmit,i
Receive)switch 357 and a downlink power-detect element
379 The remmmler of the downlink-signal-conditioning
assemblies is in RF-communicauon with a downlinl
filtering-combininv, assemblv 359, which combmes the indi-
vidual conditioned doivnlink Rlagroups into a downlink
RF-transmit si nal to lie transmitted to a rlownlink antenna
356 Note that dovvnlink antenna 356 is rlcdicatcd for
hanrlling the dovvniink RF si nals in all other rlownlink
(FDD) frequency bands (than the TDD band) transmiued
from remote unit 350.

In the embodiment of FIG. 3B, each of the constituent
RF-filters in dov:nlink splitung-Iiltenng assembly 354 has a

characterisuc Irequency passband, so as to let RF signals in
a selected frequency band to pass and filter out Rl signals
in all other frequency bands Bach downlink-signal-
conrhtioning assembly gcncrally comprises onc or morc
RF-amplifiers, ain-control elcmcnts, anil RF-filter, as
exemplilied by downlink-signal-condiuoning assemblies
355-M and 355-N. Downlink-signal-conditioning assembly
355-1 further includes a second global-tone mixer 360
(coupled to a global-tone generator 365), for performing a
second global-frequency-translation that substantially
undoes thc eficcts of thc first global-frcqucncy-translation
pcrformcd on thc downlink RF signals in frcqucncy Iianrl-1
at main unit 300 of FIG. 3A. (Note. global-tone generator
365 in remote unit 350 of FIG. 3B is substanually the same
as global-tone generator 315 in main unit 300 of FIG. 3A.
Alternatively, the gioiial-tone signal generated by global-
tone generator 315 in main unit 300 of I I(i. 3A can be
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tran&mined to each of the remote units in the system, aml
coupled to global-tone mixer 360 in remote unit 350, for
instance. Moreover, thc combination of firs global-tone
mixer 305 in main umt 300 of FIG. 3A anil second lobal-
tone mixer 360 in remote unit 350 of 11(i 3ff constitutes one
embodiment of a frequency-translation means in the present
invention.) Downhnk-signal-conrhuonm ~ assembly 355-2
further includes first anil second rlownlink-lncal-tone mixers
361, 362 (coupled to a downlink-local-tnne generator 363)
for performing first and secnnd local-frequency-translations ic
on thc downlink RF signals in frcqucncy hand-2, thcrcby
enablin thc rlownlink-signal-frcqucncy conditioning (such
as RF-amplifying anrf RF-liltenng) on these RF signals to be
performed more eflecuvely in an intermediate frequency
f&and (Note: the combination of first anil second downlink-
local-tone mixers 361, 362 provides another embodiment of
a frequency-translation means in the present invention )

On the uphnk route, remote unit 350 cnmprises an uplink
splitting-filtering assembly 371 for splitting multiple uphnk
RF signals in a plurality of uplink frequency banrls into a zc
plurality of uplink RF-groups by frcqucncy band; a plurality
of uplink-signal-conditionin assemblies 372-1 through
372-N for performing individual uplink-signal-conditionin ~

on each of: the uplink RF-groups, an uplink liltering-
combining assembly 373 for combining the uplmk
Rlugroups into an uplink Rlnpart; an uplink Rincomf»ning
clenicnt 374 for combining an uplink gain-control-si nal
such as a pilot signal with the uplink RF-part; an uplink
RF-amplifin 375 for amplifying the uplink RF-part (along
with the injected pilot signal); and an uplink RF-to-ophcal
converter 376 for converung the uplinl RF-part (along with
the injected pilot signal) to an uplink optical signal, which
is subsequently transmitted tn main unit 300 nf FI(i. 3A (or
an expansion unit not shown) by an uplink optical fiber 377.

In the embodiment of I'IG 3I3, uplink Bilitting-filtering &s

assembly 371 is in Rlncnmmunicatinn with an uplink
antenna 370, dedicatcrl for rccciving uplink RF signals in all
other uplink (FDD) frequency bands (than the TDD band).
Each ol: the consutuent uplink RF-lifters in uplinl splithng-
Iiltering assembly 371 is characteirzed by a disunct fre- so
quency passband, so as to let uplinl RF signals in a selected
uplink frequency hand to pass anil block ofl'f'ignals in all
other frequency hands Each uplink-signal-conditioning
assembly generally comprises onc or more RF-amplihcrs
and RF-filters. Uplink-signal-conditioning asscmffly 372-M as
further inclurlcs first and second uplink-local-tone mixcrs
380, 381 (coupled to an uplink-local-tone generator 383) for
performing lirst aml second uplink local-frequency-
translations on the uplink Rl'ignals in uplink frequency
f&and-M, thereby enabling the uplink-signal-conditioning so
(such as RF-filterin anil RF-amplifying) on thcsc uplink
signals to bc pcrformcd more cffi:ctivcly in an intcrmcrliatc
frcqucncy band. (Note: thc combination of firs and scconrl
uplink-local-tone mixers 381, 382 also constitutes an
embodiment of a frequency-translauon means in the present
invention.)

RF-switch 357 in the embodiment of FIG. 3B further
couples TDD antenna 358 to uplink-signal-conditiomn ~

assembly 372-N designated for handling 'I'DD frequency
f&and Rl -s&vitch 357 is actuaterl accorrling to the presence of in
thc doivnlink TDD signals as dctcrmincd by downlink
power-detect clcmcnt 379 couple(I to downlink-signal-
comhtioning assembly 355-N. That is, when there is an
appreciable power level associated with the downlink TDD
signals, downhnk power-detect element 379 causes as
RF-switch 357 to flip tn downlink-signal-conditinning
assembly 355-N, thereby enabling the downlink 11&D sig-

naia to be transmiued to TDD antenna 358. When no power
is detected on the downlink path, RF-switch 357 flips to
uplink-si nal-conditioning asscmf&ly 372-N, thcrcby allow-
in thc uplink RF si nals in the TDD frcqucncy band to bc
received at remote unit 350 (Note Rlnswitch 357 can be
alternatively replaced by an RI'irculator, a power
combiner, or other means known in the art.)

Those skilled in thc art &vill recognize that other RF
techniques can be used to facilitate the transmission of
downfink 'I'DD signals to and the reception of uplink TDD
signals from the TDD antenna. For instance, an RF circu-
lator (or a power combmer) can be alternauvely (however
less cflectivcly) used to replace RF-switch 357 in thc
cmbodimcnt of FIG. 3B. With this approach thc rlownlink
amplifiers in the downlink 'I'DD path should be turned nff
during receive timeslots so that the noise generaterl on the
downlink TDD path does not desensitize the uplink TDD
path to reception of. weak TDD signaL&.

I IG 3C shnivs an alternative embodiment of a remote
umt accoriling to the, present invenuon, iflustraung an alter-
native way of transminin ~ and receiving TDD signals. In
rcmotc unit 390, rather than usin a scparatc TDD antenna,
a downlink RF-svvitch 391 anil an uplink RF-switch 392 arc
implemented in downlink-signal-conditioning assembly
355-N and in uplink-signal-conditioning assembly 372-N
respectively. Downlink RF-switch 391 aml uplml
RF-switch 392 are, further connecterf to a downlink power-
iletect element 393, coupled to downlink-signal-
conditioning assembly 355-N for detecting the power level
of the downlink TD11 signals. In this case, a downlink
filtcrin -comf&ining assembly 395 is coupled to all
rlownlink-signal-conditioning assembhcs 355-1 through
355-N, and is further in RF-communicauon with downlink
antenna 356. An uplinl splitting-Iihenng assembly 396, in
RF-i:ommunication with uplink antenna 3711, is coupled to
afl uplink-signal-conditioning assemblies 372-1 through
372-N. '11&e remainder of remote unit 390 is configured in a

way similar to, and therefore shares many of thc components
used in the embodiment of FIG. 3B. In operation, upon
tie(ecting an appreciable power level associated with the
ilownlink TDD signaL&, downlink power-detect element 393
causes downlink RF-switch 391 to close (while leaving
uplink Rlnswitch 392 open), thereby permitting the down-
hnk TDD signals to be transmitted, along with the downlink
FDD RF signals in other rlownlink frequency bands, to
rlownlink antenna 356. Conversely, if no power is dctcctcd
on thc downlink TDD path, downlink power-dctcct clcmcnt
393 keeps uplink RF-switch 392 closed (while leaving
downlink RF-switch 391 open), thereby aflowing the uplink
TDD signals to be received, along with the uplink I'DDRI'ignalsin nther uplink frequency hands, from uplink antenna
370 Onc disadvantage of this cmbodimcnt is that some
TDD protocols require transniission anil reception of TDD
signaLs from thc same location, in orrlcr to cnsurc thc same
RF propagauon characteristics for both uplink and downlink
TDD signals.

In either of. the embodiments of FIGS 3B and 3C, having
separate uplink aml downlinl antennae not only simphfies
the transmission and recepuon of (FDD) RF signals in
multiple Rl'ands, but also enables the reception of uplink
Rf signaLs and the transmission of downlmk Rl'ignals to
bc spatially separated in thc present invention. Such a spatial
separation creates a propagation loss bctwccn thc transmit
(ilownlink) anrf receive (uplink) antennae, which helps pro-
tect the sensitive uphnk receivers from being desensiuzed by
strong rfownhnl RF signals anti&or by downhnk intermodu-
lation products that fall into one or more uplink frequency
band~.
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Refernng back to the embodiment of FIG. 3B, remote umt
350 further composes a downlink RF-to-ophcal converter
363 for convertin a fraction of the delivcrcd rlownlink
RF-part divcrtcd from downlink RF-splitting clement 364 to
an optical signal, which is to be transmitted to other remote
units by a hrst auxiliary optical fiber 368 There is also an
uphnk optical-to-RF converter 384 i or converting additional
uplink optical signals transmitted from other remote units by
a second auxiliary optical fiber 378 to additional uplinkRl'ignals,ivhich are then combined with the uplink Rlupart ic
(alon ivith a gain-control-signal such as a pilot signal) by
uplink RF-combining clement 374. The combined uplink RF
regnal is then converted to an uplink opucal signal, to be
tran&mined Io the main unit (or an expansion unit).

FIG. 4A depicts an altcrnativc embodiment of a main unit,;
accordmg to the present invenuon. Main unit 4UU composes
a downlink-RF-interlace 401 for receiving a plurality of
doivnlink Rlusets in a plurality of downlink frequency hands
from a plurality of wireless communications networks, a
first glottal-tone mixer 416 (coupled with a global-tone ze
generator 415) for pcrformin a first global-frcqucncy-
translation on onc or morc downlink RF-acts; a rlownlink
RF-combiner 402 for combining the downlink RF-sets into
a combined downhnk RF signal; a downlink RF-amphiier
403 for amplifying the combined downlink Rl'ignal; a
downlink gain-control-signal combiner 404 for injecting a
tlownlink gain-control-si nal in thc form of a pilot signal
into the combined tlownlink RF signal; a downhnk
RF-splitter 405 for splitting thc combined downlink RF
signal along with the iniected pilot signal into multiple
downhnk RF-parts, anal multiple RF-to-opucal convertera
406-1 through 406-N on the downlink niute. A gain-
calibration means in the form of a calibration-tone generator
407 is in RF-communication with downlink RF-combiner
402 for purpose of carrying out an cml-to-encl gain calibra- zs
tion for each of thc downlink RF-groups. As such, rlownlink
RF-spliuer 405 elfectively creates multiple downlink
RF-paths 408-1 though 408-N, each including an RF-to-
optical converter Additional downlink RI'-signal-
conditionin elements, such as Rltfilters, doivnlink gain- sp
adjustin clemcnts anal frcqucncy-translation clcments, can
bc further implemcntcd in each of thc downlink RF-paths

Main unit 400 further comprises multiple optical-to-RI.
convcrtcrs 421-1 through 421-N for converting multiple
uplink optical signals to uplink RF-parts; an uplink a-
RF-combiner 422 for combining the uplink RF-parts into a
combinetl uplink RF signal; an uplink RF-spliuing element
427 Rir extracung a gain-i:ontrol-signal such as a pilot
signal; an uplink gain-control element 423 for using the
extracted gain-control-signal to performing gain adjustment, so
an uplink RF-amplificr 424 for amplifyin the combinctl
uplink RF signal; and an uplink-RF-intcrfacc 425 for trans-
mitting the combined uplink RF signal to the wirclcss
communicanona networks. As such, there are multiple
uphnk RF-paths 426-1 through 426-N converging to uphnk s-
RF-combiner 422, wherein each uplink Rlupath includes an
optical-to-Rl'onverter Additional apl ink RI'-signal-
conditioning clemcnts (such as RF-filters) can bc further
implcmentctl in each of thc uplink RF-paths.

A notable feature of the embodiment of Fl(i 4A is that ro
each downlink optical signal is paired with an uplink optical
signal liy a wavckngth-division-multiplcxing (WDM) filter.
In this way a single opucal liber, rather than a pair of libera,
is used to support both uplink aml downlink opucal signals.
By way of example, a lirst downlink ophcal signal exihng as
from hrst downlink Rlupath 408-1 anal a first uplink optical
signal to be directed to first uplink Ritpath 426-1 are joined

by Iirst WDM tilter 411, which is optcalty coupled to lirst
optical liber 410. Likewise, an N'' opucal signal exiting
from downlink RF-path 408-N and an N"'plink optical
signal to bc directed to uplink RF-path 426-N arc joined by
second WDM filter 413, ivhich is optically couplerl to
second optical fiber 412; and so on. A WIJM filter allows
ihlferent optical wavelengths to be tran&mined ireceived over
a single optical fiber by actin as an optical frequency
duplexer. I'or instance, coarse WDM may be used with the
downlink optical signal transmitted at a rlownlink optical
wavclcngth of 1310 nm and the uplink optical signal trans-
mitted at an uplink optical wavclcngth of 1550 nm. Other
optmal wavelengths can be aceortlingly used as well.

FIG. 4B shows another cmborlimcnt of a rcmom unit
accorthng to thc present invention. Rcmotc unit 450 makes
uae of the emborfiment of FIG. 3B or FIG. 3C, as marl ed by
ilashed box 455 for purpose of illustrauon, and iurther
utilizes WIJM filters to transmit doivnlink and uplmk optical
signals along a single optical tiber As a way of example, a
first WDM filter 451 is optically couplctl to rlownlink optical
fiber 367 and uplink optical filter 377, such that thc dclivcrcd
tlownlink optical signal and thc uplink optical si nal to lic
tranamiued are multiplexed (e.g., duplexed) onto a lirst
optmal liber 452. Similarly, a seconal WDM tilter 453 ia
optically coupled to first auxihary optical fiber 368 and
second auxiliary optical fiber 378, such that respective
downlink and uplink optical signals corresponding to thc
downlink RF signals to be diverted to other rcmotc units and
thc additional uplink RF signals rcceivcd from other rcmotc
umts are multiplexed onto a seconal optical liber 454.

FIGS. SA—SB show two exemplary embodiments of an
expansion umt according to Ihe present invenuon. In FIG.
SA, expansion unit 500 comprises a downhnk assembly 510
and an uplink assembly 52U. Downhnk assembly 510
includes a doivnlink optical-to-Rl converter 502 for coii-
verting a doivnlink optical si nal delivered by a downlink
optical fiber 501 to an RF si nal; a downlink RF-amplifie
503 for amplifying the RF signal; a downlink RF-to-optical
converter SU4 for converting the amplilied RF signal back to
an amplfiied optical si mal, and an opucal-spliuer SUS for
splitting Ihe amplilied optical signal mto multiple
secondary-optical-signals, ivhich are to be transmitted to
additional remote units (andior one or more lower-level
expansion units) by niultiple secondary-rlownlink-fibers
506-1 through 506-K (K&1). Upfink assembly 520 includes
an optical-combiner 512 for combining multiple uplink
ophcal signals dehvered by multiple secondary-uplinl-
libers 511-1 throu h 511-J (J&l) into a combined optical
signal, an uplink optical-to-Rlr converter 513 for converting
the combined optical signal to a combined Rli signal; an
uplink RF-aniplificr 514 for amplifying thc combined RF
signal, and an uplink RF-to-optical convcrtcr 515 for con-
verting thc aniplitied RF signal hack into a combined uplink
optical signal, which is to be Iran&mined to the main unu (or
a higher-level expansion unit) by an up link opuca1 liber 516.

FIG SB depicts an alternahve embodiment of an expan-
sion unit according Io Ihe present invention. As a way of
example, expantuon unit 550 composes a downlink optical-
to-Rl'onverter 551 for converting a downlink optical signal
to an Rl'signal; a downlink Rluamplifier 552 for amplifying
thc RF signal; a dov nlink RF-splitter 553 for splitting thc
amplifie RF signal into multiple secondary-RF-si naia; and
multiple RF-Io-optical converters 554-1 through 554-K
(K&l) for converting the secondary-RF-signals to
secomlary-optical-signets on the downlink route. Expansion
umt 550 further comprises multiple optical-to-Rli converters
571-1 through 571-.I (l&l) for converting multiple uplink



U,a 6,801,767 B1
20

ophcal signals to multiple uplink RF signals, an uphnk
Rlucombiner 572 for comhinmg the nplink RI'ignals into
a comliined Rl'ignal; an uplink Rluampliher 573 for
amplifying the combined Rl signal; and an uplink Rlnto-
optical convcrtcr 574 for convcrtin thc amplifie RF si nal
back into a combincrl uphnk optical signai.

In addihon to splining/combining RF signals, as opposed
to splittingicomhining optical signals in the embodiment of
I'l(l. 5A, another distinct feature of I'IG. 5B is that WIJM
filters arc implemcntcd to transmit downlink anil uphnk
optical signals along a single optical fibe. For instance, a
Iirst WDM Iilter 561 is opucally coupled to ilownhnk
opucal-to-RF converter 551 aml uplink RF-to-opucal con-
verter 574, such that the downlink opncal signal delivered
and the combined uplink optical signal to be transmitted are
multiplexed (e, duplexerl) nntn a single optical fiber 562.
Arlditionally, a plurality of secondary-WDM-filters, includ-
in first and second secondary-WDM-filter 563, 564, are
ophcally coupled to downlinl RF-to-opncal converters
554-1 through 554-K ami uplink optical-to-RF converters
571-1 through 571-1 on one side, anti to a number of
secondary-optical-fibers including first and secnnd
secondary-hbers 565, 566 on the other As such, each pair of
a secondary rlownlink optical signal and an uplink optical
signal is transmitted on a sin lc optical fiber.

Those vlnlleil in the art will recognize that the exemplary
embodiments described above provide only several of many
embodiments of the main unit, remote units and expansion
units in a multihand distributed wireless communications

icsystem accordin to the present invention. Those skilled in
the art will also appreciate that various changes,
substituuons, anil alternahons can be made herein without
departmg from the pnnciple and the scope of the invention.
Accordingly, a vanety of multiband distriliuted ivireless

35communicatinn systems can he constructed in accordance
with the principle of the present invention.

For instance, in thc embodiment of FIG. 3A or FIG 4A,
the combincrl downlink RF signal at the main unit may be
first converted to a combincrl optical signal, which is sub-

tc
sequently split into mulnple downlink optical signals by an
appropwate optmal-splitnng means known in the art.
I.ikewise, multiple uplmk nptical signals received at the
main unit may be first combined into a combined nptical
signal by a suitable optical-comliining means known in thc
art, vvhich is then convcrtcd to a combined RF signai to bc
transmittcrl to thc wirclcss communications ncnvorks

Venous RF-splining means, RF-combinm ~ means,
RF-Iiltering means, RF-switching means, and frequency-
translation means depicted in the above embodiments can be
provided hy Rl'-splitters, Rlncombiners, Rl -filters,
Rh-sivitches, Rlncirculators, pnwer comhiners, duplexers,
triplcxcrs (anil other suitable multiplexcrs), frcqucncy mix-
ers and multiplicrs known in the ark Various optical fiber
are preferably single-mode libera, thou h multi-mode libera
can also be implemented if so desired. The conversion
between RF si naia anil ophcal si mals is typically au:om-
plished hy using the RI'ignals to moriulate an nptical
carrier. 'I'he wavelength of the optical carrier determines the
wavelcn th of thc optical signal.

Morcovcr, in applications where multiple directional
antennae are dcsircd, a plurality of doivnlink antcnnac,
and/or a plurality of uplink antennae, may be designated to
each of the remote units in a mulhband distributeil wireless
communicatinn system accnrrling tn the present invention.

Additionally, the pilot (or I'SK) signals employed in the
present invention for the purpose of gain-control can he

further utilized to establwh digital communications amongst
the main unit and remote units I'hose skilled in the art will
recngnize that any other constant envelope signal will be
functionally equivalent to a pilot (or I'SK) signal In fact, a
non-constant cnvclopc signal may also bc uscrl as a gain-
control-signai, if so dcsircd. (In such a case, thc timc-
averagerf power of. the gain-control-signal would be mea-
surerf to estimate its power level.)

All in all, a skilled artisan will knoiv how to design
suitable main units, rcmotc units, and expansion units to
construct a multiband rlistributcd wirekss communication
system in accordance with the present invennon, I or a given
applicauon.

'I'he multihand distributed ivireless communicatinn sys-
tem of thc present invention provirlcs many advantages over
thc prior art systenis, summarizcrl as follows

I The use of separate downlink and uphnk antennae
iiedicated to each remote unit provides a simple anti
efficient way to transmit and receive RI'ignals in

multiple frequencv hands on the downlink and uplink
Such an implementation is cspccially eft'cctivc when
rlcalin with multiple (c.g., more than two) wirclcss
frequency bands, incluihng intertwined bamls (such as
cellular anrf iDEN bands). Moreover, having separate
uplinl and downlink antennae enables the recephon of
uplink Rl'ignals and the transmission of downlinkRl'ignalsto be spatially separated in the present inven-
tion. Such a spatial separation crcatcs a propagation
loss between the transmit (downlink) and rcceivc
(uplinl) antennae, which helps protect the sensiuve
uplinl receivers from being desensihzed by strong
iiownlink RF signals anil,ior by downlink intermodula-
tion products that fall into one or more uplink fre-
quency bands.

2 By separating downlink (or uplink) RF signals accord-
ing to frequencv band in each remote unit, RF signals
in different Irequency banils are inrhvidually condi-
tioned (e.g, amplified and filtered), before being
recombined to he transmitted to a downlink antenna.

3 Various frequency translations cmploycd in thc prcscnt
invention prov«ie many advanta es. First, by placing
the downlink RF-sets in distoint Irequency bands that
are sufiiciently lar apart, global-frequency-translanons
make it pnssihle to separate downlink RI'ignals into
downlink Rlugroups using feasible means (such as
RF-filtering) in a rcmotc unit, such that thcsc downlink
RF-groups can bc individually conditioned (c, fil-
tered anrf ampliiied) before being transmined to a

downlink antenna. The global-frequency-translations
can also be elfechvely used to prevent the interference
efi'ects and intermodulation products amnngst different
frequency hands Second, local-frequency-translations
carried out in a remote unit enable thc downlink (or
uplink) RF-groups to bc more cifi:ctivcly filtcrcd by
placing some of them in intermediate frequency bands.
For instanuh in the United Kingdom extended-GSM
banii, the downlink frequency band is only 1(l MHz
above the uplink frequency band Without filtering in
an intermediate frequency band as described above, it
would bc very difficult to prevent thc downlink noise
from appearing in thc uplink band anil thcrcby desen-
sitizing the receivers on the uphnk But local-
frequency-iranslauon of the downlink banri to a lower
frequency enables the economical Iiltering of the down-
link noise that would otherwise be transmitted into the
uplink hand Another case in point is that without
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lobal-frequency-translation, the iDEN downlinl hami

(85 I 569 Mllz) woukl be ton close to the cellular
uplink band (824—549 Ml lz) fnr econnmical separation
of these two frequency bands, thereby rendering
filteringamplifying of RF si naia in each of the frc-
qucncy bands practically impossible. Aa such, thcsc
frequency Lranslations elTectively facilitate Lhe trans-
portauon aml distnbution oi wireless RF signals in
multiple frequency hands, and are particularly desirable
when dealing ivith RI'ignals in adjacent (and/or
intertivined) frequency bands.

4. The gain for each of the downlink RF-groups is
individually cahbrated anhi established at a prescribed
level, and further maintained over temperature changes
and other effects

5. Thc present invention support supports both FDD anrl
TDD protocols in a simple and flexible way. Thc usc of
an RF-switching means Lo couple a TDD antenna to a
remote unit, or the implementation of appropriate
Rl -switches coupled with an Ri'ower-detecting
means in a remote umt, provides a simple and effective
way of transmitting and receiving iqiD signals Such
implementations further prevent thc noise transmitted
on the downlink from rlc sensitizing the rcccption on the
uplink. It also prevents strong downlmk TDD signals
from damaging the sensitive receiving circuitry on the
uplink.

Li The employment of a novel hybrid star,'cascaded arch&-

tecture provides a modular, flexible anrl etficient ivay of
distributing multibanrl wirclcss RF si nels. Such a
novel architccturc is particularly cffcctive in an indoor
environment. (For instance, various remote units can be
installed on dilTerent floors, or in even diiferent rooms
of a residenual building. When a new building is
constructed in a residential complex, an expansinn unit
can be installed to prnvide the wireless commumca-
tions covcragc to thc ncw building, without disrupting
thc overall operation of thc existing system.)

7. Thc use of a pilot or FSK signal not only provides an
elTective way of maintaining the desired gam for each
of the downhnk RF-groups (and also for RF si mals on
the uplink), it can also be utilized to establish an
effective communication link between the main unit
and the remote units

8. The usc of WDM filter reduces thc number of optical
fiber to bc dcploycrl in thc system, which simplifie thc
overall structure anil lowers thc cost of rlcployment.

As such, the present invention provides an elficient,
flexible, anil economical way of transporung and distribut-
ing wireless communication signals in multiple (adjacent,
intertivined, or otherwise) frequency bands

Although the prcscnt invention anil its advantages have
been dkscrilicd in detail, it should bc undcrstoorl that venous
chan es, substitutions, anrl altcrnations can be made hcrcin
without ileparting from the principle and the scope of the
invenuon. Accordingly, the scope of the present invention
should be determined by the following claims and their legal
equivalents.

What is claimcrl is:
1. A nicthod of rlistributing multiband radio frequency

(RF) signals in a wireless communications system, compris-
ing:

a) receiving at a main unit a plurality of downlmk RF-sets
in a plurality of downlink frequency hands, wherein
each of said downlink RI'-sets contains downlink Rl'ignalsin one of said downlink frequency bands,

zo

b) combining said downhnk RF-sets into a mulubanhi
combined dov:nhnk RF signal,

c) spitting said multiband oombined downlink Rl'ignal
into multiple multiband downlink RI -parts,

d) convertin said multiple multiband rlownlink RF-parts
tn multiple downlink optical signals;

e) opticafly transmitting said downlink opLical signals Lo

multiple remote units;
f) receiving a delivered doivnlink optical signal at each of

said remote umis;

g) cnnverting said delivered dnwnlink optical signal to a
multiliand delivered doivnlink RI -part;

h) separating said multibanrl rlclivcrcrl rlownlink RF-part
into a plurality of doivnlink RF-groups by frcqucncy
hand;

i) performing individual downlink-signal-condiuoning on
each of said dovvnlink RF-groups, including one or
morc steps of RF-amplifying, ain-adjusting, and
Rl -filtering;

I) combimng said individual-comliuoned downlink RF
groups into a multibanrl downlink RF transmit signal;
atlrl

k) transmitting said multibanrl downlink RF transmit
si nal to at least onc dcrlicatcd downlink antenna;

wherein said at least one dedicated downlink antenna is
not used for uplink reception.

2 Thc method of claini 1 further comprising the step of
perkirming a first global Irequency-translation on at least
one of said downhnk RF-sets preceding step b), whereby

io said downlink RF-sets are placed m disjoint frequency bands
that are separated in frequency.

3 I'he method of claim 2 further comprising the step of
performing a second lobal frcqucncy-translation on at least
onc of said downlink RF-groups, whcrcby sairl downlink

ss RF-groups are placeil back mto said downlink frequency
bai.ls.

4 The method of. claim 1 further compnsing the step of
performing a first local frequency-translation on at least one
of sairl downlink Rlugroups following said step h) anrl

Lo prcccding said step i), so as to place said at least onc of said
rlownlink RF-groups in an intcrmcdiate frequency band.

5 The method of claim 4 further compnsing the step of
perkirming a seconal local frequency-translauon on said at
least one of said downlinl RF-groups following said step i),
so as to substantially undo the effect of said first frequency-
translation

6 Thc method of claim 1 further comprising thc step of
carryin out an cnd-to-cnd ain calibration, thereby scttin
a prescnbed gain for each of said downhnk RF-groups in

o each of said remote units.
7 The method of claim 6 wherein a calibrauon-tone

signal is used to carry out said end-to-end gain calibration,
and wherein said calibration-tone signal is set to a frequency
within a frequency band of each of said rlownlink RF-groups

s to bc calibrated.
8 The method of claim 6 further compnsing the step of

iniecting a downlink-gain-control signal to each of saihi
downlink RF-parts, wherein said gain-i:ontrol-signal is set at
a frequency outside of any of said downlink frequency

ro bands
9 Thc method of claim 8 further comprising thc step of

dctcctin and thereby usin sairl downlink-gain-control si-
nai to maintain said prescribed gain in each of said remote
umts.

es lfk The method of clmm 1 iurther compnsing the step of
diverting a fractinn of said delivered downlink Rlxpart to
one or mnre additional remote units.
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11. The method of claim 1 furlher comprising the step of

transmitting a specihc downlink optical signal to an expan-
sion unit, wherein said specific downlink optical signal is
amplihed and further divided into multiple secondary-
optical-signals, anti whcrcin said secondary-optical-signals
arc transmittcrl to a plurality of additional rcmotc units.

1Z. The method of claim 1 Iurther comprising.
I) receiving at each of said remote umts multiple multi-

baiul uplink RF signals in a plurality of uplinl fre-
quency banrls from at least one dedicated uplink
antenna, wherem said at least one dedicated uplink
antenna is not uscrl for downlink transmission;

2) separating said multiband uplink RF signals into a

plurality of uplink RF-groups by frcqucncy band;
3) performing individual uplink-signal-conditioning on

each of sairl uplink RF-groups, including one or morc
steps sclectcrl from thc group consisting of
RF-amplifying, gain-adlusung, anti RF-iiltering,

4) combining sairl uplink RF-groups into a multiband
uplink RF-part; and

5) convcltin sairl multibarul uplink RF-part to an uplink
optical signal;

whereby muluple uphnk optical signals corresponding to
multiple uplink RF-parhs are ophcally transmittetl from said
remote units lo said main unih

13. The method of claim 12 further comprising the step of
performin a first frequency-translation on at least one of
said uplink RF-groups preccrling said step 3), so as to place
said at least onc of said uplink RF- roups in an intcrmcdiate
frequency baiui.

14. The method of claim 13 further comprising the step of
performmg a secoiul Irequency-translation on said at least
one of said uplink Rlugroups, so as to substantially undo the
effect of said hrst frequency-translation

15. Thc method of claim 12 wherein said step 4) further
comprises the step of combining with said upiink RF-part
addihonal uplink RF signals transmitted from one or more
addihonal remote units.

16. The method of claim 12 further comprising the step of
transmittin downlink Rl'ignals in a 'IDD frequency hand
from each of said remote units to a 'lq)D antenna and
rccciving at each of said rcmom units uplink RF signals in
said TDD frcqucncy hand from said TDD antenna by
actuating an RF-switching means.

17. The method of claim 16 wherein said RF-switchin ~

means is actuated according io a power level of saiil down-
link Rl'ignals in said TDD frequency hand

lg. The method of claim 12 further comprising the step of
usin an RF-switching means to cnablc transmission of
rlownlink RF signals in a TDD frequency band from each of
said remote umts lo said at least one dedicated tlownhnk
antenna anil lo allow recepuon of uplink RF signals in said
TDD frequency band at each of said remote umts from said
at least one dedicated uplink antenna

19. The method of claim lg wherein said Rioswitching
means is actuated according to a power Icvcl of said down-
link RF signals in said TDD frcqucncy band.

20. Thc mcthorl of claim 12 further comprising the
following steps cerned oul al sairi main unit.

(I) receiving said uplink optical signals;
(2) coilverting said uplink optical signals to said multi-

banrl uphnk RF-parts;

(3) combinin said multiband uplink RF-parts into a
multibanrl combined uplink RF signal; and

(4) transmitting said multibanrl combined uplink RI'ig-
nal to a plurality of wireless communications networks.
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21. The method of. claim 1Z further composing the step of
transmitting a plural number of said uphnk ophcal signals to
an expansion unit, whcrcin said plural number of said uplink
optical signals arr amplificrl and combined to a combined
optical signal

22 The method of claim 21 wherein said combined
optical signal is transmitted lo said main unih

23. The method of. claim Zl wherein sairi combmed
optical signal is transmitted to a higher-lcvcl expansion unit.

24. A mullibanrl dislhbuted wireless communications
system composing.

(a) a main unit comprising;
(I) a iiownlink-RF-mterface Ior receiving a plurality of

downlinl RF-sets in a plurahty of downlinl Ire-
quency hands, wherein each of said downlink
Rlusets contains downlink Ri signals in one of said
downlink frequency bands;

(2) a downlink RF-comliining means for combinin
said downlink RF-sets into a multibanrl combined
downlink RF signal,

(3) a dov:nlinl RF-splilhng means for splilhng said
multiband combined doivnlink Rl'ignal into mul-
tiple multiband downlink Rloparts; and

(4) multiple Rloto-optical converters for converting
said multiple multiband downlink RF-parts to mul-
tiple downlink optical signals;

(b) multiple remote units optically coupled to said main
unit, each comprising:
(5) a reniotr optical-to-RF convcrtcr for convcrtin a

30 delivered downhnk opucal signal to a mulhband
delivered dew nlink RF-part,

(li) a downlink splittin -filtering means for separating
said multiband delivered downlink Rlxpart into a

plurality of downlink RF- roups by frcqucncy liarul;
(7) a plurality of doivnlink-signal-conditioning assem-

blies for performing indivirlual downlink-signal-
conditioning on each of said downlink RF-groups,
aiul

(5) a downlink filtering-combining means for combin-

to ing said individual-conditioned downlink Riugroups
into a multiband rlownlink RF-transmit signal;

(c) multiple dedicated downlink antennae, wherein each
of said remote units is in Ri -communication with at
least one of said rlcrlicatcd downlink antennae, whereby
said multiband downlink RF-transmit signal is trans-
mitted to said at least onc of said rlcdicatcd downlink
antennae;

whcrcin said dedicated rlownlink antcnnac arc not used
fiir uplinl reception.

o 25. The mulliband distributeri wireleas communications
system of claim 24 further comprising a frequency-
translation means

26. I'he multiband distributed wireless communications
system of claim 25 wherein said frcqucncy-translation

3 means performs a first frcqucncy-translation on at least onc
of saul rfownlinl RF-sets, whereby said downlink RF-sets
are placed in dtstotnt frequency bands that are separated in
frequency.

27 The multiband distributed wireless communications
rn system of claim 26 wherein said frequency-translation

means comprises a central glolial-tone mixer couplcrl to a
global-tone generator, in RF-communication with said
iiownlink-RF-interface and said downhnk RF-combining
means.

as 25. The mulliband distributeri wireleas communications
system of claim 26 ivherein said frequency-translation
means further performs a second frequency-translation on at
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least one of said downhnk RF-groups in each of said remote
units, whereby sairi downlink RF-groups are placed back
into said downlink frcqucncy bands.

29. The multiband distributed wirclcss communications
system of claim 28 wherein said frequency-translation
means further comprises multiple remote global-tone mixers
coupled to one or more global-lone generators, and wherein
there is at least one oi said remote global-tone mixers in each
of said remote units, in RF-communication with at least onc
of said downlink-sirmal-conditioning assemblies.

lo
30. 'I'he multiband rlistributed wireless communications

system of claim 25 wherein said frequency-translation
means perlorms a Iirst Irequency-translation on al least one
of said downlink RF-groups, so as lo place said al least one
of said rlownlink RF-groups in an intcrmcrliate frequency
banrl. i

31. 'Die multiband distributed wireless communications
system of claim 30 wherein said frequency-translation
means performs a second frequency-translation on said al
least one of. said downlink RF-groups, so as lo substannally
undo the effcct of said first frequency-translation. ZO

32. The mulnband distributed wireless communications
system of claim 30 wherein smd frequency-translation
means compnses multiple local-tone mixers miupled to one
or more local-tone generators, and wherein there is at least
one of said local-tone mixers in each nf said remote units, m
RF-communication with at least onc of said downlink-
signal-conditionin asscmblics.

33. The multibanri distributed wireless communicauons
system of claim 24 iurther compnsing a gain-calibration
means for performing an eml-tn-end gain calibration io

throughout sairl multiband distributed wireless commumca-
tions system, thereby setting a prescribed gain for each of
sairl downlink RF-groups.

34. The multiband distributed wirclcss communications
system of. claim 33 wherein said gain-calibrahon means ss
composes a calibrauon-tone generator, coupleil to sairi
downlink RF-combming means and said ilownlink
RF-splittin means by way of an Rluswitch.

35. 'Die multiband distributed wireless communications
system of claim 33 further comprising a dov nlink gain- to
control-signal combiner, for injecting a downlink gain-
conlrol signal to each of said downhnk RF-parts, wherein
said gain-control-si mal is set to a frequency outside of any
of said downlink Irequency bands.

36. 'I'he multiband rlistributed wireless communications
system of claim 35 ivherein each of said remote units further
comprises a rlownlink RF-splitting clcmcnt coupled to a
rlownlink-gain-control clement, for detecting and thcrcby
using said downhnk-gain-i:onlrol signal to maintam said
prescribed gain n

37. The mulnband distributed wireless communications
system of claim 35 wherein said gain-contrnl-signal is
selected from the group consisting of I'requency-Shift-Key
(FSK) signals, pilot signals, and constant-cnvclopc signals.

38. Thc multiband distributed wirclcss communications s
system of claim 24 wherein each of said downlink-signal-
comhiiomng assemblies comprises one or more elements
selected Irom lhe roup consisting of RF-amplifiers, gain-
control elements, and Rlnhlters

39. 'I'he multiband rlistributed wireless communications ro

system of claim 24 whc rein each of said remote units further
comprises a rlownlink RF-splitting element coupled to sairl
remote optical-to-RF converter, whereby a fraction of said
dehvereil downlink RF-part is diverted to an auxiliary
RF-lo-optical converter ai

40. 'Die multiband distributed wireless communications
system of claim 24 further comprising multiple dedicated

uplink antennae, such that each of said remote units ts in
RF-i:ommunication with al least one of said dedicated uplink
antcnnac, wherein each of said rcmotc units further com-
prises:

(9) an uplink splilung-Iillering means I or separating mul-
tiple uplinl RF signals in a plurality of uplink Ire-
quency bands into a plurality of uplink RF-groups by
frequency band, wherein sairl uplink RF signals arc
transmitted from said at least one of said dedicated
uplink antennae;

(10) a plurality of uplink-signal-conditioning asscmblics
for performing individual uplink-signal-conditioning
on each of said uplink Ri -groups;

(11) an uplink filtering-combining means for combinin
said uplink RF-groups into an multiband uplink
Rlnpart; and

(12) a remote RF-to-opucal converter for converun ~ saiii
multiband uplink RF-part to an uplink optical si nal;

wherein said dedicaleil uplink antennae are not used lor
downlink transmission.

41. Thc multiband distributed wirclcss communications
system of claim 40 further comprising a frcqucncy-
translatinn means, ivherein said frequency-translation means
performs a first frequency-translation on at least one nf said
uplink RF-groups, so as to place said at least one of said
uplink RF-groups in an intermediate frequency band.

42. The mulliband distributeri wireleas communications
system of claini 41 where in s aid frcqucncy-translation
means performs a seconrl frcqucncy-translation on said at
least one of said uplink Rl -groups, so as to substantially
undo the effect of said first frequency-translation

43. The mulliband distributeri wireleas communications
system of claim 41 wherein said frequency-translation
means comprises multiple local-tone mixcrs coupled to onc
or morc local-tone gcncrators, anil wherein thcrc is at least
one of said local-tone mixers in each of said remote units, in
RI -communication with at least one of sairl uplink-signal-
condilioning assembhes.

44. The mulliband distributeri wireleas communications
system of claini 40 whcrcin each of sairl rcmotc units is in
RF-communication ivith a rlcdicatcrl TDD antenna by an
RI -switching means, ivhereby sairl dedicated 'I'DD antenna
transmits downlink Rlr signals in a TDD frequency band and
recetves uplinl RF signals in said TDD frequency band by
way of actuating said RF-switching means.

45. Thc multiband distriiiuted wirclcss communications
system of claim 44 wherein said RF-switching means is
actuated accnrding to a power level of said rlownlink RI'ignalsin said I'DD frequency banrl

46. The multiband distributed wireless communicanons
system of. claim 45 wherein said RF-swnching means com-
pnses an RF-switching element coupled to a downlink
power-detect element, aml wherein said RF-switching ele-
ment is selected from the roup consistmg of RI'fransmit/
Receive switches, Rl'irculators, and power combiners

47. Thc multiband distributed wirclcss communications
system of claim 40 v.herein each of said rcmotc units further
comprises an RF-swilchin ~ means including downlinl anti
uplink RF-switches coupleil to a downlink power-detect
element, aml wherein said RF-switching means enables
transmission of dnivnlink Rl'ignals in a TDD frequency
hand tn said at least one of said dedicaterl downlink
antcnnac, and allows reception of uplink RF signals in said
TDD frcqucncy band from sairl at least onc of sairl dcdicatcd
uplink antennae.

48. The mulliband distributeri wireleas communications
system of claim 47 wherem said RF-switching means is
actuated according to a power level of said downlink Rl'ignalsin said I'DD frequency banrl
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49. The multibanrl distributed wireless communicauons
system of claim 40 wherein each nf said uplink-signal-
conditionin assemblies comprises nne or more elements
selected from the group cnnsisting of Rixamplifiers, gain-
control elements, and RF-filter.

50. The multiband distributed wirclcss communications
system ol claim 40 wherein each of said remote units further
comprises an uplink RF-combining element coupled to said
remote Rlnto-optical convener, such that additional uphnk
RF signals delivered by an auxiliary optical-to-RI converter io

are cnmbined with said uplink Rlupart
51. Thc multiband distributed wirclcss communications

system of claim 40 wherein said main unit further com-
prises:

(I3) multiple optical-to-Rl'onverters for converting said
multiple uplink optical signals to said multiple multi-
banrl uphnk RF-parts;

(14) an uplink RF-combining means for combining said
muluband uplink RF-parts into a multibanit combined
uplink Rl signak anil

(15) an up)ink-RF-interface for transmitting said multi-
Iiand combincrl uplink RF signal to said plurality of
wireless communicauons networks.

52. The muluband distributed wireless communications
system ol claim 51 wherein said main umt lurther compnses
at least nne downlink Rl -amplifier and at least one uplink
Rk-amplifier, whereby said downlink Rl -parts and said
uplink RF-parts arc amplifie.

53. The multiband distributed wireless communicauons
system of claini 24 further comprising onc or morc expan-
sion umts, optically coupleil to said main unit and said
remnte units, ivherein each nf said expansion units com-
prises.

(a) a downlink assembly, including a downlink optical-
tn-Rl'onverter, a downlink Rluamplifier, a downlink
RF-to-optical converter, and an optical-splitting means;
ariel

(b) an uplinl assembly, inclurling an opncal-combining
means, an uphnk optical-to-RF converter, an uplink
Rl -amplifier, and an uplink RI -to-optical converter

54. I'he multiband distributed wireless communications
system of claini 24 vvhcrcin said rcmotc units arc optically
coupled to said main unit by a plurality of optical fiber.

55. The multiband distributed wireless communicauons
system of claim 54 wherein sairl main unit further comprises
a plurality ol. WDM filters optically coupled to one or more
of said nptical fibers

56 The multiband distributed wireless communications
system of claim 24 whcrcin sairl downlink RF-acts arc
rcccivcrl frnm a plurality of wirclcss communications
networks, selected from the group consisung of paging,
cellular, PCS, UMTS, GSM, CDMA, TDD, FDMA, GPS,
EDGE, W-CDMA, bluetooth, WLAN (wide area data) and
I.NV (local area data) netivorks




