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26 Claims, 4 Drawing Sheets

A signal distribution system for distributing signals. such as
for outdoor wirelcss networks, composes a number of
rmuo(e luibs, each of which can direct wireless signals to a
number of an(cruise. Thc antennas arc used to pmvidc
v ireless service to the service users, such as mobile units,
v ithin their geogmphic coverage area 'I he remote hubs are
connected to main lnibs. which are usually located centrally.
Each main inib can support a number of remote inibs. The
minn hubs are corutcctcd to a number of base ~ (at(one (again
usually located centrally) ui a llcxiblc und rc-con(igurable
minuter using a switch matnx. Some remote hubs may also
include switched niatrices tiir a further level of signai
I ottti lig
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1

COMMUNICATIONS SYSTEM AND
YIETIIOD

13AUK(&ROUNI) Ol& 111I i INVI',N'I'ION

The present invent&on relates to a communications system
and method and, morc part&cularly, lo a signal d&slubulion
sv'steal dni! ale&bod fol'&w&tchalg and ciinncchng cells In &I

conunun&canons network
1'he use of a s&vitching matrix fbr wireless conuuunica-

tions systems based on distributed antennas is disclosed by
Motley et al in U S Pat No 5,6g2.256 Motley et al uses
a switching matrix to interconnect a number of hase smtions
on the input ports to a number of distributed antennas on the
output ports. The sw&lch matrix allows any combi&ril&on of
inputs io bc conn&vied to anY combulauon ol oulpum so lhal
base stations can be connected to antennas in a very fiexible
manner 'I'his allows w&reless services such as cellular radio
to be delivered to users with significant cost saviags for
network opemstors, The benefits of using a cwitched distrib-
uted antenna system are outlined for example in a paper by
Wale and Beaclrdm, **Red&o over liber networks for mob&le
commumcauons", Proc. SPIE, vol. 5466, 2004.

lite lulks beta can llm switch ma&Ox and lhc distributed
antennas are accomplished in Motley et al. using optical
fiber cables us&ng a technique knoivn as radio over hber.
Radio over fiber has many advantages for this type of
network &vith h&gh quality transmiscion and low signal
attenuation as a function of distance heing the primary ones.
Howcvcr, tlmre arc situal&ons whcrc opt&cal fiber cables arc
nol dva&fable al cconom&c cost al places where lhcy arc
required An example of this type of situation is a city center
where the local telecommunications operator does not pro-
vide 'dark'iber cables. i.e.. fiber cables that are not part of
a managed service.

Clui et al .. in U.S. Pat. No. 5.890,055, discloses the use of
wirelcss repeaters u& a distributed mlle&u&a system (DAS)
with d fixed configural&on. Tlus architecture avoals the
problems of liber availab&1&ly dcscribcd above. However, the
fixed configuration descnbed by ( ln& limits the operational
benehts of a switched approach.

BRIEF SUMMARY OF THE INVENTION

1'he present Invention provides system architecture that
ives the operational benefits of a sivitched-DAS, v ithout

the problenls caused by fiber availability, by describ&ng a
network containing switched wirelesc links. Furthemtore,
the present invention describes a cystem arclfitecture that
incorporates d&slnbulid sw&&clung &v&tlun remote lnibs &n

oriel lo plovalc file gliululal&IY nl allocalalg scrv&ccs lo
antennas

One embodiment of the present invention is directed to a
transmission system for dictributing signals for outdoor
wireless networks The lrm&smission system composes a
number ol'emote hubs. each ol'luch can d&rect w&rclcss
sigruils to a number ol'ntennas. The mltcmlas arc uscsf to
pmvide &vireless service to the service users, such as nlob&le
units. within their geographic coverage area. 'I'he remote
hubs are connected to main hubs. which are usually located
centrally. Each main hub can support a number of remote
hubs. The mau& lnibs arc connected lo a number of base
srdt&ons (agaul usually located centrally) ul a fiex&ble and
re-conligurable manner using a sw&lch matnx. 11lc base
stations are connected to the core wireless network via
digital transmission links

Thc base slat&ons arc usually grouped logcthcr in s
convenient central location. sometimes known as a hase
station hotel 1'he radio si nels fmm the centrally located
base stations are therefore distributed to n&any remote anten-
nas us&n an architecture containing main hubs and remote
hubs The switch matrix, under software control, is able to
change thc network configurauon, &.c., to change wluch
s&gnala fmm w luch base slahons go to w hich antenna cluster.
1'his is important in many situations. for exmnple. to be able

&a to nlove network capacity front under-ut&ized coverage
areas to relieve congestion in over-utilized covenlge areas
An example of this situation is the sports stadium scenario,
where capacity requirements are very low apart from when
dn cvcnt Is u&king place. Thi: sv:Itch nldlr&x woukl nlci&n lhdl
a dcd&ca&cd base station &s nol ncccssary lor thc sports
stadium, leading to a saving in capital equipment cost. 'I'here
are many other situations &vhere the switch matnx gives both
capital and operational cost savings; these are described in
Wal e and Beacham cited aboveIi'he connections between the main hubs and remote hubs,
and between the rennlte hubs and the antennas are either
wllclcss lalks ol a nl&xlulc ol w & I I'li:ss 1&nks Bnd cdblcd inks.
In most cases, Ihc tcclulology of cho&cc for the cabled links
will be optical fiber, unless the link lengths am so short that
coax&al cable can be used 'Ibis may happen for Instance if
the main hub and one of the remote ln&bs are co-located. The
teclmology options available fbr the wireless links include
in-band radio. out-of-band radio and free-space optics. In-
band rad&o means that no frequency transfer&on is used, i.c..
that lhc radio carncr frcqumlcy is us&xi lor transnuss&un.
Out-of-band mdi o nleans that lhe transnliss&on frequency is
ditferent to that of the radio carrier and is usually at a much
hi her frequency (possibly nlillnnetre-wave) to take advan-
tage of high antenna gain and hiJvt available bandwidth.

I'ree-space optics uses an optical carrier for tran~mission,
and is somclimcs preferred to rad&o bccdusc &I cim bc uscxf

w&thou& an opera)&ng 1&cense mid thc ava&fable bandwullh &s

not subject to regulation
In most cases, the signal that is distributed over the

transmission links is likely to be analog (e&ther direct radio
carriers or frequency translated ratio camera). However, the
present invention does not preclude the tmsnsmission of
d&g&tal s&goals. whether the s&gnals arc bascband or d&gilizcd
rad&o (using lhsl analog to d&gital convcrters). Bascband
d&g&tal s&gnals could lor cx;mlplc bc those rclaung lo thc
open base station initiatives (UPRI and OI3SAI). where the
base stations are split into baseband digital and radio parts
and interconnected using digital links. A typical deployment
scenario for the present invention may include a mixture of
analog, d&ghizcd rtalio and bdseband d&gital lulks.

Thc present &nvcnl&on further ulcludes a communications
method for d&slnbululg signals mnploying sw&tched wireless
links and may further include enlploying distributed switch-
ing in remote hubs.

i.
I'hese and other features and advantages of embodiments

of the present invention will be apparent to those skilled in
the art from the following detailed descnption of the
embodiments of the invention„&chen read w&th the dmswings
dnd thc t&ppcndcd cldnns.

SO

BRIEF DESCRIPTION OF THE DRAWINCiS

FICi I is a schematic representation of a signal distribu-
t&on system ol'he present invention.

l&I(i 2 illustrates a s&vitch matrix to be used in a signal
distribution system, such as illustrated m I'1(ig I and 0
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FIG. 3 Is a schematm rcprcscntauon ol'mothcr signal
distribution system of the present invention

11Ci 4 illustmstes a main hub in a signal distribution
systeni of the present inveiltion. such as illustrated ill 11CJ.

1 or 3.

DE I'AII

Ill )

Dl i)('RIPJ'JON Ol'I'I 11'.

I N(21 JNTION

In the follov, in description of embodiments, reference is
ovule lo dci:olnptul)'lng dldwlngs which iona a patt hell:of
and m which is shown by way ol Illuslralion specific
cmbodimcnts in which thc invenuon may be prac(tctxL Il is
to be understood that other embodiments may be utilized
and s(rnctural changes may be made without departing front
the scope of the preferred embodiments of the present
invclitlon.

FIG. 1 is a schematic representation of a signal dislribu-
uon syslmn of thc prcscnt uivcnlion. Thc central unit 1

comprises a number of base stauons 2 and a nxm switch
matrix 3 'I he base station output ports are connected to the
input ports of the sivitch matrix 'I'he output ports of the
slvitch matrix are connected to a number of main hubs 4
using cables 5.

In one example, thc base stauons could bc located w i(Jun
an equipment room inside a buildm and lhc mam hubs
could be located on thc top of the builiiuig. The cables wuuld
either be optical tiber or coaxial depending on the distance
betiveen the main hubs and base stations It should be noted
the number of cables do not have to equal the number of
main lnlbs as illustmsted in FICJ. 1. The number ofcables may
bc more or less than thc number of hubs. For example,
although a cable will typically bc used to coiulccl mt output
purl of the switch matrix lo a main Inib, a v,irelcss link may
be used instead

'Ihe niain hubs each connect to a cluster of antennas 6 via
remote hubs 7. FICi 1 illustmstes the same number m oflnain
hubs and clusters, but the present invention is not so limited.
Thc mmlber of main hubs can bc gree(er or less than the
number of clusters. Connections between lhc maui lnibs and
remote hubs. bctwccn thc remote hubs and imteiuias, and
betiveen remote hubs are via a mixture of cable links 8 and
wireless links 9 as illustrated in lil(i I ln the case of
lvireless links, connection to the antennas is made using
renlote units 10. The antennas transmit and receive si naia
to and from mobile units or devices such as. without
linn(anon. cellular tclcphone and PDAs. FJG. 1 illustrates
dnienna 6 transmitung and rccciving signals from a mobile
unit or a plurality of mobile units such as (nubile unit 50.
)Vhile I'l(i. I only illustrates mobile units ill ciIntact v ith
antenna 6. it is to be understood that other mobile units can
be in contact lvith other antennas illustrated in FR). 1. It is
also to be understood that one or more mobile units may be
in contact with more thmi one mltcnna.

Remote units are not required for the present invention.
The use of remote uruts is only necessary when the si lml
needs to be pmcessed before being radiated by the antennas
to mobile units. For cxamplc, in thc case of wireless lulks,
a rcmoie unit 10 lunclions lo conven lhe trimsnutlcd sigital
to ihe appropriate form ffrcqucncy. power, clc.J lbr radiation
fmm the antenna 6 to ntobile unit 50 On the other hand,
remote hub 7a is directly comlected to antenna 6a without an
intermediary remote unit Mobile units are thus in direct
conlnuulication with remote hub 7a throu h antenna 6a

lite wirclcss links may usc in-band mdio. out-of-band
radio or free-space optical technology. In-band radio sys-
tems are the simplest. in that they transmit the original radio

carrier frcqucncy band across thc wirclcss link. Tlus
approach may have limitations concerning mterference and
antenna gain and so om-ottband radio can be used to
nuninnve these problems In these systems, the original
radio carrier frequency band is translated to a diQhrent
frequency for transmission. Nomlally the tmsnsmission fre-
quency will bc nuich lughcr titan the onginal radio camer
frixpicncy ul orner lo make usc of higher mitciuta gain and
to ensure that adequate transmission bandwidth is avaiksble

lo An alternative appmach is (o use free-space optical (ISO)
systems tiir the wireless links I')0 has advantages of
license-free operation and zero interference with other radio
systems.

Thc wirclcss signals may be those of a cellular radio
system such as PCS or CDMA2000, or those of other
v ireless nenvorking systenis such as public mobile radio,
v ireless I,AN or broadband ivireless access Radio carrier
frequencies range from a fev hundred Ml lz to several (ii lz
for these types of systems, but the present invention is not

Io limited to this frequencv range.
FICi 1 illustrates n nxm swltcJI matrix 3. FICi. 2 shows an

embodimcn( of such a switch matnx. with cxmnple size of
gx4. 'I'he switch matrix comprises 8 mput pons ll and 4
output ports 12 I iach input port is connected to a I 4 splitter
13, and each output port is connected to an 8 I combiner 14

Each output of each splitter is connected to a combiner input
as sholvn in FI(t. 2 so as to ensure that any input to the
switch ma(nx cdn bc dvmlable at any output of the switch
matrix Thc connections 15 bctw can splitters and combulers

sc comprise single pole single thmw switch elements 16 and
variable atteinmtors 17 in series qhere am therefore 32
switch elements and 32 variable attenuators m total for this
size of matrix even though FICi 2 schematically illustmstes
only one sv, itch element and attenuator. The sv itches can be

)s scl lo cilhcr ml "on" aisle or an "ofl" stile so (Ital any
combination of input signals can be routed to any combi-
nation of output ports. The I driable atlenualors ctm be set lo
balance the path loss across all paths between input and
output

do FICi 3 shov,s another signal distribution system of the
present invention. FJG. 3 illustmstes many of the same
clemcnts ol'IG. I as Indicated by thc similar rcfi:rance
numbers. Discussion of these elements will not bc rcpcalixk
Although FIG. 3 does nol illusu sic mobile units, thc system
may include inobile units as in I'ICi I

In the illustrated system of JIKi 3, sonic or all of the
remote hubs contain switch matrices so that a further level
of signal routing can be facilitated. These switched remote
hub s 18 cnablc an architecture thai provides liner granulanly

o than lhc cmbodimcnl of FIG. 1, so thai each antenna can be
individually addrcsscd if rcquircd. Radio channels can there-
fore be muted at the antenna level rather than at the antenna
cluster level, which alloivs rester flexibility in providing
service. The slvitched renlote Jnlbs may also be intercon-

11 nected and controlled by a conunon control system. The
inlerconnec(ing links 19 may bc either cable or wireless.
although a cubic link is shown in FIG. 3 by way ol'example.
Intcrcoiuiccting the switched rmnolc hubs gives greater
network resilience Although I'l(i. 3 only illustrates one

Ic switched reinote hub per cluster, the present invention can
have more than one switched remote hub per cluster.

FIG. 4 shows an enlbodinlent of a main lnlb such as
illustrated ul FIGS. I and 3. In tins cxtunple, thc maul hub
connimts to two remote hubs, onc uses optical fiber cable and

ss the ollmr is a wireless link usulg oui-of band radio. Tlus
main Inib is constructed as follows. 'I he input signal fmm the
sv itch matrix is split into fonvard and reverse transmission
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dtrccttotts usuig a duplcxcr 20. In Ihc forward direction, thc
signal is then spht two ways using a splitter 21 One of these
paths goes to a laser 22 via an amplifier 23 'I'he optical
output from the laser is transmitted to the remote hub using
optical fiber cable 24.

The other forward path goes to a frequency upconverter,
winch compnses an uiput amphlier 25. a nuxcr 26, a local
oscillator 27 and mi output mnpldier 28. A furlhcr duplexcr
29 is used at the output port of the radio link in order to
combine forward and reverse transinission directions. The
output radio sigtta) ts radiated using an antenna 30

In the reverse direction. the signals enter the main hub
either via the optical cable nr the msdio link. In the case of
the optical cubic, thc optical signal ts convcrlcd back lo a
radio signal ustn a photodtodc 31, amphiicd usuig mnpliiier
32 and combmed with other reverse path signals using a
combiner 33 In the case of the radio link, the reverse signal
passes through the duplexer 29 and is frequency translated
back to the original radio carrier frequency using a down-
converter. The downconverter comprises an inpur amplifier
34. s nnxcr 35, a local oscillator 27 and an output ampliiicr
36. Thc remote hubs ui FIGS. I and 3 may have a sunilar
construction to the niain hub illustmsted in lilli 4

Features of all hubs in the present invention include: one
or more input ports, converters (if necessary) to bring a
transmitted signal back to an m-band radio si nal. n duplexer
to separate fbrward and reverse transmission direcrions,
splitter/combiuers, an ampliiicalton of an m-band radio
sigrt'll. coirvi'tll:ts (il ilcccssrtry) lti cottverl s sigilal lo ail
appropriate transniission niedium (e g, out-of-band radio or
liSO) and one or more output ports

'lite remote hubs may also be interconnected. again using
either cable links or wire)as~ link~, to provide addiriorml
resilience to the system. The use of interconnectin links
between thc rmnolc hubs, and thc option of having dislub-
ulcd switch matnccs ui thc rcmolc hubs, opens up inluguuig
possibiliucs for system management rmd control. In addition
to greater network resilience afforded by such a meshed
system. there are opportunities tiir extending the reach and
routing around obstacles in the case of wireless links The
ability to route amund obstacles makes the network closer to

line-ollsighl radio system, which uicrcascs qualily of
scrvlcc sili! rciluccs cost.

llic arrangcmeul aud arclulcclurc ol Ihc prcscnl invmi!ion
described here constitutes a distributed antenna system for
pmviding capacity and covensge for an outdoor wireless
communications nenvork. Features of the present invention
include; the use of a switch matrix. Vvhich allows covemge
and capacity lo bc allocated dynrmucally (lhcrcby saving
capital snd operating costs comparcx) to tradiuonal DAS
sl'chin:clttrt:s); lllc sclcclivc ilsc ofwiiclcss liilks bclwccil lllc
base stations and the antennas (thereby providing a cost-
effective transmission solution in cases where cable avail-
ability is non-existent or impractical); an arel»recture that
incorporates distributed sv itching within remote hubs to
provide linc granulanty in allocaluig services lo mr!cruise,
snd an uilerconnectixl wirclcss network lopology thai pro-
vides rcsiliencc to lailurc, routin amund obslaclcs and an
extended reach

'lite combination of such features provides a signal dis-
tribution system and architecture that is attractive to wireless
network operators due to the cost savings and operariorml
ficxtbilily compared to dcploymenls based on prior art
sv'stt:ius.

Although Ihc present uivcnlton has been descubcd as a
comnnmicattons systeni. the present invention discussed
above can be performed as a communications method or

methods. Wlulc a method will bc dcscnbed as lrsnsnuuuig
signals from the one or more base stations to one or more
distributed antennas, it is to be understood that the method
can be performed in reverse fnim one or more distributed
antennas to one or more base stations.

The communications niethod can comprise transmittin
signals from a plurality of base stations to a switch matrix.
As illustrated tn FIG. 1. thc base station 2 is cotuicclcd to s
sv itch matrix 3 for trmismittin and receiving signals ther-

io ebetween. A plurality of base stations can thus transmit
sigaals to the switch matrix.

The method can further comprise routing the signals by
the switch matrix as, for exaniple, illustrated in FICi. 2. The
method can further comprise Iransmtlluig llm routed signals
to a plurality of distributed anlmmas via commutucatton
links. I'he coinmunication links can be wireless. cable or a
combination of tvireless and cable.

'I'he comnntnications method can further coniprise trans-
mitting the routed signals to a lntb. such as main hub 4 in

io FICi. 1. and then transmitting those routed signals from the
hub lo the plurality ol'distnbutcd antmmas. Ii'he dtstitbulcx)
antennas are in clusters. Ihc conuuuntcsuons method may
cmnprise transmitting those mured signals from the lnib to
only one cluster I'ICi I illustnstes an example of this
pmcedure Main hub 4 only transmits the routed signals that
it receives to cluster 1. Cluster I is a subset of all the
distributed antennas in the system.

Thc conuuunications mcllxid cau further comprise scnd-
iug routed signals from Ihc hub to a remote hub rmd hsviiig

io the reniote hub transmit the signals to the cluster of distrib-
uted antennas or some smaller group of distributed antennas
in that cluster I'or exaniple, in I'l(i I, the main hub 4
trmismits at least some of the routed signals that tt receives
to remote Inib 7 wluch, in tunis. sends the signals to certain

ii dtslributcxl antcruias in Ihc cluster
Thc conuuunicauons method can further compnsc rout-

ing signals by a stwtlch matrix in thc rmnolc hub lo Ihc
distributed antennas in the cluster or some smaller gmup of
distributed antennas in the cluster lior exaniple, lilli 3

So shows a remote hub 18 having a sv itch matrix for such
I'ounup,.

Thc communications method can lurthcr compnsc Irans-
mttluig stgtials by morc Ihmi one remote hub lo thc distrib-
uted antciuias in thc cluster. As shown ui FICi. 1, lhr
exaniple, nvo remote lnibs send sigttals to different gmups of
distributed antennas in the cluster. It should be noted that a
distributed antenna can simply be an antemia (as in 611 of
FICi. I) or comprise a reniote unit with an antenna (as in 10
and 6 tn FIG. 1). 111e commurucauous method can further

o comprise connccluig Ihc remote untm tn a cluster. For
example, as illustrated in FIG. 1, rcmotc units ui cluster 1 are
cminected by connection 8 enianating from remote unit 7
I'he comnntnications method is not liniited to connecting
remote units in a cluster. Remote units from different clus-

is ters can be connected as illustrated in FICi. 3.
Although thc present invention has been fully dcscribcd in

connixtton with thc cmbodnnenls thcreol'nnd with refbrencc
to the twcompanying drawings, it is to be uotix! that various
changes and inodilications tvill become apparent to those

io skilled in the art. Such changes and modifications are to be
understood as being included witlun the scope of the present
invention as defined by the cLaims.

Wliat ts claimed ts.
I A coilliltltilicaliotis sv'stein cotilpilsiilg.

si a plurality of base srattotts transmitting signals:
a plurality of distributed antennas in conimunication tvith

mobile devices;
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a switch malnx ui opcranon with Ihe plurality of base
stations to route the signals to the plurality of distrib-
uted antennas:

a plurality of remote hubs:
a phirality of main hubs between the switch matrix and the

plurality of remote Inlbs for niuting the signals to the
plurality of remote hubs. the plurality of remote hubs,
which are remote from the plurality of main lmbs and
between the plumshty of main hubs and the plurality of
dlsuibuted antmuias, for roulm Ihc signals to thc
plurality of'istnbuted antennas, and

at least one vvireless link between at least one of the main
Inlbs and at least one of the remote hubs.

2. Thc communicdnons system of claim 1 further com-
prising

at least one wireless link between the at least one of the
rmuotc hubs and at least onc of the distnbutcd antmulas.

3 Illa conununlcafions svsicnl of clmnl I whci'chl thc
plurality ofdistributed antennas are arranged in a plurality of
clusters and each remote hub tmsnsmits routed signals to an
associated cluster of distributed antennas, a different cluster
of'dlstnbulcd antennas is associated with mich rmnolc hub.

4 illa connnlullc,'Itious svstcnl of clmnl 3. whet'cnl 'll

least one antenna in the cluster of distributed antennas
comprises a remote unit with an antenna.

5. Thc communications system of cldun 3 wherein at least
one of the remote hubs comprises a switch matrix to route
signals from at least one of the main lnlbs to a group of
distributed antennas in the associated cluster of distributed
Bntcrulas,

6. The communications system of claim 1, furlher com-
pl1slng,'

control system„wherein each of the remote hubs com-
prises a switch matnx controlled by the control system.

7 I he conlmunications system of claim I wherein the at
least one wireless link transmits routed signal ~ at a radio
carrier frequency band of at least one of the plurality of base
smlnotls.

8. Thc conmlunicduons system of clmm 1 wherein thc al
least one wireless link transmits routed signal ~ at a radio
carrier frequency band differen froln a radio carrier fre-
quency band of at least one of the plurality of base stations.

9. Thc conmlunicduons system of clmm 1 wherein thc al
least onc wirelcss hnk composes a frcc space optical hnk
tlmt tnsnsmits routed signals at an optical frequency

10. The comnuuucatlons system of claim 1 hirther com-
prlsnlg.

at least one wireless hnk between at least one of the
remote Inlbs and at least one of the distributed antennas.

11. A conmlunicdnons method comprisulg.
transmitting signals from a plurality of base stations to a

switch matrix: and
loiaalg Ihc signals by Ihc switch nlalrlx to B plulahty of

distributed mitcrulas via a plurahty of mmn lnibs and a
plurality of remote hubs, the plurality of main hubs are
betlveen the switch matrix and the plurality of renlote
Inlbs for routing the signals to the plurality of remote
Inlbs. the plurahty of remote hubs. which are remote
front the plurality of main inlbs and between the
plurality of'ain hubs and Ihe plurahly of distributed
Bali:nails, for roilnng Ihc slgndls Io lhc plili'ably of
distributed antennas, the routing uses at least one
wireless link between at least one of the lnain hubs and
at least one of the remote inlbs.

12. I'he communications method of claim 11 lvherein the
signals are routed to the plmality of lnain hubs. front the

plurality of mrna hubs lo Ihc plurahty of rmuote hubs, and
from the plurality of remote lnibs to the plurality of distrib-
uted antelulas.

13 1'he communications method of claim 12 wherein the
signals are routed from each remote hub to an associated
cluster of distributed antennas of the plumshty of antenna~. a
diifcrmil cluster of'istributed antmmas is associated widl
each rmnole hub.

14. 1'he conununications method of claim 13 wherein at
Io least one of the renlote hubs uses a switch matrix to route

sigaals to its associated cluster of distributed antemlas
15. The conununications method of claim 11, wherein:
the signals are routed from a first remote hub to a second

remote Inlb. and from the sixond rmuote hub to a
cluster of distnbutcd antennas of the plurahty of dis-
tnbuted antennas which is associated with the second
remote hub.

16 A colrununlcatlons systc'nl, conlpllsnlg:
a plurality of base stations:

Io first, second and third distributed antennas in communi-
cation with mobile dcv icos,

a first hub in conlnnmication with the first and second
distributed antennas via respective wireless links:

a switch matnx Ior roululg signals from Ihe plurality of
base stauons to thc Iirst mid sixond dlstnbutcd mltennas
via tile fn'st hub;

a second hub in communication with the first hub via a
respective wireless link, the second hub is between the
Iirst luib and Ihc switch matrix, and

a third hub in communication with the third distributed
antenna via a respective vvireless link, the second hub
also in conununication with the third hub via a respec-
tive v, ireless link. the second hub Is between the third
hub and thc switch nuitnx.

17. 1'he colnmunications system of clainl 16, wherein
the switch matnx routes signals I'rom the plurality of'ase

stations lo Ihc lirsi and second distributed antennas vid
thc scoond and Iirsl hubs, and to the third dtstrtbulcxf
mltenna via the second and third lnlbs

18. The conununications system of claun 3, whereiiu
the sv itch matrix is controllable to change which signals

from which base stations go to which clusters of
distributed antennas

19. Thc conununicdlions system of claim 18, further
conlprlsnlg:

at least one wireless link benveen at least one of the
remote Inlbs and at least one of the dlstnbuted antennas.

20. The conuuunicdlions system of'laim 19, wherein.
the remote hubs perfoml distributed switching of the

signals.
21. Thc communications systmu of'lena 1, whcrcul.
the switch matrix has n input ports and m output ports, and

is controllable to make any input to an input port
available al any output purl.

22. 1'he colnmunications system of clainl 21, wherein
the switch matrix is controlfisble to route any combination

of nlpul slgildls lo dnv conlbuldnon of oillpill polts.
23 'I'he comnnlnications system of clalnl I, wherein

io the switch matrix is controllable to move network capac-
ity from over-utihzcd coverage areas to under-utilized
covclllgc Bless.

24. The conununications system of claim 5, wherein:
the switch malnx of Ihe al least onc of'hc remote hubs

ss allows Ihc al least onc of thc remote hubs to address an
individual antenna in the associated cluster of distrib-
uted antennas.
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25. Thc conununtcattons method of claim 11. further
Cottlprhsltlm

contmllin the stvitch matrix to move nenvork capacity
from over-utilized covemge areas to under-utilized
covemge areas

26. The communications method of claim 11. further
compristng:

controlling the switch matrix to clrange which signals
frnm which base stations go to which clusters of
distributed antennas

e e v




