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1

A(;H.F. RiiMOTE RADIO HEAD

CROSS-RL'FL'RENCL'O RLILATLID

APPI,ICATIONS

'Ilia present disclosure is related to and claims the prionty
of US. Provisional Patent application No. 61/039.gg0,
entitled '*Agile Remote Radio I lead," by Steve Beaudin et al,
tiled Mar 27, 200g, which is incorporated by refercncc lmrein

for all purposes.

STATFMFNT RV(iARDING FFDFRAI,I Y
SPONSORED RESEARCI I OR DEYLLOPMENT

Not apphcable

REI'FRENCE TO A MICROFICI IE APPENDIX

Not applicable.

I'Hil D OF THE INYk:NTION

tion mode fbr a radio imad from n prcscribcd sct of operation
modes or opcmti on pammeters for at least so nm of a plurality
of transmitters and receivers associated with the radio head
and inputting the operation mode uito thc radio head «I direct
a clrange in onc or niorc of idio head cap~city, rmige or
tr uismission mode.

In another embodiment. a method for configuring a radio
head is disclosed The method mmiprisms operating a first
nadio head with a tirst operational mode. v herein the tirst

in operational 111odc has a first range and a first coverage area
and detectin a change in operational conditiims The methoil
also comprises compensating for the change ui opemtional
conditions by selecting a second operational mode and oper-
ating the lirst rad«1 head ivith the seem«l operational mode,

" wherein the second operational mode lms a second range and
a second coverage nrea

These and other features will be more clearly understood
from the following detailed description taken in conjunction
uith the acconipanying drawings and claims.

"(I

BRIEF DESCRIPTION OI'IRE DRAWINGS

The present invention relates generally to mdio heads and,
more p uticularly. «I a device and mctlmd liir chan ing the
capacity and mn e ofagile msdio heads.

BACKGROUND Ol'I ILI IN YLIN T ION

Wideband transceivers typically contain both trmtsnutters
and receivers. Tmnsnutters are used to take a signal from a
communication device. gcncram a high power siyial (c.g,
amplil') the signal) that can be transnutted from the commu-
nication device to a destination, mid then propagate the siyml
away from the iransmit ter to the destinat«in Rcccivcrs take a

signal that has been transmitted lrom a destination mid pass
the signnl to the conummication device

One o I'the problems with existing communication systems
is that conummication systems may lmve a fixed capacity and
nmge. ( hanges to thc capacity or rance of communication
systems may reqiure hardware changes to the commuiucation
systems These hardware changes are expensive and time
mmsuming. particularly when tlmy concern clmngcs to base
station hardware, as heavy lift equipment and)or danngerous

ascents of base station towers can be required.
W11en colllllluillc'It1011 svsteills me lilltlal ls'ilstalletl, theta

may be a need for maximizing the coverage area of the com-
municntion system As the number of subscribers increases
and additional comnnuucation systems are installed, there
may be a shift away fmm a need for coverage area to a need
I'or increased capncity. Adapting the system to support ihese
changed needs may enerally require costly hardware instal-
lations, nenvork doivntinie, aud lcasc renegotiations. Simi-
larly, even in thc same ncsivork infrastnicture deployment
phase, in some locations there may be a greater need for
higher capacity than for greater range

SUMMARy OF THF, INVENTION

In an mnbodiment, a system is disclosed. I'he system com-
prises a mdio transceiver comprising a plurality ol'conlig-
urable receivers and tmnsmitters and a progmmmable pro-
cessor, wlmrein tlm prugrmnmable pmcessor is operable to
configure at least some of the pfumshty of receivers and trans-
mitters to operate using an operational mode associated with
at least one of a dcsigimted covcragc area and capacity.

In another embodiment. a method for contiguring a radio
head is discloscxt. The method comprises selcxting an opem-

FICi. I is a block diagram of one embodiment of a system
compnsin an agile radio head

FIG. 2 is a block diagram of a system witli an agile radio
head dlustrating tu o operational modes.

11Ci. 3 is a top viev; duigram of a conununicution tower
with three agile radio heads.

FICi. 4 is a block diagram ol'a system using a plunshty of
"" ayle radio heads.

FK). 5 is n block diagram ol'an agile radio head operatlllg
using I requency Division Duplex

FICi. 6 is a block diagmm of an agile mdio head opemting
using Time Division Duplex

FIG. 7 is a flowchart of the operation. of the ayle radio
lmad.

FICi. g is a block diagram ol'a base station unit
VICi. 9 is a block diagmm of a general purpose computer.

sn DVTIAILED DES('RIP1ION OF THk. PRI FI.RRFD
VMBODIMFNTS

It should be understood at the outset that although an exem-

plary implementation ofone embodiment of tlm present dis-

closuree

is illustrated below, the present system may be imple-
mented using any number of teclufiques. whether currently
known or ut exisIence. The presen1 disclosure should in no

way be hmited to the exemplary implementations, drawings,
and techniquas illustrated below. including ihe exeniplary

n design and implementation illustrated and descmbed herein,
but may be modified u ithin the scope of the appended claims
along uith their full scope of equn alen(s It is further under-
stood that as used herein. terms such as "coupled." "con-
ncctcdy 'electrically conncctcd "in signnl communication,'*

5 and the like may include direct coniicmtions betu emu compo-
nents, indirect conncxtions between cotuponerlts. Qr both, as
would be apparent in thc overall cimtcxt of a pmticular
emlxidiment. The tenu *'coupled" is intended to include, but
not be limited to. a direct or indirect electrical connection.

so Tlic (amis Pass, passing. Irniismit, tranatnitted, or transmittmg
is intended to include. but not be limited to, the electrical
transmission of a signal fmm onc device to another ln some
embodiments. the present disclosure also contauis embodi-
ments directed at wavefonns of a complex nature (real and
imaginary componems) as commonly used in digital modu-
lation schemes such us Plmse-shiTt Keying (mPSK) and
Quadmture Amplitude Modulation (mQAM), wherein the
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'm* in both mPSK mid nt/)AM is any integer. In some other
embodimmits. the presmit disclosure also contains embodi-
ments directed to systems employing scalar signals.

As shown ui Flfi 1. the pre(via disclosure contemplates an
agile remote radio head system 10 coinprising an agile radio
hmsd IZ mounted on a communication tower 14 and Imving a

service area defined by a boundary or rmige 18 The agile
r xlio bead 12 is in c(utuuuuication uiih a modem 16 and a

communication device 20, which may bc niobilc or station-
io

ary. It is understood that the agile radio head 12 may also be
in communication with n plurality ofmobile and/or stationary
devices. Bnd ibe single, niobile comniunication device 20 is
shown for illustrative purposes with the understanding tliat
multiple mobile and/or stationary devices can be used in the
venous embodiments disclosed herein. One of the innovative
fentures of the agile mdio head 12 is that the agile radio head
12 can bc reconfigured 1hrough software to extmid range 18 or
increase the capacity fe.g., the number of mobile and/or sta-

tionary devices thai c ui communicate with agile radio head o

12) which mm bc supported by agile radio head 12 and
modem 16. Since the operation of the agile mdio head 12 may
beadaptedthmuptsoftuare,reconfi umtiondoesnotrcquire
tou er climbs. rental or deployment of infrastnicture liftui
equipment to trans 1'crccllulrm inl'rastmcturc to/I'rom the radio "-'cad

12, additionnl hardware, or lease rmicgotiations

Agile radio head 12 of the present invention is a software
recoidi urable radio hmid with a plurality of trmismiuers and
receivers. It is expbcitly uiu!erstood tlu(t the agile radio hend

"o
12 may have any number of tmnsmitters and receivers. Tlmse

tmsnsnutters and receivers nmy be configured in any v;ay
disclosed herein, and the examples of the confi urations dis-

ci(B Bed herein arc for exemplary purposes mily. For tlm sakeof'larity,tluee agile mdio i(cad 12 opemtional profiles or modes „

will be discussed. Agile mdio operational mode one is a

maximum covenige area mode. Agile radio open(tioiial mode
two is a maxinnun capacity mode. Avile radio opemtional
mode tire. is a specialixed multiple input multiple output
fMIMO) or bemn fonnm configuration. It is explicitly ao

understood that Bily (ip('.1'aii(lilt(i Inodi lliil('l(." pnlgl JlnluCd
uito an agile radio bead, mid miy rcprogramming, of a radio
hmsd to alter the coverage and/or capacity of the mdio i(cad is
within the intmidcd scope of this disclosure Moreover, while
a synunetrical covemge area is depicted, it is expressly under- s.

stood that asymmetrical covemge areas are contemplated by
the invention.

1'onununication tower 14 is depicted as a tower. but it is
expressly utiderstood that commumcation tmver 14 could be
Bilv st(acti(re oil (vhlcll thc Igilc ladio head 12 iuav bc U

mounted. L'xamples of alteniative locations that the agile
rndio head 12 may be mounted to uiclude, but are uot limited
to. buildings. other types of towers fe.g, (rater towers), or
other locations suitable for mounting the avile radio lmad 12

Communication tower 14 may provide Iior communication 1

benveen the modem 16 and the agile radio head 12 as well as
power Iior tlm agile radio I(cad 12 mid modem 16. Iior cxmn pic
via u ires or cables.

Cx(mmunication device 20 is any device capable of sending
or receiving miy kind of'igiud. nicluding analog and digital 01

signals. It is expressly contemplated that conmnuucation
device 20 may contain components substantially similar to
those found ui a mobile terminal or handset. a mobile tele-
plxine base station. a computer, or any other device capable of
creating, altering, sending, or receiving sig(tais It is fu(ther r
contemplated that one or more conuuunication devices may
be present consistent with communication device 20. For

instance. conununication device 20 niay actunlly con(pose
nvo or more separate devices. such as a signal generator and
a signal receiver.

While thc agile radio head 12, the communication tower 14
and the modem 16 nre illustrated as separate devices. (t is
expressly understood that they may be integmted into a single
device. For uist uice, a commumcation tower may have agile
radio head 12. conununication tower 14 and modem 16 inte-
gmtcd into a single housing Thc scope ol'his disclosure
should not be limited by the i ibis tmsi tve representation ofagde
radio head 12. commiuucation tov(er 14 and modem 16 as
siparate devices

FIG. 2 iilustmstes the agile radio head 12 havui two opems-

tional modem thc fir. t operationnl mode with a first coverage
range 30 and the second opennional mode uith a second
coverage mnge 32 This example illustrates tltat the mnge of
tho agile radio hm(d can bc c(mfignred to have ditf(.rent cov-

erage areas depending upon the sol1u are configuration o I thc
ayv'le radio head IZ. In the example shown in FI(i. 2, the
conililuilicat(011 dcvtcc 20 (nay lic (1(it side of the first covcragc
range 30 but within the second coverage range 32. It is under-
stood that the covemge area may be changed throuvh the
operational mode of the a ile radio head 12.

L'mbodunents of the present disclosure can be used ui
conjunction with a variety of antenna tecluiologics. I'liose

technolo ies include. by way of non-linuting example, mul-
tiple-input and multiple-output f"MIMO"), beam forming
and diversity combining systems. MIMO systems sceek to

uicrease system capacity in a given chmuiel bnndv;idth by
transniitting diff('.rent dain streams 011 orth()g((ital spiitinl

modes ilrat inay exist between the radio lined 12 uid commu-
nicauon device 20. Beam forming is a means of increasing
capacity throu h ~partial multiplcxing Beam forming may bc
fixed, wherein a group of tninsceivers are coruiected to an
antenna array thmugh a beam former, or may be adaptive,
(vherein tlm transceivers tme pbascd appropriately by the
baseband processuig in the radio head 12 and/or the modem
16. Diversity combining is a means of improving smisitivity

by simunuig in phase thc uicoming signal fmni diffcrmit
antennas receiving from a common direction. Ponns of diver-

sity combining may include, for ('.Xairlple, Maximal Ratio
Combininve fMRC). Multi-carrier operation mny be achieved

by a single transmitter or. alternatively, nniltiple tmnsmitters
exciting two or morc carriers at diff(.rent frequencies Multi-
carner operation uses more bandwidtlm and as a result, the
capacity of the system is proportional to the number of car-

riers used.
In an embodiment. the aveile remote radio head system 10

leverage( the trend touards mcluduig additional nun(bars ol'rmisnuttersand receivers into 4O radios. as demand for
higher capacity dnves MIMO, by promonng dynamic con-
figuration of the ngilc remote radio head system 10 for either
unproved coverage or uicreased capacity by usuig niups of
transceivers in either a MIMO, n beam forming. a nnilti-
carner. or a diversity scheme and/or mode. For example, if a
mdio having 4 transmitters and 4 receivers is available that
can support 4x4 MIMO. the transmitters may bc leveraged by
pooluig their pou er to Iewer than 4 outpums to pmvide higher
dow nl ink power and hence imp rovcxf coverage. Similarly, the
reccivcrs can be grouped and dil'fcrent I'orms of'ombimng
used to improve the sensitivity of the agile remote radio
system lmad system 11).

It is explicitly understood that a plurality of agile msdio

heads may be placed on comnuuiication tov,er 14. 111i. 3

allows a configuration 40 wlmre the ngilc mdio lmad 12 is

shown with a second agile msdio hend 42 and a tlurd radio head
44. 1 his configumti on allows for the range and/or direction of



US 8,204,544 B2

5
coverage ol'he agile radio heads to be adjusted indepen-
dently. In an embodiment. the agile mdio heads 12. 42, and 44

may correspond to about 120 degree sectors of coverage.
Depending on how thc agile radio heads 12. 42. and 44 arc
dynamically configured according to the present disclosure, 1

the range of each smtor may vary.
Since the agile n&dlo heads can be configured tlimlugh

software. they can be dynamically configured based upon a

plurality of circmnstmlccs Fxmnples ol'hese include
increased capacity based upon a temporan spike in demand, «I

compensation for a fmlure ofone omnore towers, or any other
change in opera&iomd requirements. In some contextm a spike
ui demand may be referred to as an increase in capumty
dmnand In the example of the temporary spike in demand, if
conununlcatlou to&vcl 14 ls &Id)ac&.'«1 k) a hlghwa'/. column
«ication tower 14 may experience a spike in demand during
rush hour. During these times, the con&munication tower 14

may need to serve a small area u 1th a very hrge demand.
fherefore, communication tower 14 may be configured to
allow lill' Bit(aller covoragc arcs with a larger capacity. 1«

FIG. 4 ls an

exampleuhereconfiguration

of one

agile rado

head (e.g . radio head 12) is dissimilar to one or more other
radio heads at or near a conmion area (e.o .. on a sulg le tou er).
In tlus exmnple, the coverage area 5U of the conunlufication
tower 14 may be customircd for particular purposes. For "

uistance, if B tuytway 52 ls located next to commuiucatlon
tower 14, agile radio head 12 maybe configured fomnode nv o

operation (e g., maxilmun capacity near the r(x«hvay). while
the area in the (brectlon away from the highuay (e.g. second
agile radio head 42 and tlurd agile radio bead 44) may bc 1«

opclatcd ill illodc ollc (c.g., lui&xllllmll covclagc ale&I)

As will be appreciated by one skilled ln the art, v;hen
multiple signals Brc transmitted either concurrently or con-
secutively. an opera«on scheme may be used to prevent sig-
nals from suffering from interference created by other sig- "»

nalg filcreby pcnni«ing signals to be sent mid «waived
accumlely and reliably. Types of operation schemes include,
but arc not limited to, time division duplex and frequency
division duplex opcrat«m schemes. In tinm division duplex,
signals are sent and received Bt different times to avoid nvo 4«

sigimls interl'ering with each other. In frequency division
duplex, siyials are sent and received at different frequencies
to avoid two sivgnals from interfering with each other. While
frequency division duplex and time division duplex open-
tions are discussed in detail in this disclosure, it is expressly Bs

luiderstood that any operation scheme could be used consis-
tent with the present disclosure. includulg. but not lunited to
combinations of frequency division duplex Bnd time division
duplex. FICi. 5;md FIG 6 are examples oi'configurationsol'he

agile radio head using frequency division duplex and ume u

division duplex. respectively.
FIC& 5 is «block diagrmn 80 ofone uuplementation of thc

agile mdlo head 12 usin frequency division duplex radio
operation In frequency division duplex radio operation tlm

uplink and down)ink operate contmuously but ul difl'ermlt 1

frequency spectrum In this example, data to be sent is hrst
Iransmitted into B protocol field programmable gate array
(I PGA) 90. The protocol I'PCiA 90 sends the data to either a
first siyial processing FPCiA 94 or B second siylal processing
FP(iA 96 The choice ol'&Chief transmit chain the data is scot so

through will depend upon the operational mode of the agile
radio head 12 Microprocessor 92 provides control data for
the a lie radio head 12. In some embodiments. the nucropro-
cessor 92 may be implemented as and/or integrated with an
FP(iA. In other embodinmntm tlm functionality described &

herein Bs provided by microprocessor 92, the first sign«1

proces sing LPGA 94. and the second signal processing FPC)A

96 may be provided by other processor types, including appli-
cation specific integrated circuits (ASICs), complex pro-
gmmmable logic devices (CPLDs). digital signal processors
(DS

Ps ),

and oi her processors know n lo tl«iac skilled in the a«.
ln some contexts. IIPGAs, CPLDs, DSPs. and microproces-
sors may be referred to as pmy ammable devices.

In the exmuple embod intent illustrated by FIG. 5, there are
four possible transmit and receive chains. A tmlnsmit chain is
intended to include the componmits that cxtcnd I'rom a signal
pmcessing I'PCiA to a duplexer that is used to prepare and
transnut a signal I'mm the ayle radio head. The tmnsmit chaul
may uiclude a digital-to-~analog comertcr (DAC) and ml

upconverter (not shown). One example of a transmit chain is
found v herc a signal is transmitted to a first amplifier 98 from
the lirst signal processing FPCiA 94, unpli lied, and the signnl
is then transmitted to B first analog hybrid matrix (AHM) 120.
Tlm analog hybrid matrix is used to combine the signal being
trmlsnuued from the lirst unplilier 98 uith the signal being
transmitted by second amplifier 1UI). The first AHM 120 can
be mly NxN coupler, w hero N is an integer rcprescnting thc
number of trmisnut chains that may be combined. In this
example, the fimt Signal Processing LPGA 94 would apply
the inverse of the transfer function of the iirst AI IM 120 to the
baseband data. such that the RF signals arrive on the appro-

priatee

port of tbc first AH M 121) and be sent to the appropriate
duplexer 82. 84 and antenna. A descripnon of tlus system is
provided more fully in U.S. Pat. No. 7,206,555 wluch is
hereby mcorporated by rel'ere«ca. This concept pmmotes
¹ransmitters operating as uidependent transmitters or to
have their power combine«I onto a subset of outputs. In nn

emboduuent depicted ul I'IG. 5. Ule first AHM 120 Imks
ampbfiers 98. 100 and is a 2x2 coupler. The tmnsnutters
comprising muplilicrs 98, 100 cml Bct Bs indepmldent tnms-
n»t ters, pmpagatuig independent stre mls ofdat i. or altema-
tively their po&ver cmi bc pooled onto oiw. output port. Fur-

thcnuorc, ii is possible lo pros ide a majority of lhc RF pou er
to a first output. lor example lo the first duplexer 82. and a
smaller portion of tlm RF power to a second output. for
exmnple lo the scecond duplexer 84 The sigiud l ca«& s the first
AHM IZU and is tran«mine«I to the first duplexer 8Z for
transmission Another transmission chain illustrated by FI(i.
5 includes the first slgvnal pmcesslng FPCIA 94, B second
amplifier 1UU, the first AHM 12U, and a second duplexer 84.
A third transmission chain illustrated by FI(i 5 includes the
second siyml processing FPC&A 96, a tlurd amp)ilier 102. a

second AHM 122, and a third duplexer 86 A fourth trmismis-
slon chain includes the second signal processulg FPCiA 96, a

fourth aniplifier 104. the second AHM 1ZZ, and a foluth
duplcxer 88

FICi. 5 also includes four rouen e clmuls. A receive chain
includes the elements in which B signal Is received by the agile
rad«1 head The first rcecci&m chain is u here a siylnl comes into
the first duplexer 82. The si nal received by the tirst duplexer
is prcparcd for amplification and trmlsnlitted imo to a first
receiver 106. The lirst receiver 106 uupli lies the sly&a), down
converts, filters. digitizes, and smids the received signal into
the lirsl signal processing FP(iA 94. Thc lira& signal process-
ing I'PCiA 94 transnu(s the processed signal to the protocol
VPC)A 90. A second similar receive chain is fonncd from of
th(. Bcxond duplcxer 84. a second receiver 108, thc lir. t signal
processing I-'PCiA 94. and protocol ill'CiA 90. A tlurd similar
receive chain is formcdl fmm of tfm third duplexer 86. a third
receiver 110. the second signal processing I'PCiA 96, and the
protocol FP()A 90. A f&mrth similar receive chain is formed
from of thc f(Birth duplcxcr 88, a fourth receiver 112, the
second slyial processuig FPCiA 96, and the protocol I'PCiA

90. It is to be appreciated that a yeater or lesser number of
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transmit wld/or receive cluiins can be provided in accordance
whfih the teactungs of the present disclosure.

Also shown In FICJ. 5 is a multiplexer (MUX) 124 and a

feedback receiver (FBRX) 114. Tlm MlJX 124 may be used to
switch or select data streams from vanous elements, includ- s

inv. but not limited to. the first AH M 12 tl and the second AHM
122. In the example shov,n in I'ICJ 5. Iilur signals are con-
nected at the input of the MUX 124 suhtchable into two
leedback signal paths, one connected to thc sivond shghml

processing I'PCJA 94 and one connected to the first signal ul

processing FI'CrA 90. The two selected feedback shgimls are
scut 1'rom MIJX 124 to FBRX 114 Tim FBRX 114 li)av Use.

the feedback sh nels for a plurahty ofpurposes, hncludihhg, but
not limited to bascband prixiistrortion and monitoring onc or
more AHM uniks A more complete discussion ol'the FBRX
114 Is found in the aforementioned U.S. I'st. No. 7,206355,
which has been incorporated by rofercnce The FBRX 114

may alloiv filr improved power distnbution ishthui the a ile
radio head IZ by sampling signal from the first AHM 120 and
the second AHIVI 122 It is explicitly understood that FBRX c

114 could be substituted ivith other elements capable of
monitoring at least one AHM. performing fieedback signal
proces sing, or enliancing the power d ha tnbut ion u hen used ui
combination with tlus disclosure. IVthile the example shown
in FICJ 5 has two feedback signals, it is expressly understood "

that any number of sh nels may be used with the disclosed
AHM units. MUX 124 and FBRX 114.

If thc agile radio head 12 is operating using agile rndho

operational mode one (e.g.. maximum coverage area). the
output poiver froni tlm hwo amplifiers (first amplifier 98 and io

second amphfier 100 or tliird amplifier 102 and fourth unpb-
fier 104) combines for increased coverage ares.

The agile radio head 12 may bc operated using opcmtional
mode tuo (e.g, maxnnum capacity mode), u.hich may be
used to provide additional capacity using a single frequency, "»

or to allow for multiple carriers usmg different frcquenchim

For instance, ui mode tu o. there may be four sepanste trans-
missions, onc from each of the amplifiers. These transmis-
sions may be at the same f'requencics, or may bc at two
separate frequencies (the first duplexer 82 and the second srh

duplexcr 84 at a first frequency, and thc third duplexcr 86 and
the fourth duplexer 88 at a second frequency). 11lis may
create a uvo carrier radio tlmt may double the capacity of the
agile nsdio head 12 It is undersulod that in the embodiment
using the two earner radio, each corner is serviced by two ss
transmitters and tuo receivers (Zx2 nuiltiple input multiple
output (MIMO)). It Is further understood that a voltage con-
trolled oscillator (VCO) may be used and tuned to arbitmry
I'requency f'r non-contiguous channel allocations

If the agile msdio head 12 is operating using agile radio v

operational mode tluee (e.g.. custom covemge), beam form-
uig may be used lilr spixific colverage pmfiles Iiach of thc
transnut chains and receive chauis in mode tluee use the same
frcqilincv. This operational mode may bc used to communi-
cate v ith a narmu area or to establish specialized commum- s

cations links, as known to one skillixf in the art Beam forming
using opcratioiml huodc thriv is onc cxamplc of ch uiging thc

type of transnusshon. from the agile radio head 12.
I'bch of these operational modes may be configured

through modem 16 A computer may connwt to modem 16 01

with a sofhvare key for pro Wahmuing the microprocessor 92
mid'or one or morc of the I-'PCI'As and ricconfigure the agile
radio head to operate using a mode consistent is ith tins dis-
closure. Since the microprocessor and/or the Fl'ChA controls
the operational mode of each of tlm systems, it is expressly r
understood that the modem may be used to program any
specific operational mode. Two ways of progmmming the

agile msdio lmad are to select a pre-progrmnnmd scheme
within the FPCiA, or to progmm a new scheme into the FYCJA.

For instance, all three operational modes disclosed hereui
may be pro rmnmed into the agile radio hmid 12, and be
sclectcd by simply instructing the FPCiA to operate using the
preproavrammed operational scheme. In addition, tile FPChA

may be reprogranuued with a new scheme using modem 16.
It Is contemplated that there are mam methods to switch the
opcmtion of thc agile radio head 12 which may be used in

combuiation with tlfis disclosure.
FICh. 6 is a block diagram 130 ofone implementation of the

agile radio head t2 using a time division duplex radio opera-
tion. In tlfis embodiment the uplink and downlink we time
duplexed (the downlink and uplink fiulctions are used at

different times). I1G 6 Is sunhlar to FICJ. 5 (as previously
dcscribcd) except that thc pair of duplcxers fl2 wid 84 have
been replaced by a pair of filters 132a and 1326 and tlm

second pair of duplexers 86 and 88 have been replaced by a

second pair ol tilters 134a and 134b This allows lilr the

operation of the agile radio head usia a time divis«m duplex
scheme, which scheme is well understood in the telecommu-
mcanons art. Wlule not illustmted in I'ICJ. 6, It is understood
that the trans niit ter and the receiver maybe coupled tlu ough a

switch or circulator to promote time division duplcxing
openations,

IIICi. 7 is a flov;clmrt 150 of one method of operating the

agile radio head 12. In block 152. a mode Is selected I'or the
opemtion of the agile radio head. In block 154, the mode of
operation is svnt to him agile radio head In block 156, Ihe agile
radio head 12 is configured with the ixxv milde ofoperation.
hi block 158, the agile radio head 12 operates using the neu
mode of operation

FICi. 8 Illustmstes one embodunent of a base transceiver
station that can be usixf with tlm disclosed agile radio heads.
In this mnbodiment, the agile radio head 12 is a medium lo

high power multhchwuiel, tu oway radio ui a fixed locauon.
Typically it may bc used by low-power, sinvli-channel, two-

way radnls or wireless devices such tms mobile phones, por-
table phones and ivireless routers. The agile radio head 1Z

nmy comprise a signal controller 200 that Is coupled to a
transnutter 202 and a receiver 204. Tnsnsmitter 202 and
receiver 2U4 (or combined transceiver) is further coupled to
an antemia 206 In the agile radio lmad 12, digital signals are
pnlcessed in signal controller 2UU. The digital signals may be
signals foh' wifeless cilhlllliulllcatlol'I svsti'.m, silct'I ils signals
that convey voice or data uitended for a mobde terminal (not
shoivn). The agile radio head 12 may employ any suitable
will:less tecllll(lklgies ol sl'lllifilrds slick as ZG. 2 5G. 3().
GSM, IMT-ZUUU, UMTS, iDEN. GPRS. IxEV-DO. EDGE,
DL'('T, PDC, TDMA, IIDMA, COMA, IV-I'DMA, LTLC '1'D-

CDJILA. TD-SCDMA, GMSK, OFDM, WiMAX, the family
of IL'L'Li 802.11 stwidards. the family of IL'LIL'02.16 stan-
dards, IEEF 802.20. etc Signal controller 200 then transmits
the digital signals to transnutter 202. whtch includes a chan-
nel processing circuitry 208. Clmnnel processing circuitry
208 cncodes each digital signal, and a radio frequency (RF)
genemtor 210 modulates the encoded signals onto an RF
signal. I'lm resulting output st@mt is tmnsmitted over mitmma
206 to thc mobile tcmiiiud Antenna 206 also receives signals
sent to the agile radio head 1Z from the mobile tenuinal.
Antenna 21)6 trwismits thc sighmfs to receiver Zf)4 that
demodulates them into dkytal signals and transnuts them to
signal controller 200 where they may be relayed to an external
network 212. 111e agile radio head 12 may also comprise
auxihary equipment such as cooling fans or air exchangers for
the removal of thwst from the a@to radio head 12.
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Components ol'the systmn dcscribcd nbove (e g., modem

16. nucroprocessor 92, conuuutucatlon device 20. etc.) may
be implemented on any general-purpose computer w itli suf-
ficient processing power, memory resources, and network
tluoughput capability to handle the necessary workload 1

placed upon it. FICI. 9 illustrates a typical, general-purpose
computer system suitable lilr uuplementing one or more
embodiments disclosed herein. The computer system 220
includes a processor 222 (lvluch may bc rcferrcd to as a

central processor umt or CPU) that is in conunuiucauon with ul

memory devices including secondary storage 224. read only
nicnuln (ROM) 226, random access memory (RAlvl) 228,
uiput'output (I/O) devices 230, and network connectivlty
devices 232. The processor may be implenmnted as one or
more CPU cliip s.

Tile secondary storage ZZ4 is typically comprised of one or
more disk drilms or tape drives and is used for non-volatile
stornge of data mid as ul over-fiow data storage device If
RAM 228 is not large enough to hold all working cata Sec-

0&xtlry sloragc 224 nmy be i&sad to store progranis which arc 0

loaded into RAM 228 when such proverams are selected for
execution. The ROM 226 is used to store instructions and
perhaps data which are read dunn pmgram execuuon. ROM
ZZ6 Is a non-volatile memory device wluch typically has a

small memory capacity relative to the largemn&mory capacity "

of secondary storage. The RAM 228 is used to store volatile
data and perliaps to store instructions. Access to both ROM
226 and RAM 228 is typically I&aster tluul to scxondary stor-

age 224.
I/O devices 230 may include printers. vidcxl numilora liq- 10

uld crystal displays (I,CDs). touch screen displays. key-
boards. keypads, switches, dials, mice, track balls. voice rec-
ognivcra card rcadcra paper tape rmidera or other well-
knolvn ulput devices. The network counectivity devices 232
mny take the form ofmodema modem banks, Rthemet car&La "»

umver, al serial bus (USB) interface carda serial interl'aces.
token ring cards, fiber distnbuted data Interface (FDDI ) cards,
wirclcss local area netlvork (WI.AbI) carda radio trmlsccilmr
cards such ns code division muhiplc access (CDMA), global
system for mobile communications (C)SM), and/or WilVbUX 40

rndio transceiver cards, and other well-known nctvork
devices. These network connectivity devices 232 may enable
the processor Z22 to communicate v, ith an Internet or one or
nulrc intranels With such a network connection, it is contem-
plated tlmt the processor 222 might recen e information from ss
the nenvork, or might omput infomiation to the nenvork in the
course ofperforming the above-deacnbed method steps. Such
information, which is often represented as a sequence of
uistructions ul be executed using, pmcessllr 222, may be
received from and outputted to the network. for example, in 0

the iimu of 0 computer data slyial embodied in a corner
W ilVC.

Such ulformation, which may Include data or Instructions
to bc executed using processor 222 filr example, may bc
received from and outpuued to the netlvork. I'or example. In 1

the form of a computer data b as eh and signal or signal embod-
ied inacarricrwave Thcbaseband signal orsignalclnbodicd
ui the carrier wave genenitcd by the network cmmectivity
devices 232 may propagate in or on the surface of electrical
conductors. in coaxial cables, in waveguidcs. in optical 01

media. for example optical fiber, or in the air or free space.
The infonnntiim contained in the baseband signal or signal
embeddaf In the earner wave may be ordered accordln to
different sequences, as may be desirable for either processing
or gcncrating tlm information or transmining or receiving the I
information. 111e baseband siyial or signal embedded in the
carrier wave, or other types of siyiala currently used or here-

after developed, referred ro herein as tlm transmission
medium. maybe enerated accordin to several methods well
knolvn to one slolled in the art.

Thc processor 222 executes instructiona codca coniputer
pmgrams, scnpts wluch it accesses from hard disk, fioppy
disk, optical disk (these various disk based systems may all be
considered secondary storage 224), ROM 226. IMAM 228. or
the network connectivlty devices 232. Wlule only one pro-
cessor 222 is shown, multiple pr&messors may bc present.
Tin&a. v,bile ulstructions may be discussed as executed by a

processor. the instructions may be executed simultaneously,

serially, or ot hero Isa executed by one or inultiple procav aors

While preferred embodunents of the uivention have been
slxnvn and described, modifications thereof can be nlade by
one skilled in the art witlmut departing from lhe spirit and
teachings of the invention. The embodiments described
herein are exemplary only, nnd are not intended to bc linliting.
Many varialions md modilications of tile inveuuml disclosed
herein are possible and are within the scope of the invention.
Wlmre numerical ran cs or liniitntions arc expressly stated,
such express mnges or lunitations should be understood to
include iterative ranges or limitations of like magnitude fall-

ulg witlun the expressly stated mnges or linutat&ons (e.g.,
from about I to about 10 includes, 2, 3. 4. etcx greater than
0.10 includes 0.11, 0.12, 0 13, etc.) Use of broader temis
such as "compnses". "Includes", "bavin ", etc. should be
understood to provide support for narrower terms such as
"consislulg of', '*consisting essentially ol'1 '*comprised sub-

stantially of"'. etc.
According)y, ihc scope of protection is not limited by thc

description set out above but Is only lumted by the claims
which follow. that scope Including all equivalents of the sub-
jcctmancrol'tlmclahns Fachallilivc&yclainllsincorporiltcd
ulto the specification as an embodiment of the present inven-
tion. Thus, tlm claims are a fi&rther description and are mi

additum ui the preferred cmbodimcms ol'ihe present inven-

tion. The dlscussioll of &I reference in the Descnption of
Rclatcd Art is not an admission that it is prior art to the present
invenli&ui„espcciully any reference tluit inay have a pubhai-
tion &hate after the prionty date of tlus application. The dis-
closures of all patennt patent applicationa and publications
cited herein are hereby ulcorporated by reference, to the
cxle&'It that they provide exemplary, procedural or other
details supplmncntary to those sct forth hcrcin

The invmition claimed is:
1 A system for providing ~ireless conunummitlon. the

system comprising:
a radio transceiver comprising a plurality ol'conligurable

receivers and trmisnutters, w.hereul each transmitter
comprises an amplifier, wherein a first plurality of the
ampifiers are coupled lo a first analog hybrid matux filnl

combuies the outputs of each of the first plurality of
amplifiers and that pmvidcs an output to a fimt plurality
oi'duplexers, wherem the radio tr ulscclvcr Ixuupllscs il

first signal processor that receives a tmnsmit signal. that
proccssms the trnnsmit signal according to a first trmisfi.r
liuiction tlmt causes the outputs of the first plurahty of
amplifiers to be routed by the first analog hybrid matrix
&0 olu: 0f illc first phlfality of duplcxem v hen the firsi
siyial processor is selected to a first operational mode,
and that processes tlm trmismit signnl according to 0

second transfer function that causes the outputs of the
first plurahty of

amphfiers to

be
routed by

th first analog
hybrid matrix to bc distributed among all of the first
plurahty of duplexers li hen the iirst signal processor is
selected to a second operational mode;
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a programmable processor, wherein dm progrmnmable

processor is operable to select the tirst signal processor
to the first operational mode or the second opemtional
nlodc.

2 The system ol'claim I, whercul the pr&igrammablc pro-
cessor receives progmm inputs fmm a modem and selects the
first siyial processor to the first operational mode or the
second operational inode bused on the program inputs

3. Tlm system ofclaim I, w herein the first signal processor
&s at least one of a field progranunable gate array, an applica-
tion specific in&ega(ed circuit. a complex progmnunable
logic device. Bnd a digitul signal processor

4. The system of claim 1, wherein the first opcmtional
mode dvmreases tile capacity and increases the range of the
radio transceiver.

5 Tlm system of claim 1. wherein thc second operational
mode decreases tlm range and increases the capacity of thc
radio transceiver.

6. The system of cl mn 1, whcrcln th&'. pn& I&un&nable pro-
cessor Is fu&ther operable to select Ihe firsi signal pmccssor ul

a third opemtional mode that uses one of beam forming and
MIMO.

7. The system of clauu 1, wherein the radio tmnsceiver
comprises a Second signal processor that rccci&ms a second
transmit signal, that processes tlm second transmit signal
according to the first tmnsfer function that causes the outputs
of a second plurality of unpbfiers to be routed by a second
analog hybrid matrix to one ofa scmond plurality ofduplexers
whml the second signal processor is selected to the first open-
tionul mode, and that processes the second tmnsm&t signal
accord&a to the second transler fi&nction that causes the
outputs of the second plurality of amplifiers to be muted by
the svcond analog hybrid matrix to bc distributed mnong all of
the second plurality of duplexers when the second stglmi
processor is selected to the second operational mode: and
whereul the progranunable processor is operable to select the
second signal processor to the first operational mode or the
secolul operational luodL.

g. The system of cl nm 1, whereul the prop unmable pro-
cessor &s a microprocessor.

9 A method I'or conliguring a radio head, cmnprising:
selecting a first operation mode for a md&o Iiead from a

prescribed sct of operation modes of tlm radio head;
ulputting the first opcl i&&loll Irlodc alto the I'iul«1 hcBd,
in response to the first operation mode input, a signal

processor processing a transmit sim&al according to a
In'sl tlanslcr In&let«111 illa& Liulscs the outpilts ol a plural-
ity of amp li liars to be routed by an analog hybrid matrix
to a single duplcxer Bnd output Bs a combined transmit
s&gnali

selecting a second operation mode for the radio head from
the prescribed set of operation modes of the radio bead;

inputting the second operation mode into the radio head:
slid

io

"o

"o

4((

o

in response to tlm second operation mode input, the signal
proccSSOr proCLSsing thc Iransmit signal according. to a
second transfbr function that cmises thc outputs of a

plurality ol'amplifi(rs to b( routodl by the analog hybnd
matrix to a plurality ofduplexer: and output as separate
Iransmit siyuds.

10 Thc method of claim 9, further comprising identifying
a change in operational conditions, whereul sclecung the
opcmtiou mode of tlm madio head is based upon the change in
operational mindi&iona

11 The method of claim 10, wherein the change in opera-
&&el&BI col«bi«11&a Is Bil iilcrLBsc i&1 c'ipac«Y dc«la&id.

12 I'he nwthod of claim 9, wherein the operational mode
is input into the radio bead usin a sofiware key to activate a
preprogrammcd operational mode

13 The method ol'claim 9. &vherein the operatmnal mode
is input into tlm radio head by programming at least one
pmgranunable device ul ihe radio bend.

14 Thc sys&L&u of claim 9, wherein sclcv&ing thc opera-
uonal mode Ior the r «lio hend further compnvvs selectin the
oporatioiml m(xle I'or thc radio head based upon real-time
opemtiorml conditions.

15. A method for configuring a radio head, comprising:
operatuig a Iirst radio head with a first opemtional mode,

wherein the first operational mode has a first range and a

iirst coverage area and wherein the first operational
mode is implemented in part by a signal processor
implementing a first transfer

fiinction
tha results in out-

puts of a plurality of mupliliers being sununed to pro-
duce a single transmitted s& nah

dc&&&el&fig B ch'iilg(i ill operational conditions:
compensating Ior the cluulge in operational conditions by

selecting u second operational mode; and
opcratin the first radio head with thc secmld opcrat«inal

mode. wherem the second opemtional mode has a sec-
ond range and a second coverage area and wherein the
vmmlnd operational mode is implmumitml in part by the
signal processor unplementul a second transfer fiulc-
tion that results in outputs of a plurality of ampliiicrs
being routed hl produce a plurality ol'eparately trmis-
mitted Bib«tais.

16 The nlethod of claim 15, wherein the change in opem-
uonal cond&uons is a failure of a second radio head.

17. The method of claim 16. wllerein the detection of a

change in operational conditions is parfum&cd thmugh a noti-
ficauon provided by the second radio head.

Ig. The method of claim 15, wherein the change in opera-
tional conditions is due to a change in us &ge of the first radio
head.

19 Tlic 11&ctbod of clBinl 15, wherein the lira& signal pro-
cessor is one of a field progrmmnable gate array. an applica-
tion specific integrated circuit. a complex pmgranunable
logic device, uid a digital signal processor

20. The method of cluim 15. wherein the first radio head is
part ol'a base transceiver station




