- 2- 5. A base station according to Caim2 wherein each radiating

el ement (103) conprises a stripline, and wherein said substrate conprises a
circuit DBVaP§R261166. A base station according to C ai m 2 ¥exnsyslo2464
conprising a respective anplifier (102) connected to each radi ati ng el enent
(103) and nmounted on said substrate so that each phased array antenna (95)
defines. an active phased array antenna 7. A_base—statTom agcording to
CGaiml further conprising.a receiy éeﬁﬁ§ﬁﬁﬂg HeETSi on@Gadj 4cent said
phased array antennas (95) for recejvin bile units (171) ja
plurality of individual radio chann w gﬂﬁbﬁ Q@éb B!\ a0 gegefer-ent| frequency

fTom one anot her. 8. . A base st cording .B4. Gl;aag‘ed?sﬁh Ireijn sai d
recei ve antenna (96) conprises a re ase arra¥“a g@@pginp udi ng a
stibstrate and-a plurality of receiv Chh@@ﬁﬁﬁ)ePﬁﬁgnf g% qugted t her eon
in a predetermned pattern. {1 Abstract : paged .....--

' 'PHASED ARRAY CELLULAR BASE STATION AND ASSOCIATED
METHODS FOR ENHANCED POWER EFFICIENCY

Field of Invention

The present invention relates generally to
communications systems and, more specifically, to a
cellular radio communications system.

5 . Background of the Invention

- Cellular communications systems are commonly
employed to provide voice and data communlcatlons to a
plurality of mobile units or subscribers. Analog
_ - cellular systems, such as designated AMPS, ETACS,
10 NMT-450, and NMT-900, have been deployed successfully
throughout the world. More recently, digital cellular
Lsystems such as designated IS-54B in North America and
the pan-European GSM system have been introduced.
..These systems, and others, are described, for example,
’ 15 in the book titled Cellular Radio Systems by Balston,
' et al., published by Artech House, Norwood, MA., 1993.
Frequency reuse is commonly empioyed in
_cellﬁlar technology wherein groups of frequencies are
allocated for use in regions of limited geographic
20 coverage known as cells. Cells containing eqﬁivalent
-.-groups of frequencies are geographically separated to
ailow,mebile units in different cells to simultaneously
usezthe same frequency without interfering with each
other, By so doing many thousands of subscribers may
25 be served by a system of only several hundred
frequencies.
- In the United States, for example, Federal
authorities have allocated to cellular communications a



9. A base station according to Claim8 further conprising:

“conbi ni ng network neans (99) nounted on said substrate of said receive

ant enna wo¥s/26m$ connected to said plurality of receive anpemusssmeent s
(97) for coherently coupling said plurality of individual radi o channel

si gnal s recei ved thereby; and anplifier neans (110) nounted on
sai d substrate of 'said recei.ve antenna (9®- and connected to said conbi ni ng

network means .(99)" for anpllféhng a si giat -t her efrom 10. A base
station accor d¥ffk oL e UH €¥€%e§§YdSP§§F6u@h§Hﬁ§hegeﬁé}t&hmgietbans

(120) fUrtheriHHH”péEﬁsW@ﬂuﬁ&%ﬁbwnﬁﬁééuéﬁ8§)bEﬁHs”EQEhéH R al ity of
radi o frequency carrjiers, wth respecti |n€§ % gnals to thereby generate
said pluralit hﬁnQQ&hﬁé%E%PQrﬁﬁ?ﬁﬁtﬁhgﬁﬁgl PghiFguency duplex

-3 - arrangement wherein the transmlt and receive -
5 frequencies in each palr are’ offset by 45 MHz . 'At
present there are 832, 30-KHz wide, radio charinels
: allocated to cellular moblle_communlcatlons in the
United States. To addreés'the”Cépacify limitations of
this analog system a digital transmission standard has
10 been provided, designated IS-54B, wherein these.
' frequencY'channels'are further subdivided into 3 time
slots. o T o
As illustrated in FIG. 1, a cellular
communication system 20 as in the prior art includes
15 one or more mobile stations or units 21, one or more
' base stations 23 and a mobile telephone switching
office (MTSO) 25. Although only three cells 36 are
shown in FIG. 1, a typical cellular network may
~comprise hundreds of base stations; thousands of mobile
20 stations and more than one MTSO. Each cell will have
allocated to it one or more dedicated control chahnels
and one or more voice channels. A typical cell may
have, for example, one control channel, and 21 | i
voice/data, or traffic,,channels. The control channel
25 is. a dedicated channel used for transmitting cell '
identification'and'péging information. The traffic.
channels carry the voice and data information.
The MTSO 25 is the central coordlnatlng
element of the overall cellular network 20. It
30 typically includes a cellular processor 28, a cellular
switch 29 and also provides the interface to the public
switched telephone network (PSTN) 30. Through the
cellular network 20, a'duplex'radio'communiCAtion'link
.32'may be effected between two mobile stations 21 or,
35 between a mbbile'stationlzi and a landline telephone
user 33. -



11. A base station according to Claim1 further conprising switch neans
(190) connected between said radi o channel generating neans (120) and said
phased arWWSQﬁllénnas (95) .and novabl e between first and sepOTVUSgSARUE4 ONS
so that said sw tch nmeans (190) when in the first”’ p03|t|on coupl es toget her
two or nore predeterm.ned phased array antennas (95) for increasing

radi ated antenna power for a respective radi-o channel signal, and so that
said switch nmeans  (190) when in- the second position decouples the two or
nore predeterni ned phased B rEynekiennas tbs)bpse ssatdeni 83 rdadi o channel

capacity for tmbdmﬁﬁiyﬂﬁﬁlﬁﬂhﬁﬁé)the i&dloAcBﬂﬁﬁnibathBB Weh ft¥e @

cel l ul ar comuni atlon sIen1 aid bas tation, conpr radi o
channel gener atlng t(’l%) f g%\ Bi figPacpFyr aF#"Fybé\Ser &g idtannel
st gnal s; 23 ﬁundumunsombleﬁhyeds arreyaynbeaﬁ&oﬁoﬁaﬁcﬁaﬁat%nEﬁ'd

radi o channgl. t ns, | ng.ph sed array .anten
conpri si ng a pl urgelatéylr%}é?%dl %?%gg?‘a?é néﬁ%gg'og 23Pd S?l FHREIYd2SS e
recei ver neansqmaimQXXQKHHﬁﬁeixﬂbnéz andneonitousf thm zerelivied wiignal

relating to SI%@ler@ai'fﬂorﬁ%vrﬁébﬂeteeaewh' g1unit; and
- A typical base station 23 as in the prior art
is SChematlcally illustrated in FIG. 2 whlch shows, as
10 -an example, the functional components of model number
' 'RBS 882'manufactured'by_Ericéson Telecom AB, Stockholm,
Sweden for the CMS 8800 cellular mobile telephone -
' system.’ A full description of this'analog cellular
netﬁork is provided in publication number EN/LZT 101
15 908 R2B, published by Ericsson Telecom AB.

I o A now common sight along many highwaye,-the
"base station 23 includes a control unit 34 and an
'antenna tower 35. The control unit 34 comprises the
base station electronics and is usually positioned

20 within a ruggedlzed enclosure at, or near, the base of
the tower. Within this enclosure are the radio control
'”group:37, or RCG, an exchange radio interface (ERI) 38
and a primary power supply 41 for converting electric
) ’ ' * power from the AC grid to pdw'er the individual
25 components within the base station 23, and a backup
'*power'éupply 42,
The ERI 38 provides signals between the MTSO0
25 and the base ‘station 23. The ERI 38 receives data
from the RCG 37 and transfers it to the MTSO 25 on a
30 ‘dedicated MTS0-BS link 45. In the. reverse direction,
" the ERI 38 receives data from the MTSO 25 and sends it
to the RCG 37 for subsequent transmission to a mobile
'statlon 21.
' The radio control group 37 includes the

'35 ‘electronic equipment necessary to effect radio
“:eommunications A functional block diagram of an RCG
37 as in the prior art is shown in FIG. 3. The



ant enna power control neans connected to said signal quality receiver nmeans
and said at |east one phased array antenna for selectively operating

predet ewo gspdimnes. of said radiating el ements responsive PETASPHIMS4Nal
quality received at the nmobile unit. 13. . A base station (80) according
to Gaim12 wherein said at |east one phased array antenna (95) further
~conprises a substrate on-which said plurérity of radiating elenents (103)

are nount ed. 14. " A base statlon cording to C.aim213 erein each
radi ating el GRIRIGUIRSIRBPR ?@%Sl %FBEFﬁeongn&qﬂﬁﬁé;1?45QQF ubstrate
conpri ses a GiFgndnmitsedeive module (TRM) 51, a number of vo;ce ' -4

respectlvé ga(zﬁﬁéi £§M%8g%eggﬁ §§5355§8ggt|n §¥&%%%¥§%% nDun eggoﬁ
sai d substratss sfcstélatypiacallacohéagUraneophxsqdmycam qres) defines
an acti ve sohasepl r.-agector of a cell. .Each TRM 51, 52 includes a
' respective transmitter 54, receiver 55 and control unit

57. The TRMs 51, 52 are not typically frequency agile

-and operate'instead one only one predetermined channel.

Control signals from the ERI 38 are received by the

10  individual control.units 57. Voice and data traffic

.signals_are.routed over a separate.interfacepto the ERI

38, o . R o
Bach individual transmitter 54 for control

and voice is connected to a transmit combiner. 58. The

15 transmit comblner comblnes all of the input signals
onto a single output coupled through.a.coaxlal cable 62
to the transmit antenna 63. Through the use of the

.~ combiner 58, up to 16 transmitters 54 can typically be
connected to a common transmit antenna 63. The
20 combiner 58 is used because there is often a premium
for space on the masts and towers used to support the
antennas. In an extreme case, one mast may be required
. to support over 100 radio channels. _ o
The individual transmlt s1gnals are ampllfled

25 'before combining and hence the TRMs 51, 52 have '

relatively high output power to overcome the losses
through the transmit combiner 58 and the
interconnecting cable 62. Typical TRMs have average
output power levels between 10 and 50 watts.

30 - _ On .the receive side, each of two receive
antennas 65 is coupled to a respective receive combiner
66A, 66B where the signals received are separated
according to frequency and passed on to the individual
receivers 55 in each of the TRMs 51, 52. The two

35 rece.ve dntennas 65 are typically spaced 3 to 5 meters
apart on the tower so that they receive signals w1th
uncorrelated fadlng patterns to thereby prov1de space



ant enna. 16. A base station (80) according to Caim15 wherein said
antenna power control means conprises a mcroprocessor operating under
stored pr¥Q®ARSEEntrol to sel ectively operate predeterni nedPOT@SIS24641e

anplifiers. 17. A base station (80) for a cellular comunications
system said base station conprising: radi o channel .generating
nmeans (120) for generating a pIurallty of “Padi o channel signals; - a

plurality of pha sed array ant en é%%connected to said radi o_channel
generating nea cep %ﬁﬁtch Bhs2¥ 8 oBr ¥ oiRBVERE iPBAeen said
radi o- channel - gemhnﬂquq;rﬁnmmb¢ﬂﬁQpreﬂdesecdlphaaﬁd poeeydeteettian (995)

d ble b t hat d h
(180) “when i n ChiYgdiny wiEtih 5RO Mo RORIBED PE8R RANRTE, B ChaRet 1 ned
phased array aﬂtoemfa§1(€9390qbrenmtba@| hyo.baﬂeaf:emmanueamaopemer for a
respectlve gadizg, JHggygn »gqﬁts t i SR éhat ﬁééd ?ﬂgigghgﬁagﬁ (190) when

In the second 03|t|on decou e two or nore pre ermned phased array
ant ennas (95) Tats gl %%S|ng radi o channel capacity for the base

station (80). .- - It usually necessary to control the
environment within the enclosure for the base station
 electronics by means of HVAC equipment, that is,
10 heating, ventilation and air conditioning. On average,
~the typical base station enclosure is about the size of
a large truck. _ |
-One visible feature of a typical base station
23 is the antenna tower 35. In order to achieve a
15 reasonable coverage area, the antennas 63, 65 are.
desirably mounted at some distance above the ground.
Referring now additionally to the prior art schematic
plan view illustration of FIG. 4A, in rural areas the
towers 35 are commonly located at the center of a cell
20 36 thereby providing omni-directional coverage. 1In an
omni-directional cell, the control channel(s) and the
active voice channel (s) are broadcast in all areas of
-the cell -- usually from a single antenna. Where base
, stations 23 are more densely located, a sectorized
25" antenna system may be employed as in the prior art, and

“ shown by the schematic diagram of FIG. 4B.

' Sectorization requires directional antennas 70 having,
for example, a 120 degree radiation pattern as
illustrated in FIG. 4B. Each sector 71 is itself a

30 'cell.having'its own control channel(s) and traffic
dhannel(s). Note that "channel" may refer to a
specific carrier frequency in an analog system or to a

- specific carrier/slot combination in a hybrid TDMA/FDMA
system, such as IS-54 and GSM. . .

.35 - - FIG. 5A illustrates a typical antenna system
as in the prior art and as discussed above. FIG. 5B
illustrates two types of prior art antennas that have



18. A base station (80) according,to_Clain117 wherein each of said phased,

array antennas (95) conprises a substrate and a plurality of
el ement swogwsserd t hereon in a predeterm ned pattern
station according to Claim18 further conprising signal

radi ati ng

POTUSSS /6L

qual ity receiver

means for receiving a signal transmtted froma nobile unit (171) relating
-5 - to signal quality received at the-®ebile unit, .and further

‘conpri sing antenna powercontrol neans (95) connected to said signal’
recei ver neandesinl et phoxediisrugsadt ennas Ponisdizectisnaloper at | ng

pr edet er m ned

WShradiaty oﬂaeggm §nﬁlg3)h%@c%§%91arle§%e&t

phased array antenna '(95) responsive to, said %ua ity receive

nobi | e unit (Enbenna 7P Wh¥F%a§%r§bﬁ¥|éﬁC%BQ?Saéc6F

qual ity

at t he

Ilﬁ&tlc(;' ©4ai for1 s

further conpricSiadpisd gnalt being understood that transmit and receive

5

antennas are typically of the same type for éngiven
base station. :
'~ Thousands of such cellular base stations 23

' have been deployed in cell sites worldwide. -Currently,
the total footprint for a cellular site is quite large.

© 10

15

20

25

30

35

Often surrounded’by a chainlink fence, the amount of

land requlred to 31te a typ1ca1 base ‘station 23 can be

sizable. In most urban areas, the .cost of the real
estate upon which the site is located is often
comparable_to the cost Of'the~equipment itself. 1In
addition to the cost of land acquisition;-real estate

taxes can be a significant operating cost. It would

therefore be advantageous to reduce the footprint of a

typical cell site.

"~ “Also contrlbutlng s1gn1f1cantly to the
6perating cost of a cellular base station is the cost
of the power consumed. In addition to the HVAC '
eguipment for env1ronmental control, the DC power
requlrements for generating the RF power may be quite
hlgh. The solid state power amplifiers typically
located in each TRM 51, 52 operate at between 25% to
65% DC—to—RF_éfficiency depending upon whether the
amplifier is linear or saturated. In addition to the
typical transmit combiner 58 loss of 3 to 4 dB, there

are significant transmission losses through.the coaxial

cable 62 from the RCG 37, up the tower 35, and to the

transmit antenna 63. It is not unusual to suffer 10 dB

or more of total loss through these paths resulting in

only 10% of the RF power generated actually being
radiated by the antenna.

The use of scanning phased array antennas in
 cellular communications systems has beenaproposed. For

example, Stapleton, et al., A Cellular Base Phased



strength nmeans for sensing received signal strength froma nobile unit
(171), and further conprising antenna power control mnmeans (95) connected to
sai d si gwab9szeiemgt h neans and sai d phased array antennas (FCIyUSISH2464

sel ectively operating predeternm ned ones of said radiating el enents (103)
in each respective phased array antenna responsive to the sensed received
si gnal strength. 21. A base station £30) according to C aim 18 wherein
each radiating el enent (103) conprises a stripline, and wherein said
substrate conPrré¥sAntennauidyaieit.d Progeedings (p5cthe 2368 [BBE ¥8€or di ng

to Caim2l fypthes_ognielsHrithe? 4 esiRRAilIe ARy féermbddgd1e0nnected to
éach radi ating el enent 03) and nounted on said substrate sp that each
phased array Eﬁfiéﬂﬁ&n@gl _ %5%@%&%4?% PAAROLRE o5CARRERAHA. 23 A
base station ¢8ghbatdeydi Ngr oxder rad podieids repace didepstbgnnel
generatingsne Es él%g@,furt er_conprises. nod Iatqé-aﬁa S él 1) for
nmodul ati ng”a g BPaf &t ¢ @Q?%r%§1 ?ﬁﬁgqgir k3 reh FBSBective I nput
signal s to theadhntdageediemesstt chagd whae ipoteritialli of dunménsmitbingaone

si gnal s. 24 f.Qr [ tation (80) for a

cel lul ar radi8v85§ﬁ3§?ba%ﬁb$§¥g%§€§§c) t épﬁéggfincluding a plurality of
coverage areas, the bas&hst asephHiphared \grrancineengaat forvast four

i ndi vi dual phfxa%@o %)&%ﬂ%ﬁéQgéerp%cliééﬁh?éa&!mhwli@ﬁteﬁibhla@i%t t wo “of

the at |east four phased array antenpas illumnate at | east one_conmmon
cover age &PeaddVenh&ophdahilivt Eoauses drrapsmiegtons of short pulse

duration, these so-called solid state, or active,

- phased arfays'usually employ Class C power amplifiers
behind each radiating element. In order to develop
highly directive beams, a typical array for a search

15 radar may have hundreds, if not thousands of individual
radiating elements. Such antennas are discussed at
length in'Skoinik,'Radar-Handbook, McGraw Hill, 1990,
chapters 5 and 7.
| It should be noted that passive microstrip
20 arrays are also currently available for use with
cellular base stations. For example, type no.
1309.41.0009 manufactured by Huber+Suhner AG of -
Herisau, Switzerland is a seven element linearly
) - polarized flat panel passive antenna with a shaped
‘ ’ 25 éleva'tion beam for use in cellular base stations. This

' array'éan replace the typical dipole antenna and is
more suitable for locations on the sides of buildings
or other flat surfaces. 'In application note 20.3,
published'by Huber+Shuner, it is shown that wide area

30 'coveraée may be cbtained via the use of power-splitters
whereby portions of the signals are diverted to several
individual  panels.

Unfortunately, both of the above described
phased array antennas require a multi-carrier power
'35 amplifier, or MCPA, for simultaneous illumination of a

' particular_sector with two or more frequencies. as is

common in cellular systems. In a multi-carrier'system,



said nethod conprising the step of generating a plurality of individual
cellul ar radi o channel signals each at a different frequency from one
anot her , Wogal261t6er i zed by: . : PCT/US95/02464 -6
- operating each individual phased array antenna (95) to transmt only
one individual cellular radio channel signal. 25. . A nethod according to
Clai m 24 wherein each of the phased arrayantennas . (95) includes a
plurality of radiating elements (103), and further conprising the step of
receiving a s’r%‘i’%’F’“‘Pﬁi’gn@F&Pf‘eHeﬁP&ﬁ\eQeﬁ’ﬁlﬁ FEIRHTe EPRELGUS d9¥RLto signal
qua:ji ty receijswbﬁés?beﬂrrebi gseu_nfeh: (tlhah) ,-ssnfaﬁ.gsfo&fctﬂmql% aRggaAat i ng
predet erm ned_ones of thg radi.ating.el enent N _each, respective
phased array RFPERAEE ( 95 °réfsgﬁ?i-3@%F5m§ﬁ%&§f§1(uﬂgl4lﬁ;%r§fe§%t t he
mobi | e unit (MOBA musf6theréforehovexater dnng: thdgBlyi mdives urt her
conprisingr | ¥ NG aphLl.e It 3l t 1.ndi vi dual
radi o cha%neﬁi%%fn?aﬁgls'éégg%gg?hg ' EPPP er%g%% E%%’ e%ﬁ?ﬁ%‘% gn%e?naellaﬂpqvﬁ% .
efficiency. L . o : ﬂ

- Summa of the Inv nti n _
In view of the foregoing background, it is
therefore an_Object_ef the;preeent'invention_to_prpvide
10 a cellular communications system_base station and
associated method addressing the practical problems of
increasing power efficienéynana reducing'cell site
size. S L '
It is also an object of the present invention
15 to provide a base station and associated method fof
facilitating the uSe_of.actiVe phased array antennas,
while reducing radiation of spurious signals, such as
intermodulation products. | |
These and other objects, advantages and
20 features of the present invention ate provided by a
base station including radio channel generating means
for generatingfa plurality of individual radio channel
signals each at a different frequency from one another,
and a plurality of individual phased array antennas
25 operatively connected to the radio channel generating
-_ means so that each individual phased_arrey antenna
transmits only one individual radio channel signal at a
time. Accordingly, intermodulation products are
considerably reduced as compared to a phased array
30 transmitting multiple radio channels at different
frequencies et one time. Moreover, the present
 invention permits individual amplifiers to be
incorporated into the phesed array antennas to thereby
considerably reduce cable transmission_iosses. _
35 associated with delivering RF power to a conventional
antenna, for example. The overalleimprovement of DC-

This Sheet Has BeenReilaced




27. A nmet hod according to Caim24 wherein the step of generating the
plurality of individual radio channel signals conprises nodulating a

pl uralitywofoseeriso frequency carriers with respective inputpSi/gsiioees 28.
A nethod according to C aim 24 wherein the step of generating a plurality
of individual radio channels conprises tinme division multiplexing a
plurality of input signals into predeterm9ed tine slots of repetitive
mul ti pl ex franes. 29. A nethod according to Caim24 further conprising
the step of cdpiRFieibiriereytnedocesvtbepsidet erfmthedr@lmﬂmtdarray -
ant ennas (95)ééﬁléﬂgﬂ@qﬁﬁmgraggbg%gda atggggegﬁm@he Shf m=§spective radio

channel si gnal A et ing to Claim2 ther conpri sing
the steps ofIWﬁQQQQﬂRRRWEFQEF?ﬁe FhsreanBFEOpreéépénm|qm§qaﬁymw array

antennas (95) ,couts Gred almpeo t ¥psPEemMRERiBbedeter. M ned phased array
antennas (95) with respee t|ve ferent diofre uenﬁﬁ channels fQr

i ncreasi ng~adio channel B §h?opﬂ?ﬁ§gb§§€3yé aggpreterably

includes a substrate and a plurality of radiating
- elements mounted thereon in a'predetermined'pattern.

Each radiating element is preferably provided by a
stripline, and the substrate is preferably a circuit

10 board. Accordingly, another feature of the base
station according to the invention is that power
radiated by each phased array antenna may be
selectlvely controlled to reduce the difficulties
associated with communicating with respective mobiles

15 that are both near and far from the base station. More
‘particularly, the base station preferably includes
signal quality receiver means for receiving a signal
from a mobile unit relating to the signal quality
received at the mobile unit, and further includes

20 antenna power control means for selectively operating

' predetermined'ones of the radiating elements in each
respective phased array antenna responsive to signal
quality'reéeived at the mobile unit. Alternately,

. ’ signal strength may be sensed at the base station.

25 - Thus, the radiated power and or beamwidth from the
anternna may be selectively controlled to maintain a
sufficient received power level at the mobile for good
eommunicatibns, yet not deliver so much power,
particularly for a near mobile, to create an

30 unnecessary likelihood of 1nterference, for example.

| ' The radio channel generating means may

'preferably be located adjacent the lower portion of the
base station antenna towe¥, and linking means, such as
coaxial cables may be used to deliver the radio channel

35 signals to the phased array antennas. Alternately, the
radio channel generating means may be located on the



7 - 31. A method for operéting a base station (80) for a radio cellular
radi o communi cations systemincluding at | east one phased array antenna
(95) conpodstérg6a plurality of radiating el ements (103), (HCI/USYSIORd64 .

conprising the steps of: generating a plurality of radio channe
signals and transmtting the plurality of radio channel signals fromthe at
| east one phased array antenna (95); . -10- recei ving a signal

“transnmitted froma nobile unit (171) relating.to signal quality received at
~the nobil e uhiQwen 2y mapgtactured iggegieily¥ifhofbrabhagest @@t ni ned
ones of the rafiexind® ©bepRptBet 108dut@SRPNpbWErt 2ogkaral quality received

at the nobile unit. =%§E ' Akgetgog.acco dgn ‘ta d 5n131 wherein the at
| east one phased array it ARSE (85F fﬁ?tﬁiﬁ cgﬁﬁ%F§§g YedBEdud®s &mlifiers
associ at ed wirtdvesiach arit¢disa rpositioged| adgatentaslewhgtashithphslsyd of
conpri 65 el Batt A AHT of | T0E DSOBE HCrTbERER 28 PY8De SECIELAY 1 ers.
_ _ a phased array antenna capable of receiving a plurality
of individual radio channel signals eéch at a different
frequency from one another from a p1uré1ity of mobile
.units, Accordingly, the receive antehna.may also
10 preferabiy include a combining network mounted thereon
 and connected to the receive antenna elements.fdr N |
coherently coupling signals received thereby, and a low
noise amplifier mounted.on the antenna ahd_connected to
the combining network for amplifying a signal |
15 therefrom. . . o
The base stétion-also preférably includes
modulator means for hodulatingma plurality of radio
frequency carriers with respective input_or information
signals to thereby generate the plurality of individual
20 radio channel signals.. In one embodiment, the input
| signals may be time division multiplexed into time
- slots of repetitive multiplex frames. |
Yet another advantageous feature of the
present invention is that a-switch_may be provided
25 between the radio channel generating means and the
phased array'antennas,.such as to facilitate cell
splitting. More-particularly, the switch is movable
between first and second positions so that in the first
position the switch couples together two or more
30 predetermined phased array antennas for iﬁcreasingm
radiated antenna power for a respective radio channel
signal. In'the second position, the switch decouples
the two or more predetermined phased array antennas and
facilitates increasing radio channel capacity for the
35 base station, that is, splitting the cell. i
Method aspects of the_present inventiqn
relate to operating the base station as described



33. A nethod for operating a base station (80) for a celtular radio
comuni cations systemof the type including a plurality of phased array
ant ennas WO9326116e net hod conprising the steps of: PCRUSISAR4GA] a

. radi o channel signal. ard delivering sane to a plurality of predeternined

phased array antennas coupl ed together for increasing radiated antenna
power for the radio channel signal; and -11-  Jater decoupling the

plurality of predeternined phased,array antennas (95) and operating the
pr edet er ni ned 3R a?‘?%ymgﬁﬁﬁanﬁ £9%) operRtidg &be Rass Sstatdnn radi o

frequency charfiet serildindéedr penepgefddcoengnand daRacudes ftafe tdiehmse
station. for third order

products. To f&%hcéiﬁﬁgégﬁiégra?ﬁ6ﬂggi§§§r%‘gﬁPagﬁfQ%al radio channel
. : -~ - signals each at a different frequency from one another;
5 and operating each individual phased array antenna to
transmit only one individual radio channel signal at a
time. Accordingly, active phaséd array antennas may be-
- used to reduce losses typically associated with
- delivering RF power from the ground to an antenna
10 mounted on a tower as in conventional cellular
communications systems.
' Another method aspect relates to controlling
the radiated output power of the phased array antennas
and includeé the steps of: generating a plurality of
15 radio channel signals and transmitting same via at
least one phased array antenna, receiving a signal from
a mobiie'unit relating to received signal quality at
the mobile unit, and selectively operating
"predetermined;ones-bf the radiating elements responsive
20 to sensed signal strength from the mobile unit.
Accordingly, a desired amount of power or desired
beamshape may.be produced to ensure communications
while reduciné the likelihood of unnecessary.

_ ‘interference. : _

' ' 25 Another method aspect relates to facilitating
cell splitting as is typically required as the number
of mobile units increases in a given cell. The method
includes the steps of: generating a radio channel
signal and delivering same to two or more predetermined

30 phased array antennas coupled together for increasing
radiated antenna power for the radio channel signal;
~and later decoupling the two or more predetermined
phased array antehnas and operating the two or more
predetermined phased array antennas with respective

35 different radio frequehcy channels to thereby increase
the radio channel capacity for the base station.

This Sheet Has Been Replaced

AmI



MCPA nust therefore operate in a-highly power inefficient |inear node

t hereby reduci ng overall power efficiency. The published PCT

pat ent XypI9sRerison -entitled "Spatial Division Miltiple AREHESISOR4H4eSS.
Communi cation Systens"” to Arraycomm Inc., discusses a nethod and
apparatus for increasing the capacity and quality of wreless

communi cation between a plurality of red8te users and a base station.

WO- A- 93/ 12590, 24 June 1993. The oubllshed European pat ent
application entitled "Te 4 O824, Lhe RELEY8t en t.o American

Tel ephone and Tel egr aphTﬁagaaanddbthu&s@a&qur eﬁid laﬂva&ﬁi&éé§¥§£ em whi ch
utilizes spot_Jeans

d f t
pr ovi do conmUiRE F sReREcs GrEREL AR, i1, Bet BREAIY, KHpieRh SR Rt ere
wi thin a systefn cedinaryr shidd. iBEPthe. azmlzﬁam TheNhodritnavirkd 86 i thten

bl i shed PCT4 I t S W de A '
publ1 shed CTaBBLEw ABA | £Rki20850 P el WM NBIERA, = M do Az
at |least two weiekal stations, each central statlon bei ng aSS|gned to at
least one peripheral sigtgony YO aAxaReRdRit iR

Summary of the |nvention I'n view of the foredal ng background It
i s illustrating the basic components of a cellular -

communications system as in the prior art;

10 .+ FIG. 2 is a schematic block diagram
illustrating the functional components of a cellular
'communications;base station as in the prior art;

' FIG. 3 is a schematic block diagram _
illustrating the;functidnal elements of Radio Control

15 Group of a base station as in the p:ior_art;; _

FIG. 4A is a schematic plan view illustrating
an_Omni-directionaI_cellular pattern as in the prior
art; o : o

FIG. 4B is a. schematic plan view illustrating

20 a sectorlzed cellular pattern as in the prior art;

FIG. 5A is a schematic side view illustrating |
a typical cellular antenna system as in the prior art;

FIG. 5B is a schematic side view illustrating
an omni-directional antenna and a sector antenna as in

‘25 the prior art; S _

- FIG. 6 is a schematlc block diagram
illustrating a-cellular communications system base
station according to the present invention; .

FIG. 7 is a schematic block diagram of a

30 transmitter/receiver module used in the base station
according to the present invention;

" FIG. 8 is a schematic planiview_illustrating
a.typiéal arrangement of antennas in accbrdance.with
the invention having three sectors served by one, two,

35 . and three carrier frequencies each; '



therefore an object of the present invention to provide a cellular

comuni cations system base station and associ ated method addressing the
practlcaJ“mmeMenm of increasing power efficiency and reducpogrnusesi24sdt e

. Si ze. : It. is al so an object of the present ‘i nvention to provide a
base station and associ ated nethod for facilitating the use of -
active phased array antennas, while reducil¥g radi ati on of spurious signals,
such as internodul ati on products. These and ot her objects,
advant ages and features g’fIGt h® pgesemchenaten imkamreiew ovfded by a base

station lnC'Udtneofééheaﬁha@Wﬁlﬁﬁﬁ“ﬁ&ﬁéfﬁyéﬁﬁﬁétéfﬂs9£§ Pbatged ?#Ufa"ty
of i ndividual ﬁdlo .channel nal s each at di fferent frequency om one

anot her, charakt %r?fE&ngﬁmSﬁ& W i Tbf 39mh%4dual phased .array antennas
operatively connected t oFTite nadiis duremt gesYedk didgedn So that each

i ndividual - phaged, aELay ;30! $HIA LAY Brlsh i e SiSed Y SHi8L 1 adi o channel
: frames, and multlframe transm1851on in GSM as in the |
prior art,

FIG. 11 is a schematic block diagram of an

embodiment of the base station according to the
10 'inventien'illustréting how capacity and radiated power
may be traded to facilitate cell splitting;

FIG. 12 is a schematic block diagram of an
embodiment of the base station according to the
invention illustrating a method'to effect radiated

15 power control; and
- FIG. 13 is a schematic diagram of an
'embodlment of the base station'according to the
invention 111ustrat1ng a method to effect coupled power
by changlng the beamshape_of a phased array antenna.

20 " Detailed Description of the Preferred Embodiments

The present invention now will be described
. ' - more fully_h‘éreinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,

25 however, be embodied in many dlfferent forms and should
not be construed as limited to the embodiments set
forth herein. "Rather, these embodiments are provided
so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to

30 those Skilled in the art. Like numbers refer to like

”elements throughout ' '
Although the proposed invention may be used

with any known cellular or land-mobile radio

transmission standard, it is envisaged that it may be

35 particularly suitable for use with the pan-European GSM



signal at a tinme. Accordingly, internodul ation products are considerably
reduced as conpared to a phased array transmtting nultiple radio channels
at - di f f en95361uenci es at one tinme. Mreover, the presentPGIAERIHN02464
permits individual anplifiers to be incorporated into the phased array
antennas to thereby considerably reduce cable transm ssion | osses :
associated with delivering RF power to a&¥¥nventional antenna, for exanple.

The overal | inprovenent  of - - WD 95/ 26116 . . _
PCT/U895/0246gBStem' Theré%%rer where appropriate, Specififr officiency

reduces the sexampleshpreeguitietll heremuwilkrve phivecse@ptywandsl assens the
2nd | mpr ovi ngCoNeaBRAFERFTR, iy B Bodd YE QapPE| EhaROhe orray
ant ennas pr ef deablription wfl ddws prefidrsreditembodinentsrwillybef radiating
8o FETeAAARY SRR R P RIS ALE M cne ERED CAADI
those skilled in the art.will_appreciate,that the
| present invention can be easily and readily_adapted to
different transmission standards.
First, a proposed base station_in accordance
10, with.the invention will be described. Following this,
| a detailed descriptién will be-proﬁidéd_illustrating
how to advantageously use the proposéd_basé station in
a cellular'communications,system, :.' _
Referring first to FIG. 6 there is shown an
15 embodiment of the base station BO'according to_present
invention configured for an exemplary arréngemént
éovering one sector with three cér;igr frequencies.
This particular arrangement is chosen due to its
simplicity and is not intended to be limitative. It is
20 envisaged, for example, that a tYpical base station may
have 8 or more carriers and therefore 8 or more
transmit antennas per sector/cell. From the following
: description'of.tﬁis example those of skill in the art
will readily be able to extend this example L
25  configurations having many carriers and/or many
sectors/cells. _ | R |
The base station 80 includes an antenna _
system 81, an interfacility link (IFL) 82, and the
‘'radio control group (RCG). The RCG 83 is preferably a
30 rack mountéd assehblyiwhich in_one-embodiment_is
: physically separated from the antenna sYspem 81 via the
IFL 82. The RCG provides the radioléhannel genérating
means for generating a plurality of indi#idual radio
channels at different frequencies. The IFL 82 provides
35 linking means and preferably includes a bundle of
coaxial cables, power cables, and control wires, and is
. typically a few tens of meters in length. It is



stripline, and the substrate is preferably a circuit 10 board. Accordingly,
anot her feature of the base station according to the invention is that
power WG 952631624 by each .phased array antenna may be PCTIUSO5/02464 y
controlled to reduce the difficulties associ ated wi th communi cati ng

W th respective nobiles 15 that are both_near and far fromthe base
station. Mire particularly, the basélStation preferably I ncl udes

signal qualit eceiver ns.for receiv a s a froma nobile unit
relating to t% %?aﬁsﬁ ﬁgg% ?:51 5:""‘Sr"ee(,Sé"ﬁ):é‘gmate4%‘é"H"Dtb’rq’ CHRPELMERY furt her
i ncl udes 20 awidbhnhapewehec&CGr 83 ri:emas:e‘d)rorseﬂ&ctgrmhyd cxed Shbiged '

pr edet ef mi ned; gngg 8£v&98%1(¥§1%ﬁ't%t1'1§:9 s‘ﬂféﬁ% L 5aG!H respective phased

array antenna responsi ve 1ty i'ecerved at. the nobile unit.
Akternately, S|gnalTb?réﬁ@?ﬁnﬁaﬁYEﬁegemianﬁltﬁupinai&ythelon 25

Thus, the $adhabediBadar oand SowRia By G Juividife o1e Al EANGORY D

selectlvely controII ed to mai ntain a ent recelrved power |evel at
the mobil e f obhgogyound coﬁﬁuHFCé@ﬁ@n§°§ﬁﬂbLﬁHtQkhaWQnthﬂ>m@@habomer

particularly ieeaaeaeahtaaheaaatteoow e twed) orinegespary |ikelihood of
interference, . for The radi o channel %gneratlng nmeans
as

may prefe}ﬁﬁ?§pﬁﬁgE8§aﬁgﬁ g ERESmE SRNe™ #d i onl HiER®ERCE 8
station ant enia tovibe, sandokatled)g caretful Jmtisidderati®wahchlgabées nay be

e o ! bl gyl 3y e RS g e
- would be readily understood by those skilled in the
art. . _
In either arrangement, the RCG outputs 85 are
interfaced to a conventional exchange radio interface
15 (ERI) 90 and subsequently to the MTSO 91Iand to the
. remainder of the network via conventional means as
would be readily understood by those skilled in the
art. 1In fact, it is envisaged that the proposed base
station 80 may be used to upgfadé existing cellular
20 systems by replacing an existing antenna system,
'conventional'IFL and RCG with the components as
described herein. The new RCG 81 may therefore plug
directly into the inputs of an existing ERI.
' The base station 80 accord:Lng to the present
25 invention uses a single carrier per active array. Aas
shown in the illustrated embodiment of FIG. 6, the base
‘station 80 includes three separate active array |
antennas or panels 95A, 95B and 95C for transmitting
one each of three frequencies assigned to the
30 sector/cell. The base station 80 also includes a
single receive antenna 96 capable of receiving all of
the transmit frequenc1es
Each active array panel includes a plurality
of RF power amplifiers 101 each coupled through a
35 filter 102 to an individual radiating element 103.
' Power is distributed to each power amplifier 101 via a
power dividing network schematically illustrated only



above. One nethod is for operating the base station for enhanced power
efficiency and includes the step of generating a plurality of individual
radi o cW@EI8R6Mdégnal s each at a different frequency from drerrosesiodess. - Thi s
met hod is characterized by operating each individual phased array antenna
to transmt only one individual radio channel signal at a tine..
Accordingly, active phased array antenna3®may be used to reduce | osses
typically associated with delivering RF power fromthe ground to an antenna

mount ed on a GFNACHEE rAEBRY et PeftaPYcEheu PRt teSmdmckatliadied 185t ens.
Anot her net habsspeni tkistembbaimenty, okhengbbhe -magditaiop@gut put power of

N T K M I R R R
array ant ennayicmmstimipotechnijgaesf onnaamoubtliagusubstelatis, nguch rsacei ved
signal qugyl ity af, the oui ! Sriptka BRdcattepbaYd!, Y aBPHodd Be

readily understood by those skilled in the art.

. The power divider 105 is a network for
distributing RF pbWer from a single input to several
outputs and may preferably be a Wilkinson power

10 divider,.branchéguide-or_edge-coupled_divider, or other
well-known pOWerndivisiOnwdevices, such as described in
Chapter 5 of Béhl, et al., Microwave Solid State

. Circuit Design, Wiley & Sons, 1988. The power divider
105 is preferably_designed to provide phase coherent

15 outputs to each power amplifier 101. The input power
may be équallygdivided-énd in-phase among all of the
power amplifier 101 inputs; this is known as uniform
-illumination and produces a symmetrical radiation
pattern. ;Alternatively, small power imbalances and/or -

20 phase offsets can be provided if- it is desired to shape
the radiation pattern in accordanée with basic array
theory. A discussion of phase offsets and power
imbalanceslﬁay be found in Part 2 of Brookner,
Practical Phased-Array Antenna Systems, Artech House,

25 1991. Another reference on the basics of array theory
can be found in Chapter 7 of Skolnik, Radar Handbook
2nd Ed., McGraw Hill, 1990. - D |

- In the illustrated embodiment, the power
amplifier 101 may preferably be a 1-2 Watt dévice.such

30 as part number GT-1867 manufactured by GigaTec, Inc. of
942-1 Shimosatomi Haruna-machi Gunma-gun Gunma-ken
370-33 Japan. The power amplifier 101 is desirably
suitable for integration to a microstrip circuit and
may be operated in a saturated or linear mode depending

35 upon whether the modulation of the RF signal is
respectively'of'COnstant or non-constant envelope. For
an analog system using frequency modulation, the



predet erm ned ones of the radiating elenents responsi ve to sensed signal
strength fromthe nobile unit. Accordingly, a desired anmount of power or
desired b¥OISREPS may be produced to ensure communi cati ons RET/US9S/e6€i ng

the |ikelihood of unnecessary interference. _3“ﬁf Anot her net hod aspect
relates to facilitating cell splitting as_ is typically required as the
nunber of nobile units increases in a giVéﬂ‘ceII The met hod includes the

steps of : generat a_radi o, channel signal and delive sane to two or
P o et or A PN

more predet er nTTR SEel=yr Pgy OB A% G 1 Hfet 2% Fnde¥dseng
radi at ed antehhavpngehlghrDCheoram1efﬁmmwencymgynﬂr et 4 b edi geequpl i ng

the two or nor.e. &ﬁfggisﬁaéeggrp@éﬁl 14 LAY, %ﬁ_} és‘%w\/e rating the two

or nore predetern1ne arra Atennas Wt fferent radi o
f requency chanﬁ@P%lﬁéerhéPébyslEGBé&m@hﬂMBQpﬁrateﬂmasma Tohpeait@lées t he

base stati of. a devi¥® Rat28§l%ower DC-to-RF efficiency, but
PCT/U895/02464
producing an amplified replica of the envelope
variations of the input signal. .
- The power amplifiers-lOl may produce wideband
noise outputs at frequencies overlapping the receive

10 freqnency band. These may be of such a level as to
degrade the noise figure of the receive amplifier 110.
To improve the spectral purity of the transmitted
signal, the output of each power amplifier 101 is
preferably coupled to a respective filter 102. The

15 - filter 102 is preferably a microstrip notch filter,

' such as described in Chapter 6 of Bahl, et al.,

- Microwave Solid State Circuit Design, Wiley & Sons,

- 1988. The filter 102 preferably attenuates signals'
that overlap the receive frequency band. Depending

20 upon the system bandwidth and frequency assignment, the
filter: 102 may also preferably be a-bandpass filter
with the pass band centered about the transmit

_ . frequency. Alternatively, a'low—pass or high-pass
;' ' | - filter may also be appropriate.

25 The output of each filter 102 is
illustratively coupled to a respective radiating
element 103 which may preferably be a _
linearly-polarized microstrip patch antenna such as
described on pages 7-1 to 7-14 of Johnson, et al.,

30 Antenna Engineering Handbook - 2nd Edition,
McGraw?Hill, 1984. Alternatively, a circularly
:polarized'patch antenna, such as described on pages
7-14 to 7-16 of the aforementioned reference may
equivalently be used.

35 . : In the illustrated embodiment of the base
station 80, the transmit active array panels 95A, 95B
and 95C are preferably identical. The receive array



above. One nethod is for operating the base station _ for enhanced power

efficiency and includes the steps - of: generating a plurality of

i ndi vi dwpd 98/8¢11& channel signal s each at a different HOTAIS9SI02464f r oM
.one anot her; 5 and operating each individual phased array antenna to
transmit onIy one individual radio channel signal at a time.

Accordingly, active phased array antenmds8mmy be - used to reduce Iosses
~typically associated with "~ del.ivering RF power fromthe ground to an
antenna 10 pengle®6orisa prekaraklly rﬁ%oﬁﬂ@ﬁ?%n%?réﬁlfgrﬁﬁ rom

communi cati ofg -$%eesT% atch elements dmoth@é wethogransmet bekawes to
~control ling the ra at omer #he phasg agéay ant ennas ’
and i ncl udesafFaYsPanels %i?ﬁ t 35 PTE18TR34Y0 channel

signal s and Ebﬁ@%@d&ﬂéﬂ;ﬁﬁﬁﬁiaﬂgﬂéss epox&eaﬁfc@he bbasddusingy ant enna,

| |
qual 1ty 56" SRR Rn mierbdteln Seri GiRF| B8 pdpifBe" BeaRily
predetern1nednﬂﬁ&&ﬁ@bdIhyrthbsa|SkplﬂGﬂm¢Msthes@nh5|v@heZSntensensed

si gnal streng h fr t Eg&% red amount of
power or de5| en@g dt:'ga Qf%%f%lﬁ%%ljgcﬁi?}égg{r:\gﬁ e ggrérr!%um cations
~ while reduci nrgdumqnsms rarnibed rkevear yThe patgheanEpBAge. 25

Anot her et hag ?ne%g&fast dve'ﬂé% @féf&biytﬁh@gﬂy pon;sﬂzéal phtichg as is
S

typically requi he nu er of pobi l [ ncreases in.a given
ch| Thgonegm@@nna elements It is preferre §'P both £h J

and receive panels exhibit the same polarization --

e transmit

normally vertlcal linear polarization.
The receive antenna .elements 97 are coupled

to_a-common transmission line 98 via a combining

15 network 99. Basically the inverse of power dividing
network 105, the combining network 99 coherently.
ceuples-the'signals received from array elements 97
ints'a common output. As before, the combining network
99 may introduce phase offsets or tapered coupling: in

20 order to effect beam shaping or to reduce sidelobes.

The output of combining network 99 is

illustratively coupled to a low-noise amplifier (LNA)
110.  Traditionally, a similar LNA was located in the
RCG of a conventional base station, and, accordingly,

25 the received signal suffered 2-4 dB of transmission
loss through the IFL cabling.: By locating the LNA 110
on the receive antenna panel 96 in accordance with
another advantage of the present invention, losses
prior to amplification are reduced thereby benefitting

30 the overall sYstem noise figure and enabling the

| receive antenna gain to thus be reduced.

" The amplified receive signal from the LNA 110
is also preferably filtered to remove unwanted signal
components, such as those generated by the power

35 amplifiers 101. Therefore the output of LNA 110 is
preferably coupled to bandpass filter 112. The
bandpass filter 112 may preferably be a ‘microstrip edge



i ncl udes the steps of: generating a radi o channel si gnal and
delivering sane to two or nore predeterm ned 30 phased array antennas
coupl ed t\WG@5126X16f or i ncreasing . radi at ed antenna powerPCDUSS02464adi O
channel signal; and | atef decoupling the two:or nore predeterm ned
phased array antennas and operating the two or nore pr edet er m ned
phased array antennas with respective 3519different radio frequency.

' ase ~ _the radio.channel capacity for the base
g?g??gL? to tn&%&&égiggifger, such as descrﬁ%ééwln Ché%ter)% of Bahl,

PCT/ US95/ 0246%t al., Microwave Solid State Circuli* Design, Wiley & B(rj | ef
Ceoct L DL OTsd, 884 19 nepenaiog pp, che SRS B Sl SBH" o5 2
of ordinary skihannel tspaaingt r amloepheisl, owmfpighi-paers £i3 tedeamay pt i on,
i“saa;i Isghgcr:g!t :J(r:g: %%%&wd%gcégﬁqaﬁié%??ﬁag? ?atb iené: e}(ﬁgiéﬁ%a&ng ecrosr}:poo%%nk?% o1|‘: ! S :
“cel lul ar those skilled in the art. : .
' | Both the transmit signals and the receive
'signals'are coupled to/from the antenna system 81 via
an interfacility link (IFL) 82. 1In the illustrated
10 embodiment, the IFL preferably comprises a bundle of
- coaxial cables 115, and power cables (not shown) to
provide power to the power amplifiers 101 and the LNA
110. |
' _ The radio control group 83 preferably
15 includes a plurality of transmit/receive modules (TRMs)
120. Referring now additionally to FIG. 7, the TRM 120
is explained. The TRM 120 preferably comprises the RF
hardware and electronics necessary to effect conversion
‘of an information signal to an RF output and vice versa
20 for a receive signal. The information signal is
preferably digitized to a bitstream comprising a
- sequence of digital'phase and/dr phase and amplitude
informatioﬁ'and'ié received from the ERI by -
- - conventional means. For GSM cellular'systems, the"
) ’ 25 information signal represents a GMSK waveform. For
IS-54 systems, the information signal represents a n/4
-shifted DQPSK waveform. The generation of both of
these types 6f signals would be readily understood by
those skilled in the art, as would other modulation -
30 techniques.
The information signal is coupled to a
‘modulator 121 where the phase, amplitude and/or phase
- and amplitude information are impressed upon a
reference frequency to create a baseband signal coupled
35 to a mixer 123 where it is mixed with a predetermined
RF carrier frequency generéted by a reference
oscillator 127 and channel synthesizer 128. The

R



comuni cations systemas in the prior art; 10 FIG 2is a
schemati ¢ bl ock di agram Il lustrating the functional conponents of a

-~ cel | ul artW0 9526l 36muni cati ons base station as in the prior ROTUSIS/02464
FI'G 3 is a schemati.c bl ock di agram illustrating the functional

el ements of Radio Control 15 Goup of a. base station-as in the prior art;
FIG 4A is a schematic plan V|em/|IIustT%9Tng an omni -di rectional
cellular pattern as in the, FIG 4B is a

. schematic pl &F QﬁF??I?ﬁE+£¥?B@r 287 ésséé?BrF?BﬁlﬁélFﬂa%hﬁmutern as in
 the prior artiodulator 121 viaFtke ﬁﬁ\lt$pmleﬁh&23t ie thee idiletddted rating

t I I t t FI G
o VB S o T R RE AR B BBV gedacteghan ant oo
and a sectornﬁﬂpgn&nws to cqmmanéSpwhmchaare obtained from tHeGERI. S a
schemati ¢ bl agfe 44 RNt the|hiRbE2i28018 EBLPHER" BTGNS Sy oM

base station accor present inve FIG 7
i s a schenat ifdiferxcid 24 d’g?aﬁ?‘é‘?"% uBUanFﬁén§WFFePFPé@§t\$er ‘Afge used in

the base Sta@ﬁyterlngﬁﬂﬁﬁéCh@@ui@téBeRPréﬁﬁﬂietnlgnbbﬁﬁled via
FIG 8 is a schenatlic an gi§M/iilustra ? I'cal _arrangenent of
antennas in &3 &-?B%ar 1Lip8tyatine Bndﬁgﬂ‘ﬁﬁgt ﬁP@eIgéth@r &£Xerved
by one, two, thi wnthdniseionriise 11€qoRnchesaeeie array panel 95a
' 10 where it i;_radiated as_described above (FIG. 6). Aan
identical process, at a separate carrier frequency, '

occurs in each of the other TRMs.
Still referrlng to FIG. 7, 51gnals recelved
from the receive array panel 96 are coupled to a
15 receiver circuit 130 where the modulated RF;carrief is
" downconverted to a baseband signal and demodulated by
the illustrated arrangement of first and second mixers
132, 134, respectively, driven respectively via a local
oscillator and associated local oscillator filter 135,
20 and by a second local oscillator synthesizer 137,
| respectively. -Three_IF:filters_141-142'are also shown
in the illustrated embodiment for downconﬁerting the -
receive signal to baseband and démodulating_the
downconverted signal. Accordingly, two signals are
25 generated: an IF signal and a received signal strength
indicator (RSSI) signal as illustrated. .
| In FIG. 7 is shown an arrangement suitable
for demodulating a 7/4 shifted DQPSK signal. An
example of such a demodulation technique is described,
30 for example, in U.S. Patent 5,048,059 entitled_
"Log-Polar Signal Processing" to Dent and assigned to
the present assignee, the disclosure of which is hereby
incorporated herein by reference. onefskilled in the
. art can readily observe that a GMSK demodulator, or
35 other, may be used. _ L
- output from the recelver c1rcu1t 130 is an
_informatlon signal which may be processed_ln ‘the TRM
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- 13- FIG 9 is a schematic plan view of t heoreti cal
downl i nk WENEH268K6 pat t er ns as_produced by t he arrangenmpCT/UShSN02364 N
FIG 8; FIG 10 is schematic block“diagram 5 illustrating
the relatlonshlp bet ween the slots, franes and mul tiframe _
‘transm ssion in GSM as in the prlor -&ir f e b FIG 11 isda
schemati c bl o¢ i agram of _a ment_of. the base station accor ing
to the 10 invéﬁ%éj |P‘Pﬁ§?iiaFPﬁ8uﬁ5‘Wt8a§g’@l BRI rraﬁﬂbﬁeéﬁl%e may be

traded to1%%H¢r¢aesstnglaspbrﬁﬁnggto conventional ﬂadﬁnﬁéhé% au§Che”Et|C
bl ock dlagram f the b e station accor to the
i nvention I||US{$ ? ng?% F&? R s GRS }?ﬁ;_and
FLG 13 is a guhehbelneapagtaneotransmlt ﬁmdgmﬁnuyﬂoaﬂuﬁémnﬂma%&smﬁt|on
according t tie. Trmgi P¥gnNtion illustrating a method to effect cQupIed

power . . ' . .
FIG. 8 is a schematic plan view illustrating

an exemplary arrangement for using the proposed base
station 80 heretofore described. This arrangement
'provides'6mni¥directional coverage by'dividing a cell
10 ihto-three sectors each having, for example, a
' different number of frequencies allocated. _Transmit
phesed array active antennas 151, 152, 153, 155, 156
and 157 are located on a triangular mount 160 and
oriented to provide sectorized coverage. A
15 conventional radome 162 provides protection from the
environment. Sector 1 is defined as approximately that
region between line 165 and line 166 and is illuminated
- by phased array antenna 151. Sector 2 is defined as
approximately-that-region_between line 166 and line
20 167. Sector -2 is illuminated by three phased array
antennas: 155, 156, and 157. Sector 3 is defined by
that region between lines 167 and line 165 and is
illuminated by two phased array antennas 152 and 153.
_ ' ' In a single carrier per channel system, such
25 as the US AMPS system, that is, IS-553, one frequency
' is preferably assigned to each phased'array antenna in
accordance with the invention. For this example, ‘a
first frequency is assigned to antenna 151, a second,
third, and fourth frequency are each assigned to
30 -antennas 155, 156, and 157 respectively, and a fifth
and a sixth frequency are assigned to. antennas 152 and
153, respectively. Frequency assignment is determined
by the MTSO which provides control signals via the ERI
to the respective TRM associated with each antenna as
35 previously described. Although it is possible that the
individual frequency assignments may be dynamically



by changi ng the beanshape of a phased array antenna. 20 Detailed

nunbers refer to |ike el enents throu
pr oposed i nventi on nayIBeFa'éd 8 %H

radi o

Description of the Preferred Enbodi nents The present
i nvent i Y091k | | be descri bed more fully hereinaft elPCoyusesiosfer ence
~to the acconpanyi ng draw ngs, in which preferred enbodi nents of the
I nvention are shown. This invention may, 25 however, be enbodied in many
different fornms and should not be-@@nstrued as linited to the :
"~ enbodi nents set " . forth herein. Rather, these enbodi nents are provided
so that thi sChRREEEsuEBCRi PRESENEL FO5iTy R F XM dnore thamaoRe| | fully
convey the sEpgguehcihati angnmomento ind@imense skilled in the art. Like

hout . - .. ___Although the
PR %n&liiﬁ?&/ﬁptc@]t ffA¥FH19? and- nobi | e
tpatsersspoaduteddbyd thet antesmma sy et ¥FXGney be 35
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transmitter are indicated by the respective antenna
numerals with an "A" suffix. According to the present
invention, a mobile station 171 may receive downlink
signals on a first frequency transmitted from antenna
151. The uplink signals transmittéd from mobile
station 171 will be received by the phased array
antenna 150. Note that the patterns (not shown) of
receive antennas 150, 154, and 158 preferably have
sufficient beamwidth to cover their entire respective
sectors. In Sector 2; mobile station 172 may receive .
downlink signals from all three -antennas in this
sector. Therefore, mobile”station 172 may be tuned to
receive a downlink signal on a second fréquency from
antenna 155, a third frequency from antenna 156, or a
fourth frequency from antenna 157. Mobile station 173
is shown outside the coverage area of antenna 157 so it
must be tuned to receive a downlink signal at a second
frequency from antenna- 155, or a third frequency from
antenna 156. The uplink signalé-transmitted by mobile
stations 172 and 173 are both received by receive .
antenna 158. _The.ieceived signals are coupled to the
TRMs in the RCG and processed as described in greater
detail above. |

| In a TDMA system, such as the pan-European
GSM system, each carrier is divided into several time
slots 178. An illustration of the prior art GSM frame
structure is shown in FIG. 10 andginéludés a multiframe
181 divided into a series of TDMA frames 180, in turn,
divided into a series of time slots 179, as would be
readily understood by fhose_skilled in-thejart. As
shown in the TDMA frame 18Q there are eight time slots
numbered 0 through 7. Thefefore up to eight mobile



_14- system Therefore, where appropriate, specific exanpl es

presented herein will be directed towards a GSM i npl enentation. This
I's done tWO@H2eii€ that the . description of the preferredPCIOsasin#64t s
will be 5 readily understood by those skilled in‘the art, while t hose
skilled in the art wll appreciate that the pr esent |nvent|on can be
easily and readily adapted to di fferefi~transni ssion standards.

First, a proposed .base station in accprdance 10 with the invention wll be

" described. FoFt@kIRPS 1FAN OCCURY {14 YR B%EE?L?Bt BRAULPLYbe &Pox?‘%d

illustrating 9, foawexmmbantmesbls! ytastohhk7pr andsedvensetdiedtion in

cel | ul ar ni.cat Referri.ng_first to FIG 6
? here is shovﬁ% étoa%) o?%ﬁx{%%fsh%‘%n)oag%nshgt FSW@B gEEBlra‘Fﬁ s
present ||mﬂmu|(ﬂlmmiﬁrkuuenhfsmcemre&hnpeamgbaieaaganaons 174cover|ng

t f r h t ar rangenent
o chosen Sue 5 S W dféﬁé}éf‘?ﬁﬂ%ﬁéﬁz TLetr el B b e ve.
It is 20 enV|§@@HfHQXNt¥§H§Wﬂ%Fe he¥om apberap bB3eoxt antemnsay53. have

8 or nore car imteicardil dd VL LeBved FRAE mobiiéaBEHtEoﬁnhqqnﬁ%yper
sector/cell. Fromthe ollomnn descrlgilon of this exanple t hose of
%%améi@ bR

skill in the &ACupY., tHre slobxterpsmAEEeds arppe figst

confi gurat i onfﬁe@uem:yrw Dt d1ued S152 0408 BRAY mobileckeaties 1ys

10 may also occupy the same time slot . transmitted on a
second frequency by antenna 153.

In FIG. 11 there is shown another aspect or
feature in accordance w1th the present invention.
Therein is illustrated an arrangement of two transmit.

15 phased array active antennas 95A and 955 connected via
a single pole double throw, or SPDT, switch 190. Upper
antenna 95A and lower antenna 95B may be identical to
the description given above. For clarity, the IFL 82
and the RCG 83 are not shown in FIG. 11. There are two

20 TRMs 120 also as described above and connected to the
ERI. | . .

It wiil be readily appreciated by those

skilled in the art that the effective radiated

' 1sotrop1c power, or EIRP, for a phased array antenna is

25 a function of the power transmitted by each radiating
element 103 the number of elements, and the gain of
the.antenna. For example, if each radiating element
103 has a 600 milliWwatt power amplifier 101 coupled
.thereto, and the radiating element has 11 dBi gain,
30 then each of the upper and lower antennas 95A, 95B,
.respectively, have approximately 100 Watts EIRP.
Connected ‘together as when switch 190 is closed they
form effectively a s1ngle antenna hav1ng approx1mately
400 Watts EIRP. _ : .
35 : In the initial deployment of new cellular
coverage there are often relatively few cell sites each
having wide regions of coverage, that is, large cell



The base station 80 includes an antenna system 81, an interfacility

link (I FL) 82, and the radio control .group (RCG. The RCG 83 is
preferaVQ9526136 rack nounted assenbly which in one enbodi MEXUSISH2464 -
_physically separated fromthe antenna system 81 via the | FL 82. The
RCG provi des the radi o channel generati+gg- means for generating a
plurality of individual radio channels at different frequencies. The

| FL 82 prOV|d¢ame3§rsI|nmsu;hﬁxnumbsmiqﬁeﬂubsmtybenslmﬂeseasbundb&lof

PSR Il LET o &hib'ssﬁlﬂméont%aggggmfﬂg 18 enbYBLERELE @ few

tens of neter
PCT/ US95/ 0248% which cell sizes are decreased and5frequengyvrgaged t hat

the base sta&go&ngge eEhlSqQﬁp Hyeteg] ap f%ééhhgg éggr5%§?83fbgcated on

t he ground an ouse I'n-an enV|ronnen shie de osure
The ant enha S¥3TEALE1OR MRI8HIIAH1306LE I (fosY t i bped YabPaleower 86 or

ot herwi se el g¥aligd a30ad ecomiiliei ¢ @ik $¥stEma) snc@ia&ﬁlhlmt QoBﬁve the
RCG 83 Igcaéggylnt rnglate on -the tower or .itself

- In the 1n1t1al deployment of a cellular
.communlcatlons system, a ‘base statlon 80 1nclud1ng an
10 antenna conflguratlon such as shown in FIG. 11 may be
_ erected. The system w1ll flrst be des1gned w1th
relatlvely large cell 31zes 'In this sltuatlon, for
example, a: smngle frequency w1th a hlgh EIRP is
_ _requlred and the SWltch 180 preferably has an arm
15 _coupled to pole thereby connectlng the upper and lower -
antennas, 95A, 955 together with one TRM as shown by
the dotted sw1tch pos1tlon, thereby formlng effectively
one antenna hav1ng a hlgher EIRP.
~ As the number of subscrlbers increases, the -
20 ,base statlon 80 has the bullt 1n capablllty to trade
. cell 81ze for capac1ty ThlS is accompllshed by addlng
another TRM shown on the left of FIG. 11 into the RCG
and.moving the switch 190 to the position indicated by
the solid line. 1In this configuration, the left TRM .
25 120 is connected to the upper-antenna 95A and the right
TRM is connected'to the'lower'antenna 95B. Each TRM is
tuned to a dlfferent transmlt frequency as prev1ously
descrlbed . By so d01ng, without requlrlng any change
to thé antenna system other than resettlng switch 190,
30 a s1ngle antenna hav1ng 400 Watts EIRP is changed to
two antennas each hav1ng 100 Watts EIRP ' As would be '
readily apparent to one skllled 1n the art,'lncreas1ng
~the number of frequenc1es ‘and reduc1ng the transmlt
power increases the system user capacity. _
35 : - In any cellular communlcatlons system there
is a so- called "near/far“ problem For example,
'referrlng back to rIG 4A, there 1s shown in cell 36



incorporated into the antenna system81. If the RCG 83 ~is to be so

| ocat ed, careful consideration shoul d be 10 given to providi ng adequate

| i ght ni ng™X%S26H6i on, as .. woul d be readily understood byPCHUSesaMs4 | ed

in the art. " In either arrangenent, the RCGeutputs 85

are Interfaced to a conventi onal exchange radio interface 15 (ERI') 90

and subsequently to the MISO 91 and to t heS" renmai nder of the network via
woul d_be

I dj er,stood hy those skilled in
Sha e one BAhdile sUSHIGndaha  hat PRETIR, BResdammde located | on 80
nay be used t(I:lqsﬁaﬂeedxaselngatébhuWhiléOEhesbgmxbﬁsr el aﬁmonents
: t t o) a an conp
St NG e (e fReny of OOHE e Bt T e BB F i, e BaEa ot |y
i nto the inputsFafiiom exTatreduer| lnterference, itThe desdretldtd cmiBO
er. cC e
according ts0 tﬂﬁhﬂﬁﬁiﬁ”ﬁoéﬁiiﬂﬂeﬂéha”uﬂzﬁgk? %&%%E%P %Féh d%g]éﬁ?%§§

array. As ~ - shown in the illustrated odi e _
station 80 i nAWRS threrek fphe Sengitivétyr F&ere“@ﬁﬂ:emfasihﬁ panel s 95A,

'95B and 95C meépéﬁEﬁﬂétré@blverQHE ?ﬁébeﬁ&rbhrge Hee QNG igned to
t he 30 sector/cell The base statlo 0 also.i.ncludes a - _ single receive

antenna 96 cafaBtETHEt %R A IR a"'f“? bte stafjen P&nSnfuchy dwaicirawer
Each active arlm;;e]paﬁmlnlmlaldfzaramtpbﬂlal Btition.of RF power arrpl ifiers 101

_ iggh COUpll%d through a Qﬁqfélégil&f tgefephgglevg}ir% emr ae?n'p?l. eI enment

digital communications, signal quallty may be a more
important factor than received signal strength. It is
a distinct advantage in TDMA systems, such as IS-54B
and GSM, that a mobile station may perform signal.

15 quality measurements during otherwise inactive time
slots. Most often these measurements are used to
determine whether or not a handover to another
frequency is necessary. Such a method is known as
mobile assisted hand-over, or MAHO, and is well known

20 to those skilled in the art and is described, for
example, in Section 3.4.6 of the IS-54B Specification.
According to another aspect of the present invention,
the signal quality measurements performed by the mobile

_ ' station may also form the basis for determining the

25 required amount of power transmitted by the base
station. Indeed since it is signal quality and not
simply signal strength that is typically measured, the
power transmitted by the base station may be optimized
if these signal quality measurements are used. Signal

30 quality measurements are performed in the usual manner
and the transmit power of the array antenna méy be
adjusted as will now be described.

It has been shown how to effect large changes
in the tfansmit_power of the antenna system above.

35 However, practical downlink power control requires
smaller increments of power aajustment. An embodiment

~of the invention shown in FIGI" 12 illustrates a base



Power is distributed to each power anplifier 101 via a power di vi di ng
network schematically illustrated only. "WO5/ 26116
PCT/ US95WOR526116 E _ - 16- PEDUSOsIO2UG4 arr ay
A 95A by the dotted bl ock |abelled 105. In this enbodi ment, the
above-nenti oned conponents are preferably fabricated using stripline
or m crostrip techni ques on amountt#§-substrate, such as 5 a
gl ass-epoxy printed circuit board, as would be .readi’ly understood by

those skille®batiomr 8 ¢for so doing. - Fiffe Lewehousyitder adgh tiom tret wor k

for di st dpuitdthendtupeovef FIem aiscighemiBpbprbeesevd-dont rolAdput s

cdge. coupl ed FEMARARPRNY 951 Pol iRReR AL RRS BGer 1BAIVERUR Ry, such

as descri bed liimes 19Bw{l96h5tofedahl powerabmpllifftesvaod Solei E&hsivai.c _

desi gned fo Ao oS 208 TE Fo 0a0e TNy thEhTTY, adartBRade Ll T0r”

The input pomewer supply lines served from a common bus supply. 1In
either case, the controllable power supply 185 is .
capable of turning on and off the DC power to each _
individual power.amplifier 103 in response to signals

10 received from the ERI. -

' ‘In this example near and far mobile stations
of FIG. 4A are in the coverage region of antenna system
shown in FIG. 12; and both are being served by
different time slots transmitted on the same frequency

15 from the antenna system.: Referring back also to FIG."
10, it is assumed-further-that the near mobile station
occupies the time slot five of the TDMA frame 180 and
the more distant mobile station occupies the time slot
three of the TDMA frame. It can be shown that the

20 output power (i.e., EIRP) of the antenna is -
proportional to the number of active elements squared
by: ' : : . |

- BIRP < N? (Gain) (P,)
1f, as before, each power amplifier is capable of
25 producing a power output, PT of 600 milliWatts and that
each element has.a gain of 11 dBi then the radiated
- power values in TABLE 1 below can be constructed.



may be equal ly divided and i-n-phase anong all of the power anplifier
101 inputs; this is known as uniform i1 lum hation and produces a
symmet ri CWD 9526114t i on pattern. Alternatively, small POVBCT/UBSSN236C €S
and/ or 20 phase .offsets can be provided if it iszdesired to shape t he
-radiation pattern in accordance with basic array theory. A discussion
of phase offsets and power i mbal ances2#ay be found in Part 2 of

Br ookner , Practical Phased-Array Antenna Systems, Artech House, 25

1991. Another reference on the basics ZEBLE oy theory can be found in

Chapter 7 of RO RECa T EOTooR 2t VO o A aaann

I'n the. illustnated ¢t ng t he power anplifier 101 may preferaply
be a 1-2 watt |d¥dtcqd SSRREH part nunber BHVBRB87 nanuf act ur ed by
G gaTec, Inc. |o OZ7-"11 30! % 0 Har fina- mecnl_ Gnire- 9o GUIe- Re

370- 33 Japan. [[Thad pguit® anplTYi b 101 T (edFF o 5 | Y89 ( bFiSe f{OFS ]
integration td azm ¢re&iri pweirfuis alnfks YERY bﬁ:sopf‘l’!@i edl 2 a|Sasurpt ed
or |inear nbdgdepentrmg—St—uppTwhetter—ftre—mdut-atiror—of -t-he—fR—si-g aI
is resgc i vély|dfeconsf@ant | 8? nanTEong¥&ht |efFfel g8 FHF | ¥Ban
anal og systemflusing |fiogguepgy. npgyl atji@n, {hes ves VO L4 26[L 48 YES
PCT/ US95/ 02464 '
) 5 196e NQ NO ‘No NO YES YES YES YES
"6 196f NO NO NO NO o |ves | ves YES
7 196g NO NO NO NO NO NO YES YES
10 8 196h NO NO NO NO NO No | wo YES "
EIRP (Watts) 7.8 30.2 67.9 120.8 l88.8 271.9 370.1 483.4

If, for example, it is required to transmlt
to the near mobile station with 30 watts, then during
time slot five of the TDMA frame power supply lines

15 196a and 196b are activated and all others are
deactivated. If it is required to transmit to the far.
mobile station with the full 480 watts, then during
time slot three of the TDMA frame all of the supply
lines are activated. Other combinations may, of

20 course, be used as desired. If intermediate power

: ' levels are required they can be obtained by varying the
' number of power supply lines which are activated durlng
any given time slot.

As the number of elements in a phased array

25 antenna is decreased, the radiation beamwidth
increases. This has advantages which can be exploited
in the present invention. In FIG. 13 is shown a phased
array antenna 95A according to the present invention.
When transmitting to.more distant mobile stations such

30 as mobile station 177, it is required to activate a
relatively large number of the available active
elements 103. By so doing, the vertical beémwidth of
the antenna 95A and schematically illustrated by dashed
line 178 is also decreased thereby providing é



-17- anplifier my be operated as a saturated C ass C device

havi ng high DC-to-RF efficiency. For certain digital nodul ati ons, for
exanpl e WOOSREU6shi ft ed DQPSK, the anplifier 101 is prREEVSASIZ46per at ed
as a linear Cass 5 A device having | ower DC-to-RF efficiency, but
producing an anplified replica of the envel ope vari ations of the input
signal . . The power anplif 148 101 nmay produce w deband

noi se out puts.at frequencies ov rlacﬁ)ln the receive 10 freguenc band
These may be%&F %a%eé'%lt% ekﬂ% StRG R tReShBFLETY F-g

recei ve anpl ickiagismlitting td meamewutobibe speatich D6 Egpwek tah:_e:_we

br ot or abl ycSSPRTEE 103 Jid Sl fa POSLBINEL GAPEL.  PRube (5 |
preferably ammbc.rl@stahap:m c:ln'lﬁlmaxerbe ver};ucihoae testhebadtennshapt er 6 of

Bahl, et gl t5e G4 C sL89% e ns,
1988. Thegfl Ittogr r102 preferabsf%/ atte uattcéaé s# OPE &8 er%\ée %\7§rllgglp t he

recei ve freqfofcprbantermehhrving eanwidith nb78y st Baveuatwi gLRcend
frequency asgiega@i¥ing fthe nuribd: e6f 103 Iy @l sRent8f ep8bLY baea bandpass

filter wi th the pas and ntered about the transmt frequency
Al t er nat i vel fRELIIR %ﬁa‘% q’&ﬁ %’F a‘%‘g broadenring B¢ ¥Xprbigdlappropriate.
‘beamwidth 1nd1cated by dashed line 179 moblle statlon
16 .176 is’ found to be in a reglon of acceptable coverage
| .w1thout having to resort to electronlc or mechanical
steerlng of the antenna 95A. : '
Many modlflcatlons and other embodlments of
the invention will come to the mind of one skilled in
15 the art having the benefit of the teachlngs presented
in the foregoing descrlptlons and the associated
‘drawings. Therefore, it is to be understood that the
invention is not to be’ limited to the spec1f1c
embodlments disclosed, and that modlflcatlons and
20 embodiments are intended to be included within the
scope of the appended claims.



25

The output of each filter 102 is illustratively coupl ed

to a respective radiating el enrent 103 which may preferably be a

| i near| y-woloansmed microstrip patch antenna such as
7-1 to 7-14 of Johnson, et al:., 30. Antenna Engi neering Handbook - 2nd
MGawHi |1, 1984. Alternatively, a circularly - poiarized

Edi ti on,

despcT/0s9b/02a64pages

patch antenna, such as described on page®- 7-14 to 7-16 of ThiSSheet Has Been Replaced
af orenenti oned ref erence nmay equi valently be used.. 35

i | lustrated enbodi nent of t FHABMIICH E§FLARAMED IBpe transni }Ji"ﬂﬂﬂwuulﬂﬁm
array panels 95A, 95B and 95C are preferably identical. T

WO 95/ 26116 ] PCT/ US95/ 02464
-18- panel 96 is pref ePabdpeaftatiamLdr @y bt mar i rom

mcrostrip pabafuakeatibnsd syshen) tdaid ude tsteiior compaisdgpanel s, the

receive panel 96 is preferabl ._-constructed froma glass-epoxy.circuit
board using 5 striplif& -éﬁﬁqﬂﬁ%i%?Q%ﬁéﬁﬁQﬁuﬂfaﬁg ﬁl%eﬁgr?géﬂgly.
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a plurality of individual radio channel signals each at
a different frequency from one another; and

a plurality of individual phased array
antennas connected to said radio channel generating
means so that each individual phased array antenna
transmits only one individual radio channel signal at a
time.

2. A base station according to Claim 1
wherein each of said phased array antennas comprises a
substrate and a plurality of radiating elements mounted
thereon in a predetermined pattern.

3. A base station according to Claim 2

further comprising signal quality receiver means for

receiving a signal transmitted from a mobile unit
relating to signal quality received at the mobile unit,
and further comﬁrising antenna power control means
connected to said signal quality receiver means and
said phased array antennas for selectively operating
predetermined ones of said radiating elements in each
respective phased arréy antenna reéponsive to signal
quality received at the mobile unit.

4. A base station according to Claim 2
further comprising signal strength means for sensing
received signal strength from a mobile unit, and
further comprising antenna power control means
connected to said signal strength means and said phased
array antennas for selectively operating predetermined
ones of said radiating elements in each respective

RN A O



kiH-ed—nmtheart. The antenna el enments 97 are
Qsh hibepfképlced radiators as described above. The

cle
T

under st ood by thos«
again preferably

cr
pat ch anyenses116 elf preferably linearly pol armsbmﬂmh 10
antenna el enents. It ﬂmmmﬂ if both the transmt and receive
panel s exhi bi t the on -- normal [y vertical |inear
pol ar.i zati on. The receiv&0antenna el ements 97 are coupl ed

to a common transmission line 98 via a conbining 15 network 99. Basically
t he i nver s@hssgsb\ayral Artegna respengiNe1bs, sensedomiigmadg net work 99

coherently gtye | es the signals received fromarray el ements 97 into
a common output As before, the conbining network 99 may i ntroduce
phase offsets or tapered coupling-in 20 order to effect beam shaping or to
reduce sidelobes. - .5, A base statietit auboeﬁlﬁgrrhbnm&mework 99 is

illustrativ coupl e OV NO

Tradltlonmﬁag/§%§n?ﬁ? iﬁ?ﬁbEQISEQFSB ﬁopﬁglges gRééqﬁbi%QQHNentlonm
base st & i @and aﬂ_téream:mah.dtgénjbstQSteheompn:esesdascgm‘alt.utub‘oamii 2-4 dB of
transm ssion loss through the I'FL cabling. By locating the LNA 110
on the receive antenna panel 96 in accordance with anot her advant age
of the present invent§on,A|bggesstatioprageordingpter CdadmoR are reduced

thereby bengfigdd NGq @H%@ngverfégpéaétw aabief&eeueena@%t@aa@d ng the

receive antenna gain to t be re anplified
recei ve si @aah rashatking \plenent and|§°HP§SdpP8f§P&§|?uHQQﬁQQQj%Q)reane

unwant ed sitHid each phased array antenna defines an active phased
10 array antenna. '

7. A base station according to Claim 1
further comprlslng a receive antenna positioned
adjacent said phased array antennas fqr.rece1v1ng from
mobile units a plurality of individual'radio channel

15 signals each at a different frequency from one another.

8. A base station according to Claim 7
wherein said receive antenna comprises atreceive phased
array.antenna.including a substrate and a plurality of
receive aﬁtenna elements mounted thereon in a

20 predetermined pattern.

9. A base station according.to Claim 8
further comprising: _
' combining network means mounted on said .
substrate of said receive antenna and connected to said
25 plurallty of receive antenna elements for coherently
coupling signals received thereby; and
amplifier means mounted on said substrate of
said receive antenna and connected to said combining
network means. for amplifying a signal therefrom.

30 ' 10. A base station according to Claim 1
wherein said radio channel generating means further

* [ L M H *




conponents, such as those generated by the pomer 35 anplifiers 101.
efore the outpuvmﬂﬂw&mMSmi@KTb preferably coupl ed to bandpass
i

Ther

filter 170956116 112 may pref erabI y be PCDUSIS02464i D
edge WD 95/ 261 : PCT/ US95/ 02464
-19- coupled filter, suc

as described in Chapter 6 of Bahl, et
al., Mcrowave Solid State Crcuit Desréh Wley & Sons, 1988
Dependi ng on t he system bandw dt h and channel spaci a | ow pass, or
hi gh- pass fiFPEPrHEss BOGRLBLRE E@é@ﬁt&&ﬁemﬁé iagpa éiﬁﬁ@ twdef st god

byd o thoser§&16|§ﬂeQGehB? abkriers w1th.ffspé%ﬁﬂVéfﬁhﬁdﬁﬂﬁigéafégga|5
an e recel ve are couy (0] rom e enna Svys m VI a
o ntert acrie teneraby pepsrabe BRYB Bl Al SRR R e e | Fi

preferably cchiamhebssaghahbdl.e of ~coaxi al cables 115, and pomer cabl es
(not shown) to provi de power to the power anplifiers-101 and the LNA
110. - '

: 5 - 11. A base station according to Claim 1

further comprising switch means connected between said
radio channel generating means and said phased array
antennas and movable between first and second positions
so that said switch means when in the first position

10 couples together two or more predetermined phased array
antennas for increasing radiated antenna power for a
respective radio channel signal, and so that said
switch means when in the second position decouples the

- two or more predetefmined phased array antennas for
15 increasing radio channel capacity for the base station.

12. A base station for a cellular
communications system, said base station comprising:
radio channel_generating means for generating
a plurality of radio channel signals;
20 ' at least one phased array antenna connected
to said radio channel genefating means, said at least
’ ' one phased array antenna comprising a plurality of |
radlatlng elements; .
signal quallty receiver means for receiving a
25 signal transmitted from a mobile unit relatlng to
51gnal quality received at the mobile unit; and
- antenna power control means connected to ‘said
signal'quallty receiver means and said at least one
phased array antenna for selectively operating
30 predetermlned ones of said radlatlng ‘elements
responsive to signal quallty recelved at the mobile
unit.

13. A base station according to Claim 12
wherein said at least one phased array antenna further

* c L M S *




The radio controlrgroup 83 preferably 15 includes a plurality of

transmt/receive rmadlshes placed 120. Referring now additionally to FIG
7, the WOMAYZA16 The TRM 120 preferably PSHISISBM64 he RF
har dwar e and electr y to effect conversion: of an

i nf ormati on signal o an : out put and V|ce ver s’ 20 for a receive signal.
The information signal is prefera 'dlgltlzed to a bitstream

conprising a seqguen of digital e _and/ o se and anplitude '

.|nfornatloﬁqmﬂfﬁgfq%ﬁxﬁékﬁF¥75 ?%éwﬁtf p§at i&%@iﬁFVoﬁ | neans. For GSM

cel lul ar sysiddmtindeléments caratmounsegnal represents a GQvsK waveform

For | S-54 systens, the information signal represents a [err]/4 '

shifted DQPSK waveform The generati on of both of t hese types of

signals woul d be readi4y uhdexseostabion accovdingktbl Edaim ABe art, as

woul d Othe%ﬂ@?@ﬂﬁﬂééah:¥e i%uﬁgement com%rlses ;hﬁtkg ep@ti on signal
dul at or

I's- coupled t ere the ase i'tude and/ or phase
and anpbi t aa& WhﬁﬁQﬁﬁ|ﬁﬁi4ﬂ§#@$&#§%§eﬁoﬂﬁﬁhsﬁs a. CFeFﬁﬁénb@arﬂequency to

create a baseband si gnal coupled 35 to a mxer 123 where it is mxed with a ...

pr edet er m ned RF carrler fre uenc enerated by _a r ference
oscillator 127 and cHamel® ?§%¥ gZ%CCQﬁglng €6 ¢f aim

further compr1s1ng a respectlve ampllfler connected to

each radiating element and mounted on said substrate so

that said at least one phased array. antenna defines an
10 active phased array antenna. '

16.' A base station according to Claim 15
wherein said antenna power control means comprises a
microprocessof operating under stored program control
to selectively operate predetermined ones of the
15 amplifiers. '

17. A base station for a cellular
communications 9ystem,,said base statien_comprising:
. radio channel generating means for generating
a plurallty of radio channel signals;
20 a plurality of phased array antennas
connected to said radlo channel generating means; and
switch means connected between said radio
channel generating means and said phased array antennas
and movable between first and second positions so that
25 said switch means when in the first position couples
together two or more predetermined phased array
antennas for increasing radiated antenna power for a
respective radio channel signal, and so that said.
switch means when in the second p051tlon decouples the
30 two or more predetermlned phased array antennas for
increasing radio channel capacity for the base station.

RO A0
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- 20- r ef er enclhi #%&mﬂmiﬂﬁdls al so coupled to the nmodul at or
121 via tWe 9sub1i6p| | i | | ustrated ~enbodi NeRCT/USISIR246%
carrier frequency |s responsi ve to ‘tommands which are

obtained fromthe ERI. 5 The out put of the m xer 123 is coupled to a
transm t filter 124 to renmove unwadted nixer products. After _
filtering, the modul ated RF_carrier is coupled via - coaxi al cable 115

il lustratively défining 8-hed PRSP gtAtion 3erEXdiRg ¥QsFLALIM A2 116 on the
‘active arr. aywhéﬁéh.n9EAch0 ofvwserlei Iﬁhased E&hﬁﬁ%ﬁ@eﬂl@éyt@ﬂﬁrigésea( FI G

6 ‘An cess Sen ate.carrier occurs
|L each of tﬁ3g8% ?eT% S pLFart Y 1§19t ing ¢ ?ﬂ%nFﬁ éPEPt?

signal s recethendeon 1hranpmbdeuanmnnedupagtemmmﬂ 96 are coupled to a 15
receiver circuit 130 where.the nodulated RF carrier is downconverted to
‘a baseband signal and denodul ated by the illustrated arrangenent of
~first andSsecond mixerd9. A daselatieypaactordingdedv@haiwspséctively via.

a local -  egethbat esrl?&d.s%aocgl Y | lw%é@wérfmééﬁ% 32, 20 and

by a second | ocal ¢sci synt hesi ze respectivel Three I F
filters 141-%89edvang oS fd transmltted from a mobile un1

relating to signal quality received at the mobile unit,
and further comprising antenna power control means

10 connected to said signal quality receiver means and
said phased array antennas for selectively operating
predetermined ones of said radiating-elements in each
respective phased array antenna'responsive to signal
quality received at the mobile unit.

15 20. A base station-aCCording to Claim 18
further comprising signal strength means for sensing
received signal strength from a mobile unit, and
further comprising antenna power control means
connected to said signal strength means and said phased

20 array antennas for selectively operating predetermined

_ ones of said radiating elements in each respective
__ ' phased array antenna respons1ve to sensed signal
strength ' '

21. A base station according to Claim 18
25 wherein each radiating element comprlses a stripline,
and whereln sald substrate comprlses a circuit board.

22. A base station according to Claim 21
further comprising a respective amplifier connected to
each radiating element and mounted on said substrate so

30 that each phased array antenna defines an active phased -
array antenna.
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in the illustratedenbodiment for downconverting the receive signal to

baseband and denndqhamhagmihen lmdbmnconverted signal . Accordingly, two
signal s Wpé’5f2§116gen signal and a received siBEHDSEYR2664t h

~indicator (RSSI)_S| at ed. In FIG 7 is .shown
an arrangenent suit enDdu tlng af[err]/4 shifted DQPSK

~signal. An exanple of such a dennd ation techni que i s described, .30

-for exanple, in,US ag en}_\ EﬁgL&}SFQg%l%Q{ItJC%%g&gﬂ " Lo ;-Pol arl,?hgnal

Processing” to Dent assi-gne ass
di scl osur e wendinhsasdhradhbp. chann&dogp@%dﬂgamaanéoﬁmﬂﬂw:ence

skilled in r d b gLV é{ﬁmq or
-ot her, %ﬁm?Flseé holdRat8? hb&n%u%%& ron1t e recel ver CI@%UI¥ 130 |s
an |rﬁ(ﬁﬁd&¢oﬁr%qgﬁEPYwﬁﬁ€ﬁlﬁ§§ Metﬁréeeeesimwetnnpummwlgnalsm>

95/ 26116s to thereby enerate said lurallty'%%ﬂ3£3¥¥fﬁﬁg¥lradlo
-21- asse ihrough to the ERI" for subsequent processi ng

according t%h%%%% n®+8ha Stechnlques A~

'24. A method for operatlng a base statlon
for a cellular radio communlcatlons system of the type
including a plurality of 1nd1v1dual phased array

10 antennas, said method compr1s1ng the steps of:
generating a plurality of 1nd1v1dual radlo
channel signals each at a dlfferent frequency from one
another; and. = _
operating. each 1nd1v1dual phased array
15 antenna to transmit only one individual radio channel
signal at a time.

25. A method according to Clalm 24 whereln
each of the phased array antennas 1ncludes a plurallty
of.radlatlng.elements, and further. cqmprlslng_the step

20 of receiving a signal transmittea from a mobile unit
relating to s1gna1 quality received at the mobile unit,
and selectively operating predetermlned ones of the
radiating elements in each respective phased array
antenna responsive to signal quality received at the

25 mobile unit. |

_ 26. - A method aecording to Claim 24_further
comprising receiVing from mobile units a plurality of
individual radio channel signals each at a different
frequency from one_another; ' '

30 - 27. A method according to.Claim 24'wherein
' the step of generatlng the plurallty of 1nd1v1dua1
radio channel signals comprises modulatlng a plurallty

* [ L M s *
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simlar process, at a receive frequency .corresponding ~ to the respective
transnit frequencymiashaéﬂ-la'kBeemRTl&Ed 5 the TRvs 120. FIG 8

. i's a scheigpdsixgizgl an i ng an exenpl ary arr pogfRIRs82464"
usi ng the proposed: '& '
Vi -

n 80 heretofore described. This

~arrangenent pr ovi ctional coverage by dividing a cell 10
into three sectors each having, for examgle, a di fferent nunber of
frequencies allocated. Transmt - phased array active antennas 151, 152,

153, 155, 166 radiénﬁrhﬁﬁemuyqunnxzrsnwzthrresgntzuvenﬂnpuﬁGO and
oriented tog Fé8¥ de sectorized coverage. A 15" conventional radonme 162
provi des pro ion fromthe environnent. Sector 1 is defined as
approxi mat el y t hat regi on between line 165 and line 166 and is

LIl uni nat ed by phaged af a1 Y¥odding S@Gt@Iagm'§4d@f1é9%.dLnas
apprOX|nateI§9that regi on between I|ne 166 and line 2 ctor 2 1is

i 11 uni nat edtB§ ERPPe OfhISTETALINT 2 Plrrahiey: of stndividuahgradio Sector 3

i s definsd bhannelbh@bmp&wsm- RSitnvee el ¥ $H5n J:&Il@f@léxﬂﬁgl% and is

i1l um nated 2¥ Eot array ant nnas_ 152 a & - In a

si ngl e carrPePrpet H-2eC RS ﬁ%efE95®$St§?§ten1 that is,
| S- 553, onestl.t::tf:epuettic;repetmts‘.vpoalr efetalpleastEramesl. t 0 each phased array
antenna in accordance with the invention. For this exanple, a first
frequency is assigned to antenna 151, a second, third, and fourth’
frequency are each as@Sned metd®pd Areording 550 Chaimand tﬁ!‘thexpectlvel Y,

and a fiftheompriging the step of coupllng together two or more
10 predetermined phased array antennas for increasing
radiated antenna power for a respective radio channel
signal.

' 30. A method according to Claim 29 further’
comprising the steps of later decoupling the two or
15 more predetermined phased array antennas, and operating
the two or more predetermined phased array antennas
with respective different radio frequency channels for
increasing radio channel capacity for the base station.

31. A method for operating a base station
= 20 for a radio cellular radio communications system of the
’ type including at least one phased array antenna
comprising a plurality of radiating elements, the
method comprising the steps of: :
generating a plurality of radio channel
25 signals and transmitting the plurality of radio channel
signals from the at least one phased array antenna;
receiving a signal transmitted from a mobile
unit relating to signal quality received at the mobile
unit; and
30 selectively operating predetermined ones of
the radiating elements responsive to signal quality
received at the mobile unit.

[
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- and a sixth'frequency are assigned to antennas 152 and 153,
respectively. Frequency assignnent is determ ned by the MISO whi ch

provi deswo®skénk signals via the ERI to the respecti vepdrvbosnrgea at ed
with each antenna as 35 previously described. Although it is possible -
that the I ndi vi dual frequency assignnents may be dynami cally WO
95/ 26116 -36- PCT/ US95/ 02464

-22- changed each ant enna ‘does not transni.t nore than one :
frequency at any nonmed2.i nAtmgthod according to €l@i@m 33 iwhesteim a

theoreti cal 1 OVEF aP€ast oR8! bREBeA' a%a?dahxeh% LM Dot FIG 8

5 wherein the respectlve verage areas transmtter are

|nd|catedtﬁﬁ??ﬁFF%&%e@?P%égéﬁFﬁnﬁ§s°C1aﬁGﬁeW&F§\ﬁaﬂhaﬂﬁ ‘the syffix.
Accor di ng tyadiwt igseDémentsi NHAHL whBrednmebiel %t&bafdﬂ%el@ctr%?.fce' ve

downl i n Si L rst_frequency_transm fron1ante na 10 151.

The upI|I<qg?ﬁék%??r%ﬁgﬁFﬁ?ﬁﬂlpﬁgngﬂﬁﬁlﬁé the §?§@l g7 £15MS0%R recei ved

by the phassshprisgs selectively controlllng power delivered to :
respectlve ampllflers :

33. A method for operating a base station
for a cellular radio communications system of the type
10 including. a plurality of. phased array antennas, the
method comprising the steps of: |
generatlng a radio channel 51gnal and
delivering same to a plurallty of predetermined phased
array antennas coupled together for increasing radiated
15 antenna power for the radio channel signal; and
| later decoupllng the plurality of
predetermined phased array antennas and operating the
predetermined phased array antennas with respective
different rédio,frequendy channels for increasing radio
- 20 channel capacity for the base station.

This Sheet Has Been Reilaced
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antenna 150. Note that the patterns (not shown) of recei ve antennas
150, 154, and 158 preferably have sufficient beamn dth to cover their
entire rexpeseilee 15 sectors. In Sector 2, nobile stati oRCI/UBI30RA64 ecei ve
downlink signals fromall three antennas in this - sector. Therefore,
nmobil e station 172 may be tuned to receive a downlink signal on a
second frequency from antenna 155/1@ third frequency from ant enna 156,
or a 20 fourth frequency fromantenna 157. Mobile station 173 S
shown outside thé coverage area of antenna 157 so it- must B5&€Quned to
receive a downlink signal at a second frequency from antghna 155, or a
third frequepsy antenna 156. T- upl ipA gRabs—hransmitted by

mobil e 25 # : ant enna
158. R rfcei i n the\RCG and
processed ' i . 32n a TDVA
system g Arrje di vi ded

I nto sey Nt GSM
frame : 181

di vi ded nto a
series of t hose
skilled in i g/ are eight

time slots - ' RNbi | e

21 | ' 21

o - CES
FIG. 1T T
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307 |
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o5 [} es |
} 35 /34 E
62 [ ]
| POWER
| RADIO EXCHANGE | | (FRIMARY) | | |
CONTROL > “RADIO 41
GRQUP™ HINTEREACE| M Exarkur 1| |
| 2| 28 SUBELY |||

L e

45—"—T0 MTSO

Al

(PRIOR ART)




WO 95/ 26116 " PCT/ US95/ 02464 - 23-

stations can occupy a given carrier frequency. In FIG 9, for exanple,
nmobi | e sW&95@611671 and seven ot her nobi | e stations (nopceisys2464N be
served from antenna 151. Simlarly, in sector three nobile stations
174 5 and 175 may occupy different slots of the same  frequency
transmitted fromantenna 152 or antenr/1%3. It can al so be observed
that nobile station 174 may occupy, for exanple, a time-slot
transnmitted on a first frequency by antenna 152 and that nobile station
175 10 may al so occupy the same tine slot transmitted on a second
frequency by antenna 153. In FIG 11 there is shown anot her
aspect or feature in accordance with the present invention. Therein
is illustrated an arrangenent of two transmt 15 phased array active
“antennas 95A and 95B connected via a single pole double throw, or SPDT
switch 190. Upper antenna 95A and | ower antenna 95B may be identical to
t he description given above. For clarity, the IFL 82 - and the RCG 83 are
not shown in FIG 11. There are two r37
r - ' ' £ —
; CONTROL_CHANNEL
' 5 57 —54 63~
| blT_x‘ TRANSMIT o
| S =ICOMBINER |
| PMUJ
! VOICE CHANNEL = - 3
; 2o TRM g, — =28 | | 62
r 4 \ 4 :
: P ey |
i =={RxJ— i
"VOICE/| | !
SIGNALS] 52$/OICE CHANNE 65~
e Ve GIRANNEL RECEIVE !
; 57~ w54 | TTSCOMBINER| |
1 'C lTX 55 _ A .
5 U R | 66A |
SIGNAL STRENGTH
_ I RECEIVER
R om s | s
‘ | o) | 65~
D FROM'ERI | [Rx— RECEIVE :
' N3 _COM%WER 5
R = |
I == == i
‘ CU E}/ss
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20  TRMB 120 al so as described above and connected to the ERI

It will be readily appreciated by those skilled in the art, that the
ef f ecti vewioesr2a11sd i sotropi c power, or EIRP, for a phaspér/asésigagyt enna
is 25 a function of the power transmtted by each radiating el enent
103, the nunber of elenents, and the gain of t he antenna. For exanpl e,
if each radiating el enent 103 has a36D0 nilliwvatt power anplifier 101
- coupl ed thereto, and the radiating el enent has 11 dBi gain, 30 then
each of the upper and | ower antennas 95A, 95B, respectively, have
approximately 100 Watts ElIRP. Connect ed together as when switch 190 is
cl osed they formeffectively a single antenna havi ng approxi mately

400 watts EIRP. 35 : In the initial deployment of new cellular
coverage there are often relatively few cell sites each havi ng wi de
regi ons of coverage, that is, large cell . WO 95/ 26116

. PCT/ US95/ 02464 - 24-

35 // | |
21

36

35\O |

36

.'55\O .
FIG. 4A.

(PRIOR ART)
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di ameters. As the nunber of subscribers increase, cell splitting is

desirable. Cell splitting is the process by which cell sizes are
decr easedV9826H6quency- r euse is increased. The gener RCEPSASOM4H4 | S
described, for 5 exanple, on pages 301-306 of -WC Y. Lee, Mbile

Cel | ul ar TeI econmuni cations Systens, NtGr aw Hi'll Book Conpany, 1989.

In the initial deploynent of a cell uI aré/10 commruni cat i ons system a base
station 80 including an 10 antenna configuration such as shown in FIG 11

may be erected. The systemw || first be designed with relatively
| arge cell sizes. .In this situation, for exanpl e, a single frequency
with a high EIRP is required and the swtch 190 preferably has an arm
15 coupled to pole thereby connecting the upper and | ower. antennas,
95A, -95B together with one TRM as shown by the dotted switch position,
t hereby form ng effectivel ~one ante ing a higher EIRP.

Y o ! %&ﬁ%"ggy bgse Stgtl on 80 has the

As the nunber of subscribers iggrease
built-in-capability to trade bl [} size for capacity. This is

acconpl i shed by anot her} TRM shown o f£ of FIG 11 into
the RCG - and%%tre switch 190 to the pod 'Qmﬁdicated by t he
solid line.. In th§§ copfliguration| tihe left T 25 120 is connected to

t he upper antenna nd the righ TRM i s{dopn€& ed to the | ower
antenna 95B. Each TRM | g tunetto a diffegfgnt transmt frequency as
previ ously describefd] By so dgrrg, wthouf Jrequiring any change

. _' ] 35
4 FIG. 5A.

(PRIOR ART)

/70
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to the antenna systemother than resetting switch 190, 30 a single antenna

havi ng 400 Watts EIRP is changed to - two antennas each having 100 Watts
El RP.  Aswp@shéiige readily apparent to one skilled in thergsdsnded
I ncreasi ng t he nunber of frequencies and reducing the transmt
power increases the systemuser capacity. 35 In any cellul ar
comuni cations systemthere Is a sb/aalled "near/far" problem For
exanpl e, referring back to FIG 4A, there is shown in cell 36 WO
95/ 26116 ot : PCT/ US95/ 02464
- 25- two nobile stations 21. One nobile station is |o0g
the base station while the other is |ocated at the perip
cell far renoved fromthe base station. To reduce interf
desirable to 5 transmt downlink (and uplink) signals wthg
power to&&eet the sensitivity requirenment of the respec
Theref or It is desirous to transmt to a near nobile $
much | ower\ power | evel than to a far nobﬁge station.
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10 In a cellular tel ephone system enpl oyi ng di gi tal

communi cations, signal quality nay be a nore i nportant factor than
recei vedweo gsizilest rength. It is a distinct advant age i ®PCTNES5/02468 ens,
such as 1S-54B - and GSM that a nobile station may perform signal 15
qual ity neasurenents during otherw se inactive tine slots. Mst often
t hese nmeasurenments are used to det ér/tilhe whet her or not a handover to
anot her frequency is necessary. Such a nmethod is known as nobi | e _
assi sted hand-over, or MAHO, and is wel! known 20 to those skilled in the -
art and is described, for exanple, in Section 3.4.6 of the |S-54B
Speci fication. According to anot her aspect of the present invention,
the signal quality measurenments performed by the nobile . station may
al so formthe basis #or determ ning the 25 required anmount of power
transmtted by the lE@se-------stat-kof--4-Rdesd-siace-+t--+s-signal, quality and
not sinply sign }st rength that is typically neasurd power
transmtted by the se station may be optim zed if s5i gnal
gual i-ty neasurenent xaje used. Signal 30 quality neasureﬁﬁt ar e perforned
in the usual rranner—':-ll—a-nd—i-he—t-pa-nsfnd-t—pgue-p-gi_t-he_a;%g f enna nmay be
‘adj usted as will now bprdeseribed---- : It has hown how t o
effect | arge change's.'_;‘; T the tranism't power of thp)ar@ 5yst em above.
35 However, practicalido I Nk—Qer control require$ | er
i ncrenents of power §jji E:_,An einbodi nment of " L ion shown in
FIG-12 illustrates e | K :
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- 26- station 80 for so doing. FIG 12 shows the addition to t he

. structurwoosnétiés 11 of a microprocessor-controlled pRET/USHSRI08 195.
For understandi ng, individual supply | i nes 196a-196h to each power
anplifier 101 are shown. 5 It is alsqvﬁgﬁsible to have individually

addr essabl e power supply |ines ser froma comon bus supply. In
either case, the controllable power supply 195 is capabl e of turning on
and off the DC power to each  individual power anplifier 103 in response
to signals 10 received fromthe ERI. " In this exanple near
and far nobile stations of— '

f TN I P S N R N ST A re n of
antenna system shown -I]BCQ%\%D R% %O%% & e%éy
different ti rrel—lmﬁot%Lbr-la sIi é‘ Q p 1T e fromthe antenna

system Referring back pB4o 7 F| G 26 10 further that the

n bi | tati T s e~ ; TDVA f 180
aﬁgl’ nonlii e statl on t:‘ . 0.577ms ‘—’___-‘:- rane
T T 179
- - ' 180
TDMA FRAME ol1l12131al5(6|7F

/181

MULTI-FRAME [ 1]|2]314|5({6|7|8|910]1112]13{14[15

L. L

' TRAFFIC CONTROL' TRAEFIC
FIG. 10. |
(PRIOR ART)
80
m_z w3l
101 >102 103
/‘95A
- 101 >4102 103
D
FIG. 11. | Hhi>-fozios
i 190
101 >+41021H103
100>-{102H103 '
| /'958
m;-m;.
101 >4102H103
TRM| [TRM




the nore distant nobile station occupies the time slot three of the
TDVA frane. It can be shown that the 20 .output power (i.e., EIRP) of the
ant enna Wogs,zﬂpg oportional to the nunber of active el enentpgrasissnisds

by: EIRP < N2 (Gin) (PT) |f, as before, each
power amplifier i s capabl e of 25 prodyaiong a power out put, PT of 600
mlliWatts and that each elenent has a gain of 11 dBi then the radiated
power values in TABLE 1 bel ow can be construct ed. WO 95/ 26116

PCT/ US95/ 02464  * ' » 27-

TABLE 1 State - Supply Acti va11gi5> 1//186)3
YES YES VYES YES YES YES YES YES r




2 196b NO YES YES YES YES YES YES YES 5 3 196¢ NO NO
YES YES YES YES YES VYES 4. - 196d NO NO NO YES YES VYES
YES YES$yo 95126116 O 196e NO NO NO NO YES YES YPST/USES02464 6
196f NO NO NO NO NO VYES YES VYES , 7 196g  NO NO NO
NO NO NO YES YES 10 8 196h NO NO NO NO NO NO NO
YES EIRP (Watts) 7.5 30.2 8719 120.8 ~ 188.8  271.9 _
370.1 483. 4 ' If, for exanple, it is required to transm't
to the near nobi1ie station with 30 watts, then during tinme slot five of
the TDVA franme power supply lines 15 - 196a and 196b are activated and al

ot hers are deactivated. |If it is required to transmt to the far
nobile station with the full 480 watts, then during time slot three of
t-he TDVA frane all of the supply lines are activated. O her

conbi nati-ons may, of 20 course, be used as desired. |If internediate power
| evel s are required they can be obtained by varying the nunber of power
supply lines which are activated during '
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any given tinme siot. : As the nunber of elements in a phased
array 25 ?Qngég&ﬁ i s decreased, the radi ation beamni dth i ncreases. This
has advantag ich can be exploited in the present inDENUSEH24647 F| G
13 is shown a phased array antenna 95A according to the present

i nvention. When transnmtting to norg %? & ant nmobi | e stati-ons such 30
as nobile station 177, it is required to étlvate a relatively |arge
hunber of the available active el ements 103. By so doing, the vertical
beamni dt h- of the antenna 95A and schematically, |IIustrated by dashed
line 178 is al so decreased t-hereby providing a

THAT WHICH IS CLAIMED | S: 1. A base station (80) for a

cel lul ar comuni cati ons system said base station conprising . radio
channel generating neans (120) for generating a plurality of individual
radi o channel signals each at a
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S .d.i fferent frequency from one another, char ﬂ#LREBHAGﬁD SHEETS SG a l

i
plurality of individual phased array iahten nnec @%&#h sald _
radi o channel generating neans (120)vso thaéﬂééﬁi |%W .5"";
array antenna (95) transmts only one individd )o 1@%%11?1%1 togaged| s %t,_
a tinme. 2. A base stat i on 28T it Drainigrs) Glpagea 1.7, tovgeei .. i
€ach of said ph nt.ennas at e ‘
plurality of Jgﬁ@gmaduxagf'gﬁ‘eﬁfa f %rﬁm g&ﬁé‘{a BPE@%& il ned .
15 pattern. - suppression o3. grAaliese tdizat i-@5 ad® of sl Nghivd CbadBY2

ignal transm (¥od T ran & toprEotos fhernaeRlat st narnoual {y
regelved at thé“ﬁB%lWESQOthGﬁEfO¢§7QPenaﬂ¢fnnt&mh1ghbprpsweg ant enna power
control means (if6k:cenaaet ednkarsfilesid! b;wa,.lé&ly in 5@&%; Jedys and

sai d phased arr antennas for ectiLve operati prede ones
of said rad?gf?ﬁbeEF¥nents (103) "in each respectlve phased 25 array

antenna. (95) responsive tghsi paghigwald tpeT paﬂéﬂ%”éﬁﬁhf@aﬁb@nngﬁthﬁl%@t
(171). "Spatial Division Multiple Access Wireless
Communication Systems" to Arraycomm, Inc., discusses a.
method and apparatus for increasing the capacity and
quality of wireless communication between a plurality
of remote users and a base station. WO-A-93/12590, 24
June 1993. | |
The published European patent application

entitled "Terrestrial Radio Communications System" to
American Telephone and'Telegraph Company discusses a
terrestrial radio system which utilizes spot beams,
time division multiple access” and frequency re-use to
provide communications services from a base station to
remote customers within a system service region. EP-A-
0201254, 12 November 1986. o | |

| The published PCT patent application entitled
"Methed and System in a Wide Area Radio Communication -
Network" to Ahl et al. discusses a network comprising
at least two central stations, each central statioh _
being assigned to at least one peripheral station. - WO-
A-90/03071, 22 March 1990.

Summary of the Invention
In view'of the foregoing background, it is
. therefore an object of the present invention to provide -
aleellular comﬁunications system base station and
.associated method addressing the practical problems of
increasing power efficiency and reducing cell site
size. i
It is also an object of the present invention
to provide a base station and associated methed for

AMENDED SHEET



4. A base statlon accordlng to daim2. . funthe{ co#pri si ng-si,gha
strength neans for sensing recelved,é+gnal strenguh~frbnma aobid e unit
(-171), and 30 further conprising ant enng pawer, Ronts ol ~ifeans (195)
connected to said signal strength neans and};ald phased array antennas
(95) for selectively operating - 30-
predet er mi ned orfescichitat ingathet ung ofeaentve( Phsdd arraaﬁcéh'iéﬁmﬂ ive

h d o sensed si nal st.rengt
B e ot at e e ERg PRl el 8n oo SRR K W £ Pl
(103) conprises iptermedulatior, panduaherein said substrate conprises.a
circuit board. These and%gﬁaﬁ %g%c& 2SS 4@ m 2

further conprising a respective a
P fé%;uresgof the present invention are provided by a

base station including radio channel generating means
'er'generating a plurality of individﬁai radio channel
signals each at a different frequency from one another,
characterized by a plurality of individual phased array
antennas operatively connected to the radio channel
generating means so that each individual phased array
antenna ttansmits‘only one individual radio channel
signal at a time. Accordingly, intermodulation
products are considerably reduced as compared to a
phased array transmitting multiple radio channels at
different.frequencies at one time. 'Moreover, the
present invention permits individual amplifiers to be
incorporated into the phased array antennas to thereby
considerably reduce cable transmission losses
associated with delivering RF power to a-conventional
antenna, for example. The overall improvement of DC-

AMENDED SHEET



10 connected to each radiati-ng el enment, (103) ,nd. mroust ed-  _-gn-said
substrate so that each phased array ant’éfMa °3 CQS)Edefihes'aniaégive
phased array antenna. : 7. A-base.stathdn-according to daim
1 ~further conprising a receive antenna.(96) positioned 15 adjacent
sai d phased array antennas (95) for recei vithg frommobile units (171) a
plurality of individual radio .chagnel signals each at a different
frequency fromdm@Ve- QRGtREFhod 1s for operatigmg the kase;atabion

according to Smm énHﬂnmbdrpbWesaéﬁlfﬁ.gQéh\tq %Jﬁfriﬁfb](&fésd cw@ré@e? éfl _
receive . . p apt kgl udin .Substrate an urality
of receive ant§§§%¢€%%§%%t§ ?gg?aﬁﬁgthé QE%HY %ﬁﬁ]??ﬁiopggﬂ%?ﬁinined .

pattern. signals eagh ap badéffeaentn faecnretiayy fiolt anen 8ndbhewr.t her
conpri si ng: . hodC LALD r . Tbu on said
substrate of sa?%ll?e%%?vgdagtgggﬂggggg%ggﬁgﬁco ner%%rga%glb@ é‘E(glgi.d plurality

of receive antehRdi®iewaht Bhaseyl asray angemmeerd \txangnimngorlynahe

received therebyndehdddd8l radio chanfBRl ihig@n1means; (ifd nounted on said

substrate of sq&d regelvf antenna (96) and~connected to _
ccordingly, active phased array antennas may be used

to reduce losses typically associated with delivering
RF power from the ground to an antenna mounted on a
tower as in conventional cellular communications
systems. '
' ‘Another method aspect'rélates to controlling
- the radiated output power of the phased array antennas
and includes the steps of: generating a plurality of
radio channel signals and trénsmitting-same via at
least one phased array antenna, receiving a signal from
a mobile unit rélating to received signal quality at
the mobile‘unit, and selectively cperating.
predetermined ones of the radiating elements responsive
to sensed signal strength from the mobile unit.
Accordingly, a dgsired amount of power or desired
beamshape may be produced to ensure communications
while reducing the likelihood of unnecessary
interference.

Another method aspecﬁ relates to fécilitatiné
cell splitting as is typically required as the number
of mobile units increases in a given cell. The method
includes the steps 6f: generating a radio channel
signal and delivering same to two or more predetermined
phased array antennas coupled together for increasing
radiated antenna power for the radio channel ‘'signal;
and later decoupling the two or more predetermined
phased array antennas and operating the two or more
predetermined phased array antennas with respective
different radio frequency channels to thereby increase
the radio channel capacity for the base station.

1 - §

AMENDED SHEE]



.31 —sa+d—eeﬂb+ﬁ+ﬁg—ﬂe%mork means (99),for sanplifying.a “Shgnal

“therefro 0. A base stat'ton: accord;hg-to G aim:l:

wher ei'n sal Sheet aSBe R'elaceéLgeneratlng means (120) 5 f Urt her cohprises
nmodul at or - nDduIatlng a plyrality of radio frequency
carriers mn I nput signals t thereby generate said.
plurality of |nd|V|duaI r adi a . 11. A
base station according to Claim Q??Oﬂ?ﬁr{ier cg’nibrl'li%l) nIgS swi tch nmeans- (190)
connect ed between sai d radi o channel generating neans (120) and sai d
phased array antennas (95); and AougpL esbet vERN (Bb)Sieor o AL RECHR

positions so that said swtch means (190) when in the flrst p05|t|on

coupl es togetheFQNM¥QﬁC?ﬁﬁ%P%55Y%F%Eet%?hﬁn?ésﬁh§§9§%94%%Pqﬁﬁ%ﬁﬁﬁg (95)

for IncreaSIng radio channel generating means (120) for generating a
plurality of individual radio channel signals each at a
5 different frequency from one another, characterized by;
a plurality of individual phased array
antennas (95) connected to said radio channel
generating means (120) so that each individual phased
array antenna (95) transmits only one individual radio
10 channel signal at a time. '

2. A base station aCcofding to Claim 1
wherein each of said phased array antennas (95)
comprises a substrate and a'plﬁrality of radiating
elements (103) mounted thereon in a predetermined
15 pattern. '
3. A base station according to Claim 2
further comprising signal'quality receiver means (96)
for receiving.a signal transmitted from a mobile unit
(171) wrelating to signal quality received at the mobile
20 unit (171), and further comprising antenna power
control means (195) connected to said signal quality
receiver means and said phased array antennas for
.selectively operating predétermined ones of said
radiating elements (103) in each respective phased
25 array antenna (95) respdnsive to signal quality
received at the mobile unit (171). |

4. A base station according to Claim 2
further comprising signal strength means for sensing
received signal strength from a mobile unit (171), and

30 further comprising antenna power control means (195)
connected to said signai strength means and said phased
array antennas (95) for selectively operating '

' o | MENDED SHEET
| BT U A |




r ai |ated antenna rfor a: respective radio channel°' st S|gnah “and so

tharnmém ns (190) when in thés": second gosi ti on deppuples t he
t wo o m ned phased array: antennas (9§) ‘for i"hcrieasing
radio pacity for the base stg ion (80). ' 24. A
‘met hod for operatlng a base station ? for a cellular radio .

phased array - PrapFEREhihRg pree ¥ ems?%' Fosd A eg o 287 o8
generating a pl e:aehl rgspéctaveypbased adireyclrntegina (9%) gnassonatieatoa
di.fferent frequggﬁgeérgg?ggg éEQEB?%h. characterized by:

al phased array

operating each 1 ndividu _ <antenna (95) to transmt only
one individual radio 30 channel signal at a tine. 25. A

met hod according to d ai ng24 ghgégbnstabﬁyﬁﬂhdgoﬁaﬁh§h@§e@lgiﬁay ant ennas
(95) |ncIude§ wheregkuegght¥aglag%%bagfg%éﬂ§”?¥g§)(égg rlggg ;urther”
stripline, and wherein said substrate comprises a

circuit board.

6. A base station according to Claim 2
further comprising a respective amplifier (102)
10 connected to each radiating element (103) and mounted
on said substrate so that each phased array antenﬂa
(95) defines an active phased array antenna.

7. A base station according to Claim 1
further comprising a receive antenna (96) positioned
15 adjacent said phased array antennas (95) for receiving
from mobile units (171) a plurality of individual radio
channel 31gnals each at a different frequency from one
‘another.

o 8. A base-station according to Claim 7
20 whereln sald receive antenna (96) comprises a receive
phased array antenna including a substrate and a
plurality of receive antenna elements (97) mounted -
thereon in a predetermined pattern.

9. A base station according to Claim 8
25 further comprising: . )
combining network means (99) mounted on said
substrate of said receive antemna (96) and connected to
said plurality of receive antenna elements (97) for
coherently coupling signals received thereby; and
30 amplifier means (110) mounted on said
substrate of said receive antenna (96) and connected to

) D A " AMENDED SHEET



32 - ,kgﬁm e]hﬁdstep of - rece|v1ng,a skgnal tPansn1tted » . froma
nobi | e un |ng to signal qualkfiy 3 recelwed atwthe anblle unit -
m operating predeternhned ‘@anes+0of*'t he TadTatlng

(171, l
elenents h respective phased array antenna (95) responsi ve

to signal quallty received at the nobile ~3kmit (171). "26.

A net hod accordln i 4 fyrther co | SLhg rec fron1n0blle
units (171) a 18% QPU 5%#$§H% iQ§h%ﬁ€kﬁﬂeﬁﬂﬁnQ?%%atﬁgVagpgﬁg @é@h at a

di ff erent frequemgyaﬂr¢MEam¢xamntherT : 27. A net hod
according to Caim 24 wherein the step of generating the plurality of

I ndi vi dual radi o channel signals conpri.ses nodulating a Rlurallty 15 of
radio frequency carriers Wh fedjRas istatiputaccordiggaks. Claim 1

28. A method acgRe®eRd sAid FdBidft MBHED genelh€ifheneahs0qAM@ti Ng a
plurality of |nd|V| ual radiaog
further comprises modulator means (121) for modulating
a plurality of radio frequency carriers with respective
input signals to thereby generate said plurality of

individual radio channel signals.

.11."A base station according to Claim 1
10 further comprising switch means (190) connected between
said radio channel generating means (120) and said
phased array antennas (95) and movable between first
- and second pdsitions so that said switch means (190)
when in the first position couples together two or more
15 predetermined phased array antennas (95) for ihcreasing
radiated antenna power for a respective radio channel
signal, and so that said sw1tch means (190) when in the
second position decouples the two or more predetermined
phased array antennas (95) for increasing radlo channel
20 capacity for the base station (80).
| 24. A method for operating a base station
(80) for a cellular radio communications'SYStém of the
type 1nclud1ng a plurality of individual phased array
antennas (95), sald method comprising the step of
25 generating a plurality of individual radio channel
signals each at a different frequency from one another,
characterized by: _ . |
operating each individual phased array
antenna (95) to transmit only one individual radio
30 chénnel.signal at a time.

25. A method according to Claim 24 wherein

each of the phased array antennas (95) includes a
plurality of radiating elements (103), and further

’ : |r' _e
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channels CO

rises t] I vi sion nultlpIeX|ng a 20 plyrality aof i-aput
si‘gnal s i < '3 dtine sl Otgsof Pepet i tisve, ful t. iRl ekfranes.
29. A net ﬂ to Cl ai m 24 further H conﬁh|$1ng t he. step of
coupllng t nor e predet erm néd phased array antennas (95)
for |ncrea5|ng 25 radlated antenna power tg@m-a respective radi o channel
si gnal . 30. A nethod according to Claim 29 further

conpri sing. the stmpsisfingatbe dstepuplf m@dduyﬁng)aw31gnahnteapsedetednlned
phased array a”EEBHaé &8%&8.83&9&1%0 (q.%r)atr'e'l%.t”}gq x‘f'\g HQieqﬂé gﬁ‘rm ned

phased array ant enn th respective radio ency
-33 - channelsrﬁéﬁlVﬁéréésth& mg&uiaﬂmnmﬁy(kiﬁkunewdfeeleﬁélvely

operating predetermined ones of the radiating elements

5 (103) in each respective phased array antenna (95)
responsive to signal quality-feceived at the mobile
unit (171). : S

26. A method according to Claim 24 further
comprlslng receiving from moblle units (171). a
10 plurallty of 1nd1v1dual radio channel 51gnals ‘each at a
different frequency from one another.

27. A method according to Claim .24 wherein-
the step of generating the plurality of individual
radio channel signals comprises modulating a plurallty

15 of radio frequency carriers with respective 1nput
signals.

28. A method according to Claim 24 wherein
the step of generating a plurality of individual radio
channels comprises time division multiplexing a

20 plurality of input signals into predetermined time
slots of repetitive multiplex frames.

29. A method according to Claim 24 further :
comprising the step of coupling together two -or more
predetermined phased array antennas (95) for 1ncrea51ng

25 radiated antenna power for a respective radio channel
signal. ' ' |

| 30. A method according to Claim 29 further
comprising the steps of later decoupling the two or
more predetermined phased array antennas (95), and
30 operating the two or more predetermined phased array
antennas (95) with respective different radio frequency

s -



base station (80). (Ebc No. 19542) .. .. 7. LT : .

- 33- 18. A base station; accordhng to C1a|n117 M ’mhereln
each of said phased array antennas conpfises a*' - substrate and a’ pIurallty
of radiating el enents nounted thereonlrgfxpredeternlned pattern. -5

19. A base station according to Caim18 further conprising signal

quality recei veghaRaBssf ¥or in r@‘a%l‘ﬂecj‘%fdgé gé‘ﬁ%ﬂﬁéfn BEgglyf 'FQY z%_hrgob'l le

uni t reIatlgg to S|%nal guallty recei ve e un
further conprisPAg§®aftErALTpoREY -control means 10 connected to said S|gnal
qual ity receiver neans and sai d phased array antennas for selectively

- operating predetefdrined ones of said radiating elenments in each

This Sheet Has Been Replaced
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respective phased array antenna responsive to syonalr qual ity recelved

at the nobile unit. 15 20. A base s

18 further conprising signal strength neans

signal strength froma nobile ‘'unit, and fur

power control neans . connected to saig _signat gtfengl

phased 20 array antennas for sel ectively operati#g: f§LctEEte; Bignes::
of said radiating elenents in each respective R o BRSS ndB B e
responsi ve to sensed signal st rengt h.

station according to Caim18 25 wherein each rg = AL.LS S
stripline, CLAIMS]I wherein said substrate conprlses a- CIrCUI[ boar

22. A base station according to Caim?21 further conprising a
respective anplifier connected to each radi ati ng el ement and nounted on
sai d substraf.e s 3shskhsfatieRCBOPHAE &l caulary cambritatioey ispsenilindeding €a
phased array ant enna.

plurality of coverage areas, said base station comprising radio channel generating

means (120) for generating a plurality of individual cellular radio channel signals

each at a different frequency from one another, characterized by;

at least four individual phased array antennas {95) positioned such that at
least two of said at least four phased array antennas illuminate at least one
common coverage area of the plurality of coverage areas and connected to said
cellular radio channel generating means (120) so that each individual phased array

antenna (95) transmits only one individual radio channel signal.

2, A base station according to Claim 1 wherein each of said phased array
antennas (95) comprises a substrate and a plurality -of radiating elements (103)

mounted thereon in a predetermined pattern.

3. A base station according to Claim 2 further comprising signal qualify‘
receiver means (96} for receiving a signal transmitted from a mobile unit (171)
relating to signal quality received at the mobile unit (171), and further comprising
antenna power control means {195) connected to said signal quality receiver
means -and said phased array antennas for selectively operating predetermined
ones of said radiating elements (103) in each respective phased array antenna {(95)

responsive to signal quality received at the mobile unit (171).

4, A base station according to Claim 2 further comprising signal strength
means for sensing received signal strength from a mobile unit (171), and further
comprising antenna power control means (195) connected to said signal strength
means and said phased array antennas (95) for selectively operatiﬁg predetermined

ones of said radiating elements (103) in each respective phased array antenna (95)

responsive to sensed signal strength. REPLACEMENT SHEETS SG
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- 34- 23. A base station according to Caim17 wher ei n
sai d radi o channel generating neans further conpri ses nodul at or nmeans
for nodulating a plurality of ° radio frequency carriers with respective
I nput signals 5 to thereby generate sajd plurality of individual radio
channel signals. 24. A frethod for operating a base station
for a cellular radi o conmuni cati ons system of the type including a

lurality of_indiyidual phased nt ennas, conpr.ising
Phe steps of | A'bats stalon sogeyding, o giakm 2 trhaiei sachtreriading (ARgasn AGBb

channel si gnshspritaé b sériplife,Cirldl Whérein daideslibRtrate Jdnﬁljﬂsﬁéle circuit ®o&idher ; and
operating each individual phased array 15 antenna to transmt only one

i ndi vi dual radi o channel signal at a tine. 25. A
net hod accorgli ng A Opddeaitiiét H4eRFdthd) to Claim 2 further comprising a respective

amplifier {102) connected to each radiating element (103) and mounted on said
substrate so that each phased array antenna (95) defines an active phased array

antenna.

7. A base station according to Claim 1 further comprising a receive antenna
(96) positioned adjacent said phased array antennas (95) for receiving from mobile
units (171) a plurality of individual radio channel signals each at a different

frequency from one another.

8. A base station according to Claim 7 wherein said receive antenna {96)
comprises a receive phased array antenna including a substrate and a plurality of

receive antenna elements (97) mounted thereon in a predetermined pattern.
9. A base station according to Claim 8 further comprising:

combining network means (99) mounted on said substrate of said receive
antenna (96) and connected to said plurality of receive antenna elements (97) for

coherently coupling said plurality of individual radio channel signals received

thereby; and

amplifier means (110) mounted on said substrate of said receive antenna
{96) and connected to said combining network means (99) for amplifying a signal

therefrom.

10. A base station according to Claim 1 wherein said radio channel generating
means {120) further comprises modulator means {121) for modulating a plurality of
radio frequency carriers with respective input signals to thereby generate said

plurality of individual radion channel signals.

I This is the replacement sheet
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each of the phased array antennas includes a plurality of radiating
el'enments, and further conprising the step 20 of receiving a signal
transmtted froma nobile unit relating to signal quality received at
the nobile unit, and sel ectively operating predeterni ned ones of t he
radi ating el enents in each-.respective phgsed array antenna responsive
to signal quality received at the 25 nobi¥l’'e unit. o 26. A
nmet hod according to Caim24 further conprising receiving fromnobile
units a plur ity j ndi vi d|o channel sigpals each at a

di fferent f reﬁﬁ’@ﬁ%f*ﬁ‘&"arﬂcsw '"Qrfat gim 1 furgher comprising switch means, 899 d
accordi ng t ocddAnattdd2betWesh ¥ald radio Eﬁ‘eﬁm‘éi S&é?ﬁtlr@eﬁfeﬁﬁé '(’Pﬂ))tgl?d LtHr;fﬂa'sIaa of

i ndi vi dual radi o channel signals conprises dul ati ng ura
WD 95/ 26116 array antennas (95) and movable between first and second posmons so that sa|d

switch means (190) when in the first position couples together two or more
predetermined phased array antennas (95) for increasing radiated antenna power
for a respective radio channel signal, and so that said switch means (190) when in .
the second positi_oh decouples the two or more predetermined phased array

antennas (95) for increasing radio channel capacity for the base station (80).

12. A base station (80) for a cellular communication system, said base station

comprising:

radio channel generating means (120) for generating a plurality of radio

channel signals;

at least one phased array antenna connected to said radio channel
generating means, said at least one phased array antenna comprising a plurality of
radiating elements; '

signal quality receiver means for receiving a signal transmitted from a

mobile unit relating to signal quality received at the mobile unit; and

antenna power control means connected to said signal quality receiver
means and said at least one phased array antenna for selectively operating
predetermined ones of said radiating elements responsive to said signal quality

received at the mobile unit.

13. A base station (80) according to Claim 12 wherein said at least one phased
array antenna (95) further comprises a substrate on which said plurality of

radiating elements (103) are mounted.

14. A base station (80) according to Claim 13 wherein each radiating element

(103) comprises a stripline, and wherein said substrate comprises a circuit board.

This is the replacement sheet
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-35- "+ of radio frequency carriers with respective input si gnal s.
28. A nethod according to Caim24 wherein the step of generating a
plurality of individual radio 5 channels conprises tinme division

mul tiplexing a plurality of "input signals into predeterm ned tine _
slots of repetitive multiplex franes. 4. - 29. A nethod according
to daim24 further conprising the ste% of coupling together two or nore

10 predeterm ned phased array antennas for increasi ng radi ated antenna

f t di nne Si 30. A net hod
Bocor d (r)\;, 0B a %Fef%r}?’t'"ﬂgﬂs ’%"EBWWHQ ﬁg'"e & &ribse comprising @ igsReRtivEI ng

the two or lbmplifdrecah8étell &b dadR FadiBASE Bleich® ¥ind TheUNIES onad%ih SRSHtAké 30
the two or nmore predeterm ned phased array antennas W th respective

different rathd *f%ﬁh@ﬁéﬁ/%ﬁ&ﬁﬂ%"sa’ﬁ}’r anten%@@diqfwgs afdaqsiverphesed agrapyaci ty
for the basea,s{eaﬁé on.

16. A base station (80) according to Claim 15 wherein said antenna power
- control means compr'ises a microprocessor operating under stored program. control

to selectively operate predetermined ones of the amplifiers.

17. A base station (80) for a cellular communications system, said base station

comprising:

radio channel generating means (120) for generating a plurality of radio

channel signals;

a plurality of phased array antennas (95) connected to said radio channel

generating means; and

_ switch means (190) connected between said radio channel generating
means (120) and said phased array antennas (95) and movable between first and
second positions so that said switch means (190) when in the first position
couples together two or more predetermined phased array antennas (95) for
increasing radiated antenna  power for a respective radio channel signal, and so
that said switch means (190) when in the second position decouples the two or
more predetermined phased array antennas (95) for inc for increasing radio channel

capacity for the base station (80).

18. A base station {80) according to Claim 17 wherein each of said phased
array antennas (95) comprises a substrate and a plurality of radiating elements

mounted thereon in a predetermined pattern.

19. A base station according to Claim 18 further comprising signal quality

receiver means for receiving a signal transmitted from a mobile unit {171) relating

RO A This s the replacement shoet
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31, A.nethod for operating a base station 20 for a radio cellular radio
comuni cations system of the type including at | east one phased array
ant enna conprising a pIurallty of radiating elenents, the met hod
conprising the steps of: * generating a pIurallty of radio
channel 25 signals and transmtting thesplurallty of radi o channel
signals fromthe at | east one phased array antenna; recei vi ng
a signal transmtted froma nDbiIe unit relating to signal quality
recei ved at _the operating

et o m ndh SRR ety reqqiipal a1 Ahe, Abile Rt pad B EPVENiRS Al

qual ity povegttottebl dleah €9BI0dUNNEctedith said signal W&lﬁﬁ/r&feiv’bﬁ means and sald
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?Eg enna fur thgbicg BRkleR®S(103) in 88 Rdsh¥@ivaBHakéd BFray aRMAA 305 redpbisivach of

to said signal quality received at the mobile unit {171).

20. A base station (80) according to Claim 18 further comprising signal
strength means for sensing received signal strength from a mobile unit {(171), and
further comprising antenna power control means (95) connected to said signal
strength means and said phased array antennas (95) for selectively operating
predetermined ones of said radiating elements {103) in each réspective phased

array antenna responsive to the sensed received signal strength.

21. A base station (80) according to Claim 18 wherein each radiating element

(103) comprises a stripline, and wherein said substrate comprises a circuit board.

22. A base station {80) according to Claim 21 further comprising a respective
amplifier {102) connected to each radiating element {103) and mounted on said
substrate so that each phased array antenna (95) defines an active phased array

antenna.

23. A base station (80) according to Claim 17 wherein said radio channel
generating means {120) further comprises modulator means {121) for modulating a
plurality of radio frequency carriers with respective input signals to thereby

generate said plurality of individual radio channel signals.

24. A method for operating a base station (80) for a cellular radio
communications system of the type including a plurality of covefage areas, the
base station of the type including at least four individual phasec! array antennas’
(95) positioned such that at least two of the at least four phased array antennas
illuminate at least one common coverage area of the plurality of coverage areas,
said method comprising the step of generating a plurality of individual cellular radio

channel signals each at a different frequency from one another, characterized by:

-
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radi ating el enments, and wherein the step of selectively 5 operating
predeterm ned ones of the radiating el enents conpri ses selectively
controlling power delivered to respective anplifiers.

33. A nmethod for operating a‘base station for a cellular radio

comuni cations systemof the type 10 ingluding a plurality of phased array
antennas, the met hod conprising the steps of: generating.
a radi o channel signal and delivering same to a plurality of
predeterm ned phased , . . arr ant.ennas coupl t oget her for increasing
Pl at ed 15 CRAEERR 2apb EIVST BhSRSO G rEsTiR {8P) 1 Grsart gy one individaal'

| at er decoupleiliiar fab® dMaHhélIsidnal. Of predeterm ned phased array antennas
and operating the predet erm ned phased array antennas with respective
different radi o frequency channels for increasing radio 20 channel capacity

for the basegstats Qethod according to Claim 24 wherein each of the phased array
~ antennas (95) includes a plurality of radiating elements (103), and further

comprising the step of receiving a .signal transmitted from a mobile unit {171)

relating to signal quality received at the mobile unit (171), and selectively operating

predetermined ones of the radiating elements (103) in each respective phased

array antenna (95) responsive to signal quality received at the mobile unit (171).

26. A method according to Claim 24 further comprising receiving from mobile
units {171) a plurality of individual radio channel signals each at a different

frequency from one another.

27. A method according to Claim 24 wherein the step of generating the
plurality of individual radio channel signals comprises modulating a plurality of radio

frequency carriers with respective input signals.

28. A method according to Claim 24 wherein the step of generating a plurality
of individual radio channels comprises time division multiplexing a plurality of input

signals into predetermined time slots of repetitive multiplex frames.

29. A method according to Claim 24 further comprising the step of coupling
together two or more predetermined phased array antennas (95) for increasing

radiated antenna power for a respective radio channel signal.

30. A method according to Claim 29 further comprising the steps of later
decoupling the two or more predetermined phased array antennas {95), and
operating the two or more predetermined phased array antennas {95) with
respective different radio frequency channels for increasing radio channel capacity
for the based station (80).
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31. A method for operating a base station {80} for a radio cellular radio
communications system including at least one phased array antenna (95)
comprising a plurality of radiating elements (103), the method comprising the steps
of:

generating a plurality of radio channel signals and transmitting the plurality

of radio channel signals from the at least one phased array antenna (95);

receiving a signal transmitted from a mobile unit (171) relating to signal

quality received at the mobile unit {171); and

selectively operating predetermined ones of the radiating elements (103)

responsive to signal quality received at the mobile unit.

32. A method according to Claim 31 wherein the at least one phased array
antenna (95) further comprises respective amplifiers associated with each of the
radiating elements, and wherein the step of selectively operating predetermined
ones of the radiating elements comprises selectively controlling power delivered to

respective ampilifiers.

33. A method for operating a base station (80) for a cellular radio
communications system of the type including a plurality of phased array antennas

{95), the method comprising the steps of:

generating a radio channel signal and delivering same to a plurality of
predetermined phased array antennas coupled together for increasing radiated

. antenna power for the radio channel signal; and

later decoupling the plurality of predetermined phased array antennas {95)
and operating the predetermined phased array antennas (95} with respective
different radio frequency channels for increasing radio channel capacity for the

base station.
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