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ON  Technical- Field

Personal Communication Services (PCS) Systems

provide users with a variety of wireless telephone

15 services through low-power portable telephone units. The

popularity of PCS is expected to grow exponentially over

the next few years and PCS operators in the U. S. are

faced with the problem of providing nationwide coverage

to attract subscribers. The use of large cells is

20 required in order for providers to economically provide
nationwide coverage to their subscribers.

However, PCS phones need to be smaller and have
longer talk times. This requires lower power consumption
by the telephone unit. 1In order to maintain presently

25 existing or larger cell sizes in conjunction with units
having lower power output requires improvement of base
station receiving capabilities. With noise factors
perhaps already as low as possible, one solution for
obtaining better base station receiver capabilities may

30 be by reducing cabling loses with active antennas.
Improved antenna arrangement and the use of more diversity
reception are additional solutions for improving the
receiver characteristics of the base station.

heet Has Been Replaced

BT
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t he met hod and apparatus of the pré&sent invention for 5 | mprovi ng
the receiver characteristics of a base station. A normal three-sector
base station site having a plurality of assigned channel frequencies

I S subdi vi dedgiiOR@ oF TuEPIwaktiynof 120[err] sectors wherein each of
the sectors has sector antenn E%enerating a directional. antenna

beam for 10 theTE%cfaﬁ?QOIng and othgr,prpRieRy ¥ PUFFEP™E r BY{uEhei es
are assigned @othod afdchappatheusechbor stheChptdsént heilaser sbati 66x
transm . aqgireqﬁgve%caLon %gph sgctor anteqﬁa qglg t he gssigned
frequenci es FOFPPINE &t St FECFS T a Rl 3f1§%+%%ﬁ% e 133s¢ §§§ &fftsuch as
DAMPS, the fraouanmal diameelsecios bgeel fyation sitievidedngmangleaehibty t he
sectors such &Pa%égﬁéﬁgé'Eﬂkﬁheégjreégéﬁaﬁa§y155éGEﬁk#&éQ&”iﬁ?&fEha”
one sector. However, Ina type system frequencies within a
particul ar PlurakitwrofdZ0he shgEerswWherak) asatht ofether Seetarsr bgaency
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| osses, are necessari S e ese f 0 Thnprove the
receijver and receives along each sector antenna only the assigned
frequencies for the sector. For a cellular teleﬁhone
15 system such as DAMPS, the frequency channels are equally

divided among each of the sectors such that no particular

frequency is used within more than one sector. However,

in a GSM type system, frequencies within a particular

sector may be shared with adjacent sectors via frequency
20 hopping techniques.

By increasing the number of sectors around a
particular Dbase station and uniquely assigning a group
of channel frequencies to each sector, the likelihood of
a portable mobile unit residing within a beam peak 1is

25 greatly increased. Furthermore, the angular distance from
a beam peak, and thus the gain losses, are necessarily
smaller. These factor combine to improve the receiver
characteristics of the base station for lower power
telephone units. The system may further improve receiver

30 characteristics using diversity combinations between
signals received in adjacent sectors from the same

telephone unit.

BRIEF DESCRIPTION OF THE DRAWINGS
35 A more complete understanding of the method and

apparatus of the present invention may be obtained by
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from-the sane t el ephone unit. BRI EF DESCRI PTI ON OF THE -

DRAW NGS 35 A nore conpl ete undegstanding of the nethod and
apparatus of the present invention nmay be obtained by WO 98/ 17078
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acconpanyi ngilbr GRRAYECkHeNewith the accompanyies Dzawings Whereser at e

commonly used thregeeUrRES 1£€8h87 1% lifl AIdBNQITERbEMORlY used HHAKRE 2
illustrates the Eath,loss gponetr i nher ent in presently existing

sectori zed afifERRE EdHFi GEFAH nts ; FIGURE 3 illustrates an
interstitial sect PCGHRRBr aadhlustratéortheamsanh Npdmecricaitonneseeait on

W thin existing | i or i receptio i 4N .Sl ze
cells for 10ELR p%ggﬁﬂﬁéys%cties%qag Se%rl%l}lli% (%&I:E%B.“al s%o\gftl%b‘{keéﬁ%st rating
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FIGURE 5 illustrates an interstitial sector approach 15 — for_Tnproving
the base stafi-88Sr 8¥efPPEH 1R FETePHiam thin laggar §ize elehalPTng
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communi cating Wt ﬁ%é; gfte St 8: ?R%LezoliluStratFP@JFé‘ei PEEEChPocRE
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the gain loss at various angles from the beam peak;
FIGURE 5 illustrates an interstitial sector approach
15 for improving the base station reception within existing
cell sizes or enabling reception within larger cells for
a GSM system;
FIGURE 6 is a table illustrating orthogonal hopsets
for 24 mobiles communicating with a single site; and
20 FIGURE 7 is a block diagram illustrating a system for
processing received signals at a base station site using

an interstitial sector approach.

DETAILED DESCRIPTION OF THE DRAWINGS
25 Referring now to the drawings, and more particularly
to FIGS. la and 1b, there are illustrated two commonly
used three-sector per site arrangements for providing
cellular air coverage. The configuration of FIGURE 1la
arranges each site such that one antenna of the three-
30 sectorized antennas 10 at each site 8 points directly
toward a neighboring site 8. In the configuration in
FIGURE 1b, the three-sectorized antennas 10 at each site
8 point between neighboring sites.
Signal power, range and propagation considerations
35 determine which particular site will control a cellular
call. The site best receiving the mobile unit signal
preferably controls the call. FIGURE 2 illustrates the
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25 Referring now to the drawi ngs, and nore particularly to
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per site arrangenents for providing cellular air coverage. The
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For example, the wmobile at location “C" can be

reached with equal power from site “A” at a distance of 2X
15 with full antenna gain or from site “B" at a distance of

X with a 12dB gain loss. A mobile at point “D" can be

reached from site either “A" or “B" at a distance of V3X

with a 2.45dB antenna gain reduction from the peak gain.

The site configuration of FIGURE 1b has similar loss
20 characteristics.

The antenna gain loss as a function of angle from the
focus line is known as the antenna pattern or radiation
diagram. The antenna gain is thus normally deliberately
chosen to be a function of the angle of offset from the

25 peak gain direction or focus 1line, such that equal
reception from or transmission to mobiles at any point on
the hexagonal cell boundary is achieved. Nevertheless,
it is a disadvantage of conventional three-sector systems
that the mobile unit must use 12dB more transmitter power,

30 when located at 60° offset from the focus line, than if
an antenna beam had been provided and focused exactly in
the mobile's direction. Providing such additional beams,
called Interstitial Beams, is an object of the invention.

Referring now to FIGURE 3, there is illustrated an

35 interstitial sector approach for improving the receiving
characteristics of a base station. The discussion of

FIGURE 3 will be with respect to the advanced mobile phone



the cell kpyosarirs For exanple, the nobile at | opexiusa7/18073 can
be reached with equal power fromsite "A" at a distance of 2X 15
with full antenna gain or fromsite "B" at a di stance of Xwith a
12dB gain loss. A nobile at point "D' can be reached fromsite-
either "A" or "B" at a distance of [err]3X with a 2.45dB antenna gain
reduction fromthe peak gain. The site configuration of FIGURE | b has
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station. The ‘di scussion oOf RE 3 w il respect to
advanced nobiixePpisiries are aﬁgpggp§7gqgeach sector and radlated along
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wth 20 frequelaeds pertsest othidre cehé tdmt, 180°, and 300° antenna
15 sectors are designated “red” sectors. Frequencies F; - Fy,
. are assigned to the *blue” sector at 0°, F;; - Fy are
assigned to the “red” sector at 60° and so on as
illustrated in FIGURE 3.
The mobile switching center (not shown) is still
20 configured to a three-sector system but treats the "“blue”
sectors as one base station with ten frequencies in each
sector and the "red” sectors as another base station with
ten frequencies in each sector. The fact that these two
base stations are cosited does not affect the function of
25 the switching center.
By allocating the antenna frequencies over six
sectors about the site rather than three, there is a
greater chance for a mobile unit to be within a beam peak
area. The distance between beam peak areas is only 60°
30 rather than 120°, and the maximum gain loss angle would
be 30° for a six sector site. Thus, the potential for
loss is minimized over large areas of the cell. For
example, a mobile at “C" is received by the blue-base “A’
0° sector antenna and blue-base “B" 120° sector antenna
35 equally. In previous configuration neither site would
have an advantage over the other. However, the red-base
“B" 180° sector antenna is received 12dB stronger b;; the
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1 al | requencies in a particular sector are radiated in the sane
di rection. In an alternate sector approach as shown in FI GURE

3, the cell -site is divided into six sectors pointing at 10 O[err], 60,
120[err], 180, 240[err], and 300[err], respectlvely Ten frequenci es
are aSS|gned to each sector and radlated along the centerline for a
sector. For purpases qf discussion he O err . 120[err], and 240[err]
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sectors as one en frequenC| es sec OI’ and

the "red" se(ﬁttﬂrté;lcas anot her base station with ten frequencies in
each sector. The fagl é?%nggﬁéﬁtt‘éﬁ the £PagEeALALLOBYCR &i50SE]Eds does
not affect the functiaon of

he swtching center. ég
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rather than tdiwee, “B"hefe tBe ahexagondafiriseHARGEES E%rtﬁemiaﬂaegdmrmto be
wi t hin 13 bean1 eak he. di st.ance bet ween

eak areas i s onl
60 or 111030° BHGER I BaRTEB0] o FEISE T TR PO LA RO G ST aRg R b foul d
be 30[err] fdB"aca mhm:tmce;rvteesz.gms from powentpavef anobile uhbss is

mnimzed ovgrdh%%g?h Qfsigg éﬁii'covg%%g a€xanple, a mobile at

"C'" is receive or ant enna and bl ue-base
"B" 120[err] sect o%l%m‘eghaths preéqnar |ey\bodlm¢n|§r dfsokeanrii genasedn

nei ther site yu despect Q%V%hénuégvﬁatEQ@Q&@KElé@ewPEEEﬂ ediOMEYEr g1k he
red- ba " B" §b err sector antenna’is received 12d tr onger by t he
WO 98/%?078 sectors, six sectors can furt %erp c%gg g
sectors having five frequencies assigned to each sector.
The two further three-sector base stations having a 30-
degree antenna offset from the previously discussed "blue”
and “red" patterns would further improve coverage within
20 the existing cell or extend the range of site "B."” The
gain of the 1l2-sector system at +60 degree can be obtained
without wusing 12 antennas. Virtual antennas having
radiation patterns in between the original six-sectors can
be formed by actively combining neighboring antennas.
25 Such combinations at low receiver powers can produce
virtual beams in any direction, depending upon the
weighting.
Referring now to the table shown in FIGURE 4, there
is illustrated the effect of six-sector, 12-sector, and
30 infinite-sector configurations on the gain losses for a
mobile unit located at +15 and +30° from the base station.
The second portion of the table of FIGURE 4 illustrates
the gains achievable using diversity combination between
adjacent, uncorrelated sectors.
35 If the fading between neighboring antennas is
completely correlated, the galn loss is simply 3dB at the
+60 degree locations. If the fading is uncorrelated,
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Since the six receiving antennas are equally

distributed around 360°, they do not need to provide +60°

beamwidth at -12d3 any longer. However, the patterns for

20 an optimized six-sector system show very little

improvement over those of a three-sector system, and even

less when diversity is used. Further gains can only be

achieved by increasing the number of receiving antennas

above six. 1Increasing the order of diversity then wins

25 more gain increases because the pattern overlap is greater

and more neighboring antennas can be combined to enhance

the beam forming affect or interference rejection effect.

Referring now to FIGURE 5, there is illustrated the

present invention within a GSM system. It appears, that

30 the FCC will allocate an A-band range from 1850 to 1865

MHz and a B-band range from the 1865 to 1890 MHz for PCS

systems. Allocation will further include a duplex image

80 MHz higher than the corresponding A or B band. The GSM

system operates with a nine-cell (three-sector, three-

35 site) pattern having at least eight frequencies per sector

(24 frequencies per site). Each of the three sectors in

a particular site can frequency hop between the eight
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PCT/ US97/ -7- nelghborlng ant ennas can be
used to increase the order of the reception diversity as
illustrated-in the table. Uncorrel ated signal s between nei ghbori ng
ant ennas can be guar ant eed by using opposite circul ar

pol ari zations for 5 bl ue and red s&etors. The order of diversity
can be further increased by using the nearest neighboring sectors

out of the sif¥resmensties ovitthaly esyaehromb?ieg sbgaal stations, aphidhe for a
mobil e at 10k@ghk MRS Are fdrﬁraué%ertrﬂat Qector.  and +60[err]

are used in a netric cqnbiner to generate t 10 best signal The
gai ns achi evabl e &% ithiustgared ¢n FIGURE ?lIﬁsPPﬁFe&tPﬁlPﬁeﬁ&HQMﬁFfor "3

out of 6 di vaistiBgd into altgﬁﬂbtﬂn@g rddf EE@JREl\ﬂe"b sF&o@éI vg&:r{w&rf@r this
option er ue to_the i bi nul l ing, out
both doti nant T¢ft e??cé€8F§ u&& cr qboé}? ?16 U SRgggt étit 1%06) andyfiffat i on

08/ 286, 775, "hueh secbelrsbyfoamqaoahbng lw 120°, andf @4irce. Six

SLpce he S| LLEGar 08 ACIRGHA WY corm or ol JGELALEUNS

360[err], they do not nee rovi -12dB
any Ionger Edwegcseatny pﬂﬁbﬁm% f orWixthout symmhropieatied bsitwsssct or

system ShOWdﬂﬁ%é&edﬂtéiéés, each oEm@H@“ﬂﬁiﬂséWEEréhQéﬁleo%ly be
t hree- i@Ct or s;i@eem fand even | ess when diversity is uséd, Further

gai ns ¢4n on@y eque%ﬁ%nQﬂ%daﬁ?ngnE?BésﬁﬁﬁqPﬁﬁchﬁﬁberLﬂ Q%¥%TV|ng

ant ennas to avo&B.OYed&b.Xngl 30 G&Séqigartdjﬁ rﬁfpwt einditrRisSithe tdwetei ns 25
nor e galn |nc%e%ses because t.ern and

e S Dnbofe 32ER, 8060 AT, LIS RO RN BB 1 21 IE8LS s arg ussa 2N
formi ng aff eét methpdt epfipabhbke rvi BetGIN sefffrequency hop algorithm has

been devised enabling sharing of frequency sets between
15 adjacent interstitial sectors.
Each sector is assigned eight of the 24 frequencies.
Mobiles between 0° and 120° would use frequencies
ABCDEFGH, mobiles between 120° and 240° would wuse
frequencies IJKLMNOP, and mobiles between 240° and 0°
20 would use QSTUVWX. The above frequencies are permitted
to be originally radiated anywhere in the blue sectors.
Mobiles in the red sectors use frequencies EFGHIJKL in
"“red” gector 60° to 180°, frequencies MNOPQRST in ‘“red”
sector 180° to 300° and frequencies UVWXABCD in ‘“red’
25 sector 300° to 60°. The table in FIGURE 6 illustrates
how 24 mobiles can hop orthogonally over the eight
frequencies that the mobiles are permitted in the sector
that they are located in. This scheme enables 24
conversations per six interstitial-sector site to take
30 place using 24 frequency channels. The conversation
frequency hops over eight of 24 frequencies in orthogonal
fashion for each sector. No frequency is used in a
location or radiated in a direction different from what
would have been the case in a normal three-sectorization
35 configuration.
The above scheme does not require synchronization
between sites, only synchronization between sectors of the



Ref erri ng WOWSM'®w78| GURE 5, there is illustrated the PCTABSIHMO0T3

I nvention within a GSM system |t appears, that 30 the FCC wi | |

all ocate an A-band range from 1850 to 1865 MHZ and a B-band range
fromthe 1865 to 1890 MHZ for PCS systens. Allocation will further
i ncl ude a dupl ex inmage 80 MHZ higther than the corresponding A or B
band. The GSM system operates with a nine-cell (three-sector,
three- 85  samdiLeiopalberh RA Aoyl |48 RIBNLoLESAUCHE! EhePPamkeC! OF
(24 frequencies per site). Each of the three sectors in

particul ar si¥EdMmst éerﬁen’élpeh%@mee?%eﬁeﬂheneﬁghwhlch is dﬁélglsﬂlmB

PCT/ US97/ 18073 gsMm fre uency hopping, key and be progﬁémmed to JerRAHRRCI es
ht frequencies are

wi t hout synchre£|2|q? e stat|0ﬂ %
uni que to that® &tyns between t ﬁsngpES?Fﬁfgaeﬁnf FEURECEES, hEEE
station5site o8 these diegudedmenite aldecrwiaiiilg thedscepd bl peeseeriior s

ith the 5 f d gl 180 d 300
and the  exbruind CGRBoFeoRiagR AePRRpSorBo b5 oS 2aoferr] - i

ant ennas 16 are prbhed@@qwetdmsduﬁsniﬁprmncspbeslmpmsdﬂa extendhdedcsect or
systens. Cﬂ‘i{é?ﬁibe%f&' %”b%%b\é@ﬁ”lz or 24 ééé‘t{]&"g v&ifleéfst‘%‘@lclh of

the six sectors mnuld on able to frequency anong four

frequenci es. PeFHarg edch qqywemea&lpedﬁeuﬁgeﬁ%en¢yé@@@mevﬂhﬁﬁgéﬂlahd
thus the ordefo the otterdd esiHaNGhditHERSl bY wheNtbBhEr Sk Frakhuseelielss are

been’ devi sed BBb! S| 1% of FEPUGency sorBHRIRRen HE O TAGRIIER
interstitial cleatacseristics of aBEasM bashosta31aasngneﬂeebghb afaniear 24
froquenc o5 =t thocrppred; GELERSEeH GEEh FU00EE B RHGUBE B T RARSS d use
frequenci es 19¢kiNER, axed meots |leikddat ieerb@4@iehih andeom peak, lower
- 15 power mobiles are better received within existing size
cells.

Referring now to FIGURE 7, there is illustrated a
block diagram of a multi-sector antenna setup at a base
station providing between 6.5 and 11dB of increased

20 receiver sensitivity for a PCS system of a low-power hand
portable. The antennas 40 generates overlapping
directional antenna beams covering up to 360° of azimuth.
The antennas 40 are constructed in a low cost manner using
printed microstrip patch array antennas. Each patch array

25 can also be an active transmit array for one circular
polarization and a receive array for the opposite circular
polarization. The polarization of the antennas would
alternate between neighboring sectors.

The twelve received signals 42 are each digitized by

30 an A/D converter 44 and processed by digital signal
processor (DSP} 46. The DSP 46 employs a diversity
combining equalizer to combine signals from three
neighboring sectors to achieve between 6.5 and 11dB of
gain in receive performance. The signals are then passed

35 to the base station 48 transmission and receiver apparatus
for further processiﬂg.



20 woul gﬁ The above frequencies are per m tt perusernsei® be

orlglnally ra d anymhere in the blue sectors Mobiles in the red
sectors use frequencies EFGH JKL in "red" sector 60[err] to 180[err],
frequenci es MNOPQRST in "red" sector 180[err] to 300[err] and
frequenci es UWWABCD in "red" 25 sector 300[err] to 60[erer].The table
in FIGURE 6 illustrates how 24 nobtt®es can hop orthogonal |y over the

ei ght frequencies that the nobiles are ﬁernitted in the sector
that they are |Exegesncias fopjeachcifrethenghumlity of sector

conversati onsaeEnSdX 40t 8¢8t bkbahnsaChyr tHel %d&.ltea@l%l:hlngiﬂc@éﬁtélﬁl ng 24

frequency channel s e_conversa requ hops over ejght of
24 frequenC|é% 1r1?§%:ﬁ8%6&3lSWltChl?%s?ﬁQﬁthﬁﬂ é% %“§£EF5rresPRB SthbtQuency

is used in a for cortnaslt 1 vy cstss:aghmémd ofh @ phrteablonradid et €hdéphomen what
woul d have be he c ect |zat|on
§ é go @Eg S.Fﬁ‘gnggslga atvg\ I‘lecafu.I r%ue L

confi guratl on ove scherre oes n e sync r%m zation
bet ween sit esinargasesy meimberi 2it Bentdrs weeratswt tedr & bhsehetation, \the

98/ 17078 likelihood o ortable unit %g/lg%%yejdngx?’ or close
PhBoFbRie® aRdt red

-9- sane site. Bot sectors at the same
site nust uset®he Baa® PRNkséﬁuéﬁ@étl\Mmeres?S@éh i yimproving G

frequency hoppidgpt K&y SR&rderdfDgE 288EEoE 01 §RNESREL units. Se€l ections

bet ween .t he elght signed frequenci.es. Ea h ese re U|renents are
mﬁthinqphe scope dgf ?g&%ﬂt 3 % ééﬁww Qﬂﬁé: Bty

t echnol ogi es.of the preséhe ahwemuﬂann&ssdhmamuixﬂmstnaMeﬁeJeutehded to
divide 24 fre WESN se I tting
each conversa S é§§¥r éuencféﬁlsg éﬁbg%%a#? ﬁ%% L gh%h ¥%%855§L
one-third of Eﬁeaxbeél Desdriapianti est will bhe urs%ztetmodofchaltl GRE 5

!”r]rproves t NEhvedSGRl Y& not 1imGRaRAELeLhS!dRSo@{mén M babssshatbap i n
e sane manner
15 is capable of numerous rearrangements, modifications and

substitutions without departing from the spirit of the
invention as set forth and defined by the following
claims.



at the sysypushggussed with respe¢tTHI® SHEEURASISERR hce PCTURYT7IL8093 ar e
nore likely to be within a beam peak, |OREPLAE§D power nobiles are better
received within existing size tetts: Referring now to
FIGURE 7, there is illustrated a bl ock dlagran1of a nmulti-sector
antenna setup at a base station providing between 6.5 and 11d[err] of
I ncreased 20 receiver sensitivity f or 14-PCS system of a | ow power hand
port abl e. The - antennas 40 generates overl apping di recti onal

ant enna beans covering up to 360[err] of azinuth. The antennas 40 are
constructed |iWHAT| DS/ CODAIMERBNAS: Uusi ng printed nicrostrip patch array
antennas. Each patgh arixa%agé staEanaké?B QSmﬁlﬂnﬁ‘éE't}{% (&'E% orac’ i for
one circul ar pol ari za recerve arra P U'ne Site

circul ar ra@b@atelaphgne unike, poaprisingn of the antennas mould

al ternatse _between nei ghQO@l%tS%ts%r Statiop at a Jb@etﬁ@bxﬁ receisved
signals 42 are each digitized by 3 n A/D converter ﬁ processed by
di gi t al S|gn5hree sec PECé§§6Pna(BSNFrlE6 thrge. D@ﬁq4656§§P6§3 a diversity

conbi ni ng equal i zer to goEHYUJHhD AGE SstRBALhNIRE 1ocated1@b@hbEE! RG teeCt Or s
to achi eve betme 5 and 1 ga i.n receive perfqrmance. The
signals are tﬂéH §g§ Jg ]b?%etﬁéaﬁégg ?ﬁ% iRAYIRE 17 af ﬁP?g g%

receiver appasat:tlsr antehna foovheingrockssengl20° sectWRHO8ki@Hted

PCT/ US9;H{ 1807 .
Frequeg%4es f%rtggg oPe e p|ﬁ?SF°F§ SF thetg%rSt %Qse Eﬁﬁ§§° are
assi gned by the nobile saanshfay ceamsmlttlngfand'nﬂ;anﬂgmgeaimngﬂﬁaqy
center 50 is LHrther JRSRONSIM Shnas of OEncOPiLoL! ARG 283! GARMG Hadh
pertabl e radio telephone 5 unit to the strongest avail able frequency.
Due to t he station; and

means for assigning available frequencies for

15 the transmitter and a receiver means between the sectors
of the first and the second base station.

2. The system of Claim 1, further including means
for assigning a portable radio telephone uuit a fregquency
20 for communication, the frequency assigned corresponding
to the sector antenna providing the strongest signal to
the portable radio telephone unit.

3. The system of Claim 1, further including wmeans

25 for performing diversity combinations on signals received

using a sector antenna of said first base station and an

adjacent sector antenna of said second, co-located base
station.

30 4. The system of Claim 2 wherein the means for
performing diversity combinations comprises a diversity-

combining equalizer.

5. The system of Claim 1 wherein each sector
35 antenna comprises printed microstrip patch arrays.

heet Has Been Replaced

A T



station, the PCTIUS9+/id6‘?J i hood

I ncr eased Af sectors dtatpr@anba
a@?ﬂﬁa THIS &EdT alp@rbag

of a port uni't bei ng | qcat edgg AUPﬂﬂ ose}l to a beampeak 'is
greatly increased, thus iny eception characteristics for

| ow power units. 10 Al t hough an enbodi ment of the nethod and

appar at us of the present invention has been illustrated in the
acconpanyi ng Drawi ngs and described in 4¥& f oregoi ng Detail ed
Description, it will be understood that the invention is not limted
to the enbodi nent & sclTredsybBtem13£ Clslmaﬁabl@mhmmmﬁgdm@! an

[ear r angemeniz 1Byl i Satd AsNd converdibdstddiit igngsc W iouts ding

fromthe spirit of the I nvention as set forth and deflned y the
following  Yecgiugdgdy each sectoxlggqﬁpna 1. A base station for
conmuni cating with portable radio tel ephone units, corrpri si ng:

a first _base station at_a site havi a fi rst hr ee- sect tenna cover| ng
t hr ee, EZO[err] seﬁ't or siiie system op%a1 %”ca]tq %d‘

the site wit hidnhealteshabaag stirtdudar polaﬁhﬂahﬁdmn@eaw&emoruﬁjemaet sector

ant enna coveré ee 120[err] sectors oriented between the 120[err]
sectors of th base stati on; means for transmtting and
recei ving al ong gach of the sector antennas of the first and the
second base statiqn; anfhe system of 8208 hOMASS AN Ofe AYRILNAD! £or
frequen8| es for the transmtfter and receiver:neans between the
sect or 4%0f tfﬁ?quQﬁl%ﬂﬂiﬁ?ﬁggﬁﬁﬁﬁuFﬂﬁER?¥ﬁeﬁq%ﬁily divides frequency

channels among the plurality of sectors of the site.

9. A Dbase station system providing improved
communications with a plurality of radio telephone units,
15 comprising:

a plurality of sector antennas for producing a
plurality of substantially overlapping directional antenna
beams having angularly staggered directions, wherein the
plurality of directional antenna beams cover an area up

20 to 360° of azimuth;

means for transmitting and receiving along each
of the plurality of sector antennas;

means for controlling the means for transmitting
and receiving such that an available set of frequencies

25 for a base station are assigned approximately equally
between the plurality of sector antennas; and

control means for assigning a frequency for
communicating with each of the plurality of radio
telephone units, the assigned frequencies providing the

30 strongest available signal to each of the radio telephone
units.

10. The system of Claim 9 wherein means for

transmitting and receiving combines signals received from

35 a portable unit in more than one of the substantially

overlapping directional antenna beams to produce enhanced
signal reception.
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2.  The wovsmood Caim 1, furthefHISnSikkdi M4S BEENY f or assPgniusey/18073
portabl e radio tel ephone unit a firequeRERLAGHD conmyni cation, the frequency
assigned corresponding to the sector an ling the strongest signa
to the portable radio tel ephone unit. 3. The systemof Claim1l
further including nmeans for performng diversity conbinations on signals
recei ved using a sector antenna of sai d¥iTst base station and an adj acent
sector antenna of _sai d.second,. co-|qcated. base stati.on. . . 4. The
system of Claim 2 'erei‘atﬁgsﬁ%3n§ﬂfo¢fﬁtwf rniﬁﬁFﬁ?%%répF&Wgﬁﬂ%rﬁﬁions
conpri ses a dnadrg t \ccombigiitey equalvergrer for digitiziwgsysigmabs Caim

1 wherein ea Gl te?HifsceQ{]Eﬁsa‘?&I |nted mcrostrip patch arrays.
6. The sys?egr%%gf ge{)ﬁ)rqn , turt erlli nc é&{d}a{lng an analog to digital
converter for digitizing signals received by each sector antenna.

12 5 7.  Thagysten ofyddal Ml cifdid Rer 4l ng, SBafsnd Orﬁeansé

alternating circular polarizati.on hetween_ adj acent sectors. ) .

The system of o a*hrSrRRELRT n HRE U PP HRT EBRELOR | PREVRESqRREICeRENNel S
equal 'y divi destiorequency channel s anong the plurality of sectors of the
site.

13. A method for improving reception at a base

10 station site for ©portable radio telephone units,
comprising the steps of:

co-locating first and second base stations at
the base station site, each of the base stations including
a three-sector antenna covering three, 120° sectors;

15 orienting the three, 120° sectors of the antenna
of the first base station between the three, 120° sector
of the antenna of the second base station;

assigning an available set of £frequencies
between the sector anteimmas of the first and second base

20 stations; and

transmitting and receiving using the assigned
frequency for each sector antenna.

14. The method of Claim 13, further including the

25 step of combining signals from a portable radio telephone

unit received by adjacent sector antennas in order to
enhance signal reception.

15. The method of Claim 13, further including the
30 step of alternating circular polarization between adjacent
sectors to improve effects of combination of adjacent
sector signals from the same portable radioc telephone

unit.

35 16. The method of Claim 13, further including the
steps of:

-
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9. A Dbagg gahddion Syst ”?H@?HE'EQ m@nopp |of assi gned ant gpRasse7/8073

frequenC|es prOV|d|ng i ngrove 9 catlcns with a plurality of radio

t el ephone units, conprisi i al.dl east six sector antennas for
producing a plurality of substantiall y over |l appi ng directional .

ant enna beans having angul arly staggered directions, the plurality of
directional antenna beanms covering an atr®& up to 360[err] of azi nut h,
the plurality of sector_ antennas each having a unique portion of the

group of assigned ant ertiedibeird citesreissidynedgnade etfirauchhehase@eor wo of
the plurality,fes@ed Ora@dt ennas are transmitting the same antenna
frequenci es; nmeans faor, transmttjng and receiving along each

of the plurality of comilining fdEdiizedstiFiR EAPHURPEIRPIRIBY t he
assi gned ant efei@tors t&reGRIREEAES, a signal hdVEndeanfpievedr agathtting

and recegivin ctlve conblnlng nel ghbori ng antennas to formvirtual
ant enna hav%ﬁfﬁ%ﬁﬁ ¥t %%tterns in between the at | east six sector
ant ennas; and nmeans for controlling the neans for transmtting
and receiving suchy.  mndMgkeanadudl (AlliG sol, Hulntauentlaslor anbase
station are assigned approxi mat el'y “equal’l ween e at Teast six

sect or ant ennsep OioaSSIE@%mﬁn%yﬂ0¥#ah§%Jnad90mﬁelephonsamyuhnto a

transm tting grcniaed) \bAGy oML NeSs8-8RGe St F eLphyed the substantially
over | aﬂgi ng directional antenna beans and the virtual antennas radiation

patter to produce enhanced signal reception.
13 11. Thela;yst'ﬂm Ofme@lrﬁidn 8t fardikerii nezhedieri@ afh@nategp tef
zing.si

12" The syst HTorSREAF m 9 G PRCrHar dcl T NGRS 1o - APERERIRehgC B roul ar
pol ari zati on amawkﬁhiaygeac@ﬁtfseqten61es approx1mately equally between
the sector antennas.
15
19. A method for improving reception at a base
station site for portable radio telephone units,
comprising the steps of:
orienting a plurality of sector antennds such
20 that the antennas produce a plurality of overlapping
directional antennas beams covering an area up to 360° of
azimuth;
assigning an available set of frequencies
approximately equally between the plurality of sector
25 antennas; and
assigning a portable radio telephone unit a
frequency from the sector antenna providing a strongest
signal.

30 20. The method of Claim 19, further including the
step of combining signals from a portable radio telephone
unit received by adjacent sector antennas in order to

enhance signal reception.
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13. A Mewwekins nprovi ng recep} THIS QHEET HASEBEENAt i on si tRCT/HSYEIBabl e -

radi o tel ephone units, conprising{the $ﬂ§@ﬁ@@m " co-locating
first and second base stations at-tte~tase—stattom'site, each of the
base stations including a three-sector antenna covering three, 120[err]
sectors; orienting the thre 120[err] sectors of the antenna
of the first base station betmeeﬂg%he three, 120[err] sector of the
antenna of the second base station; assigning an avail abl e set
of frequencies between the sector antennas of the first and second

base stations; an&l. The methodrafisfilatmngandureheiryiimyelusiing ttke
assigned fre f & t hod
of e m 15, SFaPt hor eeraar ine i Era sPleE TRt ion pecueph pa aEeRE
portabl e radiSeataitEHheRe IpnOviee cef fedt 8y od] mn%m@r 0§nt%§iﬂ1%@>e¢¢l or der
to enhagice sig@Ralor e6eghhP8- from the bame Prt@b1odrghi€ aldnedidond urther
i ncl udi ng the step of alternating circular polarization between adjacent
sectors to i MPdve effects of conbination of adjacent sector signals from

the sane portable radio tel ephone unit. 16. The nethod of O aim
13, further including the steps of: digitizing received
signals fromthe sector antennas; and  conbining digitized
signals from nei ghboring sectors to generate a si gnal havi ng

i nproved gain characteristics. '

14
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17. The Redbgotheod C aim 13, further including the step of ®mSSUSIMBY3a
portable radio tel ephone unit to a frequency providing a strongest signal.
18. The nethod of C aim 13 wherein the step of assigning further includes
the step of 'assigning the avail able set of frequencies approximtely

equal |y between the sector antennas. 19. A nethod for inproving
reception at a base station site for p6r31sébl e radi o tel ephone units, having
a group of assign antenna f.reguengies, ., conpri si the ste of . _.
orienting at Ieas?gsi X ecf‘i%trh%‘ﬂt e?l‘ﬁasué’cﬁ‘-ﬁ t fat p?ﬁEagﬁHgnngz- prEFHCe

at | east sixfaeeueampiiesy dsseghedndlorantemmasibeaienc®ethicag an dage up to
360[err] of i havi Y. e eaks for . th tenna
beans; %{a@ﬂﬂ g%?cll v%l ?&gég‘ggﬁyng"fz&?‘%ﬁ‘g%% %ghgﬁ gﬁngsoLsttgl g%%d\e;i rtual
ant ennas oveprari Bgrvidieatdnge pamprising bdewsdenshefat | east six sector

ant ennas, BTGNS 28 UHIVE ROLLAN 18 o e 33519084, yH enna
frequencies to each of the at |east six sector anténnas such that no
two sector aﬁ’?é'ﬁﬁ&élg}{r @_verlappcl{rg]gs(ﬁqt:tqrﬁg the same antenna frequencies;
and assi grilNG e tiald abl @iF&et Dof£]l eaRPBAnHNkE LAid TREOr

antenna havin . be eak for an antenna _heam cl gsest. to th
portabl e radisga?éPQpHBnEagﬂ]i F?Ctor for CSmuUnFCA tiDeh o3 o salg m%ier urt her
i ncl udi ng t hetsttépnsf; conbi ning signals froma portable radi o tel ephone

unit regeived by adjac . r e Ad. Vi rdu nt in,.qrder to
enhancgési gnal recepti ?r}t‘rlsﬁ%é) Sggélg&%%ﬁglggt hgo% g%d%?a?%%%&e#&%t er
i ncl udi ng t hepprepimptailyeemuElidy detmeear sgdidasiligdaded dimest isdjadcent
sectors to inprewesef.fects of conbination of adjacent sector signals from

the same portable radio, tel ephone unit. )
dynamically varying the frequencies used for

transmitting and receiving data according to a prearranged
15 frequency-hopping sequence such that no directional
antenna uses the same frequency at the same instant in
time as another directional antenna for transmitting and
receiving data to and from one of said mobile stations.

20
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15 w2s/1703g et hod of using a plurality of radio freqpegaissw1a@ssi gned
for comruni cati on between a base station and a plurality of nobile stations
distributed over a service area, conprising the steps of: di vi di ng
said service area into a plurality of partially overl apping sectors,
allocating a directional antenna at said base station to each sector for
communi cating with said nobile stationsT17- di viding said
plurality of radig frequencies approximtely equally | bet ween said

al | ocat ed directi o téf}‘?r’fg?,d Por™' commurti cé‘lsllﬁgva?ﬁﬁggf’ﬁé’i‘
frequenci es adidenicy rassiid | bk weeh r&£ceaye ngtation dAdaaaplardiligyto a
prearranged frequency-hoppi.ng sequenc uch that_no . di rectional

ant enna uses Cfﬁgno éﬁ'ﬁ? ﬁ%@g&gﬁgy%é?gfﬁgugﬁﬁeoﬁ'%gt%n?eﬂﬁl?? ngred seryed

anot her dirediy oseid dremnstanion ) ansmptrisnggabder stepsi aff:data to and from
one of gaid nobile stati ; ; o N cat | ]
ort hogor%al frequency. hoapl n%l%%tz%ejé%%%gggs%g ?oﬁ%déaﬁé{cggaﬁlﬁbgg&
mobi | e st ati 65 RRBEably covervbappingr 9¢eeonfea served by sai d base

station, conprising the;siSPsa®fng at said baséi ¥L4EDOn S i SEEViEEAR €a
into a first nunber of, partially overl apping sectors;

associ ati ng RATEERRP HELER s?AFR 0FeSE ¥ fecti onal antenna with each sector:
al locating a set of freglbscaedndg Oon cget SEcEfpeqaehetéededrearn seeend

nunber .Qf fre nci es, .such _that the nunber o requenci es in each,set is
gr eat er18t han %auf%lc%%éoﬁﬁo%ﬁ’béqﬁ c&lng‘l &I&Eﬂ%f s°a€ aglf?cﬂé?n%hﬁ)tar,suc S
connecting t cleachidiarect drequenténsaia edch dsetunte grefateratdes vaid
where said {NIchuMhghnb? 2b18EabE shhANst e nHIREE O frequencies in

t he set allocated to an associated sector; . synchrani zi ng
all of said transcei vergorReching baRecacht fbreebigrabcangenna a thagdsame

time one frequefsyrf WE@&EécéﬁS@?@t Wwhehy aldiratrdrfr em@Rrey set not
such tq%t no two transceivers select the s fre uency at, the sanme i nstant

in tj nggreater than the number of freguencies in the set

allocated to an associated sector;

synchronizing all of said transceivers at said

base station to select at the same time one frequency from

their respectively allocated frequency set such that no

20 two transceivers select the same frequency at the same

instant in time.
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