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METHOD AND APPARATUS FOR CELLULAR RADI OTELEPHONE BASE STATI ONS USI NG
SELECTED MULTI PLE DI VERSI TY RECEPTION Field of the Invention The present

i nvention rel ate rally to conmuni cations systens, nore ly,
to cellular r %’%g#\mm cations base stations and associ at eg brf;gt ods.
Background of the Invention Cellular communications systens are conmonly
enpl oyed to provide voice and data comunications to a plurality of nobile
units or subscribers. Analog 10 cellular systens, such as designated AWPS,
ETACS, NMrI-450, and NMI-900, have been depl oyed successfully throughout the
world. Mre recently, digital cellular systems such as designated |S-54B in
North Anerica and_the an Eur ean GSM system ha been introduce

These syst e, ﬁ% %ﬁﬂ%@iﬁ‘ﬁg%?ﬁmﬁm sk VABIHS e e ) e
Cel l vl ar Radi o y PTI®N bl i shed by Artech House,

Nor wood, MA., 1993. Frequency reuse i s commonly enployed in

Field of the Invention

The present invention relates generally to
communications systems, more specifically, to cellular
radio communications base stations and associated

5 methods.

Backaround of the Invention
Cellular communications systems are commonly

employed to provide voice and data communications to a
plurality of mobile units or subscribers. Analog

10 cellular systems, such as designated BAMPS, ETACS,
NMT-450, and NMT-900, have been deployed successfully
throughout the world. More recently, digital cellular
systems such as designated IS$-54B in Norxth America and -
the pan-Eurcopean GSM system have been introduced.

15 These systems, and others, are described, for example,
in the book titled Cellular Radio Systems by Balston,
et al., published by Artech House, Norwood, MA., 1993.

Frequéncy reuse is commonly employed in

cellular technology wherein groups of frequencies are

20 allocated for use in regions of limited geographic
coverage known as cells. Cells containing equivalent
groups of frequencies are geographically separated to
allow mobile units in different cells to simultaneously
use the same frequency without interfering with each

25 other. By so doing many thousands of subscribers may
be served by a system of only several hundred
frequencies. In the United States, for example,
Federal authorities have allocated to cellular
communications a block of the UHF frequency spectrum

30 further subdivided into pairs of narrow frequency bands
called channels. Channel pairing results from the
frequency duplex arrangement wherein the transmit and



cellul ar technol ogy wherein groups of frequencies are 20 allocated for use
in regions of Iimted geographic coverage known as cells. Cells containing
equi val ent groups of frequencies are geographically separated to all ow
nobile units in different cells to sinultaneously use the sane frequency
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subscri bers may be served by a system of only several hundred frequencies.
In the United States, for exanple, Federal authorities have allocated to
cel lul ar communi cations a bl ock of the UHF frequency spectrum 30 further
subdi vided into pairs of narrow frequency ands cal |l ed channel s. Channel
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are 832, 30-KHz allbxsatesllito chilwmbis mdbideatewmumiastiiansadinnohel e
communi cations ign{d3 states. To address the capacity limitations of
5 this analog system a digital transmission standard has
been provided, designated IS-54B, wherein these
frequency channels are further subdivided into 3 time
slots. '
As illustrated in FIG. 1, a cellular
10 communication system 20 as in the prior art includes
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
15 comprise hundreds of base stations, thousands of mobile
stations and more than one MTS0. Each cell will have
allocated to it one or more dedicated control channels
and one or more voice channels. A typical cell may
~ have, for example, one control channel, and 21
20 voice/data, or traffic, channels. The control channel
is a dedicated channel used for transmitting cell
identification and paging information. The traffic
channels carry the voice and data information.
The MTSO 25 is the central coordinating
25 element of the overall cellular network 20. It
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
30 32 may be effected between two mobile stations 21 or,
between a mobile station 21 and a landline telephone
user 33. The function of the base station 23 is
commonly to handle the radio communication with the
mobile station 21. 1In this capacity, the base station
35 23 functions chiefly as a relay station for data and
voice signals. The base station 23 also supervises the



United States. To address the capacity limtations of 5 this analog system
a digital transm ssion standard has been provided, designated |S-54B,
wherei n these frequency channels are further subdivided into 3 tinme slots.

As illustrateg,i 1, a cellular 10 conmmuni cati on syste 1. the
prior art incﬁﬁid% e or nore nobile stations or units 21, n%%gu%?%?e
bdse stations 23 and a nobil e tel ephone switching office (MISO 25.

Al though only three cells 36 are shown in FIG 1, a typical cellular
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RBS 882 manufactured by Ericsson Telecom AB, Stockholm,
Sweden for the CMS 8800 cellular mobile telephone
system. A full description of this analog cellular
network is provided in publication number EN/LZT 101
10 908 R2B, published by Ericsson Telecom AB.

A now common sight along many highways, 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

15 within a ruggedized 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 €lectric

- power from the AC grid to power the individual

20 components within the base station 23, and a backup
power supply 42.

The ERI 38 provides signals between the MTSO
25 and the base station 23. The ERI 38 receives data
from the RCG 37 and transfers it to the MTSO 25 on a

25 dedicated MTS0-BS link 45. In the reverse direction,
the ERI 38 receives data from the MTSO 25 and sends it
the RCG 37 for subsequent transmission to a mobile
station 21.

The radio control group 37 includes the

30 electronic equipment necessary to effect radio
communications. A functional block diagram of an RCG
37 as in the prior art is shown in FIG. 3. The
configuration shown illustrates one control cHannel
transmit/receive module (TRM) 51, a number of voice

35 channel TRMs 52, and one signal strength receiver 53,
as is a typical configuration required to serve one
cell or sector of a cell. Each TRM 51, 52 includes a
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provides the interface to the public switched tel ephone network (PSTN) 30.
Thriough the cellular network 20, a dupl ex radi o conmunication link 30 32
may be effected between two nobile stations 21 or, between a nobile station
21 and a | andMa9728@Bephone user 33. The function of the basRPCHUSNOMAR2 23 is
comonly to handl e the radi o communication with the nobile station 21. In
this capacity, the base station 35 23 functions chiefly as a relay station
for data and voice signals. The base statign 23 al so supervises the WO
97/ 28615 PCT/ US97/ 00592 - 3-

qual ity of the |irgkpddravd t@Midittetnss| epsdeiobyrsis8Naha sésiiy@hinyhiem t he

nobi | e station 2% A gggif@r\s %e 5§t %&iponaiﬁy a3.d 0 Ehg %él or art S
schematical ly il Pdstrated RSOV S A9 s T ARTeESAMpIAE  1one
functional conpomadt operat®ddisteathen RBYLY 89 muedeseruiered mhammedsson
Tel ecom AB, Stockiakpbl signals from the ERI 38 are received by the
' 5 individual contryol units 87. Voice and data traffic
signals are routed over a separate interface to the ERI
38.
Each individual transmitter 54 for control
and voice is connected to a transmit combiner S58. The
10 transmit combiner combines all of the input signals
onto a single ocutput coupled through a coaxial cable 62
to the transmit antenna 63. Through the use of the
compbiner 58, up to 16 transmitters 54 can typically be
connected to a common transmit antenna 63. The
15 <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.
One visible feature of a typical base station
20 23 is the antenna tower 35. In order to achieve a
reasonable coverage area, the antennas 63, 85 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
25 towers 35 are commonly located at the center of a cell
36 thereby providing omni-directional coverage. In 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
30 stations 23 are more densely located, a sectorized
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
35 illustrated in FIG. 4B. Each sector 71 is itself a
cell having its own control channel(s) and traffic
channel{s). Note that "channel" may refer to a
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signals received are separated according to frequency
and passed on to the individual receivers 55 in each of
the TRMs 51, 52. The signals received often suffer
from the detrimental effects of interference and

10 fading. PFor this reason the two receive antennas 65
are typically spaced a distance apart, often more than
ten times the carrier signal wavelength, so that they
may receive signals from different signal paths which
exhibit uncorrelated fading, thereby providing spatial

15 diversity reception.

Diversity reception involves combining
signals from two or more antennas. There are many
conventional techniques for both pre-detection and
post-detection diversity combining which are described,

20 for example, in Chapter 10 of the book entitled "Mobile
Communications Engineering*”, by William C.Y. Lee,
published by McGraw-Hill, 1992. A typical diversity
combiner takes a signal from each of two antennas,
assigns a ﬁeighting factor to each signal according to

25 indices of quality, such as carrier-to-noise ratio or
mean signal power, and combines the signals according
to these weighting factors to produce a single enhanced
quality signal.

Despite the theoretical advantages of space

30 diversity in cellular system base station receiving
antennas, sufficient separation may not always be
obtainable. In other words, the antemna tower may not
permit a sufficient physical separation of receive
antennas to achieve uncorrelated fading for receive

35 signals. This also applies in applications using
beamforming techniqgues, which often require that
elements of the receive antenna array be separated by a



The radi o control group 37 includes the 30 el ectronic equi pnent necessary
to effect radi o communi cations. A functional block diagramof an RCG 37 as
in-the prior art is shown in FIG 3. The configuration shown illustrates
one control channel transmt/receive nodule (TRM 51, a nunber of voice 35
channel TRMs W29728685 one signal strength receiver 53, as is REWUYSITAH0M2
configuration required to serve one cell or sector of a cell. Each TRM 51
52 includes a WD 97/ 28615
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57. The TRVs 51, 52 typically are not frequency agile and operate instead

on only one predﬁ&@ém QJia'iEﬁE Cmta{adn%anatﬁeféﬁ@ﬁt%%lﬁﬁl of8 are
received by the 5 ntrol . uni.t Voi ce _and dat trafflc
signals are rout ‘éﬁ n&e’f H@eﬁ&ﬁ&?éz?‘%t%ﬁé&aﬁe{’ﬂ% i ggt?ﬂsl%ll vi dual
transmtter 54 fon zbignmgnt with the typically vertically polarized
receive antenna at the base station, causing
5 polarization mismatch fading.

It is known that polarization diversity
reception may be used to enhance signal quality.
Polarization diversity reception takes advantage of the
low correlation between signals of differing

10 polarizations. It involves combining signals of
differing polarizations, typically orthogonal to each
other, using diversity combining techniques similar to
those employed in spatial diversity techniques.
Polarization diversity reception is described, for

15 example, in Chapter 9 of "Mobile Communications
Ehgineeriné“,~by William C.Y. Lee.

For both spatial and horizontal diversity
reception, it is possible to achieve greater diversity
gain by adding additional antennas and passing the

20 additional signals received into a higher order
diversity combiner. However, this approach increases
computational and hardware complexity due to the need
for a more complex higher-order diversity combiner. As
many existing base stations employ two spatially

25 diverse antennas coupled to a two-branch diversity
combiner, adapting these stations for use with multiple
antennas may necessitate replacement of existing two-
branch combiners. Moreover, the increase in gain
achieved with higher-order diversity combining -

30 generally diminishes with increasing order, and
additional noise is injected from signal branches
exhibiting poorer quality, such as low carrier-to-noise
ratio or high levels of interference.

Summary of the Invention
35 In the light of the foregoing, it is
therefore an object of the present invention to provide
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and voice is connected to a transmt conbiner 58. The 10 transmt conbi ner
conbines all of the input signals onto a single output coupled through a
coaxial cable 62 to the transmt antenna 63. Through the use of the
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stations and met r en
radiotelephone communications without the need to add
undue complexity to the design of cellular
radiotelephone base station elements.

These and other objects, advantages, and
features of the present invention are provided by a
cellular radiotelephone base station which produces at
least three processed radiotelephone communications
signals from a cellular radiotelephone antenna array
and signal selecting means for selecting at least two
but less than all of the processed radiotelephone
communications signals. The selected signals may then
be passed toc a decoder,.such as a conventional two-
branch combiner. The base station can thereby be
adapted for use with multiple antennas, without
requiring undue replacement of other hardware elements.

In particular, according to the present
invention, a cellular radiotelephone base station
includes a cellular radiotelephone receive antenna
array for receiving cellular radiotelephone
communications energy representing cellular
radiotelephone communications from cellular
radiotelephones. Cellular radiotelephone
communications processing means is responsive'to the
antenna array, for processing the received cellular
radiotelephone communications energy to produce at
least three processed radiotelephone communications
signals, each representing the cellular radiotelephone
communications energy received from a coverage sector.
Processed radiotelephone signal selecting means is
responsive to the processing means, for selecting at
least two but less than all of the at least three
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arrays without requiring the increased complexity and
cost of combining of all of the signals received from
multiple antennas in a single diversity combiner, by
selecting particuiar processed radiotelephone
communications signals for input into a lower-order
diversity combiner. The present invention can thus
provide for a greater variety of combinations of
processed radiotelephone communications signals. The
present invention can also provide for enhanced
diversity reception by preventing injection of noise
from signals having poor quality, such as low carrier-
to-noise ratio, into the diversity combiner. 1In
addition, the present invention may allow the use of
existing lower-order diversity combiners with higher-
order multiple antenna arrays.

According to the present invention, the
radiotelephone signal selecting means preferably
selects on a basis such as highest power or signal
quality. Preferably, the radiotelephone signal
selecting means selects only two of the processed
radiotelephone communications signals, to be passed on
to a conventional two-branch combiner. The decoding
means preferably comprises equalizing means, such as an
equalizer for performing a weighted combining of the
selected processed cellular radiotelephone signals
according to certain characteristics, such as carrier
to noise ratio and signal power. It will be understood
that the radiotelephone receive antenna array -may
comprise at least three antenna elements, such as
individual horizontal or vertical dipole antennas. It



are typically spaced a distance apart, often nore than ten tines the
carrier signal wavel ength, so that they nay receive signals fromdifferent
signal paths which exhibit uncorrel ated fading, thereby providing spatial

15 diversity reception. Diversity reception involves conbining signals from
two or nore anWOn¥Wa86ls There are many conventional techniques s%@pﬁn
pre-detection and post-detection diversity conbining which are descri bed,

20 for exanple, in Chapter 10 of the book entitled "Mbile Comunications
Engi neering", by Wlliam C Y. Lee, publisheg.by McGawH ||, 1992. A

typi cal diversity conbiner takes a signal fromeach of two antennas,

assigns a wei ghti nglfiaates Eé)unaﬂrssbgdathéuxnhedpmchQsﬂﬁgimaﬁn@emagf

quality, such as é&@ge &%15§§h8a9§ "Rk S6IBBLmEGHRIng and conbi nes

t he signals accor |n to these wej actors to produce & single
enhanced quality diag ‘é{PreE%%‘blﬂré’dflﬁénﬁh%’é?%‘macéﬁeaﬁ‘&vgﬁ?‘ag%% Brcedpace 30
diversity in cell @raaysysieindims ©rs tnake Obeanes aiovierdngné econgescageuf f i ci ent
separ ation may Jiotg.akygys be obtainable. In other words, the antenna tower

may not X .
In another aspect of the present invention,

the processing means may include means for producing at
least two processed first polarization radiotelephone
communications signals, each representing cellular

10 radiotelephone communications energy received from a
coverage sector and having a first polarization and at
least two processed second polarization radiotelephone
communications signals, each representing
radiotelephone communications received from a coverage

15 sector and having a second polarization. The two
polarizations preferably are orthogonal to each other,
for example, horizontal and vertical.

The processed radiotelephone signal selecting

means selects at least one of the at least two

20 processed first polarization radiotelephone
communications signals and at least one of the at least
two processed second polarization radiotelephone
communications signals. The selecting means
preferably selects from the processed radiotelephone

25 communications signals representing each polarization
on a basis such as highest power or highest signal
guality. The present invention thus provides for
enhanced polarization diversity reception.

The cellular radiotelephone receive array may

30 comprise at least three antenna array elements, such as
dipole antennas. The four antenna array elements may
comprise at least two antenna elements for receiving
radiotelephone communications energy having the first
polarization and at least two antenna elements for

35 receiving radiotelephone communications energy having
the second polarization.



permt a sufficient physical separation of receive antennas to achieve
uncorrel ated fading for receive 35 signals. This also applies in
appl i cati ons using beanform ng techni ques, which often require that

el ements of the receive antenna array be separated by a -6- wavel engt h
or less. In sdigwmers, the orientation of the linearly pol ar PERUSSTDIRe
antenna may not always be in alignnent with the typically vertically

pol ari zed recei ve antenna at the base station, causing polarization

m smatch fading. It is known that polariz %lon diversity reception may be
used to 5 enhance signal quality. PolariZation diversity reception takes
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sector of an antenna beam having the first polarization
will overlap with the coverage sector of an adjacent
10 antenna beam having the second polarization.

A method aspect of the present invention
operates a cellular radiotelephone base station for
communicating with at least one cellular
radiotelephone. Cellular radiotelephone communications

15 energy, representing cellular radiotelephone
communications from cellular radiotelephones, is
received on a cellular radiotelephone receive antenna
array. The received cellular radiotelephone
communications energy is processed to produce at least

20 three processed radiotelephone communications signals,
each representing the cellular radiotelephone
communications energy received from a coverage sector.
At least two but less than all of the at least three
processed radiotelephone communications signals are

25 selected. The radiotelephone communications from the at
least two but less than all of the at least three
processed radiotelephone communications signals are
decoded. Enhanced cellular radiotelephone
communications are thereby provided, without the need

30 to add undue complexity to the base station elements.

Brief Description_of the Drawings
FIG. 1 is a schematic block diagram
illustrating the basic components of a cellular
communications system as in the prior art;



quality nmetric is measured for a communication signal received froma first
15 antenna and a second signal quality nmetric is neasured for the

comuni cation signal received froma second antenna. Wien the first signa
quality nmetric differs fromthe second signal quality netri %%‘Vms:bvmssz

t hreshol d, a WQfTRB61Secei ver is coupled to a third antenna and a third
signal quality netric is neasured for the conmunication signal received
fromthe third antenna. Based on the three signal 20 quality netrics, a
primary antenna and a secondary antenna ar.eisel ected fromwhich to receive
the communi cation signal. For both spatial and polarization diversity
reception, it is possible tRIGachi ksea gesactemart idi bdock tdiagram by addi ng
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spatially divegse; ?ﬂﬁ%x@olmlee@uﬁetﬁoﬂap e@@ﬁeﬁbs db# easdiloy ceagbbIer
adapting these statlons { use with e Bnnas necessitate
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branches exhi biting poore quality, such as |ow carrier-to- n0| se ratio or

high levels of in@&ference.
10 FIG. 4B is a schematic plan view 111ustrat1ng

a sectorized cellular pattern as in the prior art;

Fig. 5 is a schematic block diagram
illustrating cellular radiotelephone communications
between a cellular radiotelephone communications base

15 station and a cellular radiotelephone;

Fig. 6 is a block diagram illustrating a
cellular radiotelephone base station according to the
present invention;

Fig. 7 is a block diagram illustrating a

20 cellular radiotelephone base station according to the
present invention;

Fig. 8 is a block diagram illustrating a
cellular radiotelephone base station including
polarization diversity reception according to the

25 present invention;

_ Fig. 9 is a block diégram illustrating a
cellular radiotelephone base station including
polarization diversity reception and beamforming
according to the present invention;

30 Fig. 10a is a front perspective view of a
cellular radiotelephone antenna array according to the
present invention;

Fig. 10b is a plot of a gain pattern of a
cellular radiotelephone base station including

35 polarization diversity and beamforming according to the
present invention; and
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WO 97/ 28615 PCT/ US97/ 00592 - 7-

cel lul ar radi ot el ephone base stations capabl e of enhanced conmuni cati on
with cel |l ul arW@a?8t%| ephones, particularly in view of fadi RETASHGF?2
interference. It is another object of the present invention 5 to provide

i mproved cel |l ul ar radi otel ephone base stations and net hods for enhanced
cel lul ar radi ot el ephone communi cati ons wi thout the need to add undue
conplexity to the design of cellular radiot'el ephone base station el enents.

10 | These and othgy. ahj g6t & besMaMAGRSm 2ndulealdings of the
present 'nventl0Q@%E§t9&9¥'f§¥jJgie%ting processed radiotelephone

signals according to the present invention.

Detailed Description of the Preferred Embodiments

5 The present invention now will be described
more fully hereinafter with reference to the
accompanying drawings, in which preferred embodiments
of the invention are shown. This invention may,
however, be embodied in many different forms and should

10 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 those
skilled in the art. Like numbers refer to like

15 elements throughout. ’

Referring now to Fig. 5, cellular
radiotelephone antenna array 510 at céllular
radiotelephoné communications base station 500 receives
cellular radiotelephone communications energy 521

20 representing cellular radiotelephone communications 501
from cellular radiotelephone 520. Cellular
radiotelephone communications energy 521 is received
from coverage sectors 530. It will be understood by
those skilled in the art that antenna array 510 is

25 typically employed for both reception and transmission
at base station 500. It will also be understood that
antenna array 510 may include multiple individually
mounted antennas or subarrays spaced to achieve
enhanced communications quality though spatial

30 diversity reception.

Referring to Fig. 6, cellular radiotelephone
communications signal processing means 610, responsive
to received radiotelephone communications energy 601
from radiotelephone receive antenna array 510, produces

35 at least three processed radiotelephone communications
signals 611. Each processed signal 611 represents the



cel lul ar radi ot el ephone base station which produces at |east three
processed radi ot el ephone communi cations signals froma cellular .
radi ot el ephone antenna array 15 and signal selecting nmeans for sel ecting

at |east two than all of the processed radiotel ephog, US97/00592
communi cationgvé?ﬁifss. The sel ected signals may then be passgg fs% a

decoder, such as a conventional two- branch conbiner. The base station can
thereby be 20 adapted for use with nultiple antennas, w thout requiring
undue replacenment of other hardware el emerdis- In particular, according to
the present invention, a cellular radiotel ephone base station includes a
cel lul ar radi ot el €sRéHEAF cxRYIRtediePhong oommunicapipps erexdw inegedwktul ar

radi ot el ephone cormuai pai-i:DdStSlmeo@Sélragar@@@mzi rslgloclel Agl@{illr?ﬁ: ot ﬁl ephone
conmmuni cations fr r | ot e nes.. ul ar radi ot el ephone
communi cat i ons prgl?ggg%kéﬁm%?ﬂo%er gggggem Ve toct REE30* TSRS array, for
processi ng the re@erFed 230 |MAAICHISPPRE cphome esnMone degdmms energy to

produce at |eas epeesehioins Itk gadnobel € ik eBOENNAFSRI 1S iThaNal s,
each representingr%@ﬁeggl{gléﬂpéfgycgagkesggggésed signal 611.

Processed radiotelephone communications
signal selecting means 620 selects at least two but
less than all of the at least three processed cellular

10 radiotelephone communications signals 611. Selecting
means 620 preferably selects on a basis such as signal
power or signal quality. It will be understood by
those skilled in the art that various measures of
signal power or signal quality may be used, alone or in

15 combination, such as correlation of sync words or
carrier-to-noise ratio.

Decoding means 630 decodes radiotelephone
communications 501 from the at least two selected
processed cellular radiotelephone communications

20 signals 621. Preferably, decoding means 630 comprises
equalizing means for combining the at least two
selected processed radiotelephone communications
signals 621. An example of an equalization process is
described in United States Patent 5,285,480 to

25 Chennakeshu et al, while equalization is generally
described in "Digital Communications”" by J. Proakis,
published by McGraw-Hill, 1983. It will be understood
by those skilled in the art that other means for
decoding selected processed signals 621, such as

30 switched or equal-gain combiners with two or more input
branches, may be used with the present invention.

Fig. 7 illustrates a cellular radiotelephone
base station including selected diversity reception
according to the present invention. Antenna array 510

35 includes four antenna array elements 710a-d. It will
be understood by those skilled in the art that array
elements 710 may include individual dipoles, subarrays



comuni cations energy received froma coverage sector. 35 Processed
radi ot el ephone signal selecting means is responsive to the processing
nmeans, for selecting at |east two but less than all of the at |east three

WD 97/ 28615 PCT/ US97/ 00592 - 8-
processed radwoPERESphone cormmuni cations signals. Decoding mE&R&ISPE00552
responsive to the signal selecting neans, for decoding the radiotel ephone
comuni cations fromthe at |east two but less than all of the at least 5
three processed radiotel ephone comuni catigns signals. The present
invention offers the advantages of diveréﬁgy reception of signals from

mul tiple antenna, fr&fé(c?’l tofitouhh £0L drhddt of, NS aera@@se&ﬂgqpbema and cost
of conbi ni ng of all t he S|g é recej v from10 nuaééple antennas in a

singl e diversit yPERFRATE MepnscFel ¥R} i CAMRF > PTH LS8 PAdi ot el ephone
comruni cati ons samphifidm mznpalectw:n&ilyoweupéadetochnnawseﬁ§meonbiner. The

present inventiogigan ffiSoise amplifiers 722 process radiotelephone
5 communications energy 601 from antenna array 510 to
produce amplified radiotelephone communications signals
713 for input into receivers 714. Receivers 714
produce processed radiotelephone communications signals
611. Selecting means 620 typically selects two
10 processed radiotelephone communications signals 621
from processed radiotelephone communications signals
611 on a basis such as highest power or signal quality.
Selected processed radiotelephone communications
signals 621 are decoded by decoding means 630 .to
15 produce radiotelephone communications 501.
It will be understood by those skilled in the
art that other arrangements of processing means 610,
selecting means 620 and decoding means 630 may be used
with the present invention. For example, all or part
20 of decoding means 630, such as demodulation functions,
may be included in processing means 610, such that
selecting means 620 operates in a post-detection mode.
It will also be understood by those skilled in the art
thét signal processing means 610, signal selecting
25 means 620, and decoding means 630 can be discrete or
combined units, general purpose processors with
software, special purpose hardware, or combinations
thereof.
It will be understood by those skilled in the
30 art that enhanced communications quality may be
achieved by the use of polarization diversity
reception. Polarization diversity reception involves
the combining of signals corresponding to received
communications energy having different, preferably
35 orthogonal, polérizations. Polarization diversity
reception takes advantage of the fact that radio waves
'emanating from the same socurce but having different



provide for a greater variety of conbinations of 15 processed
r adi ot el ephone communi cations signals. The present invention can al so
provi de for enhanced diversity reception by preventing injection of noise

from signal s %v' oor quality; such as low carrier- to-ngi dobdsdr | Nto
the diversity c#r?@%ﬁgr. In 20 addition, the present i nventi?rf'sl(r?fuay al ?zow t he
use of existing |ower-order diversity conbiners with higher- order nultiple
antenna arrays. According to the present invention, the radiotel ephone
signal selecting nmeans preferably 25 sel ecis- on a basis such as hi ghest
power or signal quality. Preferably, the radiotel ephone signal selecting
means sel ects onlgelamizetiohe genaxsddedexbibit clawpiroraetanbhemi cati ons

signals, to be passigd-i9atienadSAvaty Qeabkpt Yo Waaehsaeabi s . The
decodi ng 30 neans reLer%bL conpri ses .equal i 7i means., such as an

equal i zer for per?‘&‘?ﬁ%& 3 ae?ﬁ‘{%)%&o&?&ﬁﬂﬁl?@&ﬁﬁt RELE8ELZREERP pr ocessed
cel l ul ar radi ot el migwatehs aAghaing afixaer dhegnisakignment ofiathetantiestniacs, such
as carrier to 50ise J Hob1laneht Wilh RAWBEct | to WHe aBeeHAFesStapd 35 that
t he radi ot el ephonj:?asreec:s 'a‘é%gf‘t enna array- may - .

Figure 8 illustrates a cellular
radiotelephone base station providing for enhanced
communications quality including selected polarization

10 diversity reception according to the present invention.

Processing means 610 produces two processed cellular

radiotelephone communications signals 6lla representing
received cellular radiotelephone communications having
a first polarization, and two processed cellular

15 radiotelephone communications signals 611b representing
received cellular radiotelephone communications energy
having a second polarization. Preferably, these
polarizations are orthogonal, such as horizontal and
vertical or right hand circular and left hand circular.

20 Selecting means 620 selects one processed cellular
radiotelephone communications signal 62la representing
the first polarization and one processed cellular
radiotelephone communications signal 621b representing
the second polarization, preferably on a basis such as

25 highest power or highest signal quality. Decoding
means 630 decodes radiotelephone communications 501
from the selected processed signals 621a and 621b.

Cellular radiotelephone antenna array 510 may
include antennas 81l0a for receiving radiotelephone

30 communications energy having a first polarization and
antennas 810b for receiving radiotelephone
communications energy having a second polarization.

For example, antennas 8l0a may include vertical dipoles
. and antennas 810b may include horizontal dipoles. It
' 35 will be understood by those skilled in the art that
antennas providing various coverage sectors and
polarization configurations may be used with the



conprise at |east three antenna el ements, such as individual horizontal or
vertical dipole antennas. It WO 97/ 28615

PCT/ US97/ 00592 -9- will also be understood that the processing neans may

conpri se beanform ng neans, such as beanform ng hardware for_producin
ant enna beansWPP#R¥3H antenna array, with one or nore beans X éﬁ ’g

coverage 5 sector. In another aspect of the present invention, the
processing neans may include neans for producing at |east two processed
first polarization radi otel ephone connum(¥gjons signals, each representing
cel lular 10 radi ot el ephone communi cati ons energy received froma coverage

sector and havi nq:z%éér{tsﬁnﬂehéliéﬂatﬂr@luﬁﬁ!ﬂg%hé@%rd‘dﬁ@xﬁ ocessed second
pol ari zat i on radlotele one conmu resenting

radi ot el ephone cdT¥RMi 8?P8n§e?iﬁé§\ugﬁefﬂ ﬁg%6¥§fgﬁ a?§°§€ttor and havi ng

a second polarizeanugxnathggtmglarlzatlons and combinations thereof. It
' will also be understood that antennas 8l0a and 810b may
5 be co-located or spaced apart so as to enhance
communications quality through spatial diversity
reception.

It will be understood by those skilled in the
art that beamforming may be used to provide a multi-

10 beam gain pattern from an antenna array. Typically,
beamforming techniques are used to produce a multi-beam
pattern from an array of precisely-spaced antenna array
elements. Beamforming techniques include various ways
of interconnecting elements and controlling the

15 amplitude and phase of the currents in the elements of
an array. ExampleS'of'beamfofming techniques are found
in "Phased Array Antenna Handbook" by Robert J.
Mailloux, published by Artech House, Norwood, MA, 1994.
As will be understood by those skilled in the art,

20 outputs from individual antenna elements may be
combined in various ways to produce single or multiple
composite outputs exhibiting any number of gain
characteristics.

Fig. 9 illustrates a base station including

25 selected polarization diversity reception and
beamforming according to the present invention.
Cellular radiotelephone antenna array 510 includes four
antenna array elements 9%91l0a for receiving
radiotelephone communications energy of a first

30 polarization, and four antenna array elements 910b for

- receiving radiotelephone communications energy having a
second polarization. An example of antenna array 510
is illustrated in Fig. 10a, wherein antenna array
elements 90la and 910b include four vertical subarrays

35 of vertical dipoles 912 co-located with four horizontal
subarrays of dipoles 914.



pol ari zations preferably are orthogonal to each other, for exanple,
hori zontal and vertical. The processed radiotel ephone signal selecting
means sel ects at |east one of the at |east two 20 processed first

pol ari zation (cji&géﬁgephone comuni cations signals and at | egsiygngessi t he
at | east two ﬁ":" céssed second pol ari zati on radi ot el ephone communi cati ons

si-gnal s. The sel ecting neans preferably selects fromthe processed
radi ot el ephone 25 conmuni cations signals representing each pol arization on
a basis such as highest power or highest sighal quality. The present
i nvention thus provides for enhanced pol arization diversity reception. The
cel lul ar radi ot el ephone rebégnal prapessapgl3teansfilidsomprisast three

antenna array el epERMfd>roiig nésndsli ¥ andNbesadses BIQHOPodBisda array
el ements may conpri nt enna_el enents f rec

e at least two a . [
radi ot el ephone co tée;f"‘fgﬁge e%"e"?"&‘i/n"ﬁg\ﬁlﬁﬁst?\’egrfallllﬁstsqﬂgl 3?&.2%“1gn and at
| east two ant ennafxdmemared vedrcshbl ylariradigte lephang aomoneicawiens cati ons
energy having ghees@eandong! ditR Prsbssed signals 91la representing

cellular radictelephone communications energy having a
first polarization and processed signals 911b
representing radiotelephone communications energy
having a second polarization. An example of a typical

10 composite gain pattern 560, representing the composite
gain of the combination of antenna array 510 and
processing means 610 with respect to processed signals
9l1la and 911b is shown in Fig. 10b. Horizontal
polarization beams 570 preferably overlap alternatively

15 with vertical polarization beams 580.

It will be understood by those skilled in the
art that other éonfigurations of cellular
radiotelephone antenna array 510 and processing means
610 may be used with the present invention, and may'

20 produce other coverage sector and polarization
patterns; For example, processing means 610 may
resolve received cellular radiotelephone communications
enexrgy 601 into processed cellular radiotelephone
communications signals representing other

25 polarizations, such as circular or elliptic. It will
also be understcood that cellular radiotelephone antenna
array 510 may comprise more antenna elements than the
number of processed cellular radiotelephone
communications signals produced by processing means 610

30 or may include antenna elements for receiving energy
having polarizations other than vertical or horizontal.

Referfing again to Fig. 9, processing means
610 produces four processed signals 9l1lla representing
received energy having vertical polarization and four

35 processed signals 911lb representing received energy
having horizontal polarization. Selecting means 620
selects one signal 65l1la representing the vertical



WO 97/ 28615 PCT/ US97/ 00592 -10 - The
cel lul ar radi ot el ephone signal processing neans may conpri se beanform ng
nmeans, such as beanform ng hardware for producing antenna beans from an
array of antenna elements. Preferably, each beam5 covers a coverage sector
and recei ves wel9ra86s r adi ot el ephone communi cati ons energy HEHYRG7/EPSN2
pafticul ar pol arization. Preferably, the coverage sector of an antenna beam
having the first polarization will overlap with the coverage sector of an
adj acent 10 antenna beam havi ng t he se.con_djrgol arization. A nethod aspect of

the present invention operates a cellul ar Tadi ot el ephone base station for

communi cating W t,)3b-;2885bn Ok Sild Wighal 2684 eéepp%%ﬁc'ﬁ'éﬁé! ar
radi ot el ephone cqmmyni catlons. 15 energy, rqg esent’ing ce | ar _
radi ot el ephone cg"rﬂ‘ﬁ}ﬁPB&F oRRLTIFATISN - ul BF £%Eﬁ Ya| gﬁﬁanﬁg,th% recei ved on
a cellul ar radiotselegltede signaly campiranea the sgigndllse fremeeactd cel | ul ar
radiotel ephone  polarization having the highest power or signal

' 5 quality.

Figs. 6 also illustrates operations for
receiving cellular radiotelephone communications from
cellular radiotelephone including selected diversity
reception according to the present invention. Cellular

10 radiotelephone communications energy 521 is received in
cellular radiotelephone communications antenna array
510. The received communications energy 601 is

~ processed in cellular radiotelephone communications
processing means 610 to produce at least three

15 processed radiotelephone communications signals 611,
each representing the radiotelephone communications
energy received from a coverage sector 530. At least
two of the processed signals are selected in processed
radiotelephone selecting means 620, preferably on a

20 basis such as power or signal quality. The selected
processed signals 621 are decoded in decoding means 640
to produce the cellular radiotelephbne communications
521.

Fig. 8 illustrates operations for a cellular

25 base station communicating with at least one cellular
radiotelephone including selected polarization
diversity reception according to the present invention.
Radiotelephone communications energy 521 is received in
cellular radiotelephone communications antenna array

30 510. Received radiotelephone communications energy
601 is processed in cellular radiotelephone
communications processing means 610 to produce at least
two processed cellular radiotelephone communications
signals 6lla representing received radiotelephone '

35 communications energy having a first polarization and
at least two processed cellular radiotelephone
communications signals 611b representing received



communi cations energy is processed to produce at |east 20 three processed

r adi ot el ephone communi cations signals, each representing the cellular

radi ot el ephone communi cations energy received froma coverage sector. At
least two but less than all of the at |east three processed pagi,edfbephone
comuni cat i onVAPYWEYS are 25 sel ected. The radi ot el ephone conrmuni cat ! ons
fromthe at least two but less than all of the at | east three processed
radi ot el ephone comuni cations signals are decoded. Enhanced cel |l ul ar

radi ot el ephone communi cations are thereby prgvided, wi thout the need 30 to
add undue conplexity to the base station elenments. Brief Description of the
Drawings FIG 1 i sadisebeaphdre Mchmmknitagions idneutslyr ahving tdhackaatc

conponents of a cell,ul ar ogyunl a ten g%

97/ 28615 olar:.zag TH tp d2s5dd 1%%&4.?2}% %&%ﬁt@&%

is a schematic bl aeiangi §dPan3c least one processed signal 62l1a is
selected from the processed signals representing the

FIG. 2

5 first polarization and at least one processed signal
621b is selected from the processed signals
representing the second polar:zation, preferably on a
basis such as highest power or signal gquality.  The
selected processed signals 621la and 621b are decoded in

10 decoding means 630 to produce the cellular
radiotelephone communications 501.

Figs. 6 and 11 illustrate operations for
selecting processed radiotelephone communications for
decoding in greater detail. At least one processed

15 radiotelephone communications signal is selected in
Block 750. In Block 760, characteristics of the
~ selected signals are measured. The selecting operation
of Block 750 is performed in selecting means 620, and
the measuring operations of Block 760 is performed in
20 decoding means 630. Typically, the measured
characteristics will include such characteristics as
signal power or signal quality. Decoding means may
include equalizing means, with the measuring operations
of Block 760 including an operation of determining
25 fading coefficients as a measure of signal quality for
each signal 621 in the equalizing means. The selecting
and measuring steps of Blocks 750 and 760 are repeated
until the characteristics of each of the processed
radiotelephone communications signals are measured, as
30 shown in Block 770. The measured characteristics of
the signals are then compared in Block 780 and the
signals having the most desirable characteristics are
selected and decoded in decoding means 630 to produce -
cellular radiotelephone communications 501. It will be
35 understood by those skilled in the art that the
measuring operations of Block 760 may include
determination of signal characteristics other than



illustrating the functional conponents of a cellular comuni cations base
station as in the prior art; FIG 3 is a schematic bl ock diagram5
il.lustrating the functional elenents of 'Radio Control G oup of a base

. station as in the prior art; FIG 4A is a schematic plan view illustrating
~an omi - di r eov@®mBbi5cel | ul ar pattern as in the prior art; 1&CTUSITI00592
FIG 4B is a schematic plan view illustrating a sectorized cellular pattern
as in the prior art; Fig. 5is a schematic block diagramillustrating

cel lul ar radi ot el ephone comuni cati ons between a cellul ar radi otel ephone
communi cati ons base 15 station and a cel1®%ar radi ot el ephone; Fig. 6 is a

bl ock diagram il t'&gi!@ ; i | egho taf i on accordi ng |
to the present H%\gélr}%?o% |§%e%hy§§£ %‘?%&c%i agr@aﬂ?ll ?%%to?aﬁt%l ng a 20

cel l ul ar radi ot eMBARBAECPA SN FERSRT §RRYTRHy SEgneh eI Bdah™@¥nvent i on;
Fig. 8 is a bl ockndlage asthdrd whiarattagist iced,| suah aadsyielvepidone base

station inCluan:orrelation. instead of or in addition to fading
5 coefficients.

In the drawings and specification, there have
been disclosed typical preferred embodiments of the
invention and, although specific terms are employed,
they are used in a generic and descriptive sense only

10 and not for purposes of limitation, the scope of the
invention being set forth in the following claims.



pol ari zation diversity reception according-te—the 25 present invention;
Fig. 9 is a block diagramillustrating a cellular radiotelephone base

station including polarizati on“mm“mu““nmﬁml on and beanf orm ng
according to the present inven Fig. 10a i sefubdriatde:
perspective viNQP #8613 cel | ul ar radf ot'el ephone antenna array accord| ng to
the present invention; Fig. lobis a plot of a gain pattern of a cellular
radi ot el ephone base station i ncluding 35 polarization diversity and
beanf orm ng according to the present invenian; and WO 97/ 28615
PCT/ US97/ 00592 -12- Fig. 11 is a block diagramillustrating operations for
sel ecting processed radi ot el ephon®HAT gelcH dSCOLAIMEP{ O t he present
i nvention. Detailed Description of the Preferred Enbodi nents
1. A cellular radiotelephone base station

for communicating with at least one cellular

radiotelephone in a cellular radiotelephone

communications system, said cellular radiotelephone

5 base station comprising:

a cellular radiotelephone antenna array for
receiving cellular radiotelephone communications energy
representing cellular radiotelephone communications
from cellular radiotelephones;

10 cellular radiotelephone communications
processing means, responsive to said cellular
radiotelephone antenna array, for processing the
received cellular radiotelephone communications energy
to produce at least three processed radiotelephone

15 communications signals, each of said at least three
processed radiotelephone communications signals
representing cellular radiotelephone communications
energy received from a coverage sector;

processed radiotelephone signal selecting

20 wmeans, responsive to said cellular radiotelephone
communications processing means, for selecting at least
two but less than all of said at least three processed
radiotelephone communications signals; and

decoding means, responsive to said processed

25 radiotelephone signal selecting means, for decoding
said radiotelephone communications from said at least
two but not all of said at least three processed
radiotelephone communications signals.

2. A cellular radiotelephone base station
30 according to Claim 1 wherein said selecting means
comprises means for selecting at least two but less
than all of said at least three processed
radiotelephone communications signals having highest
power .

Sheet Has Been Re
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5 The present invention now will be described nmore fully
hereinafter with reference to the acconpanyi ng drawi ngs, in which preferred
enbodi nents of the invention fﬂﬂllmmuu uﬁ"ﬂj| nventi on may, however, be
enbodied in many different fo not be construed as Ilmted
to the enbodiwesmsstet forth herei‘n; ‘rafhef, these enbodi me RCIUEPE0FRovi ded
so that this disclosure will be thorough and conplete, and wll fully
convey the scope of the invention to those skilled in the art. Like nunbers
refer to like 15 el enents throughout. Referring nowto Fig. 5 cellular

radi ot el ephone antenna array 510 at cell ul radi ot eI ephone communi cati ons
base station 500 receives gelly %El%ﬂ%?tﬂcﬁ%%ﬁ% &atdQng anergy 521
20 representing cellular radiaot one comuni cat ons 1 from cel | ul ar

radi ot el ephone 52GCOLBLPG| &7 qlé’df“o eVBRFRHE Sgchastestivhdeand gy 521 is
recei ved from cocempgéseechenrss ot seleating Iz Qedsrstwodoury lUea@se skill ed

in the art that aptenga;agf aglal‘galgtl iegéttéﬁpfé‘éal r)scggp%?yed for both

recepti on and transm ss| on ase statlon H al so be under st ood
t hat radiotelephone communlcatlons 51gna s having highest

signal quality.

4. A cellular radiotelephone base station
according to Claim 1 wherein said decoding means
comprises equalizing means.

10 5. A cellular radiotelephone base station
according to Claim 1 wherein said radiotelephone
communications signal processing means comprises
beamforming means.

6. A cellular radiotelephone base station
15 according to Claim 1 wherein said cellular
radiotelephone antenna array comprises at least three
antenna elements. '

7. A cellular radiotelephone base station
according to Claim 1:

20 : wherein said selecting means comprises means
for selecting only two of said at least three processed
radiotelephone communications signals; and

wherein said decoding means comprises means
for decoding said radiotelephone communications signals

25 from said only two of said at least three processed
radiotelephone communications signals.

8. A cellular radiotelephone base station
according to Claim 1:
wherein said cellular radiotelephone
30 communications processing means comprises means for
processing the received cellular radiotelephore
communications energy to produce at least two processed

is Sheet Has Been Reﬂlaced

o




antenna array 510 may i nclude U “*TrfvréﬂﬁﬂﬂTnTnEﬁly nount ed ant ennas or
subarrays spaced to achi eve enh lons quality though spati al
30- diversity reception. Refer r| ﬂlm Ilﬂﬂm[m I T'ul'ar radi otel ephone
conmmruni cati ons signal processing means s responsive to r 500592

r adi ot el ephon®XBR#IAi cati ons energy 601 from radiot el ephone teceive
antenna array 510, produces 35 at |east three processed radiotel ephone

comuni cations signals 611. Each processed signal 611 represents the WO

97/ 28615 -23- PCT/ US97/ 00592 - 13-
cel l ul ar radi ot el ephone comuni cati ons energy received in a particul ar
cover age sector S58frstApadiariizbbiomdeaditated ephond osemmiidagdons the art, a

coverage sector 530qiRls GRIdl 8EPPAMkt G uwd1@rotedBed SO polapLLsEdd g the
O e o P e ot PERRS Lk OoFaRRLS Uk of 500 o1 ona

processed first polarization radiotelephone

5 communications signals representing cellular
radiotelephone communications energy received from a
coverage sector and having a first polarization and
each of said processed second polarization
radiotelephone communications signals representing

10 cellular radiotelephone communications energy received
from a coverage sector and having a second
polarization;

wherein said processed radiotelephone signal

selecting means comprises means for selecting at least

15 one but less than all of said at least two processed
first polarization radiotelephone communications
signals and at least one but less than all of said at
least two processed second polarization radiotelephone
communications signals; and B

20 whereing said decoding means comprises means
for decoding said radiotelephone communications from
said at least one but less than all of said at least
two processed first polarization radiotelephone
communications signals and said at least one but less

25 than all of said at least two processed second
polarization radiotelephone communications signals.

9. A cellular radiotelephone base station
according to Claim 8 wherein said selecting means
comprises means for selecting at least one but less

30 than all of said at least two processed first
polarization radiotelephone communications signals
having highest power and at least one but less than all
of said at least two processed second polarization
radiotelephone communications signals having highest

35 power.
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is Sheet Has Been Replaced REPL ACED

WWWWNN




si gnal

611. Sel ecting nmeans 620 prefera

gnal q;JaIity. It will be unﬂlﬂwmﬂﬂ'ﬂt

or Si

( sel ecting neans 620 sel ects—atleast two but less than all of
| east three processed cellular 10 radlotelefhone comuni cations signals

H[ul basi s such as signa
skilled in the art

t he at

power
t hat

vari ous neasWe97R861%5i gnal power or sSi gnal quallty may be uREH/USAIPS or in
‘15 conbi nati on,

rati o.
t he at

such as correlation of sync words or carrier-to-noise
Decodi ng neans 630 decodes radi ot el ephone conmuni cati ons 501 from
| east two sel ected processed cellul

_ radi ot el ephone conmuni cati ons

20 signals 621. Preferably, decoding nmeans 630 conprises equalizing nmeans
for conbining the at |eaSt1§V\Dl§Q:quun§Qrp{”9&f§t%q BHEObSAE AN on

comuni cati ons s
described in Uni

SRR o & BePh 18 s SR e iR JEARRL al

equal i zation i s gomprises weans ifivad sedetDigdtatl lGastunone dutissshy J.

Pr oak

621,

oaki s, publishegabyalVk Coavedid lar 1383t tho
skilled in th

such as

10

20

25

30

ion radiote € communhications s

hav1ng highest signal quality and at least one but less
than all of said at least two processed second
polarization radiotelephone communications signals

having highest signal guality.

11. A cellular radiotelephone base station
according to Claim 8 wherein said decoding means
comprises equalizing means.

12. A cellular radiotelephone base station
according to Claim 8 wherein said radiotelephone
communications signal processing means comprises
beamforming means.

13. A cellular radiotelephone base station
according to Claim B wherein said cellular
radiotelephone antenna array comprises at least three
antenna elements.

14. A cellular radiotelephone base station
according to Claim 8:

wherein said selecting means comprises means
for selecting only one of said at least two processed
first polarization radiotelephone communications
signals and only one of said at least two processed
second polarization radiotelephone communications
signals; and

wherein said decoding means comprises means

for decoding said radiotelephone communications signals

whi | e

4 \épzldce%eanﬂfféé ood by those
& art 1tar§tzagt her a slfe%;logeco i ng .sel ect ed gn‘_:&essed signal s

from said only one of said at least two processed first

polarization radiotelephone communications signals and
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30 switched or equal-gain combimers—with two Of nore input branches,

radi ot el ephone base station incl

used with the present invention. |ﬂ
ent inventi enna array 510 35 incl
3ﬁ§ﬁfs 710a-d. It wll be understood by thosgggﬁﬁy%@

according to t
ant enna arrayvgs

Iiﬁ“ﬁ‘“m mi m \?ngi 'f;l ?ng[)t i on
n

the art that array elenents 710 nmay include individual dipoles, subar

WD 97/ 28615
di pol es or other

PCT/ US97/ 00592 - 14-

el enments, or other configwsati ons. Processi ng neans

may be

|n
rays
of
620

typically conprises |ow noise anplifiers 722 electrically coupled to array
el enents 712. Lowsadfsenkynsirief ior sai@2atprizsess twadpodedsgphib mecbnd

conmuni cat i ons en@bﬂ&rﬁﬁtid&@a&ﬂb@@ﬂégl ﬂéxeoﬁ.&qnieapi&%l%ch%%' fied

radi ot el ephone communi cati ons signals

3 for input into reCelvers 71

4.

Recei vers 714 produce processed radiotel ephone comuni cations signals 611.
Sel ecting neans 620 typicaliSs sé@l eeliulaw radiotelephone base station

S

10

15

20

25

30

according to Claim 8 wherein said first polarization
and said second polarization are orthogonal.

16. A method for operating a cellular base
station for communicating with at least one cellular
radiotelephone, the method comprising the steps of:

receiving cellular radiotelephone '
communications energy representing cellular
radiotelephbne communications from cellular
radiotelephones;

processing said received cellular
radiotelephone communications energy to produce at
least three processed radiotelephone communications
signals, each of said at least three processed
radiotelephone communications signal representing
cellular radiotelephone communications energy received
from a coverage sector; |

selecting at least two but less than all of
said at least three processed radiotelephone
communications signals; and

decoding said radiotelephone communications
from said at least two but not all of said at least
three processed radiotelephone communications signals.

17. A method according to Claim 16 wherein
said step of selecting comprises the step of selecting
at least two but less than all of said at least three
processed radiotelephone communications signals having
highest power.

18. A method according to Claim 16 wherein
said step of selecting comprises the step of selecting
at least two but less than all of said at least three

This Sheet Has Been. Reilace




10 processed radiotel ephone comuni cations signals 621 from processed
r adi ot el ephone communi cations signals 611 on a basis such as hi ghest power

or -signal quality. Selected procjsiﬂmuﬂm(“mt“‘ ﬂﬂlﬁne conmmuni cati ons signal s
621 are decoded by decodi ng nmean ce radi ot el ephone

communi cat i onWORIR8615t wi | | be understodd By fhose skilled iPFHVR7052 ¢ hat

-other arrangenents of processing neans 610, selecting neans 620 and
decodi ng neans 630 may be used with the present invention. For exanple, al
or part 20 of decodi ng neans 630, such as 9enndu|ation functions, may be

I ncluded in processing neans 610, such t hat Sel ecting nmeans 620 operates in

a_post - del ect 1 0N JMeuadeir hihoRlihiineBiGHEH 008k e N35RASK UG N L he

art that signal pro essing nein 0, signal cting , and
decodi ng means 63t HhEgratr e Y-conbi ned units, general purpose
processors with software, special purpose hardware, or conbi nations

thereof. It wll be understlEQd BVmd a%EEk'hgz%'ébtﬁ‘};

&imlig@rt that
enhanced comuni cations quality, may be achi ey he use of polarization
diversity w

|
erein said step of sefggélng compriges the
5 step of selecting only two of said at least three
processed radiotelephone communications signals; and
wherein said step of decoding comprises the
step of decoding said cellular radiotelephone
communications signals from said only two of said at
10 least three processed radiotelephone communications
‘signals.

20. A method according to Claim 16 wherein
said step of decoding comprises the step of equalizing.

21. A method according to Claim 16=:

15 wherein said step of processing comprises the
step of producing at least two processed cellular
radiotelephone communication signals representing
received cellular radiotelephone communications energy
having a first polarization and at least two processed

20 cellular radiotelephone communications signals
representing the received cellular radiotelephone
communications energy having a second polarization; and

wherein said step of selecting comprises the
step of selecting at least one of said at least two

25 processed radiotelephone communications signals
representing the received cellular radiotelephone -
communications energy having the first polarization and
at least one of said at least two processed
radiotelephone communications signals representing the

30 received cellular radiotelephone communications energy
having the second polarization; and

wherein said step of decoding comprises the
step of decoding said cellular radiotelephone
communications from said at least one of said at least
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ﬂ REPLACED

L




reception. Polarization diversity Teception involves the combining of
signals corresponding to recei

' iiens energy having different,
preferably 35 orthogonal, pol am mmﬂmnmmmzat ion diversity reception
t akes advanta e fact thak radio waves enmanating from jRgusdigesesour ce
but having di %’e%ﬁ{‘g WD 97/ 28615

PCT/ US97/ 00592 -15- polarizations generally exhibit |low correlation.
Pol ari zation diversity reception conpensates for polarization
cross-coupling and for polarization msmatgh- arising fromthe m salignnment

of the antenna 5

of a nobile unit with respect to the antenna of the base

station. Figure 8t |mrsiasssed nadidteliephongdrorreindsiasionsastonaka i on

provi ding for en
pol ari zation 10
Processi ng neans

5

10

15

20

25

30

hadsasck @Myt Rl + &Rt vidda bl yul£i€ | nadiivg e3 epheied

diversity.recepti gi t e | nventd on.
bl it 86BN, 3660 OO |y e o Saee L Sl
said at least one of said at least two processed
radiotelephone communications signals representing the
received cellular radiotelephone communications energy

having the second polarization.

22. A method according to Claim 21lwherein
said step of selecting comprises the step of selecting
at least one of said at least two processed
radiotelephone communications signals representing the
received cellular radiotelephone communications energy
having the first.polarizatibn having highest power and
at least one of said at least two précessed
radiotelephone communications signals representihg'the
received cellular radiotelephone communications energy
having said second polarization having highest power.

23. A method according to Claim 21 wherein
said step of selecting comprises the step of selecting
at least one of said at least two processed
radiotelephone communications signals representing the
received cellular radiotelephone communicatioﬂs energy
having the first polarization having highest signal
quality and at least one of said at least two processed
radiotelephone communications signals representing the
received cellular radiotelephone communications energy
having the second polarization having highest signal

quality.

24. A method according to Claim 21:

wherein said step of selecting comprises the
step of selecting only one of said at least two
processed radiotelephone communications signals
representing the received cellular radiotelephone
communications energy having'the first polarization and
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radi ot el ephone communi cati ons signal's 611a representing received cellul ar

r adi ot el ephone communi cati ons hayj i rization, and two
processed cel lular 15 radi ot el engﬂmmmv'ﬂE“ﬂHWﬂns signals 611b
representing received cellular radi Otelephone cemuni cati ons ener havi ng
a second pol amoAa28@h. Preferably, these polarizations are o?‘ﬂ%%}%%?’, such
as horizontal and vertical or right hand circular and left hand circular.
20 Sel ecting nmeans 620 sel ects one processed cellul ar radi otel ephone

communi cations signal 62la representing thg first polarization and one
processed cel l ul ar radi otel ephone comuni cations signal 621b representing

the second pol ariggali BRe &f LR RIY 186858 BAS iFrorédBedsSr28idd@hongover or
hi ghest signal qualit

. Decodi ng nmeans %3 o dj % one
conmmuni cat i ons SG’P"T"Péﬁ??Wem_éSeI%@tnggspF %’g%%%‘ 13:%3&%1%8&% %é%’?l%d_ 621b.
Cel | ul ar radi ot elaspBshar aradinte lePhepes oMM GatdORFe SRATEN MAYiMB0a f or
recei vi ng radi ot glyapbesendCpoXyiBationti aa¢ energy having a first
pol ari zati on d ant ennas for r.eceLyin régg .g%eggﬁ . i cations
ener gy havi ngag; second pol‘géb?éz)ealtnl osr?‘.l(anggéngrrp e?%tgfn enna@eﬁ a rr%y i ncl ude
vertical dipoles step of decoding said cellular radiotelephone
communications from said only one of said at least two
processed radiotelephone communications signals
representing the received cellular radiotelephone
10 communications energy having the first polarization and
said only one of said at least two processed
radiotelephone communications signals representing the
received cellular radiotelephone communications energy

having the second polarization.
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and antennas 810b may include horizontal dipoles. It 35 will be understood
by those skilled in the art that antennas providing various coverage.
sectors and pol arization configurations may be used with the WO 97/ 28615
PCT/ US97/ 00592 . -16- esent invention, including those produ

over | appi ng sé%?é?gﬁﬂéverlapping pol ari zations, alternating %g?gﬁy?g?Fons
and conbinations thereof. It will also be understood that antennas 810a and
810b may 5 be co-located or spaced apart so as to enhance conmuni cations
qual ity through spatial diversity reception. It will be understood by those
skilled in the art that beanform ng naylpﬁ used to provide a nulti- 10
beam gain pattern froman antenna array.’  Typically, beanforn ng-2@8chni ques
are used to produce a multi-beam pattern froman array of precgfsely-spaced
antenna array ele . rmng techniqggs in HONS ways '
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of interconnecting elenents and controlling the 15 anplitude and phase of
the currents in the elenents of an array. Exanples of beanform ng

techni ques are found in "Phased Array Antenna Handbook" by Robert J.
Mai | | oux, puhbl.l y Artech House, Norwood, MA, 1994. As w _
under st ood b%tb%gégehgs)ki |led in the art, 20 outputs fromi nm‘:!\-/llllU ug?osgtzntenna
el-ements may be conbined in various ways to produce single or nmultiple
conposite outputs exhibiting any nunber of gain characteristics. Fig. 9
illustrates a base station including 25 selected polarization diversity
reception and beanform ng according to g/ present invention. Cellular

radi ot el ephone antenna array 510 includes four antenna array el enents 910a
for receiving radi ot el ephone comruni cati ons energy of a first 30

pol ari zation, and four antenna array el enents 910b for receiving

radi ot el ephone communi cati ons energy having a second pol arization. An
exanpl e of antenna array 510 is illustrated in Fig. 10a, wherein antenna
array elements 90l1a and 910b include four vertical subarrays 35 of vertical
di pol es 912 co-located with four horizontal
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subarrays of dipoles 914. WO 97/ 28615

PCT/ US97/ 00592 -17- Signal processing neans 610 conpri ses beanform ng neans
920 and produces ei ght processed radi ot el ephone comuni cations signals 91la
and 911b fronhéigéhx d cel lul ar radi ot el ephone comuni cat i ongcpusFRGsedY
601, with pro Signals 911a representing cellular radiotel ephone
conmmuni cati ons energy having a first polarization and processed signals
911b representing radi ot el ephone communi cati ons energy having a second

pol ari zation. An exanple of a typical 10 conposite gain pattern 560,
representing the conposite gain of the gpgpbination of antenna array 510 and
processing nmeans 610 with respect to processed signals 91l1a and 911b is
shown in Fig. 10b. Horizontal polarization beans 570 preferably overl ap
alternatively 15 with vertical polarization beans 580. It wll be
understood by those skilled in the

21\:1;! s 20
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art that other configurations of cellular radiotel ephone antenna array 510
and processing neans 610 nay be used with the present invention, and may 20
produce ot her coverage sector and pol arization patterns. For exanple,
processi ng neans 610 may resol ve received cellular radiotel 100592
connunication?mﬁﬁgﬂﬂ§ 601 into processed cellul ar radiotel ephone

communi cations signals representing other 25 polarizations, such as
circular or elliptic. It will also be understood that cellular

radi ot el ephone antenna array 510 may conprise nore antenna el enents than

t he nunber of processed cellul ar radiotglgphone comuni cations signals
produced by processing neans 610 30 or may include antenna el enents for
recei ving energy having pol arizations other than vertical or horizontal.
Referring again to Fig. 9, processing neans 610 produces four processed
signals 91l1a representing received energy having vertical polarization and
four 35 processed signals 911b representing received energy having

hori zontal polarization. Selecting neans 620 sel ects one signal 65la
representing the vertical




WO 97/ 28615 ' PCT/ US97/ 00592 - 18-

pol ari zati on and one signal 651b representing the horizontal polarization.
Preferably, each of the selected signals conprises the signals from each
pol ari zation having the highest power or signal 5 quality. Fp@fushnaeesO
illustrates OM%? s for receivi ng cel lul ar radiotel ephone comruni cati ons
fromcel lul ar radi ot el ephone including sel ected diversity reception
according to the present invention. Cellular 10 radiotel ephone

comuni cations energy 521 is received in cellular radiotel ephone

comuni cations antenna array 510. The rgggi ved communi cations energy 601 is
processed in cellular radi otel ephone comuni cati ons processing neans 610 to
produce at | east three 15 processed radiotel ephone comruni cati ons signals
611, each representing the radi otel ephone communi cati ons energy received
froma coverage sector 530. At of the processed signals are
selected in p?ocessed Frffaﬂ E;o _ P J

510
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601 - /

_
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o 00 O
‘ 630
DECODING

01



radi ot el ephone sel ecting neans 620, preferably on a 20 basis such as power
or signal quality. The sel ected processed signals 621 are decoded in
decodi ng nmeans 640 to produce the cellul ar radi otel ephone conmuni cati ons
521. Fig. 8 illustrates operations for a cellular 25 base spefiSsinose:
connunicatingvv? | east one cel |l ul ar radi otel ephone including.sel ected
pol ari zation diversity reception according to the present invention.

Radi ot el ephone communi cations energy 521 is received in cellular

radi ot el ephone communi cati ons antenna array 30 510. Recei ved

radi ot el ephone communi cations energy 60gys processed in cellular

r adi ot el ephone communi cati ons processing nmeans 610 to produce at |east two
processed cel lul ar radi ot el ephone comruni cations signals 61la representing
recei ved radi ot el ephone 35 conmuni cati ons energy having a first

pol ari zati on and at |east two processed cellul ar radi otel ephone

communi cations signals 611b representing received

FIG. 7
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PCT/ US97/ 00592 WD 97/28615 -19- radi otel ephone conmuni cati ons energy havi ng
a second pol arization. In processed radiotel ephone sel ecti ng neans 620, at

| east one processed signal 621la is selected fromthe processed signals
representing th ? st polarization and at | east one proceggpriseigss!
621b is selecﬂ@ the processed signals representing the second

pol ari zation, preferably on a basis such as hi ghest power or signal

gquality. The sel ected processed signals 621la and 621b are decoded in 10
decodi ng means 630 to produce the cellular radi otel ephone conmuni cati ons
501. Figs. 6 and 11 illustrate operatiorpgjfor selecting processed :
r adi ot el ephone communi cations for decoding in greater detail. At |east one
processed 15 radi ot el ephone comruni cations signal is selected in Block 750.
In Block 760, characteristics of the selected signals are neasured. The

sel ecting operation of Block 750 is performed in selecting neans 620, and
the nmeasuring operations of Block 760 is perforned in

FIG. 8
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20 decodi ng neans 630. Typically, the neasured characteristics wll include
such characteristics as signal power or signal quality. Decodi nhg neans nay
i ncl ude equal i zing nmeans, with the neasuring operations of Block 760

i ncl uding an operatign of determ ning 25 fading coefficientspagygorpssur e
of signal qual‘??mpgﬁ each signal 621 in the equalizing neans. The

sel ecting and neasuring steps of Blocks 750 and 760 are repeated until the
characteristics of each of the processed radi otel ephone conmuni cati ons
signals are neasured, as 30 shown in Block 770. The neasured
characteristics of the signals are thengggnpared in Bl ock 780 and the
signal s having the nost desirable characteristics are sel ected and decoded
i n decodi ng nmeans 630 to produce cellul ar radi otel ephone conmuni cati ons
501. It will be 35 understood by those skilled in the art that the
measuri ng operations of Block 760 may include determ nation of signal
characteristics other than WO 97/ 28615

PCT/ US97/ 00592
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-20- signal power or signal quality. It wll also be understood that
measurenments of signal quality may include other characteristics, such as
sync word correlation, instead of or in addition to fading 5 coefficients.
In the drawi n and speC|f| cation, there have been discl osed

preferred enbg\ﬂ‘i’ Y of the invention and, al t hough speci fll(;&%(ergcr@bsag%e
enpl oyed, they are used in a generic and descrlptlve sense only 10 and not
for purposes of limtation, the scope of the invention being set forth in
the foll ow ng clains. THAT WHICH IS CLAI MED: 1. A cel lul ar

r adi ot el ephone base station (500) for c®¢unicating with at |east one

cel lul ar radi otel ephone (520) i eI'LQd r adi ot el ephone communi cati ons
system said cellular radiotel eE tation (500) conprising a

cel lul ar radi ot el ephone antenna array (510) for receiving 5 cel lul ar

r adi ot el ephone communi cati ons energy (521) representing cellular

r adi ot el ephone communi cations from cellul ar radi otel ephones, said cellular
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radi ot el ephone base station (500) characterized by: cellular radiotel ephone
conmuni cati ons processing neans (600), responsive to said cellular

r adi ot el ephone antenna array (510), for processing the 10 recei ved
cel lul ar radi ot el ephone comruni cati ons energy (521) to produgETE%g; t
three process Pﬂgﬁ el ephone communi cati ons signals (611), ch or said
at | east three processed radi otel ephone communi cations signals (611)
representing cellular radi otel ephone conmuni cati ons energy received froma
single cellular radi otel ephone (520) and representing conmon information;
15 processed radi ot el ephong,gi gnal sel ecting nmeans (620),
responsive to said cellular radiotel ephone conmuni cati ons processi nhg neans
(610), for selecting at least two but less than all of said at |east three
processed radi ot el ephone conmuni cati ons signals; and decodi ng neans (630),
responsive to said processed 20 radiotel ephone signal selecting neans
(620), for decoding said radi otel ephone communi cations fromsaid at | east
two but not all of said at |east ree processed radiotel ephone

comuni cations signals. 2. A c€Dul ar radiotel ephone base station (500)
according to 25 Caim1 whereinrmaid sel ecting neans (620) conprises means
for selecting at |east two but less than all of said at |east three
processed radi ot el ephone comruni i ons signals having highest power.
REPLACEMENT SHEET REPLACENMENT PA -
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)
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-22- 3. A cel lul ar radiotel ephone base station (5 Claim1l wherein said
sel ecting neans (620) conprises neans for selecting at |east tw but |ess
than all of said at |east three processed radiotel ephone comruni cati ons

si gnal s having highest signal quality. 5 4. A cel lul ar radi e
dh i

base station 885cording to O aim 1 wherein said decodin 30)
conpri ses equalizing neans. 5. A cel l ul ar radi ot el ephone base station
(500) according to 10 Cdaim1l wherein said radi ot el ephone communi cati ons
si gnal processing neans (600) conprises beanform ng neans (920). 6. A

cel l ul ar radi ot el ephone base station (S?P)|according to Claim1l wherein
said cellul ar radi otel ephone antenna ar AU (510) conprises at 15 |east
three antenna el enents. 7. A cel lul ar radi otel ephone base station (500)
according to Caim1: wherein said s i n ans (620) conprises neans
for selecting 20 only two of said aﬁkﬁzéhtglﬂfee processed radi ot el ephone
communi cati ons signals; and

SELECT PROCESSED RADIO TELEPHONE 750
COMMUNICATIONS SIGNALS L~

MEASURE CHARACTERISTICS OF 760
SELECTED SIGNALS

770
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OTHER
SIGNALS?

780
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wherein said decodi ng neans (630) conprises neans for decoding said
“radi ot el ephone communi cations signals fromsaid:only two of said at- | east .
three processed radiotel ephone comuni cations signals.- 25 8. - Acellular
radi ot el ephone base station (500) according to Caim1l: wherein said

cel lul ar radi ot el ephone comruni cati ons p%?cessing nmeans (610) conprises
means forprocessing the received cellul ar’"30 radiotel ephone communications .

energy to pwadeleagt of least In é@diﬂbﬁ,ctﬁéﬁﬁfénfcétfoﬁoﬂﬁb%béﬁ%b@fﬁr&@ﬂi, %&leephone
comuni cations signals and at | east two processed second pol arizaiion

r adi ot el eph@dMeNBamMay Nebalnays bsi igaligementwithdhe dypidaliy vertisalbopdiarnzdd

polr! 22 ockad ShehaRhons. EVAIGR! LN L AR S SR EL A celulor

radi ot el ephone commuini cat I oh: _ ( : _
REPLACEMENT PAGE - R3s knewh ol pritdf2gioAfivdraiy %l:lebtii)hfrﬁéy Bel@eH34ti on and

each of _said processed second _polarization radiotel ephone communications
si gnal s ep‘?'?argaﬁ'm signaldualitar Pelacizatian divatsity recemtion ekes advartagegy thecei ved

fromsaid Slbﬁﬂéc?r'réﬁ{iér‘r'b@ﬁuéé}péiﬁﬁgllseo?min%néjolgﬁilét%s? PROSNSs IS ririﬂ%lgt o,
signals of differing polarizations, typically orthogonal to each other, using diversity
combining techniques similar to those employed in spatial diversity techniques.
Polarization diversity reception is described, for example, in Chapter 9 of "Mobile

10  Communications Engineering"”, by William C.Y. Lee. _ '
Furthermore, PCT Publication No. WO 95/33312 entitled "A Msthod
For Selecting Two Antennas" discusses a base site which selects two of a
plurality of antennas from which to receive a communication signal.. A first signal
quality metric is measured for a communication signal received from a first
16  antenna and a second signal quality metric is measured for the communication
signal received from a second antenna. When the first signal quality' metric -
differs from the second signal quality metric by a threshold, a signal receiver is
coupled to a third antenna and a third signal quality metric is measured for the
- communication signal received from the third antenna. Based on the three signal
20  quality metrics, a primary antenna and a secondary antenna are selected from
which to receive the communication signal. -

For both spatial and polarization diversity reception, it is
possible to achieve greater diversity gain by adding additional antennas and
passing the additional signals received into a higher order diversity combiner. |

25 However, thisapproéch increases computational and hardware complexity due to
the need for a more complex higher-order diversity combiner. As many existing
base stations employ two spatially diverse antennas coupled to a two-branch
diversity-combiner, adapting these stations for use with multiple antennas may
necessitate replacement of existing two-branch combiners. Moreover, the |

30 increase in gain achieved with higher-order diversity combining generally
diminishes with increasing order, and additional noise is injected from signal

branches exhibiting poorer quality, such as low carrier-to-noise ratio or high
levels of interference. REPLACEMENT SHEET
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5 ) wherein said processed radiotel ephone signal selecting neans
(620) conprises nmeans for selecting at |east one but |less than all- of said
at least two processed first polarization radiotel ephone communi cati ons
signals and at 1east one but less than all of said at |east two processed
second pol ari zation radi otel ephone conny§ég9tions signals; and 10

wherei n said decodi ng neans (630) conpri nmeans for decodi ng said

radi ot el ephone comuni cati ons f r@umawirg ofthd p@shtieme but |ess than all of
said at | east two processed first polarizati-on radi otel ephone

communi cati ons si gnal B tedigkd pfithe foregaing.dhis thatefpessan phigst af theggresanty at
|.east two ps ~pol ari zati on radi ot el ephone conmuni cati ons »
si gnal s. 15m8§ﬁ&§ia%éﬁﬁﬁ ar radi ot el ephone base station (500) according to
Claim 8 wherein said selecting nmeans (620) conprises neans for selecting at
| east one but less than all of said at | east two processed first

pol ari zati on radi ot el ephone comuni cati ons signals having hi ghest power and
at least one 20 " but less than all of said at |east two processed second
pol ari zation radiotel ephone communi cations signals having highest power.

10. A cellular radiotel ephone base station (500) according to Claim8
wherein said selecting neans (620) conprises neans for selecting at 25

| east one but less than all of said at | east two processed first _
pol ari zati on radi ot el ephone comruni cati ons signals having hi ghest signal
quality and at |east one but less than all of said at |east two processed
second pol arization '
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r adi ot ef-ephonme—communicati ons si gnal s havi ng hi ghest signal quality. 30
11. A I ' phone base station (500) according to Caim38
wher ei nflﬁ!ﬂﬂllﬂﬁlmﬂﬂjﬂm ns (630) conprises equalizing nmeans. REPLACEMENT
PAGE -2 CM s ul ar radiotel ephdhe base station (500) according to
Claim 8 wherein said radiotel ephone. communi cati ons _signal processing neans
(610) conprises beanforning neddtA{ ¥¥OICH S CLAIMED: 13. A cellular
radi ot el ephone base station (500) according to Caim8 wherein said
cellular radiotel ephone antenna array (510) conprises at |east three
antenna el ements. 14.1. A cAlcelililar radiolieteptioppee dtatien (Sﬁ(ﬁl)lf@r? (500)
according to 10 . Claim.8: erein sajd selecting neans (620) conprises
means for scé?r@r(!‘f“'ﬂﬁ?_t'ﬁﬂlvy}ﬁ'bﬂggﬁ?t KL geall&..ﬁjaq r@ggtelpggom seeddB@ Gellutar _

pol ari zat i aadiddieBh8h&RBATMEUGESHBHY %&érﬂ%ﬂﬁ'&ﬂﬁfa? rAet S AorY 't?a%g stabd at
| east two processed second pol arizat’ion radi otel ephone communi catl ons
signal s; ar@®0@5comprising a cellularradiatelephdne actetinagamey (61 ) 660jecevny i ses

oty ong. of A Heiofeifhae BbmnthiconS SHEy (1) FaprezelliRg Seliiar °*' ¢
radiotelephone communications from cellular radiotelephones, said cellular
radiotelephone base station (500) characterized by: |
| cellular radiotelephone communicétions processing méans (600),
responSive to said cellular radiotelephone antenna array (510), for processing the

10 received cellular radiotelephone communications energy (521) to produce at least
three processed radiotelephone communications signals (611), each of said at-
least three processed radiotelephone communications signals (611) representing
cellular radiotelephone communications energy received frdm a single cellular
radiotelephone (520) and representing common information;

15 processed radiotelephone signél selecting means (620), responsive
to said cellular radiotélephone communications processing means (610), for
selecting at least two but less than all of said at least three processed
radiotelephone communications signals; and ,

decoding means (630), responsive to said processed

20 radiotelephone sighal selecting means (620), for decoding said radiotelephone
communications from said at least two but not all of said at least three processed
radioteléphone communications signals. |

2. A cellular radiotelephone.base station (500) according to
25 Claim 1 wherein said sel&cting means (620) comprises means for selécting at
least two but less than all of said at least three processéd radiotelephone
communications signals having highest power.
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UL REpFLAUEIVIET D Srie=

two processed Tirst pol arization radiotel ephone communichat{ons si gnal s 4
sai d og!amm @‘%mjmﬁt | east two processed second pol afi apHMAY 1998
nn% 00

radi ot at ions signals’ 20,15. A cellulat fadiotel ephon
base s © ) sac¢ording to Claim8 wherein said firgt Tari zation an
sai d second pol ari zat bon a net.f

operating a cellular Base Ae%ﬁ{u&%}qggﬁﬁlerﬁliénecgmﬁﬁaéigpi(ﬁ |'éast one
cel lular ragyfikel R édi@@ébecfiﬁ@_rr@rﬁq@g})ﬁ&?gﬁé@@ ndasTbepelettingati vi ng

cel lul ar radi otel ephone comuni cati ons energy 21) representing cellular
radi ot el ephlaast dsenbuhlasstthan all of §mdc@*4|eaﬁtéhraeamp§e§$%mﬂi@t§!ep§@%a met hod

characteriz v .30 . : : T ' *ecei ved cel |l ul ar
radi ot el ephgﬁgﬁi{% tr'ﬁncsa?g%%lg hear\]/gw y@ﬁg%%@?aﬁ@raﬂ%ce at | e'ast t hree

FEQSESfﬁ?e;adLgégggggopgdfgggrgiﬁg%ions signal s (611), each of said at
representi ngpcel | ul ar % adi c?t%@'E&fdﬁgio%%gﬁ/gtﬁégg%&ilng(%bb%%@&tpons
O e B AR A ceh theind o RE e SRBhg éans.
5. A cellular radiotelephone base station (500) according to
10 Claim 1 wherein said radiotelephb‘ne communications signal processing means
(600) comprises beamforming means (920).

6. A cellular radiotelephone base station (500) according to
Claim 1 wherein said cellular radiotelephone antenna array (510) comprises at

15 least three antenna elements. .

7. A cellular radiotelephone base station (500) according to

Claim 1: |
| wherein said selecting means (620) comprises means for selecting
20 ohly two of said at least three processed radiotelephone communications signals;

and _

wherein said decoding means (630) comprises means for decoding
said radiotelephone communications signals from said only two of said at least
three processed radiotelephone communications signals.

8. A cellular radiotelephone base station (500) according to
Claim 1:
wherein said céllular radiotelephone communications processing
means (610) comprises means for processing the received cellular _
30 radiotelephone communications energy to produce at least two processed first
' polar'ization radiotelephone commupnications signals and at least twoproceSsed
second polarization radiotelephone commuhigations signals, each of said
- processed first polarization radiotele"phon:e communications signals representing

cellular radiotelephone communications energy received from said single cellular

REPLACEMENT PAGE



e
‘sel ecting at but- | ess than all of said at least three

pr ocessed radl ﬁ EF |cat|ons signals (611); and 5. .

decodi hg -sai d m’rum cati ps fromsaid at least two (621)
but nlot all of said at |east three proce éed r adi ot el ephone conmuni‘tati ons
signals. 17 hod according to Caim16 wherein ste

sel ecti ng c@lﬁ’ﬁﬂtﬁg‘g’i‘oﬂﬁ@r@t@mﬂ ggﬁté?ﬁl?rﬂ?@t'gf’ gngbeach Sglgﬂgc%@pdﬁgggng han
al | of sal dodriz 8@ rddfieRphbAe LeafAufieat s signals
havi ng hi ghest power . dﬁ hﬁ%c’co#ﬂ?ﬁ%‘aﬁgg% Q\h%gptéllgﬂ said step
of 15 sel emadlcntglenphmpelmnuheatmnmnemérggebeemedn@om sa@a&tMQle\mll(xlazl) but .

| ess than all sai d at_|east three 8 Q §d r adi ot el ephone.

communi cat i &%Otﬂ 0Ng 3nd MAVNG P RSO PPIERAIATl i ty. 19. A net hod

according to O ai m 16ynhéfkin said processed ?@?%tél hoAkighiA Refdctifg! g
conprises the step of selecti ngponl y two (621éb sgﬁ c nggtn%éﬁré;e

processed r@&30)cogpiseseneamsinnisetectiog st maghane btéﬂﬁﬁ&/méﬂeﬁ”m@aidjatsleaﬁt of
e SR bR P el PR S B YR BRE e
processed rpr@sPbRE BRNRIZE tAANENBF 6aid ANsastit@Bdrocesddd seeonet puldriagivpr di ng to
Claim 16 wherein said-step of decodi ng conprises the step of equali zing.
radiotelephone communications signals; and
10 -wherein said decoding means (630) comprises means for decoding
" said radiotelephone_communications'from said at least one but less than all of
said at least two processed first polarization radiotelephone communications
signals and said at least one but less than all of said at least two processed
second polarization radiot_elep'hone communications éignals.
(s
- 9. A cellular radiotelephoné base station (500) according to
Claim 8 wherein said selecting means (620) comprises means for selecting at
least one but less than all of said at least two processed first polarization
radiotelephone communications signals having highest power and at least one
20  but less than all of said at least two processed second polarization

radiotelephone communications signals having highest power.

10. A cellular radiotelephone base station (500) according to
Claim 8 wherein said selecting_means (620) combrises means for selecting at
35 least one but less than all of said at least two processed first polarization
radiotelephone communications signals having highest signal quality and at least
one but leés than all of shid at least two processed second polarization

radiotelephone communications signals having highest signal quality.

30 ' 11. A cellular radiotelephone base station (500) according to
Claim 8 wherein said decoding means (630) comprises equalizing means.
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30 ording to Caim16: wherein said step of
proceSS| ng corrpl ﬁ“&”"" mg ”m produm ng at | east two processed cellular
r adi ot'el ephone cemmunicatd o’ skgnal s representing received cel |l ular

r adi ot el ephone communi cati ons ener gy recdived fromthe single cel I uI ar

radi ot el ephone havi ng fi rst | ari.z n and at ast 0
REPLACEMENT PAGE 238 c&y9all ?%48?‘%‘% UhRe E@ﬁﬂﬂﬁ?@ﬁf@‘%}% 58 ﬂal s
representi ngdifeg mmm%&péduétb% hbﬁé'c‘éhﬁh@ﬁi'&gﬂén§§@ﬁuﬂbfb%bb§iﬂg rReaigY
received fromthe single | I'ul ar "radi ot el ephone havi'ng a secon

pol ari zat i 06610amrwmtaesubeamfpdﬂmerpeams §Wcting conprises the step of
sel ecting at 5 least one of said at |east two processed radiotel ephone
comuni cations signals representing the received cellul ar radi ot el ephone -

comuni cat i ons ener gy 1Bavi AgcdlinfarfradistelPphord Bage statiand5e0) deswrtingne of
said at | east two processed r.adi ot el ephone comuni cations signals

representi nglalmes nheseinaic éelﬂujararradmaﬁeh@n@gn&ﬁrmac@rm(ﬁt@tqommlsas@tgy

havi ng t he nd to wherein said step of
decodi ng CO%%%I Sug qr[? e%leo ecodi ng said cellular radiotel ephone "

comuni cati.ons from sai d at |east one of said at |east two processed
radiotel ephone commn|12fat ! %ncsellilla%r}géilséterlg&qoer?eegélsg gtat“g% (r588)eéc\:/§ordmg to
10 Claim 8: _
~ wherein said selecting means (620) comprises means for selecting
only one of said at least two processed first polarization radiotelephone
communications signals and only one of said at least two processed second
polarization radiotelephone communications signals; and
15 wherein said decoding means (630) comprises means for decoding
said radiotelephone communications signals from said only one of said at least
two processed first polarization 'radiotelepho_ne_'communications signals and said
only one of said at least two processed second polarization radiotelephone |

communications signals.

o 15. A cellular radiotelephone base station (500) according to
Claim 8 wherein said first polarization and said second polarization are

orthogonal.

25 . 16. A method for operating a cellular base station (500) for
communicating with at least one cellular radiotelephone (520), the method
comprising the step of réceiving cellular radiotelephone communications energy
(521) representing cellular radiotelephone corhm'unications from cellular
radioteléphones, said method characterized by:

30 processing said received cellular radnotelephone commumcatlons
energy (521) to produce at least three processed radiotelephone communications
signals (611), each of said at least three processed radiotelephone '

communications signals (611) representing cellular radiotelephone
.~ { REPLAGEMENT SHEET
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cel lul ar rad| ot eI e i cations energy having the first polarization
and said af Bmm E‘ﬁ W | east 'two processed - radi ot el ephone
communi cati on presentlng he received cel |l ul ar

r adi ot el ephone com‘rum cations energy havi? g the second polarization. 22. A

met hod according to ( aim 21 whereip said st | ect th
Step of sel RMTTYTIGHIQrBLEIeTa SoGvairams STGI poluIey g otelspbeae Lad0) and °

radi ot eI'ethﬂﬁ. me&ﬁﬁ'id?ﬂﬁfo?h%ahs representing the received cellular
0

radi ot el ephone ¢ I cat1ons energy having the first polarization having
hi ghest power and at bkelestingatlesist bud (B21) butiess thao rafcedbatieast three

r adi ot el ephone co ni,.c ti n nal s resentin ceived cellul ar
radi ot el ephBFPece(f?ﬁ%ﬂﬁj’eg‘? @?@ ?‘ng fﬁi%BH Qﬂa(ljs &eﬁgnﬁn‘gol ari zation havi ng
25 hi ghest power. 23decéduﬁgtéamir@ﬁ&@réwhaaetc@n%ahmaﬂény\h@frﬁséldSaaléias!@tep of
sel ecting conprises the step of selecting at | east one of sai

process;afl lrbMD(ﬁE epiaes all @fwaid atdeastribrag @megsecbtﬁde@f@lﬂnhm tﬁEPer&@MENEG‘;”ECT
cellu comuni cat i h th
pol ari zat i oﬁéﬁ‘&@ﬁﬂ%@'&?ﬂ%&él gnal qual i ?Ssaﬁge;?yl eg\sflt ngne f Ilsragsgi WAY 1008

| east two processed radiotel ephone comruni cations signals regresenting the

recei ved cel |l ul ar radlotelephone conmmunj cati ons ener havi the second
pol ari zati on having hildhest® Biefied agrpadingyjo Claim 16 wherein salg%tep of

10 _Selecting comprises the step of selecting at least two (621) but less than all of
said at least three processed radiotelephone communications signals having
highest power. -

18. A method a¢cording to Claim 16 wherein said step of '
15 selecting comprises the step of selecting at least two (621) but less than all of
said at least three processed radiotelephone communications signals having

highest signal quality.

_ 19. A method according to Claim 16: _
20 wherein said step of selecting comprises the step of selecting only
two (621) of said at least three processed radiotelephone communications |
- signals; and _
' wherein said step of decoding comprises the step of decoding said
cellular radioteléphone commun.ications signals from said only two (621) of said
25 at least three processed radiotelephone communications signals.

20. | A mtethod according to Claim 16 wherein said step.of
"decoding comprises the step of equalizing.

30 ' 21. A method according to Claim 16:
wherein said step of processing comprises the step of producing at
least two processed cellular radiotelephone communication signals representing
received cellular radiotelephone communications energy received from the single.

cellular radiotelephone having a first polarization and at least two processed

REPLACEMENT PAGE



24. A net hod ' Gl aim21: wherein said step of selecting
conpri ses t'hem[' ' t Iﬁﬁmﬂg only one of said at |east twd processed
radi ot €l ephone’s S signals 5 _representing the received cellular

radi ot el ephone communi cati ons energy hav?ﬁg the first polarization and only
one of said at |east two processed .radi ot el ephone conmunications signals

L epr esent i rigfliiar r?@@é‘?'@@t}gﬁ%@mﬂ%m%ﬂﬂn&%@ £ 6PRI eSERHRG thearacs Yederlinigy
; th . Sl = S ; .
R0 10 L1 BRSNS e AR o, S, core | o

the step of decoding sal C comuni cations from
sai d only oadiaiélephode dtavirgaa secowd poladestian] anadi ot el ephone comuni cati ons

' I ti t ! | ved |1 ul di ot el eph | cat,i
ener gy havi ng the i r¥Sph SAICsiep o sslestins campneps i Stap JePANg Fast tvo
processed riadspbee 6ﬁ§ﬁﬂ%tQWbﬁééé§§%d%bemél%gﬁéﬁé B8R/ Satidid éi%ﬁQEVEd

cel l ul ar radi ot el ephone comuni cati ons ener gy havi ng the secon

pol ari zat i olgpréEemtingEheNEcaines cellular radiotelephone communications energy having

the ﬁrsf polarization and at least one of said at least two processed
radiotelephone communications signals representing the received cellular
radiotelephone communications energy having the second polarization; and

10 ' wherein said step of decoding comprises the step of decoding said
cellular radiotelephone communications from said at least one of said at least two
processed radiotelephone communications signals representing the received |
cellular radiotelephone communications energy having the first polariZation and
said at least one of said at least two processed radiotelephone communications

15 signals representing the received cellular radiotelephone communications energy
having the second polarization.

22. A method according to Claim 21 wherein said step of
selecting comprises the step of selecting at least one of said at least two
20 processed radiotelephone communications signals representing the received
cellular radiotelephone communications energy having the first polarization
having highest power and at least one of said at least two processed
radiotelephone communications signalé representing the received cellular
radiotelephone communications energy having said second polarization having
25 highest power.

23. A m'éthbd according to Claim 21 wherein said step of
selecting comprises the step of selecting at least one of said at least two
processéd radiotelephone communications signals representing the received

30  cellular radiotelephone communications energy having the first polarization
having highest signal quality and at least one of said at ieast two processed
radiotelephone commu_nication's signals representing the received cellular

radiotelephone communicatior.s..ane:gy-hav-’rng—thﬁeq:ond polarization having
- . . REPLACEMENT SHEE
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24. A method according to Claim 21:

; wherein said step of seiecting comprises the step of selecting only
one of.said at least two processed radiotelephone communications signals
representing the received cellular radiotelephone communications energy having
the ﬁrs_t polarization and only one of said at least two pfocessed radiotelephone
communications signals representing the received cellular radiotelephone
communications energy having the second polarization; and

wherein said step of decoding comprises the step of decoding said
cellular radiotelephone communications from said only one of said at least two
processed radiotelephone communications signals representing the received
cellular radiotelephone communications energy having the first polarization and
said only one of said at least two processed radiotelephone communications
signals representing the received cellular radiotelephone communications energy

having the second polarization.
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(ST) Abstract

A cellular radiotelephone base station com-
municates with cellular radiotelephones by receiv-~
ing cellular radi communications energy
{601) from cellular radiotelephones on an antenna
amay (510), processing (610) the received commu-
nications energy to produce at least three processed
radiotelephone communications signals (611) repre-
senting communications energy received from a cov-
crage sector, and selecting (620) at least two of the
processed signals (621) for decoding (630) in a con-
ventional decodes. Preferably, the selected signals
mmeproeemdsigmlshnvhgtlnhlglmpower
or signal quality. Diversity gain is achieved by pro-
cessing the received communications energy to pro-
duce at least two processed first polarization signals
representing received communications energy hav-
ing a first polarization and at least two processed sec-
ond polarization signals representing received com-
munications energy having a second polarization,
| and selecting at least one of the processed first po-
larization signals and at least one of the second po-
larization processed signals for decoding. Preferably
the selected processed first polarization and second
polarization signals are the signals from each polar-
ization having the highest power ot signal quality.
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