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communication with mobile telephone users (cellular and personal communica-
5 tion systems), basic exchange telecommunications radio. wireless data

communications, and other wireless users.

Historical Mobile Systems

Wireless communication systems. before the present-day cellular

systems, included manual/trunked radio systems. The manual/trunked systems

10 were followed by the "improved mobile telephone service” (IMTS). IMTS is
a full duplex system using two frequency bands, 150 MHz (known as MJ) and

450 MHz (known as MK). The separation between duplex frequencies is about

5 MHz and channel bandwidth is 25 KHz. An IMTS base site is usually

located on elevated terrain using high transmission power to achieve a range

15 of up to 25 miles. The mobile users employ relatively high output power
| (between 13W and 30W) so that one base station site, for example, can serve

an entire city. In some IMTS systems, remote receiving systems are used to

increase the range and quality of signals from mobile users to base stations.
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city. Conventional CelthouighIMP$ss sithmiseuie thedInited Statewe tbesmati cufber of wharinels
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Due to a large demand for mobile services that could not be satisfied

5 by IMTS or other systems a "new" mobile telephone system was needed. The
"new" system that evolved "reused” frequency within a system of cells, Based

upon a frequency reuse cellular system. wireless two-way radio frequency (RF)
communication has become commonplace, with large numbers of users. In

cellular systems, many “cells" are employed where each cell covers a

10 geographic area and has a dedicated fraction of the total amount of RF
spectrum which is used to support subscribers (cellular users) located in the

cell. Cells are of different sizes (for example, macro-cell or micro-cell) and

are generally fixed in capacity. The actual shapes and sizes of cells are
complex functions of the terrain, the man-made environment, and the user

15 capacity required. Cells are connected to each other via landlines or
microwave links and to the public-switched telephone network (PSTN) {hrough
telephone switches that are adapted for mobile communication. The switches
provide for the hand-off of users from cell to cell and thus frequency to

frequency as mobile users move between cells.
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station with radio frequency (RF) transmtters and RF receivers co-sited

for transmtting ancppi6Rifdiwagi RETRYEneAbinal (hiriels) 8 transhilt” foreaPd Shanfeit Ne
cell. The base station
5 communications to users and employs reverse RF carriers to receive reverse
channel communications from users in the cell. The forward channel
communications are static in that they employ fixed power, at fixed frequencies
and with fixed sectors, if sectorized antennas are used.
The base station in addition to providing RF connectivity to users also
10 provides connectivity to a Mobile Telephone Switching Office (MTSO). Ina
typical cellular system, a number of MTSO’s will be used over the coverage
region. Each MTSO can service a number of base stations and associated cells
in the cellular system and supports switching operations for routing calls
between other systems (such as the PSTN) and the cellular system or for
15 routing calls within the cellular system.
Base stations are typically controlled from the MTSO by means of a
Base Station Controller (BSC). The BSC assigns RF carriers to support calls,
coordinates the handoff of mobiie users between base stations, and monitors

and reports on the status of base stations. The number of base stations

20 controlled by a single MTSO depends upon the traffic at each base station. the
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by a-single MI'SO depends upon the traffic at each base station, the
capacity or where poor quality communication is occurring. The handoff is a

communication transfer for a particular user from the base station for the first
cell to the base station for the second cell. During the handoff, there is a
transfer period of time during which the forward and reverse communications
10 to the mobile user are severed with the base station for the first cell and have
not been established with the second cell. A typical design criteria is that the

transfer period be less than 100 milliseconds.

Advanced Mogbile Phone System (AMPS)

The Advanced Mobile Phone System (AMPS) currently is in use in the

15 United States and was defined within the 1S54 standard and is currently defined
v;ithin the IS136 standard. The AMPS system employs Frequency Division
Multiple Access (FDMA) RF communication between a base station for a cell

and mobile cellular telephones (users) in the cell. The transmit forward

channels from the base station to users use 30 KHz carriers in the 25 MHz
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stations, the topolo of the service area and other siml }'ﬁé’ﬁﬁ
handoff bet weeW&M88% ¢t at i ons occurs, for exanpl e, when a ﬁ%ﬁ g

travels froma first cell to an adjacent second cell. Handoffs al so occur 5
to relieve the load on a base station that has exhausted its
traffic-carrying capacity or where poor quality conmmunication is occurring.

The handoff is a Comﬂ'bﬁ%}e%xpﬁsédl%%ﬁ%sb% MAP Gl the vfse Yhdahell baWedshe base

station for the first ce o the base station for the second cell. During
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second cell. A typical design criteria is that the transfer period be |ess

than 100 m |1 secondgandefiyaitC Bakndp Rid frofilfor D¥etiedrks RSN 6 channels, one-
5 half of the 832 total channels in a service area. Of the 416 channels, 21 are
reserved as control channels for control functions and the balance of 395

channels are reserved as user channels for user traffic.

Other Conventional Cellular Implementations

The AMPS implementation of the conventional cellular architecture

10 employs the technique of FDMA to partition and reuse the available RF
spectral bandwidth so as to increase the number of users that may be served.

In the AMPS implementation, a carrier comprising 2 fraction of the total
available bandwidth is employed to carry each logical communications channel.

There are several other implementations of the conventional cellular architec-

15 ture that employ other techniques. In time division multiple access implemen-
tations (TDMA), each carrier (possibly the entire available bandwidth or
possibly some fraction of the whole bandwidth using a frequency division
technique) is divided into time slots such that each logical channel is carried

in some subset of the available time slots. In code division multiple access



The Advanced Mbil e Phone System (AMPS) currently is in use in the 15
United States and was defined within the 1S54 standard and is currently

defined withingpligshpl36 standard. The AVPS system enpl oys pEf/Bsséaney
Division Multiple Access (FDMA) RF conmuni cati on between a base station for

a cell and nobile cellular tel ephones (users) in the cell. The transmt
forward channels fromthe base station to users use 30 KHz carriers in the
25 MHz 4 The publication entitled CDVA TRANSM SSI ON DELAY METHOD AND
APPARATUS, WO 94/ 26(0¢PMAjawmpleinkntations, ons ¢antierr(agajrsalbon spive part of thelavailable a
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area by use of adaptive or spot beam-forming antennas for either terrestrial or
space-based transmiitters.

In this specification when referring to conventional cellular systems and
the present invention, the terms “"carrier” and “"channel” will be used
interchangeably in describing communications except where the distinction
between the physical medium (the bandwidth comprising the carrier) and the
logical transport function (the communications channel) must be made clear.
Although the AMPS implementation of conventional cellular systems will
typically be used to introduce and illustrate the advantages of a new cellular
ar_chitecture provided by the present invention, any of the other implementa-
tions previously available for conventional cellular architectures are also

available to the new architecture of the present invention.

System Capacity
A number of parameters determine the capacity of each cell in a

cellular system and therefore the overall capacity of the cellular system. One

and are



f orward channel conmuni cations to nobile users in the mcro-cell. In each

mcro- cell, the nobile users receive the forward channel communi cati ons
fromthe 10 mcro-cell transmtter and broadcast user kg}ﬁgm‘ﬁﬁhannel
comuni cat i ons A4 erent user reverse channels to the mcro-ce

recei ver. The reverse channel comunications received by the m cro-cel
receivers in each of the different mcro-cells are forwarded to the master
site. In a conbining node enbodi nent, the reverse channel conmunications

from plural m cro-cedukh lpafieles that ofistrains the opsx@ivhi 8atle n2dd for A\6B® KHES5159
PCT/ US96/ 17174 band bet ween 869. 010 and 893. 970 MHz and the reverse

channel s between USeéjearatith tefieeeh @Rinéll atherDtypidalccadity tekbhaody dre @mployéd inhe 25
MHz band between 824.010 and 848.970 MHz. There are a total of 832 transmt

and recei ve channel ¢aérits haveaddquard fréqoencp sepatadi@it for hiph-pawseapplications. €Fhehas 416
channel s, one-

. constraint is the need for 18db interference isolation between a channel of
5 interest and power in either the adjacent channels (different center frequencies)
broadcast at the same location or in the co-channels (same center frequencies)
broadcast at spatially remote locations. The carrier frequency for the
communication channel of interest must be separated from the background
noise created by intentional and unintentional radiatoré in the same location.
10 Although the adjacent channels have different center frequencies, none-the-less
they still cause interference with the channel of interest since the circuit
components do not have perfect isolation. Similarly, the co-channels are
located spatially far away from the channel of interest, none-the-less they still
interfere with the channel of interest since there is a tendency to place the co-
15 channels nearer than they would be placed to provide perfect isolation in order
to increase frequency reuse and thereby increase system capacity. As a
practical matter considering all parameters, cells presently are designed to

support 2 maximum of 50 to 56 channels.

In the United States, the Federal Communications Commission (FCC)

20 has set the total number of available frequency channels to be a fixed small



5 hal f of the 832 total channels in a service area. O the 416

channel s, 21 are reserved as control channels for control functions and the
bal ance of 395 e¥d¥ieiss are reserved as user channels for ussrrase@i7izaC.

O her Conventional Cellular Inplementations The AMPS inpl enentation of the
conventional cellular architecture 10 enpl oys the technique of FDVA to
partition and reuse the avail able RF spectral bandwi dth so as to increase

t he nunber of users that nay _be served. In the AWPS inplenentation, a
carrier conprising a PpmEbar; ofFhémrfors cint order) toaszrviqealsrae mumhewi oft mobile userst oyed
to carry each |ogical communications channel. There are several other

i mpl ement ations of t héehapesls it the sane fregengy handApushbe eysed pyer and over; againight

enpl oy other techniques. In time division multiple access, inplenmen- tations-
(TDMR), each carrier [95%i08s thatare fapenough snart£0 a5 oy dngsterz) With edchatheso dbe b y
some fraction of the whole bandw dth using a _frequency division technique)
is divided into tine $agaegy whtchaf"sam?rfa%mﬁmkm%h@m idPatiefpy falled 2 n -

sone subset of the available tine slots. In code division nultiple access
reuse pattern, that determines how many subscribers can be accommodated in

a particular service area. For example, for a nine-cell reuse pattern that is
commion for AMPS, the 395 potentially available channels are divided into nine
separate and roughly equal groups, resulting in a maximum capacity of 44
(395/9) channels per cell. These channels will provide capacity to serve many
10 more than the corresponding number of users since not all users are likely to
be active at ihe same time. Typically, systems are designed such that no more
than 2% of call attempts are blocked at peak system utilization. Although
calling statistics vary from service area 1o service area, an allocation of 44
channels per cell will generally support from 2000 to 3000 users per cell.
15 Reuse patterns in user low-density areas often employ as much as a 21-‘cell
reuse pattern. With such a pattern, fewer channels are allocated per cell with

better isolation for co-channel interference.
In a user-dense area, cell size is reduced and the number of cells is
increased to gain greater user capacity. The frequency reuse pattern may be

20 made smaller by reducing co-channel interference. This reduction may be
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of the avail able bandwi dth) is enabled to carry a nunber
channel s by th®9d¥E™Br non-interfering coding for each channe’P n “pace
division multiple access (SDVA) inplenentations, one carrier is reused
several tines in a coverage 5 area by use of adaptive or spot

beam form ng antennas for either terrestrial or space-based transmtters.

In this specificati eshiedtEwith @fecfidnaltfise satio® Bnerihs dinidingeells inloaectorg svis and
the present invention, the terns "carrier” and "channel” will be used

i nterchangeably in dfesdnt bteﬂ@bn?oﬁlﬂd:ﬂildhatfbxomh OR GiRNectdRET & seven-cell $éuse1CLi on
10 bet ween-t he physi cal i um (the bandwi dth conprising the carrier)
and the | ogical trapspes twithlfiée 020°( bderezio amennaL fdenaters (T,Bpniidl Jboauisd be
made clear. Although the AMPS inpl enentation of conventional cellular
systens w || typi cakhaindle pes @ekidrp it Hichuedtdg aisainth AMRSS syseeins, bixcopihuant ages
of a hew cellular architecture provided by the present invention, any of
t he ot her i npl énent &requkbey allocationois degizndent opidl te @pagriphp lo€ thecervice axeantd onal
cellular architectures are also

the architecture of the wireless system.

Cellular Transmission Characteristics

In conventional cellular systems, the forward channel and reverse

channel paths are symmetrical. The forward channel communication path is

10 from the base station transmitter to mobile users and the reverse channel
oommunicaﬁon path is from the mobile users to the base station receiver.

For forward channel communication, the base station transmits from a

single location, centrally located in the cell, to the cellular telephone users in

the cell. The base station transmission to users is a one-to-many operation.

15 For reverse channel operation of a conventional cellular system, the receivers

at the base station at a single location in the cell receive communications over

many channels from many mobile user transmitters at different locations in the

cell. The base station reception from users is a many-to-one operation.
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such paraneter that constrains the operation is the need for a 630 KHz
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many-to-one reverse channe) operation. In the cellular system, the base station
transmitter equipment typically is high powered, is located in an ideal spot
within the cell and uses directiona_l high-gain antennas for communications with
users. The areas of coverage of base station transmitters are measured and
optimized to define the area of the cell considering also the locations of and
numbers of users. A base station cellular transmitter is analogous to the
transmitter used in one-way commercial broadcast radio systems such as FM
radio or television. Each mobile user in the cell communicates on one channel
(channel pair) at a time. For forward channel operation (base station to mobile
user), each mobile user's receiver receives a signal with a signal strength that
varies as a function of the mobile user's location in the cell and proximity to
the base station transmitter. In order to compensate for different signal
strengths, each user's receiver typically includes simple automatic-gain—éontrol
(AGC) circuitry to adjust receiver sensitivity to compensate for the different
strengths of the received base station signals. Such user receivers require only

enough dynamic range to demodulate one signal at a time.

o

and
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none-the-less they still cause interference wth the channel of interest
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varies widely for the signals received by the base station receiver from the
mobile users. This wide variance in signal strength requires that base station
receivers have a large dynamic range to accommodate weak and strong user
signals for many channels.

In order to achieve the necessary dynamic range, conventional systems
have required careful design and selection of cell sizes and have required
expensive equipment. Further, the use of simple, low-cost AGC circuitry to
reduce sensitivity in the base station receiver is often not practical since when
such circuitry reduces the signal reception to a level acceptable for strong
signals, the weak signals are not received at all. This probiem is known as the
"near-far" problem, so called because the base station receiver dynamic range
will determine how near a mobile user can be to a base station while still
enabling reception from the ‘far’ away mobile vser.

The near-far problem is theoretically controllable by using power

control schemes on the mobile user transmitters where close user transmitters -

1t



| ocations that are far enough apart so as to not interfere with each other.
The cellular areas which reuse the sane frequency bands forma pattern,
called a 5 woloiki® pattern, that determ nes how many suleTUsdsarig4 can be
accommodated in a particular service area. For exanple, for a nine-cell
reuse pattern that is common for AMPS, the 395 potentially avail able
channel s are divided into nine separate and roughly equal groups, resulting
in a maxi mum capacity of 44 (395/9) channels per cell. These c an]n ls will
provi de capacity to Uselnepawghyhilgfar transipigers "Pfhﬁﬁh poRerc dp PRVERSIOR S5t MR ber  of
users since not all users are likely to be active at the sang tine. _
Typical |y, systens afystemsshaprver, Sughhusenpawes SoResl achemss have ngt been eptisely, oyt o
are bl ocked at peak systemutilization. Al though calli tatistics vary
from service area tcuHagPRYesingedhey eayseat relusiqnold '?ﬂ“e‘ﬂlt'}gﬁihﬂﬁss BEF Zel i

wi |l generally support from 2000 to 3000 users, per . cell.. 1 Re ]
patterns in user | oviSGEA; in\freguenay;, reyss. AFF Wﬂ?ﬁlﬁé‘t Ffﬁll:ﬁg'éfg"%gn ﬂ'—'%%?"ﬁlereuse

pattern. Wth such a pattern, fewer channels are _allgcated .per cell. with
better isolatiof forPRXr SHEMRED: i"ﬁ't'@?‘ef@peér?&%!em%v@‘“ﬁ@ﬁ”‘ﬁ%’ﬂggcﬁag&fm’cel I

size is reduced and the nunber of cells |s increased t ai reat.er user
capacity. The frequehbspranser yllitend o e, gore gt adjacet charel 4hd co-

channel users. The greater the number of users with increased power levels,
the greater the interference. Such increased interference either results in a loss
of capacity or a loss of quality.

10 Because cellular phones generally are battery-operated and limited in
power, are close to the ground, often have multi-path, obstruction and other
transmission problems, are frequently omni-directional and mobile, the reverse
channel path between users and the base station has been the weakest link in
conventional cellular communications systems. In addition. users near the edge

15 of a cell typically have to transmit at full power. This precludes channel reuse

in adjacent cells.

The Need For New Wireless Systems

Present-day cellular systems have quality problems (due to handoff

errors and other failures), have insufficient user capacity (due to limitations of
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PCT/ US96/ 17174 achi eved with directional base station ant g 7¥14d1 NG
cells into se¥¥P81R}ith different frequency allocations for each of the
sectors. A seven-cell reuse pattern with three 120[err] sectored antennas
(denoted (7,3) with about 19 channels per sector) is frequently used in
AMPS systens, but optinmmb5 frequency allocation is dependent upon the
t opogr aphy of the sgesthitrease;andiidle aighabahiBeembaisfathest prdblems| mahyessw syst em
Cel lul ar Transm ssion Characteristics In conventional cellular systens, the

forward channel andpiopysak J6r wipiovitip! cetinsystame h4y begn ihadeal . The forward
channel conmunication path is 10 fromthe base station transmitter to

nmobi l® users and the rewsdfycofaiRapropdsale GrAewi ceilarosystpras sl digifal @ohnidues nobi | e
users to the base station receiver. For forward channel conmmunication, the
base station transnid enliafi®ha air-interface. Digital air protocols, including TDMA and
5 CDMA implementations use modulation, s_peech and channel coding, multiple
| accéss. and other strategies such as time division duplex (TDD) techniques.
While these new approaches address capacity and hand-off quality issues, they
increase system complexity, the cost of mobile phones, and have reverse path
synchronization difficulties that limit coverage. In addition, the standard
10 speech coding algorithms have degraded speech quality in order to get
increased capacity.
Person unication Systems (PCS
Personal Communication Systems (PCS) have been proposed for future
wireless systems. PCS systems are divided into low-tier PCS and high-tier
15 PCS as a function of radiated power and area covered. The proposed high-tier
PCS systems are highly optimized for low bit-rate voice and therefore have
limited capability for serving packet-data applications. If the proposed high--
tier PCS systems function in the place of today's cellular radio. more than 100

million users in the United States and many more users throughout the world

13



single location, centrally located in the cell, to the cellular tel ephone
users in the cell. The base station transm ssion to users is a one-to-nany
operation. 15 wooriéike r everse channel operation of a convewcrwsshroel | ul ar
system the receivers at the base station at a single location in the cell
recei ve communi cati ons over many channels from many nobil e user
transmtters at different |ocations in the cell. The base station reception
fromusers is a many-to-one operation, WO 97/.15159
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conven- tional cellular systemare symetrical, the base station
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and receivers. Al so, the one-to-many forward channel atlon IS
significantly different fTheffequaecies availableig the KCC ﬁ'@ld E’l‘ce
operation. In the cellular system the base statlon transmtter ui prrent

typically is high poegeuediito Majer Tradipg A (MTdd iseryise andiPasif 'FF"@‘H% and
uses directi onag hi ghT (;u n antennas for communications with
service.

(a) | The following frequency; blocks are available for assighment on
an MTA basis:
Block A: 1850-1865 MHz paired with 1930-1945 MHz: and
Block B: 1870-1885 MHz paired with 1950-1965 MHz.
10 (b)  The following frequency blocks are available for assignment on
a BTA basis:
Block C: 1895-1910 MHz paired with 1975-1990 MHz; and
Block D: 1865-1870 MHz paired with 1945-1950 MHz.
Block E: 1885-1890 MHz paired with 1965-1970 MHz; and
15 Block F: 1890-1895 MHz paired with 1970-1975 MHz.
A separate 20MHz band, 1910-1930MHz, was also allocated for low
power, unlicensed PCS.
Low-tier PCS systems also have been proposed to serve the world-wide
market. Some of the desirable features of low-tier PCS systems are identified

20 by Donald C. Cox, Wireless Personal Communications: What Is It?, JEEE



Users. The areas of coverage of base station transmtters are neasured and
optim zed to define the area of the cell considering also the |ocations of
and 10 nunbers of users. A base station cellular trans_i%%ér,h%

anal ogous to (HRO¥IM¥smitter used in one-way commercial broAdeE¥H M M adio
systens such as FMradio or television. Each nobile user in the cel

communi cates on one channel (channel pair) at a tine. For forward channel
operation (base station to nobile user), each nobile user's receiver

recei ves a signal WpeRorl EbfiMiaticaBns RASHIN9Y3)AtThdse desirable/ fRhtufeS fdtSa RwitiepCt i on

of the nobile user's location in the cell and proximty to the base station
transmtter. In ordeicst gystepimaingat e for different signal strengths, each
user's receiver typically includes sinple automatic-gain-control (AGO
circuitry to adjust receiver &eRgidiv¥ibiffeleial PIRE THE Mddalatibh @ADPELGT ent
strengths of the received base station signals. Such user receivers require
only 20 enough dynam c rsp&gR ehsodi@Withi e PoRwErccdhiiiption Ahigh quhliiy . WO
97/ 15159 PCT/ US96/ 17174

5 speech and low delay.

® Flexible radio link architecture that will support multiple data
rates for data transmission and messaging.
® Low transmitter power with adaptive power control to
maximize talk time and data transmission time.
10 ® low complexity signal processing to minimize power
consumption.
® Low co-channel interference and high coverage area.
® Multi-level phase modulation with coherent detection to
maximize radio link performance and capacity with low
15 complexity.
® Frequency division duplexing to relax the requirement for
synchronizing base station transmissions over a large reéion.
A low-tier PCS system contemplates a dense collection of many, low--
complexity, low-cost, base stations interconnected with inexpensive

20 fixed-network facilities (copper or fiber based). A high-tier PCS system

IS~



For reverse channel operation (user to base station) of the conventional
cellular system the receiver at the base station is at a single |ocation
in the cell angglffsgseves conmuni cati ons over many channel spet/os9simny nobil e
user transmitters that are at different locations in the cell. The user

| ocations 5 change as nobile users nove about in the cell and
therefore, the signal strength varies widely for the signals received by

t he base station receiver fromthe nobile users. This wi de variance in

si gnal strength reqGPPtedplatss spapslycdigribitedoeellrsiteej The nced fQrchigh transpissigy nani ¢
range to accommodate weak and strong user signals for many channels. 10

In order to achi eve QUMY (bt compstcs wWith b qualityefewireling\telsphoBesals ney sasils have
required careful design and selection of_cell sizes and have required :
expensi ve equi prent aciged Hising ey highaties PGS sytems whigh dend; toameximyizecustry t o
reduce sensitivity in the base station receiver is often not practical
since when such ci r EBrReFgellrsie andasers-pr-Mily toJninimize s pypber Gf gxpepsiv) high- :
accept abl e for tron_g 15 . signals, the wea si% s are not received at
al | . This problo%em i $EKsElitesaIhe freauengyzfpuse a?P"b'EWd)Sl @%‘afssassf?faq feads tphighuse the
base stati‘on receiver nam c range wll, deternjne _hOYV nsa}g a nobi] e user
can be to a base st 8 SYHEM capacyy by increasing the num er of cells and thereby reducing

the separation between base stations. Note, however, that reuse is determined

by the reverse path constraints. This frequency reuse need for large capacity
suggests that low-tier, small-cell PCS systems will have a dominant position

10 in future wireless systems. However, many complex interrelationships among
circuit quality, spectrum utilization, complexity (circuit and network), system
capacity, and economics are involved in the design of future wireless systems.

If new wireless systems develop as proposed, the fuwre roles for

existing types of wireless systems (such as paging, messaging, cdrdless

15 telephones and wide area packet-data networks) are uncertain. For example,
the PCS systems require an intelligent network in order to manage mobility of

users. Cordless telephones, by way of contrast, need independence of network
intelligence and need base units that mimic wireline telephones. As another
example, data systems often do not tolerate the priority needs of wireless voice

20 communications. Also wireless voice systems often do not recognize the

lo



enapting rteception fromthe "far' away nobile user. The near-far problemis
theoretically controll abl e by using power 20 control schenes on the
nobil e user transmtters where close user transmtters VO 97/ 6&9

PCT/ US96/ 17174 WRB 1MWl power while far transnitters use hi Wﬁ’(ﬁ@ I n
conventional cellular systens, however, such user power control schenes
have not been entirely satisfactory since they cause a reduction in battery
life for users, cause a decrease in frequency reuse, are not avail able at

cel | registration (vpbRadct!df data and nRRNWRIng] SIF dRE Uist&AD andavditegstemoiieer
probl ens. When the power is increased for a user, the user wll tend to

| nterfere nore DOth iHidpbndaéll?efibited: 0 Bars Uoif0and i Sflenti Aosnor T

greater the nunber of users ‘w I ncreased power |evels, the greater the

interfrerence. Such iJyGinBgs6fché SoRérhies SMMBri debvdrk infffakthicird EndPbab®§istio
capacity or a loss of quality. 10 Because cel | ul ar phones

general |y are battergsipmesated and limted in
5 ' Although a wide range of tgch_nqlogy is available for new and improved
wireless systems, the proposals for such systems still have not adequately
recognized how to economically satisfy the needs for capacity, coverage,
" control and quality of new wireless systems.
In accordance with the above background, there is a need for im-

10 proved wireless communication systems.
S ARY OF THE INV ON

The present invention is a wireless communications system that includes
forward channel co:ﬁmunications to users and corresponding reverse chanpel
communications from users. Typically, the users are mobile users that travel

15 from one area to another area over one or more zones. The forward channel
communications are broadcast directly to users in a broadcaster zone. The
reverse channel communications from users are not returned directly but are

first collected at locations arrayed over the broadcaster zone. After collection,

11



power, are close to the ground, often have multi-path, obstruction and

ot her transm ssion problens, are frequently omi-directional and nobile,
the reverse chggwhsipt h between users and the base stati opchassshers t he
weakest link in conventional cellular comrunications systens. In addition,
users near the edge 15 of a cell typically have to transmt at full
power. This precludes channel reuse in adjacent cells. The Need For New
Wrel ess Systens Present-day cellular systens have quality problenms (due to
handoff errors and ohteversedhiaipeloommunisaiions arg formvatded g complgte the fulkfuplex( due to
limtations of WO 97/ 15159

PCT/ US96/ 17174 spect9onyunications, Theferward chanpelgogwnupisations mie pint to Hpltipejats e
probl enms, many new pro_i)osal s for inproving cellular systems have been nade.:
Many of the proposal %hifeothe yevgrieethanned rcomyminisations; age mudfipoint t@ doinhi qThes to .
enhance the air-interface. Digital air protocols, including TDVA and
communication system separately handles the point to multipoint forward path .
5 as a direct broadcast and the multipoint to point reverse path using multiple
collection points. Since the forward and reverse paths are separately
configured, the present invention optimizes both the forward and reverse paths

to provide a wireless operating system architecture that has greater communica-

tions capacity and better communications quality than prior wireless systems.

10 The forward channel c.:ohlmunications and the corresponding reverse
channel communications to and from users are under control of a zone
manager. The zone manager includes a broadcaster having a broadcaster
transmitter for broadcasting forward channel communications using broadband
broadcaster signals to form broadcaster forward channels in a broadcaster zone.

15 The zone manager also includes an aggregator for receiving corresponding
reverse channel communications. Users in the broadcaster zone include
receivers for receiving a forward channel from the broadcaster and include a
transmitter for broadcasting reverse channel communications in a user reverse

channel. Collectively, the reverse channels from the users provide a

4



5 T TCDMA i npl enentati ons use nodul ati on, speech and channel codi ng,
mul tiple access, and other strategies such as tine division duplex (TDD)

t echni ques. Wil e these new approaches address capacity ang?p%g,-l_ﬁu
qual ity issuesWOPHEYS9 ncrease system conplexity, the cost nmopi I'e phones,

and have reverse path synchronization difficulties that [imt coverage. In
addition, the standard 10 speech codi ng al gorithnms have degraded speech
quality in order to get increased capacity. Personal Communi cation Systens

(PCS) Personal Commipi,geink @ompokite sial. (KpRkalltp¥econeasts Rfeqiiafifiled @er fhyt ur e
w rel ess systens. PCS systens are divided into lowtier PCS and high-tier

15 PCS as a fun%&sﬂﬁ erﬁth aeel-HRANAbcaAO. A8 oMY S51RGtorsiACludeE @posed
hi gh-tier PCS systens are highly optimzed for low bit-rate voice and

therefore have |im typghiemBdblebtbl dcdivet for ¥csiving ti2dedadbandl ddniposippdigmapfromns. | f
t he proposed high-- tier PCS systens function in the place of today's

cellular radio, norean¢ Gaps #RQal bf the BolleEFsSinélidek RGlidcldE Fer¥adingt mamafd many
more Users throughout the world 13 _

5  forwarding to the aggregator the reverse channel communications from the
users. The aggregator typically receives from several éollectors distinct
representations of the reverse channel communications transmitted by a single
user. These distinct representations are processed to provide an aggregate
signal with enhanced quality over any one of the distinct representations. The

10 aggregation process also yields the user’s cuﬁent location.

- A region manager coordinates the functions of all of the zone
managers in a region. When a user travels from one zone to another, the
region manager directs the handoff procedure whereby one _zone' manager cedes
control of the user forward and reverse communications._to a second zone
15 manager. The region manager also functions as a resource manager,

optimizing the allocation of system resources over the entire. region.

The present invention employs digital signal prdcessing (DSP) resources
and allocates them where and when needed to specific proce;sing locations in
the communication system.  Efficacy ir.d econoiny are aghieved by a process

20 of allocating resources to digital signal processors distn'buted in the forward

4



WO 97/ 15159
PCT/ US96/ 17174 nmust be served. |If the technical issues pertaining to the
support of pa(“ggg.,-,g%a applications can be solved, the denpggessk@nreservice

wi |l be even greater. The frequencies available in the FCCIicensed
Broadband PCS service are grouped into Major Trading Area (MIA) service and
Basic Trading Area 5 (BTA) service. (a) The follow ng frequency

bl ocks are available for assignnent on an MIA basis: Block A: 1850-1865 Mz
pai red with 1930- 1948d kéverse patis. BTbe architectugs7 fpr agd the iprocessAf mberatipg digtad50- 1965
MHz. 10 (b)  The follow ng frequency blocks are avail able for
assi gnment on a BTAsigasli proceSsing kes@ircesSi9 ace@damed/mithghe invantignt if apelied-t9 990
MHz; and Bl ock D. 1865-1870 MHz paired with 1945-1950 MHz. Bl ock E:
1885- 1890 MHz pai r ecvidébaid 1815 tetbidogylito sprail spectrum technology, and to other
multiple access technologies. The invention is capable of real-time adaptation -
5 to changes in the system by real-time allocation of processing resources.
The inherent benefits of the wireless operating system allow for
increased capacity, coverage. and quality over prior cellular systems. The
presence of the collector array allows users to transmit with lower power for
a given size zone (since the collectors are closer to users than the base stations
10 in conventional cellular systems), thus increasing coverage by allowing zones
larger than conventional cells. The collectors provide signal strength
measurements which are used by the zone manager to determine user location
for accurate forward and reverse link power control and more efficient
frequency reuse, thus improving capacity. The signals from the collectors are
15 aggregated at the aggregator to provide greater communications link quality.
The foregoing and other objects, features and advantages of the

invention will be apparent from the following detailed description in conjunc-

tion with the drawings.



15— Bl ock F: 1890-1895 MHz paired with 1970-1975 MHz. A
separate 20MHz band, 1910-1930MHz, was al so allocated for | ow power,
unlicensed PCS. Lowtier PCS systens al so have been proposed to serve the
wor | d- wi de narw@esB8me of the desirable features of | ow tTSUHE ¥y st ens
are identified 20 by Donald C. Cox, Wreless Personal Conmunications:
What |s It?, |EEE WO 97/ 15159

PCT/ US96/ 17174 Per sonal Conmuni cations (April 1995). These desirable

features for a lowtier PCS Wmﬁ Qgigﬁgﬂ ok piawings D fferenti al

Pul se Code Modul ati on (ADP speech encoding wW oW power consunpti on,
high quality 5 speech and |low delay. [err] Flexible radio
link architecture that will support nmultiple data rates for data

transfi ssion and MeSSAQiglg. | depicts a communication network connected with two-way
. communication to a plurality of regions for wireless communication with users.
~ FIG. 2 depicts one of the regions of FIG. 1 that is serviced by a region
5 manager communicating with a plurality of zone managers having broadcasters
for forward channel communication to users and having aggregators for
- receiving reverse channel communications, and that is serviced by a plurality
of collector arrays for collecting reverse channel communications from users

for forwarding reverse channel communications to aggregators.
10 FIG. 3 depicts further details of the FIG. 2 system connecting to a

network.

FIG. 4 depicts a4 system with one zone manager of FIG. 2 for
broadcasting forward channel communications to a plurality of users and a
corresponding collector array, formed of a plurality of collectors, for receiving

15 and retransmitting reverse channel communications from users.
FIG. 5 depicts a schematic representation of further details of the FIG.
4 system with forward channel communication from a broadcaster to a single
user and the reverse channel communication from the single user through four

collectors to an aggregator.

2



[err] Low transmtter power with adaptive power control to maxim ze talk
time and data transm ssion tine. 10 [err] Low conplexity
si gnal process‘jvﬁg A9 oM Ni N ze power consunption. [err] Lovwp&Rusbanse!
interference and Rl g% coverage area. [err] Milti-level phase nodul ation

W th coherent detection to maximze radio |link performance and capacity
with | ow 15 conplexity. [err] Frequency division duplexing
to relax the requirenment for synchronizing base station transm ssions over
a large region. A |owtiPIG.RC8epiots & peneralized bivcladiagram ofem digitalotrangesiveon of
many, |ow - conplexity, |owcost, base stations interconnected with

i nexpensive 20 firanedittad/tendivee).f aci | i ties (copper or fiber based). A
hi gh-tier PCS system WO 97/ 15159 _
PCT/ US96/ 17174 FIG. 7 depicts a block diagram of a RF subsystem group that forms

part of the transceiver of FIG. 6. -
5 FIG. 8 depicts a block diagmm_ of one.embodiment of the digital signal
.l " processor sub'system of FIG. 6 for use as a user in FIG, 4.
FIG. 9 depicts a block diagram of one embodiment of the transceiver
of FIG. 6 for use as a collector in FIGs. 3. 4 and 5.
FIG. 10 depicts a block diagram of one embodiment of a receiver
10 portion of the FIG. 6 transceiver for use as an aggregator in FIGs. 3, 4 and
5.
FIG. 11 depicts a block diagram of one embodiment of a transmitter
portion of the FIG. 6 transceiver for use as a broadcaster in FIGs. 3, 4 and 5.
FIG. 12 depicts one embodiment of the full-duplex communication path
15 established to three users, with collectors which shift portions of the allocated
reverse channel spectrum to isolate reverse channel transmissions to the
aggregator.
FIG. 13 depicts a second embodiment of the full-duplex communication

path established to three users. with collectors which shift individual carriers



corntenpl ates sparsely distributed cell sites. The need for high

transm ssion quality that conpetes with the quality of wreline tel ephones
is not easily achieved using only high-tier PCS systens which tend to

maxi m ze us- ev@IWSIsocel | -site and users-per-NMHz to nini m XY Anber of
expensi.ve high- 5 tier cell sites. The frequency-reuse capability of
cellular systens |eads to high overall system capacity by increasing the
nunber of cells and thereby reducing the separation between base stations.

o Toueets 1 oat whfl>fhe; SiofikieHALAE Indbhel DEARRY 3 S60E bl A1 ' o

Thi s frequency reuse nee arge capaclty ‘'suggests that lowtier,

smal | -cell PCS syst ﬁ%m\@silohs gqxee%%#ﬁm.nant position 10 in future
many ex

Wi rel ess systens. However, interrel ati onshi ps anong circuit

quality, spectrum utili zggl ?I‘dep&fﬁrml-. Sotle Infanddet bE ML FIGL 2, AGhIR TYPe wilySt €M

capacity, and economics are involved in the design of future wreless

systens, If new w rg}ogﬁaséyﬁgigrg,nr%e%gtdgﬁﬂ 3nghd P W6 cashifle frwhid! hande] €S for

existing types of wreless sy as pagl ng, messagi ng, cordless 15

tel ephones and swi de gh@anBAGHE iRk JsehEhiO! KshessbnBink R6Rkio aftay Fllingkanp! e,
the PCS systens require an intelligent network in order to manage nobility

of users. Cor dl ess pRkgR)IURCilediis 'Y Rbeiifl ahd Seuradifithe’ HIBRENGIRARE Of

communications from the three users to an aggregator of the zone manager.
FIG. 15 depicts two zone managers (including broadcasters) of the
FIGs. 2 and 3 type, each using two broadcast ranges for broadcasting forward
10 channel communications to five users and two corresponding collector arrays,
each having a plurality of collectors for receiving and retrﬁnsmitting reverse
channel communications from the five users to two aggregators in the two zone
managers, respectively,
FIG. 16 depicts the FIG. 15 configuration with one of the users moved
15 to a new location.
FIG. 17 depicts a hexagonal grid, with 60° broadcast sectoring and with
(3,6) channel partitioning.
FIG. 18 depicts one embodiment of a broadcast zone and a collector
array having collectors optimally located to maximize coverage of a selected

20 area.



intelligence and need base units that ninic wireline tel ephones. As anot her
exanpl e, data systens often do not tolerate the priority needs of wrel ess

voi ce 20 Lgations.  Also wirel ess voice systens gffhedA7410t
recogni ze the C‘Qﬁ%{% /15159

PCT/ US96/ 17174 inportance of data and nessaging. |If data systens and voice
systens are independently operated, the separate voice and data systens do
not take advantage of the econom cs of sharing network infrastructure and
base station equi pnent. 5FIG. 19 depicts ontl enthodigiientoof\ai breadcash geneodnd tacaotentdrogy i s
avai l abl e for new and i nproved w rel ess systens, the proposals for such
systens still have natrrapdavipgxiobitciors locatagnyithead variable tconcentratiomita mitcly variablesf y
the needs for capacity, coverage, control and quality of new wrel ess
systens. |n accor dancencentrdtionhef wsors\ie sélectddqraasnd, there is a need for im
10 proved w rel ess conmuni cati on systens.

FIG. 20 depicts the broadcaster transmitter and collector receivers of

5 FIG. 19 with collector receivers having variable heights.

DETA!LED DESCRIPTION
System Architecture - FIGs. 1 and 2
Referring to FIG. 1, the architecture of the present invention is based
upon one or more geographic regions (R) 11 and a network 10. A region can
10 be any area large or small from entire countries to streets or buildings.
Forward channel and reverse channel communications in regions 11 and
between regions 11 and network 10 are controlled and established by region
managers (RM) 21. The region managers 21 provide system-wide functions
such as switching (between regions 11 and the PSTN, for example), user
15 management, such as home location register (HLR) and visitor location register
(VLR) functions, roaming support (for example, IS-41 connectivity). '
Each region 11 has broadcast zones established by zone managers (ZM)
20. The zone managers 20 have high-powered broadcasters 16 that broadcast

the forward channel communication to users () 18. The zone managers 20



SUMNVARY OF THE TNVENTTON The present invention is a wirel ess conmunications
systemthat includes forward channel comrunications to users and
correspondi ng reverse channel conmunications fromusers. Typicall t he
users are npbMQ®7a88%s that travel 15 from one area tﬁéﬂ’ﬁ?%&‘ar ea
over one or nore zones. The forward channel communications are broadcast
directly to users in a broadcaster zone. The reverse channel communi cations
fromusers are not returned directly but are first collected at |ocations

arrayed over the brgadeasise raﬁgﬁgﬁ?rs Aft @bt ﬁgéés@ CdveRRE channelV¥dmiirunicadon.

PCT/ US96/ 17174 the reverse c communi cations are forwarded to conplete

the full duplex co ' [ QNS+ ch ' | re
p fﬁyﬁ ﬁg&.ﬁ& 20 W6 b K\ﬁﬁﬂhaﬁ 5 Bfoad AQIHE U2 the Odidire?

point to nultipoin e reverse channel’ communi cations are rmnultipoint

to point. The commgﬁ;%hg,ogpeam SBERBIS HeGlyiof ANAMRE uldne 19 Ricile, [with

mul ti point forward { ~as a direct broadcast and the nultipoint to
point_reverse path gghilireBnh Rkéivers, forward channel communications from the zone

5 managers 20 and transmit reverse channel communications, with omni-
directional transmitters, to collectors 19 in collector arrays 13. Each of the
collectors 19 for a collector array 13 receives reverse channel communications
transmitted by those mobile users 18 within the reception range of the
collector. The collectors 19 in collector arrays 13 in turn retransmit the

10 reverse channel communications to an aggregator 17 in the zone manager 20.
The zone manager 20 processes the received reverse channel communications
and forwards the reverse channel communications to the same source in
network 10 that originated the forward channel communications through region
switches.

15 Each -zone manager 20 communicates with the region manager 21 which
coordinates the frequency allocation for forward and reverse channels among
broadcasters, users and collectors.

Referring specifically to FIG. 1, a network 10 represents all of the
connected communication systems of the communication universe including,

20 for example, the public-switched télephone network (PSTN) 125. A plurality




collection points. Since the forward and reverse paths are separately
configured, the present invention optimzes both the forward and reverse
paths to provi q,gogm\g@éel ess operating system architecture thatyddgsnfir eater
conmuni ca- tionS Ccapacity and better conmunications quality than prior

W rel ess systens. 10. . The forward channel comruni cations and the
correspondi ng reverse channel conmmunications to and from users are under
control of a zone manager. The_ zone manager includes a broadcaster having a
broadcast er transmi t tofserdice arka regidaa sl havg filbdupdexctondeations o the matmoilc 0 fopns

usi ng broadband broadcaster signals to form broadcaster forward channels in
a broadcaster zone. JPooviding tWhevay oseminidadgeetvedes metwork Li@sl wireless gseeg® or f or
recei ving correspondi ng reverse channel comrunications. Users in the .
br oadcast er zone i nclAigal ofR edgioss §1 4ro showade IFIG nY inglufling wWeer dgiobsaRIBIR(RY.om t he
broadcaster and include a transmtter for broadcasting reverse channel

comuni cations in a useR(M.eveRER).channel. Collectively, the reverse
channels from the users provide a :
5 Each of the R regions 11 includes a region manager 21 RM(1), RM(2),
... + RM(r), ... , RM(R). Each of the region managers 21 includes a

distributor (DI) 14 that is a facility in each region 11 for distributing forward
channel communications from the network 10 to zone managers 20 that
broadcast to wireless telephone users 18 in a region 11. A total of R

10 distributors 14 are shown in FIG. 1 including the distributors DI(1), DI(2), ...,
DI(n), ..., DI(R).

Each of the region managers 21 includes an accumulator (AC) 15 that
is a facility in each region 11 for accumulating reverse channel communications
from zone managers 20 and routing reverse channel communications to the

15 network 10. The zone managers 20 receive reverse channel communications
from users I8 including users Ul, ..., Uu through collectors 19 including
collectors C(1), ..., C(C) in collector arrays [3. A total of R accumulafors 15
are shown in FIG. 1 including the accumulators AC(1), AC(2), ..., AC(r), ....
AC(R).



WO 97115159

PCT/ US96/ 17174 br oadband conposite signal. A plurality of collectors are
di stributed over the broadcaster zone at spaced-apart |ocati Jﬁ h of
t he col | ect or sWoA#HRS}¥es a br oadband col | ector receiver for F@@%"\’ 29 t he
br oadband conposite signal fromthe users and each of the collectors

i ncl udes collector forwarding neans for 5 forwardi ng to the aggregator
t he reverse channel comrunications fromthe users. The aggregator

typically receives from py bl SGhOLomnttnhdoR GYsidnf RicRBMR R fegibs Of the
reverse channel conmuni cati onga{e'rngﬂsm&tqt ed by a si n%s | e uger EThesgel di stinct

representations are u%?g%?iﬁ el 2@ MANdeES 20Nthe dSlleedR hifa l:gﬂiﬂ'thé'\hieﬂ ®hhanced
quality over any one of the g’stl nct rgepresent ations. ysh

aggregati on process ;algieMkfibdsy Hb?nbﬂﬁﬁd’n of séfwareSdnlt hh:@@ﬁ%'d@d%nbeﬁ ih @@thid N
manager coordinates the functions of all of the zone managers in a region.

When a user travel Sh@k\aﬁh&ne zone to another, the regi on nmanager directs
t he handoff procedure ereby one zone nanager cedes control of the user

forward and reverse commupiee@lelyOthe sbffivafe i3 RiidWhths 21 \fireléss operatiifffi@@@rand The
r egl on manager al so functions as a resource manager optimzing t he
al I ocation of systerng 4RGeS BFohsikt théConfidhént ParkCEH tAE) communication system.
A substantial portion of the operating system implements the functions required
by the various governmental standards applicable to wireless communication
as well as other functions that are otherwise well known. In addition to well-
10 known functions, the present system provides a number of new functions that
enhance wireless communication. These new functions will be detailed and

illustrated in the following figures. Generally and for one embodiment. the

wireless operating system functions are outlined as follows:

Region Manager 21

15 Interfaces:;

® To and from network 10
® To and from zone managers 20
ee  Narrowband signals from accumulator 15 (status

information from multiple aggregators 17)

- 21



The present invention enploys digital signal processing (DSP) resources and
all ocates them where and when needed to specific processing locations in
the conmmuni cat LQh.s¥ssem Efficacy and econony are achi evegrRiéedhrple0CeESS
20 of allocating resources to digital signal processors distributed in
t he forward WO 97/ 15159

PCT/ US96/ 17174 and reverse paths. The architecture for and the process of
al l ocating digital signal processing resources in accordance with the
invention is applied to w deba®® r aNamowbaod sighadsfrom distribptoe A4 tes broadcasim
technol ogy, and to other multiple access technol ogies. The invention is
capabl e of real-tine adaptation 5 ers 16 cootrainigfosmation thvaultiplet em by real -ti nme
al | ocati on of processing resources. The inherent benefits of the wreless
operating system allow for increasedadcasaci®y, coverage, and quality over
prior cellular systems. The presence of the coIIector array alloms users to
transmt with | ower power Ihformatiogifiekls senit by re REerd to be; 0

closer to users than the base statlons

5 ® List of registered mobile users 18 within each zone
0. List of pennitted broadcaster 16 frequencies
. Power limits for each permitted broadcaster 16 frequency
- - e Network 10-generated call setup/tear-down requests
L Region manager 21 requests to l-1andle potential handoffs
10 ° Status of previous region manager 21 handoff requests

Information fields received by region manager 21 from zone

managers 20:
° Updated list of registered mobile users 18 within each zone
° List of active broadcaster 16 frequencies and associated
15 power levels
° Requests for increased broadcaster 16 frequency allocations
° RequeSts for increased broadcaster 16 power level limits
® List of active user 18 power levels
L User 18-generated call setup/teardown requests
20 L Zone manager 20 requests to handle potential handoffs
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10 in conventional cellular systens), thus increasing coverage by

all ow ng zones larger than conventional cells. The collectors provide
signal strength neasurenents which are used by the zone nanager to

det er ni ne userw@B¥sI®on for accurate forward and reverse |TTUPBYRY control
and nore efficient frequency reuse, thus inproving capacity. The signals
fromthe collectors are 15 aggregated at the aggregator to provide
greater conmmunications link quality. The foregoing and ot her objects,

features and advantages of tNgquPRLIOR Hhd hafiEePRORGRE rhid t he

followi ng detail ed description 1n conjunc- tion with the draw ngs. WO

97/ 15159 : PCT/ US96/ 17174
BRI EF DESCRI PTI ON OF THE DRAW NGS FI G 1 depicts a conmuni cati on network
connected with two- cOabIspat i on to a plurality of regions for wreless
conmuni cation with users. G 2 depicts one of the regions of FIG 1 that
is serviced by a region Interfaces:

. Narrowband signal(s) from aggregator 17 (status information

5 from multiple collectors 19)
® Narrowband signal(s) to broadcaster 16 (control information

to niultiple collectors 19)

Information Fields Sent by Zone Manager 20 to Every Collector

19:

10 ° List of active receive frequencies

) ® Minimum signal threshold per active receive frequency
. Permission to re-transmit
] For each "permission to re-transmit”, a retransmission
frequency

15 Information Fields Received by Zone Manager 20 from Every
Collector | 19:
L User frequencies and signal strengths
] Broadcast signal measurements

Agpregator 17 Control:



5 manager conmmunicating with a plurality of zone managers having
broadcasters for forward channel communication to users and having
aggregators foq f’ﬁﬁ? VI ng reverse channel comuni cati ons, tdaAads7d S
servi ced by a%f’u ty of collector arrays for collecting reverse channel
comuni cations fromusers for forwardi ng reverse channel comunications to
aggregators. 10 FIG 3 depicts further details of the FIG 2
system connecting to a network. FIG 4 depicts a systemw th one zone
manager of FIG 2 for br.oedcastcingrehon fregqubncy st iaillle@@niftniaggregatorsl7t 0 a
plurality of users and a corresponding collector array, forned of a
plurality of collectors, for rrecansiissipnldd user 18aipdaly etransmtting reverse
channel conmunications fromusers. FIG 5 depicts a schenmatic -
representation of furtheredet aAggsegationt doetrdlidata 4 system with forward channel
communi cation froma broadcaster to a single user and the reverse channel

comuni cation fromthe simgl e Rundng Inforoiaton o vetworkl 10¢ dktrazohe ! inteszone)
aggr egat or.

5 Broadcaster 16 Control:
® Per-channel broadcast signal power
] Per-channel user 18 transmit power (goes into broadcaster

16 control channel)

10 Broadcaster 16;

Interfaces:
® Voice and data channels from distributor 14
° Air interface to users 18 and collectors 19
Processing Per Broadcast channel:
15 . Routing from network 10, interzone, intrazone

L] Speech coding

o Air protocol coding
L4 Modulation
Signal combination:
20 L Performance gain control on outgoing signals

B0
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PCT/ US96/ 17174 FIG 6 depicts a generalized bl ock diagram of a digital
transceiver (transmitter/receiver). FIG 7 depicts a bl ock dla am of a RF
subsyst em gr oupowsss¥ or ns part of the transceiver of FI G PgT

FIG 8 depicts a block diagram of one enbodi nent of the digi tal si gnal
processor subsystemof FIG 6 for use as a user in FIG 4. FIG 9 depicts a
bl ock di agram of one enbodi nent of the transceiver of FIG 6 for use as a

collector in FIGs. 3, 4 a;nd 5 P el Sinfd tthfR®Anddi agram of one
enbodi nent of a receiver M&bﬁF‘t’ g Filgﬁ:ﬂemFl G 6 transceiver for use

as an aggregator in FlGs.g3, thlbroBigat S @ bl ock di agram of
one enbodi nent of a transmttie}%l’?l%ht js'g'lla%mt he FlI G 6 transcei ver for use

as a broadcaster in FlGs.p 30 .d 5. FIG 12 depicts one enbodi nent of the
ful |l -dupl ex comuni cat i o established to three users, with

collectors which shift pogti Oﬁgim totﬂﬁlo@(b%%iﬁﬂrsion-

5 L] Intermediate frequency (IF) to radio frequency (RF) conver-
sion

e Antenna feed

Aggregator 17:

Interfaces

10 L Air interface from collectors 19
° Voice and data channels to accumulator 15
Reception:

° Antenna feed

L RF to IF
15 L] Analog to digital (A/D) conversion
L Spectral Transform
L Filtering (Channelization)
o Synchronization

31



reverse channel spectrumto isolate reverse channel transm ssions to the
aggregator. FIG 13 depicts a second enbodi ment of the full-duplex
conmuni cati on ablished to three users. with collect j shift
Cndivi dual | oar reRRIRA0 1 OR00 0 Retmi il
PCT/ US96/ 17174 within the all ocated reverse channel spectrumto isolate
reverse channel transm ssions to the aggregator. FIG 14 depicts one zone
manager of the FIGs. 2, 3 and 4 type with a broadcaster using three
broadcast ranges for broadeast iCombination#Selecdidrannel 5 comuni cations to
three users and a corresponding collector array having a plurality of
collectors for receiving awmd r &semlosalizdtionng reverse channel comruni cati ons
fromthe three users to an aggregator of the zone manager. FIG 15 depicts
two zone managers (includil® SiEpEY APE e FIGs. 2 and 3 type, each
usi ng two broadcast ranges for broadcast i ng forvvard

L Demodulation Channel

5 e Air Protocol Decoding

. Speech decoding

® Routing information (to network 10, intrazone, interzone)
Collector 19:
Interfaces:
10 L] Air interfaces from users 18 and broadcaster 16
] L Air interface to aggregator 17
ception:
L Antenna signal (from user 18)
] Antenna feed from broadcaster signal (control signal from
15 broadcaster 16)
L] RF to iF on user 18 and control signals
] A/D conversion on user 18 signal (wideband)
o Demodulate control signal(s)

Detection Processing:



10 channel conmmuni cations to five users and two correspondi ng col |l ector
arrays, each having a plurality of "collectors for receiving and
retransmtting reverse channel conmunications fromthe five users to two
aggregators i nWO®/1I5M8 zone nanagers, respectively. FIG 1PEIPETY4¢ he
FIG 15 configuration with one of the users noved 15 to a new | ocation.
FIG 17 depicts a hexagonal grid, with 60 broadcast sectoring and with
(3,6) channel partitioning. FIG 18 depicts one enbodi nrent of a broadcast
zone and a col |l ector array, havj s optimally |l ocated to maxi m ze
coverage of a selected 2036 g&ggﬁqéﬁ%%w 15159

PCT/ US96/ 17174 FIG 19 degy ct SS@% sﬁgigﬂpig%ﬂk gft @ broadcast zone and a
col l ector array having collectofs [ocdted w tﬁ a variable concentration to

mat ch-variabl e ° Threshold comparison and peak list generation
* -transmitted channel:
5 . e Gain leveling (equalization)
* Frequency translation (received from user 18 -> sent to
aggregator 17)

Signal combination:
® Mix N ongoing data si_gnals into one broad band

10 ® Mix control signals into one broad band
Transmission:

) L4 D/A conversion
® IF to RF conversion
® Directional antenna feed

15 Communications Region - FIG. 2

FIG. 2 depicts a typical one, R(r), of the regions 11 of FIG. 1. The

R(r) region 11 is serviced by a plurality of zone managers 20. Each zone

manager 20 includes a broadcaster (B) 16 and an aggregator (A) 17. The

broadcasters 16 broadcast over one or more forward channel broadcast ranges



concentrations of users in selected areas. FIG 20 depicts the broadcaster
transmtter and collector receivers of 5 FIG 19 with collector

recei vers havi {<abl € hei ghts. DETAI LED DESCRI PTI ON Sys | tecture
- FIG. 1 and 2 g?'girsrai ng to FIG 1, the architecture of th%%%%en‘

I nvention is based upon one or nore geographic regions (R) 11 and a network
10. A region can 10 be any area large or small fromentire countries to
streets or buildings. Forward channel and reverse channel communications in
regions 11 and bet weethatrdstgiming tielbroadchshaineotk Efrhdreadcmnt 16 hhdsigapstor
established by regi on managers (RM 21. The region managers 21 provide
system wi de funct i onslEiscissogisted writhcitileass onb ae¢vesse changeji colictar hrand 3t BaclPSTN,
for exanple), user 15 managenent, such as hone |ocation register (HLR)
and visitor |ocation progfcases6 {s\A fyility fordreadersting foawnrd ghanngl rommuitations
exanple, 1S-41 connectivityé. Each region 11 has broadcast zones

est abl i shed by zone nigruserel&located widign thErhroaicastzara ofithetsoadtasienté A total

hi gh- power ed broadcasters 16 that broadcast the forward channel

communi cation t8 user@f £ byoad@stersHé aroshowndorathe regicR(r) of FIG. 2 including the

broadcasters B(1), B(2), ..., B(z2), .... B(Z) where z is a particular one of the
broadcasters 16 and z = 1, 2, ..., z. .... Z.
Each broadcaster 16 and collector arfay 13 in region R(r) is associated
with at least one aggregator 17 which is a facility for aggregating reverse
10 channel communications from collectors 19 that form the collector array 13.
A total of Z aggregators 17 are shown for the region R(r) of FIG. 2 including
the aggregators A(1), A(2), ..., A, ..., A(Z) where z is a particular one of
_ the aggregators 17and z = 1.2, ..., z. .... Z.
Each collector array 13 in FIG. 2 is formed of a plurality of collectors
15 (see collectors 19 in FIGs. 3 and 4) for receiving reverse channel communi-
cations transmitted by users 18 and for transmitting reverse channel
communications to an aggregator 17. A total of Z collector arrays 13 are
shown for the region R(r) 11 of FIG. 2 including the collector arrays CA(1),
CA(2), .... CA(2), .... CA(Z) where z is a particular one of the collector

20 arrays 13andz = 1,2, ..., 2, .... Z.
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al so include aggregators 17 that process reverse channel conmunicati ons.
Zone nmanagers 20 have the capability of broadcasting using the entire
frequency spectWQHIESPocated to the region 11. The users 1FGTAERYVE4 with
omi -directional receivers, forward channel conmunications fromthe zone 5
managers 20 and transnit reverse channel comunications, with omi -
directional transmitters, to.collectors 19 in collector arrays 13. Each of

the collectors 19 for a C?h%i&%{oﬁrk(ﬁfﬂaafﬁé.é%ﬁﬂd&%pﬁﬁﬁﬁ%ﬁs&b@ﬂ“ﬁch

conmmuni cations transmtte ose nobile users 18 wthin the reception
range of the coll ect Qfser R acﬁéziiri]t?ﬂiﬁlf &nlpd H\dbil&olf[o} Sebiffng 3hd FYBmitdng funt ur N

retransmt the 10 reverse channel comrunications t0 an aggregator 17 in

the zone manager 20. ghfRx ¢GMRulBRBASy relbiRhPforwaE Thinil doRnRibiéaibnt BRI S
channel communi cati ons and forwards tthe reverse channel conmmrunications to

the same source in neffAEdeesO 6lahi@traiiiélzBVeRd chitfiell @mRhRatoRa i @llector
comuni cati ons through region

5 arrays 13.

One example of FIG. 2 regions 11 occurs on the San Francisco Bay
Area ("Bay Area"). In the Bay Area, four regions can be used to cover an
area that is approximately 50 miles by 100 miles (5000 square miles) or
approximately 1,250 square miles per region._ In the existing AMPS system,
10 each region in the Bay Area has approximately 50 conventional base stations,
each base station having transmitters and receivers for broadcasting and
receiving. In the AMPS existing system, the forward channel broadcast cell
is the same size as the reverse channel receive cell. Of the 416 channels
allocated to a provider using the 900 MHz band, between 30 and 60 are
15 available per cell. The capacity demand of the 200,000 current Bay Area
subscribers requires about 200 AMPS cells. As the number of active
subscribers increases, however, the number of cells and regions must increase

in the existing AMPS system.
Although a system in accordance with the present invention can be

20 mapped onto the existing Bay Area cellular system using the same existing



swi tches. 15 Each zp.rie manager 20 communi cates with the region
manager 21 which coordi nates tihe frequency allocation for forward and

reverse channekﬁﬁ?’&? broadcasters, users and collectors. JRehRbdi
specifically to , a network 10 represents all of the connecte

conmmuni cation systens of the comuni cation universe including, 20 for
exanpl e, the public-swi'tched tel ephone network (PSTN) 125. A plurality

WD 97/ 15159

PCT/ US96/ 17174 of serfourccBayorea regiayis oifesl by iwlnsty broaddabt zoogs| poefecabiy) ald Bayns t o
the network 10 for providing twd-way conmunication between network 10 and
W rel ess users 18. A Ami edn befmappadag i cingle Iatgen regianhwerved by afrégion thanaged 21di ng
the regions R(1), R(2), R(r), ..., RIR. 5 Each of the R regions
11 includes a regi on withfarexanzde, Fhity zoneRirdgers B/vhdre the zope si¥s(eRpblishaic h of

t he regi on managers 21 includes a-

by the zone managers 20 are larger than the existing broadcast cells for the

5 existing AMPS cellular system.
| A plurality of collectors 19 are used to form a collector array 13 over
the areas of cells Iof a conventional cellular system. In the Bay Area
example, ifa_ single region 11 is used to-tile the 5000 square mile area, that
region can include thirty zone managers 20 with one broadcaster 16 each and
10 one aggregatc‘Jr l'{- each and with thirty collector arrays 13 of ten coliectors

19 per collector array 13.

Each of the collectors 19 in a collector array 13 includes a high gain,
directional transmitter directed at the receive antenna of the aggregator 17.
The receiver antenna of the aggregator 17 is a low gain, wide angle antenna,
15 or the aggregator may have multiple directional antennas. With this
combination of transmitters and receivers, the forward channel and reverse
channel communications equipment is tailored to match the inhérently
different characteristics of the forward and reverse channels. In addition to

the features previously discussed. the broadcaster 16 has variable transmit

20 power which can be varied for each forward channel so that the broadcast
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di strrbutor (D) T4 that i1s a facility in each region 11 for distributing
forward channel communi cations fromthe network 10 to zone nanagers 20 that

broadcast to wireless tel ephone users 18 in a region 11. At R 10
di stributors l4wepwisgs?own in FIG 1 including the distri butf)‘rglté'?%f/?'fﬂf
D(2), D(r), ..., D(R. Each of. the region managers 21 includes an

accumul ator (AC) 15 that is a facility in each region 11 for accumrul ating
reverse channel comrunications from zone managers 20 and routing reverse

channel communi cations_to the. Lo Jh"@é*lé@imi%gl?, RN of IRHB&HE 1 § hat0

) e ntforQ? t
recei ve reverse channer &onmini cafel ons Trom users I ncl udi ng users U,

..., UWu through collec i i B5de Ehahmel ifét
coll ector arrays 13. A\;a%?%ﬁg‘(#{?%‘g%csau%ﬁftg%grs %gﬁg%bf)stﬂ%me?% FI (§ 1

i ncl udi ng the accumul al0h %séqsllan 6Ctonkrolled to redSH Bﬂly the colR6tofd) 19 in cidfe

97/ 15159 PCT/ US96/ 17174
. proximity to the user 18. The broadcaster 16 can optionally use circular
5 polarization to combat fading on the user's 18 omnidirectional antenna, much
like FM radio.
Wi mmunication em - FIG. 3

In FIG. 3, further details of the FIG. 2 system are shown for a single
region 11 connected to the network 10. In FIG. 3, the region 11 includes the
10 RM(r) region manager 21 which connects by T3 lines, for example, to the
network 10. The region manager 21 includes an accumulator 15 and a
director 14 connected together with region switches 22. The region switches
22 switch connections in a conventional telephone switching manner. The
region switches 22 are used to provide users 18 with region-to-region
15 connections and to provide users 18 with region-to-network connections.
In FIG. 3, the zone managers 20 include zone managers ZM'(I),
ZM(Z). The zone managers 20 each include a broadcaster 16, including the
broadcasters B(1), ..., B(Z). The broadcasters 16 receive the forward .

channel communications on T1 lines. for example, from the director 14. The

31



The conponent parts of the comunication systemincluding the region
managers 21, the zone managers 20, the collector array 13 and the users 18,
are inpl enent eg,(pym gonbi nation of software and hardware 4R§fishdFthsi N
detail hereinafter. Col l ectively, the software is known as the
w rel ess operating systemand is distributed throughout the conponent parts
of the comunication system A substantial portion of the operating system
i npl ements .t he functions required by the various governnental standards
applicable to wrel el dnoaditdstcat i6oh establishds| braadcast haone fBA(D amhshet BEE) ar e

otherwi se well known. In addition to well- 10 known functions, the
present system provi ceeadeasten b establishesvthé broaddagrrond B&(Z)enhance wirel ess
conmuni cati on. These new functions will be detailed and illustrated in the :

following figures. General plugality dlonsersnkB-k atgowithime the broddeast\zone| RE(E) ander at i ng
system functions are outlined as follows: Region Manager 21 15
Interfaces: [err] recpiye shedforwagthghagnelepnknunigatjons frpm the B(t) brpadkasterotfi-F.one .

managers 20 . L.
5 Each of the users 18-1 provides reverse channel communications to one or

more collectors 19-1 of the collector array 13-1 in the broadcast zone BZ(1).
The collector array 13-1 in turn continue the reverse channel communications
.from the users 18-1 to the A(1) aggregator 17-1. The aggregator 17-1
continues the reverse channél communication from the users 18-1, the
10 collectors 13-1 and the aggregator 17-1 over the Tl lines to the AC(»)
accumulator 15. The region switches 22 connect the T! communications
from the users in the BZ(1) zone either to users in one of the other zones,
such as users 18-Z in the BZ(Z) zone, or to the network 125.
In FIG. 3, the BZ(Z) zone similarly includes a plurality of users 18-Z
15 which receive forward channel communications from the B(Z) broadcaster
16-Z. The users 18-Z in turn broa_dcast reverse channel communications to
the collectors 19 in the collector array 13-Z. Each of the collectors 19-Z in
the collector array 13-Z transmit the reverse channel communications to the
aggregator 17-Z in the zone manager 20-Z. The zone manager 20-Z then

20 continues the reverse channel communication from the aggregator 17-1 to the

3%



[err] Narr owband signals fromaccumul ator 15 (status information from
mul tiple aggregators 17) WO 97/ 15159
PCT/ US96/ 17174Yk)er r% Nar r owband signals fromdistributor r?:f’ Lpadcast -
ers 16 (contro Phation to nmul ti pl e broadcasters 16) ormatlonflelds
sent by regi on manager 21 to zone nmanagers 20: 5  [err]
List of registered nobile users 18 within each zone [err] Li st of
perm tted broadcaster 16 frequencies [err] Power Iimts for each
perm tted broadcast eACH§ abeusimlatorchs ih elie fegion mabigien@l.k ThE regibnanaages 2¢al |
setup/tear-down requests [err] Regi on manager 21 requests to handle
potential handoffs 1fhrough operation of th¢ fegioh switches 23{ switchescthe feverse chasnel e on
manager 21 handoff requests Information fields received by regi on nanager
21 from zone forward channel communications between the zone manager ZM(Z) and

either to users in the other zones, such the BZ(1) zone or to the network 10.
5 Each of the broadcasters 16 in certain embodiments broadcasts with

different power for each channel and hence the broadcast range for some

channels will be more or less than for other channels. The terms "broadcast

zone" or “broadcaster zone" mean the area covered by the set of broadcast

ranges from a broadcaster 16. Because broadcast ranges for channels may
10 be varied on command from a zone manager 20, in general broadcast zones

from separate broadcasters 16 will overlap. In a similar manner, each user

18 has variable transmission power and hence the “user zone" is the area

reached by the user {8 broadcasting at different ranges at different times.

Single Broadcast Range Example - 4
15 In FIG. 4, the ZM(l) zone manager 20-1 of FIGs. 1 through 3
establishes, for example, broadcast range BR-1 for forward channel
transmissions to a plurality of users 18.
In FIG. 4, the zone manager 20-1 includes B(1) broadcaster 16-1

which broadcasts over an area designated as the BR(1) broadcast range.
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managers 20: [err] Updated list of registered nobile users 18 within
each zone [err] Li st of active broadcaster 16 frequencies and

associ ated 15 power levels [err] Re opLas '
. 7 \ 7914
i ncreased broadtRlar 16 frequency allocations [err] Requess?%’;for

I ncreased broadcaster 16 power level limts [err] Li st of active user .
18 power |evels [err] User 18-generated call setup/teardown requests 20
[err] Zone nmanager 20 requests to handl e potential handoffs WO

97/ 15159 Within the BR(1) broadcast range. a plurality of users 18 aCTesigoaed 17174

[err] Status of previous zone manager 20 handoff requests Zone Manager
20: Interfaces: [err] UQ;),Nalidnband(isn)gnal Usl;UY.r Eactagiythesgausens 187hag ap at us

i nformation
omni-directional receiver antenna for receiving broadcasts on the forward
channel from the B(1) broadcaster 16 of zone manager 20-1.

5 Also, each of the users 18 has a transmitter that transmits on the
reverse channel establishing for each 2 user range (UR) that covers a more
limited area than that covered by the BR() broadcast range. Within the area
of the broadcast range BR(1) is located the CA(1) collector array 13-1. The
CA(1) collector array l3-l. includes a plurality of collectors 19, and

10 specifically the 16 collectors C(1:01). C(1;02), ... , C(1;16). The collectors
19 each have omni-directional receiver antennas for receiving transmissions
from users 18 that are in close proximity. For example, the user U(1;1)
broadcasts over the UR(1) user range which reaches the collectors C(1;11),
C(1;12), C(1:15) and C(1:16). In a similar manner, the user U(1;2)
15 broadcasts over the UR(2) user range which reaches the collectors C(1;13),
C(1;14) and C(1:15). Similarly, the user U(1;u) broadcasts over the UR(u)
user range which reaches the collectors C(1:01). C(1:02), C(I;OS) and
C(1;06). Finally, the user U(1;U) broadcasts in a UR(U) user-range which
reaches the collectors C(1;03), C(1;04), C(1;07) and C(1;08). Each of the

20 collectors 19 in the CA(1) collector array 13-1 of FIG. 4 in addition to

4o



5

frommultiple collectors 19) [err] Nar r owband

signal (s) to broadcaster 16 (control information to nultiple collectors 19)
I nformation Fields Sent by Zone Manager 20 to Every Col I ector 19 10

[err]

t hreshol d
[err]

15
Col | ect or
Br oadcast

Li st WOP”A8Y ve receive frequencies [err] WAZA4

per active receive frequency [err] Pern155|on to re-transm-t

For each "pennission to re-transmt", a retransm ssion frequency
I nformation Fi el ds Received by Zone Manager 20 from Every

19: [err] receivifigeihe brRBUGYVES: Aafne? c&ﬂﬁhnx&nﬁ%ﬁ Ssdr€NB ]as

si gnal measurenents Aggregator 1/ Cont
indicated, also transmits to an A(l) aggregator 17-1 of the ZM(1) zone

manager 20-1. The ZM(1) zone manager 20-1 in turn communicates reverse
channel communications from A(1) aggregator 17-1 to the AC(r) accumulator
5 15 in the RM(#) region manager 21. Similarly, the B(1) broadcaster 16-1 in
the ZM(1) zone manager 20-1 receives forward channel communications from
the DI(7) director 14 in the region manager 21.
In FIG. 4, the zone manager 20-1 detetminés the particular ones of
the collectors 19 in the associated collector array 13-1 that are selected to be
10 active to recejve and retransmit reverse channel communications to particular
ones of the users U(1;1) through U(1;U). The selection is implemented, for
example, by zone manager control code which accesses quality measurements
for the aggregated reverse channel and signal strength measurements from the
collector array to determine the optimal set of collectors to retransmit, and
15 to update the permission status of the collectors as required. One embodiment
of such control code is contained in TABLE I, implemented in the MATLAB

programming language.
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PCT/ US96/ 17174 [err] Active return frequency list (collector 19 to

PEgQSARHAITE ON
i ntrazone,

aggregator 17 pesdhaRsm ssion of user 18 signal) [
control data [err

err]

Routing Information (to network 10,

I nterzone) 5 Broadcaster 16 Control: [err]

" broadcast signal power [err] Per - channel user

i nto broadcaster 16 control channel) 10 Br oadcast er

[err] Voi ce and data channel s from diFABEEHut or
interface to users 18 and collectors 19 Processin

15 [err] FB GOPYRIGHE oR® ST KRUM,

[err] Speech codi ng

14 [err]

Per - channel
18 transmt power (goes

16:

| nt er f aces:
Alr

Per Broadcast channel:

REIESS o NC

- intrazone

This script performs zone manager control of collectors. It queries the

zone

5 % manager data base to determine the quality of each aggregated reverse

channel

the

% communication link. In the case of insufficient quality it either changes

% specification of collectors returning the signal, increases if possible

10 % the number of collectors retuming a signal to the aggregator or increases
% the mobile broadcast power. In the case of excessively high quality it

either

% drops a collector return or decreases the mobile broadcast power level.

%

15 % Algorithn parameters are the minimum and maximum merit values for
signat % quality and the minimum and maximum number of collectors that
may return % signals
%

MinMerit = 18;

20  MaxMerit = 22;

" MinColl = 2;
MaxColl = 5;

ActiveChannel = Channel(find(ChannelStatus == 1) );

Nactive = length(ActiveChannel);
25  forii = l:Nactive
User = MobID(ActiveChannel(ii));
Merit = AggSigQual(ActiveChannel(ii));

NumColl = sum(CollStatus(ActiveChannel(ii),:);

Power = MobPower(ActiveChannel(ii));
30 if ( Merit < MinMerit )

[CollMerit,CollRanking} = sort(ColIRSSI(ActiveChannel(ii),));
GoodEnough = find(CollMerit > MinMerit - 10);

Ngood = length(GoodEnough);

ColiMerit = CollMerit{GoodEnough);
35 CollRanking = CollRanking(GoodEnough);

if (Ngood < MinColl)
IncreasePower(User);
elseif ( Ngood < = MaxColl )

[T R



[erTF——Ar protocol coding [err] Modul ati on Signal conbination: 20

[err] Per f ormance gai n control on outgoing signals WO 97/ 15159

PCT/ US96/ 17174 [err] M x outgoing data signals into br%q,_q. B Al

M x control si §¥9745¥ht 0 br oadband Transm ssion: [err] 'gln‘ga‘?"Eo anal og
(D'A) conversion 5 [err] I nternediate frequency (IF) to

lra;th offrequency (RF) conver- sion [err] Ant enna feed Aggregator 17:

nt erf aces '

CollStatus(ActiveChannel(ii),:) = zeros(NCOLLY);
ColiStatus(ActiveChannel(ii), CollRanking) = ones(Ngood);

else
CollStatus(ActiveChannel(ii),:) = zeros(NCOLL);
5 CollStatus(ActiveChannel(ii), CollRanking(1 ‘MaxColl)) =
ones(MaxColl);
. end;

elseif ( Merit > MaxMerit )
[CollMerit,CollRanking] = sort(ColIRSSI(ActiveChannel(ii),:));
10 ' GoodEnough = find(CollMerit > MinMerit - 10);
Ngood = length(GoodEnough);
CollMerit = CollMerit(GoodEnough);
CollRanking = CollRanking(GoodEnough);
if ( Ngood > MaxColl )
15 DecreasePower{User);
elseif ( Ngood > MinColl )
CollStatus(ActiveChannel(ii),:) = zeros(NCOLL);
CollStatus(ActiveChannel(ii),CollRanking) = ones(Ngood);
end;
20 end; _ .
end; ey

Based upon historical measurements of many users as a function of user
location in the collector array zone. a gradient map stores signal strength
variations between weak-receive and strong-receive locations. In the weak-

25  receive locations, a greater number of collectors 19 are employed to combine
multiple signals through different collectors 19 for the same user 18. With such
combining, the signal-to-signal interference is enhanced particularly at inherently

weak reception locations in a zone.
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10 [err] Air interface fromcollectors 19 [err] Voi ce

and data channels to accunul ator 15 Reception: [err] Antenna feed [err]
RFEto IF 15 woomsise [€rr] Anal og to digital (AID) cocyesshions
Aggregation: [err] Spectral Transform[err] Filtering
(Channelization) [err] Synchroni zati on WD 97/ 15159 :
PCT/ US96/ 17174 [err] Conbi nation/ Sel ection [err] User | ocalization
Processi ng per Aggrs_eglat ed Channel :

e User Exaffiple -

In FIG. 5, a schematic representation is shown of the forward channel

communication from a B(1) broadcaster 16-1 to the single user U(1,U) of FIG.

4. A portion 13'-1 of the collector array 13-1 of FIG. 4 is shown as the C(1;03),

5  C(1;04), C(1;07) and C(1;08) collectors 19 in FIG. S. Each of the collectors 19

receives a reverse channel communication from the user U(1;U). Each of the

collectors 19 in turn transmits a reverse channel communication to the A(l)
aggregator 17-1 in the ZM(1) zone manager 20-1.

In FIG. 5, the transmitter of the B(l) broadcaster 16-1 is a high-gain,

10  omni-directional (or a sectored) antenna. The U(l;U) user 18 has both a omni-

directional receiver and an omni-directional transmitter which are typically both

low power since typically the user is battery operated and mobile. Each of the

collectors 19 typically has an omni-directional receiver antenna of low gain.

Each of the collectors 19 typically may include two or more receiver antennas

15  for spatial diversity. Each of the collectors 19 includes a high-gain, directional

transmitter directed at the receive antenna of the A(1) aggregator 17-1.



[ err] “Denodul at1 on Channel 5 [err] Air Protocol
Decoding [err] Speech decoding [err] Routing information (to
network 10, intrazone, interzone) Collector 19: Interfaces

[err] Air iWeRWSMBes from users 18 and broadcaster 16 [%‘%f?‘fs’""m
Interface to aggregator 17 Reception: [err] Antenna signal (from user
18) [err] Ant enna feed from broadcaster signal (control signal from 15
broadcaster 16) [err] RF to IF on user 18 and control signals [err]

A/ D conversi on on Upglialt -6i0ey - ¥y geband) [err] Denodul ate contr ol
signal (s) Detection Processing:

Fig. 6 depicts a block diagram of a digital transceiver (transmit-
ter/receiver) 25 which is used as a building block in the communication system
of the present invention. In FIG. 6, the transceiver 25 includes RF subsystem

5  groups 26-1, ..., 26-D and a digital signal processor subsystem group 27. The
RF subsystem grotup 26-1 includes a receiver antenna 28-1 and a transmitter
antenna 29-1 for receiving and transmitting RF signals, respectively. Other ones
of the RF subsystem groups, siuch as group 26-D, include only receiver antennas
such as antenna 28-D. The RF subsyﬁtem groups 26-1, ..., 26-D interconnect

10 with the digital signal processor subsystem group 27 with a digital interface
which includes control signals for local oscillator control (LO.CTL) and includes
receiver intermediate frequency (RX IF) signals and transmitter intermediate

frequency (TX IF) signals.

RF Subsystem Group - FIG 7.

15 In FIG. 7, a block diagram of an RF subsystem group 26 that forms part
of the transceiver 25 of FIG 6 is shown. The subsystem group 26 includes an
RF RX subsystem 26- RX and includes an RF TX subsystem 26-TX. The
}eceiver subsystem 26-RX receives RF communications on the one or more

receive antennas 28, combines them in a multiplexer and inputs them to an RX



WO 97/ 15159

[err]

[err]

Spect ral

.Gain leveling (equalization) [err]

. PCT/ US96/ 17174
Transforns [err] Si gnal strength neasurenent [err]

Threshol d conpydgfkisend peak |ist generation Per re-transmicrhmsknsfrannel @ 5

(received fromuser 18 -> sent to aggregator 17) Signal conbination:

Frequency transl ation

[err]

M x N outgoing data signals into one broad band 10 : [err] M x
control signals into one broad band Transmi ssion: [err] D/ A conversion
[err] | F t o RFbangpase filterod). [ Bandpass filterrjOrin durn oprpiects in pRX RE auplifier

10

15

20

31 which in tum connects to an RX RF mixer 32. The mixer 32 receives the RF
signal from the amplifier 31 and mixes it with a local oscillator signal from the
RX local oscillator 36 in order to down convert the received signal from the RF
range to the IF range. The IF range signal from the mixer 32 connects as an
input to the RX IF band.pass filter 33 which in turn connects to the RX IF
amplifier 34 which in turn connects to the RX A/D converter 35. The converter
35 converts the IF signal from the amplifier 34 to a digital signal to provide the
digital RX IF output signal which connects to the digital signal processor
subsystem group 27 of the type shown in FIG 6.

In FIG. 7, the RF TX subsystem 26-TX receives the TX IF signal from
the digital signal processor subsystem group 27 of the type shown in FIG. 6 and
processes the signal for one or more transmissions by the transmitter antenna 29.

The TX TIF signal from the digital signal processor subsystem group 27
of the type shown in FIG. 6 is connected to a D/A converter 38 which in turn
connects to a TX bandpass filter 39 wﬁich in turn connects to TX IF amplifier
40. The amplified TX IF signal from amplifier 40 is input to the TX RF mixer
4]1. The TX RF mixer 41 receives a local oscillator signal from the TX local
oscillator 37 to shift the IF signal to an RF signal. The RF signal from the mixer

41 is input to the TX RF bandpass filter 42 which in turn connects to the TX RF



15 Communi cati1ons Region - FIG 2 FIG 2 .depicts a typical one, R(r),
of the regions 11 of FIG 1. The R(r) region 11 is serviced by a plurality
of zone managers 20. Each zone manager 20 includes a broadcaster (B) 16 and
an aggregat or WRPMISIS® The broadcasters 16 broadcast over oR&EMEF¢AH/
forward channel broadcast ranges - WD 97/15159 -

PCT/ US96/ 17174 that determ ne the broadcast zones 12. Each broadcaster 16
and aggregator 17 is associated with at |east one reverse channel collector
array 13. Each brog,qlgﬂﬁlt Bl A Siifedl Sdpial # Lo | f lof
channel comuni cati ons t?u@graéﬁligwlsg%gitgg“ﬁﬁ?ﬂght he %'rﬁg%gl%gsﬂtg%r?e of the
broadcaster 16. A ;.ng}eadm%mer antenflds 20 broadcasters 16 are shown for the

region R(r) of FIG 2 including the broadcasters B(1), B(2), ... B(z), ....
B(Z) where z is a partipg@ry QRERR floda]§scbRRIE vk £X JockCoseMEtor 37 chmec? - - - »
z, .... Z. Each broadcaster 16 and collector array 13 in region R(r) is

associ at ed via the LO.CTL control lines to the digital signal processor group 27 of the type

5  shown in FIG. 6 for controlling the particular local oscillator frequencies used

by the subsystems 26-RX and 26-TX.

InFIG. 8, a blpck diagram of a user transceiver.ZS-U is shown which is

generically like the transceiver of FIG. 6. In FIG. 8, the transceiver 25-U is

10 generally of low power and battery operated. The receiver antenna 28-U and the
transmitter antenna 29-U are omni-directional. Specific details of one embaodi-

ment of user transceiver 25-U manufactured by Harris Semiconductor is
described in the DSP Applications. December, 1993, ppl5-28 entitled,
Considerations in the Development of a Low Cost High Performance Receiver

15  Based on DSP Techniques.

Collector Transceiver - FIG. 9

In FIG. 9. a block diagram of a collector transceiver 25-C is shown which

is representative of one embodiment of the transceivers of the collectors 19. The



with at | east one aggregator 17 which is a facility for aggregating reverse

10 channel communi cations fromcollectors 19 that formthe coll ector
array 13. A tot aggregators 17 are shown for the reg dekihi0f FIG
2 incl udi ng the‘@‘léa'g{s'e’gators AL, A2), ..., Az), ..., A(Zgémere Zis a

particular one of the aggregators 17 and z = 1.2. ..., .Z. Each
collector array 13 in FIG 2 is forned of a pI urallty of coIIectors 15
(see collectors 19 in FIGs. 3 and 4) for receiving reverse channel communi -
cations transnitt edcdliyctersmngeitd 25-C ifchwdes ongos miore rengjvercmtenmae 281Caandaine
communi cations to an aggregator 17. Atotal of Z collector arrays 13 are
shown for the regi oor Réme)trabsmittér FniteBnas2%Q.c |Antinnay 28HE ab29-€ areconpectedyio

CA(1), CA(2), ..., CA(z), .... CA(2 where z is a particular one of the
coll ector 20 the RFysibsySteamngioup 26-Q, The RF. subsystem .26-CZ connectdND the/digl 59
PC/ US96/ 17174 The region R(r) 11 of FIG 2 includes a plurality of users
18. Each processor subsystem 27-C. The collector transceiver 25-C is of the same general -

5 form as the transceiver of FIG. 6. The digital processor subsystem 27-C of FIG.
9 in one embodiment is, for example, a digital signal processor (DSP) manufac-
tured by Spectrum Signal Processing as the MDC40T Dual C40 DSP Module.
That module features 250 MFLOPS TMS 320C40 parallel digital signal
processors 52 and 53 which comply with the Texas Instruments (TI) TIM-40

10  module standard. The processor provides 6-channel DMA (direct memory
access) controlier support for concurrent input/output, independent of and in
parallel with the central processing units (CPU).

The digital signal processor subsystem 27-C of FIG. 9 permits the
processing of the low power, omni-directional receive signals from the receiver

15  antennas 28-C.

For example, such processing under one embodiment of the invention
involves a discrete Fourier transform (DFT) filter bank to separate, equaliie. and
re-pack channels for retransmission. In this process, a representation of the

power spectral density for each channel is obtained periodically. Under another
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useT 18 is a facilTty, that can be nobile, for receiving and transmtting
full dupl ex conmunications by receiving forward channel comrunications from
broadcasters 16 and transmtting reverse channel conmunications . to
collector 5 WO9as1fhys 13. One exanple of FIG 2 regi ons PEYURURTIYE on the
San Francisco Bay Area ("Bay Area"). In the Bay Area, four regions can be
used to cover an area that is approximately 50 mles by 100 miles (5000
square mles) or approximtely 1,250 square mles per region. In the

exi sting AVPS syst L o &‘@gi ' EusBRY, Zre NAS sipdld fofl Mat el y

50 conventi onal bagg}bg%g'f?tbﬁ%r,eﬁ@%ﬁ as"gdagitagﬁ gn havtl? ﬁgﬂstrans?nétters and

receivers for broaq&%ﬁ*i@m@nd receiving. In the AMPS existing system the
oa

forward channel br cast cell is the same size as the reverse channe
receive cell. O the 41§ GhA30DGLHIRenk BERE QSllcb@r fraEdier 38IC dbhtalid ohfyan900 Mz
band, between 30 and 60 are 15 aval | abl e per cell. The capacity demand

of the 200,000 cur rghlubdyatém st 2B RRF4hifErinshSids) dnSshrirloddbaidQighhiis acel | s.

As thé nunber of active subscribers increases, however, the nunber of cells

and regi ons nus§ i NggHRASEIoWEr frliReyiriige RathONRRarm¥aten.

ator Receiver - FIG. 1
In FIG. 10, a block diagram of the aggregator receiver 25-A is shown
which is the receiver portion of the transceiver 25 of the FIG. 6 type, since it
includes only a receive antenna 28-A and no transmitter antenna. The receive
10  antenna 28-A connects to the RF RX subsystem 26-RX-A which provides digital
IF received signals to the digital signal processor subsystems 27-A-1, 27-A-2, 27-
A-3,..., 27-A-N. The digital signal processor (DSP) subsystems 27 in FIG. 10
are each like the digital signal processor subsystem 27-C of FIG. 9 connected
together with a daughter module such as AES/EBU daughter module from
15  Spectrum Signal Processing. The RX IF signal from the subsystem 26-RX-A is
input to each of the subsystems 27-A-1 through 27-A-N. The aggregator receiver
25-A supports the low gain, wide angle antenna 28-A for receiving collector

signals from a plurality of collector transmitters of the type previously described.

. '.‘Hq .



Al t hough a systemin accordance with the present invention can be 20
mapped onto the existing Bay Area cellular systemusing the sane existing
WO 97/ 15159 i o9ns PCT/US96/17174

PCT/ US96/ 17174 000 lé"ay Area regions tiled by twenty broadcast zones,
preferably, the Bay Area can be mapped to a single |arger region served by
a region manager 21 with, for exanple, thirty zone managers 20 where the
zone sizes established by the zone managers 20 are | arger than the existing
broadcast cells for theThe DSP subsystesu i27gin ARG 10£ luhder aonesemtiodimen\ oflther al ity
of collectors 19 are used to forma collector array 13 over the areas of
cell s of a convent iinveation; akdsUDET filtgrshanks along wite aidorgorfelation ax ayqohmnize in a

single region 11 is used to tile the 5000 square nmle area, that regi on can

i nclude thirty zonaineandgphase tBreceived signals lfronnal plsiliey of ldollextar farreachlider

one aggregator 17 each and with thirty collector arrays 13 of ten

col l ectors 19 per aevdreectimnnelitraagmidston. The use of filter banks allows this task to be
S  simulitaneously performéd for many user transmissions.

Once the plurality of signals representing a single user reverse channel
have been synchronized, they are combined (aggregated) by one of several
techniques. For example, equal gain or maximal ratio combining, or selection
based upon channel strength measurt-ament.s reported by the separate collectors are

10  employed.
The channel strength measurements reported by the separate collectors are

used with time-delay and phase-shift information obtained in the synchronization

process to localize (locate) a user within a zone.

al Quality I veme jon:
15 The cellular radio propagation environment is characterized 'by multipath
reception of both forward and reverse channel communications. Reflections of
a broadcast radio signal in either the forward or reverse direction arrive at the
reception point closely spaced in time and perhaps shifted in phase. The

resulting interference patterns vary rapidly with spatial location and have a



Eachrof the colléectors 19 in a collector array 13 includes a high gain,
directional transmtter directed at the receive antenna of the aggregator
17. The receiver antenna of the aggregator 17 is a |low gain, w de angle
antenna, 15 wo9/ms% he aggregator nmay have nultipl e di r eBCT/USMMNTIZNt ennas.
Wth this conbination of transmtters and receivers, the forward channel
and reverse channel communications equi pnent is tailored to match the

i nherently different characteristics of the forward and reverse channel s.

variabl e transm i siende gl hiaioel of iR HERE it TEERR By

h | h h b d " ) .
P 06T 37104 ¢ anguBhad i Rimes Hides’ hisbeRn showy do pe yel-amgraipatpd P ach o
e br padcast % of the

t he users 18 has v |abr

reverse channel gh ‘%ﬂgé‘f"“"lg&‘t&e‘aﬁ“ﬂ "'l?&?fh?@ldgﬂ 1 87 HERHS S a‘T

col lectors 19 |n cI [ o) Th, broadcas,ter 6. can
opti on al | y use cir é‘§| lgrltH % nbeﬁ(nlar provugers must mclude ?admg margms ghexr

5  propagation model-based system planning to account for this fading. Conven-
tional cellular systems remove some Rayleigh fading effects by employing
standard diversity combining techniques using two spatially separated base station
receiver antennas with spacing small compared to the size of a broadcast cell
radius. The resulting two-branch diversity gains are typically § to 7 dB.

10 A second kind of fade is caused by the presence of regions of higher than
average (or lower than average) propagation path loss on a particular propagation
path. These losses may be caused by terrain features, such as an obscuring hill
between the broadcast and reception antennas, or by man-made features such as
buildings and freeway structures. Shadow fading at a particular receiver changes

15 slowly as a mobile user moves past the obstructions. For reception at any
particular receiver, the distribution of shadow fading has been experimentally
found to be log-normal with a variance of 6 to 12 dB for most propaéation
environments. The variance tends to be higher in open areas than in urban areas

and, within urban areas, increases with average building height.

5\



5 pol ari zation to conbat fading on the user's 18 omi directional
antenna, nuch li'ke FMradio. Wreless Communi cati on System- FIG 3 | nlil G
3, further detag] the FIG 2 systemare shown for a sin |

~ connected to tﬂ‘l'e"hﬁ.é'?vl\%’rk 10. In Flé 3, the region 11 incl ug%gm%’ﬁgh%

RMr) region manager 21 which -connects by T3 lines, for exanple, to the
network 10. The regi on manager 21 includes an accumul ator 15 and a director
14 connected together with region switches 22. The region switches 22 _
swi tch connections in a Goevenderal e@ilir implempritaions avé AckRinedy ORMRGERding]Ad I €gi on
swi tches 22 are used to provide users 18 with region-to-region 15

connecti ons and to provdersimuss aliocate Efdingintangitiscig isystent planiiig o labcod it foL sadewns. | n

FIG 3, the zone managers 20 include zone managers ZM (1), ... ZMZ2). The
zone nenagers 20 eafadingncGivere a signaletatiols raio ebessarn doruaiyngartidoRar juslaglonst er s
B(1), ..., B(Z). The broadcasters 16 receive the forward channel

conmmuni cati ons on Té¢ommunicatiorsofor anyppitieylarf cetiniat fapletéeneationy a SHadowhfading
5  margin of, for example, 12.1 dB must be added to achieve that quality over 98%
of a cell in the presence of shadow fading of 8 dB variance.

The quality of the reverse channel signal from a user is significantly
improved by the aggregation of the plurality of signals retumed by the collectors
of the present invention. This is due to the amelioration of both fading effects

10  discussed above.

The Rayleigh fading is reduced by the larger-than-wavelength spacing of
the collectors, just as in the case of multiple base station receive antennas.
Shadow fading is due to the obscuration of users by large-scale terrain features
or buildings. The collectors of the present invention are spaced throughout the

15  broadcast range so that at all times at least one collector can be expected to have
an unobscured path to any given user. The shadow fading seen at various
collectors for a given user is essentially uncorrelated. Thus, the aggmgaﬁon of
the signal will be able to greatly reduce the required shadow fading margin. For
example, given a signal-to-noise ratio necessary for any particular quality of

20  communications for any particular cellular implementation, a shadow fading



WO 97715159 .

PCT/ US96/ 17174 B(1l) broadcaster 16-1 establishes broadcast zone BZ(1) and
the B(Z) broadcaster 16-Z establishes the broadcast zone BZ(Z). A plurality
of users 18-1 wPe@Mi$dhi n t he broadcast zone BZ(1l) and recePYEUMEHr war d
channel conmmunications fromthe B(1) broadcaster 16-1. 5 Each of the
users 18-1 provides reverse channel comrunications to one or nore
collectors 19-1 of the collector array 13-1 in the broadcast zone BZ(1).

The col l ector arr - L 10 atdl i . .
conmmuni cati ons frg%nz%ﬁe&g}sﬂ ro'sgJ BEHEth%Ia?%g ‘éx?%‘r"gé‘gﬁ 3‘8‘3?3‘?@ Q?%?i_of.}ﬁ%u

t 17-1 ti ' i L:om. t
1801 he 10 | COPCURESehdCol GURN RRHEGPE of VIRHGL CTHNE adlas B 1o

lines to the AC(r)ingrévemedddran slds ﬁJQ?‘?heE ﬁi?&&f‘faﬁwgiﬁﬁgéﬁ adduGPRERE fope T!

communi cations fromthe users I1n the BZ zone r to users I n one of

the other zones, simbenfisnal S8 iefms! WitholtEcoRékdr) e, or to the network
125. In FIG 3, the BZ( Z')'a go%ﬁ“%ﬁﬁ%ﬁar fﬁ;/) |nc%§ea§égapl urality of users 18-Z

15 whi ch srecei ve dofiVepifidnd) CiMfa \GhentsONIM Higialy RoRiatd 4 ehbbide Befis

br oadcast er
for communications channels express channel quality measurements in terms of

the uncoded bit-error rate (BER). A commonly used value for "acceptable”
voice quality is a BER of about 0.02 (see, for example, "Wireless Digital
Communications, Modulation and Spread Speétrum Applications”, Kamilo Feher,
10  Prentice Hall PTR, New Jersey, 1995). The signal-to-noise ratio (SNR) required
to achieve this BER varies according to the modulation technique employed. For
the quadrature phase-shift keying (QPSK) technique, in the presence of Rayleigh
fading but no shadow fading, a SNR of 9 dB is required, but for shadow fading
of 12 dB variance, a ratio of 20 dB is required. (sec "Probability of Bit Error for
15  MPSK Modulation with Diversity Recéption in Rayleigh Fading and Log-Normal
Shadowing Channel, W.-P. Yung, IEEE Trans. on Comm., vol. 38, no. 7, 1990,
PB- 933-937). Thus an 11 dB fading margin is required. The lower the reciuired
BER, the larger this fading margin becomes. For QPSK modulation, a BER of

0.0001 requires a SNR of about 34 dB in the absence of shadow fading. In a 12



16-Z. The users 18-Z in turn broadcast reverse channel conmunications to
the collectors 19 in the collector array 13-Z Each of the collectors 19-Z
in the collector array 13-Z transnmit the reverse channel conmuni cations to
t he aggr egat or“’P?”Z‘F% the zone manager 20-Z. The zone nmand§eUS¥d?V4t hen 20
continues the reverse channel conmmunication fromthe aggregator 17-1 to the
WO 97/ 15159

PCT/ US96/ 17174 AC(r) accunmulator 15 in the region manager 21. The region

manager 21, thr oughs%%asshmvpiadﬁ?emhﬁahem Hdiabi@liGaI fading Srdif DER ddle
reverse channel and forward channel comruni cati ons between the zone nanager

ZM Z) and either to users in the other zones, such the BZ( 1) zone or to the
network 10. 5 Each of the broadcasters 16 in certain

enbodi nents broadcast s el qflidnfet e&tanmgerfa«hag. ?ﬁﬁh it @pnationl delligce the
br oadcast range for sone channel s wll be nore or Tess than for other

channel s. The t er mgysteRisQaskianBdllyZeiiRes ME sizD bPRLAR Y i ndORAsfiedERBuk fel €2
covered by the set of broadcast

quality of communications within that cell. As an example, consider a user that
5  can broadcast with a maximum of 800 mW effective radiated power in a digital
standard-based conventional cellular system in an urban setting. Assume that a
SNR of 13 dB is required for acceptable voice communications. Without a
fading margin. the Hata propagation mode! indicates that acceptable voice quality |
can be sustained to a distance of about 3.3 km. In 12 dB variance shadow fading,
10 this range drops to 1.6 km. If a BER of 0.0001 is requi.red, the range is 0.84 km
without a shadow fading margin, and 0.25 km with a shadow fading margin of
18 dB. Data transmission typically requires lower BER values than voice for
acceptable performance. This implies that data transmission rates in conventional
cellular systems will remain slow. or that extremely dense networks of small cells
15 will be deployed, at great expense. The present invention allows for the near
elimination of shadow fading margins from performance planning, g'reatly
increasing communications range or greatly increasing communications quality

for the same range.



ranges from a broadcaster 16. Because broadcast ranges for channels may 10
be varied on command from a zone manager 20, in general broadcast zones
from separate broadcasters 16 will overlap. In a simlar manner, each user
18 has vari abl wotet/gsisami ssi on power and hence the "user zonetTawsssnnes area
reached by the user 18 broadcasting at different ranges at different tines.
Si ngl e Broadcast Range Exanple - FIG 4 15 In FIG 4, the ZM 1)
zone manager 20-1 of FIGs. | through 3 establishes, for exanple, broadcast
range BR-1 for foryg chapnel tran 51 ions to a plurality of users 18. In
AeASleh o TAISINIEL . 888281 ) broadcaster 16-1 which

FIG 4, the zone nmahdg O+ amvicy
alndﬁal 9ln %ﬁeebq'oa 2 ttexh t?an?n%l) 25% g%dp%%%}'l oF 312 QrghsceiverV\D

br oadcasts over an are

97/ 15159

PCT/ US96/ 17174 th}i noft% %ZR§1") .ltorgladc%scfﬁraat%e.ha ‘;%I urfd_g}\é %f user s 18
are designated U(1:41)° ?1; ince 1L oty Py @, transmit gptyang) 2 fi ngretefyEs e
users_18 has an

antenna. In FIG. 11, the digital signal processor TX subsystem group 27-B
5  receives signals to be ﬁmcessed on inputs 60 to the digital signal processor
subsystems 27-B-1. 27-B-2, 27-B-3. ..., 27-B-N. The DSP subsystems 27-B-1
through 27-B-N process the signals and form the TX IF signal to the RF TX
subsystem 26-TX-B. The RF signal from the subsystem 26-TX-B connects to the
transmitter antenna 29-B and br;)adcasts signals to users. The digital signal
10 processing subsystem group 27-B performs speech coding, modulation, and
power control on individual channels, then combines them for broadband

transmission.

Full-duplex Cominunication Implementations - FIGs. 12 and 13

Using the broadcaster, user, collector and aggregator components of the

15  present invention, a full-duplex communications path to a user is established. One
implementation of the full-duplex communications channels to three use.rs Ul,

U2, U3 in a zone is shown in FIG. 14. The three forward channels CH1, CH2,

and CH3 begin at the broadcaster Bl, with a forward channel broadcast to each

user over distinct forward carriers. The users reply with reverse channel



omi -directional receiver antenna for receiving broadcasts on the forward
channel fromthe B(1l) broadcaster 16 of zone manager 20-1. 5

Al so, each of the users 18 has a transmtter that transmts _on the_reverse
channel est abl WO &Y5% or each a user range (UR) that coveré’c'gmﬁ%%ﬂfi mted
area than that covered by the BR(1l) broadcast range. Wthin the area of the
broadcast range BR(1l) is |ocated the CA(1l) collector array 13-1. The CA(I)
collector array 13-1 includes a plurality of collectors 19, and 10

specifically the 16rsaadaseCoveF sheChdired 1distinG feverdd carriers. - Thedeliekéido cdifiel
coll ectors 19 each have ommi-directional receiver antennas for receiving

transm ssi ons fronmbibadhsis k& rdciddd ab eh iof thrdeQsoledidr® il TTL Yand F6¥ in @xcaMgta?, t he
user U(1l;1) broadcasts over the UR(1l) user range which reaches the -

col l ectors C(1;11) amé¥ df tHe?done. QEath tollecton dhifi§, by abidlog bndigital imeahsa therponivar , t he
user U(1;2) 15 broadcasts over the UR(2) user range which reaches the
col l ectors C(1; 13) of thé tevdrdd camiedt spéctirinrh Dpntaihgihle alirky/ uset Fevernss elianhd] tarviprs |
broadcasts over the UR(u) user range which reaches the collectors C(1;01),
C(1:02), C(1;055 ama pgriio)6f) the bilotalet yevetst ehansel rspadrim that iy dishertsols from a
“UR(U) user-range which reaches the collectors C(1;03), C(1;04), C(1;07) and
C(1;08). Each of t lie received user signals and from the portions of the allocated reverse channel
spectrum to which other collectors will shift the received user signals. Each
collector broadcasts the shifted carriers in a composite broadband signal to the
aggregator Al. The aggregator then processes the received representations of
10 each user’s reverse channel signals, synchronizing them to a standard time base,
measuring the received signal strength of each representation, and performing
either selection-based or combining-based aggregation. The aggregated signal for
each user then serves as the reverse channels CH1, CH2, and CH3 of the
full-duplex path.
15 In FIG. 15. most of the full-duplex channels are identical to that of FIG.
14. The difference is in the means by which the collectors C1, C2, and C3
isolate the transmissions each makes to the aggregator from the received user
transmissions from users Ul, U2, and U3, and from the transmissions from other

collectors. Here each collector shifts the individual carriers corresponding to each

20  user to carriers that are unused by users or other collectors, creates a composite



20 collectors 19 in the CA(1) collector array 13-1 of FIG 4 in
addition to WO 97/ 15159

PCT/ US96/ 17174 receiving the broadcast reverse channel conmuni cations from
users 18 as indwosvmsis® al so transmts to an A(1l) aggregat or PAIUSY6/EyA74t he
ZM 1) zone manager 20-1. The. ZM 1) zone manager 20-1 in turn conmuni cates
reverse channel conmunications fromA(1l) aggregator 17-1 to the AC(r)
accumul ator 5 15 in the RMr) region manager 21. Simlarly, the B(1)

broadcaster 16-1 in 1):..z0ne . r -1 receives forward channel
conmuni cati ons fromb%(ﬁgbaép/((s g%“a]dg’? @n&%&@%ﬁloyﬂ&t ﬁé"’?"eg‘?"a‘hé rfﬁencfgimg@r q’ﬂ‘lllf”' n FIG
4, the zone nmanager ; L pes. the parti.cular ones of, the ¢ ctors
19 in the associ at eax%@igﬁng}ttog{gmg@ a';/1 @gs-el&fé%egt yaareer gaé‘?sécif"gdt th S @s 1‘@5
active to receive a it & | .gOonmmuni cations to
particul ar ones of tB gébg‘é&ers '@’fl&e; %@Xf{?ﬁgeu%% z%%ﬁ?r{%)_ The selection is
et oronr o CrneWoo™fifiles TRREORY arld ! 95, 368 heihs R SSRARE

5  collector transmissions to the aggregator. Other means include using physical

changes to the collector-to-aggregator broadcast, such as highly-directional
antennas (29-C in FIG. 9) for forwarding means to the aggregator, or using
horizontal polarization to isolate collector transmissions from user transmission.
Isolation may also be accomplished by using spread spectrum techniques to
10 re-transmit the user carriers received at each collector over the entire allocated

reverse channel spectrum.

OPERATION
em_Operations
15 The present invention creates a wiréless operating system. One
embodiment of that wircless operating system has been described in terms of the
hardware and software that comprise the separate parts of the operating s;ystem.
The broadcaster, collector array, and aggregator create a full-duplex communica-
tions channel used to communicate with a mobile user. The operation of this

20  system is under the control of the zone managers, which manage individual



for the aggregated reverse channel and signal strength nmeasurenents from
the collector array to determ ne the optinal set of collectors to

retransmt, and 15 to update the perm ssion status of ctors
as required. OYO%&H¥&i nent of such control code is contai ﬁ%ﬂﬁﬁs’ﬁ‘?'%'k LE 1,
I mpl enmented in the MATLAB progranmm ng | anguage. WO 97/ 15159

PCT/ US96/17174 TABLE 1 [err] COPYRI GHT 1995 SPECTRUM W RELESS, INC. %
This script perfornms zone manager control of collectors. It queries the

zone 5 % B BRedRAst 8Hes) ahdthe rdgfondikingders, Mich Mansiiéahd bpératibn 6f &itays

aggregat ed reverse channel % comuni cation link. In the case of

i nsufficient quali bpbrbddedt sdned. ERMBOURRENS S¥8he wireless operating system controls are
now described with respect to a number of different operations.

The inherent benefits of this wireless operating system allow for increased

S capacity, coverage, and quality over prior or conventional cellular systems. The
collectors of a collector array receive user signals and retransmit them to an
aggregator at a zone manager. The presence of the collector array allows users
to transmit with lower power for a given size zone (since the collectors are closer
t<; users than the base stations in conventional cellular systems), thus increasing

10 coverage by allowing zones larger than conventional cells. The collectors
provide 'signal strength measurements which are used by the zone manager to
determine user location for accurate forward and reverse link power control and
more efficient frequency reuse, thus improving capacity. The signals from the
collectors are aggregated at the aggregator to provide greater communications
15  link quality.

System operations will first be described at the zone level. One
embodiment of the power management and location-finding functions w-ill be
detailed, and then the enhanced abilities of this embodiment will be demonstrated
by contrasting its performance for several call-handling sequences to the methods

20 used by conventional cellular systems.
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% specificatio
possi bl e 10 %
aggregator or incr

decr eases t he nobi
are the mni mum an
m ni num and naxi nu
Mnl\/brit = 18; 20

Channel (find(Cha
for ii = 1:Nactive

n of collectors returning the signal, increases if

the nunber of collectors returning a signal to the

eases % t he nobil e broadcast power. In the case of
excessively hiwoogusmbi ty it either % drops a col | ect or PEFUSR6A7IFH

| e broadcast power |evel. 15 % Al gorithm paraneters

d maxi mum nerit values for signal % quality and the
m nunber of collectors that may return % signal s
MaxMerit = : nColl = 2; MaxColl = 5; ActiveChannel

ctive = Iength(ActlveChanneI)

User .= Mol IP‘(J@%LVXF a0 lenganﬁge) in &filiad systems, namely,

AggSi gQJaI (Acti veChanne'Ir ereﬂre

10

15

broadcaster-to-mobile user (forward channel) power, and user-to-collector
(reverse channel) power. Power requirements are determined by the distances
between the broadcaster and the mobile users, the propagation path losses over
those distances, and the signal-to-noise and signal-to-interference ratios required
for acceptable telephonic connection quality. For simplicity, a forward channel
signal will be said to reach a mobile user if it does so with acceptable connection
quality. For IS-54B and 1S-136 digital cellular equipment, the power measure-
ment capabilities of digital mobile phones are an additional, independent measure
of the adequacy of forward channel power. A reverse channel signal will in
general be received by several collectors. It will be said to reach the collector
array if the signal-to-noise and signal-to-interference ratios at a sufficient number
of collectors allow for an aggregation of those signals into a composite signal of
sufficient quality. The precise values for the signal strength ratios requnred
depends upon the cellular standard used. Under one embodiment of the present
invention, if a signal is received by three or more collectors at ratios Withil:l 8 dB
of the minimal ratios for acceptable quality, then the aggregation process will

return an acceptable signal quality. If the received signals are within 6 dB of the

=y

25



NumCol | = sum{Col | St at us(ActiveChannel (ii),:); Power =
MbobPower (Act i veChannel (ii)); 30 if ( Merit < MnMerit )

[ Col | Merit, Col | Ranki ng] = sort(Col | RSSI (ActiveChannel (ii),:)); odEnough
find(Coll Merit WOKMASRrit - 10); Ngood = |engt h(GoodEnough)'?er&?%% 'E
Col | Merit (GoodEnough); 35 :

Col | Ranki ng =

Nt =

Col'l Ranki ng( GoodEnough); if (Ngood < M nColl) | ncreasePower (User) . elseif (

Ngood <= MaxCol |)

WD 97/ 15159

PCT/ US96/ 17174 Col | ihidat afidcrbi %ﬁ%ﬂ'ﬁﬁhﬁ%,i then ih genctk R AR e elidciors will be
Col | St at us(Acti veChannel (ii), Col I'Ranki ng) = ones(Ngood);

10

15

20

required.
Conventional cellular systems have at best weak location-finding

capabilities. The round-trip time delay for the base station-to-mobile path is used

in some implementations to estimate mobile user range. Given that the speed of

radio waves in the atinosphere is approximately 300 meters per microsecond,
time delay measurements as precise as a few microseconds still do not locate a
mobile’s range with much precision. and say nothing of the direction to a mobile
user from a base station. Under the present invention, the plurality of collector
returns of a given mobile’s communications allows for both time delay
measurements and 'sig_n:_gl strength measurements over a number of paths. The
triangulation possible with this new information allows for greatly improved
estimates of mobile location, both as to range and direction.

Under one embodiment of the present invention, collectors also measure
the received signal strengths from broadcaster forward channel communications.
Since the initial broadcast power levels for these channels are known exactly, the
received signal stréngths at the collectors will provide a highly-accurate,
dynamically obtained propagation path loss map for a zone. This allows the
wireless operating system to respond to both short-tenn and long-term variations

in the propagation environment.



el s& ColTStat us(ActiveChannel (ii
Col | St at us( Acti veChannel (ii), Col
elseif ( Merit > MaxMerit) [ Coll t, Col | Ranki ng]

sort ( Col | RSSI (Wotsrysaghannel (ii),:)); 10 GooBEFUSA§ATIZ4
find(Col Il Merit > MnMerit - 10); Ngood = | ength(GoodEnough); Coll Merit =
Col | Meri t (GoodEnough); Col | Ranki ng = Col | Ranki ng( GoodEnough); if ( Ngood >
MaxCol I ) 15 Decr easePower (User); elseif ( Ngood >

M nColl ) Coll Status(ActiveChannel (ii),:) zer os(NCOLL) ;

Col | St at us(Acti veChannel (ii), Col | Ranki ng) ones(Ngood); end;

Single Zone Operation - FIG. 14
In FIG. 14, an example with U(1;1), U(1,2) and U(1;3) users within the

l),
Me
1)

:) = zeros(NCOLL); 5
anki ng(1: MaxCol I')) = ones(MaxCol I'); end;
ri =

range of a ZM(l) zone manager 20 is shown. Zone manager 20 through
operation of B(1) broadcaster 16 transmits forward channel communications to
5  mobile users at two different péwer levels. The first power level establishes the
BR(1;1) and the BR(1;3) broadcast ranges (B-Ranges) with equal power levels
which reach both the U(1;1) and the U(1;3) mobile users. Because U(1;2) is
closer to B(l)., a lower broad.casl power level is used, creating the smaller
B-Range BR(1;2). The B(1) broadcaster receives the forward channel signals

10  from the DI(r) director 14 of the RM(r) region manager 21.
Each of the users m FIG. 14 broadcasts in a reverse channel. The U(1;1)
user broadcasts in a UR(1) user range (U-Range) to reach the collectors C(1;13)
and C(1;14) which are part of the collector array 13. Similarly, the U(1;2) user
broadcasts in a UR(2) U-Range which reaches the collectors C(1;07) and
15 C(1;11). The U(1;3) user broadcasts in a UR(3) U-Range with a broadcast
power which reaches the collectors C(1;01) and C(1;02). Each of the ooll-ectors
in the collector array 13 in FIG. 14 transmits to the ZM(1) zone manager 20 and

is received by the A(l) aggregator 17. The aggregator 17, in turn, retransmits

el



20 end; end; Based upon historical neasurenents of many users as a
function of user location in the collector array zone, a gradient map

stores signal st reagt h variati ons between weak-receive andﬁ%g&g-{_,gcei ve
locations. In MP"M@%k- 25 receive locations, a greater 8
collectors 19 are enployed to conbine nultiple signals through different

collectors 19 for the sane user 18. Wth such conbining, the
signal -to-signal interference is enhanced particularly at inherently weak

reception | ocati ongheirévefieZRinfiel commiiitatidnsfeck® Bach of the users and collectors to the
PCT/ US96/ 17174 Single User Exanple - FIG 5 1In FIG 5, a schematic

representation i s HC@acimuldi® SOvitE the RMGE)REiof @iifger gRt i on froma B(1)
broadcaster 16-1 to the single user U'1;U) of FIG 4. A portion 13" -1 of -

the collector array 13-1 of FIG 4 is shown as the C(1;03),

Call-Handling Control Sequences

5 Cellular telephone systems use prescribed sequences of control messages
between a mobile receiver and the system control center to handle each change
in the status of a mobile receiver. The IS-136 standard describes control
sequences to be carried out prior to, during, and at the conclusion of calls to and
from the mobile user. The increased information available to the system from

10 the multiplicity of collectors allows augmentation of the standard control
sequences. For purposes of comparison. we briefly describe the calling
sequences for several events under prior methods and indicate the new control
functions available under the invention. Note that these augmentations do not
conflict with current handset specifications. The specific control sequences

15  discussed are mobile receiver registration at powerup, mobile terminated call
setup, mobile originated call setup. and a new control_ sequence for handling a
911 call.

For clarity, the calling sequences will first be described in terms of
current cellular implementations. Thus the system control resides at the mobile

20  telephone switching office (MTSO), which communicates to a user (U) by

L



5 C(L; 04), C(I;07) and C(1;08) collectors 19 in FIG 5. Each of the
coll ectors 19 receives a reverse channel communication fromthe user U1,
U). Each of the collectors 19 in turn transmts a reverse channel

comuni cat i on woot/isessA(|l ) aggregator 17-1 in the ZM 1) zonBCEENSEET4 20- 1.
In FIG 5, the transmtter of the B(1l) broadcaster 16-1 is a high-gain, 10
omi -directional (or a sectored) antenna.. The U(1;U) user 18 has both a
omi- directional receiver and an omi-directional transmtter which are

ically both I - since typical Ly, th S, d and

mobi o, Each of 1 nEBRLE phAacard g feelink S Ep byl bl RufiBF LR 27

receiver antenna o g,"‘\’:vtﬁ | i alsd J}mﬂoi CeetlC! T G ith %ﬁgﬁ%%%ﬁé hbénE@y
r ?/er a g | SItYy.

i nclude two or nor cel ntennas for spati ver ach of

e recerveant enniaam REsp 160 Raln kit e P 3] Ry b1 2 <1
PCT/ US96/ 17174 Di gihte%ob-[l@%a'c(ﬁ).v Fhe 'sch::iﬁ@linﬁ from U to ZM, via broadcaster on the

5  forward path and collectors-aggregator on the return path, will not be mentioned

unless necessary.

Mobile registration at powenup

Each cell in a cellular telephone system broadcasts over one of a set of

21 call setup channels. The forward link in the control channel is called a paging

10 channel, while the return link from U is called an access channel. The paging
and access channels are time division multiplexed digital channels which carry
traffic at 10 kbps. When a U is switched on, it scans the 21 assigned paging
channels, selects the strongest, and signals its presence via the corresponding
access channel. The BSO- receiving the signal returns a request for user

15  registration and physical data on user type. and signals U to use a particular slot
in the access channel. In addition, U power control may be commanded .at this

time. The requested data is used by the MTSO to validate the user and to place

it in either the Home Location Register or the Visitor Location Register. Under

this existing scheme, the cellular system does not attempt to accurately locate a



Fig. 6 depicts a block diagramof a digital transceiver (transmt-
ter/receiver) 25 which is used as a building block in the communi C?tljon -
system of the present invention. In FIG 6, the transceiver_ 25 incl udes
sﬁbsysten15 SVHU %26-1, ..., 26-D and a digital signal [CE¢EEE3
subsystem group 27. The RF subsystem group 26-1 includes a receiver antenna
28-1 and a transmtter antenna 29-1 for receiving and transmtting RF
signals, respectively. Qther ones of the RF subsystem groups, such as group

26-D, include only calf:CRbi at YkhD BE poweted ufbefGRUENTT At chh beTJiemﬁFed.SéébSySt em
groups 26-1, ..., 26-Dinterconnect 10 wth the digital signal processor

subsystem group 27 v viD asuslé Gt B¢ mbblleGédidafon' i ip6Werup SdquERS dELRbddAbovel 9nal s
for local oscillator control (LO CTL) and includes receiver internediate -

frequency (RX |F) dagiet sienipibdi rERSHEtén Gould M8 eRpeicbd 1l CARYRREY that | F)
signals. RF Subsystem G oup - FIG 7. 15 n FIG 7, a block diagram

of an RF subsystemcguioupt BS rdghtsed, G6mwhiiever r@dfont Ney LifrRP e8] ié@éi%tzﬁa ffe FIG 6"
i s shown. The subsystem group 26 includes an RF RX subsystem 26- RX and

includes an RF IX audesy shaanei2fi-aT%1 et @oRi ¥ ParticBS USWaITM 2eeBiecsigi ves RF
communi cations on the one or nore
sequence now described. For simplicity’s sake, consider for now the case of a
single 911 call. Colliding 911 requests would be assigned priorities and handled
as in current PSTN 911 implementations.
The system has dedicated 911 response voice channels that will :ilways be
10 available at maximum power. When a 911 request is initiated by a particular U,
the serving ZM notifies the RM. The 911 request will be at the maximum
possible power for U. All collectors in the zone and surrounding zones will be
instructed to provide localization data to the RM, which will execute a
region-wide localization algorithm of greater complexity and accuracy than the
15  standard localization algorithms used by the ZM. Simultaneously, the serving
ZM will initiate the voice channel establishment procedure described above for

a mobile-originating call, and the RM will establish a landline connection to the

911-handling function of the PSTN. The RM will frequently re-localize the 911

call.

W



recerve antennas 28, conbines themin a nultiplexer and inputs themto an
RX WO 97/ 15159

PCT/ US96/ 17174 bandpass filter 30. Bandpass filter 30 in turn connects to
the RX RF anphiddagis8l which in turn connects to an RX RF PGIUSI/IIT4 The
m xer 32 receives the RF signal fromthe anplifier 31 and mxes it with a
| ocal oscillator signal fromthe RX | ocal oscillator 36 in order to down

convert the received signal fromthe RF 5 range tothe IF range. The I F
range signal fromthe nnects as_an t@ t : d pass
filter 33 which in turﬁq@g{ﬁﬁﬂ@ "E%WWE |°gradggcgviﬁ Ellil)%nturn

h
Sranal rf)?nihil g Ui gy, S gﬁ%%gﬁf "°f°"‘r"r“ov BAES Rl o)
| F t put t. h
Subsyst em gr oup 27w O] R e ke i ﬁ@m i by

subsystem 26- TX receives th mthe digital si gnal processor
subsyst em gr oup 2 ETEYer pﬁwe'ig\bepgs?hd:l cklgﬂaaﬁgeﬁ’ and

5 Two Zone Operation - FIG. 15
In FIG. 15, the RM(r) region manager 21 and the ZM(1) and ZM(2) zone
managers 20-1 and 20-2 are shown together with CA(1) and CA(2) collector
arrays 13-1 and 13-2. In FIG. 15, five users U(2;1), U(2;2), U(1:1), U(1;2) and
U(1;3) are shown. In FIG. 15, the ZM(1) zone manager 20-1 and the CA(l)
10  collector array 13-1 are the same as in the FIG. 14 example. In FIG. 15 the
CA(2) collector array 13-2 has been added together with the ZM(2) zame
manager 20-2 and the users U(2;1) and U(2;2). Note that the B(2) broadcaster
in the ZM(2) zone manager 20-1 has two broadcast power levels, one level for
the BR(2;1) and BR(2;3) B-Range and one level for the BR(2;2) B-Range as, in

15 FIG. 14.

ovement ration - FIG_ 1}
In FIG. 16, the same general elements of FIG. 15 are shown with the

U(2;1) user moved from the lower left-hand comer to the upper right-hand



processes the signal for one or nore transm ssions by the transmtter

antenna 29. The TX IF signal fromthe digital signal processor subsystem

group 27 15 of thehst ype shown in FIG 6 is connected to a ,&9§/gﬂ¥erter
2 ntu o

38 which in turfCeBhBcts to a TX bandpass filter 39 which I onnect s

to TX IF anplifier 40. The anplified TX IF signal fromanplifier 40 is
I nput to the TX RF m xer 41. The TX RF m xer 41 receives a |local oscillator
signal fromthe TX local oscillator 37 to shift the IF signal to an RF

signal . The RF si gnedmdrr émiik (BA®@) fiy 28-2. Alsoi the ibRiddasteo of iR ZM(BFzdaandpass
filter 42 which in turn connects to the TX RF WO 97/ 15159

PCT/ US96/ 17174 anpl inhnagér 282 hidd threzrgifférbit iloadc@npdwers @establishafifet idiffepént 43
connects to the one or nore transnmitter antennas 29. In FIG 7, the RX

| ocal oscill ator 36beadtast ¥argeCBR20OYCBRE2éN @nd BR(2GHNnect via the LO CTL
control lines to the digital signal processor group 27 of the type 5
shown in FIG 6 for contHIGs.|156d 6 denpastiatecthié aobiledssign&CU(2; Btnfdvirgl fesikienci es’
used
5  the lower left in FIG. 15 to the upper right in FIG. 15 of the CA(2) collector
array 13-2. Specifically, the path taken by U(2;1) is on a straight line from the
area of C(2:13) to the arca of C(1;16). The following sequence of events

describes the relevant system control activities:
Under the control of ZM(2) zone manager 20-2:

10 a) the U(2;1) user is initially received on C(2;9) and C(2;13).
b) the U(2;1) user is then received on C(2;6), C(2;9), and
C(2;10), and broadcaster B(2) power level on the U(2;1) assigned forward
communications channel is reduced to create a smaller BR(2;1) B-Range,
because U(2;1) is now closer to the B(2) broadcaster.
15 c) the U(2;1) user is then received on C(2;3). C(2;6), and é(2;7).
and the broadcast power is increased to increase BR(2;1) since U(2;1) is now

moving away from B(2).

e



by the subsystens 26-RX and 26- TX. User Transceiver - FIG 8 In FIG 8, a
bl ock di agram of a user transceiver 25-U is shown which is generically like
the transceiver of FIG 6. In FIG 8, the transceiver 25-Uis 10

generally of | omopmse® and battery operated. The receiver RATM72?H-U and
the transmtter antenna 29-U are omi-directional. Specific details of one
enbodi - nent of user transceiver 25-U manufactured by Harris Seni conduct or
is described in the DSP Applications. Decenber, 1993, ppl5-28 entitled,

Con! der ot onS e 1, e B e ) Y st Yo ghFEf i RS,
b ock 1201 am o 2 CObleh Srald SR Y b koL MR R, 24 1o
The 47 zone manager 20-2 determines that the mobile is moving out of the coverage
. range of collector array CA(2). ZM(2) zone manager 20-2 sends a ‘message
5 to region manager RM(r) 21, informing RM(r) 21 of the imminent need for

a handoff and reporting the location of U(2;1).
e) ZM(2) zone manager 20-2 receives a message from RM(r) 21,
indicating that ZM(1) zone manager 20-1 is prepared to accept handoff of
U(2;1). RM(r) 21 informs ZM(2) zone manager 20-2 of the new frequency
10 pair (broadcast/receive channel pair) allocated by ZM(1) zone manager 20-1
for the connection to U(2;1). Upon changing to this new frequency pair
U(2;1) passes under the control of ZM(1) zone manager 20-1 and will receive

the new designation U(1;4).

) ZM(2) zone manager 20-2 sends a handoff message to U(2;1),
15 indicating the new frequency pair that it should use under its new designation
as U(1;4) for communications within the purview of zone manager ZM(1)
zone manager 20-1. Upon receiving acknowledgemént from U(2;1), 2M(2)
zone manager'20-2 turns off the ZM(2) zone manager 20-2 broadcast and

tells C(2;3) and C(2;4) to stop listening to the U(2;1) reverse channel.

20 ZM(2) zone manager 20-2 also de-allocates the broadcast channel that was



WO 97/ 15159
PCT/ US96/ 17174 col |l ector transceiver 25-C includes one or npbre receiver

ant ennas 28-C and one or nore transmitter antennas 29-C. A -C and
29-C are conne&oegdgflg’the RF subsystem group 26-C. The RF ?ﬁg@g@ﬁnﬁ%_c

connects to the digital processor subsystem 27-C. The col |l ector transceiver
25-C is of the sane general 5 formas the transceiver of FIG 6. The
di gital processor subsystem 27-C of FIG 9 in one enbodinment is, for
exanpl e, a digital sigwedforpdi@tlyss diat {t[05Ppe redsedbyca neiviiseturagr &p ecdtioll6F Si gnal
Processing as the MDC40T Dual C40 DSP Mbdul e. That nodul e features 250
MFLOPS TMS 320C40 par @M(2) zook paager 20-3nal processors 52 and 53 which conply
with the Texas Instruments (TI) TIM40 10 nodul e standard. The processor -
provi des 6-channel DVA (direct nenory access) controller support for
concurrent input/output, independent of and in parallel with the central
processi ng units ( CPUYndefleentchl 9f RM(r)SegioramamgacHssor subsystem 27-C of FIG ™
9 permits the processing of the | ow power, omni-directional receive signals
fromthe receiver 15 antennas 28-C. For exanple, such processing under
one enbodi nent of the invention

a) RM(r) region manager 21 receives a message from ZM(2) zone

5 manager 20-2 indicating that U(2:1) is in need of handoff. RM(r) 21
determines that U(2;1) is moving towards zone 1.
b) RM(r) region manager 21 sends a message to zone manager
ZM(1) zone manager 20-1 instructing ZM(1) zone manager 20-1 to listen for
U(2;1) on its assigned zone 2 return channel frequency.

10 c) RM(r) region manager 21 receives a message from ZM(1) zone
manager 20-1 indicating that U(2;1) has been heard and localized by
collectors in the collector array CA(l), and that a new frequency assignment
has been prepared for U(2;1), which will be designated U(1;4).

d) RM(r) region manager 21 sends a message to ZM(1) zone

15 manager 20-1 giving routing data for the forward channel communicati;)ns to
U(1;4) from distributor DI(r) 14 and reverse channel communications from

U(1;4) to accumulator AC(r) 15. _

o8



I nVOT'Ves a discrete Fourier transform (DFT) filter bank to separate,

equal i ze, and re-pack channels for retransm ssion. In this process, a
representation of the power spectral density for each channel is obtained
peri odi cal | y. winemsisanot her WO 97/ 15159 PCT/US96/17174

PCT/ US96/ 17174 enbodi nent, spread spectrum nodul ation is used to prepare
the signals for retransm ssion. A sinple enbodinent of the collector
transcei ver 25-C contains only an RF subsystem group 26, and shifts

t d ti br qadb ' I | I
Fange wi  holt _channel | zat Don. DAY SRR gpifled 1 ead Ofhdl ) PUTD, dghe Ty
bl ock di f th ' ' ' |
recei ver o ti on of  PRABHE aneo b5, KRly mads b RAGHERY 60 did 2000
incl udes onl'y a recebyg aua0ngo 2ndudithlld H6AI Wit RIS dssighte

receive 10 antenna nnects to subsystem 26- whi ch

provides digital frequency.

5

Under control of ZM(1) zone manager 20-1:

a) ZM(1) zone manager 20-1 receives a request from RM(r) 21
to locate U(2;1) on a given channel being used by U(2:1). ZM(l) zone
manager 20-1 requests all CA(l) collectors C(1;01) through C(1;16) to

10 monitor this given channel and to report back the received signal strength.
b) Upon receiving signal strength measurements from the CA(1)
~ collectors, ZM(1) zone manager 20-1 determines that collectors C(1;15) and
C(1;16) can best receive the approaching U(2;1) user.
c) ZM(1) zone manager 20-1 allocates a broadcast frequency for
15 the U(2;1) user and designates it U(1;4).

d) ZM(1) zone manager 20-1 sends a message to RM(r) 21

indicating that U(2;1) has been captured and a new frequency pair has been

allocated to it.

A



| F received signals to the digital signal processor subsystens 27-A-1,
27-A-2, 27- A-3,..., 27-A-N. The digital signal processor (DSP) subsystens

27 in FIG 10 | i ke the digital signal processor subsystem 27-C of
FIG 9 connect§@§F®g§$her with a daughter nodul e such as_AEgﬂéﬁﬂﬂﬁﬁﬁghter
nmodul e from 15 Spectrum Si gnal Processing. The RX I F signal fromthe

subsystem 26-RX-A is input to each of the subsystens 27-A-1 through 27-A-N.
The aggregator receiver 25-A supports the |ow gain, w de angle antenna 28-A

for receiving collector seynaIZMtr)oaamanﬁhagéﬁiotmsnf«escn%hdx@CdanoH&%wtters
of the type previously described. 49 WO 97/ 15159

PCT/ US96/ 17174 The DSiareidmfiuficitidns iorU(T|45frbh distABiR6r DIH 121HAE Féreviirse0f t he
i nvention, uses DFT filter banks along with auto-correlation to synchronize

in time and phase t hechifeE botmdurtitagion) © afcélﬂiﬁla’iorp)\ggrﬁhi lad BégiQrdnSifinfiigS fOr
each user reverse channel transm ssion. The use of filter banks all ows this
task to be forward channel communications on the newly assigned frequency. '
5 1)) ZM(1) zone manager 20-1 begins receiving reverse channel
communications from U(1;4) from collectors C(1;15) and C(1:16) via

aggregator A(l). ZM(l) zone manager 20-1 routes reverse channel

communications to AC(r) 15. . Handoff is complete.

Dynamic Channel Assignment Operation

10 Conventional cellular systems utilize fixed channel allocation. For
example, a fully built out AMPS cellular system using a (7,3) channel
partitioning scheme allocates a fixed number of channels (18 or 19) to each
sector of each cell within the system. Not only is the number of channels
allocated to a sector fixed, but the exact frequencies allocated to that sector

15 are fixed. A fixed allocation of resources makes it difficult for a cellular
system to respond to changes in the traffic load on a moment-to-mom-ent or
even month-to-month basis. The academic literature contains many examples
of dynamic channel allocation algorithms that greatly increase system capacity

by increasing the efficiency with which the system’s resources are allocated



5 Stmul t aneously performed for many user transm ssions. Once the
plurality of signals representing a single user reverse channel have been
synchroni zed, they are conbi ned (aggregated) by one of several techniques.
For exanpl e, eowebnmassn or nmexi mal ratio conbining, or sel eB€EH6/BA¥ed upon
channel strength neasurenents reported by the separate collectors are 10
enpl oyed. The channel strength nmeasurenents reported by the separate
collectors are used with tine-delay and phase-shift information obtained in

h hr oni [ ol i I ' ' A )
S anal aum 1ty oy ov e oS e FighteEs G Foschedded'ay Wy Mty SRRT. .
ti i t i h t oL | tipath ' . both
Pornard and rover oo cRG 8T SHBTAKn gD Ratolle | AR LoBkRE b Sectnall
o . L oo dor. : . .
ocept: on poi nt ¢l oo Pgh comtpiRlciudie W T e hd 8°5 bplily HEIbubl®

resulting int erferenc%.r%t N%rgsléégrgp r‘zae.}_%# with spatial |ocation and have
a ] - L} ] . .

5 There are several reasons why fixed channel allocation has been used
in conventional cellular systems. First, analog radio equipment for
combining several channels requires different hardware for different
frequencies. A frequency change thus implies a hardware replacement,
making the operation uneconomical. A second reason why dynamic channel

10 allocation has not been introduced in conventional systems is that most of the
proposed allocation schemes require both broadcaster and mobile power
control on a channel hasis, and analog channel combiners cannot in general
do this.

Digital RF equipment can mitigate the above problems, but digital

15 implementations of conventional cellular systems cannot make good use of
dynamic allocation aigorithms. This is because such algorithms depend to
greater or lesser extent on knowledge of the mobile user location w'ithin a
cell, and accurate location information is not available in conventional cellular
systems. Also, conventional cellular systems concentrate network control

20 functions in the MTSO, and the greatly increased data requirements for the



WO 97/ 15159

PCT/ US96/ 17174 coherence length on the order of the carrier wavel ength. The
di stribution of observed interference ("fades") has been shown to be

wel | - appr oxi et he Rayl ei gh distribution. The distri BftTHR8f ade
depths runs fromas much as -30 dB to 10 dB. Cellul ar providers mnust

I ncl ude "fading margins"” in their 5 propagati on nodel - based system

pl anning to account for this fading. Conven- tional cellular systens renove

some Rayl ei gh fadi ng mipleffehtatida)or @fnitydo&isd ApsHRhds EinVovesihbin e Ehjatitynd
techni ques using two spatially separated base station receiver antennas

Wi th spacing snall cosixinestd cOnttd) Rhfinele af the pRicEsidls asdaciBdfithd A0S, The
resulting two-branch diversity gains are typically 5to 7 dB. 10 A

second kind of fade is cawmmsbdhientshef [Hiec pREGHE iNenti®Dif ShanhelBéd Rarelek1an
“average (or |lower than average) .propagation path |loss on a particul ar

propagation path. Thessnh@ficationsTRill Mgkecfall usofodynhicchirinel ARt4i0R or nfoch as
an obscuring hill between the broadcast and reception antennas, or by

man- made featur s sucgenedlly) dyhathigsovadechllbtationycty ssivingCioth 6fthe SloB@wjsadi ng
at a particular receiver changes 15 slowy as a nobile user noves past
the obstructions. Fodestsitea@ptiozflizAfiora®ithin a zone is provided by the operation of the
aggregator using measurements provided by the array of collectors. This
allows for the mosf intelligent of algorithms to be applied. The disiributed
processing power 6f region managers and zone managers allows for local
10 decision making using data at its source within a zone, performed by control
algorithms at the zone managers. Global resource monitoring and arbitration
over the network of zones is then implemented by control algorithms at the
region managers.
TABLES 2 through 5 contain one embodiment of algorithms that
15 implement dynamic channel allocation with both broadcaster and mobile
power control over the distributed control hierarchy of the present invention.
The particular dynamic channel allocation algorithm used by a ;'egion
manager will depend on the nature of the system: AMPS channels will be
handled differently from time slots in a TDMA system. For clarity, the

20 following description will consider zone broadcasters and collectors with

712



particular receiver, the distribution of shadow fadi ng has been
experinentally found to be log-normal with a variance of 6 to 12 dB for
nost propagation environnents. The variance tends to be higher in open
areas than i n wovamsisg eas and, wi thin urban areas, increas®cTASI6N7IBYer age
bui | di ng hei ght. WO 97/ 15159

PCT/ US96/ 17174 Conventional cellular inplenentations have no renedy for
this fading, and providers nmust allocate fading margins in system pl anni ng
to account for shadow fadin '

.-G ven a signal-to-noise ratio necessary for
any particul ar qual i 3B g‘?ﬂ%ﬁ‘f"@émalﬁ Grized apeRnas, ?’? E&Etéﬂ"' ré??l ’1°§T"%FF
I npl enment ati on, a shafdow f adi nlﬂ, 5 r]ag%géti}} OL, for exanple, 12.1 dB nust
be added to achi eve t'H¥HOREIVFTIRE Souyo w betwesn the Narqus SESIeIR SOFRRP- of
shadow fading of 8 dB variapce.. The quality of .the reverse channel signal
froma user is signi f“F'&‘%n?PW“PWES‘&J@"%}“%‘%B“&%'S@% htogprog iﬂ"d‘ﬁal ity
of signals returned b ol|lectors of the present invent. Thi.,s i s due

a¥g%g¥?{9arc¢élmlﬁ ore?ufugte{eg vath outsu?e networks, wnh%'imp ieit.

to the anelioration o
5 In the data structures below, Nzone refers to the number of zone managers

controlled by a region manager and Nfreq refers to the total number of

channel pairs available. The relevant data structures are:
At a region manager:

RegionFreqMap(Nzone,Nfreq) - Frequency mapping for all zones and for all
10 frequencies, in the form of maximum allowed broadcaster power for each

frequency (frequency pair) in each zome. Initialized by allocating the

maximum possible power for a reserved set of frequencies in each zone.

using some large frequency reuse partition.

RegionFreqUse(Nzone,Nfreq,2) - Current status of the region as reported by
15 the individual zone manager. For all zones and for all frequencie-s, the

current commanded broadcaster and user power levels. Updated by reports

from individual zone manager.

3.



10 di scussed above. The Rayleigh fading is reduced by the

| ar ger -t han- wavel ength spacing of the collectors, just as in the case of
nmul ti pl e base station receive antennas. Shadow fading is due to the
obscuration ofWO&¥SEIy | arge-scale terrain features or buPYHHEL4The

coll ectors of the present invention are spaced throughout the 15

broadcast range so that at all times at | east one collector can be expected
to have an.unobscured path to any given user. The shadow fadi ng seen at
various coll'ectors fof focih Wafageser IS essentially uncorrelated. Thus, the

aggregation of the signal wll be able to greatly reduce the required
shadow fadi ng margi n. For exanple, given a signal-to-noise ratio necessary
for any particular quality of 20 comuni cations for any particul ar

cel lul ar i npl ement at i Rfberfn f RAAkiRfhm alloWel Broadcadepower to be used for
PCT/ US96/ 17174 margi n ofroHI if,@gﬁ@ dB m'Jstl be added toég%hi éve that quality

over 98% of a cell I naiPfaRiwASHGRere). Tpasderby AdloRhadiged dB variance. This -
addition is an

HomeFreq(*) - Frequencies reserved for non-power-limited use in the zone.
5 BorrowedFreq(*) - Frequencies other than home frequencies that are currently

in use for connections in the zone.

PowerUse(Nfreq,2) - Current commanded broadcaster and user power levels

in the zone.

MobileID(*) - ID’s of active users located in the zone, updated by
10 aggregator.

MobileLocation(*,2) - Location of each active user in the zone, updated by

aggregator.

MaobileConnect(*) - Frequency assignment flag, set to assigned frequency if

user is connected and cominunication is in ﬁmgress. zero if user is active but

15 not connected.

71



i nprovenent of TI.3 dB over the shadow fading margin addition required for
conventional cellular systens wthout collector arrays. 5

Conventional cellular systens which digitally nodul ate and encode signals
for conmmuni catwonwisisannel s express channel quality neasur BERHSITIM t er N
of the uncoded bit-error rate (BER). A commonly used val ue for "acceptable"
voice quality is a BER of about 0.02 (see, for exanple, "Wreless Digital
Communi cat i ons, Mdul ati on and Spread Spectrum Applications”, Kam | o Feher,
10 Prentice Hall PTR, New Jérsey, 1995)%§ signal -to-noise ratio (SNR)

required to achieve this B i 8&3@? l.atd on techni que
enpl oyed. For the quadraturajcégggg@gﬁﬁ?g g‘cﬁ}rﬁ'que, in the
presence of Rayl ei i.ng but .no adow fadi ng,. a.SNR.of. 9 [
required, but for 12‘%3@8&/ “Pﬁ'ﬁ'f'ﬂ'&"fﬁ? °€'B° g@"\’/"a@?'{gﬁ%g,‘"cgmr'\{gt‘l 'E)’algf q%ﬂueiﬁ' i's
required. (see "Pr olevaebi ity of Bit Error for 15 MPSK Modul ation with
Diversity Recepti o ﬁmﬂf} Bsi gh Fadi ng and Log- Normal Shadow ng Channel

W-P. "Yung, |EEE Trans. on Conm, vol. 38, no. 7, 1990, pg. 933-937). Thus
an 11 dB fading margin is required. The | ower the required BER, the |arger

this fading margi n. beco .. FOr modul ati on, a BER of 0.0001 requires a
SNR of about 32 dBqu‘ﬁmPﬁa%{ﬁ%%ﬁ%@ shadow fading. In a 12

This function is run to initialize the frequency map for a region.

In this implementation, the underlying frequency reuse partition

is a 12-zone partition. Thus each zone has been assigned a

designation between | and 12. For the frequencies assigned to a

zone (home frequencies), the zone manager is allowed 10 use maximum
wer.

For frequencies not in the assigned set, the allowed power level

is initialized at Squelch (in dB) less than the maximum allowed

power. Power levels are specified in dBm.

10

15

CRCRURCE-JECEURUET RPN

for iz = 1:Nzone
RegionFreqMap(iz,:) = MaxForward - Squelch;
RegionFreqMap(iz,FreqSet(ZoneDesig(iz))) = MaxForward;
20 end

- TABLE 3
© COPYRIGHT 1995 SPECTRUM WIRELESS, INC.

MATLAR implementation of the region manager function to monitor frequency
use and reset allowed power levels. Run continuously.

25 function FreqMonitor()
%

% This function will mn continuously at the region manager. It will be
cycled -
% through the list of frequencies to reset allowed power levels as



WD 97/ 15159

PCT/ US96/ 17174 dB vari ance shadow fadi ng environnent, the additional fading
margin is 18 dB. The requirenent for a large fading margin_|j tional
cel lul ar systeWR%¥B® antially reduces the size of a cell, "’5?’?-‘9’?)3*2&
satisfied, reduces the quality of communications within that cell. As an
exanpl e, consider a user that 5 can broadcast with a maxi nrum of 800 mWV
effective radi ated power in a digital standard-based conventional cellular
systemin an urbangset tabﬂgpﬁaeasurre that a SNR of 13 dB is required for
accept abl e voi ce cgmmuni cations. Wthout a fading margin, the Hata
propagati on nodel igndi a@et @nek it have GeRbWY e Frequesicyd URIsidhyzofigsiexlsg sust ai ned
to a distance of algpout rddude owerl aifaBled&r sthdripateatal BoAGWs.f adi ng, 10 this -
range drops tosl.6gm If a BER of 0.0001 is required, the range is 0.84 km
wi t hout a shadow f pekirdigedn®BIIgHgh(fimtil RefioMErediee{AiFHrdy) 2 0shiadow f adi ng margi n of
18 dB. Data transm ssion typical | yRégistiFréqhap(: Bi&)) -BERMuawes )t han voi ce for
acceptabl e performace. This inplies that data transmission rates in

conventi onal % Scale to reflect size of partitioning (12 in this example) and
10 % multiple use penalty.
%
Npart = 12;

Borrowed = Borrowed*Penalty*Nzone/Npart;
if ( Borrowed > 0)
15 for iz = 1:Nzone
if ( RegionFreqMap(:.Freq) ~ = MaxPower )
RegionFreqMap(:,Freq) = MaxPower - Squelch -
Borrowed; '
end;
20 end;
end

TABLE 4
© COPYRIGHT 1995 SPECTRUM WIRELESS, INC.

MATLAB implementation of the zone manager function to handle a connection
25  request.

Event driven.

function GetFreq( Mobile, AssignedFreq, AssignedForward, ...
AssignedReverse )
30 This function will determine whether or not a frequency is
available to handle a connection request, and will assign power
levels for the connection if possible.

|AaNRRENR

If no assignment is possible, AssignFreq is set to -999.

o



celTurar systems wll remain slow, or that extrenely dense networks of
small cells 15 w Il be deployed, at great expense. The present invention
allows for the near elimnation of shadow fadi ng margi ns from performance
pl anni ng, gr eawop7i1518% easi ng conmuni cati ons range or great IPETUSMSAZE4| ng
comuni cations quality for the sanme range. WD 97/ 15159

PCT/ US96/ 17174 Broadcaster Transmtter - FIG 11 In FIG 11, the
broadcaster transmitter 25-B is a portion of the transceiver 25 of FIG 6
since it only inclydes a transmt antenna 29-B and no receive antenna In

FIG 11, the digit Si Il [0CESS gx sub stem receives

signals to be proc se i?ﬁ] ‘1“&{5&»{ “i’ CIETene ’&?"Fﬁl ‘5%’15 s ocessor

subsystens 27- B— ..., 27-B-N. The DSP subsystens 27-B- |

t hrough 27-B-N thegs Flo{, 'E orrno(gf |F signal to the RF TX

subsyst em 26- TX (E%)EFO!’I thlse orﬂﬂor(“étl% ;{ on&&ob]ps B connects to the
. LocalFloorRev = GetNoiseFloorRev( MobileLocation(Mobile) ),

Given a specified margin to cover required signal-to-noise
signal-to-interference, as well as a safety margin, get required
power at each frequency in the forward direction. In reverse,
set to collector-deployment value over reverse noise floor.

10

RN

MinPowerReqdFor = LocalFloor + PathLoss + Margin;
15 MinPowerReqdRev = LocalFloor + PathLoss + Margin - GainFromColl;
%
% Try home frequencies first. If a useable home frequency
% exists, take it.
%
20  Homer = find( PowerPermit(HomeFreq) > MinPowerReqdFor(HomeFreq) )
if ( length(Homer} > 0)
. AssignFreq = HomeFreq(Homer(1));
AssignForward = MinPowerReqdFor(HomeFreq(Homer(1)));
AssignReverse = MinPowerReqdRev(HomeFreq(Homer(1)));

25 return;
end;
%
% Now look for a frequency to borrow
% :
30 Possible = find( PowerPermit > MinPowerReqdFor );
%
% If any useable frequency exists. take it. Else, fail.
%
if ( length(Possible) > 0)
35 AssignFreq = Possible(l);

AssignForward = MinPowerReqdFor(Possible(1));
AssignReverse = MinPowerReqdRev(Possible(1));
else
' AssignFreq = -999.;
40 end;

o



transmtter antenna 29-B and broadcasts signals to users. The digital

signal 10 processi ng subsystem group 27-B perfornms speech codi ng,

nodul ati on, and power control on individual channels, then conbines them
for broadband tWAMAHLsion. Ful | - dupl ex Communi cation | npl PRSI SHs -
FIGs. 12 and 13 Using the broadcaster, user, collector and aggregator
conponents of the 15 present invention, a full-duplex comrunications path
to a user is established. One inplenentation of the full-duplex

comuni cations changels to three users Ul, U2, U3 in a zone is shown in
FIG 14. The three forward channels CHl, CH2, and CH3 begin at the
broadcaster Bl, with a forward channel brpgggcagt to each user over distinct

forward carriers. The user so ggphRidiT RodseyiHcAR UM IiMRed Bss, .97/ 15159 -
PCT/ US96/ 17174 broadcasts over the paired distinct reverse carriers. These

reverse channel br opQaa ixﬂﬁl@mérﬁﬁﬁhV&dthé‘tzoﬁé‘ﬁﬂn@er e ¢ mlodRéOiGivE . C2,
and C3 in a collector ’

5  connections and force soft handoff from a home frequency to a borrowed

frequency when that is possible. Run continuously once home frequencies have

been filled.

function HomeMonitor()
10 This function will determine whether any user connection
currently served by a home frequency can be adequately served
by a borrowed frequency. If so, a handoff is commanded for the
connection in question to a new borrowed frequency.

15 Get user connections served by home frequencies

AR ER

for ii = 1:Nconn
if ( any(HomeFreq == MobileConnect(ii) )
Homer = MobileConnect(ii);
20
User location is used to determine propagation path loss and
local noise floor.

NAREN

PathLoss = GetPathLoss( MobileLocation(ii,:) );
25 LocalFloorFor = GetNoiseFloorFor(
MobileLocation(ii,:) );
LocalFloorRev = GetNoiseFloorRev(
MobileLocation(ii,:) );
%

30 Given a specified margin to cover required signal-to-noise

%
% signal-to-interference, as well as a safety margin, get required
% power at each frequency in the forward direction. In reverse,



array of the zone. Each collector shifts, by analog or digital means, the
portion of the reverse carrier spectrumcontaining the three user reverse
channel carriers 5 to a portion of the allocated reverse channel
spectrum t hat wesuisesei nct both fromthe received user si grRFTUSAHtIITr om t he
portions of the allocated reverse channel spectrumto which other

collectors will shift the received user signals. Each collector broadcasts
the shifted carriers in a corrposite broadband signal to the aggregator Al.
The aggregat or the proges t he r.ecei ve resentati of 10 each
user's reverse cha%nel s? §F°§t°r'§ °€WB‘ \ie er?g‘;' tREM ¢ m% dndard tine base,
measuring the recelved sign re_p &E&tsa-!t— and

perform ng either selectiong ﬂ&ggr £9a ‘On. The
aggregat ed signral for each Ut e ‘channel s CHI,

CH2, and CH3 of th fuII-dupIex path 15 '"15. nost of the
ful I - dupl ex channeis ar, FI G 14. The difference is in
t he neans by which thebg’(‘)vl [FO A re&enc%go?{i C3 isolate the transm ssions

each nakes to the aggregato ecelv u ons from
users U1, U2, and , and f?‘gﬁh{’fhe 't"?‘al?\%wrﬁ%seglggns 'Plg)&rﬁ'eg? rg'ijdllect ors.

Here each col I éct o shif £ L0 ol Ykes GLIHL 55 s hGRBRNTI ng to each
%

if ( length(Possible) > 0)
SwapHandoff( ii. Homer, Possible(l),...

15
MinPowerReqdFor(Possible(1)),...
MinPowerReqdRev(Possible(1)) );
end;
20 end;
end
- %

Collector Arrays For Improved Capacity And Quality - FIG. 17

In accord with the present invention, a plurality of collectors are used in

25  a broadcaster zone to provide a wireless operating system architecture that has
greater communication capacity and better communications quality than~prior
wireless systems. This result is demonstrated by the simple system example
described below. This example does not, for clarity, include the use of either

power control or dynamic channel allocation.

"9



20 user to carriers that are unused by users or other collectors,
creates a conposite WO 97/ 15159

PCT/ US96/ 17174 nd signal spanning the allocated rev el
R =i “tedii

spectrum but signi ficant power only in those shifted carri ands,
and then sends this broadband conposite signal to the aggregator A . The
two figures, FIG 14 and FIG 15, show two neans for isolating 5
collector transm ssions to the aggregator. O her means include using
physi cal changes t omotile after registrationt knt poigr eyt originaiunderas tall UL fras that
hi ghl y-directional antennas (29-Cin FIG 9) for forwarding neans to the
aggregat or, or usimgoliileri zontal polarization to isolate collector .
transm ssions fromuser transmission. |solation may also be acconplished by
usi ng spread spectrum t eThemegiaplen@nthfion willfolldva thig¥hrhe Stis ay 3R old, buk Wal S
received at each collector over the entire allocated reverse channel
spectrum OPERATI ONsse the collector RSSI (received signal strength indicator) data from the specified
5 slot on the access channel to perform localization on U. This data will be used
by both the ZM and the RM as input to resource allocation algorithms, since the
presence of a U in standby mode implies a possible use of system resources to
support a call to that U. The ZM periodically pages U to request access channel
transmissions that are used to re-locate U and fine-tune the mobile power control.
10 The location information is saved by the ZM and also passed to the RM where
it forms the history database that is used for optimizing dynamic channel
allocation and handoff algorithms. If the localization procedure indicates that U
has reached the boundary of another zone, the old ZM signals U to initiate a new
registration process with the new ZM over the control channel pair assigned to
15  that new. ZM. This is in effect an extremely simple handoff. If a user U does
not respond to a request from the ZM, it is assumed to have either exited the

region or have been powered down, and the RM is signaled to remove it from

the registers of active users in the region.

Mobile-terminated call



System Operatrons 15 The present invention creates a wrel ess
operating system One enbodi nent of that w rel ess operating system has
been described in terns of the hardware and software that conprise the
separ at e partwoofngisee operating system The broadcaster, EGFPESLBM array,
and aggregator create a full-duplex comunica- tions channel used to
comuni cate with a nobile user. The operation of this 20 systemis under
the control of the zone managers, which manage i ndividual 57 WO 97/ 15159

PCT/ US96/ 17174 b d < i : . i h
roadc 3 ég%ﬁtssmrﬂigl% P& lﬂ%h@&mgo obile-WnhinkedBiafige the

operation of arrays of ast zones. odi the wreless

_ : : _ f
operating system %ﬁ@“ %lgn ?t%ﬁreeg&eé\reft ﬂﬁsaCE rﬂ@éﬁoﬂ“r&%h&seﬁpfi@fsd.o TheUFHGr ©

di fferent operati enefits of this wreless operating

systemal [ ow for Ciia‘f}ﬁqj X ec@llsﬁogargg.c@q%ghkﬂassfg‘ﬂ&?ﬁﬁ%’ch%ql. OUGbdognized 8T Pri or

or conventi onal Syst
. page and responds to the BSO over the paired access channel. The BSO informs

5  the MTSO that it is in communication with U. The MTSO then selects an idle
voice channel for the call, sets up the switching between that channel and the
landline trunk, and informs the BSO of the channel designation. The BSO
informs U of the voice channel assignment over the paging channel. and begins
broadcasting a particular supervisory audio tone (SAT) over the forward link of

10  that voice channel. This SAT is one of three tones near 6 kHz, and each BSO
uses only one SAT in its communications with all users U in its cell. When a
particular U receives the SAT on the voice channel, it responds by repeating the
SAT back over the return link of the voice channel. Once the SAT has been
confirmed as received by the BSO, the paging and access channels are released.

15 Further control communications between U and the BSO are carried over the
voice channel, using blank-and-burst messaging, where the voice channel is
blanked for SO ms and a burst of control traffic at 10 kbps is sent. Both U and
the BSO use the presence of the SAT as confirmation that a communications link
exists. If the SAT is dropped for more than 5 seconds, each assumes that the

20  call has been terminated by the other. When voice channel communications with



collectors of a collector array receive user signals and retransmt themto
an aggregator at a zone nmanager. The presence of the collector array allows
users to transmt with |ower power for a given size zone (§ m%
col l ectors areVePEWE? to users than the base stations in conventi onal
cellular systens), thus increasing 10 coverage by allow ng zones | arger
than conventional cells. The collectors provide signal strength
nmeasurenents which are used by the zone manager to determnine user |ocation
for accurate forwagth@Behbiighé8! 8 HSOYaded e asBiied MndMiniiRNif aft bifitebEent
frequency reuse, thus inproving capacity. The signals fromthe collectors
are aggregated at §he, HHhaaR!ihE MISOPheVi siRc@Efi¥dide ChRLIRI iff PlacENThd 5
link quality. System operations will first be described at the zone |evel -
One enbodi nent of MISOPMKE EoriBAAY BFEBSO @NienaDURF iaf incbiningdicaly uglens mas wi | |
be detailed, and then the enhanced abilities of this enbodinent will be
denmonstrat ed by CO@def,and betds ad Sn-RdkisiphiTebyCAdingh sizRMlg adneqST) at1orkEizito g
sequences to the methods 20 used by conventional cellular systens.

5 its return voice channel transmission. The BSO receives the ST, and informs the

MTSO to send a ringback signal over the landline. When and if the call is
answered at U, it drops the ST, the BSO tells the MTSO to drop the ringback
signal to the landline, and voice communications are then conducted over the
established path.

10 The new cellular implementation does not require that a user U be paged
over the entire system. The registration process at startup, and successive
localizations and possible re-registrations in new zones, has kept U localized.
The scheduling algorithms at the RM and ZM have already identified the
optimum voice channel and transmit and receive power levels to be assigned to

15  U. This designation is signaled to U, and thereafter the standard implementation
is followed. The algorithms used by the ZM and RM to assign optimum
channels and power to a call can be briefly described: the ZM, through the
localization process, has determined the required broadcast power necessary to
reach U with sufficient signal-to-noise levels to allow a good connection. This

20  level may need to be increased due to the data on existing calls in the zone and
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PCT/ US96/ 17174 Power Managenent Operations There are two power |evels to
manage in cellular systens, nanely, broadcaster-to-nobile user (forward

channel ) powerwoem$189ser -t o-col | ector (reverse channel) poReVUSHHEIEY
requi renents are determ ned by the distances 5

and the nobile users, the propagation path | osses over those distances,

the signal -to-noi se and signal-to interference ratios required for
accept abl e telephonl

signal wll

connection qualltys E
power measure- P

addi tironal ,

reverse channa

(Lol De sald T O LBRg g apg{,évﬁﬁg&; Pacér%n' I'Iadkge%m%kl?% +13w5lp| #f and

signal -to-interference

si‘gha

- %o lée nfadcpla%lilaﬁe cg!u'gleli. #f no VLJFLIJW(}!'!?IRM IR -

capa I1eS O

,-

I 0S a lent nu

for an aggregaki Onklﬁf Rﬁrhﬂ&qhesdegigﬂi @h&tﬂéf% all(ﬁ: m?solﬁj éoﬁ]ﬂa i3 3he Q E 1dads § in

sufficient quality. T

required

10

15

preci se val ues for e si‘gna engt
other zones U is likely to enter during a call and determining if a power balance

allowing acceptable signal-to-interference ratios is possible. Permission to use
the required power may be granted on that or another channel, or the call may
be dropped. If a channel is available at the required power setting, the ZM
assigns that channel to U and also signais the RM of the broadcast power it will
use on that channel. As the call continues. the ZM monitors the call, localizing
U to determine if a change to either broadcaster or user power is required. This
may again require permissions from the RM. The scheduling algorithms at the
RM will give higher priority to continuing established calls then to initiating new

calls.

Mobile-originated call
For simplicity, consider only a mobile-to-landline connection. A
mobile-to-mobile connection would simply combine mobile-originating and

mobile-terminating control sequences in a predictable manner. Under the current

ones are an

'”deP%ﬂlﬁ&h\Iéﬁ%ﬁ'ﬂ& enemf g%wdgisff&r iis,s WIR arP OV -

recelve evera | ectors.

rati os

bet ween t he broadcaster

t he

ectors all ow

and

channel

be ool HHepTg s, fhs el oep R g oh e Shoud] i@, 210

A



depends upon the cellular standard used. Under one enbodi nent of the
present invention, if a signal is received by three or nore collectors at
ratios within 8 dB of the mnimal ratios for acceptable quall n the
aggregati on prﬂ’&?g’és‘ﬁ Il return an acceptabl e signal quali t%)%bbﬁm%ﬁg
received signals are wwthin 6 dB of the WD 97/ 15159

PCT/ US96/ 17174 mnimal ratios for acceptable quality, then in general only

two collectors will be required. Conventional cellular systens have at best
weak | ocation-fi ndisagdaéd N3 Bignals iit® Fequédt Forr 9 ¢Bkhedtionot theEBSE bRy thokccksse base
station-to-nobile path is used 5 In sonme inplenentations to estimte

nobi | e user range. chinéll Théltrequbi® iS PAHEd 36 tHeAMITIOVANRH deRects ha idleni@here is
approximately 300 nmeters per mcrosecond, tinme delay measurenents as -

precise as a few nicRanfdiemONionks thel BSIN MkreafReathe contidl kequence follWEthel t h
much precision, and say nothing of the direction to a nobile user froma
base station. Undekahdi®d o€ € Bierkatimiaied OAll, tWith FeUbbptiod ®ht el lagdiinar
S  connection is not attempted until after a successful connection has been
established between U and the BSO over the voice channel. The new implementa-
tion would allow the ZM to initiate voice channel activation on the
pre-determined channel at the pre-determined power. When the voice channel

was established, the RM would be informed. and the RM would immediately

10 extend the connection 10 the PSTN.

- dling procedure

The diversity of collectors in the invention will allow for better

localization of mobile users. This has far-ranging implications for the overall
system architecture, allowing much more efficient resource allocation algo-

15 rithms. The more collectors in a zone (or zones) that hear a particular U, the
better the localization. A ZM will balance the need for localization wi.th the
requirement of low mobile user power for improved signal-to-interference
performance on the return. link and to extend mobile battery life. This

requirement will be dropped, however, in the case of a (user-originated) 911



10 — rteturns of a given nobile's conmunications allows for both tinme del ay
measurenments and signal strength neasurenents over a nunber of paths. The
triangul ati on possible with this new information allows for greatly

i nproved esti mmoesise® nobile | ocation, both as to range aneCTV§9&EMTON.
Under one enbodi nent of the present invention, collectors also neasure 15
the received signal strengths from broadcaster forward channel

comuni cations. Since the initial broadcast povver I evel s for these channel s

are known exactly, the_recejved si tre hs al | ect

provide a hi ghl y- accur 2 2YPIR) SaRFEY @F‘?‘W‘% TMS%’“"“’& oss map
for a zone. This allows. the wrel ess bot h
short-term and |on°a"‘P‘é'P‘ﬁ%‘\955rﬁaﬂFrsoﬁ% ?89%" SP?cﬁ%' propagg'?l%%a%g r%él)enent

VO 97/15159
PCT/ US96/ 17174 Si ni§Tace/8E aResiigd, ryice T9 jimplify [he exgmple. the capacity .\ i 1y

Ut 1), Wi 2) andgaHg ﬁm@%af&egﬁnéﬁ ﬁﬂ ﬂm;bpxeof methods, for example, by multiplexing

S  communications channels over a single carrier, are not considered. However,
such methods for capacity improvement can also be employed in embodiments
of the present invention. For the purposes of this example each radio carrier
band is assumed to carry a single, half-duplex communications channel. A
two-way communications channel requires two of these one-way channels, one

10 used to broadcast to the mobile user and the other to receive from it. In
conventional systems the transmit and receive channels are paired according to
a fixed numbering scheme, and the combined pair is referred to as a channel,
implying a two-way channel. That conventional nomenclature is adopted for this
example. In conventional systems, the reverse channel is serviced by a single

15 receiver co-sited with the forward channel broadcaster, whereas in the present
invention the reverse channel is serviced by a plurality of collectors feeding an
aggregator. There are 416 channels (channel pairs) per each current US liéensed
cellular system, with 21 used for control channels and 395 available for calls.

To provide the greatest possible capacity, a cellular system reuses the

- 20 available channels from cell to cell. Interference between signals on the same



range of a ZM1) zone nmanager 20 is shown. Zone nmanager 20 through
operation of B(1l) broadcaster 16 transmts forward channel conmunicati ons
to 5 nobil e users at two different power |levels. The first power |evel
est abl i shes t heVBR¥1%) and the BR(1;3) broadcast ranges (B STy t h
equal power |evels which reach both the U(1;1) and the U(1;3) nobile users.
Because U(1;2) is closer to B(1), a | ower broadcast power |evel is used,
creating the smaller B-Range BR(1;2). The B(1l) broadcaster receives the

for var d charinel s1 Gglost EuaisbliAeREs R HE il 365 6Hio s Rk Bl T egi on

manager 21. Each of the users in FIG 14 broadCasts 1n a reverse channel.

The U(1; 1) user br%‘ﬂcgﬁgyli_dﬂ?ndkﬂr&)ba%% B?n&ﬁnﬂ\?‘zﬁ%ﬂﬁ)un{ Quah&A¢ Yot N

collectors C(1; 13) an which are part of The collector array 13.

Simlarly, the U1, ghmmfdatbisOg@fast sa | @udlat/Ristein dedigh dfeniiftd @8 hBdpiRES t he
coll'ectors C(1;07) and 15 . sc?l;‘ﬁ). The EliJ(i&;S)n usér brcg%casts in a UR(3)

U Range with a broagsmedcy RAWE For'diéate? ch Qhild Surii2! th @hedoshdnhdl itdprerand
C(1;02). Each of the col Fectoros I n the&g(ﬁ)}IhI ect or 'g{rgray 13 in FIG 14

transmts to thg ZMntd rehfitd IGRRAGRN 16 ProRidd theSminfmfh YO8l 1B acciRabl duklity.
aggregator 17. The aggregator 17, in turn, retransmts
The AMPS design criteria is a ratio of 18dB between the intended signal and the
interference. The measure of quality is then the percentage of calls that fail to
meet this standard.
System capacity is not deterinined by simply summing the number of
10  available channels in each cell over all cells. Queuing theory must be used to
determine the response of the system to randomly-arriving requests for
connections. At certain times, all channels may not be in use, and at others, all
channels will be in use and newlj-arﬁving requests will be blocked. The offered
load of a system is measured in Erlangs. System capacity is then defined to be
15  the offered load for a given probability of blocked calls. The standard cellular
system design criterion for blocked calls is a 2% rate. Given the number of
channels available in a cell. the capacity of the cell in Erlangs is then conlnputed
from a standard fqnnula.

A conventional cellular architecture uses one broadcaster/receiver base

20 station per cell. Cell coverage is assumed by way of approximation to be
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PCT/ US96/ 17174 the reverse-channel communi cations fromeach of the users
and collectors to the AC(r) accunulator 15 within the RMr) regi on nanager
21. Cal | - Handhyg@nswt r ol Sequences 5 Cel | ul ar t HCENMIITdY St eNB
use prescribed sequences of control nessages between a nobile receiver and
the systemcontrol center to handl e each change in the status of a nobile
receiver. The |1S- 136 standard descri bes control sequences to be carried out
prior to, during, and at, the conclusion of calls to and fromt bile
user. The i ncreasdEragepebin SaIPE R él)%ﬁ‘}"é%ﬂ“é' lf'{?gpﬁ@a%%e?léﬁ?‘fefsoﬁnfggrv%?he
multiplicity of collectors all ows auggfpnt ati.on of the stalnd?rd.tﬁ ntrol
sequences. For pafed&giond EasRUROseSoof compafisonedt ¢ GRacHy jured suvaiop, i o
sequences for several events under pri O{Jﬁ,gm hods ancL ia?difate thgthnew
control functions c8R¥gnYongl eells prgassumed 1q bR, WA S, Sz ORI £pfise & te
augnentations do not conflict_with currenh handset specifications, .The
speci fic control PESILIRNention glna copeeptinnal call 3 tanswiiter/Ircrixr FRYA© FEEtE: 1 at i on

at powerup, rm? ' ?n ; §eruf”1ﬁ' ?i;[eepcrjesgnﬂnlvemion, a broadcaster is located at the same site of the

e L

transmitter/receiver pair of the cell, but an array of collectors is spread over the

broadcaster range. One technique for increasing connection quality in cellular

systems is to divide cells (or broadcaster zones in the present invention) into

directional broadcast sectors by using broadcast antennas with 60° or 120°
10  apertures for example.

In a specific example, a standard configuration for a conventional system |
has channels divided into seven groups that are repeated over groups of seven
cells. To improve quality, 1200 sectoring is used to reduce the number of
interferors from the standard 6 in the unsectored case to 2. The capacity

15 calculation for this standard conﬁguration, denoted (K=7,5=3) for 7 cells,
3-sector reuse with 19 channels/sector gives 12.3 Erlangs/sector, 36.9
Erlangs/cell. System modeling is performed considering the outcome of a .large
number of trials to detennine the cochannel interference. Assuming a radio

propagation path loss coefficient of 3.0 and log-normal path shadowing with zero

T



setup, nobile originated call setup. and a new control sequence for
handling a 911 call. For clarity, the calling sequences wll first be

described int current cellular inplenmentations. Thu ,{ge system
control resi deg‘;' 'ufs&sg nmobi l e 20  tel ephone switching offii‘é'lt Wé%)?‘ whi ch
communi cates to a user (U by WD 97/ 15159 _

PCT/ US96/ 17174 commandi ng broadcasts and receiving returns at a particul ar

base station office (BSO, which is also referred to as a cell. The new

i npl enent ati on can meas andRiBA@sack hpProRimatedy DT% Bf Akeniptd caBYinQcelBAAgAT (RM) ,
t he zone manager (ZM, and the nobile user (U . The specific link fromU to

ZM via broadcast ernho8dBhsignal qualifyGanaird whad thedidens & 4t @l &Bﬁd@ggr egator on
the return path, will not be mentioned unl ess necessary. bile

registration at power upChmefionsil AMPS) cellulatiyktieih§ido Aot eBpIBP fequenty paitidfigadcast s
over one of a set of"
schemes smaller than (7,3), although (4.6) partitioning schemes have been
5  proposed. Cochannel interference in these cases reduces the service quality to
levels at or below current standards. FIG. 17 describes a (3,6) frequency
partitioning scheme which under the present invention provides better service
quality while substantially increasing system capacity. For purposes of clarity,
only the broadcast zones are shown, and the collector arrays are omitted from the
10 figure. Also, for purposes of direct comparison to conventional cellular systems,
the broadcast zones are indicated as hexagons. In FIG. 17, the partitioning
scheme is shown in one zone set of the three zone set group. This pattern may
be translated homeomorphically to the other two zone sets of the group. The
other two sets are shown in FIG. 17. One of them is the set of zones marked
15 by hexagons containing a sketch 6f the sector poundan'es, and the other is the set
of zones which do not have any internal marking. The (3,6) partitioning creates
18 separate frequency groups, which are distributed as indicated in FIG. -17.
Under this partitioning algorithm, the number of interferors rises to three,

but the distances to those interferors are greatly increased. thus reducing the

20  ovenll interference. For this (3,6) partitioning, the capacity calculation for 22



21 —catt—setup channers. The forward link in the control channel is called a
pagi ng 10 channel, while the return link fromU is called an access
channel . The pagi ng and access channels are tinme division nultiplexed

di gital channelgopisieh carry traffic at 10 kbps. Wien a U pPEI/EssABMed on,
It scans the 21 assigned pagi ng channels, selects the strongest, and
signals its presence via the correspondi ng access channel. The BSG
receiving the signal returns a request for user 15 registration and

physi cal data on user type. and_signals U to Use artlcu I sI in the
access channel . InClﬁ'ﬂ'&ﬁlg SPRA0T, 8ivSs b ‘EE/WBF‘“W %@ s time.

Th ted dat d b I t
nel ther 1 he HomsoLbt ARFoNe Rig e e D ﬁ%“qj‘ﬂ‘g‘f'?'bf°’ra§?c%?'?"rd'H°'ﬂgé¥ B oo

ety Tabat & Sysem wefing 18 e.gg d U as SRS ARG So02 rofd EERpR

PCT] USOGILTLT4. o Lo bk BRFAGF ol B G e o=
sequence descri P ed @ at ?\8}/ capacity. This is a 2.7 times improvement over the result for the
conventional system example.
In summary, the present invention provides, even considering only the
simple comparison eximple. at least a doubling of both capacity and quality over
existing conventional systems. Of course, when more complex implementations

10  are employed the improvement is even greater.

Collector arrays for improved coverage - FIG. 18

The previous example demonstrated one embodiment of the present
invention with capacity and quality greatly superior to conventional cellular
systems. The flexibility of the wireless operating system of the present invention

I5  also allows for embodiments designed to increase coverage. In the above capacity
and quality improvement example, the reverse channel communications patl.| from
the user to the collector was made substantially shorter than the user to base
station path in conventional cellular systems. The embodiment illustrated in FIG.

18 shows that reverse channel communications received by several collectors can



has been attenpted. The system would al so respond to 911 calls froma U
that could not be registered, for whatever reason. In either case, receipt
via the 5 access channel of a 911 request froma particular U would
trigger the 91 WAYHSBAce now described. For sinplicity' s sB&@USETHder for
now the case of a single 911 call. Colliding 911 requests woul d be assigned
priorities and handled as in current PSTN 911 inpl enentations. The system
has dedi cated 911 response voice channels that will always be 10

e o S B e W 5Pe et SRR il Sy Mgty | o o7
possi bl e power for dﬁnn@isl the! rng{:eggﬁg cb rﬂggeax@?ﬁheagﬂfﬁ%ﬁ @ﬁgd&n?még&es w | |

be instructed to prowde Iocalzatlon ta to execute a-

region-wi de | ocal i 2gkdsGi batls'd W8 of coilditbias c&@ﬂpkﬁi&h%ln?”%@ akdfy han

‘the 15 standard Iocallz I on al gorithns used taneously,
the serving ZM wi | lgjlendftd Gdif€istde@miinid By BRHAE Liatkh h Weloy ’
descri bed above forSI db&"tlelsor":égl?{lnat F)Flg ca?‘?9 tmand#m"h éwtap{? ?gg{l sh a
| andl i ne connecki onolver, ttﬁ@u&ikelﬁﬁ%hIu?&déddﬂﬁ&w&narﬂfbyt (€ alnbitht prIBfgaEM Wl
frequently re-localize the 91

environment. The reverse channel link is weakest for many reasons, including

low power output, an omni-directional low gain antenna. and the difficulty of
synchronizing the reverse channel communications of many users at one base
station. MATLAB codes to determine coverage radii are presented in TABLE
10 6 and TABLE 7, which consist, respectively, of a propagation model correspond-
ing to the parameterized model of Hata (Hata, M., "Empirical Formula for
Propagation Loss in Land Mobile Radio Services," IEEE Trans., VT-29, No. 3,
1980, pp. 317-325) and a driver routine which determines coverage for given
values of the antenna heights and locations, broadcast powers, and propagation

15  environment.
For purpose of example. consider users broadcasting in the 850 MHz
band with 200 mW at a height of 2 m to a base station antenna at a heigh-t of 33
m, in a suburban propagation environment. The relatively low base station height
can be necessary due to zoning restrictions, for example. For this case. the

20 maximum cell radius would be approximately 2.5 km. The set of nineteen

-:;qp'



WO 97715159
PCT/ US96/ 17174 Shoul d a handoff becone necessary in the course of a 911

call, it will be handled with the highest priority. A new voice channel
wi |l always bewawansispl e, and the handoff point will be op®PCHEBINTIhOSEN
using the finer localization and greater power |evel the 911 call is

afforded. 5 Two Zone Operation - FIG 15 In FIG 15, the RMr) region
manager 21 and the ZM1) and Zl\/( 2) zone managers 20-1 and 20-2 are shown
Fi Ve users L(2; 1), cormismal cgls s copgr in ares o auB s O3, SorSHE A PR B G 15,
Same. a8 10t he FI G EOIHOBy S Pesasin s ndicaid 4 P10 1Bokeighe ipdg 13 o
T e e et Vs sy 15 ok T AR e o b AN,
20-1 h_as two br Oadcgzii\fés apc%%erggel rgc\l/lssl (S)f 14(?8n Eml. %\[{g L/IAfT?.rAB code presented in TABLE
5 7 demonstrates that the array of collectors 19 indicated in FIG. 18 will suffice
to provide high quality coverage over that much larger radius. This is due to use
of aggregation. Aggregation expands the effective radius of high quality coverage .
around a collector by utilizing the diversity of the reverse user to collector paths.
The total area covered by the broadcast zone in this embodiment of the present
10 invention is 571 km?. The collector array of the present invention consists of
relatively simple and low cost receivers and transmitters when compared to the
base stations of conventional cellular system cells. Thus the deployment of
nineteen lower-cost, more flexibly-sited collectors 19, as shown in FIG. 18,
replaces nineteen expensive base stations while providing almost twice the
15 co;/emge area. |
Further coverage extensions are possible if the forward channel link is
extended. ’fhis may be done, for example, by increasing the broadcaster (c;r base
station) amenna height. If the broadcast antenna height is increased to 50m and

the user broadcast power level is increased to 600 mW, but the collectors are left

20  at 33m, then the conventional cell radius would be 4.2 km, providing coverage

ae



the BR(2; 1) and BR(2;3) B-Range and one |level for the BR(2;2) B-Range as
in 15 FIG 14. User Mwvenent Operation - FIG 16 In FIG 16, the sane
general elenments of FIG 15 are shown with the U(2;1) user noved fromthe
lower |eft-han®BAME? to the upper right-hand WO 97/ 15P6FUS6/17174

PCT/ US96/ 17174 corner of the CA(2) array 13-2. Also the broadcaster of the
ZM 2) zone manager 20-2 has three different broadcast powers to establish
three different broadcast ranges BR(2; 1), BR(2;2) and BR(2;3). FIGs. 15

and 16 denonstr at eof fnsm,'vﬁ:iléﬁﬂt%ﬁkﬁ@z&%?dm@prgﬁw@Qqegig,ﬂ? 0.4 kmlige | Over
left in FIG 15 to the upper right in FIG 15 of the (n collector array

13-2. Specifically radiublGcoRanl o PkATwitl hikk %iaue})cmhﬁmﬂ&\uﬁm%kéimie thé Ao f rom
the area of C(2:13) to the area of C(1; 16). The tollow ng sequence of
events describes tBParedlcBvedtl uwits i RMAlmMeRL ofthkiptdstitGRvention is only 15%
greater than that of conventional cellular systems, the economic advantage
5  remains, since the collector antenna heights have remained at 33m, and the base
station antennas of the conventional system must be raised to SOm. Zoning
restrictions may add the additional costs of obtaining waivers, fulfilling special
siting requirements, and time delays in deploymént. Also. lower power
transmitters are perceived to be more acceptable than higher power transmitters.
10 In open rural environments, where base station antenna height restrictions
may be considerably relaxed, thé present invention may be used to create
broadcast zones limited only by the absolute limit for radio propagation at a
given frequency. In the 850 MHz band, this limit is the radio line-of-site (RLOS)
distance due to the curvature of the Earth and the refractivity of the air. For user
15  antennas 2m in height and broadcaster antennas 200m in height, the RLOS
distance is approximately 64 km. The area covered by this broadcaster range is
10740 km?, and the collector array of FIG. 18 provides high quality conne;:tions
over that area with collector antenna heights of only 50m and for a user

broadcast power level of only 600 mW. For early deployment of cellular systems

Qo



Under—tthe——cont rot~"of ZM 2) zone nmanager 20-2: 10 a) t he

U(2;1) user is initially received on C(2;9) and C(2;13). b) the U(2;1)

user is then received on C(2;6), C(2;9), and C(2; 10), and broadcaster

power |evel onwgwnsl®; 1) assigned forward conmmuni cati ons PREMAWNITITE
reduced to create a smaller BR(2;1) B-Range, because U(2;1) is now cl oser

to the B(2) broadcaster. 15 c) the U(2;1) user is then

received on C(2;3). C(2;6), and C(2;7). and the broadcast power is
i ncreased to increase

WD 97/ 15159

PCT/ US96/ 17174 d)

3) and C(2;4),

bro

B(2)

desxgnEngozc;ow}gr l-asrigengrgas,utglzs;em&diimsemno?\%e@rgsjemgm@e\ﬂﬁyn |§rr091msB( 2) -

20 AP wihhes) o GlovaRBid Bathfhr RO VT OMY DY (2

I'n I ncrease

10 increase BR(2;1).
ZM 2) -zone manager 20-2 determ nes that the nmobile is noving out of the

coverage range of collector array CA(2). ZM2) zone nmanager 20-2 sends a

message

10

15

Non-uni llecto - FIGs. 19 and 2

The embodiment of the present invention shown in FIG. 18 employs a
regularly-spaced armay of collectors 19, and all of those collectors 19 have the
same antenna height. The flexibility of the present invention is now illustrated in
FIGs. 19 and 20. Here the collectors are non-uniformly spaced, as shown in
FIG. 19, and have varying heights, as shown in FIG. 20. For example,

collectors 19-1 are at 150mz, collectors 19-2 are at 50m, and collectors 19-3 are

at 30m. The brondéaster 18 is at 50n_1. Terrain features that make. radio |

propagation difficult in certain areas would require more closely spaced
collectors, for example. In the illustrated example, the central region is, for
example. a suburban development with strict height limits. Simulations using the
tools presented in TABLE 6 and TABLE 7 confirm that for a base station power
level of 100 W and a mobile power level of 600 mW, aggregation of the returned
user reverse channel communications provides high quality comlnunicatiox;s links
throughout the broadcast zone. This flexibility is an important feature of the

present invention, because collector array spacing may vary for any of a number



5 to regi on manager RMr) 21, informng RMr) 21 of the imm nent need
for a handoff and reporting the location of U(2;1). e) ZM 2) zone
manager 20-2 receives a nessage fromRMr) 21, indicating that ZM 1) zone
manager 20-1 i sWRPHEISMPed to accept handoff of U(2;1). RM r)PCRUSHIEMs

ZM 2) zone manager 20-2 of the new frequency 10 pair
(broadcast/receive channel pair) allocated by ZM 1) zone manager 20-1 for
the connection to U(2;1). Upon changing to this new frequency pair U(2;1)
passes under the c fnﬁ§$ )i r@&ﬂ ' t he
new desi gnation U (iéftlgr%mﬂ 31 Y. mz?'ggnéem%%g%&ﬁib slét\#dﬁpa&ﬁg%%g%
nmessage to U(2;1), restrictions, dnﬁ%&ﬁh he new frequency pair that it shoul d
use under its new designation as ? ; for conmmunications within the

purvi ew of zone nmanager ZM 1) zone manager 20-1. Upon receivVving

acknow edgenment from U(2;1), ZM2) zone manager 20-2 turns off the ZM 2)
zone manager 20-2 broadcast and tells C(2 d C(2;4) to stop |istening
to the U(2;1) reverse chanmetop?RIGHT 1995 LA WIRRIREE e0- 2 al so

de-al | ocates the broadcast channel that was
5 function loss = hata(dist,hbase.hmob.freq,city)

'O’ or "0’ open area

The retumed variable is the path foss in dB

%
% loss = hata(dist,hbase,hmob.freq,city)
%
% hata implements the Hata formulation of the Okumura model for
10 % propagation path loss. The model assumes quasi-smooth terrain
% and is intended for the following range of input parameters:
%
% dist base-mobile separation (km) 1to20
% hbase base station antenna (m) 30 to 200
15 % hmob mobile antenna (m) 1to10
% freq transmit frequency (MHz) 150 to 1500
- % city City classification:
% 'L or ’I' large city
% "M’ or 'm’ small-medium city
20 % 'S’ or ’s’ suburban
%
%
%
%

Set up path loss terms that do not depend on citytype

25  loss = 69.55 + 26.16*logl0(freq) - 13.82*log10(hbase) + ...
(44.9 - 6.55*log10(hbase) )*log10(dist);

®

Now do corrections for city classification

30

%
%
% Standard mobile antenna adjustment is for small-medium city
%

mobgain = (1.1*logl0(freq) - 0.7)*hmob - 1.56*logl0(freq) + 0.8:
citytype = upper(city);



WO 977 15159

PCT/ US96/ 17174 used for U(2;1) so that it can be reused by a new user under
the control of ZM 2) zone manager 20-2. Under control of RMr) region
manager 21: a)woowf3Mer) region manager 21 receives a nmessaBEPYSMIFAV 2)
zone 5 manager 20-2 indicating that U(2;1) is in need of handoff.
RMr) 21 determines that U(2;1) is noving towards zone 1. b) RMr)

regi on manager 21 sends a nessage to zone nmanager ZM 1) zone nanager 20-1
instructing-ZM 1) zone nmanager, 20-1 to listen for U(2; 1) on its assigned
zone 2 return chanffe} ¥ t]_'e=nc§_. @3 c) RMr) region nmanager
21 receives a nessage fif e I.2 4 H(E”Z&?rs@rﬂnio% k (_:Iilqati ng that U(2;1)
has been heard and Iocagl}éegfe(gf“ ﬁ%—ﬂ(‘f' )gt B the Po | ector array CA(1),
and that a new f[requenc S\Si Nt I¢ 24 .U(2;1), which
will be desi gna%ed U(1;4). Fjodegain 3 8 )a?ﬁgﬁg'r?gr@ﬁog&e? g%ﬁ’sends a nessage to
ZM1) zone end;

% Here are out-of-city adjustments
%
elseif ( citytype == 'S")
10 loss = loss - 2.*(log10(freq/28))"2 - 5.4,
elseif ( citytype == '0")
loss = loss - 4.78*(logl0(freq))*2 + 18.33*logl0(freq) - 40.94;
elseif ( citytype ~= 'M")
'City type not recognized’
15 end;
loss = loss - mobgain:

TABLE 7
© COPYRIGHT 1995 SPECTRUM WIRELESS, INC.

20  function coverl9(MobilePower,MobileHeight,CollectorHeight, ...
BasePower,BaseHeight,CityType)

%

% function coverit(MobilePower,MobileHeight, CollectorHeight,
BasePower,BaseHeight.CityType)
% This function will take the list of collector locations below
% and determine the coverage for a zone determined by the coverage
% of the specified base station. using the specified mobile power
% and collector heights. The parameters set below include the noise
% floor, acceptable signal-to-noise ratios, and the number of
% trials. A number of trials at randomly distributed points over the
% coverage circle will be performed.
%
Nc
Loc

L

25

30

= 19;
ation = [[ 0.0 3.8 ;... ,
35 [-1.6 2.7);[ 1.6 2.7]
[-3.2 1.9 LI 0.0 1.9} [ 32 1.8];...

BN



15 manager 20-1 giving routing data for the forward channel

comuni cations to U(1;4) fromdistributor DI (r) 14 and reverse channel
comuni cations fromU(1;4) to accunul ator AC(r) 15. WO 97/ 15159

PCT/ US96/ 17174 W991515%0 1) regi on nanager 21 sends a messad&B*4%) zone
manager 20-2, indicating that a handoff has been prepared and that ZM 2)
zone manager 20-2 should instruct U(2;1) to tune to its newy assigned
frequency. 5 Under control of ZM 1) zone nanager 20-1: a) ZM 1) zone
manager 20-1 receives a reqyagls bogpyRVErg.93l..to locate U(2;1) on a given
channel being used by U(2; 1).-33Myb)}; fone 08N2ga2 Ao §..r equests all CA(1)
col lectors C(1;01) through @(is16)1t¢ iL8-0.93;...nonitor this given channel

and to report back the receifvgd -siggnl0.6t1.909f 1.2 -1.81;...

5 [-1.6-2.7);[ 1.6-2.7];...
[ 0.0-3.81]
|5
Location = Location/4.619;
%
10  NoiseFloor = -125.;
%
Leveld = 20.;
Level2 = 14.;
Levell = (2.;

15 AbsLev3 = NoiseFloor + Level3;
AbsLev2 = NoiseFloor + Level2;
AbsLevl = NoiseFloor + Levell;
Loss3 = MobilePower - AbsLevd:
Loss2 = MobilePower - AbsLev2;
20 Lossl = MobilePower - AbsLevl;
%
- Ntrial = 100000;
%
% Get coverage radius from base station power and height
25 %
BaseLoss = BasePower - ( NoiseFloor + Levell );
R=1;
Loss = hata(R,BaseHeight,MobileHeight,850,CityType);
if ( Loss > BaseLoss )

30 ['Loss = ’,num2str(Loss),’ is too big']
break;
end
for iii = 1:500
if ( Loss < BaseLoss )
35 R = R*1.01;
Loss = hata(R,BaseHeight,MobileHeight,850,CityType);
end
end;
BaseRadius = R

40 Location = Location*BaseRadius;

qu -



b) — Upon receiving signal strength neasurenents fromthe CA(1)
collectors, ZM 1) zone manager 20-1 determ nes that collectors C(1;15) and

C(1;16) can best receive the approaching U(2; 1) user. c) ZM 1) zone
manager 20-1 aM@as¥s a broadcast frequency for 15 t RETUBPNTYM ser
and designates it U(1;4). d) ZM 1) zone manager 20-1 sends a nessage to
RMr) 21 indicating that U(2; 1) has been captured and a new frequency pair

has been allocated to it. WD 97/ 15159

PCT/ US96/ 17174 e) % ZM 1) zone manager 20-1 receives routing data for
forward channel co ni gati o t 4) fromdistributor Di(r) 14 and for
reverse channel cor%mni gg‘t‘*'eo%%%rfcgbagéég%ﬁsator AC(r) 15 and begi ns
transmtting forvva%icpannel comuni cations on the newy assigned

frequency. 5 5 105 = hatalR,ConétrikighiMBLiRRERRAN50 i Fylis 91 NS receiving

reverse channel if ( Loss > Loss3 )
["Loss = ‘,num2str{Loss),” is too big']
break;
end

10 foriii = 1:500
if (Loss < Loss3)
R = R*1.01;
Loss = hata(R,CollectorHeight,MobileHeight,850,CityType);

end
15 end;
R3 =R
for iii = 1:500
if ( Loss < Loss2 )
R = R*1.01;
20 Loss = hata(R,CollectorHeight, MobileHeight,850,CityType);
end
- end;
R2 =R
for iii = 1:500
25 if (Loss < Lossl)
R = R*1.01;
Loss = hata(R,CollectorHeight MobileHeight,850,CityType);
end :
end;
30 RI=R
%
% Get the random points
%

r = BaseRadius.*rand(1,Ntrial).*(0.5);

35  theta = 2, *pi*rand(l,Ntrial);
b 3 = r.*cos(theta);
y = r.*sin(theta);
%
% Get distances
40 %

"



comuni cations from U(1l;4) from collectors C(1;15) and C(1;16) via
aggregator A(l). ZM1) zone manager 20-1 routes reverse channel
comuni cations to AC(r) 15. Handoff is conplete. Dynam c Channel Assi gnnent
Operation 10 WOS7M518 °  conyentional cellular systems utiffr2aoYad
channel allocation. For exanple; a fully built out AMPS cellular system
using a (7,3) channel partitioning schene allocates a fixed nunber of
channels (.18 or 19) to each sector of each cell within the system Not only
i s the nunber of ohgaRels abiRedBal);to a sector fixed, but the exact
frequencies all ocghef 4 9.hat sector 15 are fixed. A fixed allocation
of resources makes it @iddnk&iil:} =f Ofx-Bocatfhlibh)pP2 System to respond to changes
in the traffic | oad on a nonent ‘t@‘-ﬂ&ﬂﬁ&kﬁ,ﬁf).‘@é%ﬁﬁm h-to-nmonth basis. The
acadenic |itergturggqcontai ns nmany "exanples of dynam c channel allocation
algorithns that grgatly increase system capacity by increasing the
efficiency with whgch Geenitet 8Mtcllebt&S QVer@S are al |l ocat ed

%

Flag = zeros(Nc,Ntrial);

10 Count! = find(Distance < =Rl);

Flag(Countl) = ones(l.length(Countl));

Count2 = find(Distance < =R2);

Flag(Count2) = 2.*ones(1,length(Count2));

Count3 = find(Distance < =R3);

15 Flag(Count3) = 3.*ones(1.length(Count3));

Covered = sum(Flag);

%[’ For mobile radius = ' .num2str(Rm)]

Coverage = zeros(l,Nc+1);

for ii = 0:N¢
20 Coverage(ii+1) = length(find(Covered = =ii))/Ntrial;
end;
-  Coverage
cif;
axis(BaseRadius*[-1.0, 1.0, -1.0, L.0]);
25 hold on;

Doit = find(Covered= =0);
plot(x(Doit),y(Doit),"w.");
Doit = find(Covered==1);
plot(x(Doit),y(Doit),’y. ");
- 30 Doit = find(Covered==2);
plot(x(Doit),y(Doit),"g.");
Doit = find(Covered > =3);
plot(x(Doit),y(Doit),'m.");
xhex = BaseRadius*[ 0.0 -0.866 -0.866 0.0 0.866 0.866 0.0 J;
35 yhex = BaseRadius*{ 1.0 0.500 -0.500 -1.0 -0.500 0.500 1.0 J;
plot(xhex,yhex, 'w");
forii = 1:Nc
plot(Location(ii, 1),Location(ii,2),"wx");
end;
40 end

a8
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to the | ocations where the resources are nost needed at any particul ar

time. See, for exanple, "Channel Borrow ng Wthout Locking for Sectorized
Cel | ul ar Commumicoatisiens”, by H Jiang and S. S. Rappaport. PCEES61TYVIANS. |
VT-43, No. 4, 1994, pp. 1067-1077. 5 There are several reasons
why fixed channel allocation has been used in conventional cellular

systens. First, analog radio equipment for conbining several channels

requires different hardgare for, different fre n ) hange
thus inplies a hardware I’QEéPr‘(é"ﬂ'Lm" k'?‘?‘?ﬁpf' B‘EESEH“I' ‘{Jﬁ%ﬁ‘ﬁﬁgﬂ'@a
second reason why dypam c ch nnel al | ocati on has .

i ntroduced in convefEreawdp P ﬁ@b?dg"ﬁ"ﬁéfe"??ﬁgtw' foe upger ?"Q%S‘B?feé%}l?ﬁ'cati on
schenes require both broagcaster nd HDRI 'ﬁo con on.a a. chan

basis, and anal og C‘Héfﬁr"i'gl ‘Ed’ﬁ’ﬁ‘?“ﬁé Angm ¢ %E‘H%F'QY EIB""?%? greinpyi {"al RF
equipqpnt can mtig te ut digital

| ens
i npl enent ati ons of |a|“g|s%?P=§9 ME"®Bnnot make good use of
dynam c al l ocation al gorl t hms. Th| s i's because such algorithns depend to

49



greater or |esser extent on know edge—ef—the—robite—user |location within a

cell, and accurate |ocation informat] ' Ll able in conventi onal
cellular systens. Al so, conventi o%h“ﬂm‘ lﬂ MH E@ s concentrate network-
control 200 WO ons in the . ay Iy i ncPERYEWITE o
requirenents for the WD 97/ 15159 .

PCT/ US96/ 17174 i npl enent ati on of dynam c al |l ocation al gorithns can

overwhel mthe capacity of standard control channels and the processing

it f the MISO E di ' | lized
capacity of the i Imng.&g.u@mon%ymﬁ?mga%mﬁﬁ 8 forPird CHAHARE! | Z€

wirel ess communi cations W | | use of dynam c channel allocation or
more 5 gener alsPpmugicationsiand p plamlitycaf cemrespending sryerseyghanesl gemgumientipnsof t he
probl ems just descrgpfipsing.0cal i zation within a zone is provided by the
operation of the aggregator using neasurenments provided by the array of

col l ectors. This al | owsZqngrmanpger means inglyding, i gent of al gorithns to be

applied. The distributed praggassetmRRAYRivingla BroMARr FRARMRL Forbidade e )
managers all ows for | ocal . )
ing said plurality of forward channel communications

using broadband broadcaster signals to form a plurality of
broadcaster forward channels in a broadcaster zone,
aggregator means for receiving said plurality of corresponding
10 reverse channel communications;
a plurality of users in said broadcaster zone,
each of said users including user receiver means for receiving a
different forward channel from said broadcaster means and
including user transmitter means for broadcasting user
15 ‘ reverse channel communications in a different user reverse
channel,
said plurality of users providing a plurzality of different user
reverse channels collectively as a broadband composite
signal,
20 a plurality of collector means distributed over said broadcaster zone at
spaced-apart locations,
each of said collector means including broadband collector
receiver means for receiving said broadband composite
signal with reverse channel communications from ones of
25 said plurality of users, and
each of said collector means including collector forwarding

means for forwarding, to said aggregator means, said user

(o 0 I
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10 gdeci si on” makKi ng usi ng dﬁteﬁlét”it_s’sgw_t hin a zone, perforned
by control algorithns at the zonemanagers. d obal resource nonitoring and
arbitration over the network of z [ ' Ement ed by control
al gorithns at {oaemag on nmanager STm‘“ﬂ&‘mm‘m 5 cont ZFHUBYKA7174
enbodi nent of algorithns that 15 "« ¢ npl ehent dynami c channel allocation

wi th both broadcaster and nobil e power control over the distributed control
hi erarchy of the present invention. The particular dynam c channel

al l ocation al gorithmused by & region nager wll .d qﬁ'w ure of
the system AMPS channels w | bég'ﬁésﬁcfgg'@glgﬁ'f"éuﬂlécﬁ??ng rorsn‘?#r'r%etglr}gi{ds in a
TDMA system For clarity, the 20plurality dbtsemsvisrglletas aeverseichamnel ¢ommywirsi der
zone broadcasters and collectors with WO 97/ 15159 .

PCT/ US96/ 1717438mmi di recti onal r L4987 WhefERY ?édc_‘f‘)i}ﬁjf%re'aveésﬁtcél?lnr‘{'gls(.:mmm!

addi tion, the software functions cgivneamisaig conesporafingdrmyesef dhannebeonypuadr t he

various system compo- cations received by said aggregator means.

2 (). The communication system of Claim 1 wherein ones of said user
transmitter means broadcast in user zones that are substantially smaller than said
broadcaster zone and wherein a plurality of said collector means are located

within said user zones.

3. The communication system of Claim | wherein said broadcaster
transmitter is controllable for varying the transmission power for each of said
broadcaster forward channels whereby the transmission power and broadcaster

- range for each broadcaster forward channel is individually controllable.

4 (). The communication system of Claim 1 wherein said user
transmitter for each user is controllable for varying the transmission power of
said user reverse channels whereby the user range for each user is controllable

for reaching a plurality of said collector means.

5 (. The communication system of Claim 1 wherein each of said
collector means includes measurement means for measuring parameters of said

broadcaster signals.
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nents, and the swi tching functions connecting the distributor/broadcaster

and aggregator/accumul ato out si de networks, wll be
inplicit. 5 Wy the umll Iluumel ow, Nzone refers to the number
of zone manager¥C&BHiPol | ed by aLrergl on manager and Nfreq rBFEYRAR™4 he
total nunber of channel pairs available. The relevant data structures are:
At a region manager: Regi onFreqMap(Nzone, Nfreq) - Frequency mapping for all

zones and for all 10 frequencies, in the form of naxi num al | owed
broadcaster power for eagp. fmﬁa%ﬂﬁa{mm&%ﬁaﬁyoﬁéhﬁﬂ. 1 WnERmNeh R -said
Initialized by allocating the nmaximum possi’b power for a reserved set of

frequenci es in eachSlsater mgans includssmeasyregent meﬂa&rdpmm@apmetm ofsmid

Regi onFreqUse( Nzone comhpddite gnat t@%ﬁn&é‘ﬁmﬁbﬁ-&ﬂ&ex@f the region as reported by .
15 t he i ndividual zone manager. For all zones and for all frequencies,

the current commanded broadcaster and user power |evels. Updated by reports
fromindividual zone manager The communication system of Claim 1 wherein each said collector

means includes a digital signal processor for processing parameters of said
signals.

8 0. The communication system of Claim 1 wherein said collector
forwarding means includes collector transmitter means for transmitting said
collector reverse channel communications with transmission characteristics that
isolate the collector reverse channel communications from the user reverse

5 channel communications.

- 9 (). The communication system of Claim 8 wherein said collector
transmitter means includes a wide-band transmitter and a narrow-beamwidth,

high-gain antenna.

10 (). The communication system of Claim 8 wherein said collector
transmitter means includes a horizontally polarized transmitter antenna for
horizontally polarizing the collector reverse channel communications and wherein
said user transmitter means for each of said plurality of users includes a

5  vertically polarized user transmitter antenna for vertically polarizing the user
reverse channel communications to isolate the user reverse channel communi-

cations from the collector reverse channel communications.
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WO 97115159
PCT/ US96/ 17174 At a zo It(Nfreq) - Maxi mum al | owed
broadcaster power to be used f.or i vi dual frequency. Updated by
regi on rranagerwoldomabfg eqnwl ﬂﬁw Iﬁ reserved for nonPEEUSATI4 t ed
use in the zone. Frequenci es ot her than hone

frequenci es that are currently in use for connections in the zone.
Power Use(Nfreq, 2) - Current commanded broadcaster and user power levels in

the zone. MbilelD(*) - of active.users o | dat ed
by 10 aggr egat or . Nb&r I TOE Fommugicauon,system, ¢ co}glflmoﬁ ‘glfe eacs‘égq:% ?c\k/bg user
in the zone, updat agndyined g@asdetudes a Muleibaeddoamsrainte( dnd a hdFizempalypojarizedsi gnnent

flag, set to assigned f i.f user connec and on is
in pregress, zero |“F"Y}§é? J]‘a}é‘fﬁh\/%" 'lﬁ‘l"sTéter a“m"“?rg?r cgﬁor?eac?g’gﬁm'ﬁgme

collector reverse channel communications and wherein said user transmitter

5  means for each of said plurality of users includes a vertically polarized user
transmitter antenna for vertically polarizing the user reverse channel communi-
cations to isolate the user reverse channel communications from the collector

reverse channel communications.

12 (). The communication system of Claim 8 wherein said user reverse
channel communications are within a user operating spectrum having isolation
bands between user reverse channel communications and said collector
transmitter means includes a transmitter for transmitting said collector reverse

5  channel communications with collector signals in said isolation bands.

13 (). The communication system of Claim 8 wherein said user reverse
channel communications are within a user operating spectrum and said collector
transmitter means includes a transmitter for transmitting said collector reverse
channel communications with collector signals shifted to a collector operating

5 spéctmm distinct from said user operating spectrum.

14 (). The communication system of Claim 13 wherein said collector
transmitter means includes an analog shifter for shifting the user operating
spectrum to said collector operating spectrum and an analog collector transmitter

for transmitting collector signals in the collector operating spectrum.
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TABLE 2 [err] COPYRI GHTNa mmm LESS | NC. MATLAB i npl enent ati on
of the Region u f ze frequency po
function Initi%ggﬁé c%0 L sunction is runto%w*lethe

frequency map for a region. % In this inplenentation, the underlying
frequency reuse partition % Is a 12-zone partition. Thus each zone has
been assigned a 10 % desj gnation between | and 12. For the

frequenci es assi gned tOlSa()%’l‘he céﬂﬁﬂn&ﬁimyitélﬂwmineﬁ)whérﬁtﬁﬁilﬁrh@llééﬁﬂager its
[ 1 dt se ma rrum ci in e assi gned se
The o e X ot G soATE (e HSHEIPFEEE ¢ han

urc—"

the al |l owed power R Omeans ’§°'Pqﬁ‘t‘1
t he maxi num al | ovvecbectrum to said collector operating spectrum and a digital collector transmitter

for transmitting collector signals in the collector operating spectrum.

16 ). The communication system of Claim 8 wherein said collector
transmitter means is a spread-spectrum transmitter transmitting over a transmitter
spectrum and said user transmitter means for each of said plurality of users has

a user spectrum that is a portion of said transmitter spectrum.

17 (). The communication system of Claim 8 wherein said collector
transmitter means is a time-division multiple access transmitter and said user
transmitter means for each of said plurality of users is a time-division multiple

access transmitter.

18 (). The communication system of Claim 1 wherein said forward
channel communications and said reverse channel communications employ

multiple access means.

19 (). The communication system of Claim 18 wherein said multiple

access means is code division multiple access means.

20 (). The communication system of Claim 18 wherein said multiple

access means is space-division multiple access means.
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15 —9% power.

Regi onFregMap(i z,

Fbmer_TeveIs are specified in dBm for iz = 1: Nzone

h;
Regi onFreqMap(i z, Fr eqSetmE ﬂm MaxForwar d; 20 end TABLE 3

[err] COPYRI GWo iﬂBBsSPE

WRELESS *I NC. MATLAB i rrpl enBGREPHBAT™of t he

regi on manager function to nonitor frequency use and reset allowed power
| evel s. Run continuously. 25 function FregMonitor() % This function
Wi Il run continuously at the region manager. It will be cycled %

the list of frequenci eil EO 'fheesceotmuiiaungcgt\{\(l)ends %‘Q’e of élgl\r/nelﬁ wherein saw)m%ypi]eSng

PCT/ US96/ 17174

10

access means is frequency-division multiple access means.

22 (). The communication system of Claim 18 wherein said multipie

access means is time-division multiple access means.

23 (). The communication system of Claim | wherein particular vser

reverse channel communications broadcast from a particular user transmitter

t hr ough

means are received by particular ones of said collector means and wherein said

particular ones of said collector means each forwards particular collector reverse
channel communications corresponding to said user reverse channel communica-
tions to said aggregator means and wherein said aggregator means includes
aggregator processing means for processing said particular collector reverse
channel communications from said particular ones of said collector means to form
said aggregator reverse channel communications as a representation of said user

reverse channel communications.

24 (). The communication system of Claim 23 wherein said aggregator
processing means includes aggregator digital signal processor means for
providing said aggregator reverse channel communications wherein the uncoded
bit error rate for said aggregator reverse channel communications is enhanced
over the uncoded bit error rate for said user reverse channel communications

received at said particular ones of said collector means.
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% appropriate. % Get zones that have borrowed the frequency. If such

zones exist, % reduce povyer avai |l abl e for o'; her pgtentlal borrowers. 5
% Borrowed = | nd( i , Freq 0

Regi onFr eql\/ap( 19—" né{s& =” Hmamﬁméﬂgll Scal e to ref| S USPLIS;
partitioning (12 in this ekan‘plé) dnd®*10° % mul tiple use penalty.
Npart = 12; Borrowed = Borrowed*Penal ty*Nzone/Npart; if ( Borrowed > 0 ) 15
for iz = 1: Nzone if ( Regi onFregMWap(:.Freq) ~ = MaxPower)

Regi onFregMap(:, Freq) = 25/gx PoNedommunitdidnCdystem B 01T wiRRih safaggregator
end; processing means includes aggregator digital signal processor means for
processing said particular collector reverse channel communications from said - -
particular ones of said collector means to fonm said aggregator reverse channel

5  communications as a representation of said user reverse channel communications.

26 (). The communication system of Claim 25 wherein said aggregator
digital signal processor means includes,
a digital signal processor,
synchronizing code executable by said digital signal processor for
S synchronizing said particular collector reverse channel communi-
cations from said paricular ones of said collector means,
locating means for processing reverse channel communications for a
particular user from a plurality of collector means for determining

. the location of said particular user.

27 (). The communication system of Claim 23 wherein said aggregator
processing means includes selection means for selecting one of said particular
collector reverse channel communications from said particular ones of said
collector means to form said aggregator reverse channel communications as a

5  representation of said user reverse channel communications.
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end—TABLE 4 [err] COPYRFGHT 1995 SPECTRUM W RELESS, | NC. NMATLAB

| npl enmentati on of the zo f N to handl e a connection 25
ma{lﬁ‘“mufmbl | e, Assi gnedFrRe&(_]Wq -
) s %0  This function SO ™r i ne

request. Event driven. f
whet her or not a frequency is % avai l abl e to handl e a connection

Assi gnedFor war dyo ssisisgne

request. and will assign power % | evel s for the connection if possible.
% 1f no assignnent is p055| ble, AssignFreq is set to -999. 76 WO
97/ 15159

28 (). The communication system of Claim 27 wherein gﬂ/sé@:? g{l 17174
means includes,
a digital signal processor,
synchfonizing code executable by said digital signal processor for
. 5 synchronizing said particular collector reverse channel communi-
cations from said particular ones of said collector means;
measurement code executable by said digital signal processor for
measuring said particular collector reverse channel communi-
cations from said particular ones of said collector means to
10 provide measured characteristics,
selecting code executable by said digital signal processor for selecting one
of said particular collector reverse channel communications from
said particular ones of said collector means based upon said

measured characteristics.

29 (). The communication system of Claim 23 wherein said aggregator
processing means includes combining means for combining said particular
collector reverse channel communications from said particular ones of said
collector means to form sai_d aggregator reverse channel communications as a

5 representation of said user reverse channel communications.
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% User location is used to determne—propagation path |oss and %
| ocal noise floor. %5 Pat hLoss = Get Pat hLoss( Mbbil eLocati on(Mbile));

Local Fl oor For = GCet Noi seﬁmmmu ‘ H cat i on(Mobile)); Local Fl oorRev =
Get Noi seFl oor REPCTABEY | e G ven a sBEEEFIAZ s gin
to cover required signal -t'o- fioi Se % signal -to-interference, as

well as a safety margin, get requi red % power at each frequency in the
forward direction. In reverse, % set to collector-depl oynent val ue over

reverse noise floor. M Wen@e&ﬁf I 15
M nPower ReqdRev = Local E{I?oor + Patnﬁﬁﬂg?édn%sﬁbllr%g???ﬁ Zeﬁlﬁglr'eg’sn%é Td“ﬁérﬂhé" Try

hone frequenC| es fi™Peps inchides, yseabl e hone frequency % exists, take it.
20 Honer find( Poweg m;,ﬁ,{ilpﬂggg&ﬁﬂ) > M nPovverRequor(HorreFr eq)) if (-

Iength(Horrer) > 0 ) AssignFreq, = meFr eq( Horrer ( d)
synchromzmg code executa le by said digital signal processor for

5 synchronizing said particular collector reverse channel communi-
cations from said particular ones of said collector means;
measurement code executable by said digital signal processor for
measuring said particular collector reverse channel communi-
cations from said particular ones of said collector means to
10 provide measured characteristics,
combining code executable by said digital signal processor for combining
said particular collector reverse channel communications from said
particular ones of said collector means for pfoviding combined

signals.
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AssignForward = M nPower ReqdFor (HomeFr eq( Hormer (1))); AssignReverse =
M nPower ReqdRev( HoneFreq(Homer (1))); 25 return; end; % Now
| ook for a frequency to

i bl e find( PowerPermt >
M nPower ReqdForwoQ 9745159 - mmmﬂml“awﬂﬂmequency exi sts, t RGP HIse,

fail. if ( Iength(P055|b

e) © Assi gnFreq = Possible(l);

Assi gnForward = M nPowerRequor(POSS| ble(1l)); AssignReverse =
M nPower ReqdRev( Possi bl e(l1)); else AssignFreq = -999.; 40 end;

10

20

25

31 (). The communication system of Claim 1 wherein a particular one of
said users is mobile and travels from a first location in said broadcaster zone to
a second location in said broadcaster zone, said transmitter means for said
phrticular one of said users brdadcasting particular user reverse channel
communications and wherein,

at said first location, said particular user reverse channel communications

are received by a first group of particular ones of said collector
means and wherein each collector means of said first group of
particular ones of said collector means forwards to said aggregator
means first particular collector reverse channel communications
corresponding 10 said particular user reverse channel communica-
tions;

at said second location, said particular user reverse channel communica-

tions are received by a second group of particular ones of said
collector means and wherein each collector means of said second
group of particular ones of said collector means forwards to said
aggregator means second particular collector reverse channel
communications corresponding to said particular user reverse
channel communications: _
sai¢ aggregator means receives said first and second particular collector
reverse channel communications and includes aggregator process-
ing means for processing said first and second particular collector
reverse channel communications to form said aggregator reverse
channel communications as a representation of said user reverse

channel communications.
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WO 97/ 15159 ' PCT/ US96/ 17174
TABLE 5 [err] COPYRI GHT 1995 SPECTRUM W RELESS, | NC. MATLAB i npl enentation

RdI5AsikginCt [ ctive 5 connect i orce
g]:)f : hﬁaﬁggff n?r omg ”mgﬂm 'mullll)ullmor roned frequency nﬂgg‘ %
possi ble. Run conti nuous_l y* oficethothe S requenci es have been fill ed. funct I on
HonmeMoni tor () 10 %  This function will determ ne whether any user
connection % currently served by a hone frequency can be adequately
served % by a borr ows2lQf rihe uammaynicatién syacmafcamdmt ﬁhér&neﬁ&w/deﬂmfég{ t he
% connection in 251 | new borrowe 0 user
connect i ons servedog%ﬁ%ﬂ%&?rgﬁaﬁ%ﬁs fosEnegp s ﬁm ﬂNEc?ﬂ%sﬂ"%se(”W%neFr eq
== Mbbi | eConnect (ii)) Homer = Mbobil eConnect (ii); 20 %

33 (). The communication system of Claim 31 wherein said user

transmitter means for said particular one of said users broadcasts in a user zone
that is substantially smaller than said broadcaster zone and that moves when said
particular user moves from said first location to said second location and
5  wherein, at said first location, said first group of particular ones of said collector
means are located within said user zone and wherein, at said second location,

said second group of particular ones of said coliector means are located within
said user zone.

34 (). The communication system of Claim 31 wherein said broadcaster

transmitter is controllable for varying the transmission power for each of said

.  broadcaster forward channels whereby the transmission power and broadcaster
range for each broadcaster forward channel is individually controllable, wherein

5  when said particular user is at said first location a particular broadcaster forward
channel has a first power level so that said broadcaster range extends to said first
location and wherein when said particular user is at said second location said
particular broadcaster forward channel has a second power level so that said

broadcaster range extends to said second location.
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% User location i's used to determ ne propagati on path loss and %

| ocal noise floor. Pat hL Mobi | eLocation(ii,:)); 25
Local Fl oor For = Get Noi se mml , m ﬁ cation(ii,:) ); Local Fl oor Rev =
Get Noi seFl oor REGEMEH | e OCALi % G ven ECHESSATTEq

margin to cover required signal-to-noise % signal -to-interference, as
well as a safety margin, get required % power at each frequency in the

forward direction. In reverse, WO 97/ 15159
PCT/ US96/ 17174 % il I - I 0 e noi se
fl oor. M nPower Requor {ocagéoggél&i at i %‘gg%i %EJ"P% %ﬁ)fm&o%/\égd; %geqdRev =

Local Fl oor + Pat hlL ¢mesmitter for said particular user is controllable for varying transmission power
of a particular user reverse channel for said particular user whereby the user
range for said particular user is controllable and wherein, when said particular

- 5 user is at said first location, said particular user reverse channel has a first power
level so that said user range extends to said first group of particular ones of said
collector means and wherein, when said particular user is at said second location,
said particular user reverse channel has a second power level so that said user

range extends to said second group of particular ones of said collector means.

36 (). The communication system of Claim 31 wherein said collector
transmitter means is a transmitter for transmitting said collector reverse channel
communications with transmission characteristics that isolate the collector reverse

channel communications from the user reverse channel communications.
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5

for a frequency to borrow Possi

10

I\Ibnn

Margin - Gai nFronCol | ; % Now | ook
= find( Powe rmt > M nPower ReqdFor);

W T"f‘?‘?xi‘g% ﬂwlwﬂﬁmﬁﬂmmiiﬂta?ﬁséfb| e(1), R,qu,gg,gff a

( I'ength(Possib
M nPower ReqdFor ( Possi bl e(1)),

end Col | ector Arrays For
d with the present invention,

a broadcaster zone to prg\j.da dnMinRasmSsysten fod dongnmicatingbetweeh iatedo € t hat

end;
accor

has greater comuni Cﬁ

pri or

tion ca
a region wit

M nPomerReqdRev(P055|bIe(l))), end; 20

Irrpro

I?g ip‘u¥nl

ved Capacity And Quality - FIG 17 In
a plurality of collectors are used in 25

n ni cati ons ality than
ﬁly gf lllje%}rotrﬁ forward channe commumc%lflnons froym

the network and with a plurality of corresponding network reverse channel

communications to the network, said system including,

5 zone manager means including,

10

broadcaster means for broadcasting said plurality of forward
channel communications in a broadcaster zone. said
broadcaster means including a broadcaster transmitter for
transmitting in a plurality of broadcaster forward channels
using broadband broadcaster signals,

aggregator means for receiving reverse channel communications
and forwarding the received reverse channel communica-
tions as aggregator reverse channel communications to the

network as said network reverse channel communications.

15 a plurality of users, each of said users including user receiver means for

20

receiving a forward channel from said broadcaster signals and
including user transmitter means for broadcasting user reverse
channel communications in a user reverse channel whereby

reverse channel communications from said plurality of users are

‘in a plurality of .user reverse channels collectively forming a

broadband composite signal.

a plurality of collector means distributed over said broadcaster zone at

25

spaced-apart locations. each collector means including broadband
collector receiver means for receiving said broadband composite
signal including reverse channel communications from ones of said
users, and each collector means including collector forwarding

means for forwarding user reverse channel communications as

%
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wireless systens. This result is denonstrated by the sinple system exanple
descri bed bel ow. This exanple does not, for clarity, include the use of

ei ther power control or Mlmuwm,iuu LI ocat i on. WD 97/ 15159

PCT/ US96/ 1717 4AWRIBA518 af t fl(ur," ut prior to the SFFYPMAIYHNn of a
call to or fromthat robile. Thé ndw fnpt ementation will follow the same
steps as the old, but will use the collector RSSI (received signal strength
indicator) data fromthe specified 5 sl ot on the access channel to
performlocalization on U Thj I t the RM
as input to resource all ocatl on %ﬁ(};}eg?&% Ar‘ras';,?'gls?ﬁ@qm?%"g&r g’séﬁ%eé%gggru in
standby node inplies a possilbéas.use of systemresources to support a call
to that U The ZM periodically pages U to request access channel

transni ssions that are used to re-locate U and fine-tune the nobile power

control. 10 The location information is saved by the ZM and al so passed
to the RM where
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it fornms the history daf ! for optim zing dynam ¢ channel
all ocation and handoff al Bori thns. |f the |ocalization procedure indicates

that y nas +eachssunbe oo MNHILAINEREN, 2onc,, Lo oLd eohghihay ¥

initiate a new registrati _
channel pair assigned to 15 that new ZM This is in effect an extrenely
sinpl e handoff. If a user U does not respond to a request fromthe ZM it
is assuned to have either exited the region or have been powered down, and

the RMis signaled to riyve cémmtsicativh eystengios cammuriiéatiaf bétwsenls fdtworkn t he
region. Mobile-termphated call . 97/ 15159 )

P US061 17174 The 0 &hHoES 5rigus 40h & PREHAZpf ferwpuk BV gt communi-

(nobi | e-t er ni nat edativas frorh ¢ nesvorihend withe a phaligsf dofrespandify ewérkQbversgaches .
the MISO. The NH'SOCM%Ircgl%ts al | 0 e U over t%lEI r assigned paging

| | s t
channel . U recogni Zes Tts Egﬁlg‘gﬂg?"r@gﬂgﬁ'ag‘??ﬂd PREMEad0E,  he paired

access channel .5 The BS®riendromome region manager means, one for each of said regions for
controlling communications within a corresponding region,
for each particular region, a plurality of zone manager means for
managing communications in a plurality of broadcaster zones,
respectively, each zone manager means including for a corre-
10 sponding broadcaster zone.
| broadcaster means receiving said network forward channel
communications from the region manager for the
particular region and having a broadcaster transmit-
ter for broadcasting corresponding forward channel
13 communications using broadband broadcaster
signals to form a plurality of broadcaster forward
channels in said corresponding broadcaster zone,
aggregator means for receiving corresponding reverse
channel communications for said corresponding
20 broadcaster zone and forwarding the received
corresponding reverse channel communications as
aggregator reverse channel communications' to the
region manager for the particular region to form
said network reverse channel communications,
25 : for each broadcaster zone, a plurality of users,
each of said users including user receiver means for receiving a

different forward channe! from said broadcaster means and
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5 —the MISOthat 1t is Tn comunication with U. The MISO t hen sel ects an

I dl e voice channel for th he swi tchi ng between that channel
and the landline trunk, a ']“"l"’ “ﬂiﬁﬂmo of the channel designation. The
BSO i nf or ms U wd 9wsmsevoi cex anne massi gnment over the pagfGigSeetiltel , and
begi ns broadcasting a particul ar supervisory audi o tone (SAT) over the

forward |ink of 10 that voice channel. This SAT is one of three tones
near 6 kHz, and each BSO uses only one SAT in its comunications with all

users Uinits cell. V\henapartlclar T
channel, it responds by repeati n 'Hg'géﬁrg tge?/erﬁg&e r%rtgit}jrc%\ﬂﬁ\ﬁ% of the

voi ce channel. Once the SAT has Ieveme chamfel mumjmmtioneme\ldxﬁdemqurheveBSO, t he
pagi ng and accgis channel s are rg%g%ﬁed. 15 Further control

conmuni cati ons “bet ween U and thet are carried over the voice channel,
usi ng bl ank-and- bur st nessagaidgplusalitr ef uies providingch alwmdity of diffesesk aserf or 50

me and a burst of control traff'?ev?;se]cﬂa%gﬂscot]é:tﬁéwtas a%ﬂbﬂd%pbf]ﬁ BSO

use the presence of the SAT as confirmation at a’ communi cati on
exists. If the SAT is dropped fosigmdre than 5 seconds, each assunes that

the 20  call has been § giEiAbPebiR%of BFay! B for %rbf‘éﬁ’ihctﬁoaﬁ&ﬁﬂp%nes

communi cations with
35 each of said collector arrays including for said corresponding

broadcaster zone,
a plurality of collector means distributed over said corre-
_ sponding broadcaster zone at spaced-apart loca-
tions,

40 each of said collector means including broadband
collector receiver means for receiving said
. broadband composite signal with reverse
channel communications from ones of said

plurality of users, and
45 each of said collector means including collector
forwarding means for forwarding, to said
aggregator means, said user reverse channel
communications from said ones of said
plurality of users as collector reverse chan-
50 ' nel communications whereby said collector
reverse channel communications are said
corresponding reverse channel communi-

cations received by said aggregator means.
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WO 97/ 15159 PCT/ US96/ 17174
Uf ?rﬁ eit abl i she\(ltlv,h tEe Blsmmmﬂmmﬂgmm ated landline trunk in an

of f-hook state ich te i a. successful voi isin
pl ace. The MISMOPHMS%onmandst t he BSOst o*signal U of an inggrnﬁﬁ%%}?@gh. U
alerts the user, and sends an on-hook signal by adding a signaling tone
(ST) at 10 kHz to 5 iIts return voice channel transm ssion. The BSO
receives the ST, and inforns the MISO to send a ringback signal over the

I andl i ne. Wen and if tieocaihk comaii@UeT Setemtof Clail t380¥ R, fBea faicdldie BSO
tells the MISOto drop the ri ngback_sisgnal to the landline, and vo'hce
conmuni cati ons ar e PFOAERASIerFqeR, OP&S 9T SAIL\IsER yposaitterfpaaps hypagicast inusery zpnes that

The new cel | ul ar i Rl ERAMRNY HRale Bfn 6 bieiacseCzdnBahd Whereira pluhdiypsfged -
over the entire system_ The regi strationwﬁr oqﬁiss at startup, and successive
| ocal i zati ons and pedspliscier meansaags located VRN 3\ UFEEP ¥ nes, has kept U

| ocali zed. The scheduling algorithnms at the RM and ZM have al r eady

identified the opti mum voi ce channel nd transmg d recei oyer | eve
to be assigned t g 40 (). The communica%on system o% @l}xmaﬁ where(l;n sa\{f bl‘%acyggster 's

transmitter is controllable for varying the transmission power for each of said
broadcaster forward channels whereby the transmission power and broadcaster

range for each broadcaster forward channel is individually controllable.

41 (). The communication system of Claim 38 wherein said user
transmitter for each user is controllable for varying the transmission power of
said user reverse channels whereby the user range for each user is controllable

for reaching a plurality of said collector means.

42 (). The communication system of Claim 38 wherein each of said
collector means includes measurement means for measuring parameters of said

broadcaster signals.

43 (). The communication system of Claim 38 wherein each of said
collector means includes measurement means for measuring parameters of said

composite signal to provide user parameters.

44 (). The communication system of Claim 38 wherein each said
collector means includes a digital signal processor for processing parameters of

said signals.

_
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15 7 U This designati i ' J; and thereafter the standard

I npl emrentation is followed. T It used by the ZM and RMto assign
opti mum channel s and po ul ﬂ@@c‘ be briefly described: the ZM

t hrough the | c¥@PII589i on . erm ned the requi FedUBFAECast
power necessary to reach Uw th sufficient signal-to-noise levels to allow
a good connection. This 20 | evel may need to be increased due to the data
on existing calls in the zone and WO 97/ 15159

PCT/ US96/ 17174 nei ghbor,i he,: . i i i e
broadcast strength it fg?%e?%nﬁnew%‘us %ﬁ’ Qﬁc mg\?gﬁ%g}lgl‘@aﬁc‘f\gﬂﬁgfm If no
avai | abl e channel fosmarding meanu includespeniiegtor pragsmitter Haeams/fornransmitting st asks
for perm ssion to i ANG o twi ii n had
previ ously been al gfg,g%(g.r}e%% %ameﬁ?\(/lﬁ?)_ptl m'{l%rgsw@htgﬁ gg@%‘@?@ﬁm\j\!ﬁgtﬁﬁgmﬁo al | ow
this by consideri nigolathdhe gbllectop geisrse nchamnek comppricationy &om; (be user; BVeIst er '

during a call gnd Qehel BathiiSeatidns® POWer bal ance al | owi ng accept abl e
signal-o-interference ratios Is possible. Perm ssion to use

46 (). The communication system of Claim 45 wherein said collector
transmitter means includes a wide-band transmitter and a narrow-beamwidth,

high-gain antenna.

47 (). The communication system of Claim 45 wherein said collector
transmitter means includes a horizontally polarized transmitter antenna for
horizontally polarizing the collector reverse channel communications and wherein
said user transmitter means for each of said piurality of users includes a

5  vertically polarized user transmitter antenna for vertically polarizing the user
reverse channel communications to isolate the user reverse channel communi-

cations from the collector reverse. channel communications.

48 (). The communication system of Claim 45 wherein said collector
transmitter means includes a wide-band tranérpitter and a horizontally-polarized,
narrow-beamwidth, high-gain transmitter antenna for hoﬁzontally polarizing the
collector reverse channel communications and wherein said user transmitter

5 means for each of said plurality of users includes a vertically polarized user
transmitter antenna for vertically polarizing the user reverse channel communi-
cations to isolate the user reverse channel communications from the collector

reverse channel communications.
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t he requi red power

may be dropped. If

the ZM 10 as

br oadcast pomer |t

moni tors the cal

br oadcast er or user

nmay -be—gr-ant ed—onmtthat—or another channel, or the call

a ch @ hﬁl |IE 3‘& at the required power setting,
al so signals the fR¥ubeirs
WI I ,H Im el. As the call COI’ltInUGgS, t he ZM

localizing Uto determine if a change to either
power is required. This may again require pernissions

fromthe RM The scheduling algorithns at the RMw Il give higher priority
to continuing establi shé®(cdltesommenication sysmtnoﬁt:lang 4f swiverkbn saidogbr syerse

Mobi | e-ori gi nated c

connection. A nobi
nobi | e- ori gi nati ng
predi ct abl e manner.

PCT/ US96/ 17174 st an

over the access?

B S O P PR i bt 7
tands iyetetne -user mevece | d‘?ﬂlﬂ) mOmniunmanpns nargls séid collector .

aagr Cﬁ[: Qﬂscﬁ%{h{d@p{l transm\mgr%gnl s}as :Ll%gtl sald collector

Fon Lo The BSO
channel commumcauons with collector signals in sand lsolanon bands

50 (). The communication system of Claim 45 wherein said user reverse
channel communications are within a user operating spectrum and said collector
transmitter means includes a transmitter for transmitting said collector reverse
channel communications with collector signals shifted to a collector operating

spectruin distinct from said user operating spectrum.

51 (. The communication system of Claim 50 wherein said collector
transmitter means includes an analog shifter for shifting the user operating
spectrum to said collector operating spectrum and an analog collector transmitter

for transmitting collector signals in the collector operating spectrum.

52 (). The communication system of Claim 50 wherein said collector

transmitter means includes a digital shifter for shifting the user operating

-spectrum to said-collector operating spectrum and a digital collector transmitter

for transmitting collector signals in the collector operating spectrum.

53 (). The communication system of Claim 45 wherein said collector
transmitter means is a spread-spectrum transmitter transmitting over a transmitter
spectrum and said user transmitter means for each of said plurality of users has

a user spectrumi that is a portion of said transmitter spectrum.

[
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~channel . The request |s—+etlayed—to—theMSO which selects an idle voice
channel and inforns the the control sequence follows the
standard for a user-te;ﬂiﬁllﬂ&[‘ih “ h the exception that the landline 5
connection i s WOS/EsI8% a successful conneb€VBH6HAY been
est abl i shed between U and the BSO over the voi ce channel. The new

I npl ementa- tion would allow the ZMto initiate voice channel activation on
the pre-determ ned channel at the pre-determ ned power. Wen the voice

channel was establishe th RM woul.d .be i nf or d.the Rl | d

i mediately 10  ext engnt(%e oFFﬁ'BE‘EW'%Hml o "e°fr@%(f Qgivf-e?é{'l fa%\é\éﬁiéft?rng
procedure The di veumfsmytet)inemhk aaizm—&visnnbmmiﬂlmmimnsmﬁtéd angd| saigvwstor
better |ocalization of. nobile _ use sfar L I| tlonsfor
the overal | systentXrBiiet g'ﬁ'ﬁtf%r I?Pf deé“ ghofﬁﬁ?’se%eafg‘ |°g‘|j'§{ﬁr?’ r"g@ Sut ce

al I ocati on al go- l4scess trafisimiteer. The nore collectors in a zone (or zones) that
hear a particular U, the better the localization. A ZMw || bal ance the
need for localization with the requirenent of |ow nobile user power for

i nproved si gnal -t o-i nt 6610er Eeceonpruriicationn systemoof Clagn 38t wihereis isaid famwdrd o
extend nobile battgLy hi

"I

cfoﬁlmuni-gmo%s and said reverse channel communications employ

multiple access means.

56 (). The communication system of Claim 55 wherein said multiple

access means is code division multiple access means.

57 ). The communication system of Claim 55 wherein said multiple

access means is space-division multiple access means.

58 (). The communication system of Claim 55 wherein said multiple

access means is frequency-division multiple access means.

59 (). The communication system of Claim 55 wherein said multiple

access means is time-division multiple access means.
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requi renment will be dropped, however, in the case of a (user-originated)
911 WO 97/ 15159

PCT/ US96/ 17174 I n a mobi | e cel | ul ar fixed
number of radi W%ﬂﬁ‘ﬁ ucmﬂmﬂ\lm ““ltm each of a fixed sé’zﬁ’g}‘(‘"ﬂéndw dth
and | ocation, provide serVicé over" a’®spécified service area. To sinplify
the exanple, the capacity gains that may be attained by a nunber of

met hods, for exanple, by nmultiplexing 5 comuni cati ons channel s over a

single carrier, are nO‘GOQPn’!?ﬁedﬁi’nﬂﬂlmdnbMB fem STLEIMNSS RR¢HeIn ipakiclaDRel t Y
| nprovenent can al so be enployed in nent&vof the present inyvention.

For the purposes offVEfi ghag rFﬁF'@“'éﬁi’:‘P?"F ERagCast from & PASUGHERT | USeTIERNSIHUET ¢ o

carry a single, hah&ndualreeew@mmle.ﬂiﬂ aia§op§ambomrAnéanpamvnerem said -
conmuni cati ons channel lﬁ%é{es t of thes one way ch nne s, one 10

used to broadcast mcl"ﬁ'é" $id cgllector nypps; icplag colieetor rE¥eRsG ¢ . | n

conventional s¥st efianrkh@minfuRididhs co@x@gbomﬁgtomndqhaﬂeeérfe dNaghePeniAfhicac cor di ng

to a fixed nunbering scheme, and the conhined pair is referred to as a
channel | tions to said aggregator means and wherein said aggregator means includes

aggregator processing means for processing said particular collector reverse
channel communications from said particular ones of said collector means to form
said aggregator reverse channel communications as a representation of said user

10 reverse channel communications,

61 (). The communication system of Claim 60 wherein said aggregator
prbcessing means includes aggregator digital signal processor means for
processing said particular collector reverse channel communications from said

. "particular ones of said collector means to form said aggregator reverse channel

5  communications as a representation of said user reverse channel communications.

62 (). The communication system of Claim 61 wherein said aggregator
digital signal processor means includes,
a digital signal processor,
synchronizing code executable by said digital signal processor for
5 synchronizing said particular collector reverse channel communi-
cations from said particular ones of said collector means,
locating means for processing reverse channel communications for a
particular user from a plurality of collector means for determining

_ the location of said particular user.
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i npTying a two-way chanrmnet—TFhat—eonventi+onal nonenclature is adopted f or

this exanple. In conventi I e reverse channel is serviced by a
single 15 receiver Corﬁﬂﬂ&ml@j j@iﬂm rward channel broadcaster, whereas
in the presentwosmssdi o s chAhnel is serviced RETAPMTIUY ity of

coll ectors feeding an aggregator. There are 416 channel s (channel pairs)
per each current US licensed cellular system wth 21 used for control
channel s and 395 available for calls. To provide the greatest possible

capacity, a cellular s em,reuses the 20 avaj l a I cell to
cell. Interference bet éibn%egcﬁﬁ'f"é'm(?)ﬂmf‘ﬁ%s‘%ﬂéamm %J%@%‘?@%?@ﬁgéw@

PCT/ US96/ 17174 chatessingoneana imeiides ssleetidnenens égr selectingeonk iofisaid pastitwlat or t o
this approach. Capagity and qual ity demands ar.e bal.an f {enJ a

ni ni num st andar d f°8ﬁ°°é%nf?ﬁﬂf%§€ﬁ"8ﬂs°°&ﬂ5’f'1c?' ns ,&mgbls?lglpgﬁlggg%? g"?n (gey gn
attenpts to maxi nicoHedisranesns cyforaussid aggregapraaterse chapwt commudidationseassur i ng
that the cochapnel interfer- %ﬂgﬂ'ng‘smlmql\,/l\‘n%gt%hg_h to provide the

2., . .ence r
m ni mum | evel Por SEEEREUM o saﬁﬁs'l"rtrf/’\.'erse
64 (). The communication system of Claim 63 wherein said selection
means includes.
a digital signal processor,
synchronizing code executable by said digital signal processor for
5 synchronizing said particular collector reverse channel communi-
cations from said particular ones of said collector means:
measurement code executable by said digital signal processor for
measuring said particular collector reverse channel communi-
- cations from said particular ones of said collector means to
10 : provide measured characteristics,
selecting code executable by said digital signal processor for selecting one
of said particular collector reverse channel communications from
said particular ones of said collector means based upon said

measured characteristics.

65 (). The communication system of Claim 60 wherein said aggregator
processing means includes combining means for combining said paricular
collector reverse channel communications from said particular ones of said
collector means to form said aggregator reverse channel communications as a

5 representation of said user reverse channel communications.
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The AMPS design criteria is aTatto of 18dB between the intended signal and

the interference. The rriﬂﬂ! "I&Hﬂ!‘i&m Is then the percentage of calls
that fail to capacity is not de ]
sinply summ ngﬁ%r?é’tlﬂ%?snb l’ @ bl e channels in ea%ﬁ*’g%’f}ﬁg'gger al |

cells. Queuing theory nmust be used to determ ne the response of the system
to randoml y-arriving requests for connections. At certain tines, all
channel s may not be in use, and at others, all channels will be in use and
new y-arriving request s66nf)) IThbeortimanikatidn systetn off CRineds whereinGhidaompiningm i S
measured in Erlangs. S%Stﬂn capacity is then defined to be 15 the offered
| oad for a given p of bl ocked calls. The standard cellul ar system
design criterion for blodngm slgailllﬁodeSOa 2% rate. Gven the nunber of -
channel s available in a_c paci I rlan S i.s then
conputed froma standar%’"‘iﬁgﬂ%% c°§? %cugﬁl[e %hﬁi"g &Fﬁh Iséﬁ*"aarpr%? %rctﬁﬁre uses
one broadcasterdrecei ver basgncRfdnizingtsaitl ipamicydar cofledtdr. revéede| charmeleconrmeuni-S
assurmed by way of approxi natlt(i)oqls

tﬁ%m Said particular ones of said collector means;
measurement code executable by said digital signal processor for
measuring said particular collector reverse channel communi-
cations from said particular ones of said collector means to
10 provide measured characteristics,
combining code executable by said digital signal processor for combining
said particular collector reverse channel communications from said
particular ones of said collector means for providing combined

signals.
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peTuseer 17174 hexagonal |IUIHIEI 0K ooz

si ze as broadcaster zones of the present
a transmtter/receiver pair are co-sited

transmtter/receiver pgﬁr o%@%he cell, b
over the broadcaster r d%.

gonal t

i1ing of many cells

Wiposes of conparison, in a
capacity |im twdowisi®ati on* cohvent i"ondl Cells are assumed POISPsAT®s sane

i nvent

ion. In

a conventional cell,

5 inacell. In the present
i nvention, a broadcaster is |located at the sane site of the

ut an

PIMUBIATI WS of

rray. of

col l ectors is spread

éﬁﬂ%&"ﬁ%ﬂ%‘é‘l’?’cﬂ‘fequal ity
in cellular systensfsaid useds dimobile asirdvels(fism b Fies deaddngh s7i0 bRfaddaited Zo@e Pr esent

i nvention) into di ectiontﬁ
‘with 60[err] or 128%7%P"

05 uSRoE B R S 2

ennas
xanpl e,

a standard confi gupaticutan émer ofi saidNiserst broaddastihy Spaoulha Suseh aevesse Scidhnel ded

into seven grogps that are
quality, 1200 se

ct SPIHYIFRoRS

reg‘galﬁled. over groups of seven cells. To i
& educe the number of interferors

nprove
from

the standard 6 in the unsktfisrledtianssd patichlar uidraevease hiarinyl cbmmunizadoas!| at i on

for this standard confi gur

10

agljeorgceiv%ﬁ %9taet‘iirsr( gKrgl?p ézéa%icgﬂg oZesCo? lszlzig ‘collector
means and wherein each collector means of said first group of
particular ones of said collector means forwards to said aggregator
means first particular collector reverse channel communications
corresponding to said particular user reverse channel communica-

tions;

at said second location, said particular user reverse channel communica-

15

tions are received by a second group of particular ones of said
collector means and wherein each collector means of said second
group of particular ones of said collector means forwards to said
aggregator means second particular collector reverse channel
communications corresponding to said particular user reverse

channel communications;

20 said aggregator means receives said first and second particular collector

reverse channel communications and includes aggregator process-
ing means for processing said first and second particular collector
reverse channel communications to form said aggregator reverse
channel communications as a representation of said user reverse

channel communications.
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3-sector reuse with 19 channels/sector gives 12.3 Erl angs/sector,
Erl angs/cell. System node

36.9
nsidering the outcome of a

| arge number of trials to hannel i nterfer&q.ﬁgwﬁﬁ,gum ng a
radi o pr opagat"Y?)?? &f?h Iosgm%m—[ﬁn mlﬁ 3.0 and | og- nornal pat

shadow ng with zero

PCT/ US96/ 17174 nmean and 4dB vari ance,

approxi mately 27% of attenpted calls

inacell will fail the 18dB signal quality standard when the systemis at
full capacity. Convent IGGrGﬂ TH\Bmnfisficitioh aystefyofiC4im 60 vhiain aitoneyor fmapeiuency

Cehemos have boon o s GBI EGARARNL 8 Polr iR rorh e o

schenes have been

reduces the service quality to levels at or below current standards.

17 describes a (3,

%) et IR Bihn, Steh B Tl o S g

I nvention provides bett

shown, and the coIIector arr aﬁre om fted .fromthe

t is subslantla smaller than said broadcaster zone and that moves when said
particular user moves from said first location to said second location and
wherein, at said first location, said first group of particular ones of said collector
means are located within said user zone and wherein, at said second location,
said second group of particular ones of said collector means are located within

said user zone.

70 (). The communication system of Claim 67 wherein said broadcaster

transmitter is controllable for varying the transmission power for each of said

broadcaster forward channels whereby the transmission power and broadcaster .

range for each broadcaster forward channel is individually controllable, wherein
when said particular user is at said first location a particular broadcaster forward
channel has a first power level so that said broadcaster range extends to said first
location and wherein when said particular user is at said second location said
particular broadcaster forward channel has a second power level so that said

broadcaster range extends to said second location.
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10— tigure. ‘Also, for purposes. of direct conparison to conventional

cel lul ar systens, the broadcast zones are indicated as hexagons. In FIG
17, the partitioning sch uﬂw "tmmm,lﬂge zone set of the three zone set
group. This pavo svisisoay onorphically to ROTAUSSHEM t wo
zone sets of the group. The ot her twd sé&ts are shown in FIG 17. One of

themis the set of zones marked 15 by hexagons containing a sketch of
t he sector boundaries, and the other is the set of zones which do not have

any internal marking. 6) artJ tjoni cr par at frequency
groups, which are dist }Pghtgﬁe WWQPeﬂsﬁgW ﬁ‘e a'TY%?OY'nSIﬁ ﬁ
partitioning al gorminhmteﬂfoesampihanlmﬁsen is tentiblably for varying ttaosrmk!i‘oaq;owbut t he
di stances to those jnterferors are greatly inc ease t hu t he 20
overat! interferen pﬁ'—‘BF'ﬁfrh'i'%r (%‘"égcmﬁﬁ? H{ é'“?fa%ﬁﬁgﬁﬁc Tul ation
for 22 WD 97/ 15&5@ for said particular user is controllable and wherem when said pamcular

PCT/ US96/ 17174 ch I I / t
Erl angs/ zone. fﬁl 2nlnre.ls§ sf'uggir%rlo(%k(’\'/'essa W‘ﬁ% '[?S%n s%{%ecmonrel %15 atfﬁ'g p(oyené)

configuration for lkevebsocthatseidtsep rmge eyaider said first group of particular ones of said
collector means and wherein, when said particular user is at said second location,

said particular user reverse channel has a second power level so that said user

range extends to said second group of particular ones of said collector means.

72 (). The communication system of Claim 67 wherein said collector
transmitter means is a transmitter for transmitting said collector reverse channel
communications with transmission characteristics that isolate the collector reverse

channel communications from the user reverse channel communications.

73 (). The communication system of Claim 38 wherein said zone
manager means includes control means for assigning a broadcaster forward
channel and a user reverse channel for a particular user under control of said

region manager.
74 (). The communication system of Claim 38 wherein said region

manager means includes means for assigning forward channels and réverse

channels with a reuse pattern.
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Syst em nodel i ng under the—sarre asstunpt+ons—i sted above found that approxi-

mately 10% of attenpted c ' |0 the zone would fail to neet the quality
standard 5 at_full capag u m l .7 times inprove v t he
result for the COHI&TEI on !IE’ e, In summary, th(reg%ﬁ%lﬁg‘éﬁ"

I nvention provides, even considering only the sinple conparison exanple, at
| east a doubling of both capacity and quality over existing conventional
systens. O course, when nore conplex inplenentations 10 are enpl oyed the

i mprovenent is even greasey. . THeOkdnfkdarion sirem P ICIARP O \@erefiP i 388or FI G
18 The previous exan%)l e denonstrated one enbodi nent of the present

i nvention with capdBMREeramerns sarss: 3 fied Jeuss pattere and rsaid zong RABRgRer JpRaps
cellular systems. Tiacludds@uathil Imeads fof adsigRingialtRbaaEdep BHvardi dhgnnel Slderdsef the -
present invention 15 ahso afl | ows .for enbodi nent s %gfsil&egned to i ncrease
coverage. In the abBEEeEaiTera paicarAserascqrding i 5 SSUHpItem ynder
reverse channel 5condsd@blcishiad egighaminagérom t he user to the collector was made
substantially shorter than the user to base station path in conventi onal
cellular systenms. The enbodinment illustrated in FIG 18 shows that reverse
channel communi cations 176ggi Tk chiymamsation system lo€ al1imS 38 avherein said region

manager means includes dynamic control means for dynamic channel allocation

and wherein said zone manager means includes control means for assigning a
broadcaster forward channel and a user reverse channel for a particular user
5  according to said dynamic channel allocation under control of said region

manager.

77 (). The communication system of Claim 76 wherein said region
. manager means includes a history data base and wherein said dynamic control
means executes said dynamic channel allocation as a function of data from said

history data base.

78 () The communication system of Claim 77 wherein said region
manager means includes location means and means for updating said history data

base with location data from said location means.
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WO 977 15159 PCT/ US96/ 17174
be aggregated to provide hi her comrunl cation channel quality over greater
di stances, thus increasi n Hll The inner grouping of nineteen
hexagons repr ev@ywisisa set cel l ul ar syst em REAYS86MTY e

.maxi mum si ze of a cell is determ ned by the base station antenna hei ght and
br oadcast 5 power, the user height and broadcast power, and by the
anbi ent propagation environnment. The reverse channel link is weakest for

many reasons, including.lo ower out o an onmd,-.di . gai n
antenna. and the diffi %ﬂlq‘% CWH%'H?"EWP 2 { ?;'?g'vlé‘f?é‘ c&gkmée%&ﬁ
communi cati ons of mEAgerumeins iludes mobansnt sieartsi fon dethihilihiAg tieodiosstior aniet er mi ne
coverage radii are presented.in TA E 1Q nd. TA i st,
respectively, of aSPE?dd%é@é'F’F‘ﬁﬂ“FﬁS& whegEp é%‘g%‘ﬂ“": cﬁ%ﬂgm%\é@%@am erized
nmodel of Hata (Hat'@naMc, chafmmgdiatibcaddn EoOa furctio of tHer dirsctipmt andrspessisof $aid Land

Mobi | e Radi o Services | EEE Trans., VT-29, No. 3, 1980, pp. 317-325) and a
drivef routine whi PUYEF 8% nes coverage for given

80 (). The communication system of Claim 38 wherein a particular user

is one of said users and travels from a first one of said broadcaster zones to a
second one of said broadcaster zones and wherein said region manager includes
control means for assigning a first broadcaster forward channel and a first user

5  reverse channel for said particular one of said users for said first zone and for
assigning a second broadcaster forward channel and a second user reverse

channel for said particular one of said users for said second zone.
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val ues of the antenna heights and locations, broadcast powers, and
propagation 15 envi ronnent. For purpose of exanple. consider users

broadcasting in the 850 e ' mVat a height ofy base
station ant ennd"¥%hei MIIWHMI“"mmﬂmI subur ban propagat ﬁ%n enw’?onrrent
The relatively | ow base st'ationthefght can be necessary due to zoning
restrictions, for exanple. For this case, the 20 maxi mum cel | radi us

woul d be approximately 2.5 km The set of nineteen 90 WO 97/ 15159

PCT/ US96/ 17174 conventi@ingl Thekdimiricafios s SITIAMETS Wherélhd panicelidt gne Now
consi der the array ?f col | ector$Ft 19 of t?e Pre sent inventi as 1 ndi cated
in FIG 18. Let thQf @il ysetsidmollln and,imves frgm & hi ‘éﬂ%‘l?%e‘"gé”%g“ﬂ%ﬁ%‘é“& ati on
broadcast power | ewgkcod o6 \vaili btodiicitet abies afEwhereinis of 14.8 km The .

MATLAB code presented in, TABLE denonst.r s that the array of
col l ectors 19 indi cat ed3dp! F’F‘ﬁy °fz§°\¥ﬁ°ﬂ’ aE‘EPfo'P‘g%E'
5 a first collector array corresponding to said first broadcaster zone

having a plurality of first collector means for providing a
plurality of first user signals from said user reverse
channel communications of said particular user, and
a second collector array corresponding to said second broadcaster
10 zone having a plurality of second collector means for
providing a plurality of second user signals from said user
reverse channel’ communications of said particular user,
said plurality of zone manager means includes,
a first one of said zone manager means for said first broadcaster
15 zone including a first one of said aggregator means for
receiving and processing said plurality of first user signals
. to form a first aggregated signal,
a second one -of said zone manager means for said second broad-
caster zone including a second one of said aggregator
20 means for receiving and processing said plurality of
second user signals to form a second aggregated signal,
said one or more region manager means includes,
a first one of said region manager means for a region including
said first broadcaster zone and said second broadcaster
25 zone, said region manager means including,
control means for assigning a first forward channel

and a first reverse channel for said particu-
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to provide high quality coverage over that nmuch larger radius. This is due
to use of aggregation. "Aggregati on expands the effective radius of high
qual ity coverage around ﬂf" ﬂ ilizing the diversity of the
reverse user W9LBaFISECt oﬁ!l c“ﬂml HH“LI area covered byCTNEMI?F4dcast
zone in this enbodi nent of the tpréseht 10 i nvention is 571 knferr]. The
collector array of the present invention consists of relatively sinple and
| ow cost receivers and transmtters when conpared to the base stations of
conventional cellular systemcells. Thus o)V |

| ower-cost, nore flexibly-sited coll ect o}aﬁ%%%'gsfﬁ%%mﬂ%ﬁ“%&%ﬁ@

repl aces ni neteen expensive base st ati onforwassigningprsecandiforyyaed ¢chagnel andi ce t he
15 coverageagrea. Further coverage ext ' e o] =TI forward
channel 1ink i3g extended. This may be dﬁ@@&‘?@%ﬂ%@@ﬁf?’ﬂ?hﬁ?'@g@i ng the
broadcaster (or base station) antenna hehsghin sajdfseednd bvadesgienizaneant enna

hei ght is increased to 50m and the rofégéﬁﬂ@é k SodQCreased
to 600 MW but the collectors are le ;[&51586 at ﬁ#@?ﬁ%rﬁ’h‘?\é@oﬁ%%@%ﬁtional
cell radius would be 4.2 km providi ng ceaest signals,

means for controlling the handoff said particular

35 user from said first forward channel and
said first reverse channel to said second
forward channel and said second reverse
channel as a function of said first and sec-

ond aggregated signals.

82 (). The communication system of Claim 81 wherein said means for
- controlling the handoff includes means for sensing the strength of said first and
second aggregated signals and for permitting said handoff to occur when the
strength of said second aggregated signal is greater than the strength of said first

5  aggregated signal.

83 () The communication system of Claim 81 wherein said region
manager means includes location means for determining the location of said
particular user and said means for controlling the handoff includes means for
sensing the strength of said first and second aggregated signals and for

5  determining when said handoff occurs as a function of the strength of said first

and second aggregated signals and the location of said particular user.
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WO 97/ 15159

PCT/ US96/ 17174 of 883 kni eH“M nﬁm Hllm oadcast zone of the present
i nvention is 19 4 [n ra H ﬂ ” 7 knferr] vvithr}'b? Lty
conmuni cations?‘ials'ﬁ{ig].54 Wi | et he ratmo ef &rea covered under E’F%”?%odi ment
of the present invention is only 15% greater than that of conventi onal

cel lul ar systens, the econom c advantage 5 remai ns, since the collector
antenna hei ghts have renained at 33m and the base station antennas of the

cggvent i olnal syst e][n rrgsml(fp TR S&finéiricatibinsystéi iof QCI4IMS BT iwtetelt SaidGygigdd t he
addi tional costs of obtainin ivers, fultilling special sitin .
requirements, and tm&%g“‘ﬁ%%%ﬁ?ﬁﬁé'ﬁtb?”fﬂ ,"gﬁm!é‘r"%&mgsﬂmg
transmtters are pedigml ¥@shgth® d0Q fiMétivnasfdeqatiob sl taithmedtis FOL Corit@Ug the -
transmtters. 10 | n open rur, i ronnent.s, .wher ase station

ant enna hei ght rest'?’f‘%‘{fﬁ%?“’ﬁgy&ﬁgsﬂgh@\s%?‘éfﬂﬁsﬂs?g‘i"ﬁ%’é'a”?‘%w@c%ﬂpg§ 11

I nvention may bé ussasticular aserahddds frasicsaithigapestalbasel t ed only by the
absolute Iimt for radi o propagation at a given frequency. In the 850 M

band, this Iimt is the radio line-of-site (RLOS) distance due to the
curvature of the Earth &6d) t Tk cahmaxitation tsystenh of Elaien 84 wereirussid région

antennas 2min hei g, 30 heRlGRARRS hekns 3F FANRZ 2 W) olls b wien! DG

data from said location means.

86 ) The communication system of Claim 81 wherein said region
manager means includes movement means for determining the direction and
speed of said particular user and for determining when said handoff occurs as a

function of the direction and speed of said particular user.

87 (). The communication system of Claim 38 wherein a particular one
of said users is mobile and travels from a first one of said broadcaster zones to
a second one of said broadcaster zones among one or more additional broadcaster
zones of said broadcaster zones and wherein,
5 said plurality of collector arrays include,
a first collector array corresponding to said first broadcaster zone
having a plurality of first collector means for providing a
plurality of first user signals from said user reverse
channel communications of said particular user, and
10 one or more additional collector arrays corresponding to said one
or more additional broadcaster zones each having a

plurality of one or more additional collector means for
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di stance 1s approxi mat el-y—64—km—Fhe—area—eovered by this broadcaster range

Is 10740 knferr], and the of FIG 18 provides high quality
connections over that areﬁi Eill:ﬂ“ |Billantenna hei ghts of only 50m and
for a user browdeustsIpover '’y L Oy 2800 MW For ear| yPERYSAHENt of

cellular systens WD 97/ 15159
PCT/ US96/ 17174 designed to cover |arge areas, this enbodi nent of the
present invention provides an enornous advantage over conventional cellular

systers, Nonunt form oo LeCtof ik w08 2Pl FEPSREET 1,
of collectors 19, ‘and all of thdmem caid lusert eyvesselchainel eorminenications ofnfaghna
hei ght. The flexibility of the pr S et nvention is nowillustrated in
FI Gs. “19 and ég Here the col | e@?'gﬂg‘saa'l"s@r'non-um formy spaced, as shown in
FIG 19, and have varyi ng hsaidyéresor mere saddivional colfettar a2dys ifaludirgxa sqobred
col l ectors 19-1 are at 150me. cqlheqtors, 19:2,a08 A A TLcoRf freiflk&S O S
zone having a plurality of second collector means for
providing a plurality of second user signals from said user
20 reverse channel communications of said particular user,
said plurality of zone manager means includes,
a first one of said zone manager means for said first broadcaster
zone including a first one of said aggregator means for
receiving and processing said plurality of first user signals
25 to form a first aggregated signal,
one or more additional ones of said zone manager meaans for said
- one or more additional broadcaster zones-including one or
more additional ones of said aggregator means for receiv-
ing and processing said plurality of one or more additional
30 user signals to form one or more additional aggregated
signals,
said one or more additional ones of said zone manager means
including a second one of said zone manager means for
said second broadcaster zone including a second one of
35 said aggregator means for receiving and processing said
plurality of second user signals to form a second aggre-

gated signal,

said one or more region manager means includes,
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10 at 30m The broadcaster 18 is at 50m Terrain features that nmake radio
propagation difficul t i ncertain areas would require nore cl osely spaced

col lectors, far exa exanpl e, the c ion is,

for exanple. wgﬁmf an deimﬂﬂaﬂunmmllmufrl ct hei ght n?&'{’&g‘{lruﬁgations

using the tools presented in FABLE & and *TABLE 7 confi rmthat for a base

station power 15 | evel of 100 Wand a nobile power |evel of 600 nWw

aggregation of the returned user reverse channel conmmuni cations provi des

P: gh gu?l ity communi CatiOnSa]Lﬁird’tﬂﬁﬁebhia?w&ﬁﬁﬁtmdnk@rhfe@ﬂdﬁﬁstregiﬁﬂﬁcluaihgS
exibility is an inportant feature of t resent invention cau

col l ector arrd spacing may var ysafdoﬁrsh,trg)agqa?tgr ﬁ?]ﬁt?éfj one W@’?/’%&TB’@

PCT/ US96/ 17174 of practi cal reasmgeﬁﬁdnuainagmﬁgw fgénd tﬂ'ﬂa’&:aste)‘,zone

reliability, capacity, zoning restrictions ?d avail ability. TABLE 6

[err] COPYRI GHT 1995 SPECTRUM W 3 egien 'W“Rﬁ%e' ocar incfucfhf

control means for assigning a first forward channel

and a first reverse channel for said particu-
45 lar user in said first broadcaster zone and
for assigning a second forward channel and
a second reverse channel for said particular
user in said second broadcaster zone,
means for receiving said first and said one or more
50 additional aggregated signals including said
second aggregated signal,
means for controlling the handoff said particular
. user from said first forward channel and
said first reverse channel to said second
55 forward channel and said second reverse
channel as a function of said first and said
one or more additional aggregated signals

including said second aggregated signal.
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5 function | oss

= hata(dLst hbase, hmob, freq, city) % | oss =

hat a( di st, hbasehnob, freq, Clt % hata i npl enents the Hata fornul ati on

of the Okunura model for Lllmn/ﬂllllllmj“‘ﬂﬁ'w on path | oss. The nodel

assumes quasi -woeasisst err ai

tended for thePQIAISPEIRTAg r ange

of input parameters: % di'st® Baseé- nobi | e separation (km lto
20 % hbase base station antenna (n 30 to 200 15 % hmob
nobi |l e antenna (m | to 10 % freq transm't frequency (Miz)

150 to 1500 %

city Ssifi

| C
L' or 'I' large city @)8 0 The commtXucauon system o ?tdlen Sg rwhe:r;ﬁm %T"Fanﬁé?ﬁ um city

20 %
O or 'o

controlling the handoff Gicludés mé&dns Sorisensingthéd/strength of said first and

open arg

d b he,path_L
Set up path |oss. (RRre 1o o aeeet g ] " Gusle i 8o

26.16*1 ogl0(freq)
5

aggréged Afghad ditbt dwioRg e3id one. ar more additional aggregated signals and
for permitting said handoff to occur when the strength of said second aggregated

signal is greater than the strength of said first aggregated signal.

89 () The communication system of Claim 87 wherein said region
manager means includes location means for determining the location of said
particular user and said means for controlling the handoff includes means for
sensing the strength of said first and said one or more additional aggregated
signals and for selecting said second aggregated signal from among said one or
more additional aggregated signals and for determining when said handoff occurs
as a function of the strength of said first and second aggregated signals and the

location of said particular user.

90 () The communication systemm of Claim 87 wherein said region
manager means includes location means for determining the location of said
particular user and said means for controlling the handoff includes means for
signaling.panicular ones of said zone n{anager means to be active to sense
reverse channel communications from said particular user based upon the

proximity of said user to said particular zone managers.
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(44.9 - 6.55*1 0g10( hbase) )*loglO(dist); %  Now do corrections for city

classification 30 % St andard nobil e antenna adjustnent is for

smal | - medi um cijo ain = 0.7)*hnob - pdyobech?gd0(freq)
+ 0.8: citytype = upg%r(m tU“lII} Illmlmlmgnb : F '

PCT/ US96/ 17174 if (citytype == L") %f®( freq <= 1200) nobgain =

8.29*(1 0g10(1. 54*hnmob))"2 - 1.1, elself ( freq > 400 ) 5
mobgai n = 3. 2*(1 0g10(11. 75*hnob) )2 - 4.97; end; @6 Here are out-of-city
adj ustments el seif ( ci%yQye-omnibnicition system of Claim 90 wherein said region

manager means includes a history data base for storing location data representing
signal strengths as a function of location and said means for controlling the
handoff determines when said handoff occurs as a function of the location of said

5  particular user and data from said history data base.

92 ) The communication system of Claim 87 wherein said region
manager means includes means for updating said history data base with location

data from said location means.

93 () The communication system of Claim 8! wherein said region
manager means includes movement means for detennining the direction and
speed of said particular user and for determining when said hand off occurs as

a function of the direction and speed of said particular user.
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10 [oss = loss - 2.*(1ogl0O(freq/28))"2 - 5.4; elseif ( citytype = =
'O ) loss = 1loss - 4. 78*(IoglO(freq))A2 + 18.33*1 0g10(freq) - 40.94;

elseif ( citytype - = ecogni zed" 15 end; loss =
| oss - npbgai WO WABISE 7 [er l % SPECTRUM W RECE®SI6/I7TNE. 20
function cover19( Mobi | ePower NUblHekwlght | 1 ect or Hei ght, . ..

BasePower BaseHei ght, G tyType) % function

coverit (Mobi | ePower Mobi | eHei ght, Col | ect or Hei ght, %

BasePower , BaseHei ght, G tare the |ist
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means for said particular one of said users broadcasting particular user reverse
5  channel communications and wherein, '
at said first location, said particular user reverse channel communications
are received by a first group of particular ones of said collector
means and wherein each collector means of said first group of
particular ones of said collector means forwards to said aggregator

10 means first particular collector reverse channel communications
corresponding to said particular user reverse channel communica-
tions; |

at said second location, said particular user reverse channel communica-
. tions are received by a second group of particular ones of said

15 collector means and wherein each collector means of said second
group of particular ones of said collector means forwards to said
aggregator means second particular collector reverse channel
communications corresponding to said particular user reverse
channel communications; _

20 said aggregatbr means receives said first and second particular collector
reverse channel communications and includes aggregator process-
ing means for processing said first and second particular collector
reverse channel communications to form said aggregator reverse

channel communications as a representation of said user reverse

25 channel communications.
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% fl oor, acceptable signal-to-noise ratios, and the nunber of 30 %
trials. A nunber of trialsat randomiy distributed points over the %

(16 0 | Golhed’? P° |Iﬂ[|ﬂﬂﬂj|ﬂﬁt|[|||$ﬂ 1511 [ 5.2 1. gfcSiny

97/ 15159 - PCT/ US96/ 17174 [
1.6 0.9]; [ 1.6 0.9 |; .[3200] [ 0.0 0.0]; [ 3.2 0.0];... [-1.6
0.9 ]; [16-9] . [-3.2-1.9]7 [ 0.0-1.9]; [ 3.2-1.8];... 5

[-1.6 -2.7]; [ 1.6 - 2. 7]95 0. : Tt chﬂuméhan $ystem of Claim 94 wherein said one or more

of said collector means is common to said first group and said second group.

96 (). The communication system of Claim 94 wherein said user
transmitter means for said particular one of said users broadcast in a user zone
that is substantially smaller than said one of said broadcaster zones and that
moves when said particular user moves from said first location to said second

5  location and wherein, at said first location, said first group of particular ones of
said collector means are located within said user zone and wherein, at said
second location, said second group of particular ones of said collector means are

Jocated within said user zone.

97 (). The communication system of Claim 94 wherein said broadcaster

transmitter is controllable for varying the transmission power for each of said

- broadcaster forward channels whereby the transmission power and broadcaster
range for each broadcaster forward channel is individually controllable, wherein

5  when said particular user is at said first location a particular broadcaster forward
channel has a first power level so that said broadcaster range extends to said first
location and wherein when said particular user is at said second location said
particular ‘broadcaster forward channel has a second power level so that said

broadcaster range extends to said second location.

—_—

This Sheet Has Bee

T m?iu

13t




]; Tocation = Location/4.619; 10 Noi seFl oor = -125.; Level 3 = 20.;

= 14.: Levell =

Noi seFl oor + Level 2 AbsLevl

12. 15 Apbstev3 = Noi seFl oor + Level 3; AbsLev2 =
evel 1; Loss3 = Mobil ePower -

Level 2

AbsLev3 Los s 2We e5e ePovver ”“m ﬂﬁmmmum Loss1l = Mobi | BEEUEA6NNT/bsLev] ;
% coweragetradlus ffr om base station power and

hei ght 25 %BaseLoss = BasePower - ( Noi seFloor + Level3); R = 1.

Ntrial = 100000;

98 (. 'rh'e' communication system of Claim 94 wherein said user
transmitter for said particular user is controllable for varying transmission power
of a particular user reverse channel for said particular user whereby the user
range for said particular user is controllable and wherein, when said particular
user is at said first location, said particular user reverse channel has a first power
level so that said user range extends to said first group of particular ones of said
collector means and wherein, when said particular user is at said second location,
said partidular user reverse channel has a second power level so that said user

range extends to said second group of particular ones of said collector means.

99 (). The communication system of Claim 94 wherein said collector
forwarding means is a transmitter for transmitting said collector reverse channel
communications with transmission characteristics that isolate the collector reverse

channel communications from the user reverse channel communications.
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Loss = hat a(R BaseHei ght—Pv‘me—I—erHerght—Sﬁe—CrtyType) If ( Loss > BaselLoss )
30 ['Loss =" l!iL) MI too big'] break; end for iii =
1:500 if ( Loss, < aseLos m R = R*1.01,

hat a( RBaseHei gh‘m\ﬁ%ﬂ’? eHel qu end end; Baslepﬁglglsﬁsém—“l? 40

Locati on = Locati on*BaseRadi us WO 97/ 15159
PCT/ US96/ 17174

100 (). A communication system for communicating between a
network and a region with a plurality of network forward channel communi-
cations from the network and with a plurality of corresponding network reverse .
channel communications to the network, said system including,
5 region manager means for controlling communications within said region, T
a plurality of zone manager means for managing communications in a
plurality of broadcaster zones, respectively, each zone manager
means including for a corresponding broadcaster zone,
broadcaster means receiving said network forward channel
10 communications from the region manager and
having a broadcaster transmitter for broadcasting
corresponding forward channel communications
using broadbaﬁd broadcaster signals to form a
plurality of broadcaster forward channels in said
15 corresponding broadcaster zone,
aggregator means for receiving corresponding reverse
channel communications for said corresponding
broadcaster zone and forwarding the received
corresponding reverse channel communications as
20 : aggregator reverse channel communications to the
region manager to form said network reverse
channel communications, .
for each broadcaster zone, a plurality of users, wherein
particular ones of said users are mobile and travel from one of
25 said broadcaster zones to another one of said broadcaster

zones,
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% Set the distance break points R=1.; 5 Loss =

hat a( R, Col | ect or Hei ght , Mobi | eHei ght, 850, G tyType) ;
[' Loss = , nunRstr(Loss), |mii i ) eak; end 10 for iii = 1:500 if (
Loss < Loss3) w2115, 01 l!llm “HI“ | “l PCT/US96/17174

hat a( R, Col | ect or Hei ght , Mo
iii = 1:500 if ( Loss < Loss2) R = R*1.01;

30

35

45

50

Il eHet gt , 850CityType); end 15 end; R3

each of said users includes user receiver means for receiving a

different forward channel from said broadcaster means and
including user transmitter means for broadcasting user
reverse channel communications in a differem user reverse

channel.

said plurality of users providing a plurality of different user

reverse channels collectively as a broadband composite

signal,

a plurality of collector arrays, one for each of said broadcaster zones,

Thls Sheet Has Been

I

each of said collector arrays including for said corresponding

broadcaster zone,

—_—

i

a plurality of collector means distributed over said corre-
sponding broadcaster zone at spaced-apart loca-
tions,
each of said collector means including broadband
collector receiver means for receiving said
broadband composite signal with reverse
channel communications from ones of said
plurality of users, and

each of said collector means including collector
forwarding means for forwarding, to said
aggregator means, said user reverse channel
communications from said ones of said
plurality of users as collector reverse chan-
nel communications where said collector

reverse channel communications are said

L eR

if ( Loss > Loss3 )

R for




20

Loss =_hata(R CDIIeCranbLght

, Mobi | eHei ght, 850, CityType); end end; R2 = Rfor iii = 1:500 25

( Loss < Lossl
hat a( R, Col | ect

Get the random points r

agdeiet, vod ML 4R

2.*pi *rand(1, Ntrlal) X = r.*cos(theta); vy =r. *sin(theta); %

di st ances

corresponding reverse channel communi-

cations received by said aggregator means.

101 Q. The communication system of Claim 100 wherein said

collector means are located with non-uniform spacing.

102 (). The communication system of Claim 100 wherein said

collector means are located with different heights.

103 . The communication system of Claim 100 wherein said
users in a particular one of said broadcaster zones are located more densely in
a first area and less densely in a second area and wherein a greater number of

said collector means are located within said first area than in said second area.

104 (). The communication system of Claim 100 wherein said
region manager means includes means for dynamically assigning forward

channels and reverse channels.

105 (). The communication system of Claim 100 wherein said
region manager means includes means for assigning forward channels and reverse

channels with a reuse pattern.
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40 % 97 WO 97/ 15159

PCT/ US96/ 17174 Di st ance‘—zepes(—Ne—Nt—r—l-aH— for

=((x-Location(ii -Location(ii, 2).7(0.5); 5 end
Get nunber of %Wﬁ@ors m “uﬂﬂ & lleros(Nc Ntr| al): REFUSISTBUNL |
find(Di stance< =R1l); Fla 1,l ength(Countl)); Count2 =
find(D stance< =R2); Fl ag( Count T *ones( 1, | engt h(Count 2));

106 (. A communication system having a plurality of forward

”;"|mmmw

channel communications and a plurality of corresponding reverse channel
communications comprising,
for zone manager means,
5 broadcasting, with a broadcaster means having a broadcaster
transmitter, said plurality of forward channel communica-
tions using broadband broadcaster signals to form a
plurality of broadcaster forward channels in a broadcaster
zone,
10 receiving, with aggregator means. said plurality of corresponding
reverse channel communications;
for a plurality of users in said broadcaster zone,
for each of said users,
. receiving, with user receiver means, a different forward
15 channel from said broadcaster means, and
broadcasting, with user transmitter means, user reverse channel
communications in a different user reverse channel,
said broadcasting for a plurality of users providing a plurality of
different user reverse channels collectively as a broadband
20 composite signal,
for each of a plurality of collector means distributed over said broadcaster
zone at spaced-apart locations,
receiving, with broadband collector receiver means, said broad-
band composite signal with reverse channel commu-
25 nications from ones of said plurality of users, and

forWaMing to said aggregator means. with collector forwarding
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Count 3 = find(Di stance < =R3); " Flag(Count 3) =
3. *ones(l lengt h( Count 3)

Flag); %' For nmobile radius =
", nunkstr (RM ] _ Coverage @ il) for ii = 0:Nc 20
Ooverage(l|+1)“""‘“"1"e"?‘?§th(ff@l@1 veme =' )/Ntrlal end; ColEVURpenT4 .
axi s(BaseRadi us*[-1.0, 1.0, -1.0, 1.0]) hol d on; Doit =
find(Covered= =0); plot(x (Doit) ,y(Do ) W'); Doit = find(Covered==1);
plot(x(Doit),y(Doit), "y."); 30 Doit = find(Covered==2);

30

means, said user reverse channel communications from
said ones of said plurality of users as collector reverse
channel communications whereby said collector reverse
channel communications are said corresponding reverse
channel communications received by said aggregator

means.

107 ). The communication system of Claim 106 wherein ones of
said user transmitter means broadcast in user zones that are substantially smaller
than said broadcaster zone and wherein a plurality of said collector means are

located within said user zones.

108 (). The communication system of Claim 106 further including
varying the transmission power for each of said broadcaster forward channels
whereby the transmission power and broadcaster range for each broadcaster

forward channel is individually controllable.

109 (). The communication system of Claim 106 further including
varying the transmission power of said user reverse channels whereby the user
range for each user is controllable for reaching a plurality of said collector

means.

110 Q. The communication system of Claim 106 further includes
measuring, in each of said collector means, parameters of said broadcaster

signals.
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pl ot (X(Doi t), y(Doit), g.'); Doit = find(Covered> =3);
pl ot (x(Doit),y(Doit), m‘")—“x ex = BaseRadius*[ 0.0 -0.866 -0.866 0.0 0.866

0.866 0.0]; 35 yhex i) 0.500 -0.500 -1.0 -0.500 0.500
1.0]; plot (XhE‘XQY'MﬁXs’ W])‘ﬁ’mgm !m“ “m pl ot (Locati on(ii , PCTUS96/17174

1), Location(ii WX send WO 97/ 15159
PCT/ US96/ 17174 V\hl | e the i nventi on has been particularly shown and
described with reference to preferred enbodi nents thereof it will be

under st ood by those ski din the art that vari oys.cha rm and
details may )l;e made th He n Wit rﬁﬁfommunnca?ion systein éi’ Claim R)%funher mc? des

measuring, in each of said collector means, parameters of said composite signal

- to provide user parameters.

This Sheet Has Been R

T

K3




departing—fromtfe spirit and scope of the invention. CLAI M5 1. A
communi cation system having a plurality of forward channel conmunications
and a plurality of correspondi ng reverse channel comuni cations conpri sing,
5 ZQpeomeizager neans [20] including, broadcast eSS4 1™6] havi ng
a broadcaster transmtter [11>25- B] for broadcasting said plurality of
forward channel comruni cations using broadband broadcaster signals to form
a plurality of broadcaster forward channels, 10 aggr egat or
means [17] for receiving said plurality of correspondi ng reverse channel

communi cations. a plurality of users/{48], each of said users [18]
i ncl udi ng user receiver neans [8>28-6,26-
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U for receiving a different forward channel from said 15

broadcaster neans [16] and including user transmtter nmeans [8>26-U, 29- U]
for broadcasting user reverse channel comunications in a different user
reverse chan- WePMSE%| urality of collector nmeans [19] forPEERREMIIHy
reverse channel comu- 20 ni cations fromsaid users [18]
and forwardi ng reverse channel comunications to said aggregator neans
[17], the inprovenment characterized by: said broadcaster neans [ 16]
broadcasting said plurality of broadcaster forward channels in a
broadcaster zone [4>BR- 1], 25 said plurality of users [18],

| ocated in said broadcaster zone [4>BR-1], for providing a plurality of
different user reverse channels col | &#Tvely as a broadband conposite
signal, said plurality of collector neans [19] distributed over said

broadcaster zone [4>BR-1] at qpateﬁﬁﬂ?ﬁﬁﬁﬁﬁﬁi?fF?nS [4>C (1:01), ...
C(1:16)]
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so that each of said plurality of collector nmeans [19] is active to receive
sai d conposite signal over at |least a portion of said broadcaster zone
[4>BR-1] and so that user reverse channels for ones [4>U(1:2 ), U(1l:1)] of
said pluralitywePmgE® s [18] are 5 recei veBCHYSHHRI 4>C
(21:13), ..., C(1:15)/C (1:15), C(1:16)] or nore of said collector neans
[19], each of said collector nmeans [19] including broadband coll ector

recei ver neans [9>26-C, 27-C, 28-C] for receiving said broadband conposite
signal with 10 reverse channel conmmuni cations
fromsaid ones [4>U(1:2),U(1:1)] of sxmmd plurality of users [18], and each.
of said collector neans [19] including collectorfor- wardi ng neans

[ 9>26-C, 27-C,29-C] for forward- 15 ing, to

sai d dggregator nmeans [17], saild ussPECEIO0]DEL
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verse channel comunications fromsaid ones [4>U(1:2),U(1l:1)] of said
plurality of users [18] as collector reverse channel conmunications; said
aggregator nmeans [17] for receiving said collector reverse channel 20
conmmuni cat i onsW@PW#Bai d col | ector nmeans [19] to provide sEFHUS2@MBWspondi ng
reverse channel comuni cations for each of said ones [4>U(1:1),U(1:2)] of
said plurality of users [18] as a conbi- nation of the collector reverse
channel communications fromsaid two or nore collector nmeans [19]. 25 92

2. The conmuni cation systemof C aim1l wherein ones of said user
transmtter nmeans [8>26-U, 29- U] broadcq@{7in user zones [2>UR(2)] that are
substantially smaller than said broadcaSter zone [4>BR-1] and wherein a

plurality
| SPECTIOOIDEL |

REGIDN
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ACCr\UC T :u) BR(1)
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of —sard—Tuottect or Teans [4>C (1:13), ... C(1:15)] are located within said
user 5 zones. 3. The communi cation systemof Caim1 wherein said
broadcaster transmitter [11>25-B] is controllable for va %

transm ssi on woasishor each of said broadcaster forward nne S whereby
the transm ssion power and 10 broadcaster range for each broadcaster
forward channel is individually controlla- ble. 4. The comruni cati on
system of Claim | wherein said user transmtter [8>29-U] for each user
[18] is controllable for varying the transm ssion 15 power of said user
reverse channel s whereby the user range for each user [18] is controllable

for reaching a plurality of said col Igaqyor neans [19]. 5. The
comuni cation systemof Caim | mherein each of said collector neans [19]
i ncl udes neasurenent neans [ 9>27- 20 paranmeters of said

br oadcast er—signals— 6 The,,onnﬁHEE§100wDEwstdnmof Jaim 1 wherein
each of sgid collector neans [19] includes neasurenent neans [9>27-( f
measuri ng {paranmeters of said conp05|te S|gnal to pr¢vi de] uger parfﬁgter

(-201 7(\ | .

ﬁgsgsza 16-1 C(1:03) Cl1:;04)
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257T. Thé communi cation systemof Caim1l wherein each said collector
means [19] includes a digital signal processor [9>52,53]for processing
paranmeters of said signals. 93 8. The conmuni cation system of Caim]l
wherei n sai d wol¥/sessor f orwardi ng means [9>26-C, 27- C, 29- $/11d4Us
collector transmtter means [9>26-C, 29-C] for transmtting said collector
reverse channel communications with transm ssion characteristics that

i solate the coll ector reverse channel 5 conmunications fromthe user
reverse channel conmmuni cations. 9. The conmuni cation systemof C aim8
wherein said collector transmtter neans [9>26-C, 29-C] includes a w de-band
transmtter and a narrow beamni dth, he/gh-gain antenna. 10
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10. The comuni cation systemof Claim8 wherein said collector
transmtter nmeans [9>26-C, 29-C] includes a horizontally polarized
transmtter antenna for horizontally polarizing the collector reverse
channel comuwio®aisisns and wherein said user transmitter REHEPE17174
[ 8>26- U, 29-U] for each of said plurality 15 of users [18] includes a
vertically polarized user transmtter antenna [8>29-U] for vertically
pol ari zi ng the user reverse channel conmunications to isolate the user
reverse channel conmunications fromthe collector reverse channel
communi ca- tions. 20 11. Thg ﬁpnnunication systemof Claim8
wherein said collector transmtter neaﬁs [ 9>26- C, 29-C] includes a w de-band
transmitter and a horizontally-polarized, narrow beamm dt h, hi gh-gain
transwmitter antenna for horizontal SPEPPiEDiBPEWNg tlhe coll ector reverse
channel comuni cations and wherein said user transmtter neans
[ 8>26-U, 29-U] for each of said plurality of users [18] 25 I ncl udes a
vertitallly poIﬁ;L;ed-useL_ILansniLLex.anLenna.LSzZQ;UL.an_MeLli al |y
u

pol ari zing the r@gfise phan co nieations po_iysa| ate thel user
reverse channe| c ' ' ggﬂo#?gc' w
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S
127 Thé conmuni cat1 on system of C aim 8 wherein Said user reverse channel
communi cations are within a user operating spectrum[12>Ul, U2, U3] having

i sol ati on bands between user reverse channel conmunications and said

col l ector tramem¥mssy neans [ 9>26-C, 29-C| includes a trand SV E,
transmtting 5 said collector reverse channel comunications with
collector signals in said isolation bands. 13. The comruni cation system
of Claim8 wherein said user reverse channel comunications are within a
user operating spectrumand said collector 10 transmtter means

[9>26-C, 29-C] includes a transmtter for transmtting said collector
reverse channel conmunications with cd/fector signals shifted to a

col | ector operating spectrumdistinct from said user operating spectrum

14. - The conmuni cation systemof C aim 13 wherein said collector 15
transmtter—means [9226-C 29-C] |i ncl SPECTA00aDALOg [shifter for shifting the

user oper atfi P_q_s_pg:tLum_t& said collector_operating spectrum and an analiog
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transmtter tor transmtting collector signals in the collector operating
spectrum 15. The comruni cation systemof Caim 13 wherein said collector
20 transmtter nmeans [9>26 C,29-C] includes a digital shifter for
shifting the weemsgerating spectrumto said coll ector opBFHPF3bect rum
and a digital collector transmtter for transmtting collector signals in

the coll ector operating spectrum 16. The comruni cation systemof Caim8
wherein said collector 25 transmtter neans [9>26-C,29-C] is a
spread-spectrumtransmtter transmtting over a.-transmtter spectrum and
said user transmtter neans [8>26-U, 2? QJJ for each of said plurality of
users [18] has a user spectrum t hat / portion of said transmtter
spectrum 95 The conmmuni cation system of C aim8 wherein said

col l ector transmtter means [ 972625 tre- di vision nmultiple
access tra'rT':Tm‘rT'E‘r—a‘er—sa'rd—trsg TF%'?E‘P QﬂﬁEﬁ; L—[-ev-ZG—U,—?Q--U]—f—ef—e-qlch
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[18] 1S a tinme-division nultiple access transnmtter. 5 18. The

comuni cation systemof Claim1 wherein said forward channel communi cations
and said reverse channel conmuni cations enploy nultiple access neans. 10
19.  The conworsmeutsd on system of C ai m 18 wherein sai d nBFFVPP@3tcess

means i s code division nultiple access neans. 20. The conmuni cati on
systemof Claim 18 wherein said nultiple access neans i s space-diVvision
mul ti pl e access neans. 15 21. The conmuni cati on system of C aim 18
wherein said nultiple access neans is frequency-division nultiple access
means. 22. The conmmuni cation system1of47Cl ai m 18 wherein said nultiple 20
access nmeans is time-division mutEgEETIRREBELEaRS. 96 AMENDED SHEET
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23. The conmuni cation systemof Caim1 wherein particular user reverse
channel communi cati ons broadcast froma particular user transmtter neans
[8>26-U, 29-U are received by particular ones of said col|ector means [19]
and wherein swodmpsisx i cul ar ones of said collector neans PEUYSARH f or war ds
5 particul ar collector reverse channel comunications corresponding to
sai d user reverse channel communications to said aggregator neans [17] and
wherein said aggregator neans [17] includes aggregator processing neans
[10>27A-1,..., N for processing said particular collector reverse channel
connunlcatlons fromsaid partlcular onﬁa of said collector means [19] to
form said aggregator reverse ] eafRthAt-gati ons as a

represe ' ' =vers%PEG§Eﬂ@Fd€ nmufrcatTors—24: +he

comuni ¢ati on system of 3 wherein s gat or processi ng neaps
[ 10>27A41, .. N| |nclude§ﬂﬁbgkg§itor digitalggﬂgaggggrocessor means|f or
provi di ng sai d aggt@igat or reverse channelgiggnuni cati ons mhereln t he
uncoded bitE@&mqD- H2r said aggregeipr\! H3e channel communicati ofs
IS CASTER H3 AGGREGATOR
Bl Al
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\/\L\/
AV |
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- |
g Cl
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c2 &
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A\
USER
ul il
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entrarmced—over the uncoded bit error rate for said user reverse channel
communi ca- tions received at said particular ones of said collector neans
[19]. 20 25. The comuni cati on system of C ai (é S g/mg ein said
aggregat or pwesemsisng neans [ 10>27A-1,..., N includes agggr Z"a?or di gital

si gnal processor neans for processing said particular collector reverse
channel communi cations fromsaid particul ar ones of said collector neans
[19] to form said aggregator reverse channel comrunications as a
representation of said user reverse channel 25 comuni cations. 97 26.
The conmmuni cation system of C aim25 wherein said aggregator digital signal
processor neans includes, a digital %ﬂ al processor, synchronizing code

execut abl e by said digital signal pro sor for_5
synchroni zin i rticular_ ¢ol | sEepT I0BMOEEEe channel conmuni -
- ZDONE
MANAGER gRr(1:2)
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cations fromsaid particular ones of said collector nmeans [19], |ocating
means for processing reverse channel conmunications for a particul ar user
[18] froma plurality of collector neans [19] for determi ning the | ocation
of said parti cWoR9er. 10 27.  The communi cati on syst enPEFUSIATIH 23
wherein said aggregator processing neans [10>27A-1,...,N includes

sel ection neans for selecting one of said particular collector reverse
channel conmmunications fromsaid particular ones of said collector neans
[19] to form said aggregator reverse channel comruni ca- 15 tions as a

representation of said user reverse channel conmunications. 98 28. The
communi cation systemof C aim 27 wherein said selection neans includes, a
di gital signal processor, 13/17
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syfehronizrng ctode execut able by said digital signal processor for 5
synchroni zing said particular collector reverse channel conmuni- cations
fromsaid particular ones of said collector nmeans [19]; neasurenent code
execut abl e bywoeat/tkhish gi tal signal processor for neasur- i ﬁﬁr’g%?ﬂd“ﬁ‘art i cul ar
col l ector reverse channel comunications fromsaid particular ones of said
collector neans [19] to provide 10 nmeasur ed
characteristics, selecting code executable by said digital signal processor
for selecting one of said particular collector reverse channel

comuni cations fromsaid particular ones of said collector neans [19] based

upon sai d neasured characteristics. 15 29. The comruni cati on system of
Claim 23 wherein said aggregator procaggyng neans [10>27A-1,...,N includes
conbi.ni ng neans for conbi ni ng ' ' ector reverse channel
comuni caH ' e ul ar>Ftdd 09 DEL; ¢ 0
form sai d| aggregat or reverse channel comrunications 20 as a
represent gti on of said user reverse channel conmunicati ons.
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processor
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bi ned signals. 15 100 31. The conmmuni cation systemof Claiml wherein
a particular one of said users [18] is nobile and travels froma first

| ocation in said broadcaster zone [4>BR1] to a second location in said
broadcaster zoW®YAABR1], said transmtter neans for sai d PETUSBATIA4 one of
said users [18] broadcasting particular user 5 reverse channel

comuni cations and wherein, at said first location, said particular user
reverse channel comrunications are received by a first group of particul ar
ones of said collector nmeans [19] and wherein each collector neans [19] of
said first group of particular ones of said collector neans [19] forwards
to 10 said aggregator nd8fd [17] first particular collector

reverse qirerrel—eorruaications fcor r gPEETJi00d pEp saild particul ar user

FIG.18




r everse channel conmnuni cations; at said second |ocation, said particul ar
user reverse channel comrunica- tions are received by a second group of
particul ar ones of said 15 - col | ector neans(%%%% ,ﬁ wherein
each coll ectogotmsrs® [ 19] of said second group of particuﬁ ﬂ§@ of said
coll ector neans [19] forwards to said aggregator nmeans [17] second
“particular collector reverse channel comruni cations corresponding to said
particul ar user reverse channel comrunications; 20 sai d aggregat or
means [17] receives said first and second particul ar collector reverse
channel conmuni cations and i ncl udes agg;egator processi ng nmeans

|

[10>27A-1,...,N] for processing said? st and second particular collector
reverse _channel conmmunicationb to SrEaw BE0 DELYYr €gat or _reverse channel
communi ¢ations_as_a 25 representation of said user reverse
channel |c cqtLons. : The conmuni cation system of C aim 31 wherjein
said on¢ Ppr eloff said ol [ gctor neagg\[lQ] is common to said first gfroup
and sai ¢ second group. 101
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33. The communi cation system of Claim 31 wherein said user transmtter
neans [8>26-U,29-Ul for said particular:one.of said users [181 broadcasts
in a user zone that is substantially smaller ‘than said broadcaster zone
[4>BR1] and that npves when said particular user noves fromsaid first

| ocation 5 to said second | ocation and wherei.n, at said first |ocation,
said first group of particular ones of said coll ector nmeans [19] are

| ocated within said user zone and wherein, at said second |ocation, said
second group of particular ones of said collector neans [19] are |ocated
wi thi.n said user zone.Theé@ublication entitl@UCDMA TRANSVESFIODNEPEDA s MRTHOD
Clai m 31 wherein said broadcaster transmtter is controllable for varying
t he transm ssi on ANDRAPPARATES, WO 9442604, describess telhuldray stem dviehedn el s
whereby the transm ssion power and broadcaster range for each broadcaster

forward channel ignisifisité ﬂya{elden@ﬁ@ﬁpmrémiabﬁmxmén(@uw%nwsﬁep%hcu' ar

user [18] is at said first location a particul ar broadcaster forward
channet has a 11 15t PRNHhibdy 5h mﬁ&n;@aw,ﬁgg&%ﬁ&%&%ce{v%p%cﬁﬁf%‘és to
5 directionally configured and which are co-located to limit propagation of signals

to the cell. Tr_ansmissions originating ﬁm the master site are forwarded to each
.micro-cell and are broadcast in each micro-cell by the micro-cell transmitter as

forward channel communications to mobile users in the micro-cell. In each micro-

~ cell, the mobile users receive the forwérd channel communications from the

10 micro-cell transmitter and broadcast uSer reverse channel communications in
different user reverse channefs to the micro-cell receiver. The reverse cﬁémel
communications received by the micro-cell receivers in each of the diffefent
micro-cells are forwarded to the mastef site. In a combining mode embodiment,

the reverse channel communications from plural micro-cell receivers are

15 combined.

20
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said first location and wherein when said particular user [181 is at said
second | ocation said particul ar broadcaster forward channel has a second
power |evel so that said broadcaster range extends to said second |ocation.
35. The, ﬁmmnml"]m jtem of Claim 31 wherein said user transmitter
for said.p Iﬁ controll able for varying transm ssion power of
a particul_aF uSert rdvefse*channel for said particular user whereby the user
range for said particular user [18] is controllable and wherein, when said
particul ar user 5 [18] is at said first |ocation, said particular user
reverse channel has a first power |evel C3QAIM®t said user range extends to
said first group of particular ones of said collector neans [19] and
wherein, when said pajticu ks | [ . [ aid
particul ar user reverg'e ché%logﬁﬁg%ahéﬁg%%ﬁ%ﬁ%&%‘?@@%gg%% atc%s i< user
range extends t oco@hdnieativasnahdp mumlityfof pardspanding revsreeschafinet esrmimanikdtizag or

nmeans 10 [19]. 36... The conmunication systemof C aim 31 wherein said
col | ect or - comprising,
' 5 zone manager means [20] including,

broadcaster means [16] having a broadcaster transmitter {11>25-
B] for broadcasting said plurality of forward c_hannel
communications using broadband broadcaster signals to
form a plurality ‘of broadcaster forward channels,
10 aggregator means {17] for receiving said plurality of corresponding
reverse channel communications.
a plurality of users [18],
each of said users {18] including user receiver means [8>28-U,26-
U] for receiving a different forward channel from said
15 broadcaster means [16] and including ﬁser transmitter
| " means [8>26-U29-U] for broadcasting user reverse
channel communications in a different user reverse chan-
nel, _ |
a plurality of collector means [19] for receiving reverse channel commu-
20 . : nications from said users [18] and forwarding reverse channel
communications to said aggregator means [17], |
the improvement characterized by:
said broadcaster rnea_xis [16] broadcasting said plurality cf broadcaster’
 forward channels in a broadcaster zone [4>BR-1},
25 said plurality of users [18), located in said broadcaster zone [4>BR-1], for
' providing a plurality of diﬁ'erent user feverée channels collectively
"as & broadband composite signal, | |
said plurality of collector means (19] distributed over said broadcaster
zone [4>BR-1] at spaced-apart locations {4>C (1:01), ..., C(1:16)]
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transmtter nmeans [9>26-C,29-C] is a transnmtter for transnmtting said
coI | ec -comuni cations with transm ssion characteristics
at | solate the 15  collector reverse channel conmunications from the
User \ﬁ“llal lmumm“! g‘t’uni cations. 37. The comuni cation system of
Claim1l n manager mneans [21] for comrunicating between a
net wor k [10] and a region [11] with a 20 plurality of network [10]
forward channel comunications fromthe network [10] to said broadcaster
nmeans [16] and with a plurality of corresponding network [10] reverse
channel communi cati ons t o g} kbt BRHVEFsKid[phithlidy! dTPoRedtsk ﬁ%qmtlgwqgs [17].
25 38 . The communication systemof Caiml f communi cat i ng
bet ween a network [ 10] andﬂCSWG s9id pompositecfignat onex At éﬁapﬂ %lrmmqryof)isaxdet wor k

[ 10] forward channel co I .
plurality of corre- spondi ng ?#gtei)%rke @9@}‘ ﬂga\:}gr%é\(gﬁ)ac fne '}e ¥0 %ﬁﬁ?ﬁtlsc@fi ons to
the network [10], said sysheén(4>Ugldj nQI(1A9Bof said plurality of users [18] are

5 , -recei.ved by two [4>C (1:13), ..., C(1:15)/C (1:15), C(1:16)] or

more of said collector means [19],

each of said collector means [19} including broadband
collector receiver means [9>26-C,27-C,28-C} for
receiving said broadband composite signal with
10. - reverse channel communications from said ones
| [4>U(1:2),U(1:1)] of said plurality of users [18],
and
each of said collector méa_ns [19] including collectorfor-
warding means [9>26-C,27-C,29-C] for forward-
15 ing, to said aggregator means [17], said user re-
verse channel communications from said ones
[4>U(1:2),U(1:1)] of said plurality of users [18] as
collector reverse channel communications; |
said aggregator means [17] for receiving said collector reverse channel
20 ' communications from said collector means [19] to provide said
conésponding reverse channel éommunicaﬁons for each of said
ones [4>U(1:1),U(1:2)] of said plui'ality of users [18] as a combi-
nation of the colléctér reverse channel communications from said
two or more collector means [19]. |

25
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one or nore region manager means [21], one for each of said regions, for
controlling co ' ' tthin a corresponding region [11]; and for each

particul ar ' al'ity of zone manager neans [20] for managi ng
communi catlmmmmﬂ) Bwty of broadcaster zones 5

[ 15>BR(1: -)* e ) m TS ctively;, each zone manager neans [20] including,
for a correspondi ng broadcaster zone, -broadcaster neans [16] and aggregator
means [17]; for each broadcaster zone, a plurality of users [18]; and a
plurality of collector arrays, one for each of said broadcaster zones 10
[15>BR(1: -), BR(2: -) ], 2eachThé cémniéfionggéteh ofOlaME1 Wherkin dikk BHiaidudepr sai d
correspondi ng broadcaster zone, a plurality of collector neans [19]

di stributed over transmitteomeansplSnaé-H2 D herageast in wisnzopes FyNEREAI dbatrare

L2 LORS mnagemnpil s e BTUOE B2 o1 e Py ©

br oadcast er f or waf shid collector means [4>C (1:13), ..., C(1:15)] are located within said user

5  zones.

3. Theé communication system of Claim | wherein said broadcaster
transmitter {11>25-B] is controilable for varying the transmission power for each
of said broadcaster forward channels whereby the transmission power and

10  broadcaster range for each broadcaster forward channel is individually controila-

b{e.

4, The commmﬁcation system of Claim 1 wherein. said user
. transmitter [8>29-U] for each user [18] is controllable for varying the transmission
15  power of said user reverse channels whereby the user range for each user [18] is

controllable for reaching a plurality of said collector means [19].

S The communication system of Claim 1 wherein each of said
collector means [19] includes measurement means [9>27-C] for measuring

20 parameters of said broadcaster signals.

6. © The communication system of Claim 1 wherein each of said
~ collector means [19] includes measurement means [9>27-C] for measuring
parameters of said -coinposite signal to provide user parameters.
25 | | :
1. The communication system of Claim 1 wherein each said collector
means [19] includcé a digital 'signél processor [9>52,53]fdr processing pa:amcterﬁ

of said signals.
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channel and a user reverse channel for a particular user [18] under control

Lo A Fe IRY:

of said reglon meEnager - 20

38 wherein
f or war d cha

control neans for assigning a broadcaster forward channel and a user

reverse channel

for a particular user [18] according to said fixed reuse

pattern under control gof s#hél comsiufiRatidnSEfim of ClaitMVENVEdReia izl collecth? -

The comuni cation system of C aim 38 wherein said regi on manager neans [21]

i ncl udes dynani cfoswarding meaah $5726rCdVtadl-€] dh%lﬁ%l collector transmitter means

10

15

20

19>26-C,29—C] for transmitting said collector reverse channel communications
with transmission charactensncs that isolate the collector reverse channel

communications from the user reverse channel communications.
9. The communication system of Claim 8 wherein said collector
transmitter means [9>26-C,29-C] includes a wide-band transmitter and a narrow-

beamwidth, high-gain antenna.

10. The communication system of Clzu'm. 8 wherein said collector

' transmitter means [9>26-C,29-C] includes a horizontally polarized transmitter

antenna for horizontally polarizing the collector reverse channel communications
and wherein said user transmitter means [8>26-U,29-U] for each of said plurality
of users [18] includes a vertically polarized user transmitter antenna [8>29-U] for
vertically polarizing the user reverse channel communications to isolate the user
reverse chénnel comzﬁu:ﬁcations from the collector reverse channel communica-

tions.

11. The conimunication system of Claim 8 wherein said collector
transmitter means [9>26-C,29-C] includes a wide-band transmitter and a
horizontally-polarized, narrow-beamwidth, high-gain transmitter antenna for
horizontélly'polarizing the collector reverse channel communications and wherein
said user fransmitter means [8>26-U,29-U] for each of said plﬁrality of users [18]
includes a vertically polarized user transmitter antenna [8>29-U] for vertically
polarizing the user reverse channel communications to isolate the user reverse

channel communications from the collector reverse channel communications.
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‘The communi cation systemof Caim

means [21] i ncl udes neans for. assi gni ng
MMHHE% channels with a reuse pattern. 41. The
.communi cat i on« S%s 38 wherein said region 25 manager mneans

[21] stores a fixed reuse pattern and said zone manager nmeans [20] includes
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_allocation and wherein said zone nmanager neans [20] includes control neans
fror "assi gni ng a broadecaster—forward channel and a user reverse channel for
‘a particul 18].:according to said dynam c channel allocation
under contﬂﬂ,'j})ml’@ﬁg"@ﬂ n manager. 43. The conmuni cati on system of

d ai m 42 wher LS cly Fn. manager neans [21] includes a history data
base and wherein said dynam c control 10 nmeans executes said dynam c
channel allocation as a function of data fromsaid history data base. 44.
The conmuni cation system of C aim43 wherein said regi on manager neans
[21] includes |ocatiop Meafy Rhnukaisn systeny BACIdIR®S WhértinhidliREdredese data
base with |ocation data fromsaid |ocation neans. 45. The communi cati on
system of O ai rchagnelisematugicatipes are Widin auses gPerafing seectmm [12ab 4i043]
novenent neans fQr. de e | | eq{hqnﬁ' %!;m- . j.cular user
[ 18] and wherei r%“ g%dsﬁéﬁéﬁ%ﬂéggﬁegﬁlB%B?gér’\‘%%executéggg 1'%5?@' ‘Jc*flydflgai’r"rf1 o

“channel all ocat icolleasr wankmitt means{P>261€,208+Cjan¢ludes aaratismipnee forafansninihg
particul ar uger. '

boes PR TY T

said collector reverse channel communications with collector signals in said

isolation bands_.

13.  The communication system of Claim 8 wherein said user reverse

channel communicatioris are within a user operating spectfum and said colléctor

10 ° transmitter means {9>26-C,29-C] includes a transmitter for transmitting said
| collector reverse channel communications with collector signa!s shifted to a

collector operating spectrum distinct from said user operating spectrum.

_ 14.  The communication system of Claim 13 wherein said collector
15  transmitter means [$>26-C,29-C] includes an analog shifter for shifting the user
operating spectrum to said collector operating spectrum and an analog coilector

transemitter for transmitting collector si gnals in the collector operating spectrum.

i5.  The communication system of Claim 13 wherein said collector
20  transmitter means [9>26-C,29-C] includes a digital shifter for shifting the user
operating spectmm to said collector operating spectrumn and a digital collector

transmitter for transmitting collector signals in the collector operating spectrum.

16 The communication system of Claim 8 wherein said collector

i~
Lh

transmitter means [9>26-C,29-C] is a spread-spectrum transmitter transmitting
over a transmitter spectrum and said user transmitter means [8>26-U,29-U] for

~ each of said plurality of users [18] has a user spectnim that is a portion of said

transmitter spectrum.
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46. The communi cat i on system of Claim 38 wherein a particular user [18]

i‘s one of—s—&l—d—useﬁs——E—LS}—and travels froma first one of said broadcaster
zones | 15> to a second one of said broadcaster zones

[ 15>BR( 1; m mgﬁluﬂ m m erein said region manager neans [21] includes
.control |ng a first broadcaster forward channel and a
first user [18] reverse channel for said particular one of said users [18] -
for said first zone and for assigning a second broadcaster forward channel
and a second user [181 reverse channel for said particular one of said

users [181 for said chond‘hzcummm\ﬁﬂfiuéwﬁjmcm-ﬁiﬁn 8 whgrein sdideollector

communi cation system of d ai t| cul ar.qne of said.users

[18] i s nobil e HAESTRsy@eans @Big‘&%{:ﬁ’f" a0'1‘1‘8 v'%’ﬁ? ultinie aecess EAOSTRS S
and satd user transmitter means [8>26-1J,29-U] for each of said plurality of users

[18] is a time-division multiple access transmitter.

18. The communication system of Claim 1| wherein said forward
" channel communications and said reverse channel communications employ

multiple access means.

10 . 19.  The communication system of Claim 18 wherein said multiple

access means is code division multiple access means.

20.. The communication system of Claim 18 wherein said multiple

access means is space-division multiple access means.

21.  The communication system of Claim 18 wherein said multiple

access means is frequency-division multiple access means.

22. The communication system of Claim 18 wherein said multiple

20  access means is time-division multiple access means.
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[ 15>BR( 1 ) BR(2:’

) 'BR(2: -

i ncl ude, a first col o ray [13] corresponding to said first
broadcast er- tl!l] mw M'H‘iﬂrallty of first collector neans [19] for
provi ding a t user signals fromsaid user reverse channel

- . . -
uu L1ourda uumpuuer alis Wiy O e

-)] to a second one of said broadcaster zones [15>BR(

said plurality of collector arrays [13]

Ll A TV T S 9

1

.

comuni cati ons of sald partlcular user, 10 and a
second col lector array [13] corresponding to said second broad- caster

having a plurality of .second col |l ector

of second user signal §3fr0%§@bxﬂm‘ﬁﬁi@£ndxﬁéﬁfe§?oﬁbmei wﬁemwgarﬁ
user, said plurality o zone

manager neans |[ Ztﬂvetsn(ﬂhm comwnmsuomrwosicasaﬁr@mzammndmgm trapsmistef 20]
for said-first: br

reans 117] for rERR BTy i o geeelradsy it bhdlor B shciuteallor 0

sai d particu-

10

20

25

15

and wherein said particular ones of said collector means [19] each forwards
particular collector reverse channel communications correspondin g to said user
reverse channel communications to said aggregator means [17] and wherein said
aggregator means {17] includes aggregator processing means [10>27A-1,...N] for -
processing said particular collector reverse channe! communications from said
particular ones of said collector means [19] to form said aggregator reverse
channel communications as a representation of said user reverse channel

communications.

24, The o;ommxmication system of Claim 23 wherein said aggregator
processing méans [l‘0>'27A-1,...,N] includes aggregator digital signal processor
means for providing said aggregator reverse channel communications wherein the
uncoded bit error rate for said aggregator reverse channel communications is
enhanced over the uncoded bit error rate for said user reverse channel communica-

tions received at said particular ones of said collector means [19],

25.  The communication system of Claim 23 wherein said aggregator
processing means [10>27A-1,....N] includes aggregator digital signal processor

means for processing said particular collector reverse channel communications

from said particular ones of said collector means {19] to form said aggregator

reverse channel communications as a representation of said user reverse channel

communications.
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N F.crs
20 signals to forma first aggregated signal, a

second o er nmeans [20] for said second broadcaster zone
~i.ncl udi ng al d aggregator nmeans [17] for receiving and

pr ocessi ng Mﬂlﬂhmf second user signals to forma second

aggr egat ed said one or nore regi on nanager neans [21]

I ncl udes, a flrst one of said region manager neans [21] for a region [11]
including said first broadcaster zone and said second broadcaster zone,
sai d regi on nanager neans [21] includ- ing, 107 control neans for
assigning a first forneard Thazbmelunitadorbsystenbf Clait 05 vheleti 88d afdégatati d

particu- |ar userxg;la%gjgnalllr;:rosc%;s%rme;gstma{x g(’:lcast er zone
a digital signal processor,
synchronizing code executable by said digital signal brocessor for
5 synchronizing said particular collector reverse channel communi-
cations from said particuiar ones of said collector means {19],
locating means for processing reverse channe! communications for a
particular user (18] from a plurality of collector means [19] for
determining the location of said particular user.
10 _
27. . The communication system of Claim 23 wherein said aggregator
pfocessing means [10>27A-1,...,N] includes selection means for selecting one of
said particular collector reverse channel communications from said particular ones
of said collector means [19] to form said aggregator reverse channel communica-

tions as a representation of said user reverse channel communications.
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and for assigning a second forward channel 5
and a second-reverse—channel for said par- ticular user [18] in said second

br oadcast , r receiving said first and second aggre- gated
signal s, Imuiljmuﬂijl B Ir : means for controlling the handoff
sai d partii cell fromsaid first forward channel and said first

reverse channel to said second forward channel and said second ieverse
channel as a function of said first and sec- 15

ond aggregated signals. 48. The conmuni cati on system of C aim47 wherein
sai d means for contraBl i Nghkh@mddpskatibn kylkdm S TI1HRADF Whefeird 6418 sQ8cdae
strength of said first and second aggregated signals and for permtting
sai d handoff tomeassincludes; t he 20 strength of said second aggregated

signal is greater th%rhiéi%sihﬁlep@%egsoﬂf said first aggregated signal.
| synchronizing code executable by said digital signal processor for .

RN R SR Y t.e, — TS Y
41D 43I0 Soos s

5 synchronizing said particular collector reverse channel communi-
' cations from said particular ones‘of said collector means [19];
. measurement code executable by said digital signal processor for measur-
~ ing said paniculﬁr collector reverse channel cdmmmications from
said particular ones of said collector means [19] to provide
10 ' measured characteristics, '
selecting code executable by said digital signal processor for selecting one
of said particular collector reverse channel communications from
said particuiar onés of said collector means [19] based upon said
measured characteristics.
15
29. The communication system of Claim 23 wherein said aggregator
processing meéns [10>27A-1,...,N] includes combining means for combining said
particular collector reverse channel communications from said particular ones of
said collector means [19] to forrh said aggregator reverse channel communications

20  as arepresentation of said user reverse channel communications.
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49. The conmmuni cation system of C aim 47 wherein said regi on manager

nmeans [21] ineludeslocation nmeans for determning the |location of said 25
particul ar user h18 and said nmeans for controlling the handoff includes

means for senii,u lH quimlﬂmjof said first and second aggregated signals
and for determ N 4 handof f occurs.as a function of the
strength of said first andsse*cond. aggregated signals and the | ocation of
said particul ar user. 50. The conmuni cation systemof Caim 47

wherein said region manager neans [21] includes a history data base for

storing | ocation datagr eprmeoinigicatignsyisteni 6fClgink 29 avhereid said tambining
| ocation and said neans for controlling the handoff determ nes when said
handof f occurs &aeass inghdeson of the 5 location of said particular user [18]

and data from said hiazﬁ £ sf Ahipritsr, o1- The conmmuni cation system of
Claim 50 wherein sai egi on manager neans [21] includes neans for
updati ng sai d hi st or ysydchronigiag ecode t ¢xetwsable i by saidt digftalopignali processen farn
eans. 5 synchronizing said particular collector reverse channel communi-
| cations from said parﬁcula.r ones of said collector means {19];
measurement code executable by said digital signal processor for measur-
ing said particular coilector reverse channel communications from
 said particular ones of said collector means [19] to provide
10 measured cb@acteﬁstics, '
combining code executable by said digital signal processor for combining
said particular collector reverse channel communications from said
particular ones of said collector means [19] for providing com-
bined signals. '

15
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10 52. The conmuni cation system of C aim 47 wherein said regi on manager
means [21] includes novenment—seans for determining the direction and speed

of- said parti . for determ ning when said handoff occurs as a
function of t aum!,r"@im@i’j"mgpeed of said particular user. 15 53. The
communi cati on systke N 8 wherein a particular one of said users
[18] is nobile and travels froma first one of said broadcaster zones
[15>BR(1:-),BR(2:-)] to a second one of said broadcaster zones [15>BR(1:-
),BR(2:-)] anpbng one or nore additional broadcaster zones

[15>BR(1:-), BR(2:-)] 39 qhe sathhhulic&RAGHSERLT CRERS WHaeiRR(phitichlaBbitesf- ) |
and wherein, said plurality of collector arr% [13] include, a first-

col l ector array paidpsersil3dsmehbileagd travelsirompifirstiloqstien insid broadegster zragi ng a

plural ity of fir i]tbs@?bltg gts&rogg?o%gﬁorliﬁ%&idfbgsa‘ﬂwgh@@%e@yﬁﬂ. mﬁlfée[rf st

user signals fro user se chan
communi cati ons ofneaas dopsdid ipatticatar vaekf saiddusers [18] broadcasting particular user

5 rcversé, channel communications and wherein,
at said first location, said particular uscr reverse channel communications
are received by a first group of particular ones of said collector
means [19] and wherein each collector means [19] of said first
group of particular ones of said coilector means {19] forwards to
10 said aggregator means [17] first particular collector reverse
- channel communications corresponding to said particular user
reverse channel communications;
at said second location, said particular user reverse channel communica-
tions are received by a second group of particular ones of said
13 collector means [19] and wherein each collector means [19] of said
second group of particular ones of said collector means [19]
forwards to said aggregator means [17] second particular collector
reverse channel communications corresﬁonding to said particular
use} reverse channel communications;
20 said .aggregator means [17] receives said first and second particular
collector reverse channel communications and includes aggregator
, prbcessing means [10>27A-1,....N] for processing said first and
‘second particular collector reverse channel communications to
form said aggregator reverse channel communications as a

25 ~ representation of said user reverse channel communications.

32..  .The communication system of Claim 31 whercin said one or more

of said collector means [19] is common to said first gtouﬁ and said second group.
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one o L1 | collector arrays [13] corresponding to said one or
nore additional broadcaster zones [15>BR(1:- ),BR(2:-)] each having a

p! ur al mem n e additional AVMENDED SHEET col | ector neans [19]
for l[ ’ﬂﬁtﬁ"ﬂty of one or nore additional user signals fromsaid
user reverse chdnnél tommuni cations of said particular user, said one or
nore additional collector arrays [13] including a 5

second col l ector array [13] corresponding to said second broadcaster zone
having a plurality of second collector nmeans [19] for providing a plurality
of second user signal3g, frafl?esedniinuﬁemohesgeteae of h@hairel| 3 © ovtrewein cald aeg of

said particul ar user, | ura of . zone nager means [ 20
i ncl uﬁes, : transrmttet means [8>26- fi%QdU]Dfor sa&d xcular one o sma users {18] [ 20]

broadcasts in a user zone that is substantxally smaller than said broadcaster zone

[4>BR1} and that moves when said particular user maves from said first location
5 to said second location and wherein, at said first location, said first group of
particular ones of said collector means [19] are located within said user zone and
wherein, at said second location, said second group of particular ones of said

collector means {19] are located within said user zone.

10 34,  The communication system of Claim 31 wherein said broadcaster
transmitter is conu.'cllable for varying the transmission power for each of said
broadcaster forward channels whereby the transmission pcwer and broadcaster
range for each broadcaster forward channel is individually eo:;trol-lab[e, wherein
when said particular user [18] is at said first location a particular broadcaster

15  forward channel has a first power level so that said broadcaster range extends to
said first location and wherein when said particular user [18] is at said second
loéation said particular broadcaster forward channel has a second power level so

that said broadcaster range extends to said second location.
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a first—onmeof
zone in
processi

si gnal , c

Wik

said—zone—+manager nmeans [20] for said first broad- caster
I rst one of said aggregator neans [17] for receiving and
ﬂllH”IIIy of first user signals to forma first aggregated
s '3 one or nore additional ones of said zone manager
means [20] for said one or nore additional broadcaster zones [15>BR(1:-

[l P

),BR(2:-)] including one or nore additional ones of said aggregator neans
[17] for receiving and processing said plurality of one or nore additional
user signals to formone 20 - ' or nore additional
aggregat ed signals, s¥i.d ofte ecemmunisatienisystemadf €ilaim o1 whendinzsaid usenager

di ng. d f ' [20] f id
second br oadcast e iR partgelleel Bt SR R 38Tl PR B o E e
[17] for recei VvigFa panitul A $6icttd cRdnnel for said particular user wherebyShé hePtatigal i ty

means [ 20] i ncl

of second user
regi on manager

S

10

15

[
(9]

signals to forma second agigre ated signal, said one or

rfetsaid partiqulariser [d 8Kis controllab

[18] is at said first location, said particular user reverse channel has a first power

e and wherein, when said particular user

level so that said user range extends to said first group of particular ones of said
collector means [19] and wherein, when said particular user [18] is at said second
location, said particular user reverse channel has a second power level so that said

user range extends to said second group of particular ones of said collector means

[19].

36. The communication system of Claim 31 wherein said collector
transmitter means [9>26-C,29-C] is a transmitter for transmitting said collector
reverse channel communications with transmission characteristics that isolate the
collector reverse channel comniunications from the user reverse channel

communications.

37.  The communication system of Claim 1 including 2 region manager
means [21] for communicating between a network [10] and a region [11] with a
plurality of network [10] for_ward channel communications from the network [10]
to said broadcaster means | 16] and with a plurality of corresponding network [10]
feverse channel communications to the network tl 0] from said aggregator means

[17].

38. The communication system of Claim | for communicating between
a network [10] and one or more regions with a plurality of network [10] forward
channe! communications from the network (10] and with a plurality of corre-
sponding network [ 1] reverse channel communications to the network [10], said

system including,
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- .
a first one of said region manager means [21] for a region [11] including
said first broadcaster zone and one or nore 110 AVMENDED SHEET addi ti onal

,ﬂmnﬂ"ﬂ"mﬂ EE!F -),BR(2:-)] includ- ing said second broadcaster

( [ means [21] including, control means for assigning
a first forwdrdtchtnrel = '

reverse channel

br oadcast
zone, sai

41D 430 BoD/

zone and for assigning a second forward channel and a second reverse

channel
zone,

for said par- ticular user [18] in said second broadcaster 10

10

15

20

- 25

one or more region manager means [21], one for each of said regions, for
- controlling communications within a corresponding region [11];
and for each particular region, a plurality of zone manager means [20] for

managing communications in a plurality of broadcaster zones

[15>BR(1:-),BR{2:-)], fespectively; each zone manager means [20] -

including, for a corresponding broadcaster zone, broadcaster means
[16] and aggregator means [17]; |

for each broadcaster zone, a plurality of users [18]; and

a plurality of collector arrays, oue for each of said broadcaster zones
(15>BR(1:),BR(2:-)], each of said collector arrays {13] including

for said correéponding broadcaster zone, a plurality of collector

means [19] distributed over said corresponding-brcadc‘:_aster zone

at spaced-apart locations.

39, The communication system of Claim 38 wherein said zone
manager means [20] includes control means for assigning a broadcaster forward
channel and a user reverse channel for a particular user [18] under control of said

region manager.

40. The communication system of Claim 38 wherein said region
manager means [21] includes means for assigning forward channels and re{letfse

channels with a reuse pattem.

41.  The communication system of Claim 38 wherein said region
manager means [21]' stores a fixed reuse pattern and said zone manager means
[20] includes control means for assigning a broadcaster forward channel and a user
reverse chann:c! for a particular user {18] according to said fixed reuse pattern

under control of said region manager.
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means for receiving said first and said one or nore-additional aggregated
signal s including sard second aggregated signal, neans for controlling the

handoff user [18] from
said fir [ll Hmmn ﬂ % I'and said first reverse channel to said second

forward cnamell sai«d second reverse channel as a function of said first
and said one or nore additional aggregated signals 20

i ncludi ng said second aggregated signal. 54. The connunlcatlon syst em of
Cl ai m 53 wherein said means for controlling the handoff i ncl udes neans for
sensing the strengt MQf Shhel comimahicativh s;zs‘ts:hmfecmrmmsrwm@ﬁi sdid egion
aggregated signals and for selectlng sai d, seco egat ed S|?na

from anong sai dmaragen meap d2 hlymcludet dynamigr Eg@%ﬁ%‘l BARC feGAnn
permtting sai dal{b@ %ﬁqndtv%eﬂﬁx‘fﬁ %ﬁﬁ r?ﬂe‘éﬁé‘%@hﬁd&fu&@b&)ﬁﬁﬁ% for
an e st f

aggregated signal "I's greater t engt h said first aggregated
si gnal . AVENDEDasSighing a broadcaster forward channel and a user reverse channel for a particular

5  user |18] according to said dynamic channel allocation under control of said

region manager.

43, The communication system of Claim 42 wherein said region
manager means [21] includes a history data base and wherein said dynamic control
10  means executes said dynamic channel allocation as a function of data from said

~ history data base.

44. The communication system of Claim 43 wherein said region
manager means [21] includes location means and means for updating said history

15  data base with location data from said location means.

45.  The communication system of Claim 42 wherein said region
manager means [21] includes movement means for determining the directionand
speed of a particular user [18] and wherein said dynamic control means executes

20  said dynamic channel allocation as a function of the direction and speed of said

particular user.
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55. The communi cati on system of C aim 53 wherein said regi on manager
means [ 21] includes [ocation neans for determning the |location of said

parti cul gy said neans-for controlling the handoff includes
nmeans ftjmuﬂmﬂulmmlgﬁm; ength of said first and said one or nore _
addi ti onad aggregut > signals and for selecting said second aggregated
signal from anong said one or nore additional aggregated signals and for
determ ni ng when sai d handoff occurs as a function of the strength of said
first and second aggregated signals and the |ocation of said particular
user. 10 56. 46 T%&&mwaasﬁ@ateayéﬁ@mms%@mé%armﬂwsgresald

regi on manager means |.21] I ncludes | ocat’ion nmeans for determning t
| ocati on of sai dfiBhistone of seid usersi[18]08d travels Gema firstane of swid broadcaster Zones t he

toans 1207 to bl SeBRIL-HRELTDR b &thoblisnk ot Al SRERcaler AR AR oo 6
particul ar user YBR{2:JpmadWhéRdisaidegid manitfepiniesfisi[1]dhclSdds dontfed mehrsddbr t O

said particul ar zone nanagers.
5  assigning a first broadcaster forward channel and a first user [18] reverse channel

for said particular one of said users [18] for said first zone and for assig_ning a
second broadcaster forward channel and a second user [18] reverse channel for

said particular one of said users [18] for said secand zone.
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57. The communi cation system of C aim 90 wherein said regi on manager
means [ 2I] Thnciudes—ahistery data base for storing |ocation data
represent| engt hs as a function of |ocation and said nmeans for
contrmlli,jﬂﬂiwn' ;ﬂj;f det ermi nes when said handoff occurs as a
functlon 0 of said particular user [18] and data fromsaid
hi story data base. The communi cation systemof C aim53 wherein said
regi on manager rreans [21] i ncl udes neans for updating said hi story dat a
base with 25 | ocation data fromsaid |ocation neans. 112 The
communi cation systemypf  Ornd Sfuibiohlspsidiod CLEH RIWRBRA arﬁséas}%[-ﬁll
I ncl udes novenent neans for determning the direction and eed of said
particul ar user of saR usarsd18lds mobileand travaly frdmea fisstioge hamldblfchdmteumcas a

function of t hen‘%')ia% -)O,BR@S] @ gesceico%fd on 'gf 084 tb lcaasrteruzso%és [IL;%R(I:-
| ) BR(2:-)] and wherein,
5 sald plurahty of collector arrays [13] include,

a first collector array {1 3] corresponding to said first broadcaster
z_oné having a plurality of first collector means {19] for
providing a plurality of first user signals from said user

. reverse channel communications of said particular user,

10 ~ and |

a second collectbr array [13] corresponding to said second broad-
caster zone having a pluralid of second collector means
[19] for providing a plurality of second user signalS from

, said user reversé channel communications of said particu-
15 lar user, '
said plurality of zone manager means [20] includes,
a first one of said zone manager means [20] for said first broad-
| casier zone including a first one of said aggregator means
[17] for receiving and processing said plurality of first user
20 o signals to form a first aggregated signal,
| a second one of said zone manager means (20] for said second
broadcaster zone including a second one of said aggregator
means [17] for receiving and_ processing said plurality of |
second user signals to form a second aggregated signal,
25 said one or more region manager means [2! ] includes,

a first one of said region manager means [21] for a fegion [11]

: including said first broadcaster zone and said second
broadcaster zone, said region manager means [21] includ-
~ing, | |
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60. The—communication system of C aim 38 wherein a particular one of said
users [18] is nobile and travels froma first |ocation in one of said

br oadcasteummmlllzﬂuﬂﬂmm-) ,BR(2:-)] to a second location in said one of
sai d broadt " IWBR(1:-),BR(2:-)], said transmtter neans for

sai d particul ar 5 "on& of said users [ 18] broadcasting particul ar user
reverse channel communi ca- tions and wherein, at said first |ocation, said
particul'ar user reverse channel comrunications are received by a first
group of particular ones of said collector neans [19] and wherein each
collector nmeans [19] of said first &%Bntrol means for assigning a SfsOféPwvaH cRainki cul ar
ones of said collector neans [ 19] forwards to said aggregator neans [17]
first particular collector reverse channéhda8mtiryeesschamst fossaid ppiodi g t o
said particular user reverse channel commlggm@gﬁg}&dgﬁﬁpggm _

| ocation, said particular user reverse channel
: ' and for assigning a second forward channel

5 - and a second reverse channel for said par-
ticular user [18] in said second broadcaster
zone,

means for receiving said first and second aggre-
gated signals,

10 " means for controliing the handoff said particular
user {18] from said first forward channel
and said first reverse channel to said second
forward channel and said second reverse
channel as a function of said first and sec-

ond aggregated signals.

48.  The communication system of Claim 47 wherein said means for
controlling the handoif includeé means for sehsing the strength of said first and
second. aggregated signals and for permitting said handoff to occur when the

20  strength of said second aégregatéd signal is greafer than the strength of said first
aggregated signal. | ' '

49.  The communication system of Claim 47 wherein said region

manager meé.ns {21] includes location means for determining the location of said

25  particular user [18] and said means for controlling the handoff includes nieans for
| sensing the strength of said first and second aggregated signals and for determin-
ing when said handoff occm;s as a function of the strength of said first and second

aggregated signals and the location of said particular user.
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tions are received by a second group of particular ones

of said coltector

reverse channel

sai d user rever geanggemmerns Ghihineludasi @ history1data bage) for storing

econd particular collector reverse channel

comuni-cati ons; said aggregator neans [17] receives said
first and second particular collector reverse channel conmuni cations and
i ncl udes aggregator processing neans [10>27A-1,...,N for processing said

first and second par t§ocul afheCeunhfGhiOtiohsySieie of CMIRE W7 GOHBRIAT B fedh 1 O 25
form said aggregator reverse channel comunications as a representation of

system of C', ai mé&&&%& isri]grﬁflisgeﬁ?l% 8 a"RbEtion of location and said means for

10

controlling the handoiT determines when said handoff occurs as a function of the
location of said pérticular user [18] and data from said history data base.

51. The communication system of Claim 50 wherein said region
manager means [21] includes means for updating said history data base with

location data from said location means.

52. The communication system of Claim 47 wherein said region
manager means [21] includes movement means for determining the direction and

speed of said particular user and for determining when said handoff occurs as a

~ function of the direction and speed of said particular user.

25

53.  The communication system of Claim 38 wherein a particular one
of said users [ 18] is mobile and travels from a first one of said broadcaster zones
[15>BR('{:-),BR(2:-)] to a second cne of said broadcaster zones [15>BR(1:-
),BR(Z:-)]. among one or more additional broadcaster zones [15>BR(1:-),BR(2:-)]
of said broadcaster zones [1 S>BR(l:-),BR(2:-)] and wherein,

said plurality of collector arrays [13] include,

a first collector array {13] corresponding to said first broadcaster

zone having a plurality of first collector means [19] for -

providing a piurality of first user signals from said user
reverse channe! communications of said particular user,
and

one or more additional collector arrays [13] corresponding to said
one or more additional broadcaster zones [15>BR(1:-
),BR(2:-)] each having a plurality of one or more additional
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of said collector means [19] -is commopn to said first group and said second
. group. 62. The comuni cation system of Claim 60 wherein said user 5

transmtter neans [8>26-U, 29-U] for said particular one of said users [18]
br oadc that is substantially smaller than said one of

sai d bjmmlmm"mmmnmrleR(l -),BR(2:-)] and that noves when said
particul#ar cuser f18y moves fromsaid first |location to said second | ocation
and wherein, at said fiirst |ocation, said first group of particular ones of

said collector neans [19] are. 10 | ocated within said user zone and

wherein, at said second | ocati- ones of
said collector neans [19] are g’ocat elclfgaﬁﬁeﬁ@m%lg lg one &?ﬁ"aone The
communi cati on system of C aim ﬁxﬁrewtldmenaiusalst@nhk@dcﬁbimrﬁﬁerseéh’aﬁ:mm tter.

is controllable for varying the transnj SSI? gower for each of said
broadcaster forward channel s wHETBHRICHORS OF sAid RULSHATUSSEwer and br oadcast er

range for each broadcastegdl‘gq{nw,qr a&li&ﬁhodaf cbm@w.l%@gl%cgt | O%ﬂg gbl e,

wherei n when said particular user Is at said fi (
particul ar Wroadcaster forwar dsecqu ectongrray fi3] sorrpspaeding dv edid secobtiat  sai d

broadcaster range extends to 2 wher ei.n when said
particular user [18] is at sai 8 %%eﬁgzgﬂe E&V“l' g%“‘%pt’ &dsec"n dilector

‘means [19] for providing a plurality of second user signals
from said user reverse channel communications of said
particular user, _
10 sa1d plura.hty of zone manager means [20] includes,
a first one of said zone manager means [20] for said first broad-
caster zone including a first one of said aggregator means
[17] for receiving and processing szﬁd plurality of first user
signals to form a first é.ggregated signal,
1S one or more additional ones of said zone manager means [20] for
‘said one or more additional broadcaster zones [15>BR(1:-
),BR(Z:-)] including one or more additional ones of said
aggregator means [17] for receiving and processing said
plurality of one or more additional user signals to form one
20 or more additional aggregated signals,
said one or more additional ones of said zone manager xﬁeans [20]
including a second one of said zone manager means {20]
for said second broadcaster zone including a second one of
said aggregator means [17] for receiving and processing
25 " said plurality of second user signals to form a second
aggregated signal, o
said one or more region manager means [21] includes,
a first one of said region manager means [21] for a region [11] .

. ‘including said first broadcaster zone and one or more
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Tocation said particular broadcaster forward channel has a second power
Iever SO0 that said broadcaster range extends to said second |ocation. 115
system of Claim 60 wherein said user transmtter

Tor _ jmﬁml'lﬂ [18] is controllable for varying transmn ssion

mcu user reverse channel for said particular user [18]
mhereby t he user range for said particular user [18] is controllable and
wherein, when said 5 particular user [18] is at said first location, said
particul ar user reverse channel has a first power |evel so that sai d user
range extends to said first r%hgn
rreags [ 19] and wherei n, Wnengsa %{glr%l?%& aj%shgr ?%%? é%lﬂzcﬁ ls“fecond
| ocation, said parti cul ar user ingesaid senonﬂd:nmmlcadﬂszmxesmdmebxmwam@@vel so
t hat sai d user range extends to sai ]sec d group of particular ones of
said 10 collector neans [1 9f® ! "€omuni cation system of C ai m 60

wherein said collector control means for assigning a first forward channel

5 o and a first reverse channel for said particu-
lar user [18] in said first broadcaster zone
and for assigning a second forward channel
and a second reverse channel for said par-
ticular user [18] in said second broadcaster

10 _ zone,
means for receiving said first and said one or more
| additional aggregated signals including said
second aggregated signal,
means for controlling the handoff said partieular
15 " user [18] from said first forward channel
and said first reverse channel to said second
forward channel and said second reverse
channel as a function of said first and said
one or more additional aggregated signals
20 including said second aggregated signal.

54, Thé communication systeni of Claim 53 wherein said means for

~ controlling the handoff includes means for sensing the strength of said first and

said one or more additional aggregated signals and for selecting said second

25  aggregated signal from among said one or more additional aggregated signais and

for permitting said handoff to occur when the strength of said second aggregated
signal is greater than the strength of said first aggregated signal.
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forwardi ng nmeans [9>26-C, 27-C,29-C] is a transnmitter for transnmtting said
coll ector reverse channel communications with transnm ssion characteristics

that 15 __isolate the collector reverse channel communications fromthe -
user reverse channel—Tommuri cations. 66. The comuni cati on systemof Caim

38 wherei of said users [18] are nobile and travel from
one of sa”mmm H"Ewmiﬁnes 20 [ 15>BR(1:-),BR(2:-)] to another one of
sai d broadtaster. za >BR(1:- ),BR(2:-)]. 67. _The comunication
system of Claim66 wherein said collector nmeans [19] are |located with

Sara Col ect o reansSfior The comfnRRR dladh RS A bl Uil rgglon "
manager means [21] mcludes location means for determining the locauon of said
particular user [18] and said means for controlling the handoff includes means for
sensing the strength of said first and said one or more additional aggregated

- 5 signals and for selecting said second aggregated signal from among said one or
more additional aggregated signals and for determining when said handoff occurs
as a function of the strength of said first and second aggregated signals and the
location of said particular user. |

10 56.  The communication system of Claim 53 wherein said region
manager means [21] includes location means for determining the location of said
particular user [18] and said means for controlling the handoff includes means for
signaling particular ones of said zone manager means {20] to be active to sense
reve;ée channel communications from said particular user [18] based upon the

15  proximity of said user {18] to said particular zone managers.

57.  The communication system of Claim 90 wherein said region
manager means {21} i_nciudes a history data base for storing location data
representing signal sﬁengths as a function of location and said means for

20  controlling the handoff determines when said handoff occurs as a function of the
location of Said particular user [18] and data from said history data base.

58.  The communication system of Claim 53 wherein said region
manager means [21] includes means for updating said history data base with

25  locationdata from saxd location means.
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"69. The conmuni cation systemof Cl aim66 wherein said users [18] in a
parti i oadcaster zones [15>BR(1 :-),BR(2:-)] are |located
nore densely in a first area and | ess densely in a second area and wherein
a great “I“E“ﬂﬂl Hmlslﬁm collector means [19] are |ocated within said first
ar ea t hel#RIREHIE; 5 cond area. 70. The communi cation systemof Caim
66 wherein said region manager neans [21] includes neans for dynamcally
assigning forward channels and reverse channels. 10 71. The conmuni cati on
- system of Claim 66 wherein said regi on manager neans [21] includes neans

for assigning forwarggcha | cSmeds Pt ' ; tern.

15 72. A comgmg'ni cg?iégﬁ nmet ﬁgﬁﬁiﬁ%\,j ngr%r%?‘lﬁaﬂ w“g%“r ?dg?\;\?%%?gﬁ channel
communi cat i ons mavager pieansdR 1k includes omvemeparsans fpr determipingshe dimestion and
conmuni cati ons conpr i Si . i NGy, ¢ W I 6] having
a broadcast er .tf%rgﬂﬁa[ﬂ;?a}“ﬁ‘h%a‘%g eh ﬂﬁafgﬁfri&%gﬁ@@%?ggﬁgﬁg% %ty of

. as a function of the direction and speed of said particular user. :

| KEPLACEMENT SHEET

20 JAN 1998“ ' 113

AMEMDET SHEZT



i) . 1 bam "ade . L4
1la0 1 1ouron compucer

[N R A A M R Il LN ST S Y Y
eC-wiL -7 J

: f
|

broad- caster s

receivj ' tor means [17] in said zone manager neans [20],
pl ural”l“l_mm ' Eml g reverse channel 25 _

conmuni tatd ons, wr

n:

different forward channel

a plurality of collegbor TRaBSminafikatics

sai d users [18]

10

15

20

25

and, for

..... - ry 2

Be20 2 2 yr Vg ™
“$AiD 40D SOSO/

orward channel conmuni cations using broadband

TRl wded e dade B2 ) o sftee)
.

“S

forma plurality of broadcaster forward channel s,

, for each of a plurality of users [18], a

sai d

communi cation from said broadcaster neans [ 16]
and, for each of said users [18], broadcasting user reverse 117 channel
comruni cations in a different user reverse channel, receiving, for each of -

Steme RIS wherdiipaficul@dgef r om

each of sai dngyural ity of collector neans 519],
f orwar di ng r evepﬁéaidh&ﬁﬁeﬂw}:mhﬂ% and travels from a first location in one of said -

broadcaster zones [15>BR(1:-),BR(2:-)] to a second location in said one of said

broadcaster zones [15>BR(1:-),BR(2:-)], said transmitter means for said particular

one of said users [18] broadcasting particular user reverse channel communica-

tions and wherein,

at said first location, said particular user reverse channel communications

are received by a first group of particular ones of said collector
means [19] and wherein each collector means [19] of said first
group'of particular ones of said collector means [19] forwards to
said aggregator means [17] first particular cellector reverse
channel communications corresponding to said particular user

reverse channel communications;

at said second location, said particular user reverse channel communica-

tions are received by a second group of particular ones of said
collector means [19] anciwherein each collector means [19] of said
second group of particular ones of said collector means [19]
forwards to said aggregator means [17] second particular collector
reverse channel communications corresponding to said particular

user reverse channel communications;

said aggregator means [17] receives said first and second particular

. collector reverse channel communications and includes aggregator

processing means [10>27A-1,...,N] for processing said first and
second particular collector reverse channel communications to
form said aggregator reverse channel communications as a

representation of said user reverse channel communications.
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5 _ tions to said aggregator nmeans [17], the inprovenent
char acterized—by—broadcasting, with said broadcaster nmeans [16], said

pluralj - ter forward channels in a broadcaster zone,
provid I Iﬂm il |Bmf di fferent user reverse channels collectively as a
10 x c oL M band conposite signal fromsaid plurality of users

[18] located in said broadcaster zone, receiving said conposite signal, by
each of said plurality of collector neans [19] distributed over said
broadcaster zone at spaced-apart |ocations so that each of said plurality

of collector means [4P] | 4§pnd@mmunication system of €fairh 68 whéRiin Shidend drQfoR! sai d
br oadcaster zone and so that user reverse channels for each of ones of said

plurality of usefsmid dflectar meansdtdhivepnyyon tosais firsigreupandssgidgseeend groamr neans
[19], receiving, for each of said two or nore collector nmeans [19] with
br oadband col | ector receiver neans, said 20 '

br oadband conposite gpgnafrhyidonnh@lieition sysennelf Claimugl oeterein ssafd asersai d
ones of said plurality of ) \ : . .

5 transmitter means [8>26-U,29-U] for said particular one of said users [13]
broadcast in é user zone that is substantially smaller than said one of said
broadcaster zones {15>BR(1:-),BR(2:-)] and that moves when said particular user
(18] moves from said first location to said second location and wherein, at said
first location, said first group of particular ones of said collector means'[19] are

{0 located within said user zone and wherein, at said second location, said second
group of particular ones of said collector means [19] are located within said user

zone.

63. The communication system of Claim 60 wherein said broadcaster

15  transmitter is contréllable for varying ﬁe transmission power for each of said

broadcaster forward channels whereﬁy the transmission power and broadcaster

- range for each broadcaster forward chéumel is individually controllable, Wherein

when said particular user [18] is at said first location a particular broadcaster

forward channel has a first power level so that said broadcaster range extends to

20  said first location and wherein when said particular user [18] is at said second
Jocation said particular broadcaster forward channel has a second power level so

that said broadcaster range éxt_ends to said second location.
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users [

two or nore collector nmeans [19] including collec- 25

tor for_ﬂ/mﬂmmum P 6- C, 27- C; 29-C], said user reverse channel
commruni mm

col'l ector” révefse”chainrrel comuni cations; 118 receiving, with said
means [17], said collector reverse channel conmunications from

aggr egat or

said col |l ector

said two or

of said ones of said plurality of users [18] as

means [19] to provide said correspondi ng reverse channel
comuni - cations for each of said ones of said plurality of users [18] 5
as a conbi nati on of t@de cdlleecémmunications systdma nfeClaimné@)-wirereiat saidh sisdrr om

nore col | ect.or ans [ 19

10

transmitter for said particuldr u]sér [18] is controllable for varying transmission
power of a particular user reverse channel for said particular user [18] whereby the
user range for said ﬁarticular user [18] is controllable and wherein, when said
particular user [18] is at said first location, said particular user reverse channel has
a first power level so that said user range extends to said first groﬁp of particular
ones of said collector means [19] and wherein, when said particular user [18] is
at said second location, said particular user reverse channel has a second power
level so that said user range extends to said second group of particular ones of said

collector means [19).

65.  The communication system of Claim 60 wherein said coilector
forwarding means [5>26-C.27-C,29-C] is a transmitter for transmitting said
collector reverse channel communications with transmission characteristics that

isolate the collector reverse channel communications from the user reverse

" channel communications.

66. The communication system of Claim 38 whersin particular ones of
said users [18] are mobile and travel from one of said broadcaster zones
[15>BR(1:-),BR(2:-)] to another one of said broadcaster zones [15>BR(1:-
),BR(2:-)].

67.  The communication system of Claim 66 wherein said collector

means [19] are located with non-uniform spacing.

68.  The communication system of Claim 66 wherein said collector

" means [19] are located with different beights.
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*73.. The comunication nethod of O aim 72 wherein ones of said user
transrﬁTt—er—nEHns—{—SﬁﬁU 29- U] broadcast in user zones that are

i substa r than sai d broadcaster zone and wherein a :
plurala ﬂ ﬂﬂﬂ jﬂ Ee means [19] are located within said user zones:
74. T thod of Cdaim72 further including varying the

transm ssi on povver for each of said broadcaster forward channel s whereby
the 15 transm ssion power and broadcaster range for each broadcaster

forward channel

is individually controllable. 75 . The conmunication

method of Claim 72 fggt he Thé cahmdiicaion syspem gf Claim 66 avhsreinssaidusersdWlin of  sai d

user reverse channel s where he-.user ran

control | abl e foPPF’é’&E‘ﬁ-TW&%{b%fiW?ﬁSV W%gﬁ%afsgiﬁo%%&}ﬁﬁx feilé?orem

The comuni cati qpy %5} f’ aQaadnmleszaeﬁdéI}Uhed sdcBid Wft] andBaRtin AGreatd? €ach
an

of said collector

paraneters of said broadcaster signals. 25

77. The com"runmnbcmfsadtchﬂttmrfmmlﬁiarﬂbcﬁ@dt‘ﬂé?mﬁ%ﬁmé?amwﬁmﬁg in
each of said COlcheCt or ,Teans [19], paraneters of said conposite

10

ond

70. The communication system of Claim 66 wherein said region
managcr means [21] includes means for dynamically assigning forward channels

and reverse channels.

71.  The communication system of Claim 66 wherein said region
manager means [21] includes means for assigning forward channels and reverse

channels with a reuse pattern.

72. A communication method having a plurality of forward channel

communications and a plurality of corresponding reverse channet communications

. comprising,

broadcasting, with broadcaster means [16] havirig a broadcaster
| transmitter in a zone manager means [20], said plurality of
forward channel communications using broadband broad-
caster signals to form a plurality of broadcaster forward
channels,
receiving, with aggregator means ['1 7] in said zone manager means
| [20], said plurality of corresponding reverse chanmel
cominunications,
receiving, for each of a plurality of users [18], a different forward
. channel communication fromlsai.d broadcaster means [16]

é.nd, for each of said users [18], broadcasting user reverse

REPLAGEMENT SHEET |
T YY)

20 JAN 1998

ﬂlll ‘J—-J J' E



R LI e e e aa. . v s . -— . - . L .. R - .
Lec-ul-%/s Ullas 1 1oUron  LompuLer 41D 43D oo/ Ty

signal_to provide user parameters.

= ¢ L M s &

éhannel communications in a different user reverse channel,
receiving, for each of a plurality of collector means [19], reverse channel
communications from said users [18] and, for each of said plurality
of collector means [19], forwarding reverse channel communica-
S tions to said aggregator means [17],
the improvement characterized by:
broadcasting, with said broadcaster means [16], said plurality of broad-
caster forward channels in a broadcaster zone,
providing a plurality of different user reverse channels collectively as a
10 broadband composite signal from said plurality of users [18]
located in said broadcaster zone, |
receiving said composite signal, by each of said plurality of :_:o!léctor .
means {19} distributed over said broadcaster zone at spaced-apart
locations so that each of said plurality of collector means {19] is
15 active over a portion of said broadcaster zone and so that user
reverse channels for each of ones of said plurality of users [18] are.
received by two or more of said collector means [19], |
' receiving, for each of said two or more collector means
[19] with broadband collector receiver _means; said
20 broadband composite signal with reverse channel
communications from said ones of said plurality of |
_ | users [18], and
forwarding to said aggregator means [17], for each of said
two or more collector means [19] including collec-
25 tor forwarding means [9>26-C,27-C,29-C], said
user reverse channel communications from each of
said ones of said plurality of users {18] as collector

reverse channel communications; -
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receiving, with said aggregator means [17], said collector reverse
channel communications from said collector means [19] to
pro#ide said corresponding reverse channel communi-
cations for each of said cnes of said plurality of users 18]
as a combination of the collector reverse channel commu-

nications from said two or more collector means [19].

73.  The communication method of Claim 72 wherein ones of said user
transmitter means [8>26-U,29-U] broadcast in user zones that are substantially
smaller than said broadcaster zone and wherein a plurality of said collector means

[19] are located within said user zones.

74 . The communication method of Claim 72 further including varying
the transmission power for each of said broadcaster forward channels whereby the
transmission power and broadcaster range for ¢ach broadcaster forward channel

is individually controllabie.

75.  The communicaticn method of Claim 72 further inciuding varying
the transmission power of said user reverse channels whereby the user range for

each user is controllable for reaching a plurality of said collector means [19].

76. The communication method of Claim 72 further includes
measuring, in each of said collector means [19], parameters of said broadcaster

signals.

77. The communication method of Claim 72 further includes
measuring; in each of said collector means [19], parameters of said composite

signal to provide user parameters.
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