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BACKGROUND OF THE INVENTION

5 Eield of the Invention

The present invention relates to the field of
cellular communication systems and, more specifically, to
a method and apparatus for frequency planning in a multi-
system cellular communications network.

10 History of the Prior Art

Bfficient use of the available electromagnetic
spectrum has long been a focus of interest in the design
and management of cellular radic communication systems.
In order to efficiently wutilize the available

15 electromagnetic spectrum, cellular systems designers and
operators have continually sought to increase the spectral
efficiency of cellular systems. The spectral efficiency
of a system is defined as the number of simultaneous
conversations (i.e., capacity) per megahertz per square

20 kilometer that the system can carry.

An example of a method by which the spectral
efficiency of a system may be increased is £frequency
division multiple access (FDMA). FDMA was conceived as
a way to increase spectral efficiency by providing a means

25 for the geographic re-use of a limited number of
frequencies. In FDMA, a frequency range is divided into
a numbexr of smaller frequency bands. In practice, each
user in a FDMA system is assigned a carrier frequency
which is modulated with an information bearing signal.

30 The modulated carrier frequency occupies a frequency band.

A second way of increasing spectral efficiency is by



division multiple access (FDVA). FDVA was conceived as a way to increase
spectral efficiency by providing a neans 25 for the geographic re-use
of a Ilimted nunber of frequencies. In FDVA, a frequency range is
divided into a nunber of smaller frequency bands. In practice, each user in
a FDVA system iz aoeeiqgned a carrier frequency which i s nodul apegiseseionnian _

I nfor,mati on bearing signal. 30 The nodul ated carrier frequency occupies a

frequency band. A second way of increasing spectral efficiency is by WO
97/ 09838 PCT/ SE96/ 01113 -2- reducing
co-channel interference within a cellul ar network. Co- channe

Interference arises when nultiple users sinultaneously operate in the sane

frequency bands. raddéghdal c6RENMeqal 1DReFFereNBe CRIERBINNE: | G4EIdEAENCE
5 - can be reduced by using digital transm ssion techni ques and net hods,

such as interl eavh@gwark. cofpnghannel sintexierenas tawlissmevham meltiple
servi ce °an be Pyl g AhaTRBo DL AP Upd:BUE 300Lng s ShA ML ALG LERERCE 2

In digital communication systems, co-channel interference

5 can be reduced by using digital transmission techniques

and methods, such as interleaving and coding. In such

systems the same quality of service can be provided at

much higher levels of co-channel interference as compared

to analog systems. The use of digital tiansmission in

10 cellular communication systems therefore allows more
efficient reuse of frequency bandé, resulting in improved
spectral efficiency.

Further increases in spectral efficiency may be
accomplished through the combined use of FDMA and other

15 various multiple access methods, such as time division
multiple access (TDMA) and code division multiple access
(cpbMA) . TDMA, for example, has been successfully employed
in many second generation cellular systems, such as, the
pan-EBuropean GSM-900 and the North American D-AMPS (IS-

20 54B) systems.

' GSM-900, for example, uses a combined multiple access
format whereby each FDMA frequency band is divided in time
into TDMA frames, each consisting of 8 time slots as shown
in FIG. 1B. One time slot of a TDMA frame on one

25 modulated carrier is referred to as a physical channel.
The information broadcast over é physical channel is
referred to as a burst and is shown in FIG. 1A.

@SM-900 requires a great variety of information to
be transmitted between the mobile station and the base

30 station, e.g., user data and control signaling. Different

kinds of information are transmitted on different logical



to anal og systems. The use of digital transmssion in 10 cel lul ar

communi cation systens therefore allows nore efficient reuse of frequency
bands, resulting in inproved spectral efficiency. Further increases in
spectral efficiency may be acconplished through the conmbi ned use of FDVA
and other 15 wy8jhegiss Nul tiple access nethods, such as tinePOTSEWMH
mul tiple access (TDMA) and cade division multiple access (CDVA). TDVA, for
exanpl e, has been successfully enployed in nany second generation cellul ar
systens, such as, the pan-European GSM 900 and the North Anerican D AMPS
(I1'S- 20 54B) systens. GSM 900, for exanpl3e, uses a conbined nultiple
access format whereby each FDVA frequency band is divided in tine into TDVA

frames, each conghghh8Us0f 8Thé Mogliehd ahaiels | aré| Gappi8. ont@nethe'me
sl ot of a TDMA frane on one 25 nodul ated carrier is referred to

physi'cal channel pPhyaicahighannalon asr ShaWRsin KL - A hy SREGCH hGRNG? ?"s
Vari ety of i nfor a1 ST TRIEELeR, S IS ExafTie ” Bnaele 22 (SBLG the
base 30 st ati oBigRaling MSRfoadichst anand mynaironigagionginf @infatdpenare
5 transmitted over the control channels which are subdivided
into three types: broadcast (BCH), common control channels
(cccH) , and dedicated control channels (DCCH).

FIG. 2A illustrates the GSM-900 frequency range

allocation. Signals transmitted from a mobile station to

10 the base station are referred to as the uplink and,
conversely, signals transmitted from the base station to
éhe mobile station are referred to as the downlink.
Throughout most of Europe, GSM-900 has been allocated the
frequency range 890 to 915 MHz for the uplink and 935 to

15 960 MHz for the downlink. GSM-900 uses a frequency duplex
arrangement where uplink and downlink frequencies are
separated in fregquency by 45 MHz. The GSM-900 carrier
spacing is 200 kHz resulting in 124 discrete frequency
bands. There are, therefore, 124 carriers times 8 time

20 siots, or 992 physical channels available for use in GSM-
S00.

The frequency bands are licensed to certain entities
which are thereby giveﬁ. permission to operate radio
equipment in these freguency bands. Commonly referred to

25 as operators, these entities are responsible for
installing, operating and maintaining the necessary radio
communications equipment in a certain geographic region
to provide the service for which they have been given a
license. Systems controlled by a particular operator are

30 referred to herein as independent radio communication

systems. In most cases, independent radio communication



kinds of information are transmtted on different | ogical WO 97/ 09838
3- channel s. The | ogi cal channels are mapped onto the
s as shown in FIG 1C. Speech, or data, is transmtted
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more than one independent radio communication system,
guard bands have to be provided between the frequency
bands allocated to each system, and thus the number of
actual frequency bands available is less than the maximum.
FIG. 2B illustrates an example where two independent radio
communication systems occupy a contiguous portion of the
frequency range separated by a single guard band. In
practice, each independent radio communication system may
not be allocated contiguous frequency bands and more than
one guard band may be necessary. From the allocated
frequency bands, each independent radio communication
system must also assign one or more fixed control channels
which are used to manage the traffic over the remaining
traffic channels.

In prior art cellular systems, groups of frequencies
are allocated among the cells of the system so as not to
interfere with one another. The distribution of the
carrier signal power to interference power ratio (C/I)
desired in a system determines the number of frequency
groups, F, which may be used. If the total allocation of
N channels available to the system is partitioned into F
groups then each group will contain N/F channels. Since
the total number of channels is fixed, a smaller number
of frequency groups results in more channels per cell
site. Therefore, a reduction in the number of frequency
groups allows each cell site to carrxry more traffic,
reducing the total number of sites for a given traffic

load. However, decreasing the number of frequency groups

transmtted over the contpol/sxhssmms! s,

b



separated in frequency by 45 Miz. The GSM 900 carrier spacing is 200 kHz
resulting in 124 discrete frequency bands. There are, therefore, 124
carriers times 8 tinme 20 slots, or 992 physical channels avail able for
use in GSM 900. The frequency bands are licensed to certain entities which

are thereby gi wovpssgi ssion to operate radi o equi pment in tIREISENFEAlEeNcyY
bands. Commonly referred to 25 as operators, these entities are

responsible for installing, operating and maintaining the necessary radio
comuni cations equipment in a certain geographic region to provide the
service for which they have been given a |if%ense. Systens controlled by a
particul ar operator are 30 referred to herein as independent radio
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provide a specifig Seiuhe8ehOndingly, a reduction in signal 1:Lnk qual:.ty.

Various frequency reuse patterns are known, 7/21,
5 4/12, and 3/9 as shown in FIGS. 3, 4, and 5, respectively.
In all three cases, the site geometry has three sectors
(cells) at each site with the antenna pointing azimuths
separated by approximately 120 degrees and arranged with
the antennas pointing at one of the nearest site locations

10 thus forming cells in a cloverleaf fashion.

In the absence of dynamic channel allocation, i.e.,
with channel frequencies being fixed, each independent
cellular communication system operator is required to
allocate to each particular base station, or cell site,

15 a certain group of specific carrier frequencies comprising
a frequency group F. This is known as frequency, or cell
planning. Frequency planning considers the geographic
distribution of the mobile stations, the traffic behavior
of the subscribers and, the required quality . and

20 geographic coverage of the service. Normally, frequency
planning is based upon theoretical radio propagation
models which use the geographic layout, the proposed base
station network structure and frequency allocations as
input to predict radio coverage. The hexagons shown in

25 FIGS. 2, 4, and 5 are used as convepient models of a
cell’s coverage area, but real world planning must
consider that radio propagation depends very much on
terrain and land surface irregularities. The hexagonal
cell is therefore only a rough estimation of the cell’s

30 coverage region. In practice, the cell comprises the

locus of regional coordinates which may.be served by a



specific geographic region. In practice, where there is nore than one

I ndependent radi o communi cation system 5 guard bands have to be provi ded
bet ween the frequency bands allocated to each system and thus the nunber
of actual frequency bands available is less than the maxi mum FIG 2B

i1 lustrates angexsgeks Where two i ndependent radi o communi cat pOTySEYRIABS _
occupy a contiguous portion of the 10 frequency range separated by a

si ngl e guard band. In practice, each independent radi o comunication
system may not be all ocated conti guous frequency bands and nore than one
guard band nmay be necessary. From the al lgcated frequency bands, each

| ndependent radi o communi cation 15 system nust al so assign one or nore
fixed control chapagtsculuxibade sisatidn. MOfgen t heellaf dre drveeghlerly
remaining traffic chanpels, In prior art cellular systems, groups of
frequenci es are afhaRed AR ASHg CPRELFUPNE- of the system so as not to 20
interfere wth one an | St rds Qug, i f.t-Be. carll Lg wer
to-interference pomer%%ﬁyd f%ﬁ‘?lag'legardég %%&gn{é’fgﬁ:gﬁqnd%{éeéﬁsng%gg eerﬁcanber
of frequency groupslafge WNACBofiBiniusisedndrieakbliftytmdfdertidgecati anl aiewN

channel s available to the systemis partitioned_into F .
5 telephone systems around the world. With this growth has

come an increasing amount of competition in the form of
a larger number of independent radioc communication systems
and a growing number of alternate wireless services
serving each region. In the United States, for example,
10 the original duopoly scheme mandated by the FCC for each
geographic region is being challenged in many regions by
new operators who wish to provide cellular service. 1In
countries outside the United States, where there is no
regulated duopoly, the number of competing independent
15 radio communication systems serving a particular
géographic region is limited only by the availability of
licensed frequency bands. In Sweden, for example, most
geographic regions are served by at 1least three
independent radio communication 5ystems. In addition to
20 conventional voice communication, the emergence of newly -
developing wireless data services operating in the
cellular band will likely increase the number of operators
seeking to have access to frequencies in the cellular
band. Also, newly developing wireless technologies in
25 newly available frequency bands such as personal
communication service (PCS) promise to further increase
the availability of services and competition in years to
come.
The assignment of frequency bands to independent
30 radic communication systems is usually controlled by

national regulatory agencies. In the United States, for



25 groups then each group will contain NNF channels. Since the total
nunber of channels is fixed, a smaller nunber of frequency groups results
in nmore channels per cell site. Therefore, a reduction in the nunber of
frequency groups allows each cell site to carry nore traffic, 30 reduci ng

the total numighophessdtes for a given traffic |oad. However, PdwiSES#BING t he
nunber of frequency groups WO 97/ 09838

PCT/ SE96/ 01113 and reduci ng the co-channel frequency reuse distance results
in a lower average C/|I distribution in the systemand, correspondingly, a

reduction in signal link quality. Various ffequency reuse patterns are
known, 7/21, 5 4/ 12, and 3/9 as shown in FIGS. 3, 4, and 5, respectively.

In all three casggamphe, Sitdie 00eaBEY RmmuReeat$66E0rcConmEskion alF@ech
site wth the antenna pointing azi nuths separated by approximately 120
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of competitive bidding. 'In frequency-planned FDMA based
5 systems, the management of allocated frequencies has to .
be carefully controlled so that independent radio
communicatioﬁ systems may serve a given region without
interfering with one another. The introduction of a
single new independent radio communication system in any
10 given geographic region requires the entire frequency plan
of the existing independent radio communication systems
to be re-engineered. As the number of independent radio
communication systems licensed to operate in any given
band increases, the problem of frequency planning and
15 resource allocation becomes extremely complicated. Such
limitations make it difficult, if not impossible, for new
services and new competitors to enter the market in many
regions.
The cellular industry is soon facing a new paradigm
20 where providing convenient access for competition may
become more important than the need for spectral
efficiency. There exists therefore a need to provide easy

spectrum access to increased competition and services.

25 SUMMARY OF THE INVENTION
It is therefore an object of the present invention
to simplify the problem of frequency planning in cellular
communication network systems. A cellular radio
communication network is described which operates over a
30 predetermined frequency range subdivided in frequency into

frequency bands. The network comprises a plurality of



wi th channel frequencies being fixed, each independent cellular

communi cation systemoperator is required to allocate to each particul ar
base station, or cell site, 15 a certain group of specific carrier
frequenci es conprising a frequency group F. This is known as frequency, or
cell planni ng. wibemegieCy pl anni ng consi ders the geographi c di pcrsEsswins Qf
the nobile stations, the traffic behavior of the subscribers and, the
required quality and 20 geographi c coverage of the service. Nornmally,

frequency planning is based upon theoretical radio propagati on nodels which

use the geographic |layout, the proposed bas8-station network structure and
frequency allocations as input to predict radio coverage. The hexagons
shown in 25 Fl Gndgpenfierdandaliiar ecnmed cationnopstans, reeddl desfignedaid ' s

coverage area, but real world planni ng pust, consider that ragi [ opagati on
aﬁ?ifl . S%ﬁgt T

depends very nuchPbA"t FAgHo TR PR S EYEPaPYEY Exagonal
cell is thereforecnal ¥ame r&%ﬁpﬁ{ﬂmg&%an hlhﬁ\eﬁﬁbhl and0app&PYEIR WSy

regi on. In practice, the ce conpri ses the | ocus of regional coordinates

whi ch may be servediny the frequency range within the network is described
5 wherein sepai'ate frequency bands are assigned from the

network frequency range to each of said plurality of

independent radio communications systems to be used as

control channels. The remainder (unassigned portion) of

the frequency xrange is shared by the plurality of

10 independent radio communication systems to provide radio
telecommunication service to a plurality of mobile, or
fixed, subscribers located in the same geographic region.
Several exemplary embodiments are described with reference
to a TDMA cellular communication system.

15 In a first embodiment of the invention, the
unassigned portion of the frequency range is shared
without coordination or synchronization between a

" plurality of independent radio communication systems. 1In
this embodiment, slow £frequency hopping across the

20 unassigned frequency bands may be used to reduce co-
channel interference between the independent radio
communication systems.

In a second embodiment of the invention a portion of
the unassigned frequéncy range is assigned to any one of

25 the plurality of independent radio communication systems,
to be used exclusively by that one system in a particular
geographic region. The remainder of the assigned portion
of the frequency range is shared by all of the plurality
of independent radio communication systems to provide

30 radio telecommunication service to a plurality of mobile,

or fixed, subscribers located in the same geographic

-~
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particul ar base station. Oten, cells are irregularly shaped and not
contiguous. Today, cellular radio conmunication systens represent a |arge
and continuously increasing percentage of all new 5 t el ephone systens
around the wor ly@poz9dgdsh this growth has conme an increasing anpOT/SEG01113
conpetition in the formof a |l arger nunber of independent radio

comuni cation systens and a grow ng nunber of alternate w rel ess services
serving each region. In the United States, for exanple, 10 the original
duopoly schene mandat ed by the FCC for eachg.geographic region is being
chal l enged in many regions by new operators who wi sh to provide cellular
service. In countfegiorput side the United States, .where there is no
regul at ed duopoly, the nunber of conpeting independent 15 radi o |
communi cation systenmst? eFhirg embodimert Qff &heginyerbif thegierpsignedy t ed

gggy by the availahy :'H:Ir}’ o thgcméageggggﬁywa&p&eq BnS4edssgiindlt e
npt e, nost geographic regions are séerve y at least three | ndependent

radi o communi cat i amd Baichronikedatahie O bdtveen each of the plurality of

5 independent radic communication systems. Synchronization

is controlled by a processor which provides a master time

reference for synchronization. The processor also

coordinates and assigns frequency and time slot

combinations in response to channel setup requests

10 received from the plurality of independent radio
communication systems. Alternatively, the processor may
assign frequency hopping patterns in response to channel
setup requests received from the plurality of independent
radio communications systems.

15 These and other features and advantages of the
present invention will be readily apparent to one of
ordinary sekill in the art from the following written
description, when read in conjunction with the drawings
in which like reference labels refer to like elements

20 throughout.

BRIEF DESCRIPTION OF THE DRAWINGS
Embodiments of the invention will now be described
in more detail with reference to the accompanying
25 drawings, in which like reference labels refer to like
elements throughout:

FIG. 1A, previously described, illustrates the GSM

time slot;

FIG. 1B, previously described, illustrates the GSM
30 TDMA frame;

FIG. 1C, previously described, illustrates the



20 conventional voice comunication, the energence of newly devel opi ng

W reless data services operating in the cellular band will Iikely increase
t he nunber of operators seeking to have access to frequencies in the
cellular band. Also, newly devel oping wirel ess technol ogies in 25 new y
avai | abl e fregupsmpggssPands such as personal communi cati onpeHSES6ME118PCS)
prom se to further 1 ncrease the availability of services and conpetition in
years to conme. The assignnment of frequency bands to i ndependent 30 radi o
comuni cation systens is usually controlled by national regulatory
agencies. In the United States, for WO 9j6-09838

PCT/ SE96/ 01113 -7- exanple, the Federal Conmunications Conm ssion (FCO

control s the usaggagdidd@f adga.chl eaheiiel S padd wna@ﬂmwaamchammm on
the basis of auctions or other fornms of conpetitive bidding

frequency- pl anned FDVE K i /5 Prayioushy, dﬁﬁErhhﬁﬁgeh%%‘ﬁs?ﬁa%q Fha &M
fr?quenC|es has tf’requency range allocation;
FIG. 2B, previously described, illustrates an example
5 of how two independent radio communication systems are
allocated a portion of the frequency range;
FIG. 3, previously described, is an illustration of
a 7/21 cell pattern in a cellular system;
FIG. 4, previously described, is an illustration of

10 4/12 cell pattern in a cellular system;

FIG. 5, previously described, is an illustration of
3/9 cell pattern in a cellular system;

FIG. 6 is an illustration of a cellular network
structure according to the present invention;

15 FIG. 7 is an illustration of cellular network
frequency assignments according to a first embodiment of
the invention;

FIG. 8 is an illustration of frequency hopping used
in a first ewmbodiment of the inventiom;

20 FIG. 9 is an illustration of cellular network
frequency assignment according to a second embodiment of
the invention;

FIG. 10 is an illustration of a cellular network
structure according to a third embodiment of the present

25 invention;

FIG. 11 is a flowchart illustrating a method of
assigning TDMA channels in a cellular network;

FIG. 12 is an illustration of a fourth embodiment of
the present invention wherein independent TDMA and DS-CDMA

30 radio communication sfstems share a portion of a

predetermined frequency range; and



be carefully controlled so that independent radi o communi cati on systens may
serve a given region without interfering with one anot her. The

i ntroduction of a single new independent radi o comruni cati on systemin any
10 gi ven geographic region requires the entire frequency plan of the

exi sting i ndepgdabsgsgadi o communi cation systens to be re- engdIsHOS0L11AS _
t he nunber of 1 ndependent radi o communi cation systens |icensed to operate

in any given band increases, the problemof frequency planning and 15

resource allocation beconmes extrenely conplicated. Such Iimtations nmake
it difficult, if not inpossible, for neM/ngyices and new conpetitors to
enter the market in many regions. The cellular industry is soon facing a

new paradi gm 20  wherecpr oys disng aANVEN] @4 rRAGERSS oEOrh&PMRAEI t SD54BY
becone nore inportant than the need for spectral efficiency. There exists

t herefore a need frepepeyderangy wapycteunshareds begwessr daseddébiprenti on

and services. 25 R HE ILNVENTION It is therefore an object of
t he present inveﬁwﬁgggyé gF%%?%}%%4 %gsﬁroblen1of frequency planning in

cel lul ar communi cation network systens. A cellular radio
5 DETAILED DESCRIPTION
In the following description, specific details are
set forth for purposes of explanation and not limitation,
such as particular circuits, circuit components,
techniques, etc., in order to provide a thorough

10 understanding of the invention. In other instances,
detailed descriptions of well-known methods, devices, and
circuits are omitted so as not to obscure the description
of the present invention with unnecessary detail.
Furthermore, for the purposes of exposition, an embodiment

15.. of the present invention will be described in connection
with the pan-Eurcpean GSM-900 system. However, it will
be apparent to one of ordinary skill in the art that the
Present invention may be practiced in other embodiments
that depart from these specific details.

20 Referring now to FIG. 6, therein is an il}ustration
of a cellular network structure according to the
invention. In FIG. 6, three independent radio
communication systems A, B, and C are designed té provide
radio telecommunications service over a particular

25 geographic region. For the purposes of exposition only
one cell, i.e., geographic coverage region, is shown, but
it is obvious to one skilled in the art how this first
embodiment may be applied to a region comprising many
adjacent and over;apping cells. The embodiment, including

30 three independent radio communications systems, is also

for exposition only. According to the present invention



conmmuni cation network is described which operates over a 30 predet er m ned
frequency range subdivided in frequency into frequency bands. The network
conprises a plurality of WO 97/ 09838

PCT/ SE96/ 01113 -8- i ndependent radi o communi cation systens, each designed
to provide radigp, goMuni cation service over substantial | yp¢irsessarms
geogr aphi ¢ regi on. nmet hod and apparatus for using the frequency range
within the network is described 5 wherein separate frequency bands are
assigned fromthe network frequency range to each of said plurality of

i ndependent radi o communi cations systens tdZ2se used as control channels.
The remai nder (unassigned portion) of the frequency range is shared by the
plurality of 10 thekfepawdshtbe anw noheami dht iBeabeR nt @¥pesiiede tadi o
t et ecommuni catio ervi ural i f il o} ub ers

| ocated in the saq;rr"?eo'geocgfgnzf;]ﬁl "gegl onﬁ ez\%elrlwex%nplgr?éé %geai s‘t%glg)re
described w th rejqmitikatdon Epbbete! | UhGr sROMIUIN CRIE ON6 SYH1AB 6002,

600B, and 600C may be substantially overlapping.

5 Radio system A, whose constituent parts are
identified with the descriptive label A, provides radio
coverage to the region labeled Cell A 600A from base
station 610A. System A provides communications services
to mobile stations 660a and 660b. Base station 610A is

10 connected to mobile telephone switching office (MTSO,)
620A. As generally indicated at 6223, MTSO, 620A provides
the interface to other base stations covering other
regions (not shown) which are controlled by radio
communication system A. MTSO, 620A also provides access

15 to the public switched telephone network (PSTN) 630. The
PSTN includes wireline telephones 640, computers 650, and
other related communication egquipment.

Similarly, a second independent radio system, whose '
constituent parts are identified with the descriptive

20 label B provides radio coverage to the region labeled Cell
B 600B from base station 610B. @ System B provides
communications services to mobile station 660c. Base
‘station 610B is connected to mobile telephone switching
office (MTSO;) 620B. As indicated by FIG. 6, MTSO, 620B

25 provides the interface to other base stations covering
other regions (not shown) which are controlled by the
first independent radio communication system. MTSOp 620B
also provides access to the public switched telephone
network (PSTN) 630.

30 Similarly, a third independent radioc system, whose

constituent parts are identified with the descriptive



15 In a first enbodinent of the invention, the unassigned
portion of the frequency range is shared w thout coordination or
synchroni zati on between a plurality of independent radi o comunication
systens. In this enbodinment, slow frequency hoppi ng across the 20

unassi gned freggeigigspands may be used to reduce co- channel porisevéenence
bet ween the i ndependent radi o comruni cation systens. In a second enbodi nent

of the invention a portion of the unassigned frequency range is assigned to
any one of 25 the plurality of independent radi o comrunication systens,
to be used exclusively by that one system_jfl a particul ar geographic

regi on. The remai nder of the assigned portion of the frequency range is

shared by all of 15861 It Wrdhviikids OfadiRleBeBEsss tadiHe ceglBI1GabIe St ens
to pr.ovide 30 radi o tel ecommuni cation service to a plurality of nobile,

or fixed, subscrfbef@0¢ odaad base hetabdenge®tf@phi cSystenp §7/posgisies
PCT/ §E96/ 01113 -?:bmmunications services to mobile station 660d and 660e.
Base station 610C is connected to mobile telephone
5 switching office (MTSO.) 620C. As generally indicated at
622C, MTSO, 620C provides the interface to other base
stations covering other regions (not shown) which are
controlled by the first independent radio communication
system. MTSO, 620C also provides access to the public
10 switched telephone network (PSTN) 630.

It should be mentioned here that mobile stations
660a-e may also be fixed subscribers. Radio service to
fixed subscribers is commonly known as radio in the local
loop (RLL}. It will be obvious to one skilled in the art

15 that RLL service can be provided according to the
invention in the same manner as service to mobile
subscribers without departure from the spirit or scope” of
the present invention.

In the first embodiment of the invention, independent

20 radio _communicatibn systems A, B, and C are designed to
provide radio-telecommunication service to substantially
overlapping cells 600A-C, respectively, from base stations
610A-C, respectively. As previously mentioned, the
hexagonal cell shapes are used to approximate the actual

25 area of radio coverage of base stations 610A-C. Since
base stations 610A-C are not likely to be co-located and
may have slightly different antenna radiation patterns,
the actual boundaries of radio coverage may vary between
cells 600A-C.

30 Each base station 610A-C is assigned a control

channel frequency band denoted F,-F,, respectively. At



region. In a third enbodi nent of the invention the unassigned portion of
the frequency range is shared on a coordi nated and synchroni zed manner

bet ween each of the plurality of 5 i ndependent radi o commruni cati on
systens. Synchronization is controlled by a processor which provides a
master tine ref‘g{)@%sfor 'synchroni zati on. The processopcTHESI113

coordi nates and "assigns- frequency and tine slot conbinations in
response to channel setup requests 10 received from the plurality of

i ndependent radi o eommuni cation systens. Alternatively, the processor may
assign frequency hopping patterns in respongg to channel setup requests
received fromthe plurality of independent radi o conmunications systens. 15

These and ot her fgahbtesnéndondyalt agannel, t B&clr-eoaprisivgnsi 6peghdicpe
readily apparent to one of ordlna2¥ skill in the art fromthe follow ng
witten descripti BRirwhd® ragaigpe oﬁpurh%ﬁ%ns\?\ﬁﬂprﬁhe 630AnfndFram sagkh

ey ShELEnSe | BB AL bl Eg) UHL S ooy BEL By
descri bed duplex arrangement used by the exemplary GSM-900
5 embodiment, control channels are paired: one for downlink
and one for uplink and are offset by 45 MHz. As it is
necessary for subscribers 660a-e to locate a particular
base station 610A-C associated with particular independent
radio communication system, each base station 610A-C must
10 broadcast its control channel on a different frequency.
The control channel frequencies which are assigned are
known to the mobile stations 660a-e before hand so that
a mobile station entering the cell may locate the
particular base station belonging to the independent radio
1s communication system with which the mobile station desires
communication.
As an alternative, the control channel frequencies
of base stations 610A-C may hop according to a
predetermined frequency plan. In this alternative, once
20 a mobile station has detected three frequencies from a
base stafion, it can determine the pattern and is able to
communicate over the control channel with the base
station.
According to the first embodiment of the invention,
25 the remainder of the frequency bands in the £frequency
range are shared by all three independent radio
communication systems as traffic channels. One example
of how the present invention allocates frequency bands is
illustrated graphically in FIG. 7 and in tabular format
30 in Table 1.



in nore detail with reference to the acconpanying 25 drawi ngs, in which
| i ke reference | abels refer to |like elenents throughout: FIG 1A,

previ ously described, illustrates the GSMtine slot; FIG 1B, previously
described, illustrates the GSM 30 TDWVA frame; FIG 1C, previously
described, illy{gigasdas t he WO 97/ 09838 PCT/SE96/01113 .
PCT/ SE96/ 01113 -10- mappi ng of | ogical channels onto the physical channels;
FIG 2A, previously described, illustrates the GSM frequency range
allocation; FIG 2B, previously described, illustrates an exanple 5 of
how two i ndependent radi o comunication syg4ens are allocated a portion of
the frequency range; FIG 3, previously described, is an illustration of a

7/21 cell pattern inrpapgel iyl BkenrplekgnThithfel /AsPidwmeants yacdesdinged, is an
il4ustration of to a First Embodiment

. Independent Radio A B c
5 communication system )

Reverse BCCH 890.0-890.2 | 850.4-890.6 | 850.8-891.0
Frequency Band (MHZ)

Forward BCCH 935.0-935.2 935.4-935.6 | 935.8-936.0
Frequency Band (MHz) -
10 . liTraffic uplink Frequency " 881.2-915.0
Bands (MHz)
Traffic Downlink 936.2-960.0
Frequency Bands (MHz)
15 A 200 kHz guard band is placed between each uplink

control channel 700A-C and each downlink control channel
730A-C. A guard band is also placed between the control
channels and the uplink 710 and downlink 720 traffic
channels. FIG. 7 and Table 1 illustrate a specific
20 example of GSM-900 where each base station 610A-C
broadcasts over one control channel 730A-C, respectively.
It is possible, and indeed likely, that each base station
610A-C will broadcast over more than one control channel
and that the control channels will be located anywhere in
25 the specified fregquency range.

According to the first embodiment of the invention,
independent radioc communication systems A, B, and C
allocate specific traffic channel pairs from the shared
traffic channels 710 and 720 to mobile stations on an

30 uncoordinated and unsynchronized basis using, for example,
slow frequency hopping. By sharing the traffic channels
on an uncoordinated basis, the need for frequency planning
is simplified. This greatly enhances the ease by which
new independent radio communication systems may enter the

35 frequency range. This embodiment has particular



10 4/ 12 cell pattern in a cellular system FIG 5, previously described,

Is an illustration of 3/9 cell pattern in a cellular system FIG 6 is an

illustration of a cellular network structure according to the present

i nvention; 15

frequency assi gpgesisgssaccording to a first enbodi ment of the ipcyspscman3 _
FIG 8 is an illustration of frequency hopping used in a first enbodi nent

of the invention;

FIG 7 is an illustration of cellular network

20 FIG 9 is an illustration of «cellular

networ k frequency assignnent according to a second enbodi nent of the
invention; FIG 10 is an illustration of a.ggllular network structure

according to a third enbodi nent of the present 25 I nvention; FIG 11 is a

flowchart illustrapphfcatidh hos ShpEbywirghi dnkrgoieyc amiind cabions elttester

network; FIG 12 is an illustration of a fourth enbodi nent of the present

i nvention wher ei ntifgepRARIMCUEMANESS DEY BAR BYUFMit fHesuescmBhaeaindn
systems share  a Rerillalindkd¥nddfk i S dedbfit s P iRt el theed

10

15

20

25

30

to be quickly installed.-

Use of slow frequency hopping is particularly
attractive as it is already an option built into GSM
equipment as a means to improve the efficiency of channel
coding and interleaving. The principle of slow frequency
hopping is that every mobile station transmits bursts in
an assigned time slot on a sequence derived from an
algorithm. The frequency hopping occurs during the time
between bursts so the mobile transmits, or receives, on
one frequency in one time slot (TS) and then “hops” to
another frequency before the next TS on the next TDMA
frame. The frequency hopping is accomplished by adjusting
the mobile station’s or base station’s frequency
synthesizer according to known methods.

FIG. 8 illustrates frequency hopping as used on a
communications link in the first embodiment of the
invention. Since the uplink and downlink frequencies are
duplex frequencies (i.e., 45 MHz separation for GSM-900},
the FO downlink in FIG. 8 is exactly 45 MHz offset from
the FO uplink, for example. The frequency changes for
each burst resulting in a hopping rate of about 217 hops
per second. In a first élternative of the present
invention, the physical channel supporting the forward
700A-C and reverse 730A-C control channels does not hop.

This allows mobile stations entering the cells 600A-C to

‘locate the control channel of a particular system. “As

an alternative, the control channel frequencies of the

base stations may hop according to a predetermined

.



WO 97/ 09838

PCTLSEQ6/01113 FIG. 13

Is an illustration of ha).W' @%nfﬁeggb@ncy range n |965H§Ip en
two different nmultiple acc , DETAI LED DHSCRI P

fol | owi ng descrlptlon spe re set forth Y%er “"'mc

expl anati on ang,gialpedag t ation, suc particular ci rcw tfm,snggmﬁwl t
component s, technlques etc., in order to provide a thorough 10
under st andi ng of the i nventi on. In other instances, detailed descriptions

of well -known net hods, devices, and circuits are orritted SO as not to

obscure the description of the present invgption with unnecessary detail.
Furthernore, for the purposes of exposition, an embodi ment 15 of the

pr esent i nventio be (0] s
stbbimt, oapr oA ogoRegelbAEy ol bar Bhepes”

GSM 900 system

the art that theqhaaseﬁts sy epecdd irdy ibe commonlyedsisigoetel. 8nbddternt s

wever, it w Iin e apparent ski

t hat depart fromz;tphise speci f ch detail s,
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ication, Frequency Hopping Control Channels, Serial

No. 140,560, filed on Octcber 25, 1993. This application
is hereby incorporated by reference.

Hopping sequences of traffic channels for all mobiles
connected to a particular base station of base stations
610A-C may also be synchronized. By synchronizing and
coordinating the frequency hopping on at least one base
station, mobiles connected to that base station will not
create interference for one another.

Each base station 610A-C may further be assigned a
frequency hopping algorithm designed to limit as much as

possible the number of collisions in the region served by

. the base stations 610A-C. However, collisions (i.e., two

mobiles transmitting or receiving on the same fregquency
at the same, or nearly the same time) will occasionally
occur since there may be no synchronization or
coordination of the hopping patterns between base
stations. ° In most cases the informatioq will be
recoverable due to the channel coding and interleaving
contained within the bursts. As the number of mobile
stations operating in a particular region increases, the
likelihood of collision increases resulting in a reduced
C/I and degraded signal quality. It is therefore
understood that some loss of spectral efficiency will
occur as compared to a synchronized, coordinated system.
However, this is more than offset by the ease in which new
indepeﬁdent radio communication systems can be licensed
to operate in the existing spectrum.

A second embodiment of the invention will now be



20 Referring nowto FIG 6, thereinis an illustration of a cellular
network structure according to the invention. In FIG 6, three
i ndependent radio communication systems A, B, and C are designed to
provi de radi o tel ecommuni cati ons service over a particular 25 geographic

region. For. tRQgoPiop@ses of exposition only one cell, i.e., pepsERMMN®B _
coverage region, 1s shown, but it is obvious to one skilled in the art how

this first enbodi nent may be applied to a region conprising many adjacent
and overl apping cells. The enbodi nent, including 30 three independent
radi o conmmuni cations systens, is also for d&position only. According to the
present invention WO 97/ 09838

PCT/ SE96/ 01113 - Prscribed with deferange nteRiCS N6 gndat er Frhaheopeeqndl to
two, conprising radi @ _comunication

ystens. ho howsEReRHhE ddch, ifaencsRREBHETS orBnResiRh Bysteh®Hay
substantial |y oveyd amdikfhedd (i.e., 1Deehsed)S)SiRiPtidn ofhene feegSbhtyent

parts are range for exclusive use and another portion of the

5 frequency range is shared by all three independent radio

communication systems A, B, and C. As before, the use of

three independent radio communications systems in this

embodiment is for exposition only. According to the

present invention, there could be any number, N, greater

10 than or equal to two, comprising a plurality of
independent radio communications systems.

FIG. 9 illustrates GSM-300 downlink freguency
assignment according to a second embodiment of the
invention. The frequency plan of the uplink frequency

15 range (not shown) is the same as that shown for the
downlink in FIG. 9 but offset by 45 MHz.

With reference to FIGS. 6 and 9, a first independent
radio communication system A broadcasts over two control
channels, control channel Al on one frequency band 502A1

20 and control channel A2 on another frequency band 902a2.
The first independent radio communication system A assigns
traffic channels in the cell from a portion of the
frequency range 903A used only by the first independent
radio communication system.

25 A second independent radio communication system B
broadcasts one control channel Bl on frequency 902B and
assigns traffic channels from a portion of the frequency
range 903B used only by independent radio communication
system B.

30 Similarly, a third independent radioc communication

system C broadcasts one control channel C1 on frequency



identified with the descriptive |abel A provides radio coverage to the
region | abeled Cell A 600A from base station 610A. System A provides

conmuni cations services to nobile stations 660a and 660b. Base station 610A
is 10 connected to nobile tel ephone switching office (MISOA) 620A. As
general |y indigafsfdesds 622A, MISOA 620A provides the interfagecwsEseshes _
base stations covering other regions (not shown) which are controlled by
radi o communi cation system A. MISOA 620A al so provi des access 15 to the
public switched tel ephone network (PSTN) 630. The PSTN includes wireline
t el ephones 640, conputers 650, and other rgdated comunication equi pnent.
Simlarly, a second independent radio system whose constituent parts are

identified with hecdesgriptides 20rardiabelnBrangVirden hagberconesadend 0 the
regigon | abeled Cell B 600B from base station 610B. System B provi des

conmuni cat i ons sd&renuescy o nangiel e963Qt veedosorly bFaséndepandantoloaiia

connected to nobile telgghone SW tChlcﬂg office (MI'SOB) 620B. As indicated
by” FI.G 6, MrSOB 82882 e interface to other base stations

covering other regi ongné gk nﬂi@\/\@boVﬁﬁﬁ@\ﬁ&a s&mié Fdiedxhyt therveehSthe
I ndependent radi o communi cation system MISOB 620

5 frequency bands used Dby the independent radio
communication systems A, B, and C.

According to the second embodiment of the present

invention, there exists a portion of the frequency range

904 which is used by all three systems A, B, and C, and,

10 from which traffic channels are assigned to mobile
stations 660a-e on an uncoordinated and unsynchronized
basis using, for example, slow frequency hopping.

Referring now to FIG. 10, therein is illustrated a
third embodiment of the present invention. In the third

15 embodiment of the invention either the first or second
embodiment may be modified so that base stations 610A-C
operate in a synchronized and coordinated manner to share
frequency bands. Since use of shared frequency bands in
an unsynchronized and uncoordinated manner results in a

20 reduction in spectral efficiency, it is anticipated that
after a time the demands of spectral efficiency will cause
the operators of the independent radio communication
systems A, B, and C to want to operate in a synchronized
and coordinated manner.

25 As illustrated in FIG. 10, MTSO,-MTSO. 620 A-C are
each connected to a channel allocation and synchronization
processor 900. Channel allocation and synchronization
processor 900 provides a master time reference which
enables base stations 610A-C to transmit TDMA time frames

30 in synchronization with one another. Such synchronization '

provides the basis for base stations 610A-C and mobile



al so provides access to the public switched tel ephone network (PSTN) 630.
30 Simlarly, a third i ndependent radi o system whose constituent
parts are identified with the descriptive WO 97/ 09838

PCT/ SE96/ 01113 -13- | abel C provides radio coverage to the region | abel ed
Cell C 600C f pye/amsss station 610C System C provi des cOPODSE®SHI1IONS.
services to nobile station 660d and 660e. Base station 610C is connected to
nobi | e tel ephone 5 switching office (MISCc) 620C. As generally indicated
at 622C, MISCc 620C provides the interface to other base stations covering
ot her regions (not shown) which are controljged by the first independent

radi o communi cation system MISCc 620C al so provi des access to the public

10 switched telgphammsnafesdy-b EBSHYer82@ id £heohdiderferingnadnhere
that nobile stations 660a-e may also be fixed subscribers. Radio service to
fixed subscri ber sviith ensnanevhénowdhasneddablesatinn padapynchronization

processor 900 also assigns channels (i.e., frequencies and
time slots) and frequency hopping patterns to maximize the

5 spectral efficiency of systems A, B, and C having
substantially overlapping cells 600A-C.

Referring now to FIG. 11, therein are illustrated the
pfocess steps for the method in which the channel
allocation and synchronization processor 900 allocates

10 channels (i.e., frequehcy and time slot combinations) and
frequency hopping patterns. The process begins at step
1100 where the channel allocation and synchronization
processor 900 receives an allocation request from MTSO,,
MTSOp, or MTSO.. Channel allocation requests are placed
is in a queue in the order received. Each channel allocation
request is processed sequentially. Next at step 1110, a
frequency/time slot bank (FTSB) 902 within the channel
allocation and synchronization processor 900 is searched
for unused combinations. The frequency and time slot bank
20 902 is a memory device which contains a list of the shared
frequency bands, for example, portions 710 and 720 of FIG.
7. The eight TDMA time slots associated with each
frequency band are also stored in the frequency and time
slot bank 902. The search algorithm involved at step 1110
25 may either select unused frequency/time slot combinations
at random or, select unused combinations so that all the
time slots on each frequency band are filled before
another frequency band is selected. A frequency and time
slot combination or, an indication that there are no
30 unused freguency and time slot combinations available,

results from the search of the frequency/time slot bank



loop (RLL) It will be obvious to one skilled in the art 15 that RLL
service can be provided according to the invention in the sanme manner
as service to nobile subscribers w thout departure fromthe spirit or scope
of the present invention. In the first enbodi-nent of the invention,

i ndependent 20wq g7@6s® COomMuni cation systems A B, and C ar e POaSEg6@id13 o-
provi de radi o-tel econmuni cati on service to substantially overlapping cells
600A-C, respectively, from base stations 610A-C, respectively. As

previ ously nmentioned, the hexagonal cell shapes are used to approxi nate

the actual 25 area of radio coverage of pase stations 610A-C. Since base
stations 610A-C are not likely to be co-located and may have slightly

di fferent antennggkadi at ipgklat tgs nstdghe Bciolal -hgsindaesx=of ofadithe
cover,age may vary between cells 600A-C. 30 Each base station 610A-C

i s assi gned a cofireanephyihinef sdqtiebapkbane cervrbeEA FLE tdeFsctIxRly.
Atr VO 97/0983%nused frequency and time slot combiﬁaﬁioné3§£ﬁ§§%§é9léﬁ§
process moves to step 1140 and a determination as to
5 whether or not frequency hopping will be used is made.
If no fregquency hopping is to be used, the process moves
to step 1170 and the frequency and time slot information -
is transmitted back to the originating MTSO. If frequency
hopping is used, the process moves to-step 1160 and
10 generates a orthogonal frequency hopping pattern, in a
manner known to those skilled in the art. For example,
in GSM-900 both base stations 610A-C and mobile stations
660a-e have preprogrammed specific £frequency hopping
algorithms. In this case, at step 1160, the process would
15 generate an index value to be used by the frequency
hdpping algorithms to generate the actual £frequency
hopping patterns. When frequency hopping is used, no
specific frequency and time slot information is allocated
to the MTSO. Rather, after generating the orthogonal
20 frequency hopping pattern at step 1160, the process moves
to step 1180 where the frequency hopping index is
transmitted to the originating MTSO. If, however, at step
1130 it is determined that there are no unused frequency
and time slot combinations available (i.e., the system is
25 fully loaded), the process moves to step 1190 where
' processor 900 generates a system busy indication that is
transmitted to the originating MTSO.
In the process shown in FIG. 11, the originating MTSO
would receive either a frequency and time slot allocation,
30 a frequency hopping index, or a system busy indication.

Upon receipt of any of these, the MTSO would set wup



-14- | east one control channel, each conprising a frequency pair, is
assigned to base stations 610A-C from each frequency band FA- Fc,
In the frequency dupl ex arrangenent used by the exenplary

respectively.

GSM 900

one for uplinkwinéroegse of f set by 45 MHz. As it

5 enbodi ment, control channels are. paired: one for downlink and

660a-e to |l ocate a particular base station 610A-C associated with

parti cul
must 10
control

ar i ndependent

broadcast its control channel on a different frequency. The

channel

frequenci es which are assigped are known to the nobile

stations 660a-e before hand so that a nobile station entering the cel

locate the parti ¢wadifibashanhalsoor Helalgiatgdss tHhe icidependepe 6adthe 15
st with which the nobile station desires conmunication.
&0%3"1@ goRtiNe Sflaner TheEataresfotrphific shannehs 610A- C

may hop accordi ngyt.Qx3 regﬁ;?édge%%gt%ﬁql@@c Ieanacggr&mqsoﬁloge rZrﬁ(g"tgilve,
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e statron t Nree requenci es
tethnigues thuehpasbt dsgcrAbed, SEaD| éxdnple, in the training

document entitled CME 20 System Training Document, EN/LZT
120 226 R3A published by and available from Ericsson Radio
Systems AB, S-164 80 Stockholm, Sweden.

So far, the present invention has been described with
respect to independent radio communication systems that
all operate according to the same system standard having

the same multiple access technique. According to a fourth

embodiment of the invention, independent radio’

communication systems operating according to different
system standards having different multiple access
techniques are deéigned to share a portion of a
predetermined frequency range.

Referring now to FIG. 12, therein is illustrated a
fourth embodiment of the present invention having two
independent radio communication systems. A first base
station 1230 is designed to provide radio communications
within a first cell 1200A using a first multiple access
technique such as, for example, that specified in the IS-
54B system standard. A second base station 1240 is
designed to provide radioc communications within a second
cell 1200B using a second multiple access technique such
as, for example, DS-CDMA as described by the 1IS8-95
standard. The IS-54B and IS-95 system standards are
hereby incorporated by reference. U.S. Patent No.
5,351,269 entitled Overlaying Spread Spectrum CDMA
Personal Communications System herein incorporated in its

entirety by reference, describes one such way in which a

I S necessary fp¢rspdgmerisbers

radi o communi cation system each base station 610A-C

may



communi cate over the control channel with the base station. According to
the first enbodi nent of the invention, 25 the remai nder of the frequency
bands in the frequency range are shared by all three independent radio
conmmruni cation systens as traffic channels. One exanple of how the present

i nvention all %@5‘?[59855 equency bands is illustrated graphical lpcTisESéfI®EI3 7.
and in tabular tormat 30 in Table 1. WO 97/ 09838

PCT/ SE96/ 01113 -15- Table 1: Exenplary Channel Assignnents according to a
First Enbodi nent | ndependent Radio A B C5
communi cati on system Reverse BCCH 23390. 0-890. 2 890. 4-890.6

890. 8-891. 0 Frequency Band (MHz) Forward BCCH 935.0-935.2

935.4-935.6 935pB-&5Mn OahaequcnopaPepda ( Mystem - may co-exist without

- causing interference in a shared band. The DS-CDMA system

normally broadcasts a control channel using spread
spectrum technigues in the shared band.

5 According to the fourth embodiment of the present

" invention, the control channel of the DS-CDMA system is

modified so that both base station 1230 and base station

1240 broadcast a TDMA/FDMA control channel on a

predetermined frequency band. In this manner, mobile

10 stations 1210a-b and 1220a-b can locéte the desired base

station.

Referring now to FIG. 13, therein is illustrated a
frequency plan according to a fourth embodiment of the
invention. The frequency range used in this example is

15 the frequency range set aside in North America for IS-54B.
IS-54B uses a frequency duplex arrangement similar to that
described for GSM-900 so uplink and downlink channels are
paired.

With reference to FIGS. 12 and 13, base station 1230

20 broadcasts a control channel 1300A in the region defined
by the boundaries of cell 1200A. Base station 1230
provides TDMA radio communication to mobile stations
1210a-b using frequency bands from the dedicated fregquency
bands 1310 or, alternatively, from frequency bands within

25 the shared frequency bands 1320. DS-CDMA base station
1240 broadcasts on the modified control channel 1300B in
the region defined by the boundaries of cell 1200B. The
coverage areas of cells 1200A and 1200B are substantially
overlapping. Base station 1240 provides DS-CDMA radio

30 communications to mobile stations 1220a-b over the entire

shared frequency band (i.e., across all of the frequency



10 Traffic uplink Frequency 891. 2-915.0 Bands (MHz) Traffic
Downl i nk 936. 2-960. 0 Frequency Bands (MHz) 15 A
200 kHz guard band is placed between each uplink control channel 700A-C and
each downlink control channel 730A-C. A guard band is also placed between
t he control chafpelgessand the uplink 710 and downlink 720 traf PC/SEdsannIa] s.
FIG 7 and Table 1 illustrate.a specific 20 exanple of GSM 900 where
each base station 610A-C broadcasts over one control channel 730A-C
respectively. It is possible, and indeed likely, that each base station
610A-C wi | | broadcast over nore than one c@dtrol channel and that the
control channels will be | ocated anywhere in 25 the specified frequency
range. Accordi ng Hamddhe fi 8shcenbsdCDmt reduites i-aveiteobaniwiidydendehe

radi o comuni catign systens A B, and C allocate specifjc trafflﬁ channel
pairs fromthe siF3EE8% EXPANEDEY Hands; mees SRYSY28 FenhHHIUs SRaRfi Bh€®on an

f’(r)__e uncoor di nat eéko%%‘ik %%B&BB%@ 64 r%‘i-%ni%“ﬂa wilieh, exampl e, sl ow
guency hoppi ng. sharing"the traffic channel's on an uncoordi nat ed
basis, the need for fmddeneYyepbresdnty invention has been described with
5 respect to particular embodiments, those skilled in the
art will recognize that the present invention is not
limited to the specific embodiments described and
illustrated herein. Different embodiments and adaptations
besides those shown and described, along with variations,
10 modifications and equivalent arrangements, are reasonably
suggested by the foregoing specification and drawings
without departing from the substance or scope of the
invention. Accordingly, it is intended that the invention
. be limited only by the spirit and scope of the claims

15 appended hereto.



is sinplified. This greatl se by whi ch new i ndependent
radi o communi cati on syst emlmijﬂijQES frequency range. Thi s
enbodi nent has particular ¢

PCT/ SE96/ 01113 -16- application to supplying energency conmuni cati ons where

time and circuggdéyaegss may not permt frequency planni ng and BET/SESMIO1113
| ndependent radi o communi cation systens need to be quickly installed. 5

Use of slow frequency hopping is particularly attractive as it is

al ready an option built into GSM equi pnent as a nmeans to inprove the
efficiency of channel coding and interleavigsg. The principle of slow
frequency hopping is that every nobile station transmts bursts in 10 an
assigned tinme sl oigxmn 3 cequmepergleri ved froman.algorithm The frequency
hoppi,ng occurs during the tine between bursts so the nobile transmts, or
recei ves, on one freqdencyIPn 8neCelplad oradts) SANMMRALFALIRMS D&Yt her

frequ'ency bef ore 55&&&%415 g&ezp s tﬂl%d%%é‘irm}:% frequency range subdivided

in frequency into frequency bands, said network comprising

5 at least a first independent radio communication system
and a second independent radio communication system each
providing radio telecommunication service over a common
geographic region, a method for using said frequency range
comprising the steps of:

10 assigning from said pre&etermined frequency
range at least one first frequency band to be used
as a control channel by said first independent radio
communication system;

assigning from said predetermined frequency

15 range at least one second frequency band to be uséd
as a control channel by said second independent
radio communication system; and

sharing by said first independent radio
communication system and said second independent

20 radio communication system frequency bands in the
portion of said predetermined frequency range not
assigned as control channels to provide radio
telecommunication service to a plurality of
subscribers 1located in said common geographic

25 region.

2. The method of claim 1 wherein said step of
sharing comprises sharing without coordination or
synchronization between said first independent radio

30 communication system and said second independent radio

communication system.



15 frame. The frequencgﬂ'h é Sl A¢s 1 shed by ‘prh =5 bile

station's or base station's eS| Zer acco
met hods. FIG 8 illustrates ng as used jon a BBPDACE[rati offs
link in the first errbodlrrent 0 t e20 |nvent|on SI NCE the—~uptirk d
downl i nk frequepsémesse’ € dupl ex frequencies (i.e., 45 Mz seppcatisemifior _

GSM-900).,..the FO downlink in FIG 8 is exactly 45 MHz offset fromthe FO
upllnk for exanple The frequency changes for each burst resulting in a
gﬂ[ﬂmmlmwaﬂi)ut 217 hops 25 per second. In a first alternative of
t he physi cal channel2gsupporting the forward 700A-C
and révertse®730A-C control channel s does not hop. This all ows nobil e
stations entering the3cel | The0Giethcdd dfbcalaimhe . widreain chaithebtep of

particul ar system_  As, 30 an ternatlve t he ,control channel frequenci es
of the base st atiSREIRGy hﬁﬁm%b%ﬁ%l nBhRFLG pr dflet of i GO@rdinated . padiern.

One nethod of  {hRGULAGYedNARRLEE bdtWeert ¥3iHOEirst independent radio

communication system and said second independent radio

5 communication system.

4. The method of claim 3 wherein said step of
sharing comprises the steps of providing a master time
reference to the first and second independent radio

10 communication systems for synchronization of operation.

5. The method of claim 3 wherein said step of
sharing comprises the step of assigning frequency and time
slot combinations in response to channel set-up requests

15 received from said first independent radio communication
system and said second independent radio communication

system.

6. The method of claim 3 wherein said step. of

20 sharing comprises the step of assigning frequency hopping
patterns in response to channel set-up requests received

from said first independent radio communic;t:ion system and

said second independent radio communication system.

25 7. The method of claim 1 Ffurther comprising the
step of using slow frequency hopping across the unassigned
frequency bands to radio telecommunication service to a

plurality of subscribers.

30 8. The method of claim 1 wherein said first

independent radio communication system and said second



channel s is specified i niToisiBhoetiHas Baen Baastel). S. -

Frequency Hoppi ng Control

25, 1993, now U.S. Patent , appREMACEDN i S] hereby
p e r A

incorporated by reference. prng s nces of—traff+e—charrets! for all
nobi | es conneGgygeqiddesg Particul ar base station of base stati @os/SE4MAII3C -
Jmay also be synchronized. By synchroni zing and coordinating
t he frequency hopping on at | east one base station, nobiles connected to
gﬂm H la@n Will not create interference for one another. Each base
', ﬂﬁiﬂ“ﬁ”ﬂ:’mﬂy further be assigned.pya frequency hopping al gorithm
desi gned two s m+l' as nuch as possibl e the nunber of collisions in the
region served by; e d¥asentstBddi¥) ScdididiviGat Hone st efolaries idesd ghiede to t wo
mobiles transmtting or receiving on the sane frequency at the sane, or
nearly the sane promide)rddise tgdeenmrryicrican SeivdceRePElngyI B no
synchroni zation or coordination of the hopping patterns between base
st ati.ons. In nost cases the information will be recoverabl e due

to the channel codinggand imt er | ealilalasontzlited asnrondcahiobumsitstork As

the nunber of nobile stations operating in a particul ar regi o&)&nc_re ses,
5 operating over a predetermined Irequency range s ivide

N

EH!HI N$.h. 1401IS GOIEET IHASOBEEN [t ober
(N

in frequency into frequency bands, said network comprising
at least a first independent radio communication system
and a second independent radio communication system each
providing radio telecommunication service over a common

10 geographic region, a method for using said frequency range

comprising the steps of:
assigning from said predétermined frequency
range at least one first frequency band to be used
as a control channel by said first independent radio

15 communication system; .

assigning from said predetermined frequency
range at least one second frequency band to be used
as a control channel by said second independent
radio communication system;

20 assigning from said predetermined frequency
range a predetermined portion of said predetermined
frequency range to be used by said first independent
radio communication system to provide radio
telecommunication service to a plurality of

25 subscribers located in said geographic region; and

sharing by said first independent radio
communication system and said second independent
radio communication system frequency bands in the
portion of said predetermined frequency range not

30 assigned as control channels or assigned exclusively

to said first system, to provide radio



spectral efficiency wll ed to a synchBMB coof{ di nat ed
system However, this is set by the ease in which new
i ndependent 1 3gb 9y pR88TUNI cation systens can be |icensed to OpeTSESS/OIMI3 he

the |ikelihood of colli FhigBhédiClaeBe&@sRepRRE! ti N oo '
degraded signal quality. ﬁgmm!l[mtwuie undeerﬂugq"@ mﬁs of

exi sting spectrum A second enbodi nent of the invention will now be WO
97109838 PCT/ SE96/ 01113 - 18-
erence to FIGS. 6 and 9. In the second errbodi ment each
WHW ‘! comuni cation system may28be assigned (i.e., licensed) a
fequency range for exclusive use and anot her portion of the

5 frequency range iteldwmdnbygationt hseevicdeparulena r gdueatdbyrunio€at i on
systens A, B, and C A%bef re, Iige use of three independent yadio
communi cati ons syst erf§? Eee rFtn BEREIEL S {2 Foﬁe%ﬁ'ﬂ"y.

According to the present invention, there could be any nunber, N, greater

10. The method of claim 9 wherein said step of

5 sharing comprises sharing without coordination or
synchronization between said £first independent radio
communication system and said second independent radio

communication system.

10 11. The method of claim 9 wherein said step of
sharing comprises sharing in a coordinated and
synchronized manner between said first independent radio
coumunication system and said second independent radio

communication system.

15
12. The met.hod of claim 9 wherein said step of
sharing comprises the steps of iaroviding a master time
reference to the first and second independent zradio
systems for synchronization of operation.
20

13. The method of claim 11 wherein said step of
sharing is controlled by a processor which assigns
frequency and time slot combinations in response to
channel set-up requests received from said first

25 independent radio communication system and said second

independent radio communication system.

14, The method of claim 11 wherein said step of
- sharing comprises the step of assigning frequency hopping
30 patterns in response to channel set-up requests received

from said first independent radio communication system and



Th& heet Has . . .
10 than or equal to = pendent
radi o communi cat ?ons syst Tligmli ustrat <,§H(&S§HEESDHAS\@£EN frequency
assirgnnment according to a nt of {the |REP¢:ACE@n. The frequency
plan of the uplink frequency 15 range (not SHhoOwWI) TS tie as that
shown for the wiowmbdsak in FIG 9 but offset by 45 Miz. Wth refmsEssse1st o

FI'GS.” 67and 9,—a first independent radi o comunication system A broadcasts

channel s, control channel Al on one frequency band 902A1
ZH"’,H‘@ B hannel A2 on anot her frequency band 902A2. The first
I nd cormunl cation system A @&9signs traffic channels in the
cel l froma portlon of the frequency range 903A used only by the first
i ndependent r adi satdrsroundatindepsyddreimratio communicaetondsysutapendent
radi @ communi cation system B broadcasts one control channel Bl on frequency
902B and assigns traffic channels froma portion of the frequency range
2038 used only by independed! reatog c@TRIRLGAlY Gyt Bdipi0ing ¢

em roa casts one

Simlarly, a third independent radio commnication syst
control channel THeR i peguemdpw frequency hopping across the unassigned

5 frequency bands to radio telecommunication service to a

plurality of subscribers.

16. The method of claim 9 wherein said first
independent radio communication system and said second
10 independent radio communication system are designed to

provide radio telecommunication services using TDMA.

17. In a cellular radio communication network
comprising a plurality of systems each providing service
15 within a common geographic area, and operating within a
frequency range comprising a plurality of frequency bands,
a method of allocating frequency bands to said systems,
said method comprising the steps of:

assigning one or more first frequency bands to
20 each of said systems, wherein said first frequency
bands are used exclusgively for contr01. channels

within the systems to which each is assigned; and
allocating one or more second frequency bands
to said systems on a shared basis, wherein said
25 second frequency bands are used for traffic channels
within the system to which each 1is currently

allocated.

18. The method of claim 17 wherein said step of

30 allocating comprises:

allocating frequency bands from said second
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and assigns traffic channels froma portion of the frequency range 903C
used only by independent radi o communi cation system C. One or nore 200 kHz
guard bands 901 exist between the 5 frequency bands used by the

I ndependent rwBiogrogaggmuni cati on systens A, B, and C Accor dipeg/skgs/diiss _
- second-enbedi-nent -of the present invention, there exists a portion of the

fre uenc ran e 904 which is used by all three systens A, B, and C, and, 10
lﬂ & u channels are assigned to nobile stations 660a-e on an
unsynchroni zed basis usimp- for exanple, slow frequency
hopplng Referring nowto FIG 10, therein is illustrated a third
enbodi nent of the presiErdquencenbiands for tt¥affio dhbnnelenpbthie fdfrsthe
i nvention either the first or second enbodi nent may be_nodified so that

base stations 610A-C diR& &fethe El‘é%pe#ﬁyoﬁ’fzéusﬁﬁ'ﬂs cdeylenendeatlyeindhe o

share allocation of said second frequency bands within a

second one of the plurality of systems.

19. The method of claim 18 wherein said step of
allocating comprises:

allocating frequency bands from said second

frequency bands for traffic channels within said

10 first system by slow frequency hopping.

20. The method of claim 17 wherein said step of
allocating comprises:

allocating one or more second frequency bands

to each of said systems depending on the allocation

15 of said second frequency bands to the other systems

of said network.

21. The method of claim 20 wherein said plurality
of systems communicate over time division multiplexed
20 channels, each channel defined by a frequency band and a
time slot assignment, and wherein said step of allocating
comprises:
receiving a channel allocation regquest from an
originating one of said systems;
25 determining if channels are available in said
network; and
in response to an affirmative determination:
transmitting a channel allocation
assignment to said originating system.

30

22. The method of claim 21 wherein said step of



frequency bands. Since use &S
and uncoordi nat ed manner result
efficiency, it is anticipated

s Boen.Re 'accfl( bandSyia < nsy-reheoni zed
mﬁ@ﬁﬂumeduct i on-”.inﬁ 1HAS BEEN
i me t hd_deraR&RLAGEDspect { al

efficiency wll cause the operators of the independent radi o conmum™tati on
systens. A, B, wiy¥obgsg0 Want to operate in a synchroni zed andecrsrsdorad ed
manner--25-- ~——--—-As illustrated in FIG 10, MISOA-MISCc 620 A-C are each

connected to_a TﬂEnnel al I ocati on and synchroni zati on processor 900.
i

%ﬂ'ﬁmj“mm and synchroni zation processor 900 provides a master tine
r
30"

abl es base stations 610#-C to transmt TDVA tine franes
I n synchroni zation with one another. Such synchroni zation provides

the basis for bdseesthahings ifl(festinadd e | availd¥BlO7400&2Ed system

PCT/ SE96/ 01113 -20- stations 660a-e to operate jn non- i n}erferi nig manner

with one anot heFOmBRAARE SPRHERIMDN foF0 UESONiEXEGUGRCH bHRR s oF1¥00 al so

assi gns channel gofbifiaribhgquenci es and

5 23. The method of claim 21 wherein said step of
transmitting comprises the step of transmitting a

frequency hopping pattern to said originating system.

24. The method of claim 23 wherein said step of
10 transmitting a frequency hopping pattern comprises the
steps of:
generating an orthogonal freguency hopping
pattern; and
transmitting said orthogonal frequency hopping

15 pattern to said originating system.

25. The method of claim 20 wherein said plurality
of systems communicate over time-division multiplexed
" channels, each channel defined by a frequency band and a
20 time slot assignment, and wherein said step.of allocating
comprises:
receiving a channel allocation request from an
originating one of said systems;
' determining if channels are available in said
25 network; and
in response to a negative determination:
transmitting a channel busy indication to

said originating system.

30 26. The method of claim 17 in which said step of

assigning further comprises the step of:



time slots) and frequency ho !’m#ﬁatterns to maxi m ze the 5 spectr al

efficiency of systens W&uﬂubst antially overlapping cells
600A-C. Referring now to FI G illustrated the process steps

for the nethod in which the channel “al ocatfon and synchroni zati on

processor 900 aybogedsss 10 channels (i.e., frequency and ti perSE9én1113 _
conbi nations) and frequency hopping patterns. The process begins at step

1100 where the channel allocation and synchronizati on processor 900
receives an allocation request from MISOA, MISC3, or MISOC. Channel

al | ocati on requests are placed 15 Iin a o«Bde in the order received. Each
channel allocation request is processed sequentially. Next at step 1110, a
frequency/tinme slot bank (FFSEInDEP axiet o molre thindefredienyt bandanto

synchroni zati on processaor 90Q is searched for unused c i.ngtions. The
frequency and time sl SFb&k B¢ %stqlg fnqwf I’fr@&‘i‘FQFHS a

list of the shared frewaRCYdaISisdd e i HNR1 P Fidy Nract of
FIG 7. The eight TDVA tine slots asseom ate le!toh eac régu??l%?%%grsld are

al so stored in the fr&jtdioythadsystram dloowhiahk e@@R. ifhassimrech al gorithm
I nvol ved at gtep 1110 25 may either select unused frequency/tine sl ot
conbi nati ons

27. The method of claim 17 wherein a first one of
the plurality of systems is a time/frequency division
multiplexed system and a second one of the plprality of
systems is a code division multiple access system, each

10 of said first and second systems broadcasting on one or

more time/frequency division multiple access control

channels.

28. The method of claim 27 wherein said step of

15 assigning further comprises the step of:
assigning one or more third frequency bands to
said first system, said third frequency bands to be

used as traffic channels in said first system.

20 29. A cellular communications network providing
service over a frequency range comprising a plﬁrality of
first frequency bands and a plurality of second frequency
bands, said network comprising:

a plurality of radio communications systems,

25 each of said systems providing service in a coverage

area, the coverage areas of each of said systems
having a common area, each of said systems being
exclusively assigned one or more of said first
frequency bands for use as control channels for each
30 system and providing service over said plurality of

second frequency bands on a shared basis.



at random or, select unused conbinations so that all the tine slots on each

frequency band are filled b her frequency band is selected. A
frequency and tinme slot co il m;’wﬂ
0

ﬂ!ﬂuw dication that there are no 30
unused frequency and tine sldt ¢ ! Evailable, results fromthe
search of thevyjgegegacy/time sl ot bank WO 97/ 09838 PCT/SE96/01113

PCT/ SE96/ 01113 -21- 902. Next, at step 1130, the results of the
frequency/tinme slot bank are exam ned. If there are unused frequency and
time slot conbinations avail able, the process noves to step 1140 and a
determnation as to 5 whether or not fr88uency hopping will be used is
made. If no frequency hopping is to be used, the process noves to step 1170
and the frequency andoti nEhg|aeslluiber canimari¢at iiongnsetvoxk diackaio 2He

originating MIsQ._ If fr guen IS t he ocess noves to-step
1160 and 10 éﬁbrgpég %ﬁoﬁgnafagé dﬁ%ﬁﬁy fi8 THﬁ&fﬁﬁhﬂﬂ?rn YPHe®E nanner
known to those %khbk@geérhééﬂ% 26k - a¥Uc1RGPELLIG second frequency bands

for communications independently of the allocation of said

s second frequency bands within each other system.

31. The cellular communications network of claim 29
in which one or more of said systems is exclusively
assigned one or more of said fixed frequency bands for

10 providing service in addition to providing service over

said plurality of shared frequency bands.

32. The cellular communications network of claim 29
further comprising means for allocating said shared
i5 frequency bands for communications on a coordinated and

synchronized basis.

33. The cellular communications network of claim 29
in which said plurality of radio communications systems
20 comprises a DS-CDMA system and a TDMA system, each of said

systems having one or more TDMA control channels.

34. The cellular communications network of claim 29
further cowprising means for assigning said one or more
25 of said first frequency bands for use as control channels

on a frequency hopping basis.

35. The cellular communications network of claim 29
in which each of said radio communications systems
30 comprises one or more mobile telephone switching offices,

and said network further comprises means for allocating



in GSM 900 both base stations 610A-C and nobile stations 660a-e have

preprogrammed specific fre ' orithns. In this case, at step
1160, the process would 15 L,mn gmﬂﬂﬂﬂu Bex value to be used by the
frequency hoppi ng al gorithns*tc generate the actual frequency hopping

patterns. WierydsHgeNCy hopping is used, no specific frequercy/sessmditiane
slot information is allocated to the MISQO Rat her, after generating the
ort hogonal 20 frequency hopping pattern at step 1160, the process noves
to step 1180 where the frequency hopping index is transmitted to the
originating MISO. If, however, at step 11384it is determ ned that there are
no unused frequency and tine slot conbinations available (i.e., the system
is 25 fully | oadeed freguencyesmndsyast t sakd epeddna Hiyeguepeycobssds 900

generates a system busy indication that is transngitted to fhe originating
MISO. I the proctREiS (R | SYRAGES 198 AnPRRTEG) AT YRy VIS vBEPRST OB ve

ei ther a frequency Rdcling® contlectelOtd) |&dbh 3t s8i8" abENeY tRakphbfe
i ndex, or a system busy indication. Upon recei pt of any of these, the MISO
woul d set up switching offices. :

5
36. The cellular communications network of claim 35
in which said means for allocating comprises a channel

allocation and synchronization processor.

10 37. The cellular communications network of claim 36
in which said channel allocation and synchronization
processor comprises:

means for receiving a frequency band allocation
request from an originating system of said systems;

15 means for determining if frequency bands are

available in said network; and

means for transmitting. a frequency band
allocation assignment to said originating system in
response to an affirmative determination.

20

38. The cellular communications. network of claim 36
wherein said plurality of radio communications systems
comprises a plurality of systems communicating over time
division multiplexed channels, each channel defined by a

25 frequency band and a time slot assignment, and wherein
said means for allocating comprises:

means for <receiving a channel allocation
request from an originating system of said systems;
means for determining if channels are available

30 in said network; and

means for transmitting a channel allocation
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traffic channels or bl ock f nore of the nobile stations
660a-e. The setup of traffﬂgmﬂm“““smﬂmn ocki ng of access may be done
according to known techniq such as eestribed, for exanple, in the
training 5 doguy®mjosygntitl ed CVE 20 System Trai ni ng Docunent pcEibids611132Q
226 R3A published by and avai.l able from Eri csson Radi o Systens AB, S-164 80
St ockholm Sweden. So far, the present invention has been described with
respect to independent radi o conmmuni cation systens that 10 all operate
according to the sane system standard haviysg the sanme nultiple access
techni que. According to a fourth enbodi nent of t he i nventi on,

i ndependent radi o emwignment it sspe eprtgbpet hidg gy seeroidi ngspansd frber ent
system standards having_.differen nultipl.e access 15 techni ques are
designed to share 3% 35&iEPghiverdeterRiadd i@ ned frequency range.

Referring nowto FIG 12, therein is illustrated a fourth enbodi mnent of the
present invention having two i ndependent radi o comruni cation systens. A
first base 39. The cellular communications network of claim 38

5 wherein said means for determining comprises a frequency/

time slot bank for storing unused frequency/time slot

combinations.

40. The cellular communications network of claim 38
10 wherein said means for transmitting comprises means for
transmitting a frequency hopping pattern to said

originating system.

41. The cellular communications network of claim 40
15 wherein said means for transmitting a frequency hopping
pattern comprises:
means for generating an orthogonal frequency
hopping pattern; and
means for transmitting said orthogonal
20 frequency hopping pattern to said originating

system.



20 station 1230 is designed to provide radio communications within a
first cell 1200A using a first multiple access technique such as, for
exanple, that specified in the IS- 54B system st andard. A second base
station 1240 is designed to provide radio communications within a second 25
cell 1200B usi woporessssond nul tipl e access techni que such as, pEFsESOIR: €,
DS- CDMA as described by the 1 S-95 standard. The 1S-54B and | S-95 system
standards ‘are hereby incorporated by reference. U.S. Patent No.
5,351,269 entitled Overlaying Spread Spectrum CDVA 30 Per sonal

Communi cations System herein incorporated J/3ts entirety by reference
descri bes one such way in which a . WD 97/09838

PCT/ SE96/ 01113 -23- DS-CDVA and a TDVA/ FDVA system may co-exi st w#%hout

causi-ng interference in a shared band. The DS- COVA systEenmnoi nal
broadcasts a control channel using sprﬂbd spectrum t echjl $ 1n e shared
band. 5 According to the fourgmxnnbodlnent of th esernt
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invention, the control channel of the DS-CDVA systemis nodified so that .
bot h base station 1230 and base station 1240 broadcast a TDMVA/ FDVA contr ol
channel on a predeterm ned frequency band. In this manner, nobile 10
stations 1210a-b and 1220a-b can | ocate the desired base station. Referring
now to FIG 13woloheysgd n is illustrated a frequency plan accorgdifp@oddisy -
fourth enbodi nent of the invention. The frequency range used in t%IS .
exanple is 15 the frequency range set aside in North America for |S-54B.

| S-54B uses a frequency duplex arrangenent simlar to that described for
GSM 900 so uplink and downlink channels g/ 3paired. Wth reference to FIGS
12 and 13, base station 1230 20 broadcasts a control channel 1300A in the
regi on defined by the boundaries cell 1200A. .. Base station 1230
provi:des TDVA radi o connunicatinm}%o nobi |l e stations 1210a-b usi%é

frequency bands fromthe dedi cat e@hfrequency bands 1310 or, altgr@®atively,
fromfrequency bands within 25 t he shared frequency bands 132¢. DS- CDVA
base ‘'station 1240 broadcasts on the nodified control channel 13Q0B in the
regi on defined by the boundaries]of cell 1200B. The
O O
© O
(¢)) (o)) g;
o
EE m
x o
2 S =
2 o
-4
= & "~a
o = x
o < g
< o
w o
<= m S
= = )
14 1 x N
.m I .m
Ooc = O
t, ~ o o
.o 48 ¢ o - &
o ¥ o
o) w %) '
() (o %
a
a ®
a o
b4
z 2 <
ol m
& & \o
oo | = o
, g <
< S
EE o
2 g
© @

I
880
l
880



coverage areas of cells 1200A and 1200B are substantially overl appi ng.
Base station 1240 provi des DS-CDVA radi o 30 comuni cations to nobile
stations 1220a-b over the entire shared frequency band (i.e., across all of
t he frequency WO 97/ 09838

PCT/ SE96/ 01113wadymei3ands) . Since DS-CDVA requires a w de bpefissodiofiast he
shared frequency bands nust cover a contiguous band w de enough to support
t he DS- CDVA bandwi dth. Wiile the present invention has been described with
5 respect to particular enbodi nents, t&?ﬁ% skilled in the art wll
recogni ze that the present invention is #dimted to the specific

enbodi nents described and illustrated herejn. . Jbifferent enbodi nents and
adapt ati ons besi des those shown and deErli dalong with variations, 10
nodi fi cations and equival ent arrangenepyORARTeasonably suggested by the
f oregoi ng specification and drawi ngs w thout departing fromthe substance
or.scope of the invention. Accordingly, it is intended that the invention

7/21 CELL PATTERN



be limted only by the spirit and scope of the clains 15 appended hereto.
WD 97/ 09838 PCT/ SE96/ 01113 -25- WHAT
IS CLAIMED IS: 1. In a cellular radio communication network operating
over a predeterm ned frequency range subdivided in frequency into frequency
bands, said neWI7W9838npri sing 5 at |least a first independepdrémdofiiz _
communi cation system and a second i ndependent radi o comruni cati on system
each providing radi o tel econmuni cati on service over a conmon geographic
region, a nethod for using said frequency nge conprising the steps of: 10
assigning fromsaid predeterm ned frequenC‘iﬂr nge at | east one first
frequency band to be used as a control channel by said first independent
radi o conmmuni cati on system assigning f r’r' iq.predeterm' ned frequency 15
range at | east one second frequency ban RO 'm?d

4/12 CELL PATTERN



as a control channel by said second independent radi o conmuni cati on system
and sharing by said first independent radio comrunication system and
sai d second i ndependent 20 radi o communi cation system frequency '
bands in the portion of said predeterm ned frequency range not assigned as
control .channeje otgosag ovi de radi o tel ecommuni cation service pdykgodoiris _
plurality of subscribers located in said comobn geographic 25

region. 2. The nmethod of claim1l wherein said step of sharing conprises
sharing wthout coordination or synchronization between said first

| ndependent radi o 30 conmmuni cati on syst§ﬁ13nd sai d second i ndependent
radi o communi cati on system - 26 - The method of claim 1 wherein

3
said step of sharing conprises shaHrE?l(Sa ordi nated and synchroni zed
manner between said first independent rpﬁlleqf ni cation

3/9 CELL PATTERN



system and sai d second i ndependent radi o comruni cation system 4. The
method of claim 3 wherein said step of sharing conprises the steps of
providing a master time reference to the first and second i ndependent radio
comuni cation systens for synchronization of operation. 5. The met hod
of claim 3 wwO%¥wessssaid step of sharing conprises the stgPrbsoiiis
assi gning frequency and tine slot conbinations in response to channel
set-up requests received fromsaid first independent radi o comunication
system and sai d second i ndependent radi o comruni cati on system 6. The
method of claim 3 wherein said steg/]8f sharing conprises the step of
assi gni ng frequency hopping patterns in response to channel set-up requests
received fromsaid first independent radi o communi cation system and said
second i ndependent radi o conmuni cati on system 7. The nethod of claim1

further conprising the step of<fsirg-§?ﬁm1frequency hopang—aIross t he
unassi gned frequency bands to gpoviid adi o tel ecomunicati og service to

O
the a plurality of subscribersNg~ Wh¢—merfotgpft——<rpim } wherein
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i ndependent radi o conmuni cati on system and said second - 27 -

i ndependent radio conmunication system are designed to provide radio
t el econmuni cati on services using TDVA. 9. In a cellular radi o
conmuni cati on networ k operating over a predeterm ned frequency range
subdi vided in fweomssssy i nto frequency bands, said network CO?@h@ﬁ“Mﬁxgt

| east a first independent radi o comruni cati on system and a second

i ndependent radi o conmuni cati on system each providing radio

t el econmuni cati on service over a common geographic region, a nethod for
usi ng said frequency range conpr|5|ng t he steqy(g: assigning fromsaid
predeterm ned frequency range at ~ | east one firs frequency band to be
used as a control channel by said first independent radio

commumi cati on system assigning fromsaid predeterm ned frequency range at
| east one second frequency band to be used as a antrol channel by said

second i ndependent radio —a
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communi cation system assigning fromsaid predeterm ned frequency range a
predeterm ned portion of said predeterm ned frequency range to be used by
said first independent radi o communi cation systemto provide radio

t el econmuni cation service to a plurality of subscribers |ocated in said
geogr aphi ¢ regiwop7/69388 shari ng by said first I ndependeplspodid {30
conmuni cati on system and sai d second i ndependent radi o comuni cation sysfem
frequency bands in the portion of said predeterm ned frequency range
not assigned as control channels or assigned exclusively to said first

I ndependent radi o conmuni cati on system gty9aprovi de radio 28 _
t el ecommuni cation service to the pl§/gﬁity of subscribers located in
sai d geographic region. 10. The nmethod of claim9 wherein said step of
shari-ng conprises sharing w thout coordination or synchronization between
said first independent radi o communi cati on system and
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sai d second i ndependent radi o conmuni cation system 11. The nmethod of claim
9 wherein said step of sharing conprises the steps of providing a nmaster
time reference to the first and second i ndependent radi 0 comruni cati on
systens for synchroni zation of operation. 12. The nmethod of claim9
wher ei n sai d sygRr@dgsghari ng conprises sharing in a coordi natpgd/skdélornz -
synchroni zed manner between said first independent radi o conmunication
system and sai d second i ndependent radi o conmuni cation system 13. The

met hod of claim 12 wherein said step of sharing is controlled by a
processor which assigns frequency and ting/qi3t conbinations in response to
channel set-up requests recei ved from said first i ndependent

radi o communi cation system and sai d second i ndependent radi o conmuni cation
system 14. The nethod of <claim 12 wherein said step of sharing
conprises the step of assigning frequency hopping patterns in response to
channel set-up requests received fromsggd first independent radio '

communi cati on system and g N
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-29 said second independent radi o comuni cation system 15. The nethod of
claim9 further conprising the step of using slow frequency hoppi ng across
t he unassi gned frequency bands to provide radi o tel econmuni cati on service
to the plurality of subscribers. 16. The nethod of <claim 9 wherein
said first incpewvedssst radi o communi cation system and said sg

. ; : . . . 6/01113  _
| ndependent radi o communi cation system are designed to provide radio

t el econmuni cati on services using TDVA. 17. In a cellular radi o
conmuni cati on network conprising a plurality of systens each providing
servirce within a comon geographic ared 0 operating within a frequency

range conprising_a.nlurality of frequency bands, a nethod of allocating
frequency baqgs tenms, said nmethod conprising the steps of:

assi gni ng on®.k fre uen:x_hagds to each of said systens,
wher ei n sai dO¥| &G y bdfids prgLused exclusively flor cofptro
channels within to i ch ch-i | ; d al | gcati ng one
or nore secaqpd nds @0 Shilt sl sEegs-on shargd basis, wherein
sai d second6 c -glt- g oy L~ O\ .
O <25 o T . gg © 2
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frequency bands are used for traffic channels within the systemto which
each is currently allocated 18. The nethod of claim 17 wherein said step of
al l ocating conprises: allocating frequency bands from said second WO
97/ 09838 ' PCT/ SE96/ 01113 - 30-
frequency bandswborogsssaf fi c channels within a first one of th%cﬁkg&ﬁ%hﬁy_Of
systens i ndependently of the allocation of said second frequency bands
within a second one of the plurality of systenms. 19. The nethod of claim 18
wherein said step of allocating conprises: allocating frequency bands from
sai d second frequency bands for traffi nels within said 10

first system by slow frequency hopping.” 20. The nethod of claim 17 wherein
said step of allocating conprises: allocating one or nore second frequency

bands
FIG.11
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to each of said systens depending on the allocation 15 of said
second frequency bands to the other systens of said network. 21. The net hod
of claim 20 wherein said plurality of systens comruni cate over tine

di vision multiplexed 20 channel s, each channel defined by a frequency

band and a ti mwebpdegsessi gnnent, and wherein said step of al Ig&g,g%% 1
conprises: receiving a channel allocation request froman origi | b 8ne

of said systens; 25 determning if channels are available in
said network; .and in response to an affy ive determ nation: transmtting
a channel al l ocation assignnent to I'd originating system 30 22. The
nmet hod of claim 21 wherein said step of - 31 - determning if channels
are available in said network °
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conpri ses sear chi ng for unused frequency/time sl ot conbi nati ons.
23. The nethod of claim2l1 wherein said step of transmtting conprises the
step of transmitting a frequency hopping pattern to said originating
system 24. The nethod of claim 23 wherein said step of transmtting the
frequency hoppiwmezpmsiser n conpri ses the steps of: generating pcfSrosnins
or t hogonal frequency hoppi ng pattern; and transmtting said orthogonal
frequency hopping pattern to said originating system 25. The nethod of
claim 20 wherein said plurality of systens conmunicate over tinme division
mul ti pl exed channel s, each channel defined g frequency band and a tine
sl ot assignnent, and wherein said step of E YLgating conprises: receiving a
channel allocating request froman originating one of said systens;
deterrmining if channels are available in said network; and in response to a
negative determnation: transmtting a channel busy indication to
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said.originating system 26. The nethod of claim REPLACEMENT SHEET'$t ep

of assigning further conprises the step of: WY/ 93ts
PCT/ SE96/ 01113 -32- as e g p) nore third freque ope or
nore of said systens, s):lagg (?%\ requency bands tg B rﬁéé@&g%@f) vely for
traffic channels within th_,ég@ temto which each i§ assigned .5 27
met hod of claim 17 whereinta first one of -the gel uriil ity of systens
ti me/frequency division multiplexed system and a secont—one~of—i-
plurality of systens is a code division nmultiple access system each 10
of said firstpatrersiecondOsgstesthddr oalicaftequenoy ohepmingrorfert | nehtr@quency
di vi sion mult cesgg cont .o hannel s. 28.. The net h cla
wherein said &?J’en%leg “g escflgénlle%g f urt%%mmoclz%FFpr %lgrﬁ g’{g n%ent
Appllcatlon, Frequency Hopping Control Channels, Serlal No.

140,560, filed on October 25, 1993, now U.S. Patent No.

5,537,434. This application is hereby incorporated by
reference.

Hopping sequences of traffic channels for all mobiles
connected to a particular base station of base stations 610A-
C may also be synchronized. By synchronizing and
coordinating the fregquency hopping on at 1least one base
station, wmobiles connected to that base station will not
create interference for one another.

Each base station 610A-C may further be assigned a
frequency hopping algorithm designed to 1limit as much as
possible the number of collisions in the region served by the
base stations 610A-C. However, collisions (i.e., two mobiles
transmitting or receiving on the same frequency at the same,
or nearly the same time) will occasionally occur since there
may be no synchronization or coordination of the hopping
patterns between base stations. In most cases the
information will be recoverable due to the channel coding and
interleaving contained within the bursts. As the number of
mobile stations operating in a particular region increases,
the likelihood of collision increases resulting in a reduced
C/I and degraded signal quality. It is therefore understood
that some loss of spectral efficiency will occur as compared
to a synchronized, coordinated system. However, this is more
than offset by the ease in which new independent radio
communication systems can be 1licensed to operate in the
existing spectrum.

A second embodiment of the invention will now be

TR
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_— . =
assi-gning o re thir requency bands to sgi IACMMLQIEE(T sai
third frequgmﬂﬂtﬂﬁﬂjmlﬂli‘!ﬁ%‘lksed as traffic channel s in said fir|st} sy
20 295 mruni cati ons net wor k| pOavMARM§I%erjvijce
frequency range conprising a plurality of first
plurality of second frequency bands, said network conprising: a pliura
of radio comuni cations systens, 25 - 26 -each ] fens_praovi
service in a cove age,géga %g cov. r%gg.are S &ﬁeeach of .qai d_syst
having a conmon afea, €ach S8 oy S

or nmore of sghdkifg Yonpregesnetabamglsid of drdanaceat 4Rl SHRcHRIS fed
30 system and providing service over said plurality of second
frequency barRineh hettrgredsdpbdi Sirst yrepewdyyg radio communication

riequency bands larjd a

PCT/ SE96/ 011 - 33- . cel |l ul ar ' i ons. Jnet , i
whi ch each o %%%@ P%%iogggﬁnnéﬁ%éﬁlo%gggggééégF 1adis “85§mﬁﬁ1é§éiéﬂ
system.
4. The method of claim 3 wherein said step of

sharing comprises the steps of providing a master time
reference to the first and second independent radio

communication systems for synchronization of operation.

5. The method of claim 3 wherein said step of
sharing comprises the step of assigning frequency and time
slot combinations in response to channel set-up requests
received from said first independent radio communication
system and said second independent radio communication

system.

6. The method of claim 3 wherein said step of
sharing comprises the step of assigning frequency hopping
patterns in response to channel set-up requests received
from said first independent radio communication system and

said second independent radio communication system.

7. The method of claim 1 further comprising the step
of using slow frequency hopping across the unassigned
frequency bands to provide radio telecommunication service

to the & plurality of subscribers.

8. The method of claim 1 wherein said first

independent radio communication system and said second
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conprises neans for allocating said second frerﬁu-envy hands_for

conmmuni cati o f the allocation REPEM"EME S}m frequency
bands wi t hi nrﬂulnﬁ ﬂaﬂ?ﬂﬁv 31. The cell ul ar| NT net wor k of
claim29 in whichK one eor of said systens |s e@cl rasi velél ssli gned one
or nore of said fixed frequency bands for 10 Pt o W9 vijcd in
addition to providing service over sard2plural}tiof Qhared friequency

bands. 32. The cellular communi cations network| of claim 29 furtHer
conprising nmeans for allocating said shared 15~—fretguency~ for
comuni cat i ofisdePer@eneor dhadd ebahini¥BENEAN #pst HaShte 3desidhigeceldall ar
comuni cations network of claim?29 in which said plurality of radio
conmuni cat | PEPwAa aggligotel ecomprusioatd opSseprices stsimaaAPMA - TDVA syst em
each of said systens having one or nore TDVA control channels. 34. The
cel lular conmuni cati ons network of claim29 further conprising nmeans for
assigning said one. or Imrea25 ceD]ful%&‘i d tadss f eeguentyatiands hetwarke as

control channels qn a frequenc op basis. 35. The cel] u| ar )
Comn cat' GHRETRELAB, RVET &1 BFSITS IR | e RirT obar G oPRR pldea in

comuni cat i Ofeci¥nt®NMEnto frequency bands, said network comprising at

least a first independent radio communication system and a
second independent radio communication system each providing
radio telecommunication service over a common geographic
region, a wmethod for using said frequency range comprising
the steps of:
assigning from said predeterminéd frequency range
at least one first frequency band to be used as a
control channel by said first independent radio
communication system;
assigning from said predetermined frequency range
at least one second frequency band to be used as a
control channel by said second independent radio
communication system;
assigning from said predetermined frequency range
a predetermined portion of said predetermined frequency
range to be used by said first independent radio
communication system to provide radio telecommunication
service to a plurality of subscribers located in said
geographic region; and
sharing by said first independent radio
communication system and said second independent radio
communication system frequency bands in the portion of
said predetermined frequency range not assigned as

control channels or assigned exclusively to said first




30 . conprises one or nore nobile tel ephone swit g MB@@\ = sai d
s

network furt

i

PCT/ SE96/O11Tﬁmﬂﬂmmngﬂurmmaufe(rzzzyalb;ﬁggt i)?gsa ]9 second frequendy bands

anong said systens dn & shared basis, said neans

to each of said nobile tel ephone switching officesf 5 36. The cql ljul ar
communi cations network of claim 35 in-wBBch sai dl nEans_ for—atrtotat}i ng

conprises a
The cel I ul ar

channel allocation and synchroni zatipn _processor. 10
communi cations network of claim36 in which said channel

br 04 MARaBGMg |cgnnect ed

37.

al location and sypelscummnal Ot gl OCasSAlceCOM | IR r@anplixdlitgceiofi ng a

frequency band all

systens; 15

ati.on request froman_ originatjng systemof said

C .
sibseriBes 1oaahedydBor ot SSGOF PRI RSEHEY - bands ar e

avail able in said network; and

10. The method of claim 9 wherein said step of sharing
comprises sharing without coordination or synchronization
between said first independent radio communication system and

said second independent radio communication system.

11. The method of claim 9 wherein said step of sharing
comprises the steps of providing a master time reference to
the first and second independent radio communication systems

for synchronization of operation.

12. The method of claim 9 wherein said step of sharing
compriges sharing in a coordinated and synchronized manner
between said first independent radio communication system and

said second independent radio communication system.

13. The method of claim 12 wherein said step of
sharing is controlled by a processor which assigns freguency
and time slot combinations in response to channel set-up
requests received from said first independent radio
communication system and said second independent radio

communication system.

14. The method of claim 12 wherein gaid step of
sharing comprises the step of assigning frequency hopping
patterns in response to channel set-up requests received from

said first independent radio communication system and

Cry
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neans for transmitting a frequency band aIIocqg%gaéggﬁﬂgﬂgm Tto sai d
originati onse to an affirmative | 8. The
ceI | ul ar lmmlmnml "m!almgtwor k of claim 36 whereijnisaid plurality of radio

onmmruni cat4 ons sysaens conprises a plurality of systlen@4ddARd989cali pg over
tlne di vision multipl exed channel s, each channel deflined by a 25
frequency band and a tine slot assignﬁeﬁﬁ -and whgrein said neans f¢r
al l ocating conprises: nmeans for receiving a channel—allocation request from
an originating systemof said systens; means for determning if channels
are avail abl #ai¥) second indepsaidént efadiiK comthi®aisnf systeémnsm tting a
channel allocation WO 97/ 09838
PCT/ SE96/ 01113 -35- assignnent to said originating systemin response to an

affirmative deter{d nat4il.method of claim 9 further comprising the step

of wusing slow frequency hopping across the unassigned
frequency bands to provide radio telecommunication service to

Lthe a-plurality of subscribers.

16. The method of claim 9 wherein said first
independent radio communication system and said second
independent radio communication system are designed to

provide radio telecommunication services using TDMA.

17. 1In a cellular radio communication network
comprising a plurality of systems each providing service
within a common geographic area, and operating within a
frequency range comprising a plurality of frequency bands, a
method of allocating frequency bands to said systems, said
method comprising the steps of:

assigning one or more first frequency bands to
each of said systems, wherein said first frequency bands
are used exclusively for control channels within the
systems to which each is assigned; and

allocating one or more second frequency bands to
said systems on a shared basis, wherein said second
frequency bands are used for traffic channels within the

system to which each is currently allocated

18. The method of claim 17 wherein said step of
allocating comprises:

allocating frequency bands from said second




39. :The cel | ul ar conmuni cations network of c|ain1BEB§AQEB§%ﬂLSH 1} reans
for det m“mmum iﬁw a frequency/ tinme slot [bank for storing hnused
frequenaa nations. 40. The cel | ul r |cQmMAR 90N

het wor k
of claim38 90 Wheérein said neans for transmttinggjconprises nea

- VI Q2

s{for
transmtting a frequency hopping pattern to“ a—ortgrnatthgf system
41. The cellul ar comunications network 8% tlai m{40 15 wherein saifl nmeans
for transmtting a frequency hopping pattern conprises: neans for
generating an orthogonal frequency hopping pattern; and neans for
transmtting deterindnipgt hdfonsham@Els are faeyuaide HAoppsagd paetwrrk to

sai d Orlglnagéﬂglfizgtenkearching for unused frequency/time slot

combinations.

23. The method of c¢laim 21 wherein said step of
transmitting comprises the step of transmitting a frequency

hopping pattern to said originating system.

24. The method of c¢laim 23 wherein said step of
transmitting the frequency hopping pattern comprises the
steps of:

generating an orthogonal Erequency hopping
pattern; and
transmitting said orthogonal frequency hopping

pattern to said originating system.

25. The method of claim 20 wherein said plurality of
systems communicate over time division multiplexed channels,
each channel defined by a frequency band and a time slot
assignment, and wherein said step of allocating comprises:

receiving a channel allocating request from an
originating one of said systems;
determining if channels are available in said
network; and
in response to a negative determination:
transmitting a. channel busy indication to

said originating system.

26. The method of claim 17 in which said step of

assigning further comprises the step of:
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