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METHOD AND APPARATUS FOR REDUCI NG CO- CHANNEL

| NTERFERENCE BACKGROUND OF THE | NVENTION 5 Technical Field
of the Invention The present invention relates to cellular

t el ephone wo S¥Fs@ns and, in particular, to a nethod and apRakddssel Or
effectuating wreless conmuni cati on wth reduced I nterference.
10 Description of Related Art Cel l ul ar tel ephone systens
divide a | arge service area into a nunber of smaller discrete

geogr aphi cal areas called "cells". Conventional cells typically
range in si ze from about MBFHRINAND AFPARATUSt RRRtBERYCENRt ers in 15
dianeter. Each cell is contiguous coidHARNEL DNTEASERENCE cells to
provi de continuous coverage throughout the service area. A base

station including a plurality of
BACKGROUND OF THE INVENTION

5 rechnical Field of the I .
The present invention relates to cellular telephone
systems and, in particular, to a method and apparatus for
effectuating wireless communication with reduced
inﬁerference.
10 Description of Related Art
Cellular telephone systems divide a large service
area into a number of smaller discrete geographical areas
called “cells”. Conventional cells typically range in
size from about one-half to about twenty kilometers in
15 diameter. Each cell is contiguous with multiple adjacent
cells to provide continuous coverage throughout the
service area. A base station including a plurality of
transceivers capable of operating independently on
different radio frequencies is provided for each of the
20 cells. Via the transceivers, the base stations engage in
gsimultaneous communications with plural mobile stations
operating within the area of the associated cell. The
base stations further communicate via data links (and
voice trunks) with a central control station, commonly
25 referred to as a mobile switching center, which functions
to selectively connect telephone calls to the mobile
stations through the base stations and, in general,
control operation of the system.
There are a plurality of radio frequencies in the
30 cellular frequency band available to cellular telephone
system providers for use in communicating with mobile
stations. A majority of the available radio frequencies
are reserved for the voice channels used in carrying
telephone calls. In an analog cellular telephone system,
335 like the known advanced mobile phone system (AMPS), there
is one frequency division multiple access (FDMA) analog
voice channel per frequency. In a digital cellular



transcei vers capabl e of operating i ndependently on different radio

frequencies is provided for each of the 20 cells. Via the transceivers,
t he base stations engage in si nul taneous conmuni cations with plural
nobil e stations operating within the area of the associated cell.

The - - bage) Flsadpsons further comunicate via data Iinks ( o7/0a969 V0! C€
trunks) with a central control station, comonly 25 referred to as a
nobil e switching center, which functions to selectively connect

t el ephone calls to the nobile stations through the base stations and,
I n general, control operation of the s¥stem There are a
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In a digital cellWe¥erved as control channels for carrying the control
signals (commands) used to direct operation of the system.
Alternatively, the control channel comprises one time slot
on a frequency shared with plural voice channels. The
10 control signals transmitted over the control channel
includes broadcast system information, call originations,
page signals, page response signals, location registration
signals, voice channel assignments, maintenance
instructions, and cell selection or reselection
15 instructions.

A common cellular system frequency assignment
architecture provides for a normal fregquency band plus an
extended £requency band within the overall cellular
frequency band. In one example, a first plurality of the

20 radio frequencies in the normal band portion of the
cellular frequency band are reserved for the control
channels utilized by the system on an at least one control
channel per cell basis to carry cellular system operation
control signals and messages between mobile stations and

25 base stations. A second plurality of the frequencies from
both the normal and extended bands are reserved for the
voice channels, and are typically divided more or less
equally amongst the cells and allocated on as needed basis
by the system to subscribers for carrying cellular voice

30 communications between mobile stations and base stations.

A cellular service area can cover a large geographic
region, and in many instances there will be a need for a
large number of cells. Often times, the number of cells
needed exceeds in number the number of cells provided by

35 dividing the available frequencies amongst the cells in
such a manner as to handle expected subscriber usage per
cell. In such a case there are simply not enough
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-2- t el ephone system |ike the known D AMPS (I S136) or dd obal

System for Mbile (GSM Communi cations, there are a plurality of time
division nmultiple access (TDVA) digital voi ce channels (time slots)
per- frequencywoldrde€nai ning 5 radi o frequencies in the PEIUSH04969
frequency band are reserved as control channels for carrying the

cont rol signals (commands) used to direct operation of the system
Al'ternatively, the control channel conprises_gne tine sl ot on a
frequency shared with plural voice channels. The 10 control signals
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cont r ol proposed 1in w 1c the grou base stations are replaced

by satellites wherein the cell size can be designed to be
10 significantly larger than the size of a conventional cell.
By way of example, a proposed cell could be as large as
a state. The actual size depends, of course, upon design
requirements such as the number of users in relation to
system through-put capability. Aside from the apparent
15 structural or physical difference between rigid land based
base stations and orbiting satellite transceivers, and the
difference in the potential geographic size of the cells
used for each, the communications systems and system
architectures for the proposed cells and the existing
20 conventional cells are similar.

For both the proposed and the conventional cells,
each cell is assigned use of a predetermined set of
frequencies from the cellular frequency band for use in
providing its analog and/or digital voice channels. The

25 availability of multiple voice channels per cell permits
base stations to simultaneously handle mapy telephone
conversations with many mobile stations. The frequencies
used for the voice channels assigned to a given cell are
preferably spaced apart from each other across the

30 frequency spectrum of the cellular frequency band. This
serves to minimize the instances and adverse affects of
adjacent channel interference.

Because only a limited number of frequencies are
available in the cellular frequency band, the same

35 frequencies that are assigned to one cell are also
assigned to (i.e., reused by) other cells in distant parts
of the service area. Typically, adjacent cells are not



channel per cell basis to carry cellular system operation control
si.gnal s and nessages between nobile stations and 25 base stations. A
second plurality of the frequencies from both the normal and extended
bands are reserved for the voi ce channels, and are typically divided
nore or 'esswoyﬁ'rsn gqual |y anongst the cells and al | ocat ed_w,g&, Resied
basi s e systemto subscribers for carrying cellular voice
connunications bet ween nobil e stations and base stations. A
cellular service area can cover a | arge geographic region, and in
many i nstances there will be a need for a -4- " large nunber of cells.

Oten tines, the nunher. _of ceI d _exceeds er the nunber
of cells prOV|deda§S%§§éa (fr1 ?hgagﬁa F5Are™ ?¥equ§ﬁ5gg§rﬂﬁ5$gth?he
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PCT/ US97/ 04969 are limited in strength so as to limit propagation beyond
5 the cell area. The foregoing precautions serve to reduce
instances of interference from cells using the same
frequency, which interference is known as co-channel
interference. Co-channel interference is caused by reuse

of that same frequency in a distant cell and is the

10 specific result of two users attempting to use the same
frequency channel. In the case of a digital phone system,
co-channel interference is a result of two users trying
to use the same time slot of the same frequency channel -

at the same time in a manner where each interferes with

15 the other. In the case of a proposed satellite based
system, co-channel interference vresults from the
‘bleeding” of a focused beam type signal transmission from

a satellite to a neighboring cell. This type of
interference which can occur when the transceiver is a

20 satellite can apply to the analog as well as digital
signal transmissions similar to the ground based

transceivers.

In spite of the planning by service providers in

assigning the frequencies in frequency reuse cellular or

25 satellite systems and regulating system operation,
however, it is known that instances of co-channel
interference do occur. This interference often adversely
affects system operation by, for example, degrading voice
guality on the voice channels or interfering with the

30 transmission and reception of control signals on the
control channels. For digital communications systems, the
mobile switching center functions to dynamically allocate

the time slots within the assigned frequencies, which are
available in any one cell among the plurality of mobile

35 stations located within the cell area that desire
communications to try to avoid potential co-channel



frequencies in the cellular frequency band for unique assignnent to

the included cells. Accordingly, in order to provide sufficient cal
handl i ng capacity throughout the service area, the cells are grouped
into clusters of 5 cells and the frequencies in the cellular frequency
band ar ew@ioyiaslggl anmongst and reused in each of the cl usicafsssrnasss

In addition to such conventional cells, new cells are _proposed in
whi ch .t he ground base stations are repl aced by satellites wherein the
cell- size can be designed to be 10 significagtly | arger than the size of
a conventional cell. By way of exanple, & proposed cell could be as
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assigned to a given cel | Mpre specifiagldyabl ynsp?acGaananomabmse@chmot her

across the particular user may emit a signal sufficiently strong

enough to extend from one cluster of cells to another

cluster of cells wherein the same frequency is in use by

15 another user. In a satellite system, wherein the

satellite beams down to a target cell or a target cluster,

some of the signal may radiate into a neighboring cell or

cluster and can interfere with another user in a

neighboring cell utilizing the same frequency. In the case

20 where the communications systems are digital and include

the proposed satellite system, the problem of co-channel

interference is more acute because all communications tend

to be synchronized by the satellite. Thus, two

interfering time slots are synchronized and therefore tend

25 to interfere with each other for the duration of the time
slot.

There is, therefore, a need for a method and
apparatus for use in cellular telephone systems that
facilitates a more efficient use of the cellular frequency

30 band which minimizes instances of co-channel interference.

SUMMARY OF THE INVENTION
. In a frequency reuse-type cellular telephone system,
the cellular frequency band is divided into a plurality
35 of groups of frequencies, with each group assigned to
multiple cells. For one embodiment of the present
invention, the groups of frequencies, (i.e., channels),



30 frequency spectrum of the cellular frequency band. This serves

to mnimze the instances and adverse affects of adj acent channel

i nterference. Because only a limted nunber of frequencies are
avai lable in the cellular frequency band, the sanme 35 frequenci es t hat
ar e :assi gne cell are also assigned to (i.e., ot her
cells in di g‘tvg(ra].t,&égsrts of the service area. Typicall ﬁ&g%?g"égér% cells
are not WD 97/ 37505
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use the same frequency. Furt hernore, the -6- power |evels of the signal

transm ssions in convent i anal o I afg based cel | ul ar honga sSystem on
any given frequeng§“"m one f?’é‘ﬁﬁeﬂﬁ (¥ FREST r BRGt HS’?B Faggeref (in time
propagati on beyontebative e thelgeows of Theafneleyoifnge pglisatirigoniusesne t 0
reduce of cells, wherein the groups of channels from each of the
clusters of cells are largely the same, if not identical.
5 The effect of this signal staggering is to spread out the
interfering signal and, therefore, to reduce the amount
of co-channel interference seen at any given time slot of
a digital signal. To accomplish this, however, the
transmitted signals must be staggered relative to a known
10 clock reference. By staggering data communications in
this fashion, the average amount o©of co-channel
interference is spread across a given cellular frequency
band, and the amount of co-channel interference is
minimized thereby allowing signal reconstruction circuitry
15 a better opportunity to clearly reconstruct a signal. The
inventive methods and apparatus are applicable both to
conventional base stations as well as to proposed
satellite systems or to any other system in which co-
channel interference can be a problem.
20 In one embodiment of the invention, a control station
on the ground transmits control signals to a satellite
specifying the timing parameters which correspond to a
gspecific transmission by the satellite. At a minimum, the
timing parameters specify an amount of delay or staggering
25 for each of the signals transmitted to the particular cell
or cluster of cells.

In another embodiment of the invention, in which a
plurality of conventional clusters having a plurality of
cells, each cell having a transmitter, there is one timing

30 controller provided for each cluster of cells. This
timing controller is coupled to each of the transmitters
to each of the cells within the cluster and provides the
appropriate control signals for introducing the desired
amount of delay for staggering for the communication

35 signals generated within the cluster. For this
embodiment, each of the timing controllers are also
coupled tc one clock whose value is used to synchronize



I nstances of interference fromcells using the sane frequency, which
I nterference is known as co-channel I nterference. Co-channel
interference is caused by reuse of that sane frequency in a distant
cell and is the 10 specific result of two users attenpting to use the
sane frequ channel. In the case of a digital phon@CES2704769

co- channel |rﬂ"g?§‘£’$‘§nce Is aresult of two users trying to use the
sane tinme slot of the same frequency channel at the sanme tine in a
manner where each interferes with 15 t he other. In the case of a
proposed satellite based system co-channel interference results
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particular cell. For this embodiment, each of the timing
controllers are coupled to each other, either directly or
indirectly, so as to synchronize the control of the

15 transmissions to the various cells within the cluster.
In this embodiment, one clock source is used to
synchronize the internal clocks of each of the timing
controllers used to control each of the cells within the
cluster.

20 An inventive method includes, in one embodiment,
delaying the transmission of all control and traffic
channels within a first cluster by first a prespecified
amount. The control and traffic signals in a neighboring
cluster, namely a second cluster, are delayed by a second

25 prespecified amount. The first and second prespecified
amounts of delay are unequal in relation to each other and
are unequal to other neighboring clusters. In one
embodiment, seven clusters are arranged and grouped
together, thereby resulting in there being six different

30 amounts of prespecified delay for six of the clusters
while one cluster transmits traffic and control signals
with no delay. Each of the seven clusters, therefore,
transmits corresponding time slots at a different time.

As may be seen in this embodiment, therefore, the

35 cluster whose control and traffic signals are transmitted

with no delay, or with a prespecified amount of delay



35 ° stations Jlocated within the cell area that desire

communi cations to try to avoid potential co-channel WO 97/ 37505
PCT/ US97/ 04969 - 5-

interferences. Unfortunately, instances of co-channel i nterference
are still known to occur. One reason for this rebfiSsolsset he

I nher ent WO93T5t ations in the capacity of the allocated frequency 5
spectrum for such comunications in relation to demand. Typi cal |y,
all- cells are not fully |oaded. Thi s m nimzes the probability
of 'the same channel being occupied in # co- channel cell . However ,

with more demand  pesng! 8hugRPes LL,Bs NEIDSL dhliSER DR GOl cpe
i ncrease, 10 there Ts reater Il kel ihood “of €6 Channel T nterter ence.
More specifically, kR ’Wrﬁ%mﬁi@ﬁaplsl%?é?n a particul ar user may
emt a signal sufficiemnd wa3t beN@nderstood, such staggering of control and
traffic signal transmission requires synchronization of
5 the signal transmissions from cluster to cluster. Such
synchronization is performed in several ways. In one
embodiment, the prespecified delay times are determined
relative to the signal transmissions of the reference
cluster. In another embodiment, a timing controller
10 specifies to the transmitter the actual transwmission times
of the traffic and control signals. As may be seen, the
. timing controllers are in communication with each other
to provide the synchronized operation.
In yet another embodiment of the invention, a timing
15 controller is provided for every cell of a cluster wherein
the timing is evenly staggered within the cell. In the
inventive method, the control and traffic signals are
delayed in differing amounts at the cell level rather than
at the cluster level.
20
BRIEF DESCRIPTION OF THE DRAWINGS
A more complete understanding of the method and
apparatus of the present invention may be obtained by
reference to the following Detailed Description when taken
25 in conjunction with the accompanying Drawings wherein:
FIGURE 1 is an exemplary cell diagram schematically
illustrating the frequency assignment architecture of a
fregquency reuse cellular telephone system;
FIGURE 2 illustrates the co-channel interference
30 which can occur with a satellite based transceiver;
FIGURE 3 illustrates the co-channel interference
which can occur with a ground based base station;
FIGURE 4 is a timing diagram that illustrates signal
staggering; .
35 FIGURE 5 is a system diagram illustrating the ground
based base station system; and



enough to extend fromone cluster of cells to another cluster of
cells wherein the sane frequency is in use by 15 anot her user. In a
satellite system wherein the satellite beanms down to a target

cell or a target cluster, sone of the signal may radiate into a

nei ghbori ng cq++gﬁ555 cluster and can interfere with anopbentsy9es®i n a
nei ghboring ce utl?izing the sanme frequency. In the case 20 where the
comuni cations systens are digital and include t he proposed satellite
system the problem of co-channel |nterf§rence IS nore acute because
all communi cations tend to be synchronized by the satellite.
Thus, two interfergird M8 SOt S G ¥NC QY 4RO Qﬂﬁu&@f&@fr@r ethend
25 tointerfere with ach her for the duration™of the t

There is, therefore, 5% s§dn8YAb&™and appar at us for use |n
cellular tel ephone systens that faC|I|tates a nore efficient use of
the cellular freque 3 Ny ' ances of co-channel

i nterference. e RY OF %\ﬁgk 1@\1215%2%\'/&1&‘%E In a frequency
reuse-type cel 14l ar teleﬁﬁ€ﬁ€e§f§téﬁ1n°w mad?hé°c§+$%ﬁ%ulfWQ&E%Hbﬁi ZRd1Ps
divided into a plur aiilxystSﬁated ofa grioupen of céXlequetmictsireM tandeadiregiuenpy
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i nvention, the groups 6& requencl es . €. C
cellular telephone system. arbltrary geographic region

({hereinaftexr "the service area") is divided into a

10 plurality of contiguous cells, for example, £(1)-£f(7)
schematically represented by circles. Each cell £(1)-£(7)
is assigned at least one frequency and may be assigned a
large number of frequencies for communication. Each
frequency which is assigned, is unique relative to the

15 other assigned frequencies in cells £(1)-£(7). It is
understood that the use of circles for the cells is for
explanatory purposes only and that cell shapes are subject
to specific design considerations. By way of example, the
cells could be defined as having shapes which are

20 hexagonal, square, triangular, etc. The cells f(1)-£(7)
are then grouped into clusters 12 {(outlined in bold to
ease recognition). It is understood, of course, that each
cluster 12 may have more or less cells f(1)-£(7) as
needed.

25 Continuing to refer to Figure 1, each cell £(1) uses
the same frequency or group of frequencies. as the cell
£(1) in a neighboring cluster 12(1}-12(7). 1In a digital
system, therefore, co-channel interference can occur if
a given time slot in cell £(1) interferes with the same

30 time slot in cell £(1) of a neighboring cluster 12(1)-
12(7).

Referring to Figure 1, it will be noted that in the
frequency reuse architecture adjacent cells are typically
not assigned use of the same radio frequency. Reuse of

35 an identical radio frequency in the service area is
preferably made with a separation of at least one cell
£(1)-£(7) along with a regulation cf broadcast power from
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- 6- fromone cluster of cells are then staggered in tine

relative to the groups of channels of neighboring clusters of cells,
wherein the groups of channels fromeach of the clusters of cells are
| argely the L{. not identical. 5 The effect of this

staggering is oﬂg%%ead out the I nterfering signal andéhﬁﬁg ore
reduce the anount of co-channel interference seen at any given tlne
sl ot ~ of a digital signal. To acconplish this, however, the
transmtted signals nust be staggered reIatﬂOe to a knomn 10 cl ock

reference. By sta qs{ln data conmuni cati o this fashion he
average anount %f ‘f:%l]c henngprstrain ;g Cf e‘f’recfﬁ,aegqtsl% rsé’é?ft&&tééglé{
given cellular fregdioythe cellhamdr. anfutttheraovoent iofwill demtled that

interference is pypiddMiyn n%ﬁ@nkh%égﬁnyh;QF«ﬁﬂ é%fﬂEﬂeé*%Hﬁ%%%ﬁﬂcEkago
circuitry 15 Eié%éﬁﬁ%ﬁﬁ gortug?txgﬂgiﬁégﬁ % reconstruct st gnal . The
i nventive methods Fat 48 7% Y @08ot h to convent i onal
base stations$ as well dan tepiteposdd the raemicaukibessyshker Otot 0Oagbyd
other systemin whi{ih,%@vence, it is known that interference does occur in
cellular systems like that previously described. One
aspect of this interference originates from same analog
or digital channel communications occurring simultaneously
10 in the cells £(1)-£(7) of other clusters 12 (i.e., co-
channel interference). 1In spite of any imposed broadcast
power limitations, a certain amount of the radio frequency
energy of those voice communications propagates beyond the
respective cell boundaries and interferes with the
15 freguency channel (s) of corresponding cells f(1)-£(7) in
adjacent clusters 12(1)-12(7).
Referring now to Figure 2, there is shown a diagram
which illustrates potential co-channel interference in a
proposed satellite based system for cellular
20 communications. As may be seen, satellite 20 transmits
a beam 22 toward cell cluster 24. In the example of
Figure 2, beam 22 does not merely radiate cluster 24, but
also partially radiates cluster 26. In the example, beam
portion 22a radiates cluster 24, while beam portion 22b
25 partially radiates cluster 26. It is beam portion 22b
which can become an inteffering signal causing co-channel
interference in cluster 26.
Referring now to Figure 3, there is shown a cluster
30 wherein a communication signal 32 radiates beyond the
30 perimeter 34 of cluster 30 and radiates into a portion 36
of cluster 38. It is within portion 36 of cluster 38 that
co-channel interference may occur.
The potential co-channel interference as illustrated
in Figures 2 and 3, may be reduced, in the case of a
35 digital communication system using time division multiple

access (TDMA), by staggering the time slots.



channel interference can be a problem 20 I n one enbodi nent of the
I nvention, a control station on the ground transmts control signals
to a satellite specifying the timng parameters which correspond to a
specific transm’ssion by the satellite. At a m ninum the timng

paramet ers spegisfoszadgs amount of delay or staggering 25 forpmw@;%g he
signals transm tteg to the particular cell or cluster of cell

I n anot her enbodi nent of the invention, in which a plurality of
conventional clusters having a plurallty of cells, each cell having a
transmtter, there is one timng 30 controTIer prOV|ded for each cluster

of cells. Thi s e ch of td
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appropriate control %ﬂ%"@nﬁorwhﬁﬁqlddut??ﬁgeﬁmm r Bime Slotarrmﬁwt seyen

del ay for staggeri nadjeicetite dlﬁxmli}s¢abbo%h36n 1nSIF§§aLr8 19eaeeakReggitédi n
the cluster. RQr

LS odi ne ea of t
controllers are alsd latlt}e 59 pT &% t% oerfe clq‘g’},ll? V\ﬁ Se a’(/acf%ee’ﬁagpggele one

synchroni ze 5 timg gipg7g@§ a period of 577 milliseconds, then each of
PCT/ US97/ 04969 the time slots are staggered a multiple of 1/6 of 577
milliseconds relative to the other corresponding time
slots in the adjacent clusters. As may be seen, time
slots 42-47 are all staggered 1/6 of a time slot period,
10 each in a different multiple of 1/6 of a time slot so that
there is no interference for the entire time slot of the
reference time slot 41.

The timing diagram of Figure 4 is illustrative of the

staggering of traffic signals as well as control signals

15 which, as may be seen in Figure 4, causes an interfering
signal to be distributed at least partially from one time
slot to another. Because it is known that co-channel
interference may occur for control channels as well as for
communication channels, such staggering of time slots

20 should be done for control signals as well as in the
traffic.

As mentioned before, the staggering of time slots
between carriers of adjacent clusters has the net of
effect of distributing the co-channel interference sources

25 from any one user to other wusers resulting in
‘interference averaging’. An interfering signal,
therefore, does not exclusively interfere with only one
time slot, but rather with multiple time slots.
Accordingly, relative to one time slot, the interfering

30 signal is present for a shorter period of time. This

- interference averaging or distribution can only occur if
the time slots of the different carriers are offset with
. respect to one another. Generally, if the time slots
associated with the various carrier frequencies are all

35 aligned in time, a strong interferer degrades the carrier-
to-interferer performance ratio throughout the entire time
slot of other users tuned to the same carrier frequency



-7- the internal clocks of each of the timng controllers,

t her eby synchroni zing the operation of the timng controllers. As
may be seen therefore, the timng controllers are able to

i ntroduce prespecified anbunts of 5 delay or staggering relative to
each other in a precise manner . In yet ang di ment
of the i nventW%?f}?y’g” timng controller is provi éed forEg@ésF@g%gl I
within a cluster. Wthin this enbodi nent, each timng controller
coupted to 10 a cell, and accordingly, control s the amount of delay or
stagger for the communication transm ssions- -125 t hat particul ar cell.
For this enbodinent, each of the tim controllers_are coupled to
each ot her, eitherh3ying{hy gane time S?ﬂ% r ddt Fhe gystRm t‘ﬂ‘@ﬁ’l@ﬁ?’brﬁ%”‘t
control of the 151n Fitgumsm Sshensine $hﬁ:wa‘neoasxtomht$ca111mmligmad in

cluster. £ £ Sé)i.g deyy U 0
synchroni ze t he mternaf rTFgcks " eac of tﬁt &ﬁ <, §‘;eiq’etélor%:hra(;:l Itélres
used to control ea%hnﬁetl’?ét@é”%evmlﬁﬂ e}p@ used a%l Bstgpurcepfor the pp

i nventive net$hod iphirdety ofndafiferahiodiedd and clustdekayi Rgcdfdingly,

transm ssi on of al | ﬁ[ﬁ I 1 1.0 T
cluster by first aéprespem LK_IEI’ EHJ}} Cbe mount. o gﬂ%o %ﬂ%@ ngjf’ %the
signals in a nei gh%ﬁmwcatlons cfram elsatﬁ&?ﬁs?? &Ose%%na'ls}lﬁme?r tar éhe
del ayed ]lgy g secondar2bus dlRapesi f2ed amunk. Theis r gt sepdbeesand or
prespecifie

averaging of interference for any one time slot,

10 therefore, facilitates better signal correction by the

various interleaving and channel coding techniques

employed in communication systems, as is known to those

gkilled in the art. The use of appropriate error

correction coding with such interference averaging,

15 greater facilitates the recovery of bits in the effective

- part of a slot thereby reducing bit errors and bit error
rates.

Referring again to Figure 2, and as was stated

before, the various signals 22 transmitted from satellite

20 20 to the various clusters, by way of example, cluster 24

or cluster 26, are ordinarily synchronized with each other

because of the fact that they radiate from the same

source, namely satellite 20. Timing controller 28 of

satellite 20, in the embodiment of the invention shown in

25 Figure 2, staggers time slots of the traffic and control

signals in a manner as shown in Figure 4 for each of the

signal beams 22 transmitted to the cell clusters 24 and

26. In this embodiment of the invention, each of the

control and traffic channels of cluster 24 are staggered

30 by a first predefined amount of delay, while each of the

traffic and control channels of cluster 26 are staggered

by a second predefined amount of delay. The amount of

predefined delay for each of the clusters is controlled

by timing controller 28 which is coupled to satellite 20

35 and which controls the timing of the transmission of

signal beams 22 from satellite 20. While the timing

controller 28 is shown functionally as a part of satellite



anourits of delay are unequal in relation to each other and are

unequal to other neighboring clusters. In one enbodi nent, seven
clusters are arranged and grouped together, thereby resulting in
tp\ereI being six different 30 amounts of prespecified delay for six of
:the clusters ile one cluster transmts traffic and oaing sonal s
wi th no del ay.wol':gggﬁgﬁgf the seven clusters, therefore, trasr?gmn?f%
corresponding tinme slots at a different tinme. As may be seen in
t hi s, enbodi nent, therefore, the 35 cluster_whose control and traffic
signals are transmtted wi th no del ay,'la‘r with a prespecified anmount
of del ay \% 97i/t37505

PCT/ US97/ 04969 is "understood, that timipg_controll%%i%% %a%a eto

zero, forns a tini npleekdr énce Gvoundhdased stather Wee¥hidbrihey coupdiagsto
~As may Dbe under st 00thheSWalesi AGDAY BY Phy CONWiRklaB6 signal transmissions.
% In one embodiment of the invention, satellite 20 is,
: 5 functionally, merely a transceiver wherein all control
signals originate from a ground based controcller.

| In a more conventional system, such as that shown in
| the system of Figure 3, each cluster 30 and 38 contains
a plurality of cells. By way of example, each cluster may
10 have seven cells £(1)-£(7) as shown in the embodiment of
Figure 1. In one embodiment of the invention herein, each
cell within a cluster contains the same predefined delay
or no delay in the case of the cells carrying the
‘“reference” signals, which delay is used in staggering the
15 transmissions from the cells within cluster 30. Thus, in
one embodiment, one timing controller 31 is used to
control the timing-for each of the cells within cluster
30 while a separate timing controller 39 is used to
control the timing for each of the cells within cluster

20 38.
In the embodiment of the invention; as shown in
Figure 3, it is also necessary to synchronize the internal

clocks of the system of the various clusters with high

precision so that these signals may be accurately

25 staggered. By way of example, in Figure 3, system clock

40 transmits clock values over lines 42 and 44 to timing

controllers 31 and 39, respectively, so that the internal

clocks of these two timing controllers are synchronized.

In contrast, the system of Figure 2 does not require the

30 use of a clock for synchronization since it has only one

- timing controller and one clock for controlling all of the

various signal beams 22 which were transmitted to the
various clusters, such as clusters 24 and 26.

Referring now to Figure 5, there is shown another

35 embodiment in which each of the cells within cluster 50

contains its own timing controller 52(1)-52(7). As may

be seen, each timing controller 52(1)-52(7) is coupled to



traffic signal transm ssion requires synchronization of 5 t he signa
transm ssions fromcluster to cluster. Such synchroni zation is
performed in several ways. I n one enbodi ment, the prespecified
delay tines are determ ned relative to the signal transm ssions of

t he ‘ref er encqyg o7/37505C! USt €T . I n another enbodi ment, a ti gLPYsdnedeh©! I er
10 specifies to the transmtter the actual transn155|on tines

the traffic and control signals. As may be seen, the timng
controllers are in comunication with each ot her to provide the
synchroni zed operati on. In yet arldther enbodi ment of the

invention, a tim |1 rovid % el l

cluster vvherel n '&1]_1@ f(ﬂ)r&t(ﬂ i §fevcgln sf <t aggerbéﬁ %Il %/ Cstah(é')cép%) In
t he i nvent i \r@smq#eerelyhe chbnt thisaremboddment, siagdalsf atke timing
del ayed in d'ffe”dﬁhﬁﬁﬁﬁuﬁkﬁ sk (Lhesget], |§N@'1ﬂ£ﬁ$ﬁ%ﬁﬁﬂ3@ﬁlon w1tﬁte£§ﬁ

cluster |evel P THE DRA nor e
conpl ete understan&l i) OYRihne%EEquf?@a m) ’ resﬁﬁﬁgﬁ‘é‘?& d° WBChresee
invention may be d¢ieastadgpying of thef drisecelbtst he fol | owi ng Detail ed
Description when takenkgéerr1ﬂ§1ﬂaﬁnthEBécﬁldﬁﬁiQlEQENQQﬁ9QREP%hBQdERQ¥¢ngs

wher ei n: I agram schemati ca

i | lustrating the el Sch’%‘i‘é’r%fhr?e%t %ﬁﬁ'f‘e&ﬁ?ﬁe ofr 2 referePFéqEE%]y
reuse cellul ar telé@phbhangysieng clock valueF| GURE 2iinkl u6lr alcestifeng

co-channel interfeoaBes1ddr 62 WHidh Ct@iéno‘éﬁﬂas%&ﬁ'tf"ofaélgnaltseoggx':‘eglne

transcei ver; €3 t ?}%RE g illustrates the co- interference
whi ch can oddur wtht8 &% aSEAPHRLEF S &¢ 6pF controlling the timing
of the signal beams 65 which are transmitted to the

terminal units within the cluster 66.
Although the method and apparatus of the present
invention has been illustrated in the accompanying
15 Drawings and described in the ' foregoing Detailed
Description, it will be understood that the invention is
not limited to the embodiment (s) disclosed, but is capable
of numerous rearrangements, modifications and
substitutions without departing from the sgpirit of the
20 invention as set forth and defined by the following
claims. In particular, it will be understood that the
present invention may be effectively wutilized in
connection with the allocation of either analog or digital
traffic and control channels.



FIGURE 4 is a timng diagramthat illustrates signal staggering; 35

FIGURE 5 is a systemdiagramillustTatring the ground based base
station system and WO 97/

St %377 b T 0 i are ¢
IS a system dlww&ustrati ng the * ¢ satellst@ based syBtIHUS97/04969
DETAI LED DESCRI THE DRAW NGS 5 Ref erence is now nmade to
Figure 1 wherein there is illustrated a known cell structure and
frequency assignnent architecture for us in a radio frequency reuse
cel lul ar tel ephone system An arbitrary geogrégﬁi Cc region

(hereinafter "the S%}Yz{fex.sar&iihEbslglVi ded into a

1. In a communication system for transmitting
control and traffic signals for cellular communications
during predefined time slots, which communication system

5 includes a plurality of clusters, each cluster of said
plurality of cluster including at least one cell, each
cell being characterized by at least one frequency channel
being assigned to the cell for transmission of the traffic
signals, said communication system further including at

10 least one transmitter for transmitting the control and
traffic signals, the communication system comprising:

a timing controller having an output coupled to
the at least one transmitter, said timing controller for
causing the at least one transmitter to introduce a

15 prespecified amount of delay into the transmission of the
control and traffic signals.

2. The communication system of claim 1 wherein said

timing controller causes the at least one transmitter to

20 introduce the same amount of prespecified delay in the

transmission of the control and traffic signals for all

_ of the traffic and control signals transmitted within one
cluster of the plurality of clusters.

25 3. The communication system of claim 2 wherein the
timing controller causes the at least one transmitter to
introduce a different amount of prespecified delay for
each of the clusters of the plurality of clusters.

30 4. The communication system of claim 3 wherein the
at least one transmitter is housed within at least one
satellite.

5. The communication system of claim 4 wherein the

35 at least one transmitter is comprised of a plurality of

transmitters wherein there is one transmitter for each
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10 "pl urality of contiguous cells, for exarrple f(l)-f(7)

s
e < A

frequencies for comunic freque‘ncy which is dssigned, is
uni que rel at he 15 lmllﬂm EI Ned frequencies in cptdgsdrlohosof (7).
It is %%97?32 t(g’odtha |rclesfor the cells is for

expl anat ory purposes only and that cell shapes are subject to
specific design considerations. By way of exarrpl e, the cells could be
defined as having shapes whi ch are 20 hex¥gonal , square, triangular

etc. The ceIIsf( (7 aret en to_cluster I|ned
in bold to 8%05’??1? ﬁi:n)leﬁst %‘9% ﬁ%fjgt?)gdeaii 5@53? F%I Sach
cluster 12 may havielumlei.tar dfecdusgbers.f(1)-f(7) as needed. 25
Continuing to refer to Figure 1, each cell f(l) uses t he sarre

frequency or group of frequepcies.as the.c '
cluster 12(1)-12(7). | rF'aqdf%ﬁet 5Pm“‘unl°ats"§7§t Ewt?‘%&fe%%‘ém e l{:]el rhleng

i nterference £an oaculeadt one trmngmictetri ie sbuprised edf af(pl)unaitle:ryf efes

\iMZE g) the same 30 the%ﬁémltﬁ!é}ts I hea@in ftl'(elr)e afs %ﬂ@'%ﬁl@ﬂe?l lf%frereaJ:%( 1) -

erring.to Figure 1, it w not hat in the
frequency reuse ar%?l]r%eﬁ’f‘-u?‘@ea(ﬂra Stce?‘P% ‘a‘FJeJ'th EaF “Sternﬁ’%
assi gned use of thpelweakityadod dflusgeeacy. Reuse of 35 an i denti cal radi o]

frequency in the service area is preferably made with a separation of
at | east one_cell f(I) f(7) along with a regul ation of broadcast
power from 10 7. A communication system for transmitting control

and traffic signals for cellular communications during
predefined time slots, the system comprising:
a plurality of clusters of cells, each cluster
of cells having at least one cell, each cell being
15 characterized by at least one frequency channel, which at
least one frequency channel is different from any other
frequency channel " within the same cluster of said
plurality of clusters of cells;
at least one transmitter for transmitting
20 traffic and control signals within each said at least one
cell of each cluster of said plurality of clusters of
cells,
a system clock for providing a clock reference
signal; and
25 a timing controller having an input and an
output, which input is coupled to said system clock for
introducing a predetermined amount of delay into the
transmission of the time slot wherein the predetermined
amount of delay is measured relative to the clock
30 reference signal provided by said system clock, the timing
controller output being coupled to said at least one

transmitter.
8. The communication system of claim 7 wherein said
35 timing controller causes the at least one transmitter to

introduce the same amount of prespecified delay in the
transmission of the control and traffic signals for all

THIS SHEET HAS BEE!
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-10- each cell to constrain radi o propagation substantially
wthin the cell area. Furthernore,

t hat typically no
one cell f(1)-f(7) utilizes adj acerH“mm I "ml quenmes in the _

cel Lul ar band.ywg ¢7:3750s In e mwprecauti ons t alpemushmos9aVoi d

i nterference, | t I's known that i nterference does occur cel | ul ar
systens |i ke that previously described. One aspect of this

interference originates from sane anal og
conmmuni cations occurring sinultaneously 10

1707 di gi tal channel
in the cells f(I)-f(7) of

other clusters 12 (ige. theCQrafﬁJ.c anahe&tt@tol %@h&@geeffasmleté@mh% 8hY

i nposed broadcast

f requency ener"g’?‘%‘}rert REs ERG P Eer i fifc SLPSRETPr opagat es. beyond t he

Imtations, a cértaln anount of the radio

respective cell boundaries and interferes with the 15 frequency

channel (s) of correspondigg cehl Sedhaizbh?lon bystem oB0bPEENts GFeEHSthe
5

12(1)-12(7).
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timing controller causes the at least one transmitter to
introduce a different amount of prespecified delay for
each of the clusters of the plurality of clusters.

10. A cellular communication system, comprising:

a satellite based transceiver having at least
one transmitter for transmitting traffic and control
signals at specified frequency channels to a plurality
of clusters wherein no two specified frequency channels
used for traffic signals are the same within a cluster of
the plurality of clusters, and wherein said specified
frequency channels assigned to each of the clusters being
predominantly the same as compared to the each of the
other clusters; and

a timing controller in communication with said
satellite based transceiver for controlling the timing of
traffic and control signals transmitted by said satellite
based transceiver, said timing controller specifying an
amount of predetermined delay for a given signal
transmission.

11. The system of claim 10 which further includes
a system clock, which system clock is coupled to said
timing controller to provide to said system controller
a reference clock signal.

12. The system of claim 11 wherein said timing
controller specifies a different amount of delay for each
of the clusters to which said satellite based transceiver
transmits.

13. A method of improving a communication system's
ability to reduce co-channel interference in a
communication system which includes at least one

THIS SHEET HAS BEEN
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-



Refefr!ng now to Figure—2 _there is shown a dlag mhICh il lustrates

patenti al co-channel |nterference in a _ Ilmllﬁll B based
system for  cellular fﬂ)‘SSh qed)ns ﬂmm m ellite 20
transnits a beam 22 uster 24. * 1h the exanpl e of
Figure 2, beam 22?(3 es not e cluster 24, but peruseRbsded

partially r a8 | ust er I n the exanpl e, beam portion 22a
radi ates cluster 24, while beam portion 22b 25 partially radiates
cluster 26. It is beam portion 22b whi ch can becone an interfering
si gnal causing co- channel interferencd8in cluster 26.

Referrlng now to Figure,K 3 re is shawn.a clus

comuni cation si gﬁé]anngSa ? rb’&fbgﬁ'&tttﬁé‘gSﬁonEr%Jer?%tt&awofslgf’ g?er

30 and radi at es i ntichdnpoat ipdmradity of oflestetssr 88ch| tcliusteirt fh pbetion

36 of cluster Yrality off c%e@a% LALELASHENSE TBYSOCEHE. cell, the
The potenti al co anne nterference as illustrated in Figures 2 and

3, may be reduced™athoch§OPREESHRT L1 steng Gfval comuni cation system
using time disvi sion nultipl delaying aheecssaidiiddiionbpfsabygelr ithg coatrpire
slots. and traffic signals within a first cluster by a first
prespecified amount of delay; and
delaying the transmission of all of the control
and traffic signals within a second cluster by a second

10 prespecified amount of delay, wherein said first and said
second prespecified amounts of delay are unequal to each
other.

14. The method of claim 13 wherein said prespecified
15 amount of delay for said first prespecified amount of
delay is equal to zero whereby the control and traffic
signals within the first cluster form reference signals

from which all other transmissions are measured.

20 15. The method of claim 14 wherein the prespecified
amount of delay for the second cluster is determined by
synchronizing the transmissions to each of the cells with
each other and then by determining the proper transmission
time for each cluster relative to the reference cluster.

25

16. The method of claim 14 wherein a time ¢to
transmit the control and traffic signals for the second
cluster is determined by waiting a prespecified amount of
time after the transmission of control and traffic signals

30 by said first cluster.

17. A method of improving a communication system's

ability to reduce co-channel interference in a
communication system which includes at least one

35 transmitter for transmitting control and traffic signals
within a plurality of clusters, each cluster of the
plurality of clusters including at least one cell, which
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\Igg‘grwr ?Zgoﬁow to Figure 4, there. Jﬂgssq,gfg as ~—PGFI gﬁgzgﬂmmluuluéumm“l

corresponding time slots of seven: Iusters *as® showt!

Figure |, are staggered rela her Thus by way of
exanple, if ONGoo P1ra7s sLime slot ha 77 mlli secondm]smmmwach
of thetln% ﬁots are staggeredarmltlple of 1/6 of 577
mlliseconds relative to the other corresponding tine slots in the
adj acent clusters. As may be seen, tine slots 42-47 are all
staggered 1/6 of a tine slot period, 10 each’in a different mul tiple of

1/6 of a time slot sg that, . . . Sg%g:gml g%gﬁ It aidss enee tf%ﬁ\ﬁn%hgoﬁﬁdfleer

time slot of the compt Lt ence
di agram of Figure 4 if9r|¢¢¢15t°r1&§139é ‘bﬁ ttl}?eplurall"s\f Kfg ELUTGEEE - t FaF f'?ef:th"d
signals as well as C@Bhﬁ@ismgnﬂié steps wii:ch, as nmay be seen in Figure 4,

~causes an interfering E;o b%gg&ggmggh?d %nalle%%mpérﬁ :.Léhce

fromone tinme slot to an use it hat cocanne
i nterference naf occGiOQ’—‘)érth(ﬂ@Fhonc%rfél“&nSsc%WOsterfSorfOr the plurality
- communi cati on channebg, csustest Aggering of time slots 20 shoul d be done
for control signals as well asmth I C. AS

menti oned before, the staggerin 17Tmltnlr'n§! %E{HJ eaﬁ tvveen carhrl errém(‘) ng
adj acent clusters hasonhéolfﬂeqrsogor each é?h’@@?ro@f dihe plygel Hyy Qfe clusters,
co-channel interferepgaead@tCRF delay for the control and traffic signals of

10 transmitted from the at least one transmitter to the cells
within each cluster of the plurality of clusters, wherein
the amount of delay for each of the clusters for the
plurality of clusters is different from the amount of
delay for a neighboring cluster within the plurality of

15 clusters;

providing a signal reflective of the determined
amount of delay for a given cluster to the at least one
transmitter; and
transmitting control and traffic signals from
20 the at least one transmitter to the clusters.

THIS SHEET HAS BEEN
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25" from any one wuser to other wusers resulting in

"interference averaging". An .interfering signal, t herefore,
does not exclusively interfere with only one time slot, but rather
with nultiple tinme slots. Accordingly, relative to one tine slot, the
interfering @38g/37¢94 9nNal is present for a shorter period ofpciy§gmoagseThi s

I nterference averaging or distribution can only occur if the tinme
slots of the different carriers are offset with respect to one

anot her. Generally, if the tinme slots associated wth the various
carrier frequencies are all 35 aligned in tinme, a strong interferer
degrades the carrier- to-interferer performance ratio throughout the
entire tine sl ot of other users tuned to the sanme carrier frequency
WO 97/ 37505 1 OF 4 PCT/US97/ 04969

-12- having the sane tinme slot. In the system enbodi nrent shown

in Figure 2, the tinme slots are automatically aligned in

FIGURE 1



time if the invention is not practiced, given that the single

.satellite is being used as a source for the 5 plurality of different
cells and clusters. Accordingly, the interference nay be averaged
out by staggering the ~comuni cations fromsatellite 20 of Figure 2 to
t he Va?,bg91§750§| usters 24 and 26. This distributigisetnasse

aver agi ng interference for any one tine slot, 10 t herefore,
facilitates better signal correction by the various interleaving and
channel codi ng techni ques enpl oyed i n conmuni cati on systens, as is
known to those skilled in the art.2 OWhefuse of appropriate error

correction coding with such interference averaging, 15 greater

facilitates the recovery of bits in the effective of a slot
thereby reducing bit errors and bit erre Ref erring
agai'n to Figure 2, and as was state®8 Ref § &gJus signals 22

transmtted fromsatellite 20 20 to thg
exanpl e, cluster 24 or cluster 26, v synchro&|zed with
each ot her because of the fact that they rao/ate fromt samne
source, nanely satellite 20. .Timng controller 2% of satellite 20,
in the enbodi nent of the invention sho j, n 22,/‘( igure 2, staggers tinme
slots of the traffic and control % nner as shown in
Figure 4 for each of the si gnal Qgansm @20 the cell
clusters 24 and 26. In this enbod ’the i nvention, each of the
control and traffic channels of cluster taggerg ? by a first
predefi ned amount of delay, while each ; ?IC and control
channel s of cluster 26 are staggered

Ry way of

FIGURE 2

54(1) 54{2)
>/52(3) \(
52(3)

s2(1) 53(1)\—53(2)

54(7) 53(7) ﬁ:) Qa) 53(3) 54(3)
se(7) =G [(7)f1s)) _A52(4)
83(8) ‘5 )74 53(4
54(86) 52(5) 54(4)

f—is52(5)
22(8) 53(5) (
(5)

FIGURE 6



by'a second predefined anount of delay. The anount of pr edefi ned

.delay for each of the clusters is controlled by timng controller 28
which is coupled to satellite 20 35 and which controls the timng of the
transm ssi on of signal beans 22 fromsatellite 20. While the timng
cantroller ' wn functionally as a part of satellite 7 WO

oo aya0s | WobhaRd PCT/ US97/ 04965 0 008

- 13- 20, it is understood, that timng controller 28 can be

placed in a ground based station wherein the coupling to t he
satellite is by way of wireless signal transm ssions. I n one

enbodi ment of the invention, satellite 203i 9.f 54 functionally, nmerely a
transcei ver wherein all control signals originate froma ground based
controller. In a nore cqQpventional system such as that shown in
the 'systemof Figure 3, gg 7 2 d/38 contggns

34
34

39
| riuive riuive |/
CONTROLLER CONTROLLER
42 44
40
FIGURE 3
TIME SHIFT (SL0TS)
REFERENCE ;ouz TIHESLOT—;j77ms
1/6 s i
2/6 g } 542 :
3/6 ; | | 9
4/6 5 g ' LI
_ /6] = =
6/6 L

(S
B |

FIGURE 4



a plurality of cells. By way of exanple, each cluster may 10 have seven
.cells f(l1)-f(7) as shown in the enbodi nent of Figure 1. In one
enbodi nent of the invention herein, each cell within a cluster
contains the sane predefined del ay or no delay in the case of the
cel I's carryi Qg ¢7/3%0s "reference" signals, which del ay igcpisR50doEy
staggering the 15 transm ssions fromthe cells within cluster 30. Thus,
in one enbodi nent, one timng controller 31 is used to cont rol
the timng for each of the cells within cluster 30 while a separate
timng controller 39 is used to control e timng for each of the
cells within cluster 20 38. 481 t enbodi nent of the

i nvention, as shown in Figure 3, it is also necessary to synchronize
t he internal cl ocks of the systemof the various clusters with high
preci sion so that these signals nay be accurately 25 staggered. By way
of exanple, in Figure 3, system clock 40 transmts cl ock val ues over
lines 42 and 44 to timng controllers 31 and 39, respectively, so
that the internal cl ocks of these two timng controllers are

synchroni zed. In contLa®2 the system of Fi 88 does not require
the 30 use of a clock por synchronization sin it has only one
timng controller and on¢ clock for 88 1ing fall of the vari ous

si gnal beans 22 o—tire varijous cl usters, such

as clusters 24 apd ZQ‘UHNG ing 47y Lo f# guje 5, there is shown

anot her 35 e oglo L2 i C coof rRANSRITTER t i n clluster 50
contains its own}timng controllar 52(I'N-52(7). As nmay be seen, each
timng controlle I's coupled to
61
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f(1)-f(7) of «cluster 50 by I|ines_ 53(1)-53(7),

reéspectivel y. In this enbodinent, all of the tlnlng controlTers
52(1)-52(7), are in comunication with each ot H#smmﬂ{e |acnd
54(1)-54(7), respectively, to synchronize the s e tinme

sl ot s.
of the invention

Referring now to the bIock glagram
as shown in Figure 6, a refé

a cl ock val ue ove&HA ngSGé&égMgbggg controller 52 whi ch t hen sends
to sat

control signals over |ine

controlling the t

ellite transmtter 64 for
imngl- A sfommh@igiadnisin bepsise®s fwni dhraarsenittrainsy Tomd

to the ' ternsﬂénal%”fé%\%éﬂydiaEh@oﬁmHﬁigétﬁghs quring pre déF&g g?e%Q

hod and apparatus of the presen I nvention
Pﬁ; acconpanSPng slots, the gystem characterized by:

a plurality of cell clusters, each cell cluster
including at least one cell, each cell including at least
one frequency channel, wherein the at least one frequency
channel is different from any other frsquency channel

- within the same cluster;

10

15

20

25

30

35

at least one transmitter for transmitting TDMA
signals within each of said cell clusters; and

a controller for introducing a predetermined
amount of delay into the transmission of a TDMA time slot
from a first transmitter in a first cell cluster, wherein
the predetermined amount of delay prevents the TDMA time
slot from being transmitted at the same time as a
corresponding TDMA time slot from a second transmitter in

a second cell cluster.

2. The communication system of claim 1 wherein
there is at least one transmitter located within each cell
of the at least one cell of each cluster of the plurality

of clusters.

3. The communication system of claim 1, wherein the
at least one transmitter is housed within at least one

satellite.

4., The communication system of claim 1, wherein
said controller causes the at least one transmitter to
introduce the same predetermined amount of delay in the
transmission of each TDMA time slot of the TDMA signal
transmitted - within one c¢luster of the piurality of

clusters.

5. The system of claim 1, wherein the controller
further comprises a system clock for providing a clock

ence clock ransn1ts
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15 Drawi ngs and described in the foregoing Detailed.

Déscription, it will be understood that the invention is not limted
to the enbodi ment(s) disclosed, but is capable ~ of nuner ous
rearrangenents, nmodi fi cations and substitutions w thout
departing fromthe spirit of the 20 I nvention as set forth and defi ned
by the foll ow ng clainms. In particular, it will be understood that

t he present invention may be effectively utilized in connecti on
with the allocation of either analog or digital traffic and control
channel s. reference signal from which to calqulatg5the[g¥¢?etq;minq$e

conmmuni cati on sysdpRrf & addnad, Wherein the at |east one transmtter is

housed within at | east one satellite. 2. The communi cati on system of
claim3 wherein there is at |least one transmtter |located within each cel
| east one cdl ofTleacdystestef olaimel, wherein the controller

of the at

5

10

15

20

25

30

35

further comprises a plurality of controllers located with
each cluster of the plurality of clusters.

7. | The system of claim 1, wherein the controller
further comprises a plurality of controllers located
within each cell of the plurality of cells.

8. The communication system of claim 4, wherein the
controller - causes the at least one transmitter to
introduce a different predetermined amount of delay for
each of the TDMA signals transmitted from each of the
clusters of the plurality of clusters.

9. A method for reducing co-channel interference
in a communication system including at least one
transmitter for transmitting TDMA signals within each of
a plurality of clusters, each cluster of the plurality of
clusters including at least one cell, the method
characterized by the steps of:

' transmitting d time slot of a TDMA signai from

a first transmitter within a first cluster at a selected
time; and ' |
delaying transmission of a corresponding time

slot of a TDMA signal from a second transmitter within a
second cluster by a selected delay after tranémission of

the time slot from the first transmitter.

10. The method of c¢laim 9, wherein the step of
delaying further includes the step of synchronizing the
transmission from the first and the second transmitters
to ensure proper timing of the selected delay.
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plurality of clusters. 3. A communi cation systemfor transmtting TDVA
signals for cellular communications during predefined tine slots, the

dystem conpri si ng: a plurality of cell clusters, each cell cluster
including at |est one cell, each cell including at |east one frequency
channel, wherein the at |east one frequency channel is different from any
ot her frequency channel wthin the sane clui%er; : at | east one
transmitter for transnmitting TDVMA signals within each of said cel

clusters; and a,contralle [ o] I (of0) pre rmened
anount of delay into %%é t?gﬁsm&%é?%% OQ#{ e%(ti%#%lv%’ti@égg%? £ o%qg“%f n:gt

transmitter in atransmigeltheclapnrgsponding i preilcrtr vheae@D¥Aoghgnsl

delay prevents theoTDMAel i BBcShE! 1 @MOLI NG L IANUBA iR Ayt NG9 R | BB
as a same TDMA tinme slot froma second transmtter 1n.a second cel]
cluster. 4. DResp8RiiAREata Ny sPEmtdfmec| af R Wher i rARENES TR r 6F1 er

causes the sat | egshtepe hhangwuffee E@ghBIEOBYCEatibe fSa@e plLadeker.m ned
anount of delay in the transm ssion of each TDVA tine slot of the TDVA
transmitted within one cluster of the plurality of clusters. 5.  The
comuni cati on system af.cl ai metholderfimn tdduciont robt ehanaatesntbefatreheast

one transmtter I nt roduc é%fi re et ' -ngu 0 g %ay r
each of the TDN%?gig%alf F%ﬁ@h\ﬁﬁ? f%%ﬁﬁ%%@h %ﬁéﬂéé? ds?%rsi% § heOL8
plurality of clutrapsmitter for transmitting TDMA signals within each of
REPLACEMEND SHEE] plurality of clusters, eadﬂwgﬂangzS%EEEhe plurality of

clusters including at least one cell and having a timing

—
—

controller associated therewith, the method characterized
by the steps of:

_ synchronizing' transmissions of corresponding
15 TDMA time slots from each of the transmitters in the
plurality of clusters using at 1least one timing

controllers; and _ _
delaying transmissions for corresponding TDMA
time slots transmitted from each of the transmitters
20 within the plurality of clusters, wherein the amount of
delay for each of the corresponding TDMA time slots
prevents any two corresponding TDMA time slots in

different clusters from being transmitted at a same time.

25 ~13. The method of claim 12, wherein each cluster has
a single controller and the step of synchronizing further
comprises synchronizing each transmitter within the

cluster according to the single controller.

e
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[err] " -16- J[err] 6. A nmet hod for reduci ng co-channel 805032~
interference in a comuni cation'systemincluding at |east one transmtter
for transmtting TDVA signals within each of a plurality of clusters, each

cluster of the plurality of clusters including at |east ane cell, the

met hod conprising the steps of: transmtting tine slots of a TDVA
signal froma first transmtter within a fgrst cl'us d tine;
and ’ del ayi ng transmi ssion of a sane tine sl bgnal from
‘a second trapEAIMSer within a second cluster by elmmmmn"HMHmﬁt del ay
after transmssion of the tinme slots fromthe first transm «L0 reduce

ico-channel interference between the tineslots fromthe first transmtter

tand the corrgespong ' : t ' 7 .
- met hod of clﬁi m gﬁl\ ?A%gb{erﬁﬁﬁk: ﬁﬁe&‘s%%%gﬂé‘f‘;@éﬁiﬁfug%e}’éﬁ‘[‘ﬁg&t?éﬁ%ﬁtﬁé‘gs“?’hseﬁ g‘? 'ép
-of synchr oniigihogstl avithinas ldass bne shtallitet he first and the second

‘transmitters to ensure proper timng of the sel ected del ay.
2. The communication System of claim 3 wherein there is at least one
transmitter located within each cell of the at least one cell of each cluster of the

plurality of clusters.

3. A communication system for transmitting TDMA signals for cellular
communications during predefined time slots, the system comprising:

a plurality of cell clusters, each cell cluster including at lest one cell, each
cell including at least one frequency channel, wherein the at least one frequency
channel is different from any other frequency channel within the same cluster;

at least one transmitter for transmitting TDMA signals within each of said
cell clusters; and

a controller for infroducing a constant, predetermined amount of delay
into the transmission of each TDMA time slot from a first transmitter in a first cell
cluster, wherein the predetermined amount of delay prevents the TDMA time
slot from being transmitted at the same time as a same TDMA time slot from a

second transmitter in a second cell cluster.

4. The communication system of claim 3 wherein said controller causes the
at least one transmitter to introduce the same predetermined amount of delay in
the transmission of each TDMA time slot of the TDMA transmitted within one
cluster of the plurality of clusters.

5. The communication system of claim 4 wherein the controller causes the
at least one transmitter to introduce a different predetermine amount of delay for
each of the TDMA signals transmitted from each of the clusters of the plurality of

clusters.
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8. The method of claim6 wherein a time to transnit the control and
traffic signals for the second cluster is determned by waiting a

prespecified anount of tine after the transm ssion of control

and traffic

signals by said first cluster. 9. A net hod f or Teducing-co=-channel :

interference in a conmmunication systemincluding a mtter
for transmtting TDMA signals within eac_qagf a plu , m")niﬂl ﬂms each
eas s

cluster of the plurality of clusters including at ane uC

d havi ng

a timng controller associated therewith, the nethod conprising the steps

of : synchraoni zi ng transm.ssions of correspondi ng TDVA ti
each of theBrandmmethos ifer t"ﬁ@u?!l"ﬂrﬁ‘P'P}@"B?' intheeEnce,

me slots from

# iy eAMNisIGatioRe

EEQLR&%E%%%%%&%CIGH%Q at least one transmitter f?L{I\}fERE)ﬂBitgnI—%E‘PMA signals within

LEEL9 each of a plurality of clusters, each cluster of the plurality of clusters including at2 7

SEP19 least one cell, the method comprising the steps of:

transmitting time slots of a TDMA signal from a first transmitter within a

first cluster at a selected tim'e; and

delaying transmission of a same time slots of a TDMA signal from a

second transmitter within a second cluster by a selected constant delay after

transmission of the time slots from the first transmitter to reduce co-channel
interference between the timeslots from the first transmitter and the

corresponding timeslots from the second transmitter.

7. The method of claim 6, wherein the step of delaying further includes the

step of synchronizing the transmission from the first and the second transmitters

to ensure proper timing of the selected delay.

8. The method of claim 6 wherein a time to transmit the control and traffic

signals for the second cluster is determined by waiting a prespecified amount of

time after the transmission of control and traffic signals by said first cluster.

9. A method for reducing co-channel interference in a communication

system including at least one transmitter for transmitting TDMA signals within

each of a plurality of clusters, each cluster of the plurality of clusters including at

least one cell and having a timing controller associated therewith,

comprising the steps of:

the method

synchronizing transmissions of corresponding TDMA time slots from each

of the transmitters in the plurality of clusters using at least one timing controllers;

and
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[err] -17- del ayi ng transm ssi ons
for each corresponding TDMA tine slots transnmtted fromeach of the
transmitters within the plurality of clusters by a constant anount, wherein
t he amount of delay for each of the correspondi nH"mmm"nﬂlmllﬂm prevents
any two corresponding TDVA time slots in differe bei ng
‘transmitted at a sanme tine to reduce co-gkannel i ht et f ér efice®bet ween any

two correspondi ng TDVA tineslots. 10. The met hod of claim9 wherein each
cluster has a single controller and the step of synchronizing further

conprises synchro |2| n ach transmiter within the clust ccardin

the single contr Q%Y'n rﬂ'nsmlqeﬂ%n§y£qr - ArsmPe flﬁl\@h P §q8f‘°1 er

further CO”Tifdn‘éﬁﬁtté? ghé qrar&fnﬂ bfY Bithih m@gifurbﬁfyebﬁemtérswla
to ca ate t e pre

from whi ch eterm ne anount of
syst em of clcanstabht @neowitnwhierein the amIoluat of delahéor eantpef %egoarqap@ndlngt y of

controllers each Iust of the

The syst em JOURLSTE SR BEvANT 8% Sre oriespoRtbnIPMA Sine s 1 Biftrradt’;

of control | enmstéRCHEA Wiy NraAshitedl latola tme! Uk | foy refuée! té-channel
interference between any two corresponding TDMA timesiots.

10. The method of claim 9 wherein each cluster has a single controller and
the step of synchronizing further comprises synchronizing each transmitter
within the cluster according to the single controller.

11.  The system of claim 3 wherein the controller further comprises a system
clock for providing a clock reference signal from which to calculate the
predetermined amount of delay.

12. The system of claim 3 wherein the controller further comprises a plurality
of controllers located with each cluster of the plurality of clusters.

13.  The system of claim 3 wherein the controller further comprises a plurality
of controllers located within each cell of the plurality of cells.
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The amount of co-channel interference
which occurs for any given time slot in a
cellular communication system can be re-
duced by distributing or averaging out the co-
channel interference to other time slots. This
averaging ount results from the staggering of
control and traffic signals for a given time slot
wherein the staggering is relative to the same
time slot in the same frequency channel at
neighboring clusters of cells. If a transmitter
is on a satellite which transmits to the various
clusters, the method and apparatus prevents
an interfering signal from interfering with the
entire time slot. The inventive method and
apparatus requires synchronization of the con-
trol and traffic signal transmission to the clus-
ters relative to each other so that the amount
of delay introduced while staggering the time
slots can be predicted and controlled,




