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(57) Abstract

A wireless system architecture whereby high efficiency broadband transceiver systems can be deployed at an initial build out stage 
of the system in a cost-efficient manner. A home base station location is identified within each cluster of cells and rather than deploy a 
complete suite of base station equipment at each of the cells in the cluster, inexpensive translator units are located in the outlying cells 
serviced by the home base station in which low traffic density is expected. The translators are connected to directional antennas arranged to 
point back to the home base station site. The translators are deployed in such a way which meshes with the eventually intended frequency 
reuse for the entire cluster of cells. The translator to base station radio links operate in-band, that is, within the frequencies assigned to the 
service provider. For example, the available frequency bands are divided into at least two sub-bands, where a first sub-band is assigned for 
use as a home base station to translator base station communication link and a second sub-band is assigned for use by the mobile station to 
translator communication link. If desired, a third sub-band can then be used for deployment of base transceiver systems in the conventional 
fashion where the base station equipment located at the center of a cell site communicates only with mobile stations located within that cell.
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CELLULAR SYSTEM PLAN USING IN BAND-TRANSLATORS
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FIELD OF THE INVENTION
This invention relates generally to wireless 

communication systems and in particular to a system 
architecture that makes use of in band-translators deployed 
in peripheral cells of a cell cluster.

BACKGROUND OF THE INVENTION
The ever increasing need for wireless communication 

services such as Cellular Mobile Telephone (CMT), Digital 
Cellular Network (DCN), Personal Communication Services 
(PCS) and the like, typically requires the operators of 
such systems to serve an ever increasing number of users in 
a given service area. As a result, certain types of base 
station equipment including high capacity broadband 
transceiver systems (BTS) have been developed which are 
intended to service a relatively large number of active 
mobile stations in each cell. Such broadband transceiver 
system equipment can typically service, for example, 
ninety-six simultaneously active mobile stations in a 
single four-foot tall rack of electronic equipment. This 
base station equipment typically costs less than $2000 to 
$4000 per channel to deploy, and so the cost per channel 
serviced is relationally low.

When coupled with efficient frequency reuse schemes, 
such as that described in a co-pending U.S. patent 
application Serial No. 08/331,455 entitled "A Method For 
Obtaining Times One Frequency Reuse in Communication 
Systems" filed by John R. Doner on October 31, 1994 and
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assigned to AirNet Communications Corporation who is the assignee of this 

application, maximum efficiency in densely populated urban environments is 

obtained. According to that arrangement the cells are each split into six radial 

sectors and frequencies are assigned to the sectors in such a manner as to 

5 provide the ability to reuse each available frequency in every third cell.

Although this frequency reuse scheme is highly efficient, it requires at least two 

complete sets of multi-channel transceiver equipment such as in the form of a 

broadband transceiver system (BTS) to be located in each cell.

However, when a wireless system first comes on line, demand for use in

10 most of the cells is relatively low, and it is typically not possible to justify the cost 

of deploying complex multichannel broadband transceiver system equipment 

based only upon the initial number of subscribers. Because only a few cells at 

high expected traffic demand locations (such as at a freeway intersection) will 

justify the expense to build-out with high capacity broadband transceiver system 

15 equipment, the service provider is faced with a dilemma. He can build-out the 

system with less expensive narrowband equipment initially, to provide some 

level of coverage, and then upgrade to the more efficient equipment as the 

number of subscribers rapidly increases in the service area.

However, the initial investment in narrowband equipment is then lost.

20 Alternatively, a larger up front investment can be made to initially deploy high 

capacity equipment, so that once demand increases, the users of the system 

can be accommodated without receiving busy signals and the like. But this has 

the disadvantage of carrying the money cost of a larger up front investment.
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DESCRIPTION OF THE INVENTION

Objects of the invention

It is a preferred object of this invention to provide a cellular system

5 architecture whereby high efficiency broadband transceiver systems can be 

deployed at an initial build-out stage of the system in a cost-efficient manner.

A further preferred object is to provide a wireless system in which 

hardware deployment costs are strictly driven by user demand throughout the 

stages of system deployment.

10 Another preferred object is to provide such a system in which the initial

low cost build-out footprint of cells is the same as in a completely built-out 

system, to avoid the need for reconfiguring cells and associated antenna sites.

Yet another preferred object is to minimize the backhaul costs and the 

need for associated secondary transmit licenses.

15 A still further preferred object is to permit the implementation of

conventional diversity receiving schemes.

SUMMARY OF THE INVENTION

20 According to a first aspect of the present invention there is provided a

wireless communication system consisting of a plurality of cells, the plurality of 

cells being located substantially adjacent one another, and the wireless 

communication system operating over a specified frequency range, the wireless 

communication system making use of a frequency allocation plan that arranges

25 the cells into clusters, with each of the cells in a cluster being assigned for use a

subset of an entire band of available carrier frequencies in the specified
frequency range, the system including:

home base stations means including a single broadband transceiver 

system for receiving from a plurality of translator base stations and mobile 

30 stations and transmitting to a plurality of translator base stations and mobile 

stations multiple radio signals on multiple carrier frequencies, including means

for demodulating said received radio signals and for coupling demodulated
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signals to a switching means, and means for modulating signals received from 

the switching means and coupling them for radio transmission on the multiple 

carrier frequencies:

5

10

20

(a) said plurality of mobile stations located in a service area 
covered by the cluster of cells, each mobile station transmitting and 

receiving a radio signal; and

(b) said plurality of translator base station means each located in 

one of said plurality of cells in the cluster, each translator base station 
means including means for receiving a first radio signal from a mobile 

station located in the cell and translating a carrier frequency of said first 

received radio signal to another carrier frequency within the specified 

radio frequency range to produce a first translated signal and then 

transmitting said first translated signal to the home base station means, 

and also including means for receiving a second radio signal from said 

home base station means and translating a carrier frequency of said 

second received radio signal to another carrier frequency within the 

specified radio frequency range, to produce a second translated signal, 

and then transmitting said second translated signal to said mobile 

station, such that the carrier frequencies of said first translated signal 

and said second translated signal are each assigned from different ones 

of a plurality of groups of the carrier frequencies in the available band of 

carrier frequencies.
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Briefly, one embodiment of the invention is an architecture for a wireless 

communication system in which the cells are grouped into clusters and the 

available frequency spectrum is divided into frequency reuse groups. A home 

cell location is identified within each cluster and a base station located at or 

near the home cell site serves the multiple cells in the reuse cluster.

Rather than deploy a complete suite of base station equipment at each of 

the cells in the cluster, translator units are located in the outlying cells serviced 

by the home base station in which low traffic density is expected. The 

translators are connected to directional antennas arranged to point back to the 

home base station site. The translators are deployed in such a way which 

meshes with the eventually intended frequency reuse for the entire cluster of 

cells.
The translator to base station radio links operate in-band, that is, within 

the frequencies assigned to the service provider. For example, the service 

provider is a Personal Communication Services (PCS) provider in the United 

States having the use of a pair of 15 MHz bands (one for down links and one for 

up links). Each of the available frequency bands are divided into at least two 

sub-bands. A first sub-band is assigned for use as a home base station to 
translator base station communication link. A second sub-band is assigned for 

use by the mobile station to translator communication link. If desired, a third 

sub-band can then be used for deployment of base transceiver systems in the 

conventional fashion where the base station equipment located at the centre of 

a cell site communicates only with mobile stations located within that cell.

Because the cost of modifying mobile station equipment is prohibitive, 

the mobile stations communicate with the translator base stations in the 

conventional

····
Λ
• -

• ·
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fashion, that is, the down link channel frequencies (from 
base station to mobile station) are selected from the lower 
band of frequencies, and the uplink channel frequencies
(from mobile station to base station) are selected from the 
upper band of frequencies. However, the links between the 
home base station and the translator base stations are 
inverted, in the sense that the lower band of frequencies 
is used for the uplink from translator to base station, and 
the upper band of frequencies is used for the down link 
from the home base station to the translator base station.

In one variation, the home base station may make use 
of omni-directional receiving equipment and in such case 
the home base station is located in the center of the cell 
cluster. In another implementation, the home base station 
may make use of sectorized antennas and the cell reuse 
group is assigned frequencies as in a fully sectorized 
arrangement.

Efficient frequency reuse may be effectively planned 
for at even the initial system build-out stages. For 
example, an "N=12" reuse pattern may be used which permits 
the deployment of twelve (12) cells around a central cell 
site in an approximately equidistant fashion. The home 
cell site then uses omni-directional antennas to 
communicate with the translators. The N=12 pattern may 
then be repeated throughout the service area by inverting 
the orientation of the alternating columns of cell groups. 
In this manner, compatibility with an reuse pattern which 
may be upgraded to higher reuse densities on a cell by cell 
basis is maintained.

In another arrangement, the N=12 pattern is simply 
repeated across the service area and the center cell is 
sectorized at initial system build-out.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example

only, with reference to the accompanying drawings in which:-

Fig.1 is block diagram of the components of a wireless communication

5 system that makes use of in-band translator base stations, home base stations, 

conventional base stations, and mobile stations according to an embodiment of 

the invention;
Fig. 2 is a diagram of a frequency assignment plan which is implemented 

according to an embodiment of the invention showing the ranges of radio 

10 channels typically assigned to the home base station, translator base station, 

mobile station and conventional base station;

Fig. 3 is an illustration of the typical arrangement of the home base 

station, mobile station and translator base station illustrating how 

communication links are deployed in an up link direction from the mobile station 

15 through the translator to the home base station, and in a down link direction 

from the home base station through the translator to the mobile station;

Fig. 4 is a circuit diagram of the components of the translator as

implemented to provide diversity reception in both the mobile station to 
translator base station link as well as in the translator to home base station link;

20 Fig. 5 is one possible layout of home base station and translators

implemented according to an embodiment of the invention in cell clusters where 

traffic densities are low, using a frequency reuse factor of twelve;

Fig. 6 illustrates how the layout of Fig.5 can be repeated through out a

service area such as throughout a metropolitan trading area (MTA); and

25 Fig. 7 is an alternative arrangement of home base station and translators

overlaid on a frequency reuse pattern which makes use of a sectorized home 

base station.
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DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Fig. 1 is a block diagram of the components of a 
wireless communication system such as a Personal 
Communication System (PCS) or similar cellular system in

5 which translator base stations are deployed in peripheral 
cells of a cell cluster to concentrate radio signal traffic 
to and from a home base station. In-band radio frequency 
channel assignments are made to the translator base 
stations, home base stations, and mobile stations in a

10 particular fashion that will be described shortly.
The system 10 includes translator omni-directional 

antennas 11-1, 11-2, 11-3, ..., ll-n-2, 11-n-l, 11-n
(collectively, the omni-directional antennas 11), 
translator base stations (translators) 12-1, 12-2, ..., 12

15 n, translator directional antennas 13-1, 13-2, ..., 13-n,
home base station antennas 14-1, ..., 14-m, home base
stations 15-1, ... 15-m, one or more conventional base
stations 16-1, a mobile telephone exchange 17, one or more 
base station controllers 18, and mobile stations 19-1, 19

20 2.
The system 10 provides voice and or data communication 

between the mobile stations 19 and the Public Switch 
Telephone Network (PSTN) by sending signals over radio 
channels. In the particular embodiment. of the invention

25 being described, the radio signaling protocol, or "air 
interface" may, for example, be the PCS-1900 standard 
promulgated by the Telecommunications Industry Association 
(TIA) in the United States [which is identical in relevant 
aspects to the Global System for Mobile Communication (GSM)

30 standard promulgated in Europe and elsewhere by the 
European Telecommunication Standards Institute (ETSI)] .

The translator base stations 12-1, 12-2, ..., 12-i are
each located in what would normally be considered 
approximately the center of a cell site among a group or

35 cluster of cells. The translators 12 receive radio signals
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from the mobile stations 19 and forward them to the 
associated home base station 15-1. Likewise, radio signals 
originating at the home base station 15-1 are forwarded by 
the translators 12 to the mobile stations 19.

5 The translator "base stations" 12, each associated
with a respective cell, do not perform demodulation and 
modulation functions within each cell as would a 
conventional base station. Rather, they serve to 
frequency-translate signals received from the mobile

10 stations 19 located in its respective cell, and then direct 
such signals on a different frequency to the home base 
station 15-1 associated with the particular translator base 
station 12-1. The translators 12 also perform the inverse 
function to translate signals received from the home base

15 station to direct them to the mobile stations 19. The 
specific manner of translation will be discussed below in 
connection with Fig. 2 and 4.

The home base stations 15-1, ..., 15-m and
conventional base station 16-1 are responsible for

20 demodulating radio signals and connecting them to the 
Public Switched Telephone Network (PSTN) through the mobile 
exchange 17. The base stations 15-1, ..., 15-m and
conventional base station 16-1 also modulate signals 
received from the PSTN through the mobile exchange 17 to

25 format them for transmission over the air through the 
translators 12. The conventional base station 16-1 is 
typically located substantially in the center of a 
particular cell of the system 10. In a manner that will 
be described shortly the home base stations 15-1, ..., 15-m

30 may or may not be located in the center of a particular 
cell.

In contrast, the conventional base station 16-1 
operates as in the prior art to directly service the mobile 
units 19 located in or traveling through its associated

35 cell.
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The base station controller 18, of which there may be 
more than one, has a number of functions. The primary 
function is to manage the logical connections made between 
mobile stations 19 and the PSTN. In order to do so, the 
base station controller 18 assigns transmit and receive 
radio carrier frequencies to each individual mobile station 
19, translators 12, home base stations 15, and conventional 
base station 16. Typically, there may be five to twenty 
base stations 15 and/or 16 serviced by a single base 
station controller 18.

The present invention is in the specific manner in 
which the base station controller 18 assign radio carrier 
frequencies for use by the mobile stations 19, translators 
12, home base stations 15, and conventional base station 
16. The frequency assignments are made to the home base 
stations 15 and conventional base stations 16 so that they 
do not interfere with one another.

Specifically, in the up link direction, that is for 
signals transmitted from mobile station 19 to the home base 
station 15-1, a signal originating at a mobile station 19 
is first received at an omni-directional antenna 11-2 at an 
exemplary translator 12-2. The translator 12-2 then 
converts the radio carrier frequency of the signal received 
from the mobile station 19 to a different carrier 
frequency. The carrier frequency conversion is in-band 
that is, as will be described shortly in connection with 
Fig. 2, the translation is wholly within the frequency 
bandwidth allocated to the service provider for wireless 
service. The translated signal is then sent out on an 
antenna 13-2 such as a Yagi antenna which provides a highly 
directional link back to the associated home base station 
15-1. The translated signal is then received on by the 
antenna 14-1 associated with the home base station 15-1 
and processed in the conventional manner.
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Processing in the down link direction from the home 

base station 15-1 to the mobile station 19 is analogous. 
In particular, the signal from the PSTN is modulated by the 
home base station 15-1 and then transmitted on the antenna

5 14-1. The directional antenna 13-2 provides a highly
directional radio link between the home base station 14-1 
and the translator 12-2. The translator base station 12-2 
then receives the down link signal, which is then 
translated to a frequency normally assigned for the use by

10 the mobile station 19. This translated signal is then 
output on the omni-directional antenna 11-2 and then 
ultimately received by the mobile station 19.

Fig. 2 shows the in-band frequency assignments made to 
the home base station 15, the translator base station 12,

15 the mobile station 19 and the conventional base station 16 
as required to practice this invention. The vertical axis 
in the diagram represents frequency. The four columns of 
boxes represent frequency allocations for the home base 
station plan 25, the translator base station plan 22, the

20 mobile station plan 29, and the conventional base station 
plan 26. The left side of the diagram illustrates a 
representation of the frequency allocations typically made 
available to a wireless service provider, including a lower 
band of frequencies 20 and an upper band of frequencies 21.

25 For a PCS provider in the United States, 15 MHz of spectrum 
is allocated in each of the upper and lower bands 20 and 
21. The lower 15 MHz of spectrum, a contiguous block of 
spectrum in a range from 1850 to 1910 MHz, is typically 
used for uplinks, or mobile station to base station

30 transmissions, and the upper 15 MHz block of frequency 
spectrum, located 80 MHz away, in the 1930 to 1990 MHz 
range, is typically used for down links. A conventional 
base station 16-1 is thus assigned to transmit on the upper 
band of frequencies 21 and to receive on the lower band of

35 frequencies 20.
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In accordance with the invention each of the up link 
and down link bands 20 and 21 are divided into a number of 
sub-bands. In the illustrated embodiment there are three 
frequency sub-bands, 20-1, 20-2, 20-3 each representing 5

5 MHz of the up link band. Similarly, the down link band 
21 is divided into three sub-bands 21-1, 21-2, and 21-3, 
each also containing 5 MHz of spectrum.

As shown in the right hand side of Fig. 2, the two 
lowest sub-bands 20-1 and 21-1 are assigned for use by the 

10 conventional base station 16-1 in the conventional manner.
Thus, the lowest band 20-1 is reserved for use as a direct 
uplink between the mobile stations 19 and the conventional 
base stations 16-1. Similarly, the lowest sub-band 21-1 of 
the down link band 21 is reserved for the direct links

15 between the conventional base station 16-1 and the mobile 
station 19.

Frequency assignments are made to the home base 
station 15 such that the up link from the translators 12 to 
the home base station 15 makes use of the upper sub-bands 

20 21-3 of the upper band 21. The down link between home base
station 15 and translators 12 similarly uses the upper most 
sub-band 20-3.

The middle sub-band 21-2 of the upper spectrum portion 
21 is used as the down link from the translators 12 to the 

25 mobile stations 19 and the middle sub-band 20-2 of the 
lower spectrum 20 is used as the up link from the mobile 
station 19 to the translators 12.

The cross hatched lines in the home base station 
frequency assignment plan 25, that is, the lower and middle 

30 sub-bands 20-1, 20-2, 21-1, and 21-2 are not in use by the 
home base station 15. The cross hatched lines in the 
translator base station plan 22 also indicate that the 
lowest sub-bands 20-1 and 21-1 are not used by the 
translators 12.



WO 97/32442 PCT/US97/03026

-13-
It can now be understood from Fig. 2 how frequencies 

are assigned to mobile stations 19, home base stations 15 
and translators 12 according to the invention. In 
particular, in the uplink direction, a mobile station 19 is

5 assigned a particular transmit channel within the range of 
sub-band 20-2. The signal is then received from the mobile 
station 19 by the translator base station 12. The 
translator base station 12 then translates the received 
signal by 85 MHz to a corresponding channel in the upper

10 sub-band 21-3. The signal is then transmitted to the home 
base station 15.

In the downlink direction, from the home base station 
15 to the mobile station 19, a channel is first selected in 
the upper sub-band 20-3 for transmitting to the translator

15 12. The signal received by the translator 12 is then
translated by 75 MHz, to a frequency in the middle sub-band 
21-2, for transmission to the mobile station 19.

As a result, the mobile stations 19 and conventional 
basestations 16-1 thus always continue to transmit and

20 receive in frequency bands as they would in a conventional 
wireless system. Only the frequency plan 25 for the home 
base station 15 is "inverted" in the sense that it 
transmits in a band of frequencies 20 which is normally 
reserved for receiving in a conventional base station 16-1,

25 and in that it receives signals in a band 21 which is 
normally reserved for base station transmitting.

Division of the available spectrum into three sub
groups makes it possible for conventional base stations 16 
to be mixed with the translator base stations to provide

30 for maximum flexibility in building up the system 10.
Fig. 3 is a diagram illustrating the manner in which 

signals are transmitted from the mobile station 19 through 
the translator base station 12 and ultimately to the 
associated home base station 15 in a down link direction, 

35 that is from the home base station 15 to the mobile station
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19. For a given voice channel, the home base station 15 
receives signals from the translator 12 on a carrier 
frequency, Fl, and transmits on a carrier frequency Fl 
minus B MHz, where B is the sub-band size (5 MHz in this 
example) and S is the separation between lower and upper 
bands (80 MHz in this example). The mobile station 19 then 
receives that signal on carrier frequency (Fl-B) and 
transmits on a translated frequency (Fl-S-B).

As illustrated, the translator base station 12 has two 
bi-directional signaling links, one link 31 for 
communication with the home base station 15, and one link 
32 for communication with the mobile station 19. Link 31 
permits the translator 12 to receive and transmit with 
respect to the home base station 15 on frequencies (Fl-S) 
and Fl respectively. This transmission is carried out with 
directional antennas 13 as previously mentioned.

The link 32 between the translator 12 and the mobile 
station 19 is such that the translator 12 transmits signals 
to the mobile station 19 on a frequency (Fl-B) and receives 
signals from the mobile station on a frequency (Fl-S-B). 
Another exemplary translator base station 12-3 serviced‘by 
the home base station 15-1 will use another set of 
frequencies similarly selected from the same band.

Fig. 4 is a detailed block diagram of components of an 
exemplary translator base station 12. The translator 12 
shifts the carrier frequency of the signals received from 
one link to the appropriate transmit frequency for the 
other link. The illustrated translator implements 
frequency diversity for each of the links.

Translator 12-1 thus may be implemented using a pair 
of omni-directional antennas 11-1-A, 11-1-B for the mobile 
station link 32 and a pair of directional antennas 13-1-A 
and 13-1-B for the home base station link 31. A first 
signal processing chain shifts the carrier frequency of 
signals received from the mobile unit on the omni-
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directional antennas 11-1, and consists of a duplexer 58, a 
pair of mixers 40A, and 40B, a synthesizer 41, a pair of 
intermediate frequency (IF) filters 42A, and 42B, a 
comparator 43, a switch 44, an output mixer 45, an output 
synthesizer 46, a power amplifier 47 and a duplexer 48.
The input mixers 40A and 40B, synthesizer 41, and IF 
filters 42A, 42B implement a conventional heterodyne 
receiver. A portion of the signal generated by the IF 
filters 42A and 42B is fed to the comparator 43 to provide 
a logic signal 49 indicating which of the two signal paths, 
that is either the signal path originating from antenna 11- 
1-A or the signal path originating from the antenna 11-1-B 
(as received through the duplexer 58) is being received 
with greater signal power. This logic signal 49 then 
operates the switch 44 to either select the output of the 
IF filter 42A or IF filter, 42B to be output to the mixer 
45 and output power amplifier 47. The power amplifier 47 
then forward the signal for transmission through the 
duplexer 48 to the directional antenna 13-1-A.

Similarly, signals received from the home base station 
on the pair of diversity antennas 13-1-A, and 13-1-B, are 
fed to the mixers 50A, and 50B, synthesizer 51 and IF 
filters 52A, and 52B. Again a pair of heterodyne receivers 
is implemented to produce two IF signals representative of 
the signals received by each of the antennas 13-1-A and 13- 
1-B. The comparator 53 and switch 54 then feed to the 
mixer 55. The signal is then finally fed through the power 
amplifier 57 and duplexer 58 and out to the omni
directional antenna 11-1-B.

Because no signal uses a radio frequency which is in 
use in the same cell for more than one type of link, the 
translator 12 may thus be used to take advantage of 
diversity reception for both the home base to translator 
link 31 and the mobile to translator link 32. This is 
unlike prior art systems that use repeaters where diversity
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information is either not preserved or requires multiple 
signal paths to be preserved.

Fig. 5 shows the preferred layout of a cluster 62 of 
cells using one possible arrangement of the home base 
station 15-1 and its associated translator base stations 
12. The particular cluster 62 illustrated contains twelve 
cells 60-1, 60-2, 60-3,...60-12 located as close as 
possible to a central point. It should be understood 
however, that other frequency reuse factors greater or 
lesser than 12 can be accommodated using the invention. 
Although the cells 60 are shown as six sectored cells it 
should also be understood that at the initial build-out of 
the system 10, the cells 60 would not typically be 
sectorized until such time as the traffic demand in the 
cell so dictates. The illustrated "N=12" arrangement is 
shown sectorized to indicate that the system may have the 
individual cells 62 cut over to a sectorized arrangement to 
support highly efficient reuse schemes such as N=3.

Each of the cells 60 has a unique group frequency 
assigned to it. For the example being described, l/12th 
of the frequencies are available in each cell; given the 5 
MHz sub-bands previously described and assuming PCS 1900 
which use 200 kHz channels, two channels are available in 
each cell (each PCS 1900 radio channel carries up to 8 
voice channels).

In the initial build-out phase of the system 10 a 
translator base station 12-1 is located in the center of 
the cell 60-1 and likewise a translator base station 12-2, 
..., 12-12 is located in each of the eleven other cells 60- 
2, ..., 60-12. A home base station 15-1 is located in the
center of the entire twelve cell cluster 62 which may not 
coincide with the center of one of the cells 60, as shown. 
In the illustrated cell arrangement, the home base station 
is located in a vertex of the three innermost cells 60-10, 
60-11, 60-12 and not exactly at a cell center.
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Considering cell 60-1, the arrow 64-1 indicates the 

direction in which the directional antennas 13-1 associated 
with the translator 12-1 are oriented to point back to the 
home base station 15-1. Although not shown in Fig. 5, each 
of the other cells 60-2, ..., 60-12 each have a directional
antenna pointing back to the home base station 15-1. As a 
result, any mobile station 19 traveling through any of the 
cells 60-1 ,..., 60-12 in cluster 62 is processed by the 
home base station 15-1.

The N=12 pattern shown in Fig. 5 is asymmetric in a 
sense that the area of the cluster is not the same in an 
upper half as it is in a lower half. As shown in Fig. 6, 
however, the asymmetric N=12 pattern can be repeated 
through a given service area by alternating the orientation 
of cluster columns. Thus in a middle cluster column 65, 
the cells may be oriented such that the "Y" formed by the 
three inner cells is upside down. The adjacent cluster 
columns of these groups, such as columns 66 and 67, may be 
oriented such that the "Y" is rightside up.

Fig. 7 shows an alternate arrangement for the 
positioning of home base stations 15-1 and translator base 
stations 12-1, ..., 12-12. In this arrangement, the N=12
pattern is first laid out in any convenient arrangement, 
rather than the particular configuration in Fig. 5. One of 
the cells, such as cell 70, is then chosen as the location 
of the home base station 15-1. This particular cell 70, 
even at initial system build-out, is split into six sectors 
and assigned alternating frequency groups among the six 
sectors, (Bl, B3, Bl, B3, Bl, B3). The translator base 
stations 12 are deployed in the eleven cells adjacent the 
center cell 20, and are serviced by the associated sector 
71 equipment. For example, translators 12-1,...12-12 are 
deployed in the cells 71-1, ..., 71-11, approximately in
the center of each of the cells 71-1,...71-11. As the 
mobile station traffic increases in a particular cell, it
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may be individually cut over to become a sectional cell in an N=3 pattern.

It is now understood how a wireless communication system may be 

configured to permit deploying high efficiency broadband transceiver system 

equipment by using in-band translators laid out in a conventional system 
footprint. The advantages of the invention may be used to provide to an 

effective system coverage area without the need for building out more high 

capacity broadband base transceiver systems than is absolutely necessary. 

Furthermore, there is no difficulty with implementing directional or diversity 

antennas so that multi path distortion effects and other problems may by 

adequately addressed. Backhaul costs also are minimized by taking advantage 

of the frequency allocations already made to the service provider.

The discussion of documents, acts, materials, devices, articles and the 

like is included in this specification solely for the purpose of providing a context 

for the present invention. It is not suggested or represented that any or all of 

these matters formed part of the prior art base or were common general 

knowledge in the field relevant to the present invention as it existed in Australia 

before the priority date of each claim of this application.

Throughout the description and claims of this specification the word 
“comprise” and variations of the word, such as “comprising” and “comprises”, is 

not intended to exclude other additives, components, integers or steps.
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The claims defining the invention are as follows:

1. A wireless communication system consisting of a plurality of cells, the 

plurality of cells being located substantially adjacent one another, and the 
5 wireless communication system operating over a specified frequency range, the 

wireless communication system making use of a frequency allocation plan that 

arranges the cells into clusters, with each of the cells in a cluster being 
assigned for use a subset of an entire band of available carrier frequencies in 

the specified frequency range, the system including:

10 home base stations means including a single broadband transceiver

system for receiving from a plurality of translator base stations and mobile 

stations and transmitting to a plurality of translator base stations and mobile 

stations multiple radio signals on multiple carrier frequencies, including means 

for demodulating said received radio signals and for coupling demodulated

15 signals to a switching means, and means for modulating signals received from 

the switching means and coupling them for radio transmission on the multiple 

carrier frequencies:

20

25

(a) said plurality of mobile stations located in a service area 

covered by the cluster of cells, each mobile station transmitting and 
receiving a radio signal; and

(b) said plurality of translator base station means each located in 

one of said plurality of cells in the cluster, each translator base station 

means including means for receiving a first radio signal from a mobile 

station located in the cell and translating a carrier frequency of said first 

received radio signal to another carrier frequency within the specified 

radio frequency range to produce a first translated signal and then 
transmitting said first translated signal to the home base station means, 

and also including means for receiving a second radio signal from said 

home base station means and translating a carrier frequency of said 

second received radio signal to another carrier frequency within the 

specified radio frequency range, to produce a second translated signal, 

and then transmitting said second translated signal to said mobile
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station, such that the carrier frequencies of said first translated signal and 

said second translated signal are each assigned from different ones of a 

plurality of groups of the carrier frequencies in the available band of 

carrier frequencies.

5

2. A system as in claim 1 wherein the available band of carrier frequencies is 

divided into an upper frequency band and a lower frequency band, said upper 

frequency band and said lower frequency band each further divided into three 

sub-bands including a lower, middle and an upper sub-band.

10

3. A system as in claim 2 wherein the carrier frequency of the first translated 

signal is selected from the upper sub-band of the upper frequency band.

4. A system as in claim 3 wherein the carrier frequency of the first radio 

15 signal is within the middle sub-band of the lower frequency band.

5. A system as in claim 2 wherein the carrier frequency of the second 

translated signal is selected from the middle sub-band of the upper frequency 

band.

20

6. A system as in claim 5 wherein the carrier frequency of the second radio 

signal is within the upper sub-band of the lower frequency band.

7. A system as in claim 1 wherein the translator means include directional 

25 antennas arranged to point back to a site of the home base station means.

8. A system as in claim 1 wherein the home base station means includes 

sectorized antenna equipment and the home base station means is located in 
the centre of one of the cells in the cluster.
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9. A system as in claim 1 wherein the home base station means includes 
omni-directional antenna equipment, and the home base station is located in 
the centre of the cell cluster.

5 10. A system as in claim 9 wherein each cluster contains twelve cells

positioned as close as possible about the home base station means, and a 

pattern of cells formed thereby is repeated throughout a service area by 
inverting the orientation of alternating columns of clusters.

10 11. A system as in claim 1 wherein the translator base station means includes

diversity receiving means for receiving both the first and second radio signals.

12. A wireless communication system substantially as hereinbefore described 

with reference to the accompanying drawings.

DATED: 1 May 2002

PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:

20 AIRNET COMMUNICATIONS CORPORATION

·♦··
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