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€73 (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 (15-1...15-n) 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 (12-1, 12-2...12-1...12-n-2, 12-n-1...12-n) 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 (13-1, 13-2...13-1...13-n-2, 13-n-1...13-n) 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. The available frequency bands are divided into at least two sub-bands, with frequency translations occurring

=

entirely within a given sub-band.
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WIRELESS SYSTEM PLAN USING
IN-BAND TRANSLATORS WITH DIVERSITY
BACKHAUL

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 demand 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 aresult, a type of base station equipment known as
a multichannel broadband transceiver system (BTS) has been developed
which is intended to service a relatively large number of active mobile
stations in each cell. Such a broadband transceiver system can typically
service, for example, ninety-six simultaneously active mobile stations in a

single four-foot tall rack of electronic equipment. This base station

SUBSTITUTE SHEET (RULE 26)
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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 assigned to AirNet
Communications Corporation, who is the assignee of the present 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 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.

An important practical consideration, however, is that when a wireless

system first comes on line, demand for use in most of the cells is relatively low. It
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is therefore 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 in a downtown urban location or a freeway intersection) will
justify the expense of building out a network of high capacity broadband
transceiver systems, 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
aumber of subscribers rapidly increases in the service area. However, the initial
investment in narrowband equipment is then lost. Alternatively, a larger up front
investment can be made to deploy the high capacity equipment at the beginning, 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.

Some have proposed various techniques for extending the service area of a
given cell. For example, U.S. Patent 4,727,490 issued to Kawano et al. and

assigned to Mitsubishi Denki Kabushiki Kaisha discloses a mobile telephone
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system in which a number of repeater stations are installed at the boundary points
of hexagonally shaped cells. The repeaters define a small minor array which is
superimposed on a major array of conventional base stations installed at the center
of the cells. With this arrangement, any signals received in so-called minor service

areas by the repeaters are relayed to the nearest base station.

Another technique was disclosed in U.S. Patent 5,1 52,002 issued to Leslie
et al., and assigned to Orion Industries, Inc., wherein the coverage of acell is
extended by including a number of so-called “boosters” arranged in a serial chain.
As a mobile station moves along an elongated area of coverage, it is automatically
picked up by an approaching booster and dropped by a receding booster. These
boosters, or translators, use highly directive antennas to communicate with one
another and thus ultimately via the serial chain with the controlling central site.
The boosters may either be used in a mode where the boosted signal is transmitted
at the same frequency as it is received or in a mode where the incoming signal is

retransmitted at a different translated frequency.
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Unfortunately, each of these techniques have their difficulties. With the
first method, which uses an array of repeaters co-located with the primary cell
sites, the implementation of diversity receivers becomes a problem. Specifically,
certain types of cellular communication systems, particularly those that use digital
forms of modulation, are susceptible to multi-path fading and other distortion. Itis
imperative in such systems to deploy spatial diversity antennas at each cell site in
order to minimize multipath distortion. Unfortunately, the repeater array scheme
makes implementation of diversity antennas extremely difficult, since each
repeater simply forwards its received signal to the base station. Diversity
information as represented by the phase of the signal received at the repeater

location is thus lost.

The second scheme works fine in a situation where the boosters are intended
to be laid in a straight line such as along a highway, a tunnel, a narrow depression
in the terrain such as a ravine or adjacent a riverbed. However, there is no teaching
of how to efficiently deploy the boosters in a two-dimensional grid, or to share the
available translated frequencies as must be done if the advantages of cell site

extension are to be obtained throughout an entire service region, such as a large
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city. This second scheme also suffers from the same problem as the first in that

there is a loss of diversity information at the booster locations.
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DESCRIPTION OF THE INVENTION

Objects of the Invention

It is an object of this invention to provide 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 second object is to provide a wireless system in which hardware
deployment costs are strictly driven by user demand throughout the stages of

system deployment.

A further object is to provide such a system in which spatial diversity
information is not compromised and can be fully processed at a point in the system

where radio signals received from the mobile stations are demodulated.

Another object is to provide such a system in which the initial build-out
footprint of cells may be the same as in a completely built out system, to avoid the

need for reconfiguring cells and associated antenna sites.

Summary of the Invention
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Briefly, 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. The translators are connected to directional antennas arranged

to point back to the home base station site.

Frequency assignments are made to the translators in a way which meshes
with the eventually intended frequency reuse for the entire cluster of cells. More
particularly, the translator to base station radio links operate in-band, that is within
the frequencies assigned to the service provider. Each of the available frequency

bands is then further divided into at least two sub-bands.

The sub-band frequency assignments are made as follows. The mobile

stations communicate with the translator base stations in a conventional fashion,
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that is the downlink channel frequencies (from the base station to the mobile
station) are selected from a lower sub-band of frequencies and the uplink channel
frequencies (from the mobile station to the base station) are selected from the
upper band of frequencies. However, frequency assignments are made in a
particular fashion to permit compatibility with eventual frequency reuse
configurations when the system 1s completely built-out. In particular, the uplink
signal received from a mobile station is translated to other frequencies in the same

subgroup of frequencies.

The translator base station typically makes use of directional receiving
equipment and diversity antennas. The frequency assignment scheme thus also
accommodates the carrying of diversity information back to the home base
transceiver system. For example, two backhaul uplink channels are continuously
assigned to permit transmission of diversity signals back to the home base. This
permits coherent diversity determination to take place after digital demodulation in
the home base station. The two backhaul frequencies and the input translator
frequency are chose to be within the same frequency subgroup and are also chosen

to match the eventual frequency reuse plan that is desired.
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Efficient high density frequency reuse is planned for at the initial system
build-out stages by selecting backhaul and mobile frequencies in a particular
fashion. For example, an initial “N=12" reuse pattern may be used which permits
the deployment of twelve (12) cells around the home cell site in an approximately
equidistant fashion. The N=12 pattern may is then repeated throughout the service

area by inverting the orientation of the alternating columns of cell groups.

The set of mobile station and backhaul frequencies collectively may be
combined to provide a subset of frequencies which will be eventually assigned in
single cell and multiple cell patterns as the system is fully brought on line. For
example, the twelve cell frequency reuse plan may be implemented by dividing the
5 MHz Personal Communication System (PCS) radio spectrum into three sub-
bands of contiguous 5 MHz segments. A given 5 MHz segment supports 25 radio
frequency channels in the PCS-1900 protocol which may be further sub-divided
into four subsets of six channels each. Each of the four subsets are selected having
channels spaced four apart within the 5 MHz sub band from which it is drawn.
This results in a total of twelve frequency subsets of six channels each that are then

allocated to the cells in a twelve cell reuse pattern.
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The frequencies to be used in conjunction with each of the translators are
then chosen to create minimal impact as individual cells are migrated upward from
one or two carriers made available when translators are deployed to the twelve cell
density of six RF carriers per cell in which full base transceiver systems are
deployed in this cell. When one or more of the cells in a twelve cell pattern
requires a demand level needing two or more carriers an equipment reconfiguration

is made where a base transceiver system is deployed in the cell.
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Brief Description Of The Drawings

For a more complete understanding of the invention and its novel
advantages and features, reference should be made to the accompanying drawings

in which:

Fig. 1 is a block diagram of the components of a wireless communication
system that makes use of in-band translators, home base stations, conventional

base stations, and mobile stations according to the invention,

Fig. 2 is a diagram of certain system components and an overview of the
frequency assignment plan which is implemented according to the invention
showing the radio channels typically assigned to the home base station, translator

and mobile stations;

Fig. 3 is a diagram illustrating how even and odd frequency subsets are

deployed in a twelve cell reuse pattern;

Fig. 4 is a diagram showing an allocation of an even numbered subset of

frequencies according to the invention to both mobile and back haul links in a
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manner that supports higher density frequency reuse at later system build out

stages;

Fig. 5 is a similar diagram showing how an odd subset of frequencies is

similarly assigned,;

Figs. 6A and 6B illustrate how a Broadband Transceiver System (BTS) may
be deployed to serve twelve cells in either the odd or even frequency subset, and
in a manner such that one BTS serves six cells using the even frequencies and a

second BTS serves six cells using the odd frequency set; and

Fig. 7 is a detailed block diagram of one of the translators used in a PCS-

1900 system.
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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
10 in which translator base stations are initially deployed in peripheral cells of a
cell cluster to concentrate radio signal traffic to and from a mobile station and a
central cell serviced by a home base station. The present invention concerns a
technique for making in-band radio frequency channel assignments to the translator
base stations, home base stations, and mobiie stations in a particular fashion that
efficiently accommodates deployment of high capacity Broadband Transceiver

Systems even in situations of relatively low expected subscriber demand.

The system 10 includes translator omni-directional antennas 11-1-a, 11-1-b,
11-2-a, 11-2-b, ..., 11-n-1-a, 11-n-1-b, 11-n-a, 11-n-b (collectively, the omni-
directional antennas 11), translator base stations (translators) 12-1, 12-2, ..., 12-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
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stations 16-1, a mobile telephone exchange 17, one or more base station controllers

18, and mobile stations 19-1, 19-2.

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 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) standard promulgated in Europe and

elsewhere by the European Telecommunication Standards Institute (ETSI)].

The translators 12-1, 12-2, ..., 12-i are typically each located in what would
normally be considered approximately the center of a cell site. The translators 12
receive radio signals from the mobile stations 19 and forward them to their
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.
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The translators 12 are not “base stations” in the sense that they do not
perform demodulation and modulation functions or PSTN connection functions
within each cell as would a conventional base station. Rather, each serves to
frequency-translate signals received from the mobile stations 19 located in its
respective cell, and then to direct such signals on to one or more different carrier
frequencies to the home base station 15-1. The translators 12 also perform the
inverse function, to translate signals received from the home base station to direct
them to the mobile stations 19. The specific manner of translation will be

discussed below in connection with Figs. 2 through 7.

The home base stations 15-1, ..., 15-m and conventional base station 16-1
are responsible for demodulating radio signals and connecting them to the Public
Switched Telephone Network (PSTN) through the mobile exchange 17. The home
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 format them

for transmission over the air to the mobile stations 19 through the translators 12.
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The conventional base station 16-1, which may or may not be present,
operates as in the prior art to directly service the mobile units 19 located in or

traveling through its associated cell.

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, translator 12, home base station 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, and home base stations 15. In the uplink direction, that is for signals
transmitted from mobile station 19 towards the home base station 15-1, a signal
originating at a mobile station 19 is first received at the pair of omni-directional

antennas 11-2-a, 11-2-b located at an exemplary translator 12-2. The translator 12-
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7 then converts the radio carrier frequencies of the two signals received from the
mobile station 19 to different carrier frequencies. The carrier frequency conversion
is within a predetermined sub-band. That is, as will be described shortly in
connection with Fig. 2, the translation is wholly within a particular portion of
frequency bandwidth allocated to the service provider for wireless service. The
translated signals are then sent out on the directional antenna 13-2 (such as a Yagi
or dish antenna) which provides a highly directional link back to the associated
home base station 15-1. The translated signals are then received by the antenna
14-1 associated with the home base station 15-1 and processed in the conventional

manner.

Processing in the downlink direction from the home base station 15-1
towards 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 out on the antenna
14-1. The translator base station 12-2 then receives the downlink signal, via the
directional antenna 13-2, which is then translated to a frequency normally assigned

for the use by the mobile station 19. This translated signal is then output on one of
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the translator omni-directional antennas 11-2-a and then ultimately received by the

mobile station 19.

Fig. 2 is a high level illustration of how in-band frequency assignments
made to the home base station 15, the translator base station 12, and vthe mobile
station 19 as required to practice this invention. The vertical axis in the diagram
represents frequency. The four columns of boxes along the horizontal axis
respectively represent frequency allocations for the home base station 15, the
translators 12 and the mobile stations 19. The radio channels assigned to support
communication between the home base station 15 and translator 12 are referred to
herein as the backhaul link, and the radio channels used to communicate between

the mobile station 19 and the translators 12 are referred to as the mobile links.

The left side of the diagram illustrates the frequency allocations typically
made available to a wireless service provider, including an uplink band 21 of
frequencies and a downlink band 21 of frequencies. For a PCS provider in the
United States, 15 MHz of spectrum is allocated for each of the bands 20 and 21,

with the lower 15 MHz band being a contiguous block of spectrum in a range from
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1850 to 1910 MHz, and typically used for the uplink band 21, and the upper 15
MHz band, located 80 MHz away in the 1930 to 1990 MHz range, being typically
used for the downlink band 20. A base station 12, 15, or 16 1s thus assigned to

transmit on the downlink band 21 and to receive on the uplink band 20.

Each of the downlink 20 and uplink 21 bands are divided into a number of
sub-bands. In the illustrated embodiment for PCS there are three downlink sub-
bands, 20-1, 20-2, 20-3 each representing 5 MHz. Similarly, the uplink band 21 is
divided into three sub-bands 21-1, 21-2, and 21-3, each also containing 5 MHz of

spectrum.

Frequency translations occur wholly within a particular subband. In
particular, in the uplink direction, a mobile station 19 is assigned a particular
transmit (Tx) channel within the range of a particular sub-band 21-1. The mobile
station 19 then transmits this signal 26 over the mobile link to a translator 12-i
serving the cell in which the mobile station 19 is located. The translator 12-1
receives this signal 26 on each one of its two omni-directional antennas 11-i-a, 11-

i-b, and then frequency shifts the carrier frequency of each of the two received
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signals to provide two different signals 27a, 27b having carrier frequencies within
the same sub band 21-1. As a result, two translated signals 28a, 28b are then
transmitted over the backhaul link to the home base station 15. The home base

station 15 then treats these as two different receive (Rx) channels.

In the downlink direction (from the home base station 15 to the mobile
station 19), a transmit (Tx) channel is first selected within one of the sub bands 20-
1 for transmitting a signal 24 to the translator 12. This signal 24 is then transmitted
over the backhaul link and received by the translator 12 which then shifts the
carrier frequency to a signal 25 having another frequency within the same sub band
20-1. This translated signal 29 is then transmitted over the mobile link to the

mobile station 19.

As a result, the mobile stations 19 and conventional base stations 16-1 thus
always continue to transmit and receive in downlink and uplink frequency bands as
they would in a conventional wireless system, in the sense that they transmit with a

band of frequencies which is normally reserved for transmitting in a conventional
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base station 16-1, and receive signals in a band which is normally reserved for

receiving signals.

Fig. 3 is a more detailed diagram illustrating a preferred assignment of
frequencies among the downlink sub-bands 20-1, 20-2, 20-3. (It should be
understood that a similar assignment of frequencies is also made in the uplink band
21 for the sub-bands 21-1, 21-2, and 21-3.) As explained previously the available
spectrum is first divided into three contiguous 5 MHz sub-bands. In the case ofa
PCS-1900 air interface, a given 5 MHz sub-band supports a maximum of twenty-
five (25) radio frequency channels, each of which has a bandwidth of 200 kHz.
Each PCS-1900 200 kHz radio channel carries up to eight (8) time multiplexed
voice conversations. The channels are indexed in a fashion which allocates a letter
indicating one of the three sub-bands, either A, B, C, and then a channel number, 0

through 24.

By dividing the available frequencies in this manner, it is possible to obtain
four sub-sets of six channels within each of the sub-bands (although channel

number 24 is not used). Each of the sub-sets is considered to comprise the
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channels that are spaced four channels apart within the sub-band from which it is

drawn. There is thus a total of 12 sub-sets, each having six channels as follows:
Ag = (A0, A4, A8, Al2, A6, A20)
A1 =(Al, A5 A9, Al13, Al7, A21)
A> = (A2, A6, A10, Al4, AlS, A22)
A3 = (A3, A7, All, Al5, ALY, A23)

B( = (B0, B4, B8, B12, B16, B20)

C3=(C3,C7,C11,C15,C19, C23).

Note that there are also eleven even-numbered channels A0, A2, ..., A22
and eleven odd-numbered channels Al, A3, ..., A23 available in any given 5 MHz

bandwidth.

The allocation of these twelve sub-sets to cells in the desired eventual N=12

pattern is also shown in Fig. 3. This basic plan is not a standard twelve cell
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configuration but is designed so that migration of individual cells to higher reuse
densities may have minimal impact on the already established frequency plan in
adjacent cells. For more information on this frequency numbering scheme, please
make reference to a co-pending U.S. patent application by John R. Doner entitled
“Frequency Plan For Wireless Communication System That Accommodates
Demand Growth To High Efficiency Reuse Factors”, filed on January 29, 1996,

Serial No. , (AirNet Communications Corp. File No. P-0090).

Returning to the present invention, in order to satisfy the ability to
eventually build out the system in the N=12 configuration illustrated in Fig. 3,
channel assignments are made to the mobile links and backhaul links as shown in
Fig. 4. Note that Fig. 4 contains only an illustration of the arrangement of the
even-numbered channels as only every other channel typically needs to be
available in any given cell, and also note that the annotation of channel letters A0,
A2, ..., C22 are actually meant to indicate a duplex pair of RF channels that are
normally used to support both the uplink and a downlink to the mobile with the

uplink and downlink offset by 90 MHz.
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As shown in the table in the lower left-hand corner of Fig. 4 one set of
mobile and backhaul frequencies is the set (A0, A8, A16), with frequency A0
assigned for use by the mobile link and the frequencies A8 and A16 assigned for
use by the backhaul link. Thus the notation (A0, A8, A16) is intended to indicate,
as shown in the schematic drawing in the lower right-hand side of Fig. 4 that the
mobile station 19 transmits on an uplink channel AO(u). The translator 12 in turn
changes the carrier frequency of the two signals received at each of its receive
antennas on channels A0 (u) to channels A8(u) and channel A16(u), respectively,
for forwarding to the broadband transceiver system at the home base station 15. In
the downlink direction, the home base station 15 initiates communication using
channel A8(d) where it is received by the translator 12 which in turn forwards it to
the mobile station 19 over a channel AO(d). The parehthesized notations (u) and

(d) thus represent uplink and downlink frequencies respectively.

It is thus seen that from the table in the left hand corner of Fig. 4 there are
twelve total possible sets of channel assignments that may be made so that one
specific mobile frequency and two backhaul frequencies are assigned to each call,

which is the same number as the eventual cell reuse factor. The particular
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arrangement of the channels, into groups which are spaced eight channels apart
provides maximum offset to ease design restrictions in the translator 12, which will
be discussed in detail in Fig. 7 permits smooth upward compatibility with the

twelve cell reconfiguration shown in Fig. 3.

It should be understood that the illustration of Fig. 4 represents only one of
two possible cases, that is, the allocation of even-indexed channels across the
available 15 MHz. A similar allocation as depicted in Fig. 5 can thus be made for
all odd numbered channels by increasing the indices of the channels in Fig. 4 by

onec.

As previously mentioned, the specific assignment of mobile and backhaul
frequencies in the above fashion provides compatible frequency sets which may be
re-combined in such a way as to provide assignments to a twelve cell reuse pattern

or six-cell dual base station pattern, and higher reuse factors.

Turning attention to Fig. 6A, the initial case occurs when twelve cells are to

be supported by a single broadband transceiver system and twelve translators 12.
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The set of RF carriers used can either be the set of all even RF carriers or the set of

all odd RF carriers.

However, when some of the cells in the twelve cell pattern require an
increase in some subscriber demand service such that two radio frequency carriers
are required in each cell, a reconfiguration takes place. In this reconfiguration two
translators 12 are deployed in each cell with the same frequency set as in use as
before. At this stage, if an individual cell exceeds the level of demand satisfied by
two carriers then the two translators 12 serving the cell are replaced by a
Broadband Transceiver System (BTS) servicing each cell in the conventional

fashion.

At the point where it becomes appropriate at which two translators per cell
are deployed the cell frequency allocations are grouped in the sub-sets of six cells
with all six cells in a sub-set being either the even or odd frequency sub-set as

shown in Fig. 6B.

Tt should also be understood that a BTS can itself not only serve as a

concentrator but as a cell translator and therefore the deployment of the 12 cell
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pattern in Fig. 6A would require typically one BTS and eleven translators with the

BTS deployed in one of the center cells.

Fig. 7 is a detailed block diagram of components of an exemplary translator
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 12 also acts as a type of spatial to frequency diversity converter for the
uplink direction as has already been mentioned. In particular, because in the
channel assignment plan of Figs. 4 and 5, 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
take advantage of spatial diversity reception on the backhaul link and use
frequency diversity to maintain the information over the backhaul link. This is
unlike prior art systems that use repeaters that do not preserve diversity

information.

The translator 12 consists of translated signals received from the mobile link
by the pair of diversity antennas 11-i-a, 11-i-b. A separate receive filter 68 and the

receive portion of a duplexer 103 provide a portion of the receive signal to a pair of
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intermediate frequency (IF) signal processing chains consisting of a pair of low
noise amplifiers (LNA) 70A, 70B, manual level adjustment amplifier 71A, 71B,
automatic level control amplifier 72A, 72B, receiver band-pass filter 73A, 73B that
limits the received energy to the desired 15 MHz band such as the PCS 1900 band
allocated from 1895 to 1910 MHz. The mixers 74A, 74B which are driven by a
first synthesizer 75A, and intermediate frequency amplifiers 76A, 76B, IF mixers
77A, 77B, and IF band pass filters 78A, 78B comprise an IF stage. The IF mixers
77A, 77B are driven by the synthesizer 75B. The IF center frequency is typically
chosen to be approximately 100 MHz, with a 200 kHz channel bandwidth
associated with the IF bandpass filters. The RF stage amplifier 79A and mixers
80A and 80B together with synthesizers 75C and 75D provide up conversion of the
frequency output in the desired transmit band of 1895 -1910 MHz. Transmit
bandpass filters 81A and 81B limit transmitted energy to the desired range and
summation circuit 82 preamplifier 83 and power amplifier 84 provide the output

signal.

A detector 85 provides a portion of the radio frequency energy and a signal

provided by the power amplifier which is in turn fed back to the ALC amplifiers
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79 A and 72B. Directional coupler 86 provides radio frequency energy to the

output duplexer 87.

So, in the case where the first even frequency sub-set is assigned to
translator 12-i, namely the frequency sub-set (A0, A8, A16), where the backhaul
link in the up link direction 1s to use frequencies A8, A16, the synthesizers 75 are
tuned to the appropriate frequencies to provide the first and second signal paths

respectively at the desired carrier frequencies of A8 and A16.

In the backhaul to mobile direction, the signal is first received on the omni-
directional antenna 13-1 from the home base station and forwarded to the duplexer
7. In this direction area only a single signal chain is needed. The RF signal
output provided by the duplexer 87 is passed to a first low noise amplifier 88,
manual adjustment amplifier 89 and to an automatic level control circuit 90. The
output of the automatic level control 90 is in turn forwarded to a receiver bandpass
filter 91 and IF stage consisting of a synthesizer 93, mixer 92, and IF bandpass
filter 94, chosen to provide an IF signal having a center frequency in the range of

approximately 100 MHz at 200 kHz bandwidth. A final IF stage amplifier 95 in
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turn feeds a RF mixer 96 and synthesizer 97 which in turn up-converts the signal
back to the transmit band, in this case, being 1975-1990 MHz. The output of the
transmit bandpass filter 98 is in turn fed to the preamplifier 99 and power amplifier
100 prior to being fed to the directional coupler 102 and transmit portion of the
duplexer 103, ultimately out to the antenna 11-1-B. A detector 101 provides the
back of the energy output for the power amplifier back to the automatic level

control circuit 90.

Typically, class A linear amplifiers are used throughout the translator 12 in
both the forward and reverse paths and the translator 12 is typically implemented
with switch programmable synthesizers so that the channel settings deployed may

be easily selected in installation or when the system needs to be reconfigured.

The translator 12 is capable of receiving signals at relatively low levels and
then retransmitting them at relatively high power levels over the mobile link with
the automatic level control circuit typically designed to control the transmitted

forward path signal at 2 maximum of 10 watts.
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In the reverse path, that is from the mobile to the backhaul link, the
translator 12 is designed to receive a signal from its omni-directional antennas 11-
i-a, 11-i-b and to retransmit to the base transceiver system 15 with up to
approximately 125 dB of signal gain with power of as high as 1 watt over the

directional antenna 13-1.

As a result, two reverse mobile transmit diversity channels are continuously
transmitted back to the base transceiver system on different frequencies. This
allows for coherent diversity summation to take place, after digital demodulation
within the home base station. This is much more effective and accurate than
simple RF switching or detection at the site of the translators. The net effect is that
even with a deployment of these “range extending” translators 12, the received
signal performance expected is as effective as deploying a standard base
transceiver system in each of the home base station sites against multi-path fading

and noise.

It is now understood how a wireless communication system may be

configured to permit deploying high efficiency broadband transceiver system
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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 1s no
difficulty with implementing directional or diversity antennas so that multi path
distortion effects and other problems may be adequately addressed. Backhaul costs
also are minimized by taking advantage of the frequency allocations already made

to the service provider.

What is claimed is:
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CLAIMS

1. A wireless communication system consisting of a plurality of cells, the
plurality of cells being located substantially adjacent one another, and the cellular
communication system operating over a specified frequency range, the cellular
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 comprising:

home base station means including a broadband transceiver system for
receiving and transmitting multiple radio signals on multiple carrier frequencies,
including means for demodulating said received radio signals and for coupling
demodulated 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,

a 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
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a plurality of translator base station means located in a like 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
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 and second translated
signals are assigned from the same ones of a plurality of sub-groups of the carrier

frequencies in the available band of carrier frequencies.

2. A system as in claim 1 wherein the available band of carrier frequencies
is divided into an uplink portion, for base station to mobile station radio

transmission links, and a downlink portion, for mobile station to base station radio
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transmission links, and each of the available bands of carrier frequencies are

divided into three sub-bands including a lower, middle, and upper sub-band.

3. A system as in claim 2 wherein the carrier frequency of the first radio
signal is within the translated signal is selected from the upper sub-band of the

downlink portion.

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

signal is within the middle sub-band of the uplink portion.

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 downlink portion.



WO 01/03335 PCT/US99/15164

EXa

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

signal is within the upper sub-band of the uplink portion.

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

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

center of one of the cells in the cluster.

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

center of the cell cluster.
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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

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.



PCT/US99/15164

WO 01/03335

y\

43TIOHLINOD
NOILVLS
3Svd

l Ol

\‘
8l

4

JONVHOX3
ANOHd313L
31190W

/

Ll

Y

A

NOLLYLS
eV
WNOLINFANOD | ) u-g) — | NOILYLS 3Svg
; ([ [ HOLVISNVAL V%lm
194 2l e
NOILYLS 3Sve
NOILYLS \L HOIVISNWL ﬂwlm
E o T e e
5 NOLLYLS 3Svg
e / m_ohjwzsp ’m
e | L
AT} vl
1
NOILYLS 3sve
\i_ HOLYISNVAL (=]
2L e Fﬂ%
el :
NS NOLLYLS 3Svg
JWOH Lyl _ JOLVISNVYL
7 ¢l Bzl

-Gl

L€l

NOILVLS 3Svg
HOLVISNVYL

\
A

“ElgL ziel

g
1

117

SUBSTITUTE SHEET (RULE 26)



PCT/US99/15164

WO 01/03335

SNOILYOOTIV AONINDINA aNve-NI )
YNIT3TI90N MNIT INYHYOVE
———A— e T “ ——A—
m T = €12
L, : ¢
" T ; 3 Z-12 [ ANIT
! a2 L a8z |
- I N
1] [ % m = iz
o | e/z “ / J
X1 i i egz Xy
) W W w % £-0¢
- m m 0
m T ] {202 § NI
EN_ A — 102
. Xd ,  NVId 380N 7 NV1d TINYHMOVE ¢ ve X1
NV1d NOILVLS e m NV1d NOILVLS
I1190N Y BN

JWOH \

217
SUBSTITUTE SHEET (RULE 26)




/03335 PCT/US99/15164
WO 01

( 15 MHz
Ve A N
5 MHz 5 MHz 5 MHz
——N—
A B C
= | : —

AEVEN Aobpp

AD,A2,...A22 A1A3,. A23 oo

Ag = {A0, A4, A8, A12, A6, A20)
A1 = {A1,A5, A9, A13, A17, A21)
Ag = {A2, A6, A10,A14, A18, A22) ° 6
Az ={A3, A7, A11, A15, A19, A23) o o

By = {B0, B4, B8, B12, B16, B20) %9
C3={C3,C7, C11, C15, C19, C23) G

FIG. 3

317
SUBSTITUTE SHEET (RULE 26)



PCT/US99/15164

WO 01/03335

¥ Ol

710 ‘9D 220
210 70 020
AN TvHYOVE w89
J190W 8000 910
I o Zi~ SI~J NOLLYLS cza'es | vid
H aSvg R 28
nloy dWOH 819 ‘zd oLg
— 0l9 08 89
_rAgs//‘v W ||
[plov ~lnlgy ™ 02V ZIY by
lplgv 81Y 0LV 2v
91V '8 ov
NVYHMOVE | 3190
SLNIWNOISSY TINNVHO
J90W INVHYIOVE I1I90W INVHIOVE TS0W
WOUNY 1000 zzaold wa-ed 98 0g 2V YO
__ i |
. v J _ — N — J
ZHINS ZHING

ZHING

47
SUBSTITUTE SHEET (RULE 26)



PCT/US99/15164

WO 01/03335

GOl

NCRT: €20
€14 cg 120
1g 'eq 610
6918 110
SW d S ged .4 Glg
1 H l2g 'sg £Lg
.y . 6lg'ca | 1ig
1919 6d
X/Ev% VS | v
oIy E% 12V EIY Gy
Plev 6LV LIV eV
L1V 6V v
INVHYOVE | ITI9ON
SLNIWNOISSY TINNYHD
JT90N MNVHYOVE IT90N INVHYIOVE I190N
€OLO SO0 e2aTud Sl 6d /818 VY VLY
= i i —
A\ y J N\ — __ y J
ZHING ZHIG ZHING

5I7
SUBSTITUTE SHEET (RULE 26)



WO 01/03335 PCT/US99/15164

FIG. 6B

Nes
FIG. 6A

6/7

SUBSTITUTE SHEET (RULE 26)



PCT/US99/15164

WO 01/03335

1dg " 1d8 201
YNT VNV OV
1608 26+ y6 IS 96+ 85X 6o N
587 05 - | >R @
T oseiSe fMa 0 06616161 ﬂ/\
88 m €6 ~ 16 101130
s ENAS 0861561
ooy aee HLVd GEVMYOA 4O ¥NITNMOG ool coat o] €0
- \/
xrw\_ 0661-G861 0061-6681 | xy | HXHXL
71 0061 G061-0061 a1
el éoc\vc oo oot 01615061
s 4| ovei-sol X
INVHIOVE dol e,

4d94

xy OV VANV VN1 m_.w"z:
_ dOW
€8 BEL _ _
| 0161-G681 1 0.
S oo 1 .1 A A
HLVd 3SH3AIY HO MNITdN

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/USY9/15164

A CLASSIFICATION OF SUBJECT MATTER
i1PCo)  :HO4B 7726
US CL 435716, 101, 422, 447, 517, 560, 561
According 10 Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

us. 455/11.1, 15, 16, 101, 422, 447, 517, 560, 561

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Elcctronic data base consulted during the intemational search (name of data base and. where practicable, search terms used)

APS. WEST I.la

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Categonv® Citation of document. with indication, where appropriate, of the relevant passages Relevant to claim No.

A EP 0 468,688 A (RUSSELL et al) 29 JANUARY 1992, FIG. 1. | I
A US 5,903,834 A (WALLSTEDT et al) 11 MAY 1999, col. 5, linesj 2, 11
4-65

A US 5,768,685 A (PATEL et al) 16 June 1998, col. 3, line 16 to col. | 1-9
4, line 65

A US 5,649,292 A (DONER) 15 July 1997

D Further documents are listed in the continuation of Box C. D See patent family annex.

Special categones of cited documents T later document publiished after the international filing date or prionity
date and not i conflict with the application but cited to understand
TAT document definng the general state of the art which 1s not considered the principle or theory underlying the invention

10 be ol parucular relevance

"X document of particular relevance: the claimed invention cannot be
considered novel or cannot be cousidered to involve an inventive step
when the document 13 taken alone

"t carher document pubhished on or after the mternationsi filing date

‘L document which may throw doubts on priority claim(s) or which 1
cited to estabhish the publicauon date of another citation or other

special reason (as specified) Y document of parucular relevance; the claimed invention cannot be
considered to involve an invenuve step when the document is
mon document referrmg 10 an oral disclosure, use, exhibiion or other combined with ane or more other such documents, such combination
means being obvious to a person skilled in the art
"pr document published prior to the internavonal filing date but later than  « g+ document member of the same patent family
the prionty date claimed
Dale of the actual completion of the intemational search Date of mailing of the intemational search report

0 3 SEP 1399

09 AUGUST 1999

Name and mailing address of the ISA/US Authorized ofticer
Comnussioner of Patents and Trademarks

Box PCT ‘ . .
Washmgton, D.C. 20231 CHARLES APW R Mm
03) 305-4772

Facsimiie No (703) 305-3230 Telephone No.

Form PCT/ISA7210 (second sheet)(July 1992)»




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

