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(57) ABSTRACT 

A technique for converting a non-sectoriZed cell to a sec 
toriZed cell having multiple sectors utilizing a single broad 
band processing unit. The spectrum of a given frequency 
band is divided into multiple bands. In the receive path, 
respective sub-bands are used to convey analog RF signals 
from a subscriber in respective sectors to an associated 
transceiver. Each of the transceivers includes a front end for 
receiving incoming RF signals and an analog-to-digital 
converter for converting the analog signal to a digital data 
stream. The digital data streams from transceivers are com 
bined, and supplied to a single channeliZer Which, in turn, 
supplies the data to a TDM bus for transmission to a PSTN 
network. In the reverse path from the PSTN network, TDM 
digital data signals emanating from a TDM bus are supplied 
to a combiner Which feeds each of the respective transceiv 
ers With appropriate data from the combiner. The transceiv 
ers convert the digital signal to analog form. After conver 
sion, poWer ampli?ers associated With the respective sectors 
effect emission of radiated poWer in the respective sectors. 
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SECTORIZED CELL HAVING NON-REDUNDANT 
BROADBAND PROCESSING UNIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
and claims the priority from US. application Ser. No. 
09/112,149, entitled “SECTORIZED CELL HAVING 
NON-REDUNDANT BROADBAND PROCESSING 
UNIT”, ?led Jul. 9, 1998, the entirety of Which is incorpo 
rated herein by reference. 

BACKGROUND 

[0002] 1. Field of the Invention 

[0003] The present invention relates to Wireless commu 
nication systems, but more particularly, to a method and 
system for attaining sectoriZation in a cellular communica 
tion system utilizing a single broadband processing unit. 

[0004] 2. Discussion of the Prior Art 

[0005] In order to provide multi-channel voice and data 
communications over a broad geographical area, Wireless 
communication providers currently install base station trans 
ceivers in protected and maintainable structures, knoWn as 
cell sites. A cell site encompasses an antenna, a toWer or 
building upon Which the antenna is mounted, high-poWer 
ampli?ers, duplexers, transmitters, receivers and broadband 
processing equipment. The broadband processing equipment 
channeliZes and combines digital signals on multiple chan 
nels that are associated With respective subscribers. The 
digital signals, hoWever, are communicated over the air With 
subscribers in the analog domain. Thus, the base station 
equipment further includes analog-to-digital and digital-to 
analog converters, depending on the direction of information 
?oW, as described in commonly oWned US. Pat. Nos. 
5,535,240 and 5,592,480 Which issued Jul. 9, 1996 and Jan. 
7, 1997, respectively, to Ronald R. Carney, et al., incorpo 
rated herein by reference. 

[0006] The cell itself is an area on the ground that is 
generally depicted as a hexagon. This is the simplest Way to 
illustrate the cellular idea, but in reality, the actual shape of 
the cell and the coverage provided by the radiated signal 
from the cell site is rarely as regular, uniform and clearly 
de?ned. The actual shape of the cell depends upon the 
contours and the condition of the terrain surrounding the cell 
site. Factors such as the siZe and number of trees and/or the 
degree of urbaniZation determine hoW large an area one cell 
can cover. The cell may itself be sectoriZed Wherein it is 
provided With an antenna designed to concentrate energy in 
an arc of 120 degrees rather than the usual 360 degrees. 
Different frequencies may be used for each sector, and these 
frequencies may be repeated among cells. Using the sector 
iZation, the cell site is able to accommodate communication 
for a greater number of subscribers. The instant application 
is directed to sectoriZation Which is sometimes referred to as 
cell-splitting. 
[0007] Each sector is con?gured to provide tWo-Way 
(duplex) multi-channel communication capability for only a 
limited portion of the frequency spectrum that is allotted to 
the Wireless communication service provider. A typical 
cellular communication channel consists of a pair of fre 
quencies, one for each direction of transmission, used for 
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full-duplex operation. A typical transceiver consists of mul 
tiple sets of discrete receiver and transmitter signal process 
ing components in order to service a particular portion of the 
frequency spectrum, usually 400 30 KhZ channels Within a 
12 MHZ bandWidth. The receiver section of a typical 
transceiver includes a dedicated set of signal processing 
components, including a front end, an intermediate fre 
quency (IF) section and a baseband section. 

[0008] A primary limitation in current cellular communi 
cation systems is that a service provider is only allocated a 
?xed number of frequencies With Which to handle subscriber 
calls. Typically, there must be a 35 mile separation betWeen 
cells using the same frequency set, so that subscribers 
communicating on the same frequencies do not interfere 
With one another. Frequency reuse alloWs subscribers to use 
the same frequencies in adjoining cells Without interference, 
thereby alloWing a service provider to accommodate more 
subscribers. 

[0009] Whenever a base station employs sectoriZation, 
hoWever, each sector requires its oWn broadband processing 
unit to perform digital combining and channeliZing. Unfor 
tunately, such replication of digital processing equipment 
increases the complexity and expense of the base station. 

SUMMARY OF THE INVENTION 

[0010] It is a general objective of the present invention to 
increase the channel capacity of a cell using existing broad 
band processing equipment. 

[0011] It is a more speci?c objective of the invention to 
provide a scheme for sectoriZing a cell Without replication of 
broadband processor units. 

[0012] It is another object of the invention to provide a 
sectoriZed communication cell using loWer poWer transmit 
ters for the respective sectors. 

[0013] In accordance With the invention, the improvement 
comprises a technique in Which a non-sectoriZed cell is 
converted to a sectoriZed cell having multiple sectors. In a 
preferred embodiment, the spectrum of a given frequency 
band having a center frequency ‘Q0 is divided into multiple 
bands (three, for example) having center frequencies ‘Q0, 
‘Qo—ot and ‘Qo+ot (in the case Where three sectors are 
employed). In the receive path, respective sub-bands are 
used to convey analog RF signals in respective sectors to a 
transceiver. Each of the transceivers include a front end for 
receiving incoming RF signals and an analog-to-digital 
converter for converting the analog signal to a digital data 
stream. The digital data streams from transceivers are com 
bined, i.e., processed by exclusive or’ing, and supplied to a 
single channeliZer Which, in turn, supplies the data to a TDM 
bus. In the reverse path, TDM digital data signals emanating 
from TDM bus are supplied to a combiner Which feeds each 
of the respective transceivers, Which select the appropriate 
data from the combiner by digital ?ltering or processing. 
The transceivers convert the digital signal to analog form. 
After conversion, poWer ampli?ers associated With the 
respective sectors effect emission of radiated poWer in the 
respective sectors. 

[0014] Advantageously, ampli?ers in the sectoriZed 
improvement operate at loWer poWer levels than the single 
high poWer ampli?er of a non-sectoriZed cell thereby pro 
viding substantial cost savings. More importantly, instead of 
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deploying multiple Carney engines, the improved sectoriZed 
cell requires only a single Carney engine, thereby providing 
further economies. The invention only requires software 
modi?cation of the Carney engine used in a single cell site 
to handle information distributed in different spectral bands 
associated With the sectors. 

[0015] These and other objects of the invention Will 
become apparent upon revieW of the accompanying disclo 
sure When read in conjunction With the accompanying 
draWing ?gures, Wherein like reference numerals designate 
the same number of corresponding parts throughout the 
several vieWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 depicts a frequency reuse scheme in a 
cellular communication system useful for describing the 
present invention; 

[0017] FIG. 2A illustrates a sectoriZed cell among plural 
cells in a frequency reuse scheme of a cellular communica 
tion system; 

[0018] FIG. 2B depicts respective transmitter and receiver 
paths of a base station transceiver in Which the present 
invention is employed; 

[0019] FIG. 3 illustrates processing of information signals 
in the transmit path of the base station transceiver of FIG. 
2B; 
[0020] FIG. 4 illustrates processing of information signals 
in the receive path of the base station transceiver of FIG. 2B; 

[0021] FIG. 5 depicts a circuit block diagram of the 
improvement of the present invention; and 

[0022] FIG. 6 depicts a transceiver unit of the circuit 
diagram of FIG. 5. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0023] The geographic disbursements optimiZes service 
coverage With the entire bandWidth (eg 12 MHZ) available 
to the service provider, and ensures non-interfering coverage 
among dispersed cell sites. Over a broad geographical area 
hoWever, the frequency allocation Within respective cells 
and the separation betWeen adjacent cell sites may be 
prescribed to effectively prevent mutual interference among 
any of the channels of the system. Thus, frequency reuse is 
the core concept of cellular communications. A rule of 
thumb in the cellular industry states that a channel can be 
reused again in every seven cells. The application of this rule 
varies due to the factors that determine the siZe of a cell and 
the propagation of cellular transmissions such as the par 
ticular terrain, the degree and density of urban groWth, the 
eXpected number of subscribers, etc. Since a system operator 
cannot add channels to their system—each system is limited 
to 400 channels—frequency reuse schemes are often 
employed. 
[0024] FIG. 1 depicts a typical cellular communication 
pattern. The frequency assignments are ?xed to seven dis 
crete channel sets. The frequencies used in this arrangement 
of cells helps prevent interference betWeen cells With iden 
tical frequency assignments (i.e. co-channel cells) by sepa 
rating these cells by at least tWo cells of different frequency 
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assignments. The instant sectoriZation scheme alloWs for 
one cell to handle more than one frequency set. 

[0025] FIG. 2A depicts a sectoriZed cell resulting from 
implementation of the invention. By changing the antenna 
design in the cell so that radiated energy is concentrated in 
an arc of 120 degrees rather than the complete 360 degree 
circle, the number of cells appears to increase. Using the 
sectoriZation technique, only the antenna needs to be 
changed, and the additional equipment associated With a cell 
site can remain the same. If each of the seven cells shoWn 
in FIG. 2A Were sectoriZed, the resulting system Would 
appear to have a total of tWenty-one cells, and therefor could 
accommodate tWenty times more subscriber communica 
tions simultaneously. 

[0026] FIG. 2B shoWs a non-sectoriZed cellular trans 
ceiver site over Which the present invention is an improve 
ment. In the non-sectoriZed site, digital data signals from a 
PSTN (or other data network) via time division multiplex 
(TDM) bus 10 are conveyed to and from subscriber units via 
antennas 12 and 14. In a receive path, a receiver 16 receives 
broadband RF signals from subscribers via antennas 12 and 
14. DupleXer 13 isolates the respective transmit and receive 
paths. Receiver 16 converts the broadband analog signals to 
a digital data stream Which is supplied to a channeliZer 18 
associated With antenna 12. The channeliZer 18 separates, in 
a manner described in US. Pat. No. 5,592,480, the digital 
data stream into multiple data channels associated With 
respective subscribers and supplies the same to TDM bus 10. 
An antenna 14 operating at a different frequency at another 
cell or sector receives signals for processing by a tandem 
channeliZer 19 operating at a co-located or distant cell site. 
Multiple receive antennas and channeliZers may be 
employed, although only tWo are illustrated. The combina 
tion of the channeliZer and combiner is called a Carney 
engine. 
[0027] On the transmit side, signals from multiple data 
channels originating from TDM bus 10 are supplied to a 
combiner 20. Combiner 20 supplies serial bit streams along 
respective outputs 22 and 24 to a transmitter unit 26 Which 
converts the digital data on respective paths to analog signal. 
Analog signals from the transmitter 26 drive a high poWer 
ampli?er 28 to produce an RF signal for transmission to 
subscribers via dupleXer 13 and antenna 12. 

[0028] FIG. 3 depicts the basic transmitter section 100 
used With the instant invention. A receiver section 200 is 
discussed With reference to FIG. 4. The transmitter section 
100, along With the receiver section 200 comprise a trans 
ceiver. The transmitter section 100 comprises a transmitter 
unit 110, an FFT based bandpass sampling signal combiner 
130, a reverse In-Phase/Quadrature (I/Q) translator 107, a 
digital-to-analog (D-A) converter 140, and a plurality of 
digital signal processor (DSP) units 120-1 . . . 120-n, one 
DSP unit per channel. The transmitter section couples an 
antenna 90 for communicating over channels offered by the 
cellular communications service provider. The DSP units are 
coupled to receive respective ones of a plurality of digitiZed 
voice/data communication signals Which are to be transmit 
ted over respective frequency channels, 1 . . . N. 

[0029] The DSP units 120-1 . . . 120-n modulate and 

perform pre-transmission error correction on respective ones 
of the plurality of incoming communication signals, and 
supply processed ones of the narroWband communication 
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channels at respective ports. From the ports the modulated 
communication signals are supplied via channel links 
121-1 . . . 121-n to respective ports of the bandpass sampling 
signal combiner unit 130, Which outputs a combined signal. 
The combined signal represents the contents of a Wideband 
signal Which is a composite of respective narroWband signal 
channels input to the digital transmitter signal processor unit 
120. One bandpass sampling signal combiner 130 is 
installed at each cell site, thereby alloWing the transmitted 
channels to be combined With minimum insertion loss and 
maximum signal isolation betWeen channels. 

[0030] The bandpass sampling signal combiner 130 of the 
present invention is adapted for use an Advanced Mobile 
Phone Service (AMPS) 400 channel/30 KHZ system, as Well 
as a European 50 channel/200 KHZ Global System for 
Mobile Radio (GSM) cellular standard. 

[0031] For 30 KHZ channels, a sample rate of 50 KHZ is 
assumed. For 200 KHZ, a 300 KHZ sample rate is assumed. 
The combiner 130 receives channeliZed data as baseband 
signals from the DSP units 120-1 . . . 120-n, via channel 

links 121-1 . . . 121-n. The output of the combiner 130 is 

coupled to the I/O translator unit 107. The reverse I/Q unit 
107 receives respective in-phase and quadrature (I/Q) signal 
components from the combiner 130 via (I/Q) links 171, 172, 
respectively, and provides a combined output signal to the 
digital-to-analog (D/A) converter 140. 

[0032] The output of the D/A converter 140 connects With 
the Wideband multichannel transmitter 110. An ampli?ed 
output of the transmitter 110 is then supplied to the antenna 
90 for transmission over the air. 

[0033] FIG. 4 depicts the basic receiver section 200 of the 
transceiver used With the present invention. The receiver 
section 200 includes a Wideband receiver 210, a high speed 
analog-to-digital (A/D) converter 230, a forWard in-phase/ 
quadrature (I/Q) translator 270, an FFT based channeliZer 
220, a bandpass ?lter, a loWpass ?lter, and digital signal 
processing (DSP) units 241-1 . . . 241-n, one DSP unit per 
channel. The receiver section 200 couples With the antenna 
90 for receiving cellular communication signals. 

[0034] The output of the Wideband receiver 210 is a 
doWnconverted, multi-channel signal containing the con 
tents of all of the 30 KHZ voice/data channels assigned to the 
service provider. The multichannel baseband signal is for 
Warded to the analog-to-digital converter 230, and then to 
the I/O translator 270. The I/Q translator provides I and Q 
signals to the channeliZer 220 via links 271, 272, respec 
tively. The I/Q translator 270 processes the signals Within 
any of the 400 channels of the system, and then outputs the 
signals via (I/Q) links 271 and 272 to the FFT channeliZer 
220. The FFT channeliZer 220 then extracts from the com 
posite digitiZed multichannel (I/Q) signal, respective nar 
roWband channel signals representative of the contents of 
respective ones of the 30 KHZ communication channels 
received by the Wideband receiver 210. From the channel 
iZer 220, the signals are fed to the DSP units on lines 
242-1 . . . 242-n respectively. Each of the digital receiver 

processor units 241-1 . . . 241-n demodulates the signals of 

the respective channel and performs associated error cor 
rection processing based upon the content of the modulated 
signal. The demodulated signals derived by the DSP units 
241-1 . . . 241-n are then coupled to a carrier interface such 

as a Public SWitched Telephone NetWork (PSTN). 
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[0035] FIG. 5 depicts the improvement provided by the 
present invention in Which a non-sectoriZed cell is converted 
to a sectoriZed cell having three sectors. Although three are 
illustrated, the principles may be applied to any degree of 
sectoriZation. In the illustrated example, the spectrum of a 
given frequency band having a center frequency ‘Q0 is 
divided into three equal bands having center frequencies 
‘Q0, ‘SRO-0t, and ‘Qo+ot. Assuming that a cell is allocated a 
bandWidth of ?ve megahertZ, each sub-band, for example, 
may be designed to handle one megabit per second data 
stream in a sub-band of one megahertZ in bandWidth. In the 
receive path, respective sub-bands are used to convey analog 
RF signals in respective sectors With antennas 30, 32 and 34 
through respective duplexers 36, 38 and 40. The duplexers 
supply the received signals to respective transceiver units 
42, 44 and 46. Each of the transceivers include a front end 
for receiving incoming RF signals and an analog-to-digital 
converter for converting the analog signal to a digital data 
stream. According to the present invention, the digital data 
streams from transceivers 42, 44 and 46 are combined, i.e., 
processed by exclusive or’ing, and supplied to a single 
channeliZer 48 Which, like channeliZers 18 and 19 (FIG. 2B) 
supplies digital data signals associated With respective sub 
scribers to TDM bus 50. 

[0036] In the reverse path, TDM digital data signals Which 
emanate from TDM 50 are supplied to a combiner 52 Which 
feeds each of the respective transceivers 42, 44 and 46. Each 
of the transceivers 42, 44 and 46 select the appropriate data 
from the combiner by conventional means by digital ?ltering 
or processing. The transceivers convert the digital signal to 
analog form. After conversion, poWer ampli?ers 54, 56 and 
58 associated With the respective sectors effect emission of 
radiated poWer in the respective sectors. 

[0037] Advantageously, ampli?ers 54, 56 and 58 operate 
at loWer poWer levels than the single high poWer ampli?er 
28 (FIG. 2B) in a non-sectoriZed cell, thereby providing 
substantial cost savings. More importantly, instead of 
deploying three Carney engines the improved sectoriZed cell 
requires only a single Carney engine comprising channeliZer 
19 and combiner 20, thereby providing further economies. 
The invention only requires softWare modi?cation of the 
Carney engine used in a single cell site to handle information 
distributed in different spectral bands associated With the 
sectors. 

[0038] FIG. 6 depicts further details of the transceivers 
42, 44 and 46 of FIG. 5, Which perform transmultiplexing 
operations. The receive path of a transceiver (FIG. 5), for 
example, includes a receiver 60, an analog-to-digital con 
verter, and an exclusive OR gate 64. OR gate 64 receives 
digital samples from the OR gate of an adjacent preceding 
transceiver. The output of OR gate 64 is supplied to the OR 
gate of an adjacent subsequent transceiver, and the OR gate 
of the last transceiver in the sequence is supplied to the 
channeliZer 48, as depicted by connections 66 and 68 of 
FIG. 5. On the transmit side of the transceiver, digital signal 
samples from the combiner 52 enter a digital band pass ?lter 
70 Which passes signal samples associated With the respec 
tive sectors. The digital signals samples are then converted 
to analog form by digital-to-analog converter 72 and sup 
plied to a transmitter unit 74. Transmitter unit 74 then 
supplies a resulting analog signal to a respective ampli?er/ 
duplexer pair for transmission to subscribers. 
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[0039] While We have shown and described several 
embodiments in accordance With the present invention, it is 
to be understood that the invention is not limited thereto, but 
is susceptible to numerous changes and modi?cations as 
knoWn to a person skilled in the art, and We therefore do not 
Wish to be limited to the details shoWn and described herein, 
but intend to cover all such changes and modi?cations as are 
obvious to one of ordinary skill in the art. 

What is claimed is: 
1. A receiver apparatus in a cellular communication 

system, comprising: 

an antenna device to sectoriZe a cell into a plurality of 
sectors Which accommodate a plurality of subchannels, 
respectively, said plurality of sectors conveying a plu 
rality of analog RF signals, respectively; 

a plurality of receiver units to receive said plurality of 
analog RF signals from said plurality of sectors, respec 
tively, to convert said plurality of analog RF signals to 
a plurality of digital data streams, respectively, and a 
structure to combine said plurality of digital data 
streams into a single digital data stream, and 

a single channeliZer to receive said single digital data 
stream, to generate therefrom a digital data signal 
associated With said plurality of subchannels of said 
plurality of sectors, and to supply said digital data 
signal to a bus. 

2. The receiver apparatus according to claim 1, Wherein 
said plurality of receiver units are broadband receivers. 

3. A transmitter apparatus in a cellular communication 
system, comprising: 

an antenna device to sectoriZe a cell into a plurality of 
sectors Which accommodate a plurality of subchannels, 
respectively; 

a single combiner to receive a digital data signal repre 
sentative of subchannel data associated With said plu 
rality of sectors received from a bus, and to generate 
therefrom a combined digital data signal, and 

a plurality of transmitter units each to receive said com 
bined digital data signal from said single combiner, to 
select from said combined digital data signal said 
subchannel data associated With said respective plural 
ity of sectors, and to convert said subchannel data into 
an analog signal for emission. 

4. The transmitter according to claim 3, further compris 
ing a plurality of poWer ampli?ers in said plurality of 
sectors, respectively, to amplify each said analog signal for 
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emission, said plurality of poWer ampli?ers in said plurality 
of sectors operating at loWer poWer levels than a poWer 
ampli?er in a non-sectoriZed cell. 

5. The transmitter unit according to claim 3, Wherein said 
plurality of transmitter units each include a digital band pass 
?lter Which receives said combined digital data signal from 
said single combiner and Which passes said subchannel data 
associated With said respective plurality of sectors. 

6. The transmitter unit according to claim 3, Wherein said 
plurality of transmitter units are broadband transmitters. 

7. A method for receiving data in a sectoriZed cell, 
comprising the steps of: 

sectoriZing a cell into plurality of sectors Which accom 
modate a plurality of subchannels, respectively, said 
plurality of sectors conveying a plurality of analog RF 
signals, respectively; 

receiving said plurality of analog RF signals from said 
plurality of sectors, respectively; 

converting said plurality of analog RF signals to a plu 
rality of digital data streams, respectively; 

combining said plurality of digital data streams into a 
single digital data stream, and 

providing said single digital data stream to a single 
combiner for generating therefrom digital data signals 
associated With said plurality of subchannels of said 
plurality of sectors. 

8. A method for transmitting data in a sectoriZed cell, 
comprising the steps of: 

sectoriZing a cell into plurality of sectors Which accom 
modate a plurality of subchannels, respectively; 

receiving digital data signals representative of subchannel 
data associated With said plurality of sectors; 

providing said digital data signals to a single combiner for 
generating therefrom a single combined digital data 
signal; 

selecting from said combined digital data signal said 
subchannel data associated With said respective plural 
ity of sectors; 

converting said subchannel data into a plurality of analog 
signals, and 

amplifying said plurality of analog signals for emission. 


