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CELLULAR CDMA NOTCH FILTER 

[0001] This application is a continuation of application 
Ser. No. 09/878,586, ?led Jun. 11, 2001, Which is a con 
tinuation of application Ser. No. 09/400,715, ?led Sep. 21, 
1999, Which issued May 14, 2002 as US. Pat. No. 6,389, 
002, Which is a continuation of application Ser. No. 08/951, 
058, ?led Oct. 15, 1997, Which issued on Jan. 4, 2000 as 
US. Pat. No. 6,011,789, Which is a continuation of appli 
cation Ser. No. 08/329,371, ?led Apr. 7, 1994, Which issued 
on Dec. 30, 1997 as US. Pat. No. 5,703,874, Which is a 
continuation of application Ser. No. 07/983,070, ?led Nov. 
25, 1992, noW abandoned, Which is a continuation-in-part of 
application Ser. No. 07/622,235, ?led Dec. 5, 1990, Which 
issued on Sep. 27, 1994 as US. Pat. No. 5,351,269. 

BACKGROUND 

[0002] This invention relates to spread-spectrum commu 
nications and more particularly to a broadband code division 
multiple access communications system Which communi 
cates over the same frequency band of an existing frequency 
division multiple access (FDMA), proposed time division 
multiple access (TDMA) or any other mobile-cellular sys 
tem. 

DESCRIPTION OF THE RELEVANT ART 

[0003] The current mobile-cellular system uses the fre 
quency band 868-894 MHZ for transmission from the mobile 
unit to the cellular base stations and the frequency band 
823-849 MHZ for transmission from the cellular base sta 
tions to the mobile unit. Each of these frequency bands is 
divided in half to permit tWo competitive systems to operate 
simultaneously. Thus, each system has 10.0 MHZ available 
for transmission and 10.0 MHZ for reception. Each of the 
10.0 MHZ bands is divided into 30 kHZ channels for voice 
communications. 

[0004] A problem in the prior art is limited capacity due to 
the number of channels available in the mobile radio cellular 
system. 

[0005] FIG. 1 is a diagram of the cellular system. A 
mobile unit serviced by cell A located near the border of 
cells A and B and a mobile unit serviced by cell B located 
near the same border are received by the cellular base 
stations of cells A and B With almost the same poWer. To 
avoid interference betWeen units operating in the same 
frequency band at comparable poWer levels, different fre 
quency subbands, i.e. channels, are allocated to adjacent 
cells. FIG. 1 shoWs a seven frequency scheme, With each 
cell having a bandWidth equaling 10.0 MHZ/7, Which 
approximately equals 1.4 MHZ. This frequency scheme has 
adjacent cells operating at different frequencies, thereby 
reducing interference among units in adjacent cells. This 
technique is called frequency reuse. As a result of frequency 
reuse, each cell has N=1.4 MHZ/30 kHZ=46 channels, With 
the channels divided and allocated as shoWn in FIG. 2. The 
1.4 MHZ is divided for FDMA or TDMA into 30 kHZ 
channels for communications, each With a 180 kHZ guard 
band. Each of the different cells, Athrough G, have channels 
that lie in a different 30 kHZ band so that their spectra do not 
overlap. FIG. 2 also shoWs the spread-spectrum signal 
overlaying on the existing units Whether they be Advanced 
Mobile Phone Service (AMPS) or IS54. Some of these 
channels are reserved for signaling, leaving approximately 
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41 channels per cell. The channels are allocated to cells A, 
B, and C as shoWn in FIG. 2. A guard band of 180 kHZ 
separates each channel so that adjacent channel units Within 
the same cell do not interfere With one another. 

[0006] The cells in a mobile-cellular system are expensive 
to maintain, and pro?tability can be signi?cantly increased 
by increasing the number of units per cell. One approach to 
increase the number of units per cell is to change from 
analog frequency modulation (FM) communication, and to 
use digital communication With time division multiple 
access. 

[0007] Existing AMPS cellular systems exhibit numerous 
de?ciencies; for example, lack of privacy, dropped calls, loW 
data rate capabilities,. poor quality speech, and limited 
capacity. TDMA and code division multiple access (CDMA) 
proposals attempt to overcome the capacity and privacy 
issues, With TDMA systems proposing to pack either 3 or 6 
units in each 30 kHZ frequency band previously used by the 
AMPS FM unit, While narroWband CDMA proposals, for 
example, by Qualcomm, claim a further increased capacity. 

SUMMARY 

[0008] A notch ?ltering apparatus comprises an input 
con?gured to receive at least one cellular code division 
multiple access (CDMA) signal. Each received cellular 
CDMA signal has an associated spread bandWidth. A notch 
?lter device is con?gured to attenuate a bandWidth at a 
plurality of frequencies Within the associated spread band 
Width of the at least one received cellular CDMA signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
preferred embodiments of the invention, and together With 
the description serve to explain the principles of the inven 
tion. 

[0010] FIG. 1 illustrates a seven-frequency-set mobile 
cellular plan; 

[0011] FIG. 2 shoWs cellular channels Which are separated 
by a guard band of 180 kHZ; 

[0012] FIG. 3 is a block diagram of a spread-spectrum 
base station receiver; 

[0013] FIG. 4 is a block diagram ofa ?rst embodiment of 
a spread-spectrum-base station transmitter; 

[0014] FIG. 5 is a block diagram of a second embodiment 
of a spread-spectrum-base station transmitter; 

[0015] FIG. 6 is a block diagram of a unit-spread-spec 
trum receiver; 

[0016] FIG. 7 is a block diagram ofa ?rst embodiment of 
unit-spread-spectrum transmitter; 
[0017] FIG. 8 is a block diagram of a second embodiment 
of a unit-spread-spectrum transmitter; 

[0018] FIG. 9 shoWs the spectrum of a spread-spectrum 
signal With an AM signal of equal poWer at its carrier 
frequency; 
[0019] FIG. 10 shoWs a spread-spectrum data signal When 
the spread-spectrum signal poWer is equal to an AM signal 
poWer; 
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[0020] FIG. 11 shows an audio signal When the spread 
spectrum signal power is equal to the AM signal power; 

[0021] 
tor; 

[0022] FIG. 13 shoWs position settings of sWitches of 
FIG. 12 to form PN sequences; 

[0023] FIG. 14 illustrates a phasor diagram for the phase 
of a CDMA interferer; 

[0024] FIG. 15 plots output signal-to-noise ratios for 
different numbers of CDMA units in an AMPS antenna 

sector; 

[0025] FIG. 16 illustrates a coherent demodulator for 
performing a demodulation procedure; 

[0026] 
[0027] FIG. 18 shoWs a half-sine Wave pulse c'i(t)=sin 
[rct/(Tc)] and a rectangular pulse cO(t); 

[0028] FIG. 19 illustrates the effect of AMPS units on a 
B-CDMA base station; 

[0029] FIG. 20 illustrates the effect of B-CDMA units on 
an AMPS base station; 

[0030] FIG. 21 illustrates the effect of B-CDMA base 
stations on CDMA units; 

[0031] FIG. 22 illustrates the effect of AMPS base stations 
on CDMA units; 

[0032] FIG. 23 shoWs the effect of the CDMA base 
stations on AMPS units; 

[0033] 
[0034] FIG. 25 shoWs a cellular system employing 6-seg 
ment antennas; and 

FIG. 12 shoWs a pseudo-random sequence genera 

FIG. 17 shoWs rectangular pulses c0 and c'i; 

FIG. 24 illustrates the use of a comb ?lter; 

[0035] FIG. 26 illustrates a region having a notching-out 
of poWer. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT(S) 

[0036] Reference is noW made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings, Wherein like 
reference numerals indicate like elements throughout the 
several vieWs. 

[0037] The spread-spectrum code division multiple access 
(CDMA) communications system of the present invention is 
located Within a same geographical region, i.e. cell, as 
occupied by a mobile-cellular system. Each cell of the 
mobile-cellular system has a cellular bandWidth. In pres 
ently deployed mobile-cellular systems, the cellular band 
Width is approximately 10.0 MHZ. The cellular bandWidth is 
divided into a plurality of predetermined channels. Each 
predetermined channel typically has a bandWidth of 30 kHZ. 
The predetermined channels are separated by guard bands. 
The usual guard band separation is 180 kHZ. Cellular units 
communicate on the predetermined channels, currently 
using frequency modulation (FM). 

[0038] The spread-spectrum CDMA communications sys 
tem includes a plurality of spread-spectrum-base stations 
and a plurality of spread-spectrum units located Within the 
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same geographical region, i.e. cell, as occupied by the 
mobile-cellular system. The spread-spectrum CDMA com 
munications system can be used for communicating data 
betWeen a plurality of spread-spectrum units and the spread 
spectrum-base station. The data may be, but are not limited 
to, computer data, facsimile data or digitiZed voice. 

[0039] A spread-spectrum-base station, Which preferably 
is collocated geographically With a cellular-base station, 
communicates data betWeen the plurality of spread-spec 
trum units, With a ?rst spread-spectrum user uses a ?rst 
spread-spectrum unit, and a second spread-spectrum user 
uses a second spread-spectrum unit, etc. 

[0040] Each spread-spectrum-base station includes at least 
one set of base-converting means, base-spread-spectrum 
processing means, base-transmitting means, base-detection 
means and a base antenna. Each spread-spectrum base 
station additionally includes base-comb-?lter means and/or 
base-sector means. The term “base” is used as a pre?x to 
indicate that a respective element is located at the spread 
spectrum-base station. 

[0041] The base-comb-?lter means may include notch 
?lters Which attenuate the mobile-cellular signal poWer 
transmitted on predetermined channels of the mobile-cellu 
lar system. The base-detection means may include base 
despreading means and base-synchronizing means. The 
base-detection means broadly converts data communicated 
from a spread-spectrum unit into a form for output to a user. 
The base-despreading means broadly despreads a received 
spread-spectrum signal. 

[0042] The base-comb-?lter means, as shoWn in FIG. 3, 
may be embodied as a comb ?lter 140. The comb ?lter 140 
notches the predetermined channels of the mobile-cellular 
system. The comb ?lter 140 reduces the combined interfer 
ing poWer level from mobile-cellular units With the spread 
spectrum-base station. For the presently deployed mobile 
cellular system, by Way of example, the comb ?lter 140 
serves as a plurality of notch ?lters, blocking the 30 kHZ 
bandWidth at each frequency location of the predetermined 
channels of the mobile-cellular system. 

[0043] The base-despreading means, as illustrated in FIG. 
3, may be embodied as a pseudorandom generator, a plu 
rality of product devices 141 and a plurality of bandpass 
?lters 143. The pseudorandom generator stores chip codes, 
gl(t), g2(t), . . , gN(t), for demodulating data from spread 
spectrum signals received from the plurality of spread 
spectrum units at the spread-spectrum-base station. The 
base-detection means also includes base-synchronizing 
means for synchronizing the base-despreading means to 
received spread-spectrum signals. The base-synchronizing 
means may be embodied as a phase-locked-loop circuit. 

[0044] Alternatively, the base-despreading means may be 
embodied as a plurality of matched ?lters. The plurality of 
matched ?lters may employ surface-acoustic-Wave (SAW) 
devices, digital signal processors, or a combination of ana 
log and digital technologies, as is Well knoWn in the art. 
Each matched ?lter has an impulse response matched to 
each chip code gl(t), g2(t), . . . , gN(t), respectively, for 
demodulating data from the spread-spectrum signals 
received from the plurality of spread-spectrum units. The 
impulse responses of the matched ?lters may be either ?xed 
or programmable. 



US 2006/0176868 A1 

[0045] The spread-spectrum receiver at the spread-spec 
trum-base station processes selected data received from a 
selected spread-spectrum unit, Which Were transmitted With 
a spread-spectrum signal using a selected-chip-code, gi(t). 
The detector 145 demodulates the selected data from the 
despread spread-spectrum signal. 
[0046] Aplurality of product devices 141, bandpass ?lters 
143 and detectors 145 may be coupled through a poWer 
splitter 147 to an antenna 149, for receiving simultaneously 
multiple spread-spectrum channels. Each product device 
141 uses a selected chip code for demodulating a selected 
spread-spectrum signal, respectively. 
[0047] For a spread-spectrum system to operate properly, 
the spread-spectrum receiver must acquire the correct phase 
position of the received spread spectral signal, and the 
spread-spectrum receiver must continually track that phase 
position so that loss-of-lock does not occur. The tWo pro 
cesses of acquisition and tracking form the synchroniZation 
subsystem of the spread-spectrum receiver. The former 
operation typically is accomplished by a search of as many 
phase positions as necessary until one phase position is 
found Which results in a large correlation betWeen the phase 
of the incoming signal and the phase of the locally generated 
spreading sequence at the receiver. This former process 
typically occurs using a correlator or a matched ?lter. The 
latter operation is often performed With a delay-locked loop. 
The importance of the combined synchronization process 
can not be over stated for if synchronization is not both 
achieved and maintained, the desired signal cannot be 
despread. 
[0048] The base-converting means, as illustrated in FIG. 
4, may be embodied as a base modulator 151. Each base 
modulator 151 converts the format of data to be transmitted 
to a spread-spectrum unit into a form for communicating 
over radio Waves. For example, an analog voice signal may 
be converted to a base-data signal, using a technique called 
source encoding. Typical source coders are linear predictive 
coders, vocoders, delta modulators and pulse code modula 
tion coders. 

[0049] The base-spread-spectrum-processing means may 
be embodied as a base-spread-spectrum modulator 153. 
Each base-spread-spectrum modulator 153 is coupled to a 
respective base modulator 151. Each base-spread-spectrum 
modulator 153 modulates the converted-data signal using 
spread-spectrum. The converted data is multiplied using a 
product device, or is modulo-2 added, using an EXCLU 
SIVE-OR gate 153, With a selected spread-spectrum chip 
code, gN+i(t). 
[0050] The base-transmitter means may be embodied as a 
base transmitter 155. Each base transmitter 155 is coupled to 
a respective base-spread-spectrum modulator 153. Each 
base transmitter 155 transmits, across the cellular band 
Width, the spread-spectrum-processed-converted data from 
the spread-spectrum-base station to a spread-spectrum unit. 
Each base transmitter 155 also modulates the spread-spec 
trum-processed-converted data at a carrier frequency, f 

[0051] Each base transmitter 155 has a transmitter oscil 
lator Which supplies a carrier signal having a carrier fre 
quency. The transmitter oscillator is coupled to a transmitter 
product device. The base transmitter 155 multiplies, using 
the transmitter-product device, the spread-spectrum-pro 
cessed-converted data by the carrier signal. 
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[0052] The base-transmitting means may, in a preferred 
embodiment, transmit data using a spread-spectrum signal 
having a poWer level limited to a predetermined level. The 
base-transmitting means may also transmit data by adding 
the plurality of spread-spectrum data signals. 

[0053] A plurality of base modulators 151, base product 
devices 153 and base transmitters 155 may be coupled 
through a poWer combiner 157 to an antenna 159 for 
simultaneously transmitting a multiplicity of spread-spec 
trum channels. FIG. 4 is an illustrative embodiment for 
generating simultaneous spread-spectrum signals, and there 
are many variants for interconnecting product devices, 
modulators and transmitters, for accomplishing the same 
function. 

[0054] As an alternative example, FIG. 5 illustrates a 
spread-spectrum-base station transmitter Which may be used 
for producing the same result as the transmitter of FIG. 4. 
The base-spread-spectrum modulator at the spread-spec 
trum-base station includes means for processing data for 
particular spread-spectrum units With a selected chip code. 
In FIG. 5, the base-spread-spectrum-processing means may 
be embodied as EXCLUSIVE-OR gates 253, With the data 
being modulo-2 added, using EXCLUSIVE-OR gates 253, 
With a selected spread-spectrum chip code, gN+i(t). The 
resulting spread-spectrum processed data from a plurality of 
EXCLUSIVE-OR gates 253 are combined using combiner 
257. The base transmitter 255 modulates the combined 
spread-spectrum-processed data at the carrier frequency, f0. 
The base transmitter 255 is coupled to the antenna 159 and 
simultaneously transmits the plurality of spread-spectrum 
processed data as a spread-spectrum signal having a multi 
plicity of spread-spectrum channels. 

[0055] One or more spread-spectrum-base stations may 
include base-sector means. The base sector means includes 
the control circuits and base antennas for dividing a geo 
graphical coverage area of the spread-spectrum-base station 
into tWo, three, four, ?ve, six, or more sectors. The geo 
graphical coverage area, by Way of example, may be divided 
into three sectors of 120°, by using three antennas With 
appropriate beamWidths. Each antenna is coupled to sepa 
rate sets of base-converting means, base-spread-spectrum 
processing means, base-transmitting means, and base-detec 
tion means. The control circuits include the capability for 
handing-off a spread-spectrum unit traversing from a ?rst 
sector to a second sector of the spread-spectrum-base sta 
tion. Circuits for performing this hand-off are described in 
US. patent application by Donald L. Schilling, entitled 
SPREAD SPECTRUM CELLULAR HANDOFF APPARA 
TUS AND METHOD, having Ser. No. 07/727,617, ?ling 
date of Jul. 10, 1991, noW issued US. Pat. No. 5,179,571, 
and incorporated herein by reference. The sector means 
alloWs loWer poWer levels to be transmitted from the spread 
spectrum-base station, by focusing the required poWer into 
the sector in Which the spread-spectrum unit is located. This 
sectoring of the geographical area reduces the combined 
interfering poWer level from the mobile-cellular units With 
the spread-spectrum-base station. 

[0056] The present invention also includes spread-spec 
trum units Which are located Within the cell. Each of the 
spread-spectrum units has a unit antenna, unit-spread-spec 
trum-detection means, unit-converting means, unit-spread 
spectrum-processing means, and unit-transmitting means. 




















