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-] co;muhications network which communicates over the same
freéuen¢y band of an existing FDMA, proposed TDMA or any
other mobile cellular system. '
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DESCRIPTION OF THE PRIO

. The current mobile cellular systenm uses the frequency
10 band 868-894 MHz for transmission from the mobile user to

the_céllular base stations and the frequency band
823-849 MHz for transmission frowm- the cellular base stations
to théfmpbile user. Each of these frequency bands is
' divided in'ha1f to permit twolcompetitive's§stéms ﬁb_operate
15 | simultanédusly. Thﬁs,:each system has 12.5 MHz available
for ttapémission and 12.5 Mﬂilfor reception. Each of the
12.5 MHz bands is divided into 30 kHz channels for voice
conmunications.
A problem in the prior art is limited capacity due to
20 - the number of channels available in the mobile radio
cellular system. | '
FIG. 1 is a diagram of the cellular system. A mobile
user serviced by cell A located near the border of cells A
and B and a2 mobile user serviced by cell B located near the
25 . same border are received by the cellular base stations of
' cells A and B with almost the same power. To avoid
interference between users operating in the same frequency
band at comparable power levels, differént frequency
subbands (channels) are allocated to adjacent cells. FIG. 1
30 shows a seven frequency scheme, with each cell having a
bandwidth, . o
B = 12.5 MHz/7, which approximately equals 1.8 MHz. This
frequency scheme has adjacent cells operating at different
frequencies, thereby reducing interference among users in
35 adjacent cells. This technique is cailed frequency reuse.
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si mul tgneously. Thus, each system has 12.5 MHz avail able for transm ssion
and 2.5 MHz for reception. Each of the 1275 MHz bands is divided into 30
kHz channel s for voice communications. Aprohlemin the prior art is
limted capacity due to the nunber of channel™s available in the nobile

radi o cel |l ul ar ste y Lagr t ystem A nobile
user serviced bﬁgcélgbﬁsﬁocategéegu hégeeghgéergﬁ?ﬁggéYiaﬁaind B and a
nobi | e ‘user serélcea ByMHz/BOBkHB 5t €0 n ?nPﬂkssan§°E%r3€rtB?§erGEEFOGaSby

the cellul ar bagpestabbeoedofopekigndlBifigp Yeaving napproRemasakypsser. To
avoi d |nterferenﬁe between useﬁz operating in the same frequency band at
conpar abl e powePPREVELS PEFt FEfEnt frequency

5 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 users within the same cell
do not interfere with one another.

- . The cells in a mobile cellular system are expensive to
10 = maintain, and profitahil;ty can be. significantly increased
R by increasing the number of users per cell. One approach to
increase the number of users per ¢ell is to change-from
analog FM communication, ‘and use digital communication with
: Time Division Multiple Access (TDMA). '
15 ' The proposed TDMA mobile cellular system is shown in
' | FIG. 3. ‘In this system, each of the 55 channels per cell is
time shared by K users. . Currently, K is to be three, but
this value is-expected to increase to six. A cellular base
station sequentially probes K users, each of whom use the
- 20 same 30 kHz frequency band, but at dlfferent times. Us;ng
this system, the number of cells does not increase, but
since there are K users per 30 kHz channel, the total number
of users per cell increases by a factor of K.
: _ K is estimated as follows: Analog voice can be _
25 - converted to a diqital signal having a bit rate of 8500 bits

' per second (bps) without s1gn1f1cant degradatlon in quallty,
or to a digital 51gna1 hav1ng a bit rate of 2400 bps with
some degradation in quality. For example, using the bit

o . rate of 2400 bps with a rate,llz'fofward_error cor{ectibn
30 f code (FEC), and a digital ﬁodulation'technique such as
gquadrature phase shift keying (QPSK), each digital voice
signal requires a bandwidth of only 4800 Hz. Thus,
K = 30 kH2/4.8 kbps = 6 users/30 kHz channel. Potehtiallf,
the number of users per cell may be 6 users/channel x 55
35 channels/cell 330 users per cell.
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subbands (channels) are allocated to adjacent cells. #FIG 1 shows a seven
frequency scheme, with each cell -having a bandwi dth, B = 12.5 MHz/7, which
apprOX|nater equals 1.8 MHz. This frequency,scheme has adj acent cells
operating at different frequenC|es _thereby redUC|ng I nterference anong

users in adj aceggygeirks i I S called frequency reuse -2-
As a result of Trequency, feuse, _each cell has N 1.8 MHz/ 30 = 60
channel s. Sone of th@gexhﬂﬁﬁﬁe?g the IneeAtion (17 %ﬁgﬁﬁﬂY#i% a | ReKFeRal

approxi mat el y 56ommunications network (PCN) for increasing capacity for
' communications in a mobile radioc cellular system
s environment. | -

P Another object of the invention is to prov1de a PCN
system which can be used at the same frequenc1es as used for
the mobile radio cellular systems.

_ an. addltlonal object of the 1nvention is to provide a

10 - PCN system which .can be used concurrently with a mobile
. cellular system without interferzng with the moblle.cellular
system. . ' _
A further object of the invention 1s a PCN system whlch
. allows communicat;ons between base users and PCN users with
“oas o spread spectrum _ S : ' '

- ' A st111 further object of the invention is a PCN system
which can ‘overlay qeographically and overlay in spectrum, on
an already existing”mobileusellular system, withouti
modifications to_the mobile cellular system.

20 SUMMARY OF THE INVENTION
- According to the present invention, as embodied and -
broadly described herein, a spread spectrum CDMA
communications system for communicating data between a
: plurality of PCN users is provided comprising a plurality of
25 PCN-base stations and a plurality of PCN units. The PCN
' users communicate through the PCN-base station. Data may
be, but are not limlted to, computer data, facsimile data or
digitized voice. | | )
The spread spectrum CDMA communications syste; is
30 located within a same geographical region, cell, as occupied
' by a mobile cellular system. Typically, the cellular-base
station and the PCN-base station are collocated. Each cell
of the mobile cellular system has a cellular bandwidth.
Typically, the cellular bandwidth is 12.5 MHz. The cellular
35 bandwidth is divided into a plurality of predetermined
channels. The predetermined channels are separated by guard
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chanrebs per cell. The channels are allocated to cells A B, and C as shown
inFIG 2. A guard band of 180 kHz separates each channel so that adjacent
channel users within the sane cell do not irft%Tfere with one another The

ot 1ty caRg -, e RO, SRR ke tE el nl Hams o
users. per cell. c@mmunﬂcatﬂﬁg ion ither predeteeminaticchahnelsts per cell is to
GO Ly O AN 00, o SUBRY, pechiflalse sUhUsbal GREINAL o ShoBalel !
systemis shown9efdrpghigal] Fegirs §§SP§ﬁPPé&€thftbﬁemsbléﬁaﬁﬁéﬂ§lﬂer cel

i s timesshared aysemser a m-meel “takion comhEnibates BHta between ‘the .
plurallty of PCN users.. A PCN user uses a PCN un1t. _

-Each PCN-base statlon has base-converting means, base-
product-processxng means, base-transmltting means, a base . '
L _,antenna, base-comb-fllter means and base-detection means.'
10 ; The base—convertlng means converts the format of. the data to

. be- transmztted to a PCN user 1nto a-form suitable for '
‘ commun1cating over radzo waves. The base-product—proceSSLng
means processes the data with spread spectrum modulation.
: . The. hase-transm;ttxng means transmlts across the cellular
15 .bandwidth, from the PCN-base station to a BCN unit, the _
S _._spread-spectrum—processed-converted data.. The base-comb- _
- filter means- fllters, or attenuates, i. e., notch-out the,-_,
:"predetermlned channels of the moblle cellular system.. The
N ."base-detectxon neans 1s coupled through the base-comb—fllter
20 means ‘to -the. base antenna. The base-detectlon means-
recovers data communlcated from the PCN unit to the. PCN—base.

A

statlon. , : : o o DR
_ E The plurallty of PCN unlts are located in_the cell.
~ Each of the PCN units has a PCN antenna and PCN detection
25 -~ means. 'Tha PCN-detectlon_means recovers data communicated
from the PCN-base station. For communicating to the PCN- .
- base station, the PCN un1t has PCN-convertlng means, PCN=- |
product—procesSLng means and PCN-transmlttlng means. The
_;'PCN—convertlng means converts the format of data from a PCN
30 - user into a form suztable for commun;cating over radio
wvaves. The PCN-product-processing means processes the data
with spread spectrum modulatlon. The PCN-transmlttlng means
:.transmlts across the cellular bandw1dth, the. spread spectrum '
'processed converted data from the PCN unit to a PCN-base
35 ~ station. . . '
Additional objects and advantages of the invention are
set forth in part in the description which follows, and in
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this value is expected to increase to six. A cellular base station
sequentially probes K users, each of whomuse the same 30 kHz frequency
band, but at different tines. Using this sy§§§n1 t he nunber of cells does
not increase, but_since there ar Kw ers.per_.3
number of user PPEF 2EF|© Y\%‘P‘éﬁs&o’ﬁ efda%ﬁﬁ:“%rl% f??&t?ﬁ%?%%é by
fol |l ows: Anal ogpractice anf beheoi:msem@tbno a'hie (phiects and ddwantagedi of
rate of 8500 bip pfﬁv 264 éfé’ﬁ ;x*ts@l% el {HUd | tawﬁﬁé@tﬁf%&s of

quality, or to a- rate, 2400 sofe
degradation in ’ékﬁl ?Htr“%ﬂ‘t%&‘aﬁtﬁ% a%l‘?f@}“ﬁf?‘b’f?“? RIF W%&°W‘Eﬂda

rate- 1/g f orwarguerinrtkerappéndead celeindgFC), and a digital nodul ation
t echni que such as quadrature phase shift keying (QPSK), each digital voice

BRIFF DESCRIPTION O G
The accompanylng draWLngs, which are incorporated in
'and constltute a part of the spec;fxcatlon, 111ustrate
preferred embodzments of the 1nvent1on, and together with
10 - the description serve to explaln the prlnclples of the
invention.
FIG. 1 111ustrates a seven—frequency-set moblle
_cellular plan' ' S o
- _ FIG. 2 shows cellular channels which are separated by a
15 .'guard band of. 180 kHz, ' ' : _
: FIG. 3 illustrates time division multzple access;
' PIG. 4 is a block d;agram of a PCN~base statxon,

receiver; _
FIG. 5A is a block dlagram of a first embodiment of a
20 - PCN-base station transmltter, '

_ FIG. 5B is a- block diagram of a second embodlment of a
PCN-base station transmitter;
FIG. 6 is a block diagram of a PCN-unit receiﬁer;
. FIG. 7A is a block diagram of a first embodiment of
25 PCN-unit transmitter;
FIG. 7B is a block diagram of a second embodiment of a
PCN unit transmitter; o o |
FIG. 8 shows the spectrum of a spread spectrum signal
- with an AM signal of equal power'at'its carrier frequency;
30 FIG. 9 shows a spread spectrum data signal when the
spread spectrum signal power is equal to an AM signal power;
FIG. 10 shows an audio signal when the spread spectrum
signal power is equal to the AM slgnal ‘power; _
. FIG. 11 shows a pseudo-random seguence generator,
35 FIG. 12 shows position settings of switches of FIG. 11
| to form PN sequences; and
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signal .requi-res a bandmﬁdth of only 4800 Hz. Thus; K = 30 kHz/ 4.8 kbps = 6
usgers/ 30 kHz channel .  PotentialTy, the nunber of users per cell may be 6
users/channel x 55 channel s/cell = 330 users Jper cell. -3- OBJECTS OF

- THE | NVENTI ON An obj ect of the |nvent|on is to prOV|de a personal:

communi cat i ons ”Et“DFEG(P£§D1i?ﬁstf§t§§stﬂg not ftg %Jecfggrygtgapions in

a nobile radio cellular system environnment € invention
is to provide a PCN .
DETA DESCRIP_TION. OF THE ED_EMBODIMENTS

Reference will now be made in detail to the present
_ 'preferred embodiments of the invention,'examples'of whzch
S « are illustrated in the accompanying drawlngs,'wherein like
o reference numerals 1nd1cate like elements throughout the
several views. - . . B
The spread spectrum CDMA communications'syétem of the
. present invention is located within a same geograph1cal
10 region, i.e. cell, as occup;ed by a mobile cellular system.
Each cell of the mobile cellular system has a cellular
bandwzdth.. In presently deployed mobile cellular systems,
~ the cellular bandwidth is 12.5 MHz. The cellular bandw1dth
is divided into a plurallty of predetermined channels. Each
15 . predetermlned channel typlcally has a bandw1dth ‘of 30 kHz. '
L The predetermlned channels are separated. by guard bands.
The usual guard band separatlon is 180 kHz. Cellular users
_ communlcate on the predetermlned channels, currently using
' 20 . The sp;ead spectrum CDMA communications syStem includes
a plurality of PcNQbase stations and a plurality of PCN
units located within the same geographical region, i.e.
cell, as occupied by the mobile cellular system. The spread
spectrum CDMA communications system can be used for
25 communicating data between a plurality of PCN users. The
- data may be, but are not limited to, computer data,
facsimile data or digitized voice. '
. A PCN-base station, which is preferably collocgated
geographically with a cellular-base station, communicates

30 - data between the plurality of PCN users. A first PCN user
uses a first PCN unit, and a second PCN user uses a second
PCN unit.

_ Each PCN-base station includes’baseiconverting means,
base-product-processing means, baSe-transmitting means,

35 base-comb~filter meaas, baae—detection means and a base
antenna. The base-combéfilter'means notch filters which
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systemwhi ch can be used at -the sanme frequencies as used for the nobile
radi o cellular systens. An additional object of the invention is to provide
a PCN system whi ch can be used concurrently with a nobile cellular system
wi t hout |nterfer|ng W th the mobi | e cel | ul ar“&ystem A further object of
the invention is a PCN.s m whi ¢ch al | ows_commyni cat'i ons bet ween base -

users and PCN u@dreni qolide cehludaz: FLonal PRERT oBFapEmttede on
invention is a E@&&Mﬁn&a rammele?/efl @lheg{ﬂg?iﬁéhcealh%\na?ngﬁtﬁtéﬁﬂ ay rhe
7o 1§ cat i ons. 1 PSS GRSSI CRL AR, Rays LB UGB KA PSR- PREBITEEY
. processing means and base—synchronizing means. The base-
5 detection means broadly converts data communicated from a
- PCN unit into a form suitable for a user.
R The base-comb-filter means, as shown in FIG. 4, may be
- embodied as a comb filter 140. The comb filter 140 notches
o the predetermined channels of the mobile cellular system.
10 . The comb filter 140 is necessary in order to reduce the
' combined interfering power level from mobile cellular users
with the PCN-base station. For the presently deployed
. mobile cellular systen, by way of example, the comb filter
o - 140 would serve as a plurality of notch filters blocking
.15 f;the 30 kHz bandwidth at’ each frequency location of the
predetermined channels ‘of - the mobile cellular system. ;
L The base-spread-spectrum—process1ng means, as N
-illustrated in FIC. 4, may be embodied as a pseudorandom _
generator, product deVice 141 and bandpass filter 143. The
20 pseudorandom generator stores chip codes, gl(t),
gz(t), -« «s gy(®), Lox demcdulating data from spread
spectrum signals xeceived from the plurality of PCN units at
the PCN-base station. The base-detection means also
includes means for synchronizing the base-spread—spectrum-
25 processing means to received spread spectrum signals.
The base—spread—spectrum-processinq means at the PCN-
base station processes selected data received from a
selected PCN unit, which were transmitted with a spread
spectrum signal’ using a selected-chip-code, gl(t)., The
30 - detector 145 demodulates ‘the selected data from the despread
spread-spectrum signal.
a plurality of product devices 141, bandpass filters
143 and detectors 145 may be coupled through a power
splitter 147 to an antenna 149, for receiving simultaneously
35 . multiple spread-spectrum channels. Each product device 141
would use a selected chip code for demodulating a selected
spread spectrum signal, respectively.' '
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According to the present invention, as enbodi ed and broadl y-descri bed
herein, a spread spectrum CDVA comuni cations system for communi cating-
data between a plurality of PCMusers is prag-ded conprising a plurality of
PCN- base stations and a plurality of PCN units. The PCN users conmuni cate

t hrough t he PCN- baseFetaai spredat speeyrie, sysitemrio noperate tpfoper 1y prignéer
Commini cati ons. SYECaM FReFBEUpCRenFErFr, miet SE0ERE ST Lot el thhase |
as occupi ed by posibbiba ofl thearesgived sp’:ygaéas;p%tlt&k signal aramdisthe
cel | ular syst onFPactaaz bl LafleFhEafly’ CLAE nat Thate pRtifltn B0 thar,
is 12. 55N+t ThEoeerefrapck will not occur.  The- wo processes of .
acquisition and tracking form the synchronizatlon subsystem '
of a spread spectrum receiver. The former operation
typically is accomplished by a search of as many phase
positions as necessary until one is found which results in a
10 - - large correlation between the phase of the incoming 31gna1
' . and the phase of the locally generated spreadlng sequence at
the receiver. This" former process occurs u51ng correlator _'
means or matched filter means. The latter operation is
often performed with a "delay-locked locp". The importance
' 15 - . of the combined synchr:'oniza'ti.on §r6CESs can not be over
' ' stated for if synchronlzation is not both ‘achieved and
malntalned, the desxred signal cannot be despread.
The hase—convertinq means, as illustrated in FIG. SA, _
may be embodied as a base modulator 151. The base modulator .
- .20 ' 351 converts the format of data to be transmitted to a PCN
user into a form suitable for communjicating over radio
waves. For example, an analcg voice signal may be converted
to a base~data signal, using a technique_calied'source
encoding. Typical socurce coders are linear predicfive
25 coders, vocoders, delta modulators and pulse code modulation

A.

coders. _
_ The base-product—processing means may be embodied as a
base~-spread-spectrum modulator 153. The base-spread-
spectrum modulator 153 is coupled to the base modulator 151.
30 The base-—spread-spectrum modulator 153 modulates the
converted-data signal using spread spectrum. The converted
data is multiplied using a produét device or modulo-2 added,
using an EXCLUSIVE-OR gate 153 with a selected spread-
spectrum chip code, gN+i(t)' '
35 ' The base~transmitter means may be embodied as a base
transmitter 155. The base transmitter 155 is coupled to the
base-spread-spectrum modulator 153. The base transmitter

e
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bandwi dth is divided into a plurality of-predeterm ned channels. The

pr édet-erm ned channel $ are separated by guard -4- bands. "The nobile
cel lular system has cellular users communi cating on the predetern ned
channels. A pIurality of PCN-base stations U%érlay t he sane geographi cal

Cotoni cat oo, AASP HHtaRsRL 45 Aorane, g, Sy I6TeE) bandvTHeBo bt P, po
unit. Each PCN-dinsftniniprocdsedracnmvarted idata ifeams theaPEN-base station
product - pr ocesséonga W%nf@.se"ft{eamet tﬂr‘l%éﬁ% as%aﬁ?tcludes modulating
| the spread spectrum processed converted data at a carrier
5 _ frequency, f,.

The base-transmitter 155 has a transmitter oscillator
which supplies. a carrier signal having a carrier frequency.
The transmitter oscillator is coupled to a transmitter
product device. The transmitter multiplies, using the

10 _.transmitter-product device, the spread-spectrum-processed-

' . converted data by the carrier signal.

The transmltting means may, in a preferred embodiment,
transmit data us;ng a spread spectrum signal having a power
level limited to a predetermined level. The transmitting

~ 15 . means may transmit data by adding the plurality of data
' spread data signals.

A plurality of modulators 151 product devices 153 and
transmitters 155 may be coupled through a power combiner 157
to an antenna 159 for simultaneocusly transmlttlng a

20 multiplicity of spread-spectrum channels. FIG. SA is an
illustrative embodiment for genereting simultaneous spread

. spectrum signals, and there are many variants for
interconnecting product devices, modulators and
transmitters, for accomplishing the same function.

25 As an alternative example, FIG. 5B illustrates a PCN-
base station transmitter which may be used for producing the
same result as the transmitter of FIG. 5A. In FIG. SB data
are mocdulo-2 added, using EXCLUSIVE-OR gates 253 with a
selected spread-spectrum chip code, gN+i(t). The xesulting

30 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, fo. The
transmitter 255 is coupled to the antenna 159 and

35 " simultaneously transmits the plurality of spread-spectrum-
processed data as a multiplicity of spread-spectrum
channels.
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ant enna, base-conb-fiklter nmeans and base-detection nmeans. The

base- converting means converts the forrmat of the data to be transmitted to
a PCN user into a formsuitable for communicating over radi o waves. The
base- product - proceSS|ng means processes the¥¥Ta with spread spectrum

bandui dt b 11 om o FRR BRERORE aPRRRCER BIRF (HITLGeR, PN wifts “lich are

spr ead- spect r unipeatedswilthibnvthe eceliht a.Eddte dfisthe AN timitserhasaasPCN

];rlolblt Ie(rascelolru?;gisws g?n’ ﬁﬂ-%gggé%{?@ﬁel%é\éﬁeans 'S couﬁ;ﬁej% rough ?‘ﬁ the

base: conb- f|ItePrﬂéﬁﬂ§‘P6°Gﬁ§$b%§ém%#ﬂia BG-franswikein dﬁeﬁﬁﬁﬂs The

recoverg data Cpeﬁnaéeééeﬂoﬁrﬁe&ﬁaelé’%méd t1o t¥rfe FESN-hasEashal | Ofhe PCN-
detection means includes PCN-spread-spectrum-processing
means. _ _

The PCN-detection means'recovers data communicated to
the PCN unit from the PCN-base station. The detection means

10 - also includes means for converting the format of the data
into a form suitable for a user. The format may be, for
example, computer data, an analog speech signal or other
information. The PCN-detection means, by way of example,
may include tracking'and acquisition circuits for the spread

15 © spectrum s1gna1, a product dev;ce for despreading the spread

| spectrum signal and an envelope detector. FIG. 6
illustratively shows PCN detectxon means embodied as a PCN
spread-spectrum demodulator 161, PCN-bandpass filter 163,
and PCN-data detector 165, éoupled to an antenna 169.

20 The Pcu-spreadrspectruﬁ demodulator 161 despreads using
a chip-code signal having the same or selected chip code,
gn+i(t), as the received sp#ead-spectrum signal, the spread-
spectrum signal received from the PCN-base station. The
bandpass filter 163 filters the despread signal and the PCN-

25 data detector 165 puts the format of the despread spread-
spectrum signal into a form suitable for a PCN user.

The PCN-spread-spectrum-processing means includes means
for storing a local chip code, gN+i(t)' for comparing to
signals received for recovering data sent from the .PCN-base

30 station to the PCN unit.

The PCN-spread—-spectrum—-processing means alsoc may
include means for synchronizing the PCN-spread-spectrum~
processing means to received signals. Similarly, the PCN-

spread-spectrum-processing means at the PCN-base station
35 includes means for processing data for particular PCN units
with a selected chip code. '

!
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The plurality of PCN units are |located in the cell. Each of the PCN units

has a PCN antenna and PCN detection nmeans. The PCN- detection nmeans
recovers data communi cated fromthe PCN-base station. For communicating to
the PCN- base station, -the PCN unit has PCNgganverting neans, PCN-

product - processi ng neans and PCN-transm tting means. The PCN-converting
nmeans converts the feiaapciptcotarartiminmedid) werililtistratied nirs HIGDI 7 f or

conmuni cat i ng over radi ve The r eSSI

the data with SPP%eRE T)‘g%%?’(ﬁﬁ a?&kﬁp"#%%%& Q'glansm ﬁgpﬁr‘é%&aeéé
transmits acrosk7i hmmeé:l‘ts ath@aﬁmm Rt tthe siat@adndipe@ rionm atidiakle for
converted data & O§ Wértfh‘ﬁf%xi&se Fidi1r ¥ dHd PEN-hEEct s

and advantages e |nven ion ar
5 statlon, an analog voxce signal may be converted to a

i converted-data signal, using a technique called source
encoding. As with the base modulator 151, typical source
‘encoders are linear predictive coders, -voccders, delta
modulators and pulse code modulation. -

10 - The PCN~-spread-spectrum-processing means may be
embodied as a PCN-spread-spectrum modulator 173. The PCN-
spread-spectrum modulator 173 is coupled to the PCN
modulator 171. The‘PCN-spread~spectrum modulator 173

. modulates the converted-data signal with a selected chip

15 code, g;(t). The converted-data signal is multiplied using
a product device or modulo-2 added, using an EXCLUSIVE—OR
gate 173 with the selected chlp code, gl(t).

As an equivalent transmitter, FIG. 7B illustrates a
transmitter for a PCN unit having PCN-spread~spectrum-

20 processing means as a PCN modulo-2 adder, embodied as an
EXCLUSIVE-OR gate 273. The EXCLUSIVE-OR gate 273 modulo-2
adds the converted data signal with the selected chip code,
g;(t).

The PCN-transmitting means in FIG. 7A and 7B may be

25 embodied as a PCN transmitter 175. The PCN transmitter 175
is coupled between the PCN-spread-spectrum modulator 173 and
antenna 179. The PCN transmitter 175 transmits across the
cellular bandwidth, the spread-spectrum-processed-converted
data from the PCN unit to the PCN-base station. The PCN

30 transmitter 175 modulates the spread-spectrum-processed-
converted data at a ca_rrier frequency, f o- The carrier
frequency of the PCN transmitter and the cell transmitter .
may be at the same or at different frequencies.

A key to the present invention is that the spread

35 spectrum signals are designed to be "transparent” to other
users, i.e., spread spectrum signals are designed to provide
negligible interference to the communication of other,
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set forth in part in the description which follows, and in -5- part are -~
obvi ous fromthe déscription, or may be | earned by practice of the

i nvention. The objects and advantages of the invention also may be realized
and attained by-nmeans of the instrumentalities. and conbi nations

particularly pointed out in the appended clai ns. BRI EF DESCRI PTI ON OF THE
DRAW NGS The a@sargﬁmg s Mie piiéiseihcar ofi acsppaadt sgeckramdsignal is

S e, & Poieficd *l-teh;oo%%t{%]mueqn Thii's hadhEeRE e 160 CHRGUNTRY 16U

the i nvention
prohablllty of interception (LPI) and low probability of

detection (LPD). The LPI and LPD features of spread

5 . spectrum allow transmission between users of a spread
spectrum CDMA communications system without the existing
users of the mobile cellular system experiencing significant
interference. The present invention makes use of LPI and

_ LPD with respect of the predetermined channels using FM in a

10 - mobile cellular system. By having the power level of each
spread spectrum signal below the predetermined level, then
the total power from all spread spectrum used within a cell
does not interfere with users in the mob;le cellular system.

Spread spectrum is also "jam" or interferencez o

15 resistant. A spread spectrum receiver spreads the spectrum
' of the interfering signal. This reduces the interference
from the interfering signal so that it does not noticeably
degradejperformanCe of the spread spectrum system. This
- ' feature of interference reduction makes spread'spectrum
20 useful for commercial comﬁunications, i.e., the spread
spectrum waveforms can be overlaid on top of existing
narrowband signals.
. The present invention employs direct sequence spread
spectrum, which uses a phase modulation technique. Direct
25 sequence spread spectrum takes the power that is to be
transmitted and spreads it over a very wide bandwidth so
that the power per unit bandwidth (watts/hextz) is
minimized. When this is accomplished, the transmitted
spread spectrum power received by a mobile cellular: user,
30 having a relatively narrow bandwidth, is only'a small
fraction of the actual transmitted power.

In a mobile cellular system, by way of example, if a
spread spectrum signal having a power of 10 milliwatts is
spread over a cellular bandwidth of 12.5 MHz and a cellular

35 user employs a communication system having a channel
bandwidth of only 30 kHz, then the effective interfering
power due to one spread spectrum signal, in the narrow band
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the description serve to explain the principles of the invention. -FIG 1
ilTTustratés a seven-frequency-set nmobile cellular plan; FIG 2 shows
cellul ar channels which are separated by a guard band of 180 kHz;. FIG 3
illustrates tinme division multiple access; H4a 4 is a block diagramof a
PCN- base station receiver; FIG 5A is a block diagramof a first enbodi nent

of a PON-base Si@@RidseisHi $y0kin [ r‘i.%dcie&lﬂ@l cmie daficrned a second

embodi ment of a BON-Bace. <tat] of Lhansm Iters BLG. 1 b Phasls diggy am of

effective 1nterfer1ng power is 10 milliwatts divided by 400
or 0.025 mW. For fifty concurrent users of spread spectrum,

5 ;: the power of the interfering signal Que to spread spectrum
is increased by fifty to a peak interfering power of
1.25 mW. ' ' '

" The feature of spread spectrum that results in
interference reduction is that the spread spectrum receiver
10 " actually spreads the received energy of any interferer over
' the same wide bandwidth, 12.5 MHz in the present example;
while compressing the bandwidth of the desired received
~ signal to its original bandwidth.. For example, if the
original bandwidth of the desired PCN data signal is only
15 30 kHz, then the power of the lnterferzng signal produced by
the cellular base station is reduced by 12.5 MHz/30 kHz
which is approximately 400. | o
Direct sequence spread spectrum achieves a spreading of
- the spectrum by modulating the original signal with a very
20 - wideband signal relative to the data bandwidth. This
wideband signal is chosen to have two possible amplitudes,
+1 and -1, and these amplitudes are switched, in a "pseudo-
random" manner, periodically. Thus, at each equally spaced
time interval, a decision is made as to whether the wideband
25 modulating signal should be +1 or ~1. If a coin were tossed
to make such a decision, the resulting sequence would be
truly random. However, in such a case, the receiver would
not know the sequence a-priori and could not properly
receive the transmission. Instead, chip-code generator
30 generates electronically an approximately random sequence,
called a pseudo-random sequence, which is known a-priori to
the transmitter and receiver.
To illustrate the characteristics of spread spectrum,
consider 4800 bps data which are binary phase-shift keyed
35 (BPSK) modulated. The resulting signal bandwidth is
approximately 9.6 kHz. This bandwidth is then spread using
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FIG 7A'is a block diagramof a first enbodi ment of PCN-uni-t transmitter;
FIG 7B is a block diagramof a second enbodi ment of a PCN unit
transmtter; FIG 8 shows the spectrun1of a spread spectrum signal with an
AM si gnal of equal power at its carriver freeigency; FIG 9 shows a spread
spectrum data signal when the spread spectrum signal power is equal to an
AM si gnal powerdirect sequence spreadispesyrum tielf M2 s prEas spelser um

si gnal power @aaaL- ifig! 42 AM 8] 9@ aIWBE indtdly We G WS Fo RggUdO-T andom
sequence genera? s g g ; hows p05|t10n:§£{%n s of smntc es of FIG 11

to forn1PN Sequences lﬁﬁﬁnﬁtbvﬁtxllﬁgﬁﬁl er a more typical implementation
with 4800 bps data which is ‘modulo-2 added to a spread-,

5 ) spectrun~-chip-code signal, gi(t), having a chip rate of 8
Mchips/sec. The resulting spread-spectrum data are binary-
phase-shift keyed (BPSK) modulated. The resulting spread-
spectrum bandwxdth is 16 MHz. Thus, the processing gain is:
N= (8 x 10 )/(4 8 x 10 ), which approximately equals 1600,

10 * or 32 dB.
FIG. 8 shows the spectrum of this spread spectrum
. signal on an amplitude modulated 3 kHz sinusoidal signal,
when they each have the same power level. The bandwidth of
- the AM waveform is 6 kHz. Both waveforms have the same
15 carrier frequency. '

' - FIG. 9 shows the demodulated square-wave data stream.
This waveform has been processed by an "integrator" in the.
receiver, hence the triangular shaped waveform. Note that

_ positive and negative peak'voltages representiﬁg a 1-bit and-
20 ' 0-bit are clearly shown. FIG. 10 shows that the demodulated
AM signal replicates the 3 kHz sine wave. '

The AM signal does not degrade the reception of data
because the spread spectrum receiver spreads the energy of
the AM signal over 16 MHz, while compressing the spread

25 spectrum signal back to its original 9.6 kHz bandwidth. The
amount of the spread AM energy in the 9.6 kHz BPSK bandwidth
is the original energy divided by N = 1600; or;
eguivalently, it is reduced by 32 dB. Since both wavefornms

| initially were of equal power, the signal-to-noise :ratio is

30 now 32 dB, which is sufficient to obtain a very low error
rate. _

The spread spectrum signal does not interfere with the
AM waveform because the spread spectrum power in the
bandwidth of the AM signal is the original power in the

35 spread spectrum signal divided by N,, where

Nl = 16 MHz = 2670 (or 33 dB)
6 kHz
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FIG 13 itlustrates the use of a conb filter. DETAILED DESCRI PTION OF THE
PREFERRED EMBODI MENTS Ref erence wi |l now be made in detail to the present
preferred enbodi nents of the invention, exanples of which are illustrated
in the acconpanyi ng drawi ngs, wherein |ike ré&Perence nunerals indicate |ike

el enents throughout the several views. The spread spectrum CDVA
comuni cati ons B¢Beenthe shgnaleSenintayvfarense; 5atie LEIhe i fenoduiated

geographi cal regifie, wave igehb, @8s occupied by a nobile cel lul ar system
Each cell of the n‘Db,IrLg ?.lrleg a;ecsg g}xe:gl lgg eg g? 'é;‘ﬂ-géd spectrum uses
pseudo random seqguences to generate the spreadi.ng sequence.
5 _ While there are many different possible sequences, the most
| commonly used are "maximal-length" linear shift register
sequences, often referred to as pseudo noise (PN) sequences.
FIG. 11 shows a typical shift register sequence generator.
FIG. 12 indicates the position of each switch b, to form a
‘10 * PN sequence of length L, where
| g | 0 =222
The charactéristics'of these sequences are indeed
"noise like". To see this, if the spreading sequence is
properly designed, it will have many of the randomness
15 properties of a fair coin toss experiment where "1" = heads
and "-1" = tails. These propertiesninclude the following:
1) In a long sequence, about 1/2 the chips
~ will be +1 and 1/2 will be -1.
2) The length of a run of r chips of the
20 _ same sign will occur about L/2° times in
a sequence of L chips.
3) The autocorrelation of the sequence
PNi(t) and PNi(t + 1) is very small
except in the vicinity of = 0.

25 - 4) The cross-correlation of any two
segquences PNi(t) and PNj(t + r) is
small.
Code Division Multiple Access | o

Code division multiple access (CDMA) is a direct
30 sequence spread spectrum system in which a number, at least
two, of spread-spectrum signals communicate simultaneously,
each operating over the same frequency band. In a CDMA
system, each user is given a distinct chip code. This chip
code identifies the user. For example, if a first user has
35 a first chip code, gl(t), and a second user a second chip
code, g, (t), etc., then a receiver, desiring to listen to

"
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bandwi dth. In presently depl oyed nobile cellular systens, the cellular
bandwi dth is 12.5 MHz. The cellular bandwidth is divided into a plurality
of” predeterni ned channels. Each predeternined channel typically has a
bandw dt h of 30 kHz.- The predeterm ned channggs are separated by guard
bands. The usual guard band separation is. 180 kHz. Cellular users

communi cate on e piede! GEBHICEeca2088! At iﬂérﬁﬁ{:éﬁnﬂshﬂﬂ 5M G@aeeﬁagsgd

spect rum CDVA conmmuni cat i Qns System i ncl udes a pl ural Ité base
stations and a FPBtab¥t pldf of GnPF§rFocaFQUeMFFhlﬂfFﬂ defergadingpkheal

region, i.e. ceflirsgsusesupi sdghrll, heheopeceivet| shtpusysatin thbecenRikggdor

spect um COVA cgiupiseah! Q1S KAk eIL§0"a EnMT £ LRECSOHTUE' £RL' Bedgids

bet ween a pl ura asers
o sent by the second, third, etc., users.

CDMA is interference limited. That is, the number of
users that can use the same spectrum and still have
acceptable performance is determined by the total
interference power that all of the users, taken as a whole,

10 -~ generate in the receiver. Unless one takes great care in
power control, those CDMA transmitters which are close to
the receiver will cause the overwhelming intefferenée. This
effect is known as thé'"near-far" problem. In a mobile
environment the near-far problem could be the dominant

15 effect. cOntrolllng the power of each individual mobile
user is possible so that the recelved power from each mobile
use: is the same. This technzque is called "adaptlve power
control®. See U.S. Patent Application having Filing Date of

- November 16, 1990, entitled, "Adaptive Power Control For a |

20 Spread Spectrum TranSmitter,“ by Donald L. Schilling, which
is incorporated herein by reference.

It has been proposed to set aside 10% of the mobile
cellular bandwidth, or 1.25 MHz, to employ CDMA. This
procedure would eliminate 10% of the currently exiéting

25 mobile cellular channels, which is approximately 5 channels,
thereby restricting the use and access of present '
subscribers to the mobile cellular system. Further, such a
procedure will disxupt current service as the base station
of each cell must be modified. *

30 As a result of this procedure, the existing users are
penalized, since the number of available channels are
reduced by 10% and a cellular company employing this
approach must modify each cell by first eliminating those
channels from use and then installing the new CDMA

35 equipment.

The present invention is for a CDMA system which does
not affect existing users in so far as it does not require
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data may be, but are not limted-to, conputer data, facsimle data or -
d|g|t|zed voi ce. A PCN-base station, which is preferably collocated
geographically with a cellul ar-base station, comuni cates data between the
plurality of PCN users. A first PCN user usek7-a first PCN unit, and a
second PCN user uses a second PCN unit. Each PCN-base station includes
base- conver t i ngtR@Bnk03% hat cthe dornrd -he wet Asiderafnddsshe using fikis ng

means, base- conpnvéht £6n "BRNEnt PAEEy C@éﬁ&féw B Syatdnf s b il ed NE

fil nea S not Iters whi ch
base- conb ! ter éhe exfét{ng mobile spectrum without affecting the

existing operation of the FDMA mobile cellular system or the
5 forthcoming TDMA system. '

The Proposal PCN Spread Spectrum CDMA System

The PCN spread spectrum communications system of the
present invention is a CDMA system. Spread spectrum Code
Division Multiple Access (CDMA) can significantly increase

10 the number of users per cell, compared to TDMA. With CDMA,
each user in a cell uses the same frequency band. However,
each PCN CDMA signal has a separate pseudo random code which
enables a receiver to distlnguxsh a de51red signal from the
remain1ng s;gnals. PCN users in adjacent cells use the same

15 frequency band and the same bandwidth, and therefore
"interfere" with one another. A received signal may appear
somewhat noisier as the number of users’ SLgnals recelved by
a PCN base station increases.

Each unwanted user’s . signal genetates some interfering

20 - power whose magnitude depends on the processing gain. PCN
users in adjacent cells increase the expected interfering
energy compared to PCN users within a particular cell by
about 50%, assuming that the PCN users are uniformly
distributed throughout the adjacent cells. Since the

25 interference increase factor is not severe, frequency reuse
is not employed. Each spread spectrum cell can use a full
12.5 MHz band for transmission and a full 12.5 MHz band for
reception. Hence, using a chip rate of six million. chips
per second and a coding data rate of 4800 bps results in

30 - approximately a processing gain of 1250 chips per bit. It
is well known to those skilled in the art that the number of
PCN CDMA users is approximately equal to the processing
gain. Thus, up to 1250 users can operate in the 12.5 MHz
bandwidth of the mobile cellular systenm.

35 To ensure that the PCN system does not degrade the
performance of the mobile cellular system, note that the
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attenuates the nobile cellul ar signal power transmtted on predeterm ned
channel's of the nobile cellular system The base-detecti on nmeans may

i ncl ude base-spread-spectrum processing means and base-synchroni zi ng
nmeans. The base- detection neans broadly corv&#ts data conmunicated froma
PCN unit into a formsuitable for a user. The-base-conb-filter neans, as
shown in FIG 4cunuentdyecandstdngaEDMA coyidten | requives Jreigoaab-totneises0

notches the preﬂﬁi%&”k@ﬁﬂ)cbﬁnﬂ6|&BOf iﬂs ﬁf%béﬁareiﬂmﬂé§y§a§ﬁewilihse&9HPe
filter 140 is necessari I n order to reduce nbi ned i'nterfering power
r

| evel from nobi ReSENRATEP-DeLFe Fptict Pl bcﬂ?bas@‘%t%@f drPMAFY$H
presently depl oyeguiipes! ancsNRubfr 4 SgB! eNTh&YPERYuSEr eka b€, alDéwe@nto
filter {40 woul d; SEE¥2c2ReRyPilbabbbYe WilR &le HaBEH S Ol PEIL M 9systen.
- The power transmitted by a mobile cellular user,
P .5 watts. The power transmitted by a PCN usé:,

c . ==
P, = 10 milliwatts. Assume that the mobile cellular users

_ aigﬂthe PCN users employ adaptive power control so that at -

10 * the cellular-base station and the PCN-base station, the
received power levels are proportionally the same. Four
links must be examined in order to assess system
performance: the effect of the PCN-base station on the

_ cellular user; the effect of the cellular-base station on

15 the PCN user; the effect of the PCN user on the cellular-
base station; and the effect of the cellular user on the
PCN~base station. For the following analysis, assume that
the PCN-base station and the cellular-base station are
collocated and have the same transmitter power, e.g.,

20 10 Watts.

Consider the effect-of the PCN-base station on a
cellular user. The powér'of the spread-spectrum signal from
the PCN-base station is spread over 12.5 MHz. The cellular
user, however, communicates on a predetermined channel usiné

25 FM, which has a bandwidth of approximately 30 kHz. Thus,
the cellular user has an effective processing gain with
respect to the spread-spectrum signal from the PCNQbase
station of approximately 400, or 26 dB. The 26 dB means
that the power level of the spread-spectrum signal:from the

30 PCN-hase station is reduced at the cellular user by 400.
Assuming that the PCN-base station and cellular-base station
each have a transmitter power level of 10 watts, the
processing gain yields an acceptable signal-to~interference
ratio at the cellular user, i.e., much higher then the

35 required 17 dB.

The effect of the cellular-base station from the PCN-
base station as follows: The spread-spectrum signal from
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the 30 kkt bandmndth at ;each frequency | ocation of ghe predeterm ned _
channel s of-the nobile cellular system The base-spread- spectrun}proce55|ng

means, as.illustrated in FIG 4, may be enbodi ed as a pseudorandom
generator, "product device 141 and bandpass filter 143. The pseudorandom
generator stores chip codes,.g (t), [err] [err]for denodul ati ng data

fromspread spectrunlslgnals recei ved frdﬁﬁrhe plurality of PCN units at
t he PCN-base station. The e det.ecti on Iso i.ncl u ans for
synchr oni zi n§RenEghass, d%?ﬁﬁ?‘ﬁggg ﬁgcﬁégn§ag8 FEEEIVEd spr ead
spect rum si gwaks. nﬁhﬁuﬁﬂﬁﬂ&;ﬂneaﬂxspﬁbtrmﬁapdatasrang ofatheadaitiae ifChhe
base station t CQI.KE 0 d uni

FARESIRR R Sl 35 90806 hike0Bed 88CRRT BRIk

mhlch wer e tr
~ processing gain at the PCN user is 6.25 megach;ps per sacond

S divided by 4,800 bits per second,. which appraxxmately equals
1,250, or approximately 31 dB. Aassuming the PCN-base
stacion and the cellular-base station each have a
transmitter power of 10 Watts, this processlng gain yields
an acceptable s;gnal-to—xnterfg:ence ratio at the PCN user,
10 . i.e., 31 dB. " |
chszder the effect of PCN users on the receiver at the
cellular-base stat;on.. Assume, fo: ease of calculations,
that-users,of_the mobile cellular system and users of the
_ ?CH”system.employ adaptive power'control. The cellular user
15 -  - transﬁits a power, CBLL'E 0.5 W, and the PCN user transmits
power PPCN = 10 mW. Each cell of a mohlle cellular system
“is assumad to have 50 cellular users, and the PCN system is
. assumed tp.have K users. The.interference to the receiver
| of the cellular-base station is N times P,., divided by the
20 - processing gain. As shown before the processing gain is
| N = 12.5 MHz/30 kHz = 400 or 26 dB. Thus, the signal-to-
. interference ratio is : ' '
| WP.pr /(K X Ppog) = 400 (1/2)IK(2 01) = 2x10%/K.
Assuming 200 PCN users (K = 200), yields a slgnal-to-
25 ];xnterference ratio of 20 4B, which exceeds the 17 dB signal
' to interfere ratio required for the FDMA used today and
greatly exceeds the 7 dB signalftb-interference ratio neede&
in the projected TDMA system. The presently deployed mobile
cellular system typically has Pegrr, = 500 milliwatts for
30 hand held telephones and P... . equals one watt for
automobile located telephones. Thus, the foregoing analysis
.requires that the PCN user transmits a power level of ten |
williwatts, P, = 10 mW. '
Consider the effect of the foregozng power levels on
3s the PCN-base station. The PCN-base statiocn receives an
interfering power level from 50 cellular users, of 50 times
one Watt. With a processing gain for the PCN system of
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denodul ates the Sel ected data from the despread spread-spectrum signal. -A
plurality of product devices 141, bandpass filters 143 and detectors 145
may be coupl ed through a power splitter 147 to an antenna 149, for

recei ving sinultaneously nultiple spread-sp@®rum channel s. Each product
device 141 woul d use a sel ected chip .code for denDduIatln elected

spread spectrufl & A% raefd&fﬁj{/’é:l"y interfgrence,rakdos5e e FEN-
oper at e proper Ibasd aprombds [SyQ FIMUoemd we 12803/ (dc#ubr sot)heyd.erm

phase S/I = 1/4 which is -6 d@B. The receiver at the PCN-base

station requires a signal to noise ratio of 4 dB. The

5 required SNR can be realized at the:PCN-basé station with a
band reject filter for notching out the signals from the
cellular users in the 30 kHz predetermined channels. With a
properly designed comb-notch filter, a 20 dB to 30 ds
signal-to-interference ratio can readily be achieved.

10 - FIG. 13 illustrates a comb-notch filter 333 inserted in
a receiver of a PCN-base station. The receiver includes a
low noise amplifier 331 coupled between the antenna 330 and
a down converter 332. The comb-notch filter 333 is coupled

_ between the down converter 332 and spread-~spectrum '

15 demodulator 334. A demodulator 335 is coupled to the
spread-spectrum demodulator 334. The comb—nctch filtexr 333
in this illustrative example operates at an intermediate
fraeguency and removes interference from the mobile cellular
system.

20 . From the foregoing analysis, a person of skill in the
art recognizes that the present invention will allow a
spread-spectrum CDMA system to overlay on a pre-existing
FDMA mobile cellular system, without modification to the
pre—-existing mobile cellular system. The present ihvention

25 allows frequency reuse of the alreadf allocated frequency
spectrum to the mobile cellular system. At the same time
performance of the mobile cellular system is not degraded.
The PCN system may add an increase of 200 PCN users over the
50 cellular users. The present systenm performance

30 - calculations are considered conservative, and an increase in
PCN users may be greater than the estimated 200.

It will be apparent to those skilled in the art that
various modifications can be made to the spread spectrum
CDMA communications system of the instant invention without

35 departing from the scope or spirit of the invention, and it

is intended that the present invention cover modifications

[
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position.of the received spread spectral signal-, and the receiver nust
continually track that phase position so that |oss-of-lock will not occur.
The two processes of acquisition and tracki 2_9 formthe synchronization
subsystem of a spread spectrumreceiver: The?}ormer operation typically is

acconpl i shed by S SoPBfYe P 0sl 11 C tv. until one
is found which ?ggu ?éf?%fén ar ge c%r%%??o%%%%ﬁﬁ pﬁgxg‘éxjéﬁga hans
i ncom ng si gnal sﬁﬁﬁe@mrﬁﬁ%®o€h¢ﬁ§¢%a4¢ yEhe Rgepe % ke drpiendedence

at the receivercldims ARd"Bhelt OEQSEvALENES, USi Ng correl ator neans or
mat ched filter nmeans. The latter operation is often performed with a
"del ay-| ocked | oop”. The inportance of the conbined synchronization process

can not be over stated for if-synchronization is not both achi eved and

L
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mai nt ai ned, the desired signal cannot be-despread. The‘base=00ﬂvefting
medns, as |IIustrated in FIG 5A, nmay be enbodl ed as a m

The base nmodul ator 151 converts the format L _data to J ﬂ"ﬂuﬂ mﬂg ﬂi
PCN.user into a formsuitable for connunlcatlng over radi octwavess

exanpl e, an an .ce signal may be converted to a ‘base-data S|gnal
using a technidUE‘E%?# '

bredictive coders, vocodds SPRRAG FRRSHATR GOMAROUBERSEAESRBonBuTEER SRT

coders. The basomuurditsitivioda rpdyeandigdyikedewrbddecletveen a

P eny oo o LA i Wik 5185655050 e 8RB WEMHRA LAl

153 nodul at es tSystem located within a same geographical region as occupied

5 « by a mobile cellular system with each cell of the nobile
cellular system having a cellular bandwidth divided into
predetermined channels and guard bands between the
predetermined channels, and having cellular-users

) communicating on the predetermined channels, said spread

10 ©  spectrum CDMA communications system comprising:

a plurallty of PCN—base stations located w1th1n
the mobile cellular system for communlcatlng data to the
plurality of PCN. unlts, each of said PCN—base stations

. 1nc1ud1ng,_ : -

15 . base means for converting the format of the
data into a form suitable for communicating over
radio waves;

~ base-product means for spread spectrum
process1ng the data; and

20 - ' base means for transmitting across the
cellular bandwidth, the spread spectrum processed
converted data from the PCN-base station to a PCN
unit;

a plurality of PCN units, each of said PCN units

25 including,
| a PCN antenna; and

PCN detection means coupled to said PCN
antenna and including PCN-spread-spectrum-
processing means, for recovering data communlcated

30 from said PCN-base station.

2. The spread spectrum communications system as set
‘forth in claim 1 wherein said PCN detection means includes
means for converting the format of the data into a form
suitable for a user.
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conver.t-ed- dat usi n spread spectrum The converted data is-
mul tipli ed“usa]iﬂiﬂ wg ﬂmLce or nodul o-2 added, using an EXCLUSI VE- OR
gate 153 with spectrun1ch|p code, [err] The

base-transnitter neans may be enbodi ed as &2Base transnmitter 155. The base

transmtter 155 is coupled to the base-spread-spectrum nodul ator 153. The
base transmitter 3155 The, §Pnead; sPestuRcoppunigathongusskem ps set

Sg\l ead- Speﬁt I ESHO A9 TIGA&0 ave-mb@ém?halar cht-lbprE’EBI-bp&ec&hﬁt- dcke@sing
P unit. The { r.an ter S ectrum
O L ane. 3 R ehrp cB%' WUER MU bERY EHEOREERT ot
. comparxson to sxgnals recelved for recovering data sent from
5 Sald PCN-base station to sa1d PCN unit.

4. The spread spectrum communications system as set
forth in claim 1 wherein said'PCN-spread-spectrum—processing
means includes means for synchronizing said PCN-spread-
spectrum-processing means_to received signals.

5. The spread spectrum commun;cat;ons system as set
forth in claim 1 wherein said spectrum processing means at
sa;d PCN-base station includes means for processing data for
particular PCN units with a selected chip code.
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frequency, f[err]. The base-transmtter 155 has a transm-tter—osciltat-or-
whi ch supplies a carrier signal having a carrier frequ r mtter
oscillator is coupled to a transnmitter product device. Tﬂim”, m milgﬂll :
multiplies, using the transmtter-product d@4drce, the "% ¢ p "x 5 %

spread- spectrum processed- converted data by the carrier signal. The _
transmitting neans may, A spread speectrumbCOMAEsoMmunicakiiongasystemn o
spread spect r UQ sinRa! l pQuar ik Tbliedol BebRE el ned

| evel . The traﬁgnlttgﬁﬁaﬁégﬁga%gy?pgﬁﬁgnﬁgbégta Ey g g?ng tﬁggglanalipy of
data spread da®duFiadddiys ofARNWRitey Srifpgpreadr sPesErupy sempundcatdeons

153 "and transnigyisticn 1ozated kathandlacdanlr gégbraphsval geghonchasl2écupied
5 by a mobile cellular system with each cell of the mobile
cellular system having a cellular bandwidth divided into
- predetermined channels and guard bands between the
‘predetermined channels, and having cellular-users
communicating on the predetermined channels, said spread
10 ° spectrum CDMA communications system comprising:

a plurality of PCN units, located within a same
geographical region as occupied by a mobile cellular system
for communicating data to a plurality of users, each of said
PCN units ihcluding;, S

15 ' PCN-product means for spread spectrum - -
processing the data; and _ 1
~ PCN ﬁeans-for transmitting across the
cellular bandwidth, the spread spectrum processed:
- converted data from said PCN unit to a PCN-base
20 station; | ' |
a PCN-base station including,
a base antenna; _
base-comb means coupled to said basg antenna
for notch filtering the predetermined channels;
25 and
base detection means coupled to said base-
comb means, said base~detection means including
base-spread-spectrum~-processing means, for
recovering data communicated from said PCN unit.

7. The spread spectrum communications system as set
forth in claim 6 vwherein said base detection means includes
neans for converting'the format of the data intc a form
suitable for a user.

[ —
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to-an antenna 159 for simultaneously tramrsmtting a nult|EI|C|t

spread- spectrum channel's. FIG 5A is an |IIustrat|ve enb Iuﬁ Hﬁﬂﬂﬂ"ﬂl"""
generating sinultaneous spread spectrumsignals, and the

varjiants for interconnecting product device®25-nodul ators and transni t’t er's,
for acconpl i shing the sane function. As an alternative exanple, FIG 5B
illustrates a PCN- bise sThe|spreadispectmum gemmnisations aysten mo ket ng

the same resul teceh Non 6 § iedisfIda1dhadd dphGadilh - nodul o-2
added, using EXCLUSI VE: OR gates 253 a sel ecte ‘sprea -spectrun1ch|p
Code. [ orr] ThaTALRTITN, LoRa JOR e, HaATSh dko s SHEIG 1 fiasah i |y

of EXCLUSI VE- ORaqpie 022 xSomprax Dsorh i te s ithials aedeivaed otk r%m'lg data
t ransmgt er 2555%%@51@555.{@ SRR SRAUH Y14 Pen unit.

9. The spread spectrum communications system as set
_forth in claim 6 wherein base-spread-spectrum—processing
means includes means for synchronlzing Sald processing means
to received s;gnals.

10. The spread spectrum communications system as set
forth in cléim 6 wherein said base-spread-spectrum-
 processing means at said PCN-base station includes méans'for
- processing data for particular PCN units w;th a selected-
5 ch1p code.

11. The spread. spectrum communications system as set
forth in claim 6 wherein said means for transmitting
Transmits data in a time division format.
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processéd data at uency, [err] The transmtter 255 is -
coupled to the an Eﬁm &HIEM“;I | taneously transnmits the plurality of
spread-spectrun} a nultlg% city “of spread-spectrum

channels. - -10- The present invention als % ncl udes PON units which are

| ocated within the aE B u n ay -
PCN- det ecti on neans&%PCN-c%ﬁegQ?i%ggﬁggum QB%%}QQE gﬁgfh%§0%§g§|ngpﬁgaﬁgse
and PCN-t r ansnistatignmesna snweaﬂCﬁpestguml6ﬁmﬁeqnymusle§9999§ systha for

PCN-antenna. ThemEeNicating data and/or digitized voice between a
: plurality of PCN units, said spread spectrum communications
5 system located within a same geographical region as occupied
«" by a mobile cellular system with each cell of the mobile
cellular system having a cellulat bandwidth divided into a
plurallty predetermined channels and guard bands between the
predetermlned channels, and havxng a plurality of cellular-
10 - users communicating on the predetermined channels, said
spread-spectrum receiver comprlsxng.
a base antenna; i
. comb-filter means for notch filtering the -
- predetermined channels; and '
15 base detection means. for recovering data
~ communicated from said plurality of PCN units.

13. 'The spreadespeetruﬁ receiver as set forth in claim
12 wherein said comb filter means includes a notch filter
having band rejection at the plurality of predetefmined
channels. '

-
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detection neans includes PCN- spread-spectrum processi ng neans. The
PCN- det écti on neans recovers data comunicated to the.PCN unit fromthe

PCN- base station. The detectlon means al ABSTRACMIes neans for converting
the-format of the d g%ﬁy may be,
for exanpl e, corrput§ at a, arfI nal og spee%hhgllhgg'a or°ns %&Fﬁ:%*”?orﬁtlon
The PCN- det ect [SHRmHeAt Wmtaofawesmldégmwednmee betvieemy aand

acquisi tion ci pirel il dfGdd¥ad SPPAUEUTIEYORY ook BRACUC! 4R Sorldla

despreadi ng the spread ectrunlsl nal "and an ,envel ope _detect or
|Ilustrat|vely§§€%E¥ gﬁﬁbﬁ§5§ﬁﬂb&Fe&°&§t&dPENt§éneéd£§$@Ctrum

denodul at or 161;ed§@l&ﬂam#]aa:adzldd ais bedupded BENafdkxigeingt ®bMAGS,

coupled to an UL HdMA or any other mobile cellular system. The

“ spread spectrum CDMA communications system includes a
plurality of PCN-base stations and a plurality of PCN units.
‘A PCN-base station has a comb filter for notch filtering
predetermined channels of the mobile cellular system, a
device for converting the format of the data into a form
snitable for communicating over radio waves, a spread
spectrum modulator for spread Spectrum_procesSing the data,
and a transmitter for transmitting the spread spectrum
processed converted data from the PCN-base station to a PCN
unit. The PCN-base station alsoc has an aﬁtenna. and spread
spectrum detectors for recovering data communicated from the
PCN units. A PCN unit has an antenna, and a detactor
coupled to the antenna for recovering data communicated from
the PCN-base station. The detector includes a spread
spectrum demodulator. Also, the PCN unit has a device for
converting the format of the data into a form suitable for
communicating over radio waves, a spread spectrum modulator
and a transmltter. '

1CN: PCT\PCNAIQ1.AP-0EMT2/3
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The PCON spread- s%%@femdul ator 161 despreads using§ a chip-code si gnal_

havi ng the sane or ed chip code, [err] as the received peypy 91/09005

spread- spectrum si gnal, the spread- spectrum signal received fromft

PCN- base station. The bandpass filter 163 filtergethe despread si gnal -and
165 puts the format of the despread spread- spectrum

the PCN- data detector
signal into a formsuitable for a PCN user. The

PCN- spr ead- spect rum processi.ng neans includes neghs: A or
chip code, [err] for conparing to signals re ¢d” faor

from thePCN-base station to the PCN unit.
PCN- spr ead- spect rum processi ng neans af
synchroni zi ng t he PCN- spread-spectru
signals. Simlarly, the PCN-

storing a | ocal
eri ng data sent

FIG. 1

(PRIOR ART)
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spr&3d-spect rum proce55| hg means at the PCN-base station inchepegeieues for

processi ng datMOPIMrticul ar PCN units with a sel ected chip €ode. The
- PCN-converting nmeans, as-illustrated in FIG 7A, may be enbodied as a PCN
nodul ator 171. The PCN nodul at or 171 convertsz}dﬁe format of the data into a
form suitable for comunicating over radi o waves Simlar to the PCN base
“station, an anal og voice signal nmay be c converted-data
signal, using a technique called source g ] wi-t h t he base

nodul at or 151, typical source encoders ar ae‘ Hr edi ctive coders,
vocoders, delta :

VOICE1 —————a VOICE ENCODER [——=

X

: B | fs TIMES

VOICE, ———~ VOICE ENCODER f{~——o=

FIG. 3B

(PRICR ART)
USER |

Land |

2 L g - -
o |

3 L J * L 4
-1

_kalas;11rrt,11=rgs'llaiilr_ -
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nodul af ors and pul se code ‘'nodul ati on. The PCN- spread- spectrumw .
. means may be eniRQI8IE a PCN-spread- spectrum nodul ator 173.

spread- spect+um nodul ator 173 is coupled to the,PCN nodul ator 171. The

PCN- spread- spectrum nodul ator 1Z3 nodul ates the” *Convert ed- data, signal with
-a selected chip code, [err] Thezgonverted-dat® signal is nultplied using a
product device or nodul o-2 added= usi ng an EX&e USI VE- OR gate 123 wth the

sel ected chip code, [err] As an'deqw valent trgnsmtter, 'FIG illustrates
a transmtter for a PCN unit hawyi ng PCN-sprea -speptrum procdssi ng nmeans
as a PCN nodul o-2 adder, enbg 5. an - OR gate g<f3- ]
EXCLUSI VE- OR gate 273 m)dul 042 adds{the co data sigphalMth the
sel ected chip code, g B el 2 | o
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tting means in FIG 7A and 7B may be -enbodi ed as .

[err] ¢t). The P
Saﬁggﬁﬁ§ﬂ2 PCN transmitter 175 i s coupl ed bet wRH/US$21/09005

a PCN transnmitte
PCN-spr ead- spect rum nodul at or 173 and ant enna 179_ﬂJhe PCN transmtter 175

transn1ts across the cellul ar ‘bandw d@h, 't he

spr ead- spect rum pr ocessed- convert ed dﬁ%a fro e PCN unit to the PCN base
station. The PCN transmtter 17S nndula%é” spread- spect rum processed-
[err] carrier .frequency of the

converted data at a carrier frequency,
PCN transmitter and the cell transmitter may bg at the sane or at different
frequencies. A key to the present invention is|that the spread spectrum

signals are designed to be " = ad
spectrum signals are designegl to provide 1 '
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negligible inter o the communication of other," -12- existing )
users. The presgﬁz@g@’ spread spectrumsignal is difficult {RETAUS/09005:
This characteristic is known as | ow probability of interception (LPlI) and
| ow probability of detection (LPD). The LPI andg/dPD features of spread
spectrum al | ow transm ssi on bet ween ushrs of a spread spectrum CDVA
communi cati ons system wi thout the exi s\jng users of the nobile cellular

syst em experiencing significant int erf_g he present invention makes
use of LPI and LPD with respect of the m ned channel s  using FMin a
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mobi-l e~ cel | ul ar %@ By haV|ng the power |evel of each spread spectrum )
si gnal bel ow thea)pgf B i ned I evel, then the total power frofGEVUSsovess
does not interfere with users in the nobile

spectrum used within a cel
cel lular system Spread spectrumis also "janm' @yginterference resistant. A

spread spectrum receiver spreads the spectrum of _the interfering signal
This reduces the interference fromthe interfer signal so that it does

not noticeably degrade performance of the sprea pectrum system This
feature of interference reduction makes spread ctrumuseful for
commer ci al communi cations, i.&g, the spread spe um wavef ornms can be
overlaid on top of existing n%iromband signal s.; The present inventiEi]
enpl oys direct sequence sprea L

.

77
FIG.7

g..
0
. © =
N g
- @
2 | E
0
e S
s
. m
- 2 &
o v I8 =
o - =~ =
) 0 ' =
<<l D
el &~ =
52 B 3
T .
< =
- @ g: —_ *
) | \6‘0—;
N -s
; G
C =
. / ’:
= o
o S
o)) ] <
© o
< = l-q-
o 8
&__ o a
E XY
’ — <
L 2
< .
o

- This Sheet Has Been

TR



16-FEB-1996 16:82 FROM MAGUIRES } 10 BODYUILSHITO0DL T i/ Ao

spectrum whi cRyveyssoset phase nodul ation techni que. Direct: semﬂmd
.spectrumtakes the power that is to be transmtted and spreads it over -
-very Wi de bandwi dth so that the power per unit bandwi dth (watts/hertz) |s

m nimzed. When this is acconplished, the transmtted spread spectrum power
received by a nobile cellular user, having a relatively narrow bandwi dth,
is only a small fraction of the actual transniWged power. In a nobile

cel lular system by way of exanple, if a spread spectruim signal having a

power of 10 mlliwatts{fs 3sprea OVET—a C TTulfar Gk oIFTTb"‘NFq nd
a cellular user enploy$ a cpbmuri cation slystem aj{chanpel Handwid@h
of only 30 kHz, then the effectijve |&erf9ring dug¢ to pne Jpread o o
spectrum signal, in the narfow hand (7) =3 - o o
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- 13- 16UTRTHI%at 1R sy Wm " &Riced b]y the factor of 12.5 %?& kHz .
whi ¢h i's™appr ox Wen92£16$91100. -Thus, the effective interfering p 91/09005
_milliwatts divided by 400-or 0.025 mW For fifty concurrent users of spread

spectrum the power of the interfering signal due to spread spectrumis
increased by fifty to a peak interfering powergg 1.25 nW The feature of

- spread spectrumthat results in interference reduction is that the spread
spectrumrecei ver actually gpreads the received energy of any interferer
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12.5 Mz in the present -exanple, while conpressing

to i'ts original

t he bandwi dt h of Wbeuimred recei ved signal bap&hg;g For
ndwi dt h of the desiregoPCN data signal i

exanpl e, if the original

ba
then the power ¢f the interflering signal

30 kHz, produced by the cell uI ar,
base station IS reducedlby 12.5 0 _kHz which is approxi mately 400.
Direct sequence spread dgpectrum achi®ves spreadi ng of the spectrum by
nodul ating the original jsignal wt v wi deband signal relative t e
data bandw dth. This w dgeband sign i chosen to have two possible vl
anplitudes, +1 and -1, and these &bt udes are switched, in a "pseudp- 8
randont manner, periodi¢ally. Thus, &t each equally spaced tine i r“»gerval <
a decision is made as t¢ whether the Wi deband "’\ E—f;"
o . , ' ) go
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nDduIatlng S|gnal h qu be +1 or -1% %An mér
deQISLon the resuftin mnuld be ruIy ran

case, the receiver m?ul knom/thg sequence a- er _
properly recégive the nyssJOn 4| pstead, chip- C‘lf gfnerator genasate__ ,,,,,
pprOX|nater randgm sequence, clal ed”a” Pseudo- random’

el ectronically an
sequence, which is FTPriori=To theltransn1tter and receiver., 9 .
' : oe ASEJSF 53}8867’*%%12 oY,

illustrate
whi ch are The resulting S|gnal

bandwi dth is apprOX|nater 9. 6 kHz. ThIS bandmndth is then spread using
BACKGROUND OF THE INVENTION
This invention relates to spread spectrum
communications and more particularly to a persocnal
communications network which communicates over the same
frequency band of an existing FDMA, proposed TDMA or any

other mcbile cellular system.

DESCRIPTION OF THE PRIOR ART

The current mobile cellular system uses the frequency
band 868-894 MHz for transmission from the mobile user to
the cellular base stations and the frequency band
823-849 MHz for transmission from the cellular base stations
to the mobile user. Each of these frequency bands is
divided in half to permit two competitive systems to operate
simultaneously. Thus, each system has 12.5 MHz available
for transmission and 12.5 MHz for reception. Each of the
12.5 MHz bands is divided into 30 kHz channels for voice
communications. K

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

FIG. 1 is a diagram of the cellular system. A mobile
user serviced by cell A located near the border of cells A
and B and a mobile user 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 users oberating in the same frequency
band at comparable power levels, different fregquency
subbands (channels) are allocated to adjacent cells. FIG. 1
shows a seven frequency scheme, with each cell having a
bandwidth, ' -

B = 12.5 MHz/7, which approximately equals 1.8 MHz. This
frequency scheme has adjacent cells operating at different
frequencies, thereby reducihq-interference among users in
adjacent cells. This technique is called frequency reuse.




-14- di;rect sequence spread spectrumto 16 MHz. Thus, the processing gain,
N, 1s apprOX|nater 1600 or 32 dB. Alternatively, consider -a nore typical
|nplenentat|on wi th 4800 bps data which is nodul o-2 added to a spread-
spectrum chi p-code signal, [err] having_g.chip rate of 8 Mhips/sec. The
resul ting spread- spectrun1data are binary- phase-shift keyed (BPSK)

nodul at ed. Abeargsshit NGt SHfepkncyPeeuse) eastwcdllh hasl6 MHz. Thus, the

" processing gain,i 1Qlerr rele) i_c r X|nately
equal s 1600, 13% %ﬁ%/%égyé% C%%g£§%§ctr§%&§f %htgg% rggggg g@trum
si gnal on amrenpésémnhdrﬁmnnsmqaalllmﬁz ienasagdappspgnmhtely 55

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 users within the same cell
do not interfere with one another. '

The cells in a mobile cellular system are expensive to
maintain, and profitability can be significantly increased
by increasing the_numbef.of users per cell. One approach to
increase the number of users per cell is to change from
analog FM communication, and use digital communication with
Time Division Multiple Access (TDMA).

The proposed TDMA mobile cellular system is shown in
FIG. 3. In this system, each of the 55 channels per cell is
time shared by K users. Currently, K is to be three, but
this value is expected to increase to six. A cellular base
station segquentially probes K users, each of whom use the
same 30 kHz frequency band, but at different times. Using
this system, the number of cells does not increase, but
since there are K users per 30 kHz channel, the total number
of users per cell increases by a factor of K. '

K is estimated as follows: Analog voice can be
converted to a digital signal having a bit rate of 8500 bits
per second (bps) without significant degradation in quality,
or to a digital signal having a bit rate of 2400 bps with
some degradation in quality. - For example, using the bit
rate of 2400 bps with a rate 1/2 forward error correction
code (FEC), and a digital modulation technique sucﬂ as
quadrature phase shift keying (QPSK), each digital voice
signél requires a bandwidth of only 4800 Hz. Thus,

K = 30 kHz/4.8 kbps = 6 users/30 kHz channel. Potentially,
the number of users per cell may be 6 users/channel x S5

channels/cell = 330 users per cell.

g 3 THGY 1996



when tljey each have the sane power |evel. The bandw dth of the AM waveform
is.6 kHz. Both waveforns have the same carrier frequency. FIG 9 shows the
dempdul at ed square-wave data stream This waveform has been processed by
an.. "integrator” in the receiver, heneg-the triangul ar shaped waveform
Note that positive and negative peak voltages representing a 1-bit and

O bit are O=EIRS _@mmg EN(B-:N‘tﬂowhovxs t hat the denodul ated AM si gnal
replicates the 3,k o?’aiéﬁ d@ioﬁ{ H12l £ J98SoPRde dE%é‘PEoﬁ ¥
rea

reception of data be ause ectrumrecej ver spreads the energy
of the AM SiQiEMnigadiong pegwo (%Clﬂorﬁﬂ%s’ﬂ‘ff@e%%’e“%p?%ﬁﬁcéﬁécﬁ”ﬁm si gnal

back to it coMugiitltidng Kh'ZabﬂtHﬂﬂéltﬂ‘hdi&Q:ﬂmﬁr ofyébemspread AM ener gy

in the 9.6 kHz BPSK bandw dt h
environmuentc.

Another object of the invention is to provide a PCN
system which can be used at the same frequencies as used for
the mobile radio cellular systems. '

an additional object of the invention is to provide a
PCN system which can be used concurrently with a mobile
cellular system without interfering with the mobile cellular
systen.

A further object of the 1nvent10n is a PCN system which
allows communications between base users and PCN users with
spread spectrum.

A still further object of the invention is a PCN system
which can overlay geographically and overlay in spectrum, on
an already existing mobile cellular system, without
modifications to the mobile cellular system.

SUMMARY OF THE INVENTION

According to the present invention, as embodied and
broadly described herein, a spread spectrum CDMA
communications system for communicating.data between a
plurality.ef PCN users is provided comprising a plurality of
PCN-base stations and a plurality of PCN units. The PCN
users communicate through the PCN-base station. Data may
be, but are not limited to, computer data, facsimile data or
digitized voice.

The spread spectrum CDMA communications systeﬁ is
located within a same geographical region, cell, as occupied
by a mobile cellular system. Typically, the cellular-base
station and the PCN-base station are collocated. Each cell
of the mobile cellular system has a cellular bandwidth.
Typically, the cellular bandwidth is 12.5 MHz. The cellular
bandwidth is divided into a plurality of predetermined

channels. The predetermined channels are separated by guard




is thejoriginal energy divided by N = 1600; or, equivalently, it is reduced
by 32 dB. Since both waveforns initially were of equal power, the

signal -to-noise ratio is now 32 dB, which is sufficient to obtain a very

| ow error rate. The spread spectrun13|gﬁa1 does not |nterfere with the AM

wavef or m because the spread spectrum power in the b dth of the AM
signal is BG4 giThe IRIde SRLEHAATpFESEER AT |USRRAF ded by

N err], whessnduiidatinkp odithe ﬁﬁéﬁetefmﬁﬁedia)hannéﬁam.ce t he .
signal -to-inter fAerp Q&E‘alriq__v 20k 9ENDA 218 overlay the same

geographical region as occupied by the mobile cellular
system. A PCN-base station communicates data between the
plurality of PCN users. A PCN user uses a PCN unit.

_ Each PCN-base station has base-converting means, base-
product-~processing means, base-transmitting means, a base
antenna, base-comb-filter means and base-detection means.
The'base—converting means converts the format of the data to
be transmitted to a PCN user into a-form suitable for
communicating over radio waves. The base-product-processing
means processes the data with spread spectrum modulation.
The base~transmitting means transmits across the cellular
bandwidth, from the PCN-base station to a PCN unit, the
spread-spectrum-processed-convefted data. The base-comb-
filter means filters, or attenuates, i.e., notch-out, the
predetermined channels of the mobile cellular system. The
base-detection means is coupled through the base-comb-filter
means to the base antenna. The base-detection means
recovers data communicated from the PCN unit to the PCN-base

station.

The plurality of PCN units are located in the cell.
Each of the PCN units has a PCN antenna and PCN detection
means. The PCN-detection means recovers data communicated
from the PCN-base station. For communicating to the PCN-
base station, the PCN unit has PCN-converting means, PCN-
product-processing means and PCN-transmitting means. The
PCN-converting means converts the format of data from a PCN
user into a form suitable for communicating over radio
waves. The PCN-product-processing means processes the data
with spread spectrum modulation. The PCN-transmitting means
transmits across the cellular bandwidth, the spread spectrum
processed converted data from the PCN unit to a PCN-base
station.

Additional objects and advantages of the invention are

set forth in part in the description which follows, and in
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sine wave is 33 dB. The direct sequence nodes of spread spectrum uses
pseudo random sequences to generate the spreading sequence. VWile there are
many different possible sequences,_the;gp§t comonly used are

"maxi mal -1 ength"” linear shift register sequences, often referred to as
pseudo noi ENir & CEHCIGES - £ tnbl a8B8¥EpAi by P 62 bd 1 Mo
sequence gzﬁgéatdE é%ﬁg ﬁnéfzates %o%%t?on ?é%ach m?%ﬁ%s eV rl] to

forma PN §§ﬁﬂ%ﬁ€%ed?fI%FEH%PW?“QMQQre Ehe obEecYs ﬂPqTﬁﬁY#Eﬁ%&?%rPgtlcs of
these sequettesimvent isieetls dﬂ@ua‘yebkal Fle llﬂ'@dsaﬁdtiltllc:ﬁalrhédtlﬂﬁ ﬁ@éﬂédbﬁg
sequence i [ op erly. desi v ny o
propertlesstlf Styun(l:om-h 05 e%ﬂgr comg?n%fgng,,qarél%u}[adrng pointed

cut in the appended claims.

BRIEF DESCRIPTION OF THE QRAWIHGS

The accompanying draw1ngs, which are incorporated in
and constitute a part of the specification, illustrate
preferred embodiments of the invention, and together with
the description serve to explain the principles of the
invention. ,

FIG. 1 illustratés a seven-frequency-set mobile
cellular plan;

FIG. 2 shows cellular channels which are separated by a
guard band of 180 kHz; . .

FIG. 3 illustrates time division multiple access;

FIG. 4 is a block diagram of a PCN-base station
receiver; o

FIG. 5A is a block diagram of a first embodiment of a
PCN-base station transmitter; ’

FIG. 5B is a block diagram of a second embodiment of a
PCN~-base station transmitter;

FIG. 6 is a block diagram of a PCN-unit receiQer;

FIG. 7A is a block diagram of a first embodiment of
PCN-unit transmitter;

FIG. 7B is a block diagram of a second embodiment of a
PCN unit transmitter:;

FIG. 8 shows the spectrum of a spread spectrum signal
with an AM signal of equal power at its carrier frequency;

FIG. 9 shows a spread spectrum data signal when the
spread spectrum signal power is equal to an AM signal power;

FIG. 10 shows an audio signal when the spread spectrum
signal power is equal to the AM signal power;

FIG. 11 shows a pseudo-random sequence generator;

FIG. 12 shows position settings of switches of FIG. 11
to form PN sequences; and -
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and "-1" = tails. These properties include the follow ng: 1) In a |long
sequence, about 1/2 the chips will be +1 and 1/2 will be -1. 2) The

|l ength of a rum of r chips of the sane sign will occilir about L/2[err] tines
in a sequence of L chips. 3) The autocgrrelatlon of the sequence
PN[err](t) and PN[err] (t + [err]) is ve y smal | except in the vicinity of

=0. 4 Th I t d
PN[err%(t + Fe?if?éls sréﬁfﬁééghﬁgﬁ) VIS on %ﬁqﬁegﬁgﬁAgcggéEkgdé g?vision
mul tiple access (CDMA) is a direct

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Reference will now be 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.

_ The spread spectrum 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
bahdwidth. In presently deployed mobile cellular systems,
the cellular bandwidth is 12.5 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 quard band separation is 180 kHz. Cellular users
comminicate on the predetermined channels, currently using
FM.

The spread spectrum CDMA communications system includes
a plurality of PCN-base stations and a plurality of PCN
units located within the same geographical region, i.e.
cell, as occupied by the mobile cellular system. The spread
spectrum CDMA communications system can be used for
communicating data between a plurality of PCN users. The
data may be,; but are not limited to, computer data,
facsimile data or digitized voice.

A PCN-base station, which is preferably collocated
geographically with a cellular-base station, communjicates
data between the plurality of PCN users. A first PCN user
uses a first PCN unit, and a second PCN user uses a second
PCN unit.

Each PCN-base station includes base-converting means,
base-product-processing means, base-transmitting means,
base-~comb-filter means, base-detection means and a base
antenna. The base-comb-filter means notch filters which

e
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sequence spread spectrum systemin which a nunber, at |east two, of

spr.ead- "spectrum si gnal s communi cat e S|nultaneously each operating over the
sanme frequency band. In a CDVA system each user is given a distinct chip
code. ~ This chip code identifies the user. For exanple, if a first user
has a first chip code, [err] and a secomd~user a second chip code, [err]

‘etc., then a _receiver, deS|r|n en tp -16- t t_user,
recei ves ata¢F§n§ﬁF€ﬁn§h§IP°BF h€e£#%i%9 %&ﬁﬁaﬁnp%ﬁ?rtgrﬁﬂﬁ§iiﬁﬁ4;
However, af b&éd@t&wﬁu&@@dﬂ@h&hﬂelsrsf tisermebslg ] Luler rsetierer @Meut s
al'l the ene%%%eodetectlon means may include base-spread-spectrum-
processing means and pase-synchronizing means. The base-
detection means broadly converts data communicated from a
PCN unit into a form suitable for a user.

The base-comb-filter means, as shown in FIG. 4, may be
embodied as a comb filter 140. The comb filter 140 notches
the predetermined channels of the mobile cellular system.
The comb filter 140 is necessary in order to reduce the
combined interfering power level from mobile cellular users
with the PCN-base station. For the presently deployed
mobile cellular system, by way of example, the comb filter
140 would serve as a plurality of notch filters, blocking
the 30 kHz bandwidth at each f:equency location of the
predetermined channels of the mobile cellular system.

The base-spread-~spectrum-processing means, as
illustrated in FIG. 4, may be embodied as a pseudorandom- -
generator, product device 141 and bandpass filter 143. The
pseudorandom generator stores chip codes,.gl(t),
gz(t)' - - «r gy(€) . forx demodulating data from spread
spectrum signals received from the plurality of PCN units at
the PCN-base station. The base-detection means also
includes means for synchronizing the base—spread-spéctrum-
processing means to received spread spectrum signals.

The base-spread-spectrum-processing means at the PCN-
base station processes selected data received from a
selected PCN unit, which were transmitted with a spread
spectrun signal using a selected-chip-code, g;(t)-. The
detector 145 demodulates the selected data from the despread
spread-spectrum signal.

A plurality of product devices 141, bandpass filters
143 and detectors 145 may be coupled through a power
splitter 147 to an antenna 149, for receiving 51multaneously
multiple spread-spectrum channels. Each product device 141
would use a selected chip code for demodulating a selected

spread spectrum signal, respectively.




the first user but only a small fraction of the energies sent by the
second, third, etc., users. CDMA is interference |[imted. That is, the
number of users that can use the same spectrumand still have acceptable
performance is determ néd by the total igterference power that all of the
users, .taken as a whole, generate in the receiver. Unless one takes great

‘care in power COFbeOh, sphese SHAKtrumnsmiticherts wpechtar propesky} othhe
recei ver w || se_th over terf C Thj e s known as
t he "near-ngreaHoﬁP8ﬁ1r?m ) S%Q%gq%#%igbﬁﬁég% ?Re EggF %é lgltl?%%Iemcould
be the don1paﬁutebheof tﬁbnreckiveﬁ;annsaﬁoﬁ@ﬁC@raéaéhgnﬁu;v&d@athanblIe

user is possbbheyse hat EDfelAGELNF AL bkophedENpERRELEn USE chic! Ne

sane. This tec ue Is ca d" tlve ower
loss—-of~-lock will not occur. e two processes of

acquisition and tracking form the synchronization subsystem
of a spread spectrum receiver. The former operation
typically is accomplished by a search of as many phase
positions as necessary until one 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 occurs using correlator
means or matched filter means. 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.

. The base-converting means, as illustrated in FIG. 5A,
may be embodied as a base modulator 151i. The base modulator
151 converts the format of data to be transmitted to a PCN
user into a form suitable for communicating over radio
wvaves. 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 predicﬁive
coders, vocoders, delta modulators and pulse code modulation
coders.

The base-product-processing means may be embodied as a
base-spread-spectrum modulator 153. The base~-spread-
spectrum modulator 153 is coupled to the base modulator 151.
The base-spread-spectrum modulator 153 modulates th‘e
converted-data signal using spread spectrum. The converted
data is multiplied using a product device or modulo-2 added,
using an EXCLUSIVE-OR gate 153 with a selected spread-
spectrum chip code, gN+i(t)‘

The base~transmitter means may be embodied as a base
transmitter 155. The base transmitter 155 is coupled to the
base-spread-spectrum modulator 153. The base transmitter
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control®. See U.S. Patent Application having Filing Date of Novenber 16,
1990, entitled, "Adaptive Power Control For a Spread Spectrum Transmtter,"
by Donald L. Schilling, which is incorporated herein by reference. It has
been proposed to set aside 10% of the nobile cellular bandwi dth, or 1.25
MHz, to enploy CDMA. This procedure wout®t elimnate 10% of the currently
exi sting nobile cellular channels, which_is gggroxinatel channel s,

- : 5
t hereby redtdd &GalFnits f&&FosTd theceeslytap, i ﬂY1§%C§¥%§g$WT he nobi |l e
cel lul ar syyeyBrun+grhittiessedetonvRr06Qddata Wt dm dilse UBIN-<BHI@ Nt SEIYhCE as

brocedure, Ené SIS ucdre Bt SRafPaLktet 1Y PrfRltd et aftrrani o
channel s atd&e spread spectrum processed converted data at a carrier
'frequency, fo‘

The base-transmitter 155 has a transmitter oscillator
which supplies. a carrier signal having a carrier frequency.
The transmitter oscillator is coupled to a transmitter
product device. The transmitter multiplies, using the
transmitter-product device, the spread-spectrum-processed-
converted data by the carrier signal.

The transmitting means may, in a preferred embodiment,
transmit data using a spread spectrum signal having a power
level limited to a predetermined level. The transmitting
means may transmit data by adding the plurality of data
spread data signals.-

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

As an alternative example, FIG. 5B illustrates a PCN- -
base station transmitter which may be used for producing the
same result as the transmitter of FIG. 5A. In FIG. SB data
are modulo-2 added, using EXCLUSIVE-OR gates 253 with a
selected spread-spectrum chip code, gN+i(t)' The xesulting
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, f,- The
transmitter 255 is coupled to the antenna 159 and
simultaneously transmits the plurality of spread-spectrum-
processed data as a multiplicity of spread-spectrum
channels.

|| 30Nov 199




reduced by 10% and a cel lul ar conpany enpl oyi ng this approach nust nodify
each cell by first elimnating those channels fromuse and then installing

t he new CDVA equi pent. The present invention is for a CDVA system whi-ch
does not affect existing users-in so far as it does not require -17-

t hat” 10% of the band be set aside. |Indegglk using this invention an entirely
separate CDVA system can be inserted into the existing nobile spectrum

wi t hout affecti et heesantt ingenpbomtalse cin¢haddDNCHDbiiltes cdlial aresyst em

or theé  jgocated within the cell. Each of the PCN units has a PCN
antenna, PCN-detection means, PCN-converting means, PCN-
product-processing means and PCN-transmitting means. The
PCN-detection means is coupled to the PCN-antenna. The PCN-
detection means includes PCN-spread-spectrum-processing

means.
The PCN-detection means recovers data communicated to

the PCN unit from the PCN-base station. The detection means
also includes means for converting the format of the data
into a form suitable for a user. The format may be, for
example, computer data, an analog speech signal or other
information. The PCN-detection means, by way of example,
may include tracking and acquisition circuits for the spread
spectrum signal, a product device for despreading the spread
spectrum signal and an envelope detector. FIG. 6
illustratively shows PCN detection means embodied as a PCN
spread-spectrum demodulator 161, PCN-bandpass filter 163,
and PCN~data detector 165, coupled to an antenna 169.

The PCN-spread-spectrum demodulator 161 despreads using
a chip~code signal having the same or selected chip ccocde,
In+y (B}, as the received spread-spectrum signal, the spread-
spectrum signal received from the PCN-base station. The
bandpass filter 163 filters the despread signal and the PCN-
data detector 165 puts the format of the despread spread-
spectrum signal into a form suitable for a PCN user.

The PCN-spread-spectrum-processing means includes heans
for storing a local chip code, gN+i(t)' for comparing to
signals received for recovering data sent from the PCN-base
station to the PCN unit.

The PCN-spread-spectrum—-processing means alsoc may
include means for synchronizing the PCN-spread-spectrum-
processing means to received Signals. Similarly, the PCN-
spread-spectrum-processing means at the PCN-base station .
includes means for processing data for particular PCN units

with a selected chip'code.
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forthcom ng TDVA system The Proposal PCN Spread Spectrum CDVMA System The
PCN._spread spectrum comruni cati ons system of the present invention is a
CDMA system Spread spectrum Code Division Miltiple Access (.CDVA) can
significantly increase the number of users per cell, conpared to TDMA. Wth
CDMA, each user in a cell uses the sanmelfrequency band However, each PCN
CDVA signal has a separate pseudo random code_whi ch enables_a receiver to
di stingui sh a d&&er BENsEgRurTEiBth RRaNFenBPnihLuSHEREPL. 1P PE P usths in

adj acent CﬁlakerusembBaléarrasf aeRoRnaydhaatdoant7ihe ThaePONNdeddl&tonand

Somewhat  nf i EPPEEEERC thanbarmar heorbe UREHLHIES 1 P00 BRYCARRRStor

station i ncoeaseicating over radio waves. Siml}ar to the PCN—base
station, an analog voice signal may be converted to a
converted-data signal, using a technique called source
encoding. As with the base modulator 151, typical source
encoders are linear predictive coders, vocoders, delta
modulators and pulse code meodulation.

The PCN-spread-spectrum~-processing means may be
embodied as a PCN-spread-spectrum modulator 173. The PCN-
spread-spectrum modulator 173 is coupled to the PCN
modulator 171. The PCN-spread-spectrum modulator 173
modulates the converted-data signal with a selected chip
code, g;(t). The converted-data signal is multiplied using
a product device or modulo-2 added using an EXCLUSIVE-OR
gate 173 with the selected chip code, gl(t).

As an equivalent transmitter, FIG. 7B illustrates a
transmitter for a PCN unit having PCN-spread-spectrum-
processing means as a PCN modulo~2 adder, embodied as an
EXCLUSIVE-OR gate 273. The EXCLUSIVE-OR gate 273 modulo-2
adds the converted data signal with the selected chip code,
g5 (£).

The PCN-transmitting means in FIG.- 7A and 7B may be
embodied as a PCN transmitter 175. The PCN transmitter 175
is coupled between the PCN—spread-spectfum modulator 173 and
antenna 179. The PCN transmitter 175 transmits across the
cellular bandwidth, the spread-spectrum-processed-converted
data from the PCN unit to the PCN-base station. The PCN
transmitter 175 modulates the spread-spectrum-processed-
converted data at a carrier frequency, fo- The carrier
frequency of the PCN transmitter and the cell transmitter
may be at the same or at different frequencies.

A kéy to the present invention is that the spread
spectrum signals are designed to be "transparent" to other
users, i.e., spread spectrum signals are designed to provide

negligible interference to the communication of other,

eI ve v,
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Each unwanted user's signal generates some interfering power whose
nagnltude depends on the processing gain. PCN users in adjacent cells
increase the expected interfering energy conpared to PCN users within a
particular cell by about 50% assuming that the PCN users are uni formy

di stributed throughout the adjacent celjbs. Since the interference increase
factor is not severe, frequency reuse is not enployed. Each spread

spect rum ceklistanguagepst ul thd rreddicehafidaf spréadnspesstrom ahgnalfdlsl 12-5

Mz band faafkfgsﬁy 08: abL6Rind!S! 46,13 EHaPabALEsOL 58! XaMkhblANa gha%% per

second and a coO ata r resu I N appr oxi mat e
proceSS|ngPﬁapﬂbéi1E259fc#ﬁ?ﬁ?iﬂﬂtqﬁmzfL L) andel PYKRB a?bl%ﬁbséfskllled in

the art thabttbBeisHnpespp! Pié GPYAanaer.eDi Eeabirexi 88t shyeggual to the
proceSSIHQSpectrum allow transmission between users of a spread
spectrum CDMA communications system without the existing
users of the mobile cellular system experiencing significant
interference. The present invention makes use of LPI and
LPD with respect of the predetermined channels using FM'in a
mobile cellular system; By having the power level of each
spread spectrum signal below the predetermined level, then
the total power from all spread spectrum used within a cell
does not interfere with users in the mobile cellular system.

Spread spectrum is also "jam" or interference
resistant. A spread spectrum receiver spreads the spectrum
of the interfering signal. This reduces the interference
from the interfering signal so that it does not noticeably
degrade performance of thie Spread spectrum system. This
feature of interference reduction makes spread spectrum
useful for commercial communications, i.e., the spread
épectrum waveforms can be overlaid on top of existing
narrowband signals.

The present invention employs direct sequence spread
spectrum, which uses a phase modulation technique.' Direct
sequence spread spectrum takes the power that is to be
transmitted and spreads it over a very wide bandwidth so
that the power per unit bandwidth (watts/hertz) is
minimized. When this is accomplished, the transmitted
spread spectrum power received by a mobile cellular:user,
having a relatively narrow bandwidth, is only a small
fraction of the actual transmitted power.

In a mobile cellular system, by way of example, if a
spread spectrum signal having a power of 10 milliwatts is
spread over a cellular bandwidth of 12.5 MHz and a cellular
user employs a communication system having a channel
bandwidth of only 30 kHz, then the effective interfering
power due to one spread spectrum signal, in the narrow band
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gain. Thus, up to 1250 users can operate in the 12.5 MHZ bandw dth of the
nobil e cellular system To ensure that the PCN system does not degrade the
performance of the nobile cellular system note that the -18- currently
exi sting FDVA systemrequires a signal-to-noise ratio (SNR) of 17 dB. The
proposal TDMA systemw |l require a signal-to-noise ratio of 7 dB. The PCN
CDVA systemrequires an SNR of 4 dB. The %CN user is not all owed to

Srant {1 Sant Ll SLiShen"chBeblie MU by Bkl T pover
12.5 MHz/30 kHz which is approximately 400. Thus, the
effective interfering power is 10 milliwatts divided by 400
or 0.025 mW. For fifty concurrent users of spread spectrum,
the power of the interfering signal due to spread spectrum
is increased by fifty to a peak interfering power of
1.25 nW.

The feature of spread spectrum that results in
interference reduction is that the spread spectrum receiver
actually spreads the received energy of any interferer over
the same wide bandwidth, 12.S MHz in the present example,
while compressing the bandwidth of the desired received
signal to its original bandwidth. For example, if the
original bandwidth of the desired PCN data signal is only
30 kHz, then the power of the interfering signal produced by
the cellular base station is reduced by 12.5 MHz/30 kHz
which is approximately 400.

Direct sequence spread spectrum achieves a spreading of
the spectrum by modulating the original signal with a very
wideband signal relative to the data bandwidth. This
wideband signal is chosen to have two possible amplitudes,
+1 and -1, and these amplitudes are switched, in a "pseudo-
random" manner, periodically. Thus, at each equally spaced
time interval, a.decision is made as to whether the wideband
modulating signal should be +1 or -1. If a coin were tossed
to make such a decision, the resulting sequence would be
truly random. However, in such a case, the receiver would
not know the sequence a-priori and could not properly
receive the transmission. Instead, chip-code generator
generates electronically an approximately random sequence,
called a pseudo-random sequence, which is known a-priori to
the transmitter and receiver.

To illustrate the characteristics of spread spectrum,
consider 4800 bps data which are binary phase-shift keyed
(BPSK) modulated. The resulting signal bandwidth is
approximately 9.6 kHz. This bandwidth is then spread using

USLINTT
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[err] = .5 watts. The power transmtted by a PCN user, [err] = 10
mlliwatts. Assune that the nobile cellular users and the PCN users enpl oy
adaptive power -control so that at the cellul ar-base-station and the
PCN-base station, the received power levels are proportionally the sane.
Four |inks nmust be examined in order to assess system performance: the
effect of the PCN-base station on the cadRtular user; the effect of the
cellul ar-base station on the PCN user; the effect of the PCN user on the
cel lul ar- ISt o5 PHHENGH FRTRA:SPESEINR tRel M%) arTRIESr Bt he PON-base

station. Fggrédess Dhd ayaing, analigsSiappraginatelpalsdheoPGY kse station and
the cellul ar- bas%f%z%éé’%e"ff Hsegated g0de Naysiddf SAFadd ANl Ler

power, e.g.,
with 4800 bps data which is modulo-2 added to a spread-.

spectrum-chip—code signal, g;(t), having a chip rate of 8
Mchips/sec. The resulting spread-spectrum data are binary-
phase-shift keyed (BPSK) modulated. The resulting spread-
spectrum bandwidth is 16 MHz. Thus, the processing gain is:
N = (8 x.10%) /(4.8 x 10°), which approximately equals 1600,
or 32 dB.

FIG. 8 shows the spectrum of this spread spectrum

~signal on an amplitude modulated 3 kHz sinuscidal signal,
when they each have the same power level. The bandwidth of
the AM waveform is 6 kHz. Both waveforms have the same
carrier fregquency. ' '

FIG. 9 shows the demodulated square—wave data stream.
Thls waveform has been processed by an._"integrator" in the
receiver, hence the triangular shaped waveform. Note that
positive and negative peak voltages representing a 1-bit and
0-bit are clearly shown. FIG. 10 shows that the demodulated
AM signal replicates the 3 kHz sine wave.

The AM signal does not degrade the reception of data
because the spread spectrum receiver spreads the energy of
the AM signal over 16 MHz, while compressing the spread
spectrum signal back to its original 9.6 kHz bandwidth. The
amount of the spread AM energy in the 9.6 kHz BPSK bandwidth
is the original energy divided by N = 1600; or,
equivalently, it is reduced by 32 dB. Since both waveforms
initially were of equal power, the signal~to-noise-ratio is
now 32 dB, which is sufficient to obtain a very low error
rate.

The spread spectrum signal does not interfere with the
AM waveform because the spread spectrum power in the
bandwidth of the AM signal is the original power in the
spfead spectrum signal divided by N , where

Nl = 16 MHz = 2670 (or 33 dB)
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Consi der the effect of the PCN-base station on a cellular user.

The power

of the spread-spectrumsignal fromthe PCNbase station is spread over 12.5
MHz. The " cel lul ar user, however, conmunicates on a predeterm ned channel

using FM which has a bandw dth of approximately 30 kHz. Thus,

the cel l ul ar

user has an effective processing gain w@igLrespect to the spread-spectrum
signal fromthe PCN-base station of approximtely 400, or 26 dB. The 26 dB

Craton s PaRgRoYRl, iHReadheliiratientherRiisloR Ui doiiad

st ati on andsésoel whye- ligs&3s€Bti on each have a transmitter power

RSN base

| evel of 10

watts, the procegpieNdigdct ¥b§hdScé madds ANt ddYedtaumtiyd£Lr ence

ratio at the cellul ar user, i.e., much hi en the

her t .
pseudo random sequences to gené%é%e é%e sp:eadlng sequence.

While there are many different possible sequences, the most
commonly used are "maximal-length" linear shift register
sequences, often referred to as pseudo noise (PN) sequences.
FIG. 11 shows a typical shift register sequence generator.

FIG. 12 indicates the position of each switch b, to

PN sequence of length L, where

L=2"-1

The characteristics of these sequences are inde
"noise like". To see this, if the spreading sequenc
properly designed, it will have many of the randomne
properties of a fair coin toss experiment where "1%
and "-1" = tails.. These properties include the foll

1) In a long sequence, about 1/2 the chips

will be +1 and 1/2 will be -1.

2) The length of a run of xr chips of the
same sign will occur about L/2r times in
a sequence of L chips.

3) The autocorrelation of the sequence
PNi(t) and PNi(t + 1) is very small
except in the vicinity of = 0.

4) The cross-~correlation of any two
sequences PNi(t) and PNj(t + 7) is
small.

Code Divigion Multiple Access ' .

Code division multiple access (CDMA) is a direc
sequence spread spectrum system in which a number, a
two, of spread-spectrum signals communicate simultan
each operating over the same frequency band. In a C
system, each user is given a distinct chip code. Th
code identifies the user. For example, if a first u
a first chip code, gl(t), and a second user a second

code, g,(t), etc., then a receiver, desiring to 1list
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required 17 dB. The effect of the cellular-base station fromthe PCN- base
station as follows. The spread-spectrumsignal from _ -19- the PCN base
station is spread by the chip rate of 6.25 negachi ps per second. The data
rate of the data in the spread-spectrumsignal is 4,800 bits per second.
Thus, the processing gain at the PCN userg4 s 6.25 negachi ps per second

di vided by 4,800 bits per second, which approxinmately equals 1,250, or
appr oxi mat ethe3fidBt Bsenpi ngcelreed Gt hitee asiteninan adnd oth&heelhehayyy base

station eacQefgVhy@a11 of the users. However, after despreading the
first user’s signal, the receiver outputs all the energy of
the first user but only a small fraction of the energies
sent by the second, third, etc., users.

CDMA is interference limited. That is, the number of
users that can use the same spectrum and still have
acceptable performance is determined by the total

" interference power that all of the users, taken as a whole,
generate in the receiver. Unless one takes great care in
power control, those CDMA transmitters which are close to
the receiver will cause the overwhelming interference. This
éffect is known as the "near-far" problem. In a mobile
environment the near-far problem could be the dominant

. effect. Controlling the power of each individual mobile
user is possible so that the received power from each mobile
user is the same. This technique is called "adaptive power
control". See U.S. Patent Application having Filing Date of
Novembef'ls, 1990, entitled, "Adaptive Power Control For a
Spread Spectrum Transmitter," by Donald L. Schilling, which
is incorporated herein by reference.

It has been proposed to set aside 10% of the mobile
cellular bandwidth, or 1.25 MHz, to employ CDMA. This
procedure would eliminate 10% of the currently exisfing
mobile cellular channels, which is approximately 5 channels,
thereby reétricting the use and access of present
subscribers to the mobile cellular system. Further, such a
procedure will disrupt current service as the base station

.

of each cell must be modified.

As a result of this procedure, the existihg users are
penalized, since the number of available channels are
reduced by 10% and a cellular company employing this
approach must modify each cell by first eliminatiqg those
channels from use and then installing the new CDMA

equipment.
The present invention is for a CDMA system which does
not affect existing users in so far as it does not require

[REPLACEMENT §
3 ONOV_1996

1




transm;te
signal-to-
ef fect of

r power of 10 WAtts, this processing gain yields an acceptable
interference ratio at the PCN user, i.e., 31 dB. Consider the
PCN users on the receiver at the cellul ar-base station. Assune,

for 'ease of calculations, that users .of the nobile cellular system and

users of the PCN system enpl oy adaptive_power control. The cellul ar user
transmts a power, [err] = 0.5 W and fRE7PCN user transnits a power [err]
= 10 MW E h ce eIIuIar ste sumed to have 50

cel lular us Ja¢196 %attﬁ:% WA e Sgéé n#’ég?ﬁ%?s/'e YS R S ishe
interfer enc:ia-ntmt:tm rmeewbxre:ify tsie@acal:leucaMAbagetm ataorbe sinsexrtned [err]

di vi ded by
12.5 WMHz/ 3

the s
existing operation of the FDMA moblle cellular system or the

forthcoming TDMA system.

Frfto PR S 105 A8 v A%, SBERRLBR! aieﬁi&pﬂ? PEPSESHIPIPI N s N =

e Proposal PCN S Spectrum CDMA Sys

The PCN spread spectrum communications system of the
present invention is a CDMA system. Spread spectrum Code
Division Multiple Access (CDMA) can significantly increase
the number of users per cell, compared to TDMA. With CDMA,
each user in a cell uses the same frequency band. However,
each PCN CDMA signal has a sepafate pseudo random code which
enables a receiver to distinguish a desired signal from the
remaining signals. PCN users in adjacent cells use the same
frequency band and the same bandwidth, and therefore
"lnterfere“ wlth one another. A received signal may appear
somewhat noisier as the number of users’ signals received by
a PCN base station increases.

Each unwanted user’s signal generates some interfering
power whose magnitude-depénds on the processing gain. PCN
users in adjacent cells increase the expected interfering
energy compared to PCN users within a particular cell by
about 50%, assuming that the PCN users are uniformly.
distributed throughout the adjacent cells. Since the
interference increase factor is not severe, frequency reuse
is not employed. Each spread spectrum cell can use a full
12.5 MHz band for transmission and a full 12.5 MHz band for
reception. Hence, using a chip rate of six million. chips
per second and a coding data rate of 4800 bps results in
approximately a processing gain of 1250 chips per bit. It
is well known to those skilled in the art that the number of
PCN CDMA users is approximately equal to the processing
gain. Thus, up to 1250 users can operate in the 12.5 MHz
|

l-r......... e e AetaA—

To ensure that the PCN system does not degrade the

bandwidth of the mobile cellular system.

performance of the mobile cellular system, note that the
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_ 14
interference ratio is Nerr] = 400 (1/2)/K(2.01) 2x10[err]/ REP'
Assum rng 200 PCN users (K = 200), yields a. signal-to- interfe'ence t|o -
of 20 dB, which exceeds the 17 dB signal to interfere ratio regu @Hﬁ 1996
t he FDVA used today and greatly exceeds the 7 dB signal-to-intgerference
rati o needed in the projected TDVA sysbamr The presently depl oyed nobile
cellular systemtypically has P 500 mlliwatts for hand held

t el ephones curéntiy equatsn@r@rwatsysrt@m XGAYABET| @ FHERALTEPTNebFenes.

Thus, the foreggi E‘QNﬁ?abfsiﬁ dUITHRS ptrh:%bshlle‘l‘m §§Steh DB £6qaipaVer
Ievel of ten mlliwat

f oregoi ng ﬁbm%%gP%%ng’Bﬂ £}¢Q¥¥6§%g 5£2t?%ﬁ gﬁé E%ég %T3I|gge

recei ves arrequires an SNR of 4 dB. The PCN user is not allowed to
significantly interfere with the mobile cellular system.
The power transmitted by a mobile cellular user,
Peprr ™ .5 watts. The power transmitted by a PCN user,
Poen = 10 milliwatts. Assume that the mobile cellular users
and the PCN users employ adaptive power control so that at
the cellular-base station and the PCN-base station, the

received power levels are proportionally the same. Four
links must be examined in order to assess system
performance: the effect of the PCN-base station on the
cellular user; the effect of the cellular-base station on
the PCN user; the effect of the PCN user on the cellular-
base station; and the effect of the cellular user on the
PCN-base station. For the following analysis, assume that
the PCN-base station and the cellular-base station are -
collocated and have the same transmitter power, e.g.,

10 Watts. '

Consider the effect of the PCN-base station on a
cellular user. The power of the spread-spectrum signal from
the PCN-base station is spread over 12.5 MHz. The cellular
user, however, communicates on a predetermined channel using
FM, which has a bandwidth of approximately 30 kHz. Thus,
the cellular user has an effective processing gain with
respect to the spread-spectrum signal from the PCN-base
station of approximately 400, or 26 dB. The 26 4B means
that the power level of the spread-spectrum signal :from the
PCN-base station is reduced at the cellular user by 400.
Assuming that the PCN-base station and cellular-base station
each have a transmitter power level of 10 watts, the
processing gain yields an acceptabie signal-to~-interference:
ratio at the cellular user, i.e., much higher then the
required 17 dB.

The effect of the cellular-base station from the PCN-
base station as follows: The spread-spectrum signal from
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interfering power |evel from50 cellular users, of 50 timnept

a processing gain for the PCN system of -20- N = 1250, ; T”“ ]
'signal -to-interference ratio results at the PCN- base statﬁ@n Gﬁ}ﬁbv é
mV x 1250)/(1 Wx 50), yielding S/I = 1/4 which is -6 dB. me recei ver

the PCN-base station requires a signal to noise ratio of dB~~¢he»PequuLed
SNR can be realized at the PCN-base statjon with a band réject filter for
not ching out the signals fromthe cel | GFAT users in the 30 KFE '

predet erm ged ghannels MM RLOBSLLYa8S! NS R Gy il ter, a 20 dB

6.2% megachips per second. The data rate of the data in the
spread-spectrum signal is 4,800 bits per second. Thus, the
processing gain at the PCN user is 6.25 megachips per second
divided by 4,800 bits per second,. which approximately equals
1,250, or approximately 31 dB. Assuming the PCN-base
stacion and the cellular-base station each have a
transmitter power of 10 Watts, this processing gain yields
an acceptable signal-to-interference ratio at the PCN user,
i.e., 31 d4B. '

Consider the effect of PCN users on the receiver at the
cellular-base station. Assume, for ease of calculatione,
that users of the mobile cellular system and users of the
PCH system employ.adéptive power control. The cellular user
transmits a power, Peprr, = 9-5 W, and the PCN user transmits
a power Py = 10 mW. Each cell of a mobile cellular system
is assumed to have 50 cellular users, and the PCN system is
assumed to have K users. The interference to the receiver
of the cellular-base station is N times P,., divided by the
processing gain. As shown before the processing gain is
N = 12.5 MHz/30 kHz = 400 or 26 dB. Thus, the signal-to-
interference ratio is '

NPCELL/(K X PPCN) = 400 (1/2)/K(2.01) = 2xlq4/K;
'Assuming 200 PCN users (K = 200), yields a signal-to-
interference ratio of 20 dB, which exceeds the 17 dB signal
te interfere ratio required for the FDMA used today and
greatly exceeds the 7 dB signal-to-interference ratio needed
in the projected TDMA system. The presently deployed mobile
cellular system typicaily has PCELL = 500 milliwatts for
hand held telephones and PCELL
automobile located telephones. Thus, the foregoing analysis
requires that the PCN user transmits a power level of ten
milliwatts, P = 10 mW. '

PCN
Consider the effect of the foregoing power levels on

eéquals one watt for

the PCN-base station. The PCN-base station receives an
interfering power level from 50 cellular users, of 50 times

one Watt., With a processing gain for the PCN system of



signal -to-interference ratio can readily be achieved. FIG 13 illustrates a
conb-notch filter 333 inserted in a receiver of a PCN-base ﬁ&ggha@%égh PRy
receiver includes a | ow noise anplifier 331 coupl ed betweerj*t-he'ant enta "33

ant’ enta Y328
and ‘a down converter 332. The conb-notch filter 333 is cougl dd between th ﬁ
down converter 332 and spread-spect?um denodul at or 334. A dernodd0GY 1885
I's coupled to the spread-spectrum denodul ator 334. The conb-{notch filter ﬁ
333 in this illustrative exanpl e operates at an internediatje Treguency—amnd’
removes interference fromthe nobile cerfrar system Fromithe foregoing
anal ysis, a_persaon of ski.ll in,the

i nvention wh F #2°8« & §ﬂﬁ@§&7§8§&P?%%F%§§ﬁ g;éggﬁéPgéﬁégg?grgzﬁﬂé PCy-
pre-exi stindpase station of S/I = (10 mW x 1250)/(1 W X 50), yielding
S/I = 1/4 which is -6 dB. The receiver at the PCN-base
station requires a signal to noise ratio of 4 dB. The
required SNR can be realized at the PCN-base station with a
band reject filter for notching out the signals from the
- cellular users in the 30 kHz predetermined channels. With a
properly designed comb-notch filter, a 20 dB to 30 4B
signal-to-interference ratio can readily be achieved.
FIG. 13 illustrates a comb-notch filter 333 inserted in
a receiver of a PCN-base station. The receiver includes a
low noise amplifier 331 coupled between the antenna 330 and

,
|
i

a down converter 332. The comb-notch filter 333 is coupled
between the down converter 332 and spread-spectrum
demodulator 334. A demodulator 335 is coupled to the
spread-spectrum demodulator 334. The comb-notch filter 333
in this illustrative example operates at an intermediate
frequency and removes interference from the mobile cellular
system. |

From the foregoing analysis, a person of skill in the
art recognizes that the present invention will allow a
spread-spectrum CDMA system to overlay on a pre-existing
FDMA mobile cellular system, without modification to the
pre-existing mobile cellular system. The present iﬁvention
allows frequency reuse of the already allocated frequency
spectrum to the mobile cellular system. At the same time
performance of the mobile cellular system is not degraded.
The PCN system may add an increase of 200 PCN users over the
50 cellular users. The present system performance
calculations are considered conservative, and an increase in
PCN users may be greater than the estimated 200.

It will be apparent to those skilled in the art that
various modifications can be made to the spread spectrum
CDMA communications system of the instant invention without
departing from the scope or spirit of the invention, and it

is intended that the present invention cover modifications



FDVA mpbil e cel lular system w thout nodification to the pre-existing
nobil e cellular system The present invention allows frequency reuse of the
al ready allocated frequency spectrumto the nobile cellular system At the
sanme time performance of the nobile cellular systemis not degraded. The
PCN system may add an increase of 200 PCN-users over the 50 cellul ar users.
The present system performance cal cul ati ons are consi dered conservative,
and an increase in PCN users may be greater than the estimted 200. It wll
be apparent to those skilled in the art Ehat various nodifications can be

made to t herspread stpikly W GIMA 003N spRIRAS THMAC BopluhR 1St ant

i nvention gféyg% rdl fromthe.scope or spirit of the invention, and
it is intended that theéégg“éleerﬁ SCFe %El‘ecé\?&penﬁcfi theapppreded '

claims and their equivalents.

R

7 SHEET
3 0 NOV 1994




-21- and variations of the spread spectrum CDVA communi cations system.

provided they cone in the scope of the appended cl
equi val ent s. -22- | CLAIM 1. A Spread spectru&WﬂEj"ﬂMﬂm, ons -
system for communicating data and/or digitized vo
_22—
I CLAIM:
1. A spread spectrum CDMA communications system for
communicating data and/or digitized voice between a
plurality of PCN units, said spread spectrum communications
system located within a same géographical region as occupied
by a mobile cellular system with each cell of the mobile
cellular éystem having a cellular bandwidth divided into
predetermined channels and guard bands between the
predetermined channels, and having cellular-users
communicating on the predetermined channels, said spread
spectrum CDMA communications system comprising:
a plurality of PCN-base stations located within
the mobile cellular system for communicating data to the
plurality of PCN units, each of said PCN-base stations

including, _
base means for converting the format of the

data into a form suitable for communicating over
radio waves; |
base-product means for spread spectrum
processing the data; and
base means for transmitting across the
cellular bandwidth, the spread spectrum processed
converted data from the PCN-base station to a PCN
unit; _
a plurality of PCN units, each of said PCN units
including, ' '
a PCN antenna; and
PCN detection means coupled to said PCN
~antenna and including PCN-spread-spectrum-
processing means, for recovering data communicéted

from said PCN-base station.

2. The spread spectrum communications system as set
forth in claim 1 wherein said PCN detection means includes
means for converting the format of the data into a form

suitable for a user.

« JREPLACEMENT _s_-.hE“Ti
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plurality of PCN units, said spread spectrum comruni cations - system t-ocated—

wi t hin"a same geographical region as occupied by a nnbile’ ‘u
wi th each cell of the nobile cellular system having-a cel ’"i mmmmm
di vided into predeterm ned channel s and guard bands betweeh thet n s &
predet erm ned channel s, and having cellul ar-users comuni cating on the
predet ermi ned channel s, said spread sp@ettTum CDMA conmuni cati ons system

conprising: a plurality of PCN base stations l|l.ocat.ed within the nobile

cel | ul ar system-f or ¥ RARTSES iﬁ?@cg’é?‘&‘ CETERD LSRN FYS PR UMa%s, each
of said P@Edrasdrstaidions iwhenedinga ida PENTsprealiors peartramt-predds ifray mat
of the datgnd Q1D SR R LeotaMUR G¥dNI ALY code for

comparison to signals received for recovering data sent from
said PCN-base station to said PCN unit.

4. The spread spectrum communications system as set
forth in claim 1 wherein said PCN-spread-spectrun-processing
means includes means for synchronizing said PCN-spread-
spectrum-processing means to received signals.

5. The spread spectrum communications system as set
forth in claim 1 wherein said spectrum processing means at
said PCN-base station includes means for processing data for
particular PCN units with a selected chip code.

RE?L j‘i , : Bskvan
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radi o waves; base-product neans for spread spectrumprocessing-the data;
and base neans for transmtting across the cellular pread
spectrum processed converted data fromthe PCN-base ﬁﬂﬁ F‘““)M unit;
a plurality of PCN units,-each of said PCN units |n ant enna,;
and PCN detection neans coupled to saithfZCN antenna and i ncl udi ng

- PCN-spread- spectrum processing means, for recovering data communicated
from said PCN-bgse stalkpBad spectrum CDMA communications system for

communicating data and/or digitized voice between a
plurality of PCN units, said spread spectrum communications
system located within a same geographical region as occupied
by a mobile cellular system with each cell of the mobile
cellular system having a cellular bandwidth divided into
predetermined channels and guard bands between the
predetermined channels, and having cellular-users
communicating on the predetermined channels, said spread
spectrum CDMA communications system comprising:

a plurality of PCN units, located within a same
geographical region as occupied by a mobile cellular system
for communicating data to a plurality of users, each of said
PCN units including, '

PCN-product means for spread spectrum
processing the data; and

PCN means for transmitting across the
cellular bandwidth, the'spread spectrum processed
converted data from said PCN unit to a PCN-base
station;

a PCN-base station including,

a base antenna;

base-comb means coupled to said base antenna
for notch filtering the predetermined channels;
and '

base detection means coupled to said base-
comb means, said base-detection means including
base-spread-spectrum-processing means, for
recovering data communicated from said PCN unit.

7. . The spread spectrum communications system as set
forth in claim 6 wherein said base detection means includes
neans for converting the format of the data into a form

suitable for a user.

REPLACEMEN] SHEET




2. The spread spect rum conmmuni cati ons system as set_Lgrih inclaiml

wherei n said PCN det ecti on neans incl udes neans for. i ng the format
of the data into a formsuitable for a user. -23- 3 ' ﬂﬁ'"""
spect rum conmuni cati ons systemas set forth in cIa|n11

PCN- spr ead- spect rum processi ng means includes neans for storlng a |'ocdl
chip code for conparison to signals recg%ved for recovering data sent from
said PCN-base station to said PCN unit. The spread spectrum

communi cat i ons %MStGQ%%SsB%Ead spectrum communications system as set
forth in claim 6 wherein said base-spread-spectrum-
processing means includes means for storing a local chip
code for comparison to signals received for recovering data
sent from said PCN-base station to said PCN unit.

9. The spread spectrum communications system as set.
forth in claim 6 wherein base-spread-spectrum-processing
means includes means for synchronizing said processing means
to received signals.

10. The spread spectrum communications system as set
forth in claim 6 wherein said base-spread-spectrum-— |
processing means at said PCN-base station includes means for
processing data for particular PCN units with a selected-

chip code.

11. The spread spectrum communications system as set
forth in claim 6 wherein said means for transmitting
transmits data in a time division format.




forth ip claiml wherein said PCN—spread-spectrun?processhﬂg~neans_hneLudes

means for synchroni zing said PCNspread- spectrum proc ' t
recei ved signals. 5. The spread spectrum conmuni cati ﬁmmﬂumnﬂ&"ﬂ
forth in claim1l wherein said spectrum processing nmeans+* atc sal dn e
station includes neans for processing data for particular PCN units with a
sel ected chi p code. -24- 6. A spre spect rum CDVA conmuni cati ons

system for comunicating data and/or digitized voice between a plurality of
PCN units, said,;spreqd SRQGHLURLCOPIY L&A IS for use with a PCN-base
station of a spread spectfum CDMA communications system for
communicating data and/or digitized voice between a
plurality of PCN units, said spread spectrum communications
system located within a same geographical region as occupied
by a mobile cellular system with each cell of the mobile
cellular system having a cellular bandwidth divided into a
plurality predetermined channels and guard bands between the
predetermined channels, and having a plurality of cellular-
users communicating on the predetermined channels, said
spread—-spectrum receiver comprising:
a base antenna;
comb-~filter means for notch filtering the
predetermined channels; and '
- base detection means for recovering data
communicated from said plurality of PCN units.

13. The spread-spectrum receiver as set forth in claim
12 wherein said comb filter means includes a notch filter
having band rejection at the plurality of predetermined
channels.




system | ocated within a same geographical region as occupied by a nobile
cel lulvar systemwi th each cell of the nobile ceIIuIan,wysten1haV|ng - —
cel lul ar bandw dth divided into predeterm ned channelsﬂquyeuar =38l
between the predeterm ned channels, and having cellufar-u
on the predeterm ned channel s, sald sphgad spectru bt
system conprising: a pIurallty of PCN units, |ocated within a Same
geogr aphi cal region as occupied by a nobile cellular systemfor
-comuni cating data to a pluralit ald PCN units
i ncl udi ng, PCN- pr odu@PREAHSBE ‘ ing the data; and
PCN nmeans for transmtting across tQQST

A spread spectrum CDMA communlcations system for
communicating data and/or digitized voice between a
plurality of users to a plurality of PCN units. The spread
spectrum communications system is located within a same
geographical region as océupied by an existing FDMA,
proposed TDMA or any other mobile cellular system. The
spread spectrum CDMA communications system includes a
plurality of PCN-base stations and a plurality of PCN units.
A PCN-base station has a comb filter for notch filtering
predetermined channels of the mobile cellular system, a
device for converting the format of the data into a form
suitable for communicating over radio waves, a spread
spectrum modulator for spread spectrum processing the data,
and a transmitter for transmitting the spread spectrum
processed converted data from the PCN-~base station to a PCN
unit. The PCN-base station alsc has an antenna, and spread
spectrum detectors for recovering data communicated from the
PCN units. A PCN unit has an antenna, and a detector
coupled to the antenna for recovering data communicated from
the PCN-base station. The detector includes a spread
spectrum demodulator. Also, the PCN unit has a device for
converting the format of the data into a form suitable for
communicating over radio waves, a spread spectrum modulator

and a transmitter.
Fig. 13
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cel lul ar bandwi dth, the spread spectrum processed converted data from said

PCN unit to a PCN-base station; a PCN-base station includin
antenna; base-conb neans coupled to said base antenna for n
the predeterm ned channel s; and base detection nmeans coupl e
conb neans, said base-detection neans including

base- spread- spectrum processi ng neans, for/9ecovering data

g, a base

thhfiltering
cﬂd%hﬁﬁy__;;,;fﬁ

CQg

{
{
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fromsaid PCN unit. 7. . The spread spectrum_conmuni cati ong systenlas
forth in claim6 wherein said base detecti oy means i ncl udeg b=
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means for converting the format of the data into a formsuitable for a
user. ° -25- 8. The spread spectrum conmuni cati ons systemas set forth in
claim 6 wherein said base- spread-spectrum processing means includes neans

for storing a local chip code for conparison to si gnal s regel ved. for iy
recovering data sent from said PCNbase station to said PORE LT T2 The
spread spectrum comuni cations systemas set forth'in clai

base- spread- spect rum processi hg nmeans i ncl udes neans for r‘crﬁgﬁ\;@( R%?%al d

processi ng nmeans
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to received signals. 10. The spread spectrum comuni cations system as set
forth in claim6 wherein said base-spread-spectrum processing ns-.at. -
sai d PCN-base station includes means for processing data for '
units with a selected- chip code. 11. The spread spectrum co ations l

systemas set forth in claim6 wherein said neans for transmtgi E@ﬁﬁ@i ?‘i@% |
transmts data in a tinme division ermat -26- 12. A spreaci spe trum - -J
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communi cated fromsaid plurality of PCN units. 13. The spread-spectrum
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