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L. A method for simulating signal interference in a
communication system in which information is communicated over at
least one communication channel, comprising the steps of:

determining a first composite signal energy for signal transmission
within said communication system over a first set of simulated
communication channels;

determining a first average data rate for said first composite signal
energy;and at least

adjusting  level of signal energy transmitted over said ,one
communication channel in response to a first interference signal which is
based on said first composite signal energy and average data rate.

20. A system for simulating signal interference in at least one
communication channel in a communication system in which a base
station in one cell communicates information signals with other users over
such communication channels, comprising:

means for providing an electronic noise signal;

controller means for generating a noise intensity controlled signal
based on a determination of signal energy transmitted by said base station

over a first set of simulated channels; and
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(11) AU-B-30990/95 -2-
(10) 700994
means for adjusting the energy of said noise cignal in response to sad

noise intensity controlled signal.

33 In a commumcation svstem an which anformation e

transmitted over at least one communication channel, a system for
) o \east
simulating interference 1n said,\one communication channel comprising:

a source of electronic noise, said electrical noise having a relatively
uniform spectral density over a predetermined bandwidth;

a controller for generating a first random Gaussian controlled process
indicative of signal transmission over a first set of simulated
communication channels, said control process being formed based upon
first and second Gaussian processes corresponding to a first average data rate
and a first average power fluctuation of said signal transmission;

a filter, coupled to said source of electronic noise, for filtering said
electronic noise in accordance with first said random Gaussian control
process; and

a transmitter, coupled to said filter, for transmitting said filtered

electronic noise over said one communication channel.
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(84) Title: METHOD AND APPARATUS FOR SIMULATING INTERFERENCE RECEIVED BY SUBSCRIBIRS IN A SPREAD

SPECTRUM COMMUNICATIONS SYSTEM

{S§7) Abstract

A method and apparatus for
simulating signal interference in
one communication channel within
a communication system, such
as cellular or wireless subscriber
telephone and/or data systems. The
communication system may be of
a cellular type in which users from
a plurality of cells communicate
information  signals between one
another using at least one base
station (12, 14) and code division

r

muluple access (CDMA) spread
spectrum  type  communication
signals (20, 22. 24, 26). The base
station (12, 14) is included 1n a first
of the cells and has a transmtter
(260) from which informauon
is transmitted to subscriber units
(16, 18, SU) over at least one
communication channel. The
disclosed method includes the step
of determining a first composite
signal energy associated with signal L
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transmission from the base station transmitter over a first set of simulated communication channeis

The simulation method further

contemplates eshmating a first average data rate for the first composite signal energy. Signal power transputted over the one communication
channel is adjusted in accordance with a hrst interference signal (140, 150t which 1s based on the fint compowte signal energy and hirst
average data rate. In a preferred implementation, a delermination 1s also made of a second composite signal e rgy associated with signal
transmissions from base station transmitters in other cells over a second set of simulated communication channels. An estimate 1s aivo
made of a second average data rate for the second composite signal energy to enable generation of a second interference signal (92
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Method and Apparatus for Simulating Interference Received by
Subscribers in a Spread Siectrum Communications System

BACKGROUND OF THE INVENTION

I. Field of the Invention

This invention relates generally to wireless communication networks
such as, for example, cellular wireless local telephone systems and personal
communication systems. More specifically, this invention relates to a novel
and improved system and method for communicating information, n
mobile cellular or satellite telephone systems, using spread spectrum ty pe

communication signals.

II. Description of the Related Art

The use of code division multiple access (CDMA) modulation
techniques is one of several methods for facihtating commumcations 1n
svstems accommodating a large number of users. Other multiple access
communication svstem techniques, such as time division multiple access
(TDMA), frequency division multiple access (FDMA) and AM modulation
schemes such as amplitude companded single sideband are hknown in the
art. However, CDMA spread spectrum modulation techniques have
significant advantages over other modulation techmques for multiple access
communication svstems. The use of CDMA techniques in a multiple access
communication system is disclosed in L. S. Pat. No. 4,901,207, 1sued
February 13, 1990, entitled "SPREAD SPECTRUM MULTIPLE ACCLSS
COMMUNICATION SYSTEM USING SATELLITE OR TERRLSTRIAL
REPEATERS", and is assigned to the assignee of this invention.

In U. S. Pat. No. 4,901,307 referenced above, a multiple access
technique is disclosed where a large number of wireless svstem users each
having a transceiver, communicate through satelhite repeaters or terrestrial
base station transceivers using CDMA spread spectrum communication
signals.  In using CDMA communication techniques, the frequency
spectrum can be reused multiple times thus permithing an ancrease n
svstem user capacity. The use of CDMA results in a much higher spectral
efficiency than can be achieved using other multiple access techmques.

The CDMA technigques as disclosed in U. & Tat. No. 4,901,307
contemplate the use of relatively long high speed pseudonorse (PN
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sequences with each user channel beinyg asaigned a ditterent PN wequence
The cross-correlation be*ween ditterent P\ sequences and  the
autocorrelahon 1t a PN seauence tor all time shitts other than zero both
have average values close to zero  In this wav cignals sy amut § from a
base station over a “forward communication hink are cipable of being
discriminated between upon reception by remote user or subscrniber units,

However, because such PN signals are not completely orthogoenal,
over brief time intervals mutual interference nowse 1s created between them.
This interference noise arnises despite the tact that the cross-carrelations of
the PN signals average to near zero, since for a short time intenval, 10, an
information bit length, the cross-correlation follows a binomial distribution
As such, the forward hink signals intertere with each other much the same
as if thev were wide bandwidth Gaussian noise at the same power spectral
density. Accordingly, this type of mutual interference among signals
transmitted over a forward hink tends to hmit achiesable communication
svstem capacity.

In U. S. Patent No. 5,103,439, issued Apnl 7, 1992 entitled "SYSTEM
AND METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDVMA
CELLULAR TELEPHONE SYSTEM", also assaigned to the asagnee of thas
invention, and which 1s incorporated herein by reference wre s disdlosed
a novel and improved method and svstem for constructing P\ sequences
that provides orthogonahity between signals transmatted o subscribers over
the forward link so that mutual interference s reduced  Such o reduction in
mutual interference allows tor higher svatem capacity and better hink
performance Since using orthogonal PN cades make the crosscorrelation
zero over a predetermined tme interval, no mutual interterena arises,
provided that the code time frames are aligned with each other

In the svstem described an the just mentioned patent. a preterred
waveform mmplemented imvolves using a diredt sequence PN spread
spectrum carrter. The chup rate of the PN carpier was chosen to be 1.2288
MHz in the preterred embodiment  One consideration imolved i the
choice of chip rate 15 that it be exactlv divisible by baseband data rates to be
used 1n the communication svstem. [t s also desirable for the dhap rate to b
a power of two times the baseband data rate  In the preterred embodiment,
the baseband data rate 1~ 9600 tats per second. leading to a choree of 1.2288
MHz, which is 128 (27) imes 9600 for the P\ chip rate
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In communications occurning between o lular base stations and
vanous mobile umits the code sequences used for spraading the spectrum
are constructed from twe difterent types of sequences each with ditterent
properties to provide differe. t functions  There 15 an outer code that s
shared by all signals in a cell or sector that s used to discniminate betw een
multipath signals. The outer code 18 also used to divcniminate between
signals transmitted by different cells or sectors to the mobile units  There 1s
also an inner code that 1s used to discriminate between user smignals
transmitted within a single sector or cell.

Implementation of a cellular CDMA system capable of providing
adequate service to a particular geographic region generally involves
consideration of a number of factors beaning upon sistem pertormance  For
example, it s generally necessary to consider the extent of the available
frequency spectrum, as well as the potential for coordination with other
nearby communication systems. In addition, constraints imposed by
thermal noise and interference generated by the vanous remote users or
subscriber units needs to be taken nto consaderation Estimates of
interference are of particular concern within CDMA «custems wnce power s
transmutted by the subscnber umits over the same bandwidth rrespective of
location within the cellular coverage area.

Interference on a fonward, 1 e, cell-to-subsenber, hink can occur when
base stations within neighboring cells use the same or an adjacent CDMA
communication or radio channel as that intended for reception by a
particular subscriber unit.  In order to evaluate swdtem performance under
realistic conditions, a selected number of subseniber units mas be deploved at
vanous distances from multiple base < tations as a means of estimating
forward hnk nterference Jovels  However, attempling to determane
forward hnk interference through such field tests requares the avastabdits of
many multiple subscriber units and base stations This would predude
complete svstem calibration when the number of base statnons available
during initial system testing was less than the number to eventually be
in-talled.

Accordingly at 15 an object of the present imvention t provide a
svstem for simulating interterence due to senal transnussaon from base
stations to subscriber units within a COMA communication sy <tem
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SUMMARY OF THE INVENTION

In summary the present invention provsdes a method and gf paratus
for simulating signal interference ansing within a communu ation system

Jt

such as a wireless subsenber telephone and or data svotem The
communication system s preferably a tvpe in which remote users or
subscribers from a plurahty of cells communiate information agnals
between one another or to public switched telephone networks using at least
a one base station and code division multiple access (CD\MA) spread
10 spectrum type communication signals  The base station has at least one
transmutter from which information 15 transmutted to subscriber units over
at least one communication channel and s located 1in a first of the cells
The inventive method for simulating signal interterence 1n the at
least one communication channel includes the step of determining a first
15 compostte signal energv assoaated with signal transmission from the base
station transmitter over a first set of simulated communication channels. A
determination 15 also made as to a first average data rate for transnussion of
the first composite signal energy, which can be based on a rate established for
various users within the system. Signal power transnmutted over the one
¢ communication channel 1s adjusted in accordance with a first interterence
signal which s provided at a power level determined on the basis of the first
composite signal energv and average data rate  The first interterence signal
1 transmitted over the at least one communication channel.

When svstem users or subscrnibers are already deplosed usang
channels 1n the communication svstem, a determination can be made as to
the number of equivalent simulated channels needed by reducing the
number of desired simulated channels by the number or real channels
alreadv 1n use. A deternunation of signal energy transmutted over the
equivalent number of channels and associated average data rate are then
30 used to determine the composite signal energy.  In addition, the real remote
users can be momitored to determine both the number of channels in use

t9
Pl

and either actual interference or volume of communication traffic.

The present invention also contemplates determining a second
composite signal energy tor signal transmissions over a cecond set of
simulated channels. A similar determination 15 made of a second average
data rate at which this signal energy 1< transmitted 1n the <econd set of
simulated channels. This allows generation of a second anterterence signal

w
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based on the second composite signal energy and averaye data rate The
seond interference signal can be used to modity the first

The first interference signal represents an o hogonal aintortorence
component assouated with signal transmission anside the first cell w hile the
second interference signal represents a non-orthogonal interterence
component assouated with signal transmission outside of the first cell The
power of signal energy transmitted over the first communication channel 1o
adjusted 1n accordance with the orthogonal and non-orthogonal «ignal
energes.

The first interference signal 15 typically provided by generating a
sequence of random varnables and then shaping their spectrum by filtening
them 1n accordance with a predetermined correlation tunction  The
sequence of random vanables can be scaled based on the first average data
rate, and shifted based on a magnitude of the first composite signal energs
In a preferred embodiment this 1s accomplished by <ynthesizing electrical
noise over a predetermined frequency band, preferably having a relativels
uniform spectral density, and then adjusting the energy level of thas
electrical noise in response to the value of the first composite cignal energy
and average data rate. The signai energyv can also be adjusted 1n response to
the second composite signal energy and average data rate for other
simulated channels. The invention further provides a technmique for
utilizing a random vanable sequence, such a< a Gaussian random variable,
to model variations 1n the first composite signal.

The apparatus for simulating <ignal nterference between
communication channels in the commumication svstem generallv has an
energ\ selection element which outputs the first composite signal energy for
signals transmitted over the first <et ot a desirea number of <imulated
channels and a data rate generation element that outputs the first average
data rate. A first interference signal generator coupled to the both the energy
seiector and data rate generator produces an output signal having a wignal
power based on the first composite signal power and average data rate.

A preferred first interference <ignal generator uses at least one
electrical noise signal generator with an output energy that 1~ adjustable 1in
response to a control signal input. At least one notse intensty cor troller
coupled to the control input of the noise source generator, and iteelf having
inputs coupled to the energv selector and data rate generator, provides a
control signal having a value that varies in response to changes in the
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signal eneryy and data rate or soimulated channds . At asta soaord e oy
selector can also be used which cutputs a secmd G posto s gra ome AN
stgnals transmitted by a second st ot sinulated channdds a 4 e noase
intensity controller i~ configured tr alse base sipna gencration g art on
the siznal po ver swhich s transautted by these other simulated channeds

In one aspect f the imvenhon the controller has an dlement tor
generating a sequence of random varables, and muans for scaling this
sequence based on the average data rate The controllcr als comprisws
means for shifting the sequence of random sarables basa! on 3 magnitude
of the first composite signal energy  In anothor aspact of tho amention the
nowse controller uses binary sequence generdtors to praduce Gausvan
random vanables at presclected rates and sequence filtars connaated Lo
recenne and filter these binary sequences basd onan csun gt 3 corrdlaaon
time of data signals carnied by the transmutted signal energy and on an
average energy fluctuation  In erither case the Altered deotronie nosse s
transterred over said one comimunication channel

BRIEF DESCRIPTION OF THE DRAWINGS

Additional purposes, objects and teatures of the imuannen wall i
more readilv apparent from the folloswn g detaaled Jdes nip on and
appended claims when tahen in conjuncticn with the dravangs i swhah

FIG. 115 a block diagram of an exemplary collular todop hone «ostem
which mav emplov the noe interteren ¢ simulation sustom of the presert
invention;

FIG. 2 illustrates a block diagram o an exen plary sut sonit or una
receiver equipment,

FIGS. 3A shows a hexagonally partitioned ropton corecsponding to the
coverage area of an exemplary multiple acces  commumcatt n sastem

FIG. 3B depicts a pair of adjacent hexagonal codls m Judod within the
coverage area of FIG. 3A;

FIG. 4 graphically represents interterence ansing from thard ticr cells
relztive to total interference;

FIG. 5 depicts a block diagram of an analog low-pass filter trym whict
may be derived a digital low-pass filter used 1n procesang a Gaussian noewse

sequence in accordance with the mvention;
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¢ mmuniaation hnks  In Figure 1 two such exemplary cell-sites 12 and 14
ar- shown along with mobie units 16 and 1s, where each mobile unit
in ludes a cellular telephone  Exemplary cell-wites 12 and 14, as discussed
herein and as illustrated in the drawings, are conwidered as providing
service to an entire cell. However, it should be understood that a cell may
be geographically divided into sectors with each sector providing service to a
ditrerent coverage area  Accordingly, handofts are generally required to be
made between sectors within a cell, while diveraity mayv also be achieved
benveen sectors as 1s done between cells.

In Figure 1, lines 20a-20b and 22a-22b, along with their respective
arrow heads, correspond to signal transmission which incdudes data
transmission over various traffic channels between cell-aite 12 and mobile
units 1n and 15, respectinely Similarhy hines 24a-24b and 2oa-20b represent
cemmunication between cell-site 14 and mobile umits 1» and e,
respectively  Cell-sites 12 and 14 nomunalls transmit using equal power

The coverage of cell-aite senvice areas or cells 1s designed or laid out in
ge graphic shapes such that the mobile units will normally be closest to one
cell-sate, and within only one sector it cell 1~ divided into sectors When the
m bile unit s adle, 1e no calls in progress the m bile umit «onstanth
m nitoes bt agnal transmisaions fron each neart v all-ate and
apph able, trom a single cell-steaf the cell ts se t nized  Mabile unit 16 can
determune whi hocell st s in by cmpaning spnal strength tor pilot sagnals
transmutte d from cellsites 12 and 14

n the example allustrated in Frzure Tom bide unit 1a nayv be
¢ awidered clwest t cellemite 12 When m bile unit 1o imitiates a <all o
¢ atr P message s transmutted t the nearest ad < te hore ol 120 Cedl
st 12 upon re eang the Gl ryuest mossage transtors the Oitled nun ber
t s\~tem ntr llerl Svepn nrr ler ] theno nro t e ol thr ugd
tr ST\t tho inteaded re 1 aent

should 3 wall beamitatc § w chinth e ISTN S nte o 1 tran mats the

intoematin tral file stesmn b area The o v tes 1 matan
traniemit @ paging Messae withnea 1o pe ' Vefase are that s
e nded e the alled roaprent m b e uses When the steado e g omt
mobiie umit hears (f fevaives the pade Message treep adsw il a0 nind
meseage that is tranemittcd t the nearest ¢ =« te The  nir message
« 2na < the ssstem ¢ e ler that th  patti v 7 ¢ -ste s an
¢ mmumcation with the prce I m b e urt C 9t o1 1 thent e tl
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call through this cell-site to the mobile unit. Should mobile unit 16 move
out of the coverage area of the inital cell-site, 12, an attempt 15 made to
continue the call by routing the call through another cell-site.

In the exemplary svstem of Figure 1, orthogonal Walsh functions are
assigned to user channels on the cell-to-subscriber link.  In the case of voice
channels, the digital symbol stream for each voice signal is multiplied by its
assigned Walsh sequence. The Walsh coded symbol stream for each voice
channel is then multiplied by the outer PN coded waveform. The resultant
spread symbol streams are thern added together to form a composite
waveform.

The resulting composite waveform 1s then modulated onto a
sinusotdal carnier, bandpass filtered, translated to the desired operating
frequency, amphfied and radiated by the antenna svstem. Alternate
embodiments of the present invention mav interchange the order of some
of the operations just described for forming the cell-site transmitted <ignal.
For example, 1t mav be preterred to multiplyv each voice channel by the outer
PN coded waveform and perform the filter operation prior to summation of
all the channel signals which are to be radiated by the antenna. It 15 well
known In the art that the order of linear operations mav be interchanged to
obtain vanous implementation advantages and different designs

The waveform design of the preterred einbodiment for cellular
service uses the pilot carrier approach for the cell-to-cubscniber hink, as 16
descnibed 1n L. S. Pat. No. 4.901.3)7  All cells transmit a pilot carnier using
the same 32,765 length <equence, but with ditterent iming stisets to prevent
mutual interterence.

As 1s described 1n greater detail below  the svmbol <tream tfor a
particular cellular user 1~ combined in a tirst v lusive OR operation wath
th~ Walsh sequence assigned to that user The Walsh tunction s typraally
(] cked at a rate ot 12255 M\Eiz, while in an exemplary vanable data rate
cistem including voice tacsamile (FAN an i high low-speed data channels
the intormate n ssmba | rate may vary trom appr uimately 75 Hz to 7ab0)
Hz The resulting coded wavetorm 1« ¢ mbined in a seaond exclusive OR
op~ratin with a binarv PN\ <equen ¢ als o (hed at 1223 MHz An
u;;enmal binary P\ sequence 1= used t on ode each subscniber channel
within a particular sector ¢t the coverage area «f the Gellular «astem As a
consequence ot the vrthogonihity »f the Walsh coding sequences, each
ceduence mav be used O pracess user data noa single RE nannel asso aated
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with such a sector without inducing interference among the users within
the sector.

Prior tc application of Walsh coding, the signals carried by each
channel may also be convolutional encoded, with repetition, and
interleaved in order to provide error detection and correction functions
which allow the system to operate at a much lower signal-to-noise and
interference ratio. Techniques for convolutional encoding, repetition, and
interleaving are well known in the art. The resulting signals are then
generally modulated onto an RF carrier and summed with the pilot and
setup carriers, along with the other voice carriers. Summation may be
accomplished at several different points in the processing such as at the IF
frequency, or at the baseband frequency either before or after multiplication
by the PN sequence associated with the channels within a particular cell.

Each voice carrier may also be multiplied by a value that sets its
transmitted power relative to the power of the other voice carriers. This
power control feature allows power to be allocated to those links that require
higher power due to the intended recipient being in a relatively unfavorable
location. Means are provided for the subscribers to report their received
signal-to-noise ratio to allow the power to be set at a level that provides for
adequate performance without wasting power. The orthogonality property
of the Walsh functions is not disturbed by using different power levels for
the different voice carriers provided that time alignment is maintained.

Figure 2 illustrates, in block diagram form, an exemplary
embodiment of a subscriber unit transceiver. The receiver portion of the
subscriber unit of Figure 2 comprises an analog receiver 34, a searcher
receiver 36, several RAKE or digital data receivers 38A - 38N, and diversity
combiner and decoder circuitry 40. The transmitter portion comprises
transmit modulator 46, transmit power control circuitry 48, and transmit
power amplifier 50. Shared between the receiver portion and the
transmitter portion is an antenna 30, a duplexer 32, control processor 42, and
user digital baseband circuitry 44.

Control processor 42 is coupled to searcher receiver 36 and data
receivers 38A - 38N in the receiver portion, and transmit modulator 46 and
transmit power control circuitry 48 in the transmitter portion. User digital
baseband circuitry 44 performs various functions such as analog-to-digital
conversion and digital conversion, along with providing an interface to the
subscriber unit microphone and speaker (not shown).
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Control processor 42 provides among other operations, functions
such as signal processing; timing signal generation; power control; and
control over handoff, diversity, and symbol combining. Further details of
the operation of such a subscriber unit are provided in U. S. Patent No.

5,103,459.

[1. Overview of Cell-To-Subscriber Link Interference

When receiving a signal from the cell-site transmitter within its own
cell, i.e., the simulated cell, the subscriber unit is subjected to interference
from cell-to-subscriber links within the simulated cell. In an exemplary
CDMA system, this interference includes interference due to transmission
over various other traffic channels within the simulated cell, as well as over
other pilot, sync or synchronization, and paging channels associated with
subscribers within the simulated cell. Since in the exemplary system the
signals transmitted over these channels are orthogonal to transmissions
over the selected traffic channel under test, this interference is hereafter
referred to as the orthogonal interference component. The subscriber unit
also experiences interference due to signal transmission over channels in
neighboring cells not orthogonal to the traffic channels within the
simulated cell. Hence, interference due to signal transmission within
surrounding cells is referred to as the non-orthogonal interference
component.

The power transmitted over the cell-to-subscriber link within an
exemplary CDMA system is shared by pilot, sync, paging, and traffic (i.e.,
data) channels. The share of power allocated to each channel is varied based
on the location of the associated subscriber unit, and in accordance with the
aggregate number of subscriber units (i.e., the system load) in the
communication system. Power is allocated among traffic channels by a
controller within the cell-site transmitter of the simulated cell using digital
adjustment of the gain associated with each channel. The gain of each
channel within the exemplary system is typicallv represented by an
unsigned 7-bit gain coefficient used to regulate the magnitude of both the
in-phase (I) and quadrature phase (Q) channel components.

L. Forward Traffic Channel Interference

The signal interference on the forward traffic, i.e., data, channel of a
particular cell-to-subscriber link includes a pair of uncorrelated components:
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namely, an orthogonal component due to interference noise arising from
transmissions to other subscribers within the simulated cell, and a
non-orthogonal component due to interference from surrounding cells.

Non-orthogonal Component

Referring to Figure 3A, a hexagonally partitioned region is shown
corresponding to a coverage area for an exemplary multiple access
communication system. The coverage area includes a plurality of hexagonal
cells, labeled or numbered as C1-C36, surrounding a simulated cell C0,
which is shown in greater detail in Figure 3B. As shown in Figure 3B, a
fixed or mobile subscriber SO is positioned within cell C0 which is
surrounded by a first tier of cells C1 to C6 (Figure 3A), which is in turn
surrounded by a second tier of cells C7 to C18, and so on. Although the
coverage area of the exemplary system has been hexagonally partitioned for
purposes of analysis, it is understood that the teachings of the invention are
equally pertinent to cells of other geometry.

In an exemplary embodiment, a cell-site transmitter (not shown) is
positioned within the center of each hexagonal cell and is assumed to be
equipped with an omni-directional antenna. Outside the hexagonal cell
serviced by each transmitter, large-scale variation in the signal energy
transmitted by each transmitter can be represented by a log-normally
distributed random variable. The mean of the signal power (Sp,) received by
subscriber unit SO from cell-site transmitters in other cells decreases as a
function of the radial distance (d) from such cells raised to a power y, and

may be represented as:

k
Sm BT ()

where k is a proportionality constant. In geographic regions relatively
devoid of large-scale structures (e.g., rural and suburban areas) it has been
found that the dependence of received signal power Sy on the radial

distance d (in miles) may be approximated by:
Sm =-157.77 - 10y log d + py + G + G, + 20 log H¢ + 10 log Hy,, (2)
where P, denotes the signal power (dBw) transmitted from the cell-site,

G, represents the gain of the cell-site antenna relative to a A/2 dipole (dB),
G is the gain of the subscriber unit antenna relative to a /2 dipole (dB), Hc
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corresponds to the height of the cell-site antenna, and Hy, corresponds to the

height of the subscriber antenna.
Referring again to Figure 3B, the square of the distance (r2) between

the subscriber unit SO and a transmitter at the center of the ith cell Ci in the

first tier may be expressed as:

r,2=x2+12- 2rx cos(6 - 30i], i=1,2,...,6 )

where x denotes the length of the linear segments forming the boundary of
the hexagonal coverage areas, r is the distance vector between subscriber
unit S0 and the center of cell CO, and q represents the angle between r and
horizontal axis H in Figure 3B. Similarly, the square of the distance from
unit S0 to the center of the ith cell within the second tier is given by:

r2=y2+r2- 2ry cos(8 - 30(i-6)], i=2j+1, j=34,...8 (4)
r2 =22 + 12 - 2rz cos[6 - 30(i-8)), i=2j, j=4,5,...9 (5)

In equation (4}, the parameter y represents the distance from the center of
cell CO to the center of cells C(2j+1), j=3,4,...,8, while in equation (5) the
parameter z represents the distance from the center of cell C0 to the center of
cells C(2j), j=4.5.....9. In a like manner, the square of the distances from the
subscriber unit SO to the third-tier cells Ci (19 <i <36, i#17+3j, j=1,2,3,....,6),
and Ci (i=17+3}, j=1,2, 3,....,6) are determined according to the relationships
(6) and (7):

r2=u2+r2-2rycos[f-15(i-18)], 19<i<36, i#17+3}, j=1,23,...6 (6)

r.2=v2+12-2ry cos[8 - 30-20(-20)], i=17+3], j=1.2.3,...6 (7)

in which, again, (r,0) specifies the location of subscriber unit S0 within cell
C0, and R denotes the radius of the circle circumscribing the hexagonal cells.

With reference to expressions (3) and (7):

x=+3R; (8)
v=2V3R; 9
z=3R; (g
y= V21 R; and (11)
v=3Vy3R (12)
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In a particular exemplary embodiment, the composite interference
power T arising at the subscriber unit SO0 due to signal transmissions from

cell-sites within the first three tiers is defined according to:

36 1
Ty = kY- (13)
=10

where it is assumed that y is set equal to 4 in expression (1). Sumlarly, the
interference from cells in the third tier, i.e., T3, may be expressed as:

< 1
Ty=kX= (14)
12197,

Referring to Figure 4, there is shown a graphical representation of the
interference (dB) from the third-tier cells relative to the total interference
(T3/Ty), as a function of the angle 8. Specifically, the quantity T3/ T, s
plotted for four different subscriber unit positions r, i.e., r = 0.5, 0.6, 0.7 and
0.8, relative to the center of cell CO, where r = 1.0 corresponds to the distance
between the center of cell CO and its corners.

Inspection of Figure 4 reveals that in the exemplary embodiment the
maximum value of the ratio between T3 and T, is less than -14 dB.
Accordingly, for purposes of clarity the relatively minor interference
contribution from cells in the third and higher-order tiers of cells 15 not
considered in the following analysis ot interference arising from the first
and second tier cells.

Referring again to Figure 3B, subscriber unit S0 15 seen to be located
proximate the boundary of cell C1. For such exemplary positioning the
interference to which subscriber unit S0 is exposed may be viewed as ansing
from the following three sources:

(i) cell C1 closest to unit SO,

(ii) the next two closest cells (C2 and C6), and

(iii) the remaining fifteen other cells in the first and second tiers,

The interference components due to cells Cl, C2 and Co may be
modeled as Ravleigh random variables characterized by the following
components, respectively, of average interference power (0 <8 Z 60):

1

N N - 15
I 1 (r¢e) (xl + r2 - 2rx COSIB e 30])~ o
— 1 1

=k 5 = | . 8-60 (ae
I, (r8) =k (22 + 12 - 2rx cos|[0 - Y0])- ' ) |
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]
(x2 + 17 - 2m cos(6 + 30))2

1,(r0) =k = 1, {r, 8+60) ()

A fourth interference component, due to the remaining fifteen cells
within the fir . and second tiers (Figure 3A), is shown in Ngure 4 as
described above. A composite 'other-cells” | . interference power
corresponding to the sum of the interference components described above

may be expressed as:

loc=ka( 1,(60)+ T5(8)+ 14(r0)+ 1 ,(r.0)) (18)

where k; is a proportionahty constant. The ratio between the interterence
power I, from other cells and the power I, received bv a given subscniber
unit from the transmutter within the cell in which the unit 1s located may be
expressed as:

l'-‘:: =t (T1,(0)+ T2(8)+ 15(r8) ¢ 1,(r.0)) (19

where expression (19) 1s obtained from the ratio between expression (18) and
equation (1).

As described below, 1n the preferred embodiment, an interference
signal based on the normahzed non-orthogonal interference component
specified by equation (19) is injected into the signal produced by the base
station transmitter servicing the cell of the subscriber unit under
evaluation. In the preferred embodiment. a non-orthogonal interference
signal 1s created by passing white Gaussian noise through a et of attenuators
and a fader. The attenuators are adjusted to simulate the propagation losses
occurring over a particular transmission path, while the fader enables the
simulation of small-scale fluctuations in interference level. 1f Lo, 1 1.4,
respectively denote the average <ignal losses occurnng over the
transmission paths associated with the four nterference components
specified in expressions (15) - (18), then the required attenuator adjustments
are determined on the basis of the following equahty:

Py+Llp=G+1l,, 1=Ll..4 (20)

where P, corresponds to the transmitted power of the 1ith anterference

component, G represents the level of the White noise provided to channels
within the base station transmitter, and L,, specifies the attenuation
required over the transmitter channel dedicated to simulating the ith

interference component.




WO 96/02987 POTILS9% uRKon
17 -

In summary, the non-orthogonal interference component s
simulated in the preferred embodiment in accordance with the procedure
NON-ORTHOGONAL INTERFERENCE SIMULATION set forth below.

NON-OR L ONAL _INTERF N
l. Specify the following input parameters:
(a) subscriber unit location (r,8), where 0<r<1 and 0<q<60,
(b) signal propagation model [e.g., equation (1)},
(c) cell base station and subscriber unit antenna gains and

10 feeder losses
(d) height of base station antenna,
(e) output power (P)) for each cell's base station transmitter,
i=1,2,...,N, and
(f) radwus (R) of each hexagonal cell.

15
Il. Determine the value of each of the following interference
components:
- 1
1,(r8)=k 2]
1 (1) (x2+ 12 - 2rx cos|B - 30))Y 2 (21)
20
- 1 -
,8) = k —> = 1,(r,6-60 22
I2(rn9) (\2 + r2 - 2rx cos|6 - 90})7/2 1 ) (22)
— 1 —
= = [,(r,8+60 23
I,(r8) =k (2412 20 cosl8 + 30])/2 1 (r. 8+ 60) (23)
25 where
) 15 4
14 = k —)—; (24)
1=4 ry
x=\V3R; 25)
30
and where k is determined by making the required substitutions of the
input parameters specified above into equations (1) and (2).
III. Generate white (i.e., Gaussian) noise of power G, and adjust the
35 attenuation levels (Laj, )=1,2...4) to produce the four interference signals
established in section II. Again, the required attenuation levels L, may be
determined from the following equality:
Pj+Lp=G+Ly j=12..4 (26)
40
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Qrthogonal Component
As noted above, the power transmitted by each cell-site or cell base

station is shared among pilot, sync, paging, and traffic channels. The share
of power allocated to the traffic channel associated with a given
cell-to-subscriber link may be varied in accordance with the location of the
subscriber unit and the system load. Power is allocated among the traffic
channels supported by the cell-site transmitter of the simulated cell through
digital adjustment of the gain associated with each channel. The gain of
each channel within the exemplary system will typically be represented by
an unsigned 7-bit gain coefficient used to regulate the magnitude of both the
in-phase (I) and quadrature phase (Q) channel components.

The power levels associated with each traffic channel are dependent
not only on the values of the corresponding digital gains, but also on the
data rate of each. Specifically, the energy per code svmbol (Eg) is
proportional to r,, where r, denotes the normalized data rate. In accordance
with the invention, the orthogonal interference component is made to be
orthogonal to the other channels actually supported by the cell-site.
Included among these other channels are pilot, sync, and paging channels,
as well as N, "real” traffic channels allocated to users physically present
within the simulated cell.

The orthogonal component of power S transmitted over the radio or
communication channel is adjusted by a cell controller on the basis of the
digital gain factor and an equivalent data rate req corresponding to an
average of the data rates of a set of simulated traffic channels. More
specifically, the orthogonal component of power S radiated over the radio
channel is designed to simulate the transmission of N¢ simulated trafi’
channels at the equivalent rate req.

in an exemplary embodiment in which interference power S is
designed to emulate voice communication, equivalent rate req is
determined using a sixteen-state, second order Markov model. Each state
within the model is defined bv the speech rates (e.g., full-rate, half-rate,
quarter-rate or eighth-rate) associated with a pair of consecutive speech
frames. For example, as used in the following, state "0" coiresponds to a
pair of consecutive frames characterized by full-rate speech activity. Table |
below sets forth the rates of speech activity for the pair of speech frames

associated with each of sixteen Markov states.
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TABLE]
Frame Rate for Frame Rate for Current Process State
Previous Frame (N-1) Frame (N)
full full 0
full half 1
full quarter 2
full eighth 3
half full 4
half half 5
half quarter 6
half eight 7
quarter full 8
quarter half 9
quarter quarter 10
quarter eighth 11
eighth full 12
eighth half 13
eighth quarter 14
eighth eighth 15

In accordance with second order Markov model theory, the

5 probability of the occurrence of a given speech rate within a Frame (N+1)
may be determined based on the rates indicated by the states of preceding
Frames (N) and (N-1). Referring below to the first entryv within Table I,
there exists a probability of 0.911 that full-rate speech will exist in Frame
(N+1) in the situation where both Frames (N) and (IN-1) are at full rate and

10 the Markov chain is set at state "0". The remainder of Table II gives the
probabilities of transitioning to the indicated speech rate in Frame (N+1) for

the other possible pairs of Markov states associated with Frame (N) and

Frame (N-1).
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TABLE Il
(e o ——
State of Frame Frame kFrame Stateot | Transition
Current Rate for | Rate for | Rate for Future | Probability
Frame (N) | Previous | Current Future Frame
Frame | Frame (N) Frame (N+1)
(N-1) (N+1)
0 full full tull U U vll
0 tull full halt ] U Un
0 full full quarter 2 d I
0 full full eighth 3 u
1 full halt tull 4 0,224 I
1 full halt halt 3 ISk}
1 tull halt quarter 6 063N l
1 tull half eighth 7 U |
2 full ~quarter full 5 U
2 full quarter halt v 0 ]
2 tull quarter quarter 10 u
2 full ~ quarter eihth 11 U
3 full eighth full 12 0
3 full eighth hali 13 0 | |
3 full eighth quarter 14 U
3 full eighth eighth 15 1
4 half full full 0 (.55
4 half full halt 1 u.15
4 halt full quarter 2 1
4 halt full eigchth 3 0 |
5 half half full K 023~ |
5 halt halt halt 5 023§
5 halt halt quarter 6 0.524
5 half half eighth 7 0 ﬂ
6 half quarter full 5 0173
) half quarter halt 9 0037
6 half quarter quarter {4 0.123
6 half quarter eighth 11 (.66,
7 halt eighth tull 12 0
7 half eighth halt 13 0
7 half eighth quarter 14 0
h halt eighth eighth 15 Q0
) quarter full tull 0 1.562
8 quarter full halt 1 .13 ‘
8 quarter full quarter 2 (0 |
8 quarter full eighth 3 0 [
9 quarter half full 4 0.5 l
9 quarter halt halt 5 0.333
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TABLEN L ALIRUSS

Fl}

10

) quarter hatt quarter
i 5 quarter hals cigt in o
] Y quarter Yuarter ful’ » S
1Y quarter Juarter hat v %)
10 quarer qudrter Judner i
v quarter quarter T ) S
11 Juarter e hin Y 1> -
] 11 quarter enzhth naif 1 C o
' RY Juarter enzhth Ludter 14 o
| 1} quarter enthih et th 1 o
12 enzheh 1aif fuil r'el
12 eihth tuli taly | i [PSe
12 eichth 1ull APt >
< eiehth tull T
I ¢ihth hatt ruil 3 s
13 eizhth nals hait { -
13 enzhth halz JUATTe S " -
13 enchth hals ¢ hih o <
14 erzhth QquUarter 1ul ~ i
14 enchth Quarter hal v N
4 enchth WuaTter Judfter 1 T
1B enchth Juarier « Lhth ooty
15 wighth v hth il |
15 vichth vighth halt |
enchth ecighth qusrter |
cichth cichth « ghin

Table 111 <hows the resulung i st

rdor \lard o

e ad S5t
1ull pa%

probabilities for the existence of va hof the Pwr spec hopates 1o
halt-rate, quartee-rate and vighth-rate asasun i n f1 « Math 4 state o
the preceding frame  Table Il mav b gancrated basd  nothe ompinial
speech activity data indluded within Table [ by amp v o« ond ctdes
Markov techmques  In one approach the entrwes watha Tab o N ane
arranged nto a 16x16 state transiion pr babihity maten I Accumunyg the
existence of the sixteen states <ot forth an Tablo | then the v eminy o f tiw
matrin P reprecents the probabalitv piv v ftransaty nag (e an oF date
"\ toajth state "y, For enxample, the probabtalits po 1y oF transtu ming

from state 0 (full, full) to state 1 (full. halfy 1« 0 089
In accordance with Markov moded theors as disclosed By 1t evample

H 1. Larson and B. O. Shubert in Probabilistic_Maodels in_ Epginecting
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selected to be close to unity, and the filter time constant is chosen to be
approximately ten frames in duration (e.g., 200 ms.).
The transfer function of the corresponding analog filter is:
a
H(w)=— (34)
a+jw
which yields an impulse response of:
h(t) = a exp [-at] u(t) (35)

The deterministic autocorrelation of h(t) is given by:
1
p(t) = h(t * bt (-t) = F1 | H(w)| 2 = S exp [-al ] (36)

where *# is the convolution operation, and h? (-t} is the conjugate of h(-t).
Assuming the parameter "a” to be selected such that a=1/kT, then the filter
correlation coefficient is e-1 at each sampling time tg, where tg = kT.

By applying impulse invariance techniques, the pole location (zp) of
digital LPF 80 is found to be equivalent to the value of the parameter a, i.e.,
z, =exp [-aT] = exp [-1/k] = a. Accordingly, the digital filter transfer function
H(z) is given by:

d-a (37)

H =
(2) 1-0az!

which vields a bandwidth of:
1 2' 2
B, = — H (w)] “dw (38)
2rn

IV. Scale the output of the digital filter 80 filter by an average data
rate coefficient “e” and shift the output in accordance with a standard

deviation coefficient "f", where
f =Ny (39)

= ’N—‘o (40)
\B.

and where N, denotes the number of simulated users within the cell, and

where p and o2 are defined in equations (31) and (32). In a preferred

implementation, the data rate coefficient “e" is modified in order to account

for puncturing of the data stream with power control information.

and

€
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V. Determine the digital gain corresponding to the orthogonal
component of power S5 transmitted over the interference simulation
channel in accordance with the aggregate number N, of traffic channels
loading the cell, and the number of traffic channels N, allocated to actual

users.

VI. For each of the N, actual traffic channels the coefficients of a FIR
filter (Figure 8) associated with each channel are adjusted according to the
average data rate. This adjustment is effected by multiplying the coefficients
of a given FIR filter by the square root of the data rate of the associated

channel.

Simulation Apparatus

As was noted above, the present invention provides a method and
apparatus for simulating the effect of signal interference received by a
subscriber unit within a multiple-access communication system due to data
transmission on a selected set of communication or traffic channels. The
present invention enables the performance of a given multiple-access
communication system to be evaluated prior to network deployment, or
allows debugging during operation, by simulating a level of interference
expected to be experienced during normal operation. The multiple-access
svstems to which the teachings of the present invention may be applied
include, for example, the United States version of Time Division Multiple
Access (USTDMA), the pan-European Global System for Mobile
Communication (GSM), and CDMA communication systems.

In accordance with the invention, a desired level ot traffic channel
interference may be simulated by adding a noise signal of predetermined
statistical properties and power level to the signal transmitted by the cell-site
base station located within the cell of the subscriber unit under evaluation.
The predefined statistical properties and power leve. of the noise signal are
functions of the locations of neighboring base stations relative to the
location of a particular subscriber unit under test. Alternatively, an
analogous interference signal is directly injected into the receiver of the
subscriber unit under test. In the latter instance the injected signal is
formulated so as to account for the effects of propagation over the
transmission path between the cell-site base station and the subscriber unit

under test.
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Turning now to Figure 6, a simplified block diagram of a receive
section 90 is shown for an exemplary subscriber unit which includes a
preferred embodiment of the interference simulation apparatus of the
present invention. Receive section 90 includes a subscriber unit receiver 91,
as well as an interference simulation apparatus 92 designed to simulate the
interference created by base stations in cells proximate the cell the subscriber
unit under test is located in. The interference signal produced by simulation
apparatus 92 is combined together with the signal received from a subscriber
unit antenna 94 in a summer 93. The resulting composite signal is then
processed by subscriber unit receiver 91 in a conventional manner.

Simulation apparatus 92 includes a noise source 95 for generating
interference noise, typically in the form of a white Gaussian noise signal,
having a predefined spectral density. The noise signal from noise source 95
is then passed through a bandpacs filter 96 and provided to control unit 97.
The passband center frequency of noise filter 96 is selected to be the same as
the center frequency of the base station to subscriber unit channel, i.e.,
downlink, being simulated. Similarly, the bandwidth of filter 96 is specified
to be substantially equivalent to the spectral width of the traffic channels
utilized by the multiple-access system under evaluation. For example, for
simulation of interference in USTDMA communication systems the
bandwidth of filter 96 will preferably be on the order of 30 kHz. In a like
manner, a filter bandwidth of approximately 200 kHz would be employed
during simulation of a GSM communication system.

Referring again to Figure 6, control unit 97 supplies an interference
signal to summer 93 on the basis of the signal produced by filter 96. In an
exemplary implementation, control unit 97 may be realized, for example, by
using an adjustable attenuator in conjunction with signal conditioning
electronics. The attenuator is set to provide an interference level in
accordance with various aspects of the system under evaluation. For
example, the requisite interference level will generally be influenced by the
number of neighboring base stations expected to contribute to the received
signal interference, the locations of such base stations relative to the
subscriber unit under evaluation, and the propagation characteristics of the
communication links between these base stations and the subscriber unit.
The signal conditioning electronics (e.g., a microprocessor) are utilized to
impart predefined statistical properties on the interference signal. A more
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detailed description of a simulation apparatus specifically directed to a
CDMA communication system is described below with reference to Figure 7.

Figure 7 shows a block diagram of an exemplary cell-site base station
transmitter 100 modified to include a preferred embodiment of the
interference simulation apparatus of the present invention. Transmitter
100 includes a cell-to-subscriber link waveform generation network 110 for
producing paging, pilot, sync, actual traffic channels and a baseband
interference signal Icg. The Icg signal is used in synthesizing the
orthogonal component of the signal energy, Io g, transmitted over the
interference simulation channel. Specifically, the waveform generation
network 110 includes paging, pilot, sync, forward traffic (i.e., data), and
interference orthogonal component generators 124, 128, 132, 136 and 140,
respectively, the outputs of which are combined within a digital summation
element or adder 142. A manually adjustable attenuator (not shown) may
optionally be interposed between digital adder 142 and a first [F upconverter
120. In the exemplary embodiment of Figure 7, first IF upconverter 120
provides an output signal at 70 MHz in response to the supplied baseband
signal Ip .

Again referring to Figure 7, cell-site transmitter 100 further includes a
non-orthogonal signal interference generator 150. The interference
generator includes first, second, third, and fourth digital attenuators 160, 170,
180, and 190 for providing the attenuation L;, required over the transmutter
channel dedicated to simulating the ith interference component, where 1n
the exemplary embodiment i=1,..., 4. Attenuators 160, 170, 180, and 190 are
each supplied with a an output from a digital noise process from a white
noise generator 200, and are adjusted in response to digital control signals
provided by a controller (not shown). The resulting interference
components created by attenuators 160, 170, 180, 190 (L,,, are then combined
within a digital summation element or adder 210. The output of digital
adder 210 is translated in frequency to 70 MHz by a second IF upconverter
220 prior to being provided to an input port of a digital adder 230.

As is indicated in Figure 7, the signals representative of orthogonal
and non-orthogonal component interference are combined within digtal
adder 230 to form a composite interference signal S.. The composite
interference signal S is then radiated by an RF transmitter 260 to one or

more subscriber units (SU) within the simulated cell.
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Referring to Figure 8, an exemplary implementation of a single
interference channel component generator 140 is shown, which is designed
to generate an interference signal representative of up to twelve orthogonal
traffic channels. In particular, a first set of six trattic channels may be
simulated over a first interference channel covered by a first Walsh code
W), while a second set of six traffic channels may be simulated over a
second interference channel covered by a second Walsh code Wi, A
limiting factor in the number of simulated channels per interface 1s the gain
settings. A large gain setting can cause saturation which would not
accurately represent the output power from a corresponding number of
users. It is envisioned that additional simulated channels may be deseloped
by using additional traffic channel resources such that for each Walsh code
as additional six simulated traffic channels are provided.

In an exemplary embodiment, interference generator 130 includes a
convolutional encoder 300 for receiving a repetitive sequence of 1dentical
non-zero data frames (D) at a predetermined rate (e.g., 9.6 kbps). The input
data is convolutional encoded with code symbol repetstion in accordance
with the input data rate and sequence length of Walsh codes Wy and W,
For the exemplary input data rate of 9.6 hbps, each svmbol 1s rate 172
convolutionally encoded so as to create a coded sy mbol stream at 192 kaps,

As shown in Figure 8, an input stage of interference component
generator 140 further includes an interleaver 310, a madule-2 adder or
exclusive-OR gate 315, as well as a long code PN generator 317 and a
decimator 319 for generating PN scrambling code PAs The encoded data
from encoder 300 is provided to interleaver 310 where, in the exemplary
embodiment, it 1s convolutional interleaved  The interleaved svmbol data
is then output from interleaver 310 at the evemplary rate of 192 haps to an
input of exclusive-OR gate 315, and s scrambled by a PN scrambling code PN
sequence provided to another input of esdusive-OR gate 315, from
decimator 319.

PN generator 317 operates to provide, in accordance with the supphied
PN mask, a long PN code at a fined chip rate of 1.228 Mchp < to deaimator
319. The use of the PN mash provides a shitt in the PN code which provides
uniqueness for the user. Deaimator 319 produces a scrambling P\ code of
an exemplary rate of 19.2 ksps from the long PN code by using one of every
64 chips produced by PN generator 317. In the preferred embodiment, the
repetitive long code provided to decimator 31915 242.1 PN chips in duration,
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and is recursively denived by generator 317 in accordance with the
polynomial p(x), where:

p(x) = a2 x35 543350310327 4 426 425, (2, 521, 519,18
¢x17+x16*x10+x70x6¢x5¢x3ox?wxl¢l (41)

More specifically, generator 317 produces each PN chip of the long code by
taking the modulo-2 inner product of a 42-bit PN mask and the 42-bit state
vector.

The output of exclusive-OR gate 315 is provided to an input of each of
two modulo-2 adders or exclusive-OR gates 321 and 323. The Walsh code
sequence W is provided as a second input to exclusive-OR gate 321, while
the Walsh sequence W2 is supplied as a second input to exclusive-OR gate
323. The scrambled symbol data and Walsh sequence W) are modulo-2
added (exclusive-OR'ed) by exclusive-OR gate 321, with the result provided
as an input to each of two modulo-2 adders or exclusive-OR gates 327 and
329. Pseudorandom noise PN) and PNq sequences corresponding to a
particular cell sector or address are provided as second inputs to
exclusive-OR gates 327 and 329, respectively. The PNjand PNg signals are
exclusive-OR'ed with the output of exclusive-OR gate 321 providing results
which are in turn provided as inputs to Finite Impulse Response (FIR)
filters 333 and 335, respectively. The input symbols are filtered according to
an input data rate label from nterleaver 310. The filtered signals output
from FIR filters 333 and 335 are provided to a portion of transmit power
control circuitrv comprising two gain control elements 337 and 339. In
accordance with the invention, a 7-bit gain control word G derived as
described above in reference to the ORTHOGONAL INTERFERENCE
SIMULATION procedure, is provided to each of the two gain control
elements 337 and 339. Again, the value of gain control word G; is selected to
be such that the orthogonal component of power S radiated over the
interference simulation channel covered by Walsh symbol Wy corresponds
to transmission of Ny simulated traffic channels at an equivalent rate re,,
where Ng € {0,1,2,3). In embodiments wherein the traffic channels carry
voice data, gain control word Gy is preterably updated at 20 millisecond
intervals to adequately simulate fluctuations in voice activity. The signals
output from gain control elements 337 and 339 are combined within a data
combiner 343 which operates to produce a first baseband interference signal

lo.B1.
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As shown in Figure 8, the scrambled symbol data is also
exclusive-OR’ed with Walsh sequence Wz using exclusive-OR gate 323,
with the result provided as an input to each of two modulo-2 adders or
exclusive-OR gates 349 and 351. The pseudorandom noise PNjand PNg
sequences are also provided as second inputs to exclusive-OR gates 349 and
351, respectively, in order to allow modulo-2 adding (exclusive-OR'ing) with
the output of exclusive-OR gate 321. The symbol stream produced by
exclusive-OR gate 321 is filtered by Finite Impulse Response (FIR) filters 353
and 355, with the resulting filtered signals being provided to a portion of
transmit power control circuitry comprising two gain control elements 357
and 359. A 7-bit gain control word G is selected to be such that the
orthogonal interference component covered by Walsh symbaol W;
corresponds to a desired number of simulated traffic channels (i.e., 0,1, 2 or
3) is provided to gain control elements 357 and 359. The signals output from
gain rontrol elements 357 and 359 are combined within a data combiner 343
to produce a second baseband interference signal 10,82. The two Ip g and
Ip,B2 signals are further combined by superposition of the two signals by
data combiner 343 to generate a composite baseband interference signal Icp.
The I¢p signal is output by data combiner 343 and provided as an input to
digital adder 142 (Figure 7).

The previous description of the preferred embodiments is provided
to enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of inventive faculty. Thus,
the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

I CLAIM:
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CLAIMS

1. A method for simulating signal interference in a
communication system in which information is communicated over at
least one communication channel, comprising the steps of:

determining a first composite signal energy for signal transmission
within said communication system over a first set of simulated
communication channels;

determining a first average data rate for said first composite signal
energy; and o at leask

adjusting , level of signal energy transmitted over said ,one
communication channel in response to a first interference signal which is
based on said first composite signal energy and average data rate.

2. The method of claim 1 further comprising the steps of:

determining a second composite signal energy associated with signal
transmission over a second set of simulated communication channels;

determining a second average data rate for said second composite
signal energy; and

generating a second interference signal based on said second

composite signal energy and second average data rate.

3. The method of claim 2 further comprising the step of
modifving said first interference signal in response to said second

interference signal.

4. The method of claim 1 further comprising the step of

generating said first interference signal according to the steps of:
generating a sequence of random variables; and
shaping the spectrum of said sequence of random variables by

filtening them in accordance with a predetermined correlation function.

3. The method of claim 4 further comprising the step of scaling
said sequence of random variables based on said first average data rate.
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6. The method of claim 4 further comprising the step of shifting said

sequence of random variables based on a magnitude of said first composite signal

energy.

7. The method of claim 1 wherein the step of determining a first average
data rate comprises the step of establishing a sct of data rates for users transmitting

over said simulated communication system channels.

8. The method of claim 1 further comprising the steps of:

determining a number of real traffic channels allocated to svstem subscribers
for said communication system;

determining an equivalent number of communication channels to be
simulated corresponding to a difference between said first set of simulated
communication channels and said number of real traffic channels;

determining said first composite signal energy by estimating the sum of signal
energy transmitted over said equivalent number of communication channcls;

determining said first average data rate at which said signal cnergy is
transmitted over said equivalent number of communication channels; and

generating a first interference signal with an encrgy based on said first

composite signal energy and average data rate.

9. In a wireless communication system in which users communicate
information signals between one another using at least one of a plurality of base
stations that each include at least one base station transmitter that uses multiple
access type communication signals to transfer information over at least one channel,
a method for simulating signal interference power in at least said onc channel
comprising the steps of:

determining a first composite signal energy for signal transmission within said

communication system over a first set of simulated communication channels at least

being serviced by said at least one base station;

determining a first average data rate for said first composite signal energy;

and
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renerating a first interference signal having a signal energy based on said tirst
8 5 £

composite signal energy and average data rate.

n
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10.  The method of claim 9 turther comprising the step of
transmutting said first interference signal over said at least one
communication channel.

11.  The method of claim 9 further comprising the step of
providing said first interference signal as> an input to at least one
communication system user recen er seniced by sard bave station

12 The method of claim 9 wherein said remote usen
communicate using code division multiple access (CDMAI spread spectrum
type communication signals, and said base stanon and usens are kv ated 1n 3
first cell within the communication «istem  wherein the step ot

determiming a first composite signal energy comprises the steps ot
determiming an equinalent number of channcls 1o be simulated

which corresponds to a difference betwern a predetermined total number of
desired channels 1n said first st and a number of real channds actualiy In

use within said first cell: and
determimng a composite signal encrgy by esimanng 3 sum of signag
energy which s transmutted over said equinalent number o simulated

channels.

13.  The method of claim 12 wherain the stop of Jdots muaning a firs

average data rate comprises the step of determining a fint Jatd rate ot which
cronsfers sod compfs.tc

ucers teraersaind signal energy over sad equinalent number o F symulated

channels.

14. The method of claim 12 turther comprising the stp of
monitoring the channels of said communication ststem oy detutfiune the

number of real channels In use
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25.  The system of claim 20 wherein said communication system
comprises a wireless telephone/data communication system in which
remete- users are located within a plurality of cells and communicate
information signals to at least one base station which has a receiver and is
located in a first cell, using code division multiple access (CDMA) spread
spectrum type communication signals.

26.  The system of claim 20 wherein said means for providing
electronic noise comprises means for producing noise with a relatively
uniform spectral density over a predetermined bandwidth.

27. The system of claim 20 wherein said controller means
~omprises:

means for generating a random Gaussian control process indicative of
signal transmission over a first set of simulated communication channels,
said control process based on first and second Gaussian processes
corresponding to an average data rate and an average power fluctuation of

said signal transmission;
means for filtering said electronic noise in accordance with said

random Gaussian control process; and
means for transmitting said filtered electronic noise over said one

communication channel.

28. The system of claim 27 wherein said controller means

comprises:
means for generating a sequence of random variables, and
means for scaling said sequence of random variables based on said

average data rate.

29.  The system of claim 28 wherein said controller means further
comprises means for shifting said sequence of random variables based on a

magnitude of said first composite signal energy.

30. The system of claim 20 wherein said controller means 1s
configured to generate said noise intensity control  signal using random
Gaussian-controlled variables generated at preselected rates.
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31.  The system of claim 30 wherein said controller means
comprises:

first means for generating a first binary sequence corresponding to a
Gaussian random variable at one preselected rate; and

means for filtering said first binary sequence based on an estimated
correlation time of data signals transmitted over said at least one channel,

32. The system of claim 30 wherein said controller means
comprises:

second means for generating a second binary sequence corresponding
to a Gaussian random variable at second preselected rate; and

means for filtering said second binary sequence based on estimated
signal transmission by other base stations.

33. In a communication system in which information is
transmitted over at least one\‘?snt\mumcatnon channel, a system for
simulating interference in said one communication channel comprising:

a source of electronic noise, said electrical noise having a relatively
uniform spectral density over a predetermined bandwidth;

a controller for generating a first random Gaussian controlled process
indicative of signal transmission over a first set of simulated
communication channels, said control process being formed based upon
first and second Gaussian processes corresponding to a first average data rate
and a first average power fluctuation of said signal transmission;

a filter, coupled to said source of electronic noise, for filtering said
electronic noise in accordance with first said random Gaussian control
process; and

a transmitter, coupled to said filter, for transmitting said filtered

electronic noise over said one communication channel.

31.  The system of claim 33 wherein said controller comprises:
a random variable generator for generating a sequence of random

variables, and
a scaling network for scaling said sequence of random variables based

on said first average data rate.
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35. The system of claim 33 wherein said controller further
comprises a network for generating a second random Gaussian control
process indicative of signal transmission over a second set of simulated
communication channels, said second control process being formed based
on third and fourth Gaussian processes corresponding to a second average
data rate and a second average power fluctuation of said signal transmission
over said second set of simulated communication channels.

36. Apparatus for simulating signal interference between
communication channels in a communication system in which
information signals are communicated between users over a plurality of
communication channels, comprising:

means for determining a first composite signal energy corresponding
to signals transmitted within said communication system over a first
desired set of simulated channels; \ired

NOrona\\.

means for determining a first average data rate for said signals
transmitted over said first set of simulated channels; and

means for generating a first interference signal with a signal energy
based on said first composite signal energy and first normalized data rate.

37.  The apparatus of claim 36 further comprising:

means for determining a second composite slgn%lwsngrgy
corresponding to a sum of signal energy for signals transmnwd'\htﬁan!.
second set of simulated channels;

means for determining a second normalized data rate for said signals
transmitted‘;:ggaid second set of simulated channels; and

means for modifying said first interference signal in response to said
second composite signai energy and second normahized data rate.

38.  The apparatus of claim 36 wherein sad means for determining

a first composite signal energy comprises:

means for determining a number,\real channels 1In use 1n sad

communication system;
means for determining an equivalent number of channels to be

simulated by subtracting said number of real channels from said desired
number of simulated channels in said first set;
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means for determining a nominal first signal energy based on sad
equivalent number of channels; and

means for producing variations in said nominal first signal energy
using a random variable function.

39. Apparatus for simulating signal interference between
communication channels in a communication system in which
information signals are communicated between users over a plurahity of
communication channels, comprising:

an energy selector which outputs a first composite signal energy
corresponding to a sum of signal energy for signals transmutted by a first set
of a desired number of simulated channels disposed within said
communication system;

a data rate generator configured to output a first normalized data rate
for said signals transmitted by said first set of simulated channels; and

a first interference signal gencerator coupled to said energy selector and
said data rate generator which produces a signal with a signal energy based
on said first composite signal energy and first normahized data rate,

40.  The apparatus of claim 39 wherein said first interference signal
generator comprises:

at least one electrical noiwe signal generator having an output etengy
intensity that i1s adjustable in response to a control signal input; and

at least one noise intensity controller having a control signal output
coupled to the control input «f said noise source generator and inputs
coupled to said energy selector and data rate generator, with said control
signal having a value that vanes in response to changes in sad wignal
energy and data rate for simulated channels.

41.  The apparatus of claim 40 further comg nising at least a second
energy selector which outputs a second composite wignal encrgy
corresponding to a sum of signal energy for signals transputted over a
second set of simulated channels disposed within <ard communication
svstem, and said noise intensity controller is configured to alwo receive input
from said second energy selector and base signal generation in part on <aid
signal energy which is transmitted by said other qimulated channels,
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42.  The apparatus of claim 40 wherein said nowse intensity
controller comprises:

first binary sequence generator producing a Gaussian random variable
at one preselected rate; and

first sequence filter connected to recene and filter said first binary
sequence based on an estimated correlation ime of data signals carnied by
said transmitted signal energy.

43. The apparatus of claim 40 wherein said nosse ntensity
controller comprises:

second binary sequence generator producing a Gaussian random
vanable at second preselected rate; and

second sequence fhiter connected to receive and filter said second
binary sequence based on an average energy fluctuation.

44.  The apparatus of claim 39 wherein said communication sy stem
is a cellular communication system 1n which users within a plurality ot cells
communicate information signals between one anather using at least one
base station included in a first of said cells and having a base staton
transmitter.

45.  The apparatus of claim I wherein said communication sy stem
comprises a wireless telephone/data communication svstem in which
semote users are located within a plurabty of cells and communicate
intormation signals to at least one base station which has a recerter and s
located 1n a first cell, using code dnision multiple access (COMA) «pread

spectrum type communication signals.
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