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INVENTION |I. Field of the Invention This invention relates generally to
wi rel ess conmuni cati on networks 10 such as, for exanple, cellular wreless
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Descri ption of the Rel ated Art The use of code division nmultiple access
(CDMA) nodul ation techniques is one of several nethods for facilitating
comuni cations in 20 systens accommodating a | arge nunber of users. O her
mul tiple accgss communi cat BACKGROUNDNORTHEINVENTION di vi si on

mul tiple access (TDVR), frequency division nmultiple access (FDMA) and AM
modul ati on schenmes such as_anplitude conpanded single sideband are known in
the art. Howevds Fieid\ef the bnsendiosct r um nodul ati on techni ques have 25
significant advantages over other nodul ation techni ques for nultiple access
comuni cati on syst enkhis Theentien gélaGB\genenallyi puwirdlessacommuncation aetworks
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mul ti pl e access gﬁ

is"dis ere a |arge number "o wirel ess
Cystem users: oqfbSEHIaE oF SHELUR GlePRRIA AT eRS ‘{sm%lﬁﬁﬁe%‘{atsBF‘FW@ type
repeaters or tafolmumﬁndiﬁstgﬁlgtlon transcei vers using CDVA spread
spectrum co ni cation 35 sighals. In using CDMA comruni cati on techni ques,
the frequen 3/ spectrum can be reused nultiple tinmes thus permtting an ,
i ncrease in sydieRescrdptionmfthe Related Ate of CDVA results in a rmuch hi gher
spectral efficiency than can be achi eved using other nmultiple access
techni ques. The CDMAheakse @fecods divdsiomsaniultipld aSceddat(CINMLA M R6duBiliord0

contenplate t hete&ﬁ?iq?lfesrfosl 8hé ‘& Yeetip n@é&%ﬁpfcﬁ'df&?ﬁfﬁqﬂ{g) 'SfnhENlcations in

20 systems accommodating a large number of users. Other multiple access
communication system techniques, such as time division multiple access
(TDMA), frequency division multiple access (FDMA) and AM modulation
schemes such as amplitude companded single sideband are known in the
art. However, CDMA spread spectrum modulation techniques have

25 significant advantages over other modulation techniques for muitiple access
communication systems. The use of CDMA techniques in a multiple access
communication system is disclosed in U. S. Pat. No. 4,901,307, issued
February 13, 1990, entitled "SPREAD SPECTRUM MULTIPLE ACCESS

~ COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL

30 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 system users each
having a transceiver, communicate through satellite repeaters or terrestrial
base station transceivers using CDMA spread spectrum communication

35 signals. In using CDMA communication techniques, the frequency
spectrum can be reused multiple times thus permitting an increase in
svstem user capacity. The use of CDMA results in a much higher spectral
efficiency than can be achieved using other multiple access techniques.

The CDMA techniques as disclosed in U. S. Pat. No. 4,901,307

40 contemplate the use of relatively long high speed pseudonoise (PN)
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The cross-correl ation between different PN sequences and the .
autocorrel ation of a PN sequence for all tine shifts other than zero both
have average val ues cI ose to zero. In tids way signals transmtted froma 5
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di scri nmi nated between ‘upon reception by renote user or subscriber units.
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preferredwaeorm I'nvol'ves 'using a rec
30 spectrLﬁﬂstQmFﬁE#atYThe chip rate of the PN carrier was chosen to be

1.2288 Miz in tie O o Patatt N6P5I081BY, istied GRP#AL 91992 Cdhtifle® SeITER t he
AND METHOD FOR GENERA'I'ING SIGNAL WAVEFORMS IN A CDMA
CELLULAR TELEPHONE SYSTEM", also a531gned to the assignee of this

20 invention, and which is incorporated herein by re_f_e_r_en_ce, there is disclosed
a novel and improved method and'sy'stem for consfruchhg PN sequences
- that provides orthogonahty between signals transmitted to subscribers over
_ the forward link so that mutual mterference is reduced. Such a reduction in
- mutual interference allows -for hlgher system capacity and better link
25 performance. Since using orthogonal PN codes make the cross-correlation
zero over a predetermined time interval, no mutual interference arises,

- provided that the code time frames are aligned with ea_c_h other. -
In the system described in the just mentioned patent, a preferred
waveform i,mplemented' involves using a direct sequencé PN spread
30 -spect_rum carrier. The chip rate of the PN carrier was chosen to be 1.2288
MHz in the preferred embodiment. One consideration involved in the
choice of chip rate is that it be exactly .divisi_bl_é by baseband data rates to be
used in the communication system. It is also desirable for the chip rate to be
a power of two times the baseband data rate.  In the preferred embodiment,
35 the baseband data rate is 9600 bits per second leadmg to a choice of 1.2288

MHz, which is 128 (27) times 9600 for the PN chip. rate.




choice of chip rate is that it be exactly divisible by baseband data rates
to be used | nmuni cati on system It is also desirable I p
rdte to be gdbp%évh\g?ﬁgf two tines the baseband data rate. In thlfe&:)ﬂrlﬁe e?érbg
enbodi ment, 35 the baseband data rate is 9600 bits per second, leading to
a choice of 1.2288 Mz, which is 128 (27) tbrres 9600 for the PN chip rate.
WD 96/ 02987 PCT/ US95/ 08890 - 3-
I n communi cations occurring between cellul ar base stations and vari ous
mobil e units, the code sequences used for spreading the spectrumare
constructed from t win didrhenwenicatigne oarirsingubetwsen ecallular thasei sfaticns and

properties to gEB\Shg%SbﬁE%ﬁﬁ, tﬁé%ﬁ' e SEtueneEs ‘ixsb d 3 s@%ﬁdmg’l fe ngﬁétrﬁﬁ\ 5

shared by all ect or
bet ween nul t i pareh cengnucted fram @woedlffﬁxaat t);p%ﬁ @6 sgquences, eack withrdifferent

bet ween si gnal §rg§530 B Iﬁgom&aiﬁa@ﬁatfuaehbﬁsorTﬁ@fetfsranteuie?ecd&mﬁ@t is

units. There i er. code t R crinnate between
user signal $ t Fhared by all signalsrina gell Qresecton é}ath ‘ESSaItO digcriminate between
| npl emant ati Onnﬁglt ipati|dighals. C'PH@ Suter erode ig llso l(ifseﬁrw/ddsdiﬁnﬁ%ﬁéﬁé&{een
service to a parti ar gener VO onsi ation
of a nunmber of $ ’fg‘@?%*' 6‘3&&?‘5&9’% g’%s‘feg]rﬁ ’F‘%‘f?ca" E‘é’?’sl&x‘m% %F’E € 15
general | y neceakar ant tnnencoder thdteise usedt tofdislttmmmrté ﬂb}étsvfexeqlsencsigrblals
spectrum as natlon wi th other 15 nearby
conmmuni catlonmg??tggﬁ'gwqﬁﬁg%‘dg%h@e Sg‘étﬁg?)r ali s | nposed by thermal noise
and interfelfence gehapéementgthm@fvarqebhdar &iaMA usystemo capalblec of [providings

ds to be t
bl contaisle TR 8 rbuckel pibEmplic RERICRRIEEID, by
subscri ber uni F@n%defatt%ofsam 1|‘Sr bearing upoa system H%@HWWQWEW n

thﬁ c;al Lul ar ceﬁa&x@mf Rl i%agexiéi'hﬂ f RE@RSAryO ko onBideél the bgtctént of the avajlable
cel | -t o-subscriber i nk_can _occur en pase S Wi

cel 1t subscr g e CB0 eoclioh Haee ALSLLPBS Hobnloh RS e
that intendsd hearbycephimmibation psystemsl arlrs @dklitionerconsittaints) imptsedt by
va e Sy~ AR MR Uk B RToul RRIE ftbrs or

nunmber of subscri ous dIS ances
nul tipl e base subs¢riper auues md:s to b@tﬁaﬂsm igto consideration. Estimates of

interference are of particular concern within CDMA systems, since power is
transmitted by the subscriber units over the same bandwidth irrespective of
20 location within the cellular coverage area.

Interference on a forward, i.e., cell-to-subscriber, link 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 system performance under

25 realistic conditions, a selected number of subscriber units may be deployed at
various distances from multiple base stations as a means of estimating
forward link interference levels. However, attempting to determine
forward link interference through such field tests requires the availability of
many multiple subscriber units and base stations. This would preclude

30 complete system calibration when the number of base stations available
during initial system testing was less than the number to eventually be
installed.

Accordingly, it is an object of the present invention to provide a
system for simulating interference due to signal transmission from base

35 stations to subscriber units within a CDMA communication system.

lh




forward link interference |evels. However, attenpting to determ ne forward
link i nt"@PEPMBEe t hrough such field tests requires the RGIVSHSIOBSPY of
many mul tiple subscriber units and base stations. This would preclude 30 .
conpl ete systemcalibration when the nunber of base stations avail able i
during initial systemtesting was |ess- -thran the nunber to eventually be
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determmatlon is also made as to a fu'st average data rate for transmission of

the first composite signal energy, which can be based on a rate established for
various users within the system. Signal power transmitted over the one

20 communication channel is adjust'ed in accordance with a first interference
signal which is provided at a power level determinied on the basis of the first
composite signal energy and average data rate. The first interference signal

is transmitted over the at least one communication channel.

- When system users or subscribers are already deployed using

25 channels in the communication system, a determination can be made as to
the number of equivalent simulated channels needed by reducing the

. number of des1red simulated channels by the number or real channels
already in use. A determination of signal energy transmitted over the
equivalent number of channels and associated average data rate are then

30 used to determine the compos1te signal energy. In addition, the real remote
users can be monitored to determine both the number of channels in use

‘and either actual interference or volume of communication traffic.

The present invention also contemplates determlmng a second
composite s1gnal energy for signal transmissions over a second set of

35 simulated channels. A 51m11ar determination is made of a second average
data rate at which this s1gnal energy is transmitted in the second set of
simulated channels. This allows generation of a second interference signal



When system users or subscribers are already deployed using 25 channels in
the communi cati on system a determ nation can be nmade as to the nunber of
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si mul ated channel s by the nunmber or real channels already in use. A
determ nation of signal energy transmtted over the equival ent nunber of
channel s and associ ated average data rate ade then 30 used to determine the
conposite signal energy. In addition, the real renpte users can be
nonitored to determ ne both the nunber of channels in use and either actual
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noi se in respomoiset overa pradatermme dréquencycbandspreferably having ragyelatively
uniform spectral density, and then adjusting the energy level of this
electrical noise in response to the value of the first éomposite signal energy
and average data rate. The signal energy can also be adjusted in response to
20 the second composite signal energy and average data rate for other
simulated channels. The invention further provides a technique for
utilizing a random variable sequence, such as a Gaussian random variable,
to model variations in the first composite signal.

The apparatus for simulating signal interference between

25 communication channels in the communication system generally has an
energy selection element which outputs the first composite signal energy for
signals transmitted over the first set of a desired number of simulated
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

30 selector and data rate generator produces an output signal having a signal
power based on the first composite signal power and average data rate.

A preferred first interference signal generator uses at least one
electrical noise signal generator with an output energy that is adjustable in
response to a control signal input. At least one noise intensity controller

35 coupled to the control input of the noise source generator, and itself having
inputs coupled to the energy selector and data rate generator, provides a
control signal having a value that varies in response to changes in the

W
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BRIEF DESCRIPTION OF THE DRAWINGS

20 Additional purposes, objects and features of the invention will be
more readily apparent from the following detailed description and
appended claims when taken in-conjunction with the drawings, in which:

FIG. 1 is a block diagram of an exemplary cellular telephone system
which may employ the noise mterference simulation system of the present
25 invention; ' '
"FIG. 2 1llustrates a block dlagram of an exemplary subscrxber unit
+ receiver equipment; ' -
FIGS. 3A shows a hexagonally partitioned reglon corre5pondmg to the
coverage area of an exemplary multiple access communication system;
30 FIG. 3B depicts a pair of ad]acent hexagonal cells included within the
coverage area of FIG. 3A; -
FIG. 4 graphically represents mterference ansmg from third-tier cells
relative to total interference; ' '
FIG. 5 depicts a block diagram of an analog low-pass filter from which
35 may be derived a digital low-pass filter used in processmg a Gaussian noise
sequence in accordance with' the mventlon,



receive and filter these binary sequences based on an esti nmated correlation
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15 L System Overview

In a CDMA cellular telephone system such as is described in U. S.

Patent No. 5,103,459 referenced above, each cell-site or base station has

several modulator-demodulator units or spread spectrum modems. Each

.20 modem consists of a digital spread spectrum transmit modulator, at least

one digital spread spectrum data receiver and a searcher receiver. Each

modem at a cell-site is assigned to a subscriber unit as needed to facilitate

communication over a forward "traffic channel” with the assigned
subscriber unit.

25 An exemplary cellular telephone system, in which the noise
interference simulation system of the present invention may be integrated
is illustrated in Figure 1. The system illustrated in Figure 1 utilizes spread
spectrum modulation techniques in communication over forward traffic
channels between cell-sites and system subscriber units or mobile

30 telephones. Cellular systems in large cities may have hundreds of cell-site
base stations serving hundreds of thousands of mobile telephones or other
subscriber units. The use of spread spectrum techniques, in particular
CDMA, readily facilitates increases in user capacity in systems of this size as
compared to conventional FM modulation type cellular systems. Although

35 the present invention is described herein with reference to the mobile
cellular system of Figure 1, it is understood that the teachings of the
invention are equally applicable to CDMA communications systems in
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It follows that simulation of interference levels corresponding to maximum

- cell capacity is possible even if the requisite number of subscriber units are
not available. .

Althe xgh in the preferred embodiment of the invention the
20 simulated :. “{ic channel interference noise is transmitted by the cell-site
within the :.-mulated cell, in alternative embodiments 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

25 - the cell-site and the subscriber unit under test. . '

Referring to Figure 1, system controller and switch 10, also referred to
as a mobile telephone switching office (MTSO), typically includes interface
and processmg circuitry for providing system control to the cell-sites.
Controller 10 also controls the routing of telephone calls from a public

30 switched telephone network (PSTN) to an appropriate cell-site fr
transmission to an appropriate mobile or subscriber unit. Controller 10 al-
controls the routing of calls from the mobile or remote subscriber unit:
using at least one cell-site, to the PSTN. Controller 10 may connect or link
calls between subscriber users using the appropriate base stations since the

35 subscriber units do not typically communicate directly with one another.

Controller 10 may be coupled to the cell-sites by various means such
as dedicated telephone lines, optical fiber links, or microwave
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signal transnmtted by the cell-site base station located within the cell of
a 10 gi ven WOI6E298Ber unit. This enables sinulation of inter PETAISEH08]94 Si ng
ffom signal transm ssion on a sel ected nunber of traffic channels, o
irrespective of the nunber of traffic channels: (i) actually in use within
the cell of the given subscriber unit (here9rnafter referred to as the
"sinul ated" cell), or 15 (ii1) actually being used within cells
surroundi ng the simnul ated cell. It follows that simulation of interference
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tel ephone. Exesmgpsphie@hapes sGeh 1RaPite dibbildiutitss§Hfi $iftmally be closest to one

cell-site, and within only one sector if cell is divided into sectors. When the

* mobile unit is idle, i.e. no calls in progress, the mobile unit constantly

20 monitors pilot signal transmissions from each nearby cell-site, and, if
applicable, from a single cell-site if the cell is sectorized. Mobile unit 16 can
determine which cell it is in by comparing.signal strength for pilot signals
transmitted from cell-sites 12 and 14.

 In the example illustrated in Figure 1, mobile unit 16 may be

25 considered closest to cell-site 12. When mobile unit 16 initiates a call, a
control message is transmitted to the nearest cell-site, here cell-site 12. Cell-
site 12, upon receiving the call request message, transfers the called number
to system controller 10. System controller 10 then connects the call through
the PSTN to the intended recipient.

30 ~ Should a call be initiated within the PSTN, controller 10 transmits the
call information to all of the cell-sites in the area. The cell-sites in return
transmit a paging message within each respective coverage area that is
intended for the called recipient mobile user. When the intended recipient
mobile unit "hears" or receives the page message, it responds with a control

35 message that is transmitted to the nearest cell-site. This control message
signals the system controller that this particular cell-site is in
communication with the paged mobile unit. Controller 10 then routes the

e
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with the paljReWRdH the %‘ﬁl éEPnPF‘g? inear pperatigns anay be interchanged to

20 obtain various rmplementatron advantages and different designs.

The waveform desrgn of the preferred embodrment for cellular
service uses the prlot carrier approach for the cell-to-subscnber link, as is
described in U. S. Pat. No. 4,901,307. All cells transmrt a pllot carrier using
the same 32,768 length sequence, but w1th drfferent tumng offsets to prevent

25 mutual interference.

As is descnbed in greater detall below, the symbol stream for a

. partlcular cellular user is combmed in a first exclusive OR operation with

the Walsh sequence assrgned to that user.. The Walsh functron is typically

clocked at a rate of 1.2288 MHz, while in an exemplary variable data rate

30 system including voice, facsimile (FAX), and high/low-speed data channels

the information stbOl rate may vary from approximately 75 Hz to 76,800

Hz. The resulting coded waveform is combined in a second exclusive OR

- operation with a bmary PN sequence also clocked at 1.2288 MHz. An
identical binary PN sequence is used to encode each subscriber channel

35 within a particular sector of the coverage area of the cellular system. As a

consequence of the orthogonahty of the Walsh codmg sequences, each

sequence may be used to process user data on a smgle RF channel associated
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an attenpt is nade to continue the call by routing the call through anot her
cell-site. In the exenplary systemof Figure 1, orthogonal Walsh functions
are 5 assigned to user channels on the cefti-to-subscriber link. In the
case of voice channels, the digital synmbol stream for each voice signal is
mul tiplied by its assigned Wal sh sequence The Wal sh coded synbol stream

for each voice ghann hen ed by outer PN coded wavef 9
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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
20 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
30 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 fransmit modulator 46 and
transmit power control circuitry 48 in the transmitter portion. User digital

35 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).

&



i dentical binary PN sequence is used to encode each subscriber channel 35
Wi thin aWe9402987 ar sector of the coverage area of the cePCHUNSUWIN em As
a consequence of the orthogonality of the Wal sh codi ng sequences, each
sequence may be used to process user data on a single RF channel associ ated
- 11 - with such a sector without induci¥g interference anong the users
within the sector. Prior to application of Wal sh coding, the signals
carried by each channel may al so be convol uti onal encoded, with repetition,
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diversity comigrnﬁ{e seldcrrdc aaffic dhaanel unde?. test)ethis dnterference [is rhereafter
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also experiences interference due to signal transmission over channels in
20 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 mterference _

_component. :
The power transmltted over the cell-to-subscnber link within an
25 exémplary_ 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
30 _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 typically represented by
unsigned 7-bit gain coefficient used to regulate the magnitude of both :
in-phase (I) and quadrature phase (Q) channel components.
35 R S
. Forward ic C Interfer
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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power anplifier 50. Shared between the receiver portion and the 30
transm tter Wd96/0298Y i s an antenna 30, a dupl exer 32, control RCTUSISH889042,
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 transmt nodul-ator 46 and transmt power3econtrol circuitry 48 in the
transmtter portion. User digital 35 baseband circuitry 44 perforns various
functions such as anal og-to-digital conversion and digital conversion,
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In an exemplary embodiment, a cell-site transmitter {not shown) is
positioned within the center of each hexagonal cell and is assumed to be
20 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 (Sy,) received by
subscriber unit S0 from cell-site transmitters in other cells decreases as a
25 function of the radial distance (d) from such cells raised to a power y, and
may be represented as: ‘

k
Sm= P oy

30 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 S, on the radial
distance d (in miles) may be approximated by:

35 Spm =-157.77 - 10y log d + py + G, + Gy, + 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),
Gp, is the gain of the subscriber unit antenna relative to a A/2 dipole (dB), H,



25 exenplary CDVA systemis shared by pilot, sync, paging, and traffic
(i.e., davepsémdssnnel s. The share of power allocated to eadiCTsss8890i s

vari ed based on the location of the associated subscriber unit, and in
accordance with the aggregate nunber of subscriber units (i.e., the system
| oad) in the communication system. Powefi4dis allocated anong traffic .
channels by a 30 controller within the cell-site transmtter of the

sinmul ated cell using digital adjustnment of the gain associated with each

channel . The_gai n of n.t he exenpl ary, system cally
( od SyTesRoRgRaR e BEREHIRE e sbibite uBnTaLand bim bmepend e the

ng:]?tsﬁgeeofﬁrhhofmqmrbe;‘iﬁaatdmadrature phase (Q channel conponent s.

35111, Forvar g ﬁéf&fﬁﬁ%%ﬁﬁ{‘% Fi@&rwe@ ub?e &'tﬁ@%ﬁaﬁ‘ﬁ:@@%ﬁ@ﬁ@ ap the

forward traffic, | cha of a tlcular cell-to scrl

link i ncl udethessubseriber umtcii} and & t:;anwm%@hthﬁ centen\of dhe ¢%osetl Ci imthe
namely ag Oﬁ_{spggpﬂﬁé, gwe to interference noise arising from
transnissions to ot her uscrlbers wi thin the sinulated cell, and a

non- ort hogonal cqrmgaeerdQth:gs[emagi]f e=Ace g rom surroundi ng cells.

Non- ort hogonal Cofhponent Referring to Fi gure 3A, a hexagonally partitioned
region is s r pl e
ncaess oot R JSTHREPH frieth ?53@%2&2&&%?% P Colr B baNaBH bt
hexagonall® 1cthechexagonab cowerage ateaaser da the distanwe, vector chﬂﬁwleﬁg saxb§cnbeat ed

cel | QO whighitish £AD'He 'cén&ﬁ-ftft’tdﬂl eet ahd d ae;ﬁ*e@em the: ax@e %iéi%@eﬁ & dddur e

3B, a fixed or . nobi [ dV\AthI chis
sur r ounded blg,o:&zqqtpL gx{sluﬁf g;g]e ‘Cl lgﬁfaéiy g-‘(ﬂ%afSA) (i\%?l@f‘?’! *"Hnl ur n‘ '
surrounded bynit S§aochd center offthedth eelriwlﬁﬁn@h&seecmﬂ tier é1givéinitypugh the 15
coverage area of the exerrpl ary system has been hexagonal |y partitioned for
pur poses 13f anal yi? s y2it 14 -2ryredel Hu6)lhai=2jHe jEBAhBNgs of the inved)ion
are equal ly perti nent to.cells .of other geonetry. I'n an exenplary .
enbodi nent, a celi? sizle 12r-Rrecos(Ber30(i8)], skjrjr4i5s.-.Positioned within (She
center of each hexagonal cell and is assuned to be

In equation (4), the parameter ¥ represents the distance from the center of

20 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 centeér of cell CO to the center of |
“cells C(2j), j=4,5,...,9. In a like manner, the square of the distances from the
subscriber unit S0 to the third-tier cells Ci (19 < i < 36, i#17+3j, j=1,2,3,....,6),
and Ci (i=17+3j, j=1,2, 3,....,6) are determined according to the relationships
25 (6)and (7): ' ' '

r2=u2+12-2ry cos[0- 15(-18)], 19<i<36, #1743} j123,..6 (6)

1,2 =v2+r2 - 2ry cos[0 - 30—20(i-20)], i=17+3j, j=1,2,3,...,6 - @

30 . o _
in which, again, (r,e)_ specifies the location of subscriber unit SO within cell
" C0, and R denotes the radius of the circle circumscribing the hexagonal cells.

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

35 | | =V3R; . | ®)
y=23R; o ©)
=3R; o ' 10
40 2=9 a - (10)
y=\fZl R;and (11)




20 equi pped with an omi -directional antenna. Qutside the hexagonal cell
servi ced bywangdmwapsransnmitter, |arge-scale variation in the siRETAUSISIENIYy
transmtted by each transmitter can be represented by a | og-nornally

di stributed random vari abl e. The mean of the signal power [err] received by
subscriber unit SO fromcell-site transmti¥ys in other cells decreases as
a 25 function of the radial distance (d) fromsuch cells raised to a power
[err], and nay be represented as: [err]

1) 30 wh Kk t '

rel) ativel §r§evo: 3 g? Iaa ﬁﬁ‘?@ ee":,e\f'?ﬁp@?ﬁr%gb?g eﬂFO aE @sgl%hfﬂqggﬁrence
areas) it has p@mrf'Bunusmgaat thecsuhseaibe ér\mét 1&:&?5 itzgnamissigas fepion
th dial d =
157,77 f"m['ef%?ﬁ%%aé’a‘trﬂp@‘%ffﬁétﬁﬂé UG SEIe 13 1 L 10! og b
(2) where [err] denotes the signal power 3(5 w) transmitted fromthe
cell-site, @G represents the galan e | -site antenna rel ative to (@)

[err]/2 dipole (dB), Gmis the gain of t M gSubscri ber unit antenna relative
to aferr]/2 dipole (dB), [err] WO 96/ 02987 -14- corresponds to the

helb ght gf thet Q\ﬁiéresit i agiiRed 2haepds kBt equalerpd if expredsion I(E). gBimidarlyithe
subscri ber an i [ H%, e
di stance [err] %&Q?feren %é{“g&élggﬁrt Strtﬁﬁﬁlt?éysge r%@ rggsléﬂnﬁﬁsgédtaa t he

center of the ith cell G in the 5 firststijer my be expressed as: [err]
(3) where xiodenotes the Iength of Ohe=Ik Deex segnents forning the boundid)y
of 10 the hexagonal coverage areas, r i®stsrhe di stance vector between
subscriber unit SO and the center of cell CO, and q represents t he ang Ie
between r and hori z BeferringdosFigura 4-theredis showa ai graphical tfﬁBr9§80@rf@rb@ the

fj'ssé ?\r)gﬁ L ;Om we}fe‘%QnééD (a o tthe Bird-teri delllsCRilativé thi the! fftab BveRféréh&

(4), the par arrZ?é( T}) raé ﬁtl‘%“ f eth% %‘?éﬁcé f?B?ﬁlfxﬁ%n%'emge rqt@p?gga'}ﬁ t %
to the centsyr @loteed ffor ﬁiv?h different-Subkcriber Ginit\positions redestri ©10.5,%).6,tE and

0.8, relative to the center of cell C0, 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.
20 Accordingly, for purposes of clarity the relatively minor interference
contribution from cells in the third and higher-order tiers of cells is not
considered in the following analysis of interference arising from the first
and second tier cells.
Referring again to Figure 3B, subscriber unit S0 is seen to be located
25 proximate the boundary of cell C1. For such exemplary positioning the
interference to which subscriber unit SO is exposed may be viewed as arising
from the following three sources:
(i) cell C1 closest to unit SO,
(ii) the next two closest cells (C2 and C6), and
30 (iii) the remaining fifteen other cells in the first and second tiers.
The interference components due to cells C1, C2 and Cé may be
modeled as Rayleigh random variables characterized by the following
components, respectively, of average interference power (0 <9 < 60):

. — 1
% I1(8) =k (<2 4 r2 - 2rx cos[® - 30])2 (15)
— 1 —
Lo () =K - arxcoste-o0p2 — -1 & 8-60) (16)



parameter z represents the distance fromthe center of cell CO to the

center YO8 C(2j) j=4,5, ..., 9. In a |like manner, th@®CIRSEB8IP t he
di stances fromthe subscriber unit SO to the third-tier cells G (19[err] .
i [err] 36, i[err]17+3j, j=1,2,3 ..... 6), and G (i=17+3j, j=1,2, 3, .,6)!

are determ ned according to the rel ati-otfshi ps 25 (6) and (7): [err] 30 in e
whi ch, again, [err] specifies the | ocation of subscriber unit SO within :
cell CO and R denotes the radius of the circle circunscribing the

hexagonal cells. Wth reference to expgessions (3) _and (7): [err] WO

96/ 02987 -15 - In a (n,@)&hrm!—m—y—eﬁbod*qaa e+60)posi te(q
i nterference power beéarl si ng (%t +The2e0ensis +30)4uni t go du??o si gr(1a7l)

transm-ssi ons fro l_tLI-sHes within the fiyst three tiers is defined
accordi ng to: interference component ue to the remaining fifteen cells

(13) [err] wmninethé ﬁz%taawraedoﬁaaﬁefse(r & 38), ﬁsquabwtxpr} Figu?ém &S on
Iy bo p%éé‘ghég abﬁgg { eée@&% dsttl “6 r-cerlls"h‘ioc mter}erence power[ errl.

may be

(14) Ref er conespondingute the sulreiof the inberferencecopipormints ajusesibed aibove of

t he |nterf gspﬁ% qugznthe third-tier . cells relative to the total

I nterferencCe F as afunctlon of the angle [err]. Specifically, the

' tit T3/Tt 15 t Wi i
auant 1y TSI LS IS LR I T ey T “%’E*Eq?eﬂ%t"i?ro?”'caf’ N

.“‘t"irﬁoﬁneriwl‘i’ﬁrﬁc’%?eif a@Pf%iP?ﬁ?é%}ﬁa{dé@rf%%tal ?ﬁﬁra? RGBTl igrfprence  °1

enbodi ment poveerniyxifrom other eells and dhe prawerbky, weeeivéd ynd g[trem subeaisbérhan ‘

;ﬁfeggerggce conwklggk%nsmro Wl m%eocfel'bwahhgﬁ?ﬂhﬁl% d&?y ers of

(D

cells i n@KP:ﬁSﬁ@dﬂred | n the foI | owi ng anal yS| S of i nterference ari sing
fromthe first Ioc. .
—Io—r-r«l( Il(r0)+ Iz(r,9)+ I3(r,9)+ 14(1',9)) (19)
~where expressxon (19) is obtained from the ratxo between expressxon (18) and
equation (1).. R - '
- 20 As described below, in the preferred embodlment an mterference

signal based on the normalized non—o_rthog_onel 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

25 signal is created by passing white Gaussian noise through a set 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. If Lpis i=1,..4,
respectively denote the average signal losses ~occurring over the

30 transmission paths associated with the four interference components
specified in expressions (15) - (18), then the required attenuator adjustments
are determined on the basis of the following equality: |

. Pi+Lpi=G+Lay, = i=12,..4 o (20)

where P; corresponds to the transmitted power of the ith mterference

component, G represents the level of the White noise provided to channels

within the base statton transmitter, and L,; specifies the attenuation

required over the transmitter channel dedicated to simulating the 1th
40 interference component '



and second tier cells. Referring again to Figure 3B, subscriber unit SO is
seen to be | 5 proximate the boundary of cell Cl. For

exenpl ary po‘gﬁg%’@%ls g the interference to which subscri ber unrﬁ@ég‘?%””
exposed may be viewed as arising fromthe follow ng three sources: (i) cell
Cl closest to unit SO (ii) the next two ClﬁZESt cells (C2 and C6), and 30
(iii) the remaining fifteen other cells in"tthé first and second tiers. The
i nterference conponents due to cells Cl1, C2 and C6 may be nodel ed as

Rayl ei gh random vari abl es characterized by the foll ow ng conponents,
respectively, of avdnagaimni®nyf,eithocaomoethdgbiar rintéffprenes r fompoi@nt is

96/ 02987 -16 - J.ern fo 1 [t n 4he 1 | ni
fifteen cells Vé"ﬁﬂl%teﬁhg‘ ﬁ\é &re%ﬁgéi%kg& plf e IES{IE'%OJF gﬂgﬁwths&sehgﬁdepﬁ?g
Figure 4 as 5 NENOREHOGONAL INTERFERENCE SBVIRE:ATHDNsSet forth below.

i nterference power corresponding to the sumof the interference conponents
descri bed abBbve nmay NONAMREE S TERFERER JO
proportionality con f},h&r hariket: ' rference power [err]
fromother cells an?’t ee;pl; wer ?ielr rgilﬁgtedgglﬁggg#%’% a&% ven subscriber unit
fromthe transmtter w tH@ahsubscriterjunitlogation (c8) where Psreloand d5q<8), be

expressed as: [err] wher ' ' b N e ratio
be'ltovveen expres[si on](18) gg:egﬁé?r?ﬁﬁ@m‘éd@[@g" eggitgéekgzir)p"bed bel ow, in

n . 20 .
the preferred embodi nent %6 pta ‘é?‘&?‘f’&F‘bﬁéé’@ﬂtW"f‘ﬁé SR zed
non- ort hogonal interferencefesdepdosses specified by equation (19) is

I njected into the signal @53%?@\%&}3%%3@3&%&(; at i’on transmtter servicing

the cell of the subscribe
(e) output power (P;) for each cell's base station transmitter,

i=1,2,..,.N, and _
(f) radius (R) of each hexagonal cell.

15
II. Determine the value of each of the following interference
components:
— 1
I,@0)=k
» 1(50) {x2 + 12 - 2rx cos[8 - 30])¥/2 1)
—_ 1 — .
,0) =k =1,(r,0-60
T2(H) {x2 + r2 - 2rx cos[8 - 90])¥/2 1 ) 22)
— 1 —
I} = = I ’ 0
25 where
- ‘125.‘ 1 |
It =k ) — (24)
rtid
=vY3R; 25
% x=V3R; 25)

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 (Lgj, j=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+Lpj=G+Ly j=12..,4 (26)
40



evaluation. In the preferred enbodi ment, a non-orthogonal interference 25

si gnal. gso 6¢i29¢ Jed by passi ng white Gaussi an noi se throug mcﬁe,&?%?h
nmu e .

attenuators and a fader. The attenuators are adjusted to"si |
propagation | osses occurring over a particular transmssion path, while the
fader enabl es the sinulation of snaII-Sﬁ?Ie fluctuations in interference
level . If [err], i=1,...4, respectively denote the average signal |osses
occurring over the 30 transm ssion paths associated with the four
interference conponents specified in expressioons (15) - (18), then the
required attenu e determ ned on the basis of the

foll ow ng equali e onds :.
[ol | pui ng_edual s nbAd Bbove, the power trans elrtteeﬁﬁé%gﬁﬁofﬁe 418 or GBERNDIC
the Ievel . stationeis\gha édrﬁm% pilobi syne, tﬂig&ﬁe ichannels. b'&esshamt i on :
transmttepf EBWdrera'liocﬁPétP' fd athet *I?aﬁict Et'lﬁ‘i‘iﬂe‘?“aéﬁ%ihf&fi W ﬁ"{ ven

transmtter ann ed tQ sinmylatin
conponert . © ugggz%g@gﬁnaf( may Pevaried in & COr. ance w1 the ocatnon of the

PCT/ US95/ oaﬂsﬂznli& uhit andreve gy ystehre lowd - Q?dv%rexgmallowéérérﬁéﬁgqaeqemwent

[ s 5| mul at gﬁ TQ l% he - Er e!f a IE ?&%@%}@ré ﬁ‘tﬁ fg‘an ﬁ’ingte% ro?lcg%dure
NC]\I- CR;I‘ HCthglltalJ NOE tBe mmATassuciatecSmuhfgad\hdl&nﬂélowﬂ'hg gainuof 60, :
<< .
(b signal pé%‘)ggﬁa S il ¢he dxelrtaly Qsten WAIL dpiciiP bE 5 %%%s‘f‘%é’g& on |
and subkr aaeunammd Zrhit gain g@ﬁfﬁ@eah ysed to regulate the magnitutecof bothsthe ( d) |
DL nCt  Hphaté Al gua@Ritdre PRAsCHOPHari@bnlRirichyd Eécﬁaﬁﬂxéél)'na? S

station transm I‘aIUS
cell. 15 IL Det Pn% éﬂﬁ&? &és%?af@g %'r 1¢ &hﬁﬂ@e Are-fependent

conponent snot only on the values of the correspondmg dxgltal gains, but also on the
data rate of each.’ Spemﬁcally, the energy per code symbol (Eg) 1s
15 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
20 within the simulated cell.

The orthogonal component of power S transmltted 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

25 specifically, the orthogonal component of power S radiated over the radio
channel is designed to simulate the transmission of Ny simulated traffic
. 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-

30 determined using a sixteen-state, second order Markov model. Each stai=

- within the model is defined by the speech rates (e.g., full-rate, half-rat:.

quarter-rate or eighth-rate) associated with a pair of consecutive speech

frames. For example, as used in the following, state "0" corresponds to a

'paxr of consecutive frames characterized by full-rate speech activity. Table I

35 below sets forth the rates of speech activity for: the pair of speech frames
associated with each of sixteen Markov states,



[err] 25 where [err] and where k is determ ned by nmaking the required
substit uti ormoo6/0198E | nput paraneters specified above into eqrariusssostd)
and (2). Ill. Generate white (i.e., Gaussian) noise of power G and adjust
the 35 attenuation levels ([err], j=1,2,...4) to produce the four
interference signals established in secti onlgL Again, the required
attenuation levels [err] nay be determ ned fromthe foI | om ng equality:
[err] 40 WO 96/ 02987 -18- Orthogonal Corrponent As not ed above, the power
transmtted by each cell-site or cell m@ jon is shared anmong pil ot,
sync, paging, and traffic channels. The S power al I ocat ed to the
tl’affljc channe ".’*"'!qu P Rte FAT | BIARE Rate For CuttenttoP ? By e ]
varied in accqr da catlon 0 he ubscri per unit and e
system | oad. HeWe] -'b------ Po— N hahhe SLHRO-{-80 e
cell-site tra cmitter B8line similated celfMnrough dlgital adiQst ment of
the gain assodj at ed wi flleach chahnel . Théwalfin of eakh channell within thf
exenpl ary systfemw [ ¢yl cally be repregmiartedd by 10 hn unS|gnezj /-bit galjn
coefficient udead ToO Ceqilat e tne fragr lo'-,-lo [ TE ~DTas o T

guadrature phde S . P oW eHS—asSSocHatet—w+H
each traffic drasrae ] --------m on—+he STV-T-R=T 2 =
correspondi ng |digital Balfns but hiso on M gata rathk of each
Specifically, |khe enerBalfper code| synbol querter is 15 oroportlorﬁal to [err ,

where [err] dgnotes thhalformalized data rei@t I n-accof dance W th the
0T TNOGHETter N €11 ] ence conppent 15 79 ]

i nvention, thdg

to the other dgfra - .' tvpe al ire—cett f
t hese ot her cHerRre . - '
"real" traffi rhanmﬂu\ag l'I nraf adl t 0 _geduad sical Iy

e
simul ated cel I} quarter eighth
eighth full 12
i eighth half 13
f elghth _quarter

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 entry within Table II,

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 (N-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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Is adjusted by a cell

e req.

TARLR,

In an exenpl ary enbodi nent
voi ce conmuni cati on,

conponent of power S transmtted over the radio or
control | er opcrriusofiessse of the
gain factor and an equivalent data rate req corresponding to an

average of the data rates of a set of simulated traffic channels.

More 25
conponent-29f- power S radi ated over the radio
I's designed to sinmulate the transm ssion of [err]
channel s at the equival ent
interference power S is designed to

simulated traffic
in which. .-
equi val ent :

rate req is 30 determ ned using a Ssi ate second order Markov nodel . :
Each state ' TP
ol rate, Inelfeohid S dor | e tor gﬁa E&I m@gé ilp (P21 1
of consecu gp@ch;uﬁo&? 23; Eﬁgp 0 , jstate
' corres §ca§£ _ed by fulfj-rate
speech act VI ty. Ta Ie rame ﬁ X ’ialli“?h #l)of fspeech acflivity
for the pa f s N’él)res assocjatefl ch _of sixtéen Markov
states. WO 9B/ 02 -fulb- TABLEL [efr] ﬁuﬂllaccor'd-alﬁbe'withﬂsﬂiond order
Mar kov nod¢l thgory, the_fu!n pnobamil tyj ot me-oocur_r gnce 97 g.ayveEnfspeech :
{ﬁte }[M':hi a aIme [N EL1ITeY | Pe e e hatterct] O BIe T {tes [ ]E?d ?y
e states —Hgﬂd— - . eu-r-u-?—be-l irst
entry withfteTalleo i, i _Juisiioa ot hthh' af #9171 rate
speech wil ll_exikt in Fr (nd1) half pel <i tfWl i onl whede bolh B-28%s N and -
(N-1) are 4t full rate dmll 10| thbaNarkbv dialfn i sets at ¢t at1330" | The
remai nder @t Table || gifugls tie phalfabl |1 iquastee’ frang t1 ofi NY.638 ‘ i
i ndi cated yPEECIT TATE T TRt 2y (Ralf 1 0 Iéi%hm po$, 71 f Mar kov -
St at es assgm * I\l)qﬁwelrl .IIT.ML 8 0
2 - full |  quarter - half - | 9 0 A
l[ . 2. full . quarter quarter | 10 0
_ 2 full - quarter |  eighth 11 0
3. full - eighth full - 12 0
3 full .. eighth .. half - 13 0
R | 3 full . eighth quarter 14 0
3 “full | “eighth eighth | 15 0
4 half | full | full .| 0 | - 085
" _ 4 half ~full “half | 1 0.15
1 4 half full ‘quarter . | = 2 0
1 4 half ~ full eighth | 3 0
I~ 5 half. |  half |  full 4 "0.238
5 half half - half 5 0.238
5 half half [ quarter | 6 0.524
i} 5 half |  half | eighth | 7 0
K6 half | quarter “full 8 0.173
6 half quarter half 9 0.037
i 6 half quarter quarter 10 0.123"
6 half quarter eighth 11 0.667
7 _half eighth full 12 0
7 half eighth half 13 0
7 half | eighth | quarter 14 0
7 . half eighth eighth 15 0
f 8 quarter full full 0 0.862
I 8 quarter full half 1 0.138
I 8 quarter full quarter 2 0
( 8 quarter full eighth 3 0
f 9 quarter half full 4 0.5
9 ' 5



WD 96/ 02987 -20 - TABLE |

SRey9shtvgrresul ting first-order Markov steady-stat eppifiasdigsdd | €S
for the existence of each of the four speech rates, :i.e.,

Table 111

hal f -r at e,
of 5
enpi ri cal
or der

quar

the preceding frane. Table |11
speech activity data included wt
Mar kov techni ques.
arranged into a 16x16 state transition
exi stence of the sixteen states set T4

WD 96/ 02987 -21 - TABLE 11

full-rate,

ter-rate and eighth-rate, as a function of the Markov state

may besgenerat&d based on the

In Table I |

I n one approach, the entries within Table Il are

robability matrix P. Assum ng the
IIn Tabl €Continued) the (i,j) entry

of the 10 matrix P represents the probability p(x [err] y) of-
transitioning f 3 a ,
the probabilit ;. { or . .
state 1 (full,
di scl osed by, fhbr e L¢. quarter | b & dullshydert Bn pPrbbad?3 st
Model s in Engi nperi bg Waeete2 987 quagter Jci edadf Vollune 81 ; Jphn 0\I8Bey
and S_on;s 81979%“ 010 Mar OVgGdYders Nayjdangera I quatepurioer I Stptes ghe
assocCl ated n-s La@lnsST gl G, d all rdqm TTIC P 7
stochastic matI p,\ i@( = @‘ﬁ%’; - %rﬁ%%c'we’ﬁzﬁﬁ
MRy be expresse S AT o n_&garft&{,g( ) Sighth fu 0 v
whi ch p(n+m) deffinedlthe|stguarter ahsiighth o halft o] (n+ trhnsP036ns
froman initialll stalk trdnsquaner nht rédighfit 1)I. quarteferir], 1 0.042
[err] 11 quarter eighth ( 43) eighth 15 0.862
12 eighth full full 0 0.833
12 eighth full half 1 0.167
12 eighth full quarter 2 0
12 eighth full eighth 3 0o
13 eighth half full 4. 0.8
13 eighth half half 5 0
13 eighth half quarter 6 0.2
13 eighth half eighth 7 0
14 eighth quarter full 8 0.1
14 eighth quarter half 9 0.017
14 eighth quarter quarter 10 0.017
14 eighth | quarter eighth 11 0.866
15 ° eighth eighth full 12 0.019
15 eighth eighth half 13 0.003
15 eighth eighth quarter 14 0.083
15 eighth i eighth

10

Table III shows the resulting first-order Markov steady-state
probabilities for the existence of each of the four speech rates, i.e., full-rate,
half-rate, quarter-rate and eighth-rate, as a function of the Markov state of
the preceding frame. Table IIIl may be generated based on the empirical
speech activity data included within Table II by employing second order
Markov techniques. In one approach, the entries within Table I are
arranged into a 16x16 state transition probability matrix P. Assuming the
existence of the sixteen states set forth in Table I, then the (i j} entry of the
matrix P represents the probability p(x!y) of transitioning from an ith state
"x" to a jth state "y". For example, the probability p(011) of transitioning
from state 0 (full, full) to state 1 (full, half) is 0.089.

In accordance with Markov model theory as disclosed by, for example,

H. J. Larson and B. O. Shubert in Probabilistic Models in Engineering

(Conti nued)

by enpl oyi ng second

n



where Il denotes a steady state transition matrix. The matrix Il is

def i nedWo86/02987 err], as: [err] PCT(G¥d5/04890 Hence,
as [err] the probabi I|ty of the existence of a state "y" approaches a
constant val ue i ndependent of "n" and of the initial state probabilities.
It follows that the matrix Il nmay be algmi ned by solving the follow ng
matri x equati on: [err] (30) 20 where,
again, the matrix P is conpiled from enpirical voice activity statistics
such as thgse inc ed i JL TA 96/ 02987 -23 -

Ref erring Sﬁﬁ% &u? ﬁh@ﬂb&\"&ﬁ E}Etﬁ?ﬁﬁ 15{7@ raMQVgé Cé‘ﬁ@tscha\‘lﬁ‘ge
existing ia fmlteanmnbarqf statesetheassiitiateden-sbop sramisitich probabilitiee can be

thi?r&yes“;‘%?nfﬂ réé’%b' T e i ] tfﬁ"g' hd® i?lee”‘ @, e

Pr obabi | j t hapon ogam\eequathmutagsbarexpmse laspr obabi I ity [err] of
- 0. 3696 at fuI I -rat e speech: exist within any arbitra
speech frane. Simlarly,. ther gfﬁ"%@veral | .probability [err] (Z%

0.5116 t hain WitichPeem) rdéfinef Hs @t *tiaft%it’ioﬁ rRgRakler [+ MR Rs TR 10
The equi va ent da.t éte r&am@ﬁnc%‘gg%gg,ﬁ d on the rate statistics
vector P, ah’? P} B—%e set of overall
probablicdtles assom ated V"'thv%(Fl currege of each speech.rate.
Specifically, the fractional ue assucidted with each speech rat Q%)l.
full-rate =vhere [Trderiotesiacsteady State)deansition aatrix. OTRS mateik Fi i}hdé\fm@d e =
0.125) is padal £d by its 15 assom ated overal |l .probability (i.e., by

[err]) and the-)guesu [ting four lg(f'ﬁ ifrms are sunmed in order to obt ai
[err]. In an exenplary system XY (73 channel-s dedicated to afal

subscri nits within,a art ar are eac erijodical | unct ur ed"
wiin a Bowdiehctoat miop the BROPALAE &*ﬁfmqﬁsnm ahtats 5 Semdanches ene 50
reci pi ent. eohstant value Iﬂmdepexiaﬁtmfe'&ﬁ'nénd rofethel miitial s tprobabilitiiss it

follows that the matrix l'[ may be obtained. by solvmg the following matrix
. equation: '

R EEY
20 where, again, the matnx P is compiled from empmcal voice activity
statistics such as those included in Table IL

| o TABLEIII N __
State of Frame Speech Rate of Steady State B _
(N-1) ~ Frame (N) - , Probablhty ~ Probability
I 0 — _ fall [ 0335 |
i 1 __full | —0.0351
| 2 full . 0.000 :
| -3 Cfulll -} 20000 | 0.3696(p1)
| 4 half 1 0.0134 -
| 5 half —_0.0070_
6 halfl_____| 00271
7 “half | 0000 0.0475 (pp)
8 quarter | 0.0097
9 - quarter - 0.00200
10 _ quarter - |- 0.0040 ,
11 | . - quarter | _ 0.0556 . |  0.0713 (p3)
12 — _eighth | 00120 “
13 | . eighth 0.003¢ . 1
- 14 ~ eighth B 00402 o "
, 15 | eighth | 04560 3 '05116(p4) ]l
' Equlvalent Data Rate (re




puncturing by nodifying equivalent data rate req to a punctured data rate

[err], wher 25 The variance, [err], of the punctured y
be expresse @o[eggfe 5rr] 30 The power control bit wll genera&?‘{rﬁ'{){gg’h&’%H
length equivalent to the Iength of two of the data synbols included within
a given frame.. Since, in an exenplary inplenentation, there exist
twenty-four code synbols in a 1.25 nsec frads, the power contr ol

sub- channel occupi es approxi mately one-twelfth of each data franme. 35

In summary, the orthogonal conponent of the transmitted interference power
Sis preferably generated in accordance with the procedure CRTHOGO\IAL

| NTERFERENCE LATI i b | . / 987 -24 -

| NTERFERENCE %%E % ﬂb‘%ﬂg O\‘I’V’f’ﬁ’é‘"f BF‘P‘&% Emwsarsmss fate ’élffmg
nﬁrrberI of userin [agr afbitraryi f@mélexscebtameﬂ %IF $wmming all wfntley seéady-stdtec

f
Cabl e specif ;%a%beﬁﬁﬁie% BBttt 15 The gl fedchS %Cﬁahﬁééﬁéﬁaéswﬁsaﬁ
units and t beithel firsdtfoun enitribs nvithin then"ﬁheadyd State Prébgbility’ celuens toft Tablecs
tor P, P = '

{ate assoct at o Jields §EQvERAL ﬁ*“ﬁ??#ifm Bf 06964 full far2RBEEh ACuiR) il
channel , and (@Xistawdthisranyy arblltl_taéy speechifzame:  Pimi prlyegh@@eﬁmta an oferalle

degree of corr obabil YESMN0.5ULE Ehatl tie Speichsrate lof dreBfbifrlagy FrdeAbSFIIRB
random vari abllg* gtg?gpmaan and havi ng, % 15 standard C}EVI?%'[IOI’I of ¢

f
unity, at 20 n%‘gg%‘F f€ervals in order to create a 50 Hz random data
process. The rando nTl\m equbtalentsdpiacfate a‘@klylsgmmputaehbasn& gnathearade statistizsr

generator in C\?&!t{f %g\e% i 5415 o ﬁpv&lﬁ%eg%ﬁﬁ%bﬂ&g % the "R 8r ‘WekSi™m

random process T ussi‘an uti-on
probablhtles associated with the occurrence of each speech rate. Specifically,

the fractional value associated with each speech rate (i.e., full-rate = 1.0,
half-rate = 0.5, quarter-rate = 0.25, and eighth-rate = 0.125) is multiplied by its

15 associated overall probability (i.e., by p;, p2, p3, or pg) and the resulting four
product terms are summed in order to obtain req.

In an exemplary system, the traffic channels dedicated to actual
subscriber units within a particular cell are each periodically "punctured”
with a power control bit used to regulate the transmission power of the

20 recipient subscriber unit. The present invention accounts for this
puncturing by modifying equivalent data rate req to a punctured data rate y,
where

1 11 1 11 1 11
n=py+(33+1505) P+ (T3 + 130.25) ps + (5 + 150.125) py (31)
25
The variance, s, of the punctured data rate may be expressed as:

1 11 1 11 1 11
o2=p; + (ﬁ* Ti0°5) P2+ (1_2+ EO.ZS) pP3+ (ﬁ+ ﬁo'lzs) Py~ K 2)

30 The power control bit will generally be of a length equiiralent to the length
of two of the data symbols included within a given frame. Since, in an
exemplary implementation, there exist twenty-four code symbols in a
1.25 msec frame, the power control sub-channel occupies approximately
one-twelfth of each data frame.

35 In summary, the orthogonal component of the transmitted
interference power S is preferably generated in accordance with the
procedure ORTHOGONAL INTERFERENCE SIMULATION given below.



random variable is used as an index value to retrieve a correspondi ng 20
Gaussi anywderegyr om t he | ook-up table. The random nunber gefRis9ébdRd Ty be -
effected using a linear congruential sequence such as is described by D. E -
Knuth in The Art of Conputer Progranming 2nd edition, Addison-VWesley,
1973. Specifically, the follow ng recursjjue expression is enployed in an
exenpl ary enbodi nent to generate the congruentlal 25 sequence: [err]
(33) Ill. Pass each Gaussian value retrieved fromthe | ook-up table 30

t hrough a digital |ow pass f,Iter F| gure_5 depicts a block diagramof a
digital [er GR REREINCRR DU LA IQING from an anal og LPF. :
Referring to Figure &lffaqéﬁf(ﬂ]dw a\fmrg-s mul tiplied by a weighting
factor 1 - a usi rst.mul ti [ ; 8 et he ais related
to the cut off fE% b?’Bﬁ“?%ﬁﬁh §snd dEfirw hﬁ e e val v i o
combined in a 35(b)sn|umhbr@ftedfﬁnecﬂtamelsszailoca€bde actuad s withiaddeed by
a second qmultjplier 86. Miltiplier 86 receives paraneter a as a first

i nput, arrd F%fclfel ves a del ayed versi.on of the output .of sunmer 84 as a
second i nput fro(e)aa debkupetablesp eMyuimtxtdmsnptmegamdasatabﬁmm of tthe

Piter i é“@%#?‘-‘% AfBsCiiboaiifts apd thetd 1&9?",@ AR o6 RRfulfl el 200, (e
(e.g., 200 ns.) th Fﬁ??s?@usflﬁﬁéﬁcmfp§f fre Pmor&sﬁﬁ’d??ﬂj‘@ﬁ&?o@f ffart er

is: a s exam le, the s eech or data rdt8 rd’sl‘oaate(c)i with the energy transmitted over

(34) which espons [err]
(35) Thelle Pg[t?‘i g‘éﬁ‘mﬁ? &n of h(t) is.given by: [err] 15 wher
* is the convol U'(é)Oa colering filteracoefficientt repidsentativel ¢t theoldelgred Jof 'e
Assumi ng the %i § s@gl@&d such that a=1/kT, then'the filter
‘correl ati on“@8& ?\t[‘”‘feé‘%‘é‘ic sanpling tine [err] where [err] =
kT. By applying inpulse invariance techniques, the pole Iocatlon [err] of
: II. Generate a Gaussian random variable, of zero mean and having,a
15 standard dev1at10n of unity, at 20 msec. mtervals in order to create a 50 Hz
- random data process. The random variable is preferably generated using a
random number generator in con]unctlon wlth a look-up table configured
to map a uniform random process into a Gaussxan distribution. Each
random variable is 'used as an index value to retrisve a correspondmg
20 Gaussian value from the look-up table The randec . number generation
may be effected using a linear Longruentlal sequence :uch as is described by
D. E. Knuth in The Art of Computer Programming, 2nd edition,
Addison-Wesley, 1973. Specifically, the following recursive expression is
employed in an exemplary embodiment to generate the congruential
25 sequence:. | | |

Xi+1 = X;* A + C) mod M. S o (33)

II. Pass each Gaussian value retrieved from the look-up table

30 through a digital low pass filter. Figure 5 depicts a block diagram of a digital
lov--pass filter (LPF) 80 which may be derived from an analog LPF.

Re .ring to Figure 5, each filter input value is multiplied by a weighting
fa..or 1 - a using a first multiplier 82, where the parameter a is related to the

cut off frequency of the filter 80. Each weighted input value is combined in a

35 summation element or summer 84 with é'prdduct produced by a second
multiplier 86. Multiplier 86 receives parameter a as a first input, and
receives a delayed version of the output of summer 84 as a second input
from a delay element 88. In the preferred embodlment the parameter a is



digital LPF 80 is found to be equivalent to the value of the paraneter
[err], i.e. wB8060f987r] = exp [-aT] = exp [-1/k] = a. Accor di npCyses08890
digital filter transfer function H(z) is given by: [err]

(37) 25 which yields a bandwidth of: [err] (38) 1V. Scale
the output of the digital filter 80 filter_fpy.an average data 30 rate
coefficient "e" and shift the output in accordance with a standard
deviation coefficient "f", where [err]

(39) and 35 . [err . . . (,40)
and where [ er rselfstrsl &Q heglosgrtoepnisy. ?P#Jﬂ'éﬁ Liltegtime consiant is,chosen to by
where [err] ancappeoximately ttetfframéslmchﬂaﬁbnc(a ,(BJO)mt)d (32) In a

01 der {0 acobunt 2%"’#*@%%@? e Bt ?%%gﬁgféﬁé@‘lagnml B3P Cont 1ol

I nformati on. WO 96/ 02987

PCT/ US95/ 08890 -26 - V. Deternine tHiwdFgi gai n corresponding to thg34)
or t hogonal conponent of power S transmt éH” over the interference

si mul ati on channel cordance with the aggregate nunber [err] of traffic
channels 5 1o X‘ scaéHmPH TERRO r of traffic channels Nr

allocated to actual users. For 1ggcha g;sg [ag ) actual traffic channelllgg)
€

the coeffici®ents of a FIR f| I ter (Fi'gure associ ated with each chann

are adj usted acgy dét@&niﬁsﬁ@%uk&or?él&ﬁ@ﬁ%f‘lﬁ(&)aisr%%n b}'»h' s adj ustnent is
effected by nultiplying the coefficients of 'a given FFR filter by the

square root of the data ragte SS hahnel | ation
Appar atus 15 As vva:? HO‘tg& ’égg\('g) ﬁi ﬁ"éf‘@ggrﬁzﬁméﬁﬁ] n provides 436)

met hod and apparatus for simulating the effect of signal interference
recei ved byim swihererd isenhemvrtvolmﬁdmrmperambn|m{¢ha¢a¢$thmmuga&tmm-$ystem

gﬁ:nﬁlgl gat -?-hter %sss?fnlsl%got?\eoﬂargmse |e1ga Cat"e% ﬁ sef%cte%f)mw a?tt f/ l?f‘ thre%ft e ﬁlter

correlation coefficient is el at each sampling time t;, where ts = 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 «, i.e,,
20 zp =exp [-aT] = exp [-1/k] = a. Accordingly, the digital filter transfer function

H(z) is given by:
d-a
H@) =7 _ ] 37
25 which yields a bandwidth of:
| 1 X 2
= 5 Z,IH (@) %do (38)

IV. Scale the output of the digital filter 80 filter by an average data
30 rate coefficient "e" and shift the output in accordance with a standard
deviation coefficient "f", where

and _

N s (40)

35 e

n
|
Q

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

where p and ¢ 2 are defined in equations (31) and (32). In a preferred

implementation, the data rate coefficient "e” is modified in order to account
40 for puncturing of the data stream with power control information.



present invention enables- the perfornance of a given nmultiple-access 20 ;
comuni ¥R 14398y st em t o be eval uated prior to network deRCI)UHHO889% alloms;
debuggi ng during operation, by sinmulating a |level of interference expected -
to be experienced during normal operation. The nultiple-access systens to
whi ch the teachings of the present invebti on may be applied include, for
exanple, the United States. version of Tine Division Multiple 25 "Access
(USTDMR), the pan-European d obal System for Mbile Comrunication (GSM,
and CDVA communi cation systens. In accordance with the invention, a deS|red
| evel of traffic channel interference may be si‘mul at ed by addi ng a noi se

si gnal of predeVer iPeteamings the: deaqtabmrmrsgsmmdma tha/arthngnaé

signal tra thf ?|$ ﬁhhgnﬁ&edb%i&rsiﬁé i‘iﬁeff@f'éﬁ
cell of th sbc.rlber nit uat i n stlcal

e
proper ti es“AHPPMeACE F‘C%fw‘( l'ﬁ'of“ggr agﬁeﬂmgpgr ﬁgn&f B'ﬁ ‘bF Rgels
| ocati 05s Ifadirg gheaell) andatie nuntberrd traffi¢ ichenhelst Ne dllvzatddto akctueal
particul ar subscriber unit under test. Al ternatively, an anal ogous
i nt er f er enBEI§ gnal is directly injected into the receiver of the 35 _
subscriber unit under test. In the latter instance the injected signal is
"~ formul ated so aVlt Foreach mif thelN,tdnEtuaI tmffic chhnnelsrthgaddefﬂrleusroﬁilm

it uncder AREERERE U Bloblfee Gl Shls cRERReP k8 AR abESGRRE e 11 oo
bl ock didagaverage data eatei VEhis adjusimend is effetledfrby oultip l)ﬂngrthleauoyeffmiémsr i ber
ot SNok ACERARSER IRy Sle S TBBE ol enlldata bite! 6F RIIC Ssclcfited" Of.

appar at us o resen celve section es a
subscrlberchﬁmnehecelver 91 5 as well as an interference sinulation
apparatus 92 designed to sinulate the interference created by base stations

incells proxingte the cell the subscriber unit under test is |located in.
The int erferencg-mm by -si-nul ati on-apparatus 92 is conbined
t oget hers with t As wiagnedted eatiovep thé rpresents identidie iprovidesaa tmethodddndn a
SUTTEr 1 <ORFC G ST 2 AR el Rydfe iR b .
92 i ncl udesubsaxibiesainib withinos multiple-aceessi qanmunication’ system due to data
transmission on a selected set of communication or traffic channels. The
present mventlon enables the performance of a given multiple-access
20 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
systems to which the teachings of the present invention may be applied
| | include, for example, the United States version of Time Division Multiple
25 Access (USTDMA), the pan-European Global System for Mobile
Communication (GSM), and CDMA communication systems.

In accordance with the invention, a desued level of traffic channel
mterference may be simulated by adding a noise 51gnal of predetermined
statistical properties and power level to the signal transmitted by the cell-site

30 ba:~ station located within the cell of the subscriber unit under evaluation.
Tk predefined statistical properties and power level of the noise signal are
furictions of the locations of neighboring base stations relative to the
location of a particular subscriber' unit under test. Alternatively, an
analogous interference signal is d1rectly injected into the receiver of the

'35 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 subscrlber unit
under test.




|nterference noi se, typically in the formof a white Gaussian noi se signal,

havi ng a preqgf sgiokrspectral density. The noi se signal from naEEUsHRIEE6 95
i s"then passed through a bandpass filter 96 and provided to control unit

97. 15 The passband center frequency of noise filter 96 is selected to be
the same as the center frequency of the basewstation to subscriber unit
channel, i.e., downlink, being sinulated. Simlarly, the bandw dth of
filter 96 is specified to be substantially equivalent to the spectral w dth
of the traffic channels utilized the nmultiple-access system under

eval uation. For exanpheningonon0 t@uﬁ/iguae ifpra simplifieds bledk: diagraus e receive

communi cati on Syé&&ms 9bh QH@W f&haﬂf eié:h gﬁ@uﬁé&ﬁbe&r ﬁi\ﬁf amlxshbﬁcfmaézéﬂg

order of 30 kHz. nner dw d r oxi mat
s

kHz woul d be enﬁF PERE GRP§ Pl the

o amea exence et th
Ref er lrl tng agai np i%gﬁt wraguﬁm CR@&élVé tsﬁmbn% eRiddses sﬁbsdriﬁeerv{ﬁt egga@ﬁm
signal to sunmer n_ t he s_of e er n.an
exenpl ary m%me F% n‘@g?f:? SN i nggrqci-@ac@gﬁélgps to,simulate the
ui5| ng an adj ust h’abtfemﬁcemnedted byrbasengtations im cells proxiguete the wdlitthesubgcriber
el ect roni cs. e_at r. i
accordance wt h“&% '%Ibﬁ?a%gﬁolgc@ggtga l%lh eﬁi@ﬁ@f@ﬁ%&dg@l&é@fﬁﬁ?ﬁ%ﬁdw#u%glatlon
exanple, the r eqppanams Pt combinecetagether with thyeslgnal tepebedl fromua subscrilyer
the number of ng Bd 9P3R 2 SaMMER dBXPIRLefh gt sgaéfll > bfrldlSs then

recei ved signal |nter erence ocat i gns suc relative
to the subsdd bprogessed bn@ebsgmrumt aﬁcels% AR apwp@gmqn@ manner.

characteristics of toRnGRMBAR @hta&ﬁsl9mkﬁc1%bwmdx£@%eub@95%tg@ﬁ@raﬁﬁg

t he subscriber u 35 The, si ondi in l e (2 ‘ﬁ

m croprocessor)?! ’sz%fe{ﬁ‘}qel DQi§er R‘ ') QJT‘géﬁ ‘Yi}{‘ﬁ Eoc 1“15?6‘}9&% signal,

t he : nt er f er enchasingna red?filwdaspectralaiensﬂgt aThedmths:gnal from aloise source 95

si mul ati on appa

s Hecer | bed” ol PSR thFGhen arbrial diferad BHR SV £ CbRRGRYHES)

di agram of a% eYbepassharnchrenter f@qbaaey Qfmflhﬁaﬁénfﬁ selected0l® be thd sametas

include a pref eiﬁéa‘éeﬁfﬂ?oﬂ-bqﬁ oftﬁfe ﬁssé aﬁ&grt%nseb rfwrah a&lés
[ subscrl

of the present Invention tter

li nk wavef or m geRemiinke being Sigwlateds ﬁgm prl¥qthe Wgs itep 96 lwpecxﬁed
actual traffic, t¢bardifhstartivllyd egasetientto the spectral width of the traffic channels

utilized by the multiple-access system under evaluation. For example, for
20 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
25 signal to summer 93 on the basis of the signal produced by filter 96. Jn 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
30 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

]



interference signal [err]. The ICB signal is used in synthesizing the

or t hogowal9éozesponent of the signal energy, [err] transnpttresosmssso t he 10.

i nterference sinulation channel. Specifically, the waveform generation ;
network 110 includes paging, pilot, sync, forward traffic (i.e., data), andi
~interference orthogonal conponent genepgtors 124, 128, 132, 136 and 140,
respectively, the outputs of which are conbined within a digital summation .
el ement or adder 142. A manually adjustable attenuator (not shomm) my 15

optionally,be,.i osed between digi.tal adder 142 and a first
P conver t Sl GSRPIREOn Ok SrpLkOR: ATl Apediteally dizested fo a
upconver t d€DM2A conmiutization systamitis sllegd:lﬁedabemv Mim Iréfei‘mk‘i fe Yhe

ransmttor 200100 A3RoMACH bloc §RlghaibF o iniiafy S Siedmebf et crce

generat or tragsmitter: 100 enodified dogénchudeora mmelfented embodinsertorod, théi r d,
and fougt f he
attenua §| gn %ﬁgﬁkrg%ﬁﬁi&egﬁ va}l iEtu%rggntsl%s%e%&ghagﬁgﬁ%g‘egl%§bg§“€8}

si mul at i nglQ0niacludes; mcellft eflinkewavefore generation agmlaa;zo for
gﬂgg?: ggnt x‘oﬁhgrnﬂ ‘ou %’.‘; |talaﬂ.ztgaffkg%aﬁ2§lssl?gga%eb te noise
generat or ! griergnse, rségﬁ?ﬂ Bp%ﬁg% 8. E wﬁﬁamgggﬁw

provi ded hyrthogomalr od:in;xox(enbtofs hbevrs)160 I{lgger uI(t) |Bngtraﬂ§miﬁt@dledm‘e& the
t t
conb nd Mﬂ?ﬁ‘eﬁa. SR kBB SR nd” satically e iefober genbtiihn o
di gital 30netwwek mnnmdudempagmg,dpnlot,f s)mmeiorward aaffieii.ay dats)ecamﬁ T B
upconvert g eﬁEé @ﬂ n?ﬁ&’(t g Q&sl P41 B0112201133 %\ ]t adder
|gure 0

230. As is itn |cate |gna S represeﬁt atrve bgonal
and non- orieRPRAIVALY. bR RIHERES of M éﬁéﬂ@@ ined withirea digital ﬁummgattm adder

?ﬁ?e? ?e]; ghﬁﬁgﬁgm%dérlﬂ em; ﬁ{Gagﬁtr“afl hﬂﬁﬁtaﬂl@rdtiemiﬁl@& t ter Enga to one
or noré 32&61’ giqsgé)qumeﬁp lgﬁ@le§qla¥ﬂ i&eﬂ“‘a ﬁrstrH: URSPTEPBEYS7 - 29
.- Referri n1j20t olﬁltberecefmphmyeambpdnngnt ob| Figaré ), ifirst dF apcomgreer 120 :
i nter f er enGe, AN AR o iPAPSIREAY a9 %em&f rm Jrég’paﬁsestbom srf%ﬁbd BasdPned
signal Ip .
| Again refernng to Fxgure 7, cell-site transmltter 100 further mcludes a
20 non-orthogonal slgnal 1nterference generator 150. The interference
- generator includes first, second, third, and fourth digital attenuators 160, 170,
180, and 190 for provrdmg the attenuation L,; requlred over the transmitter

channel dedicated to simulating the ith interference component where in
- the exemplary embodunent i=1,..., 4. Attenuators 160 170, 180, and 190 are
25 each supplied with a an output from a digital noise process from a white |
noise generator 200, and are ad]usted in response to digital control signals
. provided by a controller (not shown). The resultmg interference
components created by attenuators 160, 170, 180, 190. (Laj) are then combined
within a digital summatlon element or adder 210 The output of digital
30 adder 210 is translated in frequency to 70 MHz bya second IF upconverter
220 prior to being prov1ded to an input port of a dlgltal adder 230.

As is indicated in Flgure 7, the signals representatrve of orthogonal
and non-orthogonal component interference are combined within digital
adder 230 to form a. .composite mterference sxgnal Sc. . The composite

35 interference signal S is then radiated by an RF transmltter 260 to one or
more subscriber units (SU) wrthm the s1mulated cell



to generate an interference signal representativeof up to twelve orthogonal
traffic cha I %?k particular, a first set of S|xtraff|cc R’%

5 sinmul at edn“g&g?m ?i rst interference channel covered by a fi rg? ‘? code
[err], while a second set of six traffic channels may be sinul ated over a
second interference channel covered by a seggognd Wal sh code W2. A limting
factor in the nunber of sinulated channel s'é@r‘ interface is the gain

settings. A large gain setting can cause saturation which would not 10
accurately represent the output power froma correspondi ng nunber of users.

using addi ti 822? t“a%‘?.ﬁ‘é‘“‘“ ;ﬁﬁ*‘gf‘zso%a“gieﬁé‘“ﬁ’““* T CR ol oh e e
addi ?I onal six fﬁo 583?%%& é\%d@oﬁ oMa h‘é"ﬁb%ﬁ&?’ﬁ“
embodi ment, i nt mr gmmeeagane&rﬁmnc&sfgnaha@pmsentatﬂfe ob opotoutwelvel orthegoteal
200 Tor rece v Bt CRRRREE. YIn PRGN, 3 9P TaL o oROHaGR dine K Be
convol uti onals esicwalatedrovier (a)ﬁésts;!ttbtﬂemrw‘etham ¢qveaedchsdanﬁestvw\€aish ltede
nput data, r at evaldWHERUENEBoRANR o Pk e grgﬁﬁ\éx@myw slifildted ber be

exenpl ary input d eac IS ra

convol utional | ysmeategéeragceodwm ecav &yspnserord r Walshcode Wpspd.
As shown in Fi glipfitifg faetor iR the ThitABebf bﬁﬁﬁraft&l %hﬁﬁné@w%rfwsrmb%m

140 further incl u es an terl-eaver 310, a nodul o-2 eir or | usi ve
gate 315, as weP§ingsy I%E‘G‘rﬁ%oﬁa‘ﬂNs”t & 440 Ca4se aﬁ?gu‘é? ch wauld qot
genergt 11 ng AN sacauratelp g'%dseﬂ?l\ﬁ\e dhepen poseat frmima Q&Ofraspoml auuriber iof
provided to int a e

convol uti onal ﬁ Ag% égvse %% ﬁqha ?gg f‘/s%' lﬂétégtéﬁ?\g{eﬁgﬁ i\gE?eIPPS%
i nterl eaver 310bntusmg addétipmalr tya méla:melgresomps sugh ghat fspxueaah alsh code

excl usi ve- OR ga Yhahd | code PN sequence
provi ded to anot&ﬁgé&?ﬁaﬁd{i‘%#é{@?ﬁéﬁb@% gat, eé}%afé ?’?é% ided, 0 decj mt&&lw

PN generator 317 opelm@asexemplagy eabodiment, dnter nﬁmgﬁr\eﬁ%tosum
mask, a | onasPNceR¢slutional eheeder BOO fbﬁtxeceifvxﬂg 2:28e & sbque& bRiQ@entidA-

T e o e kit (o . Gkt S5 Bl s
an exenpl ary r atletaofs &énColutipmat remmdbd witthgcode sydebdlyrepetitiproire actoriance
Lt B P ans AT SLG B s RS PRy
dur ati on, For the exemplary input data rate of 9.6 kbps, each sym ol is rate 1/2
20 convolutionally encoded so as to ‘create a coded symbol stream at 19.2 ksps.
As shown in Figure 8, an input stage of interference component
generator 140 further includes an interleaver 310, 2 modulo-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 PNs. The encoded data
25 from encoder 300 is provided to interleaver 310 where, in the exemplary
embodiment, it is convolutional interleaved. The interleaved symbol data
is then output from interleaver 310 at the exemplary rate of 19.2 ksps to an
input of exclusive-OR gate 315, and is scrambled by a PN scrambling code PN
sequence provided to another input of exclusive-OR gate 315, from
30 decimator 319. ]
PN generator 317 operates to provide, in accordance with the supplied
PN mask, a long PN code at a fixed chip rate of 1.228 Mchp/s to decimator
319. The use of the PN mask provides a shift in the PN code which provides
uniqueness for the user. Decimator 319 produces a scrambling PN code of
35 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 319 is 242-1 PN chips in duration,




WD 96/ 02987 -30 - and is recursively derived by generator 317 .in accordance'

with th okyrefi al p(x), where: [err] 5 (41)
Mor e spg'giafliygal l'y, generator 317 produces each PN chip och%msgfgﬁ%”code by -
taki ng the nodul 0-2 inner product of a 42-bit PN nask and the 42-bit state -
vector. 10 - The output of exclusivgyOR gate 315 is provided to an

I nput of each of two nobdul o-2 adders or exclusive-OR gates 321 and 323. The
Wal sh code sequence WL is provided as .a second input to exclusive-OR gate |
321, while the Wal sh sequence W2 is supplied as _a second input to

excl usi ve- Gadjdserenysivelgy derived by Seremtonadl7 aind aggordanceywitbether r |

~are nodul oﬁo%-ﬁmﬁgp &) %étswe OR ed) by exclusive-OR gate 321, with the -
result providéd as a I'nput - to each of two nbdul 0-2 adders or exclusive-OR

gates 327 32%%6@%3@81@9&&{%&@2@%#% 18equences
correspondi g to a,particy ar%,?’fgaﬁ§e or or address are provided as second .

Cinputs t3 excl usite- R dat es x s"dectlvely The [err] &%) [err]
signal s ar excl.usj ve- OR ed t he outpu ve OR gate 321

o ovi i g MG 69 SEerRtor ﬁmﬁu‘%&asé BN B of dhe lang <oderiy oe
Response ( FHaRinF the ficdwuld iratér uct of aca2-bil PN Mklmthélm Stafd €
~filtered according to an input data rate |abel from. interleaver 310. The

filtered sigraPs output fromFIR filters 333 and 335 are provided to a
portioniof transHie optputrofasxclasive-OR gater 315 isryrowmtqﬂ to;angnpubogeam opntr ol

el erent's 33, e”c}ﬁg-zaa fg:afgie&& egﬁz fes’ $YPRhi 3. 2The Whihtdde

control wor erive escri ove | Nn. re erence
ORTHOGONAL SequerseWinds pspxidedrason serord dnput to exglusivelOR gates3dih wiiile he q

&D“?dgf"er”rf%w%itfﬁ“‘%?%%g i, ﬁ?*‘&fﬁé‘“ ppRk8 Sclae hen e Bl hover
'S radi at ed tver eS¢ ﬁﬂ-ﬁ? rBiRRo rfgu BS%(—Wéda%y wg %ynbol
[err] casr eaddeditexclusive-ORedpby exelusive-OR gata 321 Gﬁlthrhhfefﬂeﬁultfﬁrbﬂﬁiéﬁ at n.
Channel o ca% o1 JaPRt ko oHF ) éL%L!l@rf%Eﬁg* ”%?d‘ﬁ"s‘ﬁf?,erf@#es%sr;ﬁzp%ﬁed at

20 millise Pseudorandom noise PN and PNg sequences corresponding to a

- particular cell sector or address are prowded as second inputs to

exclusive-OR gates 327 and 329, respect1vely The PNI and PNQ signals are

20~ exclusive-OR'ed with the output of exclusive-OR gate 321 prov1dmg results

~ which are in turn provided as inputs to mete Impulse Response (FIR)

filters 333 and 335, respectlvely The mput symbols are filtered according to

‘an input data rate label from interleaver 310. The filtered signals output

“from FIR filters 333 and 335 are provided toa portion. of transmit power

25 control circuitry 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 provxded to each of the two gain control

elements 337 and 339. Again, the value of gam control word G is selected to

30 be such that the orthogonal component of power S radiated over the

interference simulation channel covered by Walsh symbol W; corresponds

to transmission of N simulated traffic channels at ..n eqmvalent rate req,

where Ng € {0,1,2,3}. In embodiments wherein the rraffic channels carry .

" voice data, gain control word G is preferably updated at 20 millisecond
35 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 Wthh operates to produce a flrst baseband interference signal

Io,B1-



35 intervals to adequately sinmulate fluctuations in voice activity. The

si gnal s out gain control elenments 337 and 339 are confbfeshsishdd N 2
dat a conbi n&ﬁ%{i{(&@%i ch operates to produce a first baseband Interference

signal [err], -31 - As shown in Figure 8, the scranbled synbol data is
al so exclusive-OR ed with Wal sh sequence W I[ISi ng exclusive-OR gate 323,
with the result provided as an input to ea(':l?f of two nodul o-2 adders or
excl usi ve- OR gates 349 and 351. The pseudorandom noi:se [err] and [err] 5
sequences are al so provided as second inputs to exclusive-OR gates 349 and
351, respectively, iAsoshiewnt dnalBigureo8yl the schdmmiyledexsymbol eddfd iisglalso

ith the output Lye: 2 .
oxcl usi ve- OR g usie IR pIpalR, AW st Yoqulbite W it BRI ALHF Sap 022,
353 and 355, wiwihithe result prowided asasdinpute eashi ofgtwe oviodado20adders or

portion of 10 teRfEHd-ORWkes 389 ald 851.CUThE Yosed@drakdo hoidelPN] afENP
el ements 357 and 359. A 7-Qit gain control nan; d C% Is selected to be suc

that the orthod@auenses areralse pravidedamesno to exglustre-ORigates\ 9 and
corresponds to 3x1d ?ﬁp@@ﬂvélgﬂhﬁ brdér & AMbw RGdulenf acrdiﬁga(gﬂahsi_v@tomngy whth 2
rom)15°gh o e e OChSbe T 505 e RS, kanool Pireh Afaduced B
conbi ner 343 t exehiksORigatec3Ridisfiitered bly Finite ImpriseRespoee (FER) fiflteiréﬁess
two 5 gnal 5 by A 5 FoRadh e stk ifiefeal Redil M BEOYIRRA, (R Portion”of
i nt er f er encao sitgansmit groweiTkenfrol circuitgy aomprisingptwo (gainl aoatwd rdlements3357
and provided as,af gsgpuly b0y g%%ggbéﬁimi“{%fd jé%iiégéchgégﬁd% P@%cﬂ{ EHaLYhRe

description of the preferre Iments 1S pro enabl e any person
skilled in the aithogenahinterference reompponent cayered oRy Walsharsygngol W2

oo kSRt tior s s ekl 067, 2 o
30011 od 1o of vl % pESIsOoSAT crobic enele 57 S 50 il o om
t he present 15 nvgaih icontriod eberhentst3STcardd 859 lage Icombindd twithirea ehita dombiher 343
o1 nci pi oo and RoyRd e sFRE, PESets, hE e e HEnaP I3 ol e b To)si%and
Io,B2 signals are further combined by superposition of the two signals by
data combiner 343 to generate a composite baseband interference signal Icg.
The Icp signal is output by data combiner 343 and provided as an input to
20 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
25 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.

30 ICLAIM:



30 I CLAIM -32 - CLAIMS 1. A nethod for sinulating signal

i nterfemangsn28y a 2 conmunication systemin which infompgriusesessso

communi cated over at |east one communication channel, conprising the steps -
of: 4 determning a first conposite signal energy for signal

transm ssi comuni.cation.gystem over a first set of

sinul ated 6 annel s; determining a first average data rate
for said f|r WM“‘B g ener gy, and adjusting level of signal - ;
ener gy trans one 10 connunlcatlon channel in response to a:
first i nterference si gnal whi ch is GdAIMB said first conposite signal
energy and average data rate. 2. The met hod of claim1 further conprisi ng
the steps of: 2 ' eter n a second, conposi S. ener gy

associ at ed wi t h 1si gnal-®® gi‘r?gy g% U tg%ﬁ;oﬁ’cgr?ét %&egeﬁﬁ%?ed" a
conmmuni cat icommiaication system in dehmhrmrnfarm&traeos nebmueurigatedhtoverage f or

ool Pecore R T ARl e, Mg e SRR ™0, 52000 L ocon

aver age 4lat a_r atdetersniningtae fmrs!t mp@mtel signal enexgy Ferr sigmaprtransmission st ep
of 2 modi fyyitAth Sehd fédrﬁin[uﬁitcﬁhfogi; et Bvdr (4 HESPURC of siflffafir O

I nterference sig 1 further "conprising
step of & G@MM?@%&&*‘M?@G |nterference si gnal- -accordi ng to t he steps

of : generating Wetamining Plirstoaverageadatablate fordid' first compon ﬁhQP
spectrum of said sequence of random variables by filtering them|
accor dante '?\ﬂefgy'z?“ar edetermned correlation function. 5.  The nethod of

claim4 further adjustingi develheofstsignal eneﬂgwgtrinsmr&eﬁiecnmesaiﬂ r@@lon‘
vari abl g5 RR3GHuRfeatidin charimdl ﬁ\"?ési;%?\sg%a rfﬁls? interference signal which is

based on said ﬁrst composrte s1gna1 energy and average data rate.

2. 'I'he method of clarm 1 further compnsmg the steps of:

2 . determining a second composrte srgnal energy associated with signal
transmission over a second set of simulated commumcatron channels, _

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

6 generating a second interference srgnal based on said second

composite signal energy and second average data rate.

3. The method of clarm 2 further compnsmg the step of
2 modifying said first mterference srgnal in response to said second
interference s:gnal

4. The method of clarm 1 further comprlsmg the step of
2 generatmg said first mterference signal accordmg to the steps of:
generating a sequence of random vanables, and
4 .. shaping the spectrum of said sequence of random variables by
filtering them in accordance with a predetermined correlation function.

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



-33 - 6. The nethod of claim4 further conprising the step of shifting 2

sai d sequencgoQfgpiardom vari abl es based on a magnitude of sai @ciriussinssoo
composi te signal energy. 7. The nethod of claim1 wherein the step of

determning a first 2 average data rate conprises the step of establishing
a set of datarate ttrng Oyer said simul ated

conmuni cati on syst 'H"‘Eilm"mﬂm The nmethod of claim 1 further
conprising the steps ofc term ning a nunber of real traffic

channel s all ocated to system subscribers for said comruni cati on system
determi ni ng an equi val ent Tharmbethask oﬁ@lmunrlcfalrﬂm ompnising the Btepsofmhﬁhe\g

correspondi ng t t&eﬁﬁ

comuni cat i o% c %i?ng%é& sar%‘i 2‘?5"% tra?’?tr C. @.{éﬁ‘lnﬁéﬂ&fa&ﬁg first
determ ning a fF@%‘PC’é’é@rﬁ@ ENnstgihal energy by estimating the sum of signal
energy transmtted over said equival ent nunber of comrunication 10

channel s; determ ning a f' st a ata,ratje at i ch sali nal

is 12 transnmitted ofer @ﬁé\@ggﬁglﬂhﬁrﬂ@i‘ ﬁrﬁi??@gt‘f% H‘éﬂﬂé‘\ grgty
and generating avéta"g%tdatﬁt Bité Q:bﬁfpl&s&l gheastepi dhestabliskingya lsesed duta&ﬁtéb for
first 14 corrposr te R enech;é_ aver%ﬁgndm a rate. ﬁﬂ Iess
communi cati on s et zsm'ﬂlcl ?‘?P&P&“‘Pﬁ?ﬁ? P

bet ween one anot her u5| ng at | east one of a plurality of base statlons t hat

each include at Ieasb oneﬂgﬁeﬁ\toatbp{ﬂrag(ﬂs# E&e\ IISO tl’r?@t% diple

access type conmunication signals over east one
channel , a m& hod f odetgrmining raynsinypen o6 reahtté%fflsrehﬂchlevaé}oqatﬁdattom;@scm
sai d one channekybsQiBerd %Inghla%mcéﬁon m ning a first conposite
signal energy for signal transm ssiqn |d conmuni cati.on s ste
over a first ket of QelRFMININS éBn?ﬂH‘}"Egﬂt ICQHH'{“’P%’P%@?W

by sai d at | easkirftiatédSeortespsridingoio aﬂezixéferiremm@eawfebnsa desﬁfeﬁ;mmbar of
Cate o 5ol 1 Lek SR AT Lo SIS0 4RG3 LU St
conposi t e si gnakheneelgy and average data rate.
8 determining a first composite signal energy by estimating the sum of
signal energy transmitted over said equivalent number of communication
10 channels;
determining a first average data rate at which said signal energy is
12 transmitted over said equivalent number of communication channels; and
generating a first interference signal with an energy based on said first
14 composite signal energy and average data rate.

9. In a wireless communication system in which wusers
2 communicate information signals between one another using at least one of
a plurality of base stations that each include at least one base station
4 transmitter that uses multiple access type communication signals to transfer
information over at least one channel, a method for simulating signal
6 interference power in at least said one channel, comprising the steps of:
determining a first composite signal energy for signal transmission
8 within said communication system over a first set of simulated
communication channels at least being served by said at least one base
10 station;
determining a first average data rate for said first composite signal
12 energy; and
generating a first interference signal having a signal energy based on
14 said first composite signal energy and average data rate.



- 34 - 10. The method of claim 9 further conprising the step of 2
transm swoogossn d first interference signal over said at pcaaskesnss0o
communi cation channel. 11. The nethod of claim 9 further conprising the ..
step of 2 providing said first interference signal as an input to at |east
one communi cation system user recei ver -5fiviced—by sard Dase stat lon. 12. _
The method of claim 9 wherein said renote use m u5| ng code .

division multiple access (CDVA) spread spectrum n si gnal s,
and sai d base station and users are located in a s Wlthl n the
comuni cation system -wherein the step of. determ ning a f| rst corrp05| te

signal energy cqopri Stife thetidd®psf aflaif 9 furthéet Qbﬁ\ﬁt‘lgﬁtgarthQQHt
nunber o;a hannels. to be SI | at, ed f/mc COI‘I‘eSfOI’] s'to,q differe
ot veen 5 HFEMRIRUTIAE B 0t nintrstoisnis” SERAT civemcsif) At Aeash e [ st

set and a rommuniatioralchanaehel s actually in usé within said first cell;
and 10 . determ ning a conposite si gnal energy by estimating a sum of
signal energy which is transmtted over said equival:ent nunber of sinmnulated
12 channel s. 131. Trheremethodfof|claim12 \fhelrlmrncohq)nsmg dhedstep nofi ng a -
Cfirst 2 v t e t 9,8 a :
rate at %\lm clﬁg?dﬂ\gs%ta?‘gafsi é(;t?'ﬂsigr? nEB @nga@ Qé %@eﬁ{@aﬂ J a lﬁé%erﬁn%nunber
of sinul at €@MMURicIHENSYstem us?hefeﬁ@t"ﬁbée@flc%f éyrsauibawstahen conpri si ng
the step of 2 noni tor| ng t he channel s of said comuni cation systemto

det et ne e nYB0CT i {SabnBCTBE! Sl 3% harat ath s aS b
whi ch i nZ orooatmanidase mmym@adeﬂsmmmtﬂtlpleaedesg HEDMA) sposad Bpectris)
channel , Wity Be 2BinGRIFAHBR REALE, S4F 55l base station and users are located in a
4 first cell within the communication system, . wherein the step of
determlmng a first composite signal energy compnses the steps of: .
6 determining an equivalent number of channels to be simulated
which corresponds to a difference between a predetermmed total number of
8 desired channels in said first set and a number of real channels actually in
use W1thm said first cell; and
10 determining a composite signal energy by estimating a sum of signal
energy which is transmitted over said. ‘equivalent number of simulated
12 channels.

\

13.  The method of claim 12 wherein the step of 'det'ermining a first
2 average data rate comprises the step of determining a first data rate at which
users trnasfer said signal energy over said equivalent number of simulated

4 channels.

14. The method of claim 12 further comprlsmg the step of
2 momtonng the channels of said commumcatlon system to determine the
num'-2r of real channels in use.



4 including a first cell having a first base station transmtter from which
Information is transmtted over said conmunication channel, conprising 6
the steps oWQRWEMHH ning-an-ort hegonal si gnal energy associ at ’W%Sm&ognal

8 transmssion at a first ve rate fromsaid base station
transmtter overrﬁum cli Hl rrul at ed conmuni cation channels; 10
determning a no energy-38sociated with si gnal
transnmission at a secon average data rate from base station transmtters
not 12 located within said first cell; and adjusting power of signal energy
transmtted over at qgeast xs r .

wth said orthogonallsand noﬁi‘é‘ihg h%gosn u‘f @é‘l‘g%elﬁg?rgesl@ﬂ?%hn #ﬁﬁﬁﬁ?{l

of claim 19 f sommaunieatinn Systemnhin whisho fm formatior nist comagnunicated raver at
interference silgal o %hcﬁac&nﬁ{ur{@ﬁén CﬁlﬁxﬁféWﬂP 3hid eoﬁ{}ﬁﬁﬁf&anow stEB%

T e b of o aeliting b ot Gl hi ot o eosbBe Skasfa Hehainbbih, B wh e
random vari abl eiﬁfommheh is transﬁ‘iﬁﬂach@vhh%awexdmmﬁmcétxaﬁildlaﬁﬁ@ueﬂﬁﬁ Qi‘smg
random vari bI E% ffterl ng themin accordance with a predeterm ned

8

correl ation The met hod of claim 17 further conprising the
step of scali ng 2 s aletermipiagc anobrihmgbmal vsig nabl erergysassoniatedi evithrsignal

average dat ag I g 6,snlision |, egé@sb%@eﬂi&&bﬁfﬂ&é HBG §£{q Baid sﬁ?@ aﬁgﬁ}i?‘%

system 2 conprises a wre el’e a conmmuni cat i on 3ys
renote users ar@eF@c&rStcﬁemqfrﬂmuaatp mq;nnmtcatmmlchenmla, comuni cate 4

i nf or mat i onygi gnal S deferiAiriin 3&@10%6&!16 ohep?g% aJsta&e&%ithuagﬂ 1

code di VISIOI’] mJ tiple acces W %& spectru omruni cati o
si gnal s. USSIOR at\A$ AVER ta rﬁtéﬁwlél‘-'%@“mr%fmt
| east one 212 cdmgdaai&hmaiﬂefﬁs{etell randl communi cat i on system in which a

base station in one n|c S | for t|on Si s With,ot her,
over 4 such c ommnla?i §tg}g gg&gﬂﬁ: ransmﬂpe‘?f over ap least sai 1rs
14 communication channel in accordance with said orthogonal and non-

orthogonal signal energies.

16. The method of claim 15 further comprising the step of
2 transmitting said first interference signal over said at least one
communication channel.

17. The method of claim 15 further comprising the step of
2 generating said first interference signal according to the steps of:
generating a sequence of random variables; and
4 shaping the spectrum of said sequence of random variables by
filtering them in accordance with a predetermined correlation function.

18.  The method of claim 17 further comprising the step of scaling
2 said sequence of random variables based on said first average data rate.

19.  The method of claim 15 wherein said communication system
2 comprises a wireless telephone/data communication system in which
remote users are located within a plurality of cells and communicate
4 information signals to said base station located in said first cell using code
division multiple access (CDMA) spread spectrum type communication

6 signals.



means for providing an electronic noise sig

nal ;

6

f or genawewsmzysa noi se intensity controlled signal
on

of signal energy transmtted by said base stati

si mul at ed channel s; and neans for adjusting

t he

in response to said 10 noise intensityzgantroll

of claim20 wherein said controller neans furthe

controll er nmeans

based mr,gsggﬂﬁ;mm nation

et of

f said noise signal
i

determning a first average dat a rate at which said S|gnal energy S
transmtted by s |d O‘gse station, ?sald controll

aSyspeRy £or simy

configured to a

r means is 4

#ang signak dnterierenre rpl pbdeastgene

generati gn d:dtnﬁﬂmlcﬂﬁohhchamaew maéommuﬁlatlonTbysﬁmtinmefchC la2bake 20

a'first i neoppEndl R sBmmubl QIR sorigp

sai d comtunsuch icommiuaication élannelsheonyptising

control |l er rreansm%?ﬂ%?épf,{-&ﬂayggﬁsele&i@qstﬁ{)ﬁh%hé}%

transmtted over 0

aid a

t ed I
B gfnls it ohs usesm vt er

: of clarm 20 wherein said

1$I gnal energy
tl communi cation system

and sai décont r ol ¢asrtrallemmeansi &rcgme@@mgdatwaddmtemw lcpnirndleds sigmhahoi se
intensity CoAMeHOMA %dd&ema@@m%r e J&rggr&aﬁ%ﬁgéf by' 4 'baRE Htéblon

transmtted over _said ot

claim 28 f‘BrYth?ef“ito"‘r?ﬁ

nne

e system of

elspand; apsnitting a second

interference si gmehns fo:om;asnﬁ the BrkaiPof SAAHOISE sipial Hdes dx%@tetdai‘d base

station

communi dBt | BRISE JREDH

MO. 96/0 987 5. The system of claim 20 erein sald
hds vm rel ess tel ephone/ data conmuni cati on

system in which rem)te users are Iocated'vvithin a plurality of cells and‘

communi cate 4 i fo”‘ﬁgéggst%hg%?lcﬁa eﬁat,,,)hspa{-.gg

recei ver and is Tocat

§ B et Hihd """ °

ustng €o

access (ZDMQMppsesaneanssfarc dﬁmlypg @ofmrnav:enagendcﬂagmBsat phich Baid
system of cdighal exfrpP s Srafsidited d ke efa%xfi 'aﬁa said RbAGLIIP hfead8itS© -

rela

£

Jve

conpr i S€3 ”gon”fsg,‘;,%h t{)ogggit?gnaﬂ?y Sase tsglcfjl noise mten;/rty controlled signal

generation in part on this determination.

22. The system of clalm 20 further comprrsmg means for

2 transmxttmg said ad]usted signal energy as a first interference signal in order
to simulate transmissions made over said communication channel.
23. The system of claim 20 W'herein said controller means
2 comprises means for determmmg s1gnal energy transmitted over other
 simulated channels within said communication system, and said controller
4 means is conﬁgured to addltlonally base said noise mtensrty controlied
signal generation in part on said signal energy transmitted over said other
6 - simulated channels.
24.  The system of claim 23 furthér comprising means for
2 transmitting a second interference 31gnal in order to sxmulate transmlssmns

made from other base stations.



uni form spectral density over a predeterm ned bandw dth. 27. The system
of claim 20wWesr02987 sai d controller neans 2 conprises: nmeanPdTHSIS/08890
generating a random GausSi an control process indicative of 4 signal
transm ssi on over i mul at ed conmuni cati on channel s, said
control process bummmm i %nmﬁ second Gagyssi an processes 6

aAx

corresponding to an a«vertag ate and an average power fluctuation of

sai d signal transm ssion; means for fi ltering said el ectronic noise
in accordance with sgid r gcpjom Gauss# rﬂ roceshaI and 10 neans
for transnitting sai &fi| tOFcH/SEM Pt SR ‘§’ erein, sald; GORURSAHOR; %%ﬁtFE‘n

channel . 28. 2 The?qmﬁesrm v{ue:lless rtele'phomtw’rch}ta e@mmmivamlml 8y's mgﬁz Zvhich
conprises: meang_fao eneratln rl € an
reans Tor soall RGOl diRREh e o@eSF ERHR, &, pLRRLY I TS Ard, mimisare

data rate. 24 infoemaionesignalsctonathle2st wherksise station swhichohéea reeeiver and is

further 2 conpr m @g&g

based on a nagn:‘lc?&ge rh:é‘.f’g‘r F?l?g\?éxhggcpo(% gle‘ﬁgflbg%aiaiﬁﬂn er gy ”(C’B%g)bké&%
of clai m20 wheSpedirumi typeoeompunication signals.2 configured to generate said
noi se intensity controlled signal using random Gaussi an-controll ed

vari abl es gener at ed at pr elected r WD, 96/,02987

PCT/ US95/ 08890 - eTﬁ)éS*Ws of nglayp 20 Jwherein §pid aneans,ifgr providing

controller rraanéle%n@m@rncﬁgé cd‘ fikedeAesnd dor Wﬁimgmasélw&h Qi f@&ﬁveﬁr
sequence correselpgfdl ng to C%Xsm an ran ;nvarlaﬁg at .one presel ecte
rate; and means YPHPTH ?He&hfaﬁéieé‘é ‘?Wap’&?ﬂffg‘r med hapdw d on an
estimated 6 correlation tine of data signals transmtted over said at

| east one channel . 337  T4e W off cfalifl Bo IhePERC'$2id 2kGnfidifer O héns

means 2 conprises:
2 comprises:

means for generating a random Gaussian control process indicative of

4 signal transmission over a first set of simulated communication channels,

said control process based on first and second Gaussian processes

6 corresponding to an average data rate and an average power fluctuation of
said signal transmission;

8 means for filtering said electronic noise in accordance with said
random Gaussian control process; and
10 means for transmitting said filtered electronic noise over said one

communication channel.

28. The system of claim 27 wherein said controller means
2 comprises:
means for generating a sequence of random variables, and
4 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
2 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 is
2 configured to generate said noise intensity controlled signal using random
Gaussian-controlled variables generated at preselected rates.



¥

second nmeans for generating a second binary sequence corresponding 4 to a

Gaussi amwoagegs vari abl e at second presel ected rate; and peerwsissso
filtering said secon ' uence based on estimted 6 signal

transm ssion tations. 33. In a conmunication system in
which i nforrraﬂ'mmm’ﬂ@?mu?’ﬂ,’sm tted QPgr_ at | east one conmmuni cation
channel , a systemc Ta i ng interference in said one conmunication
channel conprising: 4 a source of electronic noise, said electrical
noi se having a relatively uniformspectral density over a predeterm ned
bandwi dth; 6 31 hesysseme off glaigyndd awhezeln said: contenligrcameansin
control | £d dgymepAses:i ndi cative of signal transm ssion over a-first set of
simul ated 8 corgrupi cati on channel.s. said,control process being,.forned
based upon 1 | r SEhEARS (Y SSEEHEG o il SBALY Seavedes RmeRpiiing A
aver age 4latGaussian randomdvariable at one prespleqtedaatd; landt uat i on of sai d si gnal

transm ssion; a §fi d..1: | q.: I ronic noise,  for
filtering said fééééfg%tt ﬁgt#ﬁb%nﬁgeﬁﬁh%ﬁ& gg‘ﬂ@%‘% ﬁ#ﬁdiogéta%%tamraﬁ om
Gaussi ané c crerrelatipn dime of dataisighals transmittedh over said at leasiporel chanseli d
filter, for transmtting said filtered electronic noise over said one :
comuni cati on channel__  34. The system of claim33 wherein said controller
conprises: 2 32 dhersstenaofaislaing 3@ wharein sajd, soatrollers meapence
of randogn v&fﬂqgﬁg@ss_, cand 4 . a scaling network-for scaling said
sequence of random variabl es based on said first average data rate._ -39
2°35. The syst SRFORA Mpans forEengraing & Sesphd RiRRRY, Seiencs, damssponding
conpri ses aoneGanssiah randemevartiablg at seeomahpreselatesd ftasandn control procg‘s ’.

o . by Evay . _ . q .
cormuni cat i on_ cHaRans §oF BT Ml ¥ona bRk KegtBhelbased i biindted, ,
third anél fsigralHrarsmission by othershasestatiersondi ng to a second average 6

data rate and a second average power fluctuation of said signal .
transm ssi on over,. said second set  of /sinulated comrupication channels. 36.

Apparatus for -sthmul % Ry SPEHBMIHGALOR o SYAteMpdpyERich Information is

2 transmitted over at least one communication channel, a system for
simulating interference in said one communication channel comprising:

4 a source of electronic noise, said electrical noise having a relatively
uniform spectral density over a predetermined bandwidth;
6 a controller for generating a first random Gaussian controlled process

indicative of signal transmission over a first. set of simulated
8 communication channels, said control process: being formed based upon
first and second Gaussian processes corresponding to a first average data rate
10 .and a first average power fluctuation of said signal transmission;
a filter, coupled to said source of electronic noise, for filtering said
12 electronic noise in accordance with first said random Gaussian control
process; and _ ) S '
14 a transmitter, doupled to said filter, for tl_"ansmitting said filtered
electronic noise over said one communication channel.

34.  The system of claim 33 wherein said controller comprises:

2 a random variable generator for generating a sequence of random
~ variables, and
4 - ascaling network for scaling said sequence of random variables based

on said first average data rate.



2 communication channels in a comunication system in which information
signal s are&g%qat ed between users over a plurality of 4 pe@ARYssessi on
channel's, conprising —means. for determning a first conposite signal energy
correspondi ng |s transmitted within sai d. com‘rum cation system
over a first MHHM@J l'ated channejgs; 8 : means for
determning a first a rate for salrd signals transmtted over
said first set of simulated c"’hannel s; and 10 .means for generating a
first interference signal with a S|gnal energ based on said first
conposite si gnal enedyy afhef systermoohrailaimd 5alwzhel‘&m s@d conteoligr fuather
of claim 36 {:&ﬁ?rfs%gpé |t Rrk 2f T enefﬁ?ﬁfgj ?c fmah{'ft;@u?%? rtfimtr
q a 0

COprOSI te si gna correspon ener r SI
transmitted by PEocess mdé@éﬁ@ 9étSIgna strﬁnsmlésaoer@vmeasseceeéngetf of simu ated

deternining g S@&ﬁﬁ%ﬁ@éﬁah'mn@ﬁ esai@ts@céﬂd cRitFbISpEstels beilg FofRbE ISsely

sai d second set of _si neans for  modi fy sai | rst
interference si Ghdh &F&s@&ﬁ&b%sﬁf‘@@%ﬁ?&rﬁ?% gt ngi%‘For@néyﬁ’?ge
and second ner nghtzede dakoa sédond Seragd povwerpAnetuations oftdaid Bigital Wharisthidsion
sai d neans for %e%ﬁermdgslerr‘]faﬁéeﬁﬁ?%aﬁ‘%tﬂg ap‘?oi!l”ﬁ“ls}é ?(?Ilhcsa?e]rag‘@?orrprl ses:
means for deter

communi cation system neans for determ ni ng an eqU| val ent nunber of
channels to be 6 sigulat e%@aé]w%ra% %u gga? ink rm%een
fromsaid desired nuhber o | |rs Set;

96/ 02987 - 4@ -cemmunicatneanshfa@wneé%tenmml ﬁgnunnmafaonf isystemj gital which
ener gy based onjgirthationi ¥ @rﬁw aPe! ERRimeni cdtad Gétoveed iséfd over a ity Of

producing variations inh said nomnal first, signal energy using a fand
vari abl e funédti SW“nB‘chatmﬂp‘B}ﬂ% ¢IRPESHASat i ng signal int erference

between 2 communi cahicans fobalvteintining aafifstratniposite signal vaREEY coftespbnding
6 to signals transmitted within said communication system over a first
desired set of simulated channels;

8 means for determining a first average data rate for said signals
transmitted over said first set of simulated channels; and
10 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:

2 means for determining a second composite signal energy
corresponding to a sum of signal energy for signals transmitted by said

4 second set of simulated channels; .

means for determining a second normalized data rate for said signals
6 transmitted by said second set of simulated channels; and

means for modifying said first interference signal in response to said
8 second composite signal eriergy and second normalized data rate.

38.  The apparatus of claim 36 wherein said means for determining
2 a first composite signal energy comprises:
means for determining a number real channels in use in said
4 communication system; '
means for determining an equivalent number of channels to be
6 simulated by subtracting said number of real channels from said desired
number of simulated channels in said first set;



I nformati on signals are conmuni cated between users over a plurality of 4
comuni ™A 960298hannel S, conprising: an energy sel ector WRCTIUS9s0§89¢s a |
first conposite—signat—emergy 6 corresponding to a sum of signal energy for,
signals transmtt t of a desired nunber of sinulated

channel s di spos m mua ﬁBﬂﬂ ‘!m ommuni 4Bt i on systenm a data rate generator
configured to o snofrmal i zed data rate 10 for said signals
transmtted by sald first set of sinmulated channels; and a flrst
i nterfergnce SI ne or .cou Ied to d ener sel ec nd 12 said
data rat®e gener V\fﬂ ‘ﬁ%‘dﬁ‘é‘é Wéaﬁﬁttﬂg FREEEY ﬂ%? Phosady on
said first equmalenttnumhgnajf thaﬂmls,and first normalized data rate. 40. The"
appar at ys -of cl 9 nerator :
Dpar 2P, L ©) BB BraIung faridls WsRid HOBRERLHE Ml S50R oL
energy 4 usmg\gura;xdotmvangbbdﬁm@me in response to a control signal

I nput; and at | east one noise intensity controller having a control signal
output 6 coupled to the- control input of said noise source generator and -
i nputs coupl ed 88 sai d\BParafjss&pkceisnulating asignal: dntprfevencer betmeensaid
control 8- c&hﬁh@hlbﬂ\ibﬁg chanidls tiRata V@bhﬁﬁuh@caﬁéﬁorﬁi%téﬁt Clingewichn said

si gnal ener, data rate for sinmulate annel s The ratus of
ol S 401 dkCRgRY e ominicied Sehivern Baersypvet AcplbRlg,
out puts & s:emdnmampnschmlgneompmrsugy corresponding to a sum of SI gnal

i <poved wi i hi n BorbERY IEERS, RAREN TugtorS 3 sl Rhoffoodid Ml erigrR) =

di sposed wi thin sal SVS
cont r ol léer cozrespondiggrteda sunaofss;gnel:enmgy] fop sigreals utransnattedsh;carﬁtsemr gy‘

sel ect or agql BagRsied" HuBes" Bt | Sfinihtba’ thafinef (iRpedal WithEY Wliuch IS |

transmtte sal ot her sinul at nnel € apparat us
of claid 48 BF‘%,anOS‘a?YP BB se intensity 2 cont roller conprises: first

bi nary sequence agiiterrateogenkratbicioidighréd t6 Giaput arﬁt@trhwﬁaﬁaé& dhtdfraene -
presele q rat. anqsgrst ﬁe&%enCe fi | ¢ er conne: SQ ei vg and fllter
cai d flf o Sai $1>§1 nSmi said first set of simt t c nnéls; an
' a first interference signal generator coupled to said energy selector and
12 said data rate generator which produces a signal with a signal energy based
on said first compo_srt_e S1gnal energy and fu_-st _nor_mahzed_data rate.

40. The apparatus of claim 39 wherein said f1rst interference 51gnal
2 generator comprises:
o at least one electrical noise srgnal generator havmg an output energy
4 intensity that is ad]ustable in response to a control signal input; and
at least one noise intensity controller havmg a control signal output
6 coupled to the control input of said noise source generator and inputs
- coupled to said energy selector and data rate generator, with said control
8 signal havmg a value that varies in response to changes in said signal
energy and data rate for smulated channels.

41. The apparatus of claim 40 further comprising at least a second

2 energy selector which outputs a second composite signal energy

corresponding to a sum of signal energy for s"igna‘ls' transmitted over a

4 second set of simulated channels disposed Within 'said communication

system, and said noise intensity controller is conﬁgured to also receive input

6 from said second energy selector and base signal generatlon in part on said
51gnal energy which is transmitted by said other simulated channels.



6 sequence based on an estimated correlation tinme of data signals carried

by said tranam%}(ﬁ%.,si gnal energy.”mmrmm! et us of cl ai M&WI n
said noise intensity 2 controller ﬂm‘mmmtj bi nary sequence
generator producing a Gaussi an random®4 Vvartabi e +at second presel ected
rate; and second sequence filter connected tq receive and filter said
second 6 binary sequence based on an avera’g@ ‘energy fluctuation. 44. The
apparatus of claim 39 wherein said communi cation system?2 is a cellular
comuni cation systemin which users within a plurality of cells comunicate
i nformati on signals #2t weé‘heoapfamelof uclai a0 Iwheteinnsaitl hacise sirtiensity

i ncl uded in fi | l's and having a base station transmtter.
rhabrgfler PGhrpriSs |

45. - The appéara Wherein said comunication system 2
conprises a wir el essfirstibipagns¢qienge genatator produciog st Gaussianirandomevatiable

users are | ogat gpoﬁégpéggb&té&%@l éﬁd' of cells and comruni cate 4 information

signals to at |east One base statlon which has a receiver _and is located in
a first cell, using Hetesequanse dilter.conpgcteddpcteserveping flter saids fisptebinarn
type comuni gat s&@fueticgséd on an estimated correlation time of data signals carried by

said transmitted signal energy.

43. The apparatus of claim 40 wherein said noise intensity
2 controller comprises:

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

second sequence filter connected to receive and filter said second

6 binary sequence based on an average energy fluctuation.

44. The apparatus of claim 39 wherein said communication system

2 is a cellular communication system in which users within a plurality of cells

communicate information signals between one another using at least one

4 base station included in a first of said cells and having a base station
transmitter.

45. The apparatus of claim 39 wherein said communication system
2 comprises a wireless telephone/data communication system in which
remote users are located within a plurality of cells and communicate
4 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

6 spectrum type communication signals.



