¢
Met hod and Appéd®atus for Sinul ating User Interference in a Spread Spectrum
Communi cat'i gns_System 5 : BACKGROUND OF THE INVENTION |I. Field
of: the I nveNQ P26 s i nventioh rel at'es general Iy to- wirel es PCTSHINTIOBEBY1 | on
networks 10 such as, for exanple, cellular wireless |ocal tel ephone systens
and personal conmuni cat i on systens. More specifically, this invention '
rel ates to a nevel and inproved systemand nmethod for comunicating
information, in NMoythBd Gl Adparatls $é% 8lihi T2 1A UsPP TReerfesémesin Usi ng
spread spectrum t yp&ppeddrspecirun Comadrizat fons1System Description of the
Rel ated Art The use of code division multiple access (CDVA) nodul ation
techni ques is one of several nethods for facilitating commnications in 20
systens accommodating a |arge number of users. O her mul ti pl e access .
conmmuni cati on system t echni gues such as tine division nmultiple access
(TDMR), 1reqgency di vi i on BACKGRQUND QFFHE INVENTEN:: i on schenes
such as anplltude conpanded single sideband are known in the art. However,
CDMA spr ead spe %%{,&%6 chni ques have 25 significant advantages
over ot her rmdu |on nr-ques or mul tipl e access conmmuni cation systens.
The use of CDMVA techm ques in a nmultiple access communi cation systemis
di sclosed in U - S. PEhis idventiotOfel&ties generally ite suireleSs monamynicationoAétworks

entitled ' ' SHR
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the present inveemmymicationsystenyst Mae. specificallyp thisr iswentien relates ¢ @ nevel
mul tiple aCCGSSaﬁGCﬁﬁ PorFed ~°s téf! aAGInVétR6E Poxl %&ﬁn’iﬂiﬁ&&'ingfm‘fbﬁﬁhﬁéﬁ in
system users eac h]le eﬂﬁx anscei ver Emrunl cate throu

repeaters or tefadd lsagé satelite felep ﬂgeewmsugﬁwg fpyeRdSsReckym type
spectrum corrrruncmmmc360ﬁ|ggﬁhrs I'n using CDMA conmmuni cat'i ons techni ques,
t he frequenclé spectrum can be reused nultiple tines thus permtting an

i ncrease in 8System user capacity. The use of CDMA techniques results in a

much hi gher IIZ-Dqua;mmtofaﬂfeRehtﬂﬁ/Athan can be achi eved using-other®
nultlple access techni ques.

The use of code division multlple access (CDMA) modulatlon
techniques is one of several methods for facilitating communications in

20 systems accommodating a large number of users. Other multiple access
communication system techniques, such as time division multiple access

. (TDMA), frequency division miultiple 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 multiple access
o commumcatlon systems. The use of CDMA techmques in a multiple access
communication system is d1sclosed in U. S. Pat. No. 4,901,307, which issued
February 13, 1990, ent1t1ed "SPREAD SPECTRUM MULTIPLE ACCESS
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL

30 REPEATERS", and is assigned to the assignee of the present invention.

In U. S. Pat. No. 4,901,307, _f_eferred to above, a multiple access
technique is disclosed where a large n_urhber of wireless system users each
having a transceiver communicate through satellite repeaters or terrestrial
base statlon transceivers using CDMA spread spectrum communication

35 51gnals In usmg CDMA communications techniques, the frequency
- spectrum can be reused multiple times thus permitting an increase in
system user capac1ty The use of CDMA techmques results in a much higher



The CDMA techniques as disclosed in U S. Pat. No. 4,901, 307 contenpl at ed
the use of relatively |l ong high speed pseudonoi se (PN) S pciftfiuSoEees W th
each uswWP %M28hel bei ng assigned a different PN sequence. The *
cross-correl ati on between different PN seguences and the autocorrel ation of-
a PN sequence for all tine shifts other Than zero both have aver age -val ues
close to zero, thus allowi ng different user signals to be discrimnated

bet ween upon reception. 10 - However, because such PN signal s are not
orthogonal , speatedl efﬁaeheyemm ans dei achieuﬁcbdrdiag\/\emert healtiple Access
mterference rises despite the fact that the cross-correl ations of
the PN S|gnaﬁs av e%ge to near zero, since for a short time interval such
as an i nformat i onThetCDMét hechnigues cas tdisclosedsin ddr &.aPabnNaml 4501,307

bi | di fl f
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f rom non- ortmaortebsy-wrrahm SbeAPEEnt AUifféfentagpieV ent . tghgang{é ty.
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TELEPHONE SYidwdvhveralgeovalties. elneel tb@etbeﬂﬁsssamwmg)arﬁfere@xtldeée%igxms téfbe
which is inc‘gggprate sreln referer}E there Ts disclosed a novel and .
I nproved net e eeny B%§F‘F ?‘?rg PN sequences that provide

ort hogonadPity bethv\eVdre bevanse ssudtha®Nmsigrls 2&re mdtebi'ﬂmgmfalwrhhtbsl

duced. S | t
Capaci 1y andRPRAE AGSe if FUEE bitligell MRS TRl MR eindt RS RUSIEN.
 the cross- codespite mf@éﬁgamcreswwdmmeﬁ the RN srgmds/averagg tmnemi |

interfer encezéw sfifce &spw%@t HiAé ihbavaplachi &2 aly ﬁﬁsﬁmﬁﬁ%nabitg%%
.each ot her. In the system dﬁscrl bed |n thg ahent ust ne |one

a preferred R%R}%‘#oﬂfﬁ Cross ationfg myialy uHoge q b sucimthe
-spread spsctusen sighalseinterfére withpeadi otivér h{uﬂPme: aamleeis agheyhape widde

choosing & cﬁaﬁt‘f‘?a%eﬁﬁéﬁ%ﬁ%z RBRAHIT pame Doniet eiiof eBriny o Aockbdinglynanc

data 35 rat mautuel bderferancemaise asiging:from mareo oriels usetbsignaly terfds tohi p
rate to be -aﬁ, ea agfegegaaégg aseband data rates. In the preferred
asegan

enbodi nent, th e 1’S 9600 bits per. second, leading to a

choi ce- of 1. 2288 ﬁhlPéFths Np 8,108,459, twhich desredy éprihd, I34Q93hﬁptlﬁlﬂcb
20 "SYSTEM AND ‘METHOD FOR GENERATING SIGNAL WAVEFORMS IN

~ ACDMA CELLULAR TELEPHONE SYSTEM" also assrgned to the assignee
of this mvenhon, and which is mcorporated herem by reference, there is
disclosed a novel and improved method and system for constructmg PN
sequences that provide orthogonahty between the users so that mutual
25 interference will be reduced. Such a reductron in mutual interference
allows for higher system capacity and better lmk performance Since using
orthogonal PN codes makes the cross-correlahon zero over a predetermined
- time interval, no mutual mterference anses, provxded that the code time
frames are aligned with each other. _
30 In the system described in the patent just mentxoned a preferred
- waveform 1mplemented involves usmg a direct sequence PN spread
spectrum carrier. The chip rate of the P’\T carrier was chosen to be 1.2288
MHz in the preferred embodrment One consideration involved in
choosmg a c}up rate is that it should be exactly divisible by the baseband data
35 rates to be used in the system. It is also desirable for the chrp rate to be a
power of two times the baseband data rates. In the preferred embodiment,
the baseband data rate is 9600 bits per second, leading to a choice of 1.2288
MHz, which is 128 (27) times 9600 for the PN chip rate. -



‘I nterference on

f£3- In comuni cations between cellul ar base stations and various nobile

S units, thiv?’%ﬁzﬁsquences used for spreading the spectrum aPECTss/0888¢2t ed
fromtwo ditTferent. types of sequences, each with different properties to
provi de different functions. “There is an ou_t§[ code that is shared by all 5
signals in a cell or sector that is used to discrinmnate between nultipath
signals. The outer code is also used to discrimnate between signals '
transmitted by different cells or sectors to the nobile units. There is

al so an inner code tlmtommurscatioms betweeemceliuler basevstatiorscand ivgnioius mobile
transmtted wtpj i , . a3 ent ati

cel l ul ar CDVA S%ﬁ%h?a{)%ﬁe %&%\%ﬁ?ﬁ@ ’a"’é’é‘gﬁ%‘% tsl.lee.lr %:%@ fg{epgark%%%ﬁqgg
geogr aphi ¢ 1 egi é‘nn'g dwer different lypes ofc seguences: pach ovith different @ropectes do
bearing upon SY?E&JIH@%H&E&E&”&.&\&BH& eXHERL 9s anl oliferded@s dhhy/ if' SREARR bY Y]

consi der the _extent, of the_avail able freguenc s_ptﬁc'tr,um as, wel | ¢
potential foP c8ignalsnidt aceellvor ipestarethatsis used 19 discriminate: betwesns mulipathn
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21 et o or s RaRsBitetd by hlrefart SRR, ar'yetfors 31 e GBI Moy Hip dE algo an
since power is inrenssudet thatbis tused tobdiscrinsinatsmbetweererusenesignals transimitted

i rrespective of Qégg%;sgﬁ$we#&%&£%@o cel lul ar coverage area.

i or cell base station |ink can occur . .
when subscrilBer uni t bnplemhentationgbba@ iceljuban COMde system acapabberof providing

comuni cati on o | KA cBapi&hl ' rrarglp,ii éé% . So i 4R &
or different ce??éq}gértg %ém ng 'gﬁygdche tlaégié%h nnéeler, _orﬁvﬁ%ﬁl&gygl tﬁ%ﬁ?l e
units associ at efPRéideratinnIS R pumbarof gysctré PeAEAG WpER ¥stent parfoymance. For
gi.ven cell. Theex#mple, Gt i§Gitetally rﬁceﬁéﬂr@fﬁéﬁﬂﬁef’%@réﬂéﬁﬂ“&‘%r §¢dilable
e 0
P

i npacts the maxjpnmum nunber of users pab f . bei acco dated by, a
wfreg IR e, POYETHaT ok, CBOLIIn oHLb oy

HERCY SPEFtrym, 38w
Eb/ Nt (ener g8 - prearsby eomehunicdtion tsystems! rlai additbos; copstraimts ffipdsedi by) -

Channel st anal R oiph, o llepleUid SOHEERSa Y TR Vil gBSABEE wnits

cellular syste a

substanti al | y i needs ¢al be dakemcintentonsideration. réﬁmaees of iaterferennesarerof

rovi di ng dynani ' : COMIA 5P i hd

Ironati ntenagcey-of ges,l red Egﬁ\lt%lg\'ﬁo. Ib _E& ?ﬁ?ﬁ%{ﬁﬁﬁgﬁt‘%ﬁgy
power control s8yRECEbEr m@;ﬁ\mﬁﬁﬁimm aggﬁrs SW?ﬁH‘FFPfYE_Mﬁd“F%’ﬂ% wathin
on the subsqoi beelilor esvérageaitea. _ . S

_ Interference on a subscriber-to-cell or cell base station link can occur

when subscriber units within neighboring cells use the same CDMA

- communication or radio frequency channel, when mobile units within the
same or different cells are using an adjacent CDMA channel, or when

25 mobile units associated with analog cellular systems are in the vicinity of a

| given cell. The level or magnitude of this type of interference directly

impacts the maximum number of users capable of being accommodated by a

CDMA cellular system. Specifically, maximum capacity is achieved when

the ratio E,/N¢.(energy per information bit to total noise power spectral

.30 density) for each mobile user is at the minimum required to maintain a

| desired channel signal to ndise ratio. Since the quantity N; will be

~ substantially identical for each mobile signal received at a base station,

'provid_ing dynamic powei' control for each mobile station transmitter allows

‘maintenance of a desired Ep/Ny ratio. It may be shown that this type of

'35 power control strategy is optimum in the sense of minimizing interference

_on the subscriber-to-cell link. . . ) |
'_ In order to determine the capacity of a CDMA system, a selected
* number of subscriber units-may be deployed at various distante_s from the



In order to determne the capacity of a CDVMA system a sel ected number of .
subscn% dﬂﬁ dsS My be deployed at various distances fr@CT/USIS088894- base
‘station as a neans of estimating the interference | evel corresponding to
maxi mum syst em capaci ty. However, attenpting to determne the |evel of
interference corresponding to maxi mum syﬁ em capacity through such field
tests requires the availability of a full ensenble of nobile units. This 5
represents a |ogistic problem . and would preclude conplete system °

cal i brati on babestation asaimears ofrestitatingi the interférehte lekal icogresponditig wstem

sor 6o no 5 R sk AP, ﬁ@rf"*ﬁ@%& aas] dﬁ’éé“gﬁiést?\s#vgfc

simul ati ng iinteeferencencarrespondingitgnaiaximuns systenvrapadity thriough fuch fields to
a base st at 'Et’é’{is rt%ﬁﬁf:‘égrtﬂ@ tabhﬂaﬁﬁﬁ?vﬁfcapmnéﬁﬁthﬂﬂ %Ysﬁ\ﬁmleﬁh%\@RYTﬁs THE

| NVENTION 1 tron prov
appar at u$ f SEPESSEDt®ita dggsstgmaprqblem fandnwiould preciude mmplete system

communi cat i lesmw@amﬁ%&nw%mabﬁehﬁﬁfg S’%Ié&é‘iﬁﬁ m a ! g%

~conmmuni cation s stemls fe pe in users fr :
of cells coffatiigwaslgsyr f‘l s‘i‘ eg B%‘E"ﬁ/’éﬁﬂ“ ing éﬁown\}b"ﬂn@'%t@meast
one base st @h nd 20 code division nmultiple ‘access (CDWVA) spread

h o
-32532?21.2%"3622%%?&%\%3& 1 b pbiect PEtg: Foenbp, RLPESYIcR a pRem 8. i ve
met hod fur simulatinginterfgrexicei due rtbesignak transanissien dromdsulyscriber aglits &0t e
or base stali oL BEEM GhediO8 w&gnwemceﬁ\ icABbR o 2 1 7 st

conposi te signal ‘power corresponding to a sum or signhal™”power transmitted
by a first set of simulated users, which are typically l'ocated within the

first cell. A deterninati gummhmr@pa'rﬂg NVENTION! i zed data rate

for transm ssion of the conposite signal. f| rst interference signal is
then generated at a power |evel determ ned on the 30 basis of the fi¥st

conposi t g si gnal InosEhneiry, thisTvéation providés a iﬁethoar @rapphratus for
e ik b yblirob i RLIESBUGRel sl i
power cont r suchHsea Wwireless subsctibee rtelephpgaalystant fidhe pmmmutuda!mn ayshenput
to the base @tp?kféfﬂbfyeﬁ %@rﬁt which users from: a plurality of cells communicate
- _information signals between one another using at least one base station and
20 code division multiple access (CDMA) spread' spectruz:  type
communication signals. The base statiun has at least one base stauon
receiver and is located in a first of the cells. ' '
. The inventive method for simulating signal interference power
recexved by the cell-site or base station receiver includes the step of
25 determ.mmg a first composite signal power corresponding to a sum of signal
'_ po_wer' transmitted by a first set of simulated users, which are typically
located Within the first cell. A determination is also made of a first
' _normahzed data rate for transmission of the comp051te sxgnal A first
interference signal is then generated at a- power level determined on the
30 basis of the first composite signal power and normalized data rate. In a
preferred implementation the power of the first interference signal is
adjusted in accordance with an average ;power fluctuation resulting from
closed loop power control. The first mterference 51gnal is then provxded as
" an input to the base station receivers.
35 ‘When real remote users or su_bsc‘rib’ers are already deployed in
various regions of the communication system;, a determination can be made
as to the number of equivalent simulated users needed by reducing the
number of desired simulated users by _the number or real users_ alreédy'
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. communi cati on cha

35 When real - renote users or subscribers are already deployed in
vari ous regi.ons. of the communication system a determ natlon%(grai{]wg de as
tp the nunﬂ&%ﬂﬂ”ﬁqw val ent sinul ated users needed by reduci

of desired sinulated users by the nunber or real usérs already - 5-
present. A determ nation of signal power trdsnitted by the equival ent
nunber of users and associated normalized data rate are then used to
determne the conposite signal power. In addition, the real renote users

o ot on (Bre %@‘det%gk%‘?gﬁﬁé&ﬁ? BURSE oefed i Srivsed: Bk heravivalent

a second conposiumber g:fausqromdbgssecmtedtmognalllzemdﬁtasrq;aaarthml I %?ekc]ie rto
S

han the firot et ?ﬁﬁﬁ%d%‘feﬁ‘?‘ﬂﬁ“?ﬁ%‘%‘ poR> RN, Wit RediCterto visdrs

data rate at Wrﬁaé\h be genitered; tghdetqsme hoshtthgrnmtbeecmdyacﬂml dnterfetened opf

si mul at ed usgrscorﬂ'ﬂlﬁu@dd&y\qrgﬁaeratlon of a second interference signal.
based on the second ﬁ nmposi t e si gnal, power and second nornalized data rate.

The second interfer Rregent 1Bé(ﬁn98nu§l§9 1conemp 9tq5hdetemmmgeneusa¢mm
of the first i nfompesirrsignal power byistizha %Vﬁhﬁeéfﬁ ¥AADBoler trandihitted by
re erably aV|ng

| ect I et ned fre c an

SRR 2o e T R DT thansthe Bosticebk
thi s el ectri calArsimilar ideteratnationcis madé dﬂnesewmenofmahﬂé&@&b rate &hﬁ/tuch
urther oy 83‘.’52%@ $4BRa) BOWRE i Bthrichiftbq Y W b&Emdl Sh%0f Tundied wikrs, Thieh
20 as a Gaussidlpwsugeseration 20f @, secondbdnterferenaei signal rba@bd bnrtHe second
_conposi te si-gnglom %t@@%’ﬂaﬁ weP ard %k@ﬁanﬂoﬁhgﬂg‘aneé‘%ﬁ%lr i-?%g”“r} bet ""eeé‘

ormunl catlon. sys
sel ection el enghterigrente ygnal gan be used ta medifyydbe fisski gnal - power for 25

si gnal s transnitted Geheriorn iof the ferst i’rﬁteﬁ'@iéﬁ@sr?ﬁﬁpﬁgﬁﬁui'xﬂ% (Y%gﬁ{ﬁs |

Fate. ATir OfIRFER s oYRER ieHelermunbd dipsusncy panch é’{sf?}a' hehaoing 2
sel ector and da'ekalwd)e mfwrmlspecmwdarmsy,amdmw afgreaﬁF th pbved 1§vanal=
ggwer basidpogf err eghgrl i S:HHIT%DH fagféhgjg‘%lgl %ﬁéﬁe%@?@}%ﬁ ?Bq.r%gg&?t Pgéé? figst
composite signal power and first normalized data rate. The invention
further provides a technique for utilizing a random variable sequence, such
20 as a Gaussian random variable, to model variations in the first composite
si gnal : '
'The apparatus for sxmulatmg signal mterference between
communication channels in the communication system generally has a
- power selection element which outputs the first composite signal power for
25 signals transmitted by the first set of desired number of simulated users and _
- @ data rate generation element that outputs the first normalized data rate. A
first interference signal generator coupled to the both the power selector and
data rate generator produces an output signal having a signal power based
- on the first composite signal power and normalized data rate:

30 ‘A preferred first interference signal generator uses at least one
electrical noise signal generator with an output power intensity that is
adjustable in response to a control srgnal input. At least one noise intensity
controller coupled to the control mput of the noise source generator and

~ itself having mputs coupled to the power selector and data rate generator
35 provides a control signal having a value that varies in response to changes
in the signal power and data rate for simulated users. At least a second
_power selector can be used which outputs a second composite signal power
for signals transmitted by the second set of simulated users, and the noise




el ectrical noise signal generator with an output power intensity that is:
adj ust akyGoémreseesponse to a control signal input. At | easPCHEESI8IBe
intensity controller coupled to the control input of the noise source :
generator and itself having inputs coupleg.to the power selector and data.
rate generator 35 provides a control signal having a value that varies in
response to changes in the signal power and data rate for sinulated users.
At | east a second power selector can be used which outputs a second

conposi te si gxensitpwontrallersis gonfiguredntaralsocbiase signal geperatiortinopart on

si mul-at ed us RPhiRA arfsmi &Heggl Otter lgured to
al so base si g?f: gg‘gggbgﬁton I n lps)zglr.t onitt he %ﬁf pomgélhv}lathﬂ "lﬁic,éilg -
transmitted by these other sinulated users.. BRI EF DESCRI.PTI:ON OF THE

DRAW NGS 5 Addi ti onal BRIEF'DESCRIRTION OF THE DRAWINGS! | be more
readily agparent fromthe follow ng detailed description and appended

cl ai s whéh taken in conj unction with the drawings, in which: Figure 1 is a

bl-ock di agram of #dditienal ebjectscand |features eﬁhhédnﬁ!ﬁﬁmﬂm bbimbree¥adilp! oy
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Figure 3 i s aheratakenain cenjunstion avithrthefdrawengsy irmwhidhi n t he sum of

terf | f
| prer Lerence 2, Bt PV Kook BlagihdCof o clEkipibey ihflr BefhbHR LYkt °
first-ordé which amamreelooroa neise indarferencer snmnaaonr%rsgemm;candxrmwehqent

Gaussi an ranﬁpége@{t opReatiened i n simulating speech act ivity; Figure 5 shows
a sinplified” bl oc .di a of ‘a recei sect i of exerrpl ary
cell-site stati on %%t‘étﬁﬁégmal Pargr;el Ifiterequipment;
sinul ation appar aﬁgu@waQ etpteﬁntﬁﬁOnFofgtHeevﬁrmhbﬁSihr &ieeSum BF OCk

di f

of “The | nventTEEleTphes VaTGer "&Ect 4% felbfiLE bR Hlke 4 8 ARARIT b
devel opi niy 2%sex luaehngnmhm alcelllmdemeulgaabs, contenpl ated by the

i nventi on; Fi gurer@.@u ghasfs Q «’f&rse-r&aarad i 16865%9 'cﬁvlaaaahatm?& %br 2

slewrate linmte varil at| en successi
coef fi ci ent scorre atmg an rn epende nt aussxan random process . used in srmulatmg

speech activity;
Figure 5 shows a simplified block dnagram of a receive sectior ~f an
20 exemplary cell-site station employmg a preferred embodiment © an

interference simulation apparatus of the present invention;
Figure 6 illustrates a block diagram of a preferred embodlmem af an
interference simulation apparatus of the rnventxon, L :
Figure 7 depicts a flow chart of the procedure for. developmg
25 interference simulation signals contemplated by the. mvenhon,

' anure 8 is a block diagram of a preferred 1mplementatron of a slew
rate limiter useful for limiting variations between successive coefficients
within a sequence of noise calibration coeff:cxents, and .

Figure 9 shows a block diagram ofa preferred integration of the noise
30 interference generator of the invention mto an exemplary cell-site receiver.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS |

351§xs.tem.memm

In a CDMA wireless commumcanon system such as the cellular
telephone system described in U. S. Patent No 5,103,459 referenced above,
each cell-site, also referred _to as a ._ba_'_se_ station, has several



within a sequence of noise calibration coefficients; and Figure.9 shows a
bl ock diagram of a preferred integration.of the noise 30 ri{é.r{'s E@ﬁh&?
gener at or WPQ‘W@’Q‘nvent i on i*At'o an exenplary cell-siite recei LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 35 |. Sytem Overview In a CDVA
W rel ess conmuni cati on system such as the cefkul ar tel ephone system

described in U S. Patent No. 5,103,459 referenced above, each cell -site
also referred to as a base station, has several -7-

dul denod t t ds m.modens. , Each
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‘configured as dj.rect seguence, spr spectrum np ems al So capab _
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noi se i nterference sinul atl n s stem of thi i nve I nt egr at

is illustrated ?qg“'lgpﬁﬁrsgria modens, atspHaps %°E|CSB{@“TCGF1PB| veige or
spread spect r unotherddas4 to antassigned unsdem loratednatclehstopndeslveiesl t he system

‘sub ber ts or bi | a e cell-sites., Cellular systens
;sﬁ igrl | arggﬂlzl ties g&&/ ﬁggﬁﬁﬁﬁo&gﬁgaﬁf&ggﬁﬂogﬁﬁygfﬁ}' JHo whig nghe “noise
hundr eds of t holnterfecensde subula#xcmalsgptmneef ctl'usauheenﬂohsmaybbe integsated) ds
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user capac:ty in systems of this size as compared to conventional FM

 modulation type cellular systems Although this invention is described

20 herein with reference to the mobile cellular system of Figure 1, it is

- ‘understood that the teachmgs of the invention are equally applicable to

'CDMA commumcat:ons systems in which a plurality of subscriber units are
'mspersed over a set of fixed locatlons. :

As described below, the invention provxdes a method and apparatus

25 for simulating the effect of signal interference received by a given cell-site

station from surrounding subscrlber units. In accordance with the

invention, such subscnber-to-cell link interference is sxmulated by injecting

white Gaussian noise havmg predetermmed statistical parameters into the

cell-site station receiver or receivers. When actual subscriber units are

30 present within the cell, the simulated signal interference is in addition to

‘that caused by signal transmissions received from the deployed subscriber

units. This enables simulation of interference levels corresponding to

" maximum cell capacxty even if the requisite number of subscriber units are

" not available. Altematlvely, durmg "laboratory” testing of a cell-site

35 receiver the m]ected noise comprises the exclusive source of signal power,

 and interference, being processed. |
~ Since the power of the signal transnussmns on the subscriber-to-cell
or base station link in the exemplary system of Figure 1 is a function of the




station from surroundi ng subscriber units. In accordance with the
i nvent | wo 9emagds subscriber-to-cell link:i nterference is slT(ﬁWmﬁﬂsby _
i njecting white Gaussian noise having predeternined statistical paraneters °
~into the cell-site station receiver or rgceivers. Wwen actual subscriber
units are 30 present wthin the cell, the sinul at ed signal interference is.
in addition to that caused by signal transnissions received fromthe

depl oyed subscriber units. ~This enables sinmulation of interference levels
cor r espondi Rgise pawex regaived) by the yeriousamebile forisubscrber units, pronisionodf
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t he power Ohtéﬂere@!clrhﬁmﬂéWeﬁsbl@dSb?Mﬁsh&MWid&idé0 cel | or base
station &Enk in H} é r&ﬂ ary %/stem Figure 1 is a function-of the

noi se pofer recefd ¥EBGAHGILOL SY tSHEC?'RﬁthIVe or .subscriber units, provision
of the additi ona(u)rtestmg of gysterm poum‘ amltdolsmdeperfarmmte at argvahtﬁi,/mt mor e
accurate simnul at enpl ary. applications for the subscriber-to-cell link

i nterference 5| S enabled by this invention.include: 5 (1)
verification of" @y);tmluapam of, handoﬂeangQMSsmdnmrtransﬁerulngind

per formance, @&1 ﬁ?hﬁ &eét?tcbﬁbml@gd (iii) evaluation of. "handoff"
ransi e

al gorithms use rring communi cations:between cell-sites.. 10 :
Referrid§ to Fi gBe @rmns@@gﬁfe;énsmem@wgmc& switch 1), also eef erteddtor 0 as
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at- | eastlSontrapsmission to mapprepmtwmohﬂmor subseriber wnip. Conteolierci lalso
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Control | er 2Berke} 5‘@9(:6% Whe qm@?f 0 H?aYaFg%%%Ct
dedi cat ed t@bseﬁbeﬂanhweﬁ tlﬁph p@b finieecell-sités sirde mecsﬁvwieeeqmwubat i on
_.I inks. In F gy&yeplcally WRa SR ngeegpregﬁy ‘&%I léﬁgﬂwz and 14 o _
20 - Controller 10 may be coupled to the cell-sxtes by vanous means such
. as dedicated telephone lines, optxcal flber lmks, . Or microwave
- communication links. In Figure 1, two such exemplaty cell-51tes 12 and 14
are shown along with-mobile units 16 and 18, where each. mob;le mcludes a
cellular telephone. Cell-sites 12 and 14 as d.tscussed herem and as illustrated
25 in the drawings, are cons1dered as provxdmg serwce to an entire cell.
However, it should be understood that a cell may be geographxcaﬂy divided
into sectors with each sector providirig service to a different coverage area.
* Accordingly, handoffs are generally required to be made ‘between sectors
within a cell, while dwersﬂy may also be ach1eved between sectors as is
30  done between cells. ' '

“In Figure 1, lines 20a-20b and 22a-22b along thh theu respecnve
arrow heads, define possible communication links between cell-site 12 and
mobile units 16 and 18, respectively. Sxmxlarly, lines. 24a-24b and 26a-26b
define the possible ‘communication links between cell-site 14 and mobile

35 units 18 and 16, respect1ver Cell-sxtes 12 and 14 normnally transmit using
equal power. '

The coverage of cell-site service areas or cells 1s de51gned or mapped
out in geographxc shapes such that the mobxle umts wﬂl normally be closest



are shown along with nobile units 16 and 18, where each nobile includes a
cel lul ar telégmﬁgg Cell-sites 12 and 14 as discussed her ei PCTNU$9568889
i1lustratey® the draw-ngs, are considered as:providing service to an
éntire cell. However, it should be understoad that”a cell my be
geographical ly divided into sectors with edch” sect or provi di ng service to a
di fferent coverage area. Accordingly, handoffs are generally required to be
made between sectors within a cell, while diversity may al so be achieved

bet ween sect or Soasnd gelBSite dmﬁsb%ttm ab aln snmlen aﬁagmm onlly ¥ séctor ffothe

and 22a-22b, alogvmt el r_respecti fin QSSIb|e '
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only. one sect orforwatda@ommmnil@tmmha&s 208 %ndelﬁa@r MO‘W&Mhéﬁm determuine

b lot ol gnat ?S%??ﬁ ls’il.‘ db v Pf S20% g“’i‘?‘?’@‘?ﬂomé‘?“ for Ptk igpals
froma single c&Ednsm R’Pn‘cﬁé gites 12 ectorlzed As illustrated in
Figure 1, the pilot m GH@'(.Sxaaﬁ ld rinasmatédaoint Q‘xgﬁbé|19 piobilel Gy wlﬂnag

12 and 14 respecti on out Q nicaji.on.l i nks
and 26a. Mobi | ecoamc{ é ‘E,lgg esfdoe ?afﬁ{s}e PI n}el’:bfnu Eé/ E&‘&fﬁ
rel ative si gnalcositrolrmessaggeris traremittedntal Ehd nearest iceHeite; dmre:eéll-sﬂetm I&e
and 14. 10 t
be consi dered c?eoalsrgsstté@-g% {Tﬁ u#&ll Lﬁéél@@tﬁ%é ‘ﬁ“%t fgggﬁgg g{%féﬁ tHe
call, a controlcafiedsagmbes torsanssnmmomrqllertnb ﬁy&tqgtcmttq»llen 1Q themroonnects
cell-site 135 Tihg ARREBLER ‘P@'I*N’to]tﬁe xﬂmeﬁefe% ieF@. the Ca' | request
message, transfers g é er ;8 je %%37‘2 | 'er stem o oemits the
controller 10 then t%c ttaé ‘?’ﬁf’;‘ﬁb% santrier
reci pi ent. Shoudall énformation t@ldll ahe bell-§ibés irt thePEid. T E:@llls@feslﬁz return
transnmts the call |r}forrrat|onto all the, cellssites hnthe area._The
cell-sites in rEegHit a paging message wi ‘each respective coverage area Cthat is
| intended for the called recipient mobxle user. When_ the intended recipient
20 mobile unit "hears" or receives the page message, it responds with a control
~ 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 desired mobile unit. Controller 10 then routes the
~ call through this cell-site to the mobile unit. Should mobile unit 16 move
25 out of the coverage area for the base station in the initial cell-site, here 12, an
attempt is made to continue the call by routmg the call through another cell-
- site. :

In the exemplary system of Figure 1, orthogonal Walsh functions
. typically of a fixed length are assigned to user channels on the cell-to-
30 subscriber link. In an alternative implementation orthogonal Walsh
~ functions of varying length may be assigned to user channels on the cell-to-
- subscriber link. In the case of varying length Walsh functions, each channel
" is assigned a unique orthogonal Walsh sequence having a length predicated
“on the channel data rate. In the case of voice charinels, the digital symbol
35 stream for each voice signal is multiplied by its assigned Walsh sequence.
The Walsh coded symbol stream for each voice channel is then multiplied
by the outer PN coded waveform. The resultant spread symbol streams are
then added together to form a composite waveform.



transmt a pagi ng nessage wi thin each respective coverage area that is
i nt endeqy$9gndohe call ed recipient nobile user. \en the | RCBHSYSER| pi ent
20 nobile unit "hears" or receives the page nessage, it responds with a i
control nessage that is transnitted to ta nearest cell-site. This control
nmessage signal s ‘the systemcontroller th ﬁ'thi s particular cell-siteis in
communi cation with the desired nobile unit. Controller 10 then routes the
call through this cell-site to the mobile unit. Should mobile unit 16 move
25 out of the coVvEhegeesmltingf oontpusxtaaseavemrms rthielne modulatedcdritosiat e,
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desired operating frequenc ed and antenna-s 3
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t he chanagl- xm@aall inteofepenceadi at ed by the antenna. I't iis well known in the
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y variable data rate
20 system mdudmg voice, facs1mxle (FAX) and high/ low-speed data channels
the mfor_m_ahon symbol 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 binary PN sequence also clocked at 1.2288 MHz. An
identical binary PN sequence is used to encode each subscriber channel
25 within a particular sector of the coverage area of the cellular system. As a
consequence of the orthogonahty of the Walsh coding sequences, each
sequience may be used on a single RF channel associated with such a sector
* without inducing interference among the users within the sector.
' The signals carried by each channel may further be convolutional
30 encoded, with repetition, and interleaved in order to provide error detection .
and correction functions which allow the system to operate at a much lower
signal-to-noise -':_arid interference ratio. Techniques for convolutional
. encoding, repetition and interleaving are well known in the art. The
resulting signals afe then generally modulated onto an RF carrier and
'35 summed thh the pllot and setup carriers,  along with:the other voice
' carriers. Summanon may be accomplished at several different points in the
processing such as at the IF frequency, or at the baseband frequency either



the same 32, 768 I ength sequence, but with different timng offsets to
prevent 15waovémemess i nterference. As is described in greater PICT/ES95/088890
‘the synbol - ‘stream for a partiygul ar cellular user i s .combined in a first
“excl usi ve OR operation wth the Wl sh sequenge assr gned to that user. The
Wal'sh function is typically clocked at a rate of 1.2288 MHz, while in an
exenpl ary variable data rate 20 system. ncl udi ng voi ce, fac5| mle (FAX),
and 'hi gh/| owspeed data channel s the informtion synbol rate may vary from
appr oxi mat el y 7beﬁezetm Mt&omtﬂhplﬁfhnonebyl the®N csbephence cassotiatedc asith nge

in a second- exc Q?tl‘a.ﬁez{)? a bi nary PN sequence al so cl ocked
at 1.2288 MHz. An | entlca nary sequence is used to encode each :
subscri ber channel 2Baclyivoige carrierr mayulalso becmadtipliedhby oo walue dhat satofts
the cellular syghfgmitted g)cﬁOé‘ls?élHEOEQoofhé? vﬁrt@ﬂ%‘?ltﬁ{{FVBf]cet &ﬁ'lr}@LShnus
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carrier and185 o bhtfhnchmspnsl not dnsJ:usbedl bycasingedifferehp wmrtlbvélsefor
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points in the pfrhggaeggelrng such as at P’ﬁ&f‘%meaﬁgﬁgy,%%‘ﬁ*ﬁ ?h‘gg&%
frequency either Figuzee 2orillusteatesy in pblack | diagsgm nformn, smuerxemplary
associ at ed wi t hethbediant of celligite t@%ﬁ_p‘iﬁéﬁ! ClAtaﬂ\eCEéllmtEa&go Ricbfver )f téfhs

may al so be mJItlpI{1 ngy val ye ts its transmt power re atlve
to the power of3%h¥ g’? &B Q?Y‘irﬁé separatesaniennae, apd Analpgrreseives, for
?I I ;)\r/]vs pO\tI\Brlgt ospaceal divessity recdptionw. | : ks ehllﬂnt of eehe ﬁ%c’fﬁxﬁbﬁfs s,dttﬁe
. to the intende i [ e ive ora ns.
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performance w tjqeq P&m Og. O
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di fferent voic r§ta QRe stabscribgr uni |‘§—H§B of ithe amalog receivers are
20 also prov1ded to other elements used in communications with other

subscriber units.
In Figure 2, the first receiver system comprises an antenna 30 an
_ _'analog receiver 32, a searcher receiver 34 and digital data receivers 36A -
36N, and additional searcher and digital data receivers (not shown).
25 Searcher receiver 34 and digital data receivers 36A - 36N are assigned to
process the signal from one subscriber unit, with the signal typically
experiencing multipath propagation. Searcher receiver 34 is used to assign
each of the digital data receivers 36A - 36N to demodulate a respective
mulhpath propagation of one single subscriber unit sxgnal Antenna 30 and
30 analog receiver 32 of the first receiver system are also shared with other
~ searcher and dlgltal data receivers (not shown) which are similarly |
- associated with the digital data receiver ass:gnment and demodulanon for
other subscriber unit 51gnals
The second receiver sysfém is similarly constructed and includes an
35 antenna 40, an analog receiver 42, a searcher receiver 44 and digital data
 receivers 46A - 46N, along with additional'searcher'and'digitel data receivers
(not shown). Searcher receiver 44 and digital data receivers 46A - 46N are
assigned to process a multipath signal from the one ‘subscriber unit.




Figure 2 illustrates, in block diagram form an exenplary enbodi nent of

cel | - si o 66iepoggreNnt . At the cell-site, two receiver systcPEI/ESS/08889 | zed
with each having a separate antenna and anal og receiver for 15 space ’
di versity reception. In each of the relzl ver systens, the S :
subscriber-to-cell Fink signals are proc¥ssed identically until the signals
undergo a diversity conbination process. The elenents within the dashed
lines correspond.to el ements used in communi cations between the cell-site
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process a ath S|g 6 f.romthe one subscriber unit. -

recei ver 442 ?Ség&@"épﬁt% g 5‘{1’8’955%'?151 each of the digital data receivers 46A
- ;16N tgsdermdul 8obth aeceiewsystemsrmid coapledoby rrba;tatneoav@i-s B6A 036N andd
subscri ber
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recei vers (ﬁ@ltln@m@d/rt? mmwa the @l&tplﬂ-’ p&rdlyemvocqmbmrmdn@m grauitrydat a o

ol -t ol o el ek P el o Gl BeeRaly W o e uidniy The
.modula r |ilgltac,)l switch igure %) W(}.Jhglta\l link 52 is

20 utilized to commumcahe slgnals between the MT30 using cell-site transmit
modulator 54 or circuitry 50, under the control of ~untrol processor 48.
ngnals intended to be communicated to the one subscriber unit are
provxded via digital link 52 to transmit modulator 54 where they are
modulated as a spread spectrum signal. The spread spectrum signal is then
25 transferred to transmit power control circuitry 56 which, under the control
of control processors, 48, sets the transmit power for the sxgnal The power
| controlled signal is then summed with other signals for transmission in the
_channel in summer 58, the output .of which is prowded to analog -
transmitter 60 and antenna 62. a '

When recexvmg a signal from a parncular subscriber unit the cell-site
receiver is subjected to interference from other subscriber units W1thm the
same cell, as well as from subscnber ‘units in nexghbonng cells. In

35 calculatmg interference from subscriber units located withini the same cell as

the cell-site receiver, it is-assumed that the interference spectral density is
~ uniform (white) and proportional to the number of users, i.e., subscriber
units. The aésumptjon of uniform spectral density is predicated on the



toupled to data receivers 36A - 36N and 46A - 46N along with searcher
receivers_34 @6]8 44. Control processor 48 provides ampng ot RET/US25/0888%nNS,
10 operatW%ﬁ B&h as si gnal: processing; timng:§ixgnal generation and.
tontrol ; signal power control; and control over handoff, diversity, signal
conbining interfacing with the MISO. . In aIBr-eferred enb_odi ment, the
control processor 48 wll include a table of orthogonal Wal sh code
sequences for assignment to subscriber units. Bot h recei ver
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interferen spectT densit.y §S;.U te) and ort| to the
number of . 3§ers €° Ealé%f:h@rm N?ﬂb%ﬁ@bﬁémﬂ PfLW; ??%?nqrgﬁ%@l“isal
density is pr edgnalseﬁmidemhmpon e eelbs:tetmewerf ah d poyeemoftEr waitts, sthies
within the cel t
t heor e See* ecplyed fnudhicheRbe XY diay B AR CWS'*&EQE%% S%%é%bsw‘
Schartz, WR. Bennett and , XI-(N-l)Cn

20 '

where the parainieter n &:‘o‘rresponds to an average user voice acﬁv_ity factor.

‘Similarly, the interference X, developed at a particular cell-site
receiver due to transmissions from subscriber units within surrounding
cells is determined according to the relationship: |

Xp=(F-UNCa @

. where the additional parameter l_:' specifies the frequency re-use efficiency
‘between cells of the CDMA system Bei.ng‘ simulated. The re-use efficiency (F)
30 is defined as the ratio of interference from subscriber units within a given
cell to the composite mterference generated by the subscnber units within
all cells. - ' :
In an exemplary CDMA system, the RF signal power on the
subscriber-to-cell link is attenuated in accordance with a fourth power
35 propagation law. In such an exemplary system, the statistical change in
signal power as a fun'ction'of time, i.e., signal fading, can be modeled as a
‘log-normal random variable havmg a standard deviation of approximately
8 dB. Assummg a uniform distribution of users within the exemplary



S. Stein;, McGaw H Il, New York (1966). For conveni ence of description it

is 5 alﬁp g@@g d that the number of users is the same wi pdTrosesmessecel |

and t ha ell includes a generally uniformdistribution of users. As
noted in the Backgr ound of the Invention, naxinhum system capacity is

achi eved when the ratio [err] for each- sdéscrlber user is at the mininmum
required to naintain a desired channel signal to noise ratio. 10 This
result is effected by providing dynam c power control for each subscri ber

t at L & I {
[he et SPRPAUTEAN gl M PR AN ot e o
descri bed bdh %"SﬁF%ﬁﬁPH rckﬂ iﬁ/@ramxmat%lvr%q@gﬁlem
For a cell ltacassslbnmé\luau&atérmbegrenmtba byeasétsqintmw vrvéxﬁaémrkpﬁos gnal s

i nci dent upon th ll.-site glver,at _a t e recei ved
interference [er %Cfe é‘oa'eg%%mfgda'a%%?m ﬁPrF?Fé‘tFEP‘étqf&?‘%‘M‘g" R |
(1) 20 wer oft irderferencet values Xy and Xy varies, mlaavertaghheuﬂ’mmahmsa,cas wity
factor. Sim t e eve rticul ite
receiver du fhﬁghispaﬁg rrfélg I%Qﬁﬁ or}% ﬁégg} é?'% ﬂ??‘i’ i A Eﬁfﬁﬁﬂ ﬁﬁ
cells i s detorréspendsctortientatio betweeri dhe ongber a6 a[otme] users dl‘\d the
(2) where t al{glgér f e .
ef ficiency Bgt %@%ﬁcepﬁbégz;t %ﬁaﬁ?@%ﬁe&%&%@%&é&%ﬁﬂ@tﬁ% clé;ﬂe us
ef ficiency (R§Xgoum aumh d“&%‘stlﬁed?ﬂﬁfi fﬁf“PWBé Péf%ﬁ@é)fﬁb/r&d%dhﬁber
uni ts- wi i el & !é&io??l‘\érebp mbeam @ Vidi& hmﬁ FAQBF %, WL 1R ?fkcg»é
subscri ber units . w.t.hin a%l g.s éD an exe hm syste
si gnal power€dtFe FEICERCY: Fr pdne; d lFF"&c
W|t t? at f oulr trb?]pénWel aenmmmmmaw afxidﬂdtatzc ha@][bff:sgml &m&m ohhe
statistica ange i we unctiQon o |
fadi ng, can "ﬁg ﬂg’cf&f‘g’ﬁ 13‘3“'%#5%31’%! uﬂ&\n‘f'@bﬁt ﬁfg H?ﬁfﬁd _
devi ati on ofNg@pr o&smexa}npledgsmgyame\sgofa EqupFrﬁ dBsnrs B, iBr @5, andrs
wi t thsfgf‘ WY 'fggts the refatiofsHIp'NLZ2L ROWTRE) AAELY Ny yleld8 'l Blximum
_ - number of users of 48. In the representation of Figure 3, the thermal noise
s calculated_base_d upon a cell-site receiver having a noise figure of 5dB. In
‘addition, Figure 3 indicates that a cell loading of 50% corresponds to the
situation in which the signal interference power is equivalent to the power
20 of the thermal noise, i.e., one-half of the received signal power is thermal
" noise. |

oI -

The signal interference on the subscriber-to-cell link includes a pair of
25 uncorrelated components: namely, interference noise arising from N,
subscriber units within the cell being simulated, i.e., the simulated cell; and
interference noise from K surrounding cells. The number of users within
" each of the surrounding cells is denoted by Noge where j=12,...K. The
simulated cell correspdnds to the cell in which a cell-site receiver is located
130 into which a simulated interférence sxgnal is injected. .

In accordance with the invention, a simulated mterference slgnal
representative of an equivalent numb_er Neq of s_xmulat_ed subscriber users is
supplied to the cell-site receiver within the simulated cell. The power and

- . data rate of this interference signal corresponds to the average power and

35 normalized data rate,'respéctivély, of the Neq simulated users dispersed
throughout the simulated cell and the K surroundmg cells. The equu alent
number Ne‘..l of users bemg simulated may be expressed as:



fnterference contributed by users in other cells is approximtely .

equi valent to 66% of the interference generated by users w pEr/USEs/03889€N
cel | (F=0WQ 9 f@nrlng now: t:0 Figure 3, a graphi.cal representation of how
fhe sum5 of interference values [err] and [err]-varies, relative to the
thermal noise, as a function of cell |oadi+ip<4s shown. The |oading of a
particular cell corresponds to the ratio between the nunber of active users
and the maxi mum nunber of users capable of being serviced within.the cell.
The maxi num nunber of users is dependent upon thg val ue- of Eb/Nt for the 10

cell or sector thereof, the avera VQ _3gti# factor n, and the
frequency re-use eff|C|ency F. Thgeaﬁ\‘? %'L % 8% n WRb, where Waﬁ%}

[err] respectively denote the bandw dth and datd ate of si gnal

transm ssion on,t he,subscriber-to-c K,u als0 influ S

‘number of usergvrteé?rlﬁ %S gﬁ‘?@? erl.?aftﬁlﬁ \fﬁ?ﬁééseﬁ at:&a:iﬁ'd qu%%ﬁunng
0.4, F = 0.6, ﬂ’&dcd&rse[@f tlie smaaﬂnmhwmhmosmtmﬂte[deeeu and e ié ay¢cﬁis@§nla
maxi num nunher _of use % {fetn Zp ﬁs tatlon of Figure.

thermal noi 9o FEPTEIFRtA é‘f"eo" éésde Boh 9 L& ferépge from -‘?ﬁi%)?‘?f ‘%{“ﬁ%%‘e
figure of 5 stutmum&in i cells. Fllguaepartmda:aemn antb&idlmeretdanbasfbéiﬁPA)

corresponds to n

equi val enit to eﬁﬁ%ﬁw%t}%@ KD brraRianaiy 25, Wik BE VAP BiBleqiibntly

recei ved si gnabelp\@/%er ified ttheough nuanerical |sunulamn podsfield teativgri ber-to- Cel |
L Signal | nt erf eTRE Cyerge Shidbrehtd g&%ﬁme Wef éd%?at%ubEWtﬁeé Livatént

link includes a Ir uncor el at e ent namek’&' | ntergerence

noi se arisiffg Wgﬁa e‘ﬁer eﬁa?fim%%w ntherelatignshegs; ng si nul at ed,

i.e., the sinulated cell; and interferenge noise from K 'surroundi ng cells.

The nunber ‘of users within each of the Reli ng cells is denoted by 4)

[err], where j= mJIatedc carresponds to the,cell

el b "ol T S iiste g GenlS olHoRb” 36 WhicnSRnaRREE Behdmitiea B the Neq

i nt elr fer gnc:ls ssignalated subseriberd usérs, andowtere a q\nrtprésleats ll:hemiou'mrf%lztd[ data]
simul ated inter i.ghal, representative of “an equival ent nunber [err
of sinul ated sﬁ%tgcq%% &&P&W’é‘%ﬂgﬂfﬁd to the cell-site.receiver within
the simlated cel | . ABha qomsequene dfpawert eontfol hngnalsqmppheér’a;e the g:leHI-sxte -
corr esponds toppge eafﬁseﬁqs ﬁ%‘“ﬁfﬁbﬁéﬁm r&wrézgm% @tfuations

respectively, ate sers dispersed throu 5 e. SI Iated
cell and the Knem\ahn q¢go Bewer teansmitted Py thy ?rﬁlé?‘“-? pel jsu

being si mulzt e!’tf&bv&bettﬁtsg‘fm@ﬁepresented as: |
| seq Snomxeq R )

_~ where the value of Smm depends upon the number of simulated users Neq,

25 as well as upon a specified ratio of energy per information bit to noise

“energy, i.e., Ep/ No, to be received at the cell-szte ‘receiver within the
simulated cell. ' :

If the number of sunulated users Neggq is greater than or equal to that

required to invoke the central limit theorem, i.e., Nggq = 6 or more, then req

30 and Xq may be represented as GauS_sian random variables according to the

relationships:
Teq=T7— A Ti ' (6)
_ Neq i1 _ :
| . R 1, Na | .
35 Xeq = E Xi : (7)
' : S . Nq i=1 '

The discrete random variable r; is represent'ative of the rate of signal
transmission from the ith simulated user. The set of random variables r;,
i =110 Ngg, are assumed to be mdependent and identically distributed (i.i.d).



-15 - Jerr] (3) where [err] denotes the nunber of the

"real " ﬁ@? dﬁg@ual l'y depl oyed during the course of the SPOTYUSSS/0888IM t hi N
the sinu cel and a is a constant 5 representative of the effect of

. interference from subscriber units in surrounding cells. In a particular
exenpl ary enmbodi nent a has been anal ytltbéry estimated to be approxi matel y

2/ 3, with this value subsequently being verified through nunerical

simulation and field testing. The average interference signal power

gener ated bwhés gulisigndntrabl@mibsioher frbed rtheokimilatedt ﬁgetbs%‘air SpebYR" by

the power aETORANCE. dhe rendom vasiables Tirespeisative.pl ?“elepegq‘?}ra?tiﬁ iy oF °°

SlﬁleCI’i ber :hhevanoasctmbbanberrmrs.epresents t he nornmalized da]ta rate of
supp! | 6d by théaiéf%ﬁséx?ﬁfpéafi %\é@%ﬁ%%ﬁﬂ%@%aﬁ@?l s SodiRy ||
“exi st fl'dct defining thertapdom yagisblesar; suahuthasir; £6{k0, 0.5; 0]25, (0125} whete by
the sinulat ed— qu@%ﬁés bnaa'tbsspe%% trnsoriskidi at B¢ Ml%ﬂ%atgqf%l] rate

represented & e valu

of [err] G&m%- leSPBﬁ)rtﬁgi( Fumfhd, B8:25:and| Qt13§ denote FE¢¢qh Transgmisgion a&s
upon a SpeC ohlegthlf abh@-f@ﬁr&n%ﬁl/ o&@fex H&Prdl'aﬁ'ieoﬁxat)dxﬁ %Qés?%ﬁ&hgrélyc e
QS\"P

[err], to.-be recelve receiver w
y determaned

If the nunb&8-& %‘PB%I%%‘E‘!P%Q%&SI 91@‘*@?%"& Ely+
requi r editt o probathidity h&ectmnl’r athérenP t= [p1egoe Py, p4]e spe[:lﬁes] He probvabikity ofien

[err] 30 and Xeq ent ed.as _(Gaussi rand arlg | es -accar di ng
Lo the el aePeRah R g PROA B i s, SR i CrjesSighih
r epr esent at rmspfespmhwal)e dh apgntidular an'qnlemmcbm,om h&sebeeﬂn feund| thia¢d '

nacpendent as d@%??aﬁ‘ﬁﬂ%ﬂ‘t e ey of acylebeety sehreghfed By RRGHRE,

transms 0|P58‘1V¢8 y:the sinulated users carry speech information, thes

random vdriables [err] ar i ndi cative of th ech.. act|V|ty of the various
subscriber users:. fPl:Pz:P&Pd [0.4028, 804&4? 0.0702, 0.4806}. (8

_ The set of random variables X,, i= 1 to Ngg, are also assumed to be

o mdependent and 1denhcally distributed (i.i:d) log-normal random variables
20 -capable of bemg statistically characterized. as set forth below. When the
© number of simulated users Npgq is less than that required for invocation of
the central limit theorem, the random variables r; and X; will generally be

- defined in terms of empxncally-determmed dxstnbuhons

' In accordance with the central limit theorem, the rémddni variable req
can be approximated by a Gausslan random variable of mean E{req} and
variance var{req}, where: ‘

Efteg =Elfi} | N
) var {req) = N;E \'af{ri}_
'35 and in which: : o _
Elril = py +0.5 py +0.25 py+ 0.125p, E (10)

40 E{r,y py+025 Py + 0.0625 p3+ 0. olsezsp4 | (11)

var{rl}-E(txl (E{ra})2 . (12)



I'n an exenpl ary -enbodi nent, such speech activity is nodel ed by 5 defining

t he randongy@“,&%‘,es [err] such that [err] CE[1.0, 0.5, 0.25pcfrusssmgssonwhere
[err] corresponds to speech transm ssion at the maximumrate (full
rate, e.g. 9.6kbps), and [err] 0.5, 0.25 f?nd 0. 125 denote speech

transm ssion at one-half, one- fourth and offeei ghth of the maxi numrate,
respectively, e.g. 4.8kbps, 2.4kbps and 1. 2kbps, respectively. An '
enpirically determned 10 probability vector P, where P = [err], specifies
the probability of JIheecelriablnX] mayove Furthee dwracterizednin lbédohs of first and
one-fourth, and one;eighth rates, respectively. In a particular

i npl ement at i on S€FQN dné% BEpts, f ound that the distribution of speech activity

may be. accurately represent ed by a ve ga PY: 15 [err] The set of
ki = 18272,

random variables [err], i =1 to [err] ssurred to be indepen

and identically distri but ed (i. | og-normal randdm vari abl es 20 capabl e
of being statistically charact er| zed et bel ow. When t he nunbe f
si mul at ed users [err] is less than th:i xﬁeqa{)meémfaor i nvocation of the (145)
central limt eorem the randomvariabl'es [err] and [err] will generally
be defined in t 8F€/ of enpirically-determnined di strr butions. 25 |V
Statistical 1gCharacterization of Subscri Q&Eioqog:@ Link Interference I {)
accordance with the central limt theorem the randomvariable [err] can e

approxi mated by a Gaussi an random variable of nean [err] and vari ance
[err], where: 30 [ew kimilar invocation of the centr@) lia%itahdoremvdllows thevariable

o ]??rlgtzgg o g&anyﬁe ¥apt e%@hf‘ed Sf "l Ggﬁé’erR raHAbAe Rza?i%%fﬁ%?%i %g% If@ll&%‘@

a= 10 | oge mean and vanance

15 S Erxeq} E{xlr | B (1)
" var {Xeq} N— var{XJ i | | (17

As noted above, the distribution of the sum of a set of M log-normal
20 random variables approaches a Gau_ssxan distribution when M is sufficiently
large to satisfy the requirements of the central limit theorem, i.e, M > 6. If
the log-normal random variable X; is not mdependent and ‘identically
drstrxbuted then each will generally be approxrmated by another log-normal
random variable rather than by a Gaussian random variable. The resulting
25 equivalent normal distribution will generally have the same first and
second moments as those chara'cterizing the exact sum, and will best
approximate the exact sums defrmng Teq and Xeq for intermediate values
thereof. '
It is antrcrpated that the correlatron functrons characteristic of typrcal
30 speech activity may be represented by a double-exponentxal function of the
form: '

| R@) = eXp{- le/2, 13, - (18)
35 where tv-denotes the correlation time of speech activity. Referring to Figure
4, the independent Gaussian random process Teq defined above may be

ccorrelated in this manner by passmg it through a first-order digital noise.

correlatron filter 100. In particular, application of a time-sampled
) uncorrelated Gaussian sequence req(n) to the correlation filter 100 yields an

40 output sequence r'eq(n) in accordance with the txme-domam mput/output
relatronsl'up '



A simlar invocation of the central Iimt theoremallows the variable Xeq
to be repp9gensed as a Gaussian random vari able havi ng t hBCT/USISAMIY nean
and variance 15 : [err] (16) As.
noted above, the distribution of the sumllgf a set of MIlog-normal 20 -
random vari abl es approaches a Gaussi an di8fribution when Mis sufficiently
|l arge to satisfy the requirenents of the central |limt theorem i.e., M>
6. If the |og-normal random vari abl e [err] i s not independent and '

identically distributed, thep qayl ol | (g Wgr(gldgyregﬁ.ggppr oxi mat ed by( 19)

anot her Iog nor mal random var fhbl e raleﬂer t han ussi an random :
vari abl e. t

have the sa Stg% %ﬂgbieecroﬁ H¥t‘étﬁﬁﬁed‘%{lﬁe éﬁl}t!lar a%@?zygnélb ﬂg@lé :
sum and wi I"Y'a)b £ CRFSe #%C?P&?Wx[@iaiq ther
}“t e: medist Sd(@'lét’-éﬁpéit‘iéﬁtmfcorrélaﬁ&t @gg picaﬁsﬁéledl?aéuﬁ COVLG' ation Ced
unctions charactgeristic speegh ac JV e represen e
by a doubl e- exporEHimaing ﬂ'ﬁc &gﬁﬁgﬁ”‘t H@qp’o'v 291' %‘Fté‘“fﬁl"?] &eRot es

t he corr el atheoordenef 200 sps e ﬁm 100 showdlel be l’deB tB Bav&€a B dBWﬁhalog

i o manner HY S5, EAAHSRRY P, BERRTES - fh PE /4T ﬁﬁfﬁ%&?@e&%%

filter 100. dlguhalpraxttoféﬁiequene;pp [ cat ion of a time-sanpled uncorrel ated
Gaussi an Osequence [err] to the correlation filter 100 yields an 40 output
sequence r' eq(n) in accordance wi th th@mti I'n 1 nput/ out put

rel ati onshi p: -18- [err] \/\/nerg’1 hé'mxagig n& s determned in t 20)
manner described below. In this way th orrelation of the sequence [err]

is made to appr oy {@&mdi Stea MHHH@ﬁ&éPQDG%I% Sté @ %téa 18 F ‘éﬁty
h act t B

spes e rert M AT ey

to have g 3feP fraraks dofc vbicef Hafa mQﬁQYxﬂ Qiddatiﬁn)[pfédessed% lthe 3EH1RSte:

whi ch corregponds tomg, g’z-ggmda'ﬁ'ttrgnsf(er'tfu%fc ol & ‘tﬁ”ctfmer 1[0‘3 Elter may be(20)

written as:
. ) o
T -
~where the DC gain_(z.=0) is: . o
. H(O)= 1 R @

25 For a 3 dB cut-off frequency of 021: it is requxred by defrrutxon that
| H,(0. 2m)[2=05. Aecordmgly, B

(1-0)2
(1-ecos0. 2r)2 + (osin0.2x)2

30 wtuch yrelds a Value for a of 0. 54411322. -
The noise bandwrdth of the filter 100 is given by

--—JIH( )I

o In order to maintain 1dentxty between the power spectra of the sequences
3BT eq(n) and req(n) the variance of r eq(n) is drvrded by the value of the noise
bandwidth obtained by subsntutmg the parameter a mto equation (24).
Referrmg to Figure' 4, such power spectrum normahzatzon may be
_performed in an element 110 using a microprocessor, hardware divider or
the like generally as is well known in the art. - '

1
=z @

(29)




It is anticipated that the filter 100 will operate at a sanpling frequency .

[err] of 50 Hz, which in an exenplary systemis equival ent tg I on
rate 15 fOVOPPAIBE of voice data (20 nms. in duration) procesCﬂE '% %

cell-site receiver. The z-donain transfer function &f the filter 1_00 fllter
may be witten as: [err] 20 where the DC gaiy9«z= 0) Is: (22) 25 For a 3 dB
~.cut-off frequency of [err], it is required by definition that [err].
Accordingly, [err] 30 whi ch yields a vaI ue for a of O. 54411322 The noi se
bandwi dth of the filger gi ven

(24) In order to i SR éﬁ?.P?WSE &tﬂioi?aaeﬁs sielated Jy passing the
sequences 35 ewe]r fhactuatidn t handem apcecesss [)ég | thiroughy iadddwbpaske filter
val ue of the no DhAI th e

. equation (24). t‘ﬁa?errl ng ;ﬁ(}h%@ %?eﬂ'%%gxuﬁﬁﬁsﬁéci&&kg u%sgnor hézog?elaﬁ'bﬁ
' may be perfornetime tan eteﬁhueﬁuaimmsgna mcm\@eemtmhmj\tbeeoudetm

'B(r)wte?ecl)lnr(rao procléiégsé ?2“*5%?“ 5 E !asspags fer shoul&q? ?tb%}ghl on rangﬁlat
process Xeq t hr ®agreR Toond §f 5ad (3ecer &‘rﬁ‘&‘!‘é’?ei‘é@ﬁ)dlgl@ g;quencyo

cut - of f frequenm{ggkyg ORRGad. correlation time [err] for fluctuations
arising frompower control *fon the-order of 5 12.5 nsec., the power control
. lowpass filter should be designed such that [err]= [err] = 160[ err]

rad/ sec. This | V. cAppaatedifo FHraht frequency of [err] V.

Appar at us fo1 I nter tion

of ) t
i nvention provides a ren%%:& &%g §B &ﬂ}%’g“’%‘?%ﬁﬂvﬁ?%@ x{\ﬁ%\og?%lxg%tap&aratus
signal interfer &Jmamtdaangdﬂlebgffectgoﬁ/mgmblmtesﬁetm@t mqewecbbyaa given cell-site

mul i pl e acoess ORRINCRT HANHBLRALS YTk ‘;ag YSHRCHAET sty

accor dance W|th € I nvention suc erence |
si mul at ed by i npabscribgr aunits. sénga@pmiamm the mventlon, such subscnber to-cell

link interference is simulated by injecting a noise sxgnal ‘having

15 predetermined statistical parameters into the cell-site station receivers.
: Alternahvely, a noise s1gnal could be transmitted by one or more subscriber
units to the cell-site station under evaluation in order to simulate the effect

of interference from other subscriber units. In the latter instance, the
m)ected signal would be formulated so as to account for the effects of

20 propagauon over the transmission path between the cell-site and the
subscriber unit under test. The present invention thus enables the
performance of a given multxple-access communication system to be
evaluated prior to network deployment by simulating the level of
interference expected to be experienced during normal ober_ation. The

25 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 Access (USTDMA) the pan-European Global System for

Mobile Communication (GSM), and CDMA communication systems.

‘Tuming now to Figure 5, a simplified block diagram of the receive

30 section 110 of an exemplary cell-site station modified to include a preferred
embodiment of the interference simulation apparatus of the present
invention is shown. The receive section 110 includes a cell-site station
" receiver 112, as well as an mterfer_en_c_e sxmulahon apparatus 114 designed to .
simulate the interference created by subscriber units in cells proximate the

35 cell in which the cell-site station under test is located. The interference
signal produced by the simulation apparatus 114 is combined in summers

116 and 118 together with the signals received from cell-site station antennas

N {1'




15 predeterm ned statistical parameters into the cell-site station
‘recei vers ég 4 nat Ively, a noise signal could be transm pc-ml;swosgge or
nor e subscrl €r units to the cell-site station under evaluation in order to:
sinmul ate the effect of . interference fro t her subscriber units. In the
latter instance, the injected signal wolFtd be formul ated so as to account
for the effects of 20 propagation over the transm ssion path between the
cell-site and the subscriber unit under test. The present invention thus -

enabl es the ¥20rdmd 022\crespé c&veg vémerMéSUInhgmn ate:sigmmlwahem ré(st%ﬁ@dﬂ to

i SY?‘L?ZR‘??D%"%%%%@E‘ %%N%yﬁfﬁ‘d ﬁ%ﬁéﬁ‘%@ﬁgﬁ The 25

mul ti pl e-access SEhe esmmulmtmm appanatuse dd4i udiest benplaesesourcmvﬂﬁ ifon may
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cell-site stiation tomcludea ref rede
i nt erferencé’a:?ﬁmgo g‘ﬁﬁ&?‘é‘?ﬁﬁ? o?o‘ﬁﬁé‘ rl? selegtedt to- ﬂge s3780as thee
recei ;/e ?eCtdeﬁmrllﬁqUE?k ydep theCﬁitbsc&iBeZ &hﬂt t@rtetlﬁsﬂeVﬁalnéﬁZ 1teﬁs uptink, as
an interferepce s ati.on a e .
interfer ence&tap@ggu e&%bsw‘@ﬁ%‘! Lﬁ%%ég d&‘?&i tﬁger if%bs gpecified |
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For exanppe, mft@rfference level in accordance with various aspects of the system under
evaluation. For example, the requisite mterference level will generally be
~ influenced by the number of neighboring subscriber units expected to
contribute "to the received signal mterference, the locations of such
 subscriber umts relatxve to the cell-site stahon under evaluatxon, and the
25 propagatron characteristics of the commumcatxon links between these
* subscriber units and the cell-51te station. A more detailed descnphon of a
simulation apparatus specxfxcally dlrected to a CDMA communication
" system is described next with reference to Figure 6. _ .
Fxgure 6 shows a block diagram of a preferred embodiment of an
30 interference simulation apparatus 150 constructed and operatmg according
~ to the pnncxples of the invention. Simulation apparatus 150 includes a
“source of random noise 160 dlsposed to prov1de' "white", i.e., spectrally flat,
| noise at a power of approx1mately 5dBm over a 100 MHz bandwidth
- . centered at appronmately 70 MHz. The electrical noise produced by source
35 160 will typrcally have a crest factor (raho of maximum value to the rms
' value of a sample waveform) of approxxmately 5, and is processed by an
| amph.ﬁcahon and ﬁltermg network 170 prior | to bemg supphed to a 3-way
power sphtter 180




simulation of interference in USTDVA systems the bandwi dth of fil t.er 128

W || preferab be on the order of 30 kHz. In a |ike manner |

bahdw dt h WP%&”@M mat el y 200 kHz' woul d be enpl oyed during Pﬁﬁiﬁgglf’%% 15
of a GSM cel | ul ar conmuni cati‘on system Referring &gain to Figure 5, _
control -unit 130 supplies an interference &lgnal to sumrers 116 and 118 on

the basis of the signal produced by the filter 128. In an exenplary
i npl enentation, control unit 130 may be realized, for exanple, by an
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filter 220 and an amplifier 230. Filter 220 delays the noise energy in
20 attenuation path 190 relative to the noise energy in attenuation path 200
such that the two paths are mutually independent. Such path independence
is necessary in order to maintain reception diversity between the cell-site
receivers. Amplifier 230 compensates for the loss induced by filter 220 by ,
providing a net gain of approximately 3 dB.
25 " First and second receiver attenuation paths 190 and 200, and
transmitter attenuation path 210 include first, second and third manual
 attenuator arrangements 240, 250 and 260, respectively. Each such
arrangement is preferably capable of prowdmg approximately 80 dB of
attenuation by incorporating several manually-controlled RF power
30 attenuators. In addition, dxgltally-controlled RF power attenuators 270, 280
‘and 290 of the conventional type may be adjusted to provide approximately
63.5 dB of attenuation. In order to famhtate system cahbranon, directional
- couplers (not shown) may’ be connected to the output ports of digital
attenuators 270, 280 and 290. _
35 'As shown in Figure 6, the settings of digital attenuators 270, 280 and
290 within the interference ‘generator are adjusted by a controller 300.
Digitally-controlled attenuators 270, 280 and 290, in conjunction with
manual attenuators 240, 250 and 260, cooperate to regulate the poWef of the |




I's connected to first and second receiver attenuation paths 190 and 200, as
wel | as we ogrpioggnsmtter attenuation path 210. The attenuRCeEASHsN8389 ener gy
10 produced by attenuation paths 190 and 200 is respectively injected into -
first and second cell-site receivers (not_shown), while the noise energy ‘
generated by transm-tter attenuation pat'hzzZlO is supplied to the cell-site
transmtter (not shown) within the sinulated cell. Power splitter 180
del i vers noise energy of -59 dBm Hz to both 15 receiver attenuation paths -

190 and 200, sianelated RF Dﬁit@ﬁe@éncé%rd&ide‘dztd Thé 'paiP B CERLsifY FERIAAO"
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pat hs ar e Snuatian leffectiviedlooki cate of 325 MiHZh | ndependence i s necessary in
order to nmaintain reception diversity between the cell-site receivers.

Amplifier 230 corrpensat es for the Ioss |nduced .b. filter 220 by providi ng a
net gain of YhpRexele of dnterforen ation 5 -cond recei ver
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of digital attenu ors 2 280 and Zaqum h| n Lhe |gterferﬁ ce generator
are adjusted by a %re%eseﬂtﬁ s { BRg ggvelepe [}%ﬁsﬁ upeB a 280
and- 290, in G&W&systemmwindanual attenuators 240, 250 and 260, cooperate.

to regul ate the power of the . -22 - sinmulated RF signal interference
provided to.the péthedatatatessof the subscriber usermlbemgtshmlﬂaled-aretoapable of

tn r gpglronr LRy Sgré a r&;hfegg.&tlgd bygg:gaégéﬂégé%tgggg RRYaly &%ﬁ@@@tcﬁ&&ve alahaauﬁ
ariables; -
(i) the power levels of the srgnal transrmssxons from the subscriber
. users being- sxmulated are ‘amenable to representahon by mdependent
| log-normally distributed random variables;
25 (iii) - the srgnal transmissions from users thhm the srmulated cell
' and surrounding cells are mutually uncorrelated and are uncorrelated with
transmissions from neighboring CDMA ‘systems; and
(iv) fluctuations in the data rate and power levels of the sxgnal '

- transmissions from the srmulated users are uncorrelated

22

As shown in F;gure 7, fu'st and second process subroutines 410 and

'420 of procedure 400 provxde dxgxtal sequences defining values of the data

rate coefficient Teg and power fluctuanon coefficient Xeq These sequences

are multlphed together in a step 430, with the resulting product being used

'35 to modulate the desired level of a srgnal source, provided in a step 440,

having a desired constant srgnal to noise ratio signal (C./N). This operation

results in the production of a tune-varymg signal to noise sequence

generally indicated by C/N. The constant C./N signal is proportional to the
number of srmulated users Ngg, and is defmed accordmg to:



ihplenentation Is realized using an 80C188 type m croprocessor operatlve 5
at an effecgti : ck-rate of 12.5 MHz. VI. Devel opnent of | %ﬁﬁ _
Si mul at i on%éﬁ%%‘o%ferrl ng now to Figure 7, a flow chart §9%7 ovvn for
a procedure 10 enployed in’ developlng t he |nterference S|nulat|on si gnal s
contenplated by this invention. In particut23s the procedure outlined in
Figure 7 provides the signal interference contral information used by

controller 300 in adjusting the settings of di gital attenuators 270, 280
and 290 (Figure .6). In this way, control is EI ned gver the magnitude

of the interference 15 simd t> RrQ o tfe cell-site
receivers and transmitter. ﬁlg'&ﬁ?%féé e reprss;qqgwd B RWire 7 was (25)

devel oped based upon a CDMA systemin which: (i) the data rates of the
subscri ber user. d 'tﬂ{eego%?df%béxgn@fﬁaﬁ't alsihgie ﬁﬁ@rﬁ%@ﬁie@ldabme
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di stributed rando epgtbgbl eﬁ (iii) the signal transmi ssions tr
‘'users within tHMY QP*Seand surrounding cells are mutually

uncorrel ated, and ar'B'\eermlcedum etDQMfuhtheramdudﬁomsﬂ'lﬂtd)rﬁhrhﬂogﬂm 459 fonvn
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together in a S$nép usimulated, interterence signgl i tt0 site
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Referring again to Figure 7, first subroutine 410 includes a step 460 for
generating a random Gaussian sequence at a frequency of 50 Hz. That is, a
* standard Gaussian random variable is generated every 20 ms. The resulting
sequence Gl is low-pass filtered in a filtering step 470 in accordance with the
20 correlation parameter o, where the filter bandwidth Bm is defined below by
relauonshlp 26, to produce the filtered sequence Glf
| a-a? '
(26)
Bri=umah |
25 The filtered sequence Glg is then normalized or scaled in power by the mean
and variance of the aggregate data rate req which are calculated in a step 480

- as follows: _ _
poo=4 | (27)
feg . 5t

30 : | :

SR ", L - (28)
Treg* NeqBn1 ™
‘where, _ _ -

3 - my, = p'l' +05py +025ps+ 0125, (29)

E{r,) =py +025 p, + 0.0625 py+ 0.15625p, ()

40 B A B} 31)



-23- "desired set point [err] ' (25) V\/nere S denotes the
power Ofwt?aﬁoﬁkﬁna' froma single user received at the cePCT/UBYI8B89]enot es
t he. expec normal i zed data rate, Wdenotes the bandwidth-5 of the CDVA
system being sinulated, and [err] represggts the energy of anbient thernal
noi se. The procedure 400. further includé€®a third subroutine 450 for
generating a noise calibration signal [err] which is derived fromthe
automatic gain control (AGC) signal utilized by the cell-site receiver. The
10 noise calibration signal [err] is used to convert the nodul ated signal
C/Ninto a siheimaeas and; varianes ase sthyisaused tol saale dhe dilteredc sequenneoGlige

cell-site b 1 o] C th the
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gener at or, 158iditipyresunmationssteprafit: uamsrﬂwervarmﬂgrm suchephatss t o
generate!fhe digital 15 attenuator settlﬁf to be provi.ded to contrgller
. 300. Referring again to Figure 7, Teq 7T |.qne 410 includes a st&#)460
for generating a random Gaussi an sequence at a frequency of 50 Hz. That is,

a standard Gaithstheresultingnsequenablof data gateecaefﬁdxeatser% thenrtreing lte\éﬂweﬁtl n%_ |
sequence Gl te 70 in accordance wt
thg 20 corrlléllsaa%tgwgﬁeg%ww #‘gaevéuh?g ‘pltgr bandwi dth [err] is '
defi ned Bl ow by Agaiat refersing tzeﬁgmep?,othmeoeffanenust)é; drs generated[ier a] .
[err] o {Substantially Fu'gllar fasluoﬁ @ s%goxaesé#ohgfn%dﬂ@ q481KeS [ﬁt‘rgkkara

t hen nornalize Vartance of
aggregat e daﬁéeussmraml?mmam le G%:élgememtgd inra stept53p ewev/ 325(ms), bes:at

[err] 30 (2§ 'eﬁc ?‘o'i 80 Hz Sequence G %W]- fss4ﬁlter StteP

(31) -24 - §‘n rllan earet J&‘ E 8 I eréla
sequence [erarc]cof gW‘ lfﬁr parametes; w e Frfsl Theardwidth Bradsn
term andmn defined accordmg to relahonslup 33 below, to produce the. ﬁltered sequence

. G2¢.

(1 ﬁ)’
- ﬁ’)

20 'I'he filtered sequence G2¢ is then normalized or scaled in power using the
~ mean and variance associated with the random process Xeq wh1ch is

calculated in a step 550 in the following manner:

Br2 @)

~ bxa=bx (34)
25 . - |
2 = 2 35)
. E(X;} = 10 py+o2 22110 o  36)
30 . . .
9 , |
0%, =E(X{) - (EIX;))” 8)
35 where, _ : .
| | a_'_=_ 10log(e) '(39)

'The mean and variance are thus tiSed_to'__scale the filtered sequence G2
_ th:ough_ a multiplication step 560 using the computed mean term and an
40 addition step 570 using the variance term, such that:



addi tion or summation step 500 using the variance term such that: 5 [err]

(32) with the resulting sequence of:-data rate coefficients [ @ bei ng
truncated WO 2/0298p 510 to fall within a range of [err] 10 ]?H'Lssf& gﬂ’ﬁ :

referrlng to Figure 7, the coefficients Xeq are generated in-a
substantially simlar fashion by second subsauti ne: 420. First, a st andar d
Gaussi an random variable G2 is generated in a step 530 every 1 25 ..

i.e., at a frequency of 800 Hz. Sequence & is Iovv-pass filtered in a step
540 in accordance with the filter paraneter [eri], where the filter

bandwi dth [err] is 15 defined accortiqiOxg G2t '.Pn,shi.p 33 below, to (40)
produce the filtered sequence [err]. [err] 20 The filtered sequence Qf is
then nor nal i zedity thecresaltinghsauetice Wf idada irate odefficiurds XQ[, ibeiivd tAEkAted iRG

:‘Mo][ Iho;[/\llhﬁgr ?rgg(r)lg BS?@esfh éuq )Xew‘]ll g, e caleulated | r]( 24)St 25 (Sgg) | ?3:3;1630 .( 38)
35 where, = 10 | Agwred above, the coefﬁments re aﬁﬁi ompnsmgi tivedagan cate
are thus usedto scal e heflltered se | tian
step 560 usi ngaxf‘%ep%?rtp S?Q‘r“?ﬁ‘ &Ja ?o'ﬁugtﬂg %% @}eﬁgm
the variance tste 439uc31nté)an the preftgred [.mpdémentahon, the frequenaes of theDdata
' a step 580 Ht’f‘%@ﬁﬁﬁa’%‘?eﬂf mgﬁbﬁéeﬁhsnﬁgf ikt SOCHE2 g0 800, B2, FRspeotliey s
req and [err] edhpdats rajetqeetiicient far willhe g@m@u a MML@Rd éﬁ. deqUeysixteene
then digi t abl ydsunet bwa FhResitien coéffielerits Thé e&ulting BOG Hz Q&g’ué@& of
|l erment at | Ong‘@ﬁa %gggiqgcsoq?é AL Olrat ncc;anvaer}?e in'a te]c l g&t)u decibel
sequences are cigats arecth step to a decibe
. (dB) representation and acted on in a summation step 600. The combination
of the sequence C./N and of the sequence of modulated data rate coefficients
~ in summation step 600 yields the sequence C/N. |
15 - - Again referring to Figure 7, production of the signal Ncal is unhated _
within the third subroutine 450 by a step 610 in which an index value Iy is
generated for use with a noise calibration look-up table i ina step 620. The
index value Iy is generated on the basis of the receiver AGC signal and
" noise figure, and in accordance with the number of sxmu_lated users N
20 Duiing initial system calibration, digital attenuators 270 and 280 (Figi;re 6)
are incremented from zero to, for example, 63.5 dB in 0.5 dB increments.
After each incremental attenuation, the values of the AGC control voltages
produced by cell-site receivers R1 and R2 are recorded in a look-up table.
The look-up table entries will be dependent upon the level of attenuation
25 provided by manual attenuators 240 and 250, which in an exemplary
embodiment are adjusted to provide a nominal attenuation of 30 dB.
In addition, the presence of an external jamming signal may be
simulated by incrementally increasing the index value Iy which would =
otherwise be used to address the noise calibration look-up table in step 620.
30 - As shown in Figure 7, the sequence of indices Iy provided to the
look-up table results in a sequence of noise calibration coefficients N, being
-provided to a slew-rate limiter in a step 630. The slew rate Iimitér'produces
a limited sequence of coefficients Ny' by constraining magnitude variations
between successive calibration coefficients N, to within a predefined range.
35 . The output of the slew rate limiter in step 630 is converted to a decibel
* representation in a step 640, and is then used in a summation step 650 to -
modulate the sequence C/N. .In this way, the slew rate limiting prevents
“abrupt magnitude changes from occurring in the sequence C' due to sudden



each data rate coefficient req will be nodul ated by 800/50, i.e., by

Si xt een wb@mggggl nct power fluctuation coefficients [err] pciiesososeedti ng
800 Hz sequence of npdul ated data rate coefficients are then converted in a .

step 590 to a decibel (dB) representati and acted on in a sunmation step
~ 600. The conbi nation of the sequence [eor‘% and of the sequence of nodul ated
- data rate coefficients in sunmation step 600 yields the sequence C/N. 15
Again referring to Figure 7, productlon of the signal. [err] is initiated
within the ¢hange inbﬂwtrecavéﬁmﬁﬁ sighal GHOr iexashple) the imﬁdnmtel o derr]

et nden. 3%#&8‘*?%5@@% %%@ aFédﬁéhﬁb%?et 5804t 56{3‘%&3?3%@}1%%% ey o

and noi se fugtardanamls gnitude lof hhenﬂﬁcisignaﬂ nﬂl'nsmlhamgerm :
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et 1 oy v (getudr OF e pretelling COGIRAHONG® Ab SRORK i FRULe 8] Sh Upper
coeffici entgn'["ng'ﬁg] &Fﬁwaﬁfﬁe ‘spaﬁg‘g#ﬁ@ﬁ tﬁ r@@ds"?g Péﬁ\@tﬂi SY 3 st ew
-g ZE) e li gst emultipliee 6807 While & dowertlbsiiting atmlm'ttdlal is' d¢firsed kza&te)pwauat step
and is i

In this, vvathmg’ rgﬁgc%dr g’t’?%nﬂmaé@gﬁg s%gab?uﬂso%fg%lﬁ g %‘ﬁ?g‘ gP? rom
occurring ichosen basedeupen the diesir maunnnm rate? changagéﬂlmseqwen@cef ver
AGC si gnal . codfficieid NS aﬁ&'%ét@ﬁhﬁ%"‘iﬁe qfalaeJ Gehely o‘f'&@aéoéfﬁdé?&s'Nkﬁ

upon the ceII-S|te rec ver IE uces ‘near | i nst ant aneous chan I n

magni t ude o$eqt @Mgsaﬁﬁehéa% rAerordinglyy mﬂ:ﬁl?d" ratey
correspeodi llﬁuiélaﬂse mlaytb@ dr‘e%dﬁbédebyfthen%ltl@ﬁrmg non-linear input/output

q ation: .
0 [eNetm N> gN(n-1) -
Ny(n)= o(n) hNo(n n< No(n)<gNo(n 1) | 41) '
hNo(n) - No(n)<hNo(n 1) '
25  The output of the summation step 650 defmes a sequence of values

. Cint corresponding to the magmtud_e of the interference simulation 51g_nal to
be injected into one or both of the receivers of an exemplary cell-site base
station. As is apparent from Figure 5, the extent of the attenuation required

~ to be supplied by digital attenuators 270, 280 in orer that the paths 190, 200

30 produce the required sequence of interference ma:nitudes Cint is dependent
upon the output power of noise generator 133, as well as upon the

_attenuation provided by manual attenuators 240, 250. The step, 435, of
calculating the levels of attenuation to be provided to digital attenuators 270
and 280 thus requires determination of the respectwe powers 21 and Z; of

35 the incident white noise. Hence, S ~ :

Z;=Ny-A @



5 IN, and hence also in the sequence of noise calibration coefficients
[err]. Slew rate limting step 630 -ensures that variation i Ny, gged
sequence [&9? 029%%1, hence, also in the decibel represent atlo&)ﬁerroFb does
not exceed that capable of being tracked by the sequenceC/ N. Figure 8
depicts a block diagramof a preferred inpi2Z¥entation of a 10 slewrate
~limter useful for inplementing Iimting step 630. A slewrate limter 660
i s shown. which includes a liimter circuit 670 for.conparing each

coefficient [err] to upper .and | ower th hlﬁl tevels depen@zt upon the
magni t ude of the precedi ng coefficient rr shown in F re 8 an

I t
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d h

ouonoe of oo TR pabrRA NS 1 R0 IR i gy 18 ) 8B) S ARk Yy, and

coefficients [é(rZr }'eq;wqgérﬁq ke| pravided by \dligital 6@1}3{3‘0?%& . may be
Accordi ngly, tgggfésgguggte 20 limter 660 may be descri bed by the

fol | owi ng non-1thear i nput/output equation: [err] 25 : The out put of

the summation step 650 defines a sequeng __(Z .\@%yes [err] cg;gespondl ng to
the magnitutde of the interference sinula |0n sighal to be injéected into one

or both. of the receivers of an-exenplary,e@)-gje base stajgspn. As is
apparent fromFigure 5, the extent of the attenuation required to be

557 broduct (hESr SetbAaRuah T hle) ARAION 490 4D s oA

dependent - upon SPRECHRFEY BavdP. Bie AteauaGendexss: Va8 Ya s be soundgdias

t he attenuats ofollowst ded by manual attenuators 240, 250. The step, 455, of

cal culating the levels of attenuation to be ﬁ‘é,\“ ded to digital attenuators -
#

270 and 280 thus requires determ naty onlat *r@-§ ectlve p@ﬁrs [err] @nd
[err] of 35 the incident white noise! Hence,2[err] - (42)

-27- Z2=NwB - (43) where A_and B dengte the attenuation (dB)
provided by nmanual attenuators 240 apd_ ZQEZ‘MQ& [err] %rresponds to
t he noi se power produced by 5 ‘noi se_Yeneratop 155. It foll that the

| evels (in %93) of attenuation Y1l and
. ' The values Yy and Y will typically be converted to a binary format prior to

- being transferred to controller 300." As is indicated in Figure 5, controller 300

is operative to adjust the digital attenuation settings of attenuators 270 and

280 through control lines 292 and 294 in accordance with the values of Y;
25 and Y».

' Referrmg now to Flgure 9,a block diagram of a preferred method and
apparatus for integration of the noise interference generator 150 with the
cell-site or base station receiver R1 is shown. - An interface module 700 is

o shown which includes an automatic gain control (AGC) circuit 720 which is
30 associated or used in conjunction with one communication channel. Here,
the output of AGC circuit 720 is coupled to one contact of a switch 715
associated with an open loop AGC circuit 710, and an AGC control channel
C. Specifically, a first control voltage produced by AGC circuit 720 is
supplied using AGC control channel C to the look-up table of digital

35 attenuation values compxled during system calibration.

'A second control voltage is provided over a receive channel (R)
where it is directed to IF electronics 740 within receiver R1. Typically, IF
electronics 740 also includes a second AGC circuit 742, although a separate
AGC circuit can be provided as desired. The voltage signal provided by AGC

40 circuit 742 and IF electronics 740 is transferred to a CDMA processor 750 for
- conventional processing as discussed above.




Y2 required to be provided by digital attenuators 270 and 280 nay be

exXpr esseqysd6/02986 - [err] g”‘{séf} 45)

For the si uatlon in which attenuators 270 and 280 have a 7

"approximately 0.5 dB, the attenuation levels Y1 and Y2 nmay be rounded as 15
follows: [err] (46) 20 -28- 2 The
values Y1 and Y2 wll typically be converted to a bi nary format prior to
being transferred to controller 300. As is indicated in Figure 5,

troll 300 S tRbt S¢ s, of
atrenvators 270 ane o ﬁ%ﬁh@%‘t‘iésﬁﬁfﬁd%@‘z 38 deifor GhiiaRds
with the val IRideyed from)thedookmp tablejof digi attﬂgunaqnt\taluesguhesa,uoavmgock
di agram of aamesfigiate tb be'hade of dhe BigHal tpawé:ofecéweagatame%lmté hsu&?'raﬁm

nt erference_genes:at or. 150,.W t he,cell-~site or statlon recelve
| : s shown. An® ?q {’?ﬁclé Wfﬁﬂfaeteaoﬁn theinygrs %P’%ﬁ‘ Retweenthegai n
control (BAGHttenuation Vﬂﬁheshstdtedswfiﬂxmaﬂwdbakt Ofabllé G%;hcl 'tl'{éot Bi%grétlean '
th t u rcw |
Soupl od o cruseivsl sABndl Whder dficaied aBHHR: caltbration by inerediantally
circuit 710, adjusting ﬂ.tg‘itcbratﬂ@uatbmm ﬁtd|8ﬁ801 f i'Tred walues foff ahlec@h igitall I
| tage prod C u u [Q nne
Lo the I 00k- t‘ﬁéﬂéﬂ%ﬁaﬁ?" bhdy2 °§§9ya€'\ o) S sfustid 1R aSardRRts i R
syst em cal i bskimation &f s’éEB 81%@ Mermqrdgs toregruate dbel power provided te

channel () ediesiee Hceivers RIS ®al %Eﬁegsﬁggtgoggcznyg&w thi gu[tec%er RL.

2 Though’ a separ ok8 SRBWTL R Eiparecd, At Gafloyte careliercRD is sacerhin eloctrien
si gnal  pr ovi ctermyniéfiior Owitti moise ﬂfb?fmﬁcé FRentatoronbosthedils hSmterface
O acussed adbogtie 70 BRE SRk ey %ﬁ?%e”t L, zﬁacwﬁp@m byst
control vol tsggbnggrrchlmmg\mdtduesﬂmmd]mmpﬁr itibndlgi Irathig tpositic,i on
val ues, fhusyldionh '@he?g%%éél@&eatttﬂel?:‘éum Lgas &ﬁaalnt%%gggé%wed

at the cell-site” estimation i s pre
rel ati onshi p“%?? dnteréereReq generator being processed by an RF amplification

and ﬁltermg network 728 thhm receiver R1. Alternatively, switches 722

and 724 are set or closed to a second position P2 when it is desired to

disengage . receiver R1 from connection to mterference generator 150 and

20 prevent the input of signals from antenna 726. . |

. Interface module 700 generally provides for or enables the use of four

distinct modes of operation when switches 722 and 724 are set in first

- position P1. In an OFF mode, a switch 732 is closed, while switches 734 and

| 736 are opened and switch 715 is placed in an OPEN LOOP contact position.

25 Accordmgly, in this OFF mode of operation the switch settmgs are adjusted

sO as to prevent a noise interference signal from being injected into the IF

electronics 740 of receiver R1. As a _precaution, however, generally
controller 300 dxgxtally sets an attenuator 280 to a maximum attenuation

. level or value when operatmg in the OFF mode. . : '

30 In a CALIBRATION mode, switch 732 is closed, wrule sthch 715 is in

. a CALIBRATION (CAL) contact position, and switches 734 and 736 are each

alternatwely opened and closed to accomplish calibration of the signal

channel corresponding to each switch. That is, each of switches 732 and 734

_ are opened and closed to calibrate the control channel C and receive channel

35 R, respectwely, by transferring power over these channels. -

' During. an exemplary CALIBRATION mode sequence the attenuation
provided by dxg_xtal_ attenuator 280 is varied between 0 and 63.5 dB in

increments of 0.5 dB. An attenuation block 730 included within Figure 8



5 attenuation values stored within the Iook up table and the sinulated
recei ved signal _power generated during cali'bration by mcremhygbgmgsg

adj usting ‘Hg ?ﬂ% 6attenuators 270 and 280. The val ues of the di gital
attenuators 270 and 280 may then be adjusted in accordance with this
estimation of input signal power in order -28-requl ate the power provided to
10 cell-site receivers RL and R2 (Figure 5). As shown in Figure 9, first
cell-site receiver Rl is plac:ed in electrical comynicati on w th noise

terf 0 i 7 f
s tohes. 72 SERELEHRS 0 aldhlin, P*Eﬁﬁéﬁﬁew the/Siirisl] Podubd [ the
724 and 726 t catteriuater 280 asta erprmguenﬁe m&wmrssp It@mg apd trnesrmsgm lasses.gy
received at. thgt eRh iférefnéritallidvat (of ChtterRiRtm, Qﬁé%o?\%ﬁ)lt O?&Eged"'?té&uced by

interference g ator . a cessed b I on an
filtering net vgeg Brgul %ﬁﬁsrB@gQ&do n%ﬁ"l‘q@ 3{‘?%\9Ftt@ﬁt9?°¥§?3§n'é
724 are set 50rsaphpledhridretosdednin gusiway rfoHE calibration tébléeate prodiiced (one

b event the | Ot E2ch CERBRE) ﬁeﬁéﬁ%ﬁeﬁi}a@*ﬁ Bifagds o °¢L a5 dofuiiction”
general ly pr owfddrgrfamrattmuanahl eThe valuescobtigitalratteratation withizstiedse tables
moder s trps e e CPOGEFT EO0F cigtatidh A eRfimbifid 1h¥ pobier Acfted™
switch 715 is By the-antennarofdhacellaire receivec:e. goanterna 726 of secaiver Rl y, in
this OFF myge of opgy ?%\'GPEN"E.G@W ﬁ;&dﬁerlrgfe?fb?eﬂ&e xﬁ&hgéi %&O%Q}r\]@rs F{}Bscnber

prevent a noi se jnterference signal from being | o ecte
el ectronics 74@nigs inethe communicalon systemyma,be wimulated jadependent of
control | er 300fdétaiiatiohk YinSgiesleviel Bft 6tndSftédereriveXi T thel OPENALIOOP

iode. owi ton Pass sPhBRES 74 ahd' 254 e 8%, While switchidé ienereed %’n“d
cogt 2?2523& E)lmrtchMSsm sethirs &B@BE]I(G;I EGI%Br positioh. a[ne&natncwdbytl@@
anch. su ¢ o> REFAERen] piivde” ik bt ATE B 726, £ 4 ﬁ%ﬂ@g |
cal i brate the combinatiohaf signal powen received bnmﬂm?& frooys Pycadtuel ysensy

transferring I n
mode sequencep?mﬂ‘ﬁﬁﬁ%‘??%ﬁ“?&?ﬁa?& ;’éﬁ’%ﬁﬁ?g uﬁé‘?"%ﬁz D v?—?‘.‘

between 0 and $enesatps 10
i ncl uded wi t hi ¢irduii® prévides an''OPEN QIXOP control voltage proportional to the number

20 of Ny actual users, the noise ﬁgure of the cell-site receiver, and the thermal
' background noise.
In a SIMULATION mode, switches 732 and 734 are closed, while
switch 736 is opened, and switch 715 is placed in a CLOSED LOOP position.
In the SIMULATION mode, the AGC control voltage generated by AGC
25 circuit 710 is communicated to controller 300 through switch 715, and is
‘used as an index value in the corresponding calibration table (compiled as
~ described above). Based on this index value, controller 300 retrieves an
estimate from the calibration table of the number of actual users N; from
~ which the signals are received by antenna 726. This estimate is then used to
30 determine the number Neq of users which need to be simulated in order
that receiver R1 be operative at a desired capacity level. As was described
with reference to Figure 6, controller 300 adjusts attenuator 280 such that the
requisite interference signal power is injected into the IF electronics 740 of
receiver Rl. ' :
35 ' The previous description of the preferred embodrments is provided
to enable any person skilled in the art to make or use the present invention.
The various modifieations to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be




-29 - represents the attenuation experienced by the signal produced by the
attenuator 280 as a consequence of power splitting and tr egKisesosiae | 0Sses..
At each “ﬁﬁ”@ tal | evel of attenuation, the control voltagegﬁprodaced by .
AGC circuit 710 as presented on channel control line or test port 738 is 5
sanpl ed and recorded. In this way, four-8@kibration tables are produced
(one for each channel of the two receivers) of AGC vol tages indexed as a
function of digital attenuation. The val ues of digital attenuation within

Focerved by aeblfet B8 il G RN, FRERCIR, 432 bF JRE'iFRbYE BlSage""

recei ver Rl Th;(s the _presentObEentior isdeot umtemdedertoe bendimitedbytoother

subscri ber hﬂ“ﬁg QHTH

of fluct uatr ons I nt egrsve E%eﬁg 5%%% |n er er ence. éﬁ%@?ﬂéﬁ@ﬁgﬁ%
mode, swi t cidhibe principles f@émﬁﬁﬁr isclosgd hereigs i s opened and

swi tch 7L§ is set in an CPEN LCCP position. In this node, the signal 15
|nterferenc% i nci dent upon AGC circuit 720 .is conposed of .a - -
conbi nati on éﬁagﬁﬂh power received by antenna 726 from[err] actual users
within the sinmulated cell, and an interference signal from noise S
i'nterference generator 150 correspondi ng t.o Neq sinul ated users. An OPEN
LOOP. AGC circuit -provi des an OPEN LOOP control voltage proportional. to the
nunber 20 of Nr actual users, the noise figure of the cell-site receiver,
and the thermal background noise. In a S| MILATI ON.node, switches 732 and
734 are closed, while switch 736 is opened, and switch 715 is placed in a
CLOSED LOOP position.: I'n the. SI MJLLATI ON node, the AGC control voltage
generated by AGC 25 circuit 710 is communi cated to controller 300 through
switch 715, and is used as an index value in the correspondi ng calibration:
tabl e (conpiled as described. above). Based on this index value, controller
300 retrieves an estimate fromthe calibration table of ‘the nunber of, :
actual “users [err] fromwhich the signals are received by antenna 726. This
estimate is then used to 30 determ ne the nunber Neq of users which need to
be sinulated in.order that receiver Rl be operative at ‘a desired capacity

| evel . As was described with reference to Figure 6, controller 300 adjusts
attenuator 280 such that the requisite interference signal power is =
injected into the IF electronics 740 of receiver RlL. 35 - The previous -
description of the preferred enbodi nents is provided to enable any person
skilled in the art to make or use the present invention. The various
modi fi cations to these enbodiments will be readily apparent to



t'hose skilled in the art, and the generic principles defined herein my be
-30 - appl |@6§‘6@ﬁﬁkher enbodl ments w thout the use of the |n gtnq.%d £
IS0t e

faculty. Thus e present invention is not intended to be Ii

~enbodi ments shown herein but is to be accorded the wi dest scope consi stent
with the principles and novel features di s@lesed herein. | CLAIM WO

96/ 02986 -31 - CLAIMS 1. A nmethod for sinulating signal interference
in a2 communication systemin which information signals are comunicated
over a plurality of conmunication channegygfgwpri siing the steps of: 4
establishing a first set .of simnulated us I'Sposed within a.first region
of said communi cation system which conprises a desired nunber of users 6

_transmi ttldng si gnal'l; det & mmethpd for sslmutmmngt ngnghalmtm\ﬁefence in da
correspondi §g ¢ a tt sal
first set o? S| rru?“?dgbgé%?sﬁ g%g‘?&nig a?ﬁﬁﬁﬁi"#ﬁ’éﬁg g}&e c@t?Gr
sai d signals tPRfshiplucality of mpmumqatmdwm mgdthossteps ofnd

eneratin first lﬂfs'hﬁ bgr]?
gal d fi rs%J go Si téegigl na g%gﬁ}v\%? an ?ll rs norrra %sggzl@{q\g?g%fgpeé%e

met hod of cl ai ¥ $ai Lﬁqtmure@ﬁﬂﬁn systgm mehichgemprises a desiredepumberofi usera
second set of gHhfisth sigfhks; di sposed within a second region of said
conmuni cation system ri.ses a second desired 4 nunher of. users

transnitting signal<ete H@‘FBP&“EPH“& COMPesRISIgHALBIYEE CQF’@?RP“Q%FO a sum of
“correspondi 8g signal poweﬁforcsigmlgrwdnsmmdﬁ saidifirepbet of sififullhtddegkery, sai d

For said s SLaFL”‘é'&%t?gfﬂ?ﬁﬁéfuﬂﬁégg%%%e&%%8?"&??’%? barals Badsetiiag
modi fyi ng @i dby saigkfitshsetrdfcinmdatediusers; and r esponse to said second 10
conposite si gnal POYiterdtig SLAPRANIELFERNCE $ibrAA 1A VIR % signal power based on
: sa1d ﬁrst comp051te sxgnal power and first normalized data rate. .
2. The method of claim 1 further comprising the steps of:
2 establishing a second set of simulated users disposed within a second
region of said communication system which comprises a second desired
- 4 number of users transmitting signals; _ |
L determining a second composxte signal power corresponding to a sum
6 of signal power for signals transmitted by said second set of simulated users;
o deternumng a second normalized data rate for sa1d signals
- 8 transrmtted by said second set of simulated users; and :
' modifying said first interference signal in response to said second
10 composite signal power and second normalized data rate.

_ 3. The method of claim 1 wherein said step of generatmg a first
2 interference signal comprises the steps of:
generating electrical noise over a predetermmed frequency band;

4 forming a product between said first composxte signal power and first
‘normalized data rate; and B .

6  adjusting a power level of said electrical noise in response to a value
of said product. |

* c L M S *



3. The method of claim1 wherein said step of generating a first 2
interfer ~Sde@nNal ‘conprises the steps of: generating el 'y I se
over a pre e@?&ﬁined frequency band; 4 formng a p?@%ﬁ%@gkgﬁge

- said first conposite signal power and first normalized data rate; and 6
adj usting a power |evel of said el ectri@®~ noise in response to a value of

said product. 11111111 111111 111111111111111 -32 - 4. The net hod of
claiml1l wherein said step of determining a first 2 corrposite Si gnal power

conprises the stgps Ofhe aeéthod 6f Adim NWHesIn &aH stgggg fﬂn p&&gent
in saidfirst 4 E?e determ ning a ui vaj ent er usefgs

si nul at el WFRPPS! g&&?h”ﬁ%t‘: tg‘? ? cting said number of real
users from said diaemMrthﬁﬁ)elumbexs ireal asers pia/sically ?l‘egeﬁt Al sAd fxﬁ%
determ nkng&% &Qm nal first signal power based on sai d equi val ent nunber of

users; d producing variations in said‘nominal first signal
pover using a radetermiginigashecequivalenbmurbiber of Thsersetohbd  siulbsidrwithaher ei n

o o5t abfi ofei TSt Bl shbialyfe AU SHGRof Ml (S sRGMDHA Cesleg.

6. The n@ arefsunulaﬁedumamwdaﬁr@t aetep of deterni ni ng a first. 2
conpositg signal r h t ng I n
sai d signal : ?&ei(‘)i?drgg sx:l%ﬁlglﬁsl fjfus(% s:i ans otw[reg'gﬁ stglhd # rsg&vgf
si mul at ed- u%wléQ é\‘sgéuéé‘fian random variabl e; and - 6 ~ forming a
__product 10f a nonproducthg n@énéﬂbﬁs i&prsaﬁia'ribrfdx{a‘-ltﬁ?ﬁts Wadrefsity 55 and
‘sai d Gaussi andom r| able. 7. The met hod of  cl V\/nerel n Sal
step of ést%& °§I”‘|| erfy.gghgn set of sinulated users corrprl ses the steps :

of : determning a deS| red overal|l capacity for said comuni cation 4
system determ g ng apes AAnbABH LAY WHBLeihOT s dr ek iilrihng o AAJ "

2 normalized data rate comprises the step of establishing a set of data rates fo;
said first set of simulated users.

. 6. ‘I‘he method of claxm 1 wherem said step of determmmg a-first
2 . composite signal power comprises the steps-of: - '
| representing variations in said - signal power for said signals
4 transmitted by said first set of simulated users as a Gaussxan random
variable; and

6 - . forming a product of a nonunal signal power for said first set of
simulated users and said Gaussian random variable. '

7. The method of claim 1 wherem said step of establlshmg a first

2 set of simulated users comprises the steps of:
_ determxrung a desired  overall capacxty for said communication

4 system; SR ' '

determining average individu_al user communication traffic load or
6 data transfer volume expected for users in said first cell; and |

selecting an av erage usage load in terms of number of users
8 supportable based on expected user communication traffic in the region of

said first cell.

- 8. The method of claim 1 further comprising the step of
2 transmitting at least a second interference signal which corresponds to
simulated transmissions originating from regions other than said first

-4 region.
* °C L M S * .




6 data transfer volune expected for users in said first cell; and

sel ecting an. a usage load in terns of nunber of users 8 sy ortable
based on ex &?‘Z’&’%ser comuni cation traffic in the region of PP %D

cell. 8. The nmethod of claim 1 further conprising the step of 2
transmitting at |least a second interferencegglgnal which corresponds to
simul ated transnissions origihating fromregions offher than said.-first 4
region. 11111111 111111 111111111111111 -33 - 9, In a wireless
comuni cation system in which users 2 'connunrdare i nformation signa]s
bet ween one anot her using at | east one base station that .includes a base

station receiver ang, mil fhplae wifeléss 4coﬁmunmménorsy§tanalm ﬂrmeﬁh%ewr
simul ating sj-gnal_inter erence pwer . b\é?‘ﬁgfé said’ b
r

recei ver, cdnpFPEIMYNGate intgrmahion 815"3 i %éerr F‘F‘%ﬂg éﬁr"ﬁ%‘%tl one
si gnal power cbasesstaﬁdnnmamlmladesoﬁ teisgnstatipnanecéiver sagdahsultiple sadcessd
Dy 2 B el ML iabon gl a S VB8 sUEBAAE B Huplelir Bver
“transmitted 10re¢eyvedabyl smdbasesstatxon receivencohprising theistepseofer ati ng a
[Lrot nterference sefiinliy s Hisfconpiahe AR BOTEF oSisdfondBed hsiin of
claim 9 furthsignanpewsrfor mg@aléptr@nsmlttsdo ydiangpredgterminest first set of -
i nterferenca sisHRalatad udbrs! debvdd by said ﬁrgqﬁgegwdrpn receiver. 11. The

met hod of claim?9 erein said pof e t|n I rst .2 |nterference
signal conprises tme tqroyaung a 652 Etar g?ﬁec; Haid sigaalsgtransmitted
predet erm nEd byesaid fiest mwsmmea users, andidj ustl ng power of said

el ectronic noise in_accord fh ogiuct sai d f| rsia COE% a
si‘gnal power: and saﬁﬁnﬂp g?’%lmm‘f&fr ! v“l& S1IgRA fon
claim 9 wier sdid ﬁmlcdmposmmsegnals;mweﬂandﬁmtmonaahm dlaga cade di vi si on
mul ti pl e access (CDVA) spread 'spectrum type conmunication si gnal s, and said

base station and users are located in a 4 first cell within the
communi cati on systedf. wiecimethed sekclaim 9 further comprising the step of

2 providing saxd hrst mterference signal as an mput to said base station
‘receiver.

11. The method of claim 9 wherein said step of generatmg a first
2 mterference sxgnal comprises the steps of:
_ _ generating electronic noise over a predetermined frequency band; and
4 adjusting power of said electronic noise in accordance with the
product of said first composite signal power and said first normalized data
6 rate.

122 The method of claim 9 wherein said remote users
2 communicate using code division multiple access (CDMA) spread spectrum
type communication signals, and said base station and users are located ina
4 first cell within the communication system, wherein the step of
determining a first composite signal powér comprises the steps of: B
6 ~determining an equivalent number of remote users to be simulated
which corresponds to a difference between a predetermined total number of
'8 remote users in said first set and a number of real remote users actually
present within said first cell; and '

10 determining a composue signal power by estxmatlng a sum of signal
power which is transmitted by said eqmvalent number of simulated remote
12 users. S

BT



det er mi ni ng a first conposite signal power conprises the steps of: 6
det er m nwogeeR9ssqui val ent nunber of renote users to be simdEtRdogdEvCh
corresponds to-a differen bet ween a predeterm ned total nunber of 8

remte u d&*c\é BEek fret and a nunper Ohlgmktﬁaeﬁ%eeﬂ&eds actual Iy

present \ii TP cebrst cill; and 10 nposi te si gnal
power by llesti il SI gnal power V\/m c I‘mﬁﬂ
equi val e nunber of sinulated renote 12 users.

d by said
clai m 12 wherei n18he §t.epnmﬁ\0ibbédmm Ifbwahéreixsthést ofrdete? a first

The met hod of
conpri ses, t { f HeS 0,
said si gn%al E‘{g’é%ﬁﬁeg ?ﬁg P Hc}ﬁb% sal d&g& ﬁsgg'eg%%gr flg%t ﬁg}@\é\'ﬂ'ﬁ?'gt ed
renot e user slata xate /atrm'&udu sei oignak power i teanamsittesinyn saidt iequivglentm 2
having a gl Wlﬁﬁberyopsln?ﬂaltédbkéh'tm ghersemot e user$ comuni cate infornation
signals using at |east one base station and code &ivision nultiple access 4
(CDVR) spread spectrumtype comuni cation signal S,. where one base station

is located in a fijgrst t ri
14! St A emlettied 6’!3% of Sgl &t Wikelass eé‘cﬁhﬁﬁlmcﬁﬁaﬁ szslgﬁ?l st

users pr-esent Wlt 1'n S

th t to .
| celel > eps Os‘avgfg&?{aePiﬂfﬂﬂWgo cel QW‘QF&W e Users communicaie dpformationd by

salﬂ baig ststgn a!? useﬁglatfareamene a:aseestehehnhnddcddeﬂmvl istdn uﬁertspler Scdle’sssgnt

within i\f SL - C r n uivalent -n ate

users cort eZ@WMgSH’fa{at BP?;\& ﬁf g‘é ccg’rﬁgﬁﬂggihggl ﬂgBPg‘de‘?’ éﬁ’ﬁﬁ mﬁ?ﬁﬁ%er

and said nunstasromfs located iprafissttcelliartd has aibmseistations eede;verndomdpnsmg the .

provi di ng ag St:Ef I nterference si gnal to sai d base station receiver wherein
I'n

power of sal erference signal &ands upon said equivalent 16 nunber
of sinul at ed usemom_’c@mgthembexop id|usens presandrwithinssaid first cels

providing a firsidege heeRaCH dif t@ﬂaﬁrdcseﬁoavberéae%a BY'said b base
est abl i shing a; cog;)(é)sl te nal gg St rrgtl ng a conposit
power assocPiHRN %"%‘aw e ofuiP¥ %*ﬁfﬂﬂhegsﬂg %f%arﬁgé?sﬁntéﬂm
est abl i s{o ngam firsteell} zed data rate of said corrp03| te si gnal power .
_ | 'determining an eqmvalent number of simulated users corresponding
12 to a difference between said predetermmed number and said number of
users present within said first cell; and
14 providing a first interference signal to said base statxon receiver
wherein power of said mterference sxgnal depends upon said equivalent
16 number of sxmulated users

15. The method of daim 14 wherem said step of provxdmg a ﬁrst
2 mterference slgnal comprises the steps of: :
estabhshmg a composite sighal power by estxmatmg a composue
4 signal power assocnated thh saxd equxvalent number ‘of simulated users;
. and . :
6 establishing a 'normaliied data rate of said ¢omposite signal power.

'16. The method of Claim 1 wherein said nominal signal
2 transmission po: - corresponds to signal transmission power generated in
response to an average simulated user voice act_ivity factor.

17. A system for szmulatmg s:gnal mterference between
2 communication channels in a communication system in which users
| commumcate information sxgnals with other users over a pluralxty of such

means for providing an electronic noise signal;

' 4 communication channels, comprising: o
AR A



16. The nethod of daim 4 wherein said nom nal signal 2 transm ssion

power corrﬁfﬁ) 32‘928 Q40 signal transm ssion power generat ed in PFEFOHIBLIHO an
aver age - si user voic¢idgctivity factor. 17. - A system for _

sinul ating signal interference between 2 connunlcatlon channels in a
conmuni cation system in which users conmu@®tate information signals with
ot her ‘users over a plurality of such 4 communication channels, conprising:
means for providing an el ectronic noise signal; WO 96/ 02986 -35- 6

controll er greans f% axlfn'eﬂﬂsefof‘ etfera g%'ﬁdlséi(i’ﬂiei@i x&km@d figasl

on a determ nation O ower ansm User.s

| ocat-ed withi rbaéeﬂlfP%ta detgrm%a é‘%ﬂwﬂﬁ?"@&t“@ﬁ?@y %ﬁH‘lﬁf%é‘st?

adj usting tdie jpened. Wfthﬁﬁhqlrﬁpi'@oﬁbﬁ@aid cdsmmmemmts stefri;antD noi se
intensity controlled S|g S ste cl ai m17 wher ein_sai d

e
control | er means flﬂ‘?ﬂésr %Hﬁ“%gtée oﬁa%é‘f’éﬁenﬁlﬁ?ﬂgma elsppg.ﬁe to said
nor mal i zedmiatmlsemeteﬁslt)wai&oﬂed(txgm@jnal power would be transmitted by
sai d sinulated users, and said 4 controller means is configured to-
additional ly base sald noi se intensity controlled signal generation in part
on this determ natil$a:. IFhe syrsterrsg)éthmn 37 whetteim said wbntroller sa¢ans further

control | er im%%eéngégmk {Tag stf&rsmngk&alﬁég fta ROt wraa%@hia ed

by ot her siTnulat users comruni cation
system and 4 signal (F@MQI'OWQ!-F rrban@;ansmetmfl. byrsaid; simulated gisers,y apgs saidyi ¢

noi se intengi taprft léph{éﬁsSisgeaMlgﬁfai %I&@ditmrmr base Said rfdigd ahterNiey
transmtted by sal ot hey si mul

_ ed users e, system . of claim “19
further conpriconkepliadasignahgenerationdin; past ﬁ‘é‘“&&%?ﬂ“ﬂ#@ﬁr erence signal in
order to simulate transm ssions: rrade from regl ons ot her than said first
region. 21. The sy. f claim a t
conprises a wreles tel-@b oWﬁﬁ\ f\(,:\Ig at %heggggu%@ %bﬁ%oi%& ﬁ%%ns
users are |dcatcariprisesi means| fmaldetgtmi:mngl ssgmhdpomumamamttedl iyorothet on
signals to at A&Rﬁstewgs&g%&éieaté@&mf{bnm $id §%$teaat£ﬂh' n
afirst cell, using co I VI'SIon tiple acg&ss éctrum
type comuné Caﬁﬁldm Smeans is COﬂﬁglll’Ed to a o y ase I'lOlSE tensxty

- controlled signal generation in part on said signal power transmxtted by said

6 other simulated users.

20. The system of claim 19 furfher comprising . means for
2 transmitting a second interference signal in order to simulate transn:ussxons
made from regions other than said first reglon. -

21. - The system of claim 17 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. | -

22. The system of claim 17 wherein said means for providing
2 electronic noise comprises means for producing noise with a relatxvelv
uniform spectral den51ty over a predetermmed bandwidth.

23 The -system of “claim 17 wherein said controller means is
" 2 configured to generate said noise intensity controlled signal using random

Gaussian-controlled variables generated at preselected rates.
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22. The system of claim 17 wherein said neans for providi ng 2 electronic
noi se coww eigsseans for producing noise with a rel ati velpopiédsssso
spectral density over a predeterm ned bandw dth. 23. The systemof claim

.. 17 wherein said controller neans is 2 configured to generate said noise

intensity controlled signal using r ando®® Gaussi an- control | ed vari abl es
“generated at presel ected rates. -36 - 24. The system of claim 23
wherein said controller neans 2 conprises: first neans for generating a - -
first binary seggencqieo 52%&&&”@“&141% 0% ﬁ@i&éitﬁr‘sdﬁa”‘éﬁﬁ‘tﬂﬂlé@%eaﬁ& one.
presel ected. rate; and’ ns for filtering said first binary sequence based
on an e ir‘FQ #correl ation tinme of data signals carried by said

transm tted sigfirst peans.fo? generdtirg ayfitstrbinafy sbquence2éorrbsporidingaioda

SSSLE‘SLLPLSF%‘?%E%&W% bl GO T A - 70 2 cecor o ary

-presel ected rat eneansdfarefilteringrsaid | finst ibinaryaselquercerbhaseidnen yars estimated based
on an aver £ si gnal
it er't orton eefictatidtP it of ditaBEAA] cafied by sal Ml fled Mgt Hower.

conmmuni cat.i on systemln whi ch users within a plurality of cells comunicate

nformation signgls HevgaaRe INRIAIR 43 UnHteRt 4418° LoRBRIRES ekl | O"

inafirst cell .,that ha base station receiver, conprisi

means f & ﬁPBWng an el ectrical noise signal: control l'er means for
generating a nons&@ondlhfmistﬁbr tefatﬁ:hged s&tﬁﬂd'blﬁar ﬁ.&ﬂi&r@é AriRipd hﬂhﬁ%ﬂon
of a firgst § gsite SI v% ansm ted Pe\é“%eflrs et of "sinulated
users servé @ag‘f‘ﬁﬁ‘ﬁ IQteﬁrf € ak feF " adj usting power
" of said eI ectri anéarmofareﬁlsexgnglsaxd\sacmrdbmmq sequenseibasediore ahrdvanage y

‘contr ol %{b%!r e systemof claim26 wherein said first set of
sinmul at ed dsers éagt;uea -Bgcat ed within said first cell. 28. - The system of

- claim26 further conprising: 2. - means for determning a second ,

- conposi te signalagpoves. spsfe&pr&rgmﬁuaang sigiiBl GhiethdiBAte POWRE rhédledty! £0 DY
a Secondz SPasé fstgﬁgglxg a cellular communication system in which users within a

_plurality of cells communicate information - signals between one. another

4 using at least one base station in a ﬁrst cell that has a base stabon receiver,
comprising:

6 means for providing an electrical noise signal;

_ controller means for generating a noise intensity controlled signal

8 based on a determination of a first composite signal power transmitted by a
first set of simulated users served by said base station; and

10 . means for adjusting power of said electrical noise signal in accorcance
with said noise intensity control sxgnal . -

. 27. The system of claim 26 wherem saxd ﬁrst set of smulated users’
- 2 -are located within said flrst cell. ' ' '

_ 28. The sysfem of claim 26 further compising: .
2 means for determining a.second com:osite signal power by -
determining a sum of signal power transmitted by a second set of sunulated
4 users serviced by other base stations; _
_ means for determining a second normalized data rate at which said
6 signal power is transmitted by said second set of simulated users; and
| means for generating a second interference signal based. -\ipon said
8 second composite signal power and upon said second normalized data rate.




4 users serviced by other base stations; neans for determining a second
normal i zed e at which said 6 signal power is transmt ‘ﬁﬂ“ d
second set ﬂ?}%’o%u%at ed users; and neans for generating a secl{) &m&%

i nterference signal based upon said 8 second conposite signal power and
upon sai d second nornualized data rate. -3~ 29.. .The system of claim 28
wherein said second set of SI rrul ated 2 users are operatl ng wwthin cells

ot her than said fi rst ceII The system -of claim 26 wherein said

control |l er neans 2 se o) n

i ntensity controll e ’5| grﬂ\ %'535@ gft C@é"‘dféw gg 6%%?«@8&?9%; p%‘ﬁgéfrﬁi

a first norrdl iusets aket eperating ovidninellsrother thas gaidl .is transmtted, .
and said neans for adjusting conprises a transmitter adj ust ment network,
coupl ed to said noise source 6 and control network, which adjusts said

pover |evel of said3® ectkheslystemsefi elaims 26 whegeisysaidocentrollemnegns
control signal cogipriseth& c%h%icﬁmetﬁforklﬂweh nehftes id) noidedimensity! dotitroBéd'S
oi gnal " power .~ ignal Based gty ik SESCRmpcs fgea %%w%itai{dé‘e%?sﬁpmaﬁ%éﬁi' 2
si gnal power.

furthgr 2 pr{ra&eSt Whlléi sa&idr sipnal Wéﬁ%&langﬂxﬂf f@dl,taﬁdll%hldiﬁiﬁiﬁlf@ﬁ%djus g
second conposite._signa owe um o i gha i C
transmitted 4 B ?@cﬁﬁﬁa‘?&‘% @lﬁ%‘f‘g @‘ %&uﬂlg‘@;@eﬁfwarf‘%'ﬁ?(fq“i’f:%t
r egi 03, 6and ?alauhdt camtsol neuworkd mhathmd;ustetsa(d pos&erolewpbo&itsani ebcgmmil rrxdise a
secon i nt er S onposi te signal power
and a second nor%ﬁ@%&@ r‘%?%g‘g%%@%%b%@fg £ for simulating signal

i nterference between 2 communication channels in a conmuni cation system

in which informatig sigids E@mcwmlﬁ@t:ﬁﬂ WHeVER( ébfi r%o&\’ﬁfll& means

plurality of_ 4 conmmuni catw& hannel s, risi nghgrrerqa rm ni.ng
first conpos?t EORRMEAS R CtEQiPFé%F]S’SFﬁﬁQ‘i gmeant that eé?r%lf!ﬁﬁa"fal cﬁ@FPPE‘fte
si gnal s' transmisj ;hywe; first set of a desired nunber of sinulated use(s

di sposed within a first region of sai d 8 communi cati an system neans for
détermining a first nornalized data.rate for said signals 10 transmtted by -
said first set of sidful atBub systemy ofiataim 30 wherein said controller means further

2 comprises an electronic processor element that determines a second

~ composite signal power which is a sum of signal power which is transmitted

- 4 by a second set of simulated users not located in said first region, and said
transmitter adjustment network also operates to generate a second

6 _ interference signal based on said second composite signal power and a
second normalized data rate. '

33.. Apparatus for simulating signal interference between
2 communication channels in a communication system in which
" information signals are communicated between users over a plurahty of
."_1 - communication channels, comprising: _
means for determining a first composite signal power corrgsponding
6 toa sum of signal power for signals transmitted by a first set of a desired
number of simulated users disposed within a first region of said
8 communication system; . |
| means for determining a first normahzed data rate for said signals
10 transrmtted by said first set of simulated users; and
means for generating a first interference signal with a signal power
12 based on said first composite signal power and first normalized data rate.
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means for generating a first interference signal with a signal power 12
based o rst conposite signal power and first Nor Np¢-Hreikoegiod rate.
-38 - ﬁﬁgg{lﬂg&{appar atus of cl'aim33 further conprising: 2 © means for
determ ning a second conposite signal power corresponding to a sum of
~signal. power for signals transmtted 884aid 4 second set of sinulated
users; neans for determning a second normalized data rate for said signals
6 transmtted by said second set of sinulated users; and neans for
nodi fyi ng said rst said 8 second -
conposite signa pom@géﬁéggetgg%g an%lgri]ﬁ]rnaallzl zed ggpg{ﬁ;?ég The appar at us
of claif 33 whemeanssdfod rdeternvipingerer sedangd acomposite - sxgmlf epomer -
si gnal congdge t a Ef 2P, def.er m ned
g%‘oé\cﬁﬁéeioeﬁ $uabe 4 %ga powercfd? ﬁgg\swsra%&grgd%g i

frequency 4 ans, fo[r formmng a’ product ween sald tirs osite
signal & $RSRR s&h& ﬁWB\at%luﬁﬁWsrzed data rate; -and neans for adj usti ng the

~ power Ievel of mahfs ebredbter hsecbid horfrfliedsdath Gate Y6¥ s'ﬁdf)&gﬁﬂrs]dm g

product . us of; ai.m.32 erein said nmeans for de
2 afi Fst E'Bﬂ"ﬂg&‘fgyﬁ Sgco G\/ﬁt of simylated usats;ANg o “det er ni ni ng a nunber -
real users deplmeerls ifor asodiffingsdaid- ﬁrsegmenferemma al ndeé onsel g s&id

Cubt 1 ok %@ﬁ?icrom"ém%e%%‘%l %2@9?' %%ﬁ?&fﬁes? itber of oi ml af ed

- users in-said first set; . means for deternmning a norri"nal first

signal power baggd Of'hégpgn il 57! @8im 4D Rereth sREH angr}grjg%sm%tuagg:ans

for producin varl ation nom na rst si gn power ndom
vari abl & f tintesference signahgamprisest or si nul ating signal int erference

bet ween 2 ComTAW'eTethh@al n@ﬁé%rée'dperé‘nﬁ B0eRi £ é&&erzﬁiﬁ% ich
mforrratmggﬁignal s are communi cat ed betwe n usersS over a p ura f 4
t

communi &a ‘channel s, conprising: a power selector which out puts a first
conposi te signamepasfor forming a product between said first composite 51gnal°

6 power and first normalized data rate; and
means- for adjusting the power level of saxd electncal no:se in
8 response. to a value of said product. ' '

_ 36 The apparatus of claim 32 wherem said means for determmmg
2 a first composite signal power comprises: :
means for determining a number real users deployed in saxd first
4 region; : g :
means for determining an . equxvalent number of users to be
.~ 6 simulated within said first region by subtraetmg said number of real users
- from said desired number of simulated users in said first set;

8 - means for determining a nommal first slgnal power based on said
' equivalent number of users; and | | ' .
10 means -for producmg vanatxons in said nominal first sxgnal power

- using a random variable functlon.

37.. .Apparatus for simulating signal interference between
2 communication channels in’' a communication s‘yét'em in which
information signals are communicated between users over a plurality of

4 communication channels, comprising: :
a power selector which outputs a- first compos:te 51gna1 power
6 corresponding to a sum of signal power for signals transmitted by a first set
of a desired number of simulated users disposed within said

8 communication system; . “I




6 corresponding to a sum of signal power for signals transmtted by a first
set of a desired nunber of sinulated.” users disposed within said 8 '
communi cat WM 96/§2986 -39- a data rate generator configurBeT/U89¥EB8t a
first- normalized data rate 10 for said signals transmtted by said first
set of sinmulated users; and a first interfggence signal generator coupl ed
to said power selector and 12 said data rate generator which produces a
-si.gnal with a signal power bﬁSed on said first conpgsite signal power and
~first nornalized.datagrate The apparatus of claim37 wherein said-

first interference &fatarate 863%@*9{ genbigrad teoutput 3 fisshinenmalizest datacedte
noi se si gnad ~cfoneaid Signile\trdintitted ualdoam@eﬁof difillated/udedstarnd

adj ustabl e in responge t.o a.contraol °s d at, | east onf noi se

intensity control | é H%Wﬂfe&e’&%?‘mai ggﬂﬁ'élm mﬁlﬁgéose pruer sglackar
control inpt said shatal ratel generator oehirdn prodwdesan gnﬂl)w;&l ﬁ@ighﬂdpéﬂeﬁfvaged

Vel ue. that °C£Pﬁsdﬁﬁ?sé®§§ﬁ§§%%é?émé{%%aﬁ A feaelng data

rate for sinulated users. - The apparatus of claim38 further
conprising at |eastgga seggn

conposite signal ovver correg% gft%gilg‘?ggm ﬁﬁg%ﬁéfe‘fﬁf%&?am

transnmitted bﬁeales«‘et@@rc@mprsas of a desired nunber of si mul at ed users
di sposed within saif} jegémome Ewch‘i’éhlsd&'%@rﬁv%ﬁﬂ% ?O?CH%$ eaﬁgé%'f Bower

controller js .confi ed . to | sQ recei rom sard sec ower
sel ector an E"é‘sétgg'&\’é ‘%%Wé‘? lg in respense tod §%ma°ls$15ﬂél inpskeandhich is
g r9 a\?\;mtted by sai datdkeharctn&e fr@ﬁswhﬁéﬁsh &@tﬁroll;t@dhav gea é@ﬂ&bﬁg a?fo km
erein sai et of ,user cated in i on
from sai d f6lsr ﬁ%ui:i%c?gqo ﬁgeelpgnuﬂ P‘ﬁhgf bir“ﬁ‘ﬁ% Sgures Ege%ega,t%@ IWPé’éFd
conmmuni cat i on coppledntd said apamét selectarandndatat fate geyerstor) Wltbh Isﬁiﬂ ¢ontrdl
within a plgr ] one
anot her -usi o L BAViRE o FolGRTHEVEARE i RedigRE t§%§h§@§a i g%“ o} EOBEF
and having a skd 3taaRate fr%ﬁ!éﬂ% | users.

39. The a'pparatus of claim 38 further _cor_nprising at least a second

2 power selector which outputs a second composite signal power
corresponding to a sum of signal power for signals transmitted by a second

4 set of a desired number of simulated users disposed within said
communication system, and said noise intensity controller is co'nfigured to

6 also receive input from said second power selector and base signal
generation in part on saxd signal power which is transrmtted by said other

8 simulated users. |

40.  The apparatus of claim 39 wherein said second set of users are
2 located in a region different from said first set of users.

41.  The apparatus of claim 37 wherein said communication system

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

communicate information signals between one another ixsing at least one

4 base station included in a first of said cells and having a base station
receiver. '
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WD 96/ 02986 -40- 42. The apparatus of claim 37 wherein said conmunication -
syst em ZyodgiiRegsses a W rel ess tel ephone/ data comuni cat i GierysdkGdege N Whi ch
renote users are. located within a plurality of cells and conmunicate 4
information signals to at | east one base station which has a receiver and
is located in a first cell, using .code'épvi sion nmultiple access (CDVA)
spread 6 spectrumtype comruni cation signals. 43.° The apparatus of claim
37 wherein said power and signal rate 2 are generated using random

Gaussi an- controldzed VEHe' &%t@@b?rcﬁrﬁdswwﬁér‘eﬁesﬂat%hﬁ&ﬁéauﬁ sys@ﬁ
appar at nﬁle}sm @a EF& ab ? se mtensm,g;é cont r

conpri se OmPRE Tﬁﬁamrg Setelephone/ data commuyni 1@@[?5%¢1ahnrmqlm
variabl e 4 reatotenasqrseatd dotatedr svithirand pluralitys of ueligeahd! ESﬁ\rﬁQﬂR‘i‘Eeed to

receive gn ed on an estina |
correl at?oﬁl e o g@?‘ S %%ﬂé&?ﬁrﬁ Baf%gég'g ?‘V'cj'hg‘ﬁ?tac E%Feg‘fifniq‘é pdwver .

45. The a peartadus a)ffn'et gelh usihgedeidivisionl multqﬂelaecesns(G:DMA) apredd! | er

conpri seg: W QﬁSngﬁgﬁa tor produci ng a Gaussi an random 4
svari abl e at second F} ese ecte rate; “second sequence filter connected

to receive and filter said second 6 blnary sequence based .on an average
pover fluctuati@s, The apparatus of claim 37 wherein said power and signal rate

2 are generated using random Gaussxan-controlled vanables generated at
preselected rates.

| 4. The apparatus of claim 43 wherem sard noise mtensrty :
2 controller compnses
'  first binary sequence generator producmg a Gaussran random variable
‘4 at one preselected rate; and : :
first sequence filter connected to receive and filter said first bmary
6 sequence based on an estimated correlatron time of data srgnals carried by
sa1d transrmtted signal power.

" 45.  The apparatus of clarm 43 wherem said noise mtensxty
2 controller comprises:
| second bmary sequence generator producmg a Gaussran random
4 variable at second preselected rate; and
| second sequence filter connected to receive and filter sald second
6 binary sequence based on an average power fluctuation. '
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