5 10 15 SYSTEM FOR DETERM NI NG RADI ATED RADI O FREQUENCY ( RF) RECEIl VER
SENSI TIVITY AND RELATED METHODS Field of the Invention 20 [0001] The
present invention relates to the field of comrunications systens, and,
nore particularly, to performance testing in nobile wreless

conmuni cations systens, such as cellular conmunications systens, and

rel ated nmet hods. 25 Background of the Invention [0002] In cellular

comuni cations devices, radio sensitivity is a fundanmental figure
characterizing radio receiver performance. Conducted (i.e., via an RF 30
cable) and radiated (i.e., via a wreless conmunications |ink) radio
sensi tivity>measurements are performed frequently during radi o design
certification, and verification. These neasurenents are perforned by
reduci ng the base station power transmt 35 |evel until the receiver
residual bit error ratio (RBER) reaches a desired |evel, specifically
2.44% [0003] For dobal System for Mobile conmunication (GSM nobile
devi ces, fop exanple, there are several conmunications bands each rangi ng
fromat | east one 40 hundred channels to al nbst four hundred. To scan every
2 channel of a GSM nobil e phone requires |arge anounts of tine using
traditional, sem-intuitive nmethods. Automated nethods replicating nanual
estimation tend to be randomor follow binary-tree search nethodol ogy. 5

15
SYSTEM FOR DETERMINING RADIATED RADIO FREQUENCY (RF)
RECEIVER SENSITIVITY AND RELATED METHODS

Field of the Invention

20 [0001] The present invention relates to the field of
communications systems, and, more particularly, to
performance testing in mobile wireless communications
systems, such as cellular communications systems, and
related methods.

25

Background of the Invention

[0002] In cellular communications devices, radio
sensitivity is a fundamental figure characterizing
radio receiver performance. Conducted {(i.e., via an RF
30 cable) and radiated (i.e., via a wireless
communications link) radio sensitivity measurements are
performed frequently during radio design,
certification, and verification. These measurements are
performed by reducing the base sfation power transmit
35 level until the recelver residual bit error ratio
(RBER) reaches a desired level, specifically 2.44%.
[0003] For Global System for Mcbile communication
(GSM) mobile devices, for example, there are several
communications bands each ranging from at least one

40 hundred channels to almost four hundred. To scan every



Brief Description of the Drawings [0004] FIG 1 is a schematic bl ock

di agram of an exenplary test systemfor neasuring conducted radio
frequency (RF) receiver sensitivity in accérdance with 10 the invention.
[0005] FIG 2 is a schematic block diagramof an exenplary test systemfor
measuring radi ated RF FCEI ver sensjtivity in accordance with the

invention. [00061°HFeRt 2 S 9Ll R %n%e%%l%%(%r&ﬂ%i‘%/ FEORRE PSS for
RF receiver sensifd iid hdBasdH@MEMal N sAECOofdance; yi thdhead nvention.
[0007] FIG 6 is a flow diagramof an exenplary net hod for determ ning RF
path | oss in adtoredericed \mettrhoctawereml/mtm mqmmtmmOW e 8tar e

fl ow di agrans exe r thod for termnin ss bet ween an
RF source andoélen elréaeélrvefrrﬁwcf% af%% Ztsrlese|Sneaa%:l%rmaé1C %%:Oed  the

i nvention. B0009] FIGS. 9-13 are flow di agrans of additi onal 25 exenpl ary

met hods for determ ning RF_path Ioss i_n accordance with the invention.
[0010] FIGS. 14 and 15 ar B refis lT'P"-pr‘T’miaE.‘Ll evel change for

different sets pioglgta, asranel] ;88 CUHESPOS |%(ﬁg SHS JEH pover
| evel functions 30 therefore, 1n accordance wth the pr esent |nvent| on.

[0011] FIG 16 em@lgﬁraprtasltl et St g 15 i R Sveig sy ca.ppimaemtmﬁm| ng
spline fitting 40012 Fl 17|s av%aehllluvstratln and&‘ueld devi
hystersis switcHi® Y [ G0P3" G S Y EPH of” %ﬁ? STHET it § ed TCH
| evel functpon. t}@tlaid@d;l@ﬁcrl ption of the Preferred Enbodi ment s

[0005] FIG. 2 is a schematic block diagram of an

exemplary test system for measuring radiated RF
recelver sensitivity in accordance with the invention.
[0006] FIGS. 3-5 are flow diagrams of exemplary

15 methods for RF receiver sensitivity measurement in
accordance with the invention.

[0007] FIG. 6 is a flow diagram of an exemplary
method for determining RF path loss in accordance with
the invention.

20 [0008] FIGS. 7 and 8 are flow diagrams of exemplary
methods for determining RF path loss between an RF
source and an RF receiver with hysteresis in accordance
with the invention.

[0009] FIGS. 9~13 are flow diagrams of additional

25 exemplary methods for determining RF path loss in
accordance with the invention.

[0010] FIGS. 14 and 15 are graphs of BER versus TCH
power level change for different sets of data, as well
as corresponding BER versus TCH power level functions

30 therefore, in accordance with the present invention.
[0011]  FIG. 16 is a graph illustrating sine waves
approximated using spline fitting.

[0012] FIG. 17 is a graph illustrating handheld

device hystersis switching.



5 [0014] The present invention will now be described nore fully
hereinafter with reference to the acconpanying drawi ngs, in which preferred
enbodi ments .of the invention are shown. This invention nay, however, be
enbodied in many different forns and should 10 not be construed as |imted
to the enbodi ments .set forth herein. Rather,_ these enbodi nents are

provi ded so i G diFscht'o &5l 199501 1 dtigh end Wﬁﬂle&?e%ff% wi ll
fully convey thewoope:Rftitdie i nvention to those skilled in the art. Like
nunbers refer to like elenments 15 throughout, and prine notation is used to
indicate simlar elenents in alternate enbodi nents. [0015] A test nethod

fo egetermning " a5 ed £fed 0o LLERUTSY (D) pLEPEINES SRRSAbLRLY def! ned
based upon a traf error
rate (BER) for [@qidlr al i thheofpredzamelisivexitendi ng 11oveiw ale |dasdr idnel

frequency band using an RF source coupled to an RF receiver by a wirel ess
RFcomuni cat M5 | U Y Semeid st rdi iy HESHEd FoTRES et hod may

i ncl ude det er mji g BER G o348 nEH ROWeH 23 e e tdng d ety 1 ni ti al
channel, determning an estimted TCH power |ével for a subsequent channel
based upon t he BERhgerdswwentdlarpewer Shewel. fllvict iioryeartd ot eydesi red BER,

and neasuri ng BER of the subsequent _channgl. base on the estimted TCH
power |evel. T%lé)wi?é’erjfét rFtl)(()ad errpa%f l(uércfhlenr % L?geft%&%%ri r?&rl}snea a8t BER
to the desigednBERbandcusititheal disf NanEReRl thereketew@e indirang sMd h the BER
versus TCH power |evel function to determ ne a next estimated TCH power
level , and repé&fithy MRE&SHr-i Kg LT cohsaS FFRCH fIRa e Py iy jided so
greater than achiteshald diadiheredy AheHY MotoligH RARlorAe ! hdd'e

subsequent channel corresponding to
: will fully coenvey the scope of the invention to those

skilled in the art. Like numbers refer to like elements
15 throughout, and prime notation is used to indicate
similar elements in alternate embodiments.
[0015] A test method for determining radiated radio
frequency {(RF) receiver sensitivity defined based upon
a traffic channel (TCH) power level at a desired bit
20 error rate (BER) for a plurality of channels extending
over at least one frequency band using an RF source
coupled to an RF receiver by a wireless RF
communications 1ink is first generally described. The
method may include determining a BER versus TCH power
25 level function for an initial channel, determining an
estimated TCH power level for a subsequent channel
based upon the BER versus TCH power level function and
the desired BER, and measuring a BER of the subsequent
channel based upon the estimated TCH power level. The
30 method may further include comparing the measured BER
to the desired BER and using a difference therebetween
along with the BER versus TCH power level function to
determine a next estimated TCH power level, and

repeating measuring and comparing if the difference is



the desired BER [0016] Mre particularly, the method may include 5
determ ning a path | oss associated with the subsequent channel, and
conparing nay include conparing the neasufed BER to the desired BER using
the difference therebetween along wth the BER versus TCH power | evel
function and the determined path |oss to determ ne the 10 next estimated

TCH power | evel 9FRIrther 2yt i oyt d tHe R bsde hedmine | fide-H

deternmining a psdded ossvef UNECtEIN DASELLMAON MadeabtcsPRBsOIndhiey parality
of channels, and determining the path [oss of the subsequent channel

based upon the P esised BfgRi on. 15 By way of exanple, the path | oss

function may begocsjleé]er?hg?%%%jﬁ%eldtﬂpwaﬁa\%rgﬁee%gé Iﬁ%l])gg{ -éﬁ%eand/ or a

plurality of sptines. 0SSy erm y measuring
the path | 08s ofettdmmisubspouemth cheswed s s 410604 7)1 Det een singe dlen BER
versus TCH power. | evel function for the initial channel may further

i ncl ude neasurf¥HPMRypettd VBRI Puhetay e 99 CARAtF i Y of BERS

within a targetyBERfanamr anl At eidd nidg dfe o BER viersus: At pover | evel
function based upon the 25 neasured BERs in the target BER range. By way of

exanpl e, the tdiyetelBERgangel gy Wit ridm didutversus dCH hpeeepereent . The
met hod may further .include in |.inear approxi mation,to determ.ne the
TCH power Ievelpur}cntjt%ne asnudbl;%heugehﬁ%ec Tanhe pcorrgopso%dtf %gd?%ejfr?'fen%e%}ﬁ ed 30
BER when the didd:ar enoe kaieeerch howeasured BER Atk r | heetlesiiethPER i s

| ess than or equal to the threshold. C&ﬁ]oodlngﬁlﬁ-rh'e BER versus TCH power | evel

function may a3t driEtit ity ety BHVEIMY detkati nkdRF the BER
versus TCH powed, | 84eJn NG ApdYat NGde e of the plurality of

channels, and determining the path loss of the
subsequent channel based upon the path loss function.

15 By way of example, the path less function may be
determined based upon a least squares algorithm and/or
a plurality of splines. The path loss may alsc be
determined by measuring the path loss of the subsequent
channel.

20 [0017] Determining the BER versus TCH power level
function for the initial channel may further include
measuring respective TCH power levels for a plurality
of BERs within a target BER range, and determining the
BER versus TCH power level function based upon the

25 measured BERs in the target BER range. By way of
example, the target BER range may be from about one to
three percent. The method may further include using a
linear approximation to determine the TCH power level
in the subsequent channel corresponding to the desired

30 BER when the difference between the measured BER and
the desired BER is less than or equal to the threshold.
[0018] The BER versus TCH power level function may
be an exponential function. Moreover, determining the

BER versus TCH power level function may include



determ ning the BER versus TCH power |evel function based upon a |east
squares algorithm Al so, the BER of the subsequent channel may be neasured
in an anechoic RF chanber. 5 [0019] By way of exanple, the RF receiver may
be a dobal System for Mobile Comunications (GSM receiver, a Ceneral
Packet Radi o Service (GPRS) receiver, or an Enhanced Data Rates for d obal
System for Nobi $eC CHRRHIE aE D MEER GBS U OTGH i RPE EDGEY e k ebeietonet ¢, | n

10 addition, ths, & SQuee, b anbasg S ﬁ%&?ftk?rg]‘g'ﬁi% tH OB Sy test

system for determ ni ng radiated r ncy receiver sensitivity
defined based upgon swbieqidit cirammel n{aiCH)e poswesuteveln adn eamasheoid bi t
error rate (BER)f lurality of channels extending 15 over at |east one
frequency band c}b‘%ﬁ% 1Iy include an RF source, an RF receiver, a

wireless RF5 copgoawrati oms wd ko £ gt Sad ik REF seadb€£erd © vy h&h
receiver, and a test controller coupled to the RF receiver. re
particul arly, tqﬂéﬂ?@stsib‘iﬁﬁm oﬁQ%quwebéfozmqlb*C@@%@Fﬁm i) ar BER-VRFsuUs

TCH power | evel J}apln J&Ee@rhd asegéPRgl)etl%éeg%E%g’ achea%Ji' mat ed

TCH power Ieveaf a su sequent c anne upon versus TCH
power | evel furﬁnha}mathathe Rigsig e‘ﬁbJ:BER,obaa]noBymtammrfcwg MolBER: of the

subsequent cha el based 25 upon the estimated TCH power | evel. The test
control | er Tt Her @3 T BEPR (HRFHES e BER Tand

using a di beer e thihed eb@{éﬂ@@m @J% Wdh sdhes BERse v stusol Chnpoyes - | evel
function to determi ne a next estimated TCH power |evel, and repeat

measuring and ﬂ@o(?&iparl fy tigst My it diahcte termgiemerradiated thrdishol d
Lot el det SR AT IEL LS Jhd i SPSSSI, SIAME icon, o
test systens a trafflc channel (TCH) power level at a desired bit
error rate (BER) for a plurality of channels extending
15 over at least one freguency band may generally include
an R¥ source, an RF receiver, a wireless RF
communications link coupling said RF source to said RFE
receiver, and a test controller coupled to the RF
receiver. More particularly, the test controller may be
20 for determining a BER versus TCH power level function
for an initial channel, determining an estimated TCH
power level for a subsequent channel based upon the BER
versus TCH power level function and the desired BER,
and measuring a BER of the subsequent channel based
25 upon the estimated TCE power level. The test controller
may further compare the measured BER to the desired BER
and using a difference therebetween along with the BER
versus TCH power level function to determine a next
estimated TCH power level, and repeat measuring and
30 comparing if the difference is greater than a threshold
to thereby determine a TCH power level in the
subsequent channel corresponding to the desired BER.
[0021] Generally speaking, methods and test systems

are provided herein for determining conducted and



are provided herein for determ ning conducted and 6 radiated receiver
sensitivity which use a channel information-based search approach, which
creates a fast sensitivity search for GSMéor ot her nobile devices. The
RBER vs. normalized TCH transmt level is largely 5 determ ned by the
nmodul ation nmethod and digital signal processor (DSP) code. Measurenent of
a range of thistagarbee rertesver evel ol viuncihbeh shemi agchaenel

characteri stics; i RBER. .+ T ile ta
for one channelllg%%%ﬁ%%{(?%e%% le C %%ﬁng?ﬁsﬂw&%ﬁ’n t ecga(%e%gér%.é%%@cur ve
all ows predictsamsitiathey ddrmmlestomat®d, ot raised tmdlevied dehbrge. Witidi n
i'ts boundari es. 221 The sensitivj neasurement is defjned as the
transmit (TX) - i Lt o TR S heks 1 q RBER of 2. 44

percent or kessdetdimimddefaidmiad Dasen shathon dd@NSG it POV g Sl
decreased until the desired RBER is achieved. To correctly neasure device

sensitivity in REQURRRE ePTI O MHereitamtre: mft it Taysge nefedshi® be
det erm ned acro&gn%%rkgreg\?%pea{ stMl\,gooquﬁﬁ,% in?n Vgl{cmlﬂle& h&éjem red bands, a

random channel selected as representati ve. | ower and upper
limts of the RBERscharisnigss arie tded et vdihendawwerhe |tiatdett SREER ected to

m nimze high her _random noi se error_ susceptibility at very

on and .
| ow RBER. It Zgﬂfuesss‘%)‘?ra‘%fjg]p%f) QiB ISP FRRE IR £3arge” overal

scan range; o The a1 d iithiirs 138 eched ddhq prafectc@gal nst 4 m nat ed
nobile calls while maintaining |arge overall scan range. The | ower RBER

limt can be faufPitrisisgh nedtiesus edaradt ingttirsbls |t w30l twi I vede

appreci ated by é%qiso(fe z\ﬁiéﬂﬁd iit% tblg)eun%{gr.ie[SOpZSl Bit error measurenents
wi thin the above-note

[0022] The sensitivity measurement is defined as the
transmit (TX) power at which the mobile reports a Class
15 II RBER of 2.44 percent or less. Often the calibrated
base station transmit power is decreased until the
desired RBER is achieved. To correctly measure device
sensitivity in a conducted mode, accurate cable path
loss needs to be determined across the channels in
20 question. Within the desired bands, a random channel
may be selected as representative. The lower and upper
limits of the RBER scan range are selected. The lower
limit is selected to minimize high Gaussian and other
random noise error susceptibility at very low RBER. It
25 is preferably sufficiently low to maintain a large
overall scan range. The upper limit is selected to
protect against terminated mobile calls while
maintaining large overall scan range. The lower RBER
limit can be found through various search methods, as
30 will be appreciated by those skilled in the art.
[0023] Bit error measurements within the above-noted
limits use the highest transmit level resolution.
Decreasing resolution decreases prediction accuracy

over a non-linear system. The values are compiled with



limts use the highest transmt |evel resolution. Decreasing resolution
decreases prediction accuracy over a non-linear system The values are
compiled with 7 the TCH transnit |level nofmalized. Random noise and bit
error ratio nodify the exact data curve. One approach is to apply a

| east-squares fitting to create the appropriate fast search curve. Because

of the nature of'® %Gk Tipdta:h (ﬂlﬁv%]héqqmarﬁﬁ%d Randram \K}QJ{S%M tHeE f or m
of y = Cebx betweern the i Puelqand &f@oeéxadﬂn&ﬁ%a WAgre Y ofl3 &gﬁc@a n €rror

ratio, x is the normalized TCH ‘transmt |evel, and C and e val ues

derived from cisve fapmling lesstitdquseadi stiugsiedy far tdmyatieltdw 10 [ 0024]
An exanpl e of an RBER .vs. rmalized . TCH_ |ev curve i hown i n Fli 18.
The points are at];??empr’r%laagc rém%esg S é:erH:"'fe}TeeE{eicﬁél%es C’tieﬁ}eeé}ﬂtturoef Ot%e
curve fitting. e nadduletdier channelsmalgi s Qi NOHIBId 28t ClyMe are
determ ned using a "leapfrog" 15 nmethod. The | eapfrog amount is within the
range from thef onerCel’o ldiragperhd i Imiter Gonbempdw el iohiarmelwhere y

sensitivities often narrowy differ. [0025] Wthin the curve range, based
on the infornetS ditoPitheireistraddwar &5 torvee poenahbagd Thl 20 transnit

evel is_cal cUlialyle The AN ARSI ALAVS! 15, LS0,ADNL 846 1, Dase

station enulator, and the acdhieve tar W 1's confirned

t hrough neasurcemrert .£iAmy ndevisat iwdrlli $ecatirsectsecdtdvifair theappldleat. on of the
rmal i r ive 2 nfir ion r nt. 1 ncreasingl

normal i zed. cu \J%O}Q[ a sgxg\(iess 5 co mat i on neasur.enent o gly

smal | target t ual XA S Rk 88s EPER FfradP TRrlodge 1T karity,
and devi ation firemiexpested svalnugs i md.malg., MPR26L iReferdddngHaitially

to FIG 1, a test system 30 for neasuring conducted receiver sensitivity
is measurement data, and the line is the result of the
curve fitting. For all other channels, points on the
normalized curve are determined using a “leapfrog”

15 method. The leapfrog amount is within the range from
the lower to the upper limit. Consecutive channel
sensitivities often narrowly differ.

[0025] Within the curve range, based on the
information of the least sgquares curve, the change in

20 transmit level is calculated. The new transmit level is
then applied to the base station emulator, and the
achieved RBER target (2.44%) is confirmed through
measurement. Any deviation is corrected via
reapplication of the normalized curve and a successive

25 confirmation measurement. Increasingly small target to
actual deviation increases accuracy through linearity,
and deviation from expected values is minimal.

[C6026] Referring initially to FIG. 1, a test system
30 for measuring conducted receiver sensitivity is

30 first described. The system 30 illustratively includes
~ an RF test source 31 coupled to a handheld device

receiver 32 to be tested via an RF cable 33. By way of
example, the handheld device receiver 32 may be a

Global System for Mobile Communications (GSM) receiver,



30 first described. The system 30 illustratively includes an RF test
source 31 coupled to a handhel d device receiver 32 to be tested via an RF
cable 33. By way of exanple, the handhel d®device receiver 32 nay be a

G obal System for Mobil e Conmunications (GSM receiver, 8 a Ceneral Packet
Radi o Servi ce (GPRS% receiver, and/or an Enhanced Data Rates for dd obal
System for Mbi? &€ M 25 o e Pesv e Bt Ut | o U EDES e &eled vard/ 3or

exanple. O cousesnipihedy s dae M reless diseel kel Sem Sr dBWMA S be used.
[0027] In addition, the RF source 31 nmay be one of° a Rohde and Schwart z

uni versal radi CymmRiGaEionh (GMerEvauMI 200 GDE Agdeine896iobase

station enul at or al t hqugh ot .her, suit.ab[f? enul at ors and/ or RF

r | e e
10 test sour cesexnaa)Pola? 'S (;%(%encp U ,&)ni%es Scuol%arboﬁ ert %° Tonnected to the

handhel d degi cenaecegierba8:ded. perform ng various test operations and
nmeasurenments, which will_be discussed in further detail below It _should
be noted that WH9% k he RE SRty dite tRds SO Sont) draverbspng ©f a

i | lustrated as gapar aligy COMRANANY Sif et E_Jaﬁiol,caé&}@ﬁﬂﬂ&éimste%ftéﬁe RF

source and test controller may in fact be pertorned by the sane base
stati on enul at ¢iMU 410 exargpl gidlargr it hagehes tagsiton comtkaidmer 4 coul d

be a conputer or conputi devi.ce .20 separ.a fromthe RF souyce , as
will be appreciea{(taét}?ripedy atq%&oeu%}kicm%éed: isf[’)f”ttrf'teb tgmﬁ]ﬁgﬁs chf% pl ays an
i mportant £0l e test heurmeaimey Ofsa dadiseConduadad sanstdi Mt V34 is
measurenent as will be appreciated by those skilled in the art. One 25

difficulty of FEFFGGHIY W& gdith heoihechdadmentraqeigen & &unfigurati on,
however, is thaj, t3Mihfaly RASE o AdAn GIMALUS YUY &R teftdiGEe! ver

accuracy | evel
which will be discussed in further detail below. It

should be noted that while the RF source 31 and test

15 <controller 34 are illustrated as separate components in
the FIG. 1, the functions of the RF source and test
controller may in fact be performed by the same base
station emulator, for example. Alternately, the test
contrcller 34 could be a computer or computing device

20 separate from the RF source 31, as will be appreciated
by those skilled in the art.
[0028] Path loss plays an important role in the
accuracy of a radio conducted sensitivity measurement
as will be appreciated by those skilled in the art. One

25 difficulty of performing a path loss measurement in a
test configuration, however, i1s that typical base
station emulateors only report a receiver accuracy level
of 1 dB, as noted above, even though the internal
amplifier of the receiver 32 may have much greater

30 accuracy, for example, of about 0.1 dB. By obtaining
sign change information in the receiver power level,
the path loss accuracy can therefore be improved to

+0.1 dB, as will be discussed further below.



of 1 dB, as noted above, even though the internal anplifier of the
receiver 32 may have nuch greater 30 accuracy, for exanple, of about 0.1
dB. By obtaining sign change information Pn the receiver power level, the
path | oss accuracy can therefore be inproved to 0.1 dB, as will be

di scussed furth OW. 0029] In the case of conducted receiver
sensitivity tesﬁofﬁe patﬁ1 I%&% 5% Y AgiY? tc?‘fgtre%%wﬁel&t s the receiver
32 and the basesestiatiion el trkl wah eyl dr cahd kated. 3ne, 4l ativel y

5 straightforward accurate path | oss neasurenment involves changing the
i nternal anpli fGUESHF 0The Heedelces v el2 3nd Hhe HasiB §ratiaremmuiatdr t he

desired RSSI e?é_e P9 Me desllobcfﬂaijtrlg%et%\é\ﬁ%%, élfaﬁﬂ?e}i%a”i ng point is .9

dB fromthe edge point, It w eps and, t her ef or e,
i ncreased nBasurtanenthiticmrdal facuwhddte qdgeh  Ipos Ntme AoCosml mgl 3 vIlDFes

conpl ex test schenes, may be ., used to reduce the nunber of steps that wll

be required or?l]jf\ﬂﬂ'% e PR é&&llp%icrﬁtjaq{ﬂ,"f ties e‘*’f‘?ﬁeeEverIépQﬁ:e t est

times. 15 [OOBQJE ROre i @renfiif: S Lt W HIDr & CorY %s@r@g@%ﬂr& -
CH power | evel

illustrated in FIG 9. Beginning at Block 110, the desired
is first set ol WdRANsburtkw kT atl Bltdek sttt e podrer niad -ghpdB fi cati on

| evel of the r iver 32 js fir.st. changed by coarse 20 increpent, such as
t he di fference%ifzjtmwgzehrﬁe 'tzgﬁl eréci?olrrftéd laCR%@quoftaﬁ%ee nll""epc‘v'ei%Ceefpsar‘?c]lq 'he TCH power
| evel or olber tHates@eare,valneate Becks uklhenthe egge:-d StithenHo by
changing the internal anplification | evel of the receiver using a fine

i ncrement (e. gPolt: ISCARRINIL2s Mare SRR UFanETl cIFhighRaN&E t o

provi de the patfyed a%s redtudd AkS iddscklds ale M GfhAOLAL i he | nter nal

required on average to find the edge point and,
therefore, reduce test times.

15 [0030] For example, one slightly more complex
approach is illustrated in FIG. 9. Beginning at Block
110, the desired TCH power level is first set on the RF
source 31, at Block 111. The internal amplification
level of the receiver 32 is first changed by a coarse

20 increment, such as the difference between the reported
RSST of the receiver and the TCH power level or other
integer value, at Block 112. The edge is then found by
changing the internal amplification level of the
receiver using a fine increment (e.g., 0.1 dB) until

25 the edge transition is observed to provide the path
loss, at Blocks 113-114, at which point the internal
amplification value of the receiver 32 may be set
and/or recorded (Block 115), thus concluding the
illustrated method (Block 116).

30 [0031] Stated alternatively, the “coarse” search
changes the internal amplification by the difference
between TCH level and reported RSSI. Since in the
present example the reported RSSI is an integer wvalue,

this gives an accuracy of z1 dB. The “fine” search then



amplification value of the receiver 32 may be set and/or recorded (Bl ock
115), thus concluding the illustrated nethod (Bl ock 116). 30 [0031] Stated
alternatively, the "coarse" search changekCthe internal anplification by
the difference between TCH | evel and reported RSSI. Since in the present
exanple the reported RSSI is an_integer value, this gives an accuracy of 1
dB. The "fine" SREPER-EHENND SR LT RN t HEC edfes Heiwedn RWOL consecut i ve
RSSI  readings. {09325 O her variations of the coarse-fine edge point
detection approach may al so be used. Cenerally 5 speaking, the coarse
portions of thebE@032hrchedthere faitdtyicim dArthsocpariecidme adgention will
be given herein fo the variations in the fin sggrch t%at ma%/ be used as
appropriate forP& g vER T Hpt ShetE B R Y i 7E5C Soarti Jerdry ﬁ/ﬁr:’ﬁcl udes
three stages. Hgs&dkinde BSSlcddrds mettiond her desdsedsd evehe HyaRdj usting
the internal anplification and the TCH | evel of the base station

emul at or. Next ,FaHely ntdihkar afsl i3t T ok F sebritigeen hlh Rergbeenf
successively degreasi 'fg%( 'tascj'_[cﬂlsfirpdtﬁ%]efﬁg@%ea;r%ﬁ%ﬁ%rrﬁﬁ%é

should narrowto 0.1 d or the accuracy of t given interna
anplifier) to wslras tdppagouredsy ficr al spi ferl dipldnaratdtyiont Aayibe
necessary to "steaf% ack" to the edge point, as the neasurenents may have

left off 0.1 dB'% (P Ui e d RGeS I 033260t Her- Evanpte B1Sh fine

search is mow idesedt bed vid dehaienced o ) Gq4dst BaYitHd Nthad Bl pck
120, the RSSI is set to the desired | evel, at Block 121, and the internal
anplification ciENgediGatipr g theerEHentevahtdd thre st raeRtRS8l is no

| onger emulator. Next, the internal amplification is changed

in a series of successively decreasing increments to
find the edge. These increments should narrow to 0.1 dB

15 (or the accuracy of the given internal amplifier) to
ensure the accuracy is also 0.1 dB. Finally, it may be
necessary to “step back” to the edge point, as the
measurements may have left off 0.1 dB from the desired
RSSTI.

20 [0033] Another example of a fine search is now
described with reference to FIG. 10. Beginning at Block
120, the RSSI is set to the desired level, at Block
121, and the internal amplification changed in 0.2 dB
increments until the desired RSSI is no longer

25 reported, at Blocks 122-123. That is, after a number of
steps (typically between one and five), the returned
RSSI will not match the desired level since the
internal amplification will have jumped the edge by 0.1
or 0.2 dB. Thus, decreasing or “stepping back” the

30 internal amplification level in 0.1 dB increments will
find the edge point either in one or two steps, at
Blocks 124-125 (depending upon whether the edge was
jumped by 0.1 or 0.2 dB), thus concluding the
illustrated method (Block 126).



25 reported, at Blocks 122-123. That is, after a nunber of steps
(typically between one and five), the returned RSSI will not match the
desired level since the internal anplificddtion will have junped the edge
by 0.1 or 0.2 dB. Thus, decreasing or "stepping back"” the 30 internal
anplification level in 0.1 dB increnents will find the edge point either
in one or two sk¥P¥] at BYNET 1Bine B HEh N GRF Upioh RetdFCEHeRdge
was junped by 0; il OFe £ %er() £ d httss concl uth gy 441y 1dd ustdat edsarethnd
(Block 126). 11 [0034] Another fine search process I1s now described wth
reference to FIRESI1Lis Beygi v rdieatddBlionid 1307et heas RESIcusssdtahave he

desired | evel, as,di,scussed .ahove and then the internal amplification is
i ncreased by 0.3 dcdﬁnl ﬁ%lreer%enn esrﬂfn% i TR RS9 o ﬁ%ﬁﬁ%ﬁ@?ca\éa%gi'ifed

val ue, at Bbockss lidlcrsddninamiite RSSIRFFENGESio MhgonIesWdderdd 1 dB
scans will yield a change in RSSI t hus | ocating an edge, at Bl ocks

136-138, and t he2lust @mdlogka i¥3khkIdn nesiddie &5 KhandesB 1M ock 10
139), th 4ding,tihe id | e dret:hod., sk xaml b 4
Ui chango_t cat e J R BEMIRN S PAlde 1 dher ST

total change is 0.1 +0. 2 en - ‘dB) and
this produces dhuwhangetiimgRsSl ede edge Has- e dB6-01AR). 3Ald ertmatively, if

the internal anplification.i.s..changed three tines, 15 (j.e.,.0 d W t hout
the RSS! chang TH T (B L GG BT AL ahe Betion S T AiF ik Th al o
| ocated, ag aikd) dBhelangedddimthange itiheRSSlt sl neaHAey @92 reported

in integers. [0035] Another exenplary approach is now described 20 with
reference to Flegame,Bddi miengudt Biteck chemaen 1sstarkt iHy @otdral* RSS! val ue

is -80.47 dB, apd the, reparigd RIR.1i%q 89 4P 4F il 14 Jhgnduerpal

change in RSSI, an edge has been found. Alternatively,

if the internal amplification is changed three times
15 (i.e., 0.9 dB) without the RSSI changing from the
desired value, at Block 134, an edge is also located,
as a 1.0 dB change will change the RSSI since they are
reported in integers.
[0035] Another exemplary approach is now described
20 with reference to FIG. 12. Beginning at Block 140, a
starting actual RSSI value is -80.47 dB, and the
reported RSSI is -80 db (Block 141). The internal
amplification is then increased by 0.6 dB, at Block
142, changing the actual RSSI value to -79.87 dB, and
25 the reported RSSI to -79 db (Block 143}, indicating
that the edge has been crossed. The next step is a 0.3
dB decrease, at Block 144, which changes the actual
RSSI value to -80.17 dB, and the reported RSSI back to
—-80 db (Block 145), indicating the edge has been
30 crossed back over. As such, the internal amplification
is increased by 0.1 dB, at Block 146, changing the
actual RSSI wvalue to —-80.07 dB, and the reported RSSI
remains at -80 db (Block 147), meaning the edge was not

crossed. Accordingly, another 0.1 dB increase is



anplification is then increased by 0.6 dB, at Block 142, changing the

actual RSSI value to -79.87 dB, and 25 the reported RSSI to -79 db (Bl ock
143), indicating that the edge has been cidssed. The next step is a 0.3
dB decrease, at Bl ock 144, which changes the actual RSSI value to -80.17

dB, and the reported RSSI back to _-80 db (Bl ock 145), indicating the edge
has been 30 crd$ Haek Rk Ad®yc P Fhrngsal thenA ¢ icht R is

increased by 0.JxdR & Bjocks 146, Shangifg g qactiupl RIRL-v@h uesd o
-80.07 dB, and the reported RSSI ' remains at -80g db (Bl ock 147), nmeaning

the edge was noic Trysted.tirnseoraliatging Erotdrge O(BlatE i M9 easends 12

performed (Bl oc . Whi changes t.he,act.ual . RSSI _.valu -79.97 dB,
and al so changeés%rﬁ)g'}cilen r{&eed ]ggé%et]{aotq%éne ,Cx%’hua?C IBolcoa(f]f ﬁ"ggé)he edge
(Bl ock 149) 5 angbozéncl uditngyite Hd |disdreadiet aethoth@ie Bllockidd0in 5 [ 0036]

It wll be appreciated by those skilled in the art that many different
edge | ocation dcWerfed iRt Hears el T imett red9e dfadaddn strleeas V@Y junp is

typically any numer.{r DA 4G O'a%dj%ac]d”ghcy@ééﬁsve,cﬂf(}lﬁai@e or remain

constant for each step. To choos€ 10 an appropriate met or a given
application, wamiadloly ginyt herdaim farmn dv.elr dge (e fdiF mahoe araludsrpor t ant
consi derations. For _.exanple, with relativel "flat" datta thﬁ appr oach

i lustrated i n PGCH Y ©F d&iE 1 hceorbsggaél%ﬁocﬁ(eeraqun She =pp
i1lustratedol5 dam dpfeophfiatiinddi® OPRASIA @ik kepdiriuesdioin," sl oped” dat a,
potentially by up to three steps. [0037] Still another approach now

descri bed wit h Vaardiceic©f ¢m date and 2vgnRagss ey fraanas & hene.

ggtgiaingiegg at Biagoraht %gfiﬁ%gattg%engngJroreﬁn@h\é%n WA @ fuslel
“flat” data the approach illustrated in FIG. 9 may
locate the edge quicker than the approach illustrated
15 in FIG. 10, but the opposite may be true for “sloped”
data, potentially by up to three steps.
[0037] Still another approach now described with
reference to FIG. 13 is a five-step path loss scheme.
Beginning at Block 151, the reported RSSI for a given
20 TCH level is obtained, at Block 152. The first step
includes determining if the reported RSSI is the same
as the TCH level, at Block 153. If so, the method
proceeds to step two. If not, the internal
amplification is increased (or decreased depending upon
25 the particular implementation} by the difference of the
reported RSST minus the given TCH level, at Block 154,
The new reported RSSI is then obtained (Block 152), and
for steps two through four the internal amplification
is changed in successively decreasing increments of 0.5
30 dB, 0.2 dB, and 0.1 dB, at Block 156.
[0038] If the reported RSSI is not the same as the
last reported RSSI after each of these changes, then
the sign is changed before the next step (Block 158) to

step in the opposite direction (i.e., back toward the



includes determning if the reported RSSI is the sane as the TCH | evel, at

Bl ock 153. If so, the nethod proceeds to step two. |If not, the internal

anplification is increased (or decreased dependi ng upon 25 the particul ar

i npl enentation) by the difference of the reported RSSI mnus the given TCH
RSSI is then obtajned, (Block 152),

| evel, at Block 154. The new reporte

and for steps ?%;%e)[hr%% t%b%rfflﬁ%tigﬁ‘él? AT CREA TS | CHF bRt eds Whanged in
successivel y deese@si figep NCALIBALS Hcd. Ry7a80 dBefnndBy Andl 1 dB, at
Bl ock 156. [0038] If the reported RSSI is not the sane as the |ast

reported RSS|I af¢RerigetRd¥! thesderaitess tHeh lase strpried ddhgedtbef ore

the next step ( ) ep. i - it I ion (i.e., back
toward the 13 e(fg@%(.ﬂ%’ce&?%e& i%%tél}%)r{}firﬁ)g%ié alfnegéc%ﬁ% eted, the fifth
step invol vés oigel afjaiar det ésyn i hgds foridee agenor {wdi BSSHiils Hdeclsame as
the | ast reported RSSI, at _ Block 160, and if so changing the internal 5
anplification HFh Y8 R Ty %&i%ﬁ?%ﬁ?gﬁégsthe e Ry d Yot ai ni ng

the reported RSHa, ato Blotksuddlohe LA udtd-HQNE e ddegidustygged net hod
(Block 159). This approach is advantageous in that it will converge on

t he edge poi nt Mitshiardicachtispsdwiitclogroyiidestiit goodvioMercnveamsil t s
for different curve types. 0039]. .Use aof. a path | oss search i.n,a test

met hod for detolehr mt%nel negf%eo rPd‘{’chr}OtedJ J‘rtgls inooﬁlrveeq usé%nec%s ( F@jl(? & <R/Velrdes

sensi tivityof orgaoplareddly wfschannels Edending Qwefe QARLHr nore
frequency bands wil| now be described with 15 reference to FIGS. 3 and 4.

As will be appri@d3tled by'sq itfse AaMh P55 9 tin redavfermafditd tivity
T St ol W [y S (IR Ao ler el o

sensitivity for a plurality of channels extending over
one or more frequency bands will now be described with

15 reference to FIGS. 3 and 4. As will be appreciated by
those skilled in the art, receiver sensitivity is
defined based upon a traffic channel (TCH) power level
at a desired bit error rate (BER). BER is an “end-to-
end” performance measurement which quantifies the

20 reliability of the entire radio system from “bits in”
to “bits out,” including the electronics, antennas and
signal path in between.
[0040] Aside from the relatively poor reporting
accuracy of receiver test equipment, another difficulty

25 1in determining receiver sensitivity is that it can be a
very time consuming process. That is, there are
typically numerous channels within a cellular band, and
a cellular device may operate over multiple bands, as
noted above. Thus, a sensitivity measurement covering

30 all of the channels used by a device may take many
hours, and even days, to complete.
[0041]} To reduce receiver sensitivity measurement
times, a relatively fast sensitivity search algorithm

is preferably used. Beginning at Block 40, if the path



end" performance neasurenent which quantifies the 20 reliability of the
entire radio systemfrom"bits in" to "bits out," including the

el ectroni cs, antennas and signal path in Between. [0040] Aside fromthe
relatively poor reporting accuracy of receiver test equi pnent, another

difficulty 25 jn determni receiver sensitivjty is that it can be a very
time consumng ‘?%%e%g.t%aépi%é} ]tehe"f:{e o &1°% yfbjr]ﬁ%‘?qlliﬁ/ ]‘Fﬂﬁf“ﬁ”r'odésjcrll%rﬁfé?s
within a cellulgr tranthbddesGelddl aa108Vi 66 NRY- QRAIAL OV dRL i pl e
bands, as noted above. Thus, a sensitivity neasurenent covering 30 all of

the channel s usedflbylesdeiind: my nakadenytadously dml daerrdaysd, tak
conpl et e. [00411511c;rc9< rféj’up%dgfecgjav iﬁﬁ?lrlisf]%%,\“}gé/tmug eaneﬁngciéﬁegysvg& .
rchalg m . 'Begi nni ng

relatively fast sensitivity se or’i IS preterabl yuse
at Bl ock 405 iftHheRPatdblled 33 osisl ofbd hiei Rfeoabd ef @3 dist fwterad r eady known,

usi ng one of the above-described path | oss searches (or, others) a path
| oss function fE}PHWRAht dgeous | i S FEH ST mept dihens gel udee Apre

particularly, patfeloss, asspcdated Witdh Hdhe i gable &%}}Nil'béssbe di fferent
f W

for different “channels (i.e., frequencies), but there e a generally
| i near rel ati ovéderageerhadiexbinmEh |hgs sletanigsinAddor diatgl yodmy of

determining th ath | oss of . two . separate annels (e.qg,,, the first and
| ast 10 channe?cs"‘Pci nse%aer%aen(f)h,anélq%sne@ar' gp‘a{t (k:ltr}feos llﬁfhc‘_’ir%or}q‘sgr the RF
cable 33 cad berynmeKly igereiatecthd)Thiss @b et 1Lk aid: gt uredt e
approximation of path |losses for all of the channels, although the path

loss for each 'ariel®®oi Pdhéaredsuret depardananptian sdie sLPraibsiisent s,
if desired. [O0QAZ},RY AR MRV Gir & BER PGSR thH R e Vi€lsses for

all of the channels, although the path loss for each
channel could be measured separately in some

15 embodiments, if desired.

[0042] Furthermore, a BER versus TCH power level
function is determined for an initial channel, at Block
41. The initial channel could be any channel in the
band, but for explanation purposes it will be assumed

20 to be the first channel in the band. It has been found
that given enough sampling frames, the general shape of
the TCH power level vs. BER function for a given
channel in a frequency band will be essentially the
same for all of the remaining channels in the band.

25 This is due to fact that the function is determined by
the modulation scheme and digital signal processing
(DSP) algorithm of the handheld device. By way of
example, GPRS has a GMSK modulation scheme. Since the
relationship for BER vs. energy per bit has an

30 exponential form, the BER vs. TCH level function also
takes the form of an exponential. Thus, once the shape
of this function is found for one channel, this

function can be used to rapidly locate the TCH



function is determined for an initial channel, at Block 41. The initial
channel could be any channel in the band, but for explanation purposes it

will be assuned 20 to be the first channelld n the band.

It has been found

t hat gi ven enough sanpling franes, the general shape of the TCH power
BER functj on for aE%%ven_ channel in a frequengﬁ)band wll be
r 53

| evel vs.

essentially the ¥ FSetal : .
This is due to dagindhat defunadd o d s, deteraingd bbe tdhe

PRI iS5y Shdife

YH& band. 25
nodul ati on

scheme and digital signal processing (DSP) al gorithm of t he handhel d
devi ce. By way B043kanplle: rERRS dblsam GNBK HhaRutemswn EohameSi ek he

relationship f
vs. TCH | evel
6f tossdningi iresge-tfioundrdipang: chanled ,fdhis plwnctinn

t he shape

nctiron als €s ormof an exponentl al .

?fuu 4 segﬁart%zﬁ(n&eﬂ’?cﬁgc%rhat%eanin%qc ieaxlpocr}leantri;eallr ]c]; orm the BER

ﬁhus, once

can be

used to rapidly locate the TCH 15 |evel/target BER point for each of the
charfeBERS &GN 5o TR SER faaTdfer SR tgousing fhe

particul ar, theBER MefsuscECH ARen dwvel sy fingd gﬁ\ge% detef qed for the

fol |l ow ng

initial channel by 5 neasuring respective TCH powe

evels for a plurality

of BERs withi neasunpst BBER riangdie drak aiet &HH niarge hig . eBER arersus TCH

power |evel functi based upon. .t neasured, BERs in the tarqget
(i.e., curve ﬁ‘%ﬁﬁ“&* %)gssee(ﬁle}l on F‘r%ee rIrq[‘eeaa_ssuurree(sj_i \;ra%_tsﬁleess)q,’ aec éﬁo%ﬁ( _
Typical |y speakiyig.cailyy spRialdyeoniyt IHER arapafdd Gultdin tangatit fangs Wl |

be of interest because values qQutside of this range will result in dropped

connections, et'@TIBy AP M idarmfl OF tifdar@sfetaaife Rl URs abdiridshe to
three percent, ttm%gf}a%glr%.enﬂitﬁr 9845 13N965 JTRH ARG L AR At & dor

di fferent

applications. Various curve

ER range
" 10

By way of example, the target range may be about one to

three percent, although other target ranges may be

15 appropriate for different applications. Variocus curve

fitting approaches, such as a least squares approach,

for generating the BER versus TCH power level function

will be discussed further below.

[0044] To find the edges of the BER target range, a

20 coarse search may be used that involves stepping the

TCH power level in relatively coarse negative
increments (e.g., -1.5 db) when the measured BER is
less than 0.5, and relatively coarse positive
increments ({(e.g., +2.0 dB) when the measured BER is
25 greater than 3.0. This gives a relatively close
approximation of the target range edge points, and
successive measurements within the target range may
then be made at relatively fine TCH power level
increments (e.g., 0.1 dB increments) to provide the

30 data points for curve fitting.

[0045] Curve fitting is appropriate because BER data

is often accompanied by noise. Even though all control

parameters (independent variables) remain constant,

resultant outcomes (dependent variables) vary. A

the



fitting approaches, such as a | east squares approach, for generating the
BER versus TCH power |evel function wll be discussed further bel ow

[0044] To find the edges of the BER targetl®ange, a 20 coarse search may
be used that involves stepping the TCH power level in relatively coarse
negative increnments (e.g., -1.5 db) when the neasured BER is |ess than
0.5, and rel atiRﬂ%ﬂciF%%é?geqw&Wﬁ@/@v?Hérm%t%@gthe +Hrend gyt whes t he
measur ed BER | S,2% 858l &1 ddahdlef: o T o fl Ve @ 5] alidpl oLl ose

approxi mati on of the target range edge poi nt's, successi ve measurenents
within the tar gucmwfgeimltrt@mbmm&mtmj am@teeglsffnles TCH power

| evel increnents ( B increnents I’OVI e a points
for curve fittivg Jd%h%f%lﬁ‘%%ﬁ%ﬁfg“?s %‘fﬁ" ptrcf a&ee b%%‘é Jee R data is
of ten accorrnam@otéoy dwiwell Byenpheigisedd spniiede Pl BI®Y €118 the

(i ndependent vari abI es) remain constant, the resultant outcones (dependent
vari abl es) varyT% 16 process of quantl tatively estimating the trend of
the outcomes, @agsknowhanilyedd| e AALTALE checips isely . The
curve fitting process fits ‘equations df approxinmating curvées to the raw
field 5 data, aﬁlm’dﬂorbeuaplﬂrweahlad ebgpdr’rmﬁ:aaslq |Tvesl éstertikbarard¢ur{do46]

As not ed above e data for the TCH vs. BEfF\ﬁ;p un t|on jS %gnerally
exponenti al . 1BRRF/AMRE Fiat i y be used to
fit an 10 Qﬁpo@(ﬁdrﬁﬂmﬁlﬁ’lv%ﬂ@e %ﬂ@%tle%ﬁﬂ@rﬁgm&%ﬂﬁ{ommr oxi mation
and a non-linear (i.e., exponential) |east square approximtion. The

theory and i npiREaRaRismE tGrprofang |egsm-sidueaas pol yhomegponential)
least square approximation. The theory and

implementation of a least square polynomial
approximation is first described. Since polynomials can
15 be readily manipulated, fitting such functions to data
that does not plot linearly is common. In the following
example, # is the degree of polynomial and N is the
number of data pairs. If N=n+l, the polynomial passes
exactly through each point. Therefore, the relationship

20 N>n+1 should always be satisfied.
[0047] Assuming the functional relationship

y=a,+ax+ax’ +L +ax",
25 with errors defined by
=Y -y =Y-a-ax-ax’-L -ax",

where ¥ represents the cbserved or experimental value

i

30 corresponding to x, with x, free of error, the sum of

squares of the errors will be

2 ny2
—-ay—ax—ax" —-—ax") .

It
L=
&
[
M=



approximation is first described. Since polynomals can 15 be readily

mani pul ated, fitting such functions to data that does not plot linearly is
common. In the following exanple, n is the' degree of polynomal and Nis
the nunber of data pairs. If N =n+l, the polynom al passes exactly

t hrough each point. Therefore, the rel ati onshi p 20 N > n+l should al ways be
sati sfi ed. [0047] Assum ng the functional relationshi %)S y(§§ a, 5& a, x + a2x2
+L + ax" , ef aj X 2 a ,
where Y, . repr esehatl %{rﬁiﬁmgseﬂrI?/eg&)%?tle%(%eCﬁ%leV% 1r‘sa(?/%ll sg, &P’ cbg&esp%%dl ng
to x;, with x; free of error, the sumof squares of the efrors will be NN
S=je, 2 =1 (Y-a0-axe@, Xeritin@nhd )eqdat idMs afoit niawe thenpagived n+l
derivatives SS SS SS are Sa Sa,. Ban zero. Witing the equations for these

terns gives n+EIRfuRIORS &L Mows: 5 ,55 N =] 2(Y - a - a,x; _... -

ax")(-1) Sgl i=1 ,55 N ax,")(-x) 8a ;= M SS N _ 12(Y - a - aI X; -...
X,")(-x,") Ban |— 59 VINdI ng each equation by -2 and rearrangi ng gi ves n+l
_—Zz(K ay—ayx; — - —ax)-1)
5a i=]
N
O3 =S 2T, -y, —- a5 N,)
5(] i=l
M
N
2 S AT~y -y, - a W)
da .

Dividing each equation by -2 and rearranging gives n+l
normal equations to be solved simultaneously:
10
aON-l—alei+a22xf+m+an2xi"=ZK
G Xty X +ay X +ota, Y x"M =Y %Y
g,y % 4@y x5 va ) xtra, > 1= kY

M

aOZx," -t~arIZx,.”“’l +azzxi”+2 +---+an2x,.2” =Zx,."1f

[0048] Putting these equations in matrix form

15 reveals a notable pattern in the coefficient matrix:

N Zx,. fo fo L Zx,." [ a, | ZY,
Z X; Z xiz z xr3 Z xr'd L Z %" 4 Z x.Y;
Z X} Z % Z %! Z L Z £ |4l a, |= Z ¥

M

M M M M M M M

" n+l n+2 n+3 2n n
DI IED IS LI Ll § PR e

20 This matrix equation is called the normal matrix for

the least-square problem. In this equation a%,%,4K a,

are unknown coefficients while x, and ¥ are given. The

i



normal equations to be solved sinultaneously: 10 aONta, | x; +a2l x; 2+. . . +anZx;
"Y,. ax;+a, |l X +a2lx; ++anlxn+lx,Y ax;2+a,x,3+a2lx4 +...+ an | xn+2 Xx;
21; Max;n +a, x; n+1+a2l xn+2+. .. +an Exl 2n=$ x,"Y [0048] Putting these
equations in matrix form15 reveals a notable pattern in the coefficient
mat ri x: N Ex Jx2 1 x' L1 x" a ZY, Jx1 Jx12 x' 3 E x14 L | xIn+l1l al |

X, Y, | X2 JX,urachovmAcdef(ﬂlscll-er?ﬁ‘s"'za"wl%K_afl X2 Yndh M MM MM M My j iy n+1
n+2 n+3 2n n X ~Xx ~X Ix n+ EX ,2n Ex Y- 20 This matrix equation is called

the normal mat r¥sl¥gre e ahaera e Y rdas teHtaran r obl em In this equation
"1'2 an are unhﬂﬁ coef f&ﬁp whi l e x; and Y |v n Pe 18
unknown coeffic a0, a"a aﬁ“ﬂﬁrce'bele?ﬁlﬁgau FedshPyvitRg¥t he
above matrix eqﬁﬁf D f t-h i o know
what degree of polyno % e{ Q% }bnedn&s?eldest lecgt it eéi%hor%%lgt%%gs t he
degree of pbl yndrms a:la‘aas |PrB:rtdmsetde,grteree ofdew latriconisa 1ofi & Henqpaaded,r drhd he
curve is reduced until the ree .of p nQ uals N-1, At thls
point, there i sddear?‘aegee?&s gﬁ"ge BP0 ntgr(y trSReathsUtvec I‘tercﬁélctféigr

approxi mating thge RRIGRQMA do3 Jyidelieased, 1088 lQ”Qﬂﬁﬁ M€his
statistically significant détrggselln t he’ vgﬁlgnce %ﬁlch IS conputed
by: 7z 6z e point, there is an exact match. In terms of statistics,

the degree of approximating the polynomial is increased

10 as long as there is a statistically significant

decrease in the variance, o, which is computed by:

2

e.
Yy

15
[0050] The approach illustrated above was programmed

in two exemplary implementations using C++ and the
normal matrix was solved using two different methods,
namely the Gauss-Jordan approach and LU decomposition,
20 as will be appreciated by those skilled in the art.
Although both of these methods produced comparable
results, the LU decomposition method was found to be
more desirable for the least square polynomial
approximation program because LU decomposition provided
25 desired performance results.
- [0051] The above noted C++ program was implemented
so that it is able to calculate the coefficient of the
approximated curve fitting equation of varying degree.
Polynomials with degrees of 2, 3, 4 and 5 were used to
30 fit a curve against BER data wvalues, and it was found
that third degree polynomial produced the most
advantageous results. More particularly, degrees higher

‘than three did not show any significant improvement in



N-n-1 15 [0050] The approach illustrated above was programred in two
exenpl ary inplenentations using C++ and the normal matrix was sol ved using
two different methods, nanely the Gauss-Jdtdan approach and LU
deconposition, 20 as will be appreciated by those skilled in the art.

Al t hough both of these nmethods produced conparable results, the LU
deconposi ti on netholl Werd fOUTE ¢ oF e e desilranl dgdied Heol eaatialguar e

pol ynom al ap i ! QQgr. Qggﬁ;@ j .t i ded 25
desired perfor %a%%eﬁ%%% gglo?o%{Sgl] The gabd(;‘%/ie&ﬁtgt eg ?:iiﬂag%ag{gér%'was

i npl emented solQdER] it iThabiledry cald ulmgtlendre ooefrf el ehtttofnd heon-
appr oxi mat ed Cél’.\/e fitting equation of varyin Ige:aﬁree. P(ﬂqlsyn%g?als W th
degrees of 2, 3, "F%HnhdHE USEH @ o F° £ i VPRI st Hat a
val ues, andsit wasadoimibed.hatn Wi deg el Wi deprodyged the nost

advant ageous results. Mre particularly, degrees higher than three did not
show any si gni f&*Retineiredy fits iid 1Pt thnggn+ &b amals. Thekefore, a
third degree pqlynom : i cUr\v j.ns Jat a val ues.
[ 0052] The theg’% an |yrrptlvé%3r%lrjlctsgsg)|r%ér)l %Ljfﬁ%lf [ﬁ‘}nnég;{lr?gln?:qﬁrpneéarﬁg%ees using a
| east squares apprmo=cpodiomad 3 dehdies cid tred.Sdme mamynaasBse-tkattehaabt ai ned
from experinmental tests is not linear. As such, it is necessary to fit
sone ot her fund@dxdPa Ve e sixpateyitde polopmoicdl & ¢ yiE sy datca. oSone
common forns that pmy be used are exponential forns of a type y =ax or 10
y = aex . L0B0531=Mérmal equations for these forns can again be devel oped

by setting the ﬁEHgglal d%&h%gﬁj¥§§h§%¥ggstf%r these forms can again be
developed by setting the partial derivatives equal to
zero, but such nonlinear simultaneocus eguations are
much more difficult to solve than linear equations.

15 Because of this, these forms are usually linearized by
taking logarithms before determining the parameters,
for example, Iny=Ilna+blnx, or Iny=Iha+bx. Then, a new
variable is introduced, i.e., z=Ilny as a linear
function of lnx or x. In this case, instead of

20 minimizing the sum of squares of the deviations of Y
from the curve, deviations of InY are minimized. To
find which form of curve best fits the BER data,
MathCAD mathematical software was used. A BER curve was
plotted using MathCAD and different forms of the curve

25 were fitted against the BER data. It was found that an
exponential curve defined by y=c¢e” provided a desirable
fit for the BER data, although other functions may
provide desired results in different implementations.

[0054] Data linearization is used to fit a curve of
30 type y=ce™ to the data points given as
(3531, (x, ¥, ), (xy,yy) , where x is the independent

variable, y is the dependent variable, and N is the



zero, but such nonlinear sinultaneous equations are mnuch nore difficult to
solve than |inear equations. 15 Because of this, these forns are usually
linearized by taking |logarithms before deétlerm ning the parameters, for
exanpl e, I ny=lna+binx, or Iny=lna+bx. Then, a new variable is introduced,

i.e., z=lny as a linear_ function of Inx or x. In this case,

i nstead of 20

i ni m zi ng” t he BURYT quare P T e Ui GRS dihey datdma Nt
rve best fits the

TV e Wad?h P ot t ed

devi ati ons of 1@ aortei}m'.n'm'zed. To find which form of
o'

BER data, Math HoretS onf i T Ware Sids Heed A BER

gt

usi ng Mat hCAD ane i 4 f801ent; 4 of i Qduddle, GHImMUE 2OXVEL €5,

BER data. It was found that an exponential curve define

C

tyed) i nst the
by ﬁg@e

provi ded a desivahire pfdduder tHe HBRERwaira, ¥ aldhelgh) .OtTt(ﬁ_’(si f%tp.eet]ﬂmts may
0054] Data

li neari zati én i sed.ntendf iequwmtimvelroftheOrayipd yexxeX tand hié,dand points

vl (x2y2 XN, where x s the independent, variable, y
is the dependen(fE)Q/(R? fé%pel,(oﬁﬁ%a[\g\?q swjtecﬁb 20 lﬁﬁﬁ%esrq%aflp%(,rhylrb%i r%ffi Lty
linearize the dad@n B=l003rB t hbwele POt InstHes &8stakeily)iwell baYusbHCcHax.
Then a change of variable is introduced, nanely X=x and Y=In(y), which
produces the edirt irmy fexap+an (Joga s tTh gt atrroresinat jon i vesreatuat | pn i n
the variables X and Y, and it. can be approxinmated with a "l east square

line" of the {GTHN=RG B HoldE ertq FIHS Cabe, 1T ()" Febeed  for
RPN B LS TR R G A L P

provide desired results in different inplenmentations.

given as (xi,y

equat i ons, i'S notTced tha a

ghe | ast two
d c=ee are

used to  const rdiis iR caald icddantis whitch arieH han useth tesdd teo the curve y

= ce
the curve y=ce™.

[0055] This approach was again programmed in C++.

The normal matrix to be solved for this method was only

15 2x2, which was solved with a relatively high degree of

accuracy. Plotted curves for two different sets of data

using this approach are illustrated in FIGS. 14

and 15.

[0056] Both of the nonlinear exponential least

square and least square polynomial approaches described

20 above approximated the original data with a relatively

high degree of accuracy. Generally speaking,

the

margin of errxor of the curves generated using these

approaches will result in less than a 0.1 dB margin

of error in the sensitivity measurement.

In addition,

25 the results provided by these methods are also very

close to one another. Below are the results obtained by

performing exponential and least square polynomial

approximation on the two sets of data, namely data set

1 and data set 2. Here ‘S’ represents the standard

30 error and ‘R’ represents the Correlation Coefficient.

Results for data set 1:

3rd degree Polynomial Fit: y=a+tbx+tcx®+dx>...



[ 0055] This approach was again progranmed in C++. The normal matrix to be
solved for this nmethod was only 15 2x2, which was solved with a relatively
hi gh degree of accuracy. Plotted curves fafltwo different sets of data
using this approach are illustrated in FIGS. 14 and 15. [0056] Both of the
nonl i near exponential |east square and |east square pol ynom al approaches
descri bed 20 above approximated the original data with a relatively high
degree of accuracy. seftisntsgelidng, the margin of error of the curves
generated using these =apprbdches will result in I®ss that®a 0.1 dB nmargin
of error in the senst+vidyeTdEaGUrenent. In additins 250916 results

provi ded by5these net hodsO ar®/ 3 %0 very close to one another. Below are
the results obtainediby @erdaym ng exponential and | east square pol ynom al
approxi mation on the two sets of data, nanely data set 1 and data set 2.
Here S represents the standard 30 error and "R represents the

Correl ation Coeffi cmggg | tgs; for datsa set 1: 3rd degree Pol ynom al
Fit: y= a+bﬁ50x2+dx3 Coef fici en% Data: a = 1.075334 S = 1.720 b =
0. 653063 R = 99168(30 ﬁfF-D 9ﬁ§§%id 0. 048979 Exponential Fit: y=aebx
10 Coeffi ci ent Dat a:~& = ndar d CI{ErEr ? = 1. 69699(5) = 0. 533035
correl ation coeffici%nt (]R) 4991 S0
b = ‘07533035 correlation coefflc1ent (R) =
.99158
15
Results for data set 2:
3rd degree Polynomial Fit: y=a+bx+cx2+dx3...
20
Ceoefficient Data:
a = 1.192487 S = 1.101
b 0.565984 R = .99592
c = 0.164962
25 d 0.031628
Exponential Fit: y=ae™
30 Coefficient Data:
a = 1.1846416 S = 1.131
b = 0.5021062 R = .99588
35 [0057] For both sets of results, the polynomial fit

had a slightly higher correlation coefficient than the
exponential fit. However, the standard error for the
peolynomial fit in data set 2 was smaller than for the
exponential fit, but in data set 1 the standard error
40 for the exponential fit was smaller than the polynomial
fit.
[0058] Based on these results, the exponential fit
model was deemed to be more preferable because it did
not require inclusion of as-many‘terms as the cubic

45 function. This is because the exponential model y=ae®



Results for data set 2: 3rd degree Polynom al Fit: y=a+bx+cx2+dx3... 20
Coefficient Data: a = 1.192487 S = 1.101 b = 0.565984 R = .99592 ¢ =
0.164962 25 d = 0.031628 Exponential Fit:23=aebx 30 Coefficient Data: a =
1.1846416 S = 1.131 b = 0.5021062 R = .99588 35 [0057] For both sets of
results, the polynomal fit had a slightly higher correlation coefficient
than the exporRfRTEIeT ialnafneifes samfe &tAHREY & ror, f %headyst ynoni al

fit in data set ; siedd e dh t o) ial_ fi ut, i n data
set 1 the stand%lf%\/%?lr or 4é0&frr(l)érlt egée)%gpo&tr%gn%l a #f?ﬁkﬁspilr%qqnglgjt han t he
pol ynom al fi tnefldfib8larBhsied asd Hese a gurdis;al hientexporeeretiiadn fof  nodel
was deened to be nore preferable because it did. not require inclusion of
as many terns aﬁgut e % ubi %5 diict i On. COMRE i e THe* ‘e X} i al
nodel y=aeby 22 pstoddesptdmaied ey s Beracwddidis dplicabids the
third decimal place) as that of the polynomial nethod, and it also has a
physi cal interpretapmpofatel |ag he iless dppieciafed i ddroghes gl yatdni al
method 5 or ot hgl @.Peora%acches may be used in various applications as
appropriate, as w be appreciated by those skilled in the art. [0059]

General |y speakio@g9] f t lie=rdatad 1y dpealsiedy, | nif dihveldtd tian@palaessdiain
appear to be aeﬁfé¥g fé%ﬁgglé%es not appear to be approximated by a

10 straight line, then there are often equations which can
be used to fit the data very well. The first thing that
comes to mind when considering the type of curve to fit
to the data 1s a polynomial. This is because
polynomials can be applied without much forethought and

15 they are typically successful in matching the shape of
the graphed data. However, when a higher degree
polynomial is chosen to fit the data, it may be
difficult to determine a theoretical basis for the
coefficients in the polynomial equation. It is

20 preferable to have such a basis for why a particular
model is chosen, and that model should have some type
of physical interpretation of each of the parameters in
it.

[0060] Advantages of using linearizable equations

25 to fit data are notable. Typically, curves of this
type are somewhat easier to understand or predict
than polynomials. That is, proper choice of the
curve to fit the data can lead to insight concerning
underlying mechanisms which produce the data.

30 Secondly, manipulations of these curves such as
differentiation, integration, interpoclation and
extrapolation can be made more confidently than can
those with polynomials. Third, linearizable curves

often require fewer numbers of parameters. for



10 straight line, then there are often equations which can be used to fit
the data very well. The first thing that cones to m nd when consi dering
the type of curve to fit to the data is &%olynomal. This is because
pol ynom al s can be applied w thout nmuch forethought and 15 they are
typically successful in matching the shape of the graphed data. However,
when a hi gher d%ﬁ?@éatb@ﬂyﬁénﬁé&ui% dHegerde orelynenéadsta A9 ta may be

difficult to d i pe h Lcal S r.th efficients. in the
pol ynom al equg%%lgl.{l'l t@h% ggipg%gf gﬂraatgﬁa% ?%g}ﬂak\)/ée %r&ac%?agégsicsq} z?é why a
particul ar nodetlvedchosena andathate Inppdelglshdedebavé sommdaype  of

physi cal interpretation, of each of the paraneters.in _it. [0060 vant ages
of using |i n_eaﬁ}}%1 et}ébﬁa’r'?gngSZ%Ithtep r%el da? a5 8e n%?ﬁﬁlee.sery%)_ i%l ly,
curves of this 1iyper atgusomBnhalheasi &Jrddh ungdes st andnakshre@diid  than
pol ynom als. That is, proper choice of the curve to fit the data can |ead

to insight condeieRegty updetl ¥ Agnaddtatiists. whireh, pfoduBER e tdat a. 30

Secondl y, mani t] f S r S .diffe i.at.i.qn,
integration, i %ng\lpio %?ch%nh%gg Sggtéf}aﬁgz‘ﬁea#ﬁ(}lnaa%alrlgbieg né%glte%rleﬂ)gonfi dently
than can thoseladitelpbd ynonuatsnofhinedar ifeeasi zabheasulves riafien, require

f ewer nunbers of vparameters for 23 estination of, values than dog
pol ynomi al s. As &' ®TEst; _?P\‘é REPREE T S TRyt Hed shBf 1&&(?36%%%35?313
sol ved withpa relaid ved yndi 8 €REr 88 aQfe ALCWIRACYdatd We okl S$ILAUCES; t he

need to solve large sets of 5 |inear equations which often have an
undesirabl e proper thigier|degpadi pednivdmiathus, for BER data, Applicants

have deternlneqob%ﬁﬁ It ﬁ%VQ%%e%%%%%ated the BER vs. TCH power level

function for the initial channel based upon measured
BER values within the target range, this function may
15 then be used to advantageously perform a fast search
for the desired BER and corresponding TCH power level
value in each of the subsequent channels in a given
frequency band. First, an estimated or starting TCH
power level for the subsequent channel is chosen based
20 upon the BER vs. TCH power level function and the
desired BER, at Block 42. That is, an estimate of the
TCH power level that will correspond to the desired BER
in the subsequent channel is determined and used as a
starting pecint to hone in on the actual TCH power level
25 for the desired BER. For purposes of the present
discussion, a desired BER of 2.44% will be assumed,
although other desired BERs may be appropriate based
upon the given standard or carrier requirement that is
to be met, as will be appreciated by those skilled in
30 the art.
[0062] It should be noted that the estimated TCH
power level may be chosen based upon the path loss
function noted above. That is, one approach to

determining the estimated TCH power level for the



desirable to use nonlinear forns such as logarithnms, inversions, and
exponentials to find the linearizable 10 curve to match the shape of the
data before resorting to a higher degree bl ynom al. [0061] Having
generated the BER vs. TCH power |evel function for the initial channel
based upon neasured BER values within the target range, this function may
15 then be usedS#ese@iei ageviety bertormea thatTeHTrer fevehefeesired |

BER and correspgl;@nﬂgf{rg‘i POYRL éfvte[ll V@Afkeeé BREN OF ¢ dktug'e é%@f%l b

channels in a give requency "band. rst estlnate or s

power |evel for(ihe. ,SLﬂ)séeﬂsﬁj)eancd:ha:rfnﬁsaét iiﬂqﬁ\a&e]mdaa&edtﬁ@ dmbfe:térec&BER VS.
TCH power | evel, function and the _ desi BER, at ock 42 Th an
estimte of thedPSTEFhovis 1eiketat r%ﬁ‘évﬂ Sec%%%"spg}ﬁn‘l%lt%“a ?%d BER
in the subsequepiledamieltis getiermaedrane Used( @8 At sdpridgupaint to
hone in on the actual TCH power level 25 for the desired BER For_ purposes

of the present V@l“ﬁ,\%slsﬁ oh, Pt eky g BER 610 2L 4%t Usedler o33 be

al t hough other j . appr £ s u ven
standard or carrl er reqw rer%ﬁ%lhé)%a |sﬂloéd aJbe et , eaq:t \E\%)??é}ge appr eci ated
by those skill eppdés] 30 tdearthe |06 atddd sﬂmulmbvbeer nbe\eeilthat t he
esti mat ed TCH ovver | evel nmay be chgsen based L;J)an t he path Ioss function

not ed above. tqrminge Hadhe thfR it it IR TR TEH power
level for the %amq}éﬁéﬁd cﬂ}@émnlsaﬂ B s te. TOH povwared Avedg for  the

initial channel that corresponds to t'he desired BER (i.e., 2.449% and
of fset this valRER bys triee dnftffeirrerrdee uﬁmq@erﬁﬂmerarmeti & - and substeyuent

channel path | 03s_so%5) ’ve}:lhueens 9 eslcors;L J4 nccota{rosne (&egcsteuaagchneasl}n ed

be used to determine a TCH power level that is within
the range. If the measured BER is within the target

15 range, it is compared with the desired BER value, and
the difference (i.e., delta) therebetween is used along
with the BER vs. TCH power level function to determine
a next estimated TCH power level, at Block 44. From the
above discussion of the TCH power level function, it

20 will be appreciated by those skilled in the art that

the next estimated TCH power level may be estimated

according to the relationship ABER=Eme”ATCH%wd, since
the ABER and the coefficient b are known.
[0064] If the measured BER is not within a threshold
25 range of the desired BER (e.g., + 0.15%), at Block 45,
the steps described abeove with reference to Blocks 43
and 44 are repeated until a TCH power level
corresponding to the desired BER (i.e., within the
threshold range) is found, at Block 46, thus concluding
30 the method illustrated in FIG. 3. Yet, if still further
accuracy 1is desired, a linear approximation may be
used, at Block 46’. More particularly, within a
.relatively small 0.3% BER range (i.e., the £ 0.15% BER
threshold range), the shape of the BER vs. TCH power



values if a path loss function is not used), as will be appreciated by
those skilled in the art (Block 42'). [0063] Once the estinmated TCH power
l evel is determined, then the BER of the Zubsequent channel is 10 neasured
based thereon, at Block 43. If the measured BER is not within the target
BER range (e.g., 1.0 to 3.0%, then the above-described coarse step search

“may - be used -t ol W& erdi e AV EH RpvarpyexAdia et 1 0sR hiTherdeeFange. 1f

the nmeasured BER{s W idip fhe 4 A5061: J 2L R00e, 'éditsoﬁg%a@@{&éi Wiy the
desired BER value, and the di fferencleE;L(i y: duegl'ta) t her ebet ween iﬂs used
along wth the\BERass. ad@powerad eviell fhmctpmorediostdsd éryritfeosa next
estimated TCH p vel , .at Block 44. Fromthe above discussion of the

r- | ,
TCH power | evelsq?vj\ﬁr#ﬁcfo]rf} RS AN 11 be appreci ated by those skilled in the

art that the neode®sti matech i Rawedo IeMe . mayake Bstd nmeded swascaiding to
the rel ationshi p ABER=bce&ATCHlevel since  the 4BER and the coefficient b
are known. [006M" 1304 Heethed (rwd BERIRIHGY RE Herwl ¥4t esblabeds range

of the desired BER (€ -Gty L300 cf’ésc%i%ﬂ!sﬂhde t%?t%ﬁ?%j bed above

with reference to Bﬁocks 43 and 44 are repeated unti power | evel
correspondi ng timdihelaesire RBERYIce.31 W tehiq t he badw estteiibr ange) i s

found, at Bl ock 46, thus concludin t he thod.illustrated in FIG 3.
Vet 11 st 11 IR Mool STt ST IGREEH SPbr AR THRR b oty be
used, at Block e wiM¥IEPArHdrdHad Wewiddiredeivat afdvelns spmall 1k 3% BER

range (i.e., the 0.15%BER threshold range), the shape of the BER vs. TCH
power 25 | evelar@desdatidd e tEmeodkidtlaldy 4 ddw .armherast g, this |inear

Lt od” by e (AR L dnnd ! o P Aot Ad D@

(EM) wave shield environment, such as the illustrated
EM anechbic chamber 37’ (which may be a full or semi-

15 anechoic chamber), a shield room or an RF enclosure. An
antenna 35’ connected to the RF source 317 is
positioned within the anechoic chamber 37’ and
connected to the RF source 31’ by a coaxiai cable to
simulate a base station. An antenna 36’ for the

20 wireless handheld device is also positioned within the
anechoic chamber 37/ and connected to the‘handheld
receiver 32’. It should be noted that in typical tests
the handheld receiver 32’ and antenna 36’ will be
carried by a device housing, but these components may

25 be tested without the device housing if desired.
[0066] Generally speaking, the radiated receiver
sensitivity search is the same as that described above
for a conducted receiver sensitivity search with the
exception of the path loss determination process. More

30 specifically, the relationship between path loss values
for a plurality of wireless channels in a frequency
band will typically not be a linear function, as is the
case for the RF cable 33. This is because path loss can

be affected by factors such as antenna gain, antenna



skilled in the art. 5 [0065] Turning nowto FIGS. 2 and 5, a test system
30" and nethod for determ ning RF receiver radiated sensitivity are now
descri bed. The test system 30" includes th® RF source 31' (e.g., a base
station enulator), an RF controlled encl osed environnment, and 10 the

wi rel ess handhel d device receiver 32'. As will be appreciated by those
skilled in the @¥sCRhVRFY efttles | Bepenceberd environnent - i Bymhcally

el ectromagnetic i Vi h il d EM
anechoi c cha%e?hé%2%¥%%§%§€eﬁ% %ffé%&%efn&lglgfg%ée% %# cw%%l%%, a
shield roomor a@mairekncl osure. An antenna 35' connected to the RF source

31" is ositio ithin the anechoi c chanber 37" and connected to the RF
sour ce 3?' by ap(g‘ggﬁ al %‘fﬁ% TV 7 rﬁﬁ%ef%sﬁag%n%?h??dﬂayﬁﬁtja}ﬁ efha 36'

for the 20 wirehessrhansdhef s devd cerdguahsp Wosithoned whhis-the anechoic
chanber 37' and connected to the handheld " receiver 32'. It should be noted

that in typi cal2prRE?aChehet haihesd deseeived IpoventonndemeenBsing the be
carried by a deyj ous ent y 2 e tested wthout
L housing vT bt et ST RTRPLAY Py X Pt it ag

t he devi ce housing I nerally speaki ng, e
recei ver sensidppidyiseaiahn, istd he, sameBhsclk M8’ desry i bed @boyeampbs, a
conduct ed recei vereéjgnsi tivity search with the exception of the path | oss

det er mi nati on pridtess MR #idheld?s 2R5FD (FRSFeHRT HRATD Brtheen pat h

loss val uesqg forefedidid@lid Yrd, W3 hEFHENANE Sudd & T4 equency opand will
typically not be a linear function, as is the case for the RF cable 33.

This i s becauselpat¢hadsst £ atitivien dfffedtatd bysicictas seeech B¥thant enna gai n,
antenna 26 m'é%éﬂﬁgf>,fH%LtJE%£g§Eﬁ”§Evgﬁtggggééignglcgyg$gally

accurate path loss function to be determined for the
entire band to provide path loss estimates for every

15 channel, yet without taking the time to individually
measure the path loss of each channel. The path loss
function is then used in determining the estimated TCH
power level for the subsequent channel, at Block 42’7,
as described further above.

20 [0068] The path loss determination process will now
be described in further detail with reference to FIG.
6. Beginning at Block 60, RF path losses are measured
for at least some of the RF channels within the RF
frequency band, at Block 61. Using the above-noted

25 example, path loss is measured every M channels. By way
of example, M may be 10, although other intervals may
also be used. An RF path loss function is determined
based upon the measured RF path losses of the at least
some REF channels, at Block 62, and an RF path loss for

30 at least one other channel within the given RF
frequency band is determined based upon the RF path .
loss function, at Block 63, thus concluding the

illustrated method (Block 64).



the path loss will be different for different wireless channels. [0067]
Even so, a path loss function nmay still be 5 determ ned for the frequency
band using sinilar approaches to those destri bed above for deternning the
BER vs. TCH power |evel function (e.g., a |east squares approxinmation,
etc.), at Bl ock 48" . By way of exanple, the five-step path | oss search
descri bed abovel QR&H 10 rTéT%rCéﬁtléiet & TFING ger padd helaraniast s 1%i”ﬁ?a subset

of the channelss; yidhin, t SUeh. asavery, 10U n el codf

approach advant ageou thlﬂyl/ Jfows a accurate path 685 functi on to

determ ned for drhley mwaduine bamzlgcarp:rsnvcicdéaqoaﬁéaé.msad,es:tegﬂcﬁ&ésarojévery 15
channel , yet vmthout aki n t etlrret i ndi vi re the path | oss
of each channelt! atth 9 |%rt¢1%efg‘{f§éfd’ :i%rﬂjgfjéjﬁﬁm t he
estimated TEH tp@/\efoda\&eieafﬁrt h&%&bﬁeﬂmﬁmtu@ om AtnBlcde 421dhe as
described further above. 20 [0068] The path |oss determ nation process wll

now be descri B&dSh Flurx dmodet é;mrwa tH trteifrey é?ﬁé@ttl@fFISGOll@ Begi nni ng at

o e The e P T R O LS R e e

exanpl e, path |[lessti sqweasuy ectével,y d\srﬂ citarare lron-Byi neat ﬁ)fttaxegrpl e, M my

be 10, although other inter aIs ma al so be used An RF path | oss function
is determ ned ”l?&é’é) Updit#h @ RSl SR RE BP0 458 "B HHRESt | east  sone

RF channel 8o ati Bl-aGk B2 wrahd an A jRathlass,d Ao 3R @lrdsasis aig ot her
channel within the given RF frequency band is determ ned based upon the RF

path |oss fun@du@kion- Binodkved s itomus scomslnsdigigalye complest raatced et hod

(Bl ock 64). 27error prone as 1ts dimensions increase. The least

squares method requires a matrices inversion. Due to
the nature of radio systems over large frequency spans,
15 higher order path loss responses can exist.
[0070] Path loss curve fitting may also be performed
using a plurality of splines. That is, many partial
equations replace one complete equation. Sets of
consecutive points (e.g., four consecutive points) are
20 grouped on a rotating basis. For example, the first
four points are used for generating the first spline
series, the 2Z2nd to 5th points for the second spline
series, and so on. All but the first and last spline
series use only intermediate points (e.g., the equation
25 from points 2 to 3) as valid fitting equations. Using
intermediate points for the equations leaves the first
and last two points without respective equations.
Different spline methods vary first and last spline
construction. One method, an extrapolated cubic spline,
30 uses the first two splines of the first series (e.g.,
points 1 to 2), the last two splines of the last series
(e.g. points 3 to 4). Other suitable spline fit methods
may also be used, as will be appreciated by those

skilled in the art.



[ 0069] The choice of Mgenerally depends on the linearity of the system
That is, a linear systemwould only require two points to be neasured,
regardl ess of the number of the channels &% frequency bandwi dth. As 5 the
non-linearity or order of the systemincreases, the order of a single

curve fitting equation should correspondingly increase to obtain a proper
fitting. A |eakf0&har et HolY d© ot Her ﬁ%n-q"?che%%n?i‘f%‘i’%gcmﬁé@%ods, may

be used. Many npthodse s dRtFd GoScA0d NVEF SO ML E; slze 1 Lebative to
the order of the equation. An i'nversion is increasingly conplex and error

prone as its dibepsionve ncy easlie {ieEsing stfuar esimetwde r eBpdlres a
matrices inversjon. Due to the nature of radio st ens, over. | arge
frequency spansi,lrl% H g Brde p%‘?%?%s‘%l%srbo eesS@JrP%xfjs Flr?%p70] Pat h
| oss curve BittTg seyiad sirdeoPRISOIIR-0 USIdR peplsprlnd Ysof i splides.

That is, many partial equations replace one conplete equation. Sets of

consecutive poi Y (1. 0VFOAPRIGHE et IR FTIRS) Wi @ot gl el it a
rotating basis. e SRS, first i e erating
the first spli ntefé)scerl es, t?hveé 2 dlitrg)esSSt%g%)gi r@%%foﬁﬁlé;%bg%%@%p%e
series, and so trkerAlfirdmuteddry fiGtst @mnichi asthesplpper Seyules Uuse only

i nter nedi at e poi nt e.g., the equation 25 frompqjnts 2 to 3) as valid
fitting equati O%OSI}SSEL% %%d iﬁe@%i%@eﬂr‘boﬁ%?eﬁdr Q]ik}?esle‘?ﬂ%ﬁ i@%uqeeaves t he
first andibastsHoms RAINtHpE Gt despaat iom eauat onsg adif ferent spline

met hods vary first and last spline construction. One nethod, an
extrapol at ed cuBidHp15a¢e, 230 nedsi R fakhaste + vid s plg srectofve helhs r st

o ool o FEVHS okl Rl I [P0 o s S dastagles
as Wl |l be appreecl atcddt daly ltimese show the intermediate line
transposition of the upper figure to the lower.

15 [0072] As noted above, path loss curve fitting
reduces the measurement time of non-measured channels.
Time 1is improved in systems with consecutive channel
path loss difference exceeding the interpolation error.
Linear interpolation will advantageously result in

20 typical accuracy of under 0.1 dB. The path loss method
described above with reference to FIG. 6 may be used
for radiated and conducted path loss measurements, as
will be appreciated by those skilled in the art.

[0073] Another factor that may need to be accounted

25 for in certain path loss/receiver sensitivity test
measurements is the hysteresis of the particular
handheld device under test. More particularly, receiver
path loss is measured by comparing base station
emulator TCH level output against the signal received

30 by the handheld device and relayed to the emulator as
RSSI. Consecutive 0.1 dB adjustments of the emulator’s
amplification will detect a region at which the change
in amplification yields a change in RSSI. At this

“Yedge” point the radio could oscillate between two RSSI



skilled in the art. 28 [0071] Referring to FIG 16, two sine wave curves
produced fromrespective series of splines are shown. Each curve is a
spline fitting of a sine wave. Each line34% one spline series within the
spline fitting. 5 The series are offset by -0.5 dB per spline series to
show the overl apping spline series. Wthout the offset, the_consecutive
spline series WO Bata ekt 1¢adan f¢haneverThiot ¢RI pRINThe

upper figure i s, gansteyeted %ygfé#eenp%ﬂoﬁplé@?%in%%epé o igure 10

shows the upper spline with o used data osed, as nentioned
above. The respdutnyiensimegnauriveseragic of fBet dxedp B fAs harRII pur poses.

Bold and dotted |ines show the internediate |Jine transposjtion of the
upper figure to The TOwers-t Jgat[%o%e%‘}%fee]dé a(%% - p(g?Lhiqs ors%sf?:‘ff_?‘is/e _
fitting reducesy tdiearpasyr erenirdn 4 ofe NPoweasik ed shamets. Tine is
inproved in systens with consecutive channel path |oss difference

exceedi ng t he i@t R 6 Pa . al_ﬁﬁﬁ?atriﬂ%t@?%&%ﬁfﬁ}éﬁnl%EPQwe? .
d t ageousl in 2 i gal r . dB. The pat 0SS
et nod desor | BEG SOVE i Ch 1ol redbat o G Ty be

met hod described above wt e used for radiated
and conduct ed parviaassimess vingnismieant apftwdte bel tdpipr exa it edbiyl 4 hose

skilled in the art 007 Anot her factor that may need to be accqunted 25
for in certai nkﬁﬁqpq[légscﬁve]c%e?\}ﬁ LT W] PIEstE° RS Eme s 55511 he

hysteresisiof th@paiticul ar handhel d device under test. Mre
particularly, receiver path loss is neasured by conparing base station
ermul at or TCH | ¥ 74ut puttairainsstt idvd agilghalt e di el by 2 Yrandhel d

devi ce and rel te%gteh%o%rﬂg a:f[sordi%de%s%n'tococr\'foecé‘!{[f.fle%e%tl xpa%uaédsj; .USt ment s

of the enmulator’s
These two points straddle the actual edge point by an

amount typically less than 0.5 dB, which is set within
15 the handheld. As the received TCH level changes, the
RSSI edge point will be reported prematurely, as shown
in FIG. 17. This dual-edge system, known as hysteresis,
decreases the likelihood of any oscillations within the
RSSI and TX power control. As the device RSSI
20 decreases, the reported RSSI to the base station
emulator will change in such a way as to remove any
oscillations if the device RSSI increases by only a
small amount,
[0075] While the hysteresis prevents oscillations,
25 it also creates an offset from the true RSSI edge. For
a known device with known hysteresis, the wvalue can be
applied as an offset to each channel. For an unknown
device, the hysteresis may need to be determined using
a stepping algorithm, and then factored in to each path
30 loss channel. The hysteresis is removed to obtain the
true edge point. The hysteresis typically applies to
all channels the same within a given band.
[0076] One exemplary method for determining path

loss including a hysteresis search is now described



anplification will detect a region at which the change in anplification
yields a change in RSSI. At this "edge" point the radio could oscillate
bet ween two RSSI 29 readings with no anpl3@ication change. This edge point
may be caused by systemerror, changing position or changing signal
intensity, for exanple. As the RSSI readings oscillate, the handheld
device coul d re%podreteyererng? nglGt s7t rahswienkd %V\I@fpt@(ﬁ ahat nihbse

osci I1atory patigtpoaahifey g e handhel drpever, a0mageneit 1 b, syeh,

many handhel d ces manufacturers | enen n each nobile
handhel d devi cerddizhanigeatinel esge a@ mx:l:bu:msb dpprédistedGopropbesm [0074]

Mor e partlcularl h ematlc | e, RSSI edge p is divided into
two different v% ;L d %’1 @% t%t‘p %%W%d%fr eBJc‘ﬁ‘ék _gé'uaal'i Rifye Pbint by
an anount bypigpttyréess ddads 0id ABhe M Sda i Sb St ét\ng%méhléséfevmﬁ'@'held-
As the received TCH | evel changes, the RSSI edge point will be reported

prematurely, asta¥oswmtiom & Ghel RF e ce vt -lef gevesisinem Rk reewe as

hyst eresi s, S oscillations within the .RSSI
and TX power cottars welfibl (R AN d S0 e T r e o
the base stati aiecerasat@rdimddtichengent rBhach 70 way Bsldoisedtove aany
oscillations if _the device RSSI increases by only a small anmount. [0075]

Wi | e the hyst TR SR B Hariomt fveky |§l%ﬁ MR BECBRDS f set
fromthe tige RRJleedgelud®rand HOWL dovi-fe a&gfgér@égrhmﬂﬂ FSi$r t he

val ue can be applied as an offset to each channel an unknown devi ce,
t he hysteresis waugreatsing beadtvata mesl st rans it stre ppdges alagorBldrk  and

then faCtorediibﬁ(ﬁé¥gﬂbé¥gfkularly, since the RSSI transition point

for the receiver 32 or 32’ is located half-way between
the hysteresis transition edges, the location of the

15 actual RSSI transition relative to the TCH power level
may be determined once the TCH power levels
corresponding to the hysteresis transition edges are
known. RF path loss for a given channel may then be
determined based upon a given RSSI at a given RF power

20 wvalue and the determined relationship between the
relatively fine granularity RF power values and the
relative coarse granularity RSSI values, at Block 73,
thus concluding the illustrated method (Block 74).
[0077] The scan finds the edge point as the TCH

25 level is increased and decreased. By way of example,
the coarse granularity RSSI values may be in 1.0 dB
increments (i.e., the reported accuracy of the handheld
receiver), while the relatively fine granularity
increments may be 0.1 dB (i.e., the accuracy of the

30 internal receiver amplifier(s}}. To find the first
edge, the internal amplification of the receiver may be
increased in +0.1 dB increments until the edge is
found. Then, a +1.0 dB step may be taken, followed by a

series of -0.1 dB steps until the second edge is found.



30 loss channel. The hysteresis is renoved to obtain the true edge point.
The hysteresis typically applies to all channels the sane within a given
band. [0076] One exenplary nethod for detetimning path |oss including a

hysteresis search is now described 30 with reference to FIG 7. It should
be noted that this approach may be used either for_ conducted path |oss or

radi at ed pat h 10%%, 24834 155%e WidtedidtledPdy a9d tadiTway it bHeart .

Begi nni ng at Blogk ¢, aupalr of shdwisl efesiscadaand sfetermdned,about a
given RSSI value transition at the RF receliver by sweeping RF power
val ues transni tfiets T meashreREsoure ddarincraadihg mwll dacrasmst ingher

directions, at Block 71. Arelationship.s_  determ ned between the .
relatively fi neeA eancua}narbfet ygwcad%prosvh\ce'r ﬂvhaa}tuelss’antg{% l-rs(egcl Qﬁ{ FioHrse
granul ari t y5RSSldgey addifiss usd mpuriie Wivgt eresi 18 ransid,i avladgesd @i Bl-ock
72. More particularly, since the RSSI transition point for the receiver 32

or 32" is |ocatled KH 2888y Bt il dthe gt diesiing tdisitgsihdkdges, the
l'ocation of the,l3 actual elg@%l tarsaw]itﬂ relatd v 1y the Hddpover |evel

may be deternmined once the TCH power levels ‘correspondi‘ng to the
hyst eresi s transiitlilgdl edgesicarmet known. RF path | oss for a given channel

may then be d j,ned ) upon _a qgiven RSSI at a given, RF power 20
val ue and the iq%re'{rgr?l ned ruéﬁ%ijﬁ oSt Gy et S HESY é‘%ﬁ]%liffeﬁr}%ﬂ
granul ari t YORF qeaseribedl wasnane fddiendeelat ivves .cear segranWaridy :Sr

val ues, at Block 73, thus concluding the illustrated method (Bl ock 74).
[0077] The scar¥i AdsnsHd tedde psivift ¥ ltuee PEH 2 F91laddlvaly ifddreased and

oD oo A AR Bpa UG SOAE Iy By be 0
RSSI values at a relatively coarse granularity and have
an unknown hysteresis about each transition between

15 adjacent RSSI values, as noted above. A signal is
transmitted from the RF source 31 or 31’ at an initial
RF power level, and a corresponding initial RSSI wvalue
of the RF receiver 32 or 32’ is measured, at Block 80'.
An initial internal amplification of the RF source 31

20 or 31’ is set based upon a difference between the
initial RF power level and the corresponding initial
RSS8I value, at Block 757, to thereby calibrate the RF
receiver 32 or 32’ with the RF source.
[0079] In addition, the method may also include

25 repeating the three determining steps for at least one
other given RF channel in the given RF frequency band
to determine a plurality of RF path losses, at Blocks
76’ and 77', and determining an RF path loss function
based upon the plurality of RF path losses at Block

30 78’, using a least squares algorithm, a plurality of
splines, etc., as discussed fufther above. An RF path
loss for at least one other channel within the given RF
frequency band may then be determined based upon the RF

path loss function, at Block 79’.



receiver), while the relatively fine granularity increments may be 0.1 dB
(i.e., the accuracy of the 30 internal receiver anplifier(s)). To find the
first edge, the internal anplification of32he receiver may be increased

in +0.1 dB increnents until the edge is found. Then, a +1.0 dB step may be

taken, followed by a series of -0.1 dB steps until the second edge is
found. 31 The ERIRAN Rsdfamaiirdificabonyctdd ey -smyebEtsreh °% he two

edges. It should,be; nat.ad §.hat; the. diLecti it pt =Yeh beari ng
on the results, as either e gle can&t‘)eetfcou% anlr st .Oﬁ%?giglgl{%dﬁﬁ st
hysteresi s 5 edges cout chdseirfuride widre £10t lofB st epsscHioldowededyntaed 1.0 dB
step and +0.1 dB steeos to find the second hysteresis edge, as wll be

appreci at ed by Thodd SKIIEdS FFHe H 1% TGP s of the

t est met hodsar el W rifls deseid heh v t hit ef eneneae-41dd Ghé: dhe RF source 31
or 31' transmts RF power values at a relatively fine granularity, and
the RF recei veriIBEHrl @B 1y diede REGited Jexs tHie sspetafivel y coarse
granularity an Vi QW t i t,.each tr ition between
15 adj acent RS nﬁ%)a tﬂneeg{}%srﬁﬁnote a o%ﬁéAﬁaﬁg%dlﬁﬁéﬁﬁ%ﬁ%d fromthe
RF source 31 oren@bdiaterdrs iand iialterRledawerbd evredludidd vai ol egpondi ng
initial RSSI value of_the RF receiyer. 32 or 32' is neasured, at Bl ock 80'.
An initial inte&l9H® &pliHS c,aé’tﬁedﬁf%il G4 source 31 20 or 31' is set
based upon a difference between the initial RF power |evel and the
corresponding initial RSSI value, at Block 75, to thereby calibrate the
RF receiver 32 or 32" with the RF source. [0079] In addition, the nethod
may al so include 25 repeating the three determ ning steps for at |east one



ot her given RF channel in the given RF frequency band to determne a
plurality of RF path | osses, at Blocks 76' and 77', and determ ning an RF
path | oss function based upon the plurali33 of RF path |osses at Block 30
78", using a least squares algorithm a plurality of splines, etc., as

di scussed further above. An RF path |oss for_at |east one other channel
within the given RF frequencyTHBRdWHAGEt FEnCHRIMEPeLfined based upon the
RF path |oss function, at Block 79'. 32 [0080] Many nodifications and

ot her enbodi nents of the invention will cone to the mnd of one skilled in
the art having the benefil. of & heedteastimgd firesdtechining headiortegbi ng

descriptions and the associ at ed drawi ngs. Therefore, it is. understood
Chat the T nvertt P L SIo DTN e N5 (TSR 16 SRR M
di scl osed, and (gwt arodidfat iansmand (eodidRt S1aF&l | 48 epdeads tede

included within the scope of the ap&ended clains. 33 THAT VHICH IS
CLAIMED IS 1. & eStrQetiie f RERetfhianimgiiradi &t edff e ¥s equency (RF)

ovel ‘ol a dosi Tod Mot Pht o FHERL o T il PR i 22"

ext endi ng over stunaastoumlesd rteguen@F baswkinsimgram RE ralgceRECoupl ed to

an RF receiver by a wireless - CO nications |link, the test nethod
conprising: 10 Cd%‘l‘%‘?ﬁqcﬁéjrés ggf@]?/e%s SRS ﬂlﬁ/@?oc{]e?%ﬁlpmﬁfﬁ’(ﬁ’i on for an

initial chapnel; determ méﬁmﬁsﬁg natetk Teh Reverfcd 8Ygled afeva subsequent
channel based upon the BER versus TCH power |evel function and the desired
BER: unction for an initial channel;
determining an estimated TCH power level for
a subsequent channel based upon the BER versus TCH
power level function and the desired BER;
15 measuring a BER of the subsequent channel
based upon the estimated TCH power level;
comparing the measured BER to the desired BER
and using a difference therebetween along with the BER
versus TCH power level function to determine a next
20 estimated TCH power level; and
repeating measuring and comparing if the
difference is greater than a threshold to thereby
determine a TCH power level in the subsequent channel
corresponding to the desired BER.
25
2. The test method of Claim 1 further
comprising determining a path loss associated with the
subseqguent channel; and wherein comparing comprises
comparing the measured BER to the desired BER using the
30 difference therebetween along with the BER versus TCH
power level function and the determined path loss to

determine the next estimated TCH power level.



15 neasuring a BER of the subsequent channel based upon the estimted TCH
power |evel; conparing the measured BER to the desired BER and using a

di fference therebetween along with the BER4 versus TCH power |evel function
to determ ne a next 20 estimated TCH power | evel; and repeating neasuring
and conparing if the difference is greater than a threshold to thereby

deternine a TCH power |evel iniheetbdeuedd ehankelm £dfhespbhdi ng to the
desired BER 2%k edfenigstinetdiod of o3 absdr{aud r@teﬁ%ﬁ@é‘%ath

determning a path loss associated with the  subsequent channel; "and
wher ei n conpar ifgsTohpréisesn lpoggrariog: tale heastursonBER ttthe helwesiited BER

using the 30 digg ?f%nrgﬁ%f heraenbftd/a\g@teenlinﬂilr?%g%v%%g E%]‘%LT ; R%S\ée?rliteltsjh%%% power

| evel function @an et'ermi ned pa

estimated TEH pavesedevel .cidhndl vihed estomethwdhofh A @dan Zavder e n
determning the path | oss conprises determning a path |oss function based
upon at | east sone of the plurality of channels, and determ ning the path

| oss of the 5 subsequent @_han@eb%egm&%%@iﬁ#%%}i%ﬂ on. 4. The
0ss

test nmethod of Claim3 wherein determning the pat uncti on
conpri ses det etgtignmigiithe Pa hpdtdssldamciumont basetbmpoises | east 10

| gorit 5.. The test nmethod of im 3 in_determining th
oA h Lose funcilbie BN 8 dELdt mi g 1RE Pt 1A 56 YL IEART ng &

plurality ob kansptddes.gdritHe test nethod of Caim2 wherein

3. The test method of Claim 3 wherein
determining the path loss function comprises
determining the path loss function using a plurality of

15 splines.

6. The test method of Claim 2 wherein
determining the path loss associated with the
subsequent channel comprises measuring the path loss

20 associated with the subsequent channel.

7. The test method of Claim 1 wherein
determining the BER versus TCH power level function for
the initial channel comprises:

25 measuring respective TCH power levels for a
plurality of BERs within a target BER range; and
determining the BER versus TCH power level
function based upon the measured BERs in the target BER
range.
30
8. The test method of Claim 7 wherein the

target BER range is from about one to three percent.



determ ning the path | oss associated with the subsequent channel conprises
measuring the path loss 20 associated with the subsequent channel. 7. The
test method of Cdaim1l wherein determnint the BER versus TCH power | evel
function for the initial channel conprises: 25 neasuring respective TCH
power levels for a plurality of BERs within a target BER range; and
deternmining the BER versus TCHIpoviesst émhcfdjr@ﬁlﬁrﬁms]edﬂlmﬁwlt he nmeasur ed

BERs in the targst of,_ Cl rein the
target BER range |sll%fror# B qlg oneﬁ[ %Eﬁ éeggﬂer ceg‘?do%isto ﬁé%gm%egt met hod
of daim1l furtiter TUrawd g aisiIngira ﬂhmearbsaamrezm matdrareX o det erm ne

the TCH power |evel in tcg subse uen chanpel__ carres ond| hg to the desired

BER when t he di$9%erEiRE S etk HeRURRR By YEF BER i s
less than er eualed:p e IﬂéHseﬁhéH GeR Gnd hend Qﬁésf@&%@lg Aldal

wherein the BER versus TCH power |evel function conprises an 10
exponenti al furdtdorer EQuathda ddte mdttmothafd-Cl ai m 1 wherein determ ni ng
t he BER versus TCH power |evel function conprises determ ning the BER
versus TCH power |evel 15 function based upon a | east squares algorithm
12. The test nethod of Clal.n I'hshereaith mamaslrd NG ICOnPri ses reiaswhdag t he
BER of the subsequent channel in an anechoic RF chanber. 20 13. The test
met hod of d ai AR Wsdr®i5h 1k power level function comprises an

10 exponential function.

11. The test method of Claim 1 wherein
determining the BER versus TCH power level function
comprises determining the BER versus TCH power level

15 function based upon a least sguares algorithm.

12. The test method of Claim 1 wherein
measuring comprises measuring the BER of the subsequent

channel in an anechoic RF chamber.

20
13. The test method of Claim 1 wherein the
RF receiver comprises a Global System for Mobile
Communications (GSM) receiver.
25 14. The test method of Claim 1 wherein the

RF receiver comprises a General Packet Radio Service

(GPR3) receiver.

15. The test method of Claim 1 wherein the
30 RF receiver comprises an Enhanced Data Rates for Global
System for Mobile Communications {(GSM) Evolution (EDGE)

receiver.



RF recei ver conprises a 3obal Systemfor Mbile Comunications (GSM

receiver.
conpri ses
nmet hod of
Rat es for
receiver.
conpri ses

radiated 5 radi o frequen

25 14. The test nethod of Cdaim1l wherein the

RF receiver

a Ceneral Packet Radi o Service I&PRS) receiver. 15. The test

Claim1 wherein the 30 RF receiver conprises

an Enhanced Dat a

A obal System for Mbile Comunications (GSM Evol ution (EDGE)
36 16. The testémetHwl t¥stTmehad wikr@iain he Weseln céhe

recelrver sensitlvi

2 basgr SLAUOD ELAAL, dhad [E8l, Systam gl

o]gleterm'ning
i hed based upon a

traffic channel (TCH) power level at a desired bit error rate (BER) for a
plurality of channels extending}over at | east one frequency band, the

system conprising: 10 aﬁth Sio) _ _
communi cati gns }tddio Udkky S@gi) RRsowee dahsal &K,
test controller coupled to said

L SHTFHE T dstsImin

W9 efadsa e
&SR Y&l 1A a

receiver 15 for det'ermning a BER

ver sus TCH powetpdreveel tra it i drarfrorl alifGHi thate hlawel | atdet edes el an
esti mated TCH power_ | evel _.for ubsequent, channel based u the BER 20
P s e of IR R & T B et 2 mem of

versus TCH power evel % uncti o

e esire

t he subsequent extwardielg hased apdreddie @sd | fRREAGH ROYWE! theVe)stenm

comprising:
10 an RF source;
an RF receiver;
a wireless RF communications 1i

said RF source to said RF receiver; and

nk coupling

a test controller coupled to said RF receiver

15 for

determining a BER versus TCH power level

function for an initial channel,

determining an estimated TCH power level

for a subsequent channel based

upon the BER

20 versus TCH power level function and the

desired BER,

measuring a BER of the subsequent

channel based upon the estimated TCH power

level,

25 comparing the measured BER to the

desired BER and using a difference

therebetween along with the BER versus TCH

power level function to determine a next

estimated TCH power level, and

30 : repeating measuring and comparing if the

difference is greater than a threshold to

thereby determine a TCH power level in the

subsequent channel corresponding to the

desired BER.



25 conparing the neasured BER to the desired BER and using a difference

t herebetween along with the BER versus TCH power |evel function to
determine a next estimted TCH power |evell and 30 repeating neasuring and
conparing if the difference is greater than a threshold to thereby
determ ne a TCH power |level in the subsequent channel corresponding to the
desired BER 37 18. The test systemof Caim 17 wherein said test

troll furth det j i 1 b t
controller further determges @@aeggdgﬁafsetr&gg%'@w W 4 Ntdes sy Beayen

channel ; and wherein 5 sard test contr ares the neasured to
the desired BERwusiamntiel tef fowernce tdereabetveenm ghayg lagd h t he BER

versus TCH power | evel function and the determ ned path |oss to determ ne
the next esti na‘?%%?cﬁ%ﬁ?‘go%?h Itet%fél?uqst?%@ntﬂégalré%?lo%yﬂ%rﬁtﬁr%%i m 18

wherein said contdolder @gterdines ddigpad 4s mdys el @ragnifg @he path
| oss function based upon at |east sonme of the plurality of channels, and

det er mi ni ng t hedgsatred JER gfs I8y tiee dibsfapanne dmrrite s alpow t he path
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19. The test system of Claim 18 wherein said
- contreller determines the path loss by determining a
path loss function based upon at least some of the
plurality of channels, and determining the path loss of

15 the subsequent channel based upon the path loss

function.

20. The test system of Claim 1% wherein said
test controller determines the path loss function based

20 upon a least squares algorithm



