5 10 15 SYSTEM FOR DETERM NI NG CONDUCTED RADI O FREQUENCY ( RF) RECEI VER
SENSI TIVITY AND RELATED METHODS Field of the Invention 20 [0001] The
present invention relates to the field of comrunications systens, and,
"nmore 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

communi cations 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 wreless conmunications |ink) radio
sensitivitysneasurenents are perforned 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, f exanpl e, there are several comrunications bands each ranging
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 nethods. Automated nethods replicating nanual
estimation tend to be randomor follow binary-tree search nethodol ogy. 5
Bri ef DESC{éption of the Draw ngs

SYSTEM FOR DETERMINING CONDUCTED 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 station power transmit.
35 level until the receiver residual bit error ratio
{RBER) reaches a desired level, specifically 2.44%.
[0003] For Global System for Mobile 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



[0004] FIG 1 is a schematic block diagramof an exenplary test systemfor
measuri ng conducted radio frequency (RF) receiver sensitivity in
accordance with 10 the invention. [0005] FIG 2 is a schematic bl ock
di agram of an exenplary test systemfor neasuring radiated RF receiver
sensitivity in accordance wth the invention. [0006] FIGS. 3-5 are flow
di agrans of exenpirael 15 retdiddndlorl cREhoecseingsiu ismsi tdnga yammeadisr efent i n
accordance with .the invention,. [.0007] FI G, 6 is .a.fl ow di,agram of an
exenpl ary net hr%(j-%r[gf (%Srléle({]eerrrﬁ%nliénlgopﬁ%’pasteﬁ“ﬁ_olsné:uiln lé’cecétfe& CEwith the
invention. 20 [MA¥atdChethan @& prieddioy diagiant ofi rexanp and et hods
for determning RF path | oss between an RF source and an RF receiver with
hysteresis in %@c&rad’ﬁ%‘b oL fH ke Hinventiteiee [FeooTh meddodplegvare f1 ow
di agranms of gaddi tional 25 exenplary nethods for determ ning RF path |oss
in accordance with the invention. [0010] FIGS. 14 and 15 are graphs of BER
versus TCH power |evel chenief Resdriperemtofctle Prawmingsas well as
correspondi ng v,er sus ower level fuynctigns 30 therefore, in
accordance wtHt 0e‘ﬁpr eseF%a_"i ﬁvé?ﬁ iaor‘?.C%e[“@'%ff] Ex fEagar (j’lfgﬁﬁ‘
illustrating sigiempawes @R sRied disime ssplime ddrddddied Q%] FIG 17
is a graph illustrating handheld device hystersis switching. 3 [0013]
FIG 18 is a gridSHUSnBERRIS. nROSHGZ SETPEH 1 Vidwe|irf @aarsianopetiditihed
Descri pti opgof the ;Rrefgrred Enbodiments 5 [0014] The present description
is mmde wwth reference to the acconpanying draw ngs, in which

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

exemplary test system for measuring radiated RF
receiver 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 wversus 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] FIiG. 16 is a graph illustrating sine waves
approximated using spline fitting.

[0012] FIG. 17 is a graph illustrating handheld

device hystersis switching.



preferred enbodi nents are shown. However, many different enbodi nents may
be used, and thus the description should not be construed as limted to
the 10 enbodi nents set forth herein. Rathe®, these enbodinents are
provided so that this disclosure will be thorough and conplete. Like
nunbers refer to like elenents throughout, and prine and nultiple prine
notation are U933 i ndilcat dsiim lear reldmert $EHM v .t eovatligens TCH

enbodi nents. [Q %@ %'.{hd:ail Iry speaking, a test nmethod is disclosed herein
for determ ning condu radi o frequency (RF) receiver sensitivity, which
is defined based upon a traffic channel (TCH) power |evel at a 20 desired

bit error rate (BER). for lurality of _channels_extending over at |east
one frequency ban%ﬁ%ﬁ%&ﬁﬁ&@ﬁ&#ﬁﬂ?fﬁ%@ﬂ%ﬂm t3y an RF
cabl e. The test;ggtdiod mey,d rﬂﬁ'e‘é%%td?i%%ré? gat%r@ iBERa deersYg TCH power

| evel function for an initial channel etermning an estimated TCH
power | evel fom%ﬁemqlmmhecraEMpamm v itrhys ,BER wéristis TCH power

| evel function e}:n%the esi :%{j BER, and asuri 31% a BER of the subsequent
channel based BP&iHTHE oSt EE HFEH [SowdiP ey 4PV oHTE nBBRYd may further

i ncl ude conpar idig fe3@rithenRasw=ed BrR\ o d hesdgsidred tBER amd using a
di fference therebetween along with the BER versus TCH_power |evel function

to determ ne adﬁé&rlégﬁ%tsé]d’uﬁél-lnoﬁo\h@r qodgdIrusgh@ s éﬁéﬁttleﬁg teedder i ng and
conparing {4 %lﬂ‘l%o@lffrfe‘?{t%n%“:ét' § e pateh-Lihan R%trl]'l%rresr%(?ile% R g'@ﬁt%

~determine a TCH power |evel In the subsequent anriel” Ccorresponding to the
desired BER [@@EG]prMmeiepiarstq chladr rtyl,lsdeit:srcrhomua@ twtid 1BER wéoswsighT CH
power |evel function fg\r? the_initial channel 5 | .ncl ude neasuring

respective TCHAPEWEFTP fidiceq numbers refer ko like elements
throughout, and prime and multiple prime notation are

used to indicate similar elements in alternative

15 embodiments.
[0015] Generally speaking, a test method is
disclosed herein for determining conducted radio
frequency (RF) receiver sensitivity, which is defined
based upon a traffic channel (TCH) power level at a

20 desired bit 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 an RF
cable. The test method may include determining a BER
versus TCH power level function for an initial channel,

25 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 method may further include comparing

30 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 greater than a threshold to thereby




plurality of BERs within a target BER range, and determ ning the BER
versus TCH power |evel function based upon the neasured BERs in the target
BER range. By way of exanple, the target BER range may be from 10 about
one to three percent. [0017] The nmethod may further include using a |linear
approximation to determne the TCH power |evel in the subsequent channel
correspondi ng tdstaridesiar §FHBERWewhdrewetle idi fher ends dgstende chisiaerdeasur ed

BER and the 15 i Ris less than or al to the threshold. Al so,
t he BER versus C%%S—“Irleﬁg)v\élr%%ng]vséclo ftzlr?ct%osnlrneéjy%o%é{'an exponential function.
Addi tional |y, datoareli ni ngici-ae pBER i ararasusy, Tad thanemh ingy ehef BIR ivest sty

i nclude determ ning the BER_versus TCH power |evel function based upon a
20 | east squar é&SThREET ARVLOGES TS RPY 486 verltigy) k@agrgloBaly System

for Mobil es Compnical nBSGHY JeeRiMelve GcRRehAlr RRGkAl Mpdio Service
(GPRS) receiver, and/or an Enhanced Data Rates for G obal Systemfor

Mobi | e Communi ¢atireds tyGelY) BERsEwdltitiimom ((ERD@EE BEReireage,f endexanpl e.

Mor eover, the F source b base statjon emnul ator.. [.0019]., A test
Sveomtor det SRHRTHT T thsr SR THTeUY Ruh Bkt Aefeto ddsd Bong i vi t y
may include and¥sedsaose chan nBasieeel WiRs ah RheCablrgetompin REGngee RF 30

source to the RF receiver, and a test controller coupled to the RF
recei ver. The sl 6FPePlRay the tRgvedeBERTIANGG HaBERSy &Sl TCH

pover | evefqfungdh@n onfOk ;2R iRt ial. ghannel , determ ning an estimted TCH
power |evel for ausugggqugnt ghgnﬁelr ba?ed upon the BER 4 5 versus TCH

power |evel furl®0lgn and Thiee met¢Siode thaBERur téed feadudiengsd nBER ofinkher
subsequent chanel 2ARETio4Pe8 HITLIRINT RS HoH BAWEY ¥Rl ilgntes!

subsequent channel corresponding to the desired BER
when the difference between the measured BER and the

15 desired BER is less than or equal to the threshold.
Also, the BER versus TCH power level function may be an
exponential function. Additionally, determining the BER
versus TCH power level function may include determining
the BER versus TCH power level function based upon a

20 least squares algorithm.
[0018] The RF receiver may be a Global System for
Mobile Communications (GSM) receiver, a General Packet
Radio Service (GPRS) receiver, and/or an Enhanced Data
Rates for Global System for Mokile Communications (GSM)

25 Evcolution (EDGE) receiver, for example. Moreover, the
RI' source may be a base station emulator.
[0019] A test system for determining conducted radio
frequency (RF} receiver sensitivity may include an RF
source, an RF receiver, an RF cable coupling the RF

30 source to the RF receiver, and a test controller
coupled to the RF receiver. The test controller may be
for determining a BER versus TCH power ievel function
for an initial channel, determining an estimated TCH

power level for a subsequent channel based upon the BER



may al so be for conparing the nmeasured BER to the 5 desired BER and using a
difference therebetween along wth the BER versus TCH power |evel function
to determne a next estimated TCH power I®vel, and repeating neasuring
and conparing if the difference is greater than a threshold to thereby
determne a TCH 10 power |evel in the subsequent channel corresponding to

the desired BERCIPOG20HGEReEal Il vededhingg i ometidds handerdsedsPdifens are
provi ded herei n for, detgnn 'an%E% RuGhed apd eq%;%‘ilﬂtatc%gn'h%ﬁe'b\é%red

sensitivity which use a channel I nformat1 on-based search dapproach, which
creates a fast upsenshk eistty nedarc ITCHOP0GSM drevetlheThephiclse dewiteed.lethe

RBER vs. nornalized TCH tragnsmt |evel is |argel determ ned by the
modul ati on net B8Y &1§°dPGi %nr SOPRAT10Gr 506 TGP SUBSP) BEEdEC MB&Ssur ement  of

a range of thi 3edQ rdat arar @AEHsAnGURY &1 TUnehl QRSROWRG NG 1 on
characteristics of the receiver near the target RBER  The conpil eg dat a

for one channelWi&pplthes BEG &lelr sushdfile Powint Rievetthd usaie obat®. This curve
25 change within

al lows predictj rat.her _than . mat ed ransnit .l evel
“its boundari es?jnggglf?‘%T%en?%%siet%i%éhgger%egg&r g%%"’r‘?tr ilgvggf'i r?@&l as the
transmt (TX) pewektahgwhiealuriegmebid ecmgperitg arfCrass dilffeRBhReofis2. 44
percent or less. Oten the calibrated base station transmt power is

“decreased unti FIERESS0THET PedPRBERCILS &onitEPegPLYTECEEEPERE ¢ Fllsur e

device sengitipwlky NBvR1CoRJYGLEed BRAELACCHRANEGaRLE RALRNiAFS tReeds to
be determ ned across the channels in dquestion. Wthin the desiréd bands, a

random channel theagebéred 86Red as representative. The | ower and upper 6
s o Do B8hZ0ioa" GANEEATNY 3BL8K1RG, HUBALECGLnd kst 3sREE0ted tO

are provided herein for determining conducted and
radiated receiver sensitivity which use a channel

15 information-based search approach, which creates a fast
sensitivity search for GSM or other mobile devices. The
RBER vs. normalized TCH transmit level is largely
determined by the modulation method and digital signal
processor (DSP) code. Measurement of a range of this

20 data creates a curve or function showing the
characteristics of the receiver near the target RBER.
The compiled data for one channel applies to all
channels within the same band. This curve allows
predictive, rather than estimated, transmit level

25 change within its boundaries.
[0021] The sensitivity measurement is defined as the
transmit (TX) power at which the mobile reports a Class
IT RBER of 2.44 percent or less. Often the calibrated
base station transmit power is decreased until the

30 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

guestion. Withir the desired bands, a random channel

may be selected as representative. The lower and upper



random noi se error susceptibility at very low RBER It is preferably
sufficiently lowto maintain a large 5 overall scan range. The upper limt
is selected to protect against terninatedénobile calls while naintaining
| arge overall scan range. The lower RBER |imt can be found through
various search nethods, as w.ll be appreciated by those skilled in the

art. 10 [0022] Bt & (< TheafREheiRa wiattien aife seblvatarbt &he laviars use
the highest trangmid jlevel)dasl ud MeninS $AYD G0 4t 19Ny degrgases
ystem ev

predi ction accuracy over a non-linear s alues are conpiled with
t he TCH t r ansmtardewe Inaicraved 1 1zed . s Rareghamindiisey artd dedy TmwerREER.r atti o

nodi fy the exact data curve. One approach _is to apply a | east-squares
fitting to credt®e Hrf‘?gfe%yopsﬂéq %%ﬁyséﬁ”cﬁocmgaéébﬁjsl@r&fe the nature

of the nodyl atgv@itaitihes el MRlriged 1y (@ pd 11 shave theddhepdfty = Cebx
between the |lower and upper limts, where y 20 is the bit error ratio, x is
t he normal i zed PECH el @uains{ desmingiedCrold U ared healwhdslederi ved from

curve fitting, T i SS rt b [Q023] . An | e of an
RBER vs. nor naln?a?en a'llaﬂ[%‘ gLvae Cl?rq%elrailisl s%%\ﬁn%la%%ﬁﬁﬁi & points are
t he 25 neasur edenti tdataay, kend duhel [tmeugh the iesuldeofcH heetiedsye afd tti ng.

For all other channels, points on the nornalized curve are determ ned
using a "I eapf 't %r?eﬂmec?ﬁé:eldeé)& By sEmslit ies Wit S e r ange from
the lover to theoper |igyid .o GoNsedidMenchanneli 30 Senal tipduld g3 et en
narromy differ. [0024] Wthin the curve range, based on the information
of the |east sduavds ewevdhet e abieartgd damsmitadsiel Imassilutd agal cul at ed.
The new transm .ation emul ator, and

(he 7 achi evel RAEHIACEE L3 ST (B a5armEd gt Sectracy
over a non-linear system. The values are compiled with
the TCH transmit level normalized. Random noise and bit

15 error ratio modify the exact data curve. One approach
is to apply a least-squares fitting to create the

appropriate fast search curve. Because of the nature of
the modulation, the normalized curve will have the form
of J}=Ch” between the lower and upper limits, where y

20 is the bit error ratio, x is the normalized TCH
transmit level, and € and b are values derived from
curve fitting, as will be discussed further below.
[0023] An example of an RBER vs. normalized TCH
level curve is shown in FIG. 18. The pcints are the

25 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”
method. The léapfrog amount is within the range from
the lower to the upper limit. Consecutive channel

30 sensitivities often narrowly differ.
[0024] Within the curve range, based on the
information of the least squares curve, the change in
transmit level is calculated. The new transmit level is

then applied to the base station emulatcr, and the



measurenent. Any deviation is corrected via reapplication of the

normal i zed curve and a successive confirmation neasurenent. |Increasingly
smal| target to 5 actual deviation increasés accuracy through linearity,
and deviation fromexpected values is mninmal. [0025] Referring initially
to FIG 1, a test system 30 for measuring conducted receiver sensitivity
is first descriA®BEEVerhRBERt@na3d | (2. .dst¥)atiisveton fiimmagiéhri®gin RF t est

source 31 coupl hand A receiver 32 tp he tested via an RF
cabl e 33. By mén%%o%&egg(arrp'l re}%}{jﬁfel‘%ﬁéaﬁagﬁenl cfsdec\fircreecrzﬁee@giv\}& 32 may be a

d obal System freragdibidae: iGomamitdat inema(1GSMd reasic/emnd a2 sGenersali Racket
Radi o Service (GPRS) receiver, and/or 15 an Enhanced Data Rates for { obal

System for Nbbiqoélfléﬁ[}ﬁﬁ}rﬂrbé‘ﬁa@dge(“@%' EVSIRRa O EDeEyR ledaing&t, Hor
exanpl e. Of SCOlgcﬁ:%alOtcfée&fia%ﬁ]érﬁllln%f@ars@sesa%éﬁ%%&/qgﬁ:o% ﬂln%%ﬂgwsed-

[0026] In addition, the RF source 31 nmay be one ohde and “Schwart z
uni ver sal radi @nsbrdeisdatdronf nogs teepe cCd 260 wrs dirs Aginientl .8960 base

station emrul at re | e,. al t.haugh .at her i tahl e enul ators ,and/ or RF
test sources %”05530 be%rsge)ed?flﬁlgt é&%ggﬁ%yoﬁloewét ﬁs’ acglrj?r%ctsé@tteé“the
handhel d devi ca80r eeei vefas32-ifral cndpeitieer M@ ialr Qs diestviaperiat i ons and
nmeasurenents, which will be discussed in further detail below It should

be noted that WHTSE 5 G Rssur d&3 pvatem && 1ldomtraitige lyy igcd udes
i |l ustrat eflgas $LRaT Alh; L URINRNBY ic%fugtl[é?ib%oea gngrnrre l];)dj%tvii%s of the RF

source and test 30 controller may in C e per y the sane base
stati on enul at gecefigre rex@@plce beAltesteat aliy, arh& R esfolec@3t.r &V emy34fcoul d

be a conputer qr _conputin evice. separate fromthe RF source 31, as wll
h%(i gl lﬁl %ﬁ 3'3 Ii:)e a

be appreci at ed S BV s andhe, Yige regelver may

Global System for Mobile Communications (GSM) receiver,
a General Packet Radio Service (GPRS) receiver, and/or

15 an Enhanced Data Rates for Global System for Mobile
Communications (GSM) Evolution (EDGE) receiver, for
example. Of course, other suitable wireless receivers
may alsoc be used.
[0026] In addition, the RF source 31 may be one of a

20 Rohde and Schwartz universal radio communication tester
CMU 200 or an Agilent 8960 base station emulator, for
example, although other suitable emulators and/or RF
test sources may also be used. A test controller 34 is
connected to the handheld device receiver 32 for

25 performing various test operations and measurements,
which will be discussed in further detail below. It
should be noted that while the RF source 31 and test
controller 34 are illustrated as separate components in
the FIG. 1, the functions of the RF source and test

30 controller may in fact be performed by the same base
station emulator, for example. Alternately, the test
controller 34 could be a computer or computing device
separate from the RF source 31, as will be appreciated

by those skilled in the art.



[0027] Path |loss plays an inportant role in the accuracy of a radio
conducted sensitivity neasurenent as will be appreciated by those skilled
inthe art. One difficulty of performng & path | oss neasurenent in a 5
test configuration, however, is that typical base station emulators only
report a receiver accuracy |level of 1 dB, as noted above, even though the
internal anplifQ®&7]of tHathedeisrer I3y ey Havenhseh grodat ém thecuracy, for

exanpl e, of ab . .ai ni ng, 1Q sjgn _change .information in the
receiver power Lgecvuce‘lia,jc}ﬂtl%‘nfe%gé:%atﬁ%oscsorgjcucc&’reélc%ecnasnlatt q’érté? S8 B8 8 oved to
0.1 dB, as wi | lasheridiisciss s fadritdhierd sl aModO28]1 llgd tike ttaseraf. @ne
conducted receiver ., sensitivity test, the path _|oss of the cable 33 that
15 connects t h&idd&utdy $F afF hiaipgs e stedth dessmiicassirerendan hé wel |

cal i br at ed. 5One.deal aldrtelof Ao N AINEY d A0 QUEAL & DAL gas Jreasur enent
|

i nvol ves changing the internal anplification of the ver 32 by 0.1 dB

i ncrenents untidtatherdesiuvled oRSSlorddgergqpuintt 22(rcics iotetraiamethradoneverl i f
the starting paint s, 9 dB_fro he edge point, it wll take ny steps
and, therefor e?fqiinlcrdegdséa(f r?@gfﬁin@:?eorﬁe’ti o & heued tt\tiu\% edd&E i nt .
Accordi ngly, namglddiRexf esle seheiRermEe ey wsed tdreduesiddie nunber of

steps that will be 25 required on average to find the edge point and,
therefore, red@EEWSSY t iH9Es SXPOTAS, abearfp € - 1o -s By It imee conpl ex

approach isgqil lusty aked 4o ;EG Begi.nni I t esired TCH
power level is fi%?st setdeoﬁ thé:m%Elgg]gsloqpurtgl% %[f,é%al?]% I&J:O&J%flfg%'?ﬂé i nt er nal
anplification theveatdf lidse eeceiraery I2n ¢ Heresiorehdrgdtphyvad dar se

rocerver and R o ipomsr HadePor o ER Y HeOr SR at Bl ock 112, The
edge is then fqooedyy In the case of a conducted receiver

sensitivity test, the path loss of the cable 33 that

15 connects the receiver 32 and the base station emulator
31 can be well calibrated. One relatively
straightforward accurate path loss measurement involves
changing the internal amplification of the receiver 32
by 0.1 dB increments until the desired RSSI edge point

20  is obtained. However, if the starting point is .9 dB
from the edge point, it will take many steps and,
therefore, increased measurement time to find the edge
point. Accordingly, more complex test schemes may be
used to reduce the number of steps that will be

25 required on average to find the edge point and,
therefore, reduce test times.
[0029] 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

30 source 31, at Block 111. The internal amplification
level of the receiver 32 is first changed by a coarse
increment, such as the difference between the reported
RS5SI of the receiver and the TCH power level or other

integer value, at Block 112. The edge is then found by



9 changing the internal anplification level of the receiver using a fine
increnment (e.g., 0.1 dB) until the edge transition is observed to provide
the path loss, at Blocks 113-114, at which point the internal 5
anplification value of the receiver 32 may be set and/or recorded (Bl ock
115), thus concluding the . illustrated nmethod (Bl ock 116). [0030] Stated
al ternativel y, ¥@igcaise lé'?é@rré"ﬁl i gds aatd amtleried Oirrﬁilhlefl cation by

the difference .10 ket tween '51 S \ﬁeel 1?1@1@ %Ql(%rt%ngSSIo 1SIO% e the

present exanpl e the reporte s an int eger v t hi g| ves an
accuracy of 1 dBe Btﬂ@e"ftmaei'sm:emhst loders e robetde i @ﬂsvvtlhiee edge thetween two

consecutive RSSI readi 031], O her variati,ons t.he coarse fine
edge point det€&tioff %gto ]'r}g‘\/?iéi‘ls’o Ao Whd &R PedMEr §%1 n&sdd@ilng, the
coarse portponsm@fl itfhese i$@arehes dJre tHealddd 1% 132 ma80 bléarste'tcm ar

attention will be gl ven herein to the variations in thé fine search that

may be 20 used aasl/ggpresoiraes (&L ogkyilddn /i fpluemennativskingAthiene  sear ch
general ly incl li‘ﬁ%sttr}%%%dsrm@;%l%d FIBr:H% tlri%)RSSI is set to the desired

| evel by adjusting the interna catlon and the TCH | evel of the
base station dodi3atjor.. Nexted haaﬂermeltriaiel@rmltihfei Calblaere”s s@amgled 25 1in a
series of successively decreasing_.increnments to find the ed These

i ncrenents shoG'@"H&ST 6Wet ¢ SF1G8 Ao fHE2hdehr gyy toe thd &ir\?@ﬁ:el nt er nal

anplifier)190 reAsdEs rhe accWachd $epl3e ias@@ Bkl ¥n ithemay be
necessary to "step back” to the edge point, as the 30 neasurenents may have

left off 0.1 dBrsemtt ksadedier ¢de RSSIort[e@OBE]SIAn@t Iaar l@)talgpalre veflug,fi ne

search is now t%%%°5&9%% ght%c%%&%%%n% 3 d%G'T%O " nnln%rc% % OCk

determines the edge between two consecutive RSSI
readings.

15 [0031] Other variations of the coarse-fine edge
point detection approach may also be used. Generally
speaking, the coarse portions of these searches are
fairly similar, so particular attention will be given
herein to the variations in the fine search that may be

20 used as appropriate for a given implementation. A fine
search generally includes three stages. First, the RSSI
is set to the desired level by adjusting the internal
amplification and the TCH level of the base station
emuzlator. Next, the internal amplification is changed

25 1n a series of successively decreasing increments to
find the edge. These increments should narrow to 0.1 dB
(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

30 measurements may have left off 0.1 dB from the desired
RSSTI.

[0032] 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



120, the RSSI is set to the desired level, at Block 10 121, and the
internal anplification changed in 0.2 dB increnents until the desired RSSI
is no longer reported, at Blocks 122-12310That is, after a nunber of
steps (typically between one and five), the returned 5 RSSI will not natch
the desired level since the internal anplification will have junped the
edge by 0.1 orfd}.2 Bl thfusintdedradasingg idrl cadtisppidhgrigsck in ke 2 98 er nal
anplification l.ev in.0 i e . j | i.nd the edge point either
in one or two sjtff‘lecglse,ﬂatslél olck%g{elg%%f%\g( é:!esﬁselfnd‘l%ngnougooﬁld%nret her the edge
was | unped by r@pbrared). 2tdBLodkuslapn@dudiTigtt Hes, idfitest ratechoeet khad
(Block 126). [0033] Another fine search process is now described wth
reference to FISESPEL. (B&YiGHilng 2atvwssstiere3@nd déd vels res 1tuwsged o the
desired |evsl, magdisousseit ahave, @pd dhendde dvaierdalcampld fication is
increased by 0.3 dB increnments until the RSSI 1s no | onger the desired
val ue, at Bl ocKtEIDAI3IMpnde deie dRSSI1 Idhdwrges ,j unped ddrsecigs ey 0..1 dB
scans will yield ange ..n._ RSl , 20 t.hus | ogat.ing .an edge,, Bl ocks
136138, and L€ i Gl Al RIS S dear ARy K dB B ook
139), thus condhi@inmg 1t kengd llil flistatated 1eidhod.n ol @Examdwnddtd ke 19um
total change is 0.1 dB (e.g. +0.2 and then -0.1 dB, totaling +0.1 dB) and
this produces &% dfgnhGeldeh oEAIt Sdihedgd e péen tsurikeps t étnat i vel vy,
if the integnalg i fqi i iR e eeld j 0.9 .dB)

wi t hout the RSSIl%?rygng}izgigllfzry;rrth%he d%@?rutggnvgﬁhtsg?ﬁ%gt t(é];eoc;%lggl%x,%san edge is
al so | ocated, Jjaspred by dB Ilclandge 2MdH) ,clidiuge dome 1IRSSIngsithee t hey are 30

W Uh T ef r Gnce ‘LA UEHES T SSqtn g oae GRS 140, A Cesertbes

[0033] Another fine search process is now described

with reference to FIG. 11. Beginning at Block 130, the
. 15 RSSI is set to the desired level, as discussed above,
and then the internal amplification is increased by 0.3
dB increments until the RSSI is no longer the desired
value, at Blocks 131-133. Once the RSSI changes, two
consecutive 0.1 dB scans will yield a change in RSSI,
20 thus locating an edge, at Blocks 136-138, and the
internal amplification is decreased by 0.1 dB (Block
139), thus concluding the illustrated method. For
example, if the sum total change is 0.1 dB (e.g. +0.2
and then -0.1 dB, totaling +0.1 dB) and this produces a
25 change in RSSI, an edge has been found. Alternatively,
if the internal amplification is changed three times
(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
30 reported in integers.
[0034] Another exemplary approach is now described
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



starting actual RSSI value is -80.47 dB, and the reported RSSI is -80 db
(Block 141). The internal 11 anplification is then increased by 0.6 dB, at
Bl ock 142, changing the actual RSSI valudlto -79.87 dB, and the reported
RSSI to -79 db (Block 143), indicating that the edge has been crossed. The
next step is a 0.3 5 dB decrease, at Block 144, which changes the actual
RSSI val ue to -B®IEAIGRTtiAN Jt%éheépdmoe:@a:ss& adk & olB,- 80 a3 o(ch ock 145) ,

i ndi cating the e has, b%t%kiﬁ) Su h Nt
anplification IE&SEI ncr eé%?q %6%1&3%1 \(lea\(luléa‘é:, cch7rabng:;7ngJuj act ual
RSSI value to -8 G:Ea;nlﬁ;teahdasme treepord elb RESlock as)ns J.&]Idl't&&ld]@ (BI ock

147), nmeaning the edge was not crossed. Accordingly, another 0.1
increase is perydr @SB e Beenwaron athnJeE e tadten ikss 0 \)3al ue to

-79.97 dB, 8nd @& s Ghangss dheigponted RESlchl2ddhged R ol ocating
the edge (Bl ock 149) and " concluding the illustrat ed met hod, at BI ock 150.

[0035] It will RS$Taprlan dtced By hole skid Itde inepdtiedaRSStThie alarty

different edge | d o s¢he na sed he fjrs and each
successi ve, | urrpg(blcgf 20@} Orﬁh(ca a)r{ﬁ}1 elrngf -OE tohac? §S§8. Junp val ues

can change or rcﬁcms%&m}@lﬁvdmr P@a@mcﬁlt,e[t-heTQrﬁ:@Q)%ﬂ 2@ 1FRCRRTHIR e
nmet hod for a gi,ven application, _variation of the data and average

performance ar&S i*M5dReERY hdi-decBri Gifs BlI@(S?rk IR 2NRIOY T8t i vel y 25

“flat" datfgtheaRpnoaght lJaustd atedgign oh! |0 (@%%el qui cker
thanthe approach |Ilustrat§d in FIG fo t ?ﬁ%gpp%&}%&y true for

"sl oped" dat a,repetierst iadl I-ﬁobyﬂbuaBtl@Cﬂmﬂ.dQ)st epsinir@036le Sdgel warsotnlodr

appr oach now descri be r.ef eren to FIG. 13 is a fiye-ste ath
Iggs scheme. B&J© r?r?dg \M&coé]dg@@li’51a %Zlerreﬁ)or]‘[éj@ I§§§Iref"‘(§re a5gi veﬁ P

performed (Block 148), which changes the actual RSSI
value to -79.97 dB, and also changes the reported RSSI

15 to -79 dB, thus locating the edge (Block 149), and
concluding the illustrated method, at Block 150.
[0035] It will be appreciated by those skilled in
the art that many different edge location schemes may
be used. The first, and each successive, jump is

20 typically any number from 0.1 to 0.9 dB. Jump values
can change or remain constant for each step. To choose
an appropriate method for a given application,
variation of the data and average performance are
important considerations. For example, with relatively

25 “flat” data the approach illustrated in FIG. 9 may
locate the edge quicker than the approach illustrated
in FIG. 10, but the opposite may be true for “sloped”
data, potentially by up to three steps.
[0036] Still ancther approach now described with

30 reference to FIG. 13 is a five-step path loss scheme.
Beginning at Block 151, the reported RSSI for a given
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



TCH | evel is obtained, at Block 152. The first step includes determ ning
if the reported RSSI is the sane as the TCH level, at Block 153. If so,
the method 12 proceeds to step two. If ndt2, the internal anplification is
i ncreased (or decreased dependi ng upon the particular inplenentation) by
the difference of the reported RSSI mnus the given TCH | evel, at Bl ock
154. 5 The newBREsEEdEd RSSiteips tiisen Idbtraitned heBliodlernsd) , and for steps

two through fo N rnal. anmplificatjo i i n_successively
decr easing i nc%gar?gnltefsl%ftﬁ(?% lsdg?ld .ef‘%él, (%r}:d C%.C%%%%:%%gtdeﬁe&c <569 0037]
| f the reportedHRSPlantd uitart Hepdare s tike) WY tast diegertedRo3 taft er

each of these changes,, then the sign is changed before the next step
(Bl ock 158) to feaog%fidn Rtved Gppusi e sdid e & &?FH( ilegel padk Hewr d5he

edge) . Oncest haHd ey N6 $BPRSHTE iCOHHBLE et siked fighlriStep)i nyalyves
once again determning if the 15 reported RSSI is the sanme as the |ast
reported RSSI, f&tr silegek t1¥60 thamgiolhf foo e Hdregiimg etrine 1i ptmexlddlication

anplification 0] nce again _(whi.ch will be the_ edge) ,and ,oht ai ni ng
the reported Rgélfhan%%loéﬁks %f?ssﬁ§fl%(9%ﬁﬁ%ﬁﬁﬁﬁg HHESTIG régég' t hod

(Bl ock 159). 2@BFhils 2apje,oackl i0S ladmant=agelusd nsehat it wll converge on
the edge point within five steps, which provides ood overall results for
different curvd9@ids. [G638PCUSEPSEtED&IFY d8s Nedaitle iSAmE Besttheet hod

for determging Gendugled dagdkarl Lequeney LRE: LACELYBhanga s3CRRkL VItY for
a plurality of channel's extending over one or nore frequercy bands will now
be descri bed withle srhgherencbangeRl G8fcZcandthed nes witkp Helappr d&8at ¢éd by

th killed in th , [ ensitivity.is defined based upon a
traffi o channel CTOM: BotePEPBUT c30 aE h {85! el -bi B=6ly 6P VPite "UBER) . BER

is an "end-to- edge). Once the first four steps are completed, the

fifth step involves once again determining if the

15 reported RSSI is the same as the last reported RSSI, at
Block 160, and if so changing the internal
amplification by 0.1 dB once again (which will be the
edge) and obtaining the reported RSSI, at Blocks 161,
162, to conclude the illustrated method (Block 159).

20 This approach is advantageous in that it will converge
on the edge point within five steps, which provides
good overall results for different curve types.
[0038] Use of a path loss search in a test method
for determining conducted radio frequency (RF) receiver

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

30 at a desired bit error rate (BER). BER is an “end-to-
end” performance measurement which quantifies the
religbility of the entire radio system from “bits in”
to “bits out,” including the electronics, antennas and

signal path in between.



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

el ectronics, antennas and signal path inlBetween. 13 [0039] Aside from
the relatively poor reporting accuracy of receiver test equipnent, another
difficulty in determ ning receiver sensitivity is that it can be a very
ti me consum ng [ &ss. Pedide Srahere sied 8 impdivealdor mepsdusiachannel s

within a cellul . i y er.at e over..mul.tiple
bands, as not eagfcé‘%%\r/&gr. O%Egfse,caeal%géeﬂngéle’[asirtvi%%JI l%eaersﬁgtr'e%glrﬁt%ce%véjrliefﬁf& cua]ﬂHyp of
t he channel s usied deteanmdeMinge mae itvake sy tikvdurs,isanth=evdn days bet @

conplete. 10 [0040] .To reduce receiver sensitivity neasurenent tinmes, a

relatively fastSendi ey SS@Eh PHGSSS-hhRaits I5reftdedls P hgsed. Begi nni ng
at Bl ock 40p i fryt@anath nuhRs$f e Rh Lahls 133 4 Satyaly %%,k%%W1

usi ng one of the abové-described path | oss searches (or others) a 15 path
| oss function rayeddudatragesisley sy deeaatienederamulBligdle 48 ndsvbees
articularly, I ssqgiated with. .the RF cable 33 will be .different

For di ffer e%t %ﬁtré}ﬁin%?’?v%'. g[.%,u r SqUERSTE) T USRS ENRNY DY 1 ener al | y
linear relatiomlletofeenet idsenpdid Usess 120 avaletese ACGORGKRI AN OY

determ ning the path loss of two separate channels (e.g., the first and
last channel s 3% Sne 28N §VeTa d8YFear PEORPLESE -f unction for the RF cable

33 can be gyi cklgpagqner argd rHUR RERVidRS 2nGYirGl 1300 RACCUNALR .
approxi mati on l(f){f pg?h Iossesref or 25 eaI I:L of tshé1 chanr%elyg,n%%l Eﬁhougrrl1 the path
| oss for each toirasnek cedbd ive ivedsutedessparatielyy sisa rsbme 1l gentiatinrent s,

L oo e LOUL BV IBATPL o R SER RS LCHIBRIPRd, PYE (il Sthon 13

loss of the RF cable 33 is not already known, using one
of the above-described path loss searches (or others) a

15 path loss function may advantageously be determined, at
Block 48’ . More particularly, path loss associated with
the RF cable 33 will be different for different
channels (i.e., fregquencies), but there will be a
generally lirear relation between these path loss

20 wvalues. Accordingly, by determining the path loss of
two separate channels {e.g., the first and last
channels in the band), a linear path loss function for
the RF cable 33 can be quickly generated. This provides
a quick and accurate approximation of path losses for

25 all of the channels, although the path loss for each
channel could be measured separately in some
empodiments, if desired,.
[0041] Furthermore, a BER versus TCH power level
function is determined for an initial channel, at Block

30 41. The initial channel could be any channel in the
band, but for explanation purposes it will be assumed
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



30 41. The initial channel could be any channel in the band, but for
expl anation purposes it will be assuned to be the first channel in the
band. It has been found that given enouglidsanpling franmes, the general
shape of the TCH power level vs. BER function for a given 14 channel in a
frequency band will be essentially the sanme for all of the remaining
channel s in thehamel This freaifnaw Haet wihat hdheessardtianly sheet er mi ned

by the nodul at i,qi tal signal processin (DSP)_ al gorithm
of the handhel déagl{e&v?%ge}.er%/f\?\.%ddo %{néar%p e (%ﬁé’rhe 3 alqb%%lf gbgdlﬂa{ati on
schene. Since the s ried atuonshifadtortIBAER s fRARIObPErNs kidthasi i by

exponential for the BER vs. TCH |l evel function also_takes the form of an
exponential . T e 4 HePTs IR TR 01 tHIE Fn I BIRY PHRARPITST one

channel, this (ot ionsan be dsathd o danidly dacate e JIGH od evel [t ar get
BER point for each of the followng channels, as wll be di'scussed further
bel ow. [0042] laxayarltd ,.c ERS hdwe BERISKemsk1 IECH qpowerthdrev.elSirkt fuimect i on is

determ ned for the.i.nitial chan b neasuri ng respective TCH power
level s for a plrue:laaltlJ’[Oyns‘l'lolfp %%%\%ﬁ ﬁ%lsrf aen[efrgé/etp%B“E JTpEaﬁbaes %hd det er ni ni ng
the BER versusxpCdgroer] |euwel, faHctszm wasadpediheudmasin ed #ERs in
the target BER range t(hi.e., curve 20 fitting based upon the neasured

e

val ues), at Bl dAkeR! T AT Prs FeRaned 1o v TER v amfss Wi mhere
particularjgt aro&EttHiaé“%d’&fri'orp%gOffddﬁtaerﬁ%%t ol?l%c%lﬁ%%n‘é%',uet%i%ut side of

this range will result iIn opped connections, etc. way of exanple, the
target range meygnd ighowarome tee2b tochreg ipdncéntcatal ttheuditiot her t ar get

L LTi ng appr oadhBEL Rt s T S4dr T dud B2ekbiroddtt. £ a0 gaRer at i ng t he
BER versus TCHpewek llsgvels idnat idN discussed further below.

[C6042] In particular, the BER versus TCH power level

15  function is determined for the initial channel by
measuring respective TCH power levels for a plurality
of BERs within a target BER range, and determining the
BER versus TCE power level function based upon the
measured BERs in the target BER range (i.e., curve

20 fitting based upon the measured values), at Block 41’.
Typically speaking, only BER values within a particular
target range will be of interest because values outside
of this range will result in dropped connections, etc.
By way of example, the target range may be about one to

25 three percent, although other target ranges may be
appropriate for different applications. Various curve
fitting approaches, such as a least squares approach,
for generating the BER versus TCH power level function
will be discussed further below.

30 [0043] To find the edges of the BER target range, a
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



wi |l be discussed further below. 30 [0043] To find the edges of the BER
target range, a coarse search may be used that involves stepping the TCH
power level in relatively coarse negativeli ncrenments (e.g., -1.5 db) when
the measured BERis less than 0.5, and relatively coarse positive 15
increments (e.g., +2.0 dB) when the neasured BER is greater than 3.0. This
gives a rel atiVidlgragstagse Gpr-oxitatd ofB)ofwhere tther getasumeye BERge spoi nt s,

and successiv Spchl i thi.n the target r.ange t hen be nade at
relatively fi n?ﬁ%?ep%ov\er ?v‘y' ihnlcsr ehents er.egl.a,n&O‘f$%I§§ior‘?cer enents) to

provi de the datppqoiint=t faar Uit fididdty.r R4 Addeunos s, t iahg | S
appropriate because BER data is often acconpani ed by noi se. Even though
all control 1FYHSEIE SERFSHFSTTEN W WA i hes \t a1 &afdi Fad@ies M@t , t he
resul tant oyt canks, (ependent: valiables), bk PCPIRRRSS WyQuantitatively
estimating the trend of the outcones, also known as curve fitting,
therefore becomesrarsefud . (efhp cur\le dB tinampneroces o iprvisleedqunat | ons of
approxi mating cyryves t.o.the raw field..data, as will be appreciated by
those skilled i9% th& R4S ef[%féﬁrvﬁs%%&d%&qabove, the data for the BER vs.
TCH level funcitdomzl s genaral 181 @xpenant iajprobhd xeRcise 2BR data
curve-fitting approaches that may be used to fit an exponential curve are a
| east square pdSyrdficdl 2CEFRRNLIRE ioh "dddea ForR itheaahy iald, coaggsdent i al )
Least squae apphodiRLION s ntin RO AN adyR) ePRALAN] QR 2e Ca3
square polynomal 25 approximation 1s first descri ed. Since pol ynom al s
can be readi | yearmnitpultateed,cdmetst | (Migreuclerftunetrians ) datryy. ®Bhat does not

lot linearly is common.. I n the follow n . .
P y process of quanfita 1vé¥y %stlmatlng the trend of the

outcomes, also known as curve fitting, therefore
becomes useful. The curve fitting process fits

15 equations of approximating curves to the raw field
data, as will be appreciated by those skilled in the
art.
[0045] As noted above, the data for the BER vs. TCH
level function is generally exponential. Two exemplary

20 curve-fitting approaches that may be used to fit an
exponential curve are a least square polynomial
approximation and a non-linear (i.e., exponential)
least sguare approximation. The theory and
implementation of a least sguare polynomial

25 approximation is first described. Since polynomials can
be readily manipulated, fitting such functions to data
that does not plot linearly is common. In the following
example, » 1s the degree of polynomial and N is the
number of data pairs. If N=rn+l, the polynomial passes

30 exactly through each point. Therefore, the relationship
N>n+l should always be satisfied.

[0046] Assuming the functional relationship

y=a,+ax+ax’ +L +ax",



exanpl e,
If N = n+1,

functi onal

t he pol ynom al
the relationship N >n+1 should al ways bel$ati sfi ed.
= as +al x+a2x2 +L +anxn 16 wth errors

relationship vy
represents the

nis the degree of polynom al

and Nis the

nunber of data pairs.

passes 30 exactly through each point.

by e;=1,.-y;=Y-a0-al x; -a2x12-L -a, xf",

or experinmental

of squares of
At a m ni nrum

val ue

Jﬂﬁ%%ﬂﬁ%&

the partial

corresponding to x;,

S, Wl b N

5 where Y,
with X,

free of error,
N 10 S=je; 2=j(Y-ao0-a, x-a; X2-...
San

rivati ves SS SS SS are 1-1 Sao Sal

Ther ef or e,

[ 0046] Assum ng the

defi ned

observed
t he sum
—a"X; ll)2
Zero.

Witing the equations for these terns gives n+l
SS N =12(Y, . -ao-al x; s
Saa , M 15S N = 2{¥:yaa¥aly —~x ~arXx+h)taxn)

X)

si nul t aneougl y: 20 aON+al
X;3 +..

+ a.

10

...-axrn)(_1) Sal_;=1 SS N 2(Y_ao_alx; ..._a;

equations as follows:

15
X; n) (

San ; 1 Dividing each

equation by -2 and rearranging gives n+l nornmal equations to be sol ved
X; +a2j x; 2++anxXx;" =>Y,. as j x; .+ al | x;2 + a2l
Wwhéire]l ¥ Xegtré&sents the observed or experimental value
corresponding to x;, with x free of error, the sum of
squares of the errors will be
N N
S=>e' => T -a—-ax—ax'——ax").
i=] i=1
o . . : o8 &8 M
At a minimum, the partial derivatives . SRS are
oa, dq oa,

15

20

25

zero. Writing the equations for these terms gives n+l

equations as follows:

68

N
= ZZ(}’: —ay—ay X = —ax" ) =x")
da .

" i=1

Dividing each equation by -2 and rearranging gives n+l

normal equations to be solved simulianeocusly:

a0N+a]fo —f-aszr.2 +---+an2x,." :ZX
aOZxﬁa[fo +arzz:xi3 +---+at"in”1 =foY:
aOfo +a12x1.3 +azz:xi4 +---+aﬂ2x,.”+2 =th.2Y,.

M

n w+l n+2 2n _ n
aOZx,. +alzxi +a2ZxI. +---+an2xi —Zx,.}’;.

[0047]

reveals a notable pattern in the coefficient matrix:

Putting these equations in matrix form



1 x2 3 4 nt2 x2Y a +a
az2x ++a,, x Y
notabl e pattern in the coefficient matrix1717 N jXx;
ZY. Il X; X;2 X;3 x;4 L x;n+1l al xY,.
Exz, Y MMMMMMMMn
equation is called the normal matrix for

equation a0' al' a2K n yar e%&kno%iﬁoef%

The unknown coeffi nts

the above matrix equati’ens
kAl s led %ﬁsdd t hed
crea d,

know what degree o QFyn
t he degree of polynom n
the curve is reduce dﬁﬂ e degr ee of pol§% %f
this 15 point, thereX s amp pxdct Jyaféh.D it ek ms Dot
of approximating the polynomal is increased as |long
statistically significant decrease in the variance,
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the least-square problem. In this equation

are unknown coefficients while x, and Y, are given.

. a,a.,aKa
unknown coefficients T02712T2 ”

solving the above matrix equations.

10 [0048] To fit the curve Y,

what degree of polynomial should be used to best fit

the data. As the degree of polynomial 1s increased,

+al
[0047] Putting these equations in matrix form25 reveals a
Zx;2 ZxX;3 L Zx;n a0
X,2 ExX3 Ixa Ixs L Zx ntz * a2
] Xn xn+l x4+2 xn+3 L x2n a" x Y 5 This ma
the | east-square problem

X1"+I +

trix
In this
gi ven.

gol vi ng
quired to
ta. As
t from

N-1. At
he degree

as there is a
v2, which is ¢

onput ed

This matrix equation is called the normal matrix for

The

can hence be obtained by

it is required to know

the

deviations of the point from the curve is reduced until

the degree of polynomial, n, equals N-1. At this

15 point, there is an exact match.

In terms of statistics,

the degree of approximating the polynomial is increased

as long as there 1is a statistically significant

' ' 2 . .
decrease in the variance, o¢°, which is computed by:

2
e,

i

20 _— ),
N-n-1

=¥

[0049]
in two exemplary implementations using C++ and the

25

The approach illustrated above was programmed

normal matrix was solved using two different methods,

namely the Gauss-Jordan approach and LU decomposition,

as will be appreciated by those skilled in the art.
Although both of these methods produced comparable
results,

30 more desirable for the least square polynomial

the LU decomposition method was found to be



[ 0049] The approach illustrated above was progranmmed in two exenplary

i npl enmentations using C++ and the 25 nornmal matri x was sol ved using two

di fferent nethods, nanely the Gauss-Jorddams approach and LU deconposition,
as will be appreciated by those skilled in the art. Although both of these
met hods produced conparable results, the LU deconposition nethod was found
to be 30 nore d@Fincatine tfiom e dregs besquace Ioldaroriras 118 orapmossiidest i on
program becaus iti rQvi desired perfornmance results.

[ 0050] The abo?gls#&%gg%gf%%prﬁdoagl%ae?nr\%aséﬂﬁ(r%ﬁl enented so that it is able to

cal cul ate the qoeSilci entTf ddiere hoappr odHRired eu wea s iihddirgheedeat i on of
varyi ng degree. Polynom als w_.th degrees of 2, 3, 4 and 5 were us%g@to fit

2, 3
a curve agai nstBERMat'd Vel (f85.S dittl G WS o b It BT Gy
pol ynomi al pr 0%%%%}51%5&?tcuﬁz%vef'ltt%g_%%“%qru%séﬂotns-oﬂVeraEJ':yH‘%rgt eyl Y,

degr ees hi gher than three did not show any significant i1mprovenent in
the fitted curvelyTveriefler e/itd tddgrdedegifed,pd,yriomira 5 wagreuseddt ¢ofit the

curve agai nst R data values., [0 The theory and j npl enentati on of
THt g non | Fiear ey Siing e Aenst e ld Seopd shal a5 be
described. In nepy cases] dRig<ebtallRe@dnfiamp rexRefdd®iNAmdast s i s not

| inear. As such, it is necessary to fit sonme other function than a first-
degr ee pol ynonif&lVahd agfdisd dtes v 1deme Mot Foiavs et deay e ddeledr e

exponenti aj of orpy 0f 13 o ZAX R QK % 1788 % 42092, Moyl equat i ons
for these Jf[orms cgn agaeit ane ngg/el ogeggﬁ'y s?“g'tntqi ng at e g@rti ael erivatives
equal to zerotheutfisyechl romvenedhesiefuirteaneoud ieguatcoors grod ynmmdlalnor e

diffioult Lo selye than i neyr 5auatlon. 23 Re0ate ol Wauddiese form
[0051] The theory and implementation of fitting non-
linear curves using a least squares approach will now
15 be described. In many cases data obtained from
experimental tests is not linear. As such, it is
necessary to fit some other function than a first-

degree peolynomial to this data. Some common forms that

may be used are exponential forms of a type Jf=axb or

20  y=ae™.

[0052] Normal equations for these forms can again be
developed by setting the partial derivatives equal to
zero, but such nonlinear simultaneous equations are
much more difficult to solve than linear equations.

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

30 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



taking logarithns before determining the paraneters, for exanple,

| ny=Il na+bi nx, or | ny=l natbx. Then, a new variable is introduced, i.e.,
z=lny as a linear function of In or x. IA%his case, instead of 30

m ni m zing the sum of squares of the deviations of Y fromthe curve,
deviations of 1nY are mnimzed. To find which formof curve best fits the
BER data, Mat pQAD treet heytatd @@th@@mmmm IABERCUMhe was vEQ

pl otted using Math nd di ff.erent . for t he urve ed agal nst
N T S e PR A At v SadP G Yy oax

provided & desiighlndid (frEheddER AR nf%ké@ug%@&?ga § ugcLi RSy 5

provi de desire I fferent ntatio 053] Data

| inearization ifStused thd IHERA dattaye ao,fthdu)gmﬁ o)tmﬁzdIQttlde&ra@r poi nts
given as (x"yl), (a%quZ) (XN, YN, ), where x is the independent varl abI e, vy
is the depef’lderﬁ’trqy l‘ﬂ%lr&ﬁ’d rﬁﬁ“slttshénléilrﬁﬁr%&ntofmbpl;‘?nﬁ%t

linearize the qgjob3ia | 0gaRist R QM- 1BQN 31 d&s d3d @4eh; d aeourlv@’ o1l nc+ax.
Then a change of variable is introduced, nanely X=x and Y=In(y), which

produces the equald op=YzfaXtbn{ks. da‘hgs]p@gﬂaglgﬂvensag Ilnear equation in
the variables X and Y, and it 15 can be approximated with a "l east square
line" of the f(a,mY=AXIB- (xHoyeyverhetie fhiis caseinbepghdenkl be used for
perform ng | east square approximation instead of y. Conparing the last two
equations, it ivemahlesd it hat thsadepen®@=hn(ciriabhas, andAMants cted are
used to 20 construct the coefficients which are then used to fit  the curve
y = ce'. [DO54PURSE &prodcRatEs -adsi fiprgigrmeds facs+. @ IREARTHEY

matrix to be s Iv%%t or_.this, matth(?(d vas onI 2X21n wxch 1S soI with a

ed
relatively hi gh degr ee 01‘:1 5 Yaccdr acy P ot’te Yeurvés™tor o diTferent
sets of data of variable is introduced, namely X=x and Y =In(y),

which produces the equation ¥ =aX +In(c). This equation

is a linear equation in the variables X and Y, and it
15 can be approximated with a “least square line” of the
form Y=A4AX+B . However, in this case, In(y) will be used
for performing least square approximation instead of y.
Comparing the last two equations, it is noticed that
A=a and B=In{c). Thus, a=4 and c=¢’ are used to
20 construct the coefficients which are then used to fit
the curve y=ce®
[0054] This approach was again programmed in C++.
The normal matrix to be solved for this methed was only
2x2, which was solved with a relatively high degree of
25 accuracy. Plotted curves for two different sets of data
using this approach are illustrated in FIGS. 14 and 15.
[0055] Both of the nonlinear exponential least
square and least square polynomial approaches described
abové approximated the original data with a relatively
30 high degree of accuracy. Generally speaking, the
margin of error of the curves generated using these

approaches will result in less than a 0.1 dB margin



using this approach are illustrated in FIGS. 14 and 15. [0055] Both of the

nonl i near exponential |east square and |east square polynom al approaches

descri bed above approxi mated the original2data with a relatively 30 high

degree of accuracy. Generally speaking, the margin of error of the curves

generated using these aggroaches will result inless than a 0.1 dB margin
i

20 of error irP'tHer5®hs vrey spesdiriehigny . neasaBeRendn, [0 Rediddone s
provided by thasf mRIhodss §i8alg wm&é&%&érﬁmﬁﬂ%r@%@% vd3g) ow are

the results obtained by péerformng exponential and |east square “pol ynom al

5 approxi mati orflgrea Heo tane setodhefr .ddied,omnared ot ssdtt s braredirdat dyset 2.

Here S represe he st andard. .erraor d R represents the Correlation
Coef fi ci ent. eegﬁs%%mj’fn(% R A afﬁfgﬁfsd:eggr BolRHOM A5 t -
y=a+bx+cx2+8x3.apprdonefdt icertin B tvd skt DEBIHhY,= nhned} i set
0. 653063 R = .99168 ¢ = 0.097339 d = 0.048979 20 Exponential Fit: y=aeb"
Coeffici ent Datla:2t4 deftagsf 2 -stiatdar'$ Ermesmesent sl oo skandrm|sB3035
correlation co e (R)r . fqr. da . 2:..30 3rd
degree Polynom'eéc;{ﬂolc:x: t%{de:?+bff§%f§%?;%ﬁe®%%%cllagﬁto t(%aeieft&éef?tl'%%? S
= 1.101 b = 0.565984 R = .99592 35 ¢ = 0.164962

Results for data set 1:

10
3rd degree Polynomial Fit: y=atbx+cx®+dx>...
Coefficient Data:
a = 1.075334 .8 =1.720
15 b 0.653063 R = .99168
c = 0.097339
d 0,048979
20 Exponential Fit: y=ae®™
Coefficient Data:
a = 1.092514 Standard Error(3) = 1.690
b = 0.533035 correlation coefficient (R) =
25 .99158
Results for data set 2:
30 3rd degree Polynomial Fit: y=a+bx+cx®+dx’...
Coefficient Data:
a = 1.192487 S = 1.101
b = 0.565984 R = .99592
35 c = 0.164962
d= 0.031628
Exponential Fit: y=ae™
40
Coefficient Data:
a = 1.1846416 S =1.131
b = 0.5021062 R = .99588

45



d = 0.031628 Exponential Fit: y=aebx 40 Coefficient Data: a = 1.1846416 S
= 1.131 b = 0.5021062 R = .99588 45 21 [0056] For both sets of results,
the polynomal fit had a slightly higher 2dorrel ation coefficient than the
exponential fit. However, the standard error for the polynomal fit in
data set 2 was smaller than for the 5 exponential fit, but in data set 1
t he standard erk0®56]f or tileer éxqidnersttisalof ineswds ssnalHeepdlharentikkd Foltynomi al

fit. [0057] Based, on t.he results, the exponential fi.t . del was deened
to be nore pr ei@rdaﬁl glﬁgz{f‘& e 9§ Cof&eﬁ&%ﬁp@qﬁoregjﬁﬁﬁ:&e&s%i ?}ﬁ’a&‘ %515 nmany
terms as the cubipbrfnGlailoFitlhidbwesrdigCase dthedeppranidalrJrodele y=aebx
provi des al nost the sane accuracy (i.e., up to about +the third deci mal

pl ace) as that BSHAREISE VAdnildl datet et Zamdsi st@lldéthddaq doysitésl
interpretation Of, 15,8kl 1t he i eRfiR 130 idae OG04 $9e the RAlLYQY, &l met hod
or ot her approacﬁes may be used 1 n various applications as appropriate, as
wi || be apprecifatredhey etdpasergkidll €d t iwast Bamadler [tOR58]tHeeperlainioynial
speaking, if t data to be used in 20 curve fitting does not appear to be
appr oxi mat ed b&eléc' straight line, then there are often equations which can

be used to fit fovsmdata wergedwd thEhe fridseil tid)i Rt RporeES It @i nd when
considering the type of curve to fit to the data is a polynomal. This is
because 25 pol Mlalwélscéiﬁe@@dam iked Mmgireh eure ferell fco ladeeisghti tasd d t hey

are typi caiby %%%C(}%%&Irei Qn@twfsqiorﬁg otfheclssg'%'?l?/ %ferms as the cubic

function. This is because the exponential model y=ae®™
provides almost the same accuracy {i.e., up to about
the third decimal place) as that of the polynomial
method, and it also has a physical interpretation of

15 all the terms in it. Of course, the polynomial method
or other approaches may be used in various applications
as appropriate, as will be appreciated by those skilled
in the art.
[0058] Generally speaking, if the data to be used in

20 curve fitting does not appear to be approximated by a
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 is a polynomial. This is because

25 polynomials can be applied without much forethought and
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

30 coefficients in the polynomial equation. It is
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.



t he graphed data. However, when a hi gher degree polynomal is chosen to fit
the data, it may be difficult to determne a theoretical basis for the 30
coefficients in the polynom al equation. B& is preferable to have such a
basis for why a particular nodel is chosen, and that nodel should have
sone type of physical interpretation of each of the paraneters in it. 22
[ 0059] Advant ad@95H] usi dgvameay e ablfeusduat i loirsear bzabi edaga adrieo®t abl e.

Typi cal ly, curves of, thij e _are.sonmewhat . easi.er to understand.or
predict than }%1 yfr)llotrri g‘%‘g? %%%t n%st,ab;lreo'pery%ﬁgfiéelydf tHe’s° c%%vggfg fit the
data can | ead tgddsdght senBGRER RG s iunderbyiungereahan o phéghcepr oduce
the data. Secondly, manipul ations of these curves such as

di fferentiati ofRarhtRyt4EPBAZ Lisnt 1501 at§ onP BAB C Tetidsst atf ofPean be nmade
more confidgntloy than gaps L0 +HROge i tdy pol ¥ngmi 3l S.L'ns-rihjl'{gzcéﬁagﬁfﬁf@bl e

(6] t
curves often require fewer nunbers of paraneters for ‘estimation of “val ues
t han do pol ynomiralesn 1 Asng mpeeduaint: sntshevniosmab rovitaciex tiey detsmal | and can

be solved vvitr%ee(l: reckf\ti vel é.hi qh tde ree pof ﬁccuracy. 15 Thfé’?f t his reduces
the need to sol Ve &t e’ sRESEH RGuhPFEfs WGP ofteh hive an

undesi rabl e praFeTd e ©f i hthoagndintte 19 oANUs ntleoh BER U&t aandAppl i cant s
have determned that it is generally desirable to use nonlinear fornms such

as | ogarithms, S2¢5aRet3F6A8, Cand bexFrammtmars confiisentney | Fhear F2abl e
AL S B e e S
for the initialfckannetqbasedfapon neadered o 2 BERnyabussiwirt hin the
target range, %@f%ﬁar¥géogfn9¥lues than do polynomials. As a

result, the normal matrix may be small and can be

solved with a relatively high degree of accuracy.

15 Thus, this reduces the need to solve large sets of
linear equations which often have an undesirable
property of ill-conditioning. Thus, for BER data,
Applicants have determined that it is generally
desirable to use nonlinear forms such as logarithms,

20 inversions, and exponentials to find the linearizable
curve to match the shape of the data before resorting
to & higher degree polynomial.

[0060] Having generated the BER vs. TCH power level
function for the initial channel based upon measured

25 BER values within the target range, this function may
then be used to advantageously perform a fast search
for the desired BER and corresponding TCH power level
value in each of the subseguent channels in a given
frequency band. First, an estimated or starting TCH

30 power level for the subsequent channel is chosen based
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 coxrespond to the desired BER

in the subsequent channel is determined and used as a



then be used to advantageously performa fast search for the desired BER
and correspondi ng TCH power |evel value in each of the subsequent channels
in a given frequency band. First, an esti2®ated or starting TCH 30 power

| evel for the subsequent channel is chosen based wupon the BER vs. TCH
power |evel function and the desired BER at Block 42. That is, an
estimate of thetamtHsbwerintevsl honat i Idn ddver espiorrd (IEH eowgesileaw IBER

in the subsequent qhﬁp |_ i %tE%_rm d_and used 23 _starting point to
hone in on theefrabc]i ua %—Eflﬁ:ge\/\er e'veEIQﬁT fp(ﬁlrrq%éesdeogrisrt%& I?gls.sel%cr pur poses of
the present didkicssiomn,a dekisiedBEROCR2.244%iWil]l Ibecassismed, al t hough
ot her desired BERs nmay be appropriate based 5 upon the given standard or

carrier requiréneMtOYHaCther O sie SteBERes MaY P @PaFIEdiddtte #A5PL hose
skilled in stheyt +008 e sihew g be- nohed &hat. Jhe Lstivmated TEH

power | evel may be chosen based upon the path |oss 0 function noted
above. That i s,tcode appr.oach wid ldéteempipriang atieel dgt ithetsed sSkGH lipovem | evel
for the subseqcl,heentarcchannel is to use the TCH power level for the initial
channel that corresponds to the desired BER (i.e., 2.44% and offset this

val ue by the diffdfosignce 1T keloween dherdddd itdlatanthes WRsaguertd aaannel path
| oss values on the path loss function (or actual neasured values if a

path | oss funcHBIFG s G¥6t GSedPe &[N Hgeedapposeithce®ay thesse skil | ed
in the artyfBl oG 43 Jy Q2L Qace he asli %%tee%plé%a%w% level is 20

det ermined, then the BER of the subsequent channel 'I's neasured based
t hereon, at Bl gekesRinihg hbenessuimed edBERH powelr ietieiln ftolve thar get BER

S S MW L A S et L e SRS X b
the initial channel that corresponds to the desired BER
(i.e., 2.44%) and offset this value by the difference

15 between the initial and subsequent channel path loss
values on the path loss function (or actual measured
values if a path loss function is not used), as will be
appreciated by those skilled in the art (Block 427).
[0062] Once the estimated TCH power level is

20 determined, then the BER of the subsequent channel is
measured 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 to determine a TCH power level that is within

25 the range. If the measured BER is within the target
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

30 above discussion of the TCH power level function, it
will be appreciated by those skilled in the art that

the next estimated TCH power level may be estimated

according to the relationship ABER:Jwe”AIZYﬂéwd, since
the ABER and the coefficient b are known.



25 the range. If the neasured BERis within the target range, it is
conpared with the desired BER value, and the difference (i.e., delta)

t herebetween is used along wth the BER 24d. TCH power |evel function to
determ ne a next estimated TCH power |evel, at Block 44. Fromthe 30 above
di scussion of the TCH power |evel function, it w1l be appreciated by
those skilled ilPQ83 art Ttfhathe mreasvwedd &R et edtTEHtHdwe Itdvslshrdyl be

estinmated acc i to.the rel.atj j p. ABER=hceM.\.TCHI evel_.since, the
4BER and t he c%reasjfgiyéiogﬁtth% 5{623 %r?(gpvm. i(ezﬁ' dl %02)3]15|0]S:I:|t ﬁl\é’ r]%éé)scgcr gdr”BER IS

not within a thteshalegds dangeitkd ddesiviath BER(renge t0 B12%ks a3 Bl ock
45, the steps described above with reference to Blocks 43 and 44 are

repeated unti| apdr @4 Foie  IPEFEE S Widrirespditdl M™S tis¥edesired BER (i.e.,
wihin the stehaldbdhan) dof s Al Pl doe Lhys ca9cly@ing  the

method illustrated in FIG "3. Yet, if stil her ""accuracy is desired, a
| i near appr oxi rrdtdeshodely reeigalsdd, faturll,oek 48/ ockvdbe mants cwnariuging t hin

a 10 relatively.snall .0.3%BER range (i.e,..the .0.15%BER, .threshold
ange) . the. s SF RS BRRTL SREE JOWrC | eveitSiur v WL d it ther

approxi mat el y lddgieafacylher efdfiged,t B 9 ilHdigarngrlatinersind 3By dee used to
provide still further accuracy, as will be appreciated by those 15 skilled

in the art. [O006#R T&#nBigTod& 0 oGS, PRr&AFB2Td redl t4ydt ém 30' and
Tt o | T30 ST B, oy WL o AT VLY 39,7104 dager bed
emul ator), an RAreshiold redgencl aded séaper afmthte, BERd vst.h@ON relwess
handhel d deVicﬁe%% e%%%%esgillA%éNa%%r%%imately linear. Therefore,
this linear relationship may be used to provide still
further accuracy, as will be appreciated by those
15 skilled in the art.
[0064] Turning now to FIGS. 2 and 5, a test system
30’ and method for determining RF receiver radiated
sensitivity are now described. The test system 30
includes the RF source 31’ (e.g., a base station
20 emulator), an RF controlled enclosed environment, and
the wireless handheld device receiver 327. As will be
appreciated by those skilled in the art, an RF
controlled enclosed environment is an electromagnetic
(EM) wave shield environment, such as the illustrated
25 EM anechoic chamber 37’ (which may be a full or semi-
anechoic chamber), a shield room or an RF enclosure. An
antenna 35’ connected to the RF source 31’ is
positioned within the anechoic chamber 37’ and
connected to the RF scurce 31’ by a coaxial cable to
30 simulate a base station. An antenna 36’ for the
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



appreci ated by those skilled in the art, an RF controlled encl osed
environnent is an electromagnetic (EM wave shield environnent, such as
the illustrated 25 EM anechoi ¢ chanber 3723 which nay be a full or sem -
anechoi ¢ chanber), a shield roomor an RF enclosure. An antenna 35
connected to the RF source 31' is positioned within the anechoi c chanber
37" and connectatias thhe REsOrT B3l duwdodiede cabiponteant30 msivnul ate a

base stati on. t 36', far .the ,wi.rel ess handhel d, device is al so
"I\% q’{]ansgtrg@ WL houQc he  dev %Oﬁl&l&% Ctdeedsjtroe(f'h

positioned withih anechoi ¢ chanber a e handhel d
receiver 32'. Ifoodsiul d eerwiAd ¢ haded Midg,pitta) HeBilated hedwindiel d
receiver 32' and antenna 36' wll be 25 carried by a device housing, but

these conponentS$Tifay- 1 1t % F Wi thdite tSedén ddiatodasy iFedtedioved.
[0065] CGenesal |3, speakdfithoddie fadiaied JE681MeS: ¢SS Ldif% 5ea[ch i1s the

same as that described above 5 for a conducted receiver sensitivity search
with the excemyamptofort kg pdteh dadds ldetse rds tratn o tprcoc gsncddsr.e More

specifically, the r.el.ati,anship bet n path | oss values far a plurality of
Wi rel ess channeﬁpse%lf‘#lacaflﬂé/quetﬁ%ey rei\é\ganecdl%ﬁ%lﬂ %ﬁsc@aﬂeﬂ/ Brgth g]é)sa'lS Ivla:jré’:frs

function, as isdhe ¥l gase fprod he R Labldhadhe 1R 5 DecalsRpath | oss
can be affected by factors such as antenna gain, antenna directivity and

t he measur ementFivdaménP i cRidi Q19 ba fe lparry demafiqn.besdiifst dbent for
different yprelgss shanngl sr 1910068 Byen sq b%o%%t%?ealré%lsc}pfl%%t lan may

still be determned for the frequency band using sim proaches to
t hose descri bedeakdviedted dat drantmimg i aBERntennECH poweradtevala f uncti on

(2.0 2 bo25! uarss, apotoniaat Lo eico), ot Blodk e’ Bromed,
the path loss will be different for different wireless
channels.

15 [0066] Even so, a path less function may still be
determined for the frequency band using similar
approaches to those described above for determining the
BER vs. TCH power level function (e.g., a least squares
approximation, etc.), at Block 48’'’. By way of example,

20 the five-step path loss search described above with
reference to FIG. 13 may be performed on a subset of
the channels within the band, such as every 10th
channel. This approach advantageously allows an
accurate path loss function to be determined for the

25 entire band to provide path loss estimates for every
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 4277,

30 as described further above.

[0067] 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



reference to FIG 13 may be perforned on a subset of the channels within
the band, such as every 10th channel. This approach advant ageously all ows
an accurate path loss function to be detemm ned for the 25 entire band to
provide path | oss estimates for every channel, yet w thout taking the tine
to individually nmeasure the path |oss of each channel. The path | oss
function is thdramehdh hstdr mmlﬂi@qlﬁéiestusrm%d:mb%wtleei/el for the

subsequent channel t Black 4211,. 30 as cribed further _above. 0067]
The path | oss %eytam aerfatlaoﬁl\h provess W3S %0%95 B dedt GGG f tW@rJ

detail with refe encengle FiMGma b bdag,nrintalgBlate 60.ntrRatsh asses are
neasured for at |east sone of the RF channels within the RF 26 frequency

band, at Bl ock BE° B e Hbdife H?&theéose%(aﬁ%@l%t% | s ngshsur ed
every M chagnehs, By WY tq,f &Qstséag tcjpz:g% %tth déjct erval s
gn 'S

may al so be used. An RF path Ioss funct erm ne base upon the
measured RF patsericoddesloinndles atatl ddsick e <R cdamitlmthatlBisodler62, and

an RF path |oss f | east, ,one ot her .channe th| n _the ven RF
frequency band 3% qi?eat atr rﬁlﬁeedatt;’aesredﬁ%'r‘? nﬁlﬂll fif gio&d Tl%lnct i on,
Bl ock 63, thus fmerpladingdhe k0 déﬂémlr@ce%é@dﬁqgawlw R&4)path9068] The

choice of Mgenerally depends on the Ilinearity of the system That is, a

| i near syst em WA fWBH t)ﬂqrévqlﬂtr SlafF fFnttdus A HeesiEed s egar dl ess of
the nunberqgf tihe ,hannels o dfdeauancy lg?r’dvm dth. As 15 the non-linearity

or order of the system i ncreases, the er of a single curve fitting
equat i on shoul dOC&E®]Ir espdiic n@iq&aen@rfeas@etxemw rispeprdepen fhhet i ng. A

:\/gﬁ;t n;?ﬁg&gsugetqhﬁ%dﬁtgeéaft hc%e g%%tlelmne%%aftl tltsl nga lq‘gl:}egq:dssyste}{n wou"ised

only reguire two points to be measured, regardless of
the number of the channels or frequency bandwidth. As
15 the non-linearity or order of the system increases, the
order of a single curve fitting equation should
correspondingly increase to obtain a proper fitting. A
least sguares method, or other non-linear fitting
methods, may be used. Many methods use matrices
20 inversion where size is relative to the order of the
equation. An inversion is increasingly complex and
error prone as its dimensions increase. The least
squares method requires a matrices inversion. Due to
the nature of radioc systems over large frequency spans,
25 higher order path loss responses can exist.
[0069] 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
30 grouped on a rctating basis. For example, the first
four points are used for generating the first spline
series, the 2nd 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 eguation



20 inversion where size is relative to the order of the -equation. An
inversion is increasingly conplex and error prone as its dinensions

i ncrease. The | east squares nethod requi28s a matrices inversion. Due to
the nature of radio systenms over |arge frequency spans, 25 higher order
path | oss responses can exist. [0069] Path loss curve fitting nmay al so be
perfornmed usi g mairdls t2y tof Iplasnemlithdti it narmmpaidrarisal Usdguat i ons
repl ace one conpl.et tion., Sets. of ,.consecut.ive paints . 0., faur
consecutive poin ts I(jr\naer%fe}“ %&&gédsfé’ﬁf éd]reoteacﬁagtdqbn%ﬂs?avﬁ)sr (tglfgrﬁ}lr& t he
first four poianid larsr used dodmtgendrdiduty ddwpdduiste spjuatdomsearies, the
2nd to 5th points for the second spline series, and sqg on. All but the

first and |ast Hpiisrentssndd et dndr it fddisdt ensoilfsd @@dne the
equation 275 frRRANUS & .t Ord) ﬁ@%ﬁﬁ%ﬂ‘%ﬁi A AT %yi M8 ne,

internedi ate points for the equations l'eaves the first and |last two points

Wi t hout respectisss edufatiiioss. twdi fsipdrierts syfl ithe Mettsadseardres fler.st. ,and | ast
spline 5 constructi.on. e t hod, .an _extrapol.ated cubi¢c spline, uses the
FPrst St spi | ESTBE Thad st 08 MBB L avg RE R ok B DAk TR (v
splines of the (easf. 1S 3 &c0.4)ROICHNS: 13 dud thb1 Odpar nslifiabhe tsRldsne fit
nmet hods nmay al so be used, as will be appreciated by those 10 skilled in

the art. [0070["9Referd R§ UeeHrGas1a/i v ssiapp nrgie tegy s thessduced from
respective;gerifgs 19fc SR 716S arg shown. Each curve is a spline fitting of
a sine wave. Each 1line is one spline series wthin the spline fitting. 15
The series are [Fdt by ReFeFrdBgper $1d.nd sertives stime staow tdwervenser | appi ng
spline series. Wthout, the offset .t he consecuttj ve spline series would

overlap. Data WASSUYSHKer FFomtEPERS 16t F55diST CTRE dpse: Afcgfhe™s

Each curve is a spline fitting of a sine wave. Each
line is one spline series within the spline fitting.

15 The series are offset by -0.5 dB per spline series to
show the overlapping spline series. Without the offset,
the consecutive spline series would overlap. Data was
taken from every 10th point. The upper figure is
constructed of four point splines. The lower figure

20  shows the upper spline with only the used data
transposed, as mentioned above. The respective sine
curves are offset by 4 dB for clarity purposes. Bold
and dotted lines show the intermediate line
transposition of the upper figure to the lower.

25 [0071] As noted above, path loss curve fitting
reduces the measurement time of non-measured channels.
Time is improved in systems with consecutive channel
path loss difference exceeding the interpolation error.
Linear interpolation will advantageously result in

30 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.



constructed of four point splines. The lower figure 20 shows the upper
spline with only the used data transposed, as nentioned above. The
respective sine curves are offset by 4 dB&or clarity purposes. Bold and
dotted lines showthe internediate line transposition of the upper figure
to the lower. 25 [0071] As noted above, path loss curve fitting reduces

t he measurenentl@QF of doretheas ufaart oharimed] stay Tiaws it ibmpranedirittedsyst ens

Wi th consecutiv, nnel at h _1.gss difference exceeding .the .interpolation
error. Linear ]fonlfre&?lpo ea]:[tla%rl{l vﬁ&ﬁ% ;tﬁisa#[raefee sty sreéésﬁtthflnt%d:ei i cal

accuracy of undevadhrentBitsihe patd Hessemihodr descrddied @abowe with
reference to FIG 6 n]:aa/ be used for radiated and conducted path | oss

measur enent s, d2nRGYd BEESH eridfed R + A Aautichliarlhe raqeivg
[0072] Anot Ber {aqf of,dhats MRy, NERY, ¢ Q%x@fa‘i‘l‘ﬁ% e d Yrdyy gertain path
ements 1S hesh

| oss/receiver sensitivity test neasu ysteresis of the
particul ar harstheled cdeviiGde lender duestut Moyael rpdr thiteulsrdng ] rmegediwerd 5 pat h

| oss i s neasured C ar.i base station .enul ator TCH | evel out put
agai nst the si %r?’altylreegg%\?@c?%o e[‘ﬁec%ﬁﬂfﬁﬁe&ad’&fﬁcté’ P 65 he
enul ator as R$8s51.Camsecuthitvierd.ol 0BiRdMsis@mnt Ofo t R eradat-o:8 s

anplification will detect a region at which the change 10 in anplification
yi el ds a changém Rggatign twﬂ%sl deddigd poigttiahatr adiishe diled Bwaidd at e
bet ween tvgoRSSl, readings idh o il fhealdon change. ahi, adge poi nt
may be caused by systemerror, changli ng position or changi ng si gnal
intensity, for ‘&damf ecist ttihe RSSlidmoaudadiowgs Idsdd katteredrhe wramdizsal d

dovi ve could 1S3OS DY Shene) D9 S AT CLer povet L ARl Tt
many handhel d &gWi €8S caused by system error, changing position or

changing signal intensity, for example. As the RSSI

15 readings oscillate, the handheld device could respond
by changing its transmitter power in a similar
oscillatory pattern, affecting the handheld power
management. As such, many handheld devices
manufacturers implement software within each mobile

20 handheld device to change the edge to account for this
probliem.
[0073] More particularly, the problematic single
RSSI edge point 1s divided into two different values.
These two points straddle the actual edge point by an

25 amount typically less than 0.5 dB, which is set within
the handheld. As the received TCH level changes, the
R3SI 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

30 RSSI and TX power control. As the device RSSI
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.



manuf acturers inplenent software within each nobile 20 handhel d device to
change the edge to account for this problem [0073] Mre particularly, the
probl ematic single RSSI edge point is diwvided into two different val ues.
These two points straddle the actual edge point by an 25 amount typically
|l ess than 0.5 dB, which is set within the handheld. As the received TCH
| evel changes, EAR74IRSS| Wudee pgdianthydtidrasd s gperveed Droavetliragiiyonsas shown

in FIG 17. Thi, - edge .system 0 s _hyst eresi s, creases, t he

|i kel i hood of alffydag?c? 1558 s A t%t:%ﬂlnséﬁe@% hig tHHE ﬁ%%@ﬁ@fgecoﬁﬂorfm . As

the device RSSla kietireakes,cd he ttepaidved IRSYe et itd)e thasershat icem pemul at or

w Il change in such a way as to renove an oscillations if the device RSSI
e[éﬁév

i ncreases by ofRPldekfdl 12mmfiffet Jo ghapmigle e FRstENESYE prevent s

oscillationsg, ddvialesSo iLatas At ofd sty i e tﬁ% = a
known devi ce vvitﬁrlknown hyst%ftesi s, the yvaletcjégg E:t?i)n bt)e(ra%app |lé%qg§m§r? of f set

to each channela sftepramourkpman thrgesrce,thame faydtoereebiin nay awedd gadhbe
det er mi ned usi a steppi.ng.algorith and .then factored in t.o each path

| oss channel . @%}es%fz}aéprr%sli S ﬁbeg%é’r?ot\?gt]c?ﬁlos ot eﬁeﬁmtvﬁéjo 4G ok int. The
hysteresis typitaald Ydppldast.o TH Ihyehamnelis ttheisanme wddyiin < gioven band.

10 [0075] One exenplary nmethod for determning path_ |oss including a
hysteresis seafdt Q3R deddyd sede Withirefeddied -G 7. It shoul d be

not ed thatqghi 5003@ar Oa%f{@’éﬁ?ﬂﬁ%ﬁﬁ gfitetet%%@yff%rr %Q%%qii%ﬂ]r%g&gtlhoss or

radi ated path loss, "as will be appr t hose in the art.
Begi nni ng at Bllosk 10cladiaig cothyshesteariesissaedipes s sicdetdsumiesddabout a

given RSSI val yg . frans!thon af, §g RG "eeelyel, B ([eehlng R Poyel

approach may be used either for conducted path loss or
radiated path loss, as will be appreciated by those

15 skilled in the art. Beginning at Block 70, a pair of
hysteresis edges is determined about a given RSSI value
transition at the RF receiver by sweeping RF power
values transmitted from the RF source in increasing and
decreasing directions, at Block 71. A relationship is

20 determined between the relatively fine granularity RF
power values and the relative coarse granularity RSSI
values using the hysteresis transition edges, at Block
72. More particularly, since the RSSI transition point
for the receiver 32 or 32’ is located half-way between

25 the hysteresis transition edges, the location of the
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

30 determined based upon a given RSSI at a given RF power
value 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).



values transmtted fromthe RF source in increasing and decreasing
directions, at Block 71. Arelationship is 20 determ ned between the
relatively fine granularity RF power val ué® and the relative coarse
granularity RSSI values using the hysteresis transition edges, at Bl ock
72. More particularly, since the RSSI transition point for the receiver 32
or 32' is |ocatl@PHHl f - wallheheramef 128l Hdehyesias asiintt mendiite di¥Hedges, the

| ocation of th t RSSI_ t si.tjon relative 1o the T ower | evel
may be determ ﬁLeecYaeglnc%gs! tJ‘r%eC%e%g\ﬁenrd I%\fe esasec&(;'r r]% sd"@ﬁ’dioﬁg{etx%"ﬁee’
hysteresis trandid iconredges And a KroWRSSHF vedided ogs; ey i@ gi.verichannel

may then be 30 determ ned based upon a given RSSI at a %ven RF power
val ue and the JdEYFHSHSESF 1l & i-ofdhi FBerkssh arasy &h vé1ey hgngdeld

granul ari tysRF powsr, 43| Ugs and difte rJ18latiae, oAl & ARNY Akit y RSSI
val ues, at Bl ock 73,ve\i?hus cloncl udi r;:g the il I%ustrat (;%d met hod (Bl ock 74). 30
[ 0076] The scarinfdusgenise edyéodi.nt dis (tihe .TCHhd exelurasy ndr édsed and

decreased. By way of exanple, the caar.se granularity | values may be in
10 4B i nor e O EOY e SR Od SR ey B e RaiR A
receiver), whilegiddhe tiel atrinesing if iaag 1greaaardd b f iThy eRptis ke d& 1 dB
(i.e., the accuracy of the internal receiver anplifier(s)). To find the

first edge, tREGHRShRIITat ik iPatlnergrenife wdddi e €éds i ncreased
in +0.1 dBpncrepeni s 4] | fhe edgg 's%e%)grﬂ;a e% t-gh%'?f, %o"l:!l'oq\re@leéz([j%P may

be taken, tollowed by a series of -0.1 ps until "t he second ge is
found. The actsgalieRSSIE vdl.le dB |dtepe luaddtled healfeommyl etowedrs foued.wo

edges. It shoul d be noted that the direction_ first neasured has no bearing
on the results, '&s a&tt%; ed{ uc‘?aﬁ’lg PEul® @S b étwaiysgettﬁ’@eﬂ r st

hysteresis the two edges. It should be noted that the direction

first measured has no bearing on the results, as either

15 edge can be found first. That is, the first hysteresis
edge could be found with -0.1 dB steps, followed by a -
1.0 dB step and +0.1 dB steps to find the second
hysteresis edge, as will be appreciated by those
skilled in the art.

20 [0077] Further aspects of the test method are now
described with reference to FIG. 8. The RF source 31 or
31’ transmits RF power values at a relatively fine
granularity, and the RF receiver 32 or 32’ generates
RSSI values at a relatively coarse granularity and have

25 an unknown hysteresis about each transition between
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 value
0f the RF receiver 32 or 32’ is measured, at Block 80'.

30 An initial internal amplification of the RF source 31
or 31’ is set based upon a difference between the
initial RF power level and the corresponding initial
RSSI wvalue, at Block 75’, to thereby calibrate the RF

"receiver 32 or 32’ with the RF source.



edge could be found with -0.1 dB steps, followed by a - 1.0 dB step and
+0.1 dB steps to find the second hysteresis edge, as will be appreciated
by those skilled in the art. 20 [0077] Fwlther aspects of the test nethod
are now described with reference to FIG 8. The RF source 31 or 31
transmts RF power values at a relatively fine granularity, and the RF
recei ver 32 or B078kner diresaddisdloryaltles mtheod eleat ialeloy igwansie

granularity an ve .25 unknown steresi s ahout ch transition between
20 acent REsi vt i Yhe THIRE IS AP TR A 284t Shhe R
source 31 or 3Wthadr afivdi tRRIchadinggowet dieyelivan®Rm GHqRSRONdia@ i nitial

RSSI value of the RF receiver 32 or 32' is nmeasured, at Block 80'. 30 An
initial interndl® ARAGTTHR iR O RES AR e tdl Lasisedr gt Blackased

upon a difference heiywepn theq ididd i R PULRE §th and 4 e, fariigspondi ng
initial RSSI value, at Block 75, to thereby calibrate the RF receiver 32
or 32' with theéeaRedpge.ti3 plLOGAG]CY mfadii thadih ltdwesawetaio® Ik al so

include repeatiflg the three determ ning steps .for at | east .one ot her

gi ven RF channe'iléli n Lf‘c’nlem;gi"le(éaLr‘?alﬁlj—; fetfe cf]bcg)ﬁﬁt??rb @etpg'rurﬁé\‘ilel fllurality
of RF path | ossqslimds, Bleatks %2s7@li=tithsed ,fiaitthedetyolidi ng, ar Ratath | oss
function based upon the plurality of RF path | osses at Bl ock 8, using a

| east squares AT ikHmM2ata Igagtaldng dhespiapesl etichingdhd sdussedr

further aboye. An Byar haf Je they. nnel  within. the

given RF 10 freque(in%('%y an “r?g?/‘é" h(call‘rlllegle ﬂo?e{%%&rﬁ%n@é‘%bﬂg’éﬁ%&géﬁ%t \ghlsFR%path

| oss function, retiBllage TUnctie;9]etMiyakodiHFi.cati ons and ot her

enbodi nents of _t invention will_,cone to the mnd of IT%ne sSkilled in the
] f

art having the 5 it oirl}af]ﬁemtoéiét,fﬁicr’?&sloﬁ]rse@ﬁit fher embodiments o

the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented
15 in the foregoing descriptions and the associated
drawings. Therefore, it is understood that the
invention is not to be limited to the specific
embodiments disclosed, and that modifications and
embodiments are intended to be included within the

20 scope of the appended claims.



15 in the foregoing descriptions and the associated draw ngs. Therefore,
it is understood that the inventionis not to be limted to the specific
enbodi nents di scl osed, and that nodificati3@ns and enbodi nents are intended
to be included within the 20 scope of the appended clains. 32 THAT WH CH
IS CLAAIMED IS: 1. Atest method for determ ning conducted radio frequency
(RF) receiver sensitivity defi TRHTDEBECH BS UPAIMEDrE3fic channel (TCH)
power |level at a desired bit error rate (BER) for a plurality of channels
extendi ng over at |east one frequency band using an RF source coupled to
an RF receiver by an RF gabl ea tdest testhgmetdad dgtrgzrmlailﬁg} ckhddgfteydn ni ng
a BER versus TCH power |evel function for an initial channel; determ ning
an estimted TG4 TER\FEICH ofRE a%ﬁﬂ?slé’(ﬁ}érﬁe%%ﬁ@tyb&%fdﬂ%@atw BER

versus TCH gpo d evel, famct ign . ang t esid.ed- Bl 11% BER of
t he subsequent VM(s:‘f{loannel *hased upon t eﬁg:skﬁl ?at egc @e eve% corrparl ng
t he measured BERt e@urve dedie eBHBER fand yslivig la tdi fdmrcémrmeﬂmerebet ween

along with the B R_versus TCH pawer | evel function term ne a _next 20
st et ed TCH SRR R0 Yand s A R e SR Vo oG £ he
difference is geatey ddignea tdy eshalwd ﬂébetlh}@'le%y LHErE e 3 Ted power
| evel in the subsequent channel corresponding to the desired BER 25 2.

The test net hod < @edingd GETEisindet er mi ni ng t he BER versus TCH power
level funcgpon for the ifidd.al: GHRANNEREEOMRISRS 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;
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 wherein
determining the BER versus TCH power level function for
the initizl channel comprises:
measuring respective TCH power levels for a
30 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.



measuring respective TCH power levels for a 30 plurality of BERs within a
target BER range; and determ ning the BER versus TCH power |evel function
based upon the nmeasured BERs in the target33BER range. 33 3. The test

met hod of Claim2 wherein the target BER range is from about one to three
percent. 4. The test method of aim1l further 5 conprising using a |inear
approxi mation to deternm ne tHReTOePowstHagalf i(Glaime & olisetientthehannel

correspondi ng i red BER the di.fference .between the neasured
BER and t he de;t%rée%ecB | s 1685s ls)[,wrgpnomora%ecﬁl&aloqeonct etkinnereeéar?oﬁccfﬁio 5. The
test nethod of Caim1 wherein the BER versus TCH power |evel function

conprises an exponential function. 15 6. The test method of Caiml
wherein deternining the BER VéiSsEstomeidnst afediaimnctigithegonpri ses

det er m ni ngst he BER warsys, TG %Ovﬁrnéa@/equprfolﬂ%af-t(i% a&)eg:lel'f:%%i"i’ﬁ::eas'[

squares algorithm 20 7.” The test nethod of Caiml erein the
recei ver conpritdes I&¥Hmobadr Sysstegm ifrort Heblsiubes e @emriumih@atriedns ( GSM)

receiver. 8. The test net.hod  of ai 1 wherejn the 5 . cei ver
conprises a Gereral” P R (:)t%er Sclged?éﬁ%)w eé’céﬁ%\?eﬁ:.l EANES est
met hod of O ai Bekwaher aibe haisufed G ld GHIHSES N HEmancadgat a Rat es

for dobal 30 System for Mbile Conmunications (GSM Evol ution (EDGE)
recei ver. 10. THen &t 9tHodofthg diheBhiérein the RF source conprises a

base stati g enul ator.

5. The test method of Claim 1 wherein the
BER wversus TCH power level function comprises an

exponential function.

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

function based upon a least squares algorithm.

20 7. The test method of Claim 1 wherein the
RF receiver comprises a Global System for Mobile

Communications (GSM) receiver.

8. The test method of Claim 1 wherein the
25 RF receiver comprises a General Packet Radio Service

(GPRS) receiver.

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

receliver.

10. The test method of Claim 1 wherein the

RF source comprises a base station emulator.



34 11. A test systemfor determ ning conducted radio frequency (RF)
receiver sensitivity defined based upon a traffic channel (TCH) power

| evel at a desired 5 bit error rate (BER) 3f4or a plurality of channels
extendi ng over at |east one frequency band, the system conprising: an RF
source; an RF receiver; 10 an RF cable coupling said RF source to said RF
receiver; and a test controller coupled to said RF receiver for

determ ning a BER versus .TCH power | evel 15 function far an injti.al

channel , determining an e@t'i ng)tétc?sltaﬁyps&ﬁé[} §v et IR iy gy, 56, €% hannel

based upon the BERo afetifentGH raver-dvele f ungtdan Aand, tdee i rdesiv-ed BER,
20 measuring a BER of the subsequent channel based upon the estimted TCH

power |evel, &3 fgaiid hedsined BERH)o adver desialedtBERI®Sd 18 ng a
difference 25 ther @qu\qp%taé o(r&Ryyi tﬁ%rt @?éﬁ%@a\ief Songﬂan ver | evel

function to determ ne a next esti'mated power -l evel, and repeating
measuri ng and comearding idvdiet didafsdr emee firsqgreaterbdrign thet Rvesteal d to
30 thereby determ ne a TCH power |level in the subsequent channel
correspondi ng {5 d¥Sired BER 35 12. The test systemof Caimill

wherein said ‘ an RF source;
an RF receiver;
10 an RF cable coupling said RF source to said
RF receiver; and

a test controller coupled to said RF receiver

for
determining a BER versus TCH power level
15 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,

20 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

25 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 greater than a threshold to

30 thereby determine a TCH power level in the

subsequent channel corresponding to the

desired BER.



test controller determnes the BER versus TCH power |evel function for the
initial channel by: neasuring respective TCH power levels for a 5
plurality of BERs within a target BER rang®, and determ ning the BER
versus TCH power | evel function based upon the nmeasured BERs in the target
BER range. 10 13. The test systemof Caim1l2 wherein the target BER
range is from about one tl@.t hfée ﬂt@rscterﬁystem ofTihd afigstl Is ydteerniof s@lisi m 11

wh d | | 15 d '
the TOH pover 1BV SR 'tid b SBYGaR. CRariel B PeSHand N 8 e desi r ed

BER when the dilfdheemiactienweer the masurad BeERnandkhe desired BER is
| ess than or equal to the threshold. 20 15. The test systemof Caim 11l
wher ei n the BER versus TCASHEWES F&FEIeFive iI6H EOwSsH @é’edﬁ; fé’)%—’p@nentl al

function. e Las ttgtsjs T%H@R%f Wgtqa}l 11 \whergi E§{a|r§d71 g%t o m - controller

det er m nes the BER ver ower evel nction b ng the BER
versus TCH power |evel fdgerlI@anllnl@setdlaJmﬂR Fdreast TSHugpoe=s rallgorlt hm 17.

The test s ste of Claim11 wherein_said F recei.ver conpris obal
System for NobEECIESHIACEa TERE (ASW S SLE e ERs 36 C18 CAHEStetERoy st om

of daimll \Ahqraejg@ said RF receiver conprises a Ceneral Packet Radi o
Service (GPRS) receiver. 5 19. The test systemof Caim1ll wherein said
RF recei ver conprises an Enhanced Data Rates for d obal Systemfor Mbile

Communi cat{gns (GSM EVOH%[iO%thgggk s@%&%&y%%'Claim 12 wherein the

target BER range is from about one to three percent.

14. The test system of Claim 11 wherein said
test controller uses a linear approximation to
15 determine the TCE power level in the subsequent channel
corresponding to the desired BER when the difference
between the measured BER and the desired BER is less

than or equal to the threshold.

20 15. The test system of Claim 11 wherein the
BER versus TCH power level function comprises an

exponential function.

16. The test system of Claim 11 wherein said
25 test controller determines the BER versus TCH power
level function by determining the BER versus TCH power

level function based upon a least squares algorithm.

17. The test system of Claim 11 wherein said
30 RF receiver comprises a Global System for Mobile

Communications (GSM) receiver.




10 20. The test systemof Claim 1l wherein said RF source conprises a base
station emul at or.
36

18. The test system of Claim 11 wherein said
RF receiver comprises a General Packet Radio Service

{GPRS) receiver.

5 19. The test system of Claim 11 wherein said
RF receiver comprises an Enhanced Data Rates for Global
System for Mobile Communications (GSM) Evolution (EDGE)

receiver.

10 20. The test system of Claim 11 wherein said

RF source comprises a base station emulator.



