5 10 15 SYSTEM FOR DETERM NI NG RF PATH LOSS BETWEEN AN RF SOURCE AND AN
RF RECEI VER AND RELATED METHODS Field of the Invention 20 [0001] The
present invention relates to the field of comrunications systens, and,
nore particularly, to performance testing in nobile wreless

conmuni cations systens, such as cellular conmunications systens, and

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

comuni cations devices, radio sensitivity is a fundanmental figure
characterizing radio receiver performance. Conducted (i.e., via an RF 30
cable) andradiated (i.e., via a wireless comunications |ink) radio
sensitivity neasurenents are perfornmed 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% [{903] For G obal System for Mobile conmunication (GSM nobile
devices, for exanple, there are several conmunications bands each rangi ng
fromat | east one 40 hundred channels to al nbst four hundred. To scan every
channel of a GSM nobil e phone requires |arge amounts of 1 tine using
traditional, sem-intuitive nethods. Automated nethods replicating nanual
estimation tend to be randomor follow binary-tree search nmethodol ogy. 5

Brief Desttiption of the Drawings [0004] FIG 1 is a schematic_ block
di agram of an  SYSTEM FOR DET ING RF PATH LOSS BETWEEN AN RF

SOURCE AND AN RF RECEIVER 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 verificatidn. 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

channel of a GSM mobile phone requires large amounts of

1



exenplary test system for neasuring conducted radio frequency (RF)
receiver sensitivity in accordance wwth the invention. 10 [0005] FIG 2 is
a schematic bl ock diagramof an exenplary test system for nmeasuring
radiated RF receiLver.sensiti,yity LA a r.d M. i.nyention. [0006]
FIGS. 3-5 are ?ﬁ%& Q%é§§a§§5§¥k%§8ﬁgra%§%ln§9%§&§h%%rh%Ethééiver
sensitivity nrasumenedt menhd8saeepidanceny mhnbe kBvemkitdonn F@DA7LoFI G 6
is a flow diagram of an exenplary ,nethod for determining RF path [ oss in
accordance wi Pf IFHQOWnQEanEﬁ9W[EGGSFYFFGS? FeanGne™g-BOAPdROEI agr ans of
exenplary 20 nmethods for determning RF path | oss between an RF source
and an RF receiver with hysteresis in accordance wth the invention.
[0009] FIGS. 9-13 are fl| @wigifaPememrigitinmdiafl g Drawdmgsary net hods for
determ ni ng RE | oss_ .n 25.accordance with.the invention,. [0010] FIGS.
T4 and 15 ar18P8Rs of TEER doius TERTabAer BREYE: SeHanga PS: i1t er ent
sets of data, eAasmpehly 88s€05y88pANELRIMBERUYERh§USohEHCROVRE aligYe]
functions therefore, in_accordance with the present invention. 30 [0011]
FIG 16 is a §raphentyusRFat ragesvas aanestigpproxnnmaceardangg wpkhne
fitting. [001 F .15 a graph illustrating handheld device hystersis
swi t chi ng. [Oé%g]iﬁ%%égigﬁfs a graph of BER vs. nornalized TCH 35 |evel
function.1® DgoedS5ed DeBTEL pRi ba af sthemBrétebiledkEdbhedramnts aph0014] The
present invention will now be descri_bed nnre,fullg hereinafter with

reference to BRE™BIAE¥ohpEhyPRGTEFalPhgReaPHERAPCR2PraFERr 88 enbodi ment s

receiver sensitivity in accordance with the invention.

[0006] FIGS. 3-5 are flow diagrams of exemplary
methods for RF receiver sensitivity measurement in
15 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.
[0008] FIGS. 7 and 8 are flow diagrams of exemplary
20 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
exemplary methods for determining RF path loss in
25 accordance with the invention.
[0010] FIGS. 14 and 15 are graphs of BER versus TCH
power level change for different sets of data, as well
as corresponding BER versus TCH power level functions
therefore, in accordance with the present invention.
30 [0011] FIG. 16 is a graph illustrating sine waves
approximated using spline fitting.
[0012] FIG. 17 is a graph illustrating handheld
device hystersis switching.
[0013] FIG. 18 is a graph of BER vs. normalized TCH

35 level function.



of the invention are shown. This invention may, however, be enbodied in
many different forns and should not be construed as limted to the

enbodi ments set forth herein. Rather, these enbodi nents are provided so 10
that this disclosure will be thorough and complete, and wll fully convey
the scope of the invention to those skilled in the art. Like nunbers refer
to like el ements pd#dOugh MEscrlijc 1 NEF aglie Metéf gt fed ExBodihai ton are
used to indicate Similar elenents 1n alternate 15 enbodinments. [0015] A
test nethod fdP03&ler ni AhsyPragies tf ASFEETPD (RA)L Betih oo se et an RF
source and an r Vet ..far I |t in a given RF
frequency banmgﬁies%gll rl tﬁlggggﬁagg%.ruﬁgﬁght éggenﬂgt:nhco%;acg?q%ncl udegzo

det er mi ni Ny RBcpainpahgises drawiselsectied WwRE adhanrdexr rad tenbodimergisven RF
frequency band, and determ.ning an  RF path . oss function based upon the RF
path | osses off tH& %@ivé’@tté&’“Rgr@hﬁﬁlﬁéﬂns. LIh'FH@ H&Vﬁé&% 3tt her !Oncl ude
determ ni ng amoRevRat h peostusberi cat i|ne%§atnlgoﬁﬁff%'ie@ith&ro&{§i@}ﬁi Mddiq the
gi ven RF frequency band based upon the RF path loss function. [0016] More
particul arly, neét beniceinsg ried RE gartitddod® s tamhediden ticlsade
determning t ath.los cti a { r

al gorithm 30%&5 lriil“ietr]fi‘c“r%é]'t %gth%r}patt%%%s}?%Snc%gﬁgn%%al%%qﬁr%%ufg
determ ning t keakFtpah diesd oswret wdn 1usieng ha alugralarddy caafplsyild nesid [ 0017]
Additionally, determ.ning the RF path | osses for the sel ected RF channels
may incl ude” d¥tdiniflildy COBVENe tRE FooRa GdsddS gt 18 & éd'93° channel s

within 3 an angGhieg RE ¢hamher.. By ey @ik the Rie racgisgs my be
a G obal Systemfor Mbile Comrunications (GSM receiver, a Ceneral Packet
Radi o throughout, and prime and multiple prime notation are

used to indicate similar elements in alternate

15 embodiments.

[0015] A test method for determining radio frequency
(RF} path loss between an RF source and an RF receiver
for a plurality of RF channels in a given RF frequency
band is first described. The test method may include

20 determining RF path losses for selected RF channels
within the given RF frequency band, and determining an
RF path loss function based upon the RF path losses of
the selected RF channels. The method may further
include determining an RF path loss for at least one

25 other channel within the given RF freguency band based
upon the RF path loss function.

[0016] More particularly, determining the RF path
loss function may include determining the RF path loss
function based upon a least squares algorithm.

30 Determining the RF path loss function may also include
determining the RF path loss function using a plurality
of splines.

[0017] Additionally, determining the RF path losses
for the selected RF channels may include determining

35 the RF path losses for the selected RF channels within



Service (GPRS) receiver, an Enhanced Data Rates for 5 3 obal System for
Mobi | e Conmuni cations (GSM Evolution (EDGE) receiver, etc. In addition,
the RF source may be a base station emulator. [0018] A test systemfor

determning radio freﬁgggcxg EF%bB?thB oa og%r ﬁgﬁral ¥ @k RF channel s
an u

in a 10 given R 7reg quency may gen ra y inG source, an RF
receiver, andr@céeﬁércmayrbélaerehanedystémtHerRHobéaelver The test
control | er 5 be for determning RF path | osses for sel ected RF channels

within the gi WL ERBRRACYCBYN I SHELER AT nPnGSRRA¥RE FBCE&ENRRELS function
based upon thgeﬁﬁ}@étheb$§§e§eeél§99 36! RRh8A-BE phRAN@hsesard det ernining

an RF path | oss east one ot her channel within the given RF
frequency5ban@l@asbd5ypbamtﬁerﬂﬁopaﬁh Comsuhinetions (FSULOFEvGéneiahly

speaki ng, test syst r,e.provi herein for deteym ning
conauct ot and EPGET ateHeTERE] vBF Ceetdi AROLEYn: EHeULE SORRgRNERY B

i nf or mati on- basgdssearshigppeaticowhi ch creates a fast sensitivity search
for GSM or other nobile devices. The RBER vs. nornalized TCH transmt

| evel is |argE?9lBh det?érheﬁbdswtemfﬁﬁddﬁa@mhnﬁr_éghéédaﬁdfa?gufsaws. gnal
processor (Dsﬁﬁgfnggg%“?éégrSGE % ﬁr5§9?§ ﬁ% kB 8haflfbascigates a curve
er|

or function s arac tredts € recélver near the target
RBER. The cogpvéedrHaf aefraenopebahdnmnely gppkiredlyoiakliud@ chanael BFwit hin

t he same band. This curve_all ows redi ctive, rather than esti d,
transmit Ieve$ouE%%ng%nm5FhF%C?%EegouﬁHQr?eEeSFOG?BFr?ﬁze§eﬁ§Pgﬁ9§ty

measur ement i §; defk nef ﬁécébeertr@ﬁéﬂkéseTé%nEQ@@&eét i B ¥he nobile
reports a Class 35 Il RBER of 2.44 percent or |ess. en the calibrated 4

base station debmerinipoweF pathetesasedfant Felehsed RF channels

within the given RF frequency band, determining an RF

15 path loss function based upon the RF path losses of the
selected RF channels, and determining an RF path loss
for at least one other channel within the given RF
frequency band based upon the RF path leoss function.
[0019] Generally speaking, methods and test systems

20 are provided herein for determining conducted and
radiated receiver sensitivity which use a channel
information-based search approach, which creates a fast
sensitivity search for GSM or other mobile devices. The
RBER vs. normalized TCH transmit level 1s largely

25 determined by the modulation method and digital signal
processor (DSP) code. Measurement of a range of this
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

30 channels within the same band. This curve allows
predictive, rather than estimated, transmit level
change within its boundaries.
[0020] The sensitivity measurement is defined as the
transmit (TX) power at which the mobile reports a Class

35 II RBER of 2.44 percent or less. Often the calibrated



desired RBER i s achieved. To correctly neasure device sensitivity in a
conducted node, accurate cable path |oss needs to be determ ned across the
channels in 5 question. Wthin the desired bands, a random channel rmay be
sel ected as regresen%%%ive. The | ower and u limts of .the RBER scan

, r
range are sel eCfE&8. ° lPBmEFan§W&FtpP¥e§ng£§§&rF85ﬁﬁnPHFi fP§h Gaussi an

and other rapdaA-Bai REERN KA a8HSEQRHI birbi by rakc¥eky mkaw RBERevlitel0 is
preferably sufficiently lowto naintain a |arge overall scan range. The

upper limt i&eseiEévaédyt on pr opacducagai Aster epficHaBse wobilkepeahl s whil e
mai ntai ning | ar | L _sgan i : e_l [ R .. Limt _cC be found
64§ 8&8&% k?hggsgegggﬁgngﬁlﬁc% S %ﬁg ch hg%%§ ?%OS

t hrough vari ous Search ng W e appreciate e skilled
in the arts [6Q23FiBht wWirainnehAsudeseks Wahhisn theaabewechanedl limts

use the highest transmt |evel resolution. ,Decregsing resol uti on decreases
prediction ac®@¥ab§ SEVEFL&IndSH- FERESSCETSLNE - THESVAPHES AR EBRFTI ed with

20 the TCH trangitt bevehenRBER 52gd- rBARAOMBOLEE cARADI trneChboky f ati o0
nodi fy the exact data curve. One approach 1is to apply a |east-squares

fitting to créamétt he sappropd dbemfiagmigeahdéhhc GrvesiBecansie osherhe nat ure
of the nndulatian t he nornalized curée 'L% ha¥e t he orng%% of % = Cex
bet ween the | b8 Ognﬂoﬁﬁﬁe?rFPﬁiFgfcﬁﬁ 98%91 ¥s Athd Bt “&Fr Rat i , X 1S
the nornalg zeds Tereferansy bukgvelienang Coandobmanetrwahuesidegieved from
curve fitting, as will be discussed further _below, [0022] An exanple of an
RBER vs. nor n8VfZadl TEFRBOTREYEI ENPVEPPSTsheWA T ASFPEletgedThe points are

the measurenpbedatasgafflstheckhifiatsal RBpiesulhi9t thgrecurve fitting.
or all other”channels; points on the nornmalized curve are determ ned
using a "l eaphadgtainkhpotlargheokeapiiogcanouanhgies WhehiloweleRB&ERge from 5
limit can be found through various search methods, as
15 will be appreciated by those skilled in the art.
[0021] Bit error measurements within the above-noted
limits use the highest transmit level resolution.
Decreasing resolution decreases prediction accuracy
over a non—-linear system. The values are compiled with
20 the TCH transmit level normalized. Random noise and bit
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

25 of }H=Cb” between the lower and upper limits, where y
is the bit error ratio, x is the normalized TCH
transmit level, and C and b are values derived from
curve fitting, as will be discussed further below.
{0022] An example of an RBER vs. normalized TCH

30 level curve is shown in FIG. 18. The points are the
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 leapfrog amount is within the range from



the lower to the upper Iimt. Consecutive channel sensitivities often
narromy differ. [0023] Wthin the curve range, based on the information
of the | east squares curve, the change in 5 transmt |evel is calculated.

The new transm{ level is then applied.to . th .atli lLat or, and
t he achievednkéﬁRs?g?ﬁefo(gﬁﬁ43§8?§ g%W%ang g?%?%ﬁéﬁg %gggggénent. Any
deviation is genseetiedcvea oreapphheabivop af fEbe.normal i zed curve and a

successive 10 confirmation neasurenent. Increasingly smal| target to
actual devi at I8R2Bhcr ea¥éhdBctib8cGUEHRoGGRIEI nRAFPEYOR A8 deviation from

expect ed val uggel 50t pLABL gﬁgzﬂéaggfgﬁﬁgﬂgsiehkbéL!¥hE9cﬁhﬁbF;ina test

system 30 for neasuring conducted recei'ver sensitivity is 157first
descri bed.5 Thersyshitm BOvell ist calcuébyetdnclhdesewahrRRsmést lsgeices3l

coupl ed to a handhel d. devi i 2.to be t d vi RF bl e 33.
By hay of . oxbRBRoSPPhGSHahanENe GBVFCatRELaR EPUSs ity BEUAthE obal Syatem

for Mbile Cognnni6ali Rpsr(E3Myete¢ei yar) 29 aokenemab PaekayhRadi o Service
(GPRS) receiver, and/or an Enhanced Data Rates for d obal System for

Mobi | e  Conmumégaviremsnt GSMyEdevbetrbnn( EBGEprrectpderiafor exanple. Of
course, Otherr Iéf?é&t!ééegﬁi% éeﬁgk%géigegz% gbaoagasgsgchégsE9825] I'n

addition, the ource e € oné o e an chwartz uni ver sal
radi o communi eahf OPmbesberme&EMIr2fOner ancAghkengl§o6fNabaseastati an

enul ator, for exanple,  although other suitable enulators_and/or RF test
sources nmay afSbupé G8BH2TRACReIRCEBABRS| REFUSACYSRBEORGRANLLTRETEEYY he

handhel d deVi&ﬁdrﬁéﬁi%E][?lgfsz:Bﬁl cRpLEeLAl pgivaL QYSmt 83hagper ations and

measurenents, whic be discussed in further detail below It should
be noted that [W24F t heRRFcspingeiBitanadlyesto FEGnt Lol heke84 ayetem

I Tustrated a§oSﬁgﬁfﬁé5589988”88£8ukged receiver sensitivity is

15 first described. The system 30 illustratively includes
an RF test source 31 coupled to a handheld device
receliver 32 to be tested via an RF cable 33. By way of
example, the handheld device receiver 32 may be a
Global System for Mobile Communications (GSM) receiver,

20 a General Packet Radio Service (GPRS) receiver, and/or
an Enhanced Data Rates for Global System for Mobile
Communications (GSM) Evolution (EDGE} receiver, for
example. Of course, other suitable wireless receivers
may also be used.

25 [0025] In addition, the RF source 31 may be one of a

| 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 ié

30 connected to the handheld device receiver 32 for
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

35 the FIG. 1, the functions of the RF source and test



35 the FIG 1, the functions of the RF source and test 6 controller may in
fact be perforned by the sane base station enulator, for exanple.
Alternately, the test controller 34 could be a conputer or computing

device separate fromthe RF source 3], as wll be appreciated. 5 by those
SKi 1 Led i 't he CRPE 2ol O636TMadh FGEL Fiapemen FRgoFUANT S GREY ke

accuracy of agkagiienCenduaied,sensl bixkimi JTEaA3wemRRe113S tMd ltehe
appreciated by those skilled in the art. One difficulty of performng a
pat h | oss neas@némentleirn34 roulésbec gnfEoHiALToRT KFORPYEANT SeVHae t ypi cal

base station I r ly,re cejqver, a ra I .Qf dB, as
not ed above, es\% nrt%tﬁgugﬁgplh}eéhien gtﬁgﬁl&%ﬁ%‘lﬂf i°&r %%Fllt?eé F \cég::e\?el%t?%i may
have nmuch greatyerhoadecukadtyedf dh exanplre,. of about 0.1 dB. By obtaining 15

sign change information_in the receii ver power |evel, the path |oss

accuracy can tR82&lore BethnpPsvedleys @1 gROTAEN MCl5e 1 d¥ssed furt her

bel ow. [0027] glayt-BeCa%$e 50t 181 60RMUG LY JLCRINEN 1 vS8RS kldabirbnlegt . the
path | oss of the cablfe 33 that 20 connects the receiver 32 and the base
station enul ager wdllchr bepwelhatal biyattédseOskiddlest iivelthe stntai @ief or war d
accurate path Jl.ass surenent i nveolves _changin he internal .

anplificati ond&%%tlﬁgﬁgélcggvgfarffm%ygo.alpﬁ_’ﬁ%i %@rsgn%nﬁtaésulfﬁﬂeln%t Hé" Jesired

RSSI edgel poi Bes25cbafehakbnedn, Howaeeler,i fist h@ast artdirGI1p@arie is .9 dB
fromthe edge point, it will take many steps and, A therefore, increased
neasur ement t SEBLEEN PRYLERETEIGE L YpSEROL tAGC SCFEAGISY, AFSHE ACohpIeee 1t est

SoheTes oY, 8, S1°HpL el et of cpegn gl itdprhn 20 1 e e
[0028] For examplléefiemeos| ithbt h:yacmnre’rc@ﬂplm@y have much greater '

accuracy, for example, of about +0.1 dB. By obtaining

15 sign change information in the receiver power level,
the path loss accuracy can therefore be improved to
+0.1 dB, as will be discussed further below.
[0027] In the case of a conducted receiver
sensitivity test, the path loss of the cable 33 that

20 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

25 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

30 reguired on average to find the edge point and,
therefore, reduce test times.
[0028] 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

35 source 31, at Block 111, The internal amplification



approach is illustrated in FIG 9. Beginning at Block 110, the desired TCH
power level is first set on the RF 35 source 31, at Block 111. The internal
anplification 7 level of the receiver 32 is first changed by a coarse

i ncrement, suc %eg%;ﬁf QhéfféeegsePehﬁeﬁe %E?sEeBﬁéhggd BoSh ebatbe

recei ver and t power level or other integer v at Block 112. The
edge i s then fatunembyt, SSﬂthgsnghehélfﬁEEenaé bapﬁeéncaheonepevebdof t he

receiver using a fine jincrenent (e. i edg ransition
i s observed t®SpFovtdeNehecpatKe |6§§ tBF EegcRQWfi3lf aﬁFSH poi nt

the internal ;apphéficathon yalpeoek ihe. r?ﬁ@'é§§e3gs”EMeBef§@hd19 and/ or
recorded (Bl ock 115), t hus’ concluding the illustrated nmethod (Block 116).

[ 0029] StétedChﬁm@LnatthelyntehealcampéeflGéén@h l@ﬁahgéﬁ the internal
anplification by the differenc bet en. [ d r SSI. Since
in the 15 pre E%%?lgﬁﬁnﬁ?%n?h% %%8r% %ﬁﬁ 58 ege§E8 FSQ ¥ this
gi ves an aCCUﬁl@éYe@@eltﬂanirh@onfLBe bsearel theprodeﬂerﬂhéepathe edge
bet ween two consecutive RSSI readings. [0030] other varlatlons of the

coarse-fine elges, Z@tp%iﬁ?kﬁe%ééfiﬁﬁraﬁErUQéﬁ nB9i8FsbhBelBied N 2Eeneral |y
speaki ng, the,g f{ffcge{§h09§18£ gbeﬁﬁeSE@égﬁeéraéﬁ mbh9l pbysstmlar, so

parti cul ar atte tion Iven herein to the variations in the fine
search that naydber needrdsdapblopklalé f orthasgreanlidphgneheation. A fine

25 search geng II i ncl.udes. thr st ag First, the RSSI is set to the
desi red IeveIlL? %E??nﬂeFﬂgg'ﬁgé E ﬁﬁﬁpllflcatlon and the TCH | evel of

the base statjggzopmul atpscedexicothstiBbeynatnampbbhirsati e8airehchanged in
a series of successively decreasing increnents to 30 find the edge. These

i ncrenents showhngaar towy toternagpamplification by the difference
between TCH level and reported RSSI. Since in the

15 present example the reported RSSI 1s an integer value,
this gives an accuracy of t1 dB. The “fine” search then
determines the edge between two consecutive RSSI
readings.

[0030] Other variations of the coarse-fine edge

20 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
used as appropriate for a given implementation. A fine

25 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
emulator. Next, the internal amplification is changed
in a series of successively decreasing increments tc

340 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
measurements may have left off 0.1 dB from the desired

35 RSSIT.



(or the accuracy of the given internal anplifier) to ensure the accuracy
is also 0.1 dB. Finally, it nay be necessary to "step back" to the edge
point, as the measurenents may have Ieft off 0.1 dB fromthe desired 35

RSSI. 8 [0031] er e e of a f earch _is _now . described with
reference to Fﬁéﬁgig épgﬁhﬁﬁ §§3§P O§1§O%lpﬁesﬁ§§Fhl%ssgp “to the

desi red Ieveldegbrﬁb@@kw1&21re@aeehb@ kBt ergal 1anpbebieaihgnaghanged in 0. 2
dB 5 increnents until the desired RSSI is no_ |onger reported, at Bl ocks

122-123. That128; &heeRSaIndAbEFTtOFO §F§p§e€ﬂ§6ﬁcé?W?lbeﬁﬁe@AOSKe and

five the re ne i el ;shnee
|nte2nal anpl???cagpgﬁ§§%l Eg6g9}u%%§gﬁf%gsg gé %&ggb%&lo op 6 gde Thus,

decreasi n@g orin srempnng batkl the deate&daRsamphsfnoaﬂoogekevel in 0.1 dB

i ncrement il e o] he n one or_ two_st , Bl ock
124. 125 (depeRBPAS-Bion- Bt REFSL RE2ahBa - nkE=") Aped 16y “021 "OPC6=2008) |
thus concl udi ggepbe %?p!ﬂ:hﬂ@ rBtedeBRt Bad (BLHOgk v226) cnE0Q3RL rAet her fine
search process is nOM/descrl ed with reference to FIG 11, Begi nni ng at

Bl ock 130, thBSSRS@illsngbtmabchhehdediepadedetervelasinicectibsed above, and

then the |ntern | L£] L i a 2 B_incr unti |
the RSSI is no" %ﬁ%QE ?ﬂ%ig%s?re 3n Q?5$ ﬁgges¥8 1ng1§§3%c§§§6f e RSSI
changes, oM ogo0S2CHUBL VEh(s] dBcseapsnyi bl ysebﬁpanghaaga"ithSSI t hus
| ocating an edge, at_ Bl ocks 136-138, _and_the _internal gﬁglflcatlon IS

decreased by D4R} BPREkIS5Ca8oPN LR¥ELcoRCLudi A LRETEIEASEr Xidd met hod.
For exanpl e, fiﬁdtBﬁeséagéoﬁéhnﬁhéﬂgﬁekslg bndBotergo s0eps,and then -0.1

dB, totaling +0.1 dB) an I's produces a change in RSSI, an edge has been
f ound. Alternal©0b5y124 125 (depending upon whether the edge was

jumped by 0.1 or 0.2 dB), thus concluding the

15 illustrated method (Block 126).
[0032] Another fine search process is now described
with reference to FIG. 11. Beginning at Block 130, the
RS38I is set to the desired level, as discussed above,
and then the internal amplification is increased by 0.3

20 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 vield a change in RSSI,
thus locating an edge, at Blocks 136-138, and the
internal amplification is decreased by 0.1 dB (Block

25 139), 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
change in RSSI, an edge has been found. Alternatively,
if the internal amplification is changed three times

30 (i.e., 0.9 dB} without the RSSI changing from the
desired value, at Block 134, an edge is also located,
as a 1.0 dB change will change the RSSI since they are
reported in integers.
[0033] Another exemplary approach is now described

35 with reference to FIG. 12. Beginning at Block 140, a



if the internal anplification is changed three tinmes 30 (i.e., 0.9 dB)
w thout the RSSI changing fromthe desired value, at Block 134, an edge is
also located, as a 1.0 dB change will change the RSSI since they are

reported in |ntegers %?@@%1A% gfegaeégnygargoagﬁrggggahg pow descri bed

35 with reference egr nning at "~ Bl ock 14 starting actua
RSSI val ue |sre§6kﬁéddESSBnﬂsth&O dbp@BledkRssl)LsThSOidbetﬁabck 141). The
internal anplification is then increas

ed t
changi ng t he aB®thfiEssioyalfether- #@Cé?aﬁﬁﬁ BﬁdOS tﬂg Oﬁi%ﬂﬁRSSI to -79

db (Bl ock 143451 ndi £3kiRg tﬁeaéciaeleﬁgezhaeleeeBOCLogsed d#heangxt step
is a 0.3 dB decrease, at Block 144, which changes the actual RSSI val ue

to -80. 175dB‘th©dr¢m@rt@®oR$%B‘R@ST7Ba@h tBlock0ldB) (Bnaekcezsyg i ndi cati ng

t he edge has been 10 cr ssed back over. su h n | kfi cation
i s increased by2b. 199 ?e%ﬁ%g?eiﬁ6?r8ﬁ§%%|ngﬂ B gt F gésgng ue to
-80. 07 dB, an@Bt@@cf@@§éIthF§§$ckrfuainﬁhath aﬁad@eeetnekaeamal nean|ng

t he edge was not crossed. Accordlngl , another 0.1 dB increase is
per f or ned (BI%%&Ilﬂ%}uemh@chBthﬁg@ t pedakhaarerestedyRFaé P6Ck7§°97 dB,

and al so chang e t dBy, et el t t he edge
(Bl ock 149), 220 &Q &éfﬁg%nfﬂsﬁ %Q?Fgggdgﬁgt%gg ggeBbggE 150. g[0034]

It will he ap@r@£$@ﬂeﬂaby éhese Bklbheﬁ i hh@0inherasi ahplifaagtdohferent

edge | ocation,  schenes u The 'rs , d each successive, ju i
typically anyl%uh%%¥e??% %Ylo i ng a% ﬁ% %EEUeggaggﬁ ghgﬁﬁe or {egglns

constant for gach,stRPsT TP2LHO0EE -8D. BPPABPT LatecABt hegok-eEdargEyYen
application, 25 variation of the data and average perfornmance are

i nportant consémeiasiahs-8ForbekBARFE, 1471 h MeRRLNGekye edge was not
crossed. Accordingly, another 0.1 dB increase 1is

15 performed (Block 148), which changes the actual RSSI
value to -79.97 dB, and also changes the reported RSSI
to -79 dB, thus locating the edge (Block 149), and
concluding the illustrated method, at Block 150.

[0034] It will be appreciated by those skilled in

20 the art that many different edge location schemes may
be used. The first, and each successive, jump is
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,

2% wvariation of the data and average performance are
important considerations. For example, with relatively
“flat” data the abproach illustrated in FIG. 9 may
locate the edge quicker than the approach illustrated
in FIG. 10, but the opposite may be true for “sloped”

30 data, potentially by up to three steps.

[0035] Still another approach now described with
reference to FIG. 13 is a five-step path loss scheme.
Beginning at Block 151, the reported RSSI for a given
TCH level is obtained, at Block 152. The first step

35 includes determining if the reported RSSI is the same

10



"flat" data the approach illustrated in FIG 9 may |ocate the edge quicker
than the approach illustrated in FIG 10, but the opposite may be true for
"sl oped” 30 data, potentially by up to three steps. [0035] Still another

approach now descrj bed efere o] G.13_is ath | oss
schene. Beglnﬁ?nbh%t %ﬁgiﬁvﬁ%i % gf Ego}géd ﬁésfofoﬁhé é?%génggH | evel
I's obtained, gi.8Logk ééZStJ etfbl St£5hep, 3Bhénchudesatetermining if the
reported RSSI is the sane as the TCH IeveI at Block 153, If so, the

net hod gr?ceQMBllﬁlgaépOmmbs lmcﬁﬁﬁseﬂhéorn@@?ﬁﬁﬁseﬁnﬁﬁpﬁpéépgoﬁppg
i ncrease or d
: Eﬂgfrgﬁ E%uPEPeE@%ggeggﬁgtLEHg ?gr£h§UH§E%%£PbEEEBEaEh8n) by

the differenc repor m nu e given evel, at Bl ock
154. The shewr&ppott@dIRBSS| misus heheobiaene@CHBlevkl 152}, Bandk 564.st eps

two through four the |nternal lLification _is.chan i essi ve

decr easi ng i nEP@MBAY sTEPOBted H%BIOlﬁ géenaﬂakﬁlﬁenggchgl§§2?15@ 10y
[0036] If thefB p9£é§ﬁ RS theofigh EBErSafR astbhRail ambliepentednRSS|

after each of ese anges, then the sign is changed before the next step

(glogk ég8) tms shepgéd ihesoppesisivedlyr decronsingelnchaBrRnEswaid Ot fe
edge ce t f our_step e d he 15 fifth step involves
o detBr mphingor el Felti 8 ROGrt 1P i

once again de repofte iS"the sane as the | ast

reported 1gSSI [oe86] Bl ockr 16Re aBfoktedorsbBangisngothehentamrabs the
anplification by 0.1 dB once again (which will be the edge) and obtaining
the reported RSSt, rapoBreekBS361atper162cht gEcbREPGIENERE FPIG?FPated

met hod (Bl ocky 489); on T ScARREQACHC S -80YVARt AgReUSLER tBabdid 18eh! teonver ge
on the edge p%%nt m?th?n ?ﬁgegs epg ﬁhlc h provides pgood gveralﬁ ;:esultsg

for differentseapvént yhesopp0837E Useeotianpdtihel osbas&ateomwaird fheest
met hod edge). Once the first four steps are completed, the

15 fifth step involves once again determining if the
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,

20 162, to conclude the illustrated method (Block 159).
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.
[0037] Use of a path loss search in a test method

25 for determining conducted radio frequency (RF) receiver
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

30 defined based upon a traffic channel (TCH) power level
at a desired bit error rate (BER}. BER is an “end-to-
end” performance measurement which quantifies the
reliability of the entire radio system from “bits in”

to “bits out,” including the electronics, antennas and

35 signal path in between.
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25 for determ ning conducted radio frequency (RF) receiver sensitivity for
a plurality of channels extending over one or nore frequency bands wl|
now be described with reference to FIGS. 3 and 4. As will be appreciated

by those skil| 6ﬁ3%$ theaatfe F?Sﬁ'%ﬁ% %8@%%&%%& y 56r39eggﬁkﬂﬁ based upon

a traffic chan power [evel at a desire It err rate (BER). BER
is an "end-toacenda peoforaaa¢eeneasateEqnﬁpmhhch qnamhbtidﬁfﬁheulty
reliability of the entire radio systemfrom"hits

i ncl udi ng t he*Bl 8BEFBHI BN IaRPERN ?raﬁ8n5331¥ﬁﬁﬁa95pﬁpﬁtlﬁtbSFRegﬁ 211

[0038] Aside {rpp theerebabivehy PPOEeE8POTHERY sACEHRREY 2Rk receiver test
equi pnent, another difficulty in determning receiver sensitivity is that

it can be vepycel hg vomsupihagchroveds. winhini g, cehdénéaar 8aBdryphdal |y
nuner ous chanpel i h|n c IIuIar n an a_c r |ce MY
a %%%ﬂiaﬁan§Vlg maxo?ggrgge oge mu?k B&% bgg

operate over mff e ove. hUS a sensi IVI’t

measur ement coyeEdNgboak| @husheacBaﬂaetivmsgdmbysardméncec6&¢r&a§e many
hours, and even_ days, to conplete. EOOSQ To reduce receiver sensitivity
measurenent #}heel Bheefhgrvely Fﬁ@ﬂ ¥ndi HPVIEH Badr ERKGI BBRYthm is

preferably usgd.. Beglpgi 8g.at 4 Qcktgo i1Lphg path loss of the RF cable
33 is not alrea § known, ugﬁn Q% ofCO % above descri bed path | oss

searches 10or DOO2%2E) a 1S padhcéosecémnerleanamyladV§nmageouemynbe

determ ned, at. Bl ock 48! rt cul arl. th | o associ ated with
Cre R ooni o mgr T et e Crr B b AP arE Ry R REn oo TpSEatAR

frequenci es), i pubréhergo W ! hsb8. aBe@@ﬁﬁEﬁ§|¥t|Bm6ék #ol at Foahbepuern these
path | oss 20 val ues. Accordingly, determining the path |loss of two

separ ate chanhess @&, ghe %ﬁecab §t3 nds| aet aikaAdEl SNPHN heshagdyNea
l'inear path l&?stﬁgn§$$9g~égécrlbed 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., frequencies), but there will be a
generally linear 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
embodiments, if desired.

[0040] Furthermore, a BER wversus 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 wvs. BER function for a given

35 channel in a frequency band will be essentially the
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the RF cable 33 can be quickly generated. This provides a quick and
accurate approxi mation of path |osses for 25 all of the channels, although
the path loss for each channel could be neasured separately in sone

mbodi ments, if_ desired. [0040], Furth , _@_BER ver | evel
Functi on i o' det@hes Fe0 b ah FAFt Fare chaRRerR2a0 Bl okl 30 420The i miti a

channel coul dribes any ghanns! risctbrabande bukctoonexpl asatirannpdrpgses it
wll be assuned to be the first channel in the band, It has been found

that given enbyghnedwprihenfrahege and dépdkal shadpaloProfRESTEH power

| evel vs. BER ti Fven., 3 | 4L9;8efrggugncy kand will be
essentially tﬁégpgzég§%%9§%$ §F|€§? ?ﬁggﬁgggi%%géé%haﬁgel§§iﬁ t he band.
This is dge texémslie}l haPREhkeaduacEbl mesddéteionnedhbye.t Béngedbhat i on
schene and digi%al,si nal groc in éDSP al orkt?nbof t he handhel d
devi ce. By waycoRtHoR | €01 has ¢ duPati 6A°sBheme. Since the

rel ationship £o5,BER-VS1 £HERIYLRENBBRt vBasTen 1e¥poneghtalohoslsot he BER
vs. TCH | evel function also -takes the formof an exponential. Thus, once

the shape oftakes thacfoon ¢§ fpunyrebenbhelcehdhBel, onResthe £hABELI on can
be used to raprLd]ly. |l ogca he T |.eye a t i ntyfar each of the
Ch@%n%¥%8 fuﬁgt%?g 1g}%0u§& gé% LHg Cﬁgﬁ%ggaﬁkFgg

fol |l ow ng , asS W be" di scuss further 41] In
particul ap, thenBEFonecstshdChspavwes kepedlyf inektenthse @eHer mi ned for the
initial channel b{élS measuri ng respective TCH_power els for a plurality

|
of BERs wit hi €% ?@%@eBEﬁE?aﬂﬁé?tgﬁﬂrdﬁﬁgpnPﬁFﬁBetﬁ@ixgﬁﬁﬁgersus TCH

pover |evel functhopsbased, upenpthg;sERasUneduBERSri Bellb@. target BER range
(i.e., curve Itting based upon the neasured values), at Block 41'. 20

Typi cal |y speb@d4y] onl ynBERrvatuésrwi thenBaRpaerisggl dEH power level
| function is determined for the initial channel by

15 measuring respective TCH power levels for a plurality
of BERs within a target BER range, and determining the
BER versus TCH power level function based upon the
measured BERs in the target BER range {(i.e., curve
fitting based upon the measured values), at Block 41’.

20 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
three percent, although other target ranges may be

25 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.
[0042] To find the edges of the BER target range, a

30 coarse search may be used that involves stepping the
TCH power level in relatively coarse negative
increments {e.g., -1.5 db) when the measured BER is
less than 0.5, and relatively coarse positive
increments {(e.g., +2.0 dB) when the measured BER is

35 greater than 3.0. This gives a relatively close
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target range will be of interest because values outside of this range wl|
result in dropped connections, etc. By way of exanple, the target range
may be about one to three percent, although other target ranges may be 25

appropriate for,diffengnt oaPBE ¢aki PASgeYarhaus eWhLe pofihkhi NgaaPproaches,
such as a | east”squares approach, for generatlng the BER versus TCH power

| evel functioaucuebbibe desecussmdntar whehibektbw. th@042]) raogki mdyt he edges
of the BER target range,, a ,30 coar r.ch be use t invol ves
otepping the EHeh BBMERUPaaEI Tr RS PATELTy B Poc Ol BoHESatrYBY f ncr emonts
(e.g., -1.5 dbhcwbgentbe (Begsyr ed1BER hﬁcrbﬁéﬁtbma@oop50vaa@ feleat i vel y
coarse positive |ncrenents (e.g., +2.0 dB) when the neasured BER is 35

greater tHan d2b2 PRiBtgi fes aurerafivELydel ose 13 approximation of the
target range ggggs?o'”téu gad 1§EES§S§%V§85$§EEESQEHB %glgEhhga%grget
in eve

range nmay made"at ‘relative ower I'ncrenment s
(e.g., 0.1 dBlsnofeaﬁnhs¢ompapieulHg hbesb. dEﬁanpﬁhnhghfaﬂlCUDmerbutt|ng
[0043] Curve fittin ro riate because BER data, is often acconpanled

by noi se. EveﬂaFﬁ%ﬁgﬁr%I Gﬁ FBAeNpavarefRl§S(i REBPERIERTSTAP abIESs)

remai n constaptsy,{Pent’ §8HLLABL ?H&ﬁ@ﬁé@n&d%Q?EQ%@EsYa%bé leg) vary. A 10
process of quantitatively estimating the trend of the outcones, also known

as curve Ifd t tphgcesherEf guentbeebhwslysesuliraThagcheetiendi ng phecess fits
cauat ons of SHLGMUN L1gecuhieR, Lo HleLawtield, gabapsagertl! b2,
data for the BEEonss d&kfrul evehef dneteonitsiggnprakkysexpenential. Two
L S L R e e RS LA T
data, as will be appreciated by those skilled in the
15 art.
[0044] As noted above, the data for the BER wvsgs. TCH
level function is generally exponential. Two exemplary
curve-fitting approaches that may be used to fit an
exponential curve are a least square polynomial
20 approximation and a non-linear (i.e., exponential)
least square approximation. The theory and
implementation of a least square polynomial
approximation is first described. Since polynomials can
be readily manipulated, fitting such functions to data
25 that does not plot 1inearly is common. In the following
example, n is the degree of polynomial and N is the
number of data pairs. If N=n+l, the polynomial passes
exactly through each point. Therefore, the relationship
N>n+1 should always be satisfied.

30 [0045] Assuming the functional relationship
y=a,+ax+ax +L +ax",

with errors defined by
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exponential curve are a |east square polynom al 20 approxi mation and a
non-linear (i.e., exponential) |east square approxi mation. The theory and
i npl enentation of a | east square polynom al approximtion is first
described. Since polynomials can be readily mani pul ated, fitting such
functions to data 25 that does not plot linearly is common. In the

foll ow ng exanplee nymsythp_QggQﬁ@_Q{ boLyngnyal and Nis the nunber of
data pairs. If N = n+l1, the polynonlal ‘passes” exactly t hrough each point.
Therefore, the relationship N >n+l1 should al ways be satisfied. 30 [0045]

Assuning the Wa;qté qnafeﬁféééﬁegslah@ o¥58r¥8dXdaZ¥4pbriAXntaM YR1QENOr'S

defined by 14 e.= - =Y-a0 -alx.-azxe-L -ax;" where Y,. represents the
observed og ewrler%@m\@alt%ex > ﬁQEhe%POf'ﬁléé'gofoe%r@rW' ﬂhlexsuxar@@ of
error, the sumof squares of the errors will be NN S= e (1;

- a0- a, X- a, X2- .squaas W2 the=kriraksl@iAll dam ni num the partlal derivatives
SS SS SS are Sao Sa, San zero. Witing the equations for these terns
gives n+l equations as folloms SSN_j2(Y,. -a0 _a,x, -...-axn)(_1) sal

;=1 SS N = 2(Y.- a05a>i Za(igtt )éx)z S_a}oa—.:l)zl\/l

i=l

.. . . . 68 &S 88
160 At a minimum, the partial derivatives . S are

da, Sa,’ Sa

"

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

equations as follows:

N
22 > 2t ay -~ a XD

5(11 i=l
88 &
_ZZQ‘(K—_a a e d )( x)
66’0 i=1
M
oS &
= ZZ(YI =y —ax, —-—ax" )=x")
da, I )
15
Dividing each equation by -2 and rearranging gives n+l
normal equations to be solved simultaneocusly:
a{,]\f+a,z.7cj+azZ:x‘.2 +---+a"2x,." =Z}§
@Y X +a Y xi+a, ) x’+ra,y xM =" xY,
@Y 5 @y x5} +a, y xteta, Yy x" =YY,
M
@y x +ay M ra Yy kT ta, Y =) XY,
20

[0046] Putting these equations in matrix form

reveals a notable pattern in the coefficient matrix:

15



SSNnn San ,_, 15 Dividing each equation by -2 and rearrangi ng gives n+
nornmal equations to be solved sinmultaneously: aO\ta, >x, +a2Xx, 2++anyx” —YYl
a0X x, +a, X x, 2 +a2Ex, 3+.. +a Ex, n+1l => xxY aOXx, 2+a ZX, 3+a21x 4+, ..

a, Ex n+2 =Xx,2Y M-a0Xx, n 1;a2 2+, . E Y20 Fiply 20 L \

[ 0046] Putting thes ébuat ﬁs i ﬁatrl ¥ior r éal % h g ﬁattern in
the coefficient mat xv ,xP~ X xﬂ A3 ap k | x, 2
>2x,3 Ix," L YxlIn+l I% 2 Y 15 12 1 2,Y MMM
MMMMM x,n Xx,. r ’S<~ "Tn x
equation is called hadnornmﬁ nairwk forhdS tNE | eldst  $oMar phbblen1 In
this equation a.,a" reau tBi Gi en whi lle X; | are

gi ven. The unknown eff |Entgzggm2"§g% anqtanEEEnc -%é—o 22%h%§ by
solving the above matri x equations. [0047] To fit the curve Y,, it is
required to know 10 what degree of polynom al should be used to best fit
the data. As the degree of po| ynom al ased evi atigns of the
poi nt fron1tHEh£%rW%tF§X %ﬂﬂ%gﬁoﬂn%Flcaiﬁga £§?e8°8?320W§ﬁ5ﬁFa%°rn, equal s
N-1. At this point, there is an exact match. In terms of, gtgtigsfics, 15
the degree oft@@pl©&$haﬁﬂngr©h@r9b1§menialthsslﬁ@ﬂéﬁééa

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

%4, 4,K a, can hence be obtained by

unknown coefficients
solving the above matrix equations.
[0047] To fit the curve Y, it is required to know

10 what degree of polynomial should be used to best fit
the data. As the degree of polynomial is increased, the
deviations of the point from the curve is reduced until
the degree of polynomial, », equals N-1. At this
point, there is an exact match. In terms of statistics,

15 the degree of approximating the pqunomial is increased

as long as there is a statistically significant

decrease in the variance, 02, which is computed by:

2 ei2
T LN

20

[0048] The approach illustrated above was programmed
in two exemplary implementations using C++ and the
normal matrix was solved using two different methods,
25 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, the LU decomposition method was found to be

more desirable for the least square polynomial
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as long as there is a statistically significant decrease in the variance,
62, which is conputed by: z a. 2=Z e Nn-1 20 [0048] The approach
illustrated above was programmed in two exenplary inplenentations using

C++ and the nornmal _nmatri. lLve i iffer .net hods, 25
el vt he: GauSEPSraR R Se! B oReNE Relialad 10 kBl (B 104D,

appr eci at ed byprihasedskiekliedd petfierasnce Aktshdwgh bot h of these net hods

produced conparable results, the LU deconposition nethqd s found to be
nore desi rabl 490421t he ﬁ@&s?b§aﬁaP€t68I§ﬁ6nP§ng@maH6Fo%Fﬁ§%?€H gr am

because LU dec@mpasict ij@n i PLpvided dasiiadreiher mRpage itaswtt o [0@49] The
above noted C++ programwas I nplenmented so that it is able to calculate

t he coeffi%i eappobxtineted appvexifittédgceave tiiont iodg vegqyatidonlegiregar yi ng

degree. Polyngm.als with degrees of 2, 3, .4 and b5 r fi,t. a curve
agai nst BER ng&y98pﬁé s gﬁg%i eﬂéfeﬁoﬁndz’t%ét4tﬁ$5d%d§%§%é%%§ﬁyﬁghial

produced the wast 2 2dvart ageaustr eER bt AV ueal,t aeid A wasdegieels hi gher
10 than three did not show any significant inprovenent in the fitted
curve. Theref §het &hifdr degegee®opoNPRERLaPL RS STs &St 8OSt the curve

against BER dah%am'agi%%gsa&g%% s Nfiolr1C Ol Q01 olFRl e RGN Klgrld! 1 NG

non- |inear curves u east squares approach wl'l now 15 be “descri bed.
I n many cases tdahathbkai ndd fiodamshexpanynrengali fiesind iigprotvamiengarin As

Dol ynom al {0 Ch S 4EFA, CHRTE -COMRBR P % IAH -ohiy a5 e Vgt el
exponenti al fQres @bqatbypety thaXku@fe against BER data values.
[0050] 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 polynomial to this data. Some common forms that

may be used are exponential forms of a type y:wmb or

20 y=ae™.

{0051] 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, Iny=lna+blnx, or Iny=Ina+bx. Then, a new
variable is introduced, i.e., z=Iny as a linear
function of Inx 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

plotted using MathCAD and different forms of the curve
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20 y = aex . [0051] Normal equations for these forns can again be
devel oped by setting the partial derivatives equal to zero, but such
nonl i near sinultaneous equations are nuch nore difficult to solve than

|1 near equati Oﬂére% Becausga9hstnifie ﬁﬂﬁsaafcgr ”&t%‘is”%k&ﬁhhyth'ra@e%' zed by

taking logarit betore detfermning the paraneters for exanple

| ny=Il na+bi nx, e%oh@ﬁtkﬂ@"‘@ﬁrvgh@Bflﬁeﬂe)ﬂ/y vak babl @ d$i ddl rodbeetra1r €.
z=Iny as a linear function of Inx of x. In this case, instead of 30

m ni m zi ng thélsuﬁmnftbtuEEsdatathaldhwughlonhemfanctnonBtheycurve,
deviations of In Y argpn1n|glzed T0 aé gh chtfor of curge best fits
the BER dat a, PTREH et fi ?FBéFssbpt fEengs u%@B SReBER R-¢GPVe was
plotted ug ngrdsHfAD apdedi ifigegnt zheiBR 96 hiBeacubveit7avwenevhi bied

agai nst the BER data. It was found that an exponential curve defined by y

=ce provi dedtppdeyia@hl eo fiiHe fdatd he>iBHER datwsn ad4 hough ot her functi ons
may provide desired results in different inplenentations. 5 [0052] Data

| i neari zati on(i s/ ubed,).0-(kj,1y,d ,cwhegreofx iypehy iméepe¢ndete data points
given as (x"yl),(x2y2),(x,v,yv), where x is the independent variable, y is
t he dependentvaidlabte, yand Nhes Ctdﬁendmmaexam'rfabdey, paid sV T [theeari ze t he
data, a logarithm 10 of both sldes i s, taken, i. Inc+ax. Then a

change of vati8@pfe ?5 Frt rBdtted, ﬂaﬁ%@?a&?zﬁ 5%8 9a¥ﬂ(y§ LoGAT ¢hMBr oduces
the equation Yfa%biﬁ(gid?ghig ?%Hgﬁ'on el S ?b%'nf +a9qu%h'8na'%h%9§ © i ne”

vari abl es "X and can be abprOX|ha [east squar

of the 15 forgr YrdWitih1E0Y8VeRt rbButbls RARELY! Di(¥)x wrd pepMgsd for
perform ng | east square approxi nmation I nst ead” of y. Conparing fhe last two

equations, itwhiclopre@dcébathd egaaabdnBEIEE W In(cThushia=Agandicre are

used to
is a linear equation in the wvariables X and Y, and it

can be approximated with a “least square line” of the
15 form Y=AX+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=A and c=¢’ are used to
construct the coefficients which are then used to fit

20 the curve y=ce™
[0053] This approach was again programmed in C++.
The normal matrix to be solved for this method was only
2x2, which was solved with a relatively high degree of
accuracy. Plotted curves for two different sets of data

25 using this approach are illustrated in FIGS. 14 and 15.
[0054] Both of the nonlinear exponential least
square and least square polynomial approaches described
above approximated the original data with a relatively
high degree of accuracy. Generally speaking, the

30 margin of error of the curves generated using these
approaches will result in less than a 0.1 dB margin
of error in the sensitivity measurement. In addition,

the results provided by these methods are also very
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construct the coefficients which are then used to fit 20 the curve y=ce .

[ 0053] This approach was again progranmmed in C++. The normal matrix to be
solved for this nethod was only 2x2, which was solved with a relatively

hi gh degree of accuracy. Pl_ot L. de cury sJorrt\Z/F\qledi fferﬁnt ts of, data 25
using this appfﬂé@ﬁ are T YA it cS 14 and o5 ﬁ zﬂ %%ﬂh of the
nonl i near expeReRidrdlorhgast exgura iand drepstessalaigar@l WiNiramiaapr oaches
descri bed above approximated the original data with a relatively high
degree of acc@PREPXifefda 1 dhealivny,satife 230 dfdiyi Magelof Bt oS athe
curves gener aued\isifag ot I8Re o ARRIACHES M o d AR el digafidian a 0.1 dB
margin of error in the sensitivity neasurénent. In addition, the results
provi ded by tkesemenkiodR’anrealesentaer \thE8 (lrosd dto aané€afdiiharentBel ow ar e
the results obtained by perform ng exponential and | east square pol ynom al
approxi mation_on the two sets of data, nanely data set 1 and data set 2.
Here S repr &8t st F@rsCafdar®ts I6rror and "R represents the Correl ation
Coefficient. Results for data set 1: 3rd degree Polynonial Fit:
y=a+bx+cx2+dx3. .. 310 CeefribecPedyrpatiel Fit 1, orsedgisE+ex720. b =

0. 653063 0= .99168 c = 0.097339 15 d = 0.048979 Exponential Fit: y=aebx
20 Coefficient Dat&ocedficie®32Pb4aStandard Error(s) = 1.690 b = 0.533035

correlation coeffia ent 1(B75334 99158 S = 1.720
b= 0.653063 R = .99168

c = 0.097339

15 d= 0.048979

Exponential Fit: y=ae®™

20 - Coefficient Data:
a = 1.092514 Standard Error{S) = 1.690
b= 0.533035 correlation coefficient (R) =
.99158

25

Results for data set 2:

3rd degree Polynomial Fit: y=a+tbxtcx®+dx’...

30 Coefficient Data:
a = 1.192487 S = 1.101
b = 0.565984 R = ,99592
c = 0.164962
d = 0.031628

35

Exponential Fit: y=ae™

Coefficient Data:

40 a = 1.1846416 S =1.131
b = 0.5021062 R = .99588
[0055] For both sets of results, the polynomial fit

45 had a slightly higher correlation coefficient than the
exponential fit. However, the standard error for the

polynomial fit in data set 2 was smaller than for the
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25 Results for data set 2: 3rd degree Polynom al Fit: y=at+bx+cx2 +dx3...
30 Coefficient Data: a = 1.192487 S = 1.101 b = 0.565984 R = .99592 ¢ =
0.164962 d = 0 031628 35 Exponential Fit: y=aebx Coefficient Data: 40 a =

L 1840416 S = Lddont; ) 09021007 Ry=q299580.[ QOBAL E9pobgLh sets.of

results, the po nom a ad a slightly higher correlation
coefficient than the eegpoashiadl fitt wakosmeéiert hbast ahdapdlgnomiaflor the
pol ynom al fi |n data set 2 was snaller than for the 19 exponential fit,
but in data sét®1 the standard error for the exponential fit was smaller

than the pol ypgosai fibaséQ08R] tBasedreBulihesetnesekbenchheagxponenti al
fit 5 nodel was deened to be nore preferable because it did not require

i ncl usi on of m@dﬁhnyasedﬁgmeg thebeubpee puméeirehleThpsansebétadsd the

oo ha nRgglﬁégﬁﬁgx b ace 983 ?ﬁnggt?g ﬁe po aQ%u%ﬁgﬁﬁg%% hod ang

about the thir ynon1a hod, and it

al so has a phyﬁmcaiohntBhpseigtbeﬁaoée ahk thpohenfBalnmbtelOy=aelii se, the
pol ynom al nethod, or other proaches nmay be used in various_ applications
as approprlat@roﬁédﬁﬁlPl%%s%pgh%c?§m§d369ufﬁ6§e(ék?IPer FR 8Revsrt. 15

[0057] Generajyy éﬂf%'@8c1m£1t€fa9é §8250cRg+USEdthB pEYLKERiLELI NG does

not appear to be approxi nated
10 method, and it also has a physical interpretation of

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.

15 [0057] Generally speaking, if the data to be used in
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

20 to the data is a polynomial. This is because
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

25 difficult to determine a theoretical basis for the
coefficients in the polynomial egquation. 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

30 it.

[0058] Advantages of using linearizable equations
to fit data are notable. Typically, curves of this
type are somewhat easier to understand or predict
than polynomials. That is, proper choice of the

35 curve to fit the data can lead to insight concerning

20



straight line, then there are often equations which can be used to fit the
data very well. The first thing that cones to m nd when considering the
type of curve to fit 20 to the data is a polynomal. This is because

| i al b lied with foreth i cal |
Cctoset ul i Aaten Nt oerhaBtor® Hhigh cpRgtik PR ™ Chen

hi gher degr ee spelomong almésiphosendrs fot thesdatarvids naycibea25 difficult
to determne a theoretical basis for the coefficients in the polynom al
equation. It PdIinnanrbdtEcho ARFE Bitht A basPEereP ladyt ot paiti cul ar

model s chosen. .apdh {1alonodeh %I%Olr\:la‘iié‘aﬁ@réo%ntﬂ%nﬂs\i POy shcakbn

interpretation o the paraneters 1n 30 i1t. [005 Advant ages of
using lineari zablse equat i posynboikilts daftaiade hdhablrézabim caltwyescurves of

this type areF%pnemhat easi er to understand. or gred%ct %han pol ynom al s.
That is, prop&t "cHoi e GBI he®%8T cFTEH S 19t R Bara an®ead to insi ght

concerning 2Qs#ngeyd M h MEchBNES M nWhi &b Woeemi Besdatka. a Secondly,
mani pul ati ons of these curves such as differentiation, integration,

i nt er pol at i onrgsdltextilapotarnah Bakrbe mede for@nebhf RBENERY Hifan can 5
those with PoLYIQEAl&er M Mfe1LLRGANLZAN A, CHYES. OL! gBLedWy e fever
or “estination“of Va n

nunbers of paraneters e ues  tha o polynomals. As a
result, the nohmel, mAiTs xremycbs shel hearnd wansdeve sbhygd wiettls aff el ati vel y

hi gh degree of .accuracy. 10 Thus, .this reduces the need tq solve |arge sets
of linear eqtadti®éis Qﬁﬂ?ﬁ?eﬂhHQVeQ£¥Qﬂuﬁ%N?a%?eung?8b§@%}%ﬁ

i 11 - condi ti onighg,ebHs o f 0f1 BER.Hat &1 0nARR) | 0BRlls, heye dereumivagd that it
is generally "desirable to use nonlinear forns such as |ogarithns,

Applicants have determined that it is generally
desirable to use nonlinear forms such as logarithms,

15 inversions, and exponentials to find the linearizable
curve to match the shape of the data before resorting
to a higher.degree polynomial.
[0058] Having generated the BER vs. TCH power level
function for the initial channel based upon measured

20 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 subsequent channels in a given
frequency band. First, an estimated or starting TCH

25 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 correspond to the desired BER
in the subsequent channel is determined and used as a

30 starting point to hone in on the actual TCH power level
for the desired BER. For purposes of the present
discussion, a desired BER of 2.44% will be assumed,
although other desired BERs may be appropriate based

upon the given standard or carrier requirement that is
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15 inversions, and exponentials to find the linearizable curve to match
the shape of the data before resorting to a higher degree polynom al.

[ 0059] Havi ng generated the BER vs. TCH power |evel function for the
nitial channelobgsedeuponsasy d 2g0rBER:vakugs WhblEnoke LAl gal range.
this function may then be used to advantageously perform a ast search for
the desired BEEEaadtcorrespondlng TCH power |l evel value in each of the

subsequent ch in given eque C nd.  First estimated or
starting TCH ggggéie 25 Fh?B}d §Bg§éqggﬁg EEsnﬁéFlﬂetEﬁ E based
upon the BER]yéweECtbp@memayeM@lch@B@hlgaS@adupbﬁ tdesphed BERs at Bl ock
42. That is, an estimate of the TCH power |evel that will correspond to

the desiréd BERCEHRORhBOSEBSaROERt Ehahnék.i sndefBPRPAEE &Ad used as a 30
starting poinge Egrﬂ?ﬂfﬂg”tﬂg égﬁlﬁgkga'TE 88$§rlg$¥?|fgéoﬁh he desired

BER. For purposes o I'ScCussion, a desired 2.44% w | |
be assuned, ambhqu@nbtbﬁande$|iedtBEﬁBenﬁyebEcappb@prlaéeemafed upon the
gi ven st andar carri requirenent that is 21 to be as will be

appreci ated b ?hb%ét%% I?E@nPﬁl Fﬂ%taFPrr?%B%G?SIFOSEBGIGeﬁérﬁﬁtéﬁRthat
the estinmated TCH  powers|eygh HRYsbe EH9§eGaPééeﬁyUEH8 bherpabhcboss S
function noted above. That is, one approach to determning the estinated
TCH power 0l evie¢t¥ern t blae subseqbeﬂndchahﬁequesttghaseeihgaﬁn}ﬂpemer | evel
for the initja channe{hthat corresponds, to the_des 44%)

i..e.,
bt of feet "t HATuST aaR pbnt nBbef THBFR RS et fut MEenSehbsy Feranthng
subsequent Chﬁﬂh@éspﬁfha|p§§h vassesunstife pathotosseliynchioniforpact ual

nmeasured values if_a path loss function is not used), as will be
appr eci at ed RPRFRSEART | Pedthpse nekhttedpibckhasayt  (Block 427).
[0061] Once the estimated TCH power level is

15 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

20 the range. If the measured BER is within the target
range, it is compared with the desired BER wvalue, 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

25 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:JwemATCkad’ since
the ABER and the coefficient b are known.

30 [0062] If the measured BER is not within a threshold
range of the desired BER (e.g., * 0.15%), at Block 45,
the steps described above with reference to Blocks 43
and 44 are repeated until a TCH power level
corresponding to the desired BER (i.e., within the

35 threshold range) is found, at Block 46, thus concluding
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[ 0061] Once the estimated TCH power level is 15 determ ned, then the BER of
t he subsequent channel is neasured based thereon, at Block 43. If the
nmeasured BER is not within the target BER range (e.g., 1.0 to 3.0%, then
t he above-descrihe r r£h "y bg u t ef,er,mine a TCH
power | evel thé:th%l %e%%{%ﬁﬁl%&%ﬁhr}et%gge. IfG't %’e’ %rrgegs'uge%“ rE|s within the
target range furtthiex conpakey st kicdieedigsiar dd rBER \sdpueyxiard i drhenay
difference (i.e., delta) erebet ween i s used.alang. with the BER vs. TCH
pover | evel f&Rctissf t 6td é’l‘%ﬁé 'aM‘Pe??t P&t 'H?éﬁ@gflfm—l I%evel , at
Bl ock 44. Fromchhe ide13baye 1di Icussinaik farddee (FCH powele lievelr fsungtd on, it
w Il be appreciated by those skilled in the art that the next estimted
TCH power }evéhrgmyodd esmioedtedhecachardi og ttdet BER alsat il6iik Hqyer
OBER=bceb4TCH,eyvel, sin . BER_and .t.h ff.i.ci en re known. 30
[0062] If the l%é’%s}ur élg%%Eﬂtliqg fnot & %trr?lxnlma tt%;i eslﬁ%ﬁe%rt'r gfrll%ereofort%e desired
BER (e.g., 0th3% liakall eek A3onshie sH8pHedesesrd hed paleoreiamddi nef er ence
to Blocks 43 and 44 are repeated until a TCH power |evel corresponding to
the desired BERTEhEE. 2CHUERCY t RS 35 UlhRes ROIF iided iy fiO@RE at Bl ock
46, thus conclyydhngy 22 the nethod illustrated in FIG 3. Yet, if still
further accuracy I1s desired, a linear approximtion may be used, at Bl ock
46' . Nor el(par t[i0O63ar | y, Twrnhing aow déloatiled.y Zsmald 0. FBER rsarsgen(i . e. ,

the 0.15% BER,.5 threshold r e), .t he .shape t he .BER vs. . .T ower
el curve wi®) BRUCREThGe SR brat Pl 5L ol VRS g
rel ati onship gaysheivsed beephow @ ssirilded.f UHchalesaAC=AGyy 38 Wi ll be

appreciated by those skilled in the art. 10 [0063] Turning now to FIGS. 2
and 5, a test 18FtEms sbe BRAd SAERSd 3r (GetBernienRFRETaEdSiver radi at ed

emulator), an RF controlled enclosed environment, and

15 the wireless handheld device receiver 32’. 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
EM anechoic chamber 37’ (which may be a full or semi-

20 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 source 31’ by a coaxial cable to
simulate a base station. An antenna 36’ for the

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

30 be tested without the device housing if desired.

[0064] Generally speaking, the radiated receiver
sensitivity search is the same as that described above
for a conducted receiver sensitivity search with the
exception of the path loss determination process. More

35 specifically, the relationship between path loss values
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sensitivity are now described. The test system 30" includes the RF source
31' (e.g., a base station emulator), an RF controlled encl osed
environment, and 15 the wi rel ess handhel d device receiver 32'. As will be

appr eci at ed byf5@0§e%f5£si§9 'BftQEféiEssaEhEEneEQHEﬁoél?ge88§h9§ed

environment is an el ctronag etic wave shield environnent, “such as
the illustratleand BM Ahetipicathanbet BE a(Whhehrnéynbeianfubkbk o tbai 20

anechoi c chanber el r oom, or .encl osure. 35! '

connected to tH¥ Fﬁ°§o€$% g%lcagl 835| 6ﬁeasm§?ﬁﬁﬁs?hgagﬁegﬁgﬁccgﬁanber
37" and conngstgdrierthepRFrsetbes 3dchbysaageaxhal geahl eah@eshaul ate a
base station. An antenna 36' for the 25 wirel ess handheld device is al so

posi ti oned wi dhractheltuneefotlechapberengntangvésaneentd TaPifelhdndhel d
receiver 32 -phl SOOH! f00€ et edoLnal £EBLYR! %gk aggkérehbewtc@egaslsd

receiver 32' and nna evi ce housin
t hese conponesiisnn®ays30 be tested w thout the deV|ce housing if deS|red.

[ 0064] Gbnerallé feaklng, the radi ated_receiver  sensitivity.search is the
same as that HRLE?!bed BBV eSOf of ﬁaEBnHGEFeéuPEEéPOeWa¥eﬁ§F¥FVP?y sear ch

with the excgptdphiQiqthsrPahd fPééuQﬁE?rﬁhHéthQEn rgeRssarMre 35
specifically, the relationship between path |oss values 23 for a plurality

of wirel d9s cipnedchén woftrlegsendyschahddwebbveypprafitfenoinbagathenear

function, t he e for t 33 This is beca se ath | oss
can be affec%g% %@'fﬁ@ﬁo?%WEﬁcﬂeggﬁaﬁFgﬁ 3°Bail fi: gahtgnggag dPHeétrvity and
t he neasure pEOYihOPIEN] . edyp) paktyBlbbr pat h.| Bgswayl bfbexdnpierent for
different wireless channels. [0065] Even so, a path |oss function nmay
still be detieh®i hbdetorer R2Eh chpehcyehhAl HSFREIRPH pApVe with

reference to FIG. 13 may be performed on a subset of
15 the channels within the band, such as every 10th
channel. This approach advantageously allows an
accurate path loss function to be determined for the
entire band to provide path loss estimates for every
channel, yet without taking the time to individually
20 measure the path loss of each channel. The path loss
function is then used in determining the estimated TCH
power level for the subsequent channel, at Block 42’7,
as described further above.
[0066] The path loss determination process will now
25 be described in further detail with reference to FIG.
6. Beginning at Block 60, RF path losses are measured
for at least some of the RF channels within the RF
frequency band, at Block 61. Using the above-noted
example, path loss is measured every M channels. By way
30 of example, M may be 10, although other intervals may
also be used. An RF path loss function is determined
based upon the measured RF path losses of the at least
some RF channels, at Block 62, and an RF path loss for
at least one other channel within the given RF

35 frequency band is determined based upon the RF path
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10 approaches to those described above for determ ning the BER vs. TCH
power |evel function (e.g., a |least squares approximation, etc.), at Block
48". By way of exanple, the five-step path |oss search described above

wth reference Lo LG 13,1mu:b8 00N Qe R 2essel of . (he channel s

within the band, "Such as evéry 10th chanfdnel. This approach advant ageously
all ows an acdudatserpaeh heshoturdilicark t6d)be determ ned for the entire

band to provide path |oss estinmates for ever channel ,, yet without taking
the time to iﬁ89\5i7duallgifocﬁ?€é§ﬁr 8%t He I5REF A1des ISP EESSh %hdiifel . The path

loss functionihgathen dsednien sqekerli Aindg tike estiinri-ed siEHdenrPquRri1d evel
for the subsequent channel, at Block 4211, as described further above.
[ 0066] Theb pabhllyogsquétrer friwrapiodintyr toeds wieklsurew, 25dse deser idded in

further detail . with referen t g, Fl 6. _Beqgi nni I 0, .RF path
| osses are neggﬁr F&rogt%ﬁgag aggﬁésoprfheeﬁEe%%Qﬁ%E$§B§#¥%?n e RF
frequency ban@heatioB-06ke@kitysiorg oirtie rakdy &hrotse t caX dmdresageat,h dhess i s
nmeasured every M channels. By way 30 of exanple, M nmay be 10, although

ot her i nt er vaP§dfay OfaPs§1H816s 64 VAn TRETIRGh 9ed &8 d s det er mi ned

based upon thecaeasuped; RE1BaLACLasses wof e dl J 4%l SOTR- AR Fhae! o,

at Bl ock 62, oss for east one ot her channel” within the
gi ven RF B5 f legesencyubard metdeder mmedheas edrupgdmeahe IREQPatch 24 | oss

function, at Bl ock 63, thus concludi the_ .illJustrated nethod (Bl ock 64).
[0067] The chBf gogﬁ'wpﬁgngﬁapﬁﬁddekéﬁﬁéH@ﬁﬁﬂ%? W%%u&ﬁ#ﬁﬂf%ﬁ the system
That is, a |linegergyshemeeul ¢iz2 aRl ¥ 1equivice oM hRoigide t @ heaHeeasur ed,

regardl ess of the nunber of the channels or frequency bandwi dth. As the
non- i nearityeanagigar 8h fhyegpdoamisndieasesingly complex and

error prone as its dimensions increase. The least

15 squares method requires a matrices inversion. Due to
the nature of radio systems over large fregquency spans,
higher order path loss responses can exist.

[c068] Path loss curve fitting may also be performed
using a plurality of splines. That is, many partial

20 equations replace one complete equation. Sets of
consecutive points (e.g., four consecutive points} are
grouped on a rotating basis. For example, the first
four points are used for generating the first spline
series, the 2nd to 5th points for the second spline

25 series, and so on. All but the first and last spline
series use only intermediate points (e.g., the equation
from points 2 to 3) as valid fitting equations. Using
intermediate points for the equations leaves the first
and last two points without respective equations.

34 Different spline methods vary first and last spline
construction. One method, an extrapolated cubic spline,
uses the first two splines of the first series (e.g.,
points 1 to 2), the last two splines of the last series

(e.g. points 3 to 4). Other suitable spline fit methods
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order of a single curve fitting equation should correspondingly increase
to obtain a proper fitting. A 10 | east squares nethod, or other non-I|inear
fitting methods, may be used. Many nethods use matrices inversion where

size is relatiyeg,tgikBepardebq0f a5hg118q0at | BBreé@a%@&C%%’%ﬂos%
i ncreasingly conplex and errof prone as its di mensions increase. The |east

15 squares neshodledqunr ebeaamatri ces |nverS|on Due to the nature of
radi o systens | arg uenc her order path |oss responses
Can oxi gt [ oBBEFOhar h ReCEERnrOete; FPng Lhny Pos BE HaPPorHeq 2usi ng a
plurality Of gpbinesd Fhah késpgaaxv@aébkabsZQfegpa&h@@sa&@pba@anone

conpl ete equation. Sets of consecutive points (e.g., four consecutive
points) arfe Brehpedrva asret aPihagebiitsinporferanphne, waNe-f Eash four

points are “SEQnQOESQSHSVQEiEggtQSriéésklﬁgkh”%hesgkﬂﬁﬁe %h%t§ﬂ to Sth

points for the second spl series the Pirst and
| ast spline Tkeissrise @ﬂbyofﬁsetnbglaOeSdenper(epglnetbErequatbon from
points 2 to 3ghas valid fi tingne guat i ons. Using rnedlate oi nts for

t he equati onsSPe¥yvkle: ABSF1REPLNGnFPL 48E Fﬁélﬁﬁan%t Pﬁoﬁper8§ &Btrve

equations. BOtEEfé@ﬁ@@&u@@béngpﬂ?hgog§r¥@§ngbiato@@glEEStD%EE'Qgs
construction. One nethod, an extrapol ated cubic spline,” uses the first two

spl i nes @f0 thEaKEMSfr@mreEerelgth ppdinht sThet vpREr fhgukast st wo spli nes of

the | ast series e. oi 3.to 4 er _su bl e fit methods 25
my aso be uearstEatefoP R ah: Befh eabbyreRos SRCs RPTRE IR ERe ar 1

[0069] Referringwsotit Guppér EpDifeNgivAVentyryRe upeaddeed fromrespective
series of splines are shown. 5 Each curve is a spline fitting of a sine
wave. Each |iheangpremedsphs neesbiregdunibara-t RRespepRECELVE] Agne

curves are offset by 4 dB for clarity purposes. Bold
15 and dotted lines show the intermediate line
transposition of the upper figure to the lower,
[0070] As noted above, path less curve fitting
reduces the measurement time of non-measured channels.
Time 1is improved in systems with consecutive channel
20 path loss difference exceeding the interpclation error.
Linear interpolation will advantageously result in
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
25 will be appreciated by those skilled in the art.
{C071] Another factor that may need to be accounted
for in certain path loss/receiver sensitivity test
measurements is the hysteresis of the particular
handheld device under test. More particularly, receiver
30 path loss is measured by comparing base station
emulator TCH level output against the signal received
by the handheld device and relayed to the emulator as
RSS3I. Consecutive 0.1 dB adjustments of the emulator’s
amplification will detect a region at which the change

35 in amplification yields a change in RSSI. At this
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The series are offset by -0.5 dB per spline series to show the overl apping
spline series. Wthout the offset, the consecutive spline series would
overlap. Data was 10 taken fromevery 10th point. The upper figure is

constructed of Loy Pt SphiNes s The J.aweriigune o shewp.the fpper spline
with only the used data transpose&, as nentionéd above. € respective
sine curves assiofrkesetinky 4idB hor aglpariftiyapuopostsngBal dhls aadiedot t ed
lines show the internediate line _transposition of the ypper figure to the
| ower. [ 0070PCAS tnHEdd PEh&PEseFatl By SBuURFE Ofirt GNRGI LG BOSS e

measur ement tijpe c%fan%%grr%a%%qd iohannels, Hrimedatp1aRr Qeq Hoh ggist ens
wi th consecutive channel” 20 "path | oss difference exceeding the

i nt er pol at$ on readdngs biskadr aitet, erthel deinoiredid deadvantcagdougieppoesul t in

typi cal accurac f _under H.’g-fl dB. The . path | oss.nethaod .described above
with refer encg’y)tléz%fglnélng lgga&?gﬂ%tfe& PPy |ratlé1daar?&mégr?§uct ed path | oss

measur enments, o@%iaia\&iolrh( Re taRRHE Ciadtred thyigt hose hskidHead igdwielie art.
[0071] Another factor that may need to be accounted for in certain path
| 0ss/ r ecei ver M@agieleRtt y Afe StiChre fo0Ye MeRCSSile T UPPESt eresi s of the

particul ar hﬁlagﬂg;?@ggﬁ%'r%e 14098025 o MG A @ty nicEAdiver SO path

| o0ss is nmeasure aring base station emnul ator evel out put

agai nst the shgnaheleceevede lty tchenkhendihel d¢ddeyvitce aamdund] dyped thd =t he
enul ator as RSS|. Consecutive 0.1 dB adjustnents of the enulator's

anpl i ficati onPiPPSHetect a region at which the change 35 in anplification

yiel ds a changeoh®1RSSI Mok AIrs i 48 ar@dgetnRoigotikeatad @igRuled oscillate
between two RSSI readings wth no anplification change. This edge point
may be causedRByIsgdoenteinsr ischdngideq podict itew Giffevand g ldiegnal
intensity, fo&h%é%”?&%‘péin%@es%§§hdle the actual edge point by an
15 amount typically less than 0.5 dB, which is set within
the handheld. As the received TCH level changes, the
RSSI edge point will be reported prematurely, as shown
in FIG. 17. This dual-edge system, known as hysteresis,
decreases the likelihood of any oscillations within the
20 RSSI and TX power control. As the device RSS3I
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.
25 [0073] While the hysteresis prevents oscillations,
it also creates an offset from the true RSSI edge. For
a known device with known hysteresis, the value can be
applied as an offset to each channel. For an unknown
device, the hysteresis may need to be determined using
30 a stepping algorithm, and then factored in to each path
loss channel. The hysteresis i1s removed to obtain the
true edge point. The hysteresis typically applies to
all channels the same within a given band.
[0074] One exemplary method for determining path

35 loss including a hysteresis search is now described
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5 readings oscillate, the handhel d device could respond by changing its
transmtter power in a simlar oscillatory pattern, affecting the handheld
power nmanagenent. As such, many handhel d devi ces nanufacturers inplenment

software within.each bile 10 h hel,d vice han t.he edge. tq
account for thW%%ﬁpfggggﬁpcﬁog?z?E%brZ'pggtF 8P§a|§? F%geSrggﬁgngPﬁg single
RSSI edge poi appirsadhvindgdbentisctiveidhklerent cvabuesed pheselbws peints

straddl e the actual edge ﬁoint by an 15 anount typically |less than 0.5 dB,
which is set WrEhphedt RethahdREr dasAYithePredBPYBELITERC] BYeFPERAgNges, the

RSSI - edge pOiQki!ﬁE& bg rfRROLLEd Eé?ﬂﬁh%é@'&t 83 oeR0%8 .E”P§%9-0%7- This
dual - edge system known as hysteresris, creases the [ikefihood of any
oscillati édns yshenethe 20gRSSisaddtE&Xmpoedr abontr al ginent RESdevateeRSSI

decreases, the reported RSS] to_the base station enulator will change in
such a way astfﬁngéﬁbQE ﬁEykhgsgleﬁF?6H§ri YtﬁEeSB%PEe&%S%PWFﬁcreasgs by

only a smallyameust rdRshP0¢8h YhbhethbBerhysbaresi snpig¥enhsingChhhations,
it also creates an offset fromthe true RSSI edge. For a known device with

known hyst er ed¢sreapdnyafiisechhons, appPledkadlanRoreéetieasbaphichannel .
For an ””k”O“@eF%FMiSS% %%EWQ¥§t§ESS%é%%§ gggggﬁggg? rgﬁﬁﬁéghgngﬁs'“g 30 a

st eppi ng al gorithm —an én ctore 0SS channel . The
hyst er esil® i spoespvedl hes obhdi théheelbtiecedgarpeoi gtanlharhygt REGSI S
typically applies to all channels the sane within a given band. [0074] One

exenpl ary met Vtueeruaeker Hifi AgSparAs135trass  therudfagSa AYskeresis
search is nowsesgsibed, @chaablyﬁngﬁegetae Rb&r ¥¢rahkisheH! gohgenoted

that this approach my Ee used ei for conducted path | oss or

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

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

20 wvalue and the determined relationship between the
relatively fine granularity RF power values and the
relative coarse granularity RSSI values, at Block 73,
thus concluding the illustrated method (Block 74).
f{0075] The scan finds the edge point as the TCH

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

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

35 The actual RSSTI value will be located half-way between
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radi ated path loss, as will be appreciated by those skilled in the art.
Begi nning at Block 70, a pair of 5 hysteresis edges is determ ned about a
given RSSI value transition at the RF receiver by sweeping RF power

val ues transmtted.fro RE . saqur in_incr i a |
di rections, at %oc:tk“'ro?%dtd%%r'el%t %glr?gﬁ‘ldp%les %%&E%ngrh%ﬁe&%egﬁggﬁcﬁhogg
relatively fi e rgtamsaaiiried RaslGopdaririval Wwes tard ddw el atdsv e iaorrse
granularity RSSI values using the hysteresis transition edges, at Bl ock

72. More part @3y, Psi AC8thd RSS (Hd@tsilS ot Poifit St SWSHee S%ecei ver 32
or 32 s locaied hAIRL Belieels (e JUSLE afichd [ anaiig,n o, (he

| ocation of the ™15 actual RSSI transition relativé to the TCH | evel
may be det®r mlnéd dbned ephenfiCHOpdwelB |séneglss too drimeb pdred issganal t he

hysteresis transition.ed are kn RF pat h .l gss, for i ven channel
Ty then be  GUESFRCRAT 55964 Gfor 4 girertRBSC AR G dhRE poer 20
val ue and t he sgatiar ned thel atdtqQnshi p between the relatively fine
granularity RF power values and the relative coarse granularity RSSI

val ues, at BIdOR7TA3, t Hugt&sacPEdoTg st I itNudesdt FTiached § BIdtk 74) .
[0075] The SC@%sfdﬂg%g;gb%‘li‘qg%f%%f?ltceaftot fsRelAsy: .Z%HeE\f%lsscflo%féécrﬁa%%d and

decreased. By way o the coarse granularity val ues may be in
1.0 dB ihereddnt $rgnseitst REF pepenrt ed laccursdcya ofeltdtd wedndialrd recei ver),

while the relativelLy fine granul ari i ncrenents ma e 0.1 dB (i.e., the
s oy of t Eoss i AT kY P JALETPUS RN et o 1 &1
edge, the intesral vanplis§ b¢atl e 16k itRA 7 RERIAR JRM DR rilticersedven +0.1

dB increnents until the edge is found. Then, a +1.0 dB step may be taken,
fol | owed by aansenkaswpf hygLergBist @pouintsach Heagsddndredgdwessf ound. 35

The actual RSZhsvalie Wkh 861,263t ¢d DAL LRI WeeL 281 is

15 transmitted from the RF source 31 or 31’ at an initial
RF power level, and a corresponding initial RSSI value
of the RF receiver 32 or 32’ is measured, at Block 80‘.
An initial internal amplification of the RF source 31
or 31' is set based upon a difference between the

20 initial RF power level and the corresponding initial
RSSI value, at Block 7%’, to thereby calibrate the RF
receiver 32 or 32’ with the RF source.
[0077] In addition, the method may also include
repeating the three determining steps for at least one

25 other given RF channel in the given RF freguency band
to determine a plurality of RF path losses, at Blocks
76' and 77", and determining an RF path loss function
based upon the plurality of RF path losses at Block
787, using a least squares algorithm, a plurality of

30 splines, etc., as discussed further above. An RF path
loss for at least one other channel within the given RF
frequency band may then be determined based upon the RF
path loss function, at Block 797.
[0078} Many modifications and other embodiments of

35 the invention will come to the mind of one skilled in
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the two edges. It should be noted that the direction first measured has no
bearing on the results, as either edge can be found first. That is, the
first hysteresis edge could be found with -0.1 dB steps, followed by a - 5
1.0 dB step an 0,1l.d S e_.se d i s wll
be appreciatedg%§ t%%sga§£ﬁ§ th ?%Hg gga??.EP§O$§¥EES%§EeEI§gg§g?§ of the
test method aie nba/fdeegonbgddmsthlpeienenaedtnhEI6s58c1$hedRF source 31
or 10 31' transmts RF Qomer values _at a relatively fine granularlty, and

the RF recei v&F2%297 - 32t NGEREPREesI TRES| 1D FE§§°89 EOREl EPPvel y coarse
granul arity angvbeyeonafls URKpovs Bystehesta abovheeaphchkansition between
adj acent RSSI val ues, as noted above. A signal is 15 transmtted fromthe
RF sour ce 531 erbadimentandincivaed, Fﬁhﬁoﬁbatl@Oéhflaﬁﬁlaneoanéspondlng
initial RSSI y RF I Lyer 2, 0r asyred, ., at Bl ock 80
An initial in @$%§ mgnt% Ta |g%go Eg Eﬁ sour}:lcei8 ngﬁ 1thIS set based
upon a di ffel’§dﬂ@1@eb@f\l\ﬂ€é\ sdbged@etintl &ahs RF power |evel and the
corresponding initial RSSI value, at Block 75, to thereby calibrate the
RF receiver 32 or 32" with the RF source. [0077] In addition, the nethod
may al so include repeating the three determning steps for at |east one
25 other given RF channel in the given RF frequency band to determ ne a
plurality of RF path |osses, at Blocks 76' and 77', and determ ning an RF
path | oss function based upon the plurality of RF path |osses at Bl ock
78", using a |l east squares algorithm a plurality of 30 splines, etc., as
di scussed further above. An RF path |oss for at |east one other channel
within the given RF frequency band may then be determ ned based upon the
RF path loss function, at Block 79'. [0078] Many nodifications and ot her
enbodi nents of
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35 the invention will conme to the mnd of one skilled in 29 the art having
the benefit of the teachings presented in the foregoing descriptions and
the associated drawi ngs. Therefore, it is understood that the invention
is not to be limted to the specific 5 enbodi nments di scl osed, and that

nodi fications and enbodinents are intended to be included within the

scope of the appended cl ai ns. TIHAT WHNCHHTHCIAIMIAIMED |S: 1. A test nethod
for determining radio frequency RF path | oss between an RF source (31,

31') 5 and an RF receiver (32, 32') for a plurality of RF channels of

different frequencies in a ginversRFnetRaueney dardnitied estdimet hod
conprising: determning RF path |osses for sel ected RF channels  of

di fferent fredd@RicEsWREhDT thhe ogisy &F tREe™ @7 FdqdevdyrShdmd;r et ér ni ni ng

an RF paths| oss\d urcHrOR-Rasedr upen the REQath Jiessas of dfhersel ected RF
channel s; and determ ning an RF path | oss for at |east one 15 other

channel havi nghandieffse cénd ifffeqaricyf TERIRNIHES ¢d1 Ectded R Kfhannel s wit hin
the given RF fﬁw band, RasedponddeRedgihidiegs function. 2. The

test method of Cdaim1I wherein 20 determning the RF path | oss function
conprises deternining %R 1Rds PN AR DS sFg&TED IRdast

squar es al goridfifinad.s Bre dieste r@ithad-Qfuddaidd Liwtareithe 25 wet efEm ni ng
the RF path | oss function conprises determning the RF path |oss function
usi ng a pl@ralfinapguesicys plansds.
determining an RF path loss function based
upon the RF path losses of the selected RF channels;
and
determining an RF path loss for at least one
15 other channel having a different frequency than the
selected RF channels within the given RF frequency band

based upon the RF path loss function.

2. The test method of Claim 1 wherein
20 determining the RF path loss function comprises
determining the RF path loss function based upon a

least squares algorithm.

3. The test method of Claim 1 wherein
25 determining the RF path loss function comprises
determining the RF path loss function using a plurality

of splines.

4. The test method of Claim 1 wherein
30 determining the RF path losses for the selected RF
channels comprises determining the RF path losses for

the selected RF channels within an anechoic RF chamber.
5. The test method of Claim 1 wherein the

35 RF receiver (32, 32') comprises a Global System for

Mobile Communications GSM receiver.
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4. The test method of aim1l wherein 30 determning the RF path | osses
for the selected RF channels conprises determning the RF path | osses for
the sel ected RF channels within an anechoic RF chanber. 5. The test nethod
of Caiml wherein the 35 RF receiver (32, 32') conprises a d obal System
for Mobile Comuni cations GSMreceiver. 31 6. The test nethod of Claim1l
wherein the RF receivern.(32TH2"estomprtihses cef Glraamall RacketirRadieo

Service GPRS . i vVer.. 7.,-,The, f,est t haod. of i er.ei.n RF

recei ver (32, ZE)QC%&%% s(gsz’a%ZtEﬁhé:r?g@chB%tsa aRag[eglserPaf]io\rM}i@koeﬁcalﬁag@ﬁ em for
Mobi | e CommuniSeatviiors GBBM Ewalettvieon EDGE receiver. 10 8. The test nethod of
Claiml wherein the RF source (31, 31') conprises a base station enul ator.

9. Atest systemfor determning radio frequency RF path | oss over a
plurality of RF channel §. 15 Tofe diefsftemeaithdd edudhiciies 1i wige g et HeF

frequency ban conpr.i_si_ng:..-an RF .source .(31, 31') .an RF receiver (32,
32'); and a t%sq rce(r;cgrietlr"?orl gr32?3zé3|:§4'3omcpor&(p€]eesd %o ang}adqc% [%S—:ar \gc?g‘le\(/ser for
determ ni ng REgratdl dbads &y sftam Selre Modd 1 RE cotmamied as iafn diddMer ent
frequenci es withi.n, .t he_given RF .frequency band, determi ning an RF path

| oss functi onEli@ll:l)’léCslgél t?%g\rlﬁetrﬁézeﬁﬁreﬁfath | osses of the selected RF
channel s, and determning an RF path |oss for at |east one other channel

having a gfferent frequency,than fing 56l8¢t8d BT SPANMElSein tne

RF source (31, 31’) comprises a base station emulator.

9. A test system for determining radio
frequency RF path loss over a plurality of RF channelis
15 of different frequencies in a given RF frequency band
comprising:
an RF source (31, 317)
an RF receiver (32, 32'}); and
a test controller (34, 34') coupled to said
20 RF receiver for
determining RF path losses for selected
RE channels of different frequencies within
the given RF frequency band,
determining an RF path loss function
25 based upon the RF path losses of the selected
RF channels, and
determining an RF path loss for at least
one other channel'having a different
frequency than the selected RF channels
30 within the given RF frequency band based upon
the RF path loss function.

10. The test system of Claim 9 wherein
determining the RF path loss function comprises
35 determining the RF path loss function based upon a

least squares algorithm.
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30 within the given RF frequency band based upon the RF path | oss
function. 10. The test systemof Caim9 wherein determning the RF path
| oss function conprises 35 determning the RF path |oss function based upon
a |east squares algorithm 32 11. The test systemof Claim9 wherein
determning the RF path | oss function conprises determning the RF path
| oss function using a plurality 5 of splines. 12. The test systemof Caim
9 wherein determ ning e RE.path | osses for sel ected RE_ channel s
conpri ses determ ning tt%}ei’RFTﬁlgttﬁelsgsssé'g’sc or © Or&t%ﬁel%sgl Ected '’F channel s
wi thin an anecheieenRnieRamber RF P3thlhe e Fursitstoemoeinseiaien 9 wherein the
RF receiver (32, 32') conprises a 3 ohal Systemfor NMobile Communi cations
GSM r ecei ver. SehetRintRg e Ry ordh 905a FHmcd LRe MEilR %t Fe PR alddei ver
(32, 32') gonp gﬁgi%ege_neral Packet Radio Service GPRS receiver. 20 15.
The test systemof Claim9 wherein the RF receiver (32, 32') conprises an
Enhanced Data Rates for d obal Systemfor Mbile Communi cati ons GSM
Evol uti on EDGE receiver. 25 . The test syst f.daim9 wherein the RF
source (31, 31') conpri 96s ajrg’fsleﬁtatslyﬁr?%hﬁ%?tcgwﬂ.lm 3 wherein

determining the RF path losses for the selected RF

channels comprises determining the RF path losses for

10 the selected RF channels within an anechoic RF chamber.

13. The test system of Claim 9 wherein the
RF receiver {32, 32') comprises a Glchal System for

Mobile Communications GSM receiver.

15
14. The test system of Claim 9 wherein the
RF receiver (32, 327) comprises a General Packet Radio
Service GPRS receiver.

20 15. The test system of Claim 9 wherein the
RF receiver {32, 32') comprises an Enhanced Data Rates
for Global System for Mobile Communications GSM
Evolution EDGE receiver.

25 i16. The test system of Claim 9 wherein the

RF source {31, 31’) comprises a base station emulator.
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