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 met hods. 25 Background of the Invention [0002] In cellular

comuni cations devices, radio sensitivity is a fundanmental figure
characteriz%ng radi o receiver performance. Conducted (i.e., via an RF 30
cable) and radiated (i.e., via a wreless conmunications |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% [0003] For dobal System for Mbile comunication (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 |large amounts of 2 tine using
traditional, sem-intuitive nmethods. Autonated nethods replicating manual
estimationigend to be randomor follow binary-tree search nethodol ogy. 5
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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) radic 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
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RF source and an RF receiver with hysteresis in accordance with the

i nvention. EOOOQ] FIGS. 9-13 are flow di agrans of additional
det er ni ni ng RFABpAeH PaseriptignaefokhanPEawingst he i nventi on.
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receiver sensitivity in accordance with the invention.
[0006] FIGS. 3-5 are flow diagrams of exemplary
methods for RF receiver sensitivity measurement in
accordance with the invention.

[0007] FIG. 6 1s 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
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
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.
[0011] FIG. 16 is a graph illustrating sine waves
approximated using spline fitting.

[0012} FIG. 17 is a graph illustrating handheld
device hystersis switching.

[C013] FIG. 18 is a graph of BER vs. normalized TCH

level function.



however, be enbodied in many different forns and should not be construed
as limted to the enbodi nents set forth herein. Rather, these enbodi nents
are provided so 10 that this disclosure wi Bl be thorough and conplete, and
will fully convey the scope of the invention to those skilled in the art.
Li ke nunbers refer to |like elenments throughout, and prine and nmultiple
prime notation areDPebactedoDéendriptiosi of| thecPrefatrrednEmbedimantsls

enbodi ments. [0 te met hod for. det erm ning radio frequenc) RF)
path 1 oss. bet weOH R Ui G Sart e Tt VR PP PRSI TR0 Re
channel s in a giowen MRA Iy eguencya fhandsish fidsdrdascridethe The test et hod
may include 20 determ ning RF path | osses for selected RF channels wthin
the given RP frafif@iabdit, At erif fihrarrfepmt eeed IngRrEs on
based upon the RSSES,,Pf ect e F‘gﬁﬁg he met hod may
further incl udeﬁgetltqgér %Ani ng ;Onrplglzr%)gtqhaﬁds?}ﬁgsr E’)Lar% eagﬁ grrlla " 25 ot her
channel wi t hi n ltdvewgvermeRerfratjirhcyn beard;y blisEte ramponf dines Rihgatiodlods -
function. [0016 re particularly, determni the RF path |oss function
my 1 el ude. ettt (G (28 H-ATISE S i G RE Alh SE7 east

squar es- al gori tdupt 3G detier M dHE t he s dadkbd PiSseftUNE 1 O MBRYL M $ &0
include determning the RF path | oss function using a plurality of

splines. [0817]thaddittiiohadisciqmirs mMidinda HeR Pyt b sxEerlgiyn, tdd

sel ected RF ch I i ncl t 1. i t. n for the
sel ected RF chgﬁnr% ss,fuvr%%(hi nqb‘}égf tgﬁe gsiléegcﬁ‘ngoir}% ﬁ%%chlglﬁbeﬁl%%méaﬁ??eexanpl e,
the RF recei vaeakindydda tHeolkalt .Sysitkemrfuamb dvibi deef e rCaramuni leata losns= {1GSM)

recei ver, a Gen%r al Packet Radio ., Service (GPRS) receiver, an Enhanced Data
Rat es for 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 recelver

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 frequency 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 sguares algorithm.

30 Determining the RF path lcss 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



5 G obal System for Mbile Conmunications (GSM Evolution (EDGE) receiver,
etc. In addition, the RF source may be a base station enulator. [0018] A
test systemfor deternining radio frequency (RF) path |oss over a

plurality of RF ghanne ' gi]y f enc B@?P rally
i nclude an RF s%gr ce,érgoni% é‘%el ve%]' ?‘f Vga ;bsf éé%n ro?’lrrggh%gfgkgl ed to
t he RF recei verreddievdesiadu roldssbabyshecdorfoxdatasiai ng RF path | osses

for selected RF_channels . within the given RF frequency band, determ ning
an RF 15 path %@WW‘%W%@&“W&F%@@F apéi%?%%ée%a%‘fie‘% HAdR| ect ed

RF channel s, angdef&s mdiig anddiRat h dossndieRind €aSta 008 Alher
channel within the given RF frequency band based upon the RF path | oss

function. PoOol@hdivtign sihpakioly lendidrous iaoat ta@st 653 ensv@Ditran
provi ded herein det erd._ni.ng cond ed, and __radi,at recejver
sensitivity V\:hi(C %Es)e%ae({ﬁr‘?a‘;r:énlg’l ec:tl(pn'f t)hfr%rraé%clkg)ﬁnnc- Oans’ecaithgeegfg%hg%p%?%a%w Rihi ch
creates a fast a Sensi tdndidorseanclatfayr. GSM or ot her nobil e devices. The

RBER vs. normaljzed TCH transmt level is largely 25 determ ned by the
modul ati on met HAPLHd di gt tiSTsiprfiem pghic SSGTHIEP)Y bl © NERAIEBAt  of

a range of thispataGf ealas & &UryY & Qrd NG 1N FEOMDGENS i1

characteristics of the receiver near the target RBER  The conpi Iaed dat a
for one chafinelgigpyl RS Grequdn rahnel s ghintdrial hel salmeddand. arhiRE cur ve

N di ctj ther,th timted ¢t it level, ch i t hi
s boundar | es “1GE50] The semTITTy TohSUr IS Her i Fod eI

transmt (TX) pov@haaRMMietdeithe Millid e&dapdrt@1dassaBdhd [£dBER of 2. 44
percent or less. Oten the calibrated 4 5 base station transmt power is

decr eased unti [99Hfemigddiq &F RBER ilOGH R SelE ERT & IShards e devi ce

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 loss 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 is largely

25 determined by the modulation method and digital signal
processcr (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



sensitivity in a conducted node, accurate cable path |o0ss needs to be
determ ned across the channels in 5 question. Wthin the desired bands, a
random channel nmay be sel ected as represehtative. The | ower and upper

linits of the REER scanrange. ale.sel sehed. Thelovelood Igid;d s pel ected to

m nim ze hi gh Gaussi an an er ~random noise error suscep ?y at very
| ow RBER |t 1Qiasi gr@frRBED| Vs sudHiaicent 196 |aw toctipy nieddure |drgiece over al |

scan range. The upper, limt is selected to rotect agai nst term nated
mobi | e cal | s WS 1al thi it iy Q%ﬁg’&fﬁﬁeﬁ%ﬂ €5 @i CHE IRl RBER

limt can be found LidQugh yaid Qs S8aMY RENALS 188 dmdils b
appreci ated by those skilled in the art. [0021] Bit error neasurenents

w thin the abovaiamtiah. |Wiihin ude tdes Inqghéminds amsnianday etharasol ut i on.
Decreasi ng resql uti.on creases predict] ccura ver nop- | i near
Al SRR ARES LTS A o A S AR W e

system The val ues ar € conpi transmi eve
Random noi se andulitts &f ridfe IR s fnaridie exade dadtteCUMies 1@we=@ppr oach
is to apply a least-squares fitting to create the appropriate fast search

curve. Because fMitheé At Fd Thdifddiiz il (HRSHdla¥e PR ve will
have the form 25 Rfony @i@%’%%ﬂ%é&}&ﬂ&"ﬁ&f”& URPEF 1dyMdesar Whgre y

is the bit error ratio, X is the nornalized T transmt |evel, and C and
b are val ué8 ders et famwhlcwuE fditaritdy, lasy wid Imadhientdi it ws sled-daur t her

bel ow. [0022] An exanpl e of an RBER vs. nornali.zed TCH .30 |evel curve is
shown in F1G T8 Tia B S 1S HERGh b dit & B had ne i s the
result of the pwneet iddditgt rmdldateidhelomshannelsis pAiiNtes on the

normal i zed curve are determ ned using a "l eapfrog" nethod. The | eapfrog

amount i s w t hf? iR irdige Fsif 28T atHe Scelerr ang e -hdNspgerqs MARER

Consecutive Ch%ﬂﬂﬁ% can be found through various search methods, as

15 will be appreciated by those skilled in the art.
[0021] RBit error measurements within the above-noted
limits use the highest transmit level resolution.
Decreasing rescluticn 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 J)=Ch” between the lower and upper limits, where Yy
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



sensitivities often narrowy differ. [0023] Wthin the curve range, based
on the information of the |east squares curve, the change in 5 transmt
level is calculated. The new transmt | eveb is then applied to the base
station eml at or, p angl e . achi evat, RBER L a1 080 (2, 4490, d S.canfd 1 med
t hr ough rreasurerrent Any eV| a i's corrected via reapplication of the
normal i zed curv&amrdt:avﬁtmssﬁm Ik confly naid £ e measur ement . | ncreasingly
small target to ua deV| a,tl on increases accuracy throu h linearity,
TYLE Y e o

and devi ation f pect'&df i S i FRFIe | GO &S ng initially
to FIG 1, a t%f@ﬁé@mn@ff@{em@@% %V%V&{arﬁf@%ﬁ'wty
is 15 fi rst descri bed. The system 30 illusStratively I 'ncludes an RF test

source 31 cbuplteernsnit hgithlel i dadiaelatretei g B ttordyesnidgstlived alsan RF
cabl e 33. By %&t\})e;%(ﬁr%)eco tr}le %%ngheil ec\>/r{ Ce%nulagcorv,ggam?’cgc’jcermé/ be a

G obal System for- ML cat1-ons recel neral Packet
Radi 0 Service ({PRYvedEBRRMamd o2 . £4% Enhaneef Datel Rat:esudror G obal
System for Mobile Comrunications (GSM Evol ution (EDGE). receiver, for
exanpl e. O codtsdSUIGIHEIL s fitabley Wt dnesss resgisded Wedy al so. be used. 25

[0025] 1 n addi tiduho the Bod Ut (S hdi be,one.olva aRohie and Sefyert 2

uni versal radio comrunl cation tester CMJ 200 or an Agilent 8960 base

station enufat cronﬁmnat@mme@mmemml_)rgh Iotdmera ssiniglabl ssnagntu |t oy est and/ or RF

test sources rrag/ctuaocg ed. A test controller 3 onnect. d to the
Y

handhel d devi c€ Tectei B ISEFSEH i PHABUS qreos%gq’b G%'one’ 'and

nmeasurenments, aMu clewsiiddidee ﬂiloaptesmuem fuyhey detaidinpglow. It should
be noted that while the RF source 31 and test <controller 34 are

illustrated as [H%#lat e FSrRSEHEmGs ind 3 klie 1 EIG, he fiasdt iSO the

RF source and tRptro B measuring conducted receiver sensitivity is

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

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 is

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



7 controller may in fact be perfornmed by the same base station enulator,
for exanple. Alternately, the test controller 34 could be a conputer or
conputing device separate fromthe RF soufce 31, as will be appreciated 5

by those skilled.i t 0026 t.h | i,po t ein
the accuracy ofcgrptf%gdllﬁoea{:oﬂrl\a cquﬁ%e?s%i@el?fyﬂn@%u%nﬁeﬁ 5%1@@“}?%? be
appreci ated by sthosiorskiddledom, ther agtamfne. Aliddtcadd yy of eiperfestin ng a

path | oss nmeasurenent_in 0 test .configuration, however,, is that typical
base station efIEV LD & 2% E’re%‘%i‘%tre%c%r%ﬂf@pqw ©ft9* dB, as

noted above, eves,dhoughetdie dil efmalouAalaf, efs ofithed e&%ﬁﬁ/@éi%dmy
have nmuch greater accuracy, for exanple, of about 0.1 dB. By obtaining 15

si gn change i nfley ndtdsn dkiikded rigceihveraponer | evel, the path | oss

accuracy can th e be, inprove 0.1 dB Wil | di scyssed further
bel ow. [0027] | ﬁdﬁg casgPaotT alocsosgﬁg ¥ arnecler?pvoé?tanstenrs?bfel vi't y est , the

path | oss of theceabde, IF thaladi2) eninesisd tdendiecierMef s anckddie: base
station emulator 31 can be well calibrated. One relatively straightforward
accurate path |35 neadiff GRHCGIAIAYLY Rty iR i Mt erhpiart. One

anplification Qiifﬂﬁ:dl%ﬁid@rpézfoﬁﬁ/i&; L q;%ﬂmclr@srger}&éaé{m&ﬁeﬁ@eird%i red
RSSI edge point 25 1s obtained. However, if the starting point is .9 dB
fromthe edfe poisit, canfigudattiake remesmpsiandat tthariefal asacr eased
measurenent ti to find tthe edge point. Accordingl nor e_conpl ex_test
Scheres may be SRSt &TUAICE T I RUIBEOTT SUGHE 1T W e 36 Feui r ed
on average to fdmdi hi,edge maidd apithe, tdRIeftdigH et dasindi mes.

[ 0028] For exanple, one slightly nore corﬂex approach is illustrated in
FIG 9. Begi nnid®plttiBro®E ™o rades wfesite At et e vBIed s j r st set

on the RF accuracy, for example, of about +0.1 dB. By ocbtaining

15 sign change information in the receiver power level,
the path loss accuracy can therefore be improved to
10.1 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
frem 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 required 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




35 source 31, at Block 111. The internal amplification 7 8 level of the
receiver 32 is first changed by a coarse increnent, such as the difference
bet ween the reported RSSI of the receiver8and the TCH power |evel or other

i nteger val ue, %e‘%f%(ﬁ é%r% %%Eeetjﬁ;degfe 35 %J‘eflrfsoc“rbqlaf}?qeds bcxpa@-{]ql;cpagrtéé?: g.

internal anplification e receiver ‘using a ne ‘i'ncr enen
0.1 dB) until irlereadge trangi tasditHes dlRINetd Ggquwadreidegaitted 0Ss,
at Blocks 113-114, at_which point the internal anplification value of the

recei ver 32 mayhe St e HlGY GecBddq BIde PorES) L9 His TorihRF ng t he
i | lustrated methad(Bl QelWklb)at [FIQ2Y 1StAt ediAldRynatd ualon £hed ¢rarse”

search changes the internal anplification by the difference between TCH
| evel and réporaheddRSSl LS ngg amalhents igrigwdritorexans le athetreeport ed RSSI

is an integer vael y this ivaesf.l n accuracy 1 dB. OTh_le c'l' ir{IeI;'ti earch

, of
then deterninés ctehéfeé:déleSlbI% ween m&ncf:drrleéneCt}t i R?e' R3S T eadi ngs.” 10030]
Q her vari ati onseofedgie taearssie-ifdme edgse AR dpaiontpradatier! itk gptoach my
al so be used. Generally __speaking, .the coarse portions of these searches

are fairly simI%r, 3o Padicdila et ol IPBEGiWEh IHGWIH to the
variations in theifime s chdihal JRyke relé%(?Lﬁreeis BOR[PHAatLdor a given

i npl enment ati on. fine 25 search generally includes three stages. First,
the RSSI 18 send/or kectesiaded Blevd 13y )adjtists mgpricieidimtee rioed

anplification aﬂﬂ-g%?%#% l&“}??ﬁ‘lg? df(B.tlﬁ%gbgé%)St ation enulator. Next, the

i nternal anplifi ri'és of successively decreasing

increments to 3@oRiond theredgel alheseatNeiaRENtShes ettt Sear At 0.1 dB
(or the accuracy of the_given internal arg)llfl er) to ensure the accuracy
is also 0.1 dBChprg&s| yhe nfgyngd amplification by the difference

between TCH level and reported RSSI. Since in the

15 present example the reported RSSI is 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 wvariations 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 to

30 find the edge. These increments should narrow to 0.1 dB
{(or the accuracy of the given internal amplifier) to
ensure the accuracy is alsoc 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 RSSI.



necessary to "step back” to the edge point, as the nmneasurenents nmay have
|l eft off 0.1 dB fromthe desired 35 RSSI. 8 9 [0031] Another exanple of a
fine search is now described with referenc@ to FI G 10. Begi nning at Bl ock

120, the RSSI is ot sired | evel t 121.. and the i nternal
i eaton e 0t BRI S oL Ak T i s " o e
| onger report eths@tidldokstH 22= A23ndhato i BLG aft@r @e@umpmg oft mteps
(typically between one and five), the returned RSSI w ] not match the

desired | evel shdfbe e RiTh erhatetans? i the £ SH IJ're‘FPal/e Furfpkrt he edge
by 0.1 10 or 0.i5(B. Jhus,e dﬁ%%lngar&ﬁlléfc%ﬂ&g backyed ey d Nt egmal

anplification l'evel in 0.1 dB increments w | find the edge point either
in one or t@&o sﬂm:psameatts Blrockls tl4- cﬂ%u(ettiadé?.‘ﬂjﬁ ngs uppnlaviether the edge

was | unped by ] di the 15 il]lustrat d met hod
(Bl ock 126). Qtﬁfg't Eall%%sssla&c)ﬁqp# L nolt descti ﬁ
reference to F|&ﬁae];§lél- (tBdi 1l Ing }:@étv%é}ﬁ@rﬂ@%nd hei vdiSSlthe seturied he
desired | evel, as dlscussed above, and then the internal anplification is

i ncreased by 0.BS30 wiB | matersira e Idﬁﬁﬂéqﬂ@}s@e‘f%l oLl @hgere t he desired
val ue, at Bl ocks ;131-13 ©h 4 conse 1, dB
scans Wl vyi eIkl a C an}emﬁcﬁéﬁﬁﬁﬁﬁjus ]1 ocatl r?é{%’ edge, &&g%@%s'l

136- 138, ahd the 4.7 e:tBlaITransp,I idaarsdd aimyg saz.débsr’msgem@yb&kl” daBg Bl ock 25
139), thus concluding the illustrated od. For xa| i f the sum
Lotal change i St e ! gt GRS & 1 A ) and
this produces &irfange ddyRPintdtiadgs has hrensd aund. siﬁéﬁ@r natively, if

the internal anplification is changed three tines 30 (i.e 0.9 dB) without
the RSSI changifd@dkohd4d25 (depending upon whether the edge was

jumped by 0.1 or 0.2 dB), thus concluding the
15 illustrated method (Block 126).
[0032] Ancther fine search process is now described
with reference to FIG. 1l. Beginning at Block 130, the
RSSI is set to the deslired 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 yield 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



desired value, at Block 134, an edge is also located, as a 1.0 dB change
w Il change the RSSI since they are reported in integers. [0033] Another
exenpl ary approach is now described 35 wiltth reference to FIG 12.

Begi nning at Blogk 140, a 9 10 in act u lyyalue, i 80. 47 dB,
dt ﬁq sac%ba]d %Iaoc lu_?% %1 R§§ él Snef

and the reporte elnterna ification
is then increaseshdwyrdd R, i Bk (_IBBQQc]cI‘taeng) ngrﬁd]ar&cdmail RSSI val ue
to -79.87 dB, and 5 the reported RSSI to -79 db (Bl ock 143) i ndi cating
that the edge k?é@’]b]efe]nc%ﬁdd%%ekﬁ t‘ﬁ%l ndigreassd iRy & ¢ FBgtddthedke, at

Bl ock 144, whi ciyL e ad upde u SHsyal wer o + LAY, ¢iB.a@ndidde
reported RSSI back to 0 db (BI ock 145), indicating the edge 'has been 10

crossed back owdre lﬁ@@t{kﬁtﬂ RItEL it e‘r7rﬁald1:arr¢ﬂ1¢¢1cal43))n Jrgdjgasrigased by 0.1
dB, at Block 1 ct ual RSSI| e to -80,.07 dB, a he
foported RSS! Plfin T s da KD oY it Ty H SRige: el bt
crossed. Accor dimglacreasd hert BilbddB 14w, easiech scHangrey frotgrect({ Bl ock 148),
whi ch changes the actual RSSI value to -79.97 dB, and al so chan estthe

reported RSSI R¥PL 7l thuPd-dclatdbhg ATk tehRy e IR G BT
concl udi ng the idd ygs riﬁlﬁ %MJ@% , ﬁ}dl%a{)&'&a%@ne dB34.d i | be

appreci ated by those skilled in 20 the art that many different edge
| ocati on sthenesramed bealsedrierThéisf isnsth, drite elacte sucic esgl Mief i gaimpon s

typically any number fro 1 to.0. dB. 3%'1;) v can .change or renain
constant for edch Stey slecgp@%oos raoq]%tafe&l%etmqjﬁ} i ven
application, Z%dtélfallatﬂm Qfa ke t@ﬁt—%(ﬁftﬂ? auer aged peld ar é}ﬁﬂ%c&rmsSI

i mportant considerations. For exanp with relati vel y flat" data the

approach ill ustiedadd s mir@o @W}BlQ%é’c@ trhén%ﬁi'g‘élgqﬁhﬂ(@dCE%éﬁﬁE’t Heot
approach 'lluskﬂﬁ§§§%d. Accordingly, another 0.1 dB increase is

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 1is
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,

25 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, peotentially 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



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 lldss schenme. Beginning at Bl ock

151, the reported S a _gi.ven |.ev. i bt ai ned, at,.Bl ock 152.
The first step ﬁsﬁkﬁtﬁf& ]neé’t%ér'm ti#qqféf?k t]%I'eB'r 3&3&% "S9%e sane 4]
10 4 11 as therdQddeve) stalp Bleck dH3hod f 80 e dskihod proceeds to
step two. If not, the internal anplification is increased (or decreased

dependi ng upon ammel Higatian drs iimstararcht (Bh)dasr satredideRaEHdy 0fPthe 5
reported RSSI m jven . at. Bl £ e ed
RSSI is then obr%kgiijﬁeat ( olcal‘i‘rnfégjelnge\r%1 atflg%n)stb plédge\?\éﬁ%fr oug O{ﬁpﬁ}%
internal anpli fre@drtoed R3SIchamged tilre suiccessiGHe|hewEer edsiBigdndrieent s of

0.5 dB, 0.2 d and 0.1 dB, a ck 156. 10.[0036],I1f the r rted RSSI
is not the sane 4 1He rqpﬁtﬁﬁﬁ%&ﬁ?@e%f%ﬂ%&é& (oeflotcﬁ%s]gstkgha ,
then the sign #s changedRefianeddie maxt wiepdlRerk 140 catem in the

opposite direction (i.e., back toward the edge). Once the first four steps
are conpl et ed, IshechERigad tif stugFasRidiales datseE aagdich IdeEamarinih 0 tthe

reported RSSI ig,t I r t , at Block 160, and if
so changi ng thed%%’npg'rz'rslg{E ga?rlpdlt ﬁl"?ilcgﬁ’onae&b)ylé)%% g%%o'nce again (which will be
the edge)land @38Ini ng Itthe heepeidoad REASSTati Blraak £ HES Isarn) 62X het 0
conclude the illustrated nethod (Bl ock 159). This approach is advantageous

9
inthat it willlahwERpEteoh Kovd edgeh&ah wh mess &%y, Wiftn
provides good gueraldn res Wzl HiiddRr aite GlaMe domesplR03dsdsanf a

path | oss search in a test nethod 25 for determ ning conducted radio
frequency (RF) ategeiiverthe opposite direction (i.e., back toward the

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
Biock 160, and if so changing the internal
amplification by 0.1 dB once again (which will be the
edge) and obtaining the reported RSS5I, 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 1s

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.

11



sensitivity for a plurality of channels extending over one or nore
frequency bands wll now be described with reference to FIGS. 3 and 4. As
will be appreciated by those skilled in tl2 art, receiver sensitivity is

30 defined base a traffic channel (T power level at a desired bi t
error rate (BER&.&%& is 4 J‘Ae‘:ﬁaéioéq ”@?d' eggtfl&e &8 e dSHEEHY whi ch
quantifies the ad®ld=abi Idf reafe ihe enddd @ Jia¢n@mystemiftamditiscdity to

"bits out,” including the electronics, antennas and 35 signal path in

bet ween. 11 12 i GIE3GIrAS|idY fresifivife rErditiatiyf Yoddr Tedortth iptad®urdacy of
recei ver test i %}%t r.diffi Y my eray cei ver
sensitivity i sqﬁyé{)rﬁ?&ecan e&@nﬁ r{/dcfergrgé ggr?gu%e%g Hpﬁé}cé;%sgéThat IS,

t here are 55t ypiygdldal Inumemeussuwharieeine w tWhiithian eeldaillarl doandyndandinda
cellular device may .operate aover multiple bands, as_.,not.ed.,aboye. Thus, a
sensitivity neds e SRS Gy ™o PRS- Atre SCtran AR WSt B d&i ce may
take many hourrstcanGRMen days, (0 Lomlaha t Wl od03¥mela reduce decei ver
sensitivity neasurenent tines, a relatively fast sensitivity search

al gorithm is priéf @fafihe @Wedndainmfchdrard Blesdiceamay ftakfe Hpditsh | oss of
the RF cable 3 (Juq_,snotan req,aeq? &%rg%gn,tougor;%l e of the above-descri bed
s) a ' 0Ss fun

path | oss searches (or ot her path ction may advant ageously
be determ bed, [@O39 ock 48 redviaree reavetiivet adng itpatift v osssassociret ed Wit h

the RF cable 33 will be different for different  channels (i..e.,.
frequenci es), Bdfttnefe WA IWEY FotesaNSy Hividar S8 G I WE®h t hese

path loss 20 valdugserReeoNdi NGHa4. Bedetany rith® e p,h ﬂ@ﬂ:&lé)g)aﬂw\ﬂ
separate channels (e.g., the first and |last channels in the band), a

| i near path | od®sEurdt ithe For catHe BB dablhet3z lamadie kavekl yajérieraateed.

Thi's provides of the above-described path loss searches (or others} a

15 path loss function may advantageously be determined, at
Biock 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 values. 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 guick 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 i1s 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

35 channel in a frequency band will be essentially the

12



a quick and accurate approximtion of path |osses for 25 all of the
channel s, although the path [ oss for each channel could be neasured
separately in sone enbodinents, if desirdd [0040] Furthernore, a BER

TCH | function is deternined f initial channel, at
Block 30 4L THETh 11%81% hathel "ol B By eHHHmET T Ve BahG, but for

expl anation purpgsesid tawd o besassiimd tHo Mg dthied | Tstashameled myt he
band. It has been found that given enough sanpling franmes, the general
shape of the Th% powdtladteva sEeBERALEGIGRY ctiEah WSS THithnel in a
frequency band wm enti e forg.al f,4 he '
remai ni ng channe 14sfl)i lr%‘eltg!(:c(,saﬁband.aC!E %h%{%}asﬁcﬁku%l%t 0 actef't hBa}tﬁl "h% ?‘functi on is
determ ned by eszenpicgdulGRRDasc hee @ Sihduaiglidtalors i gpiedmepr otiesss righe ( DSP)

al gorithm of the handhel d device, By way of 5 exampl.e, .GPRS has a GvBK
nodul ati on sche‘:r?el.aatﬁwjﬁle%rr ER i Ghs 5 5%F BERRS: Meryy per bit has

an exponenti alesfianthe BERmw S cnkChidrevwel. functional sthet ke tde form
of an exponential. Thus, once the shape of this function is found for one

channel , this I@kamdiofyan He asarnanampial v Totat ondre HeH shape
| evel / t ar get BI%I% pcg{eﬁr%vg&fcotgl}ﬁ j]o% ]gpcglﬁé clJ OGS I ShAs W Il be

di scussed furt her I cular, the vVersus™ TCH power
| evel funtoi orfurs:tdetreraamest fured he inddiicily dhareted tiye TBCHeasuri ng

respective TCH power, levels for a pluralit of BERs within a target BER
range, and det SNt adst B@@R%@usfomgaﬁgb\é’rf e - F 3 h based upon

the measured BERS,Hd 4 hed qriget BERraNg8dd - antHdd M1 did 1 ting based upon
t he neasured values), at Block 41'. 20 Typically speaking, only BER val ues

within a parti d@0£&1] t ar get pearigeuwdidd, BdicoBEmtuamests TEdhuswiam| sl

outside 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 Blcck 417.

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 connéctions, 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

13



of this range will result in dropped connections, etc. By way of exanple,
the target range nay be about one to three percent, although other target
ranges nmay be 25 appropriate for differentldapplications. Various curve

fitting approaches, such .as a | t uar es ggpro C or._.gen ing the
BER versus TCH patj}jv?erfo}flen\l/aetll?nunocf?%ne Sc%ﬁaqeetbe |%%3%C2 Xi I{oulrrﬁguse’r earbrgc? OoW.

[0042] To find dhe:etdges aleddierBERtangethiranges ttar@d cearge neear ch may
be used that involves Stag:{)pi ng the TCH power level in relatively coarse

negative i ncr it £ d&age Al B IaHWRen T neds FVPBERYS | ess t han

0.5, and relatiymelycoarsePosi tive JMGRIEHRES %o pidBdB)cmbhen the
nmeasured BER is 35 greater than 3.0. This gives a relatively close 13 14

appr oxi mat i bn clattthediartgetfoanyewdde tgoing.s, and successive neasurenents
within the tar nge t bhe made at relatively fine p [

| evel increne so{jgl. g., rI%?/rlved lincr;cclrn i sa)%E%rOOPp]%Lo%edekyeﬁaeuqoe a a%a\cl)\?ants
for curve fittiing.oftROAHclAnpemifdd yngdissapmet iateadiecalsediR data is
of ten acconpani ed by noi se. Even though al|l control paraneters

(i ndependent v&AIEHRLOLS efdiFPRGIEN V2 1P L &9 I THHT SRR «( ddpendent

vari abl es) Var o 10T 0SS rRls ULy 8l 51T g g hey trend of the

out cones, also known as curve fitting, therefore becones useful. The curve
fitting prbd@Gesprddess exfuatuzornsl it lappnodstamaiglrourites trenchef dind i el d
data, as will be appreciat.ed t hose skille .ir]c.the ]I_genrar .. [0044] As

not ed above, t (& For- e R &8 FHVY evidt ™ FiiretioH S %ener al 1 y

exponential . Twee¢RPharafulcurnes fduddan g iappmaghescddmtrimy be used to
fit an exponential curve are a | east square pol ynom al .
equations of approximating curves to the raw field
data, as will be appreciated by those skilled in the
15 art.
[G044] As noted above, the data for the BER wvs. 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 sguare polynomial
approximation is first described. Since polynomials can
be readily manipulated, fitting such functions to data
25 that does not plot linearly is common. In the following
example, n is the degree of polynomial and N is the
number of data pairs. If N=mn+l, the polynomial passes
exactly through each point. Therefore, the relationship
N>n+l should always be satisfied.

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

with errors defined by
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20 approximation and a non-linear (i.e., exponential) |east square
approxi mati on. The theory and inplenentation of a | east square pol ynom al
approximation is first described. Since palynom als can be readily
mani pul ated, fitting such functions to data 25 that does not plot linearly
is conmmon. In the following exanple, n is the degree of polynomal and N
is the nunber of daja pairsy | = n+l2 tthe pot ynom al passes exactly

t hrough each point. hefe?bre &hghfelg%fo%éhﬁgp N >n+1 shoul d al ways be
satisfied. 30 [0045] Assunming the functional relationship y=a,+al x+a2x2+L

tax®, with err%}ﬁ%ﬁegfi’”%‘égg%séﬂtySth% obsebved Yoraggﬁ'e’z‘:gm%%’&a% lbaagn where

Y,. represents t bserved or experinental val ue corresponding to xi,

wih xi fres ofcerrOlpoddi PUmof 343 68 oLeLhBeerkors, vih Benflp S Xe, 2

=E(Y _ao _ai'x_a;, 10 At a m'ni num parfial derivatives SS
SS 8S are 8aO SalaSad oZ e MNididgyihe wguati ons for these terns gives
n+l equations as follows: 8S N _E 2(Y _ao _ alx, aixn)(_1) Sal , , 85 N
_Z 2(Yi - ao - aix, T alx")( Xx) Sao ;=I M 8S N =72(Y aO _ax (San

S= Ze —Z(Y —a,—ax—ax’ —--—ax')y .

. . , . 85 68 o8
10 At a minimum, the partial derivatives . T are
da, daq doa

"

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

equations as follows:

é‘al =]
5§ &
—— = 2(Y, gy~ ayx, —-—ax")(~x,)
oa, ‘O
M
N
ﬁzzz(zmaﬂ——alxi—““—aixin)(—xin)
é‘an i=1 "
15
Dividing each equation by -2 and rearranging gives n+l
normal equations to be solved simultaneously:
a0N+aIfo+a22xf+-~-+an2x,."=ZI’;
aOZx,. +a,Zx,.2 +atzz:x,.3 +---+anZ:x,."+l =Zx,lj
| a, Y x ey x}+a ) xfva, Y x" =5,
M
aOZx,n+a,2x,."+'+a22x,."+2+---+an2xf" =Zx,."Y,. .
20

[0046] Putting these equations in matrix form

reveals a notable pattern in the coefficlent matrix:

15



15 Dividing each equation by -2 and rearrangi ng gives ntl nornmal equations

to be sol ved sinultaneously: aO\+alEx; +a2Xx, 2++anXx," =XY.
a,Yx,+a,Ixi2+a22xi3+...+a Exi n+' =EX, Y aCZﬁ 2+a Exi 3+a2j xi 4+. . +ainn+2

=lx,2Y,. M~+ a
Putting these equati
coefficient matrix: -
L jxrn+l a jxY x2 x1
Jxn+l Xxi n+2 Xxn+3 L

an are unknown coef fli

in n+l +a2ZxXn+ +an l_x 29 = ) xh 0, [ 0046]
nlen X i X %’r \¥ealb aﬁg’&"atl splat|t rY|n t he
A6 x2x1 §3IX| xE IE s , xyxt ' Xxra
X I, xrg#2, * M, M|\ M NISE?
#n anBxnyY 2% Thi St r Gat ijop®i i§° di t he
normal matrix for 5 |thef|eash squang prodMEWIBMn tiMs |e tijon Mo, g, , a2K
ientg whi l Xhua Y3 Are-~given.| The ka
n ihende™be %i ned by="sollvifs tﬁgﬂ%gp e

coefficients ao, al, a
mat ri x equati ons.

what degree of

pol ynom al should be used to best fit the data. As the

degree of polyngm al is .increased, the ti.ons of the 0|nt gron1the

curve i s reduc

et ighE Wedried oS 5 iFE 0P T Equdt

point, there is an exact match. In ternms of statistics, 15 tg Q@gree of
appr oxi mat i hg ttie dcﬂaﬁtom%all% nnvdrleasedn é&lﬂ%rﬁﬁt@@l{%ré 523

statistically si

by:

10

15

20

25

icients while

unknown co are given.

444K a4, .1 hence be obtained by

unknown coefficients
solving the above matrix equations.

[0047] To fit the curve Y, it is required to know

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, #n, equals N-1. At this
point, there is an exact match. In terms of statistics,
the degree of approximating the polynomial is increased

as long as there is a statistically significant

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

2

e,
N

[0048] The approach illustrated above was programmed
in two exemplary implementations using C++ and the
normal matrix was solved using two different methods,
namely the Gauss-Jordan approach and LU decomposition,
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

16

M Ex, n

[0047] To fit the curve Yr., it is required to know 10

gnlflcant eg&gase in the varlanc }ﬁZ which is fﬁgputed



2 2=1 ei Nn-1 20 [0048] The approach illustrated above was programed
in two exenplary inplenentations using C++ and the normal matrix was
sol ved using two different rret hods 25 nafel y the Gauss-Jordan approach and

LU deconposi ti on, raole\%a% %teccg]gye talgsqeec%ﬂéi El%tdc &}the art.

Al t hough both of ese uce conpar
deconposition rmtdmd:lemﬁs:lefm tp@rt‘iearmmfc@ desiriatd e for the | east square

pol ynom al 16 17 proxi mation program because LU decorrp05| tion ovi ded
desired perfor Wr Jresulthe FRvsoonse Sy @arsted: aas ‘W&‘I

i npl emented sqd halad 4 d S abliad e Laladhate d %é%@éﬂﬁ&@n@foﬂ h&e 5
approxi mated curve fitting equation of varying degree. Polynomals with

degrees of 2, @pmcematla&%rcemﬂ&‘ecflttdlnfq tecaladuirove cafgaaarmlr%mlamaaa val ues,
and it was fourb% tn%% thlr q}eg{e yor}org aI pr dl{ln erﬁr.'rqlsst

advant ageous resu 1S, re pa dédr ees ree did
not show any sifgni fa cairtvd rmjal\zﬁamarHER rdiaﬂah@raf]]deteedaﬁﬁ’\ﬁﬂ; wEerfefore, a
third degree polynom al _was used to fit the curve a ai nst BER data val ues.

[0050] The thedhptadd it Emat Gy emifgl Auures Isméastcurves using a
| east squares %Wa%%@e‘@de AW 1A b@lo‘}%sgdr%‘j:ullarkl@nﬁé\(ﬁ%zés gt

obtained from experinmental tests is not |inear. necessary
to fit soniOot Hédvanf ihotsiscoritchareta Smorhstanyd@gmaﬁzma}ﬁomnmrq‘mmdnts igat a.

Sone conmon fortms ?"%ttﬁg{%rv iﬁ]id are expon nt. II?JO C%grrr(revse of nt Yy = ax
or 20y = aex {00%% equ fr(?r’ tah &h BRdal 5{[Elea

was used to fit the curve against BER data values.

[0050] The theory and implementation of fitting non-

linear curves using a least squares approach will now

15 Dbe described. In many cases data cobtained 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=umb or

20  y=qe™
[0051] Normal equaticons 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=Ina+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 ¥
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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devel oped by setting the partial derivatives equal to zero, but such

nonl i near sinultaneous equations are nmnuch nore difficult to solve than

| i near equations. 25 Because of this, thesé forns are usually linearized by
taking | ogarithns_before determ ning.th r anet er f or . exampl.e ‘

| ny=l nathi nx,  or Ty k. SHTIE . o HoW S ab 61t SRt et 3,
z=lny as a |i nedfpodinctd Ooivd e findy i licsCasey ksl sadedi -301

m nim zing the sumof squares of the deviations of 'Y fromthe curve,

devi ati ons of It afer il MBERMEatko, littbwdh chtHar fwdcicisive deest fits the

BER data, MathCAD nmathematical software was_ used. A BER curve was plotted
usi ng Mat hCAD &P §4S 1t FOrRS it N Ve 180 1 8 MR B 5 & 1 e Sagai nst

the BER datg. |fouws) founshthati ahrSxRoNgntial, L ve, defd ned by e
provided a desirable fit for the BER data, although other functions nmay
provi de desiredymsuptget' ntai ther eatai ppiagentateansas 5 [ 0052] Data
linearization is used to fit a curve of type y=cex to the data points

given as  (x"y~,0002062), % xRk D), ) , wakere x xi dst lida rdeleproelsnt variable, y is
t he dependent variable, and Nis the nunber of x,y pairs. To |linearize the
data, a |ogaritvemildblef, bpt hssittdesdependkeh, vhréapleny anbndbaxs Then a
change of variable is introduced, nanely X=x and _Y=ln(y), which produces
the equation YZEXRT L %W P&difat i'oh LT 435ddIe élﬁ]é{fi Gh 99 aHe hm

vari abl es and_ .Y, dit, .can he r oxi mat Wi a "l squ i ne"
of the 15 form :B?% Sﬁbdv\e/esvgirsf, bC|an_ ijsl'ceds’e,elqryn_(f%%rwaﬁle%grbs%d&{?e%#é
perform ng | eagir sglard@PRrONIBtdARdIStRAME RS Y= x Cappari-ng(phe |ast two
equations, it is noticed that A=a and B=l n(c).” Thus, a=A and c=en are used

to construct te goefdddiicy shshictuarieon hes alSeth(¢o. fTlis 2yudtei@urve y =

cexX .
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=4AX+B. However, in this case, In{y) will be used
for performing least sguare 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

construct the coefficients which are then used to fit

20 the curve y=ce”.
[0053] This approach was agéin 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 alsc very
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[ 0053] This approach was again progranmed in C++. The normal matrix to be
solved for this nmethod was only 2x2, which was solved with a relatively

hi gh degree of accuracy. Plotted curves fl&f two different sets of data 25
using this approach are illustrated in FIGS. 14 and 15. 0054]_Bot h of the
nonl i near exponeftial TRadte aca{}eer'aﬂgoe%%“é\s?r%q T & poty orﬁﬁét]fajarb%ﬁ?oaches
described above, grnrmdniEl e testdith ot G Nadndlal e 4 tdyes Fel i1 mediyi a hi gh
degree of accuracy. Cenerally speaking, the 30 margin of error of the
curves gener at PRETHGA Hede cragitodetiesSst F 10F ebiffa, inpriieelss dHah £9. 1 dB
margin of error iyt I td Vi reOR [ td e results
provi ded by thglseér{rrhet%gcﬁe%?de ja'l s%&rvé;fis&liS 19 Sc?r%)%ea%gg oéntggha%aoft er. Bel ow
are the restl t sotiniared W pedocrsaniss exdporiential atanh |Gt souante.

pol ynom al approximation on the two sets of data, nanely data set 1 and
data set 2. Here ”31 represents the standard 5 error and "R represents the
Correl ation CoéfFititehtior REGA 1585 dr® data set 1: 3rd degree Pol ynoni al

Fit: y=atbx+cx2+dx3... 10 Coefficient Data: a = 1.075334 S = 1.720 b =

0. 653063 R = . 99168 3rd deuyey F39 yivom ad (F 10489 ng-a iépotreneal - Fit: y=aeb"
20 Coefficilént Data: a = 1.092514 Standard Error(S) = 1.690 b = 0.533035
correl ation coefficiGaff{iRient 18958 25 Results for data set 2:

a= 1.075334 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=atbx+cx’+dx>...
30 Coefficient Data:
a = 1.192487 5 =1.101
b 0.565984 R = .59592
C 0.164962
d = 0.031628
35
Exponential Fit: y=ae®®
Coefficient bData:
40 a = 1.1846416 S =1.131
b = 0.5021062 R = .99588
[0055] For both sets of results, the pcolynomial 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 smeller than for the
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3rd degree Polynom al Fit: y=atbx+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 Datai2040 a = 1.1846416 S = 1.131 b =

0. 5021062 R = .99588 [ Q055] KFar hoth sets .of result t he | ypomi al_fit
45 had a slight Ieyx%rb%{gcrla?ortlr:l%]’a?)luotn l&)eiaﬁacias’éeﬁtt Lﬁt rFi“r? t%earpcg%(%gneerrﬁqral fit.

However, the stmndaitk expahanaridine i palaseiiaall i ttHah data Setyndbmwasl
smal ler than for the 19 20 exponential fit, but in data set 1 the
standard error f¥lor the exponential fit was snaller than the pol ynoni al

fit. [0056] Basashey tNeERs W Snddte RRAnANt idle iddporitiodel #as deened
to be nore preferable because it di not require 1 nclusion of as many
ternms as the cubidel fwasctdeemedThics bes nyecsayse fichrebdepdreeratisal  intpdeld y=aebx

provi des al nost_the same accuracy. (i.e., up to about the.third .decinal
Dl ace) st hat TS CHRTIG o MPLEE o st e TR 65 S £ BHYS! ca
interpretation fhctdldn.t M@ itserimE datduise Ghe @ietiertianpaloqam@ladgtet hod

or other approaches nay be used in various applications as appropriate, as
wi || be appreciPiedddsyF EHESS tsikhg ey g agit (115 -[;0057 ]t GSRHl | y

e o o i A BRI S Gt 10 e e (0 e
be used tolfit ndidodiat anderdy wdlslo. HBse o iphstsitdailng ritketpretation of
| all the terms in it. Of course, the polynomial methed

or other approcaches 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 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

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
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cones to m nd when considering the type of curve to fit 20 to the data is
a polynomal. This is because polynom als can be applied w thout nuch
foret hought and they are typically successiful in matching the shape of

t he graphed dat a, ver, when a higher, degree pplynom al .is_chosen to fit
the data, it naﬁ”%%gﬁgyﬁprﬂﬁﬁqaq%F et%?ﬁ?%ep§Qﬁ%§§en%%a?aggéis for the

coefficients irsdden@olynaandlpacEtdmd. oft thesepraferadl euth have such a
basis for why a_particular nodel is chosen, and that nodel should have
sone type of[ﬁﬁ%f%%?nFh?éﬂﬁmmuﬁWQﬁg%ﬁtéQEh &PQQﬁ9ﬁkﬁ%ﬁﬁPe@§din 30 it.

[ 0058] Advant ages: 043509 i REA IFalh £9£aHBLEORSn A1k £ 1 Jat R8T @ 7Pt abl e.
Typically, curves of this type are sonewhat easier to understand or

predict than pdiyswnvatb. pPlamdnsia s opéhichHei de nefa a8t canyeeso fit

the data can lead to insight cancernin 20 2 under | yi ng chani sns whi ch
R S il

differentiatiomsstithegi ahi of, vani@spalhatn oo andl yashiapel ation can be nmade
nore confidently than can 5 those with polynom als. Third, |inearizable
curves often réfiltte fel8r NREFBEr S8 parketee sSratl 3G w1 dif of val ues

t han do polyno@dﬁég?/§i@h éeﬁFhﬁt&§§$a29§$ﬁ25@€§Egé Y 3 %dyQHJ.and can

be solved with a relativel g acy. 10 Thus, this reduces
t he need t ®0solMrmid arigei setrsdotes| itheamesgliate onslwhi dbroft e thavet an

nave det or m ned THRA? €978t GBRer AP D G0 R0 R E oS lsE AL AR T o e Such
as |Ogarith”51pﬁ%ﬂéhﬁyS&@”&llaﬁgn@&QQWﬂﬁﬂgﬂSﬁﬁ@sfiBGrt@@ﬂidgﬁﬂﬁzab|e
curve to match the shape of the data before resorting
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.
[0059] 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 heone 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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to a higher degree polynom al. [0059] Having generated the BER vs. TCH
power level function for the initial channel based upon neasured 20 BER
values within the target range, this functdon may then be used to

advant ageousl y f , f e e i ang. espondi ng
TCH power | evel p@%al?%(ra% %\’ 2%%: hﬁlof}r tc%e g %%%h%ﬁ‘%&ckﬁgﬁ%\lggs& i ér:}g%fgélc\ﬁlelnrp
frequency band.th¢rstt. an estimated or starting TCH 25 power |evel for the

subsequent chan i s chosen base upon the BER vs. TCH power | evel
function and thgc%ﬁ‘tii redl%éﬁ}o%]téj@eoéw U Hhalt the eftaaqtsriEr the

TCH pover |evelpdiiat Wdd1 GRIY aspothdh thesdesigsd BER pdh thessubsequent

channel is determ ned and used as a 30 starting point to hone in on the
actual TCH powefunetidn nofed mbaiesi rEthBER, Rore mpposesh dfc t he present

di scussion, a i . .44% wi l | suned, | £ hou ot her desired
BERs nmay be apgtf%dpéﬁg%%géhfz eus|zA)toln t'heedl glﬁlfg}%vfeaﬂdlaer%%rg%lg&rl}eer
requi rement thatubse@ier2?2 chanbel ned ,t@use |1thder@apprect at vgydy idwse
skilled in the art., [0060] It should be noted that the estinated TCH
pover |evel may-ie Hhoskhl s ShofatheEPRIFRRE B il tdont iRt fERbove.

That is, one appreach 40,46l efdd MG dihe ost ivmied FPH poweredemslcd or the

subsequent channel is to use the TCH power |level forr the initial channel
t hat corre$pondsttwearhetldesinigd SBERN] isuhse@iatddyctarthof fwth tlvss val ue by

the difference 10 between.the init,al d subsequent_ channel path |oss

val ues on the Bfaaﬁhuelsos%n Pcuhnectﬁaotﬁ1 i Sa?%]uuréq%lr%bs rreaaccR}ﬁqué%e%urae%ath | 0SS
function is notvalsed ,ifms Wddh e s atred Phdthasedki ldLdiiim the art
(Block 42'). [0061] Once the estimted TCH power level is 15 determ ned,
then the BER ofRRFESRIKhdhttiaRmmdiililed in the art (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:EWEMATCHka, 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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measured based thereon, at Block 43. If the neasured 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 determne a TCH povies level that is within 20 the

range. If the nmegsured. BER is.within the t et, range,.jit is conpared with
the desired BER VAT USS “A7d lf%‘és%ﬁ?ee‘é ejn%eﬁg'. e ﬁ%t?‘t ajjft?ﬁajr]eget ween is
used along W thuttiee BER &SradfH povesitevel a f unedd oradior steted i e may next

estimated TCH power |level, at Block 44. Fromthe 25 above discussion of the
TCH power | evel P urted ot i BLOG 1 46be MpH? ded B Ee B thosel kiR 12d in the

art that the ngxi.estd ptgd T ppues ER SV&ho By be. estidrai ed 1 accgpding to
the relationship AEIl_%ER: i(;%&ATCH evel since t%e ZlBEﬁ 'andﬂth_e coe?%i%ﬂleent b
are known. 30 [00623hdXdthengelasuried BER ¢ sohothe BER nva. tTCRshokelr range

of the desired BER (€. Q. 0. .15¢9 at Block 4 he ste descri bed above
o th Tef eronce Torel Gapore s Ih Be ARGty Tt e T ue)
correspondi ng tghidel desdr etk BRR disieip i b dded 3% tpreshmd dsfange) i s

found, at Block 46, thus concluding 22 23 the nethod illustrated in FIG
3. Yet, if stilfurthpi mecueatifadcs ivsl Hedhe eabPreediafead kippiesgemti on may

et ST iy, W R s e ey e g2
vs. TCH poweér [@®&/&3] curveuming beovappr oXiGmt e yaid feara ther efpsieem this
be'appreci ated Y (LS AT M (IPTETS BF [SORE Fur T o o Fl G5
2 and 5, a testseusitteniap a@nhdetdostfigfedet@idntisng R=docesorer radi ated
sensitivity are now described. The test system 30
includes the RF source 31’ (e.g., a base station
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 encleosed environment is an electromagnetic
{EM) wave shield environment, such as the illustrated
EM anechoic chamber 37 (whiéh 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 3L’ 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 327. 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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i ncludes the RF source 31' (e.g., a base station enulator), an RF
controll ed encl osed environnent, and 15 the w rel ess handhel d device
receiver 32'. As will be appreciated by tdose skilled in the art, an RF

controll ed encl g oerol aenviurrorllqetnt Oi &N I ect rcg}r%]qge tic (EM_wave shield
envi ronnent, such as® the'§344dst 4k & 4hé chartber 7RSI Xh may be

a full or sem pRHhdanechoiw Gharies )notd shiLlid oM@ i3F encliosues  An
antenna 35' connected to the RF source 31' is  positioned within the

anechoi ¢ chanbéiP 37 tundh& SinddAXE (1 1 HORF ISo RS PP Bi-h kukin cabl e
o Sl ate & BASE, SIAk 0N oAy NS A0 JOT 625 i fel ess dandnel d

device is also positioned wthin the ‘anecholc chanber® 37" a ected to
t he handhel 8 rdEoEaErvi3d/ and tdRowleh heraueired arhatrdrmmeantpi (atpiaesitlsy t he

handhel d receiver 32' .and antenna.36' ., wll b arrj.ed b devi ce housi ng,
but these conpdnehtdihy %50 B eﬁeedijxé%elﬂ% tfcﬁ’er @é%%@ey%%us"fﬂbeﬁﬁss
desired. [0064hseenrarally speaking, the radi ated receiver sensitivity
search is the sane as that described above for a conducted receiver

sensitivity sed@df3ith EVEn Sfeept iRAtIoflasfe fyadtioss Snadetdriihdrd on
process. More 3p30e0ifdLaldyy ¢l %Jal?édclfgﬂ%arﬁ *?Jgi‘ggﬁ%ﬁ?ﬁ%ﬂ oss_val ues

23 24 for a plurality of wreless channel’'s in a ency band wi | |
typically hot bkeradadhesr thoundisen deasciibdachaebooas e drordatteer R ioaplthe33.

This is becaus ath loss can be affected hy factors such as antenna gain,
antenna 5 i reSEIUIEy Sl ERY oS e ST ey, STy (SIS pat h
loss will be diddaienmafaongdi Eher.gnt w malrss 4aohan®$yl Srayl A6« ,S0, a
path | oss function may still be determned for the frequency band using

simlar 10 apprdgcHedere telo e tie dersish & aaisdy dlefser idede efaven g itthe

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 4277,
as described further above.
[0066] The path loss determination process will now
25 Dbe described in further detail with reference to FIG.
6. Beginning at Block 60, RF path losses are measured
for at least some ¢f the RF channels within the RF
frequency band, at Block 6l1l. 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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BER vs. TCH power |evel function (e.g., a |east squares approximation,
etc.), at Block 48". By way of exanple, the five-step path |oss search
descri bed above with reference to FIG 125my be perforned on a subset of

15 the channel s wi thin the band h .as..ever,y. 10t h hannel ... Thi s approach
advant ageousl y allcfsosvvsfquélnchﬁla%%ur%% Zéjlgoa%m q%’sgcquusnc?ci’%%ﬁf e %‘? erm ned for

the entire band hotgramddiengaidd | @sloastéamt es for every channel, yet
wi thout taking the tine to individually 20 nmeasure the path | oss of each
channel . The pat®P4dss fifictGniss 2thdh IEFd Nl Wl T P tHE est i mat ed

TCH power |evel; {044 @ybaﬁgtggrg anigly 4 : Hesqrq ped
further above.%[lOOGéleé'I]yﬁe path | sst e'termhnz%tasti'or%{ %flg}:eess %ﬁfg now ]2(£ be
descri bed i b funtlherredptiaid twid lpgisftey ancdd omdd@Gred, Begprmhiewrs atf Bl ock
60, RF path |osses are neasured for at. |east_sone of the RF channgls
winin bhe RE SHoqUERGF BindFm BB BEE UATPTHS e Hited Sexanpl e,
path loss i s maasureh-avieres M Ghainel e B Madh3 % of t @xaimd saMdmayche 10,
al t hough other intervals nay also be used. An RF path loss function is

determ ned bas¥dp&f tthe ifebsured B PatHnoematgion haitld east  some RF

channel s, at Bl . at_ | ,Qf annel
within the gi ve%%f@?grﬁlgiqﬂgn?&%#% ﬁeozbg%rﬂead Fggoz%edpﬂ%otg&{}f% %1 pat h
24 25 | 0s3%0f unctasan, s ata iBlsocletbiyd,t lurs atdred udimyg irten r | f1 ttsitrrat ed et hod

(Block 64). [0067] The choice of general |y depends on the linearity of
the system Th&EHhRedsy F‘laﬁ’e;ﬁ‘e %I\gem%m H‘eytgl Vi%edtite 4% points to be

measured, regarighRssieh W AUMIse Ofs e ahapnals e fdeauensy dandw dth.
As the non-linearity or order of the systemincreases, the order of a

single curve fieauiatgosquéni dmwshisilan is increasingly 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 freguency spans,
higher order path loss responses can exist.

[0068] Path loss curve fitting may alsc 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
serles 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.

30 Different spline methods vary first and last spline
construction. One method, an extrapclated 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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correspondi ngly increase to obtain a proper fitting. A 10 | east squares
nmet hod, or other non-linear fitting nethods, may be used. Many net hods use
matrices inversion where size is relativeGo the order of the equation.

An inversion is jngr ' y.conpl e erro ne its dimensions
i ncrease. The Iedé%? %ggéqn’%%r%ée%t%%d'@glqu?ér et %]pérré; ?F%‘zsb%’ n%}geié?egfgon. Due to
the nature of rsiti Dlsysienmshovert] arge frequency spans, higher order path

| oss responses can exist. [0068] Path loss curve fitting nay al so be

performed usi ntP3EPBl ur al REIPTHPI TheSLC ThbE 11870 nBHyYS p&R YT aFU20° 2quat i ons
replace one conplSie-SIUALLRN-e LS Bfe SKOPSECULF VE, POLIY Sa & Showd OUr

consecutive points) are grouped on a rotating basi's. For exanple, the
first fourSpoikach atwruseds forsgenes atitnginheof ia stinplwaree. seadles, the

2nd to 5th poi nts efO{S t(pnee & inrge ssp(;ilxiineeS 25its.nelr]rilefc}%e and so_ o it’éjula but the
first and | ast spnrlne Series use only T nternedi ate ‘pornts ?e.g.,g’[he

equation frommod derded ey SESEMA i 43 13 B aspiatdENbne Usd fides to
internedi ate points for the equations |eaves the first and |ast two points
Wi t hout respectIRRY dtatTEHSL 2R IR G ST ieRe dbtHyst vk 95728t and

last spline caonfd ré&é&ht%_éﬁi@ﬂ?,s@ﬂ&“%&% al el cHbI oSl Tpes  uses

the first two splines of the first series (e. points 1 to 2), the |ast

two splined0of tateer aftorservey YGLhy.popigint ST18 tupEdr Tidiere sis t abl e spline
fit methods 25 26 .may .al so be used, .as will. be appreci ated by those

Cki 11ed ont me s R Srdth o i Ml IS ISt o b ves
produced from rspecting §Rid eSsafikpliings aey shiowised d&aeh curve is a

spline fitting of a sine wave. Each line is one spline series within the
spline fittingtranfPERd e RMENGHPRD RPAE 5 UE geasryttHes stili®es to

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 loss curve fitting
reduces the measurement time of non-measured channels.
Time is improved in systems with consecutive channel
20 path loss difference exceeding the interpoclation error.
Linear interpolation will advantageously result in
typical accuracy of under 10.1 dB. The path loss methcd
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.
[0071] 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
RSSI. 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

26



show t he 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 four point Zplines. The | ower figure shows

th line,wth,only th d. dat d ti d ab .
The 1 oepect ve SrRese drednt amhe'Sriats Sonld FEROT e B oratt foes ol

15 and dotted Irpes sdoyidde wiiierdeding Bi £idecidn ansposd 1 it Hfeddpe upper
figure to the lower. [0070] As noted above, path |loss curve fitting
reduces the neaRUtheEtdY (RYECHISFOReBSUrTY Thztihel 1anTiHe RS 1 FPBYed in

systems with consegi h?i'tf}ﬁ‘zil 20y i PSSe i T4 rﬁpt(tﬁ’é. axceqll ngsghe

i nterpol ation error. %ierh%ar nterpo%oegﬁaon}P’V\ArSJTC?jf acf\% ageously resu%t in
typi cal accOracyeadingglers@i il ai, Tie gatrdialks dethod couldessspdred above
with reference to FIG 6 ma used . for radi ated and conducted path | oss

b
measurenents, 4% IELFHIC b%t%gtp?aéﬁ%%tae%f?%el%lﬁ 1TEY i the art.

[0071] Another dastoratdiaf gmyrdacd 40rde: aef otie ethndidid &t ai n path
| oss/receiver sensitivity test measurenments is the hysteresis of the
particul ar harfeHEIERERRIVE c uriegh 4 dany Nbredtpakd i /N 8795/, recei ver 30 path

| oss i s measur QpaL g, td | at.ar. T put
agai nst the si gﬁaa fragcel veﬂdl{| %ﬁsﬁﬁgné%wﬁvﬁcﬁhann%ée]—?;@éebdlo#% t he
enul at or a30 RSSEndiConseiaitice th Il tist neids of ddwwenul adortisis

anplification will detect a region at which the change 35 in anplification
yields a chang@?‘??lr-@SI. At this 26 27 "edge" point the radio could

oscillate betwegppisp R$Blrd gadings; WAy NG RMiidikatdon change Thi s
edge point nay be caused by systemerror, changing position or changing
signal intensitREST @dgsxagiing. A& divd RSBILIE-q dadt st fsesint ataeluashe
handhel d dEViC%HﬁQ&JqW&F§£§¥%{S straddle 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 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.
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 is removed to obtain the
true edge point. The hysteresis typically applies to
all channels the same within a given band.
[0C74] One exemplary methed for determining path

35 < loss including a hysteresis search is now described
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by changing its transmtter power in a simlar oscillatory pattern,
af fecting the handhel d power nmanagenent. As such, many handhel d devi ces
manuf acturers inplement software withi n ee&ﬁh nobi | e 10 handhel d device to

change the edge to account for thi 0 ] e rticularly, the
probl ematic singl& F{ﬁu rFtsI(f e%lc?hﬁt%ki ‘?ﬁ%}c?éfrkéﬁ Ra}’a]i%es
These two poi ntagap%dzﬁﬁﬂ'n% i hee aféélii'eﬁ.(}g@c PR tcdidt b pimintodypical 1y
| ess than 0.5 d which is set within the handheld. As the received TCH

| evel changes, Jﬁii}latF@SSIPE’édgelC]ﬁﬁrntaSMWJlllbé)Q m&%%@@mr@%e as shown
in FIG 17. Thi é%ya t £ases: the

| i kel i hood of a%dl;hgécq%] aﬁﬁ?ﬁq}t h V}ﬂleq%r%s and dde r control. As
t he devi ce RSSIhysdﬁsz’eGﬂ%%dng ireepiEteadniRES dlputhe b;azs&arst%&bma]arml at or
wi Il change in such pove an scillati.ons if the device RSSI
i ncreases by o l’yar%f Iataﬁ%l?nt %%/E?H ?W‘nsi“?eﬁ”?é’l% &t¥ET’s prevents
oscillations, d1@lsSadpaliatan ﬂfcfﬁaihéc M ddigdd ue B%re%igﬁl Ralg a
known device with known hysteresis, the value can be applied as an of f set

to each channeldeqltﬁasalmquﬂ(lmmlml & Etlmé?}ny'%"t -erfegiss atelyeTHREd ti be
det erm ned usi St 1N rit t factar ch path
AAB LIRS B I AN ASHAEA LD Lp gach oL

| oss channel . eresis I's renove poi nt .
hyst er esi slt)ypi;madelry epld L arid thad Ire:]haaumn@ S:dahe;esmrm:itaﬁartp RFEsmen band.

[ 0074] One exenplary method for determnni n% ath 35 | oss including a
hysteresis sear@tiess Ao dedds bedtere & ragsift 48y &M o AQCR. 1t

shoul d be not ez hafo Aigh r ARRNGAAT,, MY & USRA RIS i1 UKy /et 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 value and the determined relationship between the
relatively fine granularity RF power values and the
relative coarse granularity RSSI wvalues, at Bleock 73,
thus concluding the illustrated method (Block 74).
[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 receilver 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 antil the second edge is found.

35 The actual RSSI 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 recdd ver by sweeping RF power

val ues transmtt d fromthe RF ource |ncreas nd de easm
directions, at BIOCK™AL.CHWFH a oi?%%dpé]l%e s :}1%?182% g“

rel atively fl nefjgﬂ‘ﬁ\liﬁ@’sdlyetﬂﬁqaﬂ@ ROVESa Vi 1 esh alrk tf@smle&sa,t |&V§ SoaiSe
granul arity RSSI values using the hysteresis transition edges, at Bl ock

72. More parti &A%8 ISAD fihcoune RISt + rHi thon Pud nﬁlr$%rhﬁﬂiéel?%%le? ver 32

or 32' is |locat t a the
| ocati on of the%%ggéc{uu?%h%g transﬁ}?onw?le%]sﬁgv%é% ﬁéi% I evel
may be det ebm ried cikesttdre arCH gbwerds eaztezh:ss teorfrigsp oridk mged:cmd he

hysteresis transition edges are kno ath |oss i ven channel
may then be g? E'g VYS]I SGate %%ﬁéat power 20

val ue and the d@@lejrlrgd\qdl r@{@taﬁn_shl p between the relatively fine
granularity RF power values and the relative coarse granularity RSSI

val ues, at Bl ocl0078] t hdgddiat finRFiheod Mhﬁstwﬁ’fedﬂeﬁfeh%oﬁl(@lw 74) .
[0075] The Sca\%%é %é&‘%ﬁ%%&%fgn@é A6 TECH &5 gy GR%SFS'&)J egsed. and

decreased. By of exanpl e e coarse granularl va es may be in
1.0 dB intPensdit’s t(Ila.rE.m1.tIShERH’ gpovdre draocy agy a)freltetimuhdldne receiver),

while the rel ativel i.ne granyl arit |ncren'entsma dB (i.e., the
Accur acy of { RGTSAH  Abb eitfe R B S5 G | AP 95 of

edge, the intergir amplidd Gat 'aon:éﬁaﬂlhﬁ‘elr Rl %rﬁﬂaﬂﬂﬁf earethdve 0.1
dB increnents until the edge is found hen, a +1.0 dB step nay be taken,

fol l owed by a aseningsicom JWStajE@%pﬁaqm ﬁaqfhécrsaewmce“dg@ﬁ@efmund 35

The actual RSSlade%lcue%t\M%Slb%all%ceast,Ed h%lofte\@%b%%tem% 51gna219 is

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

20 initial RF power level and the corresponding initial
RSST wvalue, at Block 75’7, to théreby 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 frequency band
to determine a plurality of RF path losses, at Blocks
76’ and 77, and determining an RF path loss function
based upon the plurality of RF path losses at Block
78’ , 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 couId be found wit30-0.1 dB steps followed by a 5

1.0 dB step and Bst find t seco stereS|s edge,, as w ||
be appreciated b ‘?haors elr?et“neeg}gtrt £ %&ﬁ Eﬁﬂjtnh%sr %175 D the
test nethod aremame dmﬁqcbﬁdg vuésktrrlqa‘telrcﬁfg:%ﬁcp tﬁi&a&ocﬂh&éﬂ: source 31
or 10 31' transmts RF power values at a relatively fine granularity, and

the RF receiverd@3igi982' iy IHsIs vildRES®Od Ftatihrl y coarse
granularity an lﬂ%/vqi I t angition between
adj acent RSSI \(}a u\{&logrg :Eg(;t ed a dd@ E %t}ngw tlli%lcgtbréaér1sm tted fromthe
RF source 3% oremdBdiaterdrs iaiddlalsedqF apui/\e:rhalte\m:bdlﬁmiatalcum ragspondi ng
initial RSSI va of the RF recei 2 qQr 32" | red Bl ock 80'.
An initial int e‘ellrﬁjézld G5 i | dfdeet%gﬁﬁ% che dﬁ@ qa}é set based
upon a differ ergzg;ﬂgetd/yee{hé he>pehddd tdialinfF power |evel and t he
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 loss 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 35 the invention will conme to the mnd of one skilled in

30



29 30 the art having the benefit of the teachings presented in the
foregoi ng descriptions and the associated draw ngs. Therefore, it is
understood that the invention is not to bEllimted to the specific 5

enbodi nents di scl osed, and tha i.fi [ emhodi nents are intended
to be included within the sco?ﬁ#@p@gﬁz&%b& " 30 31 THAT WH CH
IS CLAIMED IS: 1. Atest nethod for determning radio frequency (RF) path
| oss between an RF source and an RF 5 receiver for a plural iatﬁ/' of RF

channels in a given RF frequedey-dndretied teat Rt MG oMb riztHy:

determ ning RF e or I L thin t i RF
frequency band;%‘%]%ér%égi ‘Sﬁfﬁ)ar?ﬁ4 gg(%%glﬂo%s:%w%%?g}?o%#ai@d& 1%?%8%%6%% RF
pat h | ossesS5of tdmesedeciead Riplohaninels;of aiid detrerei i ng anyRFepaRh | oss
for at | east one other chanpel w thin the giyen RF frequency band based
Upon the RE patt U R n, s S ke HRe GRANGE H10 l al m 1 wher of n
deternining the RF path |Qssdmnctipregmyi sesssdetesm ningdhe @F path

| oss function based upon a |east squares aljgorithm 20 3. The test nethod
of O aim1 wher@iahnelet eiifilimghehaREp&Hh Tgudngicthad conpri ses

determning the RF path |9ss ffnGH PN MPGA P AL T fh oA PRl NES. 25

10 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 loss function.
15
2. The test method of Claim 1 wherein
determining the RF path loss function comprises
determining the RF path loss function based upon a
least squares algorithm.
20
3. The test method of Claim 1 wherein
determining the RF path lcsgss function comprises
determining the RF path loss function using a plurality
of splines.
25
4. The test method of Claim 1 wherein
determining the RF path losses for the selected RF
channels comprises determining the RF path losses for
the selected RF channels within an anechcic REF chamber.

30
5. The test method of Claim 1 wherein the

RF receiver comprises a Global System for Mobile

Communications (GSM) receiver.

31



4. The test method of Caim1l wherein 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 RBzchanber. 30 5. The test nethod
of Claiml wherein the RE recejver_caqnpr S, a bal em f.or bile
Communi cations (GSM) receifver. 3f 355 QE6 e‘FﬁEq é’ségcﬂ&lﬁb?&?le@ ' Sher ei n
the RF recei verReagidisRs &daialls Rackele Radim cxeitVireelid @RS)idecei ver.

5 7. The test nethod of Claim1l wherein the RF receiver

conpr i ses an

Enhanced Data R&RES)f giea@islsdl- System for Mobile Conmunications (GSM
Evolution (EDGE) receiver. 10 8. The test nethod of Claim1l wherein the
RF source conprises a base station enulator. 9. A test systemfor
determ ni ngSradi o frequéncy (IR teatth reddwdwer G4 aihurlahiteredfn Rfie 15
channels in a ven RFE frequency band c risi RFE so

recei ver; and éﬁce&dfﬁtrrgﬁ‘ﬁ“@rlyl@&fpla@d e(ﬁiglﬁgtrae@@lt\?egr

det erm ni ng RFS%tt*éxd %iewbques@o&%ﬁﬁca%&cﬁmrv@%lm \Mvtol”udtltdae @insn RF

frequency band, determ ning an RF path |oss function based upon the RF
pat h | osses of neseigeitact ed 25 RF channel s, and determ ning an RF path

| oss for at |east one other channel within the given RF
based upon the RF path | oss

frequency band

10 8. The test method of Claim 1 wherein the

RF source comprises a base station emulator.

9. A test system for determining radio

frequency (RF) path loss over a plurality of RF

15 channels in a given RF frequency band comprising:

an RF source

an RF receiver; and

a test controller coupled to said RF receiver

for
20 determining RF path losses for selected
RF channels within the given RF frequency
band,
determining an RF path loss function
based upon the RF path losses of the selected
25 RF channels, and

determining an RF path loss for at least

one other channel within the given RF

freqguency band based upon the RF path loss

functicn.
30
10. The test system of Claim 9 wherein
determining the RF path loss function comprises
determining the RF path loss function based upon a
least sguares algorithm.
35
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function. 30 10. The test systemof Claim9 wherein determning the RF
path loss function conprises determning the RF path | oss function based
upon a |east squares algorithm 35 32 333311. The test systemof Claim?9
wherein determ ning the RF path, loss function co ises ,determ ning the RF
path | oss function using a1£1 ur ?t@es%fs%quq%e%gm@aff %’h@"?%%ltn syst em of
Caim9 wherei e @deif i iy Nthd ey Rafativd OSKeE-Hn tdemSel &84 ed RF

channel s conprises determning the RF path |osses for the selected RF
channel s wi t hi rii&feENeEHY CIRF Rfhaddt . 1os) fctinn esing vt 6Tl idgai m 9
wherein the RF fecejver conprises a Gobal Systemfor Mbile

Commruni cati ons ( receiver. 15 14. The test systemof Claim9 wherein
the RF recéiver conprises a CGeneral Packet Radio Service (GPRS) receiver.
15. The test system of jm9 wherein the F.receiyver. conprises an

d 20
Enhanced Data Rates for @%bal Sy EmTGEWbRT &G eRiois (GsM

Evol ution ( EDCRetd@e@ MRS -tHd RE sadiesto st emoftd addn &mbiermr n the 25
RF source conprises a base station ermulator. 33
channels comprises determining the RF path losses for

the selected RF channels within an anechecic RF chamber.

10
13. The test system of Claim 9 wherein the
RF receiver comprises a Glcocbal System for Mobile
Communications (GSM) receiwver.
15 14. The test system of Claim 9 wherein the

RF receiver comprises a General Packet Radio Service

(GPRS) receiver.

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

receiver.

1l6. The test system of Claim 9 wherein the

25 RF source comprises a base station emulator.
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