5 10 15 SYSTEM FOR DETERM NI NG RF PATH LOSS BETWEEN AN RF SOURCE AND AN
RF RECEI VER W TH HYSTERESI S AND RELATED METHODS 20 Field of the Invention
[ 0001] The present invention relates to the field of comunications
systens, and, nore particularly, to performance testing in nobile wreless
communi cations systenms, such as cellular conmmunications systens, and 25
rel ated nmet hods. Background of the Invention [0002] In cellular
comuni cations devices, radio sensitivity is a fundanmental figure
characteriging 30 radi o receiver performance. Conducted (i.e., via an RF
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 35 perforned by
reduci ng the base station power transmt |evel until the receiver residua
bit error,ratio (RBER) reaches a desired level, specifically 2.44%
[ 0003] Fot® G obal System for Mbile comrunication (GSM nobil e devices,
for exanple, there are several 40 communi cations bands each ranging from at
| east one hundred channels to al nbost four hundred. To scan every 2
channel of a GSM nobil e phone requires |arge anounts of tinme using
traditional, sem-intuitive nmethods. Automated nethods replicating nanual
estimatiolstend to be randomor follow binary-tree search nmethodol ogy. 5
Brief Descripti ors¥YS§TEM IR DETERMINING RF PATH LOSS BETWEEN AN RF

SOURCE AND AN RF RECEIVER WITH HYSTERESIS AND RELATED

METHODS
20 Field of the Invention
[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

25 related methods.

Background of the Invention

[0002] In cellular communications devices, radio
sensitivity is a fundamental figure characterizing

30 radio receiver performance. Conducted (i.e., via an RF
cable) and radiated (i.e., via a wireless
communications link) radio sensitivity measurements are
performed frequently during radio design,
certification, and verification. These measurements are

35 performed by reducing the base station power transmit
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

40 communications bands each ranging from at least one

hundred channels to almost four hundred. To scan every



[0004] FIG 1 is a schematic block diagramof an exenplary test system for
measuri ng conducted radio frequency (RF) receiver sensitivity in
accordance with 10 the invention. [0005]2 FIG 2 is a schematic bl ock

di agram of anch£xeaP! GFf Yat€SH ByS 88 hREnHCASHAL PGs I akgd egnim e 5e6ei ver
sensitivity in accordance wth the invention. [0006] FIGS. 3-5 are flow

di agrams of ekiémplasindstnedhotdensbr fENieteivebiveseéthodsy neasurement in

ams of ekbmpl asynd St net . .
xenplary. oW ore dr v PR path Bedrh cebthAARChER o

invention. 20n&0098dofrl 65. fJ1 8o Bims eyt ove dsegransmofthedenpgary net hods
for determning RF path | oss between an RF source and an RF receiver with
hysteresi ® in accordance with the invention. [0009] FIGS. 9-13 are flow

di agrans of additional 2%;g¥espkatyweLRods kAt pBeLaifLei Nng RF path | oss
in accordance with the FITV'ETTFI'UTI_['BOTO']—FT'GS_MTUE?? are graphs of BER
versus TCH pDo#04] evel Fthanbheifoa sichémaent sboskoflidatam @t ael|l as
correspondi ng BER versus TCH power |level functions 30 therefore, in
accordance wi TFERREATLY k@Rt FYHVETR AT TMEo01LINE N9RCTed af 3 hph
illustrating si&QuaeVes(RBPPFOXEIPE £As&8h O SPEY NenTadddbPGandO0R2EnFI G 17
is a graph illustrating handheld device hystersis switching. 3 [0013]

FIG 18 1§ a thraphhe#nBERivs. normalized TCH |evel function. Detail ed

Dever o100 ofaffe 7" e oo TP 1opkaa; el RIS Jhopgosetah et o
exemplary test system for measuring radiated RF
receiver sensitivity in accordance with the invention.
[0006] FIGS. 3-5 are flow diagrams of exemplary

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

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

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

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

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

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

[0012] FIG. 17 is a graph illustrating handheld

device hysterslis switching.



acconpanyi ng drawi ngs, in which preferred enbodinents of the invention are
shown. This invention may, however, be erbodied in many different forns
and should 10 not be construed as limted to the enbodi ments set forth
herein. Rat helPOLBR&se eRbGdi ABnis arerppbvPieBERsHSt hAPrRAL$Z8AsEFBsur e
wll be thoroE%h zng conplete, and will fully convey the scope of the
invention to Kose B8R 84 in the art. Like numbers refer to like 15

el enents throughout, and prinme notation is used to indicate simlar

el ements in alternate _enbodi ments., qmewnmng
radi o frequency qu’-lt%’r RESEELP BENTei ver

for a giv nel SHtF§ Eéﬁqeeﬂcm @@nﬁ %Obéﬁhé Eich Skabe
sunnarizegygeﬁgrg?? fBrtﬁ de?al l be BrOV|dedsbe | ow. The RF
source may trmnsalfuREy bemeinaétEESwathareébaenvélyOfthé granularity, and

the RF receiver energte received signal ren L. .(RSSI)

val ues at a r8Fgff¥ P§188a3§8wéggaraﬁﬂ|§bgfs Bn f%agégaﬁmgg %%%ﬁtﬁysteresis
about each tpanghti 9AvBALWBANa2d] 866N .RBBl svahveatrifhembgst nethod may

i nclude determning a Balr of hysteresis ed es about a given RSSI _val ue

transition atth@VRFr ecembedipg dReBpnNgIRELpEREE Fortiss 2PFafsrPtfed from
30 the RR sourge {.n cgﬁrggﬁéagagnﬂlﬁgﬁéﬁa%bnghg'%ﬁﬁ%ﬁ%&%ntsT@%t”EthOd may
further |ncIu8e de?e relationship between the relatively fine
granularity REorpbmaéruahuesRandethethebatembodameseSgaaﬁupapwuﬂeRSSI

val ues using the hysteresi nsition g 5 h loss for
the given chaﬁﬁelhﬁﬁytﬁésdéﬁéF ﬁ8694W1§i E& GS% ggé 38% RSEP 5% ®4 given

RF power valusnangllﬁh@uﬁﬁyaEbaoéE BhBekwepe bife thel ahiveaky ohi ke
granul arity RF power valueS and the relative coarse granularity RSSI
val ues. those skilled in the art. Like numbers refer to like

15 elements throughout, and prime notation is used to
indicate similar elements in alternate embodiments.
[0015] A test method for determining radio frequency
(RE) path loss between an RF source and an RF receiver
for a given RF channel in a given RF frequency band

20 will first be summarized generally, and further details
will be provided below. The RF source may transmit RF
power values at a relatively fine granularity, and the
RF receiver may generate received signal strength
indicator {(RSSI) values at a relatively coarse

25 granularity and have an unknown hysteresis about each
transition between adjacent RSSI values. The test
method may include determining a pair of hysteresis
edges about a given RSSI value transition at the RF
receiver by sweeping RF power values transmitted from

30 the RF source in increasing and decreasing directions.
The method may further include determining a
relationship between the relatively fine granularity RF
power values and the relative coarse granularity RSSI
values using the hysteresis transition edges. Also, the

35 RF path loss for the given channel may be determined



5 [0016] The test method may further include transmtting fromthe RF
source at an initial RF power |evel and neasuring a corresponding initial
RSSI value of the RF receiver, and settihg an initial internal

anplification,ofefhhgp kiR §0§E9§nbﬁ§§§ deop gidihf R?eﬁ%e%on%@e%dt he
initial RF power Ievel and"the corresponding initial RSSI value. Mreover,

deternmining the paiatgbnhyspebeswseedgés nayatmvbﬁdefsmeeplng in
progressively decreasi intervals o 00171 In addition,
Phe met hot g aTeoaT her RE Be¥RkneRirRy BRY FREaE RatavE HPAG B eps for i
| east one ot gﬁnglaﬁﬂt rRebangeh ukB. the given RF frequency band to

determ ne a urality RF path | osses, determining an RF path |oss
function 5hseﬂoﬁb§h theTb?uFaﬁFtWeBFORFmaEaﬁHrFB§§e§nCéH@edeternln|ng an RF

path | oss fore %8 Eﬁfﬁgtﬁ9§m°£ﬂ rRﬁhéBHEE%WhEREH EHEtQFYeﬁngo&éfque”Cy

band based upon t 0ss functron 0SS nction may
be deternlnedléaebdan@omeasheaﬁg asquarespah@mngtmnutmaﬂnasalpwaﬂaéity of

splines, etc. _[0018] By way of the RF receiv my be.a 25 d obal
St ot o NoBF | PRCoREEEeal Tohs FRaNFCEbLBAan LnS L Etei AT PRGk et —Radl o
Servi ce (GPRS%mﬁfi@iagfloﬁnofEﬂﬂénﬁ?dsgﬁkéeﬁﬁbg§dfQboﬁ*Qbé£f§¥§éﬁabf0r
Mobi |l e Comrunications (GSM Evolution (EDGE) receiver. In addition, the

RF sourcéihaybﬁéweehabﬁesl@%t@ﬁleﬁﬁlB@@ﬁr Q@VFQOQQF pheest systen1for

determ ni ng radlo fre gyency. F).p Q a F _so
transmtting == %ﬂer var u%%£§ g% gé %tyézPe f|ne g§§%UI§?F it H ﬁ§ gi ven

RF channel inthRegbyen &F ﬁygﬂeeesysbaﬂdesThay snsledenayeépﬁhbemnlnclude an
RF recei ver generating 35 received, signal strength indicator (RSSI) val ues
at a 5 rel atPyeiyeedhy_by gfartPariPy ARHCRYSLAgCANRENRABRA VAYYEEresis

about each traggi$ion behweed; AdbACePheRRSthod may also include

15 repeating the three determining steps for at least one
other given RF channel in the given RF frequency band
to determine a plurality of RF path lcsses, determining
an RF path loss function based upon the plurality of RF
path losses, and determining an RF path loss for at

20 least one other channel within the given RF frequency
band based upon the RF path loss function. The RF path
loss function may be determined based upon a least
squares algorithm, using a plurality of splines, etc.
{0018] By way of example, the RF receiver may be a

25 Global System for Mcobille Communications (GSM) receiver,
a General Packet Radio Service (GPRS) receiver, an
Enhanced Data Rates for Global System for Mobile
Communications (GSM) Evolution (EDGE) receiver. In
addition, the RF source may be a base station emulator.

30 [0019] A test system for determining radio frequency
(RF) path loss may include an RF source transmitting RF
power values at a relatively fine granularity for a
given RF channel in a given RF frequency band. The
system may further include an RF receiver generating

35 received signal strength indicator (RSSI) wvalues at a



val ues. Morreover, the systemnmay also include a test controller coupled to
the RF receiver and the RF source 5 for determning a pair of hysteresis
edges about a given RSSI value transition of the RF receiver based upon
sweepi ng RF peoegatysklgscbeansnurerdlérohyt hedREavindr ée bnkhadheasi ng and

decraoing 0 LeCLLOnS, 4 Rauk e RORL b PLolhefl 88, Peubgeefe! hni o @

10 rel ationsh ranalfarity power “val ues

and the rel at;¥eye9ar g8rghanyl aphkysRSBkm Maluessusingltie hysteresis
transition edges, and determning the RF path |oss faor the %iven channel
based upon a gPuenoRssr gpurlghven RiEepBRere¢giviéraffdl5PenBEr 8PREFEnshi p

bet ween t relatively tic ragul api-t akues andcthe rel ative
coar se gﬁgnu 8Fi9§%ﬁé§ hgg ugsgngoég]M§§E§?§$ﬁé épgakiﬁg, nmet hods and
test systens garenpresildedlher erankatidet efncthengFcordedved &ade20 radi at ed

receiver sensitivity which use a channﬁl infornat%gn-b%%ed ?garﬁg

appr oach, mhiEHOBréﬁ?@ElBgfEgppogﬁﬁsyﬁ'V?Fyt§8§?@ﬁ §F EEMoF 5t Rer mobi | e
devices. The S BBER-VS, narrehszad ZGH tiearshktnbeweleks ibasgeryedet er mi ned
by the nodul ation nethod and digital signal 25 processor (DSP) code.

Measur ement oteatr gngéroflehi maydaigocbeates de&gripdndpgf énction show ng
the characteristics of.the receiv near, tar oppi | ed
zﬁﬁépngbbpiggtyeen %Re %%la%??e%? ngefﬁggnulgg gﬁdﬁﬂ

dat a for]o e CR 0 al """ “channe thin e sane . This
curve al |l ows BBwpkedhthi¥eandather rehaniest coatred, graandairt theRSIST change

within its boundaries. [0021] The sensitivity neasurenent is defined as the
transnit (TX) VBOWES &ﬁlﬂﬁiEﬁetﬁ§5ﬁ65?§é5r§§8¥§§téoél§9§esvla ER of 2.44
percent or | e, Ot g nbheneakkbpatad138s0ase thal gaiehl dRsakilpover s
decreased unti| the 6
based upon a given RSSI at a given RF power value and
15 the relationship between the relatively fine
granularity RF power values and the relative coarse
granularity RSSI values.
[0020] Generally speaking, methods and test systems
are provided herein for determining conducted and
20 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
determined by the modulation method and digital signal
25 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
channels within the same band. This curve allows
30 predictive, rather than estimated, transmit level
change within its boundaries.
[0021] The sensitivity measurement is defined as the
transmit (TX) power at which the mobile reports a Class
II RBER of 2.44 percent or less. Often the calibrated

35 base station transmit power is decreased until the



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 question. Wthin the desired bands, a random channel 5 may be

sel ected as fseéﬁgsatgghgeisTerhew@a,aﬁg HBE?Egt?g”hEQSQEetBévﬁ@ER scan

range are sel ecte T ower imt is selecte m nim ze hi gh Gaussi an
and ot her rasdoaindovseyeinoa susdeptieli hbtg, abceeryteomaBRBERpakh is

preferably sufficientl ow to intain.a large overal | _.scan range. The
Cbper Limt i 5088l Borel F8 Db OPBEE aaarnaFLPRRnt RSy EO-RBB Po1al Lo whi | o

mai ntai ni ng | ghgstQ¥R! akk t§¢aNthandesifhe Lawas, RBERanbbfil Eheanehe found
t hrough various search nethods, as w | be appreciated by those skilled in

the art. 5 [Dog2beBrelerter aeasapereAnsadivhinThhrelahoveandt BBPEKi mits
e e, b nestnl £ANSH LnboKghar €R0bULLAN. APRCLEABLOA! PaRLYS AT deCT eases

predi ction accurac OVEr "a non-Trnear system € valués are conpiled with
the TCH transhihitevel ssbeaakdzed. mRansdogenhigh gadsbitn28nar bahetati o

nodi fy the exact data curve. One approach._ is to apply a | east-squares
fitting to crBaRECRhBOLEBPREEPrafBSFERE1ReAMER etir YETYBLEYUBEEBF the nature

of the ”DdU|§éiBPef%PQbDQrE?kki@@eﬁ%iyel$h|£ohﬁ¥§nEQ§nf9rﬂhr@E y = Cex

between the | ower and upper imts, where y 25 1s the bit error ratio, x is
t he nor maldi zedv@Chil1t saasniangevelheangp€rahdmbtaie salaesedekved from

curve fitting, a i1l be djsgcussed further.below , [002 An exanpl e of an
FBER VS | nor SAFPERtE TERRTeh oo Rarya PY BRBASI RELEE MA5 Tt The pornCs are
the 30 neasurgaentadaiag andgbhevkirBeli schhersagelt Tk thRercupye fitting.

For all other_ channels, points on the nornalized curve are determ ned
using a "l eapli®gt capthedfoTne FhaprEBgvandurf FS2WFRhAtPAESr aAfe from

the lower to %Pfl“BgeépﬁkgtiatSB”B§CEhb¥8 gﬂﬁﬂﬂéb in the art.

15 [0022] 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
the TCH transmit level normalized. Random noise and bit

20 error ratio modify the exact data curve. One approach
is to apply a least-squares fitting to create the
appropriate fast search curve. Because of the nature of

the modulation, the normalized curve will have the form

of y=Ce”™ between the lower and upper limits, where y
25 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.
[0023] An example of an RBER vs. normalized TCH
level curve is shown in FIG. 18. The points are the
30 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 limit. Consecutive channel

35 sensitivities often narrowly differ.



35 sensitivities often narromy differ. 7 [0024] Wthin the curve range,
based on the information of the |east squares curve, the change in
transmt level is calculated. The new transmt level is then applied to
t he base st at[@R4&hul atWithamdchdecsree hi avee, RBERRd @yethg 2. 449 is

confirmed throu neasur devi ation orr e
reappl i cati ont O?ﬁ%'ﬁﬁ%ﬁﬁggggﬁ ﬁ%%@% %%%a%?%Léﬁﬁggivggéc%%% ?%B%IOH

measur ement . 4 ALk SRSt LYo BB | cd BE@BALEQ. Bigd Uddw devadémbn 1éaes eabes
accuracy through linearity, 10 and deviation from expected values IS

ni ni mal . [ooztsr}erReamhe@ toi thal byse ostrEon, SRULRSET 5y3RntRB0 for
neasurlng con qgted ée§§ége{?£§€§ 2Y4&¥ |]§?3 ééﬁ§£rg@§cghp@gghThe system 30
est

|IIustrat|ver inel udes source 31 coupled to a handhel d devi ce
15 receiver 3aeé@ub@mémstemnyl@eanaﬁ&bnab$ec@BreEWe@ayl@f exanpl e, the
handhel d device recei ver 32 be a obal ﬁésten1f

c

gh L gr I\/bbileS .
Comuni cat i onEeIRBM bR voF , the RRRBALF 2RACKRI VRaTTD BeF UFEeSTthRy)

receiver, anQ£9ﬁf1f%h@$@ﬁﬂﬁ§§s£?éﬁeﬁ@le§né9éa§i@§@& §ﬂélﬁntéQQEEbb®|e 20
Communi cat i ons (GSM Evol ution (EDGE) receiver

exang O course,
ot her SU|tabIQCMMabIéeglaEc@mvem@reﬂﬁ9Saﬁ@@ub@CMsEHroP@b 26}NEATABYI ti on,

the RF squrce_ 3 be. one_of a ersal radio
connunicgﬁiona?%s$€¥laE%O%IEF%%OG%?QQQS |gen§Q§géo ggggstatlon emul at or,
for exanple, pbodeugh okélﬂérﬁyn@abhetewngt oosFaad/ by RFteS‘esSysbemces may
al so be used. A test controller 34 is _connected to thﬁ gdheld devi ce

receiver 32 39 fRErFeRFVRENYarPBALctedt FEpeH BET oS Eht FEh¥ur8nents, 30
which will bef9£§fu§§§£'riﬂeauri'ﬁ§rs§l§{:éfn| 3bek owysttat sheuldihei1naeed that

while the RF source 31 and test <controller 34 are illustrated as separate
conponents inan RF test source 31 coupled to a handheld device

15 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,
a General Packet Radio Service (GPRS} receiver, and/or
an Enhanced Data Rates for Global System for Mobile

20 Communications (GSM) Evolution (EDGE) receiver, for
example. Of course, other suitable wireless receivers
may also be used.

[0026] In addition, the RF source 31 may be one of a
Rohde and Schwartz universal radio communication tester

25 CMU 200 or an Agilent 8960 base station emulator, for
example, although other suitable emulators and/or RF
test sources may also be used. A test controller 34 is
connected to the handheld device receiver 32 for
performing various test operations and measurements,

30 which will be discussed in further detail below. It
should be noted that while the RF source 31 and test
controller 34 are illustrated as separate components in
the FIG. 1, the functions of the RF source and test
controller may in fact be performed by the same base

35 station emulator, for example. Alternately, the test



the FIG 1, the functions of the RF source and test controller may in fact
be performed by the sane base 35 station emulator, for exanple.
Alternately, the test 8 controller 34 céuld be a conputer or conputing

device separabge f5oMEhgaRE-SQUr 68 élcoﬁgu%Ek!OPecaﬁgﬁeﬁhgtagvieg those
skilled in the art. [0027] Path |loss plays an inportant role in the 5

accuracy of asemairateohdost tdesBRsEohyiey3heasar eidht beagppreribsed

appreci ated by those skjlled.in t art, One difficulty of performng a
path | oss nea%&rgﬂ%ﬁ? Fklgfe?e§P ggﬁf?ﬁﬁration, however, is that typical

base stationpeppyptorspephy16880pladsr 86€iMpHragatr agyel eetnd0 of 1 dB,
as noted above, even though the internal anplifier of the receiver 32 may
have nuch gr eaterraaicof aeyrafpp efaAprecdopenpdbhivoty BBASBYSBBRAI ni ng
sign change ipfor [ I - i xer r<l-eyeks ;hhenpath.logs
accuracy can %%e?gﬁ%rggb%BP%%g%égggt%ﬁlgﬂggg ﬁh, as mﬁﬁl Be %?scuss%d
further bel owdiff0028ty|ofthertasming a pandutbed measiivemensemnsi hivity

test, the path loss of the cable 33 that c¢onnects the receiver 32 and the
base station ERfFafORI184raE4HOBe RRVEVEEY | BPabBAT EXBIFefaPRS8ly 20

StraightfOr“ﬂégaQQSHréﬁﬁlgééPs|8§§y”Féﬁg%@”E”kg&@ygéfﬁﬁccﬁbéegimgvéhf
S

internal anplification of the receiver y 0.1 dB increnen until the
desired RSSI efigtl pdBntasisobptaihede, Hovenerhonght hhesiakernglpoint is .9

dB fromthe edge.point, .it, will take y_ste n 5 1th fore,
i ncreased nea%ﬂggﬁeﬁ?rt?%e£ 9 fFh lYﬁgng g@gypgﬁﬁg.gggéog%?%% §, nor e

conpl ex test sebehEsSyBFobeexamplef Ooredueatt Re. nuaber Bof ostepsihfat wil |
be required on average to find the edge point and, therefore, reduce test
times. 30 [00?9?“F%?a%ﬁﬁnﬁmg?r%ﬁElgpi@ﬂthenﬁ?EeéBﬁﬁIEQWer level,

the path loss accuracy can therefore be improved to

15 +0.1 dB, as will be discussed further below.

[0028] In the case of a conducted receiver
sensitivity test, the path loss of the cable 33 that
connects the receiver 32 and the base station emulator
31 can be well calibrated. One relatively

20 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
is obtained. However, 1f the starting point is .9 dB
from the edge point, it will take many steps and,

25 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
reqguired on average to find the edge point and,
therefore, reduce test times.

30 [0029] For example, one slightly more complex
approach is illustrated in FIG. 9. Beginning at Block
110, the desired TCH power level is first set on the RF
source 31, at Block 111l. The internal amplification
level of the receiver 32 is first changed by a coarse

35 increment, such as the difference between the reported



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

i ncrenent, suBASAsofhehdi féeeiner dadwebn THE Pepert 88V9l RSSPLBELt he

receiver and the TCH power | eve [, 0 r o nt I a ck,,112. The

edge is then %Bgﬁﬁeﬁygacﬁ%hggEgé%ﬁgki% gfng ga%%?%f?%a?ﬁg% Fggé? %¥ t he

recei ver usingnanfing tRErenesinéE. guplOficdBionnielred dbhetkdge transition

is observed to provide the path, |oss, at Blocks 113-114, gt mhiih poi nt
yiBe BatL

the internal Trefpivercusibd vaflBeoiNERETFBEe(Gef - 320 and/ or
recorded ( 'Ogh 1é§%e EPH§5£?98ﬂuﬁEnQbEQ§veh|EHSbké%ﬁée”EhE0§a£§|OCk 116) .
tated a y, the " h

10 [0030] ernative coarse" searc changes the_interna
anpl i ficationlbyst hetdBlbekente3-bddvwesh Wokchepelinan@heepbtesdaRSSI. Since

in the resent exanple.the reported, RSSI is.an_igie I this gives
an accurgcy oft "R ﬂ%gg?ﬂéoanﬁgBesggrE etﬁgkeigeagﬁgrﬁggeégt%gtedgelbe?kgen

two consecuti ¥gdRSSl refk8286A0%B160R311 59, hehuarbatiandsnaf thke coarse-fine
edge point detection approach naé al so be used. Generally speaking, the
coarse portiohdlottrpaese BehheAesBaPek2@d1fdirly sinilar, so particular

attentio (gg';gegggiVen5t5g5§2g1£8r59%1¥gggétkaas“kea&ggxf%esrggarch t hat

may be ropria a given 1 nplenentation. ine search
general ly inctudageshtpe shagenalFampliftikeatRESI byi $heetlitfdetrkecdesired

| evel by adjusting the internal 25 anplificat.i and the.TCH | evel of the
base station PERHFP&RoFCHNERYSLt AB iﬁgBPﬁEP%ahﬁg&figépfganstgﬁanged ina

series of Sucgﬁé EME'¥xgﬁ?§§a§h89rEB@&%@@nRSSEOisfbﬁdihﬂ%g%dgﬁalﬁbese
increments should narrowto 0.1 dB

this gives an accuracy of *1 dB. The “fine” search then

15 determines the édge between two consecutive RSST
readings.
[0031] Other variations of the coarse-fine edge
point detection approach may also be used. Generally
speaking, the coarse portions of these searches are

20 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
search generally includes three stages. First, the RSSI
is set to the desired level by adjusting the internal

25 amplification and the TCH level of the base station
emulator. Next, the internal amplification is changed
in a series of successively decreasing increments to
find the edge. These increments should narrow to 0.1 dB
(or the accuracy of the given internal amplifier} to

30 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
RSSI.
[0032] Another example of a fine search is now

35 described with reference to FIG. 10. Beginning at Block



(or the accuracy of the given internal anplifier) to 30 ensure the accuracy
is also 0.1 dB. Finally, it nay be necessary to "step back" to the edge
point, as the neasurenents nay have |l eft0off 0.1 dB fromthe desired

RSSI. [0032] &Q@th%ﬁee&§§9|§so%e% Eb”%h%ea%%ﬁrba @%W%§5 desglibbed with
reference to FIG 10. Beginning at Block 10 120, the RSSI is set to the

desired | evel 12at Bhdckhel2hteandlt bapilntécaslcanphiahigedt ionOcBanged in 0.2

dB increments_until %he dﬁ hbgg RSSI .is ngs%? orted at Bl ocks
122-123. That *P'§TERFTER H™hd S51Lfd)y ych8P| BgEdeen one and
five), the retrdpBededRSSL WBibkkaot2mateB.t raadesis;edrkeveb surbert be
internal amplification will have junped the edge by 0.1 or 0.2 dB. Thus,

decr easi ng® or St§péppiugieadhy PREVCRAt ePRaPNENPIVE) catPEnTREVERSDN 0. 1 dB

t 0 d t t , at
Bl ocks. 124- 126 Cackent AG uRen Gt Ror oChG a3 aae  iepel by 0.1 or 0.2

dB), thus conﬁhudrnglthmpluEhuat&ahedlméthade(&bmpbdl?ﬁﬁ epBge3Bly Anat her
fine search procgs i.S now described ,15 with reference t 11.

FI G
Begi nni ng at BFofkZ19B; tRES RASFTPEsiBE P8 tﬁéeHQ%PgeBaFgJtheas di scussed

above, and tﬂﬁﬂekﬁgl'Hhﬁiﬂ@hcﬁﬁ@bhfkéébioﬁn'§ ﬂnaéeéﬁégeﬂ¥n953W1Q§
increnents until the RSSI is no |onger the desired value, at Bl ocks

131-133. Ithcefind RSSIedgangesntta@tzerc@nsecatpvet601s§5p§eaﬁ§ will yield

s Change i1 RSSheret DA L9 agan. okl Bhas 1iE L3 pag

internal anplrfrcation’is us concl udi ng
the illustrat¢dmpetihpg. oF@rore&aHpHB) lthhbecan&uhatab change is 0.1 dB
(e.g. +0.2 25 and then -0.1 dB, totalln% +0.1 dB) and this produces a
change in RoStiluptzagednmetRedn (Poard. 1AB er nat i vel y,

[0033] Another fine search process is now described
15 with reference to FIG. 11. Beginning at Block 130, the
RSSTI is set to the desired level, as discussed above,
and then the internal amplification is increased by 0.3
dB increments until the RSSI is no longer the desired
value, at Blocks 131-133. Once the RSSI changes, two
20 consecutive 0.1 dB scans will yield a change in RSSI,
thus locating an edge, at Blocks 136-138, and the
internal amplification i1s decreased by 0.1 dB (Block
139), thus concluding the illustrated method. For
example, if the sum total change is 0.1 dB (e.g. +0.2
25 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
(i.e., 0.9 dB) without the RSSI changing from the
desired value, at Block 134, an edge is also located,
30 as a 1.0 dB change will change the RSSI since they are
reported in integers.
[0034] Another exemplary approach is now described
with reference to FIG. 12. Beginning at Block 140, a
starting actual RSSI value is -80.47 dB, and the
35 reported RSSI is —-80 db (Block 141). The internal



if the internal anplification is changed three tines (i.e., 0.9 dB)

wi thout the RSSI changing fromthe desi{gd value, at Block 134, an edge is
al so located, 30 as a 1.0 dB change wi |l change the RSSI since they are
reported in iampliefscaf D084} sAnbtheinexenpearhyapPphodBh pE§ RdAcHescri bed

with referenc o FIG 12. i nniLng-.a ock-140, a_-gtartjpg ual RSSI
value is -80.i?£d8?h3ﬁ819ﬂeggg ?EEBg}egsgés “18€ 58 dgg(%poég’1§§é. The
internal 11 appl iEpeatkanrEsIt ben-i7acapasedoby @48)¢BindtcBkonk 142,

changi ng the actual RSSI value to -79.87 dB, and the reported RSSl to -79
db (Bl ock 143fhakntheaetlg heRabeenectagecasThEeR&Fo8EBR. 1Ph8 Hext step

is ao0.3 dB degr at _Bl 4 whi.¢h .ch h c RSSI val ue
to -80.17§hB,dgngeﬁﬁégﬁgbo?ﬁegiﬁgéli%gékhﬁgCﬁ-ggggge(Bﬁggkg%ﬁgf} i ndi cating

t he edge has hesm valassed baockldvde, Asdsuobk, reberirtleRASL kapki ficati on
is increased by 0.1 dB, at Bl ock 146, changing the 10 actual RSSI value to
-80. 07 dB, anagphébréﬁaPF%dlﬁ%gr lpgﬁﬁ?ﬁ%ngttg§oe§§e(gﬁgc§efﬂ7), meani ng
the edge was palLsseROBSER. ofecOr dkngliyn, aRAENeHt@rhadBalptlgasatisn
performed (Bl ock 148), which changes the actual RSSI value to -79.97 dB,

and al so changesitheepepdr bed 0ORESHB15atoBlegkd 846y hGEangdadi kSt he edge
Bl ock 149), an di the il d h I ; 0035
ft will apBFgBP§?§§EEy53§8$e%8LrPﬁ295?§%'t%gha??etﬁngﬁgﬁé %?%gergnt ]

edge | ocati onrsgheres afaysobeapuseldockhaafr, sheaandgeatlk sdgeewsisveotj unp is
20 typically any nunmber fromO0.1 to 0.9 dB. Jinp vagl ues can change or
remai n const aftoFeRdeaBRCeOrEpnIty  cRGEEST AN - apPopPicafE Sfetifod for a given

application,  variabian @hotheidala andcavenasgererher rrAG@1aRGS T Npor t ant
consi derationS- For exanple, wWith relatively

value to -79.97 dB, and also changes the reported RSSI

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

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

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

30 reference to FIG. 13 is a five-step path loss scheme.
Beginning at Block 151, the reported RSSI for a given
TCH level is obtained, at Block 152. The first step
includes determining if the reported RSSI is the same

as the TCH level, at Block 153. If so, the method

35 proceeds to step two. If not, the internal



25 "flat" data the approach illustrated in FIG 9 may |ocate the edge
qui cker than the approach illustrated in FIG 10, but the opposite may be
true for "sloped" data, potentially by 4B to three steps. [0036] Still

anot her appr 03@@19%’&%5%‘ bed 4 BF[@as%Ql I %ﬁfela%%%%ats%dlzhigge%él?!%r %gfo'nve step

path | oss sche Begi nni ng at ock 151, the reporte gi ven
TCH l evel is bbEapae@;caﬂaBl@m@l&ﬁéntﬁheoh|rbw imepdlﬁﬁekades @dt éhmi ni ng

f th ted RS th T | f
Lhe et hon 56 26PaE Bads Rog Loren i Bifeh Teke tEedeh 2l S35k IsA catt on

is increased fae deqr eapedtdapeBeirng sUpdRn bl&%a@@ﬂéfdl quliack mskeneanhat i on)
by the difference of the reported RSSI mnus the given TCH | evel, at Bl ock

154. The hewfpépsiterd RBS| thyovpén fevraithed lpBleg@ralwzlplléﬁ@a@ylp@r st eps
two through foyr n I ti i vel
decr easi ng Inggeﬁ%%ﬁgeofﬁ%_ghcg%?36E%§§B§8§ﬁ8a%_%@g%ﬁ% h%Po% %%52 %[0%37]

|f the reportdd, R8SP 48, nehdthelsdBe aa Bheckl as®.reported RSSI after each
of these changes, then _10 the S|gn i s changed before the next step (Bl ock

158) to step TA98RE oppdsi thedrrrerish BﬁSé 1520k thRarfad™ehés &8§e). Once

the first fousastepapdecAORBLS! adokh@ach! bl kel AKALues eheq again
determining if the feported RSSI is the same as the last réported RSSI, at

15 Bl ock 1160, thadsignsdschhrgord bhéoirat Ehranexanpitiebi d&tiook BP80. todB once

i whi ch bt .th t d RSSI t Bl k
T M e otk i R B PR £ B i 2R R iPROd i B oo pakoFovaTR £hEl PLocK®

i s advant ageoddgkh.t batel thwi Ehr@@n‘faﬁgesZ@p@naTrléecéd@Qeﬁ@dm thWet hin five
steps, which provides good overall results for different curve types.
[0038] Use of fafpht AitFBssN¥eAVER PACE RE3innEefsgnining if the

reported RSSI is the same as the last reported R33I, at
15 Block 160, and if so changing the internal
amplification by 0.1 dB once again {(which will be the
edge) and obtaining the reported RSSI, at Blocks 161,
162, to conclude the illustrated method (Block 159).
This approach is advantageous in that it will converge
20 on the edge point within five steps, which provides
good overall results for different curve types.
[0038] Use of a path loss search 1in a test method
for determining conducted radio frequency (RF) receiver
sensitivity for a plurality of channels extending over
25 one or more frequency bands will now be described with
reference to FIGS. 3 and 4. As will be appreciated by
those skilled in the art, receiver sensitivity is
defined based upon a traffic channel (TCH) power level
at a desired bit error rate (BER). BER is an “end-to-
30 end” performance measurement which quantifies the
reliability of the entire radioc system from “bits in”
to “bits out,” including the electronics, antennas and
signal path in between.
[0039] Aside from the relatively poor reporting

35 accuracy of receiver test equipment, another difficulty



for determ ning conducted radio frequency (RF) receiver sensitivity for a
plurality of channels extending over 25 gRe or nore frequency bands wil|
now be described with reference to FIGS. 3 and 4. As will be appreciated
by those skiﬁhedetarmheiagt;eceéébveﬁegéﬁ§ﬁﬁﬁﬁwt98i§haéeﬁ¢n€énbg§eé upon a
traffic channel (TCH) power |evel at a desired.hit_errar rate (BER). BER
is an "end-tov§6§e depEPPEHEREe P ggﬁPénéhF% ?éhtgggﬁtﬁ ?es t he
reliability OftyFH!@a@myi hameadiue syshemlkr enthint 8 ice'llutlar” bahs,oand"
including the electronics, antennas and signal path.in between. [0039]

Asi de from thé Felaviqsl (epdsr PeyorPERgtss CXeEurE Ly 181 S 88 Far fest

equi prent , ¢ angther dibLculbygld, ISR deterakyl pEaacentel SeReIting ty 1
that it cah be a very time consum ng process. That is, there are
typi cal | y nuneddusfcharnehsnwefllsi msadcbdiyl @l deviiaedmagndake eenivul ar devi ce

may operate over multiple bands, as_ 5 noteﬂ gbove. Thus, a sensitivity
measur ement cBYEFPngand| BV6P CRESech&tn&P8PGEEE by a device may take many

hours, and evg@aodays. t@ocerBleke red4@]r Fensaduca theariastirei@nd tivity
measurenent tinmes, a relatively fast sensitivity search algorithm 10 is

preferably usédmeBeginiiengtaveBlvodist0 semfsitha ifdt FeRdEd GF9oFd 1R cabl e 33
is not alyeady _kng hng f. L:he - - i |0 ear ches
£§ {sng%@Fgégl& uSRG . %ﬁgémgﬁggﬁ%% @i ed EﬁiQhe_%%t%

(or other a unctiion tageously be determ ned, at
Bl ock 48'. Monespabfi ¢hkaRlFy capdch 330ss astoeilated ywiknown],5 wsiengRErgabl e 33

will be different for different channels (i.e., frequencies), .but there
will be a geRér&bryabpyesressraty pﬁéﬁ\/\éé’ﬁst rESE 5 STALISded

Accordingly, byideterni Bngtlike Rakh dRshilgedus ys ARG wharg! st(e. g.
the first and last 20 channels in the band), a linear path | oss function
for Block 48‘. More particularly, path loss associated with
15 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
values. Accordingly, by determining the path loss of
two separate channels (e.g., the first and last
20 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
all of the channels, although the path loss for each
channel could be measured separately in some
25 embodiments, if desired.
[0041] Furthermore, a BER versus TCH power level
function is determined for an initial channel, at Block
41. The initial channel could be any channel in the
band, but for explanation purposes it will be assumed
30 to be the first channel in the band. It has been found
that given enough sampling frames, the general shape of
the TCH power level vs. BER function for a given
channel in a frequency band will be essentially the
same for all of the remaining channels in the band.

35 This is due to fact that the function is determined by



the RF cable 33 can be quickly generated. This provides a quick and
accurate approxi mation of path | osses for all of the channels, although
the path | oss for each channel could belfreasured separately in sone 25

embodi ment s, khedﬁéaﬁﬁgtlkﬁoééheﬁargharaqagtaq @%Bng@rg%%CEG@laamer | evel

function is determned for an 1nitial channel, 41. Thé initia
channel coul d (P€Panylghanbbin pA the hbadhelbudew@ceexﬂwawawl@ﬁ pur poses it

will be assuned 30.to h rs ann in.the b has n found
that orvan: ongiaibLinoPPRY Franes CHERaRBEHApR b0r s0B28E - HECR e
level vs. BERrkuBetbABhigr rarger&nvschanaelyl pe briequescynband will be
essenti al | the same for all of the renalnln% channels in the band. 35

This is dde texpaeenthal £remf uhbei BRR §sdeleAnilREG b ULt iphe 2d5Qul at i on.
scheme and d'ghkgg shang rﬁrégeéﬁlggpoggégéaﬁlgg hEh”bBEetQﬁeh§§gﬁE|d

device. By way of  exanp nDdu ation schene
rel ati onshi p beér tBER fsncemengyspébubdtfbasoaa Bhexpenenthdls form the BER

vs. TCH | evel functlon also takes the f rg1 a an ex%gnential. Thus, once
the shape of tPRFS1PONERNORS ¥SPGuRE FEPLGAE dREAREI FPENITSH function can be

used to rapi dh¥vE§?9@5§gégeBE§Hpohﬁ‘EeIfé)‘i:aég@h BERtHeI @blﬁ@mﬁgch of the
follow ng 10 channels, "as will be discussed further bel ow 042] In

particul arQ thbaBERlsersasWTQH pbowdi skagskd fuméhegnbeéoﬂeternlned for the

initial chann measurin especti TCH power s for a ality
of BERs it ni nO98Er gor THERTBhEETSEna el PR NEagUrnd i ParR"yaRYEL Ton
pomer | evel funsttesnbasedetpeonihba raeasHeednBERa1i shthectlabget BER range
(i.e., curve fitting based ugon t he neasured values), at Block 41'.

Typical |y spe‘éﬁfiﬁ‘@rlﬁﬁl jeBERCLAVAedCHli PRIRTalpERLPciP4r @2 Plurality

of BERs within a target BER range, and determining the
15 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'.
Typically speaking, only BER values within a particular
target range will be of interest because values outside
20 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
appropriate for different applications. Various curve
fitting approaches, such as a least squares approach,
25 for generating the BER versus TCH power level function
will be discussed further below.
[0043] To find the edges of the BER target range, a
coarse search may be used that involves stepping the
TCH power level in relatively coarse negative
30 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 1is
greater than 3.0. This gives a relatively close
approximation of the target range edge points, and

35 successive measurements within the target range may



target range will be of interest because val ues outside 20 of this range
will result in dropped connections, etc.,:By way of exanple, the target

15
range nmay be about one to three percent, although other target ranges may
be appropri ataehobedinhfier ent raeppkivefivofisneVaCHopeovweur vevefli tti ng

approaches, sych as a_l egst squares approac ener. t|n t he BER
versus TCH powdfFTEBGE[St ﬁcﬂlon% &A E BE<dF ?88%5& %Pugfﬁgﬁ Gel'8% [0043] To

find the edgegseh bhenBERrhar gat-veamgeriag.coarse search may be used that
invol ves stepping the TCH power |evel in relatlvely coarse negative 30

increnents (e.l§04411.5 @b?Vﬂhéntth@gnéﬁs@P@éOBERat§ bepegysenBkRodstaand
R Lo Ye 035 BeReR LE¥Brpn R LAY Roi8ed. vl Crllon it LBRIBRSU"
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BER is gr rved arerative roxi mati on of
t he target rapgeaadg@raoumhaepandeaﬁ sacdadicwé memaunememb$ammnhmhethe

target range may 15 then be nmade at rel atively aLlne TCH | evel
i ncrenents (ergsulgantygutreresedfeperseptovide ahes’ 438k po ts for curve

fitting. [0044}  CdLue i t;hhﬁalltéta%wp@s%tlﬁlaI%%@U%%eB%Be%@t ar nks often
acconpani ed by noise. Even though all "control paranmeters (independent

vari abl es) rematnomaﬁstaﬂso khewnregubuawﬁ dutsdmes (CHeperdast vari abl es)
vary. A cess of uantlt t| y estimting the trend f the outcones,

al so kno & %85995 HEEERG ; &ﬁgrng n%ﬁtggggnggoﬁgefu% “he curve fitting
process fit S eqqu@tibﬁes o@f a@p@bmm@ahh@g cOlifAe@S tioo thize raawtfile@lad data, as
wi || be appreciated by those skilled in the art. [0045] As noted above,

the data for ERE3BERSVEilICHE EBPrEFIRTERGNOV 5HO5E §Adrad yhekBEnent i al
Two exenplary_ gurve-fitting approaches that nay be used to fit an

{0045] As noted above, the data for the BER vs. TCH

15 level function is generally exponential. Two exemplary
curve-fitting approaches that may be used to fit an
exponential curve are a least square polynomial
approximation and a non-linear (i.e., exponential)
least square approximation. The theory and

20 implementation of a least square polynomial
approximation is first described. Since polynomials can
be readily manipulated, fitting such functions to data
that does not plot linearly is common. In the following
example, n is the degree of polynomial and N is the

25 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.

[0046] Assuming the functional relationship
30 y=a,+ax+ax’+L +ax",
with errors defined by

2 n
e =Y -y, =Y —-a,—ax,—ax -L -ax,

-



exponential curve are a | east square polynom al approximtion and a
non-linear (i.e., exponential) |east square approxi mation. The theory and
20 inplenmentation of a | east square pol yadm al approxinmation is first
descri bed. Since poI ynom als can be readily mani puI at ed, fi tting such
functions to d{q at does not tglhs?tb nearly is ¢ thefollovmng
exanple, nis ﬁ‘ée grlépep]fﬁs%%ﬁ/ POERHEY R |%rt%}ép%llﬂ%%%+ F9at a
pairs. If N = t he pol ynaom al pa xactl throug each 0

Ther ef or e, thgorréleglpogﬁgﬁ]lg LON* >h+?9 1zlﬁou‘l raet?/va%/ Ye St i S}}I ed‘ln? Cb€46]
Assum ng t he i.anal Latl i Oyy=ao+al x+a2 x2+L +anxn, with
errors gefi ne%ﬁﬂg& %n@)f I§:(?IY {319'3%@. pa-lCl:ii b)é -11zZx; -L - dnx;, 16 where Y
representsst he observed or experi nment al val ue correspondl ng to x;, with x;
free of error, the su uares of the errors;é\n be 5 NN2 2 n S= el
_ (Y-ao -ax-ax- &}' —u{j Y=g —xaam ninuf¥ dhe partial derivatives Sa
,Q,Qare 01n zero"Wlt'f‘ng t he equations for these ternms gives n+l 10
equations as follows: sS N _ = 2(Y;;-ao0-a,Xx;-..._ )( 1) 8a 1=1 gS N

At a minimum, the partial derivatives . are
.:‘)"a0 §a, 5an

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

10 eqguations as follows:

88 &

—=) 2(Y —a,—ax,~- -1

§al ; (1 0 1V i )( )
S &

I Ny -

5(10 ; ( i aO alxt § )( x)

M

58 &

5_=22(Y;_ao"a1x a4, )(_x)
a

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

15 normal eguations to be solved simultaneously:

aN+ay x+a) 5’ ++a, ) x"=>7,
@Y X% +a Yy X @y X +eta,y x™ =) xY,
a Y xivay xdva, ) xt+ta,y 5= x'Y,

M

Gy x +a ) xMva) 5" +ta,y =)%Y

20 [0047] Putting these equations in matrix form

reveals a notable pattern in the coefficient matrix:



=2(Y _ao _ax; _..._ax,n)(-
-aa-alx,-...-a;xn ; ) (San

rearrang|ng gives ntl 15 n

a, N+al JX, +a2Ex, 2++ an ny 32+@2 :
2+al EX3+a2y X; 4+. a Er%% aQl x,
X[2n= x"in i. 20 [ Elng ﬁatl%ns t

not abl e pattern |n
EY, jx, Ex,'

Exz Y MMMM M M
Y. This matrix eq
| east - squar e probl em
coefficients while x;
an can hence be obtained by

§%§icogi

wbn
In t

S,

and Y are given.

X) Sao ;=1 M SS N; )(-xn = 2(Y,
;=1 Dividing,each equatlon by -2 and
or mal equatlons to be soIved si mul t aneousl y:

+ E?;I 2%%??
n+ n

ﬁl A
}FC| 4nat P x5 17 22X * k' = D, K
' EMEX 4% ?@l 1

2n n X +2 43
"tal Eex]"*f heZn;j'ﬁmIL wi% | flon, | 5 X hAY, |

i's equation ao, a,,a2K an are unknown
The unknown coefficients
sol ving the above matri x equations.

Y aOEx;
+2+. .. +an
eveal s a
Yx," ao
+z * a2
L x an X

a0, al, a2K
[0048] To

fit the curveTkls matrik keguitieth tie kaQwedl@hahalorgegr e tafixpdognoni al

shoul d be used to best fit
5

the least-square problem.

In this eguation

ay.a,4,K a,

10

15

20

25

30

Y

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

a,.a,.a,K a

unknown coefficients n can hence be obtained by

solving the above matrix equations.

[0048] it is required to know

To fit the curve Y,

i
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
equals N-1. At this

the degree of polynomial, =n,

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 wvariance, 62, which is computed by:

2 %2
o= Nl

[0049] The appreoach 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

approximation program because LU decomposition provided

desired performance results.



the data. As the degree of polynomal is increased, the deviations of the
point fromthe curve is reduced until the degree of polynomal, n, equals
N-1. At this point, there is an exact maBch. In terms of statistics, 15

t he degree of Xi mat.i ng pal ral LSl e d. s there
is a statistiégﬁgg?sign?h?c%kggedgg%gggg fnb?ﬁggégr%%%cé?ggﬁbgﬁ%ﬁ?ch IS
conputed by: zo 6Rat ér WNsnable2@o] @G48J113ke appr caelifiikliesatr attedhabove was

programmed in two exenplary inplenmentations ysing _C++ and the nornmal
matri x was soFPEﬁoﬁémﬁﬁepmﬁuHVPf5F§ﬁﬁnﬁe?ﬂBé§}OQS%ﬁaﬁéFylpﬁeg@ﬁﬁ§§:Jordan

approach and bLh gaearRosi {,ieR. dedseWis! Lrbe apprechabed byrbhoseaskil led in
the art. Although both of these nethods produced conparable results, the
LU deconpdsi t Eoh sethodewagafiostdBES Hetanveéudesi pabl & tf west feuhdast

square polynopm a .appr,oxi matio rogram becaus decopposi tion
provi ded desgbgg gg%FgrﬁsﬁESerBSEVESW fg PEB@%&F%Tﬁgea 8%% noted C++
program was i gpirefeagedusseckhatsi.t Mogeabbettieutaleyl, atiegtrthescaethieei ent of

the approximted curve fitting equation of varying degree. Polynom als
with degrees bBhap tBreg dihg BohefBoWs@dY: §19nf{fE CaDEUrTRTRYSMRET BER dat a

val ues, and i - d t [ re L ypomial . .pr - nost
advant ageous %géﬁ?%ggg%bfggggft?ghﬁgfggg'dgg?gégah?SQgﬁe ?gg%ﬁgﬁﬁgg did not
show any 19l gnwakcanedi opr 6vemeht corvehegkihsédBERr detaThedleker.e, a third

degree polynonmial 10 was used to fit the curve agai nst BER data val ues.
[0951] et nbBBF Ena T EBPRBRERY! Bicof TP ERPRG SO PEncAT alibviehde ng a

| east squares; apRERAEHYEL! UBQWy a least squares approach will now
be described. In many cases data obtained from
experimental tests is not linear. As such, it is
15 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 )n:axb or
y=ae"™ .
[0052] Normal equations for these forms can again be
20 developed by setting the partial derivatives equal to
zero, but such nonlinear simultaneous equations are
much more difficult to solve than linear eguations.
Because of this, these forms are usually linearized by
taking logarithms befofe determining the parameters,
25 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
minimizing the sum of squares of the deviations of ¥

from the curve, deviations of In¥Y are minimized. To

30 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
were fitted against the BER data. It was found that an

exponential curve defined by y=ce” provided a desirable



be described. In many cases data obtained from experinental tests is not
linear. As such, it is 15 necessary to f'é sone other function than a
first- degree polynomal to this data. Sone common forns that nay be used
are exponenti @&hitf aoesthe BERypety,=aXtbpugh=aeker[ G0b2EiNosmakyequati ons

for these forns can again be 20 devel oped setting.the parti al
derivatives eBU8V1ifls 92&t5SIpHESRLLR ﬁBngFﬁgéFeginﬁpg&ﬁgﬁﬁgaédﬁﬁfrons are

much nore dif&bﬁst_to pakye1thanrhi-peapnequatisensto Beeauseueket Bies, these
forms are usually linearized by taking |ogarithnms before determ ning the

paraneters, 2pyber yexaspls 4y ddaespaxgtorgivyslaa+bx. Then, a new
variable is introduced, i.e., z=lny as a linear function of Inx or x. In
this case,5 i ngtendl(ofy,).ri@xi, nv2i novitehes sum sf tsquandspendehe devi ations of Y
fromthe curve, deviations of 1nY are minimzed. To 30 find which form of
curve best fiwvsrtthelBERMats, thevedd@Diemnt fematdleckd, soid wlr el swalshaised. A

BER curve was plotted using Mat hCAD and differepnt forns of .the curve were
fitted agai nsPUPRETBER daYaPaFFSmagofgﬁﬂﬁaFﬁé? 5He g?ﬁ&neﬁt#ﬁﬁafﬁggg

defined by ¥ SgehgBRouided sodesiiabls 19, fh) Aige,the BER.IAL &y alghough

other functiofis rovide~desired fésults erent 1 npl enent/ati ons.

[0053] Data | pegni-zabi@n;iss iuseddueehi t ndngukver ofy dypeyyasg),to the data
points given as 5 (x"yi), (x2yz),.(xN, yN), where x is the independent

vari abl e,1¢y i shiiha gdependest thar eahkeiocand Naks-Infy . Awibergoltion pairs.
To linearize the data, a logarithm of both sides is taken, i.e., |ny
=l nc+ax. Thenia ehadngearokquatiiahl énj §henvesdabdes amang X =xarghdity=| n(y),

10 hrch produges LS SISl Y RELTCE ks IS SR Tk o Whiew
form Y=A4X+B . However, in this case, In(y) will be used
for performing least sguare approximation instead of y.
15 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

the curve y=ce*.
[0054] This approach was again programmed in C++.

20 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
using this approach are illustrated in FIGS. 14 and 15.
[0055] Both of the nonlinear exponential least

25 square and least square polynomial approaches described
above approximated the original data with a relatively
high degree of accuracy. Generally speaking, the
margin of error of the curves generated using these
approaches will result in less than a 0.1 dB margin

30 of error in the sensitivity measurement. In addition,
the results provided by these methods arxe also very
close to one another. Below are the results obtained by

performing exponential and least square polynomial



can be approximated with a "least square line" of the form Y=AX+B.
However, in this case, In(y) wll be used for performng |east square
approxi mation instead of y. 15 Conparing2fhe | ast two equations, it is
noticed that =a_ gk =Lp(g)- Ug.oasArandscagh ar g Hsed L9+ CcQpstruct

t he coefficieﬁ@géagggﬁgéég ? eﬁﬁgsggotgeF?t the clrve y:gex. f0054] Thi s
approach was agahd gaograated.i HeCe+.'S20r¢heeneniral that skrntierbde sol ved for

t hi s net hod was onlé 2x2, which wa sgkve mﬁtg ?.reléti¥§L¥.high degr ee
of accuracy. PF8tt 889 uFvelSPEFSERG S PeERESSBLS OB “G5E 41 Ca8M g thi s
approach are illustrated in FIGS. 14 and 15. [0055] Both of the nonlinear
exponenti & |gast g8 §gyaagt§nge£e§§t square pol ynom al approaches

descri bed above approximated the original data with a relatively high
degree of accuracy erally eakin he .margin, of ee 3 of the curves
gener at ed usi ng thgggbgﬁgﬁFgag 2 gﬁpﬁglrg%grt '%aﬁgggcghéﬁéd'd.l dB margi n
30 of error in the sensitivity neasurenent. In addition, the results

provi ded by these HBEh5USISRE BPS6:very close to one another. Bel ow are

t he resuﬂﬂg obt ai ned=by-BérBafni ng exponential and Led< square pol ynoni al
20 approxi mation Bn=th8-pRB088ts of data, nanel } dat82468 1 and data set
2. Here °S' represents hB9¢4B3Adard error and "R represents the

Correl ation Coeffidient0.088R@8ults for data set 1. 3rd degree Pol ynom al
Fit: y=a+bx+cx2+dx3... - Coefficient Data: 10 a = 1.075334 S = 1.720 b =
0. 653063 1R = . 99168 c = 0.097339 d = 0.048979 15

Exponential Fit: y=ae™

Coefficient Data:
a = 1.092514 Standard Error(S) = 1.690

20 b = 0.533035 correlation coefficient (R) =
.99158

Results for data set 2:

25
3rd degree Polynomial Fit: y=a+bx+cx®+dx’...
Coefficient Data:
a = 1.192487 S =1.101
30 b 0.565984 R = .99592
c = 0.164962
d 0.031628
35 Exponential Fit: y=ae™
Coefficient Data:
a = 1.184641¢6 S =1.131
b = 0.5021062 R = .99588
40
f0056] For both sets of results, the polynomial fit

had a slightly higher correlation coefficient than the
exponential fit. However, the standard error for the
45 polynomial fit in data set 2 was smaller than for the

exponential fit, but in data set 1 the standard error



Exponential Fit: y=aebx Coefficient Data: a = 1.092514 Standard Error(s) =
1.690 20 b = 0.533035 correl ation coeffi hent (R _ .99158 Results for
data set 2: 25 3rd degree Pol ynom al Fi?: y=a+bx+cx2+dx3... Coefficient
Data: a = 1.19248%h8S sxpohBhtid0 Hit Q@a5658841Rr=th8858R8e¢ poxy0om64962 d =
0. 031628 35 Exponential Fit: y=aebx Coefficient Data: a = 1.1846416 S =
1.131 b = 0.5651062 R = . 99588 40 [ 0056] For both sets of results, the

pol ynom al fifooRag a sbihghhl ynhigBee ¢akigkali eReceabbhehentlt lFan the
exponential fit. HOowever, the standard error for the 45 polynom al fit in

data set 2 wasodrdl Wes themeflotot he mexpopssiegibbiiet bepatisenifadddset 1 the

st andard ror 21 for _the _exponential fit S Il er n pol ynom a
fit. [005 BRS dISHuﬁﬁgséangﬁﬁpg,O?hgseyﬁo eﬁ%ggﬁ %FtER%D gpﬁﬁas deened

to be nore preharabba.besaysesi bedhdsed thet ekeqguiene ibnchogiedn yeheds many
terms as the cubic function. This is because the exponential nodel y=aebx
provi des al noBEOVRECSaRBmRSEULREY SEMCe ACCHEACY dBoft + HRe tPNRPEdeci mal

pl ace) as thaEh%ft§h%dngxgagha 120ehhad, cand it @hsopBagramphysi ca
i nterpretation of 0Tal " the tefms init. O cour se, Fhe pol ynom al met hod
method, and it also has a physical interpretation of

10 all the terms in it. Of course, the polynomial method
or other approaches may be used in various applications
as appropriate, as will be appreciated by those skilled
in the art.

[0058] Generally speaking, if the data to be used in

15 curve fitting does not appear to be approximated by a
straight line, then there are often equations which can
be used to fit the data very well. The first thing that
comes to mind when considering the type of curve to fit
to the data is a polynomial. This is because

20 polynomials can be applied without much forethought and
they are typically successful in matching the shape of
the graphed data. However, when a higher degree
polynomial is chosen to fit the data, it may be
difficult to determine a theoretical basis for the

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

30 [0059] 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
curve to fit the data can lead to insight concerning

35 underlying mechanisms which produce the data.



or other approaches may be used in various applications as appropriate, as
w Il be appreciated by those skilled in the art. [0058] Generally
speaking, if the data to be used in 15 @drve fitting does not appear to be

appr oxi mat ed t.rai N ; e . £Ayations which can
be used to figéﬁ%?%kg%i@%&ib&g?F}E#ﬁg(%ffgﬁeg iﬁgE%%%t coné%gto m nd when
consi deri ng t he fifpemnficuive,t dofticdgrata dihe datarpslatpernyromdal . This is
because 20 polynom als can be applied wthout much.forethought and they
oy typi oal Dy CHICEuEta 197 RaroRFng AT UhapeCHh i ORS haHat dara.

However, when¢adaii-ghert Klegs eonBRlWNQNT ath i 84 ChosgBate ol f ke data, it may
be difficult to determ ne a theoretical basis for the 25 coefficients in

t he pol yndnm abféguaticomine fewprefiombbire tof maveameedra basis for why a
particul ar del. i.s .chosen, h nodel _shoul d h sqne _type of
mpdel 1.5 chosep. , and. Lhat model shaul g have sg

physi cal interpre ion” of ~ eac € para §Oa[0059]

Advant ages of résiung,| imearigabhe fguatikonsy e fdha Rt anar eanobabl e.
Typically, curves of this type are sonmewhat easier to understand or
predict thanSparM@toridiy.a ThatatsvepyopdOrc KT 9Ot heCCRERGE -to fit the

data can 'eadTgasi,ngérg@ CONGEL D! Pe 3R HRdGY] ﬂg@vmgfagsggg\ghb%h produce

the data. 22 econdly, mani pulations of these curves slch
di fferentiti dnneiant egreatt oons i mbhechobdtteon heave axtuwages arabhecan be nade

Curves 5. of t oREPEGH e 4ot | RuwBRF S8R g amirs $6F bRt ke on of
val ues than dappaliyaeridlitavésigtcbRsHbl, thi2e nar med geheikxi1mgy be smal |
and can be solved with a relatively high degree of accuracy.
desirable to use nonlinear forms such as logarithms,
inversions, and exponentials to find the linearizable
15 curve to match the shape of the data before resorting
to a higher degree polynomial.
[0060] Having generated the BER vs. TCH power level
function for the initial channel based upon measured
BER values within the target range, this function may
20 then be used to advantageously perform a fast search
for the desired BER and corresponding TCH power level
value in each of the subsequent channels in a given
frequency band. First, an estimated or starting TCH
power level for the subsequent channel is chosen based
25 upon the BER vs. TCH power level function and the
desired BER, at Block 42. That is, an estimate of the
TCH power level that will correspond to the desired BER
in the subsequent channel is determined and used as a
starting point to hone in on the actual TCH power level
30 for the desired BER. For purposes of the present
discussion, a desired BER of 2.44% will be assumed,
although other desired BERs may be appropriate based
upon the given standard or carrier requirement that is

to be met, as will be appreciated by those skilled in
35 the art.



Thus, this reduces the need to solve |large sets of 10 |inear equations

whi ch often have an undesirable propertysof ill-conditioning. Thus, for
BER data, Applicants have determ ned tha% it is generally desirable to
use nonlinear {6060F suchtashbofdrbéhnstedi hvet stbaseshndaegpgofi€itials to

find the linearizable 15 curve to match t he shape t he,data before
resorting topawﬁFgﬁ%?eHe@?@ebBonﬂﬁﬁPaP?Sf@o%@?nkgb?nﬁaﬁgnin?ed t he BER

vs. TCH power ¢|,g¥ek onf HRELHORLERE . t iRt Ni L] abnehappebabased upon neasured
BER values within the target range, this function may 20 then be used to

advant ageousl| sieperfdnima fhst estamahedf BEHt hevdssilpE@lBERTakBecor r espondi ng
TCH power Jevel., value in,each,of the S e C | s _l.piacgi.ven
frequencyE%anﬁgbﬁ?gg??taﬁh%EP?%a%%dg8ra%?a?ﬁ?ngégcﬁﬁaggmgﬁbgévggkfor t he
subsequent chapaelnisighospanhatedhab uporethenBERtwsth&CHepowerl BBRel

function and the desired BER, at Block 42. That |s, E% ggtinate of the

TCH power | evél-ehat 2wifF) cBPfeshbafitt bhiRevaderred B fLERENSEbsequent

channel is de Lned, and. S shacLbhnNgnkokAbknhai1hgaeni nog8 the
actual TCH poﬁgﬁa%ggeFﬁgol?%?g?%eaggsire§E ER? For Burpoges ofothe pr esent

di scussi on, avdeésésednBEReopafh4doswi Flnbeiassdpedactakihvgghuseder desired

BERs may be a opri ate bas upon_t he, given_standard or carr.ier
requi r emertt tﬁgi“gE l%oabgaﬁgt}ogg &PPthgnaﬁsrggFa éﬁdgy %ﬁogé kPPl ed in
35 the art. 2§ﬁpfcee§é£eatb§h@ubgebgkm@ued t haththerestBust-Rd4ZCH. power

| evel may be chosen based upon the path | oss function noted above. That
is, one approf@R62d dePeff hhAgeshemasefnBEEdPPEATpOREE L éFel for the 5

o eduent ChRRDEL L iph? LA8: L DR EPBIECbeYEbshhorkhEnil i 2k channel

measured based thereon, at Block 43. If the measured

15 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
the range. If the measured BER is within the target
range, it is compared with the desired BER value, and

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

will be appreciated by those skilled in the art that

25 the next estimated TCH power level may be estimated

according to the relationship ABER::hm”ATCkad, since
the ABER and the coefficient b are known.
[0063] If the measured BER i1s not within a threshold
range of the desired BER (e.g., * 0.15%), at Block 45,
30 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
threshold range) is found, at Block 46, thus concluding
the method illustrated in FIG. 3. Yet, if still further

35 accuracy is desired, a linear approximation may be



(i.e., 2.44% and offset this value by the difference between the initial
and subsequent channel path loss values on the path loss function (or
actual measured 10 values if a path lossZ2fiunction is not used), as will be

appreci at ed b}ﬁstahosgtsbub@dmm Lhear ba(r@l%&aﬁy) wik®362L Once the
estimated TCH power level i's determ ned, then thé BER of the subsequent

channel is neadatedebasenatheledi, BAR Bb@gb 43.¢el.f, the de@sdb&dBER BER i s

not within the, tar BER r ange th

above- describ Brgﬁgpig ZeBgcde Fgﬁ %Qﬁpebgfuggﬁ Pgé%BFerﬁgﬁe PEWFEH power
level that isjwykhi BurtBewhiangee bbptbeimgasurediBERy. S TWelbirdhe target
range it is conpared with the desired BER value, and 20 the difference

(i.e., delda)thherébaeaselcilatidsaghdaborngy WﬁtHsﬁﬁetBERr@§ld?Cﬁtﬂé%er | evel
function to d%hgkgggeacﬁ ?%é&TE%EIWg&ﬁdchgPB?g%&ak%&ebyt%hoglOCke44 From

the above discussion o power [‘eve unction
appreci ated byktihosd ski khedarn.the art that 25 the next estimted TCH

power | evel é be _estinat ed accordlng,to t he relationshi% ABER=bce6
ATCH evel sindB08fhe ABERTBARIt REWcSET EFilEPent BTEr @ kAowESt 6EESEM f t he

measured BER Bé'”th“hEBthaber@%Q@EﬁlnﬁﬁagﬁFOEeEE@v@%sk%@@a%%@ (e.g.
0.15%, at Block 45, 30 the steps describéd above wth reference to Bl ocks

43 and 44 ar eenepeavétdyunrel nawTCHsgoweed. efak @@stegp@rﬁ@mnéw o the
desired BER (1 ange) foun%btat Bl ock 46, thus

concl udi ng . { RECHEETEACrF BT Pabers: Atk ¢o 8% Yy BarR BRI oL ther 35

accuracy is d@ﬁua@dora,laﬂeaﬁ @@ﬁt@&ﬂﬂ@ﬂl@ﬁcﬁb%ebeeﬁ4lrﬁﬁﬁéntataBHOCk 46' .
More particularly, within a relatively small 0. 3% BER range i.e., the
0.15% BER t hEBShBigelargehandheldnss¥ise FRESBERYVS2Z TCASPHWRE beevel

curve wi |l be,gppraxipateLy LhBEA" skIN§Edl 9h€the art, an RF

15 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-
anechoic chamber), a shield room or an RF enclosure. An
antenna 35’ connected to the RF source 31’ is

20 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
wireless handheld device is also positioned within the
anechoic chamber 37’ and connected to the handheld

25 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
be tested without the device housing if desired.
[0065] Generally speaking, the radiated receiver

30 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
specifically, the relationship between path loss values
for a plurality of wireless channels in a frequency

35 band will typically not be a linear function, as is the



5 this linear relationship may be used to provide still further accuracy,
as Wl be appreciated by those skilledy;gn the art. [0064] Turning now to
FIGS. 2 and 5,.a test system 30" and nethod for determ ning RF receiver
radi ated 10 senssi fivi theaRE nolwlde3dri Bads Thebeesussyppém 39S f@Nudes

the RF source 31' _(e.q. base station nul [ . .l ed

encl osed enviPSnﬁé%F?gﬁﬁd%ytﬁgcﬁpfgl5E§hh§ﬁdﬁ§%§n 8v§§éﬁge%§?%éga32'. As
will be appregiratedvhyyt hagetski hkaduirenche antiranmBRtl5 Tgpiicaalllyed

encl osed environment is an el ectromagnetic (EM wave shield environnment,
such as the ithgsprihedosEMandchEi E1dhgmset 37 AMALEReREy "BESAePEI | or
sem - ane oi% gﬂgg&gr), a shield roomor an RF enclosure. An antenna 35
connected to tﬁe Source 31' is 20 positioned within the anechoi c chanber
37" and conndop0éd]lt o t RecRFsspurcealdl’ lpgsa foapaxiiahn @l etidl demul ate a
base station. An antenga 36'5Lgr the wreless handhel d device is al so

posi ti oned wi CRFRIPAESdah8EN EHEMEN Y7 PR VESRTe St8d 168 t he handhel d

25 receiver 3ZpnrbhcpRaukd PaoRat gdsthabeldn abyRieC Fort et rrtife nadkel d
receiver 32' and antenna 36' will be carried by a device housing, but

these conponeBES way TBE peyeadlaveRodtnchd cdeViced -hodsilfgsitt SgsiTFed.
[0065] Ceppr ally ekt gy,  BEL3Y akedilRieiager S8 Sehsl b idhnpaarch is
t A &d’a cei Ver

t he sane as escri ové’ 'for a conducted r sensitivity
search with thae ex¢epbicep phthheopat bdaash detsemibeat iabover odeds. Mre

specifically, the relationship between path |oss values f Eurality of

.

Wi rel ess chank€ESTPRCE £Pefdncy  3B8WakE RIIAPGETEN ¢ 3 8532: gJ | i near

function, as Eﬁgt%ﬁaﬁﬁel%a§§thgh the Ranehbleicd3aslhivers lrgause path |oss
y

can be affecte actors such as antenna gain, antenna

channel. This approach advantageously allows an

15 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
measure the path loss of each channel. The path loss
function is then used in determining the estimated TCH

20 power level for the subsequent channel, at Block 42’7,
as described further above.
[0067] The path loss determination process will now
be described in further detail with reference to FIG.
6. Beginning at Block 60, RF path losses are measured

25 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
of example, M may be 10, although other intervals may
also be used. An RF path loss function is determined

30 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
frequency band is determined based upon the RF path

loss function, at Block 63, thus concluding the

35 illustrated method (Block 64}).



directivity and the neasurenent environnent. Typically the path loss wll
be different for different wireless 5 channels. [0066] Even so, a path
| oss function may still be determ ned féP the frequency band using simlar

approaches torphege desehibefoabevesf or qdakenmiy epkhas BERtus. TCH power
| evel function (e.g., a least squares 18 approximation, etc.), at Block

48". By way oliegampty, oft hbef syetsmepTpathisese déarceh de¥steibedudbove
W th referencelto FIL.G. 13 _may_be ﬁergorﬁed an arsgbs%% g& 1Eh% o annel s
wi thin the baRBlYsGEAYAESeVEPYPIOPR ERaRRel TR § apprdath sdvaitageousl! y
al lows an 15 ageunahBepabll tasschunatienoto rheqdeherynbaadwiachthas entire
band to provide path | oss estimates for ever channel , yet w thout taking
the tine to i BEEvREDalipeapehyuPE PRESHaPh F§§sS§ﬁt@acﬁn€H§ﬁﬁ@ﬁf The path

| oss functiog,jjg.then used iR gLMeRI-Rg, th stippt e ¢H 20 power |evel
for the subseqﬁen% cﬁaﬁne?,gat %ﬁ%c% 421?,nhagqgescgﬁbegogurther above.
[ 0067] The patbrkespoddiiegiiynahcorapeotessbiilinh powroperdéstkcibgd An

further detail with reference to FIG Begi nning at Bl.ock 60, RF path

| osses are medSAPbASaBarEr HEtheds: SSoRehSE (R KENCASNACFELRELhi n the Re
frequency bandet8bdBl ogky6ile W8ty kbeyahevBonat ade pXaFRLes path loss is
nmeasured every Mchannels. By way of exanple, M may be 10, although other

i nterval S Orayindbssipe wbede AhzRFipatklP&dyef tacthenordederér ihged 30
based Upon Mg ERRUednFE RALDL 103528, Sheh e Sl 6o8ly Bt channel s,
given RF fregueseypband hs detedfrinandibasednypeastheTRE patbt | oss
function, at Block 63, thus concluding the 35 illustrated nethod (Bl ock
64). 26 squares method requires a matrices inversion. Due to
the nature of radio systems over large frequency spans,
15 higher order path loss responses can exist.
[0069] Path loss curve fitting may alsc be performed
using a plurality of splines. That is, many partial
equations replace one complete equation. Sets of
consecutive points (e.g., four consecutive points) are
20 grouped on a rotating basis. For example, the first
four points are used for generating the first spline
series, the 2nd to 5th points for the second spline
series, and so on. All but the first and last spline
series use only lntermediate points (e.g., the equation
25 from points 2 to 3) as valid fitting equations. Using
intermediate points for the equations leaves the first
and last two points without respective equations.
Different spline methods vary first and last spline
construction. One method, an extrapolated cubic spline,
30 uses the first two splines of the first series (e.g.,
points 1 to 2), the last two splines of the last series
(e.g. points 3 to 4). Other suitable spline fit methods

may also be used, as will be appreciated by those

skilled in the art.



[ 0068] The choice of Mgenerally depends on the linearity of the system

That is, a linear systemwould only req i7re two points to be neasured,

regardl ess of the nunber of the channel § or frequency bandwi dth. As 5 the

non-1linearity [@07@xider @k fiche isystemineer d@dseswa eneomdere afurares ngl e

curve fitting equation should correspondi 03%' yﬁ’g ncrease to obthai n a proper
on-1

fitting. A Ié’éﬁd‘&‘f@arféé’mrréteﬁg?@,ﬂ&ﬁ’eofﬁéfri [ |srﬁ’é*&rnefsi g Wet-hods, nay
be used. Many @Rtheds-sq S8l I5Ha6% 1 ichM S ican kare size .| $dc8l ative to
the order of the -equation. Aninversion is increasingly conplex and error
prone as its diimendisoosis merldase seTies eddhingdligr e lpstehdd tdddres a
matrices ipversion. Due to t nature of -radi o _sys over. .l

frequency sSpa © fﬁrﬁieﬁhgrreoro ersegta#w I @ss5 rdeﬁs (?ﬁfsésijelgglr? es%rgte%r [QSJOGQ] Pat h

| oss curve fi tsdhiong tIRY cale3Q ap@ iper sprined sesiirG .a Wiltiicalt thheofo ffiddtnes.
That is, many partial equations replace one c‘ﬁaol ete equation. Sets of

consecutive pdinst SopsegutifgysPddiSeSHLIFS FRAYHSPVEE 22D HddhédSon a
rotating basi g,k SX3MRLLe ért gﬁéfh![ :?%%Ltn};cf.‘)“ﬁheo‘%f aiQni4sed £ or generating

the first spline series, th poi nts for the second spline
series, and seomstrAidtadutoft Heufr pstindnddldstessplihee loser dsiavees onl y

internmediate points (e.g., the uatiaqn.,25 fro oints, 2, to 3) as valid
fitting eflat isg‘ﬁ) S Gé’iepglpplerﬁ ec’lpﬁg Cat'd Poiofty E&’?ﬁ HE%8HE ons | eaves the
first and | agtraha Rt S sWddh@UlonsRs Reeivie/e e atdspsst ivd ffiereent spline
met hods vary first and last spline construction. One nethod, an

ext rapol at ed GwWsvesspitien@L3Gtudys 4 KB fHorsCliaid thIHHRL S + Re I r st

series (e.9., o ROIALS D 19 s G WaR! VR SRI4NARS of;dde ast series
(e.g. points ?nto%. éher suitabl e spllneI?rlRelt msect%ho s may al so be used,
as w Il be appreeisgioad thyn khdsehskiupped ifigure ard .the lower.
15 [0071] As noted above, path loss curve fitting
reduces the measurement time of non-measured channels.
Time is improved in systems with consecutive channel
path loss difference exceeding the interpolation error.
Linear interpolation will advantageously result in
20 typical accuracy of under #0.1 dB. The path loss method
described above with reference to FIG. 6 may be used
for radiated and conducted path loss measurements, as
will be appreciated by those skilled in the art.
[0072] Another factor that may need to be accounted
25 for in certain path loss/receiver sensitivity test
measurements is the hysteresis of the particular
handheld device under test. More particularly, receiver
path loss is measured by comparing base station
emulator TCH level output against the signal received
30 by the handheld device and relayed to the emulator as
RSSI. Consecutive 0.1 dB adjustments of the emulator’s
amplification will detect a region at which the change
in amplification yields a change in RSSI. At this
“edge” point the radio could oscillate between two RSSI

35 readings with no amplification change. This edge point



27 [0070] Referring to FIG 16, two sine wave curves produced from
respective series of splines are shown. Each curve is a spline fitting of

a sine wave. Each line is one spline seffes within the spline fitting. 5
The series arg gbk%eEaQ%edob d sQ%& %QEer 2RENSS nhP posl ok Oover | appi ng
spline series. thout the offs fie CoRsecut Ve 58 I'i'ne series woul d

overl ap. Datac%aaglhgkenghadnuﬁtenﬁligthfpmlBkamﬁﬂe upperthel gHsa i s

constructed of four point | i nes r fi re 10 shows the upper
Pl ne i th ofPgaLHESC8H 3arssr: thts PE8AHE s CRUTERoREd nsras

respective S'Bﬁ chHhY¥es qak e sokkaaknbY t4 rdBoliak Qha%'%XmRQEEOSGS Bold and
dotted |lines show thé intermediate |ine transposition of the upper figure

to the IoWér.Osgle@@¢£y nstherad abdectipat Kbeobandhedd poweirng reduces

t he measur ement nQn ur i nproved in systens
W th consecutlve aﬁﬁ%l pagﬁ%ﬁbsgggﬁf erghggdexceege%g the interpolation

error. L|neamahnEabﬂQkékBOmmpﬁbheﬁdvaﬂﬁageﬁushith&&ubhchnmaﬁlﬂﬁplCa|
accuracy of under_ 0.1 dB. ' The path |oss nmethod described above wth
reference to hPGQhSIQBQGHécﬁséa chapapaliiat 889&ndocargaErEd Tpat khisss
measur enents, ,ag,1W,! | be appreciated by those skilled in the art. [0072]
Anot her facto? that may need to be accounted 25 for in certain path
Ioss/recéﬂ”er{Qéﬁ§ﬂt|V|MyrEegartmeaéaréyenthel9rbbéemy$ﬂereihglef t he

articul ar el de ce_under,.te More partic IarI ei ver at h
Poce. 1o mpasuRoa pooeBbarho 5agsveRat oRtSehiPy il temht oy oL Er put -

agai nst the STB@QE Eﬁ@epMQHtBOsB¥aHBth@H€h§b€uQQVb@%eaﬁdlhﬁ|Byegnto the
enul ator as RSSI. Consecutive 0.1 dB adjustnents of the enul at or’

aﬁpl|f|cationamPFntd§VEéFaélyeéPéﬁ shanhPch €Re Uhéﬁ@elslﬁeényﬂﬁhﬂéation
yields a Changﬁelﬂaﬁ§§gldAtAgh£ﬁe received TCH level changes, the

15 RSSI edge point will be reported prematurely, as shown
in FIG. 17. This dual-edge system, known as hysteresis,
decreases the likelihood of any oscillations within the
RSSI and TX power control. As the device RSSI
decreases, the reported RSSI to the base station

20 emulator will change in such a way as to remove any
oscillations if the device RSSI increases by only a
small amount.

[0074] While the hysteresis prevents oscillations,
it also creates an offset from the true RSSI edge. For

25 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
a stepping algorithm, and then factored in to each path
loss channel. The hysteresis 1is removed to obtain the

30 true edge point. The hysteresis typically applies to
all chanﬁels the same within a given band.

[0075] One exemplary method for determining path
loss including a hysteresis search is now described
with reference to FIG. 7. It should be noted that this

35 approcach may be used either for conducted path loss or



"edge" point the radio could oscillate between two RSSI 35 readings wth no
anplification change. This edge point 28,5may be caused by systemerror,
changi ng position or changing signal intzensity, for exanple. As the RSSI
readi ngs osci ldaatietetheaténdhelsd deviwdid lcbel dppespdrdedoypyeltdmgieng its

transmtter power .in a simlar 5 qscillator tern.,affecti.ng the
handhel d pomers\igrjr&r‘?glgéﬁeﬁlh.e @tSU%}?,gWghéﬁg% & *ddPrcés paﬁ&ff;ct urers
i mpl enent  sof tMare NistiRi _RREN iPRIdte rrardheld udew ¢a vied R3NYe e edge
to account for "this problem 10 [0073] Mre particularly, the problematic
single RSSI édgaspsilon ied dibhg ddd riased iewo i EReepindy Rfu@PWerThese two
poi nts straddle .t tual . i_nt t . i |y -l an 0.5
G5, "whi oh 15 Setve e HiE S Bt Bk X SRS R B L B ges.
the 15 RSSI edge rpaisinhgwidilrche iroepqr taed Bircenatldr.elty redsitshowhip nskFl G 17.
Thi s dual -edge system known as bc%er esi s, _decreases the |ikelihood of

I

any oscil | ati GRSSRMERER PREVeRSS FerRGPGTRY dImEr GF2TAd A HE Y& ce RSSI

decreases, thef@RORLEABSThd @HG L1338 &l dlda0%e2Q ami1alqf WiRdschange in
such a way as'to renove any oscillations if the dévice RSSI “i ncreases by

only a snall vadoest usieQ@74hewhivisd eries ilsy Stranesits opy edastss ¢dciBlogtk ons,
it also creat an of fset . fromthe true RSSl e - EQr a._k devi ce
0y e Bl BT 0 S AL Rapel P I

with kno ue e applied as an offse eac

channel . For a@@rumrkeowscedewirc@2 tdie IBystier asicathmy hadad-way e tdeteer m ned
using a stepping_ al gorithm and then factored in to each path |oss
channel . The st Byssegesd sy drsvsd teroBEsss t e e3daGadd BdGd fdient . The

hysteresis typicggbhy raRR! 85insq 18 (NANGS e gL a deten band.

may be determined once the TCH power levels

15 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
value and the determined relationship between the
relatively fine granularity RF power values and the

20 relative coarse granularity RSSI values, at Block 73,
thus concluding the illustrated method (Block 74).
[0076] The scan finds the edge point as the TCH
level is increased and decreased. By way of example,
the coarse granularity RSSI values may be in 1.0 dB

25 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
internal receiver amplifier(s}). To find the first
edge, the internal amplification of the receiver may be

30 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.
The actual RSSI value will be located half-way between
the two edges. It should be noted that the direction

35 first measured has no bearing on the results, as either



[ 0075] One exenplary nmethod for determning path [|oss including a
hysteresis search is now described wth reference to FIG 7. It should be
noted that this 35 approach may be used &Pther for conducted path | oss or

29 radiated Q@é? tﬁﬁsﬁeggoﬁgalfbgsepp@ﬁgkaigg QMet29§§t_ﬁ§E£&9Qs&Q t he

art. Begi nni ng oc a pair of ysteresi s edges is determ ned about
a given RSS|I wabeecotidnsét fonndtwihk RF.i1edBi veepby Soképwad RF power 5

values transnmtfed fromthe RF _source in increasing, and decreasing

di rections, 21'%Ig%k59§9_%P?ergtﬁoﬁgh?tePg Be?épaiﬁga B@?ﬁﬁgn t he
relatively fingsgspayt aridiyeRFaspeyel Mal ugprandathe pel ahbye coarse
granularity RSSI values uSing the hysteresis transition edges, at Block 10

72. More partskuldeflyinstheearhe RSS|I transition point for the receiver 32

or 32" is loc al f - n e_hy resi Lt es, the
| ocation of tﬁ%gggﬂtualﬁﬁgﬁﬁg%rggg?F%gnogeﬁggigég?oﬁ%ﬁQSQC?P%oﬁgg | evel
may be det er ndi@edrObe@ wheh TEEfpovrcel eveFsGl58coThespBndbngcto3tiher
hysteresis transition edges are known, RF path Iois for iiven channel

a
may then be 3t eFREReHIbasRE DPBATaVELVRA RSSE AELAt4VGLH RE'Bower val ue

and the detergnedisel ali onshi phberwepdctigerr 8babiveby Gknergtagul arity RF
power values and the 20 relative coarse granularity RSSI “val ues, at Bl ock

73, thudOconk$sdi nglude atlastedsbivebyhodagBeogkaularifpoisyl maAwescan
finds the edge poigt as the TCH .Ievgé LS inﬁr ased.gnd dSC£eased. By way
of exanple, TheUREAPER JYRhGFarity rRReF Faflles By bE°Tn T UGB 25

increnents (ia@iacthe REPOrieludsFunacHoobdt ABotandhekdgnagceksver), while
t he relativel% ?ine_granularitg I ncrenents nay be 0.1 dB (i.e., .the
accuracy of tPBansRibrpdl freBether REnpPHREFer83) Pr 33’ fRhdaBhénitiet edge,

the internal ﬁﬁpﬁé&éfaiéQQleaﬁaear889&¥§£0H§¥naeinitial RSSTI value
15 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
initial RF power level and the corresponding initial
RSSI value, at Block 75', to thereby calibrate the RF
20 receiver 32 or 327 with the RF source.
[0078] In addition, the method may alsc include
repeating the three determining steps for at least one
other given RF channel in the given RF frequency band
to determine a plurality of RF path losses, at Blocks
25 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
splines, etc., as discussed further above. An RF path
loss for at least one other channel within the given RF
30 frequency band may then be determined based upon the RF
path loss function, at Block 79’.
[0079] Many modifications and other embodiments of
the invention will come to the mind of one skilled in
the art having the benefit of the teachings presented

35 in the foregoing descriptions and the associated



30 increased in +0.1 dB increnents until the edge is found. Then, a +1.0
dB step may be taken, followed by a serg s of -0.1 dB steps until the
second edge is found. The actual RSSI value will be |ocated hal f-way

bet ween the twawedges. Theshaulkd, bétnasedntkhastbhd dhaécthen 35 first

measured has no bearing.on the results, .as eith b 30 edge can be found
first. That i3sPVERELPPr&F ﬁ?gtEPeg?s 1@&g§dc58lg beSP&id Wi th -0.1 dB
steps, followedpbBYiRentcd- Bi9Bi1steRn, aBdq+@nitdRosti€REak@chisndntthe second
hysteresis edge, as wll be appreciated bﬁ those 5 skilled in the art.
[0077] Furt heembsgénestef arkeingsndaet hodbar dnsdudedeyéithpadthet h ref erence
to FIG 8._ The RF soEr%E 31 Oénd3é' gaE%nits RF power values at a
relativelﬁifiﬁSOPSrg u a?i??? 8hd“t e receiver 32 or 32' generates 10
RSSI values at a relatively coarse granularity and have an unknown

hyst eresi s about each transition between adjacent RSSI val ues, as noted
above. A signal is transmtted fromthe RF source 31 or 31' at an initial
RF power |evel, and a corresponding initial RSSI value 15 of the RF
receiver 32 or 32' is neasured, at Block 80'. An initial internal
anplification of the RF source 31 or 31' is set based upon a difference
between the initial RF power |evel and the corresponding initial RSSI
value, at Block 75, to thereby calibrate the RF 20 receiver 32 or 32' wth
the RF source. [0078] In addition, the nethod may al so include repeating
the three determ ning steps for at |east one other given RF channel in the
given RF frequency band to determne a plurality of RF path | osses, at

Bl ocks 25 76' and 77', and determ ning an RF path | oss function based upon
the plurality of RF path |osses at Block 78, using a |east squares
algorithm a plurality of



splines, etc., as discussed further above. An RF path |oss for at |east
one ot her channel within the given RF 30 frequency band may then be

determ ned based upon the RF path |oss fkygnction, at Block 79'. [0079] Many
nodi fications and ot her enbodi nents of the invention will cone to the mnd
of one skilled in the art having the benefit of the teachings presented 35
in the foregoing descriptions and the associated 31 _draw ngs. Therefore,

it is understood that the invemtiBGE IOt 1F%ited to the specific
enbodi nents di scl osed, and that nodifications and enbodinents are intended
to be included within the 5 scope of the appended clains. 32 THAT WHICH | S
CLAIMED IS: 1. A test nét-hod?f ¢esderertiiosi dgir ddite rmg nfingquewéyp pat h | oss

bet ween an_ RF source and _an.RE receiver (32, ‘)for. a giv E. channel in
2 glven R 1 FEGTEREY bRt NEREPERIres. (31 KEs pp sl et g

transm tting RF power
val ues at a firRecgrarul@pitp2/tFeRE HEeRNVEF cgemnerdt iing ar edeiere®Esi gnal
strength indicator values at 10 a coarse granularity and having an_unknown
hysteresis aBeGUueASH Leissi tihén Rietswedreadj deent! 'RSEIF APFeS 1 Nch &Y t est

met hod conpri gjng:, deheLm ning & pAl Ihh N¥SLeReSihLeges AWl @ given
RSSI value transition at the RF recelveruby 15 sweepi ng RF power val ues
transnitted foemetrie iR seuwedsed s ignerleasinegadimd ideldceasim g adivesc gitons;

deer LR, 24 Sk AR et e 18 TPIALY R vl ves
edges; and 20 s@ef@r BaRihng fahe ikE patie thees faeh ddetgiResT weharesg! thased
upon a given RSSI at a given RF power
test method comprising:
determining a pair of hysteresis edges about
a given RSSI value transition at the RF receiver by
15 sweeping RF power values transmitted from the RF source
in increasing and decreasing directions;
determining a relationship between the fine
granularity RF power values and the coarse granularity
RSSI values using the hysteresis transition edges; and
20 determining the RF path loss for the given
channel based upcn a given RSSI at a given RF power
value and the relationship between the fine granularity

RF power values and the coarse granularity RSSI values.

25 2. The test method of Claim 1 further

comprising:
transmitting from the RF source (31, 31') at

an initial RF power level and measuring a corresponding
initial RSSI wvalue of the RF receiver (32, 327); and

30 gsetting an initial internal amplification of
the RF source based upon a difference between the
initial RF power level and the corresponding initial

RSSI wvalue.



value and the relationship between the fine granularity RF power val ues
and the coarse granularity RSSI values. 25 2. The test nethod of Cdaim1l
further conprising: transmtting fromthe RF source (31, 31') at an
initial RF power |evel and neasuring a corresponding initial RSSI val ue of
the RF receiver (32, 3243); ande3@cset hichgodnofncClizalh inteeralinanplification
of the RF source based upon a difference between the initial RF power

| evel and t hedeserasdpondi t§ei ppiiraPt RYSLevsEds. ©89eS3COPRE 15ESt net hod of

Caiml wher e'saeggﬁﬁfgff&ﬁ' Bgog%sewel_ f JRysteLesis 1869es29QMRIH ®eS
sweeping in progressrvely decreasing rntervals of RF power values. 5 4.
The test nethepdwelr Chauesl further conprising: repeating the three
determ ning steps for at |east one other given RF channel in the given RF
10 frequenty band to determne a plurality of RF path |osses; determ ning

an RF path | oss function basef. yper thkenplucd ichwief IREupatkd osses; and
determ ning an RF path loss for at |east one 15 other channel wthin the

gi ven RF freqwengy ilsand :based upon the RF path loss function. 5. The test

method of Olaim 4 wherein determang (he RE R ioes el ison capri ses

20 determ ning the RF pgfﬁeloss functi on based upon a~ | east squares
algorithm 6. 1Eaett esie metkaed gafve@ &mchannerleiim tdet eriviemi ®F t he RF path

| oss funcilonf%%gggkigsband to determine a plurality of RF path
losses;
determining an RF path loss function based
upon the plurality of RF path losses; and
determining an RF path loss for at least one
15 other channel within the given RF frequency band based

upon the RF path loss function.

5. The test method of Claim 4 wherein
determining the RF path loss function comprises
20 determining the RF path loss function based upon a

least squares algorithm.

6. The test method of Claim 4 wherein
determining the RF path loss function comprises
25 determining the RF path loss function using a plurality

of splines.

7. The test method of Claim 1 wherein the
RF receiver (32, 32') comprises a Global System for

30 Mobile Communications receiver.

8. The test method of Claim 1 wherein the
RF receiver (32, 327) comprises a General Packet Radio

Service recelver.

35



25 determning the RF path | oss function using a plurality of splines. 7.
The test nmethod of aiml1l wherein the RF receiver (32, 32') conprises a
d obal Systemfor 30 Mbile Conmunicatigns receiver. 8. The test nethod of
Caim1l wherein the RF receiver (32, 32') conprises a CGeneral Packet Radio
Service receiver. 35 34 9. The test nmethod of aim1l wherein the RF
receiver (32, 32') conprises an Enhanced Data Rates 5 for d obal System
for Mobile Conmunications Evolution receiver. 10. The test method of C aim

1 wherein the RF source (3151310 G00R4HSRS & RAasE whatieranlator. 10
11. Atest systemfor determning radio frequency path |oss conprising: an

RF ;ourceR (3ﬁ,RE3]fle)cetiwmsrﬁ3t2t,i 3¢’ RF quoweri sasalaredrdtangefd n@tgr AndHity for
a given RF c nel .in 15 a giv RE fr.equency bhand; .an RE Y (32,
32") generati %S’rr é;&_éﬁb\?eld%ysqit%%%%srt tMé’r?d‘tel% ie\ér%ﬁf'{“éla{)tl ocratvlaqr;'!)usesE ‘é%el%gdlcoggr se
granul arity anddavidyd an unknown hysteresis about each transition between
adj acent RSSI values; and 20 a test controller (34, 34") coupled to said
RF receiver and said RF source for determning a pair of hysteresis edges

about a given RSSI val ug rangjdt it%tofmfs?{'r%&mﬁ J1868l e ased, ypan

sweepi ng RF power 25 val'ues transmtte e RF source in increasing
and decr easi ngiigcentdeons31, ddt’er rionipngisees & dtdsonsHigr et weenl atar .

10
11. A test system for determining radio
freguency path loss comprising:
an RF source (31, 31") transmitting RF power
values at a fine granularity for a given RF channel in
15 a given RF frequency band;
an RF receiver (32, 32') generating received
signal strength indicator values at a coarse
granularity and having an unknown hysteresis about each
transition between adiacent RSSI values; and
20 a test controller (34, 34’) coupled to said
RF receiver and said RF source for
determining a pair of hysteresis edges
about a given RSSI value transition of said
RF receiver based upon sweeping RF power
25 values transmitted from the RF source in
increasing and decreasing directions,
determining a relationship between the
fine granularity RF power values and the
coarse granularity RSSI values using the
30 hysteresis transition edges, and
determining the RF path loss for the
given channel based upon a given RSSI at a
given RF power value and the relationship
between the fine granularity RF power values

35 and the coarse granularity RSSI wvalues.



fine granularity RF power values and the coarse granularity RSSI val ues
using the 30 hysteresis transition edges, and determ ning the RF path | oss
for the given channel based upon a giveRgRSSI at a given RF power val ue
and the relationship between the fine granularity RF power values 35 and
the coarse granularity RSSI values. 35 12. The test systemof Claimll
wherein said test controller measures a corresponding_initial RSSI & val ue
of said RF receiver (321232' fhgasedtupsortan o5 fileidl 1RFVHGRS! T Sfer
transmtted fE%gks%bgégéﬁig%r%%as@§%s 3L oy 208 0381 $1 AR i s bi1alr gt er nal
anplification "of sal source based upon a difference between the
initial RF powerueewdl sanid Rire receisspon@diZng 32dilt balsedRSslorvarue. 10 13.

The test system.,of Claiim 11 wherein said test troller 4, 34'
det er ni nes® t hé g&ile lof e RP&Eer ?i@%&&@?%ﬁ%%&i SeTs wEe &% isr?l‘l'-"ﬁc)e
progressively (idecraasi ngHdnteival:s, af iRA snoviert evalauesmpld tli4ackhe: t est

systemof Claim {1 Wwherein said test controller (34, 34') further repeats
the three detodr miadicndiFstseps deobaged ewpsm gndidtisgiengiov &F e Hdifnel i n

the given RF f.requency.band to rm dri¥ o iRR Rath | osses,
det erm nes an 'RF 65311)&1% rs?)W u%%ﬁegn@ﬁlgétzlezu%ﬁﬁ% EI urna iltyTL of RF path

| osses, and getsar Rianes:.an RF path | oss for at | east one other channel
within the given RF frequency band based upon the RF path | oss function.

25 15. ThkVtest system of O aim 14 wherein said
13. The test system of Claim 11 wherein said

test controller (34, 34’) determines the pair of
hysteresis edges based upon sweeping in progressively
decreasing intervals of RF power values.
15
14. The test system of Claim 11 wherein said
test controller (34, 34’) further repeats the three
determining steps for at least one other given RF
channel in the given RF frequency band to determine a
20 plurality of RF path losses, determines an RF path loss
function based upon the plurality of RE path losses,
and determines an RF path loss for at least one other
channel within the given RF frequency band based upon

the RF path loss function.

25
15. The test system of Claim 14 wherein said
test controller (34, 34’) determines the RF path loss
function by determining the RF path loss function based
upon a least squares algorithm.
30 |

16. The test system of Claim 14 wherein said
test controller (34, 34’) determines the RF path loss
function by determining the RF path loss function using

a plurality of splines.



test controller (34, 34') determnes the RF path |oss function by

determ ning the RF path | oss function based upon a |east squares
algorithm 30 16. The test system of C aism 14 wherein said test controller
(34, 34') determnes the RF path loss function by determ ning the RF path
|l oss function using a pluralmhey tefstsplystem o&GC]_’IaZLm THe viheste isy staam of
Claim 1l wherein said RF receiver (32 32') conpr.i a GI obal . System for
Mbbi | e CommuniEatiesies viegc didder 325 )18 OMATd $oss £ rtctcf}ll wher ei n

said RF recell\éi/)h el 1320 lin: CATNHSes & iGener al  Packet Radlo Service
é

receiver. test systemof Caim1l wherein said 10 RF receiver (32,
32') conprises an Enhanced Data Rat es for d obaI System for Mbile

Communi cations Evolutio re 20 The t A | i herein
said 15 RF source (31, r1§1“ ) % sessyftbea%e ta a|yl(§&nelenl]rru haetqoe?l.r{nsja]l
RF receiver (32, 32') comprises a General Packet Radio

Service receiver.

19. The test system of Claim 11 wherein said
10 RF receiver (32, 32') comprises an Enhanced Data Rates
for Global System for Mobile Communications Evoiution

receiver.

20. The test system of Claim 11 wherein said

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



