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relates to the field of comrunications systens, and, nore particul arly,
performance testing in nobile wreless comunications systens, such as

i nvention

to

cel lul ar conmuni cations systens, and related nethods. 25 Background of the

I nvention [0002] Over the past decade, digital wireless (i.e., cellular)
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mai ntai n hi gh custoner 30 satisfaction, wireless carriers, manufacturers
and certification organizations have expressed interest in establishing

hi gher stan?ards with cellular device verification and certification

processes.

0003] To neet the demands of a grow ng diverse

35 consuner

market, carriers offer a wide range of wreless devices, such as cellular

phones, personal digital assistants (PDA) and smart phones, from various
Al of these given device types nay operate on the sane

manuf act urers.

carrier network simultaneously. 2 [0004] Wreless carriers have been
heavily in¥esting in radio frequency auction and infrastructure
depl oynment. To maintain customer satisfaction with respect to voice

quality and coverage map wi thout 5 additi onal

carriers are
tested with a

15

20

25

30

35

striving to obtain high quality nobile wrel ess devices
uni fi ed Radi o Frequency (RF) testing

SYSTEM FOR DETERMINING TOTAL ISOTROPIC SENSITIVITY
(TIS) AND RELATED METHODS

Field of the Invention

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

related methods.

Background of the Invention

[0002] Cver the past decade, digital wireless (i.e.,
cellular) devices have become extremely popular with
consumers. As a result, to maintain high customer
satisfaction, wireless carriers, manufacturers and
certification organizations have expressed interest in
establishing higher standards with cellular device
verification and certification processes.

[0003] To meet the demands of a growing diverse
consumer market, carriers offer a wide range of
wireless devices, such as cellular phones, personal
digital assistants (PDA) and smart phones, from various
manufacturers. All of these given device types may

operate on the same carrier network simultaneously.

infrastructure investnent,



standard so that the performance of the wireless devices fromdifferent
manuf acturers can easily be 10 conpared and the carriers can verify if

. these devices neet their network specifications. [0005] It is also desired
to have a unified testing standard so that manufacturers can know if the
devices they designed can pass the certification of 15 standardization

organi zations angygist t hejueniddcatdonJ£ ";eerg@%gﬁ}fg Lanfiers during

t he design stagefb St andardli zed teste% ngels g#lqllti cal to tahe 3;esi gn process

because it af f dotwestheada iime neglimarketowintshenyprtdductaand irO0GG{t tkorture

carriers, manufacturers and, cert.ification 20 organi.zatigns suc.hC as d obal
: R

Certificates FOruma™t  ard BastRde WsIH AW BIATd (PTCRB)

schemes, it isdigsidtedd ediave qudesty reidhedbddialgd maehiiaoatr accurate
and manageable within a certain tine frame. The Cellular,
Tel ecommuni €at i36K5 t& atle Amdtr aadSorGtaticod B StER), ke T 9hsasdicement

standard for 56 t O L QMer Hj J r e 1. Jd.an whi IS
| ar gel y adop{ne%? bly lt e (?el I l}%ar i n%sﬁ%l%\%%@q%aﬁéﬁ%ﬁers {o (fgt%er m ne
wi rel ess nobi | ecsttatd on tthr @nsmitf igawd Raeldel Freqeppaty | (iRF)e < eartei rigot al '

radi ated power (TRP) and total i sotropic sensitivity (TILS). TRP is a
conbi ned nunbers(ta&#atraﬁlle Sé’v%&’ﬁ*gte%ea&erﬁf?&mé’ gz}l}(]r? g’ﬂ‘%%’%‘?ﬁsm t  power,
whi ch det er m negwike sUFlrioRk RETHHIBN R rRff At rrer Matdleasing PeS 1s a

single figure of nerit that quantifies the nobile station's capability of
receiving 30 acmERRrsdgaad thet cdetrdeficnean Ferddwhlifnkheset slavdses of the

termnal. [0007L. W t.Rpin 1 plgt%toand%r ggiﬂ%a‘#@gnggasurenent process is

relatively fast and accurate conpared to the TI'S met hod. Yet, downlink
and uplink perf[@0®&)ce ale dfb edual despacdancehaRecr Thdfden resitlitigin a
low qual ity standard so that manufacturers can know if the devices
they designed can pass the certification of
15 standardization organizations and meet the verification
requirements of carriers during the design stage.
Standardized testing is critical to the design process
because it affects the time to market of the products.
[0006] For carriers, manufacturers and certification
20 organizations such as Global Certificates Forum {(GCEF)
and PCS Type Certificates Review Board (PTCRRB) schemes,
it is desired to have a test method that is reliable,
accurate and manageable within a certain time frame.
The Cellular Telecommunications & Internet Association
25 {(CTIA) has a measurement standard for mobile station
over the air performance test plan which is largely
adopted by the cellular industry. Two key parameters to
determine wireless mobile station transmit and receive
capabilities are total radiated power (TRP) and total
30 isotropic sensitivity (TIS). TRP is a combined number
of the average transmit antenna gain and transmit
power, which determines the uplink performance of the
terminal. The TIS is a single figure of merit that

guantifies the mobile station’s capability of receiving



voice signal, and it can also alter coverage maps. The <current TIS test
nmet hodol ogy suffers fromthe problens of |ost base station signals (i.e.,
termnation of 10 calls), relatively |argeyneasurenent uncertainty and
relatively long test tinmes as conpared to the TRP test nethodol ogy. Brief
Description of the Drawings 15 [0008] FIG 1 is a schematic bl ock di agram

of an .exenplary;t i i t ' (RF)
mpl ar y; tesdy Syshem Q{aﬂmféé%{]ﬂr&?h&@% c?cﬂﬂﬂffjrt}g&ég £AHENY: (

receiver sensitivity in accordance wt e invention. FIG 2is a

schemati c bl ockoiitdyr dmwiirsl- 20 exenpl ary test system for neasuring
radiated RF r [aer sensitivity in accordance w t he invention. [0010]
FIGS. 3-5 are f ove\L}éi agr aneC b Bl & alﬁgtﬁc 5 q#l%? T T
sensitivity nmeaswementid nrelanciordiance st tahd heeduneard i @mp28ed QL hSI G 6
is a flow diagram of an exenpl ar met hod for determning RF path loss in

accordance Wit 1% methRfentith. Jooidniriags uwpldik Pafomaw i afs of
| f 1 NI d
exenpl ary met hods, if ar deterudi ng, F pad Qéno%sﬁﬁt%%{;ragqfﬁvﬁ%lzggéce an

an RF receiver wwth hysteresis. [0013] FIGS. 9 a ns of
exenpl ary met hodsd origtetler mml ng: Totralallssotaldpic Sersidgevintaps ( THS) of a

nobil e wirel ess_co ni i,ons. device, i.n accordance wth the present

i nvention. 4 [Céﬁff]nEFIT% e @eécrt]éjcijlﬁﬁ{)(dis ate déferoé[i(et:}tﬁ ﬁﬁﬁﬁlé:frl?ods f or
det er mi ni ng padt l1ess b sRCGHAARGE Midrth 1 d ha iV ertdonin{10kplo#1 GS. 16
and 17 are gr aphs of BER versus TCH 5 power |evel change for different
sets of dal@, &M r&d addiiedspdididey IBERWEISIY PO SIdREm tyeveld

functions relatively long test times as compared to the TRP test

methodology.

Brief Description of the Drawings

15 [0008] FIG. 1 is a schematic block diagram of an
exemplary test system for measuring conducted radio
frequency (RF) receiver sensitivity in accordance with
the invention.

[0009] FIG. 2 is a schematic block diagram of an

20 exemplary test system for measuring radiated RF
receiver sensitivity in accordance with the invention.
[0010] FIGS. 3-5 are flow diagrams of exemplary
methods for RF receiver sensitivity measurement in
accordance with the invention.

25 [0011] FIG. 6 is a flow diagram of an exemplary
method for determining RF path loss in accordance with
the invention.

[0012] FIGS. 7 and 8 are flow diagrams of exemplary
methods for determining RF path loss between an RF

30 source and an RF receiver with hysteresis.

[0013] FIGS. 9 and 10 are flow diagrams of exemplary
methods for determining Total Isotropic Sensitivity
{TIS) of a mobile wireless communications device in

accordance with the present invention.



therefore, in accordance with the present invention. [0016] FIG 18 is a
graph illustrating sine waves approximted using spline fitting. 10 [0017]
FIG 19 is a graph of handhel d device hysjersis switching. [0018] FIG 20
is a schematic block diagramof a test systemfor determning TIS in
accordance with the present invention. 15 Detail ed Description of the
Preferred Enbodipgs [0Q4%]s The preesgnd A 3L rd Rid Qfhd %ﬂ”meq@erﬂﬁﬂlt, v
reference to the acconpanying drawi ngs, in which preferred enbodi nents are
shown. However reafdnd=2Fadi fdedreanti ndmigo dicrréntle seayi rbe asedlarared witils t he
description Sh%‘fxltdi’}%t b&o%onstrued as limted to the enbodinents set
forth herein. Rather, Yhese ‘enbodi nents  are provided so that this

di scl osure wil I[duagihor ougits.and cerpliat ard igtapnyhat RErefrshe ITidee

el ements 25 throughout, and prime and nultiple prinme notation are _used to
i ndi cate si i | &Y&TerdMed iGhaRIdSefivat iV fegmbddistdmt £ [5020] aGereldi |y
speaking, the iJwenhi Al ALes Brk v rkest et hed,don deherdging ot al
isotropic 30 sensitivity (TI'S) of a nobile wiréless comruni cations device
i ncl udi ng a raditedfafeqeandy: @ERELndereiey el tand han prarsteerind roemlied .t her et o.
The met hod may J.naGlyde uring a _sensitivi f the RF .receiver,
measuring a t ro@é'- i nen;{rﬁggfiall8( FgdithH af%é#%&a% SHENNEVES

i ndependent of appaskiimagedhessensisidlvinky raf-ttihe .RF receiver, and

det erm ni nj(sg%t he TI S of the nobile wreless conmunjications device based

upon t he nsil0C7y of Filfe RP Aécéi g&rPan@tt hensbeddl sleydteern 5 of the
ant enna. hystersis switching.
[0018] FIG. 20 is a schematic block diagram of a

test system for determining TIS in accordance with the
present invention.
15

Detailed Description of the Preferred Embodiments

[0019] The present description is made with
reference to the accompanying drawings, in which
preferred embodiments are shown. However, many

20 different embodiments may be used, and thus the
description should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough
and complete. Like numbers refer to like elements

25  throughout, and prime and multiple prime notation are
used to indicate similar elements in alternative
embodiments.
[0020] Generally speaking, the invention relates to
a test method for determining total isotropic

30 sensitivity (TIS) of a mobile wireless communications
device including a radio frequency {RF) receiver and an
antenna coupled thereto. The method may include
measuring a sensitivity of the RF receiver, measuring a

three-dimensional (3D} gain pattern of the antenna



[0021] More particularly, neasuring the sensitivity may include nmeasuring
the sensitivity of the RF receiver at a first power |evel, and neasuring
the 3D gain pattern may include nmeasuringgthe 3D gain pattern 10 of the
antenna at a second power |evel higher than the first power |evel. The
met hod may further include «calibrating the RF power source. [0022] The 3D

gai n pattern may e masHed DeRASWY e GNali Ratih | 03S ciforrexanpl e.
Moreover, 15 determ ning the receiver sensitivity may include scanning
transmit power Hemadlwenof arte dREegpindad dhea Th%eed @ giddpidle strength

i ndi cator (RSSI|). associ acto‘?rﬁlnun"n‘fctagi% tsa%%g}icl%i b & on L3t € ( BER) . [0023] In
addition, the Hetho may al so i ncludé neasuri ng a7 ee Sspace path | oss
bet ween the RF ssisiaa viand of refee RENGe caritvesina i d hea |30 rgadiinn ¢ At te

recei ver based thereon. Mre particular, the free space path |oss may be

measured over &%pIHWealdYETER ref erence angles, and the reference antenna

may be a di pol qodfp1gnt enngrThe Al QYS 1B ASEd NG 1HEL R: JTRERE tAefftqr med
in an anechoi ¢ RF chamber, for exanple. [0024] Atest systemfor

det ernini ng towraly iisctiiels ceasewsing wley sERsS)tivdy v wdl dde &Y RF source, a
nobile wreless camuni cati qns %ew ce | rlcelvueoil ng a Elae%'s%r%%gf requency (RF)

. recelver 3 OoOwWwelr . .
recei ver and af antenna coupl ed St hé&f eto, —a w’'rel ess communi‘cations |ink

coupling the Rgaseurpcetelr® g HokillelewneelsReS e RN i3ragaams pdaweae, and a
test controller coupled to the RF receiver. Mire particularly, the test

cont rol | erlfmay e H6r ARELNRA B 6 SECEERS POWAT Yot hd IRE L &bainy dihe

measuring a thige (gl %%’ﬂr%irpfl%kzegl?f[))rh%aln%t@i%tdt Gy @y ('i}%éa%%'l!&%le I ndependent

of measuring the sensitivity of the RF receiveér, an etermning the TIS
~of the nobile calibrating the RF power source.

[0022] The 3D gain pattern may be measured by

measuring signal path loss, for example. Moreover,

15 determining the receiver sensitiviiy may include
scanning transmit power levels of the RF source for a
received signal strength indicator (RSSI) associated
with a target bit error rate (BER).

[0023] In addition, the method may also include

20 measuring a free space path loss between the RF source
and a reference antenna and calibrating the RF receiver
based thereon. More particular, the free space path
loss may be measured over a plurality of reference
angles, and the reference antenna may be a dipole

25 antenna. The various measuring steps may be performed
in an anechoic RF chamber, for example.

[0024] A test system for determining total isotropic
sensitivity (TIS) may include an RF source, a mobile
wireless communications device including a radio

30 frequency (RF) receiver and an antenna coupled thereto,
a wireless communications link coupling the RFE source
to the mobile wireless communications device, and a
test controller coupled to the RF receiver. More

.particularly, the test controller may be for measuring



5 wirel ess communi cati ons devi ce based upon the sensitivity of the RF
receiver and the 3D gain pattern of the antenna. [0025] The follow ng
description is organized as follows. First, a background discussion of TIS
10 neasurenents and probl ens encountered therewith is provided, followed
by a general overview of the new TIS neasurenment approach set forth

herein. A d'scuéﬁkﬂﬂmﬁklv&%w LeChRIOWEs Ok ideter Hisng 16 %P%PQ%&%eand
radiated sensitivity, path |l oss, and perform ng system 15 cali bration

fol | ows, certamhﬂang@m@lof3®h|©ﬁl@r@aaﬁ§an eged hien atftermew TI S neasurenent

h. Th f di f th TS
Appr oach i3 prOVIRERIePl05E) PFRS LR TS SPANGATY Hivadir SRt & at ed 20

sensitivity at rdiddierent aadgkes ewhdih ihigx @theatrtrenvat itaes mopatlew thin the
base station enulator. The attenuation is the free space path |oss between
the dual poPar "e®les6uFCEMERLERRE ONFhIdEN 166nReEeS PHOR BRSe station's

emul ator, and acy §QQQ%&@ dipolg amiennae ;The Qﬁ&'%ﬁeng ?%§5n§%§EeQQUT) s

nmeasured at varied angl e and a 3D characterization bile receiver
performance isofcahst enctedaby conpiling the spatial neasurements. The TIS

is a single valg g# g h e overg}l t hr ee- di,nensi onal performance of
the DT 050 [ od8PR¥ e aBEnSeh oK e e B RO or S SRIRERERE 2R S Tt
advant ageousl y raddoessegiseyer al bherdaoRnbalistsseesnobfTrSsmeasur ement s,
whi ch include search time, accuracy and dropped calls. Search tinme is

deternlnedlobymﬁﬁéuﬁﬁﬁﬁnﬁéqéﬁﬂeﬂrpé §ﬂﬁaﬁﬁcpﬁﬁ§§rBﬁttEﬁﬁ@WlﬁﬁtéS7 ( BER)
sanpl es at eVGE%o@E@%Hre@oﬁﬂghéd ?bﬁ@r §CUGALG: LS FPRRUr GARNGS Sl S

very inpractic wi thi reasona Ie earching tinme because it Is very
time measurement approach set forth hereln A discussion of

new techniques for determining conducted and radiated
sensitivity, path loss, and performing system

15 calibration follows, certain aspects of which are also
used in the new TIS measurement approach. Thereafter,
further discussion of the new TIS measurement approcach
is provided.

[0026] The CTIA TIS standard measures radiated

20 sensitivity at different angles with fixed attenuations
set within the base station emulator. The attenuation
is the free space path loss between the dual polarized
source antenna, which connects to a base station’s
emulator, and a standard dipole antenna. The device

25 under test (DUT) is measured at varied angles and a 3D
characterization of the mobile receiver performance is
constructed by compiling the spatial measurements. The
TIS is a single value summarizing the overall three-
dimensional performance of the DUT.

30 . [0027] The approach provided herein for completing
TIS tests advantageously addresses several fundamental
issues of TIS measurements, which include search time,
accuracy and dropped calls. Search time is determined

by the time reguired to obtain large Bit Error Rate



consum ng to obtain | arge BER sanples at refined steps 5 of transmtter
power reduction during the sensitivity search process, as will be
appreci ated by those skilled in the art. Propped calls occur because of
the antenna gain spread. That is, if at a given nmeasurenent angle the
antenna gain is too |l ow, the BER becones extrenely 10 high and the base

station cannot ngigjaidkdlddke SvEAAHMsBled Figien mrﬁr{g%t angle, if
the antenna gain is too high, the base station emul ator coul d be
over | oaded and acmuriatat & Ihenegaurenfotebtia vexy rewymedhlce lsedrtdhiona ti e,

t he CTI A opted to use.g 13 sém%:l l.er a%%e%i ze andC smal | angCI.e edensi ty as
conpared to TRP meas@remerﬁsr. 1”[16{?23]1 ner4a f; slpe&ﬁ ﬁrge,ry[ hemhpproach set
forth herein measunEsy adi eytadintiedgseBIR s NG tatedined gaidbs

separately. This nmethodology is nore stable and 20 faster than the current

met hodol ogy? aff (% aBeaVitdes Rastovedusddadirings the $esisidie Wl ue
derived from hoth &he spaldal |y djMar 3& NRASW SIRAYS byE RRId %kmte%vpa

. tho
gain and overall sensitivity. The sensitivity neasurenent is the nobile

station transmitn (tT¥) apoweDr2pratd whildls treurobidcausepartt $he @rdssinial
Resi dual | ess.

Bit Error Rate ( R). af 2..44 percent_or Oten th
cal i brated bas&@%tatFdT atq"gﬁgr#tt lﬁdwelff i éle@rlérgéleglealfﬁ%qmef]ﬁe a&@?ier ed RBER
is achieved. TheeChnAesinandarigh iE $o@Etkeagology BIRaSHH-Rmd0Ek tsemsilll Vi ty
and antenna 30 gain in a nulti-nmeasurenent 3D pattern. Termi nated calls
frequent | yl®cclit 9urPRg thel Basice Sdefdion FRnpothEadiitédents Ligk whi | e
O e SR o 0ty badeigher T e LO0ERL e
it can be doneghyn reaswei hgghhe thet basa gaiamiand eod atadi couddi &eed
overloaded and terminate the call. To obtain a
reasonable searching time, the CTIA opted to use a
15 smaller sample size and small angle density as compared
to TRP measurements,
[0028] Generally speaking, the approach set forth
herein measures radio radiated sensitivity and antenna
gain separately. This methodology is more stable and
20 faster than the current methodology, and it provides
improved accuracy. TIS is a single value derived from
both the spatially-diverse measurements of mobile
antenna gain and overall sensitivity. The sensitivity
measurement is the mobile station transmit (TX) power
25 at which the mobile reports a Class II Residual Bit
Error Rate (RBER) of 2.44 percent or less. Cften the
calibrated base station transmit power is decreased
until the desired RBER is achieved. The CTIA standard
TIS methodology measures both sensitivity and antenna
30 gain in a multi-measurement 3D pattern. Terminated
calls frequently cccur during multiple sensitivity

measurements, or while changing mobile device position

at low emulator TX power.



sensitivity separately. Radio radiated sensitivity can 5 be perfornmed at

any given angle. Receive antenna gain information can be obtained through
path loss neasurenents reported by the Ragio Signal Strength Indicator
(RSSI). [0030] To get accurate absolute antenna gain 10 neasurenents,
certain problens have to be addressed. One problemis that, within the GSM

standard, there [qudsfs a FPOF{d NE@IEP Wcrtse? HB-OMh theyRSSls This
creates an i nherent and unacceptable error. To renove such an error, the

devi ce may be callisbrensedsds A5 cior uetasth smaradi atredl HWodean st mipree base
station enulator. Furthernore, the base statiqn emulator’'s._transmt

| evel s may be CHITDriar el hoe e':'lnﬂstuernen t‘?ealnsaaﬂ&sft ct orr%/ RSSI c_’lcfjttf“pto i ng.
Primarily, the deasel tistiady o ddtadisn tRdeivelrddi add yad ek using can
relatively 20 _accurate equi pnent. [0031] For the conducted calibration
nmethod, with tfe ARSI i%h AParsHar 13Ee adandide - ¥ g2 bsses of

the conducted caflg.and fs%06] aled 0B af o flft gfamfneposfurt her, the

transmt |evel and associated 25 cable | osses are cal cul ated, and the RSSI
reporting of wEeswtENen Weviaqeiteddtermiiandddiversidrel etjuiarerth r anges.
Any devi ation fIrnc():{nt e ex&%% d transmt level (subtracting the path |oss
of the cable) is e I e@o‘rting error, and is recorded for future

of fset. 30 [0032jo38is0 ofrnefer. daseatatduadlend alriennLwdient |y record
GSM RSSI data as an integer in dB, not as a deciml nunber of dB. By

t runcat i ngl? he MAFFEYGSEENT RSTIS HEFd HIRP 1E7st dAve Heér eeaddrespashse
station forpeq)n%rirp offenit/is krdR, I‘—Al,q\q%\i%r wnhidgr the, Rase; 9 phations
report with integer values, they show definitive fringe areas in which the
i nt eger changesxti®ts a reporting error of +/- 2 dB on the RSSI. This
creates an inherent and unacceptable error. To remove
such an error, the device may be calibrated in

15 conducted or radiated mode, using a base station
emulator. Furthermore, the base station emulator’s
transmit levels may be calibrated to ensure the
satisfactory RSSI reporting. Primarily, the base
station’s transmit level is calibrated using relatively

20 accurate equipment.

[0031] For the conducted calibration method, with
the base station transmit level assured, the cable
losses of the conducted cable and associated probes are
determined. Further, the transmit level and associated

25 cable losses are calculated, and the RSSI reporting of
the mobile device is determined over the required
ranges. Any deviation from the expected transmit level
(subtracting the path loss of the cable} is the RSSI
reporting error, and is recorded for future offset.

30 [0032] Blsc of note, base station emulators
currently record GSM RSSI data as an integer in dB, not
as a decimal number of dB. By truncating the numerical
RSSI reporting system, there exists a base station

forced error of +/- 1 dB. However,. while the base



the consecutive integer. By finding this particular value, given 0.1 dB
changes within the transmt level, 5 the RSSI reporting accuracy of the
base station enulator can be changed from+/- 1.0 dB to 0.1 dB. [0033]
The path | oss search conpared to the BER Sensitivity search is
significantly nore tine efficient and yet equally or nore accurate as

conpared to the %&gﬂ@@eﬂﬁm}p%@ﬁe&m{aﬁ%@at&é S;kPrrection can

al so be used for accurate radio radiate t'y asurenents. These
measur enent s cateenigbited Medinge amaesurdimgila dartge BER espplahanidds tthe
correct path It ss._ Since  the patth IosstBse?t,r.ch et haod onl trreasj{Jres 15 the
sensitivity of ©Ohe FWAHIE Ti'Ghiy SSETraty radit ™Y adiat & <didtidvity
neasur enent carvdieiobtagiveed.o. 1 QEB34nNGSY ritthe bage shalen emdwador, the
free space path loss Iis either physically or mathematically accounted for

during the pobithe &%th GPATFHNAFIBIGE 20 RSde baspetEdiadct ed using
conducted nmode JrAvMef$6! Yoan e tdﬁ%r@%e'}:%ngqi/l | OQKHEPQQY §f, 1dug; to the RSSI

reporting lower due to reduce transmt level the sensitivity wll | ook
better. Target O3t i vi tThd pattypicsal Isyeactubs erontpe teed Wit Hilre tHER upper

limt at which 25 t.he bil e deyice can sti.ll code received si.gnals. By
wby of exampl o R At TBER O T2 PR AR JCRE GO ety

i npl ement at i onsindThed idkgld1180@ rofnorebislceu rditsc e dredmeh dhegher at a
power |evel producing a BER at or above the target BER than at a transmt

| evel 30 wh? ch Sps §Td Py @edthiofelpdyow TBER. d@Fentaorregt ipghidag
transmt |evel .15 Chasenaphiceh Wddyaakelqief §akh AUeh conditlgns, over the
entire spherical '?I% measur ement < Thi's transmt evelél i's pre er%’l y chosen
to account for meeasoralngsnulThesw s utremcantsemaan bEO obt@A3®Kd Hogwever, a
change in basem%%%h%&%% %r%g%g%tBER sample with the correct path
loss. Since the path loss search method only measures
15 the sensitivity of one angle, highly accurate radio
radiated sensitivity measurement can be obtained.
[0034] Within the base station emulator, the free
space path loss is either physically or mathematically
accounted for during the mobile station link. Although
20 RSSI can be corrected using conducted mode inversely,
if the antenna gain looks poorer due to the RSSI
reporting lower due to reduce transmit level the
sensitivity will look better. Target sensitivity is
typically chosen to be within the upper limit at which
25 the mobile device can still decode received signals. By
way of example, a target BER of 2.44% is commonly used
for many test implementations. The likelihood of mobile
disconnects is much higher at a power level producing a
BER at or above the target BER than at a transmit level
30 which produces a relatively low BER. Subsequently, a
mobile transmit level is chosen which will safely
create such conditions over the entire spherical TIS

measurement. This transmit level is preferably chosen

to account for reasonable nulls within the antenna.



| evel and al so device RSSI reading nmay cause a disassociation between the
first neasurenent and all successive nmeasurenents. Thus, base station and
mobile 5 RSSI are preferably calibrated oygr all used ranges to ensure
proper neasurenent linearity. RSSI and sensitivity errors inversely cancel
each other. The total TIS is the sane regardl ess of RSSI reporting and

the inverse errofpgsyssed R38R tiVidyandd D36 Reel eRordddihnitc
inaccuracy is accounted for using a new’y devised path | oss searching
met hod. Dr oppddvsal |andard scedigvdd<hRafsl mypaalingl aeiwelayrssi gh base station

enmul at or transrg.t Ie\6el. and %s%%%leat %%e @?ﬂsrlstc%eve uncert.ai nt 419 r enoved

) ) clation pe surement a
by calibration. 5 reover, a new élimnation nethod s Uuséd't & reduce

system error. [QQFHsBase mehatiremesrad .ations,r eceid sGSMikSSlaras rabi lient eger
rather than_a rational nunber. By truncating the reported nunber, there
exi sts a fofce®r GroPrefergbl ydsa AL TG Vet Pddc6d FRRsESs Tt here

exists a well 'eQ%fdr%eg)r%rp%@: glfeaglgl%rﬁgtl%%ﬁqrﬁe@@tsilv%nd ntegers. This

can be found by changing the base station enulator transmt |evel by the
| owest resol utseors igogsitlyl errthre érwerrses vt lnemoeddgesd fotdmr .29he 0 dB to

the stated resqlution,. .Typically.this resglution i .1 dB, .so the
Fosul tant er r okl g1 HEeTRR Ealith eI Ga A USRI A A dB
and multiplestofe tikerdrewest roes aautsicon A e iachiieyed by first going to
t he border_ value and changing the 30 transmt level to the desired |evel.
[0038] Thete arl®03&ler al R%iSfIf EPERL tHBGh dd9 o a e Lér AICRIONG tefe BPA ue of

e e “nuSFRRER Sy, SRSt heas oAl R0 2,
Dropped calls are reduced by using a relatively high
base station emulator transmit level, and associated
RSST curve uncertainty is removed by calibration.

15 Moreover, a new elimination method is used to reduce
system error.
[0037] Base station emulators record GSM RSSI as an
integer rather than a rational number. By truncating
the reported number, there exists a forced error of +/-

20 1 dB. As with all truncated numbers, there exists a
well-defined area of change between consecutive
integers. This can be found by changing the base
station emulator transmit level by the lowest
resolution possible. The error is then reduced from %

25 1.0 dB to the stated resolution. Typically this
resolution is 0.1 dB, so the resultant error is = 0.1
dB. All other, non-border values less than 1 dB and
multiples of the lowest resolution can be achieved by
first going to the border value and changing the

30 transmit level to the desired level.
[0038] There are several different methods for
determining the value of change between consecutive
reported integer RSSI values. Picking a semi-random

position and then increasing or decreasing by 0.1 dB



intervals or steps is one mathematically sinple search nmethod to inplenent.
However, other search nethods nay be used. It is desirable to use an
approach which will, on average, providejjncrease efficiency. This
involves 5 mnimzing the nunber of successive attenpts (i.e., steps) to
find the border value. One approach discussed further belowis the 5-2-1-1
met hod, whi ch novesedvaia od eadgo0is e BB LNy RALErDN. s AS-dthe
nane suggests, the four novenents are typically 0.5 dB, then 10 0.2 dB

then two succedtiwd . tP dBHLATRNL BHQWEIHA T MFNathe e teal RS mand

maki ng correcti t -'rg%-i | tinve j Me). adi ment  of
the step, the %é(;?ld%aéra'va uel(ycan le e:tt(eggfr?% ;des : a%s foraiéhgow#gl:E eﬁjaltn&dn,
RSSI reporting wf taaredzgs: ,swirttcchidy i neasteeredSiisiwiniaph iyl snaedrdlordze
account ed fgr.él{.OO.BQ.] .The tRSSI, \%th .0 dB er.ror, Rt%as r]%nef.f ect on TIS
due to the PnvéPeE HF % WU RSEPGn HeiteEessdnS Atk d aftenna gain.

| f RSSI reportstdpsguchy FinBHR wrddr iadieat orddatpdhady e sshaeeat h
loss is 20 smaller than actual by reporting transmt |evels higher than

t he conbi ned bdse treat bed milsattare t ilt Medheld, WHeEhaMmsiasa igaian wil |
appear proport i\citrg%ljﬁjf%olga}r”g%rr @ina{)ﬂgs@;; r,g%%]ett%%‘!”tﬁ;s I@%E\ﬁ%rme act ual

recei ver transm evel” 'at the nobile wl ower then expected, thus
reachi ng the tangetestensithievifionrs eanementEha reensiptiicaitly Wi.l19 dBhusHeook

wor se by t S un that the antenna gain _| ooks better. [0040] By way
o oxampl 6101 1 U Patint CHEuER S LorGESIBe firth B SRS ol SFaF3TGBY ¢ he
expected RSS| itge r3@okt@adBsslf drke niRPSh Weie A tildbrlf ey dhport -108, the
expected antenna gain would be 2 dB up (to account for the difference in

expected and r &gecédprn Homevdd veppr bgsiang vehe adpasknementofofhRSSI , t he
value at which the = deu 8. 18" G Rt BE Bt Bhh0kd 2hhed $o2 dB down.

consideration, RSSI reporting often has switching

15  hysteresis which may need to be accounted for.
[0039] The RSSI, with + 2.0 dB error, has no effect
on TIS due to the inverse nature of RSSI on device
sensitivity and antenna gain. If RSSI reports in such a
manner as to indicate that the free space path loss is

20 smaller than actual by reporting transmit levels higher
than the combined base station emulator transmit level,
the antenna gain will appear proportionally larger by
the difference amount. However, actual receiver
transmit level at the mobile will be lower then

25 expected, thus reaching the target sensitivity sooner.
The sensitivity will thus loock worse by the same amount
that the antenna gain looks better.
[0040] By way of example, 1f transmit power is -70
dB, with a path loss of 40 dB, the expected RSSI is -

30 110 dB. If the RSSI were to in error report -108, the
expected antenna gain would be 2 dB up (to account for
the difference in expected and reported). However, by
basing the measurement on RSSI, the value at which the

device is returning the bit error ratio is 2 dB down.



12 In this exanple, although the device is assuned to be receiving a -108
dB signal, it is in fact receiving a - 110 dB signal. It wll reach the
target bit error ratio reporting 2 dB higher. The sensitivity will | ook
worse 5 by the anmount inverse to the antenna gain inprovenent, or vice
versa. Thus, since TIS is a conbination of antenna gain and sensitivity,
it will have no ®f fiacts e{H@4d, HiSHSugh Iinlediguries ofsgmidd dhale
quantifies the nobile station's capability of receiving 10 a weak signal .
The TI'S det er mufE iHaH ATtk B erididdandd dfs tife ﬁaé‘rgtmﬁ?élel"ﬂrg i“n dB
equal s the radi r.adi at sensi tjwiqt 1-Au |1 i LS=P, - G ,
(1) where P, ilgorélge:joﬁra |la't (rat? éJéL\r’;lel %%e\%c'?lyscgﬁg i %nrtg%%ﬁ(iér_l%\]r HeTeP

JE 9, 0) si n&l&1 regdijtinn DCBMerge®.GTOe issrntshd ireidei wel lantlenria waower

pattern. [004 Ref erring now to FI a test system 30 for _neasuring
Bonduct ad T dceifVer erEItiA LI G Pt 36 FECaTTode e G
iI'lustrativelydmeliudessexs RF THRSt ssewca 13l igouplesidiaa andirel d devi ce
receiver 32 to be tested via an RF cable 33. By way of exanple, the

handhel d devi c@iteesiay g2 130 avgy Se@sd tgvgial: Si)FstV@'r?ﬁ sravevslsi e fect.
Conmuni cat i ons r ecei\er:, I t i,0 rvi ce (GPRS
or " a9 e B, St REhY SRR SR b

recei ver, and/or an "Enhance stemfor Mbile
Communi cat i ons ¢GBM. £ iBwoltite orbiERGE): atdeel’ we rcadabri lexamul fe . rede icdugs e,

other suitaple wireless receivers y al so he used. 0043] .In additi on,
the RE souf Be- 1RRY 5% % D38 LanCSERTES Gy SoedI T o
comuni cat i on R$FRrmRh AN o AGhe R r8I6@ 1hage sstiat ign Liiat @he fr@kio

exanpl e, although other suitable emulators and/or RF test
radiated sensitivity minus antenna gain, i.e.,

11IS=P -G,, (1)
where P 1s radio radiated sensitivity and

2z

15 G, L | [G(6.9)sin6deds , (2)
dr 54

where G(#,4) is the receive antenna power pattern.
[0042] Referring now to FIG. 1, a test system 30 for
measuring conducted receiver sensitivity is first

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

25 Radio Service (GPRS) receiver, and/or an Enhanced Data
Rates for Global System for Mobile Communications (G3SM)
Evolution (EDGE) receiver, for example. Of course,
other suitable wireless receivers may also be used.
[0043] In addition, the RF source 31 may be a -Rchde

30 and Schwartz universal radio communication tester or an
Agilent 8960 base station emulator, for example,

although other suitable emulators and/or RF test



13 sources may al so be used. A test controller 34 is connected to the
handhel d devi ce receiver 32 for performng various test operations and
measurenments, which will be discussed inqfqurther detail below. It 5 should
be noted that while the RF source 31 and test controller 34 are
illustrated as separate conmponents in the FIG 1, the functions of the RF

source and test s@@teDIhey Ao ine fudd ben pasdorame: Lyl 1de $anes base
station emulator, for exanple. Alternately, the test 10 controller 34 could
be a computer GRS P detf dE Pt A FTomeFel W sHRurker 31, as wil |

be appr eci at ed oy bipag, SKIH & (1IN A 9044, o, L ass,lays an

inportant role’in the accuracy of a radio con sensitivity
measur enent  15haischwiwilbéapprenisteat by fihodeskddtied ibeldwe art. One

difficulty of perform.ng a path.lagss neasyre in a test configuration,
however, | sgt hasﬁqq%c#“@ﬁ rbc’atgeeé r@F‘?ﬁl ”%éanﬂikée[ s THYF eaglgratncgntree%ei ver
accuracy level caftdodBr a4 noted AhoME;a e M d gy dthe dafRmalt 20 n

anplifier of the receiver 32 may have nuch greater accuracy, for exanple,
of about 0.1 dEheByF bt dinithy BingH icHengd iRtV s arte tasdei ver

power |evel, t CGur I npr d.t 0.1 dB,
as wll be di sc%glstgl?]fquérlﬁa%rjﬁ gg\ O%%Zﬁgéﬁoﬁn%fr@ﬁcﬂaﬂg 0 abcagsneduct ed
recei ver sensigtatditon temstlatidrg pfairh dxeseplef. tAla«catdte 138 trat teconnect s
the receiv 32 and the base statjon enulator 31 can be well cal.i brated.
e relati D1y CRIATORT o Lab Gl ot G 97058 TOUBUF S ES T ves. 30
changi ng the i fgyaialtcamdnd itgat i Rfurdhe F1eceiveri 132 b hhrkdBted
increnents until the desired RSSI edge point is obtained. However, if the
starting poi nt bys thes¢B sKiddmd e ddge agdi-nt, it will take many steps and,

[0044] Path loss plays an important recle in the
accuracy of a radio conducted sensitivity measurement

15 as will be appreciated by those skilled in the art. One
difficulty of performing a path loss measurement in a
test configuration, however, is that typical base
station emulators only report a receiver accuracy level
of 1 dB, as noted above, even though the internal

20 amplifier of the receiver 32 may have much greater
accuracy, for example, of about +0.1 dB. By obtaining
sign change information in the receiver power level,
the path loss accuracy can therefore be improved to
+0.1 dB, as will be discussed further below.

25 [0045] 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
straightforward accurate path loss measurement involves

30 changing the internal amplification of the receiver 32
by 0.1 dB increments until the desired RSSI edge point
is obtained. However, if the starting point is .9 dB
from the edge point, it will take many steps and,

therefore, increased measuremént time to find the edge



t herefore, increased neasurenent tinme to find the edge 14 point.
Accordingly, nore conplex test schenes may be used to reduce the nunber of
steps that will be required on average tq,find the edge point and,
therefore, reduce test times. 5 [0046] For exanple, one slightly nore
conplex approach is illustrated in FIG 11. Beginning at Block 110, the

desired TCH powgoilvelads fdimsfl Setmdde e Qe dbnal BlPae 111.
The internal anplification |evel of the receiver 32 is first changed by a

coarse 10 i ncréffEme tauEius tthe dvwbarende Yeanedmatherirldpdet ed RSSI of
t he receiver a T r_ | evel . r. inteqer. val at Block 112.
e PR S PP, A SRR ) el et e

The edge is then changing thé intern atidn | evel

recei ver using tadriaf®id)creninte ((@sg. tithek.dB) until 15 the edge
transition [ s observed tq provide the path_ loss, at Blocks 113-114, at

whi ch poi nt >t hd 408dr nal FmsisaFiRday | Sthey ST TR SETPEE 32 may be set

and/ or r ecor ded dBliacly 115)i1 1S 4Rcliudizng t he  iddqistiiaked cmehhed, (Bl ock

116). 20 [0047] Stated alternatively, the "coarse" search “changes the

i nternal anpli flilfat itde PesirediliCheponece lsatededrs Tardteselt amd thep @t ed
RSSI. Since in_ rgse he rte SI_ IS . i_nt.eger val ue,
this gives an asc?rg%rcéegﬁdf r<]ﬂtlt %%@hgﬁf'i r%%pgéltatregcﬁl%[ éarl{lp;‘:'}%ggtaécrln%%nes t he
edge between tevednsecuhey eckSSverr 82diiRg<Ei s304B]anQekebw ar icatarans of the

coarse-fine edge point detection approach may also be used. Cenerally
speaki ng, the dOSFSRSHGrt iSHTE 6F ttheseiddsrenes dedvsery dihe yedagstiest | so

particul ar atteriirop il Be Qiven heren T ReWar nallangd Bihie fine
search that nay be wused as appropriate for a given inplenentation. A fine
integer wvalue, at Block 112. The edge is then found by
changing the internal amplification level of the
receiver using a fine increment (e.g., 0.1 dB} until

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

20 [6047] Stated alternatively, the “coarse” search
changes the internal amplification by the difference
between TCH level and reported RSSI. Since in the
present example the reported RSSI is an integer value,
this gives an accuracy of *1 dB. The “fine” search then

25 determines the edge between two consecutive RSSI
readings.

[0048] Other variations of the coarse-fine edge
point detection approach may also be used. Generally
. speaking, the coarse portions of these searches are

30 fairly similar, so particular attention will be given
herein to the variations in the fine search that may be
used as appropriate for a given implementation. A fine
search generally includes three stages. First, the RSSI

is set to the desired level by adjusting the internal



search generally includes three stages. First, the RSSI is set to the

desired level by adjusting the internal 15 anplification and the TCH | evel
of the base station enulator. Next, the ijrternal anplification is changed
in a series of successively decreasing increments to find the edge. These
increnents should narrowto 0.1 dB 5 (or the accuracy of the given internal

anplifier) 1o eigierldie i@eC WL HeS 1B A kel @3 thidddss Jdatidn be
necessary to "step back" to the edge point, as the neasurements may have
left off 0.1 dBTHGrA%he Ne&dior e RSSerned [FOT49]L iARdtieay 1 afping a fine

search .is now ;descrjhad W th refs %ﬁéve %éﬁﬁa ngB?%fQ@ﬂ%$5%] Bl ock

120, the RSSI is set to the désired e 1 nternal
anplification dhangedhe rdye2 @BesaunnanEMenuﬂﬂsHouﬂmende&mme¢CR$Su|dB no

| onger 15 reported, at Blocks 122-123. That i,s, after a r of steps
D Ty B e ATV PE (e v e e AL Fatich ( o

desired level simee.d hee RRRRY @@'dlfécﬁ?@t I70R |E|1nf&fi\1%/ J urpedi e edge
by 0.1 or 0.2 dB. Thus, decreasing or "stepping back"” the 20 internal

anpl i fication ngmﬂsaaxﬂ)tp dB tieme kervddit $onitihle  efdaed Diaitedge pdient ei t her
In one or two ?rba%% n{,%' &%‘?th%a% 123 (% Rdi{NGEURQA, rg{eg er?;j{}%ggdge

was | unped by us conc ng the i [TUst
(Bl ock 126). 2@3@0050] Anot her fine search process is now described wth

reference to FIG_ 13. Be |nn|ng at Bl ock 130, the RSSI is set to the
desired | et , 8948 1scus vEXaRlE ed (THES SEELAH &A% i cation is

increased by Od%scqﬁwe'&c%%%mr%f‘érﬂeh'cet h}% BeY. 19 .n@angshdt e q;qgcrked 30
val ue, at Blocks 131-133. Once the RSSI changes, two “consecutive O.
scans will yield0a @h@n§§5ﬂnlasgpp to the desired level, at Block
121, and the internal amplification changed in 0.2 dB
increments until the desired RSSI is no longer
15 reported, at Blocks 122-123. That is, after a number of
steps (typically between one and five), the returned
RS5I will not match the desired level since the
internal amplification will have Jjumped the edge by 0.1
or 0.2 dB. Thus, decreasing or “stepping back” the
20 internal amplification level in 0.1 dB increments will
find the edge point either in cone or two steps, at
Blocks 124-125 (depending upon whether the edge was
jumped by 0.1 or 0.2 dB), thus conciuding the
illustrated method (Block 126).
25 {0050] Another fine search process is now described
with reference to FIG. 13. Beginning at Block 130, the
R55I 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
30 value, at Blocks 131-133. Once the RSSI changes, two
consecutive 0.1 dB scans will yield a change in RSSI,
thus locating an edge, at Blocks 136-138, and the
internal amplification is decreased by 0.1 dB (Block

139}, thus concluding the illustrated method. For



thus | ocating an edge, at Bl ocks 136-138, and the internal anplification
is decreased by 0.1 dB (Block 139), thus concluding the illustrated

met hod. For 16 exanple, if the sumtotal jghange is 0.1 dB (e.g. +0.2 and
then -0.1 dB, totaling +0.1 dB) and this produces a change in RSSI, an
edge has been found. Alternatively, if the internal anplification is

changed three tidmgnpad,l & .+ SdBMdihoadfe iRSY. changiag, frams he

desired val ue, at Bl ock 134, an edge is also located, as a 1.0 dB change

wi || change t hearRshesi e 8y grataligsortled 9Bl rﬁré?bé'rfsls [FesBRjcesnat her

exenpl ary appr 0g¢ 0 Sc:ijelfcrl e 1 th ref et 4.
Begi nni ng at Bl og%dlm}% & ‘art ngjgaec?ll?\,% b%§ f% %B:fa |;§10C68t161%HJ‘7 ,y’and t he
reported RSSI iist -8 db1t(eBinmk alepll)i £ B siomt efsnaihar@mi itfiread itdmdss t hen
i ncreased b)a( 0. 6 dB, a& Bl 0 142, ch gl n t?:%l| act ual RSSI val ue to
n

-79.87 dB, and ‘5 %he eqp&Bted“IfééQ tt()t S MU HEoR ddiccati ng t hat
the edge has beaniclessduslha thextosd qm S & %d%e dB deyLasfatdly, Bl ock
144, whi ch changes the act ual RSSI value to - 17 dB, and the reported
RSSI back to &80 adb .CBIdGckhbag)e, wWiddi catbingg ttﬂv@ &dgd reish dse de20 aareossed
back over. jonternal anplification is increased by 0.1 dB, at
Bl ock 146, chang%l(i)n%(gﬂ'etc"Ijle l'?luéelgeﬁ§SI value to -80.07 dB, and the reported

RSSI  remains g0058Q db @Bloatk rlékempleai Bgpikdectdde wWas: keiscraressed.
Accor di ngl}é0 anat her 0.1 dB increase iis 25 perfarmed (Bl ock 148), which
changes t helactddlh RESETeR&EELE S 6 1G9 197 B9 AR &6 Blacded 40he 2 epor t ed

RSSI  to - 79 dBedhysgl acaling e edaec( Bl:ockoldS) ggndnLang uding the
illustrated nethod, at Bl ock 150. [0052] It appreci ated by those

skilled in 30 thgoated R&E Tmausy —@i0f tér éﬁtlogétgé‘llldcaﬂ‘ih@n igdleemmed may

amplification is then increased by 0.6 dB, at Block
142, changing the actual RSSI value to -79.87 dB, and

15 the reported R3S3I to -79 db (Block 143), indicating
that the edge has been crossed. The next step is a 0.3
dB decrease, at Block 144, which changes the actual
R58I value to -80.17 dB, and the reported RSSI back to
-80 db (Block 145), indicating the edge has been

20 crossed back over. As such, the internal amplification
is increased by 0.1 dB, at Block 146, changing the
actual RSSI wvalue to —-80.07 dB, and the reported RSSI
remains at -80 db (Block 147), meaning the edge was not
crossed. Accordingly, another 0.1 dB increase is

25 performed (Blcck 148), which changes the actual RSSI
value to -79.97 dB, and also changes the reported RSSI
to -79 dB, thus locating the edge (Block 149), and
cencluding the illustrated method, at Block 150.
[0052] It will be appreciated by those skilled in

30 the art that many different edge location schemes may
be used. The first, and each successive, jump is
typically any number from 0.1 to 0.9 dB. Jump values
can change or remain constant for each step. To choose

an appropriate method for a given application,



be used. The first, and each successive, junp is typically any nunber from
0.1 to 0.9 dB. Junp values <can change or remain constant for each step. To
choose an appropriate nethod for a givenqapplication, 17 variation of the
data and average performance are inportant considerations. For exanple,
with relatively "flat" data the approach illustrated in FIG 11 may

locate the edge e Lhefod e dHe AP QAL dvd Majd A& Sridhdd Gre2, but the

opposite may be true for "sloped" data, potentially by up to three steps.
[0053] Still andtiertappreehl FRiR idedtd i der ixtanp reof efiditerel@tHWGLv5 is a

five-step path . 8C . .nni t ol,. epor RSSI for
a given 10 TCH I%\S;% ids}:1 0 tta}}ér?:ag%éyagtar% chlquls%%%%endé JTr% &;é's{)%p%a} ncl udes
determning if ltdvestreepdrd etidRSSuilckdrhe isameheasadgmealdtH 1lemedt, rattedBl ock
153. If so, .the hod . prqoceeds to step two. If not, the internal .

anpl i ficatidn i@nﬁlﬁ[&fea{‘s%dqi% tﬁl&r@i’?ﬁ%ﬁ@i’di% Wth 5 ¢ s cul ar

i npl enent at i on)qdps t ey wdidderencewind he vieRer ted ZSSI m nus the given TCH
|l evel , at Block 154.  The new reported RSSI is then obtained (Bl ock 152),
and for steps E0QSRXIhr oudht Flourandidismta@pralacdnpiavt idssdwibed svidthanged i n

successi vel y degr i i.ncr nt f.Q 5. 20 . 2.dB, and Q.1 dB, at
Bl ock 156. [Oog%jteﬁ%fer}rl%e tpjepor 'ec}%R%’ﬁ %i s%lno S&r%é) g)aazr%l 3soﬁ%escq_1eams )
reported RSS|I &dgemrdach «af Blhede 1d1anges, rdperrtdche®kSHigredrs achanged bef ore

t he next s Bl ock 158). to_. step jn the opposite direction (i.e., back
tovvardxt heigg é“&j‘e)cl.e" )elst r?é’tfailr”s%[d'fﬁt}r B&@E:E%%ze I et (Sttl‘?é’ fifth

The | st repor Lo B g . e PR s ng e neaenal
anplification By Ghe dBHodewedgaiat Bivicdh LR3.| Ife siche the method
proceeds to step two. If not, the internal
amplification‘is increased {or decreased depending upon
15 the particular implementation) by the difference of the
reported RSSI minus the given TCH level, at Block 154.
The new reported RSSI is then obtained (Block 152), and
for steps two through four the internal amplification
is changed in successively decreasing increments of 0.5
20 dB, 0.2 dB, and 0.1 dB, at Block 156.
[0054] If the reported RSSI is not the same as the
last reported RSSI after each of these changes, then
the sign is changed before the next step (Block 158) to
step in the opposite direction (i.e., back toward the
25 edge}. Once the first four steps are completed, the
fifth step involves once again determining if the
reported RSSI is the same as the last reported RSSI, at
Block 160, and if so changing the internal
amplification by 0.1 dB once again (which will be the
30 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
on the edge point within five steps, which provides

good overall results for different curve types.



30 edge) and obtaining the reported RSSI, at Blocks 161, 162, to concl ude
the illustrated nmethod (Bl ock 159). This approach is advantageous in that
it will converge on the edge point withimdive steps, which provides good
overall results for different curve types. 18 [0055] Use of a path |oss
search in a test nethod for determ ning conducted radio frequency (RF)

receiver sensitiegosy]for ss®lof abipyiofl channed sciextendi s ORI thope or
nore frequency bands will now be described with 5 reference to FIGS. 3 and

4. As will be appFf ReeEHLBINT t¢REEIGIed | i TrRARRCY r BB} vigcelver
> ; ) _ ) - . |
sensitivity is cdefjned E%% %%@Fﬁ%ﬁ:& !'Cg:f ?\?&ﬂﬂ%lé e(;g—,@erfcgfr/}@r% A@é/re at

a desired bit error rate end-to- end" per nce
measur enent whiate quantefe eSrdaduesrldy reiridbivilly rofw the dddridbaddiicisyst em

Si gnal pat hof n BEEBIES (0SBICTaT HeHd o thie ol ai g0 Hg0r 1803 | ng
accuracy of recgiyss sty DB @ AN0LRIe N | satld b1 § i Lleter i ni ng

receiver sensitivity is that it can be a very time consum ng process. That
is, there are dasfined |IBasrirtUs & Harmid s wiannela CEHulRrwdadevelnd a

cellular device,my QRENALE OMETe MU 10L& Dallds, | afks MO e, ahgye. JThus, a

sensitivity nmeasurenent covering a channel’s used by a device
may take many ehoiff gemandrersre dayssutemeaanpltatch GOORA B rgdice recei ver
sensitivi t¥ measurenent, tines, a relati velc?/, fast sensitivity search

Ps d?egf N

al gorithm YusHd . FSe ity 08 cUE R §Ho% hdifa HY5 | oss

of the RF cabl & 33yis NAutalr 63 JNAWY t HESTNG AN iQfs t hgr1aheMes dgseri bed
path | oss searches (or others) a path |loss function nay advantageously be

det ermi ned, at siBnedk pagh ivbretparemi-cul arly, path |oss associated with
[0056] Aside from the relatively poor reporting

accuracy of recelver test equipment, another difficulty
15 in determining receiver sensitivity is that it can be a
very time consuming process. That is, there are
typically numerous channels within a cellular band, and
a cellular device may operate over multiple bands, as
noted above. Thus, a sensitivity measurement covering
20 all of the channels used by a device may take many
hours, and even days, to complete.
[0057] To reduce receiver sensitivity measurement
times, a relatively fast sensitivity search algorithm
is preferably used. Beginning at Block 40, if the path
25 1loss of the RF cable 33 is not already known, using one
of the above-described path loss searches {(or others) a
path loss function may advantageously be determined, at
Block 48’ . More particularly, path loss associated with
the RF cable 33 will be different for different
30 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

channels in the band), a linear path loss function for



the RF cable 33 will be different for different 30 channels (i.e.,
frequencies), but there will be a generally linear relation between these
path | oss values. Accordingly, by determjyng the path |oss of two
separate channels (e.g., the first and last channels in the band), a

| inear path loss function for 19 the RF cable 33 can be quickly generated.
This provides a tgud c& arblac @B af=g) aRpProxidmty oferfrypaidh tosses for al |l of
t he channels, although the path |oss for each channel could be neasured
separately in Wl%%@odﬂﬂﬁ%ﬁt‘%}d iFCHA T FPHIUEIR tRet ey Y a BER

versus TCH power,duelro.f Wiat i drs. deleiuned | Rirtd , at
Bl ock 41. The ioni tial Ochannel coﬁd bea éir?y%?hé{]l%oaa:&r}# {Pfllqeel ?Jﬁécggaﬂ%ﬁgt for
expl anati on purfposesdhit akidnndie casdgimgs: 1@ asureal tdepafratst]l ychanredmd n t he

band. It has been faund. that. given enough sanpling franmes, the general
shape of the 'F%Q%%\f\neerntlsévéf %?.Sl%ﬁﬁn'functi on for a given channel in a

frequency band Midgglbe egseftieaidoret,he 3@ drusaltcHolb ke remmini ng
channels in the band. 15 This is due to fact that the function is

det ermi ned by fime el Lat id@‘r‘i_eﬁlﬁél@él ard @irgilmditisilgsdienpedeesdi fgoqkDSP)
al gorithm of thg hapdhelddevi cqanB 1y At S%%%Eglggaﬁgg§ nas 3, QVBK

nodul ati on schene. Since the relationship energy per bit has
an 20 exponent bahd,obmt tfeer BERlesatICH levegloskusndti anlal se atsakesd he form

of an expopenti_al . Thus, .once the shape this function (s found for one
channel , t (i?s PukEt itg‘ﬁ3 é&r’fsgecggé‘ﬁ‘eio lPa%ﬁ“& gjalngcatlfé fRE PEAN &R t ar get
BER poi nt for eagh efivkbhechelhawsagp2snghanaeks, %ﬁe\/\fgéhe?_ﬁldigﬁ%g%is%%

further bel ow LOOSQ In particular, the BER versus nornalize power
| evel functiontf§ detlePrivREdLlEER1lt H&-i BER dunction for a given

channel in a frequency band will be essentially the
same for all of the remaining channels in the band.

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

20 exponential form, the BER vs. TCH level function also
takes the form of an exponential. Thus, once the shape
of this function is found for one channel, this
function can be used to rapidly locate the TCH
level/target BER point for each of the following

25 channels, as will be discussed further below.

[0059] In particular, the BER versus normalized TCH
power level function is determined for the initial
channel by measuring respective TCH power levels for a
plurality of BERs within a target BER range, and

30 determining the BER versus TCH power level function
based upon the measured BERs in the target BER range
(i.e., curve fitting based upon the measured values),
at Block 41’. Typically speaking, only BER values

within a particular target range will be of interest



channel by measuring respective TCH power levels for a plurality of BERs
within a target BER range, and 30 determ ning the BER versus TCH power

| evel function based upon the nmeasured BERs in the target BER range
(i.e., curve fitting based upon the neasured values), at Block 41'.
Typical |y speaking, only BER values wthin a particular target range wl|

be of interest 2Q:chemauss ne uas DSige 1afid Nahdange Midsdesult in
dropped connections, etc. By way of exanple, the target range may be about

one to three pete@ited AFHEEH Brsheret ¢ arfjetwavarmfes e o dppr dmtamte for
different 5 applj [ meVah] fti C

| east squares gﬁp&pr%éag%? or %édgg%tfa%%\ét%t r#eH %ﬁ%&%{]ﬂg@ﬁ %g?hpogt@? qa%veeﬁa
function w |l bemdjecussestsf uravhére dyed mpr {2006 GorTaliff fuwkdite edges of the
BER target range, a 10 coarse search may be used that involves stepping
the TCH poder THRIGICATT P atiareid S o4 Hegatinge SHRRG RS {61y 25 - 1. 5
db) when the measw=d dres l@prddan Gox g@?l@r_raecli%tsd Vely HHO8ansE-RESI tive
increnents (e.g., +2.0 ) when the neasured BER is 15 greater than 3.0.
This gives a relddt inmeliey degsd fapprioxinmatiildn bef dilseusamagetfuniige edge

poi nts, and s%%cl%%ive measurenments within the target range may then be
made at relatively fine TCH power |level increnents (e.g., 0.1 dB
increnents) to [[oodo]lde te ZAndatthepeidufess foir towr BEFH idarged. {a00@1] aCurve
fitting is%gppropri ate because BER data .is often_acconpanied byhir%oi se.

Even though”al I°O3rtT SPaTfar BRdt &8s YSSHd beid ety SaiTalfiedP
constant, the gesydant 1egkaones (dependant arisabheshvaty. A 25 process

of quantitatively estimating the trend of the outcones, also known as
curve fitting1jﬁM@E@E@¢§ {e.g., -1.5 db) when the measured BER is

less than 0.5, and relatively coarse positive 4
increments (e.g., +2.0 dB) when the measured BER is

15 greater than 3.0. This gives a relatively close
approximation of the target range edge points, and
successive measurements within the target range may
then be made at relatively fine TCH power level
increments (e.g., 0.1 dB increments) to provide the

20 data points for curve fitting.
[0061] Curve fitting is appropriate because BER data
is often accompanied by noise. Even though all control
parameters {(independent variables) remain constant, the
resultant outcomes (dependent variables) vary. A

25 process of guantitatively estimating the trend of the
outcomes, also known as curve fitting, therefore
becomes useful. The curve fitting process fits
equations of approximating curves to the raw field
data, as will be appreciated by those skilled in the

30 art. ‘
[0062] As noted above, the data for the BER vs. TCH
level function is generally exponential. Two exemplary
curve—fitting approaches that may be used to fit an

exponential curve are a least square polynomial



becones useful. The curve fitting process fits equations of approximting
curves to the raw field data, as will be appreciated by those skilled in
the 30 art. [0062] As noted above, the datja for the BER vs. TCH | evel
function is generally exponential. Two exenplary curve-fitting approaches
that may be used to fit an exponential curve are a |east square pol ynom al

21 approxi mat i capafiek iandtoien | fiedra (dore-1irdponentd al )exp&asdc sfuar e
approxi mation. The theory and inplenentation of a |east square polynom al

appr oxi mat i on i LIt AR BRI X G e ol o ar e @b be readi |y _
mani pul ated, fijtptdnghSHeh fUNcl4 cgqslet%tdtaﬁﬁga dtt 35 por}:ft plot linearly is

conmon. Inthefollovmng exanple, ni1s ynomal and Nis
the nunmber of awtrwpaiatsion fiN hzr&‘tl,detsimefl;t(ﬂ@ncﬂmm:le pasls,esom iexlac td an

t hrough eac int. refore, rel at.i.qgns >n+l shoul d Iways be
satisfied. FOO S(:il}% né"a{rﬁéa%]l?ﬁ"ceﬂeo%tétocr]ﬂ ”c?gk% Rreei e Ci(
+ax", 15 with en=ar sicdef imed diwte;limkarity 3% c%ﬁmﬁb]r?( 1@2&}?@ |-fo Wﬂere

Y, represents t he observed or experinental value 20 correspondlng to X;,
with x, free ofS*@ge, thelgubhofdegrmares leIh@nealoalst\N lipeteN S=je, 2

—J(Y-ao ax-a, X A 25 At i art| derivatives SS SS
SS 8aa ', 5al '%u'mbgf ot \Qgﬁfiasﬁa'l arer]‘];gr]gu% u‘h‘g t}ﬁ% %Jr?i;r%a?%?sthese
terns gi ves n+kxeqidti ehsaAsH JddwWpoid?. ™Srefore, the relationship
10 N>n+l should always be satisfied.
[0063] Assuming the functional relationship

y=a,+ax+ax +L +ax",

15 with errors defined by

_ _ 2 "
e =Y -y =Y-a-ax-ax’'-L -ax",

nv

where ¥ represents the observed or experimental value

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

squares ¢f the errors will bhe

N
Z( —-a, —at,.x—aix2 ——axy .

i=l

II
.Mz

~
[}
—

oS 68 oS
Sa, Sa,’ da,

25 At a minimum, the partial derivatives

“vanish.” are zero. Writing the equations for these

terms gives m+1 equations as follows:



| 2(Y. -ao -a,x; -...- Ea, ,_, 15S N = X2(Y- ao - ax, -... - ax; ") (-xi )

LaOi=1 MSS+ N = 12(Y - ao - ax, -... - ")J(-x,") San |—1 D vi di ng each
equation by -2 and rearrangi ng gives n+l ;nprrral equations to be sol ved

si mul taneously: 5 aON\+a, | x, +a2l x, 2+. +a, | x;" =l a.Xx;+a,|x; 2+a2l x, 3+.. +a,,
X;"+1 x, Y aOx;2 +a,x13 +a2lx;4 +...+an | x ,+2 x;2Y, Mn aOXx +a
~Xn+1+a2Z xn+2+. .. +anyig 2n => x/} . [0064] Putting these equations in
matrix form 10 reveal tabte, patxter n-am ¥he coefficient matrix: N Zx,

1x;2 YXx,3 L 1: x;" a ZYf‘ijx I X, Ix'a L Exntl a, 1x;Y 2 x2 x3 x4 x5
LLZxn+2 a2 x Y, MM MMMMMMX n x ntl x"+2 n+3 2n n i Xi n+2 L x;
an Z x Y 15 This matKix= @& rén—1es cal téd W& normal matrix for the

| east - square probl em flfh ti s equation a0 a,, a2K an are unknown
coefficients while x;Mand Y,. are given. The unknown coefficients ao,a,,
a2K an can hence be ogggal ned by solving the above matrix equations. 20
[0065] To fit the curge—é(ZQ(Yi—szo Fepyi-r-edaO)know

n

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

normal equations to be solved simultaneously:

a0N+a]Zx,, +a22x,.2 +---+aanf” =ZY;
aOle. +alz:xi2 +azzxj3 +---+aan,."” =Zx,.Yj
c;tQin2 +a12x[3 +azszi4 +---+azanf”+2 =in2}’

M

" n+l n+2 2n n
aOin +alz.xi +a22x,. +---+aani =Zx,.Y

[0064] Putting these equations in matrix form

10 reveals a notable pattern in the coefficient matrix:

(N Yy Yw Y L Y )fa] [ X1 ]
ICEID LD AR SIS Sl P B 37
inZ in.’s indv inﬁ L inn-i-Z % a2 - ZXZ‘-Y;
M M

M M M M M M

" R+l n+2 n+3 Zn [
IS SD YA NI Yl N P D 07

15 This matrix equation is called the normal matrix for

the least-square problem. In this equation %.%,0,K a,

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

I

. a,0,K a, can hence be obtained by

unknown ccoefficients
solving the above matrix equations.

20 [0065] To fit the curve Y, it is required to know
what degree of polynomial should be used to best fit

the data. As the degree of polynomial is increased, the



what degree of polynonmial should be used to best fit the data. As the
degree of polynomal is increased, the 23 deviations of the point fromthe

curve is reduced until the degree of polynomal, n, equals N1 . At this
point, there is an exact match. In ternms of statistics, the degree of
approxi mating the polynomal is increased 5 as long as there is a
statistically sigawfdicosis deErgas @dimt herdarianc@irhz, i WL d&y conput ed
by: z 2=1 e Nn-1 10 [0066] The approach illustrated above was
programred in %W%x‘é‘rﬁ)lcﬁqﬁfﬁwfermﬂtmqr@rﬁslusfﬂ ngeq}*&landffhe Apothas

matri x was sol v fferent UsS- Jor dan

approach and L er%:%rrpom olgsl' %be%w Epﬁbe appreC| 3 ec?r%f% St]s?ﬁ’l | ed
in the art.  Alttheo by tect mﬁ)faﬁﬁmmm@&w mhmdam@]palrﬁtirﬁ:réﬁﬁédts
the LU deco 05|t|on nmet hod was found to be  nore desirable for the | east

squar e pol yRo Langh a5 Q%ﬁ%@b&%lﬁéﬁﬁﬁél@w i on provi ded
20 desired erf sults Q The: abave .not ed, C++ pr am was

i npl enent edIO soCR:Tr ee[ l:%s abl € E{rgL ?:laﬁ] dulogt e ‘f ojesff(foé?p t? Cg%¥he

approxi mat ed curve f| tting equation of varying degr ee. Polynomals with
degrees of 2, 3, 4 and 5 were used to 25 fit a curve agai nst BER data

val ues, and it was found G%Q§ .degree pol ynom al produced the nost
advant ageous results. Mre partNeutarly, degrees higher than three did not
show any significant inprovement in the fitted curve. Therefore, a third
degree pol ¥nom al 30 was used to fit the curve agai nst BER data val ues.

[0068] The theqowes]d | muhemempatiaen afl ifustiiat@d@bove 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,

15 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

20 desired performance results.

[CO&7] The above noted C++ program was implemented
so that it is able to calculate the coefficient of the
approximated curve fitting equation of varying degree.
Polynomials with degrees of 2, 3, 4 and 5 were used to

25 fit a curve against BER data values, and it was found
that third degree polynomial produced the most
advantageous results. More particularly, degrees higher
than three did not show any significant improvement in
the fitted curve. Therefore, a third degree polynomial

30 was used to fit the curve against BER data values.
[0068] The theory and implementation of fitting non-
linear exponential curves using a least squares
approach will now be described. In many cases data

obtained from experimental tests is not linear. As



| i near exponential curves using a | east squares approach will now be
described. In many cases data obtained from experinental tests is not
linear. As 24 such, it is necessary to fify sonme other function than a
first-degree polynomal to this data. Sonme common forns that may be used
are exponential forns of a type Y=axb or y=aebx. 5 [0069] Normal equations

for these forns sadhagal N derediayed Opeth byi Seddhd G e pard @ oderimat i ves
equal to zero, but such nonlinear sinultanegus equations are nuch nore
difficult to sdt VeliHaif'99uRear Jgirdiiohs. to Beeigustatar. tdfme qaeran forms are

usual Iy |ineariggg, t.ak] I it e, .det 1.0l t
paraneters, for ex%yrtp}f% I yz%na+ mx% or zﬁﬁ{/ngnﬁtal%gxg%%n?gfa &hngcvype

variable is intyedwtesk p=me™.z=Iny as a linear function of Inx or x. In
this case, instead of mnimzing the sumof squares of the deviations of Y

15 from t heScurb@6Yevi aticoms lofeduat: iares riay mitwed: fRoms igwh whjadm foer m of

curve best fits ata, . .Mat hCAD mat hemat i cal, sqf.tware wa sed. A
BER curve was dﬁtx{)ét%l%%%u%yngf%%%&%ené)aﬁ l@?@%tm‘fv(?r%ﬂsveo? GHE e were
fitted agai nst dehe BERtdaiah horwasdaaund nihatanau0 xpaned alreurve

defined by y =ce' provided a desirable fit for the BER data, although
ot her functi on@URY "proRidd 1geditr & sedvia $hiam dileare mavagiiatifent at i ons.

[0070] Data |imgardzat i@n g Used Lo fdd, ve ofh1ity = he
data points gi venaas 2§ (x"yls)’, (x26Y2) , s (%N%%rﬁ) ,%S aelrlé, Eq'ln}séatrﬁgl)%il pendent
vari abl e, ¥0i s take nde pegdent hvar balfloee aied eMmiis itke theupharareftonsy pairs.
To linearize the data ogari t.hm legxbOth ides is taken, i.e., |

=l nc+ax. Then thgr‘f&glpﬁgl" YEdBrd blaxi nero ¥ Edn af el y iRse %ndle?"g?/n(y),
30 which producgs ;e -equat heR Xwa¥H, NGCk, , T Sin§AUAL 1 M 5 near

function of Inx or x. In this case, instead of

minimizing the sum of squares of the deviations of ¥

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

find which form of curve best fits the BER data,

MathCAD mathematical software was used. A BER curve was

plotted using MathCAD and different forms of the curve

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

20 exponential curve defined by y=ce® provided a desirable

fit for the BER data, although other functions may
provide desired results in different implementations.

[0070] Data linearization 1is used to fit a curve of
type y=ce” to the data points given as

25 () (x ¥5)-(xy,yy), where x is the independent
variable, y is the dependent variable, and N is the
number of x,y pairs. To linearize the data, a logarithm
of both sides is taken, i.e., Iny=Ilnc+ax. Then a change
of variable is introduced, namely X =x and Y=In(y),

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

is a linear equation in the variables X and Y, and it

can be approximated with a “least square line” of the



is alinear equation in the variables X and Y, and it can be approxi mted
wth a "least square line" of the 25 form Y=AX+B. However, in this case,
In(y) will be used for perform ng | east sguare approximation instead of vy.
Conmparing the last two equations, it is noticed that A=a and B=1n(c).
Thus, a=A and c=ee are used to 5 construct the coefficients which are then

used to fit therom ve=Y4¥+®. HolBOLL] Thisnappeoaeh WRS$) agai d P& ogr anmed
in C++. The normal matrix to be solved for this method Was only 2x2

whi ch was soIvedmwdtﬂonigaﬁﬁnnmmﬂg/lﬂqﬁt dﬂgﬁ%ﬁ&(ﬂpﬁﬁb%ﬁmﬂﬂ?ﬁﬂy 1&%Tnadxi .
curves for tmo ffer n ets o using thi roach.are illustrate
in FIGS. 16 and’ FB@?%flégt%h ?ﬁg ﬁgﬂl?ﬁgﬁflSE%Oné tﬁﬁlnPtég?a squar e
and | east squar |l yn appr he descrlb ove approxi mat ed the
original data J?Fﬁpéxrgfk%%ve ylggshlgﬁ déegfee oﬁ'accurgcjpetéﬁg%%%
speaking, the dJdeigirmc 1@fd ot iRy 8BS Genaiatigh HSiduy thess «
approaches will result in less than a 0.1 dB margin of error in the

sensitivity neddwr emervte jaceldition, the results provided by these
nmet hods are al so very 20 close to one another. Below are the results
obtai ned by pd@dddi ng Em@m%ﬂa%dfa%@wmmw@@bmmleH

appr oxi Mt on g he iof WAk RATRLY A4l 56 nohiand datases 2

Here 'S represents the sta ard ‘error represen Yat i on
Coefficient. 252Reyuht$ fwars datlaresketwith &r&edagﬁ@@l@ohﬂgﬁﬂdﬁgﬂad.of
y a+bx+cx2+gx3 a =1.078334 S =1.720 b =

653063 F} €§acg %gfggfgg%u%%%% for two different sets of data
using this approach are illustrated in FIGS. 16 and 17.

[0072] Both of the nonlinear exponential least
square and least square polynomial approaches described
above approximated the original data with a relatively

15 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
of error in the sensitivity measurement. In addition,
the results provided by these methods are also very

20 close to one another. Below are the results obtained by
performing exponential and least square polynomial
approximation on the two sets of data, namely data set
1 and data set 2. Here ‘S’ represents the standard

error and ‘R’ represents the Correlation Coefficient.

25
Results for data set 1:
3rd degree Polynomial Fit: y=atbx+cx’+dx’.
30 Coefficient Data:
a 1.075334 S = 1.720
b 0.653063 R = .99168
c = 0.097339
d 0.048979
35

Exponential Fit: y=ae®



d = 0.048979 35 Exponential Fit: y=aebx 26 Coefficient Data: a = 1.092514
Standard Error(S) = 1.690 b = 0.533035 correlation coefficient (R

. 99158 5 Results for data set 2: 3rd degreg; Pol ynonm al Fit:
y=a+bx+cx2+dx3... 10 Coefficient Data: a = 1.192487 S = 1.101 b =
0.565984 R = .99592 ¢ = 0.164962 15 d = 0.031628 Exponential Fit: y=aebx
20 Coefficient [E&éﬁffbxeﬂtlﬁ§@£16 S=1.131 b = 0.5021062 R = .99588 25
[0073] For both setssof r§3®'§2§14t@cé}%é’f@n&ﬁoﬂ§ had @9§|'9htly hi gher
correl ation coefficipnt thamsihes exponentd al, fidesHovey, g e standard

error for the polynoggplgfit In data set 2 mas smalTer t an for t he
exponential cfit, but 1n data set 1 the standard error 30 for the
exponential fit was snaller than the polynomal fit. [0074] Based on these

results, the e ti model was deemed to be nore preferable
because it dldﬁp ?ﬂﬁ 'H%Pﬁgi&ﬁ of as many terns as the cubic 35
function. This is because the exponential nodel y=aebx rovides al most the

same accuracy (i. BHHJQQQERﬁNHOlKQRm%QﬁrQ#QRannﬂ+Qﬂ%%% dzd-that of the

pol ynomi al 1
Coefficient Data:

a = 1.192487 S =1.101
b 0.565984 R = .99592
c = 0.164962
15 d 0.031628
Exponential Fit: y=ae®™
20 Coefficient Data:
a = 1.184641¢6 S =1.131
b = 0.5021062 R = .99588
25 [0073] For both sets of results, the polynomial fit

had a slightly higher correlation coefficient than the
exponential fit. However, the standard error for the
polynomial fit in data set 2 was smaller than for the
exponential fit, but in data set 1 the standard error

30 for the exponential fit was smaller than the polynomial
fit.
[0074] Based on these results, the exponential fit
model was deemed to be more preferable because it did
not require inclusion of as many terms as the cubic

35 function. This is because the exponential model y=ae®*
provides almost the same accuracy (i.e., up to about
the third decimal place} as that of the polynomial
method, and it also has a physical interpretation of
all the terms in it. Of course, the polynomial method

40 or other approaches may be used in various applications
as appropriate, as will be appreciated by those skilled

in the art.



met hod, and it also has a physical interpretation of all the ternms init.
O course, the polynom al nethod 40 or other approaches may be used in
various applications as appropriate, as w4l be appreciated by those
skilled in the art. 27 [0075] Generally speaking, if the data to be used
in curve fitting does not appear to be approximated by a straight line,

then there are ofdemspquatdans: i ¢hspLan he, usedeid dita the wat@syery
well. The first thing 5 that cones to m nd when considering the type of

curve to fit t¥ tHe Grathlising ﬁm%drﬁ%lapmﬁ% e Yrecmmeoxigul yedbral s can
P et € nou R ¢ Of SIEOUA, AL d MY AU LY LGl dorpiaRERal Ul | 0

mat chi ng the shape e grdphe wever, en a egree 10
pol ynom al i s otwsere tLusefd ttd hiel datteg datta‘r&;eﬂ;e wdl]f fithd tfizﬁsidelﬁeimg ne a
t heoretical _basi,s for the coef chf cients in e pol ynom al equation. It is

preferabl e Po hava SIS Badhd'd dPSthy 4! Gﬁlﬂﬂ arhe folRs 9% ¢Hoken, and

that nodel should ﬂaa/e:os% type 1% of dhwsidalai ey etatd i ofe each of
the paraneters in [0076] Advantages of using linearizable equations

to fit data ar é?ﬂdt%iealsrmrbé:lel ywererace sy igfhaui SﬂuQ}yp‘@m@QG%Whand
easier to undersiand, of Radioh 2Q1han Holyngrmalsy At 5 o pr aper. choi ce

of the curve to tac 0 |nS|g CONCET ni g ° titderdyi ng
mechani sm; whi dhheproprigted hintdat dloweSeogndingn naniipteat idwgreef these curves
such as ferenti atl , ntcﬁ%r atign, Jinterpolation and 25 extrapol ation

can be mad nore S ft%@%%%ol%&ﬁyalbae Third,

linearizable cwl\fechuqftt Q:'i'; b%%l@rﬁrﬁnfee‘éertmﬁ%aqf A AR $HOT
estimation of values than do pol ynom al s.
coefficients in the polynomlal equatlon It is

preferable to have such a basis for why a particular
model is chosen, and that model should have some type

15 of physical interpretation of each of the parameters in
it.
[0076] Advantages of using linearizable equations
to fit data are notable. Typically, curves of this
type are somewhat easier to understand or'predict

20 than polynomials. That is, proper choice of the
curve to fit the data can lead tco insight concerning
underlying mechanisms which produce the data.
Secondly, manipulations of these curves such as
differentiation, integration, interpolation and

25 extrapolation can be made more confidently than can
those with polynomials. Third, linearizable curves
often require fewer numbers of parameters for
estimation of values than do polynomials. As a
result, the normal matrix may be small and can be

30 solved with a relatively high degree of accuracy.
Thus, this reduces the need to solve large sets of
linear equations which often have an undesirable
property of ill-conditioning. Thus, for BER data,

Applicants have determined that it is generally



result, the normal matrix may be small and can be 30 solved with a
relatively high degree of accuracy. Thus, this reduces the need to solve
| arge sets of linear equations which ofte have an undesirable property
of ill-conditioning. Thus, for BER data, Applicants have determ ned t hat
it is generally 28 desirable to use nonlinear fornms such as | ogarithns,

i nversions, and @xpongpiiats Laef itk dd neanzable GUnvRdo fmheh the
shape of the data before resorting to a higher degree pol ynom al. 5 [ 0077]
Havi ng generatéHTT%%SEE¥§vsanﬁCﬁxm@nﬁﬂﬂxﬁ&# t@uﬁEBdohhﬁodhﬂﬂanxﬂabk&

channel based BER.V &y us t a ran t.his
function may ;kﬂg %‘2@181;% ‘%l ggva%t agjtsao\lljgs# 3&%‘%@%‘%‘% ég 8 sear Th-4%r the
desired BER andt @i riespoadi dggTed paigmdmevel. 10 val ue in each of the

subsequentcﬁha e,ﬁTin a given frequenc éﬁ?nd Flrst an estimated or
starting T } evel"0MG 1% T T RSSST bsed upon

the BER vs. TCIflmmroﬂ vl tfﬂmgdl@la@_nci:ﬁa{?ﬁleld%§e%91% ria BlQGK 42.
That is, an estimate of the 15 TCH power |evel that will correspond to the

desired BER i ﬁﬂ%ﬁmwémlmméianqetdei@%mé@l@cfmmcas IRy
startin oi nt e t t | evel r the desired
gp tth%n X Lfs%dor%o %%v%gx eou ﬁp%we}:(form FCF D0 wi | 1

BER. For purposées of the prese cUssio St &d
be assumed, 20 falrt hoieghicatinerd daa:ﬁ el BioRy evybried rapepidaie based upon

t he given 6andard or, carrier ?¥%renent that is tq be net, as will be
appr eci at ed” by "EHdSe 18k iSAc8d of nt S URSEIYRGT7 Shapnedfodind @ ided t hat

the estimated FeldquddROWRNJ. Y8l STBY b ChAseR %%ds%QEQlkﬁﬁTQﬁfh | oss

function noted above hat is, one approach to eternlnlng e estimted
TCH power | evelpolier tleael for the subsequent channel is chosen based

upon the BER vs. TCH power level function and the
desired BER, at Block 42. That is, an estimate of the

15 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
for the desired BER. For purposes of the present
discussion, a desired BER of 2.44% will be assumed,

20 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
the art.

[0078] It should be noted that the estimated TCH

25 power level may be chosen based upon the path loss
function noted above. That is, one approach to
determining the estimated TCH power level for the
subsequent channel is to use the TCH power level for
the initial channel that corresponds to the desired BER

30 (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
values 1if a path loss function is not used), as will be

appreciated by those skilled in the art (Block 427).



subsequent channel is to use the TCH power |level for the initial channel
that corresponds to the desired BER 30 (i.e., 2.44% and offset this val ue
by the difference between the initial an@lgsubsequent channel path |oss

val ues on the path loss function (or actual neasured values if a path |oss
function is not used), as will be appreciated by those skilled in the art

(Block 42)). 29 (O] ONed Neneesdd AT GEPWRic | ovalei S; ot ermi ned,

then the BER of the subsequent channel Is neasured based thereon, at Block
43. |f the neasigtermiBERli Schrst Wie HBER tdie ther getb BERengehdreng. ,1is1.0 to 5

3.0%, then the ahgve- i e r e used to

determ ne a TCIE—}P poml%ngj\jagé%)ﬁg}ecﬁoeg&gﬁ taﬁﬁt @%%%né@ tlk?e t%eeasﬁleraesdured BER
is within the tEERets nange,thin ithe amayead BER rdrhe: desig.ed BER teal ue, and
the differepce (i_ e., tg%lta) t her ebet ween i s used along 10 with the BER vs.
TCH power | 8vel® fdict iT1ED F et se Hidad &Qanma otf SFOF oW el , at

Bl ock 44. Fromydesabave fdirgotssion afcd hewECH RaMer digvels 4 upghisen, it

wi |l be appreciated by those skilled in the art that the next estimated
TCH power | evelthmyaygesstlidthed 15 saneor BERY itso wildimeltH@td destigr

ABER=bce4TCHleve in .t he 4BER and .the .coeffi cien re .known. [0080]
If the neasured i g&n&ts Wi H}ﬁaﬁ:eacptwﬁrtélsﬁ%led dersziﬁ:geéc{ O%F?ﬁreal&?s'i d BER
(e.g., 0.15% that Blfteketle (tihe .St epddosehdiedahews W higwf enenee to
Bl ocks 43 20 and 44 are repeated until a _TCH_power |evel corresponding to
the desired!BERIGR dhe FER VS -t FEH Bvsdhdiey eladg@rbion dindletermeingck 46,

thus concludi ng nche rREReE tdd Yol YR A 1R, 3t Yool Buﬁ.t Ig fl&[gfeher
accuracy is desired, a |inear approximtion may be 25 used, at §Imoc 46' .
More parti cul albpvenidilsicmssionelodt ithel ' Céinplolve®. 3%vBHER fluanage ofi,. ét, the

0
0. 15% BER will be appreciated by those skilled in the art that

the next estimated TCH power level may be estimated

15 according to the relationship ABER:EWQ”ATCH%WQ, since
the ABER and the coefficient b are known.
[0080] If the measured BER is not within a threshold
range of the desired BER (e.g., * 0.15%), at Block 45,
the steps described above with reference to Blocks 43

20 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
accuracy is desired, a linear approximation may be

25 used, at Block 46’. More particularly, within a
relatively small 0.3% BER range (i.e., the * 0.15% BER
threshold range), the shape of the BER vs. TCH power
level curve will be approximately linear. Therefore,
this linear relationship may be used to provide still

30  further accuracy, as will be appreciated by those
skilled in the art.
f0081] Turning now to FIGS. 2 and 5, a test system
30’ ‘and method for determining RF receiver radiated

sensitivity are now described. The test system 30/



threshol d range), the shape of the BER vs. TCH power |evel curve wll be
approximately linear. Therefore, this linear relationship my be used to
provide still 30 further accuracy, as wlly;4e appreciated by those skilled
in the art. [0081] Turning nowto FIGS. 2 and 5, a test system 30" and

met hod for determ ning RF receiver radiated sensitivity are now descri bed.

The test systemi3Q:1.3s i#i6d UdessdheRBIOULE 31 (s s@dase station

enul ator), an RF controlled encl osed environnment, and the wreless
handhel d devi cemecdiamr, 32 RiAzaitdolded gyprlesicat edhwiyrarhese skdrd ed in

the art, an RF .5 cqntrol encl.ose Vi ronnent. i s el ectramagnetic
(EM wave shi eIt eeﬁ&%%néré%th,%s%c%OgscpetqrﬁecelI Ustrate ’EM%aSné“' i chanber

37" (which may dpredidiedrbsaiiosangadnaicd chiardes )artd o e/ room or an RF
encl osure. An antenna 35" connected to the RF source 31' is 10 positioned

wi thin the anedBitc TSP SshEN VGBI ¥ Ahe IRCISERABFEC by a
coaxi al cabl e tg)siyaiats i@ Rpss SRkt A% AN ehg 136 ﬂal%ttﬂ}%%d’“ rel ess

handhel d device is also positioned within the anechoic ¢ er and
connected to tH raedielid Hhamdeei B8 3dhidh msholled Seumidt ed tdwati— n
typical tests he,handhel d.recei ver_ . 32'. and antenna * wll be carried
by a device ho&téjier?&o%utc‘?}%mebse dor?pgﬁl&r?tléiaﬁé’)?m e taé]sﬁd HLESH S hé devi ce
housing if desiahg@@nnsd F¥B2]cdmenretald ¥ osperKiRK sdified &liratied recei ver 20
sensitivitgﬁ}]search i.s the sane as _that described above for a conducted

recei ver sehsi POFilty o8&s ¢ Shiith thise 2anexdepG shagathéParid oss
determ nation REaGeTedVice LiRPeE ueally sabhe s ol 2l onshi Ratwesn pat b
| oss values for a plurality of wireless channéls in a frequency 25 band
will typicallysionulegeaa ibassr standbnonAnasniteniae 36’ for the
wireless handheld device is also positioned within the
anechoic chamber 37’ and connected to the handheld
15 receiver 327. It should be noted that in typical tests
the handheld receiver 32’ and antenna 36’ will be
carried by a device housing, but these components may
be tested without the device housing if desired.
[0082] Generally speaking, the radiated receiver
20 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
25 band will typically not be a linear function, as is the
case for the RF cable 33. This is because path loss can
be affected by factors such as antenna gain, antenna
directivity and the measurement environment. Typically
the path loss will be different for different wireless
30 channels.
[0083] Even so, a path loss function may still be
determined for the frequency band using similar
approaches to those described above for determining the

BER vs. TCH power level function (e.g., a least squares



case for the RF cable 33. This is because path |oss can be affected by
factors such as antenna gain, antenna directivity and the neasurenent
environnent. Typically the path loss wll;pe different for different
wirel ess 30 channels. [0083] Even so, a path loss function may still be
determ ned for the frequency band using simlar approaches to those

described above {@srset@itidi N&kithe , BRR ys.cd @ ponesy [eyel.# unction
(e.g., a least squares 31 approxi nation, etc. ), at Block 48". By way of

exanpl e, the fisamklkdp gdich ioss sep @ﬁid”eskqaﬂae&ﬁmeiewnﬂbe@fmme to

FIG 15 may be o a ;subset t he chann hi n t he band, such
as every 10th gpl‘é{]}{anfnég&e%ﬂ%s thproachlqgacf[\l/aPﬁt aegeooeurs%%/rnéﬁé ous i tur at e
path | oss functédbrtlie dieardedler iined f athd heandgntdudch banddarpriowide pat h

| oss estimafes for every channel, yet without taking the tinme to
i ndividual Iy fE¥EHT 1 FRiFaEPRRSC o R EEH a9pmitelY St | oss 10

function is Lhatdiseitd Blet amningdhe esid B eft el paverol aygl for the

subsequent channel , , as described further above 84] The
path | oss det elﬁm'i‘niaia chﬁrpir C@ewqmﬂde rp:a/vh Ple> soe sorti et g an ffaur teh&rmdet ail

wi th reference i,nni k 60, RE path es are
nmeasured for é aemans r?gc g‘ﬁ‘lttléhO%tR% gﬁ‘a e%s ﬂ:Q[ HéPC%IF 4 ency
band, at Bl OCkn@Zla.sdiﬁ ﬁﬂlet rp@t&bqw%sw@fecéacﬁxmrmelpamé @s%H S Jmasured
every M chapnels. By way of exanple, M may be 10, although ot her intervals

may 20 al sbY be fEF 1o/ IRF tharh Usess iy stertiegining ndie ttdyeni mafgse T Gbon t he
measured RE Paldasaesdal dohe il |eftleq RO dRarHannels p1dfiBlaey 62, and

an RF path | oss for | east one ot her W thi'n the given RF’
frequency band aiss @@toeuﬁnelcﬂe@fulmgeat wporvet.he RF path

[0084] The path loss determination process will now
be described in further detail with reference to FIG.
i5 6. Beginning at Block 60, RF path losses are measured
for at least some of the RF channels within the RF
frequency band, at Block 61. Using the above-noted
example, path loss is measured every M channels. By way
of example, M may be 10, although other intervals may
20 also be used. An RF path loss function is determined
based upon the measured RF path losses of the at least
some RF channels, at Block 62, and an RF path loss for
at least one other channel within the given RF
frequency band is determined based upon the RF path
25 loss function, at Block 63, thus concluding the
illustrated method {(Block 64).
[0085] The choiée of M generally depends on the
linearity of the system. That is, a linear system would
only require two points to be measured, regardless of
30 the number of the channels or frequency bandwidth. As
the non-linearity or order of the system increases, the
order of a single curve fitting eguation should
correspondingly increase to obtain a proper fitting. A

least squares method, or other non-linear fitting



25 loss function, at Block 63, thus concluding the illustrated nmethod
(Block 64). [0085] The choice of Mgenerally depends on the |inearity of
the system That is, a linear systemwould, only require two points to be
measured, regardl ess of 30 the nunber of the channels or frequency

bandwi dth. As the non-linearity or order of the systemincreases, the

order of a singletHdde i igg wauat ihsheuhbaLordesRandingl y increase
to obtain a proper fitting. A |east squares nethod, or other non-Ilinear

fitting 32 et HOWEsindy wengs ed-2avesy Tretaidase tse tinet dinskssr divirssi on
where size is relative o he orderof d he o equation, g dnversion is
increasingly co ex and error prone as’its iTeIsions Fncredse. The | east
5 squares net hedmequinees ashEttrs cHmdniens dhcridige.0o THha afture of radio

systens over |arge frequency, spans, higher aorder path | oss responses can
exi st . [008%] ﬁéig"l‘?rle@sgﬂegﬁ‘ﬂ?’e TG FaPedds e Perreisdd Qv dg a

plurality of splhdnestutRalbf SadTengRaddalovkd aquatd ensieplace ,
conpl ete equation. Sets of consecufive points (e.d., four consecutive
points) are grduibed owderr peati AgsisagiespoPeresexampleeistthe first four

oi nts are useqdq@r-sgenerating the first lLi.ne _series, the 2nd to 5th
Boi nts for thectgg%gr]d spIPi%ltr%1 %gsrs;'eﬁué:g,e affiL tslélgorIln.ayAlaﬁsﬁut S K& 9 %and

| ast spline sewsiiey uselambhyiitpt ermegilahespoiMias (€., Imanth@aequatlii on  from
points 2 tﬁ 3) as valid fitti n% equations. Using internediate points for
the equatibhs FEHGELOPRe FEPLECT SR ICREPIERE FEINATIONi-t REkE Odspect i ve

equations. 20 BohketaRt vepbbRacEelRods Vagy, f !c'bﬁtse@ﬂ‘Qilv@SEoﬁWtisr}ea e
construction. One nethod, an extrapolated cubic spline, ses the first two
splines of thedfcupedseni asrpgaging pesnts ForoeXpmpilhe lthst ftiwstspl i nes of
the |ast Serie%our points are used for generating the first spline
series, the 2Znd to 5th points for the second spline
15 series, and so on. All but the first and last spline
series use only intermediate points (e.g., the equation
from points 2 to 3} as valid fitting equations. Using
intermediate points for the equations leaves the first
and last two points without respective equations.
20 Different spline methods vary first and last spline
construction. One method, an extrapolated cubic spline,
uses the first two splines of the first series (e.g;,
points 1 to 2}, the last two splines of the last series
(e.g. points 3 to 4). Other suitable spline fit methods
25 may also be used, as will be appreciated by those
skilled in the art.
[0087] Referring to FIG. 18, two sine wave curves
produced from respective series of splines are shown.
Each curve is a spline fitting of a sine wave. Each
30 line is one spline series within the spline fitting.
The series are offset by -0.5 dB per spline series to
show the overlapping spline series. Without the offset,
the consecutive spline series would overlap. Data was

taken from every 10th point. The upper figure is



(e.g. points 3 to 4). Oher suitable spline fit nethods 25 may al so be
used, as wll be appreciated by those skilled in the art. [0087] Referring
to FIG 18, two sine wave curves produceds§fromrespective series of
splines are shown. Each curve is a spline fitting of a sine wave. Each 30
line is one spline series within the spline fitting. The series are offset
by -0.5 dB per sqbhfterisefd®Sot Oroshaw e Qyerdahpite Sphide SRAIELS.
Wthout the offset, the consecutjive spline series would overlap. Data was
taken from everSRAt H-hoidRPeThR biberv ¥ilyarel v <183 userhsdatwet ed of four

T

poi nt splines. tdghenag d,f i&ug&a%ﬁt@y@drt%d&p%&eﬁ\%é%%gﬁ% OsQL'r}’e t he used

data transposed, ment’i one ove. The Tespe ne’” curves are
of fset by 4 dBdwrved and yoiplegpodes.4 BH & anddiatyt gt tpawess stBaid he

internediate |ine ranspasi tion of the upper figure to the |ower. [0088]
As not ed abgve,arbdatcif’%oescg%&ﬂ% sfl?cl‘“fitt}be Hfgt&fé’l?ég‘tar% medsr ement tinme of
non- measur ed chaniglgosichidie ds ﬂﬁaﬂr@g&i i Aus e WMd hgpnsecutive

channel 10 path |oss difference exceeding the interpolation error. Linear
i nterpol ati on Wi998&ldvantfagesiisid) aesid t dath dysiscalumee uriddyingf under 0.1

dB. The path ! assjmihate GRS RGELADQUGMIN J8l YNGR 4P ol TBY be

t
used for radiate nd con pa | 0SS measurenents,” as "W4° be
appr eci ated by Tihesd sskindredrddh ithesyarttems WA@89coeihari feacdeimddiat may
need to be_accounte for, .in certai rr%épat h | oss/receiver sensitivity test

measur ement 8 i £ St diddieredcs Ji“@ultgye IRETHRA R &t G& rerder
test. More partjigilaal lint Jr@eRiat8lor?inat Rdhvass dge Jmasuned Ay gonpari ng

base station emnulator TCH | evel output against ‘the si‘gnal received by the
handhel d devi cév@igalekagadacy Oife vadirattdr. lagiB. The path loss method

described above with reference to FIG. 6 may be used
for radiated and conducted path loss measurements, as
15 will be appreciated by those skilled in the art.
[0089] Another factor that may need to be accounted
for in certain path loss/receiver sensitivity test
measurements is the hysteresis of the particular
handheld device under test. More particularly, receiver
20 path loss is measured by comparing base station
emulator TCH level output against the signal received
by the handheld device and relayed to the emulator as
RSSI. Consecutive 0.1 dB adjustments of the emulator’s
amplification will detect a region at which the change
25 in amplification yields a change in RSSI. At this
“edge” point the radio could oscillate between two RSSI
readings with no amplification change. This edge point
may be caused by system error, changing position or
changing signal intensity, for example. As the RSSI
30 readings oscillate, the handheld device could respond
by changing its transmitter power in a similar
oscillatory pattern, affecting the handheld power
management. As such, many handheld devices

manufacturers implement software within each mobile



RSSI. Consecutive 0.1 dB adjustnents of the emulator's anplification wll
detect a region at which the change 25 in anplification yields a change in
RSSI. At this "edge" point the radio coulg, oscillate between two RSSI
readings with no anplification change. This edge point my be caused by

system error, changing position or changing signal intensity, for exanple.

As the RSSI 30 rieagiingsdossiitates dihdandhel duglevisecauhs: respong; s by
changing its transmtter power in a simlar oscillatory pattern, affecting
t he handhel d powe?Plefanagenent. As such, many handhel d devices

manuf acturers i SHEN i £ hi C I 4 handhel d device to
change the edgemtﬁo accou??éﬁ%%%]%éﬁpér}o@ﬁe%ﬁ%%%ﬁ%artel.%aﬁjﬂ% it arl y, the
probl ematic si MAFL KRB moliyet pod ntivisiet virdes twd odi ke ciiff erenieyal ues.

5 These two_points straddl e the actu edge point by an amount typically
less than 075 dB©Sthi oH iROEES i I”rielcfilhec rﬂl%mhe%e R e dsl VA TCH

I evel changes, dnfintRSS)pRA081POIdYs WHAn Qe 5 epr tad A eraturely, 13, shown

in FIG 19. This dual -edge system known as hysteresis, 10 decreases the
| i kel i hood of dMe dwdidhedd orfss wilishineaeheredRIIIH armivellX gJovmege ortthreol . As

t he devi ce RSSI 9&; ; r-epor.t I he ,hase statio enul at or
wi Il change in Rssusg‘ﬁce; ? Oalsrg gurlgrr%\?e%%ﬂ'/%%%oes%%Hteéﬁtounrseeli}ﬁ" ta}‘ﬁa YEte RSSI
i ncreases by onlry FAGS IshalTh ianolinedl. - 03RO Hy Mhn e #rierrhyst enesiss-qyriavent s
oscillati OE@’ it also creates an offset fromthe true RSSI edge. For a

Wi

known devi GG ﬁ;get drid&ld hoogk ofaldy @it e atdppis ed thsimarfhet f set

to each channelrssoraran 1UNkRAWY 20 48¥ice ad he, hyataresissdy need to be
determ ned using a stepping algorithm and then factored in to each path
decreases, the reported RSSI to the base station

emulator will change in such a way as to remove any
oscillations 1f the device RSSI increases by only a
15 small amount.
[0091] While the hysteresis prevents oscillations,
it also creates an offset from the true RSSI edge. For
a known device with known hysteresis, the value can be
applied as an offset to each channel. For an unknown

20 device, the hysteresis may need to be determined using
a stepping algorithm, and then factored in to each path
loss channel. The hysteresis is removed to obtain the
true edge point. The hysteresis typically applies to
all channels the same within a given band.

25 [0092] 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
approach may be used either for conducted path loss or
radiated path loss, as will be appreciated by those

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

decreasing directions, at Block 71. A relationship is



| oss channel . The hysteresis is renoved to obtain the true edge point. The
hysteresis typically applies to all channels the sanme within a given band.
25 [0092] One exenplary nethod for determ#dng path [oss including a
hysteresis search is now described wth reference to FIG 7. It should be
noted that this approach may be used either for conducted path | oss or

radi ated path | odstensinéd | bdeanprec at &k byyd hpse R0 dgeﬂqrhhpairi iy tle art.
Begi nning at Block 70, a pair of hysteresis edges is deternined about a

gi ven RSSI val Ug°W&¥ a‘f%]r‘fe?%naré% e rlalebes VEFRTHIE sTeEp R REY d%)%é}
val ues transm t$ed,{& qggm? e @ﬁé@lé ﬂ%f?%qje%ed%, aelgs}éf

directions, at Block 71. Arelatio pis termn et ween
rel atively finel2yr dfefarpanyt REIzonkyr, valnes taimj RI6T rteiaatswtelcnoqvc&mt

granul aritygRS V, Iue u5| gt re5| ns n ed e at Bl ock
72. More part| ?{I arry; Igef nce %ﬁﬁf acpecd LYShi ver
32 or 32' is | aosd atydadfedvay thetivean ot l@jcjasstaﬂ%sll%dar&@d tdprtlféiges the
| ocation of the actual RSSI transition relative to the TCH power | evel

may be det er mi stk Whe &3He tremgpidviem |eald s ve dra été}jbﬁ“difhgm@n Heevel
hysteresis tranglfioh £4Q6%, il e T%S Uéﬂ 9%% 1y @ given channel

may then be determ ned based upon a given a given RF power value
and the determwe@a@mtdwmkﬂm%ﬁ@atdﬂmwr eﬂms\lf_ﬁjl}orir ieRyedy g arity RF

r valu d the Iatlv coarse granularity RSSI val ues, at Bl ock 73,
Iigwtehu\s{ coﬁ@l gmr’? I"[hé{ Iﬂal}g’tﬁéi’rsg’dfsr?é%%ocgl(vﬁno appel maypdRETTRE scan

finds the edge Raigtmiaed MasEeHudevel Jisrdm@eased andidess %sggywe%y way
of exanple, the coarse granularity RSSI values may bein 1.0 _
increments (i. é’.a,luﬁé‘r#deg@et é‘@t%@l}m@@y refl ationisdigh dled wa2@nr édei ver), while

the re'atiVelyf@l%%i%%%”“%ﬁh‘t%ranularlty RF power values and the

relative coarse granularity RSSI values, at Block 73,

15 thus concluding the illustrated method (Block 74).
[0093] 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
increments (i.e., the reported accuracy of the handheld

- 20 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
increased.in +0.1 dB increments until the edge is

25 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
first measured has no bearing on the results, as either

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

skilled in the art.



increnents may be 0.1 dB (i.e., the accuracy of the internal receiver
anplifier(s)). To find the first edge, the internal anplification of the
receiver may be increased in +0.1 dB incrgyrents until the edge is 25 -
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 wll be

| ocated hal f-way[dmdareen mheraw Ldges:s |dr shauldhe notgdyt

direction first nmeasured has no bearing on the results, as either 30 edge
can be found fi9iCrpg Wikh trfgrenge NxtBiesis BryRTodwrds Fouwd with

(0.1 dB steps, dpl luatlby A g fpcgaéiﬁéél%saggcd+ag-yﬂe[%%ﬁ}&psiﬁo find the

second hysteresis edge, as W e apprecia ose Jtré% in the
art. 36 [0094]grfanuizeritaspestid twie tRie teastiveet BRI ar Saowadesesided with
31' transmts RF power val ues at

reference to FI . The RF source 31 or

a relati vel§ fi@éﬁd]ﬁ;ﬁlﬁsaﬁttﬁ G IRE GRS STAWIAT IS fhdiaies 5
RSSI val ues at am nelididwelny aearss gramdarddon and Rave ofh

hysteresi s about each transition between adjacent RSSI val ues, as noted

above. A signaldqigceyaksifil tved Ustomashe e elrove 3R oriBEl ats an i niti al
R pover | evel . andif (U RANEN0 4Bl R aldfe 1 of Uhe )

recei ver 32 or 32' 1Is neasured, C ( AN N i .
anplification &F tecRF lsowlce a3H 0rccdfespprsdindasad iupomss difiefence

between th initial RE power. |evel and_the corresponding initial RSS|
val ue, at %?ocl? 7§%,e Eg tgl’?éﬁeéﬁ rc%zi braté 't Hé RE2EHIeeeeifePlE B2 with
the RF source. a0Q95kibn addictnan, ke irethed MRy AkSQ HIClUlg - egeating

the three deternmning steps for at |east one other given RF channel in the
gi ven RF frequ@iicylband sed desedrupenaaplkifdkireyncef bREweanh thesses, at

Bl ocks initial RF power level and the corresponding initial

RS5I value, at Block 75’, to thereby calibrate the RF
15 receiver 32 or 32’ with the RF source. .
[C095] In addition, the method may also 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
20 76" and 77', and determining an RF path loss function
based upon the plurality of RF path losses at Block
78’, using a least squares algorithm, a plurality of
splines, etc., as discussed further above. An RF path
loss for at least one other channel within the given RF
25 frequency band may then be determined based upon the RF
path loss function, at Block 797.
[0096] Turning now additionally to FIGS. 9, 10, and
20, a test system 30" and methods for determining total
isotropic sensitivity (TIS) are now described. As
30 discussed briefly above, there exists a strong interest
in creating tighter specifications for handheld devices
such as cellular phones, PDAs, and smart phones. There
are numerous models and manufacturers that have devices

operating on the same network at the same time. The



20 76' and 77", and determning 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 discusseghfurther above. An RF path |oss
for at | east one other channel within the given RF 25 frequency band may
then be determ ned based upon the RF path loss function, at Block 79'. )
[0096] Turni ng next delethdhead] ¥ré e fk&Sei D é—@fe@‘@dthgoco@ef§?é mystem 30
and methods for deternmining total isotropic sensitivity (TIS) are now
described. As P sSIRRGEH Briefige apbyanatiier et exgorerh savbnfpimienest

i n creating tighler;spechidealions dos handhel d devi cese sugh,as gel I ul ar
phones, PDAs, and snmart phones. ere are nunerous no s an
manuf act urers trmegt hdve plevioesanoperat ingl omdthes slaneonet s kngd. thes same

time. The 3 rforman difference wll affect the coverage nap of each
specific devi cgt.eellloujr% ﬁfea]i%c%‘ﬂwqﬁts]a‘ﬁ AUt eI s sl thigyse a

standard to ensurrEIzacaep; etb-HEMEAS a NBein duie REF fAIBACE: O £ hejdr fiet wor k

coverage map. The 5 Cel lul ar Tel ecommunication and Internet Association
(CTIA) has devéisPed et hadmlsra i+ dirapanirtdes) \aard syastesiern esystmet hodol ogy.

Transmitter ang,J86gi Y r f.0 pqiqp I,S [quantd fied by t ot

radi at ed powerq)(e[I'RP) ﬁﬁcfﬁ%sﬁqagg%eéﬁ% ve y?colt(‘?J[ ()I%tf.ﬂatfcgl%c}/n‘ﬁmﬁ c@.lrﬁP) .

di fference betweesh Tl TRRmmutivHIS.nmay result from unbal anced radi o uplink
mance, which .n turn affects the radio_ coverage map of

and downl ipk r f

t he net\/\orwang%&ogv\ér maih gttt RN th HdHE @ g& iRsdereern Brovikde agsbd
subscriber serwvirce mby arG Al IfGIRNUNL USSR 2Rl WIS J FRAUGNC YadLSour ces,
network carriers and regul atory organi zati ons continue to specify tighter
limts for thedexdildniRRPesi®rmMagce, which in turn affects the radio

coverage map of the network and power management of
handheld devices. To provide good subscriber service
15 and efficiently use network frequency resources,
network carriers and regulatory organizations continue
to specify tighter limits for the radio TRP and TIS.
Handheld manufacturers in turn improve their designs to
meet these requirements, and it becomes necessary to
20 characterize handheld device RF characteristics with
increasing levels of accuracy. Downlink path quality
(i.e., TIS) is a more complicated and time consuming
measurement compared to the uplink path quality (i.e.,
TRP). The TRP measurement is both guick and accurate to
25 a fraction of one dB. The current CTIA-adopted TIS
measurement, on the other hand, is time consuming and
only targets an accuracy of about +2.0 dB.
[0098] Sensitivity is an important parameter of a
receiver and a fundamental component of TIS. As noted
30 above, a receiver sensitivity measurement with the
front end and antenna attached is called a radiated
sensitivity measurement. Radiated sensitivity and
- receiver antenna gain together determine the radio’s

capability of detecting a weak signal in front of the



Handhel d manufacturers in turn inprove their designs to neet these

requi renments, and it becones necessary to 20 characteri ze handhel d device
RF characteristics with increasing |evel s3pf accuracy. Downlink path
quality (i.e., TIS) is a nore conplicated and tine consumng measurenent
conpared to the uplink path quality (i.e., TRP). The TRP neasurenent is

both quick and asctkate.tvelp @cdubcii@rueiunsee dBendhei ey et a time
CTl A-adopted TIS neasurenent, on the other hand, is tinme consum ng and

only targets arFHeTHERY BFCGRvut o dHA [T0YsPd SeertehisA 152950 an
| mpor tant - par Al Ofy fey IACAIG AN S d PIARILAGATRANSN  Ofp L S. A

noted 30 above, a receiver sensitivity nedsurenent w Tont end and
ant enna att achetes$slical jredleng ddi st edimesereid i di ¢yperkasal enemobRaei at ed

sensitivity.and,. recei ver antenna gain together determ ne the radio's
capability of dEtectihg & weall &% &=y r{‘cwgsrlb]rr}is o‘?r‘i’lﬁel %t%ﬁ%@tw,
acqui ri ng accurairecsfigid ithid Ysdrfe it idFso 160NS Wi Rgr FOcaSS:tkhe CTIA

met hod searches radio sensitivity at each and every neasurenent angle.
This results TRy tE@sich iG/s i ldr dppdkany qarmpilai sl divtiomect s) .

[ naccur acy T esutin,f oM ack: iofo iR tion.  SANGRLIYAG dfic. NP a1, absol ute

error calibrated method, which can result in |arger accunulated system
error. Transm ta®raladnd imeseiteert dmamactemcath cowrmgeequad |fo1d nportant in a

net wor k coygrage ;map_ for, .a .10 | anced |.ink cellular network. [0099] TIS is
a single fiYgurg)a&TaI%eeréjth%é:re L6 r adi 0 downl i nk perfor mance. A

standard TI S ngaoggnent @$ SREG fJied1Ry fGHAd Sf Refier med in a standard
ant enna anechoi ¢ chanmber 3711 15 with a positioner 38". Mre particularly,

the positioneChBgRChey ig ity ddedivmeidsl ewanl(izth) prudiddimemese. A
standard TIS measurement as specified by CTIA is
performed in a standard antenna anechoic chamber 37¢°

1> with a positioner 38’’. More particularly, the
positioner 38’’ is a three-dimensional (3D) positioner
for the great circle method, and a two-dimensional
positioner is used for the conic cut method, as will be
appreciated by those skilled in the art. The path loss
20 or attenuation of a base station emulator is set to the
path loss of a standard dipole antenna. That is, the
theoretic isotropic antenna result can be obtained by a
calibrated dipole antenna. The sensitivity is measured
at every thirty degrees across a spherical pattern for
25 the fixed dipole antenna path loss.
. [0100] There are several drawbacks associated with
the current CTIA TIS measurement methodology. First,
sensitivity is measured at each and every angle. This
is extremely time consuming, as TIS measurements take
30 significantly longer than TRP measurements.
Furthermore, a considerable change in the wireless
handheld antenna radiation pattern can result in one of
two circumstances which cause dropped calls. That is,

either the signal at the handheld device is too low,



for the great circle nethod, and a two-di nensional positioner is used for
the conic cut nethod, as will be appreciated by those skilled in the art.
The path loss 20 or attenuation of a base s§ation enulator is set to the
path | oss of a standard di pole antenna. That is, the theoretic isotropic
antenna result can be obtained by a calibrated dipole antenna. The
sensitivity is neassieg aatogyverynkhist yride g 8as BUOSSHE BPhesiead pattern
for 25 the fi xe:? dj pol e antenna path | oss, [0100] There are several

dr awbacks assoc?hat e 1A% AL UFF RO ATHELTI S ibeaiureherte et FRG gy .

First, | ensitiviiiils thesuedal fach g SRy 200l S i s, D, extTenely

time consumng, as TIS measurenents take 30 significant ohger than TRP
measur enents. MRathelows eof aloorbiperabdet olange im ddei pmaret esshetandhel d

antenna radiati tern can.result in . one o tWo circunstances ich
cause dr oppgd ca ?Igag i isgt,atleolr{ heé?ujtanteorsiﬁfaﬁc% Hﬁ}?e arFa‘H‘H’i‘i&ﬁF%%Ci ceis
too low, 39 caustdyy in 08 ddfe of theisi gnalratuddendFssunas 3111

enul ator end is too high, saturating the receiver termnal of the

emul ator. Mor edvétS: IS 5Tt Ad & METRAN qus esfsuiss divsohe WEriteina with
equi pment ot herg®ythan 3 hase wiration solaty Al echsd %%hwcﬁgﬂ%i%d

error in the range of 1 dB. To reduce neasurenent tine, e
met hodol ogy neakgres:sovdih st Mastyl t ddgr eessampliilngy ERR areaRir ertentIsLsar e

taken every.fifteen degrees.,.This results in ampling error for the TIS
10 neasur e%/r%nt mv‘ﬁat%urre&eglé:ctwjit@ e r?é’a%’eemt %a[s()‘%@ﬂe% descri bed
above, TI'S and [0RRIAr e bolsh defscrSikgal fHaRt, IMmpoLRhana&d B AetRydH Mg the

coverage map of a cellular network, and inproving nmeasurenent accuracy and
short eni ng meashERERCAtnd mRes teaoe 115 dagseriadnal ghet o vieegdeatiaipy

organi zations, ¢ 5 cellular network, and improving measurement

accuracy and shortening measurement time are very

15 important for the regulatory organizations,
manufacturers and carriers. Generally speaking,
beginning at Block 90, the illustrated method includes
measuring the sensitivity of the RF receiver 327/, at
Block 91, which may be done using the techniques

20 described above. Further, the 3D gain pattern of the
antenna 36’’ is measured independent of the measuring
of the sensitivity of the RF receiver 327, at Block 92.
It should be noted that the order of the Sensitivity
and gain pattern measurements may be reversed, if

25 desired. The TIS of the mobile wireless communications
device is then determined based upon (i.e., by
combining) the sensitivity of the RF receiver 327’ and
the 3D gain pattern of the antenna 36’’, thus
concluding the method illustrated in FIG. 9 (Block 94).

30 [0102] CTIA acknowledges TIS measurements require
both radio sensitivity and antenna gain. Applicants
have determined that radiated sensitivity is
substantially independent of the measurement angle,

allowing antenna gain and the sensitivity to be



manuf acturers and carriers. Cenerally speaking, beginning at Block 90, the
illustrated nmethod includes neasuring the sensitivity of the RF receiver
3211, at Block 91, which may be done using the techni ques 20 descri bed
above. Further, the 3D gain pattern of the antenna 361, is neasured

i ndependent of the neasuring of the sensitivity of the RF receiver 32", at

Block 92. It shesdghhel neiesrihatythe oigasenied Segsﬁl&éﬁ/éfrb( nfilg gain

pattern measurements may be reversed, if 25 desired. The TIS of the nobile
wirel ess comuniReRs ST aIEkG 6ES§ 5°9 heaPakea e i n edniyensest] WpeTIdCe. andy

conbi ni ng) the sgsi celVs 11 and the 3D gain pattern
of the antenna 3611, éc’% \rﬁduésélt %ln%%]%dﬁrﬁgﬂeteheéhnlgtvheo% illustrated in FIG 9

(Block 94). 30 [(Ul.l(IM] CTISW&tndmo&mhe:dgesm‘lﬂﬁhtﬁmrtmeﬁ&ﬂ@Mﬂ& bot h

radio sensitivity a ten i icants, have deter m ned_ t hat
r adi at ed serEisi tl‘}%ﬁe{ %U&qu‘g]rﬁr?e&ﬁ %p ETHO% N s (HEHBHC
angle, allow ngraju W@rﬁ%ﬁbﬁnd the sensdieddy dande 4ymeasured

separately or i nde endently. By det erm ning thése characteristics
separately, i I‘(ﬁ,f?ﬁaf otk ye Tl natedl ded qadgtbnammm@%mm

[0103] System &f9r0r  cQntyyl &t 0 FasuLsE a%u%%te a| nty. d Eqw prment

calibration error in the dynamc range of erest frequency band)
shoul d prefer aiatibe enuliaEtreddys cal |abrta:taanr$gutﬂ1ﬁsrREc&0lar GE paldkl knat
Bl ock 95 gor a Tl S neasurenent, a base statiaon enulator acts as a

transmittef f ol RIS feHiFefo HAKuRE A tddilded o iadicadibas Yptisnaccur at e

absol ute povepdwevelledbit kg Rhes @il e@u3Lhl 3fi[ﬁy R Cald kiatied o ugj ng nore
accurate equi pment. A power neter, for exanple, which has an absol ute

accuracy of 0.@2igp, mopreyabfeuxee@ ebripoeait. & pesglrt megepowdiod evel
example, which has an absolute accuracy of +0.02 dB,

may be used. Moreover, a resulting power level

15 calibration function may be generated to offset the
system error over a plurality of channels in a given
frequency band in a manner similar to the generation of
the path loss function described above, as will be
appreciated by those skilled in the art.

20 [0104] Following system calibration, a dipole or
standard test antenna may be used to calibrate free
space path loss, at Block 96’. The handheld receiver
32'’ power on the receiver side of the antenna 36’’ is
reported as the RSSI. As noted above, the reporting

25 accuracy of the RSSI is #2 dB. Applicants have
determined that this reporting error will be opposite
of the sensitivity measurement error. Thus, the system
error of the RSSI reporting can be eliminated or
cancelled out. For a different dynamic range, the base

30 station power calibration function may be used to
calibrate out the RSSI error due to the different
reporting range. For the equipment reporting accuracy
of more than 0.1 dB (e.g., the reporting accuracy for

the CMU 200 is *1 dB), a path loss search as described



15 calibration function nmay be generated to offset the systemerror over a
plurality of channels in a given frequency band in a manner simlar to the
generation of the path |oss function desc{ibed above, as will be

appreci ated by those skilled in the art. 20 [0104] Foll ow ng system
calibration, a dipole or standard test antenna may be used to calibrate

free space pathabhess,iatuBbacko Imprdhe HrROdhel dok eg8ty By 324, o ppner on
the receiver side of the antenna 3611 is reported as the RSSI. As not ed
above, the repdi®i P25 actif aRYt N2 e RoINea suDeEIt Abp| hzeed somhatfes

det er m ned thatpdiy 53 5EPAfLLAG- SRERE, VAo DCOPROS €0 Of ! o SRS 4 Vi ty

nmeasurenent error. Thus, the system’ error rting can be
elimnated or canceldes outredornding fdretena dyabom onfange;idhe Hase 30
station power calibrati function yay be used . to calibrate out the RSSI
error due \tAg thles’ditfkfeerﬁﬁl? . %%?%Hb‘yr%g?e I%‘:_'Tteflﬂﬁl% iPREE WRYOrti ng
~accuracy of nofiee tharefsd R (e Gbi tHEe KBPOrtd M- Boeyr &¢YadPfce t he CMU
200 is 1 dB), a path |oss search as described 41 above is used to inprove

the search acc RS At/ &Bl amynna 1ol mme et ¢hi abereas remintl ite based
on the path | : , t:h | information provides
AHIBRAN AR RIIE S L0 BRt iy 43 4

i
correspondi ng antenna gain information. "TIS information can
be det erm ned bE¥Eblupon Prdriianlerse triat e wsfutde JRSS pepar tdmglen
noted above, as w |l be

device sensitivity and antenn in.a

appr eci at egaby b[eh&yte %149 aébi‘{e?}x?ﬁggg}t SYUL05 WIS ATy, the RF source
3111 pover showlcthsub@ne aturtdr@latd Melor hingh deavel1 4o fagycg,pot h

measur enent uncertainty of the DSP al'gorithm and dropped calls in the

communi cat i on GEPPah caliladiia dde swrgivniidatiaredsiomemeht \a trheelimgasur ed

path | oss Vari%%nsitivity measurement, the measured path loss varies

from the path from base station emulator through the

15 antenna. This difference may be calibrated by the base
station power calibration function, as will be
appreciated by those skilled in the art.
[0106] The use of a base station emulator to measure
the RF TIS of GSM, GPRS and/or EDGE wireless handhelds,

20 for example, for a single radio channel is a two-stage
process. The first stage is the radiated sensitivity
measurement in which the handheld radiated sensitivity
(including path loss) is measured. The sensitivity of
the RF receiver 32'’ is measured at a first power level

25 by scanning transmit power levels of the RF source 31'°
for an RSSI value associated with a target BER, as
discussed further above, at Block 91‘.
[0107] The second step is the antenna gain
measurement. As noted above, the current TIS

30 methodology measures antenna and radio sensitivity
simultaneously, in which antenna gain information is
mixed with the BER measurement at different angles.
Separating gain and sensitivity measurements allows the

antenna gain pattern to be measured through a much



fromthe path from base station enulator through the 15 antenna. This
difference may be calibrated by the base station power calibration
function, as will be appreciated by thosegskilled in the art. [0106] The
use of a base station enulator to neasure the RF TIS of GSM GPRS and/ or
EDGE wirel ess handhel ds, 20 for exanple, for a single radio channel is a
two- stage procesguidier fpatst Sdagesda-dihe rash aliag sensddd Wi ya dmasur enent
in which the handhel d radiated sensitivity (including path loss) is

measur ed. The ST IS S FS L e tRE Sesdsiv ert 32a1ah jangieas diled Ht @i r st

power level 25 hSGanning Hd qffé%fHﬁelQP"c‘f‘erva_@é’eA nd & RF S0 ecaeslgrg)eg)t%e For

an RSSI val ue associated with a target R, I scussed further at
Bl ock 91'. [01GH darhesecbmbvwrepdvselt hag—:trﬁmm’rwrgame fifeasunenent . As

not ed above ttle Lirrent Tl S 30 net.hod nmeasur es .ant enna and radi o
sensi ti vi ty si TN T akao T8 37 5 A L W i A ARRESEISS i xed

with the BER rTEﬂﬁle@f&makﬁivedl(fef%fentt?@’lgil% sRgPHAN NG GAidE ANty
sensitivity rreasurerrents allows the antenna gain pattern to be neasured

through a much 42 usghcdiest ipattHq-0d9)sedrtc BldGordd’ hmThes basd Gft ek itdme
consum ng sensidgjMi ttyjrs “%l} %r%CQaﬁ g;r%tl'g}le H%S, ek | Ratter f t he
1 on povver

handhel d devi ce antenna 36 IS measure at a se evel” I gher
than the first tgowerl i rageelabsy Ineas meiasy rengmal Uness tudinty the apfr oaches

outlined 6)ve % %fl t he fllve steEl pat.h | oss search |IIustrated in FIG
'15), at B §3oniprd (RE1E ZPEERN e i) LFEHIENGYr V& G4l i Br-&tiron may
be used not onb)éndt)ootfallh%&te%tabmltums%e%urc,%rialﬂatra%C%HeaR%tsY[ for the 10
standard di pole antenna in the f're guency range (i.e., band) of interest,
but al so to calFBP&ténpherregl atr dpdieirrgterr aepatrtdinkf rsne.a reporti ng
range. [0108] In particular, the TIS calculation is based

on the following formula:
15

TIS = At

4[Go s0r B:8) + G, 1y (6,9)Isin(O)d B

P . e G
where "¢ = radiated sensitivity, %7 = antenna

20 radiation pattern of ¢ polarization, and Gowur

antenna radiation pattern of ¢ polarization, as will be
appreciated by those skilled in the art.
[0109] Many modifications and other embodiments will
come to the mind of one skilled in the art having the
25 benefit of the teachings presented in the foregoing
descriptions and the associated drawings. Therefore, it
is understood that various modifications and
embodiments are intended to be included within the

scope of the appended claims.



[0108] In particular, the TIS calculation is based on the follow ng
formula: 15 TIS = 4JZP, BUT (0, 0) + GE,7 (0, 0)] sin(B)dwWo where

radi ated sensitivity, GeBUT = antenna 20 gqdiation pattern of O

pol ari zation, and Grsur = antenna radiation pattern of 0 polarization, as
wi Il be appreciated by those skilled in the art. [0109] Many nodifications
and ot her enbodinments will commEA® wHEcH 18 cafaom sigd led in the art
having the 25 benefit of the teachings presented in the foregoing
descriptions and the associ ated draw ngs. Therefore, it ~is understood that

various nodifications and enbodi é@@tﬁ@{ d within
the scope of the appended clains. 2i . %Wﬁ%ﬁ#@%ﬁx%s 1. A
t est met hod forlm‘tmmmls@ammlty sbIIS))plcc:E saemmk’u]va tvym(e‘l]é‘ss of a nobile

wireless 5 gommu atJ ons devi conprising a radio ency (RF)
recei ver an% an % enlnca‘_’1 Jbodbﬁ d(;e‘{lhceef €t astd dgor @ JT% %‘g‘?r&ﬁﬁé t55m an

RF source, the ﬁ‘m:télm‘blcfﬁmf s8] NGitdmasWdull & Sensiddy idasf e RF
receiver; neasuring a three-dinensional (3D) gain 10 pattern of the
antenna i ndepeni'ef?e'ﬁ‘rﬂSr‘b‘LfS5"r’?‘|§%i§9urf1rrR§1 tae REerinden thheofetieoRreorapsisierg: and

determning the TIS of the iy W rseérg%sc agtq{?w%%ct%té s l;[Jlewlc‘ge based

upon the sensitivity of the recei ver gai n pa ern of the
antenna. 15 2. The net hodesfsu@liaignal hMmammaswna”]g (3dhe geansitivity

conprises TsaS%g€¥%ﬁﬁ%) %DSIEH%éﬁ%a independent of measuring the
sensitivity of the RF receiver; and
determining the TIS of the mobile wireless
communications device based upon the sensitivity of the
RF receiver and the 3D gain pattern of the antenna.
15
2. The method of Claim 1 wherein measuring
the sensitivity comprises measuring the sensitivity of
the RF receiver at a first power level, and wherein
measuring the 3D gain péttern comprises measuring the
20 3D gain pattern of the antenna at a second power level

higher than the first power level.

3. The method of Claim 1 further comprising

calibrating the RF source,

25
4, The method of Claim 1 wherein measuring
the 3D gain pattern comprises measuring the 3D gain
pattern by measuring signal path loss.
30 5. The method of Claim 1 wherein

determining the receiver sensitivity comprises scanning
transmit power levels of the RF source for a received
signal strength indicator {RSSI) associated with a

target bit error rate (BER).



the RF receiver at a first power level, and wherein neasuring the 3D gain
pattern conprises neasuring the 20 3D gain pattern of the antenna at a
second power |evel higher than the first gpower level. 3. The nethod of
Claim1l further conprising calibrating the RF source. 25 4. The nethod of
Claim1 wherein neasuring the 3D gain pattern conprises neasuring the 3D
gain pattern by neasuring signal path loss. 30 5. The nethod of daim1l

wherein -determining the receiver sensitivity conprises scanning transmt
power |evels of the RF source T Behedbitfed L &inynal Cut iyt TR Tt Dr

(RSSI) associ atfpch Witihf a tAFOetshide LA TRUL ]:(eBcFv@%n 44, ¢ G T8, 8t hod of

Claim1l further conprising neasuring a free space path | oss between the RF
source and a raferae el argrermarsrehrealdrst atd nidg nadiei iRF trtec Al erecdi wased

t hereon. 7. 5Th%argeéci1q:qleog (%_ai m 6 wherein measuring the free space path

| o0ss conpri ses measuri ng SHe free space path |l oss over a plurality of
reference angles. 10 8. The nethod of Caim6 wherein the reference
antenna conprises a dipole antenna. 9. The nethod of Claim1 wherein the

15 nmeasuring steps are pelfor Mt MeAPhdcididd™RIE veiRHfdar eRRUA NSt
system for detend HinRQ Pl 439 NORIL S tdad trrYea(s-Uﬁ)ngC_oéH%r iging: 20 an

RF source; a nobile w rel'ess comruni cation evice conprising a radio
frequency (RF) scece werthaddsan over a plurality of reference angles.

10 |
8. The method of Claim 6 wherein the

reference antenna comprises a dipole antenna.

9. The method of Claim 1 wherein the
15 measuring steps are performed in an anechoic RF

chamber.

10. A test system for determining total

isotropic sensitivity (TIS) comprising:
20 an RF source;

a mobile wireless communications device
comprising a radio frequency (RF) receiver and an
antenna coupled thereto;

a wireless communications link coupling said

25 RF source to said mobile wireless communications
device; and

a test controller coupled to sald RF receiver
for

measuring a sensitivity of said RF
30 receiver,
measuring a three-dimensional (3D} gain
pattern of the antenna independent of
measuring the sensitivity of the RF receiver,

and



antenna coupled thereto; a wireless comunications |ink coupling said 25
RF source to said nobile wireless comuni cations device; and a test
controller coupled to said RF receiver fof>neasuring a sensitivity of said
RF 30 receiver, measuring a three-dinensional (3D) gain pattern of the
antenna i ndependent of neasuring the sensitivity of the RF receiver, and
45 deternining the TI'S of 9REFEHBbIY et r Bl ©so1 combdnmmelat ol selese based

upon the sensitivity of sgifhRFcLecshyei-and.t j ttern of said
antenna. 5 11. The systemof C a(i:m 10 wheer el n s@a%%éttpe% 2%12 roller

measures the sensitivity sfnshi vRF/ reCeiakl RAtrecéivst gpoderhd evel, and

measures the 3D gain pat t ern og sai d aflnenn at. a second power | evel
hi gher 10 than the firstyponeictevel O 22 eSS of d ai m 10 wherein

said test @&ontroller neasures the 3D gain pattern by nmeasuring signal
path | oss over a pl uralia{ of reference angles. 15 13. The systemof Caim
10 wherein said test conttol I8te meashateCk Hela st el Y erh et tgadd yrant

scanning transmidnPavere} eyl s, i QU 9 reogh ved i gnal
strength i ndicat onr (RSSPT) assoc]?éasz%{ZOg%:ﬁst%h%aﬁftaé geﬁ a%alutc‘;gﬁ orreecrea "geér( BER) .
14. The systemaf & @imtiEdwat herveloonprd siewgsumss Whag3la Jaige space path
| oss between the . ]

pattern of said antenna at a second power level higher

10 than the first power level.

12. The system of Claim 10 wherein said test
controller measures the 3D gain pattern by measuring
signal path loss over a plurality of reference angles.

15

13. The system of Claim 10 wherein said test
controller measures the receiver sensitivity by
scanning transmit power levels of said RF source for a
received signal strength indicator (RSSI) associated

20 with a target bit error rate (BER).

14. The system of Claim 10 further
comprising measuring a free space path loss between the
RF source and a reference antenna and calibrating the

25 RF receiver based thereon.

15. The system of Claim 10 wherein measuring
the free space path loss comprises measuring the free
space path loss over a plurality of reference angles.

30 |
16. The system of Claim 10 wherein the

reference antenna comprises a dipole antenna.




RF source and a reference antenna and calibrating the 25 RF receiver based
thereon. 15. The system of Caim 10 wherein neasuring the free space path

| oss conprises neasuring the free space p‘é@h | oss over a plurality of
reference angles. 30 16. The systemof C aim 10 wherein the reference

antenna conprises a dipol a. The s emof C aim 10 wherein
the measuring steps are pe?l ﬁﬂbeﬁ?’%‘h I?in%%h%}%l%%F{o CHfRY Bhe
measuring steps are performed in an anechoic RF

chamber.




