1 Apparatus, And Associ ated Method, For Estimating A Bit Error Rate O
Dat a Comruni cated In A Comruni cation System 5 [0001 ] The present invention
rel ates generally to a manner by which to estimate a bit error rate (BER)
of data comuni cated with a conmmunication station, such as a nobile
station of a cellular, or other, radio cormunication system MNore
particularly, the present invention relates to apparatus, and an associ at ed
met hod, that forns the estinmate using soft decision values. The soft

deci sion values are 10 representative of confidence |evels of decisions
nmade of the valApRRavitudedackAssociated dylsthashdiordlstimating 4 dhtlinrenfiade
station. [0002] A coufX DdtasGémmienicatahlv A (esnimuaticxtion Systeow confi dence
levels is determnative of the estimated bit error rate. Wen the count

i ndi cates a high percentage of the soft decision values are of |ow
confidence | evel s, ' W r j ndi.ngly hi gh.
And, Wnengt he courhOb@ﬁdﬁc%aérg%hg Vgﬂ\}\t}o%r% %azéﬁt%élg{ag%%%ﬁlgﬁg%wgﬁﬂgon val ues
are of high cstiibenseelrewveled BERh@f dstaicoatnachidited eith acomatumi¢asion station,

correspondi ngly | ow. ckground of the Invention 20 [0003] Many djfferent
Cypes. of comuith E6k GRS SOhE! HarbIBeer iy B Ba RGPy Vi
Ut 11126 01 1yl GOUHGALink BRI GHES 10 Bl O RURIOERLL Ot THANS

that is, communication systenms that utilize ‘digital communication
t echni ques, demay thelestimate uaipgeott dedsiomyalusat Ehelsafhderision yHees adat a rat es and

wth fe errors, than.wh data i,s nmuni cat ed i ng, . an echni ques.
25 [ 000410 cel PP R AT ERier Rt pE AP Aot Rk B AN 8 Rl O,
depl oyed geRrgmdblsycdBrka 28R @mBibtitdn amRUNi cation techniques. Wile
used primarily for voice comuni cations, increasi n?I y, the systens are

used by which to dPPEdtAasewt@hseft deqitianspives tat geoEFQT sayidemegdevels is

phot ogr aphi c,;.and-. at. ta.:fi : e _ nlcat et ween
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Mobi | e st ati @osentaybfielsyft dbcision @aluan drevatiightcon fidente ldvielgtheletiimated biti age
b
Y 15  error rate is correspondingly high. And, when the count indicates a low percentage of
the soft decision values are of high confidence levels, the estimated bit error rate is

correspondingly low.

Backeround of the Invention

20 [0003] Many different types of communication systems have been developed
and deployed that utilize digital communication techniques. Digital communication
systems, that is, communication systems that utilize digital communication
techniques, generally are able to communicate data at higher data rates and with fewer
errors than when data is communicated using analog techniques.

25 [0004] Cellular communication systems, for instance, that are now deployed
generally make use of digital communication techniques. While used primarily for
voice communications, increasingly, the systems are used by which to effectuate data-
intensive data services. Text, photographic, and other data files are able to be
communicated between communication stations operable in a cellular communication

30 system. Mobile stations, typically of sizes and weights permitting their carriage by
users, are used at which to originate or terminate a communication service in which

data is communicated. Voice data as well as the aforementioned other types of data,



users, are used at which to originate or termnate a communi cati on service
in which data is communi cated. Voice data as well|l as the aforenentioned
ot her types of data, 2 are communicated to, and by, the nobile station
operable in such a cellular comunication system [0005] During operation
of a cellular communication systemin which digital data is commnicated,
various netrics are used to quantify the quality of the 5 comruni cated data
or of the conmunication channel upon which the data is conmunicated. For
instance, a bit error rate (BER) is one of such netrics. A bit error rate
is a quantifi¥acPamusicateddomnddy themmefite seatiograperaple 1a s cgldd’s, that are
i ntroduced i&hﬂn@;ﬁ&ﬁiom?&e&he data is communi cated upon a comruni cati on
channel or during its processing once received at a receiver. Large bit
error rates are so®80snBeringopaatidnve aldk!lafar peamunitatioe byscomdi whhsligital
What ever the cause, however, a.high hit erro({) rate e.recovery of

i [ g,a es .th
comuni cat ed 4t 'S HEEIGHG CHIQUS TegHERHEAFTOR TRATYIRREPHEY OBHC made™ t o
correct far RighRii04t8d 8fta bPEF G0 WM RSN dRfhel FonSPRER (HERa A data
packet or frame that includes too nmany bit errors is discarded and the
data is resemomnQuredted.i Batingarceod bitlegobiate G3ERYis0a¢ ef such nugddck. f Abit error

addi ti onal purposes 0., to.select a ..15 nodul atj.on,sch and.tq sel ect
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i ncrease data throughput, and when conmuni cation conditions are poor, the
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net wor k part @fantifieatvosotitieddt ¢rom raty stemedtior algiiiarl purposes, e.g., to select a
15  modulation scheme and to select when to hand off communications. In some system
implementations, when communication conditions are good, a modulation scheme is
selected to increase data throughput, and when communication conditions are poor,
the modulation scheme is selected to increase the chances of successful
communication of the data. And, when used to select when to request a hand off of
20  communications, measurement of increasing bit error rates indicates that a potential
hand off of communications would result in an improvement of communications.
[0006] Further by way of an example, in a GSM/EDGE (Global System for
Mobile Communications/Enhanced Data for GPRS Evolution) cellular
communication system, a quantification of the bit error rate, is required to be reported
25 by a mobile station to the network part of the communication system at regular
intervals. The bit error rate is used as a received signal quality measurement
(RXQUAL). The quantification of the bit error rate is used in the system, e.g., as a
means of false alarm reduction for bad speech frames that pass CRC (Cyclic
Redundancy Code) comparison.
30 [0007] While various bit error rate estimation schemes are conventionally

utilized, the estimation accuracy of such conventional estimators typically exhibit

large variance, depending upon, e.g., channel propagation profiles, coding schemes,



intervals. The bit error rate is used as a received signal quality
nmeasurenment (RXQUAL). The quantification of the bit error rate is used in
the system e.g., as a neans of false alarmreduction for bad speech
frames that pass CRC (Cyclic Redundancy Code) conparison. 30 [0007] Wile
various bit error rate estimation schenes - are conventionally wutilized, the
estimation accuracy of such conventional estimators typically exhibit

| arge vari ance, dependi ng upon, e.g., channel propagation profiles, coding
schenes, 3 and equalization types. The BER,estinati%n i s sometines based

upon conpar i SBHSIBEHER APEROAS BEE $HHAG ISR USRS MCT SFsefaiPaR SORBETIsOnS
det er m nat | ON%Qberd IGRMEANHE s ByucHes HRH-vafeRt LARKLERINRAIRG AR MR UER Of the

trai ni ng sequence results 1In el ng nade upon a relatively
smal |, e.g., abusybbohaliendtabedaquinesf thesahtngrggaacs rgsottent ¢stihdagiomi gh
estimation variance, That is,. the BER estimation is,not necessal.il
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estimation subsequent %ﬁ? channel decodi ng, based upon SNR-BER (Signal to
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result in estimatj.ons that are ,10. aobl.emat ical der _certain c ni cation
condi tions. (OGS TFROLT IPHST GUL! RRRAR B8t Hat STUTHET By AT CR t o
performbit ehagiel dé@idﬁlg@%édemgb@BNR—BM@i | eONBldBaReabIBINEfSF Raeyance of
a conmuni cati on system would be possible. [0009] It is in light of this
background i AMMHE Bahother eanvantionadpdiemes all sesulripngriinpaiians flat@fat t he

significapt i QV.en f %ég]p- i have evol ved. Bri ef
Descript?gn 5¥ Jﬁég 2&?%%56?%§f§?1 |5%wgﬂ%8ﬂ%Fg§%rates a functional bl ock
di agram of a commOOEHLIF emimR0vey siaeneri coulthbecirotided b odii chetotpedbrrh bét qoroesent
invention is operable. [0011 Figure 2 ill ufst rates functi.onal bl ock
di agram of a e esiupptgns, LRREOY munication performance of a communication system

would be possible.
[0009] It is in light of this background information related to digital
15 communications that the significant improvements of the present invention have

evolved.

Brief Description of the Drawings

[0010] Figure 1 illustrates a functional block diagram of a communication
20 system in which an embodiment of the present invention is operable.
[0011] Figure 2 illustrates a functional block diagram of a bit error rate (BER)
estimator that forms part of the communication system shown in Figure 1.
[0012] Figure 3 illustrates a graphical representation of an exemplary
relationship between estimated and actual bit error rates used pursuant to selection of
25  acomparator threshold used pursuant to operation of an embodiment of the present
invention.
[0013] Figure 4 illustrates a method flow diagram representative of the

method of operation of an embodiment of the present invention.



estimator that forns part of the communication system shown in Figure 1
[0012] Figure 3 illustrates a graphical representation of an exenplary

rel ati onshi p between estimated and actual bit error rates used pursuant to
selection of 25 a conparator threshold used pursuant to operation of an
enmbodi ment of the present invention. [00#3] Figure 4 illustrates a nethod
fl ow diagramrepresentative of the nethod of operation of an enbodi nent of
the present invention. 4 Detailed Description [0014] The present

i nvention, accordingly, advantageously provides apparatus, and an

associ ated nmethod, by which to estinmate a bit error rate of data 5

comuni cated with a comuni cati on B f}“e a d o] tal radio, or other,
comuni cation system [0015] Thrmrg%r—-ﬁpmfp—g}—an enbodi ment of the
present invention,[084] ‘B preRht BReftior, Iaecobalhﬁ@r E@®Janfa@b&uslySprioffes ded t hat
uses soft decisions that are associ ated detections of symbol val ues

of a recei vedPpagiisnes! asfassppiated Methodeby wiliedi teiesiimatge bivervrefe STEMEt ar e
represent at hen{nﬁurﬁgﬂ&{/ﬁﬁﬂﬁ% ln%’xﬁnéanon%[atmﬁ%??\éc?étaijf?‘atd \%/;)e!m?}%hs are

correctly’i en“th | nce at the synbol
val ue deci smamrnmnmirohegitbm made, the soft decision value is
correspondingly low And, when there is a high confidence |evel that the

symbol value i s cdPPEUtTioustiRseaiion fansathodinger of fhsrprosentgveation, an
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whose deci de ues have associ ate erewth | arge nunbers of soft
deci sions i ndifi&adietergloh@mf gomidl deluee of emlcszcdfscqtd&aca:@ﬁdam:t'ﬁessfbdecmhms or

deci si on the,bit error rate of the ni ed dat i kely to be
i he Aand0 O it 5 GRS o PTG LGRS RecLi el SR Gence
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comuni cated data’is likely to be low 20 [0 In one aspect of the

present i nvenlefision ig mr@tlwrr@adeathBEthelgclsmtvcahmnscorpasgvﬁltheglytlmt Angr wheman
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decision value is correspondingly high. Intuitively, then, a received sequence of data

15 whose decided symbol values have associated therewith large numbers of soft
decisions indicating low confidence levels of the correctness of the decisions, the bit
error rate of the communicated data is likely to be high. And, conversely, when the
soft decisions indicate high confidence levels with large numbers of the decisions, the
bit error rate of the communicated data is likely to be low.

20 [0016] In one aspect of the present invention, therefore, a BER estimator is
provided that forms an estimate of a bit error rate responsive to a determination of the
number of soft decisions associated with decided symbol values that indicate low
confidence levels with the decisions. When large numbers of the decided symbol
values are associated with low levels of confidence that the decided values are correct,

25  the bit error rate estimate is large. And, conversely, when large numbers of the
decided symbol values are associated with high levels of confidence that the decided
symbol values are correct, the bit error rate estimate is small.

[0017] In another aspect of the present invention, a count is maintained of soft
decisions, associated with decided symbol values, that arc of low confidence levels.

30  The count is used in the determination of the estimation of the bit error rate. The

count is provided, for instance, by an accumulator that increments each time in which



nunber of soft decisions associated with deci ded synbol val ues that
indicate low confidence |evels with the decisions. Wen | arge nunbers of

t he deci ded synbol values are associated with | ow |l evels of confidence
that the decided values are correct, 25 the bit error rate estimate is

| arge. And, conversely, when |arge number$ of the decided synbol val ues
are associated with high levels of confidence that the decided synbol

val ues are correct, the bit error rate estinmate is snall. [0017] In another

aspect of the present i nvention, count is maintained of soft _decisions,
associ at ed wi& PTodssisyapssqsigsd “otéw adegided ymbal ales sjodwleweiugedbe BER el s.
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i ncrements each tl[ﬁﬁléi Jninwinbihlar 55peat «fah¢ pateait snventias Shevatechfithe felectideci ded
synbol value is of a. lo vaIu
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is incremented. O herw se, the count is not increnented. Thereby, a count

is created, Adperatissd theseunt iy nehineremensedl. Shhesehyy asoRnity cregieBordivssest and [ 0019]
I n anot hgp aSPASH:; n%ﬁ Okg%yﬁ{b%sggpg}n@xfw ion, the threshold used by the
e

conpar at or agali hat soft deci sion val ue is sel ectable.

The threshold is [e@léﬁdhedothﬁﬂﬁspeasifa}m}&esdmnbﬂen@@ﬁelde tipaholdnised by the
sinmul ati ons or upon any 121 {& approprlate basis, such as, pr results. 15
e

[0020] In an&PW@?Iaé{%&é@PSto‘f’ & grepyathe 1 v t@see&ﬁ@%m The
accunul at ed tﬁfes@m %%%}é%haPOQEmstQ{ceQBg>%rb%&ﬁu | MR atdid Jreggt hapl e at

sel ected interv responsi ve to data re ption start or e
other appropriate basis, such as prior results.

15 [0020] In another aspect of the present invention, the count value accumulated
at an accumulator, or otherwise maintained, is resettable at selected intervals or
responsive to data reception start or end.

(0021} In a further aspect of the present invention, the count value,
determinative of the bit error rate estimate, is combined with a value responsive to the

20 total number of symbols or bits that are operated upon during which the count is
maintained. The count value, for instance, is divided by the total number of bits or
symbols that are received and the result forms the bit error rate estimate.

[0022} The estimate of the bit error rate is formed quickly, without requiring
significant processing computations. The estimation of the bit error rate is not Hmited

25  to, e.g., atraining sequence but rather can be, if desired, formed based upon a lengthy
sequence of received symbols. And, as the estimation is based upon confidence levels
of decided symbol values, poor channel conditions, or other conditions that would
cause an actual bit error rate to be high, correspondingly cause the estimated bit error
rate to be high.

30 [0023] In these and other aspects, therefore, apparatus, and an associated
method, is provided for a receiver that receives a sequence of digital data. A detector

is adapted to receive an indication of a confidence level associated with detected



[0021 ] In a further aspect of the present invention, the count val ue,
determ native of the bit error rate estimate, is conbined with a val ue
responsive to the 20 total nunmber of synbols or bits that are operated
upon during which the count is naintained. The count value, for instance,

is divided by the total nunber of bits or ¢ symbols that are received and
the result forns the bit error rate estimate. [0022] The estimate of the
bit error rate is formed quickly, without requiring significant processing
conput ati ons. The estimation of the bit error rate is not limted 25 to,
e.g., a trai riahigs séthssneecnsep! digithldate ahhadsteqter igeenfraucd fogtotast VBE%€d upon
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detections m@epl%wldégtf&%ﬁfmuﬁ%loﬁ(iﬁld%lb%h@éen'a%e@@ﬂédrﬂx%ﬁﬁi@aﬂi&l stafmyul ate a
count of detected val ues of the sequence having a confidence | evel 5 beyond

t he sel ected Hdm:,éhﬁmﬂtdf ccrrhmuamahon st@h@i@treﬂnﬁm sopdingfstaiopi 12 aad paecaivng

d h th of
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shown gener a|a|Bﬁs@traﬂs@clv&f@a&[diﬂ%ﬁs;bfamr@GRﬂJTal ovsteh feelmbliet veen a set of
communi cati on stations. Here, the set of comrunication stations includes a

sendi ng st at CORMIPMIGHANY SYHER; thatrigovides o EOGn(EnpangetkDalader HgMst ation 12
2. Shonh i BRI PLALLAN AP L fgbhtua iR danscel v
t hat provi desefredentab&Eof Entvdiie etit@at}aat bpera@SM communicate by way of a radio air
15 interface 16 with communication stations, such as the BTS 12, of the network part of
the cellular communication system. More generally, the communication stations are
representative of any set of communication stations in which data is communicated by
a sending station to a receiving station.
[0025] For purposes of describing exemplary operation on an embodiment of
20  the present invention, the following description shall describe operation with respect
to the exemplary implementation in which the base transceiver station forms a
sending station, and the mobile station 14 forms a receiving station. Analogous
operation can be described with respect to other types of communication systems.
The following description is, accordingly, exemplary only and not by way of
25 limitation.
[0026] The network part of the communication system is here further shown
to include a radio access network (RAN) part 18 of which the base transceiver Station
12 forms a portion and a packet data network (PDN) 22, such as the Internet backbone
to which a communication endpoint (CE) 24 is representative of an ultimate
30  communication source or destination of data communicated during operation of the

communication system.



Evol ution) communi cation services. And, the comunication station 14 is
representative of a nobile station that operates to conmunicate by way of a
radio air 15 interface 16 with conmuni cation stations, such as the BTS 12,
of the network part of the cellular conmunication system Mre generally,
the communication stations are representdtive of any set of communication
stations in which data is communi cated by a sending station to a receiving
station. [0025] For purposes of describing exenplary operation on an

enbodi mrent of 20 the present invention, the follow ng description shall
descri be operati ol 047 TihTiredgie et isccomnpmicaiahiy BepasnipinspEre at4ton YA Wi ch
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introduced upon the communicated data. Its value is used, also as indicated above, to

15 take corrective action when the bit error rate becomes too high. However, as also
noted above, the estimations that are conventionally made sometimes are not accurate
representations of the true error rates across an entire sequence of communicated data.

[0029] The mobile station forming the receiving station 14 includes
transceiver circuitry including a receive part 32 and a transmit part 34. Elements of

20 thereceive part include an RF/IF (radio frequency/intermediate frequency) element
38, a derotation clement 42, a DARP processor 44, an equalizer 46, a soft decision
corrector 48, a channel FEC decoder 52, a channel estimator 54, and a USDC
(Unreliable Soft Decisions Count) BER estimator 56 of an embodiment of the present
invention.

25 {0030] The element 38 operates, in a conventional fashion, to down-convert
and to modulate signals received at the receive part and to provide I/Q samples to the
derotator 42, The derotator derotates the samples applied thereto and provides the
derotated values to both the DARP (Downlink Advanced Reception Performance)
processor and 44 and to the channel estimator 54. The processor performs processing

30 operations upon the derotated data that, in turn, is provided to the equalizer 46. The
channel estimator 54 operates to estimate the channel upon which the data has been

communicated. Equalization is performed upon the data using the channel estimate



station 12 and received and operated upon by the receiving station 14,
distortion is 10 sonetines introduced upon the transmtted val ues such
that the values are changed. If not corrected, the distorted val ues
interfere with recovery of the informational content of the transmtted
information of the data. And, as noted préviously, estimation of a bit
error rate (BER) is forned and used to quantify the errors introduced upon
t he conmuni cated data. Its value is used, also as indicated above, to 15
take corrective action when the bit error rate becones too hi%h. However ,
as al so not auoeded by tharhased eptimatonsne avaliged velopavasmrondad t thawdt

soneti mes are, not accurat ec represent ations of the true error rates across
. decision cofrector 48, . . . .
an entire sequence of comuni cated data. [0029] The nobile station formng
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and a USDC (RinsreldradationSidchbddeiRl siddeoComgriperaBERS estpcrfatioed B6thefdeeaer
enbodi nent of the preseni., invention. 25 [003 The el epent 38 rates, in
a conventi ondf forgy ?C(S’ﬁ?‘?[;”és %%ﬁ_ﬂ’é’&r&eﬁr’d’ h}?cﬁogéieﬁﬁm?l Cé’f’gg‘él}cﬁﬁ%‘feﬁs)e?elgﬁse?r\?ed
at the recei UfoRaed tARE USDEBER deinlatd? s¥aR! B8nd Part Bethe dppRh@E 84 ofidn The
derotator derotates the sanples applied thereto and provides the derotated

val ues to botdmtokdémERRE teDpweint mkverttvea btk pReséypt G40 hexsrshowrdiwdledy to

pr ocessor, .and é4 anﬂ]t%écn% c@a el estimator 54. The processor perforns
processi ng 30"¥Pes &G LIS derot ated data that, in turn, is provided
to the equalizer 4603fhestinthanngde Bsthi RBGREoPdreqRAERAIADN tRe BEE 68@TRe t he
channel upon which the data has been communicated. Equalization is

per f or med upd§needdatimaies phiietiecretianaere eedbrdhemebilppgiompersuint ihany
chanel est Th 0oy LRI LeBtrual 3o E I QUABD A GLIG B8l aioct o or
include a deapdadlity measurement) reports.

15 [0033] Turning next to Figure 2, the apparatus 64 is again shown. Here, the
estimator 56 is shown to be formed of an absolute value generator 74, a comparator
76, and accumulator 78, and a divider 82. The elements of the apparatus are
functionally represented, implementable in any manner, including, in part, or in
entirety, by algorithms executable by processing circuitry.

20 [0034] Soft decisions generated by the soft decision corrector 48 (shown in
figure 1) are provided to the absolute value, i.e. magnitude, generator 74. The
absolute value generator forms absolute values of the soft decision values that identify
the confidence level associated with successive bits or symbol values. The absolute
values are provided to the comparator 76.

25 [0035] The comparator operates to compare the absolute values of the soft
decisions with a threshold value, here provided by these threshold selector 66. The
comparator compares the soft decision values provided thereto with threshold levels
and generates a logical output depending upon whether the soft decision is greater
than or less than the selected threshold level. In an exemplary implementation,

30  positive logic is utilized, and, if the soft decision value is greater than the threshold

level, a logical one is generated by the comparator. Otherwise, a logical zero is

generated.



synbol value of the received data as well as a confidence | evel associated
with the 5 decided val ue. The deci ded synbol values are provided to the
channel FEC (Forward Error Correction) decoder 52, and decodi ng operations
are perforned by the decoder to formdecoded bits on the |ine 62. And, the
soft decision confidence |level values are? provided to the USDC BER
estimator 56 that forns part of the apparatus 64 of an enbodi nent of the
present invention. The apparatus 64 is here shown further to 10 include a
threshol d selector 66. [0032] Estinmates made by the estimator are generated
on the line 68. TH&03ge mr@grt@tﬁamte@hwrlspﬁén@dttoéhreraﬂcumaia@ra?ﬁegﬂj‘@ed by
the nobile statiaon. purs f i ratians.rq: kg, e.g.,
generati on ofa%f&aﬂ& OI‘(l gg@%ﬁéga@%%%fn Wé%kﬁ?‘#‘?f aﬁg lggir‘}ea?rle&n%I 1?%%%{?%1(29 15

[ 0033] Tur ni nfemdXtTHeeblyl Gidraecunulbtde nadiainghuwsufdaidioagan dositonwhat Here, the

estimator 56 is shown to be fornmed of an absol ute val ye generatqr 74, a
conparat or  7EPresRte ol datidebsyny] valugs ﬁlaélh@/‘iecﬁellow&@ﬁ% eﬁ?‘@i@ﬁf@ of the
appar at us sar e..f ' ESRAL el fed 330! §scliNe 8N odBADEF th

i ncl udi ng,5 i ﬁieggi?{]‘?%%?&?\lﬁll%eﬂne?% ety, {'b§ fg‘%dggélr?@ﬁﬁé eie%ui%%l eO by pr ocgssi ng
circuitry. 2Gcpt8i4jorSaht adannditedsalge nealat edetapld, hechssfat thbemidif orr prior

corrector 48 %shomn ig figure 1).are provided to the absolute value, i.e.
magni t ude, geR&ISTHT OB 2 JHHIANSTESINYt e val ue generator forms absol ute

val ues of the sof trodegi gt@mhutatdeautdat ptAeidd bithe §iNRIeE 99T hd@NGLiniRYEN
associated wth successive bits or synbol values. The absolute values are

provi ded to tdi¢hciomdanmbor offgocased 0635 ]syhelsdoalpapumviteddp drcadiviler, beonpar e

t he absol,yte .val ues. of the soft isi.ons with a threshol d val her e

or ovi dod By “eHESHEE RY aeh G 47 Sutedtet oFheddi®ioi B sl 2R PsSiete ne sor
deci si on val ygsilR0o@HdBdisiohenaholine 68 The ashied 6f thevpligon aths genigr atres a

| ogi cal output depending upon whether the soft decision is greater _than or

| ess than t hdatsesmpied Thebesier gt estanate indizgstlypeonortenal fnibe SHBPeReT Bt 30
positive | ogig i il i . sof.1 I S} . i ater than
Phe. t hr eshor deiRybps s 20heshindiE sRHE PRG3R U Lo OBE"

Ot herwi se, aihagisedllikzéioodiod being in error. The estimate is not limited to an estimation

15  based upon a training sequence, or other small portion of communicated data and is
also calculated with relatively few operations, as indicated by the few functions of the
functional block diagram of Figure 2.

[0038] The selection of the threshold value applied to the comparator and used
thereat for purposes of comparison is selected by a threshold selector. The threshold

20 selector, in one implementation, simply forms a stored value that permanently forms
part of the circuitry of the communication station 14 and is used when the comparator
operates to perform the comparison operations. The value is obtained, in one
implementation, by communication simulations that best approximate 4 bit etror rate.
The selectable threshold, in another implementation, is changeable, or otherwise

25  updatable.

[0039] Figure 3 illustrates an exemplary graphical representation of plots of
estimated bit error rates, plotted against an actual bit error rate, here in which 8-PSK
bursts are communicated. Variants of the plots 92 are formed during various channel
conditions. While not separately numbered, the various plots identify the exemplary

30 relationship between the estimated and actual bit error rates for static AWG (Average
White Gaussian neise), TU 50 noise, RA 130 noise, static DTS-1, TU 50 DTS-one,

and RA 130 DTS-1 conditions. Exemplary experimental and simulated results



generated. 9 [0036] The conparator output value is provided to the

accunul ator 78. The accunul ator increnents each tinme in which, here, a

| ogical value of | is provided thereto. Thereby, the accunul ator naintains
a count, and forns a counter, that is representative of decided synbol

val ues that have a | ow confidence level of0the 5 decided synbol val ue being
correct. A feedback loop 84 is used, e.g. clocking of the accunulator. The
accurul ated value is also resettable, such as at the end of, or prior to
the start of, a data transm ssion. [0037; Accunul at ed val ues are provided

to the divi ddpdigge, padthehen apmapreiate Bueshold is R 7Td SIS Kn (sssiap Mmasiascbifs ed
bits or synbqg)s..i 0, RI-NH L€ t he.  divd .10 indicated by way
of the line %ﬁmﬂgﬁgﬁ%?svﬁngeor 4§(ra#rjrssﬁgm\§§|lﬂceg C\rféél\gfée[g(e}gﬁé%i“\{/% of the results of
the division on tHeo4iMgh8.4 Mheardt@sditshoafloh@iagham, showm fateralythaobj t
error rate estimate, The bit _error rate estimate. i s directl P_ropor,tional
to the nunber®BEs&gtive ofdic Beibad of ﬂ%&ramwf@é}@t&d&?m%w%@ SEPRtted
val ue of %ecefh\é%ﬂetﬁ&} Qstfn?at%ea B crrbNGFERSEGarkd K8t NRRH A mBRCAG A RcUELT -
The estimate is not Timted to an estimation based upon a training
sequence, or abtherivenal | portion of conmunicated data and is also
calculated wth relatively few opgratjons, .as.indicated b he .f ew
functions of the e[f)@mtlﬁﬁﬁzﬂng@ﬁ Ca&‘?da@f%ﬁbg‘f"klﬂi%guﬁ“gmﬁw‘f $8Pfi4enee

sel ection of 1508 4868500 Wath\Rtdi&daRRlds @F d51Q b8 RONRRI Bt QVeranddsteqed.
thereat for purposes of conparison is selected by a threshold selector. The

threshol d 20'hsa) adtasindicatedhe therpddaidft acpont of defepled vhloesrBavingfor ed val ue
t hat perngnent|y.for rt.,of the circuitry. of th muni cation station
14 and 1 $0useartaRe ivel Eanibdh acereed fErdild e laiFsim t he compari son
operations. The vabho)iTheabiri RealdictBd BRehe BIBTH FUREALRdr@M ratbyst@aamYNi cat i on
simul ations that best approximate a bit error rate. The selectable
threshol d, i AOEHEBEIONPIYBIRHEIFPOBRY on, is changeabl e, or otherwi se 25

updat abl e. [0039] [E(%V%ﬁr’[%eg’ebiy! égﬁtefr@} Fi¥e %ln?zfﬁ%mé E‘t@(fi(ﬂ:ﬁ?%l%%?tlimation 18
representation of ‘plots o
based upon an unreliable soft decision count and is relatively simply and easily
15 implemented. Improved accuracy with less variation of the BER estimations relative
to conventional estimations is also provided.
[0044] The previous descriptions are of preferred examples for implementing
the invention, and the scope of the invention should not necessarily be limited by this
description. The scope of the present invention is defined by the following

20 claims.



estimated bit error rates, plotted against an actual bit error rate, here
in which 8-PSK bursts are comruni cated. Variants of the plots 92 are
formed during various channel conditions. Wiile not separately nunbered,
the various plots identify the exenplary 30 rel ati onship between the
estimated and actual bit error rates for btatic ANG (Average Wite
Gaussi an noise), TU 50 noi se, RA 130 noise, static DIS-1, TU 50 DTS- one,
and RA 130 DTS-I conditions. Exenplary experinmental and sinulated results
10 indicate, e.g., that an appropriate threshold is 0.074 GWSK (Gaussi an
medi an shift \Mm@ynmgyummdssS and 0.0848-PSK bursts in a GSM EDGE recei ver.
[0040] Figure 4 illustrates a nethod fl ow diagram shown generally at 102,

representative of the netho operat i o f an enbodi ment of .t.he .present
hoent on B The horRBHBSoRHions Terhier (Bl R g ASEBETSt SRR dat o

conmuni cati oneLBG&i YGH a S@Itldlg% 5@&@1’1 Y@'} sa[cp@(ﬂé-ba:mg kb Spris@nd sgmbbRUhGaked by

t he bl ock 104, i ndications confrdénce |evelS associated wth detected
val ues of datlmkn@@epmedtoethmt meptamebyvmid wcelvaef38y tseid. appTHagss, coamdismg:

i ndi cated_by the bI k 10 nt of . det ec yes vin 10

confi dencd | evel 1% 426% Hﬁepﬁ9§§W%F%Km‘) ﬁﬁ?ﬁmgﬁ%l[0042]

Then, and as abé&ie@@mﬁh Byete lelu@§5ftiq@§ecHI%n@d & 1BE ﬂfigﬁtar @dt@ sait det@t@ (76)

f or med responsive to the count [0043] T erebY a bit error rate_estinmation

i s provided. cPhBgwed tndatecs vhiether Bresasatidenss lewe! irhedow asplscied threghodd; andn
count and is relat}ve #&@e&gg@ggg?tﬁé‘fd Le¥eit?] 4d"<%h‘8ﬁ%%§r‘écudr{§%éﬂ‘é§?¥as?facuraCy

with | ess varlatlon O 1 oNns re to conventl

est :c mat i gns ldstelatosoz(i)rgyd dnfiﬂmu[le@@i‘l@}%) Edsgﬁignmivuocaumrdﬁlatera @nmonﬁdawoﬁaec?f )
prererrea_exa es or |1 ementi n e 1 nvention (0] t he
i nvent i o”Qshagiugs ﬁ&lleﬁ@%f@lg%hﬁtwg %éoméqﬁnﬁ%lfvﬁklb@@%‘i"éheﬁf Eﬁ%{%ﬁg Bhe scope

of the presenp, MR vE 3 J8{teRSH Y edthatlod! drA MRG0 GhidhiRr asddeiated
with the sequence of the digital data.

2. The apparatus (64) of claim 1 wherein said detector (76) comprises a
15  comparator configured to compare the indication of the confidence level with the
selected threshold and to form a comparator result value representative of

comparisons made by said comparator.

3. The apparatus (64) of claim 2 wherein said detector (76) further
20  comprises a magnitude calculator (74) adapted to receive the symbols and to calculate
an absolute-value of the received symbols and forward the absolute value of the

received symbols to the detector (76).

4, The apparatus (64) of claim 3 wherein the absolute-value of the
25  indication calculated by said magnitude calculator (74) is provided to said comparator
(76), and wherein said comparator (76) compares the absolute-value of the indication

with the selected threshold.



VWhat is claimed is: 1. Apparatus (64) for a receiver (32) that receives a
sequence of digital data received froma sending station (12), said data
bei ng conprised of synbols that are unknown prior to their reception by
said receiver (32), said apparatus conprising: 5 a detector (76) adapted to
recei ve an indication of a confidence |ev®d “associated with detected

val ues of the sequence of the digital data, said detector (76) configured
to detect whether the confidence level is below a selected threshold; and
an accunul ator (78) adapted to receive indication of detection de b

said detector (76}, sa m@@é@mm(éﬂb?ﬁ(lamwwaﬁfenbﬁhf:éam@éra&%&m@vgf%%Ogount

of detected 10aliigoyaln HISRRAURENEDRY-DMAn SR He0GE theyRld bl ow ¢ he

selected thre count determ native o error rate estimation
of a data corwhenéioadlid ammssocieatledalunis df 4 deeorsegligneberothetchefidinge texkl dat a.

2. The apparatus, (64) of claiml wherein said detector (76) conprises a 15
conparator c Wit%tQaS%SCtE%ﬁ’ﬁ%h@dt he indication of the confidence |evel
with the sselected threshold and to forma conparator result val ue
representative of conparisons nmade by said conparator. 3. The apparatus
(64) of claim2 wtferei ﬁﬂwa‘pdatamsé@&)(my%aj@)l furthehermpisiepagresel selagtgni t ude

cal culator (7 adapted.to.receiv S |s and to.calcu

2bsol ute-val (aOPITRYE £t SnbE R R SRR o dPlsa R S BREEI D B 48R o
the receivedyifytlscindidbite 18R] eCbBond H)sclcdied thesignpar atus (64) of claim
3 wherein the absolute-value of the 25 indication calculated by said

magni t ude cal cul ator (74) is provided to said conparator (76), and wherein

4 t b . i i i ith
the sel otfea threanol d. ' EavrgehffaPRR R R Rl B TINIS: " he
conpar at or r elsostold sdleteor (86 fs basdd v siralilaedwiberoxiheti@onfd ckpadmchtellel i s

greater than the s&l ected threshold and wherein the conparator result
value is of HCeBUEhYaNET ADIFEN & confi dence |evel is

8. The apparatus (64) of claim 1 wherein said accumulator (78)
15 accumulates a count of the detected values of the sequence having the confidence

level less than the selected level.

9. The apparatus (64) of claim 1 further comprising a bit error rate
calculator (82) adapted to receive the count accumulated by said accumulator (78),
20  said bit error rate calculator (82) configured to calculate the bit error rate, the bit error

rate dependent, in part, upon the count.

10. The apparatus (64) of claim 9 wherein the said bit error rate calculator
(82) is further adapted to receive an indication of a data length corresponding to data
25  whose indication of confidence level is detected by said detector, said bit error rate
calculator configured to calculate the bit error rate, the bit error rate further

dependent, in part, upon the data length.

11. The apparatus (64) of claim 10 wherein said bit error rate calculator

30 (82) comprises a divider that divides the count by the data length.



| ess than the selected threshold. 5 6. The apparatus (64) of claim1
further conprising a threshold selector (66) configured to select the

sel ected threshold used by said detector (76) to detect whether the
confidence level is beyond the selected threshold. 10 7. The apparatus (64)
of claim 6 wherein selection made by sai di3threshol d sel ector (66) is based
upon sinul ated approxi mati on and experinentally neasured values of bit
error rates. 8. The apparatus (64) of claim 1l wherein said accunmul ator (78)
15 accunul ates a count of the detected values of the sequence having the
confidence |evel less than the selected level. 9. The apparatus (64) of

claiml further c ri g i LEQF t roA82) to
receive the countqggcuﬁh?gﬁggg%éGggpgcgégdﬁﬁpgggﬁﬂkgﬁﬁgaj%%(Egﬁﬁpﬁl error
rate cal cul atoonfifdiad tcfoninl the catideacchriv eldssdotatédeithichcledatented edlas ofthe bi t
error rate dependent, in part, upon the count. 10. The apparatus (64) of
clai m9 wher eFP¥IRe said bit error rate calculator (82) is further adapted
to receive an indication of a data |length corresponding to data 25 whose

i ndi cation of confidence |level is detected by said detector, said bit error
rate cal cul ator dénfi gurethddy(162) fouksineatinge Wit ¢rrermprasseiated whb alsiata err or
rate further dependent, in.part, upon the data.length. 11.. The a rat us
(62 of cl'al PTONGTER S b e BPRe Al BoipE Aapisct S5 o R RR | ces
a divider thaphighwi ?ﬁ&' folReif QleBht b3 D81 ARbRed, 8E hethdBeondisidd @ 3Rpar at us
(64) of claim11 further conprising a soft decider (48) configured to form
t he confi den®é | evel associated with each detected value of the sequence.

5 13. A rlTBt hod (102) 1 %{ete%a}lig Erﬁ)tﬁﬁ ﬂ%ic@atit())iné[ ofddn 1rderrlcaetlgv§§ ES%SJ:I%ﬁ%m th a data
detected values of data received at the recetver;
accumulating (106) a count of detected values of the received data
having a confidence level less than a selected threshold; and
forming (108) a bit error rate estimate responsive to the count

15 accumulated during said operation of accumulating,.

14, The method (102) of claim 13 further comprising the operation, prior
to said operation of detecting (104), of forming the confidence level associated with
the detected values.

20
15. The method (102) of claim 13 further comprising the operation of

selecting the selected threshold.

16. The method (102) of claim 13 wherein the bit error rate estimate
25  formed during said operation of forming (108) is directly proportional to the count

accumulated during said operation of accumulating,.

17. The method (102) of claim 13 wherein the bit error rate estimate
formed during said operation of forming (108) corresponds to data associated with the

30 count accumulated during said operation of accumulating.



communi cation received at a receiver, said data being conprised of synbols
that are wunknown prior to their reception by said receiver, said nethod
conprising the steps of. 10 detecting (104) indications of confidence

| evel s associated with detected values of data received at the receiver;
accurul ati ng (106) a count of detected valties of the received data haV|ng
a confidence level less than a selected threshold; and formng (108) a bit
error rate estimte responsive to the count 15 accumul at ed during said
operation of accumnulating. 14. The method (102) of claim 13 further
conprising the operation, prior to said operation of detecting (104), of
form ng the confidence } { vl 5.
The net hod (102) g% cIa?ﬁ?%%ﬁﬁﬁﬁ?ﬁ%ﬂkE%%%¢$2v%&g?ﬁgﬁ% r%gPéﬁ %ﬁﬁn%gﬁgitlng
t he sel ect ed whpeiséodididirdgthe Thentrbetthodaté 1462th.of cl ai m 13 wherein the bit
error rate estimate 25 fornmed during said operation of formng (108) is
directly proportional to the count accunul ated during said operation of

accunul atisng. 17. 1Bhe nehagnbd PR)) of cal rﬁll%lh%réME'%@b claliSndVildeRictiog rate

estimate fornmed during said op eraglon of form ng g corresponds to data
associ at ed wi(i ®)t sy tm@lﬂh@@a@mbfmﬂnmge(dl 0gare pgrf@tamaﬂl 1&9@#‘@“ on of

accunmul ating. 14 18. The nethod (102) of claim 17 wherein said operation
of form ng (108) conprises dividing the count by the data |length. 5 19. The
nmet hod (102) of claim 13 wherein said operations of detecting (104),
accurmul ating (106), and formng (108) are perfornmed iteratively.



