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1 Apparatus, And Associated Method, For Estimating A
Bit Error Rate O Data Comrunicated 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 communicated with a

communi cation station, such as a nobile station of a
cellular, or other, radio comruni cati on system More
particularly, the present invention relates to
apRepParatus, AAd Asseerated Methods Fop Estimhating AOBIEErFer Rate
estimate G?Watﬂfﬂmﬂ?ﬂihétmﬂg Gﬁﬁ}mgﬁfcaﬁ%ts émS! on
val ues are representative of confidence |evels of
deci sions made of the values of detected synbols

recei ved at _the conmnuni cation stati ?nEﬂ/\; 00024r Aﬁ@guﬁ]t
of soflPO%dcihsinssreninyaionglategeengplly Ky RERAST b yEEch to
le@t\fﬁht%\ﬁﬁb‘it erpcﬁté&% glagltﬁﬁ Ib% gatQ fofbRinGidd e chhinuBlcafén station,

rate. en t Icates a high percentage of
tsheh a0f toblibe statiemofadaliatar poretindr, tadio @onhiniestva systeml. dviore

PG iFR g SR ST o4 4 GRRAELES P8 A BRP LRI fphod, thet
Ghrmd 16 eftRhite dSinp S50 geégﬁbﬁ S81uRE.CTRY sdfi AkistsHVdlekange

l'evel s, the estimated bit error rate is
aepresengativd iof gdnfidenor lepels bl derisiansonadeaef thevalney efidepagted

[0003] Many dif.ferent t.ypes of.conmmunication systens
ﬁXWg’OJ&éS?F%%\?éF*%?p%&’m%‘?%ﬁE&pﬁ?%ﬁ?&d that utilize digital
COMUITOGEH]| 2 Boilr? O Bl Hedisiofv glubSihat A8 wH Iuve edrifidlence levels is
systens, that is, communication systens that utilize

etprmirlative afiheicstimpted bitteson fateu Bdien domequat ingicates adugh
to c nkgat -a: ' ' . .
BB kAR o B0 Bt MOt i
v Bde iscphtebstmdingl YhighO Q04 wheh thel cennicindicates a ddw percentage of
systens, for inst ancg!_ ihat q?re ﬂé?}'\év d@gl oyed . .
%@féﬁfFCySl%Wé“‘?fsf’ée@ QP’E“Z cned i Pgesigpated bit error rate is
t ' jle used primarily for voice
c%%%@r?ﬁgg%}yolw' i ncreasingly, the systens are used by
which to effectuate data- intensive data services.

Text, photographic,_ and oth
be comunicated b

[} Afm [
=t a kv L TG OF 2izaniiiad

v 0
. B PRRARIBN: bEB A Eloped
stati st zes and wel ght's perm tting
tadideplosed ihapetiltne digissd comnamécation tchhiques. ddigital communication
originate or term_nate a conmuni c,gteid(ﬁn, ervice.in.
ViPrIERS, thaltis coRmBReRioN PR I MEHZ G BUal LOMRIHCEN he
AEQEIRE BB Hy A Ybic Iy RRTmBtic4l8 Wata at higher data rates and with fewer
errors than when data is communicated using analog techniques.

{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
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,
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2 are communicated to, and by, the nobile station
operable in such a cellular conmunication system
[ 0005] During operation of a cellular conmunication
systemin which digital data_is comunicated, various
metrics are used to quantify £he quality of the 5
communi cated data or of the communi cation channel upon
which the data is conmmuni cated. For inst ance a bit
error rate (BER) is one of _such matrlcs or
aER @m@ma%f%m hnd Btho mabile eBoR RBERic 3t Ssha eelaF
%Emaﬂdfrb Sp. that are introduced into data V\,hen
ta |s comTunl cated upon a comuni cati on channel
or durf0op]iDwingupecxtioniofig colider ¢(Emaumeat1cat syatememevlueh digital

Large bit error rates are sonet i ativ
S35 CPRBIa e ATaUS AETIGHTLY BYFdrio g iy e

LofindhiLkdd Bd S of tRE sorﬁﬁﬂﬁﬁﬁ:ah&ﬂ‘&ldlﬁ@l(ﬁ{ﬁh)w}ﬁéh the data is

comTunl cated data nore difficul Conpensati on can )
somatinigteds & or irsthnce.c bib mrr@ronatef (&EH)H% org ¢igiush metrigse A bit error

commun t

PR pE AR S Pl BAR P tord of Gy P B s Rl sgrroduced
ahe dabewhH the dbtali€6@RAmunidRA upbh & sbmefimication blmrhbl or during its
error rate are used for additional purposes,

, to. |
Qedeessing oncegeprivid 2t reeriverh darge eIt rales @'é’tsomﬁ’gﬁleﬁ gl%watlve
%ngr?éhﬁfxﬁéi W&Pﬁg ' %ﬁtevéﬂhé gg[fse oW &R, a h1 b1t errr(ér rate makes

I ons, en comuni cat1on condit

gﬁ@fbcoﬁerfjfbﬁ ebrinuaitated datEnoe diffelkc Uempensalunn lcamscanetlmes be
dat a throu%hput and en commm%‘a%éon conditions ,are
piste to comect forhit errrs in terrepmnynicated dat. (G SINGHRGSe 3 data packet

k{iﬁr AR AGRcIB8esIHG fb'ﬂ:l ‘P:{"Mcﬁﬁ‘feﬂ QRd fc éa'fheis‘ii@steﬁt

en used to se en to request a hand off of
mamﬁmmjns af therist errc&asﬁeraeemﬂi fof additionehpurpgses; ¢.g.etorsstect a

oA PanG sy th elect BRe 4 e o GRSty Blifasis. fn some system
A GS“E?H“Q W%hen[&%ﬁ&m&t{oh%hdi%nm %@Bd ANm BN Escheme is

System f or
@ehmdn@ atcremaedan Iﬁanu@d)uDainé When c@m@ﬂ@pmcp@dmons are poof,

e latiof hepR s ool el o UG RRAE Ly a

nRRih@hisddhio?thd dutd. NEndEI NG Use@ &S delert wihbﬁ to request a hand off of
conmuni cation systemat regular _intervals. The bit

aommneat@ns,gnwwn@t of ingreasing hit sTrgnEatesdndicatey that a potential

L(rﬁ%aSgJ L))vo dhr%sﬁyﬁ%' 1Hg?(§}eh%ﬂt 8{' cotnlﬁﬁuﬁbﬁtlofns

e SyS
f al s e égbes]mdrﬂféﬂsy vwap ofen ebadpmpm@@swm (Clalbal Sgstem for

Cl\I}gblge grln;lfunlclztelgllljsr)gr?ﬁa%)éedcgg& for Ggﬁs Evo?utlon) cellular
communication system, a quantification of the bit error rate, is required to be reported
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.

[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,
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30 [0007] While various bit error rate estimtion
schenes are conventionally wutilized, the estimation
accuracy of such conventional estimators typically
exhibit [|arge variance, dependi ng upon, e.g., channe
propagati on profiles, coding {chemes, 3 and
equal i zati on types. The BER estimation is sonetines
based upon conpari sons between known training
sequence (TS) values and determ nati ons 0 feéecelved

a@rd squalizptinastypess (T heddER setimpaionds sometinenasgd upqqueomparisons
HERILRAPE AR LB ) GBSl ) it e
velyee nEdimateas basedg)nl valugs pbtherttaizing yequicgte resilisinestonations

arianc That the BER esti i,Qn_i.S not o
g aule upgn arelpiiely Salior &y 20 SRy Rhe s sitepoc, Fespliiog in
gSfeﬁﬁénﬁngﬁ%ﬂuh@uMﬁ{an@é Tidt @, tKS BER eBfithatié 8mot hdtessarily

st1 mat’i ol schemes exhibit other drawbacks. BER

ecfldctine oﬁﬂnegu@sgqbwé qrror gate w@ﬁsrﬁélenawtmé datgg herIpbssror

S gﬁF Hﬁaéoifgﬂ?}{‘ﬁ '%mtg,ﬁ,ﬁﬁg r}fieé;s'ﬁg%l%'bﬁ )subﬁe%]uent to

RBANr¥REéRAMg, Baved apén SNRPBERI (S@al ma%lbmﬂaio-B&rErmrlRate)
conmuni cation conditions., [0008] If an inp rovgﬁunanner

ERAPPENh Bt epayenionghschipmesalb ssspl inessinatiops fat ateat o
erformance of a

SRR ek TR S ERETARLEBARROREL T 00G] 11 |

in i gooosyfIf a:hhﬁprbaakmammdoulﬂftmrpmdahby whirhed perform bit error

digital 15 communi cati ons that t Si %nl ficant

ITHEB COBRARITS SIUYTOYSHeCOpHBEU RN RS (P43 SOMERRBNGAEGR System

%ﬁu@éb SQgiPtion of the Draw ngs [0010] Figure 1
ustrates a functional block diagramof a

conmmuifDeea]ilbis in H@hisgfsthls ackgrommdinfamatiob oadatad ki digftalt he

present |nvent| n ab e.

PR ARE i AL SRR aLr e TSR g {enp e

lRbKed BER) estlnator that fornms part of the

communi cati on system shown in Figure 1. [0012] Figure

3 illustrates a graphical representation of an
exenpl ary relatlonshlp betmeen e timated and actua
bit error rates JRadef Descriptionof the Dyawings . 25 g

corpehufi £ Eﬁ ?%rlﬁ{xgra‘ﬂés%tdﬁl%t‘i&{ﬁpfocﬁ Qi 3 il gfé %}aﬁa&gﬁﬁﬁm

enbodi resen nven
isk&t@@tiﬁ&flﬁ& & ﬁﬁbdtﬁﬂxeﬁﬂ sfuhelprgem inveation sapieeblese  of
t he

[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
a comparator 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.
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met hod 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 pethod, by which to
estimate a bit error rate of Hata 5 conmunicated with
a communi cation station of a digital radio, or other,
comuni cation system [0015] Through operation of an
enbodi nent of the present invention, an estimation of
the bit error rate is provided that uses soft
deci sions that are as b detections of
synbol values of a re m%ﬁof data. The soft
deci si[001s!] Qhe peesudtl inehtioh pdccardingt g pdeseagmusly prafides
confrdence | evel s that icerved data s z¥ %B]S are

o

@BW@E? |apd jap @procrered methad, Py wlich 9 estipaiea it SHPT His efdata
qﬁ fed O?fa SYRRhickabd gtaté&regf S gﬁap 194di6 06 &H&J y

decision va s correspondi ngly’ | ow.
MMHonsym is a high confidence |level that the
synbol__v i S correctl deci soft .decision
vl o 198% dFriehamaraign ot i graboR oot of B pyseniETmTigh, an
e@tﬁﬁéﬁ’cﬁ%ﬁﬁ&bﬁ? B&6r fate i ptid& tWAOSes St isdomiRQire associated

val ues have associ ated therewith |arge nunbers of soft
orath cbateans oithiyoetol ngluemf aisadiverbsrguenaaadidstao fTbetseft decisions or-

SRS M ST e B o 8

%@ﬁ&&gﬁrﬁéﬂhﬁe‘dh Whérh@ereﬁ@ﬁ‘lmd 6hfdA0S lelveﬂh@taile sytiibél value
confidence |evels with | arge nunbers of the deC| si ons,

dheisioniis casracBy mragecthe soit Hecisionivalyr ingastesprdingly law.Apg, when

0 be I o} I f.
ierBfid B cOfidBPe Rl BadBEsARRANNRS:s LiFedly SBEEA, the sof
tdeaibioh aali® iecoraspouhhigly bigha Tntuitivsly,ahen, atra:eh&drseqrmveof data
to a determ nation of the nunber of tiﬁft deci si g{%éoﬁ

adwse fegided symbe! H@EF%‘&W@?WSW%FHS’@%
ldg iR &ﬁﬁé ﬁ)alr n@é feQel% he ﬂﬁe&h%bﬁ@s% of\fﬁ@&bchs%rﬁethe bit

ers o synbo val ues are associ at ed
\mbh rdtovf mewehmwicamdrﬁarm rirkelyrtbém higle At |cd3wbrs®jr, wden the

correct,..25 the bi err rat estr
g e?}élﬁi}%@éqa? high gon d,fflg% quﬂél *uag%lsmns the
o B bPER RhRnARSRG] &S 1N tolmlawl evel s of

confidence that the decided synbol values are
cor r e0016] e obe bspect alithe preserssuvantivn, therefore|a BER getimytor is

VIR SR B prtinate 8 & P AT oF att SRR o el of the
SR o P IR sidRAksRIBedith AutidanéyntieN 6Blubethat Tdicate 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,
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 are of low confidence levels.
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
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30 The count is used in the determ nation of the
estimation of the bit error rate. The count is

provi ded, for instance, by an accumrul ator that
increnents each tine in which .5 a soft decision
associated wth a deci ded syn%ol value is of a |low
value. The BER estinmate is directly proportional to
the count value. [0018] In another aspect of the

present invention, the values qf the sel ction
aé@ﬂ decirionerspaiaist willoa denidec ol Vaeisots ‘fai‘%ﬁ dtg BER

g&rﬁ]atgm%cﬁggfo\ﬁo%wé)tﬁg 35 k. conpar es the sof t

eci sfon va hres val ue. Dependi ng upon
t he r 801187 $n axiothdsrexsp@npﬁﬁuempmand@ttmnnﬂm aajuenof the rsaléélons '

to whether th , d
BarssGutive o e coRrdapes vk arrobiet KR eriPgRora ThY o °
\‘.alinpﬁ'atdf Roknp Akl 1 soflectsd ViRl witles iibdiald val@d. Bepedding upon

abrlity, then the count is increnented.
Grchreswlisd thet th)mpmam, aj detenmination ismede @ﬂo vittedres e asgociated,

g‘?ﬂﬁ%ﬂ > Ciﬁﬁ} s %ei@gd?’{o[el&ﬁ)gﬁ%dﬁ #QEPn ost0 fég’%‘e‘g pre Y alue

B cHPng T8 thd JOREIHCisRn is bR 8 16W k€ RBDItY, the‘:ﬁﬂile Ryuitieincremented.
conpar at or agai nst which to conpare the soft decision

Wherwiges thespuittia ppldncrementedp Thstehy (o ounk is| cgeatedy adjusied, and

|nstan rior sinulations or upon

i al&Fﬁgrrl a%ﬁ%’ﬁgﬁr -aﬁgy(@g%gg such as prior results.

15 [ 09@®9] i aksthérhspecd P rtpredent ineentions thetthicshodd usaihy the

t he count val ue accunul at eg@ a%t an, _acc%g‘gl at q bq Th

SOMBRTACS @SR IHFR tsucomls,ar? spitdsrigiogivalye)ig selejable. The
gﬁ{othjd.%iﬁE:teF ri%§ % b bgégi%p'bﬁ GEBE éxﬁﬁlzﬁfoﬁﬁ br 8fon any

urt er aspect of the present
|omeeappropmatelbasls,csuch aa/laiorarﬁsultdet erm native of the bit

t onbi ned, wi t h
FcspofG9AHL 1E aneiher sspes S5 R PrFRSADEN Hora fiBBIE: B pcpgmulated
LA 2 @iy ?@&r 8t Sifl PO} %ftehﬁ‘&i \reGdttablieat SQBAE irftervals or

mal nt ai ne The count va for inst ance, 1s divided
bgspbhsvd:m(hitamemmnmmw or syrrbol s that are

recei dt resul t

ot gt R e ncrasbest of (i eessitipfitigh 8o bt VBl ; ¢
foQtePRthafivé 6Kth¥ bitWirfon Ptk cétRAAtE ik B8mbiled Wifh @t responsive to the
processi ng cong@t ations. The estinati on of the bit

¢otabnumber of sgmbels of bity th@tjare pyenated upog duripg whighrthe gount is

F I S L
shRbERithdtatd RBeived HRBEE reuanrfoﬁﬁm‘he déne®r kay eitﬁnaté).f

deci ded synbol val ues, poor channel conditi
ot her [80%]i Thesstimatenf thebit geror rate is formed quic y, w1thout requiring

significant processing computations. The estimation of the bit error rate is not limited

to, ¢.g., a training 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.

[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
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cause an actual bit error rate to be high,
correspondi ngly cause the estimated bit error -rate to
be high. 30 [0023] In these and ot her aspects,
therefore, apparatus, and an associated nethod, is
provided for a receiver that ?ecei ves a sequence of
digital data. A detector is adapted to receive an

i ndi cation of a confidence |evel associated with

detected 6 values_of the sequence of gta.
Thliegief the sequence oigligite) dataq The dgtectosds 9%@%!@2 to dpfgct whether
FROLIBABRR 166 ] daga?@gxae&e@tﬁséhsm & hORRRIIbAs apted to

accunu receive indication of
d&teﬁ@tlnmﬁmdﬁaﬁ‘eiempndm wadeoby defbmon cthengbamolatdrgs configured to

nf dt I t f t.ect ed
SFoumaHe acgunc Sl e iwes GhTedemger Bvine & <elnic fve
%@ SfdRe sél@t&?ﬁﬁ’ésﬂold-rhﬁle%t{ﬂt is H&eﬁﬁﬁﬁﬁ% 54 bi¥ 6rréY rate

error rate estimation of a data conmuni cati on
astimaticnt &fth daita torhineniselinressseciatbd wil the sgquancedifithe digital data.

[ 0024] . 1. ing first to Figure 1 ommuni catid on

syste rﬂ?o@“ﬁ cn)d)dﬁlgﬁg rﬁ%‘%éﬁ’ FW&? 9’13000%1118% 00 PR, shéth generally at
qo! B de @ Fdr@BmPluricH:idn RE @ Detwieeh Al seDHf copiiluiitatRinl stilions.
stations. Here, the set of communication stations

iHece, dokeset af S@nmma@@raathmnsmclam @ep@@gﬁtﬁhﬁg 12 apd a receiving
aﬁigpagr é’ﬁgts de%ﬁgt%lpgz %th%% ﬁ%%w:hzto 'b% alﬁ%[vforﬁlg%\fﬁn‘/%re&ﬁcally,

SpecitTilca ase transcel
sittabé Ransc8VE) stafona BESYof SGﬂMI(GE;b&I Systém forNtAbbile

commruni_cati ons) syst em t hat provides for
CcemmieatiomasyStewy thatgmevidesior EDSH (Endyamesd IS ff{3SM
%E&% " I hidhh olfl’stétﬁ) 141
?@%ﬂé@gli?or@%ve o?gn nobi e&g gﬁﬂ%oﬁ [ nalt%%per at éls tlg
Geprosentatiat ef bynobily stition thaa dperates to Qcﬁninunieaﬁedysvmﬁm taflio air

conmmuni catjon statijons, such as.th

TaleTiaa Gt copmunyatich FRiP S namips B151an °§@l§ pefffork part of
i @elﬂﬂ?%ﬁﬁ’a!rﬂ&fmca B8 si@&ﬁ“ M&@tgbﬂé}aw 3hd &MmBhiation stations are
representative o set of Communication stations in
wbpretenwva of any:snmﬁ nmmam:amabgn statiersrid iwhichsdaia isoyemmgumgcated by

receivin For purposes of descri bing
SERHRE S ’8’,5 %f‘?CS %%t]{menbodl ment of 20 the

Pr esenbo23) R pudsed megﬁiﬂlﬂg\bi&nﬂwpbﬁhbﬁ Bnsf@hibodiment of

describe operation with respect to_the exenplary
|thtppmm1h nratenbon,lthe muomng drscipiden sha!alrdga@hf»@pe@ﬂan wath respect

end| don h
e e GmplE g ReRleR B AR hE Gt SRl g,
defdihis BRHoMI2nb tﬁ@ﬁxﬂﬁﬂé sthior01 h fsrmis Wreei vihg stativhinAaalogous
systens. The follow ng descri g:el on is, accordingly,

eperavioncgn bafigscahed wah regpedidg oger types of communication Systems.
The following description is, accordingly, exemplary only and not by way of

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
communication source or destination of data communicated during operation of the

communication system.
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25 limtation. [0026] The network part of the

comruni cation systemis here further shown to include
a radi o access network (RAN) part 18 of which the base
transceiver Station 12 forns_a portion and a packet
data network (PDN) 22, such ab the Internet backbone
to which a comrunication endpoint (CE) 24 is
representative of an ultimte 30 communi cati on source
or destination of data conmunj g%t ed dur| n eratij.on

of t hé00Z/drihgrriadhatan campaicate efyit statipppon the
;rﬁié&rga . Birs et R B ?enéeﬁ%flaﬁt%%yldbéﬁ%fdh\&ﬁné&%bﬂé‘oﬂ&ﬁ% bit

o alr int ace 16 is fornmed of data symbol s,
@alubs. dBdri inﬂahdeymcames -BEKr(BRhaks Shiftvedyieg sclikme, ithesdyarteds are

i Sitnldn b s dns Sibanh LI R G e vaif Y Bk
Wb dfeitBend éﬂzﬁ'xb\bl’é 41 tfs shilE aPBified, tei¥b®hereihnftet@aiBeably.

synbols and bitfs shall, at tinmes, be used herein
Cpestion i ge aipibpdimenp ef deiprserffingentiontivanalegeus gresppative of the

ent tion is _analo [ e of the
ﬁHWg’S’PO 43&612 32 OB A0 65T Oﬁﬁ?, use%%{boyf orma data
sy nbor[OOZ{ 02BN Mhefugioaed ﬁp@ﬁihedadi@@i‘t iffefaceald By thiefsending

interface 16 by the sending station 12 and received
station B2 end wem@é ﬁn@)yp@rn@d HgeR by ﬂ??gregft%ﬂlgéﬁt@ﬂ 14, distortion is

gbf?l%&l‘i’lg ?Ergh ]ug) e 11u,é({$| agtﬂép% vtaﬁ.\% are (J:hanged

transm e va ues are c
If nat@brrected,abé édtortet &ahiics inperferel with| rees/etyne fthé arfenmttolnal

f th tional t f ot
PRSI trR B PERRR of i il oAnduTa moled PeioRtl
REENbAIPAD bit E42 rg&t(gmt) 2 fotmlOl @ 0S@to gRAtity B drrdsS

used to y the errors |ntro uced
mmtmdlmbtbupmnﬂm nomanmcbatédtchta | Ttssvalhed i aised; also@d 1n(h¢a$¢§1 above, to

i cated ab 15 take corrective act.i
(e PG SEen el bl BEstgrhecrpn petieh oy 8. & o
RetahbalO e esiRutiBad {haPhre @Bfvenfidhal Bf ﬁa&@ﬁiﬁ@‘ﬂﬁﬁé@%@é hot accurate
nmade sonEtinmes are not accurate representations of

trépresentations obthe traie @goamt@wmm ap pEiifesegeagoe pteommunicated data.

commu dat.a [ g
C T e Sh e R P B B R
GahSdéhver Yirbwlfy lth@dh!itﬁngla &&ﬁﬁﬁe\tﬁm dnd32raiRehitEpait 3 Hledents of
part 34. Elenments of 20 the receive part include an

i tepeiye pent indludspadti Tl (radiefrrauenaydnterpgdiatedioquancyislement
é er%?an%ﬁ%’c'n?e%t 2# ean%em ocdds Wpar? %@Lﬁ'ﬁzgp‘% 44 ﬂﬂgmflon

qUa I'Zer a so ' Oh COrrec hanne
bfscétec 48] erchadnel #FECh@senédr 5254 chainel estidnataral, aucUéSUGDC

(Unreliable Soft Decisions Count) BER estimator 56 of an embodiment of the present

T

invention.

[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
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
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30

(Unreliable Soft Decisions Count) BER estimator 56 of
an enbodi nent of the present invention. 25 [0030] The
el enent 38 operates, in a conventional fashion, to
down-convert and to nodul ate_signals received at the
receive part and to provide I?Q sanples to the
derotator 42. The derotator derotates the sanples
appl i ed thereto and provi des the derotated val ues to

bot h.t he DAl wnl) i nk Adyanc eception
eyt Beshartneb e, S5 A A G e PN e o the sof
RtisitRlcBfreatdr 4§.he processor performs processing 30
operations upon the derotated data that, in turn,

pr ovi c[@@B 1 @Oﬂﬁcg@pmlarwdm@ tipteorrecihndth tat e@iudn@td@mded

h h
Sr BRI he GBIV RRE ab S5 AR AR Byt wSslabE with e
ld@@lﬁed RguelaThe dedided syfitbot hataaedre pedvida!ts tige chahfsliIRBEH(Forward
Fg the channel estimator, and equalized val ues are

Gastectondeeodss e andulscading opgaleRs a5e pargormedchy the decoder
b h
o (%nrpg&bﬁéifé@% d&xr dtﬁe 'ﬁﬁg@z ¥\n‘i:l ﬁe%Q{t rd@ﬁl 8h oélf?ﬁ(ﬁ gé gavel values are

ude"a val ue "o e receive
z;ﬁowiéd;d toake USWBERmSﬁmatoe\sélthzafm mireaf the bpatdras &4 of an

ed val ye. The deci ded _synbol val yes are, proyi ded
1103@1% 2 feipresent oEentoRy EPPEHAIS S s heIF ShOWY fo
i ations are performed by the
?Qﬂg‘%ﬁ osr%%cg)gggded bits on the line 62. And, the

s of t c{QGBE [ E:stinramsfmzctbr’ayethb estirhatordra genexated op tloa/limbeB. t Bhe

S crbiag smeg of A BhChsE s v by B S it Clipidipursuant to any
| 6 I
Miﬂﬂ@srﬁﬁtﬁa RN g Bl QAL EbhOEd g

r@dALiiymﬂaeuremﬁnh}mMSare gener at ed on the li ne 68.

The ed. est | e_Dbit r at

vsed HOOFIEFhnERE (P a2, e Sntibns & ofth ol Hgrg e
QR@mator 96 $s shioRal tt e fighmed. cﬁ' an aﬂﬁﬂﬁﬁealal&rgeﬁéraﬁi(@%é-comparator
E7Rece| ved signal %JAlepi/%rreasurerrent) orts. 15

0033 actumplater T8esad ¢ dividey §2e The etqﬁeenéqﬁé & ERPETAES 318

e
PR WhreoE RS, it Riiperfiid IR milhck 30 SUBHD hdahivor in
‘eatirety) byatgotthha bodcuiable Bynprodesdingidikenit82. The el enents
of the afﬁar atus_are functionally, represented,

i npl er@fdpiodt desisions seaerated byithe quaiiwgswn FPIB%FFQI' 48{shqwp in
mﬁﬁé £ éfe p%c?éd% ke SUBLEXGHW, 3R BaBYnRE RG34, 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.

[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,
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.
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20 [0034] Soft decisions generated by the soft

deci sion corrector 48 (shown in figure 1) are

provi ded to the absol ute value, i.e. nagnitude,
generator 74. The absolute value generator forns
absol ute val ues of the soft d&cision val ues that
identify the confidence |evel associated with
successive bits or synbol values. The absol ute val ues

are provided to the conparator 76. 0035] Th
conpalt@38l T @?@Pé‘@t‘%"@u %Ii‘l%lstm@‘”éﬁ‘%b ‘gﬁ: él ‘ﬁ%@r 8§ The
SOkl RSB i3 R L ba(ah Ve B s povided
clmnq‘.tar Hhmeby,ah@ an:camnﬂztter mefntamtea:ccsma rand dbroesa mmtﬁirdlaelt is

th t t hol d el d
SERFpSRA é“%gﬁ‘aqcaf[fﬁs Bl R RS S SBifBedvpEbife
Ql’e&ﬁ&% BN Btue bl %%n’e&arA teabaRlesy sAisthhe® @ Ictbcking of the

| evel In an exenpl ar | ement ati on, 30 positive
lnogginantater. Thd acpemul alwler istatse ressttablgemsich b at the endof, or prior

t he threshold | evel, a logical one is
g%ﬁ’&sgﬁ%%"hﬁg tf’l’irém% ‘SPator. Ot herwi se, a logical zero

mtﬁﬁﬂumﬁlatéMS alé\proo e as teqlivider §2t Avdjladéndication
|s prow ded to the accunul ator, 78, The accunul at or,

.oﬁ thednehmembereif preqessed Hitur sYmbolaiscalsoprowiged & thglivider, here
lé%téc??g&gy oﬁﬁl% 1mtefs%f %%rdﬁ\gﬁgffggﬁ% (z!ﬂﬁe ?@Q&Maﬁwaf the

r€sulte Sﬁﬂkalﬁvlsien @fl tl@keli‘me:mi 'Ehﬂ‘deaﬂtsthVislmt fohay thedit error
| ow confidence, | evel of the 5 eC| ded s

ue
P GYUBYEr ABE bit ATPREMD SRIMAlE Byslieatly Brope ama togtﬁe number of soft
ShaghBPhole « RIS L TiE dSE RAG arltplo b
timeestdiikelifood @f Heing in eaors MTlesistmate i@ @Gﬂljmlt@d:tsurmi estig@tion

alues are pr.ovided to th dIVI er .82. .And
\{’ﬁ%ﬁ P orrEine priepts, aF Ol Bortigh o eSbimRRpied dgpe and s
1&1:&&1 RE &1&1\% fé%ﬂoﬁe@aﬁdaﬁ £ iMAidAEd bl eeSfewBnctions of the

|n cated by way of the line 86. The divider forns a
faﬂ@mnaldﬂodsénglamoiélgﬁret%e results of the di vi si on on

er ror 100381ceSpRRAGR! bf aStsioNEyathy i 8 o B TRglrdf dd usea
%ér@éttfb d?lﬁﬁ@s@g bf btﬁﬂﬁénsbﬁ id ffediidtied tlﬂésh&ldfdelecﬁ)@c THE ¢sshold

that indicate a corresponding selected val ue of
seleetiondul onairaplemeniation, simplyfemsetstoradafaluedby nspmgngngly forms
SR pire ey G8b Bhfinlfeollgh slalith 1£6hd R 6 Gk IR doffparator

sequence, or O

REtakeRNo ﬁérf@xﬁifﬂiémoﬁt}iaﬁﬁbrd@ieaatﬁmd The valus is atadined, ah ok

with relatively few operations, as indicated by the
fimplemgnéatiognlay egmpgalcation simulations that best approximate a b1t error rate.

The selectable threshold, in another implementation, is changeable, or otherwise
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
relationship between the estimated and actual bit error rates for static AWG (Average
White Gaussian noise), TU 50 noise, RA 130 noise, static DTS-1, TU 50 DTS-one,
and RA 130 DTS-1 conditions. Exemplary experimental and simulated results
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functional block diagramof Figure 2. [0038] The

sel ection of the threshold value applied to the
conparator and used thereat for purposes of
conparison is selected by a threshold selector. The
threshold 20 selector, in one inplenentation, sinply
forns a stored value that permanently forns part of
the circuitry of the communication station 14 and is

used when the conparat or, r.a t rformthe .
dBHEHPs es%nﬁ’_@b@r e s hg _laé%f’_é Cﬁﬁggj ({egpssipp mgian shif
'Mn%ﬁﬁ%étahﬁ 0,082%-FENTHMRIsGRL IIMAIDGE 2édcfR$. T hat best
approxinmate a bit error rate. The selectable

t hr esHO040] Higure datihsiratésrapnetived flawi diagraing shovemgraatslly at 102,

SRR F bR FOl kO R B bl e i,
e iGh6d edtintat @ 4 VI et 18 asPdRitbEWithAaiafSdontudeitionl received

bit error rate, here in which 8-PSK bursts are
GRbAMENsIVSAt ed. Variants of the plots 92 are forned

durin i . gﬂgg' [ . j |

separ ﬁ? éﬁr} Iﬁ%?fbagl? %g ?h%tl%a(te var élhé Eg&%l l(()) %i\gfnﬁgzgﬁ‘?ésf (i/f ctoﬁfédence
daaiiphsasdlated withl detdcasdsialyes b€ Have eceived ae el rovdi gt adddetected.
actual bit error rates for static AW (Average, \Wite

ddsasindrpsiedisadsd byrthedoghol We 2 cppmt pidetseied valugs having a
hridenct thvellcHllHafl 98 e1cc@l thrXholPl dlimnilafendl L | ons.
enp an

ary experinenta sinmul ated results 10
i ndi cd0e42]eltgn, artddmtindinated py dpr blatle] 08) adstreptod rate eftirfiatd is

gNBK Gaussj an di an shift Kkeying) bursts and
9’(5%%%‘-‘3%@@3%#%{ QoMY GSM EDGE recei ver. [0040]

Fi gur qod437l Tiésdnyah 61 efroPBld 0dinidRY idhRYIRE THE @Wnation is
general ly "at 102, representative of the nethod of

dyasedatpionranomreliablerdoficiacisivm eofunt dngd ip relatively simpdyn andoeasily

P, eSS ie Rl P BER A Dlllons etative
[0 @4dilenfibhidl lestiAMbrass hIRE bvi®d. by the bl ock 104,

i ndi cati ons of confidence |evels associated with

det ect[@%ﬂmeﬁﬂug@ﬁsaﬂp@u@i%@f preferied exampley ér implementing
35t effon, ad LB s B Wy Rl Sidulind; ARl bl e by tis

| RSeriptidan The sedpraifell prosas hnicatidbisaletuedbpiirdoll¢0Rg?2]

Then, and as indicated by the block 108, a bit error
BSestinmate is fornmed responsive to the count.

[0043] Thereby, a bit error rate estimation is

provi ded. The estimation is




based upon an unreliable soft decision count and is
relatively sinply and easily 15 i npl enented. | nproved
accuracy with | ess variation of the BER estinmations
relative to conventional esfjmations is also

provi ded. [0044] The previous descriptions are of
preferred exanples for inplenenting the invention,
Whdt ishvbaisedpe of the invention should not necessarily

be limted by this description. The scope of the

present invention is defined by the follow ng 20
cl ai Mppadatus @Y cdedy et itk PREVESA schucMRRATIRIIHS dht@hnd gencrates a
receiver that receives a sequence of digital data and
sgemao%@tadecssequmi@@, efchsoft deejsion splon r«mﬁa@é@ng e é@chded

soft, dec n v re t] decj .
FhehL R DRSO ER BEEMA el RS s sy cecicen
EM@h@@mmamQ@ﬁ@gghgy deci ded, sai d apparatus

conpr|5|n%) a threshol d selector conflgured to sel ect
a selalbrashold selegthorentigaredde selegra slesisddbresipldecei ve a

soft d 21 f
det ed o c%#r%laafft?% HE rec(?’ QL g g@]‘? '&Si[gcg%g{i/ g?lﬁ@ §agiu<{egég:§(§r%onﬁ gured to
debeet sati@ert thd st thdedsioh dalue m‘.iiegsaheixrvﬁe aéleated Hawghold, indicative of a

confi nce Ievel of correctn of the deci ded synbol
19%0%9 depka Loyl %.fc%nf?ﬁinafsoq theidisidsd SyEOPLEl Wémg

i ndi Cﬁta!cgﬁ}nﬁ)lfatogga %%cé@éjﬁd*&( 1&%fjdet&%()§§ﬁﬁ&e by slidl
accumul ator con ured to accunu ate a count of

dbetcart sauh&:cumdlamcatqouﬁgmfed teafcimottt s camt valefedidnhatdicative of
are, 1 ess than the te count L
Brler SR 8 Cb credor: g TS rgbeldie GHnsietsgminative of
LAt @GR 28E PO 2SR 6bBIRH MidNaskbBatS€ WHBNEE sRQlieAdRDf the
digital data. 2. The apparatus of claim1l wherein said
dgitaddeter conprises a conparator configured to conpare

t he confidence | evel soft decision value with the

selected threshold and to forma conparator result

Aval uerHeeppesantodtciang 10hhaanpaidi d%CHdﬁn Xe6heribs sS@intharator
conparator. 3. The paratus of claim2 wherein said
QBiBEES fo FURRFR Fhed@ﬁgfiwééwé %m”@ﬁw%%valew&tmﬂaﬁt gopected
tﬁ%%‘lﬁ&l?g%% R fo Cat &)ﬁa{:ﬁ(:t‘%%rg%%ltg \8&?12 dl%k%g%rg%c ol Sof c%ﬁ”fggnsons made by
sﬁhﬁ@hﬂhﬁﬁmalue of the soft decision value. 4. The
apparatus of claim 3 wherein the absol ute-val ue of the
soft deci sion val ue

3. The apparatus of claim 2 wherein said detector further comprises a magnitude
calculator adapted to receive the soft decision value, said magnitude calculator

configured to calculate an absolute-value of the soft decision value.

4, The apparatus of claim 3 wherein the absolute-value of the soft decision value
calculated by said magnitude calculator is provided to said comparator, and wherein
said comparator compares the absolute-value of the soft decision value with the

selected threshold.

5. The apparatus of claim 2 wherein the comparator result value is of a first value

when the soft decision value is greater than the selected threshold and wherein the



cal cul ated by said magnitude cal culator is provided to
sai d conparator, and wherein said conparator conpares
t he absol ute-val ue of the soft decision value with the
sel ected threshold. 5. The gpparatus of claim2
wherein the conparator result value is of a first
val ue when the soft decision value is greater than
cdnyearstet esiledalidisafhckcbrdndiushelica the tdfedd@sior vatpaisdesithan
result va is of a second val ue when the soft
mﬁé@?@?@ﬂ“@%Ph% is less than the selected threshol d.
6. The apparatus of claim 1l wherein selection nade by
said threshold selector is based upon sinulated
6. appr Bixé ayppiataous efvthimxipehémemrsekictign meds by eald tharkshodd sslector is

rrar es 7. The arat us, f cla further
R b APt inaot e PR o AT oA Bt B eror
rafgcei ve the count accunul ated by said accunul at or,
said bit error rate calculator configured to
calculate the bit error rate estimation, the bit error

Jrate SLimatio part Sount

8 T’ﬁ 553&'5% Scl er c‘fm\ll% né g bltt E%&l;raa{e (fe‘ll}) A adapted to
reb@ve tHeadotit At®nul a&df Wdai‘tﬁ[ccu@d&ﬂireﬁld it éﬁ@leﬂa’ttﬁcaadmlator

indication of a total nunber of processed data synbols
capfigyeedge celculgiedhe bib sronratreestignagiondhe bif cpyr wég eptiniation

d%%ﬁ@%#§§ga héﬁgﬁ¥éc§1tor rate calcul ator configured to

error rate, the bit error rate
estimation further dependent |n part, upon the

i ndi cation o tota nu proces at a.
synbt;h‘tc,alplo@mtqshfefj1 Bt Whers! eé‘l‘l Hmeéf%ﬁé? eﬁﬁlﬂgfam figgther

cgz?) 0 E(%eﬁ/e%ﬁltﬁd{l:ﬁ A ofGART hGRSerdf Hijdc\é!ss@@ dafahy bols whose soft

es t count by the i ndication of the to
demmduevalmé 1smiemcmdslaerd;anﬂaieaectc3’ysahxbb1$ eer]f)rateT@écum:ﬁmﬁgBred to

f cl 1 furt ft [ .
oo B et uedt i U7 fan SO P Blgat n pac, upon
thR$SAEARIEA (Y {ofhl BaHBeSSHipro (86 IaRymbbls. A met hod for
estimating a bit error rate associated wth a data

communi cation received at a receiver that receives a

9 S€que gé%?p%?%%s' (3' tlalm Eg ghaed sau?? i gré'&t fate C%IC%IF ({(‘)%ﬁmsQJ a

soft ues eac ci'ston va

divRRF aRedividig tike dRat Biethesydibdion\oEltihketotah ﬁdmaemﬂjfrd)aéeﬁdeiata
| evel that the decided synbol value is correctly

ltled, said met hod conprising the operations of:

10.  The apparatus of claim 1 further comprising a soft decision corrector configured

to form a confidence level associated with each soft decision.

11. A method for estimating a bit error rate associated with a data communication
received at a receiver that receives a sequence of digital data and generates a sequence
of soft decision values, each soft decision value representing a decided symbol value
and a confidence level that the decided symbol value is correctly decided, said method
comprising the operations of:

selecting a selected threshold;

detecting indications of confidence levels associated with the sequence of soft

decision values having a confidence level less than the selected threshold;



sel ecting a selected threshold; detecting indications
of confidence |evels associated with the sequence of
soft decision values having a confidence |evel |ess
than the sel ected threshol d;{213 accunul ating a count
of detections of confidence [evel |ess than the
selected threshold; and formng a bit error rate
est | met@ulatiapansimefidetetfiensadwot idence favkHesdhatuthie nglected
sai d operation of accunulating. 12. The nethod of
thegshplds a1 wherein the bit error rate estimate forned
dur i fgm, zfjtrit AR&! e RBmafe rb muag td the ¢biR Gbédnulated during
proportional to the count accurnul ated during said
sabpepasticonfebceodating. at i ng. 13 The nmethod of claim 11
wherein the bit error rate estimate fornmed during said
operation of formng is further responsive to a data
13.en gﬂi\e mefhed '0@%1%.911 Wi tabhebdd® tHeW#H brror @616 BRth ak €stntidrdubidg said
said operation of accunulating. 14. The nethod of
omalrmcnm oﬁomwmg & direstly grapodiangl ©rthe foynd peduntpldedrpuningssid
t Q%$ @ﬁcount by the data | ength. 15. The nethod
OQﬁa U &%in said operations of detecting,
accunul ating, and formng are performed iteratively.

13 The method of claim 11 wherein the bit error rate estimate formed during said
operation of forming is further responsive to a data length associated with the count

accumulated during said operation of accumulating.

14.  The method of claim 13 wherein said operation of forming comprises dividing

the count by the data length.

15.  The method of claim 11 wherein said operations of detecting, accumulating, and

forming are performed iteratively.



