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DYNAM C FORWARD ERROR CORRECTION 5 FI ELD OF THE | NVENTI ON The present
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finite channel capacity. The chanhgek« capacity together with other
properties of the channel, such as various fornms of noise and
interference, will, with statistical certainty, cause, or otherw se

result, in the inj ect | DYNK MEC IFOR Ve FRHGR ICORRECHION | ¢ data

comuni cat ed over the channel. 15 The effects of these error conditions nmay

be particularly evident in wreless comunications systenms, which utilize"
generakly unpredi ctabl e over-¢ 'ﬁbrFT EW}E t \?ns channel s _t hrough whi ch
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A techmque for elmnnatmg, or at least reducxng, the effects of these error condmons
20 -is called F orward Error Correction (FEC). In general the employment of an FEC techmque
' entalls transmtttmg error detection data and error correctxon data along with the bearer data. :
The error detection data and error correction data are typxcally derived from the bearer data
. itself by. employmg an error detection algonthm and error correction algorithm known to the
receiver as well as the transmmer ‘and i in the case of a dtgxtal wireless commumcatwns
25 _ ' systems a remote station and a central statton in commumcatlon with-one another
FEC techmques have been employed in Tlme vaxsxon Mulnple Access (TDMA)
and Code Division Multlple Access (CDMA) wireless communications systems.. qu _
-:exztmple, TDMA systems typically allow eommttnlcation between a plurality of remote’
stations ehd_a central "stat.ion using the same frequency band and transmitting bearer data
. 30 between remote stations’ arid_ the central station_dluring_discrete tim\e' perlc_tds (i.e., each
remote station transmits a:td receives bearer data broken up into bearer data bursts during

respective time slots of cyclically repeating time frames).

LT

*ACTION*



station appends or encodes the bearer data wth. error detection data and

ETTOT COTTECLT O datad —aCCoOT Ul T O & TEoPeCl Ve O el Ot T O OO0 T LTI
and error correction algorithm The reciprocal renote station or c qt I2
station receives each error correctable bearer data 5 packet, autorri i@gl P[G
corrects any®Y¥8¥8 in each error correctable bearer data BSERENCEHIt hin
the limts of the error correction algorithm by processing the error
correctabl e bearer data packet, accordi n@;) to the error correction

al gorithm. and dBtvaretess gammymieatign, R5iog 19 wansmisRion clbe FAvELTalinEor samatait a packe
by ‘pr ocessisngiohhpndak bk Gsks BRAS % i6Rhl \ gl

det ection §I g8ri ?%m 10&Tﬁ%5use egl;er g%; Fg@ﬁﬁéﬁ eﬁ%gﬁgagé% %rﬁ%rtﬁgﬁamg? d?%duce
t he ef f ect :cafrding ans dspstienerr@rdeeson digwikeand doerscoredtionaigerivint. "Dhet a cost
to the communi cations system The]_ t.ransm ssi on ‘bandw dth gvai lable to a
user transr‘?f‘i‘?riohﬂ_’?’HOtés HPT PP SRR ISPISES 9 R‘ﬁ?f\féﬁm%’@@? ridatay educed by
t he oveghegdciedtuton@ichly dobrRS Bhy ertd1®intdabDérdr RbHEGATIOBaf R e pdhIRL (within
transm ssion of error correction data with each error .correctabl e bearer
dat a packetthelmity of the guercerregoypaigoritispbypreqerwrgithe greiemestable hpazerslataThi s

I ncrease i . | C S Ul N ' I r tie:s or a
reduction {E)ra] eﬁé&%ﬁ%%gﬂgeh%c{%wécg@ga grrdhﬁhghci @%%Qs?acny %c]%?a (f'g:smaéa I xed

-t ransm ssi enrrbdted beater data packadbly priocstsing thekennemedbaasdr dsia packeniuodigite te
systens, the Bit ErroLg xate (BER) of the traffic data communi cat ed between
a central cBPLFERmIoq oGty mote station depends on dynanically varying
condi tiygns, such age yk&16F AF HCCleBhAifiR 16l eBhAREdr RILVEAP effl8s SRMIRERIsSbAL | ON
and the central station, interference, environnental conditions, traffic
dat a t r ansefross, bewevat, doesgiot comme withewi @igpst to thy soBERNisAtians sy em.dIbey
transmtte n .centr. | ﬁt%gﬁ . : t.at | Var | with .
each parti %&?grb%égg%%ng%éﬁ% Y%%L]gri%g\‘/lmée? | rr%l%&i”g ﬁg%g%%é?’g ét g&éégﬁéﬁemt e
stati on nmalkysigms is reducéd bythe overhaadatquirt tcwirsyitabd eredr canedtibfc datar The
correction al go_ri,th 25 t hat ,ogti m zes tLOth t he tr?- smi s’a%%n %\éer head and
error proté’éP’BﬁS‘E%g;%Tq'F‘Er&e.C“? d3p Sithgach grrog ROTZREIAY ﬁ%a@b RIEEt9%n bet ween

the cemnsr aleqfi@ti0% 2 RfbrédVerital Slsdn@Ritehced. attiOihcrlbdel il GverRE rg,wamry time
period, the error correction algorithmis generally selected based_on the

wor st - cas e RS ingidier alopgan Simaaletiopa resiyeran if thehgadwidih ayatlablnfor thedaffic i ng i n
undesi r abl gﬁ'(ﬂﬁ a fﬁ%(‘?H%ﬁﬁss%%'(:?@?‘.cﬁxdadg?{igﬁﬂb kn8\h GirkREUAIRAMcalifls t he
system 30 There thus Is a need fof a comminications system t hat enpl oys an
FFC ar r angeysters, thenBit EanpRaje GBER) ofithd Wiaf§¢ datagominzpicatedbetwpenumeentsal bear er
data transnjt.ted between the ., central. station and any..qgiven,r e station
o oy o Slatbf S AR R deBHS bRy RS DS R AT S B oa 5o pert

S00! 1220'9 Pelative distance between the remote station and the central station, interference,

environmental conditions, traffic data transmission rate, etc.

As a result, the BER of bearer data transmitted between the central station and a
remote station varies with each particular remote station and with time with respect to each
remote statibn making it difficult to systematically sélect an FEC error correction algorithm

that optimizes both the transmission overhead and error protection capability. To provide

N~
(9]

high quality communication between the central station and any given remote station during
any given time period, the error correction algorithm is generally selected based on the
worst-case BER, and is thus overly robust in most éituations, resulting in undesirably high
overhead and reduced overall data throughput for the system.

30 There thus is aneed for a communications system that employs an FEC arrangement
that among other things, maximizes the amount of bearer data transmitted between the

central station and any given remote station at any given time, while still providing an



acceptable. error rate. SUMVARY OF THE | NVENTI ON The present inventions
conpri S€ a novelr method o mcally vary ransm ssi

" correction data in conmunications systens. In a preferred nethod othF@
present inventions, a first plurality of error correctable bearer da 2003
packets is WOMEMEted between a first communi cations- devi REB$I412875econd
communi cations device during a first nulti-frane (i.e., a plurality of tine
frames). An initial error correction algorithmis selected froma

plural ity ofceptabdyertsratection al gorithns, 10 which is then enployed to
generate error correction data. The error correction data is transmtted
with the bearer data packets by, such as, e.g., appending or encoding the
error correction data theresuMMARM OFTTHBeNVENTIOM urality of error '
correctabl e bearer_data packets. The plurality of error correction

al gorithns can conp¥iPEEeRtipveRlipRscOmMpFiseR 'F(fvé‘r@ﬁgo"e‘?frddﬁam'éé”}fwmﬁ)ﬂw

al gor [ ¢ BTS u:aHHh £ 0o fBY crtdt Shiédfion aif i imaAiGILRERI QRALOOT LM Upon recei pt
of the 15 first plurality of error correctanl e earer data packets, errors
t hiat are inj ect énla prefaredmeetiiad ofithe pressntaihienyions a 6rst pluratity ofertoabdreectaber er

data packets during the.transm ssion thereof are .corrected.wthipn the
e of - CRECLSABRACKE i AR Ie] DPSEET DTS GRP LTSRS AP STARE | ovel of
the comuniceatARStiSIAR0RE dRIMERS hilg-fdnfet c., £HTFMI FAineOindsy ! A nal  and

t he second comunications termnal is determ ned during the 20 first
nul ti - f r amdMitiglhferos cerErctipmplgonithpdp shectedfzor a pivaincefterignsoreasipmaRonithms be

det er myged JBy.iSi ' | 5%39 (%f‘a efective
corrected be'acr elg %g&gﬁgggkebf%n@?}e_%ogc%qégg@?g% gg,e%g'tgre _ﬁ% o’(r; measuri ng
t he nunber twafisrhitted with dlresbearer tite pankets by sutieds, e.pesppendidporenpadikgths efror ., bi t

error rate (BER))., A .subsequent .eryor.,cotrection al I.th whi ¢ch may be
Che Sam. SEbRRoh daG AT g R R R CE e EaRactRle B ded Bedkism L o
25 pl ural i tThe pfurdity of erédtcbR@Edtion Algati Gaisichh BEmpRE & humteabf different difor

determ ned error rate level, A second plurality, of error correctabl e bearer

dat a packeersciop algaEthms; which saydeshuderne ermor parectianalgasitnt Ugprreceipiefithe and

the seqond e QMR BF PS8 EBI0Bdardd Wbt PHcIB1sSEFP Wlar AHnfecreliliABRhe HibE
subsequent selected error correction algorithmis enpl oyed to generate

error corr SEFRIBH obiemer comprtetie basrar data preketsalyring tha trapissierghercpiaifal i ty of
error corr %&g@ct?édem nt&?ealfxﬂské}%easef%@{égQﬁér_comﬁic?ﬁ\‘limfgt%ﬂﬁurp' urality of error

correctabl € bearer data packets are correcte Inthe limts of the
second sel ect ed Toe ewor rewrievebofi tbncamhryanications chairel between thafist | evel of the
‘ (iommr 0 'nl\ggt Ic%n-blon Cg%gwnel éebrpwt e@% hg%cf?lgi gsf;[mxgt?mca Brlxsctgrtnlligﬂsls ée?gnrgir?c%ldu%xqg t};[ehe f
' 20 first multi-frame. The error rate level of the communications channel may be determined by

such techniques as, e.g., fnca_suring the number of defective corrected bearer data packets
(i.e., block ci'ror"ratc (BLER)) or measuring the number of bit errors in the uncorrected
bearer data packets (i.e., bit error rate (BER)). A subsequent error correction algorithm,
which fnajr be the same as the initial error correction algorithm, is selected from the

25 plurality of error correction algorithms based in part upon the determined error rate level.

' A second plurality of error correctable be'arer data packets is transmitted between the
first communications terminal and the second communications terminal during a second
rﬁulti-framc. The subsequent selected error correction algorithm is employed to generate
error correction data, which is trgnsmitted with the second plurality of error correctable

30  bearer data packets. The second plurality of error correctable bearer data packets are
corrected within the limits of the second selected error correction algorithm. The error rate

level of the communication channel between the first communications terminal and the



second comuni cations termnal is determ ned during the second rrulﬁii— NOANB1N3
A third error correction algorithm which can be the sane as or different
fromthe seobeokected error correction algorithm is seCEUSGOA2879 om t he
plurality of error correction algorithns based in part upon the determ ned.
error rate level. 5 The third selected érror correction algorithmis

enpl oyed t second ¢odmrhudibmiohdietrlinaldh detérnided dafin@the Gécond kiulté-framtk.cA thiehr er dat a

packets transmitted between the first comunigations termn nd t he

second _corrﬁ‘ﬁ?ficegf‘i"d’ﬁéfﬁ“é‘ ’ﬁ‘é{}‘&b‘iﬁig’ﬁ&etsﬂée ?%‘?rrddg‘ﬂ:ﬁ'?tt om Fé??@ﬁ cteder 1 or
correct i one@hdQftdtidMaiRkiamt i9R1RRE fRA BE phfdlik L6 Mk BorRRANLAISahASs BACK et
correction process is repeated during fufure mul ti-franes. %0 BRI EF :

DESCRI PTI O 1@rt uppitipRlatarmigsd Firgy.rate 14vsl. a represent ati ve bl ock di agram of a
g . . 0. il : | stati
W el ess Commvr’\‘nhfeﬂtﬁéﬁ’gﬁléérfgtﬁ §8§r}xéc&g§lg§}4tﬂg.l?‘&n§§}%}cﬁx@mc?th%?}mc{ a’ statron

communi Cati ng namc - e stations; 15 Fig. 2
depi ct s TDptdhBDb ffeprofadrieethbibatret duta packes framsmitsedeiedvagp ithertiestt | me fr anes

divided into a plurality of time slots; Fig..3 depic TDVATI " formatted
downl i nk/ uPYTPARIEAHOES ferhis andi s %&&@dwﬂwuagamﬁﬁ%rﬁvﬁamn% g, “Fig.
4A is a rephgsertifddor Goldctiok altbAUMARI ontdA8 effE coiB@Ble bedifitataPaciid at i on and
20 one of the FEC dynamic renote stations; Fig. 4B is a representative

bl ock di agearachen pacess isaeprated daregdybes melicfraness he FEC dynamic central
stationyand one of the FEC dynam c renote stations; Fig. 5Ais a
representative bl ock diagram of an FEC dynam c renote station processor;

25 Fig. 5B is a represeBRIERBESCRIRTION OFMHBDRAWINGS nat i ve enbodi nent
of an FEC dynamic, renpte statign.processor: . Fig. 6 is.a .representative

bl ock di agr am ob Bak /> BECP e RGRY: leu PR 8 & Pirele™s SPRENEHPT Ssig H epi ct s
TDVA f or matHoegngan REC 8y RARES cdiirdl s8idn coth@unicingraitd 4 puedintdfFEd dyasmr; 30
Fig. 8 depicts the arrangenent of Figs. 8A and 8B; Figs. 8A and 8B are a
f 1 ow di agr B4 $149PFat i ng a protocol for dynamically selecting an error

correcyion al gogh thilpidts PDMA/FDY thrtdttbd downlink time frames and uplink time frames
divided into a plurality of time slots;
Fig. 3 depicts TDMA/TDD formatted downlink/uplink time frames divided into a
plurality of time slots;

o

Fig. 4A is a representative block diagram of the FEC dynamic central station and
20  one of the FEC dynamic remote stations;
Fig. 4B is a representative block diagram of an alternative embodiment of the FEC
dynamic central station and one of the FEC dynamic remote stations;
Fig. 5A is a representative block diagram of an FEC dynamic remote station
Pprocessor;
25 Fig. 5B is a representative block diagram of an alternative embodiment of an FEC
dynamic remote station processor; -
Fig.61isa represeﬁtative block diagram of an FEC dynamic central station
processor;
Fig. 7 depicts TDMA formatted multi-frames divided into a plurality of time frames;
30 Fig. 8 depicts the arrangement of Figs. 8A and 8B;
Figs. 8A and 8B are a flow diagram illustrating a protocol for dynamically selecting

an error correction algorithm;



WO 00/ 70772 PCT/US00/ 12579 5 Fig. 9 depicts the arrangenent of gf rQAn
and 9B; and Figs. 9A and 9B are a flow diagramillustrating an al rf\:ﬂ\lf \l
protocol tefgee@yam cally selecting an error correction apgpusdoisdre 5

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 1 depicts a TDVA

W rel ess communi cation system 100 arranged to operate in accordance with a
preferred embod;imepRfs thiGrREGIER b Fi2Y DN 4fAYB; oA FEC dynamc central
station 104 is depic F as communicating wth respective FEG dynanic renote
stations 106 vuPugﬁ ﬂAan@EBlarelaO@ow Flagragaillhstrh@fe emaltapmtize prtocolforl | |

m cr o- cel I e] Seeecl ochmlorcomc%o Af,o2RY, network in which nul ti pl e
comruni catl on V)I{CGS CaR! EommnTcat &84 ‘one another. The FEC dynam c
central station 104 can be a base station, base station controller, nmobile
Swi t chi ng center commnlcatl on deV| ce that can com‘rum cate with

mul tiplPe remote i St PREEERR H N be any
~conbi nation of Fﬁ@riqc icts aefm%ﬁclésgcgmmumgﬁd Q@BQ@@Eﬁm%éﬂ Eoeclp%ﬁﬁe ffpdens or
wirel ess |local loop termnals). 15 The FEC dynam c centr station 104 and
respecti veacaE@rm?mtmamwferMen@dawméthe posent inventiinsata FEG darnamwe Di vi si on
Mul ti pl e Access/ Erequen |5| Tplvpg is,
respecti ve i (aﬁf”(l:a 1s%§p1%¥8 \%S/e%)n 9"&&@‘”&"‘ ah tlvg(?g%tdsm lé:tr%r?? 8n 104 and
each of t heatiofel Gbywidlith @ cele D eThetcal llozlsan:m&raﬁoeo-témmmrsmblatvettlcsﬁrwal t he
downl i nk com‘rum cation bet ween uithlg FEC dynam c central station 104 and a
par ti cl arlo% OFERY REpHRA WRER B ?%Q%H“‘i%@“ld%“ﬁsé&ﬁ&m“‘?l%? WitB 8% r om t he
upl i nk corngrymiCahé PRC dIRIME SthelalRatkdsG 0d)caR B & baRRIafidh, bideatdigh chibnand t hat
particul ar FEC dynam c renpte station 106. The FEC dynam c central 'station
104 tr ansrehilegatohingcenies, GTREAY dymapicationalepice that e@mucemsmm@eteov@rmdnslpngl e
downlink fre e 0] =Yg e c _d stations
106 transnrf”lf’gt %%Xftl %%I%E?—%g %@%&ﬁ‘%—%égﬁ 95 {d& CFEFC 8%@3\(6}%[5 gfmg‘%'gt singl e
upl i nk fr aepieidy (e.ss,1ndbild handseS Onibéts mislemb opwrirtlassFo@! lodp temhimaldpwnl i nk
frequency is divided jnto cyclically, repeatin ink tinme frames
108(1)1° and t hdhaFECHmPRisaRIR 2t H4Andatrpr vsg%é{ypeawclfvn%ﬁé%?%g
uplink tin®@slhbAMRAicAEH 2 XimeBRidddRrliph R edNBEdeh b Divisida hupidder di vi ded
into respective sets of tine slots 1f0(1 /.(2). The upllnk time franes
108(2) ar STRMAEPEN foramst-\wThah is; Wépesevmwwtwwwe&ﬁ% E@gynamic The FEC

e Soun (AP sBL6} 10D\, 16 HECRRERLY Ry AR AOE0: bt RSkl WO L) 1

cor r ect abltke dovinliNK\oRBMBication between the FEC dynamic central station 104 and a particular

20 FEC dynamic remote station 106 is frequency isolated from the uplink communication
between the FEC dynamic central station 104 and that particular FEC dynamic remote
station 106. The FEC dynamic central station 104 transmits data to the FEC dynamic
remote stations 106 over a single downlink frequency, such as, 1960 MHZ, and the FEC
dynamic remote stations 106 transmit data to the FEC dynamic central station 104 over a

25  single uplink frequency, such as, 1880 MHZ.

As shown in Fig. 2, the downlink frequency is divided into cyclically repeating
downlink time frames 108(1), and the uplink frequency is divided into cyclically repeating
uplink time frames 108(2). The time frames 108(1)/(2) are further divided into respective
sets of time slots 110(1)/(2). The uplink time frames 108(2) are synchronized with the

30  downlink time frames 108(1).

The FEC dynamic remote stations 106 are respectively assigned time slots 110(1) in
the downlink time frames 108(1) during which they receive downlink error correctable
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t he FEC dypa cent statio 04 (i.n this case, tine sIotsU4 us, U8,
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assi gned = 30 a /imatiyely; haavissless communicgionymriem MRiiveenfiguedin 2 espect i vel y
recei vy dopBlADE foltha &C\QBJréﬁta%mg?eu%ﬁ%ErEc& i@ BePRE 66thBoWn IR AddGup Fuﬁ@ dynami c

central station 104 and transmt error correctable bearer dat a
packet s t dransmisFigq ofl beragridatacamit the o wnlinki commilfidatidnrbervigen the FEC dynamic

central station 104 and a particular FEC dynamic remote station 106 is time isolated from
the uplink communication between the FEC dynamic central station 104 and that particular
FEC dynamic remote station 166. As .shown in Fig. 3, the downlink/uplink frequency is '
25  divided into cyclically repeating time frames 108(3), which are further divided into time
slots 110(3). Half of the time slots 110(3) are dedicated to downlink transmissions of data,
and half of the time slots 110(3) are dedicatefl to uplink transmissions of data. It should be
noted, however, that number of time slots 110(3) dedicated to the respective downlink and
uplink transmissions can be unbalanced. Each FEC dynamic remote station 106 is assigned
30  a pair of time slots 110(3) during which it can respectively receive downlink error
correctable bearer data packets from the FEC dynamic central station 104 and transmit

uplink error correctable bearer data packets to the FEC dynamic central station 104 (in this



1 1 NOv 200f WO 00170772 PCT/ US00/ 12579 7 <case. time slots (D 1,U
1(DZ,UZ), (D5, Us), and (D4,04) TOr T

1-4). As such, the FEC dynam c central station 104 transmts downlink
error correctabl e bearer data packets to the respective FEC dynanicl i d§$e8? -
stations 106W8M&7%%7cei ves uplink error correctabl e bearer gatdsopgiets ri
omthe respective FEC dynamc 5 renpte stations 106 during the sane pairs
of tinme slots 110(3). Although Fig. | depPcts only four FEC dynami c renote
stations 1063an1Unt?c;ﬂnmmldét)i,-@2,WP,NDGNB),EEE(ID|4/,Ua)’ﬁo$r&p&ti(@tgégﬁga}n@{l 104
over a singl enc ajr T F or jingle frequency . (TDVA TDD),
inreality, r? ’Hté{egg%"aﬁ‘éﬂi 'és E‘gmtp%cégg%‘inﬁﬁe%@hs%‘PWIOﬁéTﬂéﬁ%ilsﬁomhlﬂuni cat es

Wi th many oteher Cmtd&meﬁdﬁtgﬂmtss{& i}%lrgggcnlplfée@gﬁmrc l’%’?&g ng‘l&dong ?6?.%@0]:

frequenci es or frequency pairs. Fig. 4A depicts a block agram o FEC
dynani ¢ cent'?%fves RpkiniofTor ogrretableobrarayfata pakes BONTiha aspartiveRBC dyisid | ons 106

of the wsrelgsseCREALN] s system 100.in, ¢ nication with each
other. The. FEC t(ejynam cidggd%wglﬁmss%gﬁpglﬁs et ﬁBrgBFEC dynami ¢ renote
station 106 uti | iAdthoagh Bei pdgial oslgdpiriFEe dykfmR rémbE 8B 108 £NSuUr e proper
15 and efficient comruni C%:téi 3{1 é)et ween t he F,ECE%/nam' c central station 104
and the FECCOWMAIHELR B the FRGEYgmic erpiralsragior 04 eien a singlefeeneney paimt | on 106
transnits uptDMABDIYor GASIE S ahk (PSRIAFDERY c Q0 dynami ¢
central station 10?1?nracécor dgnceﬁs\ﬁ t hﬁeﬂﬁm%&gﬁc%@&%%

ar rangenent S@yop é&peanlignspyslyeprmtinidateywifh many @herRECdyniié emGledptioas ¢ 20
renote ggati ' a processpr 112 that orchestrates the timng
of the errorl8@89)38?’ebg§)%§%ﬁ§%3oglﬁleﬂ%nﬁleeaPre “YEY PA¥4insni ssi ons. The upl i nk
error correct abl EigodArdepics atidockphiagteh 9f 0 FECidyBarkielckitbel sha@dd 108 a8@bd of
originati ngtfﬁg I n ut/outgut device 114 electrically coupled to the
FEC dynani c 1 Ayt fepiQte Heions 86 phipe wirglgsssemmnsidatiens systemn 409 ippi cal |y a
voi ce encodeshiRaieafn with &idh duRPUTKEFISE Mhamd! i : nal
conputer (PC). The 25 processor 112 is g%ectréléggﬁl\cs;wg%g%‘fae%t??gagd per forns
handshaki ng9YEHatanenie sifianhl G6huilize apmsipteral gslaptiediE G arahgément ur énsgre yhvipeh
uplink {¢af fiferdafeqy d he 1 nput/out put evice 114. The .
amount of uplink trafom gaﬁggﬁ%%es {g?rl% de?%mﬁgtc ne"alyﬁ%b "/lguta’p’%ﬁ"eg% ice 114
to form a sHyrfmic igmdtaiatinaal08r dat a packet can be varied by the processor

Doti nk bearor ot REREC RS rebiche s TR banGtsaiFE HRorromRRTbIG AT
gr oc e? sor ) 1patkets tathe FES dyamiccahirdl s&auR | ®Pinabshrdandd $ie i THNIANEDIEeNt 1 ol
ata (suc '

TDMA/TDD arrangement as respectively depicted in Figs. 2 and 3. The FEC dynamic

20  remote station 106 comprises a processor 112 that orchestrates the timing of the error
correctable uplink bearer data transmissions. The uplink error correctable bearer data
packets comprise uplink traffic data originating from an input/output device 114 electrically
coupled to the FEC dynamic remote station 106. The input/output device 114 is typically a
voice encoder/decoder or data source/sink, such as, e.g., a personal computer (PC). The

25  processor 112 is electrically coupled to and performs handshaking operations with the
input/output device 114 during which uplink traffic data is transferred from the input/output
device 114. The amount of uplink traffic data transferred from the input/output device 114
to form a single uplink bearer data packet can be varied by the processor 112. The
input/output device 114 is electrically coupled and transfers uplink bearer data packets to an

30  error detection encoder 116.

The processor 112 is also electrically coupled and transfers uplink control data (such

as, e.g., status data informing the FEC dynamic central station 104), to the error detection



as, e.g.,

status data i nform ng the FEC dynam ¢ central

| 6. The error detection encoder 1 I6 appends the upl i nk bearer dat aczlﬁéet
with the uplink control data. The error detection encoder 116 al d 3
gener at es axpodro8rt ection data according to a cyclical rammmmmheck
(CRC) al gorithm and appends the uplink bearer data packet with the error
detection data. The error detection encader 116 can, however, 5 enpl oy

ot her t yDESndbﬁcrelﬁGOTThQertr&cddt&ﬁoﬁi':ﬂﬁﬂértlhﬁpﬁ%&@@ﬂhp]ﬂ@éﬁrdﬂgatﬁ lbﬁkﬂfbtt\hl@t

principles taug this_invention, The error detection encoder 116 is
el ectrical fy v {h‘bf@émt gatanThe ¢rer deiGFaBenFasT bHcdtnsenerpies emgricisstianinds

error corrgehion raaat c &hpedt,ﬁeguptﬂe@%(@&ara@gorﬁ%wa@eﬁas @E Gl Yagref O @N

error correctiom algorit n this case a error correction
al gori t hm d#te pﬁaklenwﬂlﬁ)lr&rtmopﬁt nckxoerdanar Tooera detblian dmadeerlléiaanahqnwket I n
alternative e i ments carrection/error, det ec{% gaHEelncoder

conpri sks EHE SR PHF DEsT LT R we&ier"tmﬁ%?ﬁ SR g oM e PIPFIRISS BB der 1]

6. The errgylfgplrnr,@;ﬁ,bhon encoder 118 is dynamic in that it is configured to
enpl oy, on-" conmand, no error correction algorithm thus generating no
error correcti ohhefrradegctionencadr | é@/éleleﬁéﬁﬂi)h@w@rcﬂé? ap BFFSOTEBITN 4NN t hm

whi ch genegﬁ Ei\iuc ra{pﬁ%n or r ect Ieb{] %Haaor{tc?&gh{)inﬁgbég%dgt\é?am{"ﬁccﬁﬁlﬁgl13%m t

for each u ear er evel

Hamm ng er égér d?aﬂ’é&tﬁifahﬂ@htl@h%ﬁhﬁhf@cawm thglefgea"ratremmmmalgom}memfonn dat a
requiring 100% overhead to transmt CB,‘ tl%_%(:h up Ilnléﬂ@rror correct abl e

bear er 1¥at an pelinkerror qoreectablechentsa datp Bke terpalivy & eas: 3 HBIG ARt - of
error corr g&téchn/grgérache%h@ﬁ LeBadrRomnPBsed RWRbr cicfbn Excdbéri1a8dad érdrn an

error correctab earer data packet. As described further below the
processor detg@iodenedier bld. y sel ects the particular error correction

al gorithmto be‘g]ggn%é §rcrlec[tb enco re {1'3qs dﬁ}%nceﬁtthagnt 1?@819%%&'10 mplo}' "on-

alternative enb £F cil'ar

correcti oncah@edd, hbaﬁoﬁdbareha@i ﬂgdrﬁhmhhusegchenatmgoncr exodriconreativnaldier 2 b¥8 vary
fromthose descrl bed above. For S‘h‘ﬁ' s%}éel even error correction.

al gor i thns!evaHérmairesfrof ﬁ%*%mrét BT HRI N LB Nea A IS Boy ed,

with the oyeyfwatesf olthassit FéteaSDEpliaR kit torrattghle bedaeredawaymgmtmgm%
bet ween a.range of 0% and 100% |In _further alternative 8dl nents, an

error corr E¥g) ingsFmof perresHAn plgorthm; Which gensaates fator c?%‘tc’l‘f@? #AKIUEEBect | ng
an error ?@6‘%%%1’11%'3 18 gt BileadnBliRY & e8He Abid Par& dadpaSiRt. Bifel | ON

algorithmis varied. The error correction encoder 118 is electrically
coupl ed t oowerhed pememagelid defind as the B®unodigitat exgrectien dasd reftive i the amount.

corr eCE(? bl of ttl)'aei%c Qhta gnagnae o?‘*%léxergctgo% &r 88 EI]’JIKC?( fr&se JESS fr.uIlQ? below, the

processor 112 dynamically selects the particular error correction algorithm to be employed
by the error correction encoder 118. In alternative embodiments, the particular type and
amount of error correction algorithms available to the error correction encoder 118 vary
from those described above. For instance, eleven error correction algorithms, whether of the
25  Hamming type or otherwise, can be employed, with the overhead of the error correction
algorithms varying by 10% between a range of 0% and 100%. In further altemative
embodiments, an error correction algorithm can be variable, so that, rather than selecting an
error correction algorithm, the overhead of the error correction algorithm is varied.
The error correction encoder 118 is electrically coupled to a modulator 120, which
30  modulates the uplink error correctable bearer data packet onto a carrier frequency. The
modulator 120 is electrically coupled to transmitter 122, which amplifies and filters the

uplink error correctable bearer data packet. The transmitter is electrically coupled to an



nodul ator 120 is electrically coupled to transmtter 122, which anplifies

and fiTters the upiink error correctanl € Dearer data packet. Ine
transmitter is electrically coupled to an 1 1 NOV 200.1 V\DOO/70712

PCT/ US00/ 12579 9 antenna 124, which transmts the uplink error cor - BNOLHNe
bear er dat av@a@iet: over-the-air to the FEC dynam c centr acraisadnizon 104.
The FEC dynam c renote station 106 al so receives downlink error correctable
bearer data packets fromthe FEC dynamig central station 104 in accordance

with the TRM¥EDDRA, viich TaMALTBDUAKIkNGE BB ctabRSRERE aa\(ﬂt;aek@l%pe%@gn i Figs.
2 and 3. As with the uplink bearer data transm ssions he FEC dynami c

renote st atiPHRE gtdé%%'@@drz“‘@i?a@ﬁ”clwéstrat es the timng of t he downl i nk
bearer data r ecepl s oy AMBE o 100 OLL SRLARNEADEAL Sl At ropacket

conprise downlink traf data ori grnating froman i npu eb\? e 114
el ect ri cal |datagmaldteftotmahd FRC BaGndy ceaniictaienti 04in sicaties wiidhe ‘IFIDHA/FDD

|nput/out put 14' on 10 the. FEC dyngnmi ¢, central station 104 side of
the wirel es¥ W%W?egvgs[pé?ﬂ"f 01°Pé‘eﬂt‘§/§1géa4w r{*‘ﬁ”ﬁ‘f}b‘gf 4okt o a
comuni cat i REsr &4 Wedmisstdas NhaBEC @yxgamxc ferfdidlihfonbdesRed 2 dithesRiange Net wor k
(PSTN), or a data network, such as, e.g., the internet. The antenna 124

recei ves a WHoRAPT thr deppbink besrer duie rskmione Ahe Aovialink qyac kastecablebeartradataai r f r om

Lhe FEC oy NARL: &bzl Sk o RBATEEING, dehddupiat higal Y

coupled to e recelver cts error
correct abl eldseaay cadgial tpaekRBC «L)Imammedemrél[ hembﬁettetl Vidae irpdBoutput@kwed rldced |y

coupl e dul at or h, extracts the downlink erraor

corr ec'?laQb é‘g%g]g‘gg?’“@é‘? éefﬁggﬁg‘fom,ﬂg H9E REthE XTed St FURTBNER)ORSIYSIeRy 10049 ¢
denmodul at orygidilyia$ iflefadertb E@BMu&:@&i%?ﬂet{v@ﬂ@E‘u&%@ g. COPULRE Shitbhedecoder 130,
whi ch processes and corrects the downlink error cortectable bearer data

packet accokediphgneNetwadk @S TR.onp date newsorh, suchedsgog. thainterastd in this case a
Hani ng o1 or COfC Gk AN Al 8L DIk bDE ST S0ET S84 o0 S0EGger 116

the error correcfron coe namc 1 n |guredto
operate in a&frmiﬂﬂEFFBIDdbﬁiaﬁlﬁcﬁd‘thtrXMstahoﬁ h&u GI}QQﬂwhnﬁlmB ek&ﬂmpnbu}ﬂeh fo0 t he

current, error cqrrectabl.e beare at acket scriped further bel ow,
the pr dCesdBf YT 1§§7n‘5?ff}b§ﬂ?‘f°§f “é"e‘?"é‘@?&f e i?é’tef‘r"‘fi’ﬁ?’ sFersPRRRCRe F1ERTY on
al gori t hm tThebéeRePl 2y/R dlebiciiiVeobple®io 2Rnfudulats: 128 wHALA 8¢S thd@owhiink

alternative enbodi nents, the particular type and amount of error
correct i on SHCEEATECIRRlE bearar dasppasket dropmige BdiQReRSPREAMSN decoder 130 vary

from those ~desant Bedoaayerzs e Rid) 6L EELhAROARERER dalier D, Ol v

COI‘I‘_ECt'the do I nk error correcta earer data packet wt in'the
limts of twhichprpedssasiaad carectthadawndiok ewor caimgatable hearerrplagpektt according to

20  an error correction algorithm, and in this case, a Hamming error correction algorithm. Like
the error correction ‘encoder 118, the error correction decoder 130 is dynazﬁic in that it is
configured to operate in a manner consistent with the encbder algorithm applied to the
current error correctable bearer data packet. As described further below, the processor 112
dynamically selects the particular error correction algorithm to be employed by the error

25 correction decoder 130. In altemative embodiments, the particular type and amount of error
correction algorithmé available to the error correction decoder 130 vary from those
described above.

The error correction decoder 130 can only correct the downlink error correctable
bearer data packet within the limits of the particular error correction algorithm employed.

30  Although the error correction decoder 130 attempts to correct the downlink error correctable
bearer data packet, it is possible that the error correction decoder 130 can output a corrected

downlink error correctable bearer data packet with a residual error.



30 Although the error correction decoder 130 attenpts to correct the
JOWNT T NK error correcranl € pearer dald patRe . Tt TS oS rE Tmal o -
error correction decoder 130 can output a corrected downlink error,
correctabl e bearer data packet with a residual crror. 1 1 NOV 2003 Wgovmm,
00/ 70772 P&d dodBA0/ 12579 10 The error correction decoder pE3daisb&iasTe
electrically coupled and transfers the corrected downlink error
correctabl e bearer data packet to an errgr detection decoder 132, which
processes and d@heeisr etectis ticbaddr 180 MG ricAlly BpRARh& Ghifdkrd anbirdtieder r or
correctabl e, bearer data packets according to an error detection algorithm

such as a GRenuRk eForFerreeeblsveareraronacks i anmareor detecsion degader | Bavwhishoder 132
can, howevey, .&aph oy, dé?éc.l?se{n gi r¥8H&3a Exfrorg i t‘?x% corfje%{eg(auvglm#{)? Chi levge%uQPUt
straying fromthe principlés taught by thrs invention. I'n alternative
enbodi nent slatapasketgdogoriingao apermedddctnn elgorithmiaichat 4 CRClewodekctdanpri ses
the error correction decpder. 130 and.erroyr detection decoder 132. The
error déte EOBH%etE%%’Tml‘%fCE%’bg?ca‘?eég 3 ?ﬁ@' B%‘V\ﬁ'lef’ ﬁR‘P_E’éS r?fcl}‘éppd%l_? Fom the 10
corrected Gewtidoighfams rwi%ﬁlast:@?iﬁg &bm @O BriAEletERhE B Inl bR Al on t hat
the corrected bearer data packet still has an error,” initiating a bearer
diat at pac kfaltahcreatr\alrwzhosiyn@?s, amg@mg pon@sprdfxmrgﬁqtea@uxxuezdetlsmp@;s tthe .

el ectrica cou ransfers 0 | arer data packe o the
I nput / out pﬁ?’oﬁcé)\#ggoﬁ%%%gesr @@\ﬁﬁ&lﬂﬁ% C{z?eég?q c“a%{ é?fThe error detection
?ﬁCOder 132 i s1 B.b sp}%ﬁd&mmh aadddyrllézalﬁ;}éaedesaﬁidddmmt ; Efcﬂit&)lﬂh\tﬁ ﬁfiﬂgﬂmf ol dgt ato
ealih ey e L N LS ER S TR A
whi ch downlyegkr daiAbdcker Eatips bf ehSRRaBhE §Hedr&t dalialkPHbRMiRYSn. AG¥IehEy 114.

The amount of downl i nk trafflc_dafa transtferred to the i1 nput/output device
114 can be dewcticatiechdertlB2 ipglemeedy coupled and rans&Esthdydownlink beanastdatapacket on

processor 112 not_on ont ragl,s the (tim f the 20.transnissian,and
Pecopton faiteeniSUih fie s i Babk e S epBrod bR 8RR

i nternal | y aiserfecgicalylcauptedodndarngsiers et donfrélQlaiane te/ppotestof 1 R VItRerdckssor er r or
correction_ _encoder 118, error correction decoder 130, and error detection

decoder®133 1% & dstiely carried fared pederprsdeaishilyratrertprcid s HPUf the
present i n\gevikd O duldingSIIER dbvinifrikGrafildatd i @aksilered YO BB Tipul/B iR LEeSical 12N
processor 112 conprises a 25 Central Processing Unit (CPU) 134, which
per f or ms t Hée pmourididayntink raffi datajtansfprzedne-the ipgnyauiput dexiept! &4 sandiei Vared 06.
The processgor, t;her conprises instructions that allow the FEC
dynam c re?r’gtmecjﬁsrtg%{s%nﬁ%G to dynam cally generate uplink error correctable
bearer data paTkeFECaydanijcramoratatipn prmcessart 1 18 aordniynéonaolsahe Smingef thebl e )

bear er 28 at z%ragsargiléggns axlxcf1 reception functions of the FEC dynamic remote station 106, but is also

intemnally configured and arranged with the input/output device 114, error correction
encoder 118, error correction decoder 130, and error detection decoder 132 to orchestrate
the reciprocal dynamic FEC arrangement of the present invention.
As shown in Fig. 5A, the FEC dynamic remote station processor 112 comprises a

25  Central Processing Unit (CPU) 134, which performs the processing functions m the FEC
dynamic remote station 106. The processor 112 further comprises instructions that allow
the FEC dynamic remote station 106 to dynamically generate uplink error correctable bearer
data packets and dynamically correct downlink error correctable bearer data packets in
accordance with the present inventions. These instructions preferably take the form of a

30  computer software program embedded in memory, such as, e.g., a ROM chip, or fixed logic,
such as, e.g., an ASIC, which can be either on-board or separate from the CPU 134. The

FEC dynamic remote station processor 112 further comprises various memory locations for




accordance with the present inventions These |nstruct|ons preferabl y take
tHe Torn ol orrnare’ ; i ' oy, :
e.g., a ROM chi p, or fixed I ogic, such as, e.g., an ASIC WhICh can_be
either on-board or separate fromthe CPU 134. The FEC dynamic rempf & NOV 2003
station prose®sor2112 further conprises various nenory | oeatrhgosaéer 1 1
NOV 2003 WO 00r0?72 PCT/USI 11N12579 1] the storage of status data
concerning the FEC arrangenent enployediby the wirel ess comrunications
syst em 100theRsairagend spuispatesndimihg theHBGdrt DBeméhi emBloNBITBY the @ REJ ONS are
depicted in Fi 5A as registers. It should be understood, however, that
any nmenory %’T“B‘g%‘@%“o“t?é}‘ﬁ“’tﬂ‘ 0. nEgr th puspgses ofillps@uen. dhesg memar laeationsaref dat a
can be enphgy&ds inFid N EHto RN SolRMRLAISEBb, vl q&ﬁgﬂ% Jrﬁglﬁa% S the
respective error cofrection algorithns that are enploye err
correctlonV@h@ederalm fantdie etorage apdagcesstafdata carebocharloyed). The processor 112

conpri sgs an up orlthms eci.fication.r 1 whi'ch stores a
Gt vatue (a) ThEEEGETREE APPSR B esTR 1 2 as Bepitspivedmbtiregion
al gorithm attgbammsshaeawW@ebwytrheeﬁ%ﬂmaﬁbﬁcoeemneen@taéﬂceﬂecmﬁ to append
the current uplink error 10 correctabl e bearer data packet with error
correct i ondtrREY. 13¥nd heiatosessen U@ comprisssenailinialgerahm specifination Ergister b,
speci fi cat t N
correct | on A eRRE e YA (o RicalE oB IR atlrclor bt b BRI BE AR
al gorit hm thar is'eii] lovemtiy ¢etHBQdytramidiegiotd satidh 186 toappend the etirenn upling@triot hm
Agai n, r I nvention is not to be limt ese particylar error
correct on ‘QT @SP‘tbﬁ T datyPRckRt Wit ST SOBEHioR d’??p@%“{?f @?‘f‘dr“ )sweediagteect i on
al gori t hmsyyh &@é&nﬂ%@?&fﬂc@%r{ fe@idtel 156 Erehﬂ&'cahﬂ% {(?’Liﬂc!]&atm ani'@r i nventi on.
As shown in Fig. 4A rocessor 112 is electrically coupled to the
error correxrection deemhiey “l”ﬂmecatm thhlgw-lewel eppoeerssiom algariteamr “3f t er
accessi ng ki f n,| t a
control o PR P BigRIB h oG dn e Aof B Blescnt BlenddsAPRelts
parti cul ar be Binited toahese eaﬂncmar atcgmbrrtdmmtatgoh&merqna og/renlcﬂn;tc btha' tepcrsmr error
correcflon_ encaoder, 11 20 a the cyrren I. Nk er.ror '
correc% abl € BSAP L s AT b"é'g' deﬁng'gﬂg PV’OP" RPTRE stta%ﬁttg%tfhés InveRign-FEE dynani ¢
renot e st aglioom ipFRCdAs e pﬂokzssepmlts&&stmalmbteako e gﬁbﬂ don@cticneaedder cat i on
regi ster 138, which stores a _data val ue I ndi cé[ the type and | evel

of the er?bb sebirtbe Prasessey b'&rqawﬁeémewdhwlws wa%c iongegster

station 1034 easgat.{eeanntohegmﬁw{he@tmxd&mtﬁmnew&twceﬁerceytn?hteepahearaer dat a
packet with error correction data. The data 25 val ue ored in the

downl i nk afmsrcotrbetion pégoritting tet heonmplesrid Sy dbe a8 corseceqmartcoﬂcr ldB8twher " 0"

I ndi c ng, r.ect.i,on aI or| t "1 el
g1 BB B LPE LB LB A
correcti on al goThd FHT dfianfidiferote ﬂatﬁng)ro&é‘sor 112 comprises a downlink algorithm

specification register 138, which stores a data value (B) indicating the type and level of the

error correction algorithm employed by the FEC dynamic remote station 106 to correct the
current downlink error correctable bearer data packet with error correction data. The data
25  value (B) stored in the downlink algorithm specification register 138 is equal to either “0”
indicating no error correction algorithm, “1” indicating the low-level error correction
algorithm, or “2" indicating the high-level error correction algorithm. As shownin Fig. 4A,
the prot:essor 112 is electrically coupled to the error correction decoder 130, so that the
processor 112 can, after the CPU 134 accesses the downlink algorithm specification register
30 138, transmit a control signal to the error correction decoder 130 specifying the particular
error correction algorithm to be employed by the error correction decoder 130 when i

correcting the current downlink error correctable bearer data packet.



the processor 112 is electrically coupled to the error correction decoder
130, S0 Thal [Ne ProCESSOT  T1Z Cal,  al e T Lo G O D o D T —
downl i nk al gorithm specification register 30 138, transmt a contraqgl, signal
to the error correction decoder 130 specifying the particul ar errgr1 V2003
correcti onwgd @api’ehm to be enpl oyed by the error correcti 8argiewodss 130
when correcting the current downlink error correctable bearer data packet.
11 NOYV1003 WO 00/70772 PCT/11S00/12379 12 As shown in Fig. 7,
cyclically repeatishgwh imgigf 7, anﬁ'ﬁtall)ﬂﬂpamﬂg gmeUdpeds it 08 sre @otbediald dyclidafipeat i ng
mul ti-frames 156. The.tinme fr s 1 omonl present t he TDVI FDD
formatted AERFAMSTRULTRmes, lziﬁegﬂg WWP%%XTCWS?WQW&DMO&DB shown
in Fig. 2 mmw@omzm&%ﬂmmdndwmIumﬁ/mkesnbs(b}mwlﬁrngSz 43%3(3)
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As shown in FI% 4A, the error detection decoder 132 is electrically

coupl ed -t o Parteu mt@@eﬁg@rz 198 ponsislgred jaathetlase time framed 88 ot the anvltit&emed$6.132 can
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downl i nk error ¢orrectab earer data packet. For each control signal
sent fromthe eThoprods's@fcltlizmnmdﬂs:sdamleﬁﬁm mdemamtalrrggmb:amoawﬂﬁh storeslai nk
error rrectahbl e te ecei ved by. the FEC dynam c
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mul ti-frane I ster 142, which stqres a,data va I cat.i gthe
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speci fying the 25 nunber of time franes 108 in the current nulti-frane
156. The Cpugket3For eahapotsol signabisentfram theeerpr yletpgiion decodprid2findipating hat anent al

regi st pii 169wn}mk error correctable bearer data packet has been received by the FEC dynamic remote

station 106, the data value (i) in the time frame incremental register 140 is incremented by
one. The processor 112 comprises a multi-frame register 142, which stores a data _value @
indicating the time frame 108 of the current multi-frame 156 during which the processor
112 selects the error correction algorithm. The data value (L) is set by specifying the
25  number of time frames 108 in the current multi-frame 156. |
The CPU 134 compares the data value (i) in the time frame incremental register 140
with the data value (L) in the multi-frame register 142 to determine whether the current time
frame 108 is the last time frame 108 in the current multi-frame !5 6', and fhus whether the
error correction algorithm should be currently selected. For instance, if the data value (L) is
30  setto 100, the current multi-frame 156 includes 100 time frames 108. The CPU 134 selects
the error correction algorithm if the data value (i) equals 100, indicating the 100th and last
time frame 108 of the current set of 100 time frames 108.
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of the]' EC d nagj“ﬁ. central . station 104 and the error correction decoder
130 of ' he BBET dVhEMPEPEHE & ¥fati on 106 20 during the next multi-frame

156. The procesA9pretibdslg ated, dugifig thellashtifiy fraRk 68 bitheahhOmulticfanieeFsst er 146
and a maxi num BLER threshol d set register 148, which respectively store
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al gori3m & 3:3%he SPHR- FARE 56, THIPRoceLa! A2 B8 sds MmibnSCBLEN 120851 Y N9 2
set register 146 and a maximum BLER threshold set register 148, which respectively store
data values (M) and (N) indicating ihe minimum tolerable BLER level, the triggering of
which would indicate that the current error correction algorithm is too robust, and the
maximum tolerable BLER level, the triggering of which would indicate that the current
25  error correction algorithm is not robust enough. Thus, data value (M) is set by specifying a
minimum BLER threshold level equal to a current BLER level that will trigger selection of
the next lower error correction algorithm. Similarly, data value (N) is set by specifying a
minimum BLER threshold level equal to a current BLER level that will trigger selection of
the next higher error correction algorithm. Because the data value (N) represents a higher
30 threshold than does the data value (M), the data value (N) is greater than the data value (M).
The CPU 134 respectively compares the data value (j) in the BLER incremental
register 144 with the data value (M) in the minimum BLER threshold set register 146 and
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correction algorithmcurrently enployed. 20 During dynam c communi cation
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Dur i ng tabl e conmuni.cati,on condit|ons then t quality of_the
communitfat i ons &‘t&ﬁﬁ@?’“%? F‘é‘§mI“I"F?tI°é‘ conditions, wherein the quality of the

communications channel may vary widely over time, the data value (L) in the multi-frame

register 142 is set to a relatively low value, so that the wireless communications system 100
can quickly compensate for the dynamic communication condittons. During stable
communication conditions when the quality of the communications channel varies little
25  overtime, the data value (L) in the multi-frame register 142 is set to a relatively high value,
so that the wireless communications system 100 does not unnecessarily use CPU processing
time.
The processor 112 determines the dynamic communication conditions and
occasionally adjusts the number of time frames 108 in a given multi-frame 156 by adjusting
30  thedata value (L) in the multi-frame register 142. The processor 112 comprises a dynamic
incremental register 150, which stores a data value (k) indicating the number of consecutive

times the CPU 134 has selected the same error correction algorithm. If the CPU 134 selects
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If the same error correction algorithm is selected, the CPU 134 compares the data
value (k) with the data value (Q) in the high stability threshold set register 152 to determine
whether the data value (L) in the multi-frame register 142 should be increased or '
maintained. In this case, the data value (k) need not be compared to the data value (P) in the

25  low stability threshold set register 154, since the necessity to decrease the data value (L)
would only be triggered by a highly dynamic communication channel.

Thus, by way of non-limiting example, if the data value (P) is set to 10, the data
value (Q) is set to 30, the data value (L) is decreased if the data value (k) is less than 10
upon selection of a different error correction algorithm, increased if the data value (k) is

30  greater to or equal to 30 upon selection of the same error correction algorithm, and

maintained in all other cases.

Alternatively, rather than varying the data value (L) in the multi-frame register 142
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corrected bearer data packet (i.e., contains a residual error) has been received as described
20  above.

As depicted in Fig. 5B, the processor 212 is similar to the processor 112, with the

exception that, instead of the BLER incremental register 144, minimumn BLER threshold set
register 146 and maximum BLER threshold set register 148, the processor 212 includes a
BER incremental register 244, first-level BER threshold set register 246 and a second-level
25  BER threshold set register 248. The BER incremental register 244 stores a data value (p)
equal to the number of bit errors received by the FEC dynamic remote station 204. The
current BER level can be determined from data value (p). For each control signal sent from
the error correction decoder 130 indicating the number of bit errors in an uncorrected
downlink bearer data block, the data value (p) in the BER incremental register 244 is
30  incremented by that number.
The first-level BER threshoid set register 246 stores a data value (R) indicating the

BER threshold level between selection of no error correction algorithm and the low-level
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ot her \MZ& € %gt is.b,ethig%tgr%gt?\% n‘?&.ﬁg‘(y tSaEcsoxIxto account multiple bit errors in each downlink .

' bearer data packet, as well as bit errors that would otherwise not be detected because of
correction. Furthermore, because the current BER level is not based on the detection of
erTors after correction, absolute selection of an error correction algorithm can be
accomplished. That is, selection of an error correction algorithm is not based on the error

25  correction algorithm currently employed, facilitating a more flexible error correction
algorithm selection process. Thus, the high-level error correction algorithm can be selected
even if the error correction algorithm currently used is no error correction algorithm, and
vice versa.

The processor 112 comprises other registers, such as registers that store information

30  concerning the time slots 110 during which the FEC dynamic remote station 106

respectively transmits uplink error correctable bearer data packets and receives downlink

error correctable bearer data packets, as well as information relating to the FEC dynamic
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transmtted by the FE nam c fenot e stdtion
reception of error correctable bearer data packets transmitted by the FEC dynamic remote

20  station 106.

As shown in Fig. 6, the FEC dynamic central station processor 112', like the FEC
dynamic remote station processor 112, comprises a CPU 134", which performs all of the
processing functions in the FEC dynamic central station 104. The processor 112’ further
comprises instructions that allow the FEC dynamic remote station 106 to dynamically

25  generate downlink error correctable bearer data packets and dynamically correct uplink error
correctable bearer data packets. These instructions are in the form of registers, and in
particular a downlink algorithm specification register 136', which stores a data value (A');
uplink algorithm specification register 138, which stores a data value (B'); time frame
incremental register 140', which stores a data value (i'); multi-frame register 142", which

30 stores a data value (L'); BLER incremental register 144', which stores a data value (j");
minimum BLER threshold set register 146', which stores a data value (M'), maximum

BLER threshold set register 148', which stores a data value (N'); dynamic incremental
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Componant 1y Py kanw el e B L TPPLPFRPT: il SV Blak fllpndydfy,

comuni cat e (MHA/FBD) RURpickd iflFRaMAG 4B an®é elnstality,absFBO Gymante cantral ngl e pai r
of downlink and uplink frequencies (TDVA/ FDDégnor .a single dowyink/uplink
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the FEC dynapni ' QbR RAuplink frequefbibd drddustdudet FEC
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enpl oyed in FEC | | o0 P GhcedSaltatioh bicc@kgxer and
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Stati ons TORRRIICHIS SPaseH dh At 0 BURLF aF FEC ST o 1ot o JUp B e oot e
comuni cat e FRttdYnamic central station 104 is able to communicate with. _ '
| | 20 It should also be noted that ©* » FEC arrangement employed by the FEC dynamic
central station 104 is independent from the FEC arrangement employed by the FEC
dynamic remote station 106, and thus, the error correction algorithm selected by the FEC
dynamic central station 104 processor 112' to append downlink error correctable bearer data
~ packets with error correction data does not necessarily correspond to the error correction
25  algorithm selected by the FEC dynamic remote station processor 112 to append uplink error
correctable bearer data packets with error correction data. Also, the present inventions are
not limited to those wireless communications systems that employ a bilateral dynamic FEC
arrangement as just described, but can also include wireless communications systems that
employ a unilateral or asymmetric dynamic FEC arrangement.
30 The following is a description of the operation of the wireless communications
systém 100. 'During the initial handshaking operation between the FEC dynamic central

station 104 and the FEC dynamic remote station 106, data concerning the initial particulars
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15 104 and .the FEC dynam ¢ renote station 106, the registers of the FEC
dynami ¢ ceAPYRlink estoscomertable beases data packetsand uplink srrceryastablebeprendate st ati on

pr OEGS SO ddckeRlaft dlfdbdatedy bé%%m@d‘%m&@vmé kK 8262[:195 c&ﬁéf Gatoalbs aﬁ?ﬁﬂé er data
packets and uplink error” correctable bearer ta packets are alternately
t ransmi t t eHEQalynareis retheteB@BodyAGNi ¢ central station 104 and the
20 With respect to the TDMA/FDD formatted system 100, the FEC dynamic central
station 104 appends downlink error correctable bearer data packets with error correction
data according to a selected error correction algorithm and respectively transmits these error .
correctable bearer data packets to the FEC dynamic remote station 106 in the respective
downlink time frames 108(1) of a downlink multi-frame 156(1). The FEC dynamic remote
25  station 106 corrects the error correctable bearer data packets according to the selected error
correction algorithm and determines a current BER level of the downlink communication
channel between the FEC dynarnuic central station 104 and the FEC dynamic remote station
106 during the last downlink time frame 108(1) of the downlink multi-frame 156(1) based
on the bearer data received over the entire downlink multi-frame 156(1). The FEC dynamic
30 remote station 106 selects, based on the current BER level, an error correction algorithm to

be employed by the FEC dynamic central station 104 and the FEC dynamic remote station

106 10 respectively append and correct the downlink error correctable bearer data packets
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ire uplink multi- frame 156(2). The FEC_dynam
cent r al 15st zoresiabloeasen daga Rackys LRRPIUTeG Y8R (e c‘gﬁlﬁpnf‘lév'élf ,ﬁ%’ﬁs garsg?o)r
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the uplink errorRef&Tiopte Eigs.abs.andawrespeaificallyga fite 8sthe FRRPEPEERHA i ng t he

respective uplink tine.fd 0 f 5 pidRdsbrki 19Wettbrnd VA1%8s
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dynam ¢ cendiéplin effecting the downlink transmission of consecutive error correctable bea;er data

20  packets during the respective downlink time frames 108(1) of each downlink multi-frame
156(1) according to the dynamic FEC arrangement of the present invention.
At step 158, the data registers of the FEC dynamic central station processor 112' and
FEC dynamic remote station processor 112 are initialized. The data value (A') in the
downlink algorithm specification register 136' of the FEC dynamic central station processor
25 112 and the data value (B) in the downlink algorithm specification register 138 of the FEC
dynamic remote station processor 112 are initially both set to “0™, “1”, or “2" to specify the
particular error correction algorithm initially and respectively employed by the FEC
dynamic central station 104 to generate error correction data and the FEC dynamic remote
station 106 to process and correct the first downlink error correctable bearer data packet.
30  The initial data values (A') and (B) will depend on the particular system requirements.
The data values (i), (j), and (k) in the respective time frame incremental register 140,

BLER incremental register 144, and dynamic incremental register 150 of the FEC dynamic
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the error correction encoder 118’ indicating that no error correction algorithm be employed.
If the data value (A") equals “1”, the processor 112' sends a control signal to the error
correction encoder 118' indicating that the low-level error correction algorithm be
25 employed. Ifthe data value (A') equals any value but **0” or “1”, the processor 112’ sends a
control signal to the error correction encoder 118' indicating that the high-levél €rTor
correction algorithm be employed. '
At step 162, the FEC dynamic remote station processor 112 configures the error
correction decoder 130, so that it employs the particular error correction algorithm specified
30  in the downlink algorithm specification register 138 to process and correct the current

downlink error correctable bearer data packet. The CPU 134 accesses the downlink
algorithm specification register 138 to obtain the current data value (B). If the data value (B)



in the downlink algorithmspecification register 136" to generate the error
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"0" or "I", the processor 112 sends a control signal to the error
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algorithms a%lgﬁjd ?O%%Fﬁgghg\xﬁ%k el"hrga HJane%@ar&Qfa%aEM.t the data value (A)

in the downll al'go m Speci Ion register 136' of the FEC dynamc
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FEC dynam c rennte station 106 epploy the same error correcti al gorithm
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ownl i nk

error cory eggtggg&ep@gg@g&q%@sleﬁqi&mt step 164, the FEC dynamic central
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station proces 2" directs the C 15 dynamic_ central_station 104 to
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bearer data packet, as described further below, was not received by the FEC dynamic central
station 104, the FEC dynamic central station processor 112" directs the input/output device
114" electrically coupled to the FEC dynamic central station 104 to transfer downlink traffic
data to the error detection encoder 116’ as a downlink bearer data packet. The amount of

25  downlink traffic data transferred to the error detection encoder 116' will depend on the
paiticular error correction algorithm employed by the error correction encoder 118", That is,
the processor 112" directs the input/output device 114’ to increase the amount of downlink
traffic data transferred as error correction data overhead decreases. Contrariwise, the
processor 112' directs the input/output device 114’ to decrease the amount of downlink

30  traffic data transferred as the error correction data overhead increases. The processor 112
then transfers downlink control data to the error detection encoder 116’ where it is appended

to the downlink bearer data packet. The error detection encoder 116' generates error
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downl i nk bearer data packet (Shown as tIne sfot. 3 T1nm g, 7). IT an
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downl i nk beadrRkabRib@aRpédLpacker. t he error correction encoder 118'. The error
correction encoder 118 then encodes the downlink bearer data packet with -
error correcti onlhy dexmdink emey (rmegtable bearer dara pcketat her rarsferisd QOWEL hm

speci fied by bl1goPiAf g3P@inshiter 112, xtzﬂérmtqpresﬁﬁ:(i%ay GREGIGEE 3he ddomhk nk
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stati on procasgdreqtdmy, andiamptifisd pikfilterpdit Theudopmiink eworcmmediable benreraiata
transfer. downlink.traffic data to the enrar orrecti encoder 118" .
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downl i nk error orrectabl earer . data packet. The lin r
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correct abl etransaitiad ayar-tes fose hetFEGhmamic eentpisiation d 84 duingibe dewrlinkdime4: |
where 44 i Ssl&trlqa(slmoi' {h%%uquxﬁ 'abmﬁﬁkaf.'i&:e tﬁgmteh@S(l ). The downlink error correctable

bearer data packet is received by the antenna 124, and transferred to the receiver 126 and the

demodulator 128, where it is respectively filtered and demodulated from the carrier
frequency. The downlink error correctable bearer data packet is then transferred to the error
_ correction decoder 130. The crror correction decoder 130 then processes and corrects,

25 | within the limits of the error correction algorithm specified by the processor 112, the
downlink error correctable bearer data packet to generate a corrected downlink bearer data
packet. The corrected downlink bearer data packet is then transferred to the error detection
decoder 132, where it is processed to determine the existence of any residual errors.

At step 168, the FEC dynamic remcte station processor 112 remedies any residual

30  errors in the corrected bearer data packet. If the error detection decoder 132 does not sense a
residual error in the cdﬁectcd downlink bearer data packet, the error detection decoder 132

sends a control signal to the processor 112 indicating that the error detection decoder 132
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140. [f"the~error ection senses at |east one residual error
in the correct edf thdinpat/owputalesice i 1 4imdelayracnsitive, suehease-g.0¢ Valed ect i on decoder

132 sends a control .signal to .the r.ocessor L ndi i : e
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del ay-sensitive, such as, e.g., a PC the d E ctive correct ed1 ownl i nk
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ggﬁ ;ﬁ]f'igz_or g%t@ﬁ& YRR, REDReSbARORWRNVACRAPRA & 18udl §ighdl So thee FEC
input/output device 114 indicating the existence of defective downlink traﬁ'u; data. The
input/output device 114 then processes the downlink traffic data accordingly. The downlink
control data originating from the FEC dynamic central station 104 is transferred to the
processor 112, where it is accordingly processed. In response to an indicated defective
25  corrected bearer data packet, the CPU 134 increments by one, both the data value (i) in the
time frame incremental register 140 and the data value (j) in the BLER incremental register
144.
At step 170, the FEC dynamic remote station processor 112 determines whether the
current downlink time frame 108(1) is the last time frame in the current downlink multi-
30 frame 156(1). That is, the FEC dynamic remote station processor 1 12 determines whether
the next error correction algorithm should currently be selected. The CPU 134 accesses the

time frame incremental register 140 to obtain the data value (i)? and thus, the current
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correction data an rect the error correcta S
transm t t eBLERrthreghold, the next higher error correction algorithm is selected.

20 In this manner, the CPU 134 determines a current BLER level by accessing the
BLER incremental register 144 to obtain the current data value (j), and determines a
minimum BLER threshold level by accessing the minimum BLER threshold set register 146
to obtain the current data value (M). The CPU 134 compares the data value () to the data
value (M). If the data value (j) is less than the data value (M), the CPU 134 accesses the

25  downlink algorithm specification register 138 to o&ain the current data value (B), and thus
the current error correction algorithm. If the current data value (B) is less than or equal to
“17, the CPU 134 selects the data value (B) as “0”, indicating no error corre. ~Hn algorithm
should be selected. If the current value (B) is greater than “1”, the CPU 34 selects the data
value (B) as 1, indicating that the low-level error correction algorithm should be selected.

30 If the data value (j) is greater than or equal to the data value (M), the CPU 134
determines the maximum BLER threshold by accessing the maximum BLER threshold set

register 148 to obtain the current data value (N). The CPU 134 compares the data value (j)




the downlink time franmes 108(1) of the next downlink multi-frame 156(1). 15
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stability of the communication channel quality.

If the data value (k) in the dynamic incremental register 150 at step 172 was not
incremented indicating a change in the selection of the error correction algorithm, the FEC
dynamic remote station processor 212 determines whether the number of downlink time

25  frames 108(1) in the next downlink multi-frame 156(1) should be decreased or maintained.
The CPU 134 determines the number of consecutive times the same error correction
algorithm has been selected by accessing the dynamic incremental register 150 to obtain the
data value (k). The CPU 134 also determines the low stability threshold value by accessing
the low stability threshold set register 152 to obtain the data value (P). The CPU 134

30  compares the data value (k) with the data value (P). If the data value (k) is less than the data
value (P), the CPU 134 decrements the data value (L) in the multi-frame register 142 by a

particular number, decreasing the number of time frames 108 in the next multi-frame 156.
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the data value (L) in t'he mul frame register. 2, maintalning the nunber
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at step, 172 bee I ndicating no chan error
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134 det er mi Huti-framge ﬁél%-g\‘e PU d 3 esets theydatarvialve §ktp 60" shibatahe stabidisy efabe i on
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data value (Q), the CPU 134 does not change the data value (L), rnamtammg the number of

20  downlink time frames 108(1) in the next downlink multi-frame 156(1) to its current value.
The CPU 134 does not reset the data value (k), so that the current number of consecutive
times the same error correction algorithm has been selected is taken into account during the
next determination of the stability of the communication channel quality.

At step 176, the FEC dynamic remote station 106 transmits uplink control data to the

25  FEC dynamic central station 104 during the next available control time slot. The uplink
control data indicates the error correction algorithm selected by the FEC dynamic remote
station 106, the next downlink time frame 108(1) during which the FEC dynamic remote
station 106 selects an error correction algorithm, and if applicable, an ARQ signal indicating
the receipt of a defective corrected downlink bearer data packet as described above.

30  TheFEC dynamic central station 104 receives the uplink error correctable bearer
data packet from the FEC dynamic remote station 106 and processes the uplink control data.

The FEC dynamic central station 104 transmits downlink control data to the FEC dynamic
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packet by sending a confirmation or denial signal during a dedicated control time slot as

described above with respect to step 176, synchronization of the error correction algorithm

can be accomplished by encoding each downlink bearer data packet with a higﬁly protected

code word indicating the error correction algorithm that was employed to encode the

25  particular downlink bearer data packet with error correction data. During processing of the
downlink bearer data packet, the remote station 106 can decode the code word to determine
the error correction algorithm to be employed to process the downlink bearer data packet.
More alternatively, the remote station 106 can process the downlink bearer data packet with
all av..lable error correction algorithms, and use the best corrected bearer data packet.

30 After synchronization of the error correction algorithm, the wireless communications

system 100 then returns to steps 160 and 162 where the error correction encoder 118’ of the

FEC dynamic central station 104 and the error correction decoder 118 of the FEC dynamic
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Cont 21 88 ke e SRS R B I VS B e A, 3 7
140 wagp NOkimifafBdted 158 VAth tht BecepBt thdQ Ydiher Ban ififllzinpahé pbiimbinclebs BIER. dat a
packet tr artlllsrgsjhf){[defsgt r2>g/is;[e1r'] ?46Fa|§1cc:l the maximum-level BLER threshold set register 148, the data
value (R) in the first-level BER threshold set register 246 and the data value (S) in the
second level BLER threshold set register 248 are initialized to respectively set the first-level
BER threshold level and the second-level BER threshold level.
25 Step 266 is similar to step 166 with the exception that the error correction decoder
130, rather than the error detection decoder 132, is employed to measure the current BER
level rather than the current BLER level, That is, prior to correcting a downlink bearer data
packet, the error correction decoder 130 measures the bit errors in the downlink bearer data
packet and sends a corresponding control signal to the processor indicating the existence
30  and number of bit errors in the downlink bearer data packet.

Step 268 is similar to step 168 with the exception that the total number of errors in

each uncorrected downlink bearer data packet are tracked (i.e., the current BER is
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decoder 130 sends c troI I,0C i.ca he
exi st éfice Bg;%jﬂlfﬁjhﬂg?”&f ?ctcessg’rgrqg‘? é‘sf ﬁf"fl@rg ﬁ?‘ﬁ I?ettf‘é%i ga‘t’ 2o pac éet The
CPU 234 i Reh&iiRRh Vahul R Pa seabniEle(d)BERNthtdiRold level by accessmg the second-level

BER threshold set register 248 to obtain the current data value (S). The CPU 234 compares

the data value (p) to the data values (R) and (S). If the data value (p) is less than the data
value (R), the CPU 234 selects the data value (B) és "0", indicating that the no error

25  correction algorithm should be selected. If the data value (p) is equal to or greater than the
data value (S), the CPU 234 selects the data value (B) as "2", indicating that the high-level
error correction algorithm should be selected. In all other cases, the CPU 234 selects the
data value (B) as "1, indicating that the low-level error correction algorithm should be
selected. If data value (B) has changed, the CPU 234 does not increment the data value (k).

30 If data value (B) has not changed, the CPU 234 increments by one the data value (k).

Subsequent to the proposed selection of the error correction algorithm, the CPU 234

resets the data value (i) in the time frame incremental register 140 to "0" and the data value
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of the err ! correctio t k a val ue (i
in the ti ¥ rRsPH ﬂﬁ’lgrel%)!{?a reg}Ns?t gfnﬁogéof%ﬁ;pa Seﬁﬁgﬁrt“ﬁe d%?lg val ue 1( 1)
NOV 20G3 M@rﬁ&ét?@ﬂ?r&n%?éﬁelﬁ@@é 12579 32 (p) in the BER increnental

regi ster 244 t so that th are i f fBfti - frame
156. Operation ,tapénwoy 8‘?@@%’ i"érﬁ‘}ume ffé())rﬁisnp goyg'tge% t1%%&% 14 hu BVAI TDD
format is comindi@tiohdsyklamtis d@&Sé’ekﬂbGW}ﬁmeoWrﬂehtsraﬁ& pgpticatians b éhisTDMEIEBD
format, with the exception 5 that the reciproca sg_g{%&% orrectabl e bearer

data packetave begashpes %Sﬁ&e\ﬂe‘éwof‘iﬁ‘é” PBERETEY §e CARIMR MY 04 and
the FEC dyrﬂ?l%"g? c%if%gmn?s aid ﬁés'sfgﬂ: iR uPE&IAHing Yol WHle {dventREBnceg@Watdimk/ upl i nk

time frarre frequency.
The invention, therefore is not to be restricted except in the spirit of the appended

claims.



The present inventions are not limted to the wireless conmuni cati on system

di scl osed above and may incrude ot her Types Of W el ess conmmunicatl ons
systens, such as, 10 e.g., satellite-based communicati ons systens, or
ot her types of wire-based systems, such as, e.g., LAN systenms or filBe0V 2003
optic networks. The present inventions can be used in an out-of-band FEC
system wherein error correction data is transmtted and received in
out-of-band tine slots, as described in further detail in copending
Application Ser. No. 09/314,580, which'is fully and expressly 15
i'ncor por at edyhet&in, by reference. Thus, an inproved apparatus and met hod
for inproving the dat a t hroughput of a comuni cations systemis discl osed.
Whi | e enbodi nents and applications of this invention have been shown and
described, it woy gflefagd SPREEB hn £orchRs BonsddokithatinaRohmEnickibnstshsdm, slRNY  nor e
nodi fications are possible wi thout departing fromthe inventive concepts
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met hod conpri si ng=teHMYINERRFTE SRS RE? PRI ST OFef PLAR VI 8 5
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10. The method of claim 1, wherein said plurality of error correction algorithms includes an

algorithm which, when used, does not correct any errors.

11. The method of claim 1, wherein said plurality of error correction algorithms includes an
algorithm which, when used, does not correct any errors, a low-level error correction algorithm

and a high-level error correction algorithm.

12. The method of claim 1, wherein said plurality of bearer data packets are wirelessly

transmitted between a central station and a remote station.
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