SYSTEM AND METHCOD FOR SPACE- TI ME- FREQUENCY CODI NG I N A
MULTI - ANTENNA TRANSM SSI ON SYSTEM FI ELD OF THE
wORMENFIN The present invention generally rel aCE8B1005/003279
mul ti-antenna systens and net hods for effectuating
wi rel ess communi cation, and nore particularly rel ates
t o MULTINE Bk & SRBHNEERRA GEeVHESEH Oy I COMPUTER PROGRAM
space-ti ne-frequenc ing si l.s t vi de
diversity in effectﬁagﬁﬁﬁnarﬁ@ﬂgégﬁ? ation.
BACKGROUND OF THE | NVENTI ON As wirel ess comruni cati on
systens evol ve, w rel ess system desi gn has becone
i NEEEENIG/ILFIdEDaNndi ng in relation to equi pment and
performance requirements. Future wrel ess systens,
Swhich will be third generation (3G and fourth
g
OCh: Sl ooSShATASNRLR! RN o gmorabie memory
digodes syighiaiy mermoentdeyiced atdemottt speciiwallgopelatedo tidterfaces to
provi de high quality hjigh transm ssion rate data . .
s depoxaldneiory gaedylessuch ap,byhnefJnited toy enedmogay s adyltiMediaCard
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10which will strongly inpact the design of nobile
termnals. The 3G and 4G wireless nobile termnals
wiBACKGRQ@END:ed to be smaller, lighter, nore
power-efficient units that are al so capabl e of
provi ding the sophisticated voice and data services
I €lg gehevhbdd memesembudtiles,suvh sthe 38MEY BiSBignaling is defined in relation
Time-varying multi-path fading is an effect in
wi 1P efor sxample; dats ProsEarebinga The hnsyrsignabis aitpjkdrom the MMC to a host
pr S. 1 1.0l f i Ver Wale

15 PSR T e TR o BB} el "B HERL R R RIE An e
angbneesid Al useethe bRy Bignslf biithettsd giRaltsnditatédTRrase busy". As there is
recei ver. Several nethods are known for overcaom ng the
efgcagally onlyranetusy signaldieqgesentiaprday to comservet iR cawi thg usage of
W r ' codi ng, inplenenting frequency
dﬂbgP§§%§§E§%J#??%§ﬁﬁ% spread spectrum techni ques, or
transm tter power control techniques. Each of these
techni ques, however, has drawbacks in regard touse for

20 3@ herraten defindtiqasior Hiechusisignal ipdha MMG AssesiatipndMCA) System is
i | o .
DSBS ARNu R OLERRAE 1By pplementca

OBtk @ Wayahatalageis ¢aRefkavd th blatthvfstdrampldn@Rdyte blocks. It is thus
control techniques may require higher transmtter

pdwesticeliamse so-epdled mupiipleblnck sGHn¢apmangseas one block of data transferred
MRt ¥R rM%%ithﬁtgr q0 L Iy ; ?r%gt?q Ccl)(f t§1§ %Q%: c&%ﬁc% h{lﬁc% size (typically the

i norease ermnal ~ conplexi AT ese
25 drewi@slsek haSE2 BRegat Akehd Meakihg 6NthRWukeYieh4l it Berrently, for the data
desired characteristics for third and fourth

gdreasir Pasa, pBEl rsadis e hastanayAransignamultiple? K e blecks of data to the
a r .t echnique.faor  ov o the effects of
nmgvtﬁﬁ?owé)&lﬁﬁg thﬁ S\ﬂt?se(%rég%g%’@egf‘ens. In transm t

diversity, a signal is nultiplexed and processed to

generate a nunmber of separate signals that are then
t ridemgenicr.tag gunrenilyt specidied apreblgrhyssensaritgred dpthahaléat the last block has

antennas.. Sim | ar ' eptipon_.diversi t

30 o B e bk 1A PlonR 26 b Loyt BiogkLing post must
a BefNAlingM"#6erhmintilg PeaBy 0% A8 S 8 Endl \WWIBHE Be GRRIEIbNEL at this point
and swtching to generate a recerved signal. Various
s ysstiertbsre lareovenevs blngks iqpbetransfartednR equiphg theutostto poll the program
(MM systens, enploy both transmt diversity and
reception diversity, and provide nultiplexing and
diversity gains in wreless co ni cati on. One
transmt diversity technique by which two transmt

ant ennas redundantly s gl h@@ tion to a single
receiving antenna is o$§ iF 3%PaNL9@?YPatent No.
6,185,258, entitled: Transmtter Diversity
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techni ques, referred to as space-tinme-frequency codi ng
techni ques, offer a conbination of space-tine coding
wa@nespHsE- f r equency codi ng by codi ng synbol s PODIBR005/003279
transmt antennas in tinme and frequency. And al t hough
conventi onal space-tinme, space-frequency and
s pgedy sthtys sfgnaljs en dneffdditruge v thstiogisaoeassing dappsitye t o
overconme at | east sone of the effects of nmulti-path
fading in wireless systens, it is typically desirable
to inprove such techmaugry SENWERWGENTIIEN NVENTI ON
In light of the foregoing background, exenplary
enbodi ments of the present invention provide an
5 Ieme? ?ggg“&g]agrﬁgtggrtﬁggl%%%q g\?%rceoglgg é1(1:1 © e? Ia \{Ijlatnlta%gs are realized, in
CORL5Q& with tHWkehipkfy eABoliRlehts?st tRE id%7A6H 2t €d
nmet hod and conput er program product for
space-ti ne-frequency coding data, such as for

transm ssion across .a.wreless network, Sim.lar]l]y, )
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a V I 0 . . . .

bR ENECH P BARRURL | GO b e Bt s ariving
10 t enfuarmation &emhb firgismano desecimelweyt ovet thedigmatling dpivingrthe signal

program product. for space-tine-frequency decaqdi ng
dalff%ff%gﬁ SGEOTMHL t BESF § EATZE GhTIALT BUDTRIRE fheichdage of state of the

net: . | y 0 i p . .
Ut finclat R (R R e el B 32 Rsponce driving sccond
nmeinfeematibiato fhacigaaklas fhanh thedirgteurs; dyiviagdhe sighal ding &ilom the second
in the conmuni cation systen1inc|uging the transmtting.
arffitie capseiaegangaafstatasdnd Anferetine thg ehgea Pistarabille sghpldine at the
15 Of g hiPloass Bt sieéb‘ﬁﬂ'}ﬁéaﬂﬁllgj ncrease performance of the
communi cati on system over conventional systens.
According to one aspect of the present invention, a
thod i s provided for space-timnme-frequency coding .
gﬁ@@égccw agRichtherael thisinKeHion RE Vi dess? qompPutsF PHRgram sTqdughpontained
of; i ' ' |ihdiz i
AP B RER Byis brBg H BRE W ertomingan
s tapesationfof dntetfagng alfirftrumifite macsgcohidvinst over mbusitidt@omprises a signal
access (OFDVMA) synbol s,  orthaogonal frequency division .
20 mime; ’Ebf‘e%&aatmﬁmu@ﬁwm irghanfogatio Eomthe %@ng&tpwsecond unit
CaE B ApRLEne s o DREUEL tink #En RS kool change of
disterSintengreting dck chpnge of phtarodithd yigodl line at the first unit to have a first

space-tine-frequency (STF) codes, hi this regard, the i
pitaeaningnddn respense driymedecandinioatin e theysighal inefrem the first unit;

. . ; . ) : . .
a8 e OGS LR 0 LBl OO rrin
25 exchapgesof stdte opihe Gamabiinedtatize fstutietcleded sbas@dnetniiy. a
plurality of STF codes each of which conprises a
matrix including a plurality of colums and a
p!ﬂfraathlrg%ﬂ?e{ct bfRYSf ¢ ?ﬁ\?en{igl? gfo%\@ S gﬁag‘\s 36 ﬁr?c§1$faéetheﬁrst unit to a
tine an equency di nensions and t col'ums
exteondi widt Gt Qs ikt SpMpHsadi sl dine. The fatus in this embodiment
i nstances, one or nore STF codes can differ from one

oringtudles agiriver atghe fisw yais conplechls ths eigarldineand pugsedier pighefirst unit
30 Egc\rél”aplgg Itc‘éJ glg s%%}eﬁnesﬁ? 98}%?%1? ;}ogegal;kr: FHS Pecgrspilflﬁ)er@a{éﬁﬂ] from the first

ural uency ns.
| NEEA0 ERSecdrdQmit ReLHhe Sibnsldind afd@theReccpRe RbpsHGL th RAkiIve a change -
the plurality of STF codes sequentially circul ates

t 1o stadh o8 Bhessigital dine (deisen fromethe seepdrimyt. B epntiellehat the first unit is
frequency domain. Also in such instances, the pieces

of data can be coded further such that the STF code

for at |east sone of the respegtive sets of frequency

bi n(s) extends across the tine“donain at the

respective sets of frequency bin(s). The nmethod nmay be
configured for a four-antenna transm ssion system 1In

such instances, the pieces of data can be coded based
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exenpl ary enbodi nents of the present invention;FIG 4
illustrates space-tinme-frequency (STF) coding of an

w0 pabsayebol streamwith a STF code matri x A; PEI/IR2085/003279
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illustrates space-tine-frequency (STF) coding of an
i nput synmbol streamw th circulating STF code matrices
Akop%@t@mﬁegpmbﬂexﬁa@mﬁs@qbﬁmemk ling tof havepr fasemeaning after
ent | %ES ltelélfgprlﬁpgn aﬁhh Flfl‘{egg 2sre|f:n %rrpe%mfnrgaa ereénvmg second
S ' ﬁﬁ%rﬁraﬁb}ﬁ Rdh thMEpdunins Hﬁ%&ﬁfd%nﬂ'?ﬁfef:@l@'s P he first unit may
streans with matrix A, wth a M SO systemT at e-one
c octinmyyiss yrhost angit the sgvendiuhit neayrcomipaise agemedry icards Ak,
according to exenplary enbodi nents of the present
invention; and FIG 7 is a graph conparing the FER of
ik a

o FrPBLeAR S0} AL A MO B IR e Brcunico

symnobndsnmEam aiiuk that comptisdsiarsipnablind. d@s apbaratas (muhd; gngbodiment

DOTAROES GBEGER o e i CPRELcq RVERTEDN Hsengedesiter at the first unit
' tcﬁﬂfe!d% tﬁé%élw 1141? B8, FERG o RS PR Eto reéélve HI%IE ﬁff%{attlﬁjﬁ from the

referenc acconmpanyi ng dr aw ngs,
preberd et c&iﬂbthélsfmal lmecefndtﬂieednvevsmpemhleab drishadmngd bf Sate of the
| nvent| on may nbodi ed_in many different

f ovighal aﬁ%ltcs% Q?Qﬂ’nﬁdlffﬂtbé C@aﬁgklffr@é thedirst yoit ¢augestthe ehange of state of

eSSBS 3 P pRgH AL ot Llithe S gt o hves

besetéral mergiingatter caapling sscomhishforatioh folythe egvoay uhitever the signal

scope_of the invention to those skilled in the art.

Li lie. Alpbieyt smitangy compiisacememereeard and the speerd unit may comprise a

Rq{efrlng to FIG 1, an illustration of one type of

wi rel ess communi cati ons system 10 i ncluding a term nal

12 that woul d benefit fromthe present invention is

provi ded. As expl ai ned, bel ow, the term nal may

c Jﬁ@rﬁ%@r&swbﬁm@# thisprertion nrevidesaingthed teeramynisalg data from a
Ff;ﬁ@ty t t!ﬂ@éc ?& \%P Q blu fl?é I%EHI%ﬁ §?ﬂﬁ%é§%5ﬁ4aﬁng an n-block data

|ve 0 one ype o erm na at wou

betmﬁfet \flh@mnbhe pores it ni hign biceks aadsfedré® frofrothe first unit to the
shoul d nat be taken to limit_ the scope of the present

0 rpednd wHt, oprirplinge, glatis signsb grraspied byrthe secand, wiihig be a buffer
arﬁs%/éégé? gt%ﬁfgg%_?grﬁ’ce\“e %h &f‘%lgé‘;? r]%fapafagl{)%{s %1‘9 ﬁﬁ?lrnll El%qir%c%nt of when

p ahé ik enitingiy trahsfasthe stardat ’t(l&ﬂ?z‘\sﬂd fop @ge1’sdatd BiptioRansferred from
nmput ers and ot her types of voice and text

cdh?rﬁ'mtctgtlﬁ %@esgﬁe?@drenltc%nnm@m the sé@qui ésgnﬁlh’@ b9 asBAgramming
' rb\{ﬁg/g‘e%aﬂy staélﬁ? %ghlt %’1;%? h. r}g%gf’a?’bﬁn%cﬁcﬂ)y Qi 1 r}grgt dﬂnt otfaefermmatlon of

cdﬁtemq:ptdgmnwmﬂg, fehiy] 8y thekrasnd @aiti ons applications.
It should be understood, however, that the system and
met hod of the present invention can be utilized in

e el b b ol brelihS s PR oF o prpdRlipontained

t hﬁ aﬁ&hpht%r—féaﬁﬁﬁlél hfediun® & ddﬁqiﬂﬁéd dfPPogrdmi@nstructions for performing an
conmuni cation system 10 provides for radio

c IpeiatioR L | comnpEt Gasiag da«ﬁmfr@bhmfmtdanﬂ ona smndomst ovwgg@hbus. The

as_abase st at. he, ter.mn

ororPafiDgs oMk Wi H PSS iR, Bt dafor it n-7 data
C W)bdkE Ut dfetred RER NS fg hni RNEEI decl DB, ScdnBolling a status signal -
comunicate with a plurality of base stations,

i resherdied by theesecondignit wthed e besyacadynstatlh sgnal after each of the n-1
comuni cation system can be configured to operate in
accordance with one or nore of a nunber of different

types of spread-spectrum cormu?i cation, or nore
particularly, in accordance with one or nore of a

nunber of different types of spread spectrum

communi cation protocols. Mre particularly, the

cor nrrunl cat| on system can be confl gured to operate |n
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recei ver, respectively. These signals include
signaling information in accordance with the

w@e vsilsat i on protocol (s) of the wirel ess PCT/IB2005/003279
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comuni cation system and al so user speech and/or user
generated data. In this regard, the term nal can be
c aiﬁéa)bleclcﬁtomfnm Hiecfarstivmif of what Serfttatirmet it thansfre ﬂ@mext data block;

v B8 " S ord ekl Rt BB SRR IR POy h%ﬂ’a‘?olhng the
Srb@é"dﬁs stofifl foS¥eM PRIgraARif BiRyREGARAR! §oRl after the #™ data block to

comruni cating in accordance Wwth one or nore wireline
aridfasm the fiedt esi ofetenninkti ogyof ioteimmel gmammmgs if any, by the second unit.
parti r for the term can be capabl e

P o sl Aokt spact FoaRb G CRi o B ViR L AP AR oy fap cate data
(Lethh a fﬁ‘ﬁtuﬁﬁ’d?@h béc@ﬂ ﬁﬁl@é’v& %ﬁoYiQ Theb: t*us ?{éﬂ{cféﬁ a BotMdIfr to initiate
area network , I'nternet -
netweblock g]ata dmahsfelq whsre el R @ izt oyl dxrtab]toeks*tmﬂsfeeﬂeﬂ Jfrom the first

for ex he term nal can be, capabl e of
aﬂ%ﬁ@ﬁ Pwt Hesss F iRl SR g de fph Ppffr busy/ready

t | S48 ahiBc) r i
S QUL PN S8 g s
I kY @Mfelﬁh@mem Hata |b1dck aridtfor the wzﬁdletaﬂﬂmdxdrefnbﬁtreﬂ |ﬁl©m the first unit

controller 30 includes the circuitry requjred f
i eIk Eﬁéﬁvqwgu@lh éheaprered ARE 9 @ g /A Aigng) ta B  programming

E th I:
e nl%}l/?%éi&/%%{us sfgg1I S egzl g&r?a lg%]% élg%%lﬁ E@Xt B of a termination of
minteap poessnminte Vi ahg, byathd sesondamhitous
anal og-to-digital converters, digital-to-anal og
converters, and other support circuits. The contro

riﬁ aéédwe?{cg RARGHS S ofiéj(gifc%de&%n Ghe LlGodifERs B s%\?entlon include
allocated between t Ices according to t
r esipethbd vecaapad frogramsprodi and mppaoéthsero cmaﬂnumcate data from a first

addi ti onal | ncl ude an_j nter o C coder \VC Oa
aﬁﬂﬁﬁéﬁ SP?RS%G%‘E Oéﬂgnr 4 li’HSeTllﬁ%\lln"* én e e #e agvgfbbl)ock data transfer,

FUitdieh > 1.6 £ARE L9/ daﬁ’[bIH@/ s thEtuds ffoﬁ?thelfﬂ&tlﬁ)\%hncﬁ Itl#]ey second unit,
to operaté one or nore software applications

mepntrellsiparstatud sigm gemerated g chid deemcbmhow)be altheffer busy/ready status
termnal 12 can al so, include a user interface

i TP caceihe i drllodsp RN Hie férﬁféaweqf vigen the first unit may
Fid9Sfer ?h% mext &thﬁlgpllb%? \I\E d'dﬁﬁllﬁéfdﬁﬁa fer %lﬁ'reoﬂf‘ﬁlre first unit to

i nput |nter ace are coup ed

C ah¢ seabh@uni,8endlingea sispfranslfrpsmoﬂ cinehfiradte thedecorid 1ﬁi1ﬂ, ﬂm&ontrolhng
the term nal, to receive data, can conprise any

nitheERtus FizaahiP BeaPIBTaEHR NG buReready Hrfarigpe tp &fm e first unit of a

iy Bl eyt e AP, 0

keypad, the keypad includes the conventional nuneric

(0-9) and rel ated keys & and ot her keys used for
operating the t%ﬂﬁﬁwéﬁs Rﬁ?ﬁ&ﬂ&ﬁ) B EdPRAMY

term nal can include one or nore neans for sharing

and/ or obtaining data (not shown). In addition, the

t e foadgoiig ﬂﬁlrbthd?rcdspélﬁs BE Rl skemPL| eAbodinfanbSef thixcihvention are
identity nodul e 2 a renovabl e user identity
mieaflean@rRevidRgt in thetfh wmg@eta,ﬂ@dé}ﬁswmw@awhw e eepnjunction with

| SRR FUEIRE G PABTE 0,7 nal can i nelude

ot her renovabl e and/or fixed nenory. In this regard,

the term nal can include volatile nmenory 44, such as
vdaligtli isdledrttegramebews aisstomyt corpligl to astaodd pyit @versechus; and
area for the tenporary storage of data. The term na

can al so include other non- volatile nenory 46, which
can b e enbedded and/or may be , renovabl e. The non-

vol atil e nenory can additionalﬁy or alternatively
conpri se an EEPROM flash nmenory or the I|ike.

Thenmenori es can store any of a nunber of software
appllcatlons |nstruct|ons pleces of |nfornat|on and
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di vision multi plexed (OFDM synbol streamor the Iike.
For an n antenna transmtting entity, the STF encoder

w0 2006apabs e of receiving a synmbol stream x{t).PCHIB2005003279
regard the synbol stream can conprise any of a nunber
of different pieces of data including, for exanple,
synbol s obtained frominterleaved data that is encoded

by_a c¢hannel coder as a vol uti pnal encod

TR S er P LT PPe PO iRYS (7 figriitss O Corhoh ey invention.
or the like. Irrespective of the exact nature of the

recei ved synbol stream the STF encoder is capable of

codi ng every MDEVAHEI DHSCORIPXIQY OF THEANVENTION
5accordance with a STF techni que based upon a plurality

of STF codes, as expl ained bel ow. The coded synbol s of

th ghal

by Ehe SR Bt ot b PhbepE copatf e AR, 2 os a memory
At carth@ (e.ec eMMQ), B4 bttsy3 hex, 1nt:1héesraelmsy\<s1gngl Lasbdiyted with a data line

R NG e T A N
ST
ST SaEeA S oL Yo LD k568 K55 115y g vis o

10t héefohati as Y'HldMﬁltﬁMliﬁEﬂd}GysﬂerﬂpBbtﬁbaﬂtdrﬁV&rsﬁmdS 31, MMCA Technical
denodul.ates the data into fea{esentatlons of the coded

syrPBmites’'e AN0F. rexsentis mpdifisdin epergdanceiwigh theembdiments of this
d c "

eﬁl@@rﬂo W%}(?ﬁge ‘rtilge? ?Iggtélﬁ %%é/ ggsrﬁo]?ibl?hae )5(1%;} 31%1QIZ4 It should be
| nappeetated hoerevkrt thaﬂthS'EﬁtbbéﬁﬁHmltsqht&his asw\shtiop are ot to be construed as
pluraljty of STF codes, such as in the same nanner as

t heeirgrimaad derdise opbowkl MYIE-copmaible cgrds; mierfagprignd buses.
synbol stream in a manner thatm nimzes the Hanmm ng
dlstance Eucl i dean di stance or the |ike between the
t rfixshost tiegapbe ar @tialay egephiogtladrsa digitalecaphera,@th PO, bihgny suitable
background section, .in accordance with the Al anout |
t r%ﬁ‘{éﬁﬁ thatrapecepmnodate the wgeol thevmgmoryrgard 2o {Tha kostrgis assumed to

n

A R R Lnd SRS RBIL e AMERARE g el
2 iK© amqﬂédl tcCthé&irﬁ;Ker Atankdxhe feebiveklBdndlopsmble i acSdt@dhce with the
as the 2 x 2 Alanpguti_matrix, that is used to

20 efspchingstot thia fientiony Rhsmasnasyy 6eir? is pryaedie pichile & dgiver 2A and a
Sk SRl TR, BLOSInA0E ol HREPLIAPSE I o e aiver
t ezAnhd ties receivee3B and (fmﬂtdﬂ @paabRsia ae@@a@noenﬁltﬁ &eqeﬁmmgs of this
by dividing the synbol streaminto several paralle
syRBIIost r eans and nodul ating each of these streans
onto separate carriers or subcarriers at separate
frequencies or within separate frequency bins. Further

25 c oThegkel@ldinembodimenes @rthie thieatias poRafeeot LHRERANEMEeNning of the
codi ng_techni ques, offer a conbination of space-tine

cIsH izl 4seréns P@am@yxe%@png%w ﬂ@o@ﬁSﬂg) SheBMEC data transfer
%%tfoﬁatﬁi%rﬂrg)hgy Tthgl@ ?&Sthé rt" |d1§at lﬁggl%sse?xﬂ ué}/ aléﬁ%l\% is used and

be appreciate I ng sy

Viihtergretidsehé Aest 1faslgBRarsiready (it "eafre lﬂié?/r@aitﬂ"), but for the last
di ffer dependi ng on the coding rate of the synb

stdaémblock @@ehwétgnab frido tniterpretest aﬁf"ptmarpmghtsy/ready" It should be

escri bed .for codi ng

30 o, TR 80 ot B 8 fandifs HRE Bl B P eSO 6 Qping within the
t AMIE RETRES2 the "Prip@sth A SusPheddPestRiug SRR ik ﬂh’&!’tb'l%rm the host 1

may al so be applicable to other coding rates, w thout

d ephant the intémalpropranygping iof themiersonyerdo? 1stdmmm¢te¢e nt
invention. A Rate-One Coding As shown in FIG 4, in
accordance with a space-tinme-frequency coding
technique, it has previously bsen proposed for the STF
encoder 52 to code a synbol eam for a four antenna
56a - 56d transmitting entity 50 in accordance with
the following rate one STF code: S1 S 2 0 0 A = S2 s;
0 O 0 O -S; O O S; Ae shomn the tmo sets of

o a1 - Y

o T



2) . In practice, it is often difficult to design

codes wth equal distances (e.g., Hamm ng di st ances,
weewbiosiaan di stances, etc.) for all error eveneGI/IBRh&S/003279

condition d\ d2 inplies a reduction is coding gain,

and particularly when a | arge inbal ance exists between

d\ and 2, can result in severe |l oss in the system I n

aceoRIancs ML LI SxeDl ar . Shod Mt &Rl Be BLESEN for thehost1
cagipafl ti iakaRe "p&é{aﬁ%ﬁs'ryﬁeeﬁl RRkighB@rt 1;&%&@2 h&eby conserving

i mhal ance between~the diagonal entries o
rmthe host HIﬂgfetchéIF() m‘snong:egénsteadwthe dogtdrdah comtardeyo utdthe Wofe efficient
5 coder o{ g | ar nmbodi of the pr sent
R C195R L PEeq A GHE-SRv BRI b oBEaHORD T Eatisy i dgmsfer. In
[
cL‘“‘d‘?@é@%“t‘ﬁ%ttﬁﬁtﬁltﬁﬂétﬂtg%Z%%V@%ﬁféﬁtt‘%ﬁ% B Er softgaretimers
d| are maluamd @suchessshéseamsedto tierst paliing ophenols',l'ﬂlemhj'eslmphfymg the
encyfalnenshg as_shown in FIG 5. In this
r é %ne %ﬂona cahteeff 41% CEDPOMnITIS g dhisi inyenstpn tﬂﬁ% implies that
S e C '
oL enf ol & B B IR A PRl bty are
10 wheade 18ksibk2 andthatpdraBél dceipite smpleneneties u@igedtatn@ade possible in an
( synbols), and S\, S * 2, S and S\ represent
cﬁ;f%ﬂcﬁé @Gﬂlj‘eﬁgat es of the respective pieces of data
(e.g., synbols). Matrix Al can (but need not)
correspond to the previously proposed matrix A The
s €bvoo ek eaarty miadds nﬂbpelra?tﬁﬁl, ard@ovadekcAbed. IthRoyld ba@pbﬁzlated that there
f or med by switching or otherw se exchangi ng at | eas

t iB° IR esn sk these Ve mpdes 19é operalien drat pey Fhabied la\vgmuse of the
e?ﬁl%tar matrices differ by the exchange
15 at r}elgg%oﬂv\hé)m‘rag%shﬁ%‘rhat is, matrix A2 can be forned
by exchangi ng the second and third rows of rratri X A\
(orV| ce versa), and matri x A3 can be fornme

e FiEH grodlg of Héefﬁ%‘i’ft i§ relisEred tasarmylgpke t&‘PCkn‘Htl'fer ﬁorpMMCFtcompauble
{a‘E’ioH%heaéb%ﬁ&Ac?éegge é%‘?é"@‘éﬁ%ow‘shat any one of the
th 66 mMatTices can be Tor e y exchangl ng at | east

t veMiDd6s Seif Biueyk Dérdpeh); matri X. As shown in FIG 5, |n
accordance with exenplary enbodi nents of the present

20 i doMdi2B dRet RlockTEownsoaan this informatinmihe MM( ddiaRgletgrmine which
SO oftaf58 W] ggtb% Whg antenna 56a - 56d

transmtting en I'n accordance with the above

SWM@QWrﬂb_B]Aﬂ()andlté\ﬁmlbﬁﬂe Bloolglof daga.i N t he case of

coding the synbol streamwth matrix A, the two sets

of consecutive colums of the codes span two frequency

S - .

Wﬁ?’ﬁg?dqe Cofseﬁﬁénc@: setggrg %g{%ﬁ%gé%n%y th% ﬁﬁa@’oﬁﬁé?éﬁ%&e geta line 5 to

25 | thaMICi DBetwéen ¢veyysdath bldek thadés bigsigratingdheheaga Gihe 5. The
the transmitting entity. The STF code matrices can i )
t H@Wnﬂ@p@%buat/om thisprase dp i"byitesr bysyireaslyhf As jspen g5 dresbysy signal is

nsi on
F§S &Ifor eq%hﬁ ﬂo@%i an Eén%qﬂg Hg (ﬂtt nl‘)?l (ik 902the MMC 2. As was

I nc carrier

FEﬂStedta@W diring the daﬁttfalngiesth@ﬁﬂn@%a@m pragrlamlhg eﬂg@hgwnhm the
thro h sets of at |east one frequency sub-carrier,

dn pgaerdaare yithian esnsht ofdhis inyentien aftsaghe MMC Badoeives the last

30 Zféig 2 bg&#(g P @?ﬁngéétme? %reétlnﬁésf t}tg gtésé/tme %lf@fé qUER glydlll nng%usy(/)ready" This

T nRGHMe aYths WBstd doks Béihewld tdvegmq)oﬁﬁt tRE &Mﬂgl s8¥s of the MMC
and then circulate to the next natrlx ?or t he next set

of2, buitsag nstdad centinnedo waitfiora husy Mierrup irothis phasd ofgheiecess as well.
sub-carriers Nc in the sets over which the matrices
circulate can be set in any of a nunber of different

manners such as, for exanpl e, Qy setting the nunber of
sub-carriers to tw (i.e., Nc =2). In such an

i nstance, the first matrix A\ can repeat for the first

Nc sub-carriers (i.e.,/=1, . . . Nc), after which the
natrlx C|rculates to natrlx AQ for the next hb




whi ch the other STF codes A - Ahcan be derived: It

shoul d be understood that the STF encoder 52 for a 5
wW@er0060s18€NNa 56 transmtting entity 50 can dePCWEB200%003279

STF codes fromthose for a 6 or 8-antenna transmtting

entity, respectively. Mire particularly, the STF codes

c adowevede they eccupyencs @p [the husyo wemrughtt ispineerpnem oy tle host 1 as an

mat ri x forqjgﬂ j.ncreased- antenq élﬁﬂ or 8-

antEHHEYA A ARS AroFRmgBnTsaly tiayas ‘Ea“é?Hd assi gni ng

the coupled rows to the sane antenna of the reduced-

antenna (5 or 7-antenna) transmtting entity. The

c oA pkexhdroode oﬁmpdrettmm ibeefbmreditceas @sopmensinded eultiple blixck write. For

es of cha rows to, derive the matrices for
5t m&ceﬁwa%b °@pe MR RGALsTee fids PPHoVhe rat e
¢ b s previously been proposed for
the STF @g (BS _51;5 g)acode a synbol streamfor a four
antCei2p (S)Eﬁtel\/ﬁﬁmblt:rmnekputl ng entity 50 in accordance
with the followng rate . two STF code: As shown, the

tv&pnglg}gsof(qa Radean dajrliggot @ds of the code span two '
%ﬁﬁ%&t&é{ﬁr&rﬁsﬂﬁs@ ,m{;rgfn SAYGRE 109 tﬁ‘esifﬂ\%ei {q‘aéf\@s that the last

e co eac panni

10tHﬂedsbﬁﬂﬂahﬂﬁdﬁh&pb@h@mmt t he roms of the code span

the antennas 56a - 56d of the transmtting entity 50.
Simlar to before, and in contrast to conventiona

caogll | gue . .
Rl SFUSLHeflock W CTE S QURILR! oSXEI B o ot v 5. i
cadédrgng o€ basy af tlﬂabase isubhffas busy/eady' sl soehraeatm busy signal is
based upon a plurality of STF codes such that at

| ea

orfisassered hedost qapse ae%ﬁaaht%qkép de MG &rluringghe éqta transfer
I ORA

15 etﬁ?}ﬁl sr equdr §fro$ or Rgg%orhe%‘g{g ransm |Iﬁé&g)gﬁpdl“?({/%thana5p ect
5Oofth1b mv‘éﬁffoe afterdies MOAD 2receivais dlid opéortahd@MDS 210 8ain sets the
streamin accordance with the following rate two STF )
c Jue¥ sigual, bu inpthiseage thamesrdng of die) busy sigaabd iviagain { pregramming
pr y proposed nmatrix B. The second through sixth

lﬁl\é#@éea?g' ‘B2, B, B4, B5 and Be, then, can be forned
by swi tching or ot her wi se exchangi ng at | east two rows
matrix . 1 or one of the other of matrices 2?2,

20 daca@edme@hét}bwetarﬁaw@]al pessiblefémerets dedng whichdhe @I}’IDI?- can be
i Lkgnﬁqéﬁgﬁwcg %Ltha?@%ecéea\g%f{egé’mﬁe gir%% ah@ ﬁt?lgi?‘ebat%n of the busy
urdigias #ood that any one of the six Bk matrices can be
formed by exchanging at |east two rows of any other
matrix. Also simlar to the case of circulating Ak

m:’ﬁlg H%Fssa W xbeq‘m%;r Fog'pa%?&qot 1lﬁ1§tr @Qa %mgg%‘i’%}}érg%(% w‘ﬁgr%l e cMD23

ream ur an enna
25 t r(8es Blddk @guﬁhtahd CMI025 (Wast€ onalapie Btdckh atehenb®ioihe CMD signal
STF codes B\ - 3, 2 4, B5 and Be- As before, the
t igedeord simeéhﬁs@éwmev%cmmm thedirsttand la;sbbj@gksafdﬁtat aisl the use of

fr C rriers, or .fr.eguenc "
tﬁ% (Lc;ifeiert]l-%oée %%?% glg%%ll ﬁb &Tl%]aé is ]dng ﬁy%lée cgr é azh gq Hglea\/&)one of "buffer

t ivRy/séaalS and Tprégdinhdifdbudyieadyows of the code span the

antennasS]of the transﬁtg]ttlyﬁg e}ﬁtlty The STF code

matrlces can then repeat for a plurality of pairs of

ti tSlnt di nensi on..hi th requency.

30 o KSR PR AR SRR P SL BB P b REFRF tittoropt typos of
2 status 1ndlcﬁﬁa_ns (BLVBMBIs.caddBr BRI ER8s fRIHroQaR@NhE &hhu¥). However,
circulate through sets of at |east one frequency
s uhis@apradael woakldequiremosegihysichlyping aod i backvairdstompatible.
| east one pair of frequency sub-carriers, in the
frequency di nmension. Accordingly, a matrix may repeat
over pairs of frequencysub-carriers within a set of
sub-carriers, and then circul ate to the next matrix
for the next set of sub-carriers, and so forth. The
nunber of frequency sub-carriers Nc in the sets over
\Nhl ch the matrices C|rcul ate can be set in any of a

11" a o s s




matrices B are derived, STF encoder 52 of an 8-antenna
transmtting entity 50 can then use those matrices to

W@ ome/05413¢ nput synbol streamin a circul ati ng PERTBE2005/003279
the frequency domai n, as expl ai ned above. In such
i nstances, the rows of the matrices can be mapped to
antennas of the transmtting enti ty and t he col urms

be to either different srrbol .
g%cé’f“gn&g%loeé? L Fl’?essffﬂ]btbF Eu g“aﬁfel tW ith aspects of
SThhi CRAYENtTR thi nﬁ% Jfocﬁ?]guslr;?s{i%:a'i hrieen&R38 vﬁtlﬁ'ﬁ ﬁlebs%me command

derived fromthos or t four case. In such
i netgtbe syultiple bimkrwrite s arddkbetweenteand feried eidtabjocks! y
considering six of the eight rows of the rate four

5matrlces Bk- According to one exenplary aspect of the
pr
m)? gsegf%t nﬂeﬁ@ g&n(%_p%ﬁf etféeh%% Iplat Segig)?g%%ngéyﬁﬁps 1ﬁ¥%rﬂﬂ>ﬁ {81 the host 1 to
t eprograal the MM Stals]ecBHEnidle oIE/Sﬁéréiﬁbrmﬁ:th@bu@ngﬁhngtﬁfpr example,
be perfornmed by various neaps, ch as hardmare and/ o
f i stpRaeEon reRet tha MG hmex default i t@@ gonysutignal yis¢pfthe busy signaling,

It OB sl 805, 1 TR R 5 BEARAR oy

10p eslglmimgm@ g obnefer bufmfeed}f and @tdmﬁmﬁfg ba@jﬂmddﬂéﬁltsrn@ﬁveﬂﬁ ¢he power-
present inventjon includes at |eas

c ofpReds o psEritonanayibhedsfaed e e J}ﬁm%h}crno%uqewéthe busy signaling, and

n b (0]

Come AR oy T PRBCE b e 9 B0l g R Bl busyirscy

sedigedingf conputer instructions, enbodied in the

conmput erreadabl e storage nedium In this regard, FIG

5is a control flow block diagram of nethods, systens
ISGEQg%%% ﬁ?g%g#%?ﬁﬁhﬁ%esenpﬂ#%%%%§|on. i%ﬁ%¥rpm$gmﬂnﬂnmycmﬂz

uniier Singeides Hbis m&eﬁac&fo@ chupding $6 #p host Ittheugh ltlie“lﬁis 3fthayeomprises

bl ock di agram and conbi nati ons of blocks in th

c othe dafe signglding b djae fpsvesface Eﬁhldﬁ%thehiﬁl"éh%ﬁ@‘éplﬁfiﬂo the data signal
S glﬁe%ﬁ tHER0 v ﬁs@@ou@%ﬁqg\ﬁ{e%ata M&% T%Q géc%fver 2B is operable

war e 1 nc one
i Nigtrécettd ﬂﬂ%ﬁlnfdﬁi’laﬁoh Ifrde the hoKtelC badr itk daazn s1gnﬂllﬁ1b 5. The driver 2A is
conmputer programinstructions may be | oaded ontg a
20 ¢ ovgstabde togh1Vrardangs fgtadnten B Manydfipme Hbe Sugpi signal %) ot the data signal
h I
aﬁl%r § gﬁl%eolflqo%t %ﬁ%ﬁﬁ@&g%@oﬁﬁ?ﬁzﬁ%ﬁdésqg%?&%l lolghc or controller 2C

prﬂh@tr(aj‘ﬁlf.ﬁ&ldl e thp afivat2ss afd eathe rodaves zﬂaoand thpt Bropeidbldto cause the
the functions specified in the control flow bl ock

di dhgremeistase R‘(tby defp signalding y to Imesditsignenning (e jpHen busy/ready")

' neﬁ{er ygctelrﬁ{ﬂgs thmatq %ngri%n%tg %al/@a gec%gﬁ]ﬂjtgaﬁfng (g gd ai_k))ljog‘ramming
25p rmy@mb)l afteB peaivatgu e 1ﬁfmmbn@nﬁ~bm the B&t 1 lo@ed tA¢ data signal line

manner, such that the instructions stored in the

coﬁputer readabl e nenory produce an article of

manuf acture including instruction nmeans which

i npl ement the function specified in the control flow

bl Digdbud i3aFtReNi Rl 9dds (150 codim ) linelé)@n€ eHERBh©@6]ler 2C is responsive
programinstructions may al so e | oaded onto a
c daphicest ape command pecstyied ﬁhramletha ppamandsignel linggsfeora the host 1 for

30 0 cibierthe SRR o1 it o it ek, Bk ok TR B it ansgin ater

C OB G theTRt® MROHBEI I A8 ha®d!@R sbdRHd meaning after receiving second
ttaei nstructi ons which execute on the conputer or

otihéarmation frarmithb hestapprer tteudataignal tee §t eps f or

i mpl enenting the functions specified in the contro
fl ow bl ock di agram bl ock(s) or step(s). Accordingly,
bl ocks or steps of the control flow bl ock di agram
support conbi nati ons of neans for perform ng the
speci fied functions, conbinations of steps for
perform ng the specified functions and program
|nstruct|on means for perforn1ng t he speC|f|ed

o, . o o o . o o o



followi ng three STF codes Ai, A2 and A3: and wherein S
S2, S and 4 represent pieces of data, and S\, S 2,
w®200a/0841% * represent conpl ex conjugates of theCT/IB2005/003279

respective pieces of data. 7. A nmulti-antenna

comuni cation entity according to Caim5, wherein the
STF el enent is capable of coding the pi eces of data

b ed u o t he fol ovmn si X, STF codes 1

Ber 2 ot b B S Hoghip s oy i post 1 o
8 d%%ﬁh 8 Bie%ﬁﬁl% ?? {heg;ﬂ%?gre A0 tedf theata s% gnablind 5 tohavdone of the

epresent conpl éx conj ugat es
0 fﬁrsthneanmgzﬁﬁir raceivingethe SirsifinfdanatiorBandAo hetevde lseemidirthganing after

in a nmulti-antenna transm ssion system the. e

5 ¢ &FR5HYIRE Hig: seepndptampig fopeile dAPY e%]ﬁ)da@i Séﬁ@i ind, or o have the
capghh&nfile e?&%gﬁi%qh@ﬁ % 183 M8bn Qn(ﬁ){o%ﬁ% HaWv¥ tlﬁ:fﬁrst meaning after
preces o € space- tine enent
capabling tie sdeg@dhfigmitien fioacts hodt 1dakeatiraiatss gnqb zhme 5.

time and frequency di nensions based upon a plurality
of STF codes,the pieces of data bei ng decoded such

| s b PRI 0054 8 VA A SRUERP IS cxampls

10 f ae@ueney Hifom@nsive ndesBriptforn & vibe kbedhtmétiiodcandr dppegati® presently
Caim8, wherein the STF elenent is capabl e of
d@e@f&m&t@c}] dypiheciwertprsy SaracHEERE b cﬂﬂe dnyngieny Hapeyger, various

uor&éﬁgaﬁﬁng %{i‘?&c i< mEigﬁé; g&g g Pﬁa&%ﬂt)fo t;l’lggé s'i%ﬂieﬁgrh@le relevant arts in

ex&@m @Iflﬂlgs Reéise HEeription vl feﬁ@&kuemgyndidmamﬂh s acaabﬁhpanymg
t he colunns ext endi ng across the space di nension, and
wierveings aind the agpendaé cBps.code differs from at | east

15 one ot her STF code by the exchange of at |east two
rows of the other STF code. 10. A network entity
agd bdige Exanipléd dPafernalies @hbodilments rteeuedtid E\iﬁ[iBair Oﬂequivalent
includes a plurality of frequency bins, and whe

t séenalive praipeckt and %&ob’@%fﬁaﬂé@oﬁtq@t@h by &1@@&“@ in the art.
C ity lljlfiflu fl‘[é btu?)zélgﬁzﬁgf cg}x % ag{;un% 150&:‘%}1 tworHeH ﬁs ﬂ{nhﬂg asingle

h se eas one requenc

l fﬂatah@arfsfdi‘q:bﬁﬂﬁaﬁdd A@Hinl’bxaﬁﬁgle Avhieati@sfierréipt thiee data blocks the busy
accordlng to Caim10, wherein the STF elenent is

20 cé;ﬂ@ 4 conlddeave i iyt meanmedies ther fighdata bleaknisiragsferred, a second
*Iﬁéanh% f@f ﬁe%%% fd%ab%elé&&é&f%%? fa gnfe%‘fjﬁg&ﬁ%ﬁ}?e third data
S O ea I N

one frequenc s acro
t ipIRckdi@ TRinBfeftd.t atHee S0 €dE irstard; ahs b@sfy ﬁgndl eastbeared to indicate a
frequency bin. 12. A network entity according to Claim
onharehmcé&lﬁf@ﬁntaswt%durm eepetiany efiismiiphase sg@magd. For example,

pl C hd %IF £ gsa?%TF erent LS. ?&%QIIK? Wﬁ% e%ﬁ&t%%g&g t& Q@ erased are sent

upon eas ree

25 t hFthes@pifaid 18del a/ndJ\k/h&El tiattisy bipaalgingieitss @ﬁeralie ﬁl@ﬁé‘ddress(es) are
one frequency bin in the freqg uenmﬁi/ domai n.

n é@mvdd thaiimther a@@@msa gant ke sentapnd after theest éddwe&S(ﬁs) tgbe erased are
d f dat
b sEHBE Ry SERTafrSlier e BRRERa? P GSSS 0h s As: and

wherein S1, S2, S and 4 represent pieces of data, and
S\, S 2, S* 3 and S * 4 represent conpl ex conjugates
ofHawever,sdlsoch andesipiiler es)dd“fcatlamepf therteaghings eicdhis ieventipy will still
accor dj to C ai rein e STE.elenent is

30 ¢ 45 BiiE e Gems it kO BrEE or b (U Hased upon the
followi ng six STF codes B, B2 , , B, B5 and BG6:
and wherein S1, S2, S3, 84, S5, 86, S1 and Ss
r dprésemdre pioawey the fedtres, of dlrmex8mpla®y edbodmenty, of $his inyention may
S* 5 S 6, S* 7 and S represent conpl ex conjugates
of the respective pieces of data. 15. A nethod of
space-tine-frequency coding plsces of data, the nethod
conprising: receiving a streanmmof a plurality of
pi eces of data in a nulti-antenna transm ssion system
and codi ng the pieces of data across space, tinme and
frequency dlnen3|ons based upon a plurallty of
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domai n at the respective sets of at |east one
frequency bin. 19. A nethod according to Caim1l7,
wWoL@sa54136¢ he receiving step conprises recei vi NBCHIB2005/003279
streamof a plurality of pieces of data in a four
antenna transm ssion system and wherein the coding
sthepussdripridyestagodiithgut the qmin@smmdi:tfg uet of chsreﬂeamn@m Agt such, the
| east three STEF cade hat s ntlaII rcul.ate
PRI SERSTTBRO S0 0 b6 SRR e ey FFSFRAYEh BT the principles,
: rEAUREMSYand QN Rim s oﬁhﬁ‘?ﬁ%ﬁoﬁ%ﬁr&‘t ﬂghﬁﬂa&r@fh@}ea?
wherein the coding step conprises coding the pieces of
data based upon the follow ng three STF codes A, A2
SO dA3 :and wherein S1, S2,. S3 and 4 represent pieces
of data, and S* , S * 2, S * 3 and S* 4represent
conpl ex conjugates of the respective pieces of data. 2
1. A nethod according to Caim19, wherein the coding
step conprises coding the pieces of data based upon
the follow ng six STF codes 1, 2?2 , B, B4, B5 and
B6: and wherein S1, S2, S3, $4, S5, S6, S7 and S
represent pieces of data, and S* , S* 2, S* 3, S *
4, S* 5, S* 6, S* and S* s represent conpl ex
conjugates of the respective pieces of data. 22. A
nmet hod of space-tine- frequency decodi ng pi eces of
data, the nethod conprising: receiving a streamof a
plurality of pieces of data in a nulti-antenna
transm ssion system and decoding the pieces of data
across space, tine and frequency di nensions based upon
a plurality of space-tine-frequency (STF) codes, the
pi eces of data being decoded such that at |east one
STF code in the frequency dinension differs from at
| east one other STF code in the frequency di nension.
23. A nmethod according to Caim22, wherein the pieces
of data are decoded based upon a plurality of STF
codes that each conprise a matrix including a
plurality of colums and a plurality of rows, the rows
extendi ng across the tineand frequency di nensi ons and
the col ums extendi ng across the space di nension, and
wherein at | east one STF code differs fromat |east
one other STF code by the exchange of at |east two
rows of the other STF code. 24. A nethod according to
G aim 22, wherein the frequency dinension includes a
plurality of frequency bins, and wherein the decodi ng
step conprises decodi ng the pieces of data such that
the plurality of STF codes sequentially circul ates
through sets of at |east one frequency bin in the
frequency domain. 25. A nethod according to Caim 24,
wherein the decodi ng step conpri ses decodi ng the
pi eces of data further such that trie STF code for at
| east some of the respective sets of at |east one
frequency bin extends across the tine domain at the
respective sets of at |east one frequency bin. 26. A
nmet hod according to Claim 24, wherein the receiving
step conprises receiving a streamof a plurality of
pi eces of data in a four antenna transm ssion system
and wherein the decodi ng step conprises decodi ng the
pi eces of data based upon at |east three STF codes
that sequentially circulate through sets of at | east
one frequency bin in the frequency domain. 27. A
nmet hod according to Caim 26, wherein the decodi ng
step conprises decodi ng the pieces of data based upon
the follow ng three STF codes and wherein S1, S2, S3
and $S4 represent pieces of dat and S\, S* 2, S3
and S\ represent conpl ex conjug%tes of the respective
pi eces of data.28. A nmethod according to C ai m 26,
wherein the decoding step conprises decoding the
pleces of data based upon the follomnng six STF codes
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plurality of STF codes that each conprise a matrix
including a plurality of columsand a plurality of

WO ows/0541B€ rows extendi ng across the tinme and PCEIBREORNN3279
di mensi ons and the col ums extendi ng across the space
di mensi on, and wherein at | east one STF code differs
fromat |east one other STF Cl#BVBy t he exchange of at
| east two rows of the other STF code. 31. A conputer
program product according to Caim29, wherein the
f refseehideiqRasi on includes a plurality of frequency
bi ns, and wnherein the second executable portion is
adapted to code the pieces of data such that the

plurality of STE codes sequentially circulates through .
sek € wethod tp é%rgltfafefr?ef%fsiﬁ B‘%}Bté’rﬂ:?acﬁi“ﬁx@ﬁ OYFet Pysdbpfemiprises a signal
d [ . conput er program product according to
Cﬁg?hgggé%ﬁﬁgrein t he second executable portion is
adapted to code the pieces of data further such that

the, STF_code for at | east_ sone of the respective sets .
ofdriying fest infoympationdipme ey firs) ‘Hu"et?tﬂé%%?‘é"o%‘i g gverihe sigpal line;
domai n at the respective sets of at |east one

frequency bin. 33. A conputer program product

ackvih the signalligd fivrd khe ydoetidurit tdeaubé 4 shangx € sthrbl e
portion is adapted to receive a streamof a plurality

of pieces of data in a four antenna transm ssion

Sy . [ e ; r .
S I L1 AR5 QO BHESHERI A0 S L B moaning
t hihden fehpoiedeiind@tomdmteniatioh ky/theisighel kieefrdhrtbel @it unit;

sets of at |east one frequency bin in the frequency

domai n. 34. A conputer program product according to

C ajr ' C ' l

iyt stAELEA b ine SEGREWALATULA0) BB b Bk Foa
followi ng three STF codes Ai, A2 and A3: and wherein

S1, S2, S3 and 4 represent pieces of data, and S* v S*

2 interprefing the oheppe of stite ebhs vanad diseridhe dirgruniio have a second
r§§%§%#£ve pi eces of data.35. A conputer program

product~ according to Caim 33, wherein the second

execut abl e portion is adapted to code the pieces of

dat a based upon the and wherein S1, S2, S3, S, S5,

S&. Aspmger gEograp et copfaneddn peorapiter-reagalilegnediugn apd comprised

S* .S, * & o I : :
st iupe i st Sp e B RO SRR B s sceond
C Qiftiver a Bhothattorprixds @ lsighlrlinkp iepeiaiond ¢@apiEsiay
decodi ng pi eces of data, the conputer program product
conprising at | east one conputerreadabl e storage

medi. um of | e n . e i e . .
iy E e DlorpSh AR H R i I St Yoy Bht v
conput er -r eadabl e program decode portions stored
therein, the conputer-readabl e program decode portions

c shiyingstha gignal line Gom dhetegortbinit iogansonchiapge pbgaieyi ng a
streamof a plurality of pieces of data in a

mul ti-antenna transm ssion system and a second
eXfetredl LthB ehdri g kate CREOEEMNT 1inb at Pk $efImafto Ha¥en first meaning
across space, tinme and frequency dinensions based upon

a aptidm eespenseslivingaseond ingormatiop by sig8THjnecizera dhe fitsunit;
pi eces of data being decoded such that at |east one

STF code in the frequency dinmension differs from at

| @RRAindO8 sRHREIineTF bm 4RIRchRY EliEtof LB ERNoE bIRAS! 214

37. A conputer program product according go d ai m 36,
wherein the second executable portion is adapted to
decode the pieces of data based upon aplurality of STF
codes that each conprise a matrix including a

plurality of colums and a pluiality of rows, the rows
ext endi ng across the tine and %equency di nensi ons and

t he col unmms extendi ng across the space di nension, and
wherein at | east one STF code differs fromat |east

one ot her STF code by the exchange of at |east two
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4, S* 5, S\, S* 7 and S* represent conpl ex conjugates
of the respective pieces of data. 43. Atermnal for

W@ p@eos4186re- f r equency codi ng pi eces of data, tP€T/1B2005/003279
term nal conprising: a first nmeans for receiving a
streamof a plurality of pieces of data in a
muintdrprating tirachange sufi state of tisy sigeah lirenat the sfesbmuit tehave a second
for coding the pieces of data across space, tinme and
f r@G§UE™ey di mensi ons based upon a plurality of
space-tine-frequency (STF) codes, the pieces of data
bei ng coded such that at |east one STF code in the
f r 2Agactudionatesiacna it fuett $o & saond tinlteast a buscthat doaiprises a signal
STF code i.n the frequency dinmension. 44.. A termnal )
ac/ss EPTABFISRE TfEYShagspid el Foupled s s g ign e g g receiver atsaid
a . . .
o1 SL il LS el FEE e R o ARk BB BpeabRA dtve fst information
I niebmdhafirserugt tortht sécpnd init overthssigied liaedaid @beitgr befng operable to
rows,, therows extending across the tinme and frequency
di [PEFYES dehangp af vi#e of te signal linedgiven fgmdhe sreend pait,apd agontroller at

di ' . ' . ' .
o e it B B ORE B by BRSHO W I 368 EHANEY firgt meaning
| esfsdr diwdngl thedirstfinfdi@atibhend olaveadscodd mebning raffendtiving second
according to Caim43, wherein the freci}ljency di nmensi on

i nigfrmagon frgm jthg Frstymgto theesgernsdcynitpes thesignahliee-ei n

the second neans is adapted to code the pieces of data

such that the plurality of STF codes sequentially

Ci 4.pataess dshin olagh 35 @here@hiddirstldatonmpiiged 4 laspt et whdre Baid second
in the frequency domain. 46. A termnal according to

C Hihsamprisgha mempry dsecond neans is adapted to code

the pieces of data further such that the STF code for

at |l east sone of the respective sets of at |east one’

f r & QusactudolinRhe sl Sirsd @hid $Sa bdvond ikt ostem@bus thht doffprises a signal
respective sets of at |east one frequency bin. 47. A )
t eliff, PRIMPIAERS? Al YRY af widfist waikeouplgdde s3id sighel lineand a receiver at said
MERLP uhit ‘?Og@%tde% hR %1%5 %, Rafl FEEML fb:af’ill P%ﬁerrﬁ:hé Ly rgéeive first
pi eces of A In"a four antenna Lransm Ssi system
angforratien froiltBe S60d0 tnit B $hd Sgratiipd; 8dididivesisteng dirable to drive
pi eces of data based upon at |east three STF co

des
t hiaehagsyeicstate af thy sigmaklinede dhe eeensyrnit anda gentegller afsaid first unit to
on 0 f 1 ' . .
o SPURDE A Py SSRGS Do peeiing e i
Meiafmiafio@ é@Piodthvt @ s rhdiRin e fecefvirifdedombii@stniapion from the
the follow ng three STF codes A, A2 and wherein SI,
sxsecqsl wHHOWT theptigapbinepi eces of data, and S* S * 2,
S* 3 and S represent conpl ex conjugates of the
respective pieces of data.49. A term nal according to
A @iAPpAratusde & @hitn § Rehere s drsbR@nSorhysrisesla fle@tbry €arg @l@where said
the pieces of data based upon the follow ng six STF
cowgeend umit congprisega hols and B6: and wherein S1, , S3,
S4, S5, S6, S7 and S8 represent pieces of data, and
S\, S*2, S* 3 S 4 S*5 S*6, S* 7 and S
r epr £S@Btho§ Ao EEBdtE ARt ol athist GASAEH batBnd@iv@BeSver a bus,
of data. 50. A term nal for space-tine-frequency
dexwtirsgngpi eces of data, the term nal conprising: a
first neans for receiving a streamof a plurality of
pi eces of data in a nulti-antenna transm ssion system
aniliipitin e 6R Rb1oBaMia frafsrdefatiend> {he pieces of data
across space, tine and frequency di nensi ons based upon
a plurality of space-tine-frequency (STF) codes, the
pi eces of data being decoded such that at |east one
STF code in the frequency dinension differs from at
| east one other STF code in thi frequency di nensi on.
51. Atermnal according to C %mSO, wherein the
second neans is adapted to decode the pieces of data
based upon a plurality of STF codes that each conprise
a matrix including a plurality of columms and a
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2, S* 3 and S * represent conpl ex conjugates of the
respective pieces of data. 56. A termnal according to
w@b@bs4H3¢ wherein the second neans i s adapt edP€DIB2005/003279

decode the pieces of data based upon the follow ng six

STF codes B\ , -52 , B3, B4, B5 and B6: MJLTI MEDI ACARD

| NOEREACENEIHOB] o cloOhAN JTdrfe d FROGERAMIrFREDIICTheAddOoNnd unit, controlling a
APPARATUS TECHNI CAL FI ELD: . The exemql enbodi nent s .

of St Yena) pensrpise bydhaseogdmardp féﬁ otttk HB%H;’ZIBP@’ fats signal after

g ?flst(l:lg ?Try;/ @Jte?iéllg%m TBfo¥m %Vﬁﬁ%Mhémﬁg st unit may transfer the

speci e to Interfaces to renoval nmenory
ma@ut &8a Block; aasl, but not limted to, one known as a
Mul ti Medi aCard (MMC) and one known as a Secure Digital
(SD) nenory card. BACKGROUND: hi renovable nenory

PR . Li . . _— .
PSS FUFDpRe BN oy AAARLL 08 B0l LSt ing i
sisge sipsal au e Ut plopRirhing Bidrdady atdnesdigiig vieethendl data block to
used to indicate, in this case: "buffer ready for next )
d ankprm thefiest wribolaierraingtion efgnigenss DogERENNE, ¥ 2ghdly thesecond unit.
inthis case it indicates "erase busy". As there is
generally only one busy signal Iine present in order

t 8. QofAREHodasih R]GMUTN twherd thelfdOeniofs doagrizud Wr ihgsbhnd Shere the
not flexible. The current definition for the busy

sisgerand unit is semmiS drefaoreaeTygROqWACA) System i s based

on the fact that the software |ayers of the host

device are typically inplenmented in such a way that

dat, & insthbd agaf @sined, wikerb trRckst urfitok cexpriiddeofiatelltlsr B¥éphone, and
blocks. It is thus practical to use so-called nultiple

bl wlske theiseeondgmitein gemprisednfa memew cofd-dat a transferred

over the MMC interface is only a fraction of the host

devi ce block size (typically the MMC block is 512

byttoe 8)metA6d b4@ JERMNT, Rehe®d sali M BrsbuSy resigBadaid Katus signal after each of
currently, for the data transfer case, "buffer ready,"

t Hhe ndsta biecks it am Eferunhddrivepmeds pPopsretéors| ocks of data

to the MMC without polling the status of the buffers.
However, as currently specified a problemis

enqout RagfitdrNprofain Phédict tcbtaln@atinb eelaphas-réfRble medium and
transferred (e.g., the last 512 byte bl ock of the o

t cwaiprisekofyyrograg) wekyctions rderionnig apayeration of perymamicating data

- R AT BB one e R b B ontPlfols SRR R

to be transferred. Requiring the host to poll the
ppo%yanready status signal is an inefficient use of

t Haitiating a nhleskedotd mepsécipwbére y.> BUMWARY OF THE

I NVENTI ON The foregoi ng and ot her problens are

overcone, and other advantages are realized, in

acePs Han7e Mitd hlobhetraseiiRldarom eHeTas Jiitb $Sheddecbit $nit, controlling a
invention. In a first aspect thereof this invention
pratatisizignad geperhted bydhe secend aois ta be arbuffer higy/readyastatus signal after

d.unit b hat i ' | Line.
e oh e b R P SbP Bk iyt
f idest datiblockOaddne second unit over the signal [ine;
driving the signal line fromthe second unit to cause

a change of state; interpreting the change of state of

th igpal .1in t the first unit to hgve a fjrst . .
o g e POk Bepumces BPRviR g ab e e apiei roptpoling said
1 Ngaisd 68ad1 thivke, Iro%fgnhﬁﬁlgfﬂurs?/}ea'd?'sﬁa'tusdsrigﬁﬂl Reet 4 #™ data block to
signal Tne fromthe second unit"to cauSe a change of
stiafoemahelfitshtugit pf etermigati breofihengépoiranmaing, dany, ey the second unit.
signal line at the first unit to have a second

nmeani ng. In a second aspect thereof this invention

provi des a conputer program product contained in a
conput er - r eadabl e nedi um and cghprised of program
instructions for perform ng an operation of

interfacing a first unit to a second unit over a bus

that conprises a signal |ine. The operations include

- o s . a



bl ocks transferred fromthe first unit to the second

unit, controlling a status signal generated by the
wG@emonshisnit to be a buffer busy/ready status BCHE2005/003279

after each of the n-l1data blocks to informthe first

unit of when the first unit may transfer the next data

bl ock; and for the nth data block transferred fromthe

fig%t unit to the second unlt Ilugg t he st.atus

4} CYBPYHE Rrogrgy Pt 1B GAP e BF st Inffrispomprised of a
af § &, ah@vrRtdind @t&nahmﬁhs L& lrgfeeromatnten&iy&ﬁadu it of a
termnation o I nter programming, if any, by the
second unit. In a still further aspect thereof this

ti d t data f
2 1 P EoTERit %r"%r'sg%‘?’%g%%ﬁér%ﬁﬁ clagp d B Btecthc S ant is comprised of a
a ty 0. t
SRR 5L ARSI e )

bl ocks transferred fromthe first unit to the second

unjt the second unit controls a status signal to be
bu1r4r érc WP&%@&%&%%@W 145 where gaid r%tﬂlnttﬁ@ewei said status

g Erabef ch BRI bt o ol vl ditpligh.
data bl ock transferred fromthe first unit to the
second unit the second unit contrqgls the status signa

b RPAFIGY Fou AAAORY RS fdta fEm <t BisthSng igrseepnd gl pger a bus,
a&oﬂ#ﬂs&% Jo?ltljoﬁérot% 'RHEQ{% aL:Jz[lﬁgclycﬂJb& tr%Lsfé} xtvﬁ&lén @af v?rﬂ:re for a first
of "Irtermal progranm ng, | second

| - adatraromg&ammﬂﬁecaﬂ@hhlwﬁr@ndet tothecmecrrﬁtur@umlddaeond unit controls
enbodi nents of this invention include a netho

c ohfstiverispal dgPambptiedhusy/ ready sewératah%ﬁqr@a%%hﬁ ndadaga blocks to
d
a0l B BRI R R o

t raanshleck traagiredfrom ﬂhe firstrung tb theStcdhdinttabal sbd:cﬁﬁlkﬁnt controls said
transferred fromthe first unit to the second uni

c ORI FIBRFJO dest BrogEmigdusyErdy stases Hgnal pées E}Lﬁdh gdata block to

catforb? AsPutb SenitBto] SAfnnl ol Bn iRl B g sccond un

of when the first unit may transfer the next data
bl ock; and after the nth data_block transferred from

t - Appatatug s in elgim K, Where the first ynit is eRmprigechofsa lgst, and where the

conp P R BRe AR L BB FBERET 2 of o ami ng

busy/ready status signal to informthe first unit of a

termnation of internal progranm ng, if an t he

: é&oﬁ@p@rﬁw as el ﬁgs@mepm e i 9 R ke elephone, and

Q npl ary

?ﬁ%%?gﬂgyﬂﬁﬂﬁg Qié%HLE%QS%%' nore evident in

the follomrng Detailed Descri ption, when read in

conjunction wth the attached Draw ng_ Figures,

mrﬂe‘gr Apparaims gs inclaig 1, sérregriddirairaniineseives Stid sttusgignel after each of

c 3] ni.t. oy ndFig. 2 is an

eﬁgﬁﬁﬁgtr }’%‘%\?ﬁ%ﬁﬁq é['rda& ]?Hﬂa? %fP%%f?’?%t es the

operation of this invention. DETAI LED DESCRI PTI ON OF

THE I NVENTION Fig. 1 shows a first unit, such as a

holék AL mQﬂmﬂfa: cemmugicatesdate drpnyai first soidHo a6 secone mwityover a bus,

card &1 a MMC), by a bus 3 that includes a busy

si@ngs Bassociated with a data line 5. Al so shown are

a command (CVD) Iine 6 over which the host 1 issues

conmands to the card 2, and a clock (CLK) line 7. In

genidipting an hdldnksda® mansfdsewbonpat Iibl e wit h one defi ned

as "The Ml ti Medi aCard, System Specification, Version

3.31, MMCATechnical Comm ttee", 2003, except as

nodi fied in accordance with the enbodi ments of this

i nvention to provide the nultigﬁe-use or multi-node

busy signal 4. It should be appreciated, however, that

t he enbodi nents of this invention are not to be

const rued as belng Ilnrted for use onIy wi th

A M AN s = Y S — 1. . A




occurrence of the "programm ng ready" status

i ndi cation. A second node of operation is referred to
wa@sooansgapen ended nultiple block wite. For PCT/IB2005/003279

MMC- conpati bl e operation the command sequence is as

foll ows: CVD16 (Set Bl ock_Length); CNMD25

(Wite_Miltiple Block); Sending of data bl ocks on data

R B oD ol oo R 45 Bl 6 B sBhd gpit, controling
dag g8 ?igll% {%&ﬁé&%’ed e $EQhd JRALYRSR WMRE 363%}?%&?? %@ﬁg signal after

there | y signdling occurring on the

Thechehthiemg! ddta blogks tonnfdringhe Aseunis of Whif e first unit may transfer the
busy/rea% ". As_soon as the busy signal is deasserted

t HEXhedp ﬁﬁghm§%nd the next data block to the MVC 2.

During the data transfer there may be data programm ng
ongoing within theMMC 2. hi accordance with an aspect
ofafteniise A'hdsmbloek tahsfefred fomME fizst uaites essebhiel @iigRending a stop
command (CVMD12) it again sets the busy signal, but in

t HFRsEason spanipaach i gieotecenk i ypdsioghalling seid sgiaispignal to be a
RS0, DRSS S50 P B g ormen

Caitopanmeng, if eny, by thdscdnd aitl t hat these can affect

the nmeaning and interpretation of the busy signal 4.

Fig. 2 is a waveformdiagramthat illustrates a node

of e [ rejngt . Bl .
bl ds IR P Wiere MY el it is BRI o 18 where the
Si@oaid udinie compaisell sthimembRemeddla | i ne 5 conveying the

first and | ast bl ocks of data, and the use of the

dual - node Busy signal 4 that is driven by the card 2

t 0,4 ndj "ob. f "

5o b RS 0ot e S AP hmorHd ot cellufr seephone, and
s epidratie Setend hdinie Soeptikell e memeryfaard.di fferent types

of status indications (e.g. in this case for buffer

status and programm ng status). However, this approach

WO}E. gtl{‘l%tﬁga {1seinryl)gi 1@“%%%&%&19%&%@@&%&% seﬂgtstahﬁ%@ﬁf é:hser each of
conpati ble. I'n contradistinction to previous uses T or

t hlte h\dats Ho@Rah adt intbrRuclved aneie ofopdtatiepect s of this

i nvention the neaning of the busy signal 4 is changed

wWithin the same command (e.g., the nultiple block

ek QRRSLNBERA ABALE LS B, BLaRR bbbl pcium ana
| naoeprised of Sogtane idk@aétichs e (REREHMP dnhteion 2f témmunicating data
sel ect the node of operation of the busy signaling.

Fdora rdipf it tata seeqisk usioviee  bus, tthgeonenations seappesingul t
to the conventional use of the busy signaling, but my
then be programmed by the host 1to operate with the
Mih{tiatiiP 8 nW6ckodatd RensBiswh&e@nali ng (e.g., buffer
busy/readyandprogranningbusy/ready). Al ternatively,the
power on node of operation nmaybe defined to be the

ti ~mde e, of . the bus i gnaling. .and the host. 1 .
ot & R o S35 ki B iottes s B il tad S i fpnicotting o
bugatid e haBRldivyGhe kébof@RnAIH B b HufRF Bady/feB@Nsthid signal after
enbodi nents of this invention provide the nenory card
2 aablaof thorpt dateblogkbiednfonndhe Axsturdivel wlaanghe first vnit triag transfer the
host ., 1t hrough the bus 3 that conprises the data signa
IFﬁ%téﬁa%ﬁﬁﬁbﬁgpinterface i ncl udes the driver 2A
coupled to the data signal |ine and the receiver 2B
al so coupled to the data signal line 5. The receiver
2 Bifies thepel ddtd block tresfeiredfrbmrthe firstfioit na themacdndomit, kending a stop
host 1 over the data signal line 5. The driver 2A is
operable to drive a change of state (as a transition
of the busy signal 4) of the data signal line 5 to the
host 1. The nenory card 2 further includes the contro
| ogic or controller 2C that coupled to the driver 2A
and to the receiver 2B and that is operable to cause
t he change of state of the data signal line 5 to have

T B Y




1. Anethod to interface a first unit to a second unit

over a bus that conprises a signal |ine, conprising:
waleiosiong3dirst information fromthe first unitPC€DIB20&S/003279
second unit over the signal line; driving the signa

line fromthe second unit to cause a change of state;
i ntrarsprissiomgprhinend ha tigpeseobnds tiait carolf cant]lgngysead staiusesigdal to be a
the first, unit to have a first neani and in response .
d rl?r\?f%’ﬁ‘&’%‘é‘ggﬂéb’/ﬁ%fiiﬁ?t%‘@ signalte mfprn ﬂae&ﬁéﬂ unitiod g terpigatioef internal
f ',#%Taﬁﬂf"h . ﬂ}%hy’i hd Qé?:oﬁéi gyl line fromthe second
umi toto cabse a’c ange of state; and interpreting the
change of state of the signal line at the first unit
to_have a second neani ng. 2. A conputer program product .
cot: 2} FRIBPERT Brogi raduct as 41y s@%%&f Th the At Gwyris gegprised of a
of ' I [ . ' tion of
B e e Rtk e
that conprises a signal |ine, the operations
coq§rising: driving first information fromthe first
undX 4 SPTRPRECKRIOSHAN Droductasdp clala 23 whare the fisst ugitiiy peygprised of a
th i i.ne fir Upi
or U Plsf Dpich Bl B B8 B AR P bl S in G 00
signal line at the first unit to have a first neaning
and in response driving second information to the )
i 2fh A commderregrrmpsoduct axin glaim 23 gwhere seidifig ugitgepgives said status

S
N T S P R e

at the first unit to have a second neani ng. 3.

Apparatus to interface a first unit to a second unit

ovél APmspduy kacomampiqaie data gy pafirst junit tocd sprondi yat gver a bus,
dr | . Sa| Lrst .unjt i.d_sianal |

i el ol Bl BRI ok Bt B BOELL, Wil ot

si g dhtalblstks traadferrel! fram@thdfdkngap icdbend whitkal dRcdd it controls
information fromthe first unit to the second unit

ovetiatppgigaalda ke abuffer bussyirepdy stadissignapafterpaelpel thp el daga blocks to
recei t .t h ' [ ' .

f rBfriTe SRR R Br Hoet R ity SRR g ARG bR, and ater the
uni® dh@@ blotkertpimeferict efreamgerigf uaitafoetiRf sdcbed Sin@ip@bnding a stop
line to have a first neanugg after driving the first

i rfansmigsicancamnand ththeesegongbriih candeconiralings said status igngl to be a
second i ' - | [-S ni .t .
BB AR AT i et R otimena
whabgratimhidlg fiif b8y, byihd seeompiinites a host and where said

second unit conprises a nenory card. 5. Apparatus to
interface a first unit to a second unit over a bus

RS 85e h2D bOBGPIRL ShOR R85 B where o

I eeBbntBiniBls coRipfiséd 6154 muinbiy eedpe.ed to the signal
line, said receiver being operable to receive first

informati on fromthe second unit over the signal |ine;

o2 ASbiHEls 2P arPE B ot Bshipl f oPrPHRERT Bt Hiphone, and
C ORhdre kHeec@id @it M chmpsibeddfadlméBosadape t he change of
state of the signal line to have a first neaning after

receiving the first information and to have a second

megni,ng after.recei )M ng sec information. fromthe
seb AP St Y. Shghar A italu o S B elghatater each of
cl @t Mdata BIO&sEn 8R ‘_irﬁexfnhﬂtﬁiiv!éfﬂ hlode ®MBpérafsn.2a MeENDIry car d
and where said second unit conprises a host. 7. A

nmet hod to communi cate data froma first unit to a
second unit over a bus, conprising: initiating an
"-block data transfer, where n > 1 ;for a first n-1
data bl ocks transferred fromthe first unit to the
second unit, controlling a st ats si gnal generated by
the second unit to be a buffer busy/ready status
signal after each of the n-1 data blocks to informthe
first unit of when the first unit may transfer the

L, I T I Y I T Y




the n data blocks in an interrupt-driven node of
operation. 19. A nethod to communicate data froma
WO ReosM541B6t to a second unit over a bus, conprPGI/IRPN05/003279
initiating an n-bl ock data transfer, where n > 1;for a
first n-1 data blocks transferred fromthe first unit
t 031.HemsBwoynchrd obinprisingarbak intergaca fett @upling tagmbdst through a bus that
the second unit to.be a buffer busy/rea

gener at ed
st%@mgwﬁéﬁt SignldmeecRIpPTIng HUTYET 3t saidaeppry cped CPBpleg % said data

I ng; [

| PAREP RS § el Sy Mo e e B bR, g e, i
bl weiver eaisd epdratsle frs esvetviedirbti inftrmation ﬁbm ﬂiaehostemmn dhe data 51gna1
unj.t, sending a stop transnlssggn command tQ

s eléesi gaidrirtver heing operebls) tpidriye shangs: oftsiate of Hwaiatet ¥ew line to the
a 1ds 991&%%? chnﬁ&ﬁféé Eec%q oﬁéraé leﬁ'tg %Qidl (tlr‘i)vér réﬁlﬁrtmsﬁﬁerecewer and

first n1na on o |ntern progranm n

| f optgble fycaubeths ebaipd ofiate of2he dAa pighdidtheas have zcﬁﬁt ﬁileamng after
19, where the first unit is conprlsed of a host and
V\H@F@thlgéh% degriafarmption and éhpryse decond menning §it grgeRiBing second

COlTpI'I égggg%%l {hg Iﬂ%%tﬁ(} a}%eqauﬁi lilﬁgngl \r/vts1t=3r gn:l Lel >

second unit is conprised of a menory card. 22. A

method as in claim19, where said first unit receives

s a?>%| Amemesy §argra§|m gleire 31 swbere sridihve infugthencanpiased of g command
' neﬁ qlrnreug%i gqlefleetﬂ %Bgﬁa‘ C}Per i¥ pe%@&]ﬁl\pe to %eleas@o ? %Brﬁn%ld received

pro ram pr oduct cont al ne onput er-reada

meghkétighaseonoimid sigch] the ROMThEN0sE R chnsidd 188 8hdn@s of state of the data

perforn1n an operation of comunicating data froma

f i yignal ling fo hayedhe Brsbmganing efierveoeiving thy, firshiafospetion perhie have the

COREP [3hink AREL AbLOhARCSELEEH B Aok ABHES ov B8 fata signal

thﬁhélrst unit to the second unit, controlling a

status signal generated by the second unit to be a

buffer busy/ready status signal after each of the n-1

blocks toqinto 04 .
u i f? A me Ty, cdrd as'1 %11 11];1] g)f;,t\I/}léFa? Ealgf: tﬁoq{er Y%}%%}o%ig%e ft%él%tgrammmg
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second unit, sendi a stoptransm ssion command to the
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a aming _busy/r d
7 DAL BF5 AR L 5 SRRl S i Bost over

| f dADYign&lilideer 59RO qaetmsﬁmeazﬁnghﬁt@ EGRULRLY the rmgnﬁfannauon and to
product as in claim?23, where the first unit is

c oﬁm hasedhofirssmpening afigrdecsiergthe second infaematinn from the host over the
rised.of a nmenory nodule. 25. A conputer program
fden §mieh claim 23, where the first unit is

conprlsed of a cellular tel ephone, and where the

second unit is conprised of a nenory card. 26. A

conmput er program product as in claim23, where said

first unit receives said status signal after each of
the n data blocks in an interrupt-driven node of
operation. 27. Apparatus to comunicate data froma

first unit to a second unit over a bus, conprising a

controller to initiate an n-block data transfer, where

n >1, where for a first n-1 data bl ocks transferred

fromthe first unit to the second unit said second

unit controls a status signal to be a buffer
busy/ready status signal after each of the n-1 data

bl ocks to informthe first unit of when the first unit

may transfer the next data bl ock; and after the nth

data bl ock transferred fromthe first unit to the
second unit, sending a stop trapnsm ssion conmand to
the second unit, and controlllﬁé said status signal to
be a progranning busy/ready status signal to inform
the first unit of a termnation of interna
programm ng, if any, by the second unit. 28. Apparatus
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