;e3efzz{Z6Tf 14 May 2002 S| GNALI NG PROTOCOL FOR SATELLI TE DI RECT RADI O
BROADCAST SYSTEM Field of Invention , The invention relates to satellite
broadcast systens, and a signaling waveformfor facilitating the form ng of
broadcast data) and the processing thereof by a satellite pa ad2?¢F
renote radi o receivers. 5 Background of the Invention There pres@n y

exi sts a popul ation of over 4 billion peqple that are generally

di ssati sfied and underserved by the poor sound quality of short-wave radio
broadcasts, or the coverage limtations of anplitude nodul ati on (AM band
and frequency nodul ation (FM band terrestrial radi o broadcast systens.

This population is prinmarily_loc din Afrjica tral _and South Anmerica,
and Asia. A need thereﬁé@@%&@é@@%ﬁé 19y EQIRElect radio

broadcast systemto transmt SRAMOBEOADCASTETEM data and i mages to

| ow- cost consuner receivers. A nunber of satellite comunicati

have been devel oped for comercial and mlitary applications. mm@“mm\m“m@
satellite conmunications systens) however, have not addressed € nee

to provide nultiple, independent broadcast service providers wth 11888 bl e
and econonField ofdoessiont 0 a space segnment) nor consuners' need to receive

i gh qual ity ragho i3/ BRal Sobial 9 chONXCORLIGRNSUARE LAMLOBAS] Vatetih (G A
need therefore éxrsts Tor providing service providers. w rect CAGCess
to a sat el Facilieating chedhonharersg afbroadcastidata amdithie podcessprgabereafdyarsaretlivapdykoad and
pur chased and used. Iril addition, a need exists for a |ow cost radio

recei ver ufitoE FEYST™ 20 recei vi ng time division nmultiplexed downlink

bit streans. Summary of the Invention In accordance with an aspect of the
present inyention, ? thod of fog a signal for broadcast transm ssion to
renot e recﬁﬂ@ﬁﬁ%gﬂéngggﬂﬂﬂﬂgmhereby a broadcast service having at |east 25
one service confrh&e presértly@xists apopulstion dirovgr Mmﬁggipldqﬂe dﬂgm ,geﬁérﬂlyicﬁ‘»ssitﬁﬁn%kﬁs »
agi ng signals),test, .nessages, nogr.aphi ¢ s ol s nd,so on) ,i s conbi ne
P Ph"a Ser gt BhdssieRied) EDE 40P bR (Al of shiof Wags, ol Broadeion i te; v RREo
bit streantimitaiths of aplvtdd sigddirion bahinddteuéney nmicdaRiiéd (FM)antl her&aiali ce

at the renpte receivers. In . gccordance wth anot her, aspect aof the present
i nvent i‘?)n,”tdf%[’ ACTSRES: A FiGPRPUAOn i Primey %@t@m?&% K.

nul ti pl es Amesicdland AR Rideed dHefefctt ekisth fdra Rl drethRdio’ i6Ricast system to
transmit signals such as audio, data and images to low-cost consumer receivers.
A number of satellite communications networks have been developed for commercial
and military applications. These satellite communications systems, however, have not addressed
15 the need to provide multple, independent broadcast service providers with flexible and
economical access to a space segment, nor consumers’ need to receive high quality radio signals
using low-cost consumer radio receiver units. A need therefore exists for providing service
providers. with direct access to a satellite and choices as to the amount of space segment that's
purchased and used. In addition, a need exists for a low-cost radio receiver unit capable of
20  receiving time division multiplexed downlink bit streams.

Summary of the Invention
In accordance with an aspect of the present invention, a method of formarting a signal for

broadcast transmission to remote receivers is provided whereby a broadcast service having at least
25  one service component (e.g, an audio program, video, data, static images, paging signals, test,
messages, panographic symbols, and so on) is combined with a service control header (SCH) in a
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s period is Mseconds. The nunber of bits of service in a frame is n xL x M
=n x P bits per flanme. The SCEs is n x Qbits) and the nunber of bits in a
frame is n x (P + ~ For exanple, the service has an overall bit rate of 16
to 128 kilobits per second or n nuliples of a mninmmbit rajigyval 2062
kilobits per second where 1 < n < 8 The franme period is 432 ml|iseconds.
The nunber of bits of service in a frane,is n x 16 kilobits per second x
432 mlliseconds or n x 6912 b|ts The SCés is n x 224 bits, and the nunber
of bits in aczcﬂsq‘?:hh?ﬁl ”Tﬁ&@@i%ﬂﬁﬁcﬂv%@nﬂ’dﬁ&@%&ﬂiﬁﬁ of ARl L he
present invention e service conprises’nore than one service componen

Bits of eabhnmenwﬂzﬂww@nponent are |nterIeaved in each br oadcast channel

bit stream frang Jp,, &Efé%ﬂﬁ“&ﬁ&h{é"a&&c%ﬂﬂ mm 9&&[‘:#9} af Berdlf e“t
i nvention, the service conponents ~s are |n er ratios o ﬁlnIﬁUﬂl
rate of t hetessfrK bireperReabdd og nimmisplesrof aanidmdmtl ittriwe ob Ldits perssecartula rifte ﬁ'ahnet

streamfrane one r e have bit .rate
Ut 1 ci'en PBHATLSREEE ThEAPPE gthﬁs%%?ttt’%ﬁtfpﬁgtﬁgnéf R Bt St
wi t h anot HEte $CHI &04x Qfbits,and the eambeér of ibite ixt 2 friumé lver ss@Br eFemdmpISGHc
corresponglEa X(fh) of fi r% g@d second br oadcaﬁ@ nne S arg service
synchr oni gﬂ ﬁaﬁﬁ FE R G AR 228 Iglobiey Perseeend & 7 g hrae phi6e
ref]cerencedlﬁ‘l?b ekséaéxﬂiﬂdﬂ@@d %hwe%&&?@e?aﬁ:himmﬂfﬁ?ﬁn&ambhn%serio‘fbu%%f
configured to rm pned ang, conmpensa { nme er e
vari ous |rfdt§’|!ﬁ§r'|%légl““5fst”"r1é’t obigF SRERX 4  QTCEE 14 P 1156 S

cl ock @n- b&a'bﬂs,taﬁ&dé%ﬁbérl&&tsdaﬁﬁ%ﬁ@%rrﬂﬁme wi th anot her aspect of the
present |nvent|on a servjce conponent ri sing as anal og, si gnal, such as

audio is conprd® drarewithyes anehey GRIENLEBVRURH HICSATVIES CEPpRgy more

Expert G Qhjh Bhe t\@ﬁ@&a@%&&@%@@%eﬁ Rrvice\BEEoRent MREGRedeatld MREL BroalicaiC! d
a selected sarLPI Ing f uency (e.g 8 kilohertz 12 kil oherz 16 kil ohers 24

ki | oher z binsreeminmeqs k| ohenz). Conpression of a service conponent
can be perfor Mgy b e ith M faﬁo aké&?&ftﬁeﬁﬂ@nﬂﬂv&ﬁ@&%sehﬁce%ﬁ %%
t he p es

with still yet another aspect’o ent 1 nvention
30 numfer 2% intages rgriossf|the-minimum i rets of gharsepvieso addgzhﬁga@f

di cat b t
e of 22%‘“%&?er i 5“?'%%’3?@‘*5‘? ?%ﬂ°f§faﬁ%?%f?°a’?‘t%r&§m&§t§‘?ﬁ‘?§%%t ;“?‘. a

auxi | i ary fill eathrintedeaved poriiorif clac foame: e| atrng to the content of said auxrlrary

data field, datyp :;'ré%rty@ 0 g egg_hét a SCH
transnitted usi n sal a&%l%ﬁgrﬁ Q?é Bran dd‘; a Hﬁ%ﬁecatl ngnct he nunber

of servi ceomespp mmhwﬁ:ﬁrstcmdscqoudnbeoadeaszjdﬂmnheare ryndmwddmg andgpanident

I’ISES a

anot h agﬁe&g r}ﬁ@,% L Rad
desi g(r?gte pf?%ﬁééﬁgbro gcgﬁsx?{ec ann%elqerambrg her broadcast annrke sdlé‘%‘r?
carry secsnuligwedso deemiinedsind hempensate fos s diffesencos herieemie yrtiqva indepandent bitst

channel . ”%:;ke perTelof: 1 satellfe, PY i MBIy broadcast
channel is thg&ggtore e?l?% “Pé I ncr e%ks)e ot?grratr on is provided in the
SCH of each fr dweaccordame hwidf rbmpaalcafstthcrpmmlmmoxassrsmcc hesmponete
receivers Vv S WAE;

br oadcast bwh%g%%%gﬁvé a‘pr e? err hwgﬁnen&gpg?ymm
presersts i MRicoures Bmmﬁ@mupwrh@%;co&ngbdaenmr&.ﬂerhﬂ’EGd, MG 2tos MPEG 25 \and ed
with a fl cat e whether

primary o%ggéido é' a( %\k&%’gﬁcr a rvr cte‘&ﬂo %%%?‘r@i’%ﬂ a

uni que i dendusmdtem)nmﬁbnoha ma:ee&rmpwd&utcm bdnperfmened usingahée MBEG 2.5,
broadcasta%rﬂ a he auxiliary data field can be changed fromframe to

frane, an d servi ce broadcast channels need not be in
conti guous fr almaccordaﬁcelvﬁdﬁﬁdl germbther wipe® oftthd present ineuntidr) elie $CHIcompeifes ahe

Funat Pins GG O e wﬁ%caﬁw%%réi%wd FBE L GrabE Hpisne Pesiite o, oo

via mul ti iraides KeRESitde? indich %m'sﬁéwcékﬁ}fpuéd&ubmawﬂtmdna
whet her a uxiliary datafleld conprlsestheflrst m or
i nt er nedi %F-@» figld goment |indicasprerelarng, o she

header is al so provrded with a segnment offset and Iength freld 20 (SCLF) to
indicate to which of a total nunber of multiframe segnments the current
segnent corresponds and therefore to serve as a counter. |In other words,
the SOLE for each internmediate nultiframe segnent increases by one unti

the total nunmber of segnments |less one is reached Miultifrane segnents need
not be located in contiguous broadcast channel frames. In addition, the
auxiliary field content indicator conprises bits corresponding to a service
| abel for 2s the contents of the auxiliary data field. In accordance with
yet another aspect of the present |nvention the servrce control header
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pr ogram 4 14 May 2002 In accordance with still yet another aspect of the
present invention, the SCH conprises a dynamc auxiliary data field for
transmtting a dynamic | abel byte streamto receivers such as text or a
screen for display at the receiver. The dynam c | abel byte Stﬁﬁ@ Eﬂ%

not related to a particular service. Thus, the radi o receiver &Y t be
tuned to receive a particular service in 5 order to receive the dynamc

| abel byte stream According to anot her éspect of the present invention,

there is p | ded _a, get hod of 3G

transm ssi E???n?%‘ éi@ﬂ}gr @& Y&gﬁ“ﬂta eps glfj‘ (rae%gai n\}clhn ﬁthe
servi ce conghbes ofigerdie doﬁ@snenesvihmiﬁbnme/sarcbfmmponent and a second service
conponent each eI ected fr, roup,.consi st i ng f au tatic

i rages, dynam c*f ?Fﬁ@rélénce S'p’&g{‘ﬁb%gfﬁﬁé prﬁg%m g’eﬂg rgac&:ﬁﬁ b%m‘(?g‘f*‘é’pt?ﬁ c
symbol s;  adddigdl i&@tﬁraagmﬂﬂyabrbimcohﬁﬁncbb@dmﬂierthrbadﬁst echifrelsagiR dajty seEsHIdyN gf a
servi ce control header f{o sai ervice, to contr cepti,on o
sai d set vi teevigss thay P%f%‘%’ﬁ’éiea“?‘gééﬁ ?‘ﬁg%‘@me@ %Wéﬁ g‘p

cotrrpr ' ?' Eggx%?a\ﬂ eR the'p i gx%h&asrsc%hﬂlxelﬁw Hefefore Caﬁfﬁéd\&lyﬂﬁcréﬂée&\lﬁfoﬁnhu&i is
rate o er secon ver a rrespondi n

mul tiples provisedhiin it 541 of ¢a g“é’!‘ ip egeh Q% the g@ﬁd@gc@ﬁﬂp S8 Hgf‘r'g‘ﬁé'eﬁa'iﬁ! ng
a period Oxfecéwe%?ﬁp?éé&mg BrchdeRt ydrﬁéésm% e uGhdayt roddist fchaiiRls, SRl d

frame conprising nxP b for said service and nxQ hits for _said serV| ce

control hezegendancgfeith ,prq{errqd embodigmenp of the preseng InygARen, sk auydiprycfeld content
respeciq Vel B fwé%m with Qﬂ%ﬁ%‘ﬂcugﬁt&maﬁ&' thOSpdiRFy b feld wxﬁ,]snséﬁi Bhifiy

conmponent contro ta for dyrfam controlling the reception of sard
first ser v¢ms¢cemdrpmweatandtanyasqmatedrmmcermprvmnm aanRiqyser dwt@ﬁcarg)xs eddt

service Coghipleoh ﬁs&s ! dhld o3 agearb%gﬁsecon RE e ARITR) dﬂ?h@i{iéﬁ{lbe .

dynam cal | y SOt recep sal servi ce conponen
renot e recehangdsfrom framc to frame, and the associated service broadcast channels need not be in

contiguous frames.
15 In accordance with still yet another aspect of the present invention, the SCH can be used

to control specific radio receiver functions requiring long bit strings. The long bit strings are
transmitted via multiframe segments. The SCH comprises a start flag to indicated whether an
auxiliary data field comprises the first segment or an intermediate segment of a multiframe
transmission. The service control header is also provided with a segment offset and length field
20 (SOLF) to indicate to which of a total number of muliframe segments the current segment
corresponds and therefore to serve as a counter. In other words, the SOLF for each
intermediate multiframe segment increases by one unul the total number of segments less one is
reached. Multiframe segments need not be located in contiguous broadcast channel frames. In
addition, the auxiliary field content indicator comprises bits corresponding to a service label for
25  the contents of the auxiliary data field.

In accordance with yer another aspect of the present invention, the service control
header comprises a service component control field (SCCF) for each service component
provided in a broadcast channel frame which facilitates demultiplexing and decoding of service
components at radio receivers. The SCCF indicates the length of the service component, the

30  type of service component (e.g., data, MPEG encoded audio, video and so on), whether or not
the service component is encrypted, method of encrypton, the type of program (e.g., music,
speech as so on) to which the service component belongs, as well as the language used in the

program.



wherein at | east one of said first service conmponent control data and said
second service conponent control data conprises at |east one of a plurality
of fields conprising a service 25 conponent length field, a service
component type field, an encryption fielgd, a programtype fiel ?

| anguage field, wherein said service conmponent length field indicates the
bit rate of the correspondi ng one of said first service conponent and said
second service conponent, said service conponent type field indicates which
of a plurality bfacerdanse with stilbyet@aqthes@sriept af Hie REeseRtaBysatien Hg SSikcostprisesiad
first serviGamGOmRAnS st BRhsSRAANLRERKIARI FOTRRRANS reodrdlardfas text
encryption Tield indicates which pl'urality of encryption nmethods is
used to ener§pireenifer é'éwlme@tptbﬁmcnlgeronBﬂecﬁyn@alpdahei btét@ stseapy thateis ghistatedie aand
sai d_SeconffiEiais6ict ORAN AR radi8 iy BY (20 A By oLk iFRLBS setlibCh Of 2
plurality of prograns is transmtted via the corresponding one of said

first servpiertesepontnyenantc bbeldysstennd service conponent, and said

| anguage field acéit /oD Aneb 1o 8 RGed InWiGH e & Blobiud hiferil of

| anguages the corresponding one of said first service cohponent and said
second ser fnrmettle@wméfﬂr bfogdegefriransariesipn taeamstaiesrivereompeibing dinstepreat: aspect of
the present inveRLi@ARa dRRkolprillhyl MEH o FirllRbhRE BhplRhilld Mot SHARAI

for broadcast transnission to renote receivers conprPS|ng the steps o

recei ving aor%mnmt exchselpgied f5om e groupeansisting ¢f audi, datss sthtéceimegatpdienic imagesct ed
fromthe gy sc%agﬁlté;&' Ahsls Ahfberfifkdymbliabhg | mages, dynam ¢ i mages,

pagi ng S|gna s, text, messages and panogfaphic synbols; generating a

br oadcast channe¢netsting & broadeastichagmel bifystraas Ee h:gara)e@févg/a geevieenontrel headentder to
sai d servi ggq {pvidid Q%MMIIYJ ORI FRbptiof Gﬁﬂlﬁd sQRfl&fat SAd AR MdehRrslaif@ce
renote receivers, said service 10 control header conprising service contro
header dat gongrel keedercomprising sreviep eonprolcdstes said seryico foraprising amisiverall Ritiretaof Kg t he
begi nni ng g fRtdodd, @mov@almm&%ﬁegpg ot ARBIENGE o iR bt Bhofaf piEA!
service, encryption control an auxilirary data field, an auxiliary
field ¢tont pertse¢ondi S@Eitfmlnerletlvmglarrgrlo(bOE Mesemm,@mﬂ servicg zhwdnaMW%m? ks per

field, dat relat d nultlfr auxi data field whe aid
a1 1ary 1208 Fidfled Sriishie P BT LI s B M A AT Prld BiflseRle®
service 15hcaderpwhaem$( YAHL, OV, R:amdsz are umnaersalndluks aaypectisay;d servi ce

corr eSpondl ng t §r0v1dp WEJ Yervi gr Y (frol hez?dg w1ttht ﬁrst tservngalcgmbgngﬁtd n?r’(;)l de‘iatgq})r
receivers on a Adcast™ thann fecei 8Rds

conpri si ngdatamiically t:oumﬂmgeha/ receptnom Imf)smda rﬁrst salviee k:edpdmemmt tsﬁlé rgnmw pecelvers
consi st ng &{ audi o, data, static inmages, dynam c inmages, paging signals,
text, nessages and panographic symbols, said second service being
transnitted to pavidingesast @rviecaintrelr seadar vaitlP@cemlcsmnder soniponant catol ditarfore| ;

dynamically controlling reception of said second service component at said remote receivers;

wherein at least one of said first service component control data and said second service
component control data comprises at least one of a plurality of fields comprising a service
25  component length field, a service component type field, an encryption field, a program type field
and a language field, wherein said service component length field indicates the bit rate of the
corresponding one of said first service component and said second service component, said
service component type field indicates which of a plurality of signals is contained in the
corresponding one of said first service component and said second service component, said
30  encryption field indicates which of a plurality of encryption methods is used to encrypt the
corresponding one of said first service component and said second service component, said
program type field indicates which of a plurality of programs is transmitted via the corresponding

one of said first service component and said second service component, and said language field



generating a second broadcast channel bit stream franme by appending a
second service control header to said second service to dynamcally contro
reception of said second service at said renote receivers; and providing
bits in said service control header corrgsponding to said prinpfy,bsgpdcast
channel to 25 indicate to said renote receivers that said primary broadcast
channel is related to said secondary broadcast channel. According to
further aspect of the present invention, there is provided a nethod of

f or mat t i ngindicgtesyimlwhichr ofbp cdutelity tof't lnngneges B¢ earrespondéngoore Pk eadl Visstsservice
conpri si ”gc&ngb%nérhﬁﬁé aff secd; ag&w& &ﬂne;ﬁméﬁrisv egﬁat‘é&?”p_” sing at |east a first
servi ce conmponent sel'ected from f grouﬁi consi sting of audio, data,
static inmages, dAyenedingtojageinenotheyaspeeipf tegresens invieatian, thereds prgwidedanagethod of

panogr aphi Fbrlﬁxt{mvé)il §gna9f'o?ﬁ{o?&%£ew@ﬁmn£s%48 ?eﬁiot&ﬁé@éi%?é compgsiﬁ%{tﬁ.@ g‘g"ﬁf Jrame by

appendi ng a service contro ader to said service to dyn y contr ol
receptidn of saredeiviog gisowicarompristhgrativatte fird service companantgelseed/frore the groppl 4

By 2002 conkil HEANRL SATRASLGSSEHIAE HORL! SLiCARRT: (AL tnaskechRd

fromthe group consisting o ndi cat’i egl nni ng sai d
frame, a bpanograplkic pymbels; i ndi cating the bit rate of said service, encryption

control data, apeiihy b HokadioRbiBihire A nAHE b bitlelaifd £hiEORhERIhehddligeat of
relating to the“content of said auxiliary data fie d, data relating to

mul ti fr amessid serdes td danpxii¢allscont®l aepsion pEdaill seivaqe at sdidiremoese redeiners, shad servi¢ee| d
I's mul 4 pl dndicat i ' S i ch
oot 14 S48 0 L 0ol M BTl Sy SRR

rel ating t preambld indigating the foeginmieg efsaicbftarae. ashii wter indext indicatingitheebit rateapigsaid
provi di ng | ¢ || Ear | cQon Welell r i al.d r\i I
header wt %Iget %“&kﬁﬁoy%n%glﬁg%?’i EEr?llg!ng{mr%gt E%!aq%;d?é Hcdrﬁi/(%'tgllly oﬁaﬁscégtg%nﬁ@%gp
cont ent s ofelatiag ¢ thaxephtprirof seldruxifidnedefa fialde datelralajing do ywitifames ivesaidoanddiety of

the preseny,d RYBWhe trid JRAfafy daha @Jl@%inqﬁﬁpl&e&:’ahﬁ Qeta Si&@.ﬁ;{%& hiuRer dRledviler

transm ssion to renpte recei'vers conprising the steps .
15  components which constitute said frame, said service corresponding to a primary service

transmitted to said broadcast remote receivers on a primary broadcast channel;
receiving a second service comprising at least one service component selected from the
group consisting of audio, data, static images, dynamic images, paging signals, text, messages
and panographic symbols, said second service being transmitted to said remote receivers on a
20  secondary broadcast channel;
generating a second broadcast channel bit stream frame by appending a second service
control header to said second service to dynamically control reception of said second service at
said remote receivers; and
providing bits in said service control header corresponding to said primary broadcast channel to
25  indicate to said remote receivers that said primary broadcast channel is related to said secondary
broadcast channel.
According to further aspect of the present invention, there is provided a method of
formatting a signal for broadcast transmission to remote receivers comprising the steps of:
receiving a service comprising at least a first service component selected from the group
30  consisting of audio, data, static images, dynamic images, paging signals, text, messages and
panographic symbols;
generating a broadcast channel bit stream frame by appending a service control header to

said service to dynamically control reception of said service at said remote receivers, said service



recei ving broadcast channels fromat |east one broadcast station, each of
sai d broadcast channels conprising a plurality of prine rate channels, each
of said prime rate channels 15 conprising a plurality of synbols; routing
each of said plurality of prine rate chagnels to at |east one Qfmav 2002
plurality of tinme division nmultiplexed downlinks, each of said plurality of
time division nultiplexed downlinks conprising a plurality of time slots;
mul tipl exi ng sai d synbol s corresponding to each of said prime rate channel s
and rout edcogok keadesconprising pravies capiolhearerrdata gelectsel fomnihe grappsiopyisting of a

mul ti pl exegleglomBliddtsfing M Bedmifly bf FRI FAR, 2 H1tr‘ra§65h&13xﬁﬁ‘d@auﬁg’\m}| itk dfQaid
generate a corresponding Iurallty of serial, time djvision mul ti pl exed or

TDM franme BFYices CRE¥PHON GoRHCIafARe it Hesiliant fiare figldprn cgnifiany| Tisld conters iadiedtorof

sai d TDM f f3Rg B the SHAEATE s4i® a®QIdry Qhta tﬁ@ﬂ Hzﬁ@ FéYa%'h% t@%uﬁlﬁ‘aﬁespﬁl' AR Juﬁ-lﬁl
channel s correspondln to a selected one sai d broadcast channels 25 by

at | east ofasa tigld svaprusarcb%t iaryrdatachieldbis gnul @&Wd,tanﬁéatg indicatingihe yimbgppipervice

conpr i si Nge@poh&RSWhiNEonktithk daid Gh8Et €d from the group consisting of a
br oadcast channel identifier type field, a broadcast channel identifier

nunber field, apiosigingspif guxiliary datefigliriuith datarglating faseideservicgdlpr feedption §jsgidg
and a broagﬁﬁ§geamghegﬁp field, wherein said tine slot control word
conpri ses said broadcast channel identifier type field and 30 said

appendi ng step Piridisgraid awpkiary Beld cpptens indisator inyaigyseryion gorenl beaperavtichils for

channelg i dg@ichdng@ mdidAgbh& Hiouled oft thel BABHts ONGidRIkilihQ dhiadk@at e which of a
plurality of dlﬁferent I dent'i fication code types corréesponds to said

sel ected one of Aswrdingfoowst anpsher awapirRithe presgpiginysntiom therg isgrovied ragpethpd of

i denti fi catdraimPdita fo)’f?ﬁﬁm‘?s@ibﬁ ﬁﬁ@ﬂ%'r&glv&@ c&ﬁﬁr%%%tthé/ gegs of said
plurality of geographic areas. { 2002 Accor |ng to yet agaln

anot her aspect EFeiving maérsaétrﬁhawlﬁérﬂm efn‘eas piRer trogdsash pakjand eagh 2T fid Resadeast

formattingcdatds tohpdsins rpmmf ofl Riche FRd %mﬁﬁ@@l YRh Sof CAMP bRk ke t dhnrlsePS
of : receiving broadcast channels fromat |east one broadcast station, each

of sai & br epigrising a plurality of symbols;

routing each of said plurality of prime rate channels to at least one of a plurality of time
division multiplexed downlinks, each of said plurality of time division multiplexed downlinks
comprising a plurality of time slots;
multiplexing said symbols corresponding to each of said prime rate channels and routed
20  to the same one of said plurality of time division multiplexed downlinks into said time slots in
said same downlinks to generate a corresponding plurality of serial, time division multiplexed or
TDM frame bit streams; and
appending a time slot control word to each of said TDM frame bit streams to control the
recovery of said prime rate channels corresponding to a selected one of said broadcast channels
25 by at least one of said remote receivers, said time slot control word comprising at least one field
selected from the group consisting of a broadcast channel identifier type field, a broadcast
channel identifier number field, a last prime rate channel flag, a format identifier field, and a
broadcast audience field;
wherein said time slot control word comprises said broadcast channel identifier type field and
30  said appending step further comprises the step of providing said broadcast channel identifier type
field with at least one bit to indicate which of a plurality of different identification code types
corresponds to said selected one of said broadcast channels, said plurality of different

identification code types corresponding to respective ones of said plurality of geographic areas.



channel s conprising a plurality of prinme rate channels, each of said prine
rate channels 5 conprising a plurality of synmbols; routing each of said
plurality of prine rate channels to at |east one of a plurality of tine

di vision multipl exed downlinks, each of idplurality of tine4ﬁﬂq§&ﬁn

mul ti pl exed downlinks conprising a plurality of time slots; nﬁ‘tlp exl ng
said synbols corresponding to each of said prinme rate channels and routed
10 to the same one of said plurality of time division nultiplexed downlinks
into said time Aberdng tp yeti apaimagnothdoampestnisthe progenidneention these e srvwiddd g
plurality ¢ ' (o /IVANE- oY el 41 VI M1 0 ﬂ%ﬁ:ﬂﬁ | i Streans;
appendi ng glgtth?ﬁé fg _oatttm(,gc;rﬁﬁttar !())r?% a\ﬁ%@g& I%theéacﬁee%gg\éea{%) Dl\h é r arrtgpgb(lg_t streans to
control the rectegeivipg bfoadeaptchpmiclydrompatdeashensriwpasicash stpteanip eachiofi gaid brogdeast

sel ected opgnflis $ahghisC2 dky SRR futel IndMel8l edRAF salNBrifl 2! GhafiRIOL €
receivers, sgﬁ%%t?h m?%btqgonf¥olqﬂord conpr¥%?n§lat I'éast one iefdg

sel ect ed f eamprising aghusality efowmbelsii ng of a broadcast channel identifier type
field, a broadcgg naellid lidfdr Sk Fdi 1e8st RS L LI r

channel flag!.aﬂﬁ%?%gg id%ﬁ{ﬁ?@e?cﬁﬁérg%ﬂgﬁgna %%%é_gggt aqdfgﬁgg &%Fd;
and assi gndintgioarmyldlened fdowalinksneagly @6 said plurdligued §melidivisiangmiliplexedi dpwadinksct ed
one of sai Ra | ﬁﬂﬁﬂ#&'s fromanong a plurality of broadcast
channel s r%% fveggiﬁ%%ﬁgéa se e%ted one of a plurality ofﬁgeographic ar eas.
According to yemuliglexinganidtsyraboluenmesnonding toactpplessishrimeatershprals and equeedi s
provi degl 8L badk e JraRBRidIRPoRRt SRRIon BIHERBUEARANKS TAD SN BRI B
renote receivers conprising the steps of: 25 receiving a service conprising
at | east asd#id same downinksdo gnaraterregorresponding pltirafityoyhnseriad tfg}edlmme@mgltmtewgﬁgorof
audi o, dat gpprphabd Git dTRGES, dynami c i mages, paging signals, text, nmessages
and panographi ¢ synbol's; "and generating a broadcast channel bit stream
frame by appendrrrgndingerimp et eanelrwird eerdlepf saisl BAM dramerhit streamsotodprieatitheal | y
control rereplendbr Qid piMedraRThMInER cBresptdthe!t6 TREIECELERI Hf §hid broafilad G@nkCe 30
control header "conprising service control "header data selected fromthe
group &dnshyetlerst ofe of spd eamrt wodivee, 62id fimg sioheonelyiverdicagpdsingsatilepstanadigld a
bi t rat e 1 B! it GRS LREp (BfRidBhE of &' frofleast ThehrSLIIChERY (RCRYRI] BRAEAG! T O

data, an auxiliary eldf auxilrary ftield content indicator
relating tehanhed idestifierrnumber Selil.ch lasharimearale chatng! flpg| adformpitidentifipraficihepnd @
MUl tif r amegrobibadAhdlee Kiblal MY

assigning an identification code to uniquely distinguish said selected one of said broadcast

20  channels from among a plurality of broadcast channels received within a selected one of a
plurality of geographic areas.

According to yet again another aspect of the present invention, there is provided a
method of formatting a signal for broadcast transmission to remote receivers comprising the steps
of:

25 receiving a service comprising at least a first service component selected from the group
consisting of audio, data, static images, dynamic images, paging signals, text, messages and
panographic symbols; and

generating a broadcast channel bit stream frame by appending a service control header to
said service to dynamically control reception of said service at said remote receivers, said service

30  control header comprising service control header data selected from the group consisting of a
preamble indicating the beginning of said frame, a bit rate index indicating the bit rate of said
service, encryption control data, an auxiliary data field, an auxiliary field content indicator

relating to the content of said auxiliary data field, data relating to multiframes in said auxiliary



4d 14 May 2002 data field when said auxiliary data field is multiplexed,
and data indicating the nunber of service conponents which constitute said
frame; wherein said preanble is one of a binary nunber and a hexadeci nal
nunber selected for effective auto-correglgation to facilitate av 2002
synchroni zation of said frane when said frame is received, sai Ig %reanble
conprising 20 bits and corresponding to 0474B hexadeci mal . According to yet
agai n anot her aspect of the present invention, there is provided a nethod

of for mat t datfield wheprwid ausilianydetadiekkis mutiplexed. a8d date indicatingghenumcherpfisemvice
conpri si ngcdhenclBRTcHdonstihRE §liy frhife;@ Service conprising at |east a first
service conponent sel ected fromthé group 10 consi sting of audio, data,
static i mayessein syjepietnoble ismgesta lpa@Y Pembasi gRrd kexadesimal nyrehes seiestedfprcpffective
panogr aphi &té&’&ﬁ%%%n tcg?daﬁftﬁf Is ngﬁt%%asﬁﬁi ﬁ’aﬁﬁé‘@vﬁén pah(i 5\%&1@ ‘?@?&c{s&@d“‘sa@y
appendi ng a service. contr % er to said service to dynamcally contro
recept ion pranii¢ @mlﬁmgé@bmandapwspm@ P4/dBihgxadecimalai d servi ce control
header conpri si R Rffe/ (thcl%E'lB da%th@ﬁ @Jt é}‘athé‘ ?e%én‘?%%ﬂ?&{ Qﬁ@ré he ,%wagcpa
consisting of a 15 rea eIndicatin e |nn|ng of sard r 5

rate i ndexmgther @féﬁmmgmghélgbaltfowta@@cm trwmmgethete reORYely p@mmﬁmgdm $t@ns
data, an gyxiliary data field, an auxiliary field content indicator
relating to the content of sai d auxiliary data field, data relating to

mul tifranmes in Sedidngysdryiceeompgiging af eest g figgh stvisp annenseit s¢lented fpun thefgraipd i s
Tl { i pl@XCcbnsifi il BithCoAlNthab e apHaRES W GhnGiOMRQN h
constitute sglg% rarrelo and tcené%ypt?ﬁg oﬁg%%?ﬁﬁél?ogggagﬁgbﬁgﬁﬁgﬁnhg
conpri si ngpasagraphiesyibels; and sai d service control header, and a plurality of
br oadcast Chann n§ra &ﬁcﬁ@cl@nﬁél%ft@@éanﬁﬁérﬂé ﬂ}ﬁ% Mgcaosrefﬁc%ggﬁ’tml 'ﬂgadgret'bv' ce
control headers, encryption control data rising bits to indicate a
type of kegﬂlcw@%“@do Bylameﬂaay papt iscaptienpfisgidservise gesafdpmoty recsiverssyishigiving one
of said br &ﬁﬁSlal%‘ad&- Qamp.eém &sﬂv.éeamugﬂ s bl dajh Qlecllli FRACAS r&g%ﬁk‘ﬂtﬁ of §' d
type of key being selected froma group ysS consi st 25
key, al%onweﬁnhé@yld&ﬁtdlgathg b%mmngcofksegd fr@ea é bsttra&euledekegdlwémgﬁewelfam oftseld
encrypt  angd K0 2AGAstion SBhitoI S |af Eaukifiaslith Iﬁ@ﬂaQﬁ; %ﬁ*lh&f?aﬁfm?lcoﬁt&t Skdi&dred
ones of said renmote recelvers which aré confi gured orm decryption using
sai d st at i ©lakeg o Wacentend ahend pufliapeiaty fieldedatn refaaﬁg aewlyﬁ@meﬁnmé@lda@mmhaw sai d
renot e I ecgiyfiid wiln GRCAxBhry3RiadicR] ¥ iiltpieke® anPERAHARSIngIRENRMeS ot ahER Wer e
encrypt ed using the sane en %gptlon schene, and said specific key being
usef ul f or cAMPERSAE Whigh copstifnte said framg:@nB0 renpte receivers of said broadcast
channeg m&mq@aﬁgo&r&@dﬁa@kas@ Bl@dﬂﬂ@lcomaﬁsukge?am Eé?ﬁéé/:mdeﬁldt’s%hr& Bn?&Hesderd
encryption schene. 4e 2002 Accord |qg yet again anot her aspect
of the pre¥¥i PRIRNIENe lasﬂadCfSh@ angly cppprisintgedit arehte%eﬁms @f'd FoFsrRndinggeryics gnal
for broadcamtrol HeAdbPTh$ bty phiBn E&HIRL &atd EMFIrRE Bits QNRdibad H8ph BEKSIRB&IBY:
receiving a. service conp rlshﬁg at least a first service conponént selécted
from the gie¥ligmstecersypiste drsmf 2 sererseendipgione okwrisk hreadeaphgfvane] ayhsid Rluipigges,
pagi ng si gérdrSadcdsEetanndle SSREBS oAIRY beageaé@&m&n 8 $rap B keyd 8HRIsARS S Ratic
broadcast channel bit streamfrane b pendi ng a service control header to

said serv %féawm%'fﬁ/éaﬂiPypeetfﬁtkﬁmSalﬂé@@ﬁk?y()wﬂtgfusgfalﬁeegwwe%b@@d@%hsa'

rendte receiN&if said Btddd@sT chhmiRl ©QBleéted ot BESIid RIS fesdivass \sméwm@ @oﬁgﬁﬁeﬂm
header data selected fromthe group consisting of a 10 preanble in catlng

the begi nnPSHg™®Hetyntign ppingerld statig keyy %ﬂdecq"m%é(wawgéfﬁqfwg%t frenyprion ptallerfof

sai d ser Vi @i reRbRydRivERRf 6RALE id fladaty of Broddbastlchayls Sl V\fekeeén‘éﬁypﬁéﬂ using
auxiliary fleld content indicator relating to the content of said aUX|I|ary

data fi el dthe §aPs RaaYRieD defers, adl 1aid pReFIES lqeh being gsefior idsgryptigntal afljafjsaidwhen

sai d auxi | temods ré@ivarshorr Sdidlbrogdchdt hanRéi SviRRl said@Prdaddadt @hdniélina@bdeR Ondrijfteduidiiger  of

servi ce conponents whjch constitute said frame; and
a selected encryption scheme.



15 transmtting a Radio Data System (RDS) Pl code for frequency nodul at ed
(FM broadcasting in said auxiliary data field of service control header,
said auxiliary field content indicator conprising bits to indicate that
said auxiliary data field conprises sai 4RDS PI code. Accordi ngy {Qy Y62

agai n anot her aspect of the present invention, there is provided a met hod
of formatting a signal for broadcast transm ssion to renpbte receivers
conprising the steps 20 of: receiving a service conmprising at least a first
servi ce conponefiecosdingda gef gatintnoter gsrselpofchpdiresentnigvegtion ihere is @eavided ¢ at i ¢

i mages, dyRaitb§of fOREREg ARG NBr oAk Branshffotion tIRABRIERVRRTRPANEY AP ess
symbol s; generating a broadcast channel bit stream frame by appendi ng a

service cofffrol header to 25 said service to dynamically control reception

of said servi ceree&vaghderh%ge&ﬁrprrsﬁ@eat e 8 ﬁrﬁ@érdnc@@&H;Scﬁ@nt%élg&éd)frorh%dg%u
conpr|5|ng service control header data sel ecte ron1t e group con5|st|ng

of a preanteisingdpicandion datensatisetpages. Wynastic Jupags paging, signalsi texh amessagprdend

i ndi catingp ;nlagraphg synfos; Of said service, encryption control data, an
auxiliary data fiel'd, an auxiliary field content indicator relating to the
content of sai dE¥GsANG &Ppadsast shamngl bt strepm Faipe by eRpapding? seivieq Jopkpldgadentos aj d

auxiliary gy ﬂﬂlé’e tE'd?:he%né’!ﬂ?@ox?tﬁ)‘l thc@ptish bt ﬁ'n’cheFlf"?Jeaat EdlcﬂegmolesreéEWer' Rli®xpfee and

dat a |nd|cat|n8 he humb servi ce conponen S constltute sai d
frane; andcqire hfmiq»fgcowrlan% mlf:%éor&@hb?aéw %&F&Ctewffqm Bietasoypncoggipting of a

auxiliggy En'e%ge q.muaﬁﬁg the mﬁg]ﬁahg)sf ;aQr frﬂhé Rl awramn@ex%apétag tlemit Ffe SoRRect ed
to at | east one of said renbte; 2002 wherein said providing

step conpr pewse, {SRETYBYBCaBrol ety a ?1’@"1@&1 éatau”seldl, i rapxilipgy| feld santentt indigdiprcat or

in said SeFeYdtiﬁ? t& MR IcbRbnt 2 5l@ auMidr alth trR1dl Bdta FHIARL Y mARif@mdd ﬁpdaﬁﬂalﬁiﬁwe
connected to af |east one of said renpte receivers. According to stil

anot her aspe {ieldmhem gaidpuxiliant datafieldh tsingitiplensdraad data fdisgtingethie RUMRer HBif“ﬁ‘fe

formatti ngc@nps;ngna%hltpgonlgﬁ@@QQa%mg rAaf@sm ssion to renote receivers
conprising the steps of: receivi gg?éa service conprising at least a first

servi c& cotpiHEHEs 3 Badie Datr Pisisih RRS) Bt eadp fardisgneney mgdated (RMbroagaasting &y at i ¢
i mages, dygQadaaxilifgo&sa RAYINGeSicdN@nfrol h&ibr, ARSHAARSy RM content indicator

comprising bits to indicate that said auxiliary data field comprises said RDS PI code.
According to yet again another aspect of the present invention, there is provided a
method of formatting a signal for broadcast transmission to remote receivers comprising the steps
20  oft
receiving a service comprising at least a first service component selected from the group
consisting of audio, data, static images, dynamic images, paging signals, text, messages and
panographic symbols;
generating a broadcast channel bit stream frame by appending a service control header to
25  said service to dynamically control reception of said service at said remote receivers, said service
control header comprising service control header data selected from the group consisting of a
preamble indicating the beginning of said frame, a bit rate index indicating the bit rate of said
service, encryption control data, an auxiliary data field, an auxiliary field content indicator
relating to the content of said auxiliary data field, data relating to multiframes in said auxiliary
30  data field when said auxiliary data field is multiplexed, and data indicating the number of service
components which constitute said frame; and
providing said service control header with bits in said auxiliary field content indicator for

display on a display device connected to at least one of said remote;



panogr aphi ¢ synbol s; generating a broadcast channel bit streamframe by
appendi ng a service control header to 10 said service to dynamcally
control reception of said service at said renote receivers, said service
control header conprising service controjgheader data sel ected;f ]¥Qgh&ﬁe
group consisting of a preanble indicating the beginning of sald

bit rate index indicating the bit rate of said service, encryption control
data, an auxiliary data field, an auxiliary field content indicator

rel ating twherpia seid ravistingottepseaimgrises she steprof Pti’é(tdépa‘ﬁaéll ayxiligeytfield- eonteny indjoater

mul tiframeg, sa@ s8i3lctlcdfts] hdaérich i i Qisplaft bl WA 3l cAHELAE) Rl 1AL, i €
is multiplexe and ta 1 ndicating th servi ce conponents which
constltuteﬁwhﬁﬂmﬁﬂawwﬂsand providing said serV|ce control header with bits
for display on a.diaRl RY%flaHthE SHNGThE freledt AberiBRIher® MGGlidcid MethGIB €,
said bits corrpr?‘g‘iq)lrr\g éa sstla ﬁ %as%guencegrsegr vﬁc% i ab ffr IE'.—pr l 7% %ccor di ng
to yet sti farmaftieg heignahfppbrondagst t@h@llﬁﬁﬂ(@éerﬁﬂ“qTW@h\termmptlﬁeg @e ﬁtspsmfow ded a
20 si gnal compr fesdipfle BsGRHE BsthorlsHoQ (Bl st SHORE b GfbdnByi IeIEALL fréih i Gup! OF
br oadcast transnlgg@%nsto F enot e %ecg?%SrsS sa? @ﬁ%ﬁgf c r?@ﬁn bup
broadcast eMakting ofbiudios dplaasratio imgesy elieanie daagsy, mgp@rmnmlg axtsemeﬁae@s @r@nt r ol
header to ré%%ﬁh@ mbdfl d service conprising at |east one service conponent
selected f %poup consi sting of audio, data, static images, dynamc
i mages, paging eingratinga broadepst Ch@gglabgtégeaam&arpahbWMilg:a swmogtrolélaa rto

ser vi Cy COBL QiR UGKanfiHD kb ol bodtiof BF M LRnAAM Ll refiRlcodcersieAPEIGA! | Y
controlling receptio said service at sald renpte receivers on a
broadcast edirhkdaderseoingirising géreies eentiol beadpredatieselestsrfrans the eransr epngigting iiter ol
header dat Ereﬁﬁlklg%d‘?éluﬁg fhEﬂbL- ﬁmgé OE QP RARL, S bilBteShddk nhankatfngftﬁ‘e biDARXof said

i ndicating t rate of servi ce, encrgﬁtlon contr data, an
auxiliary erayiee, fqn@,lmlonawnaab(dqta,aanyalml@ndde,t@)rﬁe an; ayiilieryt field rcententi indfcater t he
content of g ft@%'cbﬁt@rf%f‘éﬁ& QU)IIIIH Gataqi%fdadf{tﬁ!ré‘z{tfng% frQ e bnbd ans%mea%xlh'arysa' d

auxiliary data said auxiliar I's nultiplexed,” data

i ndi calf ngdfetﬁ Eeld yipe paidguxdiary dagacti %wmﬂ@i@@dmﬂ Spfa wmtnra the aumsber af $sPoeedcast

channel Dbi toRich&AWALRDRstitBRaildhAe Ml dynami cally controlling reception of
each of said service conponents at renote receivers, wherein service

control hea@sidingrrdidssarvire sepisn dieasy with dite Sntdisplay acaidisplmadavice sapicrise taiat a

i denti fyi ng,QRRe HsaliGRdte, sH8 SRS éo@fbﬂsﬁggkﬁﬂﬁw seqente skAid¥BHeR002 reception
and worl dw de reception for said broadcast channel and said second

br oadcast channEinally, aegeeding toaristillpnpther aspast ofj the pigsenbmverntien,theigisryordded a

20  signal comprising broadcast information embodied in a carrier wave for broadcast transmission to
remote receivers, said signal comprising a broadcast channel bit stream frame generated by
appending a service control header to a service, said service comprising at least one service
component selected from the group consisting of audio, data, static images, dynamic images,
paging signals, text, messages and panographic symbols, said service control header comprising

25  service control data for dynamically controlling reception of said service at said remote receivers
on a broadcast channel, said service control header comprising service control header data
selected from the group consisting of a bit rate index indicating the bit rate of said service,
encryption control data, an auxiliary data field, an auxiliary field content indicator relating to the
content of said auxiliary data field, data relating to multiframes in said auxiliary data field when

30  said auxiliary data field is multiplexed, data indicating the number of service components which
constitute said broadcast channel bit stream frame, and data for dynamically controlling reception
of each of said service components at remote receivers, wherein service control header and said

second service control header each comprise data identifying one of local reception, regional



5 These and ot her features and advantages of the present invention will be
nore readily conprehended fromthe followi ng detail ed description when read
in connection with the appended draw ngs, which forma part of this
original disclosure, and wherein: Fig. 1 'bs a schematic diagr amhqu‘l 3002
satellite direct broadcast systemconstruCted in accordance wt ah

enbodi nent of the present invention; 10 Fig. 2 is a flow chart depicting

t he sequence of operations for end-to-end signal processing in the system
depi ct ed i recertign and werldyddesieerptiesfonsaithbrapdoastisbaneland said second bypasisashehannel,

i nvention; . Eidive IS a schematic block diagramof a broadcast earth station
constructed 1 n accordance with an enbodi nent of the present invention; 15
Fig. 4 is a schematic diagramillustrating broadcast segment multi plexing

i n accor dagggr st dbidh o£APPEWIERt Oof the present invention; Fig 5. Is a
schemati c bI'ocK diagram of an on-board processing payload for a satellite

i n accot dance wilh¢se apd etpro@nthren andpdvantages of sherpresenpvisyrntion wilfFbg mog: fegdily
schematic gl RgRRudd kbRt et foowiR ’J&%ﬂéod_dgﬁfigtlidn' e8! i BlnfieciBR VAR 10
denodul ati on processing 1 n accordance wt n enbodi ment 0{1 t he present

i nvent i on; agpepded Arawgngs, whitteform p partpithis arigingl|disslosuae. imndywheteinoar d satel lite
rate alignment plp0GeRS] MhehBiARERHTNCE Mbfift BFbctBRANJPRR! cdiSfudRlacRent

i nvention; Fig. is a schematic diagramillustrating on-board satellite
swi t chi ng agsardanogavidhiapiemperimentiof thepeegnhipvepienat i ons i n accordance with an
embodi ggnt of Py, B &SLMHow BENhlAg Hhe Shdhoncd 65 otrGRE TR i BLAF KighR0T am
of a radio receiver for use in the system edpl cted in Fig. 1 and

const r uct edroressiag ébthg hivtem epiptediin Bighbdn aecerdapge wikearpembaskiynent of ghetnressnt Fi g.
10 is a schgphfohc diagramillustrating receiver synchronization and

dermul tipl exi ng operations in accordance W th an enbodi nent of the present

i nventi on; 14F g isacohenmtig blogk dipgrar of & brepdenst earth sajion gersirpaiedrin agqegglance
synchr oni zgki, QR @bt bf L prébeninPRgbAt i ons for recovering coded broadcast
channel s at a receiver in accordance with an enbodi ment of the present

i nvent 1dn; Fi g. I ftds aschematieedisesany il g ating Groadeashsegragt fyHiptxagn aerosdanes | it e
and br oadcggi, a§gﬁggm§,tbﬂh@%g%gﬁ%gomnh an enbodi nent of the present
invention; Figs. 13A and 13B are schematic bl ock diagranms of the broadcast
segnent, space Siggfirdht schametio benkaliagsamrahan grbogrdspragessmecpyload fierracsgteflife in
accor dance ;b idin@WifiER LRbSBMEN OF the PRs&M B9&MHn] NVention; Fig. 14 is a
diagramillstrating interleaving of service conponents within a frane
period in the sEivikds |laydrematic giagam dHystratingt por}gvaé@ satellte cdsmyliiplesing ad an
embodi p@nt d@hoduBolp88&R8hg in accordance with an embodiment of the present invention;

Fig. 7 is a schematic diagram illustrating on-board satellite rate alignment processing in

accordance with an embodiment of the present invention;
Fig. 8 is a schematic diagram illustrating on-board satellite switching and time division
multiplexing operations in accordance with an embodiment of the present invention;
25 Fig. 9 is a schematic block diagram of a radio receiver for use in the system depicted in
Fig. 1 and constructed in accordance with an embodiment of the present invention;
Fig. 10 is a schematic diagram illustrating receiver synchronization and demultiplexing

operations in accordance with an embodiment of the present invention;



o invention; Fig. 1~ is a schematic block diagramof the service |ayer of
t he broadcast segnent of a systemconstructed in accordance with an
enbodi mrent of the present invention; Fig. 16 is a schematic diagramof a
pseudor andom sequence gener at or used for scranbl i ng broadcast4$ﬂ%gmﬁis in
accordance with an enbodi nent of .the.present invention; s Fig

schemati ¢ bl ock dlagran1of the service I%yer of the radlo segnent of a

syst em consaucted 4] ac ordange w t. n.e esent
i nvention; Fi gi= i é’ﬁ %wm%%o f}S?S(OPmmdf
t he br Oadfbaﬁ'écosaﬂfgﬁmﬁed)f:roadayﬁdlﬁﬂﬁm atrécaiveeid amrdme@wdha@ embbditheaiof the

enbodi ment of the present invention; Fig. 19 is a diagramof a broadcast
channel f P& FeRYO® out er transport |ayer depicted in 20 Fig.18, and a

5 TFi ge. - 20A DB b B e T i it O
i gs re diag[ans ustrating.interleaving of symbols In a
pri me .at@%‘lﬁaﬂﬁ?ﬁ‘&! Qﬁ&@%ﬁ%@é‘hﬁﬂ%ﬁ@‘@%l ment of the present
Lﬂ\éﬁﬂte : on; F:qjﬁi 3]131A5an€ 1%9%&6&@@ agé@mg}g?aoffmte ﬁg&ﬂcx@{‘&gﬂ%t mrr:ree %{gaﬁﬁkc ast
s
accordanqﬁfm@ﬁ&gﬁ i ofa nfén ?&§%g£%?cglg‘é%e @‘ﬁ“ﬁ{}‘g ‘B’ﬁm"éh&é’m E‘QA 22E are

di agrans depi G Ilétﬂhﬁ%

rate channel s If:l ] accorﬁﬁ'gﬁ:gémvm t hwﬁﬁ%ﬁﬁﬁ%%?ﬁg?&ﬁﬁ%&g?esen J‘ll nve

Fig. 23 iis the sarviendayéroofial systemdéomgraeradaf apdoedanceiwith en entbagienent bf tlteepmqmace
segmefpt qf Xstem constructed in accordance wth an enbodi nent of the
present |nven "on; 30 , - Fig. 24 is a diagramdepicting a tine division

mul ti pl ex dowrffig. 5 is agda:lmaye ibdochtdingrarmofehe cermtize tayenvafithe roadwbtostgmem ofaf the
N e
enbodi rrent of Rxglelép nesesthematie didgran oFi g psédoisdom dequneamgetespitot iusgl dort | me
o 1 O Syl A8l b L LBl gl 20
schertdt i ¢ di adfigt? dsfa sshérharie ook didgoam ofithe sepviesdayer aﬁéxesahmmgnmng&frﬂmmr
used 1N RGLRRIARE adbidind Wl B B hen? bf 1Y Bredbett ivBhidn) VSNt T ON: and
Fig, 18 is a schematic block diagram of the transporr layer of the broadcast segment of a
system constructed in accordance with an embodiment of the present invention;
Fig. 19 is a diagram of a broadcast channel frame in the outer transport layer depicted in
20  Fig. 18, and a prime rare channel frame in the inner transport layer as depicted in Fig, 18;
Figs. 20A-20D are diagrams illustrating interleaving of symbols in a prime rate channel in
accordance with an embodiment of the present invention;
Fig. 21 is a schematic diagram of a Viterbi encoder for broadcast channels used on the -
. inner ransport layer of the broadcast segment in accordance with an embodiment of the present
25  invention; :

Figs. 22A-22F are diagrams depicting the demultiplexing of a broadcast channel into prime :
rate channels in accordance with an embodiment of the present invention;

Fig. 23 is a schemaric block diagram of the transport layer of the space segment of a
system constructed in accordance with an embodiment of the present invention;
30 . °  Fig. 24 is a diagram depicting a time division multiplex downlink signal generated in
accordance with an embodiment of the present invention;



Figs. 28a and 28b are schemaric bl ock diagrarns of the transport |ayer of
the radi o segnent in a systemconstructed in accordance with an enbodi nent
of the present invention. to Detailed Description of the Preferred
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8 such that the bit rate becones approximately n x 16.519 kbps. - Each
frame is next scranbled by addition of a pseudorandombit streamto the
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10 herein and in accordance with the present invention allows data streans
fromseveral broadcast service providers to be broadcast to a satellite in
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14 May 2002 12 8208 synbols. Accordingly, the synbol rate becones
8208/ 0. 432 whi ch equals 19 k~osynbol s per second (ksym's) for each PRC 110.
The 48 synbol PRC preanble 112 is used essentially for synchronization of
the radi o receiver PRC clock to.recover the synbols fromthe ﬂ%i(ﬂﬁ
satellite transm ssion 27. At the on-board processor 116, the preanbl e
is used to absorb 5 timng differences bgtween the synbol rates of arriving
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23 in the TDM frame, in accordance with the present invention, nvnirnizes
the size of the menory for performng the switching and routing on-board
the satellite and for demultiplexing in the receiver. As shown in Fig. 9,
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30 services are supported by the system 10 which are al so expressed in
digital format. As stated previously, the SCH contained in the broadcast
channel s provides a control channel for a wide variety of future service
options. Thus, chip sets can be produced to inplenent these gevyy g6v20pti ons
by mal ting the entire TDM bit streamand its raw denodul ated fornat, the
14 May 2002 25 denultiplexed TSOC information bits, and.the recovered error
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In accordance with a preferred enbodi nent of the present invention)
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omponentabp A ERE i Y E"t‘%*?@t%@t’“l?v. G A ﬁ%‘*‘t@% and

i s bet wetymt®bieve g sinsingithae bgo lﬁﬁrtmomersmbﬁk a et ymbot isal |

Che Sr ViS5 i gRESF B#Zr%%gﬁ‘bf e‘élétféﬁ 6‘?“‘??"458%%% s dghEac,

conponeniengtiilof49 sy:hbolmamenghsmwmg ephdmymbelsthabe a umanﬁhmsleids the an-b6ard00 -

Servi cb i 1 q&v@@?t. 83 eﬁrﬁ%&h&é@%tﬁ ol S 1o BRE RIS S e e

bit rat eaﬂmiPRC'bEm eﬁgth §hatbolly 8000 bps and n is the
service bit rate di VI ded g’y 0 bp r ferenc g 14, the
servi ce conpofte stated previeys ﬁgﬁH@ °3 0 P"&?se‘he
pref &%Flﬁu ﬁg&w h v P 100.
The I Secon ramb%gp?ﬁgdﬁ?:%%g Sl nlb Sfts‘r;tgmshe%l&céem‘zl R%g?g? lngl
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servi ce conponents and the paddi ng servi ce conponent, |f any, mhlch conpose
the service 261. Thus, the bits of each service conponent are spread across
the entire frame. Interleaving of .service conmponents wthin each broadcast
frame i s advant ageous when burst errors occur. Crnly a small anount of an

I nterl eaved conponent is lost as the result of a s burst error, as conpared
with the loss of a larger portion of a service conponent that has been
merely tinme division nultiplexed within a broadcast channel franme and not

I nterl eaved Audia service conponents are preferably digital audio signals



with the Motion Pictures Expert Goup (M'EG algorithms, such as MPEG 1,
MPEG 2, MPEG 2.5, MPEG 2.5 |layer 3, as well as extensions for |ow sanpling
frequencies. MPEG 2.5, 10 layer 3 encoding is particularly useful for
providing good quality audio at 16 and 32 Kbps. Layer 3 codiRg Gposor €
spect Nm resol ution and entropy coding. The digital audio signals preferably
have a bit rate nmultiple of 8000 bps and can be between 8000 and |28, 000
bps. Possi bl e sanpling frequencies for l&udi o service conponents of the
present invention _are 48 kHz or 32 kHz as defined bg MPEG 1, 24 kHz or 16

e

kHz as cd enecrassyaligmmentamodyle 139 ik descaiher, glthough dkis +o tndérsiood that Nreregher. 5.
The sa ,,brhg?; r d to the service
corrponglr::iti JQGU&%?%%%CE&% &Eﬂomﬁgﬁgncodﬁr i s synchroni zed to the
SCl Thus, t heTé rate aligni upliok PRﬁesymbdlsmo sler ori-baard dbdotﬁinthrw srépsrard perfdrmeddcast
channel §fra ks the fi st bi t .t he .M me hea

service %ﬁ%ﬁm@@'ﬁﬁeﬂ?w tvestns ofSheif ofetd F4R8 o yIHOLERC fames L i

ser Vi eseack Bufietcii ad i1 SRERa pingPofy Beeri 1685 THE t&imre@comtau&%pthx PRG Kealiéte
characteris é'h@ desc¢ri bed ahoye in co (Sgﬂé'llron w th audi o service colr-zgpnents
subj ect et Eents At/ Yruqye wor nlesal sroredheapy of s unigee werddingi t al
data. D s and
data, D! Siichkors AL £ 90RTBELS H*?%‘b@u lfin a e MecS, et oP O B0kt
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Dat a and Auxi li ¥1@g I n accordance with the present invention, the
cont ent % es data as shown in Table 1. TABLE 1 - SERVI CE
CONTROL HEADEIRRD QutéFltl@é duffe palk IlSIJthlﬁrl‘é{S The4in@pontiktion
TABLE 1 - SERVI CE X Fi el d Gr Field
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Cont r ol BirhylR ¢ ohthoid clod el THectBls RreiSO RORRR(ERRONAR: nil

val i d dat a( BRI - "n)0001: 16 kbpsz000: 128 kbps1001-1111;, ResenTed for
Fut ube Used crisecpasinupus Sowhetween mpe gnd pwtputefithe bufferddd ang 451, Newly arriving

(UC Lot TERgp AR et I IBLIS B 1700 “%s‘*ét‘“ﬁ*’?%per.om?ﬁa?set
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e b Pl o33 e 1L e I ARUGE Sl THRGARR finkY

Cont r oI ARG fmmcyo Eliag lits 38 bédden jymbolst residecini the 4&mhahslml§aﬂaﬁcrzloerlﬁft unfilled t or

30t e helren A8 R p i b S ool fE it o100, TR i)

04( hSer wif tlee Gubj hlﬂbndkemmd&dyw&(ﬂmm dteremﬁetcthebnw&dm:lmﬁe.t Ihencern
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Cont r ol Nk llﬁﬁiﬁbvs@w%ed@ﬂxﬁ&ﬁt\/dﬁtﬁe mmw&mmmm( fhe01:

?le_gerl\ﬁw&%@o?ﬁg M& SerV| Ment lcét‘fiml\l{a”ZOO 30

Na Rluhbey Wl rhtd g,;nq;d[s I th
co%ﬁ? g????éﬁ bybat §t<33101D$1) g:éclll | Servi‘ce CO%IQVEFDF:% %u%?lﬁ‘ﬁgﬁggf%@ Fdémt

~e~nent determine tha headerlength. CEhe-pingipengraction alwmans theyoles ofthe buffers; nedi at e

Seoment ) ; Dat AuRieior R ity G (R At ok Toling Ty bUifel copalydes | <"

_segnentl55,as PRE:framés filf tha beffers 148 and 051) aresmwotted byratsynd puls{e oscillaor (SPGD

5 e W b e

ar € b, 2 nuber il ) SAPDRI: G200t hehelde PR %&lsh&ﬂ@dzaatwmsﬁursuwy
ta | e ta | € e erl ne ta erVvi ceservi ce
o one RrRbols longe mspectiunly DS IBSBAENR cAlS aw@sh/)tc Is.acome

(SCCF) S Sftzeh qgf.mgama ORI it ohe
Ser vi ceg/aﬁam C f)lWVzgrtlaa yte screant’ 224" - 12SNx" dna%dzérdrﬁlgdcsgrrxd“ ce

Pr eanbl éndepenulentheofziatth terinabotiginl ong ~ and is sel ected to Have good
synchroni zation qualities dtuing) for exanple, inplon of auto-corne>ation
techni ques. As s sho~wr in Table 1) the Service Preanble is preferably
04741 he~dedrnal. The SCH al so conprises a bit rate index (BRI)) ~rhich is
preferably 4 bits in length and indi cates the service bit rate divided by
kil obits per second. For exanple, "0000" can be used to indicate that no
valid data (e.g. padd| ng data that |s to be |gnored) I's bei ng transmtted
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I ndi cates the nunber of 16,000 bit per second conponents which conpose a
broadcast channel frame 100. The SCEs preferably also conprises a field for
encryption control. For exanple, one bit value can be used to indicate
that no encryption was used on the digital information in thgygfsjoge 104
part of the current fiatne 100 corresponding to the SCH 102. O her 4-bit

bi nary values 5 can be used to indi catg9 when a particul ar type of key has
been used to enaypt broadcast channel Uata. Conmon keys can be enployed for

i tj ticul b t
chamnel - i n” S ahe RS RERRLs afiRS (VU R BB 100 Pl Bkt bofuin pikanOer,
f264I <C:Ian 1h2 msdificader avé fehtively | rIFOrarlwlyande,tdoddlﬂiedlffe‘l‘@Ebéofand an auxil i aryI

t ACl ~ t t
Speci f1 AOF i lich BREreunile SorkapRyon i avere obopt caesdd) THee fapes. Tha A |
can chanegidns Qi RHRKEHEAR! califeaRR syhi] kRedBARE PRES 116 &rrse pReiséy s,tdeﬁro%%a I ce

provider's discretlon.. The ACII ‘contents are prefera y an encryption key

sel eét orto tbe 9@-&@5@# elpele 362 adhis laws rewringeoh the basb spabols to thepsoper

code) ang.g Sff;rﬁﬁ Bad I r C tion
appl i catlons ergﬁk%s can g’g&e%&p yeaédgﬁﬁwéls“%@g%aw gal
s | engt mnﬁoambmmn@atfdxmudmgpfdnmRR@sﬂSannto ds &l haw iba deszribehwith of
64 blts f r h|t§r}el$gsecur|ty Dependi ng on which key is indicated in the

ACH |, t eSSy bit key is uxnsported in the ADFl field, whrle the

gclt ual 64 bi tFnégG)il(ljds&ntBﬁBR@ Prdceddi rbyars aD/DuAS. Shhmk pettksing Hﬁﬁéﬂf@ﬁ%&& bed
el ow a red to it key or the it key is
sel éetegﬁf’oﬁ% %MFE@%%%%# ?‘gﬂ 5’3&% Wa%%emmehpé fhegsip; {
l'engt h 3.8 PesORs\GRSBe bﬁrmaimzteaaﬁ& tdeabﬁﬁa RiRhg £ §mibiol Rige 100,
as desi rzd by t he servi ce, provider. dﬁgd’ Eerggﬁﬁu%??t he "ACI'l fire d can

be, for O &Ooarmh/@nk éZ,QQOrsmbeb Rsf SQQO!!@ b ¥4% dibe isenial M

Egiﬁﬁa?ﬁiaﬁf fﬁ&r?%%ﬁ St ﬂ%“zfr‘ﬁ%’%*;ﬁ?%@“;n'ﬁ“a‘n%?tﬁe 2 code

or key swpnbals per asubaypamﬁngoz Zhe aggroggtotof dhcsBRﬁlsu‘mm&buraﬂsunly

bl T
53325@?”‘9‘6‘%@%‘?‘5 558 SRURDLS 8 735 S B IS 446 ol W) it Bl o
FM br oadtha symbals therefqre dyer epotinrorgieniods-oft1/49,000 spcagtsavhidyeyuals Wpprokinuely
fi~equer%g$ﬁmt he %@ code is provided in the ADF1 field by the service

provide h an aspect of the present invention) a service
261 in a broad@havbnaﬁgmﬂzsm}ﬁnlbk ate pregernt aethe danpan Pof dhesix DADY 1432, DiSbA

Cervi oo 18 a1 38 36 Jéﬁ%@éﬁﬁz’i@% bl el nce B EBGEPpOLERces

gssm(ij:r anss yyohbio l}vﬂﬁem miwnh $85 \ai skitching ; bautinginhdindrf 4561t 'I‘he)éoﬁt@x&t!bﬁﬁte ot her
- br oades els Carr e assqc econdary, sef i ¢es
gener al i’k}é '%&%MVMW éﬂﬂ# lr%d“’@ F%é‘%é@ﬁ y@‘“& a e
recei vepding dh gaﬁcﬁy,é ent dedignstbd Ry
14 May fOOZ 32 fiel d S provr ded "Wt hafgfﬂnegl?aﬁ on tglréﬁrcg?‘rfﬁ?sssh;ﬁaea?
pri mar ylocatinns aee ied 4R yerms of 2622 setyiof 96 Fmmbols tareachyof th '?@Ms frames in

[ t SP
field yﬁﬁﬁ@'ﬁ%%“*aﬁ 0, WDl 4 e{”t‘%@*’*ﬁ”@%‘%ﬁ“ﬁé‘“sé‘ﬁ 7 AT Fanie t)he
frake 1p@iadarddgmst Jhe seanimgoy 1 AZﬁ&:rs tbmforesfasetthmtha dotasipn wh esymbcd.

"o car« Mok 38t o] iSBltho? £54 bitish L B Honk Rt SpifiBekbh Jine L' °°

and t hegeheRllprae 156 \dnd sbmgrising baffére 1862 TRBILSOLY respédtively.l ARé Z88Tuplink RS

| ﬁssr gn’rr[rﬁnt nggir%'oﬁ(fgl t%%oﬁ(g}gg%gttbwed4oommqr@?a%$c g%é/ Fl a?s étPS

Poi nt eréabﬁqil(mea&uat\lerhbr&f 1900 sAAbAIADED Seeond EstRdcted: toRhO dHDRAA clock 152
Channel | dentlflerq ; oci at edserv @& (Refer to Ti nme Sl ot Control, Channel)

Thud0 t timings The B ageryrittessin p rlock rate,inte; 288 posisiopsn | s

the congy r Gante tith ry and
secondaryri,?gr%ﬁ%e &?ggaﬁrgggﬁeﬁl&@a\men a lf?totg‘écast cﬁannef‘ﬂcg%hﬂges a
pci t nar 3s the outpoel 56bloe 19&?mspech#&ly,ﬁ3§ddxﬂguhbdymbols ttere&dh—tlmfprc\#mxsf&umsnmoo in

(B0 0y " et T R ae ed e 0 s TR s MRt ap oot e

bel ow. The ASP field in the ADF1 field of the SCEs conpr~ng the secondary
service is provided wwth the BCI D of the next secondary 15 service, if nore
than two secondary services are associated wth the primacy service. The
ASP is otherwi se provide with the BOL? of the primary service. Further,
the PS flag in the ADFI field of the SCHs of the franes 100 of ot her
broadcast channels mhlch conprlse conponenu of the secondary servrces |s

o ~ 7 ™\



referred to as the ACI2, is provided in the SCZ |1 102 in each frame 100 of
a single broadcast channel to teunsmit nuldframe information in the ADF2 in
ot her broadcast channel franes i00. The segnents conprising the nmultifrane
inforn~ation need not be in contiriuous broadcast channel frgmnggy2003e AC 2
conprises bits to indicate which of a nunber of 64 bit encryption keys is s
provided in the ADF2, as described above. The ACI 2 can al so be provided
with a service |label, such as an Inter2tational Standards Organization | abel
(e.g., as an I1SO Latin 1-Based Sequence) The ADF2 conprises a start flag
( SF~ andmﬂ@amgenaﬁiﬁmmf tbmdtrdc&’f&vﬂpaﬁllel|s¢e{:mﬁe) dirextedito dachaifehiree heahasb| e 1.

The SF i e rab b|t t to val ue ch .as t he
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I ndi cat he nunber of nuki frane segrrent s 1S cur nnt y being
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exanpl e te 5 The

t ext nesgialg‘egbggﬁ h%tlﬁ-lsé on a ﬁ@&g e rglg%meresclgf’%/ers

29. DPaland ¢58H exahahge edlex mméanmtd&hhevmxhdﬂetcheompmnm&%md 158bder is al so
provi ded wt af or pn~at. to_con rol the r p of t nd V|d

servi ce conpo 'élhtcg ‘feﬁ chbCFo'é’d B3 F%n €§8 W?%’lsafrt AL 2@# vers
29. 10he cofrktpofiding elotscift kaslti TIDM ke @ftﬂﬁﬁfnﬂh@&yﬁbﬂﬁ(mﬁmﬂdﬁ R&m&dls)lfdrto

i ndi cate,the of servi,ce CONMRO ents serV|ce Co Sﬁs 20 260

and 262 3l 36 uplir ?S\?d’ﬁ gRuRed ossthesin sloy a5 {llusga 9!5” of a
bi t str §86¥dr'spiiBol 10 Orhiecdfitents st dﬁtzeez Elb&fiﬂ' eahI TOMArdnt are Serantbl

servi ce conponents Nsc is preferably represented jn the SCH u5| ng |ts

Accor di ngquﬁompdora&etcpaamdetbamm%8mshe@@m hehms epodtisappended have

as nan eStObf m m;}@? %@&ﬁ t(ﬁpp ddin
servi cgagglrrponent I's preferably not include }8186 er ?Sn%tiﬁaa °
SC~15. THECSH 2112 spmboles astindicasechati 168 indi 176, mspeetivelye eﬂmupoqfedte 2632 ttinad

ComponeRP™ Fep ey OF Wbl fodihe bl WIFR nd TP 80 0 b 7

each SCFHDMsfmsteateadungmmeiqwmhnbsyndvl/meoﬂlthsygl/&l4 each broadcast channel

| n"aach of aTpapaie gt ¥ PRy ol BT el ERET BF M R I BB, 1L

SCCF con#8Q, 448D M8E dmit 148Fcind the inpats 1S cheCTDPOirant assemblixs 165H62and 464 isl tate

f)[]ﬁégem”gﬂ?le}gd%&ﬁg‘%ewf' tge sglrw ce conag.‘gﬁye%leﬁa/gtg&g radi o r%ﬁgl vers 29 I n

accor dapéfiniahd link henpﬂesem 2wmgilmpfram thé grothd. EatlS ﬂgmm@rﬁonﬁfa the

SCl -1 that ach serv conpponent ABLE 3
- %RVlMI\h& o beg %ﬁea@m ’é‘tﬁ'f‘) ¥

| engt h4ghhsniibd 1l deﬁ?edsﬁésﬁhﬁ%n%moﬂe%e%&hé@éf
kbps0001:;16 khpsl111l: 128 kbpsSC typedType qof serw ce co nent 0000 MPEG

coded atelationships bgym ¢ HENe0 Aerubgacsf @ ém Y&1P99 :up @Rgéd@ﬁ ihecture
zFC) %;&gm&%t Hhbd1&&f thie d@@m{niez‘?ém&&m' ‘I’Kﬁ'ﬂe&aﬂﬁﬂi’cel;&ﬁple:g&@ﬂfeypt ion

encry serV| ce corrponent 1: encr Servi ce

corrponesa;elhtotZé rFm;a a symise) iriginating ﬁnqmtatseleetn@nylpﬂqm tamabe rouged) the

I gnor edPr o t peech, etc.Language8Service
corrponeEY &%@M%ﬁ“ﬁﬁ%%%lggch SCCF conprises a 4-bit service
conmponent or SC length field to indicate the bit rate of the service
conponept ,.divi ded 8000 bps. For exarrpl e, "0000(B)" 5 can represent a SC
| engt h Biéi&%%&nv\hi le "1111(B)" can represent a SC length of 16 x
800 bps or  AZ3dideteles29 forRsein the§Sieth 10 wllchotsbe dERibedwith réference to Fig,

gl exing at the radio receiv rs 29 si nce, vvlthot%eknowl edge of the
ser vi ced.c Thp sdireceivercd? qompris spetioa 146 hayngan aatenna ¥8si des

the siz f g Fmﬂ? ce
corrponeﬁ) g‘ aJrng oca@z@ﬁk%ﬂgﬁ&ﬁm dlé%fnd{e%ggtsﬂé ot he e pdrsgf\r/tl}h ed in
each 32rebeiver g, 4523011492 lvﬁ-lﬁc'l‘hyﬂ?d’ gectiondli A6t furtheri comptises adowoise binplifferbi t s
in length. The SC Type field identifies the type of service conponent. For
exanple, a "0001 (B)" can represent a service conponent in the service
portion 104 of a frame 100 which is MPEG coded audio. O her binary nunbers
can be used in the SC Type field to indicate a service conponent as being a
JI" EG coded picture, low bit rate video (e.g., CCTI'f' H. 263 standard

VI deo) |nvaI|d data (|. -, data that should be |gnored t 5 by the
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s reception of alcohol-related advertisenents transmtted by the broadcast
stations 23 by profit-anzm ng receivers 29 to ignore broadcast data having
a particular Program Type field code. In accordance with the enbodi nent of
the present invention described with reference to Figs. ﬁ‘ g¢lad@b! es
1-3, each broadcast channel from a broadcast station 23 can ave’ nore -t han
one service conponent (e.g., conponentg; 260 and 262). ‘The wavef orm and
signaling o protocol of the present invention is advantageous for a nunber

of reasorsd.whith is tipableaf amiplifyirgahe feteivd dgabhwith adnifiugiRettlihhr&dRed ndlsoRdASt
stations i§3 need.not. be si/gaéhronr zed to.the s rre si,ngl e brt&‘ rate reference
8 Ope.

because énterdergnes,s SithgF MY SO SBmYangther sekvies Sharieg
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ent ?Z%ﬁ%ﬁtﬂ%ﬁgﬁﬁﬁéﬁrﬁ%@??w b 22 oD ol e B 166 ke
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| abel byte stream of v gbl e length. The Iength of 1he dynam c ['abel byte

stream .bgtwef%mmrlym leasp seven. ox; eight. SPméoaymwbab% esRF eam
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t he ent.i e Frlic I
servi ce. tho OEJ‘%%%W e)ﬁ;({}ﬁgggkso 1ynam cqﬁq‘go#gﬁ%ﬂg‘\e/vam ?evgts ém?“r'ﬁ’#ﬁéof
ser vi cesignals anki rmhingl, and t)zpieaﬂpthe rauostdfmnwantmbsxgmlsaro\dtsx&dwbﬂso td 40=dB
dynami c am resents another net i n accordance, wi th the
present Pfﬁv@ttt‘t‘@tf?g gﬁ?f'ﬁ PAIHATRS gp;%qnant&g RV S HADSers (88 df v ce
PortlgonAtE@ﬁDP defaueh-eDdeugﬂ@dae&hvb defma“b&&bb r @wﬁtﬁeﬂt%léphoﬁélﬁétwbﬁiglb{ Gﬂ%ﬁd

i el ds an escn' he ove rocides a npre de e
11 us o EroIoSt audiE SEsiees TEmss 8 dront i) deSlps Sapable 9h beses prpiswiatomrn The
Ser Vi ce desied TOM mwaaﬁwm 88 dowaRikCsighd] dsihghth® RFl3Qion’ 6 5H0WN

in Fig. 15, broadcgast channel consists of gne o re service co onents

i ndi cat P& 1o AR oonyeryer 188 andothep dong QRFK wlaten 1189 aThe
Sel ect e%melme?@a%o Febver B2 FINI BiPkRSn tARsrhitddl Erdbtdrefle 2}7913: Qef pf e

a SCI"3 278 is _appended to the service infom-ation. As descri be

NMay 2000 Maghe eBthoatd processarnayivad 121 or the pa-boad tanspasent paylaads133 ,%melc@ed
preambl em%gﬁfmggws&-l 278 conprises service conponent control data 282,

i ncl udi ng the field indicati ng the nunber of service conponents wthin
a frame and {The QRSK demodidaverotfdris p implema¢ngedbby BeCronvating thedFosignal ol
dat a 28 S I

encryption conﬁ(ﬁ\!‘:d Hﬁ{g?ﬁ&?l ym%é%g@ ﬁ%“&e‘yﬁau‘%r er%f{wé;g&ﬁg "%%ls 286
whi ch i implenbentirigethe QPSK asing d dmawhi digidb nnbthkﬂ?ZDamﬂdﬁlhmmpm&ﬁblyl at ed
fiel sACIr AGl 2 es tivel as weh as.the starg. flag,and

corrzg mﬂ@ ’%“L?ﬁ‘et' /ﬁ%ﬁfo %ﬂ&t‘f’f“é‘r P %‘gh%g’lea?'édod%%‘ﬁprr ses
t he dyndia @meﬁmdd&hwd\swaﬂbmebhséﬁaﬂdmwh&mxr liary services
286 provi de 0 conmu | s&t&ﬁ adi o rec |vers A severa?defrarres
within a bro cRapaTeer 18 QLﬁE'F Iﬂf%f?&lﬂaﬁra“ PR 3ADF2)
Wi thin thpndety veiyehrwmrfofr&e@v&rheam&ﬁm bis@bd*nﬂ Fronftleh the
aiudiiary data fiéeld ADF1, and acfoss the entire broa cast channel) as is

t he casEF signalscreepmeredi by 1the) BF/BE cireuits boardn76. Trhesehannel aresaveryr disquito$7and

poedfior Sotifiisess T SHORBHA U orehBH RlcBl 192, | TN Qkiillnce s, £PRC (1 0\,
i n Fi g. synchrohizer alignmestf mdaimlgq)lme 196, theraperitionyef which willthe dnicnbedm‘dadherst

h | T nbl 0 bl d wh
ncry ot derskeoBnedinn vih Fie dhy aBe TINIBR, st A ot B B QK dirfSdhlator
bi t - per 199 i provided 2o & mdgﬂcﬁx@n&hbn%ﬁ@mm #theTBM §ynckifenizadind peclictorne

pseudorandom sequence préferably has a generated polynomal X + Xs + 1.

' The pseudorandom sequence is initialized at each franme 100 with the val ue
111111111(binary) which is applied to the 20 first bit of a franme 100.
Thus, the scranbler 290 generates a reproducsble randombit streamwhich is
added to the broadcast bit streamat the broadcast stations ?3 in order to
scranbl e or break-up strings of bits having a pattern of is or Os which can
cause dermdul atron at a radr o] recer ver 29 to farI The same reprodua' ble

o, o o o o o, " I L e ~N 2



0 secondary broadcast services can be changed dynam cally, as can the
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Set i: R(i), R(2), R(3), ..., R(32) Set 2: R(33)) R(34)) R(35), ..., R(64)

14 May 2002 39 Set 3: R(65), R(66), R(67), ..., R(96) Set 4: R(97), R(98),
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As previously described) the system 10 of the present invention conprises a
processed mission and a transparent m ssian. The transport |ayer of .tlie
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connection with Viterbi encoding at the broadcast stations 23. Viterbi
encoding i s synchronized to the Master Frame Preanble so that the first bit
followng the Master Frame Preanble is the first bit issued fromthe
Viterbi encoder, which is affected by the first bit of the RS encoded data.
During initialization of the V nerbi encoder, which takes place before the
first bit of the nultiplex bit streamfollow ng the Master 20 Frane



As indicated in block 366 of Fig. 23, a mas~ter frane preanble is inserted
in the serial synbol TDM The master frane preanble conprises a unique word
and is preferably conposed of the sane tinme synchronized 96-bit sequence on
both the I and Q conponents of the QPSK noduLlted signals. Thewmaghaib! | ng
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depicted in Fig. 27 to random ze the tain a TDM carrier. The scxanbl er
384 produces a pseudor andom sequence ich is preferably synbol -per-synbol
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264, scrambling the bit stream 266, and encoding the bit stream for forward error correction




generating a broadcast channel bit stream frane by appending a service
control header to said service to dynamically control reception of said
service at said renpte receivers, said service control header conprising
service control data, said service conprising an overall bitjgheaddh K bits
per second, said overall bit rate corresponding to n nmultiples of a m nimum
bit rate of L bits per second, said frame having a period of M seconds,

sai d service having nxLxM=nxP bits per7franme, said frame conprising nxP
bits for_said service and nxQ bits for said service control header, wherein
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14 May 2002 9. A method of formatting a signal for broadcast transm ssion
to renpte receivers conprising the steps of: receiving a service conprising
at least a first service conponent selected fromthe group consisting of

audi o, data, static inmages, dynam c inmages, paging signals, F‘T%’é r;w ages
and panographi c synbol s; generating a broadcast channel brt S M me by
appendi ng a service control header to saixd service to dynamcally control
reception of said service at said renote receivers, said service control
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it is possible to access the service 261 using data fields defined in the SCH. The SCH data fields
25 are described below in connection with Table 1,
The SCH comprises four types of field groups, that is, a Service Preamble, Service
Control Data, Service Component Control Data and Auxiliary Services. In accordance with the
present invention, the content of the SCH comprises dara as shown in Table 1.

TABLE 1 - SERVICE CONTROL HEADER

Field Group Field Name Lg.g)th Contents
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12. A method as clained in claim10, wherein a third broadcast channel
transmtted which is also related to said primry broadcast channel,
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correspondi ng one of said primary broadcast channel
I nserting said identification code corresponding to said
into said auxiliary data field of said prinmary
and inserting said identification code corgy Qﬁﬂﬁ ng to
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The Service Preamble is preferably 20 bits long and is selected to have good
synchronization qualities during, for example, implementation of auto-correlation techniques. As
shown in Table 1, the Service Preamble is preferably 0474B hexadecimal. The SCH also comprises
a bit rate index (BRI), which is preferably 4 bits in length and indicates the service bit rate divided by
kilobits per second. For example, "0000" can be used to indicate that no valid data (e.g., padding

' data thar is to be ignored) is being transmitted in the cutrent frame. A *0001” can be used to
indicate a BRI of 16 kbps, whereas "1000" can indicate a BRI of 128 kBps. Accordingly, the BRI



associ ated service pointer (ASP) corresponding to said identification code
of said secondary broadcast channel. 23. A nethod as clainmed in claim22,
wherein a third broadcast channel is transmtted which is related to said
pri mary broadcast channel, and further conprising the steps (rﬁ -52 14
May 2002 generating anot her said broadcast channel bit strea € May2003: s ai d
primary broadcast channel; and nodifyi n?l sai d service control header of
said primary broadcast channel to conpr se said identification code

correspon f nel. .t tn rd
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sai d prerB PR WA Whe 08 'z@?’ €
gener at i n&mwtwmwthi e&m&ﬁnbmaﬂ ndlh@mrtbémuozt@&ﬁm-brﬁb uisal d

secondary broadc hannel ; and dlfy d ser |ce control header
sai d s&co 1?‘3/“’5& H@ggtfw Hb‘hﬁ‘&’ H*)E‘g' Eﬁnd’sf gﬁ"?‘&fﬂ“é@ﬁ@
cor r espondisilg Cotrfich Reyk Itk Be Briplawde 361t erthptoNs | as well iap dpeeific tkeps ok efiéd hird

broadcast channel is also related to said primary broadcast channe 25. A
met hod asP{P @m further conprising the step of pI’OVI d| ng

sai d service CW&&&H&&@W@Q%»&%E&J&&&&MM&%S@WB@
i dentification code corr B n primary broagfast channel 26. A

es ng tq,s
met hod asaremdﬁﬁﬂd% éd Qandmewelmé@?amﬁmmémgr vouallofres service
conprijges ntoh}ﬂﬁﬁo u%sm&aateaﬁamséﬁwmemmm'ma ??Ean()f
ry [ 0a cast C [

said pri nne t0|nd|catethat said primary broadcast

channel i ghangpfrp mdzrgadm&me@ tebrapdran frama 1A the mcemr@uénsadzscrm nBhes
rel ated t Sherfd e g%e
correspong‘@ﬁﬂto sal d Béegecoﬁ}cfg%?&#a ssefﬁé%eug?%g an sal r}?&%’bro cast
channel tepde dtfmmésahcﬁllﬂ)emﬂdmprrfwmgwpﬁﬂﬁbr bhwad%ast channel . 27.

A met hod of fogga t 3
recei vers corrpﬁ S nsi% " teps OM e| VI n Eanserw C co%rllgm ng R'Ellgieast a
first i5erlengh of derbivhton minar|sesutingdnd anoth angthsof £1di birg farf higherlseguringat a,

static | "pRSs bR i Re?ﬁ@rﬁﬁme@ﬁ&h?ﬁdi %%ﬂ 1t6%’f:tkev Fe5Rg9Rad B ADF1

field, while the actual 64-bit key is ansported in another awxlbiary data field described below and

referred to as “ADF2”. Use of the 16-bit key or the 64-bit key is selected by the service provider. It

is possible to change the key’s bit length from broadcast channel frame 100 to broadcast channel

20  frame 100, as desired by the service provider. The key selector in the ACI1 field can be, for

example, an over-the-air code of a decryption key consisting of three parts: a user code for

individualizing the user of the service, a hardware code for uniquely identifying the radio and an

over-the-air code or key selector (KS). Decryption of an encrypted service is therefore only possible

when all three co-parts are used together. The radio dara System code (e.g., RDS PI code) is

25  currently used for frequency moduladon or FM broadcasting. To prepare for simulcast of a

program over FM airway frequencies, the RDS PI code is provided in the ADF1 field by the service
provider.

In accordance with an aspect of the present invention, a service 261 in a broadcast channel

can be designated as a primary service of a mult-broadcast channel service. Accordingly, the

30 effective bandwidth of a service 261 can be expanded by using the bandwidth of secondary services

associated with the primary service. Together with the primary service, other broadcast channels

canry the associated secondary services which can generally be received only by properly equipped

radio recetvers 29 (i.e., receivers equipped with more than one channel recovery device). The ADF1

UC




panogr aphi ¢ synbol s; -53 14 May 2002 generating a broadcast channel bit
stream frane by appending a service control header to said service to
dyhamically control reception of said service at said renpte receivers,

said service control header conprising service control header ‘ﬂ {a sel ect ed
fromthe group consisting of a preanble indicating the begi nnf %

franme, a bit rate index indicating the bist rate of said service, encryptlon
control data, an auxiliary data fiel d an auxiliary field content indicator

relating tﬁelais Prévidet ¥ith irfbrmBAbit i@ didinhish berdléhd nﬁiagvlaﬂdseéaﬁcanr@hﬁé MChi¢ @ara

nultlfranes aid auxiliary dat |eId auxiliary data field is
mul ti pl eerre E'cempasqs ﬁdmaw/w@o ﬁgﬁaﬁa@an B AloseASR)

consti t ut egga maz ox 1s rhily Mc&élu(t heh lheddeidDed if HR! i 0D bérahgs toa

rel atlng to sai for recegtlon at_ said renote receivers
provi di ng BrEnaty sarvce, Mxysm@aa(% erethe seriige %@t@noqwmsemwh@ﬂwmr@

gﬁagglr djwabm W%‘z%gwgﬁwggpgxﬁ{ as ¢ a| mgﬂﬂsﬁnﬂa%? u? ﬁ% or

conpr i si ngthe ASP stedpdicated:in Fable2. at i ng a second broadcast channel bi t stream
frame by appending a second service control header to one of said service
and a second service, said second service conprising at |east one service

conponent [sel'ecte rom 4 data, statlc I nages,
dynani c irfages. paging QL(IDZR@EEQ 2} scgq?n nlnnr aphic synhol s
sai d secoﬁd serw&glgﬁmaﬁtrol header dyrtadmgﬁqbi:)y control | ng C&Q&iﬁl on of ||t he

correspon Hg—one—of—sard—serviHce—amt—a—SecondTSer Vi gt—sard—remote—
recei vers, NetdWsedr sai d servi cq control héader and sa@qg)osecond servi ce

control healq%"g sy gtgrt flag fog indicating;.whaen sah L1 agy
data fiel q giye CER{) sgigg%;erwce contro? header ando tOri oo L&gervi e
control he.a.d%)__l_s_n.ne_a.f_a_pl.u' '
setting sdiAkssdimed ServiegPaimersai ¢ servi ce cdntrol headed00(ex)aNoilinkio vetlerie
when sai djgASP) i ary data field}in said service contrjaertieader i s one of |the
first of daid segments in said{mltiframe signal and dse: BrddaarCranhelseggent
when no mil tifranme signal existls; and setting said sitidestiffer afasiotisal d
second service control header tlo a second val ue wher ssaiicé (Refes doi Fifri¢ Sitat
field in daid service control Header is the first of| Genubl Chgmedts in said

Ml ti f r amiesTgrrat sty ettt

control header is another one of said segnents in said nultiframe signal,

wher ei n sallisftha®s flagiin deptidBi nfja SCHs@nbeAB)NI ce seedet 26dtis the componeguafis t o
ot hoci®as SR SRS bf et s et iR B Bl ke sk Binglfie. Sthey
each of sai bt'oadmsuchmnelmwtnpukes Iaq:mtmry seraces thedASPeinchel ARSI VA oﬁ:thntSEH ohénder
\rMeIt gt ?n;e leaf S@“é’f‘;}‘gﬁﬁ“ gegne %s‘g%egn %u € salcﬁgﬂ'ﬁ‘ g T"u %gf )
30. A net hed:ndaysdramﬁmﬂﬂblxsadmm’b@d mvﬁhnhazdetaikbnlmw STheASH fighd xnwhchDﬁl Sialidd
SOLF of the SCH comprising the secondary service is provided with the BCID of the next secondary
15 service, if more than two secondary services are associated with the primary service. The ASP is
otherwise provide with the BCID of the primary service. Further, the PS flag in the ADF1 field of
the SCHs of the frames 100 of other broadcast channels which comprise components of the
secondary services is set to O(B). The primary and secondary channels can be received by radio
receivers 29 which are equipped with more than one channel recovery device. For example, these
20 radio receivers can playback an audio program received on a first channel and a related video
program received on another channel,
In accordance with another aspect of the present invention, another auxiliary dara field
referred 10 hereinafter as ADF2 and an auxiliary field content indicator for the ADF2, hereinafter




conprises the step of setting said SOLF to NN1 when said start flag is set
to said first value wherein Nis the total nunber of said segnents that
constitute said nultiframe signal. 31. A nethod as claimed in claim 28,
further conprising the steps of: generating a third broadcast R@gnel bi t
stream frane by appending a third service control header to oﬁg

service said second service and a third sgrvice, said third service
conprising at |east one service conponent selected fromthe group

consi sting Rfenddltd 8 thedat, is E::‘aed:mldmm 1ozciwaﬁmfﬁmerm@efsa siidObrogicas aiiahd .

text, nessages and panographic s t erV|ce ontrol, header
dynam cal | ywc'lﬁ%m%l’!1 A ‘delﬁ ﬁﬁ% %@5 ik ghasngls dog‘eraﬂ?
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said auxd | i Vidgfﬁq &nl KA
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segnent of f e Fléﬁglgpg |51?”§
rel ating toﬁﬁggv%&ng‘%&sgsn?%p%f é@ £§qt_€b€onstﬁe§t£lg sa él?( h%sskslclil&rt]eglm
32. A net hoTablesl. c"ll'lmﬁﬁmprcfmiﬂyabanﬂd;s sétmaﬁstvad@mpmgl“rlglfﬁl’mwfépompmseﬁml ng
said SOLF i sal d control he »
therein is e"iﬁf%lmf’f"frg‘?’ev% ﬁ‘ﬂ% essgg%a#\goenq b?c{rhe 'E@{’g?gﬁ%%sélwof
sai d segmenths comaits 6ths ADFX 8 aaamﬂnmadmtct scgmmf -1 rgdafmmé%ﬁhqu&caeﬂhedmf is
claimed in cl furt erc the,step of setdt saldSC]_Fl
sai d seconoP é?gl]?'gé"& ﬁ‘glﬁﬁ’(ﬁmi )’mgﬁeolgné % ef‘ﬁ‘éb ein
is set to sprbeldeids AR fed. %S@Iﬁeﬁmd dreasmhgebasmxtbrh |tmnmii@nem}ﬁ’c$n offrhertdwr
corrprisingt st settln sai FE in said,thir J vice contro
header to N!“(%“? fe‘ﬁﬂ P‘?@%Wﬁ%%@ aJF% %’@ﬁ&?ﬂﬁm 55
- 14 May 204 fied ABF2ihsefal, tﬂoxfds:aﬂ?le,qorﬁamrﬁt tegt masaged Hongiwitk the adio begtde.
header |s transmtted after %fr[é C&‘%’Tﬂ)rlf"éb?ﬁg“é‘ﬁal d. seﬁ nd service
cont r ol heatfirtext 15ssages ¢any (:’Pé lay dleyice r conprising the
steps of: genermaox&n{@é&f&émfca:@frasleatrﬂ& seoriRr dontrobheder ffalsa p}bﬁdéalw&u of
services conpri sj ng sal d service, s g]esedcnggw service, said third seryice

e

and ot her § 1q 1fanYel he FRERRONG §FECS FOmpIneRts, a bypadcest
headers, eahfindef gk G BHeladibl fedeivefs 20T The SSCH 1 pedvided awith 9 N@Mibér 6f B&vid

Fi'el d oo r daBarg (N delde wekicne B8 GHBRE Gt e Seh G RPPIINE B SRAF COTYORMRG
sai d SQoF 1280984 deBRIMiE.C18) %ﬁhrcaﬁmmeadﬁrseme kionhF4 (Bigl &) St Abit stf‘éa.ﬂgframe
e et Lot Vet o iond g o e T A o
sai d secondesi@ieticd & & BCHAsinBSMiter Accdadifply, in iodo:ﬁ&[dt wdth thopdefepled BRBOdiment,
a frame can have as many as eight service components. The padding bits, that is, the padding
service component is preferably not included in the Ngc parameter in the SCH. The SCH is
25 further provided with a Service Component Control Field, hereinafter referred to as the SCCF,
which comprises data for each component in the SCH. The SCCF is preferably N x 32 bits in
length for each SCH. As stated above in connection with Fig. 14, each broadcast channel frame
100 can comprise two or more service components which are multiplexed in each of a plurality
of data fields 270. With reference to Table 3, the SCCF comprises data for each service
30  component in the SCH 1o facilitate the demultiplexing of the service components by the radio
receivers 29. In other words, the SCH comprises a SOCF for each service component. In
accordance with the present embodiment, the SCCF is the only part of the SCH that is specific

to each service component.




and each of said plurality of service control headers to 1, 2, 3, 4 . . .
N-1, respectively when said corresponding start flag is set to said second
value to indicate which of said N segnents in said nmultifrane si gnhal said
auxiliary data field corresponds. 36. A nmethod of formatting ta for
transm ssion to renote receivers conprising the steps of: rect ?%6”02
broadcast channels fromat |east one broggcast station, each of said
broadcast channels conprising a plurality of prime rate channels, each of
said prine rate channel s conprising a plurality of synbols; routing each of
sai d pl ura o T T T e e L O, i e e b O O fuu.a..iy o

time divisjon nultipl exEGBEE\MISmCEQQWM@WQ time
di |t ﬁég d I 1 t [ots;
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downlinks fnto said time slots in sa0000:dthps downl i nks to generate a
correspondfng plurality of serial, |t000® 1dikbpsi on nultiplexed or TDM frane
bit streang; and appending a time gl.ot control word to each of said TDM
frame bit ptreans to control t he recnqermsﬁspssal d pr| me rate channel S

ool Ll
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broadcast FENEES? W‘Gn’?’ﬁ‘?‘ﬂ’épﬂ‘ e gf the SEIVIE SPPPQR m&sr@aaeg%fecema%have

trantsmttedow&mmeﬁ&métsﬁebhgﬁdﬁammt 2o1 efgxadé: mess%fﬁéel fto
renote recelvers conprisin e S PS recel g I as annel s rom
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conprising a p e slots
used in the SC Type ﬁeld to indicate a service component as being a JPEG-coded picture, low

bit rate video (e.g., CCITT H.263 standard video), invalid data (i.e., data that should be ignored
15 by the receivers 29) or other type of audio or data service. A 1-bit encryption flag is provided in
the SCCF 1o indicate whether or not a particular service component has been encrypted. The
SCCF for each service component is also provided with a Program Type field comprising bits
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- A L28 T dfndtnic WW%@M @lehenu of services for display on a screen at the radio
receivers 29. Thus, the dynamic label byte stream represents another method in accordance with

the present invention to communicate with a radio receiver outside the service portion 104 of
each broadcast frame 100, along with the auxiliary dara fields ADF1 and ADF2 described above.

" Fig. 15 provides a more detailed illustration of the components 261, 264, 265 and 266

30  provided in the service layer of the broadcast segment 250 depicted in Fig. 13A. As shown in Fig..

15, a broadcast channel consists of one or more service components indicated generally at 272

which are ‘combined, as indicated at 274. Selected service components can be encrypted, as

indicated at 276, before a SCH 278 is appended to the service information. As described in
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broadcast stations 23, as indicated at 300. As shown in both Figs. 15 and 17, dynamic control is
provided for each service, as indicated at blocks 273 and 275 in Fig. 15 and blocks 301 and 303
in Fig. 17, to allow a service provider to selectively control the content of the SCH 278. In other
5 words, a service provider can change encryption control information in the SCH on a frame-by-
frame basis, or even on a service component-to-service component basis. Similarly, a service
provider can change the contents of the auxiliary data fields ADF1 and ADF2 and their
corresponding associated fields (ie., ACI1 for the ADF1, and ACL2, SF and SOLF for the
ADF2). As stated previously, the association of a primary broadcast service with one or more
10 secondary broadcast services can be changed dynamically, as can the transmission of multiframe
sequences of information using the field ADF2, in addition to encryption control.
The transport layer of the broadcast segment 250, as opposed to the service layer
described above in connection with Fig. 15, will now be discussed in connection with Fig, 18,
The transport layer of the broadcast segment 250 preferably comprises an outer transport layer
15 306, a communications lines transport layer 308 and an inner transport layer 310. The outer -
transport layer 306 can be located remotely with respect 1o the inner transport layer 310. . The
communications lines transport layer 308 includes all functionalities necessary for wansmission
over communication lines. Within the transport layer, a broadcast channel is preferably encoded
for forward error correction (FEC) using concatenated Reed-Solomon encoding and
20  intetleaving, as indicated generally at 312 and 314, prior to being demultiplexed into primary
channels having a service rate edtﬁvnlent to 16 kilobits per second. Accordingly, the FEC-
encoded broadcast channel is transmitted as a protected broadcast channel between the outer
transport layer 306 and the innér wransport layer 310, as shown in Fig. 18.
Fig. 19 illustrates the bit stream proceslsed by the outer transpott laver 306, as well as the
25 bit stream processed by the inner transport layer 310, The broadcast channel 316 and the prime
rate channels 318 are preferably derived from the same clock reference. Further Reed-Solomon
encoding and intetleaving are preferably synchronized with the SCH. The ptime rate channels of
a broadcast channel are preferably time synchronized such that the location of the service
preamble described above in connection with Table 1 is referred to as the prime rate channel

30 preamble, as illustrated in Fig. 4.
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The Reed-Solomon (255,223) encoding 312 performed at the broadcm stations 23 (e.g.,

80a in Fig, 3) is preferably performed in terms of 8 bit symbols-and used as the outer code of the

| concatenated coding process.
The code generator polynoxmal is preferably:

8= T1 ()

| wherea.:sarootofF(x) x+x' +x’+x’+1
Codmgxsperformcdusmgthebasxs{l o, o, o, o, o, &, &7},
Each symbol is interpreted as:
[uy , ug,Us , Uy, Uy , U5 5 Uy 5 Uy , Uy being the most significant bit (VSB),
where the-u, are the coefficients of o, respectively:

el + utad + uta® + utat + utold +uted + uta +ug

The code is systematic, that is, the first 223 symbols are the information symbols, Prior
v encoding, the first symbol in time is associated to x*2 and the last syrbol to x °, ‘The 32 last
symbols are the redundancy symbols. Following encoding, the first symbol in time is associared
with x" and the last symbol to x°.

A block Interleaver, with a depth of preferably 4 Reed-Solomon (RS) blocks, is used as
the Interleaver 314 in the concatenated coding process. RS coding 312 and interleaving 314 are
preferably as follows: .

 Assuming that Sy(m) is the m-th 8 bit symbol among 892 symbols 320 to be RS encoded,
as shown in Fig, 20, the RS encoding is performed on the following 4 sets of 223 symbols, as
indicated ax 322 in Fig. 20. -
et 1: Sy(D), Sy(5)y SyO), wer Sy(1+4%ix), ., Sy(889); m from O to 222

Set 2: Sy(2), Sy(6)s Sy(10), wa Sy(@+4*m), .. Sy(890); m from O 1o 222

Set 3: Sy(3), Sy(7)s Sy(11)s ww Sy(3+4*m), ., Sy(891); m from O 10 222

Set 4: Sy(4), Sy(8), Sy(12), wn Sy(4+4*m), .., Sy(892); m from O to 222

Each set is increased bythe following 32 symbols (8 bit) of redundancy data, as mdmted
at 324, 326, 328 and 330 in Fig, 20.

Set 1: R(1), R(2), R(3), - R(32)

Set 2: R(33), R(34), R(35), ..., R(64)
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Accordingly, the output symbol stream 332 has the following content, as shown in Fig,
5 20, Sy(L), Sy(2), Sy(3), - Sy(892), R(D), R(33), R(65), R(7), R(2), R(34), R(66), ., R(), R(j+32),
R(+64), R(+96), ..., R(32), R(64), R(96), R(128), with j from 1 to 32. Thus, the protected
broadcast channel frame receives 1024 bits per 7136-bit broadcast channel 316 due to Reed-
Solomon redundancy, as indicated at 334 in Fig. 19. The first bit of Sy(1) is preferably the first

bit of the Service Preamble (Table I) of the broadcast channel.

10 With regard to the interleaving 314 performed in the outer transport layer 306 at the
broadcast stations 23, a Viterbi convolutional code (rate 1/2, k=7), as indicated in Fig. 21, is
prcfe}ably used as the inner code of the concatenated coding process of the outer wansport layer
306. The generator polynomials are g, = 1111001 binary (B) and g, =1011011 (B). Each block
336 in Fig, 21 represents a single bit delay. Modulo 2 adders indicated at 338 and an inverter 340

15 are implemented such that the output of the encoder depicted in Fig, 21 is preferably g, and g,
For every input bit, a symbol is preferably generated with the switch “Sw” in position 1 and then
In position 2.

The Viterbi encoder 342 depicted in Fig. 18 generates bit streams which are subsequently
demultiplexed in the inner transport layer 310. The demmiltiplexer 344 preferably divides

20  encoded broadcast channels into prime rate channels, each of which has a bit rate of 38000 bps,
as shown in Fig, 22. With reference to Fig. 19, the protected broadcast channel frame comprises
a total of # x 8160 bits, that is, 7 x 7136 bits for the broadcast channels and 1024 bits for Reed-
Solomon redundancy, as indicated at 346 in Fig. 22. For the purposes of demuliplexing,
symbols S(1), S(2) and so on are two-bit symbols from the FEC-encoded broadcast channel.

25 S(1) is preferably the first symbol to be inserted into the first prime rate channel, as indicated at
348 in Fig. 22. Thus, demultiplexing causes the content of the i* prime rate channel to be

S@), S@+n), SG+2"7), ey SE+P*1), ey S(i+8159*n),
with p from O to 8159, as indicated at 350 in Fig. 22. The broadcast channels are preferably
demultiplexed into # prime channels. The number of bits from the FEC-encoded broadcast

30 channel provided in each prime rate channel is preferably 16,320 bits per frame period. The
prime rate channels are then each provided with a prime rate channel preamble, as indicated at
352 in Fig. 18. The prime rate channel preambles within a broadcast channel are all preferably
time coincident. The prime rate channel preamble length is preferably 96 bits or 48 symbols, as
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14C18 1EAC649 (hexadecnmal) with the most significant bit being the first transmirted bit. The
prime rate channel preamble is preferably composed of the same time coincident 48 bit sequence
on both the I and the Q components of the QPSK modulation 86 (Fig. 3).

. When a protected broadcast channel is not available, a dummy broadcast channel is
preferably generated within the inner transport layer 310, The dummy protected broadcast
channel has the same bit rate and the same frame period as the broadcast channel it replaces.
The dummy protected broadcast channel includes a pseudorandom sequence and a SCH limited
to 3 service preamble, as described previously, and a BRI filled with 0s. The pseudorandom
sequence is created using a generator such as the PRS generator 290 depicted in Fig. 16, as well
as using the same generator polynomial described above.

As stated previously, the communications lines transport laver 308 is preferably
transparent to the protected broadcast channel digital format. This layer 308 performs the
connection berween the inner and outer transport layers 310 and 306, respectively, which can be
located in separate sites. Accordingly, the communications lines transport layer 308 can include
communications lines, The outer transport layer 306 is used to protect a signal from errors

‘coming from the communications lines. If errors issued from the communications lines are

numerous, a greater level of protection is possible. For example, the protected broadcast
channel can be protected by another FEC code, or the received protected broadcast channel can
be Reed-Solomon decoded and corrected, and then Reed-Solomon encoded prior to reaching
the inner transport laver 310.

As previously described, the system 10 of the present invention comprises a processed
mission and a transparent mission. The transport layer of the broadcast segment 250 of the
transparent mission preferably comprises the broadcast segment transport layer and the space
segment transport layer of the processed mission. Much of the re-alignment of the broadcast
signals (i.e,, the rate alignment of frames on-board the satellite 25), however, is not necessary in
the transparent mission because all of the broadcast channels therein originate from a common
hub. Thus, ime differences between a plurality of broadcast stations 23 do not exist.

The transport layer of the space segment 252 depicted generally in Fig. 13B will now be
described. The space segment transport layer receives prime rate channels from the broadcast .
stations 23, as indicated at 354 in Fig. 13A. The space segment transport layer, hereinafter referred to
generally as 354, is illustrated in Fig. 23. As described above in connection with Fig. 7, prime,

rate channels are rate aligned prior to being routed into a selected downlink beam and
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multiplexing at 360. A time slot control channel 362 is inserted in the time division multiplexed
or TDM bit stream at the space segment 252 level. The time slot control channel (TSCC) will be
described in more detail below. The multiplex prime rate channels and the TSQC 362 are
scrambled, as indicated at 364, prior to having a master frame preamble appended thereto, as
indicated at 366, which is used for TDM synchronization at the radio receivers 29, The TDM
frame period is preferably 138 milliseconds, as shown in Fig. 24. The master frame preamble is
preferably 192 bits or 96 symbols in length. The time slot control channel preferably includes
4224 bits.

The symbol rate alignment process performed on-board the satellite 25 and described
above in connection with Fig. 7 will now be illustrated using Fig. 25. Rate alignment occurs
berween independent uplink channels received from broadcast stations 23 to correct for time

$100&' () -0.1D," $100/&qd;- ™
roguyperty

differences berween the bit rate reference for the various broadcast stations 23 and the satellite
TDM rate reference. The rate alignment process is advantageous because it eliminates the need
to synchronize all broadcast stations 23 to a single bit rate reference. Thus, the broadcast
stations can be operated using less complicated equipment and therefore at lower cost. As
described above in connection with Fig, 7, the rate alignment process consists of adjusting the
length of the prime rate channel preamble by adding a bit, withdrawing a bit, or performing
neither the adding or withdrawing of a bit, at the beginning of a preamble. The PRC bit stream
368 depicts when no lag exists between the satellite bit rate reference and that of the broadcast
station 23 transmitting the received prime rate bit channel or PRC bit stream. The PRC bit
stream indicated at 370 illustrates the insertion of a 0 into a preamble, resulting in a 49 symbol
preamble to correct for when the broadcast station bit rate reference lags behind that of the
satellite by one symbol. When the satellite bit rate reference lags behind that of the broadcast
station by one symbol, a 0 is removed from a 48 symbol PRC preamble, resulting in a 47-symbol
preamble, as indicated at 372,

With continued reference to Fig. 23, the TSCC 362 preferably comprises a TDM
identifier 374, and a vime slot control word 376 for each of the time slots 1 through 96. The
TSCC 362 is depicted in Fig, 26. The TSCC multiplex 362 preferably comprises 223 symbols of
8 bits per symbol. The TDM identifier 374 and the time slot control word or TSCW 376 for each
of the 96 time slots are preferably 16 bits long each, The TSCC multiplex 362 further comprises
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haBbC  comprises Os for the odd bits and 1s for the even bits. The first bit thar is transmitted is
preferably the most significant bit and is also a 1. The time slot control word for each of the 96
time slots comprises fields, as indicared in Table 4.
5
TABLE 4 - TIME SLOT CONTROL WORD
Field Group Field name Length Contents
(bit)
Broadcast Channel | BCID type 2 00: Local BCID
Identifier (BDIC) 01: Regional BCID
11: Worldwide BCID
10: Extension to Worldwide BCID
BCID number 9 000000000: Reserved for unused channels
111111111: Reserved for Test Channel
Last Prime Rate 1 0: Not last Prime Rate Channel of the
Channel flag Broadcast Channel
1: Last Prime Rate Channel of the Broadcast
Channel
- Format identified 2 00: WorldStar 1
else: RFU
- Broadcast Audience 1 0: Public audience
1: Private audience
- Reserved 1 RFU

Each broadcast channel is preferably identified by a unique broadcast channel identifier

(BCID) which is composed of a BCID type and a BCID number. BCID types preferably
include a local BCID, a regional BCID, a worldwide BCID, and an extension to worldwide

10 BCID. A worldwide BCID indicates that the BCID for that particular broadcast channel is valid
for any time division multiplexed bit stream in any geographic region. In other words, the BCID
uniquely identifies that particular broadcast channel to radio receivers 29 located anywhere in the
world and on any time division multiplex carrier on any downlink beam. As stated previously,

each satellite 25 is preferably configured to transmit signals on three downlink beams, each of

15 which has two differently polarized TDM carriers, as discussed below. A regional BCID is valid
for a specific geographic region such that the same BCID can be used to uniquely identify
another broadcast channel in another geographic region. A regional BCID is valid on any TDM
downlink in that particular region. A local BCID is valid for only a particular TDM carrier in a
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| downlink of a first satellite which has coverage over much of the African continent. The region
identifier can also uniquely identify regions serviced by satellites covering Asia and the Caribbean
region, respectively. The TDM number field in the TDM identifier 374 defines a particular TDM
bit stream. Odd TDM numbers are preferably used for left hand polarized (LHCP) TDMs and
10 even TDM numbers for right hand polarized (RHICP) TDMs,

TABLE 5 - TDM IDENTIFIER
Field name Length (bit) Contents

Region Identifier 4 0000: Reserved
0001: AfriStar
0010: AsiaStar
0100: CaribStar
else: RFU

TDM number 4 0000: Reserved
0001: TDM 1 (LHCP)
0010: TDM 2 (RHCP)

0110: TDM 6 (RHCP)

else: RFU

Note: Odd TDM numbers are used for Left Hand polarized
(LHCP) TDMs, and even TDM numbers are used for Right
Hand polarized (RHCP) TDMs

Reserved 6 RFU

The TSCC multiplex is preferably also encoded using Reed-Solomon (255, 223) encoding
on 8 bit symbols, as indicated at block 380 in Fig. 23. The code generator polynomial is
15  preferably

143
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The Reed-Solomon code is systematic in that the first 223 symbols, composing the
TSCC multiplex are the information symbols prior to encoding. The first symbol in time is
associated with ¥, and the last symbol with x°. The 32 last symbols are the redundancy
symbols following encoding, The first symbol in time is associated with x*', and the last symbol

10 withx". '

No interleaving is applied prior to Viterbi encoding 382, as depicted in Fig. 23. Prior to
Viterbi encoding, a round-off set of 72 bits is added following the Reed-Solomon block of 255
symbols. The 72 bit round-off set comprises all odd bits at “0” and all even bits at “1”. The
first bit to be transmirted is the MSB, that is, a “1”. A Viterbi encoding with R=1/2 and k-7 is

15 used with the same characteristics as described above in connection with Viterbi encoding at the
broadcast stations 23. Viterbi encoding is synchronized to the Master Frame Preamble so that
the first bit following the Master Frame Preamble is the first bit issued from the Viterbi encoder,
which is affected by the first bit of the RS encoded data. During initialization of the Viterbi
encoder, which takes place before the first bit of the multiplex bit stream following the Master

20  Frame Preamble, the registers within the Viterbi encoder are set to zero.

As indicated in block 366 of Fig. 23, a master frame preamble is inserted in the serial
symbol TDM stream. The master frame preamble comprises a unique word and is preferably
composed of the same time synchronized 96-bit sequence on both the I and Q components of
the QPSK modulated signals. The scrambling process (block 364) can be implemented using a

25 PRS generator 384 depicted in Fig. 27 to randomize the data in a TDM carrier. The scrambler
384 produces a pseudorandom sequence which is preferably symbol-per-symbol space modulo 2
added to the TDM frame sequence. A symbol of the pseudorandom sequence is composed of
two successive bits coming from descrambler 384, The pseudorandom sequence can have a
generator polynomial such as x'' + ¥ + 1. The pseudorandom sequence can be initalized at

30 each frame with a value such as 11111111111 (binary) which is applied to the first bit of the I
component following the master frame preamble.
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inverse o those performed m the space segment (Fig. 23) and the broadcast segment (Fig. 18).
5  Following descrambling (388), data from the time slot control channel (390) is used to identify
and select TDM time slots belonging to the same broadcast channel to which the radio receiver
is uned. A Viterbi decoder (block 392) is used to remove the encoding performed on-board the
satellite and described above in connection with block 382 in Fig, 23. Further, a Reed-Solomon
decoder (block 394) decodes the encoding performed on-board the space craft and described in
10  connection with block 380 in Fig. 23. The TDM time slots belonging to a selected broadcast
channel are then demultiplexed to obrain the prime rate channels, as indicated in block 396. The
demultiplexing is illustrated by blocks 294 and 296 in Fig. 13, as well as being described in
connection with Fig. 10. With reference to blocks 398 and blocks 400 in Fig. 28b, the prime rate
channels are rate-aligned using the headers of the individual prime rate channels, as described
15 above in connection with Fig. 11. Following prime rate channel synchronization and re-
multiplexing (block 402) Viterbi decoding (block 404) is performed to remove the encoding
performed in the transport layer of the broadcast segment and described in connection with
block 342 in Fig. 18. The symbols are subsequently de-interleaved (block 406) and decoded
using a Reed-Solomon decoder (block 408), which is the reverse processing of the broadcast
20  channels performed in the outer wansport layer 306 of the broadcast segment to obtain the
broadcast channel. Thus, a received time division multiplexed bit stream is descrambled to
correct for errors in the TDM transmission, decoded to recover the broadcast channel and then
descrambled to correct for broadcast channel errors.
While certain advantageous embodiments have been chosen to illustrate the invention, it
25 will be understood by those skilled in the art that various changes and modifications can be made
therein without departing from the scope of the invention as defined in the appended claims.



1011 1001 1011!, $$10% 1 & ()-G 1 $310%q& ()-G, $$10% | & () - Gao2' i WwWoP1
: L$- &10%u
u& ()-z! &810%"& ()-! &&I0YR&EE ()-! &&109&' ()-! $10%& ()-!$10% : & ()-i 8|}~z
| AP1” @Y10%& ()- 10pp 10pp 10pp! 6 L-- &10%p& ()-G ! 6L-- &10%p& () -G
L' 109RR& ()-z L$-&10% & ()-z}[< Pl -46- 14 May 2002
@A%A09&' ()- 1 # 49%0%& ()-! 6B4YA0YE ()-! @d09& ()-- 109&' ()-

, 9109&' ()-19zX6"P1 !;

TAF%0%R () -! T 1#10%~& () - 1#109%& () - C‘i A0%&' ()-F!' 6 sFFUW0% () - F!' I sFFo
0% ()-F = 1!;13 @10%c& ()-! @Slo%lh&' -,10%&' ()-y#Y10%&' ()- 10 10
107#10%& ()-8{ aB = ! I9 109& ()- Z9%A0%&' ()-!:Z9%0%& ()--#10%& ()-Y

W%?Z«gc9£ %’,‘Vd_ éoo/;/fgq( Q | D S &E%f(y@{%%é%&i‘g&% é&%cas triﬁsmlss o)n to,reqotg fe receivers

comprising the steps of

receiving a service comprising at least a first service component and a second service
component each selected from the group consisting of audio, data, static images, dynamic images,
paging signals, text, messages and panographic symbols; and

generating a broadcast channel bit stream frame by appending a service control header to
said service to dynamically control reception of said service at said remote receivers, said service
control header comprising service control data, said service comprising an overall bit rate of K bits
per second, said overall bit rate corresponding to » multiples of a minimum bit rate of L bits per
second, said frame having a period of M seconds, said service having nxLxM=nxP bits per frame,
said frame comprising »nxP bits for said service and nxQ bits for said service control header,
wherein K, n, L, M, P and Q are numerical values, respectively;

providing said service control header with first service component control data for
dynamically controlling the reception of said first service component at said remote receivers; and

providing said service control header with second service component control data for
dynamically controlling reception of said second service component at said remote receivers;

wherein at least one of said first service component control data and said second service
component control data comprises at least one of a plurality of fields comprising a service
component length field, a service component type field, an encryption field, a program type field
and a language field, wherein said service component length field indicates the bit rate of the
corresponding one of said first service component and said second service component, said service
component type field indicates which of a plurality of signals is contained in the corresponding one
of said first service component and said second service component, said encryption field indicates
which of a plurality of encryption methods is used to encrypt the corresponding one of said first
service component and said second service component, said program type field indicates which of
a plurality of programs is transmitted via the corresponding one of said first service component and
said second service component, and said language field indicates in which of a plurality of
languages the corresponding one of said first service component and said second service

component is generated.
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3. A method as claimed in claim 2, further comprising the steps of’
receiving said frame at said remote receivers; and
demultiplexing the corresponding one of said first service component and said second

service component from said frame using said service component length field.
4. A method as claimed in claim 2, wherein #=4 bits and m=8000 bits per second.

5. A method as claimed in claim 1, further comprising the step of providing said
service component type field with one of a plurality of values corresponding to respective ones of
said plurality of signals, said plurality of signals comprising Motion Pictures Expert Group
(MPEG) coded audio, general data having no specified format, Joint Photographic Expert Group
(JPEG) coded picture data, video and invalid data.

6. A method as claimed in claim 1, further comprising the step of providing said
encryption field with a first value and a second value when the corresponding one of said first
service component and said second service component is encrypted and is not encrypted,

respectively.

7. A method as claimed in claim 1, further comprising the step of providing said
program type field with one a plurality of values corresponding to respective ones of said plurality
of programs, said plurality of programs comprising music, a talk radio show, video, text, a

censored program, an advertisement, and a program directed to a selected topic.

8. A method as claimed in claim 1, further comprising the step of providing said

language field with one of a plurality of values corresponding to respective ones of said plurality of
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said service to dynamically control reception of said service at said remote receivers, said service
control header comprising service control header data selected from the group consisting of a
preamble indicating the beginning of said frame, a bit rate index indicating the bit rate of said
service, encryption control data, an auxiliary data field, an auxiliary field content indicator relating
to the content of said auxiliary data field, data relating to multiframes in said auxiliary data field
when said auxiliary data field is multiplexed, and data indicating the number of service components
which constitute said frame, said service corresponding to a primary service transmitted to said
broadcast remote receivers on a primary broadcast channel;
receiving a second service comprising at least one service component selected from the
group consisting of audio, data, static images, dynamic images, paging signals, text, messages and
panographic symbols, said second service being transmitted to said remote receivers on a
secondary broadcast channel;
generating a second broadcast channel bit stream frame by appending a second service
control header to said second service to dynamically control reception of said second service at said
remote receivers; and
providing bits in said service control header corresponding to said primary broadcast
channel to indicate to said remote receivers that said primary broadcast channel is related to said

secondary broadcast channel.

10. A method as claimed in claim 9, further comprising the steps of:

assigning each of said primary broadcast channel and said secondary broadcast channel
with an identification code, each said identification code being operable to uniquely identify the
corresponding one of said primary broadcast channel and said secondary broadcast channel; and

providing said service control header of said primary broadcast channel with said

identification code corresponding to said second broadcast channel.
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S %0% broadcast channel from each other and among a plurality of broadcast channels received within a
local area, a regional area and worldwide, and said providing step comprising the step of adding at
least two bits to said service control header of said primary broadcast channel to indicate which of
a plurality of different identification code types corresponds to said identification codes, said type
of code being selected from the group consisting of a local code, a regional code and a worldwide
code, said local code being useful to uniquely identify one of said plurality of broadcast channels
transmitted to a geographic area by a spot beam from a satellite transmitter, said regional code
identifying one of said plurality of broadcast channels transmitted to one of a predetermined
contiguous geographic area and predetermined non-contiguous geographic areas, said worldwide
code being useful to distinguish said second broadcast channel from other ones of said plurality of

broadcast channels worldwide.

17. A method as claimed in claim 9, wherein said providing step comprises the step of
providing said bits in said auxiliary field content indicator in said service control header to indicate
to said remote receivers that said primary broadcast channel is related to said secondary broadcast

channel.

18. A method as claimed in claim 17, further comprising the steps of:

assigning each of said primary broadcast channel and said secondary broadcast channel
with an identification code, each said identification code being operable to uniquely identify the
corresponding one of said primary broadcast channel and said secondary broadcast channel;

inserting said identification code corresponding to said secondary broadcast channel into
said auxiliary data field of said primary broadcast channel; and

inserting said identification code corresponding to said primary broadcast channel into said

auxiliary data field of said secondary broadcast channel.
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19. A method as claimed in claim 17, further comprising the step of inserting
broadcast channel identification data in said auxiliary data field which identifies said secondary

broadcast channel.

20. A method as claimed in claim 19, wherein said broadcast channel identification
data comprises an identification code to uniquely identify said secondary broadcast channel, and
said inserting step further comprises the step of selecting said identification code to uniquely
distinguish said secondary broadcast channel from among a plurality of broadcast channels

received within a selected one of a plurality of geographic areas.

21. A method as claimed in claim 9, wherein said auxiliary data field in each of said
service control header and said second service control header comprises a Primary/Secondary (PS)
flag, and further comprising the steps of:

setting said PS flag to a first value when said frame corresponding to one of said service
control header and said second service control header is a component of said primary broadcast
channel; and

setting said PS flag to a second value when said frame corresponding to one of said service
control header and said second service control header is a component of said secondary broadcast
channel, said remote receivers being operable to use said PS flag to identify a received broadcast

channel as one of a primary broadcast channel and a secondary broadcast channel.

22. A method as claimed in claim 9, further comprising the steps of:

assigning each of said primary broadcast channel and said secondary broadcast channel
with an identification code, each said identification code being operable to uniquely identify the
corresponding one of said primary broadcast channel and said secondary broadcast channel; and

providing said auxiliary data field corresponding to said primary broadcast channel with an
associated service pointer (ASP) corresponding to said identification code of said secondary

broadcast channel.

23. A method as claimed in claim 22, wherein a third broadcast channel is transmitted

which is related to said primary broadcast channel, and further comprising the steps of:
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the steps of:
providing a bit in said service control header of said primary broadcast channel to indicate
that said primary broadcast channel is a primary broadcast channel and has other broadcast
channels related thereto; and
providing a bit in each said service control header corresponding to said secondary
broadcast channel and said third broadcast channel to indicate a relationship with said primary

broadcast channel.

27. A method of formatting a signal for broadcast transmission to remote receivers
comprising the steps of:

receiving a service comprising at least a first service component selected from the group
consisting of audio, data, static images, dynamic images, paging signals, text, messages and

panographic symbols;
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generating a broadcast channel bit stream frame by appending a service control header to
said service to dynamically control reception of said service at said remote receivers, said service
control header comprising service control header data selected from the group consisting of a
preamble indicating the beginning of said frame, a bit rate index indicating the bit rate of said
service, encryption control data, an auxiliary data field, an auxiliary field content indicator relating
to the content of said auxiliary data field, data relating to multiframes in said auxiliary data field
when said auxiliary data field is multiplexed, and data indicating the number of service components
which constitute said frame;

providing said auxiliary data field with data relating to said service for reception at said
remote receivers; and

providing said auxiliary field content indicator in said service control header with bits for

indicating a method of encryption used on the contents of said auxiliary data field.

28. A method as claimed in claim 27, further comprising the steps of:

generating a second broadcast channel bit stream frame by appending a second service
control header to one of said service and a second service, said second service comprising at least
one service component selected from the group consisting of audio, data, static images, dynamic
images, paging signals, text, messages and panographic symbols, said second service control
header dynamically controlling reception of the corresponding one of said service and a second
service at said remote receivers, each of said service control header and said second service control
header comprising a start flag for indicating when said auxiliary data field in each of said service
control header and said second service control header is one of a plurality of segments in a
multiframe signal;

setting said start flag in said service control header to a first value when said auxiliary data
field in said service control header is one of the first of said segments in said multiframe signal and
an independent segment when no multiframe signal exists; and

setting said start flag in said second service control header to a second value when said
auxiliary data field in said service control header is the first of said segments in said multiframe
signal and said auxiliary data field in said second service control header is another one of said
segments in said multiframe signal, wherein said frame corresponding to said service need not be

contiguous to said frame corresponding to said second service.
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29, A method as claimed in claim 28, further comprising the step of providing each of
said service control header and said second service control header with a segment offset and length
field (SOLF), said SOLF comprising bits relating to how many of said segments constitute said

multiframe signal.

30. A method as claimed in claim 29, wherein said step of providing said SOLF
comprises the step of setting said SOLF to N-1 when said start flag is set to said first value wherein

N is the total number of said segments that constitute said multiframe signal.

31. A method as claimed in claim 28, further comprising the steps of:

generating a third broadcast channel bit stream frame by appending a third service control
header to one of said service said second service and a third service, said third service comprising
at least one service component selected from the group consisting of audio, data, static images,
dynamic images, paging signals, text, messages and panographic symbols, said third service
control header dynamically controlling reception of the corresponding one of said service, said
second service and a third service at said remote receivers, each of said service control header, said
second service control header and said third service control header comprising a start flag for
indicating when said auxiliary data field corresponding thereto is a segment in a multiframe signal;
and

providing each of said service control header, said second service control header and said
third service control header with a segment offset and length field (SOLF), said SOLF comprising

bits to relating to how many of said segments constitute said multiframe signal.

32. A method as claimed in claim 31, further comprising the step of setting said SOLF
in said service control header to N-1 when said start flag therein is set to said first value, N

corresponding to the total number of said segments that constitute said multiframe signal.

33. A method as claimed in claim 32, further comprising the step of setting said SOLF
in said second service control header to N-(N-1) when said start flag therein is set to said second

value.

34. A method as claimed in claim 33, further comprising the step of setting said SOLF

in said third service control header to N-(N-2) when said start flag therein is set to said second
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identifier number field, a last prime rate channel flag, a format identifier field, and a broadcast
audience field;

wherein said time slot control word comprises said broadcast channel identifier type field

and said appending step further comprises the step of providing said broadcast channel identifier
type field with at least one bit to indicate which of a plurality of different identification code types
corresponds to said selected one of said broadcast channels, said plurality of different identification

code types corresponding to respective ones of said plurality of geographic areas.

37. A method as claimed in claim 36, wherein said appending step further comprises
the step of adding at least two bits to said time slot control word to indicate which of a plurality of
different identification code types corresponds to said identification code of said selected one of
said broadcast channels, said type of code being selected from the group consisting of a local code,
a regional code and a worldwide code, said local code being useful to uniquely identify one of a
plurality of broadcast channels transmitted to a geographic area by a spot beam from a satellite
transmitter, said regional code identifying one of a plurality of broadcast channels transmitted to
one of a predetermined contiguous geographic area and predetermined non-contiguous geographic
areas, said worldwide code being useful to distinguish said second broadcast channel from other

ones of a plurality of broadcast channels transmitted worldwide.

38. A method of formatting data for transmission to remote receivers comprising the
steps of:

receiving broadcast channels from at least one broadcast station, each of said broadcast
channels comprising a plurality of prime rate channels, each of said prime rate channels comprising
a plurality of symbols;

routing each of said plurality of prime rate channels to at least one of a plurality of time
division multiplexed downlinks, each of said plurality of time division multiplexed downlinks
comprising a plurality of time slots;

multiplexing said symbols corresponding to each of said prime rate channels and routed to
the same one of said plurality of time division multiplexed downlinks into said time slots in said
same downlinks to generate a corresponding plurality of serial, time division multiplexed or TDM
frame bit streams;

appending a time slot control word to each of said TDM frame bit streams to control the

recovery of said prime rate channels corresponding to a selected one of said broadcast channels by
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at least one of said remote receivers, said time slot control word comprising at least one field
selected from the group consisting of a broadcast channel identifier type field, a broadcast channel
identifier number field, a last prime rate channel flag, a format identifier field, and a broadcast
audience field; and

assigning an identification code to uniquely distinguish said selected one of said broadcast
channels from among a plurality of broadcast channels received within a selected one of a plurality

of geographic areas.

39. A method as claimed in claim 38, further comprising the step of providing at least
one bit to said time slot control word to indicate which of a plurality of different identification code
types corresponds to said identification code of said selected one of said broadcast channels, said
plurality of different identification code types corresponding to respective ones of said plurality of

geographic areas.

40. A method of formatting a signal for broadcast transmission to remote receivers
comprising the steps of:

receiving a service comprising at least a first service component selected from the group
consisting of audio, data, static images, dynamic images, paging signals, text, messages and
panographic symbols; and

generating a broadcast channel bit stream frame by appending a service control header to
said service to dynamically control reception of said service at said remote receivers, said service
control header comprising service control header data selected from the group consisting of a
preamble indicating the beginning of said frame, a bit rate index indicating the bit rate of said
service, encryption control data, an auxiliary data field, an auxiliary field content indicator relating
to the content of said auxiliary data field, data relating to multiframes in said auxiliary data field
when said auxiliary data field is muitiplexed, and data indicating the number of service components
which constitute said frame;

wherein said preamble is one of a binary number and a hexadecimal number selected for
effective auto-correlation to facilitate synchronization of said frame when said frame is received,

said preamble comprising 20 bits and corresponding to 0474B hexadecimal.

41. A method of formatting a signal for broadcast transmission to remote receivers

comprising the steps of:



