Docket No. 640762000400 EFFI Cl ENT FRAM NG SCHEMES FOR SUPPORTI NG VCM ACM I N
DI A TAL SATELLI TE TRANSM SSI ON SYSTEMS FlI ELD OF THE | NVENTI ON [ 00011 The
present invention relates to digital satellite conmunication and in
particular a frame design for transmtted signals to provide better support
for variabl e/adapti ve coding and nodul ati on schenmes. RELATED APPLI CATI ONS

[ 00021 This application relates to the application titled "Efficient Frane
Structure for Digital Satellite Communi cation” filed on ##utNe. 64BATREROUND
OF THE | NVENTI ON 100031 The objective of nodern digital comrunication

Systems | SEFRIEIaee HRAMING SCHEVEES FORSUPPORT TN @C{NI}ASCM W‘Dl”(ﬁﬁﬂk‘ice to a

destination wth high power, bandw dth efficiency and | ow cost hardware
i npl enent ation for connerS@&"léELbITﬂ)EﬁAtNSMMQN SYSTEMSBve this objective, a
primary problemin receiver desi gn relates to symbol timng synchronization

and frame synchronization. S i zation includes processes
(SF‘PTJESNW N

and net hods for synchronizing 'receive ta streans with transmtted data
streans at the synbol |evel. Frane synchronization is «critical for digital
communi cat i ons[080&Y Ehalprgsentinveaation relstes endigital aatellitsy/cdmmawecatmncneé acparficudara

vary. ERuRe FPERIOn Sr U 4 RV et apotoh SH e Maah F ey "

Header smbyipattonl skyemiddcl ude i nportant information for frame synchroni zation
as well as a nodulation type and a coding rate for the payl oad. Payl oads
typically contain the actual data rot ected by the channel coding. Frane
formatting design is very cri REEA] EPO‘PP%[JQP‘ PN, §ystem performance and can
directly inpact product and operating costs. A preferred frame format may

result in highjgeetf o ?a%aﬁ&p@ua\f&r@tﬂem@bn@%hﬁﬂ@d faicicht PR RabuR b ON
and reliable trackl ng me and frequency | ock) to inprove system

per f or nigigdel Safclhteﬂemrmm@mh filedjon ###AHH.

BACKGROUND OF THE INVENTION

[0003] The objective of modern digital communication systems is to transmit
audio/video signals and data bits from a source to a destination with high power, bandwidth
efficiency and low cost hardware implementation for commercial competitiveness. To achieve this
objective, a primary problem in receiver design relates to symbol timing synchronization and frame
synchronization. Symbol timing synchronization includes processes and methods for synchronizing
received data streams with transmitted data streams at the symbol level. Frame synchronization is
critical for digital communications where digital data is sent frame by frame, and each frame
contains a number of data bits. Depending on the system, frame sizes can vary. Each frame usually
contains two parts: a header and a payload. Headers typically include important information for
frame synchronization as well as a modulation type and a coding rate for the payload. Payloads
typically contain the actual data protected by the channel coding. Frame formatting design is very
critical for overall system performance and can directly impact product and operating costs. A
preferred frame format may result in high performance receivers that achieve fast frame acquisition
and reliable tracking (time and frequency lock) to improve system performance in terms of either bit

error rate and/or packet error rate with minimal overhead and a low cost implementation.
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error rate and/or packet error rate with m nimal overhead and a | ow cost

i npl enmentation. va-174308 Docket No. 640762000400 [0004] In the current
digital satellite comunication standards such as DVB-S and DVB-S2, each
frame has a fixed nunber of codewords. Because both VCM and ACM support

di fferent nodul ati on schenes and forward error correction codes (FEC s), the
nunber of coded synbols and/or the | ength of payloads vary fromfranme to
frame. For exanple, in a systemhaving 1200 information bi PgketNof 640T6e00830¢ S
are encoded by a rate''/2 code, 2400 coded bits will result. Wen wusing a

QPSK modul at or gogold] & ik LhrrdR dﬁ‘%&ﬁl ééﬁ:lllﬁgtzoﬁﬁluﬁl%gt@ong?ﬁﬁalﬁﬁ @@QJ R PeBAURQ each

QPSK synbol has two bits. nodul ation, this wll be equivalent to
800 8- PBP(Bszmlermmheaaf“eaadrmumjvmbmﬂwﬂ%ordhrlé@ametlmh Ve Mdati ACYhsuppuB- S2 has

two L [..each code rate .a |laon one of 0 oded d a

shor t onean dgti GRS T i Brprehtry Moy FRERS fif ok ®C

differ ef}hnHoWHh/r ﬂu:rl‘aegth of pdy ol sy HOpEREh1@ RitneMTioe hxm;dul iflaisQdlers GRS and
FEC codes_are is difference in frame size conplicates receiver

desi gn, lfmlﬁﬂ?rm%ﬂ%smw l|f yﬂefhﬁStarreffnco@éerﬁ tatst /e 80dsy 2400 Goded bithwilhiepuli Whest t i ons

such as I a her
interf e?%ﬁégggpg%ﬁﬁaé@aé%M%%%‘?E%a&mgﬂ%b%%?Fgosgg?a&%gé%fs @t he(t%)esrzéefl ts of

t he i nveymbobhasitwotbits.elr &Pﬁﬁtmodummabbme«flﬂéntequimddmpo 800 8ASK fyynboisxsiineg f r ane

sizes re rdI o S, a codi.ng r.ates used

reeor di REREgES habihdsfisond VHEOE I R U p SRS el Rk a8 g
header bl’fbadf 64800 @&des bis mshfoﬁmné @r |1 6200 cvaaesinl Mondquert]yd eAuhi fEae wiIdvE AW

f ol | owed an auxiliary control code (ACC), which Ee0|f|es t he nmodul ati on

scheme ﬁlﬁ%reph@n&tb/@m@err%ftSéméf)IStdm@enfilnug@m Vt*b%ibmeﬁhdatm chemesand dFC qodahase | n
addi ti OﬂseHOTﬁ@%ﬁ@er%te@rll ﬁ%%‘?gi&%%n%? eatds e v%P&ie%%r thEmfs @slua ﬁﬂ{pl[ﬂal n a "next

frame conposition 0 speC| [ation schenes and codi ng
rat es formmdzated by vahcbus@haltdebdlsimctmm sk as rgrouphlelaae)bticl‘fgr@m naisgl/ @ljackite

f ol | owi fr.anme nunber of synbols in a frane or the frame
a%nnels and?or oTher mter erences y

BRIEF SUMMARY OF THE INVENTION

[0005] One of the benefits of the invention is to eliminate the above mentioned problems
by fixing frame sizes regardless of the modulation schemes and/or coding rates used. According to
an embodiment of the invention, each frame begins with a header that contains a synchronization
waveform called a unique word (UW), followed by an auxiliary control code (ACC), which
specifies the modulation scheme and the coding rate of the first codeword in the current frame. In
addition to coded data symbols, the first codeword may also contain a “next frame composition
table” (NFCT) to specify modulation schemes and coding rates for some or all of the codewords in
the next frame and/or the following frames. The total number of symbols in a frame or the frame
size is fixed. In an embodiment of the invention, the receiver knows that the UW position is fixed in

the ACM/VCM mode. Hence, synchronization control can be simplified.

[0006] Another benefit is that data streams of different modulation and/or code rates can
be handled simultaneously in the ACM mode. In current systems such as the DVB-S2 standard, data
of different modulation types are kept in different queues. For any particular queue, each queue
must accumulate enough data to fill up one frame before it starts to transmit. Hence, this queuing
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size is fixed. In an enbodi nent of the invention, the receiver knows that
the UWposition is fixed in the ACM VCM node. Hence, synchroni zation
control can be sinplified. [0006] Another benefit is that data streans of

di fferent nodul ati on and/ or code rates can be handled sinultaneously in the
ACM node. In current systens such as the DVB-S2 standard, data of different
nodul ation types are kept in different queues. For any particul ar queue,
each queue nust accunul ate enough data to fill up one fr arfechdh.grEoi090400
starts to transmt. Hence, this queuing 2 va- ]74308 Docket No.
640762QRQ¢ ot A48hd¥n hituRfand fRBRNQIHAREKNE oA T ihdtatideBLEArIARSRYr IR JaR. t he
instantaneous arrival rate of the data. “According to various enbodi nents of
t he i nvepiding, to yatieusembgilimentcofitherisaentioni data efydiferenodidation typasasd ceds be
sent i inal e f. . t hoygh ffieien [ ner al mul ated to
P ue B e G el el Ao R R R Rens B R RERR T hae
t hat ofcotidveor\dBrcB2hd lengh odthesodéviad invashadiortefiRan that cfehap vaask 1oag ceddsehe  of
its variation wl 1, be ch smaller. [.0007]. Another benefit is that in

vari ousaV%fﬁ%‘&HeHﬁ‘ﬁtd@a&a‘qEH@ exiepbef ifsorTiatne™ iieguechasaier posi ti on and t he
frame size of the VCM and the ACM nodes are the sane as those of the CCM
node, thus thg&l&w ARARerdRAk it REhAGYVIRGR AR IMMIRAN IR Rivihtidn, heenfgdvaRrsle.
Because the mode are widely used in broadcasting services, this

conpat ingpitipe gndathi Gagmersize ofthv an éhe ACM modrssire Bielsameastihpse oftbegedt ed i nto
exi sti y NI i gy, | : t- j.tional
penet | (o HEFe Ytk hl S ALRERRUER ERbBRRf B cOMa) BBl Vo
node alC@Msndderard Wizhelyhiskd inybroadcastingSeriyiceg thiatorapaiblilitp lallws thetV Cqud tlement s

wi thout, _incurring additional cost .in receiver design, neral ly different
users HHA ‘H‘?‘%Fé‘% “tasﬁlf Iesrriery vt e’%‘%tﬁ‘ﬁisi’%%ﬁw‘tvghoufﬁé:%v&ﬂ&qﬁﬁa8‘1‘?18‘)‘/18'&§P8ned to
allow different users to use different nodul ation types and code rates

dependi ng on tl‘Ti)ﬁilS]_Ar!ﬂﬁ'{!dﬂ'imabeﬂehﬂié tidd de@bdih £ AN ke IR ahbodliRbiSs bhde WsWhiimgde
provi des nore Tl exibi |It¥ t han the CCM node, which by contrast can not
<

change te§ VM mpgeallows for

incurring additional cost in receiver design. Generally different users have different link budget

xibility in satisfying various link budget requirements without

requirements. The VCM mode is designed to allow different users to use different modulation types
and code rates depending on their individual link budget requirement. Thus the VCM mode
provides more flexibility than the CCM mode, which by contrast can not change either the
modulation or the code rate from one user to another. Although the link budget requirements change
with users, the link budget requirement for each user is usually fixed, hence the modulation and the
code rate is usually fixed. Consequently the receiver design for the VCM mode is no more

complicated than that for the CCM mode.

{0009} According to an embodiment of the invention, the number of pilot symbols can
change the frame size. In this embodiment, pilot symbols may be inserted uniformly during a frame.
Depending on whether pilot symbols are used and how many pilot symbols are used in each pilot
section, the frame size will vary accordingly. According to another embodiment of the invention
using the VCM and the ACM modes, the methods of using pilot symbols are usually fixed in real

transmissions and will not change from one frame to another.

[0010] According to an embodiment of the invention, each frame has multiple LDPC

codewords. The ACC only specifies the modulation and the code rate of the first codeword in the
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nodul ation or the code rate fromone user to another. Although the |ink
budget requirenents change wth users, the |link budget requirenment for each
user is usually fixed, hence the nodul ation and the code rate is usually
fixed. Consequently the receiver design for the VCM node is no nore
conplicated than that for the CCM node. [0009] According to an enbodi nent of
the invention, the nunber of pilot synbols can change the frane size. In
this enbodi ment, pilot synbols may be inserted uniformy dupddrgioasshirszneoo
Dependi ng on mhether pi l ot symbols are used and how nany pilot synbols are

used | n\eRFRoR] |RlremSRaL Qe LBEIRTR ShARed] e WECE ASAORAL B prAfGAr 41 N0
n% e % ang@t e &?&I noaes

to another the 1 nvention “using-t t he
met hodspreﬂ?loussfrmgp.pl I ot synbol s are usually fixed in real transm ssi ons and
wi |l not change fromone frane to another. [0010] According to an enbodi nent

of the inventi ch frane multiple LDPC. codewgr ds. only
specifies the ﬁ@a&fgﬁo&%m%o FLﬁtZ'er %H%Odﬁ}ﬁ?% ogﬁlet"ﬁ‘ée"ﬂim\?ﬂ’g@e %Sg&i%ﬁﬁ%i%}pyt he 3
va- 1743R8&i10ackallerlansaf6iéh 3084440 n ACW nfadanisdit. n&mﬂm@eyth@imubﬁnsmmrds
are specified by the NFCT in the first codeword of the previous frane.

[0011] t)xee@ﬁed’ﬁﬁﬁ@retwe‘aﬁpm%mec'éh%mfﬁweaé?r cahed M&%@Powhlcbwecqﬁ% of NFCTs
may r%e{]&laﬁda éﬁpgbélﬁ rdtd gm?ogg‘la§§ 84n gsédhﬁﬂﬁeﬂ&d@%&r@p?géﬁlh%& QbSk

DVB- S2 tio e rate are speci In a spécial part
of the wgwdéﬁh@wlhéﬂsmummrcmdemd@mfor poclUDBCicodewaord. dothie id_ ¥ anele

i nformati j Reed: Mul [ has 64 .QPSK L s that
i n1 e T srnEr g oSl BB et Pemdtebamell T h dre acu
node i grd&Modelatioh Rehdied Nigdil 65POK a@d/gmmdaﬁw@vmsmd@ﬁmcb&dvgrw hi gh,
espeC|aII§wfor hi gh- order nodul ati on schenes |i ke 16APSK and 32APSK and

DVB- S2 Wt ermbrimentad ghsy iy sigiop ohe Ak6THz pncsresbenintebP e odesevhass exsiash, t he
NFCT | Smﬁ&ﬁﬂgﬁe‘f] e IR L AL AGAR e YJ‘@H%@ théHIB-S Kandard. For example, various

embodiments of the invention may use an LDPC encoder of rate of /4, the minimum code rate
supported in the DVB-S2 standard, while the rate for the Reed-Muller code in DVB-S2 is 1/16.
Furthermore, unlike DVB-S2 MODCOD, the first codeword can be of any modulation schemes,

such as, but not limited to, QPSK to 32APSK, which can further reduce the transmission overhead.

[0012] According to an embodiment of the invention, that the NFCT has a delay of one
frame is because the receiver does not typically know the content of the NFCT until the first
codeword has been decoded by an LDPC decoder. Generally this one-frame delay is acceptable for
most of applications. For example, in reality channel conditions due to rain and/or other
environmental conditions usually change slowly, hence the ACM only needs to change the
modulation and coding rate occasionally. Furthermore, this one-frame delay is negligible compared
to the satellite transmission delay, which is usually as high as a few hundred mille-seconds due to
the height of the geostationary orbit. For instance, at a symbol rate of 30 Msps and a frame size of

30,000 symbols, a one-frame delay is only about 1 ms,

[0013] According to an embodiment of the invention, for low-symbol rate, delay
sensitive applications, the modulation and/or coding rate of the first codeword in a frame may be

overwritten by the ACC of the same frame in the ACM mode such that the one-frame delay may be
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much hi gher than the Reed-Miller code used by the DVB-S2 standard. For
exanpl e, various enbodinents of the invention may use an LDPC encoder of
rate of /4, the m ninmum code rate supported in the DVB-S2 standard, while
the rate for the Reed-Muller code in DVB-S2 is 1/16. Furthernore, unlike
DVB-S2 MODCOD, the first codeword can be of any nodul ati on schenmes, such
as, but not limted to, QPSK to 32APSK, which can further reduce the
transni ssi on overhead. [0012] According to an enbodi ment of DeckreNg: AAPERTPEH,
that the NFCT has a delay of one frane is because the receiver does not

typi cal byminaRWférige fRNERRIvoRT. AQrdigh, thetfidst cdde@ofd dafithe USRI WRIrF dOla been
decoded by an LDPC decoder. Generally this one-frane delay is acceptable for

nost of sepibive eate whis thersher spdayyirds canrberused for porcAelpvrsansigiyadpti ons due to rain
and/ or other environmental conditions usually change slowy, hence the ACM

only needs to e . RTeTpE I; . i : :
Furt her nor e, tﬁ@agne;} réﬂeﬂg%@%lﬂg&ofg&% enﬁ‘?ﬁgg?e tgg@hrggy%g%néﬁ 1Si te
t ransni ssidon suppbdywariatilé/adaptise cosdind dnd neadulivtigh (REMIALA deherdesad andigitabsatadlitonds

due to ,the.height of .the tatjo orbit. For instance, at _.a s ol

fate or e e, 1 HEedE i RCYmGiS bodiiaiar Y FREEE &R, ¢

only ab@yfelo Fime.[ PRELZEM60¢ (eB g rét@maRadiRFDRANBNhe Mlodulieioh BNEBE dodihg rhier

| ow synbol rat e,gbéjcggg% sensitive applications, the nodul ation and/or coding
g€

rate of bgssdonff weatipn; egordingip apgmberdimepaf th inyensionpiynrreped AopPAstist he
f ¥ - : - 174308
Pocket R el Sa6e SEM BRUF bAUER, bl odbiffr el B e o PRt o farkd 00

first codeword can be used to carry delay- sensitive data while the other
codewor ds can He013$égcdrdingrioan dabedimsatdithe neendian avhgnGing] thadEd diodg a 0 an

enbodi f the inventiaqgn ne.efficient, fram ng sch .18 used t port
vari abl B sdaptiedn BB odRe s et vons Rt SEnEiRiomana 3§y P e
sat el | i t@dewofdns tHeSekOfftarby, SA edtrdihgly ! differviiModadorilh eanshldidtdles madniitibatypen and
codi ng rates, change fraom i

and coding rates while the total number of the symbols from all the codewords is fixed.

[0016] Various embodiments of the invention may include, a digital communication
system using digital transmissions, the digital transmissions comprising: a plurality of frames to
transmit data, wherein each of the plurality of frames has a frame structure; wherein each frame

comprises, a frame header, and a plurality of codewords, one of which contains a Next Frame

Composition Table to set the structure for the next frame.

[0017] According to an embodiment of the invention, the plurality of codewords in each

frame comprises a first codeword, and the Next Frame Composition Table is in the first codeword.

[0018] According to an embodiment of the invention, the digital communication system

uses the ACM mode.

[0019] According to an embodiment of the invention, the digital communication system

uses the VCM mode.

[0020] According to an embodiment of the invention, the Next Frame Composition

Table is to set the structure for the next frame.
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frame to frame. The ACM node uses a return channel to adjust the nodul ation
and/ or coding rate based on feedback information. According to an

enbodi ment of the invention, inproved support is provided for the VCM node
because the nodul ati on/ codi ng format does not change within a frane. [0015]
According to an enbodi nent of the invention, when using the ACM node, a
NFCT is used in the first codeword of a frame, which specifies the
nodul ati on and coding of all the codewords in the next framskeeceardiongdy,
di fferent codewords can use different nodul ation types and coding rates

whi | e the totalgy ‘%on‘&!n ttggn ?%H@&lh@nﬁ df9e iﬂlxt!:ntitoh,ethg&ggf,’\ﬂ%ﬁilg_doﬁ‘{pfo%iﬁgg'

[ 0016] Various enbodi nen e Invention may I nc igita
comuni dable defines yietrembgs o Nxgpdewgids akr fraransmi ssi ons, the digital transn ssions
conprising: a plurality of frames to transmt data, wherein each of the

plurality of fr h fr . ure:  wherein fr . rises, a
Frane header. A7k ASE v M EmBhSHEhE e ML e GRS b ol RE MR
Frame Conpass bt least deddodetvordset the structure for the next frame. [0017]
According to an enbodi nent of the invention, the plurality of codewords in

each frane co i.ses a first codeword, and the Next FErame Conpositjon Table
isin the fi rsHR‘izléZé\ﬁB?r&!“g ' 8B PO RERr itV ention, 2IFETYFFIRMakE Uied the

i nvent i aRx: frhge dofipb@tion PRI SOt WhSE B codSFotdd it AldMppde. [0019]
According to an enbodi nent of the invention, the digital comrunication

system uses the VCM node. [0020] According to an enbodi nent of the
i nvention, the [RB#H Aceerdineds apeapedigisnt ofdeg wversiongthg Mext FramsGomposifianf or t he

next fr eg?ﬁT%%3&3é§g§ﬁ9%&%?ﬁgmﬁg&?%%%Q&PQ%%QQHL00211 According to an

enbodi nen e 1 nvention, rane nposition Table defines the
nunber of codewords per frane.
[0025] According to an embodiment of the invention, the Next Frame Composition

Table defines a padding structure for the next frame.

[0026] According to an embodiment of the invention, the plurality of codewords in each
frame comprises a first codeword, and the Next Frame Composition Table is in a codeword other

than the first codeword.

[0027] According to an embodiment of the invention, the system uses at least one of the

following modulation schemes: QPSK, 8PSK, 16APSK or 32APSK.

[0028] According to an embodiment of the invention, the structure for the second frame

comprises a modulation and/or a coding format.

[0029] According to an embodiment of the invention, the modulation and/or coding
format of the first codeword in a frame can be overwritten by the auxiliary control code in the frame

header.

[0030] According to an embodiment of the invention, codewords in at least one of the

plurality of frames use different modulation.

[0031] According to an embodiment of the invention, codewords in at least one of the

plurality of frames use different FEC code rates.
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[ 0022] According to an enbodi nent of the invention, each of the plurality of
frames conprises at |east one codeword. [0023] According to an enbodi nent
of the invention, a receiver can nmake use of the Next Frane Conposition
Tabl e to determ ne where the codewords start and stop. [0024] According to
an enbodi ment of the invention, the Next Frame Conposition Table defines a
structure of the codewords for the next codeword. [0025] According to an
enbodi ment of the invention, the Next Franme Conposition Tdbkket Ndef97029804
paddi ng structure for the next frame. [00261 According to an enbodi nent of

the i nventi on, 1obbn Rlcsicthd idfandimiGRARARD Fihe ifteRAGT hé RRIEAAERLRBES A 1 T ot

codeword, and the Next Frane Corrgom tion Table is in a codeword other than
t he fi rgblegedisapirahsniginaivericadriemie system usesieddivhmodé t he i nvention, the
system uses at |east one of the follow ng nodul ati on schenes: QPSK, 8PSK,

16APSK or 32AP|§|633][QPc%ﬁd'ng%Ca%re%H%Qinﬁé?u 8htné Eﬁ%%ﬂfgﬂf ’I{ela fseLQt§ d &Ye?ﬂtlé)cgikd ihhe
structure for the'secon rame conprises a nodulation an 1o 4 co Ing

f or mat . firktG02&forAof ondirage bral @om-d&dyeethsivnd davd istlbeatddnv etiter osdewohds imtdeUlanid. on
and/ or coding format of the first codeword in a franme can be overwitten by

the auxiliary rol _cepde in the frame. header. 10030] ,Accordi ng,to an
ebodi ment ot (M Rtpeffnbte MotRaBpaLor e HhRlon Mgial ¢S SRamsif elrdtfy o
frames msdlgdiohhed efte s tdntid temsm{tRd3dpulAGekBiinthel RCBNMEa0di ment of the

i nvention, codewords in at |east one of the plurality of franmes use

di fferent FEC cggg ratﬁf. 6 va-174308 D%cket No. 640762000400 .
[0035] According to an embodiment of the invention, wherein the unique word position
and the frame length of the VCM mode and of the ACM mode are the same as those of the CCM

mode, which is commonly used in broadcasting services.

[0036] According to an embodiment of the invention, wherein the VCM mode and the

ACM mode are compatible with the CCM mode that is used in broadcasting services.

[0037] According to an embodiment of the invention, wherein for the VCM mode the

modulation and the code rate are fixed for ali the codewords in one frame.

[0038] According to an embodiment of the invention, wherein the VCM mode can

accommodate different users with different link budget requirements.

[0039] Various embodiments of the invention include, a digital communication system,
comprising: a transmitter to transmit a digital signal; and a receiver to receive a digital signal;
wherein the digital signal comprises, a plurality of frames to transmit data, wherein each of the
plurality of frames has a frame structure; and wherein each frame comprises, a frame header, and a
plurality of codewords, one of which contains a Next Frame Composition Table to set the structure

for the next frame.
BRIEF DESCRIPTION OF THE DRAWINGS

[0040] Figure 1 depicts an exemplary detailed frame format of a transmitted frame,

according to an embodiment of the invention.
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[ 0032] According to an enbodi nent of the invention, the Next Frane
Conposition Table reduces transm ssion overhead when the system uses the
ACM node [0033] According to an enbodi ment of the invention, delay-sensitive
data is located in a first codeword of one frame and non-del ay-sensitive
data is located in other codewords in the frame. [0034] According to an
enbodi nent of the invention, wherein data streans in different nodulation
and code rates can be transmtted sinultaneously in the ACMapde. 6¢40BOB&p0
According to an enbodi nent of the invention, wherein the unique word

position and @% re the
sane as those t([)(?‘mtl Lg%&‘%\% dga@‘éﬁwﬁary%gﬂn;%rﬁ?ggﬁgéﬁf%% roélg%gsg? ng
ser vi cesultipEdIBC sodsovordsy gecoulimgtosmizotiodiarent of the heentiorent i on, wherein t he

VCM node and the ACM node are conpatible with the CCM node that is used in

broadcasting s I [ ! f the kEnvention,
wherein for thng%Ef[e‘JO&%yts #f)%%fng’h@g?\ot@ﬁg&t ér tcoc]gg r@éqegmégr’ 8F fr% for all
t he codawordilg; to an embodif@mecf thOM38jtioAccor di ng to an enbodi ment of the

i nvention, wherein the VCM node can accommpdate different users with

different |ink t reguirements. [0039] Various e irents qf the .

i nvention incl L[}ﬂ]ég? E'gﬂfeg‘%l I YhemsmP ?‘H&’%@E? ‘Onargﬁgpi @Hﬁ‘@‘?fgﬁt according

t ransm {ot BrentddiniealsMht iveflii@i.t al signal; and a receiver to receive a
digital signal; wherein the digital signal conprises, a plurality of frames

to transmt data, wherein each of the &I urality of franmes has_a frane
structure; and[YH8} Eigirecndapiats ahexeapisy NSEd bitand batrestiyetie pecosding 9 an

plural i LMy Rf mSRdenR"; ti9fpe of which contains a Next Frane Conposition Table
bo set Thartimit PO o next frame. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0040] Figure 1 depicts an exenplary detailed frame format of a transmtted
frame, according to aPEWMBAEIPESCBIPEIRN OhUdht INVENTION

[0045] According to an embodiment of the invention, Figure 1 depicts an exemplary
detailed frame format of a transmitted frame. The frame format starts with an X-symbol UW
pattern, followed by a Y-symbol ACC, and m+1 segments of encoded data (or payload data)
separated by m evenly distributed pilot sections. The UW is designed to yield an improved
correlation property for faster acquisition. An exemplary UW may contain detailed information on

frame structures.

[0046] According to a further embodiment of the invention, the number of payload
segments (m+1) in each frame is determined by the frame length in symbols and the distance
between two consecutive segments, which may be designed to provide reliable synchronization with
minimum overhead. For systems having severe channel conditions and using high dimensional
modulations, more pilots are used. Furthermore, the size of each pilot segment may also be
adjustable. According to an embodiment of the invention, in some cases frames having no pilot
symbols may be used to achieve minimal overhead. In this case, modulation dimensions are usually
low and the channel is usually in fair conditions. According to various embodiments of the
invention, the number of pilot symbols used may be determined by the worst channel conditions
and/or the most demanding modulation and/or coding rate; they may also be designed so as to not

change from one frame to another.
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va- 174308 Docket No. 640762000400 [0041] Figure 2 depicts an exenplary
frame having a payload data structure using nultiple LDPC codewords,
according to an enbodi ment of the invention. [0042] Figure 3 depicts an
exenplary format of a first LPDC codeword of a frame, according to an
enbodi ment of the invention. [0043] Figure 4 depicts an exenplary format for
addi ti onal LDPC codewords, according to an enbodi nent of the invention.
[0044] Figure 5 depicts an exenplary NFCT bit and byte str ustkime, sseremora ng
to an enbodi ment of the invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0045] Accordi i f.t } e n
exenpl ary det g@f‘zlod’t\gp%ﬁgg?%lr@g&%?’ a \{Arﬁglrllsgem t%dgg&?rgfntgw@ﬁﬂn I’Rﬁ ﬁltt Sframat
st art s mintter affiLDPG godestordiis amgrteélimeach cﬁiahia\aedletpﬁybaeydaly.nﬁbis dasigh leadwtomt1

segnments of encoded. d oad, dat a) ed by in eve
i ot r 1 el diriogt scouef ogiss Merh ¥ diider disd hor il R isPds sfbionds AisPoveRpme
correl afgupdarpr operty for faster acquisition. An exerrpl ary U\Nmay contain

detailed information on franme structures. [0046] According to a further
enbodi nent of the invention, the nunmber of payload segnents (m+ |I) in each

frame i s det er ROABKE wef!ﬂ@efthaﬁ@iwrfbttwlfmaymawgn% g inibats Empwplifet ween
two congegithhi n\?\nﬁﬁﬁ%%%ﬁon."‘ﬂh&ﬂo Sh 9@%‘&?&%& ﬂa\%raoc\’]ffgl%n{ fAbdit type
t or nnel

synchroni zati o m ni mum over systens having severe ch
condi t | aW&r apdt rasito gupﬁoghham@éhsiodﬂ aThe mwehet af ¢odawprdsan @ frpmlem’uee/ dapendumed.

Furth .of t bl
e R e A A U A
pi | ot ﬁ;afﬁmol s may be used to achi eve m nimal overhead. In th| S case,

nodul ati on dinmensions are usually |ow and the channel is usually in fair
conditions. According to various enbodi nents of the

{0049] Table 1 provides exemplary distributions of frame resources. In some
embodiments user data may not be continuous; accordingly, a format other than the format defined
in the table may be used. Consequently, there may be some unused symbols towards the end of a

frame which may be defined as dummy symbols and may be modulated by an all-zero or an all-one

bit pattern.
Table 1 Assignment of CodeWords to Each Modulation Dimension
Combination index
[ 2 3 4 5 6 7 8 9 10 |11 12 |13 |14

Modulation |2 |4 3 2 2 2 1 1 1
dimension | 3 6 3 3 3 3

4 3 2 4 6 2 2 4 4

5 10 5 5 5 5

[0050] According to various embodiments of the invention, codewords may be made up
of information bits and FEC parity bytes having a CRC error checking field and/or an LDPC error
correction field. But not all the codewords need to be designed to be the same. According to an
embodiment of the invention, within each frame, the first codeword (as shown in Figure 3) is
different from other codewords (shown in Figure 4) in that it contains header information for
another frame. The first three fields, NBYTES, FBYTE, and PSTART, may be used by all modes
of operation. The other fields depicted, LBYTE, PBYTES, and NFCT, are typically not used in

va-174308



i nvention, the nunber of pilot synbols used may be determ ned by the worst
channel conditions and/or the nost denmandi ng nodul ati on and/ or coding rate;
they may al so be designed so as to not change fromone frane to another. 8
va- 174308 Docket No. 640762000400 [00471 As illustrated in Figure 2, in
vari ous enbodi ments of the invention, an integer nunber of LDPC codewords
is assigned in each frame as the payload data. This design leads to sinple
decoder control |ogic where the decoder does not need to deBodeNoped)ToE o
across a frame boundary. 100481 Furthernore, the codeword itself rmay have a
const _aniradsﬁ&g btheald. RickSrding t8 bilBhbddimeht T dderPditidg, ih %R#/ﬁ@@ Rtré&dnh, QRe NFCT may
Additionally, each codeword may have a different nodulation type and/or
code r abeused iserdpthetACMengdeM node. The nunber of codewords in a frame may
depend on the nodul ati on di nmensions. Hi gher nodul ati on di nensi ons may | ead
to nore codewog | : ; ks |, :

di stributions gﬂﬁfl ]r gr%?ao r?%égﬂ?%‘é%u.ggﬁ'ﬁag%éng&%g e@‘é‘%ﬁ%ﬁﬁ“ﬁ?g@dgﬁ‘%@f°ﬁot be
cont i nuUACY agdicaticos mdleye, caeh Ealematd mbnby ind@nddm ef bthersab a d@fmiene crms nf t he

table ma e.used. nsequentl.y, be sone.unused._.s s .towards
e enarbAgioR B e ot Fasy e W] Stren e Gamp GRS g Algvinee

nmodul at g frafe. 2l h eZ&hRaQ NI fal TOARKY thEIPB YIRS £ tay TaRE fhejsglﬁﬁﬁ kipwiERt  of
CodeWrds to Each Modul ation D nension Conbi nation index 1 345617829

10 11 1%ablg21gorrgapanding penmplary b apd hytp pesitions age alsqdlusiated @ Babe 3 3

Table 2 NFCT definition.
Syntax No. of bits
reserved | information

Next Frame Composition Table(){

Codeword count In next frame 4
4
For(i=0;i<=codeword count in next_frame;i++}{
Status 1
Modulation 2
Code rate 4
Padding_in_bytes 16
|
}
3

{0052] The terms used in Table 2 may have the following meanings:

[0053] Codeword_count_in_next_frame: this is a 4-bit field indicating one less than the
number of LDPC codewords in next frame. The codeword index i starts from 0 to code

Codeword_count_in_next_frame > 0. Accordingly, in this embodiment, at least one codeword in a frame

is always transmitted, i.e., the first codeword of each frame is guaranteed for transmission.

[0054] Status: 1 bit indicating the codeword status. 1 = valid payload, 0 = no payload
data or empty codeword (zeros padded). When this bit is 0, it may not be necessary to demodulate

and/or decode the codeword.

10
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482462244 5105555 [00501 According to various enbodi ments of
the i nvention, codewords may be nade up of information bits and FEC parity
byt es having a CRC error checking field and/or an LDPC error correction
field. But not all the codewords need to be designed to be the sane.
According to an enbodi ment of the invention, within each frame, the first
codeword (as shown in Figure 3) is different fromother codewords (shown in
Figure 4) in that it contains header information for anot hbsckdnae®7e20bueo
first three fields, NBYTES, FBYTE, and PSTART, may be used by all nodes of

operation. T GRS BhE 26 Rl BT Wignand, 17, ore tyeically

According to an enbodlnent of the invention, in a typical stream the NFCT
may be used i {0036] Lot eatdChbinodendid:00tht codemtr di ng t o vari ous enbodi nents
of the invention, the NFCT is designed for ACNIappIications wher e each

codeword may bi(]dsgg?gfd?%g% E{ﬁ' %2(? kgasc“id}n%tlﬁtha{ iR % dlk co%eworfi ih rt}»gte* l at Hon

type and/ or coder nes

f ol | ow Agmbdi@f byby toeirtpalideainmeith AsoLix givieh dyy NFCT may follow the PBYTES and
may have the syntax shown in Table 2. Corresponding exenplary bit and byte
positions are also illustrated in Table 2. Table 2 NFCT definition. Syntax
No. of bits reserved information Next Frane Conposition Table Codeword
count in ngxt frﬁgbﬁzr,ﬂf

zero _ pad

where b to b, are reserved and 4, represents the LSB of the 16 bits.

[0058] It is understood that some of the fields may have different bit widths for different

applications.

[0059] It is also understood that when the NFCT is not used, such as in the CCM or the
VCM mode, the codewords of a frame must be of the same modulation and FEC code rate in those

two modes, which is specified by the ACC.

[0060] The foregoing description of the preferred embodiment of the invention has been
presented for the purposes of illustration and description; it is not intended to be exhaustive or to
limit the invention to the precise form disclosed. Many modifications and variations are possible in
light of the above teaching. It is intended that the scope of the invention be limited not by this
detailed description, but rather by the claims appended hereto.

11
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For (i =0 i <=codeword count in next frame;i++){ Status | Mdulation 2 Code
rate 4 Paddinin b es 16 1} } 100521 The terns used in Table 2 may have
the foll owi ng nmeani ngs: 100531 Codeword count _in_next frame: this is a 4-bit
field indicating one |less than the nunber of LDPC codewords in next frame.
The codeword index i starts fromO to code Codeword_count _in_next_franme> 0.
Accordingly, in this enbodi nent, at |east one codeword in a frame is always
transmtted, i.e., the first codeword of each frame is guar Baskeeeds4PTE000400
transm ssion. 100541 Status: | bit indicating the codeword status. 1 = valid
payl oad, 0 = no payload data or enpty codeword (zeros padded). Wen this
bit is 0, it may not be necessary to denodul ate and/or decode the codeword.
10 va-174308 Docket No. 640762000400 [0055] Modul ation: 2 bits to indicate
t he nodul ati on schene. [00561 Code-rate: 4 bits to indicate the code rate.

100571 Pagding_irnbytes:—zero padding in—that—particul/ar—codewor d—+n—bytes.
The nunber @f bytes to Bgodaddad W bheger 0sd 5 gi ven by: 1Qun Nz@Wwiedad b, -
2' X symbols | Y symbols Segment 1 Pilot Segment2 Pilot Pilot | Segment m+1
A // A
Frame marker Frame marker
Figure 1

//

Codeword 1 Codeword 2 Codeword M
Figure 2
N.’dpcAby;es >
< K Idpc _ bytey »
NFCT
NBYTES FBYTE PSTART LBYTE PBYTES {up to 31 User data CRC LDPC
(0, 16, 32, 48 or 64 bytes ) (1 byte) (1 byte} {1 byte) (2 bytes) 1? vies) parity
Figure 3
Nldpcibyres >
« Kldpc_byfes
User data CRC ;255
Figure 4
12
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where b" to b" are reserved and bo represents the LSB of the 16 bits. [00581
It is understood that sone of the fields may have different bit widths for
different applications. [00591 It is al so understood that when the NFCT is
not used, such as in the CCMor the VCM node, the codewords of a franme nust
be of the same nodul ati on and FEC code rate in those two nodes, which is
specified by the ACC. [00601 The foregoing description of the preferred
enbodi ment of the invention has been presented for the puripdgses. ©@§762000400
illustration and description it is not intended to be exhaustive or to

limt the invention tjo theprecise formdisclpsed.—Mvany IIUUI
vari at i oﬁgi,é’rde Ressighle in 1ight” eE’of t he .above teachilng._ [t ewm?m“?'"d’e’ﬁﬁf'??

t he scaperegffrahie i nvemstiuonMze Fqderiae ed Pavot Regv t hi s destatd eWoddetrdgratpt | Ofpd  bUItResv
rat her Fatblfe ¢l aLrs |appenggd! hepet 0. 16 :nL Yﬁr 74308 et 2&49 MQ“ZC?@:%O 1bit
UW ACC Payt-eadist—Payteadt+-d—m-hPay X—synbol s -A-synrbels—Seghent—L

Pil ot Segrment'®™® Pil ot| Pil ot Segrefff m+1 Frarre mar ker |Frame mar ke?byg‘Fl gure 1
Codeword 1 Codeword 2 Codeword M Figure 2 N dpc_bytes Kldpc_bytes NBYTES
FBYTE PSTART LBYTE PBYTES NFCT LDPC (0, 16, 32, 48 or 64 bytes (1 byte) (1
byte) (1 byte) (2 bytes) (up to 31 Usmgurdgta CRC

13
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bytes) parAy Figure 3 N dpc_bytes Kldpc_bytes User data CRC LDPC par Ay
Figure 4 12 va-174308 Docket No. 640762000400 Codeword_1=0 i=
codeword _count _in_next frame count- Reserved in next fram Status Mdd Code
rate Pad Resv Status Mod Ht:t Pad 16 bAs 1 bd 1 byte 3 bytes 3 bytes Figure
5 13 va-174308 Docket No. 640762000400 CLAIMS W Claim 1. A digital
communi cation systemusing digital transm ssions, the digital transm ssions
conprising: a plurality of frames to transmt data, includi BgkaNd p40F200p40@ e
and a second franme, wherein each of the plurality of frames has a frane
structure; wherein the first frame conprises,

CLAIMS

We Claim:
1. A digital communication system using digital transmissions, the digital transmissions
comprising:
a plurality of frames to transmit data, including a first frame and a second frame, wherein
each of the plurality of frames has a frame structure;
wherein the first frame comprises,
a plurality of codewords comprising user data, and
a Next Frame Composition Table to set the structure for the second frame, and

wherein the second frame comprises at least one codeword.

2. The digital communication system of claim 1, wherein the first frame further comprises a

header, and the Next Frame Composition Table is in the header.

3. The digital communication system of claim 1, wherein the plurality of codewords in the
first frame comprises a first codeword, and the Next Frame Composition Table is in the first

codeword.

4. The digital communication system of claim 1, wherein the digital communication system

uses an ACM mode.

5. The digital communication system of claim 1, wherein the digital communication system

uses a VCM mode.

14
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a plurality of codewords conprising user data, and a Next Franme Conposition
Table to set the structure for the second frame, and wherein the second
frame conprises at | east one codeword. 2. The digital comunication system
of claim1, wherein the first frame further conprises a header, and the
Next Frame Conposition Table is in the header. 3. The digital comunication
systemof claiml1l, wherein the plurality of codewords in the first frane
conprises a first codeword, and the Next Frame Conpositi on HRelisiNe. $487620804¢he
first codeword. 4. The digital conmunication systemof claim1, wherein the
digital comuni cation system uses an ACM node. 5. The digital comunication
syst em of cl@iThedigitgheoraingnicateondiygiemait caommuwherainitbeNextdirame Campesition/CM
node. 14 va-174308 Docket No. 64076200040Q 6. The digital conmmunication
syst em EROIGIS &7 L the sigHeties far evesy Rame exseahibe B5Yr 88 ti on  Table is to set the
structure for every frane except the first frame. 7. The digital

communi cation systemof claim1, mherein the Next Franme Conposition Table

def i nes the NUTRSIgR SANTNRLIR S8Lld 2R 18 ndlR B Bl ROETHBLARY o

systemof claim'l erein eac rrses at

| east onﬁﬂgggﬁmpﬁgnugbaxggoghghﬂ@bmqgmnynlcatlon system of claim1, wherein
the Next Franme Conposition Table is used to determ ne where the codewords

start and stop. 10. The digital conmunication systemof claim1, wherein the
Next Frame Conposition Table defines a structure of the codewords.
8. The digital communication system of claim 1, wherein each of the plurality of frames

comprises at least one codeword.

9. The digital communication system of claim 1, wherein the Next Frame Composition

Table is used to determine where the codewords start and stop.

10. The digital communication system of claim 1, wherein the Next Frame Composition

Table defines a structure of the codewords.

11. The digital communication system of claim 1, wherein the Next Frame Composition

Table defines a padding structure for at least one frame.

12. The digital communication system of claim 1, wherein the plurality of codewords in the
first frame comprises a first codeword, and the Next Frame Composition Table is in a codeword

other than the first codeword.

13. The digital communication system of claim |, wherein the system uses at least one of

the following modulation types: QPSK, 8PSK, 16APSK or 32APSK.

15
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11. The digital comuni cation systemof claim1, wherein the Next Frame
Conposition Table defines a padding structure for at | east one frane. 12.
The digital comunication systemof claim1, wherein the plurality of
codewords in the first frame conprises a first codeword, and the Next Frane
Conposition Table is in a codeword other than the first codeword. 13. The
digital communication systemof claim1l1l, wherein the systemuses at |east
one of the follow ng nodul ation types: QPSK, 8PSK, 16APSK DéckeBiRARSBH62000460
va- 174308 Docket No. 640762000400 14. The digital conmunication system of
claim1l1, wherein the structure for the second franme conprises a nodul ation
and/ or a codlsdglfeatigiatl corfhmunithdonckiystietadf clatmmuwheraini thersteycsdre forafie ekaidn 14,
wherein the nodul ation and/or coding format of the first codeword in a
franme i Gameepmprises @ madylagion andéer 4 eadingdomeatol code. 16. The digital

comuni cation systemof claim1l, wherein codewords in at |east one of the
plurality of franmes use different nodulation. 17. The digital conmunication

t f claim.l1, .. ' d ds i t | ! f . pl | ity of
Y ames use drtf B ERen RyRRARIT et B TR ol ot bl om of
rames i _ 8. “Rd he
over healt SACH TPt R AT O BRI LR, o AR for BT R SO 221 00

systemof claim1l, wherein delay-sensitive data is located in a first
codeword of the first franme and non-del ay-sensitive data is |ocated in at

| east one ot herTiefdigibe cohuhiRbiidnysydtemGIARNA N dWhérBintddded brds in dtNéRBone2 theThe
digital comunication systemof claim1l, wherein data streans having

di f f er epluralinpofiflamids ase difidrenochedulaties are to be transmtted sinmultaneously in
t he ACM node.

17. The digital communication system of claim 1, wherein codewords in at least one of the

plurality of frames use different FEC code rates.

18. The digital communication system of claim 1, wherein the Next Frame Composition

Table reduces transmission overhead when the system uses the ACM mode

19. The digital communication system of claim 1, wherein delay-sensitive data is located in
a first codeword of the first frame and non-delay-sensitive data is located in at least one other of the

plurality of codewords in the first frame.

20. The digital communication system of claim !, wherein data streams having different

modulation and code rates are to be transmitted simultaneously in the ACM mode.

21. The digital communication system of claim 1, wherein a unique word position and a

frame length in a VCM mode and an ACM mode are the same as those of a CCM mode.

16
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21. The digital conmunication systemof claim11l, wherein a unique word
position and a frane length in a VCM node and an ACM node are the sane as
those of a CCM node. 16 va-174308 Docket No. 640762000400 22. The digital
comuni cati on system of claim 20, wherein the VCM node and the ACM node are
conpatible wwth the CCM node. 23. The digital comrunication systemof claim
1, wherein for a VCM node a nodul ation and a code rate are fixed for all
the codewords in each frame. 24. The digital comunicati on BegkstNen48762669480 m
1, wherein a VCM node can accommpdate different users with different |ink
budget requirenments. 25. A nethod of di gii tal conmunication, conprising:

transni tti ng?ZaThe digital cogingrugation systanpelslaimdp, avhaiey the V@Y gnrde andiherACM t he
digital signal co i Se lurality of frames to transmt data, including
a fi rstm??%%c%ﬁaqg’q%‘éﬁgmaq(&g%?‘le‘wher ein each of the plurality of frames
has a franme structure; and wherein the first frame conprises, a plurality of
codewords conprising user data, and a Next Frane Conposition Table to set

the, struct urs, TR | SAGANRKAER IR BRGuDELGeRiA IS SSR0NAods ABAAAMAY 1 Seo

at | east one co _ A _ conmuri cat1 on system conprising: a
t ransm gddaf cod@ rdié RFXed fét allithd ElewSidd MabachdAche, @ recei ver to receive a

digital signal;
24. The digital communication system of claim 1, wherein a VCM mode can accommodate

different users with different link budget requirements.

25. A method of digital communication, comprising:
transmitting a digital signal; and
receiving a digital signal;
wherein the digital signal comprises,
a plurality of frames to transmit data, including a first frame and a second frame,
wherein each of the plurality of frames has a frame structure; and
wherein the first frame comprises,
a plurality of codewords comprising user data, and
a Next Frame Composition Table to set the structure for the second frame,
and

wherein the second frame comprises at least one codeword.

26. A digital communication system, comprising:
a transmitter to transmit a digital signal; and
a receiver to receive a digital signal;

wherein the digital signal comprises,

17
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wherein the digital signal conprises, 17 va-174308 Docket No. 640762000400
a plurality of franmes to transmt data, including a first frame and a second
frame, wherein each of the plurality of frames has a frame structure; and
wherein the first frame conprises, a plurality of codewords conprising user
data, and a Next Frame Conposition Table to set the structure for the second
frame, and wherein the second frame conprises at |east one codeword. 27. A
di gital commrunication systemusing digital transm ssions, tiekediogésdmbooosoo
transm ssions conprising: a plurality of franmes to transmt data, wherein
each of the plurality of frames has a frame structure conprising, a frane
header, and a pl wpllnatity odffraces ewoarndsjt datae inofudingi acfirsicioame arslesseaodefkdmdsr ane
Conposition Table to set the frame structure for the next frame. 28. A

met hod Wherein ghehee! thophahitcelt frasies hevafring stgpturerangdnsmi tting a digital signal;
and receiving a digital sjgnal; wherein the digital signal conprises, a
plurality of framd®reipthelysdrmne pmptisessher ei n each of the plurality of

frares has a frame stich S A i e Sl ol iy P Ural 1y of frames

a Next Frame Composition Table to set the structure for the second frame,

and

wherein the second frame comprises at least one codeword.

27. A digital communication system using digital transmissions, the digital transmissions
comprising:
a plurality of frames to transmit data, wherein each of the plurality of frames has a frame
structure comprising,
a frame header, and
a plurality of codewords, one of which comprises a Next Frame Composition Table

to set the frame structure for the next frame.

28. A method of digital communication, comprising:
transmitting a digital signal; and
receiving a digital signal,
wherein the digital signal comprises,
a plurality of frames to transmit data, wherein each of the plurality of frames has a
frame structure; and
wherein each of the plurality of frames comprises,

a frame header, and

18
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a frame header, and 18 va-174308 Docket No. 640762000400 a plurality of
codewords conprising user data, wherein at | east one of the codewords
conprises a Next Frame Conposition Table to set the structure for the next
frame. 29. A digital communication system conprising: a transmtter to
transmt a digital signal; and a receiver to receive a digital signal
wherein the digital signal conprises, a plurality of frames to transmt
data, wherein each of the plurality of frames has a frane Bkt efE2004pH
wherein each of the plurality of frames conprises, a frane header, and a
plurality of codewords conprising user data, wherein at |east one of the a
Next Frame Conpodinlimshtyrdispdevtasdseomprisingdisendotawhiereny attlenst oneaf thierepdewords 9

va- 174308 i .
comprises a Next Frame Composition Table to set the structure for the next frame.

29. A digital communication system, comprising:
a transmitter to transmit a digital signal; and
a receiver to receive a digital signal,
wherein the digital signal comprises,
a plurality of frames to transmit data, wherein each of the plurality of frames has a
frame structure; and
wherein each of the plurality of frames comprises,
a frame header, and
a plurality of codewords comprising user data, wherein at least one of

the a Next Frame Composition Table to set the structure for the next frame.
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