SYSTEM AND METHOD FOR TRANSM TTI NG A LOW DENSI TY PARI TY CHECK SI GNAL KAl
SH NI NG ZHANG CROSS REFERENCE TO RELATED APPLI CATI ONS [0001] Thi s

appl i cat iwo 20i23mmopriority to and the benefit of the cecwusbyiiosmed,
provi si onal patent application, U 'S. Serial 61/383,615, entitled "METHODS
AND SYSTEMS FOR TRANSM TTI NG A LOWDENSI TY PARI TY CHECK SI GNAL," wth

filing date Septenber sYS§TEROAND WETHODSFHR MTRIANSVICPTIRGE: at ed by reference

inits entirety. BACK i | ectrical and

El ectronics EngineersG?EE@E&&8%%%k$h§@gﬂﬁgﬁ%ﬂ&§$g@?ﬁé‘ set of wreless
| ocal area network (W.AN) standards for relatively short-range

comuni cations ranging fromtens of Kt ¥AE to a few hundred neters. Wth
the | EEE 802. 11 standard, data rafNd¥GEHANSh as 300 Mops (negabits per
second) are achi evabl e over a defined frequency range. The 802.11 ac

standard, currently under devel opnent, ains to triple that data rate.
[ 0003] The history of |IEEE 802 wireless standards begins with the | EEE

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of the commonly
owned, provisional patent application, U.S. Serial 61/383,613, entitled "METHODS
AND SYSTEMS FOR TRANSMITTING A LOW DENSITY PARITY CHECK
SIGNAL," with filing date September 16, 2010, which is herein incorporated by

reference in its entirety.

BACKGROUND

[0002] The Institute of Electrical and Electronics Engineers (IEEE) 802.11
standards provide a set of wireless local area network (WLAN) standards for
relatively short-range communications ranging from tens of meters to a few hundred
meters. With the IEEE 802.11 standard, data rates as high as 300 Mbps (megabits per
second) are achievable over a defined frequency range. The 802.11ac standard,

currently under development, aims to triple that data rate.

[0003] The history of IEEE 802 wireless standards begins with the IEEE
802.11a/b/g standards implemented from 1997 to 2003. In 2009, the IEEE 802.11n
standard introduced substantial enhancements to WLAN performance, efficiency and
robustness of the [EEE 802.11 physical (PHY) and medium access control (MAC)
layers. In particular, 802.11n introduced a new multi-streaming modulation
technique. As such, products designed in compliance with the IEEE 802.1 1n standard
achieved by as much as five times the throughput and up to double the range over

legacy IEEE 802.11 a/b/g technologies.



802.11a/b/ g standards inplenented from 1997 to 2003. In 2009, the |EEE

802. 11n standard introduced substantial enhancenents to W.AN performance,
ef fi ci encyoant/motsust ness of the | EEE 802. 11 physi cal ( PET)uSand/os®de um
access control (MAC) layers. In particular, 802.11n introduced a new

mul ti-stream ng nodul ati on techni que. As such, products designed in

conpl i ance vmth the | EEE 802. 11n standard achl eved by as nuch as five tines
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standard, a |ow density parity-check (LDPC) code has been adopt ed for use
as an err anultipteriapits,mguldpideutjuBREUSMEMO)) assasinil simehincdblhioddta stochas, and
provides for linear error correcting. As such, LDPC provides a nethod for
transmittitegifiesgages oovies sanwi @pntelansni ssi on channel s wi t hout | osing

i nformation. LDPC codes can be decoded in tinme linear to their block
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encoding in compliance with IEEE 802.11n by the transmitting device allows the

receiving device to derive all LDPC parameters in a packet.

[0006] In the proposed IEEE 802.11ac standard, the conventional LDPC
encoding process may be changed. The proposed changes can create problems for
LDPC decoding on the receive side. For instance, the receiving device may not
recognize some signaling components (e.g., LDPC coding parameters) that result
from the aforementioned changes. In addition, even if the receiving device recognizes
these new signaling components, mapping issues may remain between LDPC

components.



[ 0007] Enbodi nents of the present invention generally relate to LDCP

encodi ng and decodi ng between transmtting and receiving devices, and
provi de fwoaetdsoss and systens for transmitting an LDPEcIiuse@li/05{98908] I n
one enbodi nent, a nmethod for providing an LDPC signal accesses data in an
encodi ng operation and associates information with the data to determ ne
LDPC codi ng paraneters. Access is provided to the information that is used
to determ ne codi ng paraneters. NDEMUI arly, the nethod includes
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A final nu of synbo ue is based on the Nsyminit value and
the Nsym ext value. Additionally, an N dpc_ext value is generated based on

the STBC vibesy and tlaenbismBhéixieny almi@hddfor ngmﬁgsn 0DOPABdi galthdvietgs LDPC
paraneters associated with the packet. [0009]In anot her enbodi nent, a

devi ce f orddtaindiniengoding bpdratidiedndenssqeatdsahforsatibrswith dediatabeleriminehe

i nformati on packet includes an Nsym val ue that provides the nunber of OFDM
synbol s, addP@rodiBQansaletoes.t Aatess nrcad@istoviheinfemagmnB@at & useploenent ed. I n
addition, an N dpc_ext value is generated based on the STBC value and a
nunber of determanesspg pATgMEIgn Mary persicularly Hhe methoddndpdas degrmining 3ve

i nformati on, packet. The N dpc_ext value is based.on an . initial nunber of
OFDM sy mboRiial NgDhsrioh QRDM gerbels ANsyB_IRjth# @ tEapsmiting deviee, haed ondhe pur poses
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OFDM nodul'at1on o on t minit value and the
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cal cul at or f'or generating an N dpc_ext val ue based on the STBC val ue and

the Nsym exdlue/aldute NIiE M dfiGe extidivishal, ks NUgRAe:ft @hlup iy @dsREdMasslet er i ni ng
LDPC paraneters assocliated with the packet. [0011] These and ot her objects

and advant@phs STBO Nud/aid thelSls airbad vaeats pafpdséeofpleesittinglL BelCosure wi | | be
recogni zed by those of ordinary skill in the art after reading the

f ol | owi ng mhednaétbmdsaesitad yith twe pafket.he enbodi ments that are illustrated in
the various drawi ng figures.

[0009] In another embodiment, a device for handling an information packet is
disclosed, wherein the information packet includes an Nsym value that provides the
number of OFDM symbols, and an STBC value that indicates whether STBC is
implemented. In addition, an Nldpc_ext value is generated based on the STBC value
and a number of extra symbols (Nsym_ext) value that is determined for the
information packet. The Nldpc_ext value is based on an initial number of OFDM
symbols (Nsym_init), wherein the Nldpc_ext value is used for purposes of

determining LDPC parameters associated with the packet.

[0010] In still another embodiment, a system for LDPC encoding is disclosed.

The system includes a transmitting device that comprises an LDPC encoder for



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The acconpanyi ng draw ngs, which
are incorporated in and forma part of this specification and in which |ike
nuner al s wepbnro3ricke el enents, illustrate enbodi nents ofPCrhis2qnesmad

di scl osure and, together with the description, serve to explain the
principles of the disclosure. [O0O13]FIG 1 is a block diagram show ng a

w rel ess LAN upon which enbodi nents accaording to. the invention can be
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a met hod f&r exlr?lg ﬁ&ggﬁ%ﬂg e&pq;aldesusg%g éﬁ%l\g[ent\(%urf%tﬁ% tﬁe&tlis Ml d §%C codi ng
paraneters, I n atcor nce w t'h one e odinment o € presen I SCI Oosure.

[0016] FI G Ngyrh Sni2Dalf 2B B RfmBer Jr3PRbSI N GhUWasud REd RorfiBIsUCcal  Layer

modulation of the packet is based on the Nsym_init value and the Nsym_ext value.
The transmitting device also includes an extension calculator for generating an
Nldpc_ext value based on the STBC value and the Nsym_ext value. The Nldpc_ext
value is used for purposes of determining LDPC parameters associated with the

packet.

[0011] These and other objects and advantages of the various embodiments of
the present disclosure will be recognized by those of ordinary skill in the art after
reading the following detailed description of the embodiments that are illustrated in

the various drawing figures.



Conver gence Protocol (PLCP) frame used in wreless conmuni cations accordi ng
to enbodi nents of the present invention. [0017]FIG 5 is a block diagram of
a systemwonbixuresd to i npl ement a nethod for LDPC encoaicmgistéiansiogo used to
determ ne all the LDPC coding paraneters, in accordance wth one enbodi nent
of the present disclosure. [0018]FIG 6 is a flow chart 300 illustrating a
nmet hod for providing an_LDPC signal and includes accessing data in an
encodi ng operation and BREcPEPLRATIGNDIkHIE DRAWINGSe data to deternine
LDPC codi ng paraneters, in accordance with one enbodi ment of the present

di scl osur g001ETAI L EDheReSERpAHKINITR A GiLS] etk aerifeorpbraled 0w driade in
detail to the various enbodi nents of the present disclosure, exanples of
whi ch ar e pari efshisapendfi¢ation hed acehioh diky nmgecitsalopivg Bke dlbinksts ddsstratdbed i n
conjunction with these enbodinents, it will be understood that they are not
i nt ended t@nbddiments pbthdipseskeslivedosties andelvgetbabidh therdescripBont seevedont rary, the
di sclosure is intended to cover alternatives, nodifications and

equi val ent&plaphtherringiplesof thecdisrdsdsai t hin the spirit and scope of the

di scl osure as defined by the appended clains. Furthernore, in the foll ow ng
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be practiced w thou e specifirc detarls n-other instances, well-known
met hods, procedures, conponents, and circuits have not been described in
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di scl osure. 020] Accordingly, e ments of the present disclosure
provi de sygt&f®n system upon which embodiments according to the invention can be

|
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implemented.

[0015] FIG. 3 is a flow chart 300 illustrating a method for LDPC encoding
that is used to determine all the LDPC coding parameters, in accordance with one

embodiment of the present disclosure.

[0016] FIG. 4 is an example of a frame structure for a Physical Layer
Convergence Protocol (PLCP) frame used in wireless communications according to

embodiments of the present invention.

[0017] FIG. 5 is a block diagram of a system configured to implement a
method for LDPC encoding that is used to determine all the LDPC coding parameters,

in accordance with one embodiment of the present disclosure.

[0018] FIG. 6 is a flow chart 300 illustrating a method for providing an LDPC
signal and includes accessing data in an encoding operation and associating
information with the data to determine LDPC coding parameters, in accordance with

one embodiment of the present disclosure.



and nethods for transmtting a |low density parity check (LDPC) signal in
conpliance with new wirel ess transm ssion standards, such as, |EEE 802.11
ac and itwoderzosatebves. | n sone cases, there is no needpCo/usb@angsisshe
encodi ng process used for the previously enpl oyed | EEE 802. 11n standard. In
ot her cases, there is a reduction in the nunber of bits delivered used to

determ ne LDPC paraneters, g esults in | ess puncturing (or nore
repetition) which will inprMé&kﬁ@Wﬂvwe enbodi ments of the
present in ion ar escribed in relation.to jnplenmentation of 1LDPC
coding in [tY)ﬁieB]I EEE ‘ifgrfn?ea‘gﬁglfoé%B%Fﬁd%ﬁb‘?qt@'tsmdiég?%“?\73@,"‘1% in draft
or approv 1351 r gl N Ln. i nmet hods and
syst ens fgtge %%rﬁ@téiﬁség)gfﬁ%g&%é’g%%%@ﬁ{ 1ﬁleér}g:ﬂﬂmg%%dgl?£h8 a?%?%%?gﬁllgabl e within
vari ous ot T AW WEVE- M E [ s of the

i nventi on.%%b%@%?ﬁ%%%% %%é%r%tll %gji%%“?tgg‘g’gf%g%ggg?ﬁ tﬂ ibgns of the

detai | ed dagiefstddiditRdiShdyhat nbtqhleAdePH inklf AR AINcRAulo HRLEBMBSdiRlaGEdUr €S,
| ogi ¢ bl ocks, processing, and other synbolic representations of operations

on dat a bi®s thai dohirfryathe digelosefe isrewaidyd tolttrsealttestived) inhdiicatinds and
representations are the nmeans used by those skilled in the data processing
arts to nospivafdes hichlmyayclenwmelpdéheitbinbbe srideanfscopresfithewisklosuae at her s
skilled in the art. In the present application, a procedure, |ogic block,
process, ofefinp@by theappended shans.vEettheomprs, m the fdllovong dgnidett desetpioncd  of
steps or instructions leading to a desired result. The steps are those

uti i zi ng BepEsed disqlosiisururerowsspseitigdgtails ate squirhiin pelst tayasidey, al t hough
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quantities and are nerely conveni ent p to these quantities.
Unl ess specifically stated otherw se as apparent fromthe foll ow ng

di scussi one020]t is apEbath@yashidaaherithsOme pRYEntldRIRIRSRHMdEbxenRsuUr €,
di scussions utilizing terns such as "accessing," "receiving," "sending,"

" br oadcastandgnéthdddeoetramsmitigg 4 16w dassitgtparity, chetls (IgMRC) dighal in' @ahplished | ng, " or
the like, refer to actions and processes of a conputer systemor sinmlar

el ect r oni cwichonpuwiitetgssiesisogssaon parslestssoch aTHEEE®OR U e¢ arslyist damivetivesi mi | ar

el ectronic conputing device mani pul ates and transforns data represented as
physi cal (l8Ise@e casgh.cherguam necdde chinghithe angedias prnsessruseqd 1 dha previorsies,

regi sters or other _such information storage, transm ssion or display

devi ces. [P EIEEHSNEALE sadad; bretheesasssn thers/isgacdncsion 8B nppmbehe gener al
text of ter- tabl e .i ti i .di . f f

conput er 1 FAABHL e EHERE e CRBE P 5t dih Houl BIaRBcHEs by one

or nore ngPI%EFerx%pa{ﬁon) which will improve performance.

[0021] While embodiments of the present invention are described in relation
to implementation of LDPC coding in the IEEE 802.11ac standard and its derivatives,
which in draft or approved form is incorporated herein in its entirety, the methods and
systems for LDPC encoding described herein are also implementable within various

other wireless standards in various other embodiments of the invention.



ot her devices. By way of exanple, and not limtation, conputer-readable
storage nedia may conprise non-transitory conputer-readabl e storage nedi a
and commwpeatzomenedi a; non-transitory conput er-readablpeTrusdeia/osed ude al |
conput er -readabl e nedi a except for a transitory, propagating signal.
General |l y, program nodul es include routi nes, prograns, obj ect S, conponents,
dat a structures etc., that perfoili partlcul ar tasks or i Ierrent
particul arl088Xt r act SPareParjensof tﬁ%‘éﬁttltﬁQ&eF%tP&PPt gtlabﬁllpw&rﬁpr@g%?ﬁ iBodul es

may be conbi ne i stribu d as desi.red in varl ‘ﬂ enbodi ment s

[ 0025] cOnﬁat%sro étr%%egargs 1R BTk B RES 06 (20 PIhST S1T] t&ﬁ%ﬁﬁnﬁtl&m Penovabl e

and non-renpv enented.in_an mﬁhod or ogy for storage
of infor rrtsﬁplelf)anlors1 %%%go%h et <9 uéee{t%? emgr Astr Sscetcteé%&t‘“’ag Igd structures,
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menory technol ogy, cofrpact disk ROM (CD-ROM), digital versatile disks

(DVDs) or d;ﬁésféﬁf appitatioal a ptRedge, 1ogﬁwtta>kl procas satthebke, B@Netived foape

magneti c sk storage or other magnetic storage devices, or any other

medi um t haskelfaeansibentusgabnice oS itepsoortirerudesisrlealingfocr dmiredresan dThdsa¢pscan
accessed to retrieve that information. [0026] Conmuni cati on nmedi a can enbody
conput er - exethosabtilezingshysicot monigyplatonsofehysical yuesiticanWsprlbyridmugbdul es, and
includes any information delivery nedia. By way of exanple, and not

| i mitati orlot sesenianiys Adse ﬁuﬁﬁ@ﬁ&t?&{ﬁé}lmﬁ ofieleetaicaidinagaeehsiaralseanpbled
network or direct-wired connection, and wire medi a such as acoustic,
radi o fredtf&Rtg stawes: tfaP#FFﬁ‘? é‘ramam otoar a@f eBerTiRmanDESg AL | ons of

f th b uded t hi th f ter- dabl
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(AP). The rou pl’ oposes’ raw dat a

transport S%[ﬁwo{)atﬁsactg&s S gﬁsgéﬁx@%tﬂﬂtl&ab' ts per second) wirelessly and
e

reliably. ase stat’ion communi cates with a router 115 either via a
wire or wirelessly. In the exanple of Figure 1, the router 115 has network

connecti vifpg23li @ a gagioaldBieihd HonindeRGV@lel, ¥hdt ATl Qi eHEs@ad iRilAB@rms
[0028] FIG 2 is a block diagramof a wireless transm ssion and reception

node conplaxto2¥assSlidtediwith thesappropriatdyshybicalngantiiedind atg@arly and i s prepared
based on payl oad data, and is encoded with a preanble (al so known as a
header i n dohvenidip pdbebsatppber) toghebeamgitics notasnspeoifichidy steed bdiengistes i nt o an
encoder and nodul ator bl ock 205 (e.g., OFDM nodul ator). The node conpl ex
200 consi sipparght Mmm@ﬁﬂawllmsquﬁswnﬁeﬁtﬁt anpseriatediihebbriughouibe Nesamt ennas 260
on receptign to foiiii a Mby-N multiple inputs, nultiple outputs (M M)
system THESGRSYES é@ﬁw@%s phbZingfrpe SW@@Sa@m@sm& {I§ECIINRD KW may use, in

nbodi d I h
several 'gng\siét REtsth e@héia%t?é%”%’rmﬁtap DAk "Bt e aPROKEr ansii t ¢ ed
to dlffere%e |vers at the Qﬁ ge g 1e 1t h%F%?ne freq#ency
spect rum T ‘8%%41?18%???@% 8#78“‘8? B%?%PESB]FE‘{ GH TR YOt &t " cont ai n
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transm ssion
manipulates and transforms data represented as physical (electronic) quantities within

the computer system memories, registers or other such information storage,

transmission or display devices.

[0024] Embodiments described herein may be discussed in the general context
of computer-executable instructions residing on some form of computer-readable

storage medium, such as program modules, executed by one or more computers or
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To achieve sinmultaneity, each data streamis spatially pre-coded and then
transmtted through a different transmt antenna. This spatial pre-coding
and proceseiznp/izzssdone by bl ock 210. This results in a segusecea/sfI3¢ode
synbol s which are mapped to a signal group to produce a sequence of

nodul ati on synbols. [0030] A M MO system may support a nunber of nodul ation
schenes, including orthogonal frequency division nultiplexing (CFDM. OFDM
is a spreadberdsxicey. URY Wer vhpxueple.riad nef/ Lmitatinn: equppiesreadable gomdeer  of
sub-carriers_ spaced aFiart at Ergg/teci se fre%ge(gg' es. The (fgac' ng i s orthogonal
and enabl e8°4a PRYSPPBFISE BON BRGUETY PRACIR GO NIrgPefir 9 dat a i s

collected into blocks egif -%%tf%ra%%tosr%nbmét' Jhese. bl.ocks are encoded for
error prot ST ERAING T Hdh TORT 8T EAY eV REF o8 AT 1"60¢ Tifes g%a%é‘ép

sub-carri : I - - Suh- [ ue to signal
cancel | at %%dag?éﬁg%l%? %Seep {eﬁ)gg tﬁ%ggﬁog%’ggéﬁafg{%gg %%lﬂ's @r%o%gp%tp?%%a@echni gque may
be enpl oyedougbdigcRaY rolihed, ﬁﬁ%rﬁﬁé%ﬁﬁ_&@, dIehohehB Aot 8P, ditagayHT. The
OFDM nodul at or 205 splits the nodul ation synbols into a nunber of parall el
streams. AferfoRyiagfufad Sdsk &Gt Rémént pasicOlaMtishtid)datastyp& fTerekbtidRal@gch set
of sub-carriers to produce tinme domain OFDM synbols. The OFDM synbol s are
di stri but esf theplolgmnpaypliviagmapbe pvinbined er diatribupdck dbsredAn pawanbl e is carried
along with the payload in each data packet. The preanbl e i ncludes several
synbol s t hawbaglireergpl it into parallel streans simlar to data. The preanble
is appended to the data payload prior to spatial processing. D fferent
spatial streams are transmtted through a plurality of antennas using radio
frequency OS] t r anseanpeeisstorage mpdigangiades velaglesmidinoawolptiediemetae i s

recei ved on .t he ant ennas 5,60 and fed.into rec iverg%qGS %o recovef\r t he
i nf or mat i AIROBUFRPEP oMt iRdmRIEmEeRiedip pRY meHRd 08 fshrledy 1R FBFETon i s

i ded t. .i al 1 70. . nb , h h
01400 8RO a0 REATOLE B RER R BB R R o o o
to the OF | { i ts 295,
(0,1 OBl A RIS A RLIE RS S RGPS LRSFOIRD T

stream {1 aghbe (AR, 400y FlnoRe(HE AIUEREYc0 Rl M1 Bl Tolc The

frequency donai'n I nc es a stredam per carfier. The channel estinator

285 recei VROM (HEPRGV), AThsh b drii6r fasBethbAGK&okBY, amthaesdikROAS t he
channel response. Channel estimation response outputs are provided to OFDM

denodul at qICIRROM) didifabvdrenité digk d@VDHI00 0eRs optichD&orads, pagretiof t he

preanbl e, there are pilot tones which are phase-shifted due to transm ssion
t hr ough t hassttes negsctohtapa ehanetindsip ftasge shother msgnetiastoragerdelmes, we
frequency residual offsets between the phase | ock | oops at reception and

t ransmi ssimmmeﬁﬁg’eﬂ@taan@emﬁedléaﬂorelkﬁ@dmdmf@s@t@hiaﬁdﬂmt:ciurs due to
phase noi se. [0032] Generally, LDPC error coding has significant gain over

bi nary corAfefssek reigvatal Béamatinat may al so be used for error coding. For
instance, LDPC results in |low inplenmentation costs and can be constructed

Lo high SHREE-LTR! STEALatl ot A8 SUeh LERC {5, AU B lutiifol " | EE
data structures, and program modules, and includes any information delivery media.
By way of example, and not limitation, communication media includes wired media
such as a wired network or direct-wired connection, and wireless media such as
acoustic, radio frequency (RF), infrared and other wireless media. Combinations of

any of the above can also be included within the scope of computer-readable media.

[0027] FIG. 1 is a block diagram of an exemplary wireless LAN network 105

according to an embodiment of the present invention. Stations STA-1 through STA-5



[ 0033] More particularly, in wireless systens inplenmenting LDPC error coding
wi thin an OFDM nodul ation technique, there are two constraints involved in
det er m niwgQ 20DRB74w0di ng paraneters and packet |ength. TReTfiseat/osm8%t r ai nt
di ctates that the nunber of OFDM synbols (Nsyn) should be an integer

nunber. Additionally, Nsym nmay be an even integer nunmber if STBC is used,
wherein STBCis a transmitter diversity technique of spreading the transmt
si gnal ovefe pnablesf avieggsglyiaceiving e fispranddeansmitypg datado 3 BESHHRIEBNst r ai nt

dictates that the nunber. of codeword New) als oul d bhe an integer
number - [ 00D bt e Fos S pBR e eSOt PTG APE nh ot ok ey R L Dpc
encoding that is t etermne all L I r rs, in

acoor dance aurehP §E s Bal i RTRS R asbed Bt SR ST BB T S e
outlined in: i b Y 1 S systemin
conpliancé%%%%ﬁy%%EQ%EEEQ88§§%gE&§%§%@ZiH?eg%% é g%h%Pfﬁyﬁﬁ%“gﬁﬁropgsed

| EEE 802. 1§ r§ik@Nd8rdn Jifla YireMr 1R ss RO Gh Eﬁece%inﬁlbof%ﬁ‘%gb@, fhet ended to
provi de a general background for encodi ng and decodi ng LDPC par anet ers.

That is, IbEer 802ndkiRtldRCorRLESItAVR aSdableaRddni 010, kbl B0BrobEBG wire

i npl enent ati on because of significant gain over binary convol ution coding
(BCC), inplgdoentation friendly construction, and an efficient encoding
process with shortening and puncturing. As such, by follow ng and/ or

modi fying the steps in flow chart 300, a transmtting device and a

recei vi ng [@88lce ar FlabPés 2 blogedmgrneof awitelees transuhisronded eeaephien al | LDPC
coding parameters associated with a particul ar packet of information. For
pur poses ofodgicamploy 28Ad Strearp Stip at foohe transmitigd!” seprapdind ds sRed Peisd olised i n
conpliance wth 802.11n and 802.1lac standards may be included within flow
chart 3oo,pa§1ﬁagéﬁ@» revgpdagmlﬁhééme@mrlsgggq o & 2 hdindber of

i REELS?LL"M” é?@fﬂ@%%%&%%féﬁ&%‘ﬁ%%&é%%iﬁf@%anie?ﬁ?%& U RALar, aver) are
SERvI CE {00t e v AR, Tk Rol el QBRI iR

nunber of LhDYlRYERQIS diRedod 8ld R 2ARhAasiie8lod recfe%)ﬁorﬁ’%%% 2 Niayont and

Nsyminit are calculated to neet the first constraint, whereirn Nsymis an

i nteger. AhuBigl inpik dn@fglelavhid G1R1O) %&@%.tph@@d@rcmn Rxldodp&hilé he codeword
| ength) and Ncw (the nunber of codewords). That is, the integer nunber of
LDPC codevietifting N e NIIMOembdea itgiuké, el ohSerflBddimeht) sghtiabdivis@hnlmasiplehe | engt h
of the codewords (LlIdpc) to be used. At 330, the nunber of shortening bits
(Nshrt) i saccass¢SiDMAdo epmdeneratd witld séhem! sdvoivesniSAMBi angblas mupigdidled t o t he
Npl d data bits. At 340, the final nunber of synmbols (Nsym) in a packet is
det er m nedstreams thahetelbdong tppashitedite giferent medeiver say thgpremattiamtotsbagdher mi ne an
initial nunmber of punctured bits (Npunc). If Npunc is too large, to avoid
per f or manceMedEgueRs tspECtORBVVE i Elsstieain. theresdeiperkets of rfopratioatthatuhi ch ar e

i ncluded in the fjnal g‘li m val ue, as.shown in Eqn. 1, wherein New and Nshrt
val ues ar eccﬁﬁ’é‘h]é‘?fb%é’lo é‘“ﬂl & PH&PPIfe reduced or replaced by using

repetition if Npunc becones negative: Nsym= Nsymnit + Nsym ext (1)

[ 0036] Previygual v, vidielgss. devt o5, Lmlemnting, ihe) EER, 802, Jdfygt andar d

wer e able onvey P ween e transmttrng device and the

recei vi ng Aeyhege Q%n&l%ki'ﬁqieg& MY LiE&im itstgﬁatmﬂ%%-c&{ed%a @fenUYanSQHIcgEd

i nformati on,
through a different transmit antenna. This spatial pre-coding and processing is done

by block 210. This results in a sequence of code symbols which are mapped to a

signal group to produce a sequence of modulation symbols.

[0030] A MIMO system may support a number of modulation schemes,

including orthogonal frequency division multiplexing (OFDM). OFDM is a spread



which is based on Npld. The receiving device would be able to derive

pertinent LDPC paraneters fromthe Nbyte value. [0037]1n the proposed | EEE

802. 11 acywownraizess devices will signal Nsymin the sigmrah/dscahas(9s9 g. ,

field 479) as opposed to signaling Nbyte information in | EEE 802.11n. A

receiving device just receiving Nsymis unable to derive all the LDPC

paranmeters, because in part, |t is unable to derive Nsymit, and even if
gﬁtﬂ&f@@?ftil@ﬁ@al

Nsym i ni t SRSFIERLC es [data fyeiphBUmbRr O SUbrEHHF g PRt WeEh ANsym i ni t
d Npld f . i .PHY. te (R d BW.(bandwi dth), .d t ili
Finctons Mea BteERees M ReEh SRR oL B S g e o [ o R @ 'S,
d/ Nav{d . i . i t t
oot var Solhark QOSR, BIIRCKATRRES 180 tlddEs BE GRER o hMENUTIRR OB © 10 1 (o

i nfor mat i o, HELERS ALY frlechidtfadd@R&] MtdiBatMICESRs LR SR de¥ignstbd sdpPPC codi ng
New,” LlI'dpc, Nsh )

paraneters (e.g., , rt, Npunc, Nrep, etc.). In particular, the

recei vi ng geydrsautisthabihg 18R of6hd MembiR!sdb2R8H ey dRY k6l aaeelEYMbr as wel | as
additional information N dpc_ext which can be used to derive the nunber of

synbol s addegdfepmcals rexdveribledImHiombbel ap@ackeliniq@ymaybé erdplogediisingksr ri ng t he
val ue of N dpc_ext, all LDPC paraneters are derivable using operations
based on fwosleshamtla@BiGoclufingIBEERORUA €acdAVHS . dihe XMl eodudgoedBrepéitsi on of an
exenpl ary Physical Layer Convergence Protocol (PLCP) frane 400 that is

conf i gur edthe madnketion eyrbdle mia e nomberd ¢ipaiatlg! ftepamish dndayérseafabtdrouoer LDPC
paranmeters, in accordance with one enbodi ment. of the present disclosure. In
par ti cul artransire (FET) perfarmasd ejeash setrpd|subrerrigistthiPFoduee e dlomajrs

Lo By LS U B SR e A B L5, 202
i , h ified Lded withi del i d Kk
5o ot Rl MIBGBRIE SR R 5 AR TR AR Thi o, B
data pack 3%;&%1%@}4&%@ §&rﬂb8‘1s W Arel il Aec PRt sEkhs SRR GHIR ©

i nformati prea
The preamble is appended to the data payload prior to spatial processing. Different

spatial streams are transmitted through a plurality of antennas using radio frequency

(RF) transceivers 225.

[0031] The transmitted information is received on the antennas 260 and fed
into receivers 265 to recover the information modulated on the RF carriers. The
recovered information is provided to spatial transmitter 270. A preamble processor,
such as, the phase tracker 280, uses the preamble to provide synchronization
information to the OFDM demodulator 275 and other downstream processing
components 295, such as, receive data processor. The OFDM demodulator 275
converts the stream from the time domain to the frequency domain using FFT. The
frequency domain includes a stream per sub-carrier. The channel estimator 285
receives information from the phase tracker 280 and estimates the channel response.
Channel estimation response outputs are provided to OFDM demodulator 275 and the
receive data processor 295. As part of the preamble, there are pilot tones which are

phase-shifted due to transmission through the wireless channels. One phase shift is

10



information includes the training sequences classified as "L" type for

| egacy and as "VHT" type for the newy defined very high-throughput

trai ni ng wequemsesoparti cul ar to standards such as | EEEPB@AIS2A1146193¢-0r
instance, legacy training files includes the |egacy Short Training field
(L-STF) 410, legacy Long Training field (L-LTF) 420, and | egacy Signal
field (L-SIG 430. In addition, VHT training fields include the VHT Signal
Afield (\VA¥FSP @W}V@ﬁ%ﬂ%&ﬂéﬂf@%ﬁ%&ﬁsw petajegn 8@%@%@@5 logpgat rgegpgion

hi gh-t hroughput start of.packe etection field (YHT STF) 450, and VHT Long
Tr ot ni g G Dion #89 i8GeS Iy MR e e b dnd Plsnbl o wi T
i nclude N Ipol{ggoers of VHT-LTFs. These synbols, |ike data synbols, include a

m x of known training sequences. The OFDM transmit processor places the
preanble at the front of the packet data during formation of the "to be

modul at ed”[ogyg{pol s. (héhe}‘zﬁg, QB’?CeéH%Q%ﬂTiﬁg%%st ﬁ%niﬁ@ﬁxt%ﬁﬁscﬁv@{ bibgyent i on,

i nformati on such as, N dpc¢_ext value 47 Noyt € val ue 477, and/or the

Nsym val uecchdSlutsdcoigl(BCICY defl nfag'alWeRREE for @frofleddig. Nbr likdtiacBArBPEL er s.
[0041] I n one enbodi nent, as shown in FIG 4, Noytes 477 indicating the

nunber of despdlgrinidw anplbyketatioscatsgimdlcad be Borshactdti®ItgiBsgeed ed 470. As such,
Noyte i nformati on along with physical |ayer rate (PHY rate R) and bandw dth
(BW i nf orimgié¢mentaion. exscuglh HIFC & sueeldi Yornge delBER80201 lbeandUEEEl | perti nent
LDPC paraneters. A device using this process need not change the | EEE

802. 11n LDHE. Haeswitangs- process when i npl enenting wirel ess communi cati on
using the | EEE 802.11 ac standard, in one inplenentation. [0042]FIG 5 is a

bl ock di f t 50 fi d to inpl t t hod f LDPC
encodi ng (AL s us SHOTCPHGRGH i v AP HESUPEP EOUTE pAPSBier 5. i
d ith . i f th t discl L .
e e et e ST B R RoB%S oL SR 8N S BeRer ng
devi th Do oo . X o i h ket of
ot or et | e ufRE £ 0 RRGR Aol GRGEBb R i RERLS ©
i ncl uded op.i g fAEG MMOHPNE § SHGIS EarhlQ¥Sn e der i vat i on of all
perti nent %P par anet ers. f 8 shown 1 n , an E)PC encoder 520
| ocat ed wi Afdiflomally! REER Qe Mfevey k&% RAALAGESPRE it BRUL wHaks $Tmm an

i nformation sourcé 510 and out puts coded stream data includi ng higher

r edundancyis b@hsrhistes vt eech@iquess PhreaddieltBe trafmipsipse SSeMguldipled recei vi ng
device. In particular, data is provided by infoimtion source 510 in a

si gnal encatknngs riopess.red¢ePldd] ThesdcbiRCecaneadedichRO tha tleonfimtguoéd to

determi ne an initial nunber of
codewords (Ncw) also should be an integer number.

[0034] FIG. 3 is a flow chart 300 illustrating a method for LDPC encoding
that is used to determine all the LDPC coding parameters, in accordance with one
embodiment of the present disclosure. The process outlined in flow chart 300 is
implementable both within a wireless system in compliance with the IEEE 802.11n
standard, and also within the proposed IEEE 802.11ac standard with or without
modification, and is intended to provide a general background for encoding and
decoding LDPC parameters. That is, IEEE 802.11n LDPC codes are suitable for
IEEE 802.11ac implementation because of significant gain over binary convolution
coding (BCC), implementation friendly construction, and an efficient encoding

process with shortening and puncturing. As such, by following and/or modifying the

11



OFDM synbols (Nsym.init) based on the nunmber of information bits to be
delivered in a packet. This Nsyminit value is determned in order to
derive thwof2orai374deym val ue that is deliverable wthin trheusediens®ss on
packet, in conpliance with the I EEE 802.1 [ac standard. [0045]During the
cal cul ation of the Nsymvalue, as outlined flow chart 300 as well as the
specification for the |EEE 802.1 | ac standard, which was previously fully
i ﬁcor por at %%PSH%ﬂé‘?"rf’haftﬁé’oﬁib@séﬁﬁ%élﬁ"@?@%%f"é?%%é’sev&eﬁ{ﬁ%‘? toof extra

nbol h f t | t hat d th
Myt o GG dbiie R d8eriind AF L DBY e pr s ERGCIaISTINg ot ot - bei ng
th Ns dt Ns t
oo ve T e Lo o R L ToBRES, 2Br blBod R H bt o SRR o B T T et r
synbol s baal%gdlag g&%&ﬂgwg ngﬁlﬁheev\svgggoz TPy d@z% Parf?;xaxtg gedata. In

particul ar xtension ca ator at t ansm I Cce

generat es ﬁ&uh&@ﬂﬁhﬁﬂo@bﬁa&é’ﬁmﬁm drb8duall§ a {9@&%@&0” the STBC vaI ue and the
Nsym ext val ue for purposes of determ nihg LDPC paraneters associated with

the packet, in the bel ow provided Equation 3. The generation of N dpc_ext
assures cojopsslance wAthi( te medendf Doisatien bits avddariguidem bgeaNHydspger .

Nl dpe_ext =1 + STBC(3) Nsym ext [0047] As shown in FIG 5, the OFDM
nodul at or H¥®the pamnfeltegmmdldmg oY rhtetBWt(bediencodad tmedwadyest theom t he LDPC
encoder 520 into signal waveforns that are then transmtted to the
recei vi ng Riwvicaldayer) are used to calculate Npld (number of bits in the data structure PSDU
and SERVICE field) and the number of available bits (Navbits) in the minimum
number of OFDM symbols used for a data field of a packet. Navbit and Nsym_init
are calculated to meet the first constraint, wherein Nsym is an integer. At 320, Npld
and Navbits are used to determine Lldpc (the codeword length) and Ncw (the number
of codewords). That is, the integer number of LDPC codewords (Ncw) to be
transmitted is determined, as well as the length of the codewords (Lldpc) to be used.
At 330, the number of shortening bits (Nshrt) is calculated or determined. The
shortening bits are padded to the Npld data bits. At 340, the final number of symbols
(Nsym) in a packet is determined, and includes performing a puncturing operation to
determine an initial number of punctured bits (Npunc). If Npunc is too large, to avoid
performance loss, extra OFDM symbols may be added to the packet, which are
included in the final Nsym value, as shown in Eqn. 1, wherein New and Nshrt values

are unchanged, and Npunc may be reduced or replaced by using repetition if Npunc

becomes negative:
Nsym = Nsym init + Nsym_ext (H

[0036] Previously, wireless devices implementing the IEEE 802.11n standard
were able to convey LDPC parameters between the transmitting device and the

receiving device by including Nbytes, the number of bytes of sourced information,

12



[0048]FIG 6 is a flow chart 600 of a process used for providing an LDPC
signal and includes accessing data in an encodi ng operation and associ ating
i nf oi mat iwWo 2012 d3746he data to determ ne LDPC codi ng par ameTArss)11i061939
accordance with one enbodi nent of the present disclosure. Access is
provided to the information that is used to determ ne codi ng paraneters.

For instance, flow chart 600 is inplemented to provide LDPC infoimation
when del i Vil i basedeorepldp ddwaeceiarg feifiesuivouli ba abls te deriva Repideniii t h t he | EEE
802. 11ac standard. In gne | Ienen}ation, system 500 is configured to

i npl enent  1HeC RRTASETD °¥V%ag@ﬁﬁﬁ?‘@00. [0049] In particular, at step 610,
an initial nunber of OFDM synbols (Nsyminit) is determned at a

Fransm {CaASYT oo i TRENSVIIELE 03l R, LERASBA 00 IS REEm BT

infornatiJ ts toIB vVer paC@% asS previou

step 620, a5 nat j r ' codi ng
oLeB 920 e SEhITAIRLL SR 370 RS R MG BENNITRRGR e Bl 03 cod
transmi tt egoodijnensiebdvingGRMca Rt RlceiS R, 8 dnfiBle ks ARSI A1 thé gpRlc over
mul ti pl e antennas to inprove reception. [0050] The Nsyminit is used to

ul ti mat el yraekendtue, Bé@@us%inm?brt,l‘ibwmmb teddri@Ndym_aal, ax@eadlieNwihhinit t he

i nformati on packet. Specifically, at step 630 a nunber of extra synbols (as
expr essed woate chleulbednheretis vabnejo-ose depgngrbaredet Nagm i isitlhad Bigldfor the
Nsyminit value. A final nunber of synbols (Nvalue is based on the
Nsym i ni t gre¢nuR dmetet(RpadsBW éxntdwidth)edueds ceikipg dgwédnd wseEduang the 2.

Short eni ngItv and puncturing WO 2012/ 037460PCT/ US2011/ 051939 operations are
per f oni ed &dPdeneqdimaroedse tesal¢udatn Nyp@r ingrang(oriNevBitY Nl dpc ext), and to

derive Nsym as previously discussed. The Nsymvalue is signaled within the
| nformat | o pcket - L O0SAL AL Hhenal Lt in B AU 0 B oier 2t e at
between the transmitting device and the receiving device information necessary for
the receiving device to derive all LDPC coding parameters (e.g., Ncw, Lldpc, Nshrt,
Npunc, Nrep, etc.). In particular, the receiving device is able to derive Npld and/or
Nbyte given Nsym, as well as additional information Nldpc_ext which can be used to
derive the number of symbols added as an extension to the packet. By including or

inferring the value of Nldpc_ext, all LDPC parameters are derivable using operations

based on flow chart 300.

[0039] Figure 4 is an example representation of an exemplary Physical Layer
Convergence Protocol (PLCP) frame 400 that is configured to include information
allowing for the derivation of LDPC parameters, in accordance with one embodiment
of the present disclosure. In particular, information inferred or included within frame
400 is implementable within a wireless system in compliance with the IEEE 802.11ac
standard, in one embodiment. As such, LDPC parameters are derivable given, in part,

the specified Nsym value provided within a delivered packet of information.

[0040] As shown in FIG. 4, the frame 400 includes payload data packed as

OFDM symbols in a data field 480 as well as preamble information. The preamble
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device that is based on the STBC val ue and the N dpc_ext val ue.
Specifically, once Nl dpc_ext is known, the Nsymext is generated based on

t he STBC wealzoe/03Nsym ext can take on val ues bet ween 0- 2Pdepsnaiingioon t he
STBC val ue, as reflected in Equation 3. N dpc_ext, as one bit of
information, provides for LDPC paraneter derivation in conbination with the
requi red Nsym val ue. The N dpc_ext value is_deliverable within the

i nfor mat i oATEEER lnc{‘@%@?ﬁ@l@%??qu?ﬂ%s elapmiiothas ‘dn type fonlegreyod asxt val ue
S used by (L PRESnge Blitas B@%&ﬁ»@%@&%ﬁ@?ﬂlﬁggﬁﬁq@ FESHRr Ot her
ot or mat i of JSA0RA 18 P OEEFI0a ok FIR R R Shy o HBOr HER R e he n dpe
fleld of (RSl gﬁﬁ%@oﬂacﬁ‘é?&ﬁﬁ e G LR RE R A0 R0] B0
based on th@ |SERESY@Halgciand-Sibg 430, dﬁlcad%onvvmetrmhlag%ﬁis ihfte dpe Nsym.i ni

val ue is derivable based on the N dpc ext {used erive the Nsym ext

val ue) andVHfreslgiwm &l (eH TS0 23]458bVETIS phdl Bstidla{ e B TSIG By9600fery he N dpc
ext value for associating the STBC, Nsymext, and N dpc_ext values. In

parti cul arhighidteowgipuesart nf palibedelectian fiokl (ﬂ&éﬂSTE}gﬁhem&U@IN@l@c_ext at the
transmtting device given Nsymext, and/or can be used by the receiving
devi ce to DremingefitldyWHEXETIHI 460n Ihad pé-bg{ MIMO systean, theeamBIEBGL s 0,

Nl dpc_ext is O when Nsymext is O, and N dpc_ext is 1 when Nsymext is 1.

Al so.  whenngrseN mimberefdyid TdxkFsi Jhesasyarboiss Tike date symbals, includeN B ext is 1

when Nsym e is 2, Table 1 STBC Nsym ext choices N dpc_ext Nsext
y of)imown training sequences. The OFDK/I Transmit processor placeg the preamble at

the front of the packet data during formation of the “to be modulated” symbols. In
various embodiments of the present invention, information such as, Nldpc_ext value
475, the Nbyte value 477, and/or the Nsym value 479 may be included for purposes of

deriving LDPC parameters.

[0041] In one embodiment, as shown in FIG. 4, Nbytes 477 indicating the
number of information bytes is signaled in the VHTSIG B filed 470. As such, Nbyte
information along with physical layer rate (PHY rate R) and bandwidth (BW)
information are enough for a receiving device to derive all pertinent LDPC
parameters. A device using this process need not change the IEEE 802.11n LDPC
encoding process when implementing wireless communication using the IEEE

802.11ac standard, in one implementation.

[0042] FIG. 5 is a block diagram of a system 500 configured to implement a
method for LDPC encoding that is used to determine all the LDPC coding parameters,
in accordance with one embodiment of the present disclosure. In one implementation,
system 500 as shown in FIG. 5 includes a transmitting device that is performing

LDPC encoding in association with a packet of information that is deliverable to a

14
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receiving device. Information included or inferred within the data structure allows for

derivation of all pertinent LDPC parameters.

[0043] As shown in FIG. 5, an LDPC encoder 520 located within a transmitter
of system 500 accepts input data from an information source 510 and outputs coded
stream data including higher redundancy that is suitable for error correction
processing at a receiving device. In particular, data is provided by information source

510 1in a signal encoding process.

[0044] The LDPC encoder 520 is configured to determine an initial number of
OFDM symbols (Nsym_init) based on the number of information bits to be delivered
in a packet. This Nsym_init value is determined in order to derive the final Nsym
value that is deliverable within the information packet, in compliance with the IEEE

802.11ac standard.

[0045] During the calculation of the Nsym value, as outlined flow chart 300 as
well as the specification for the IEEE 802.11ac standard, which was previously fully
incorporated herein, the LDPC encoder 520 determines a number of extra symbols,
(herein referred to as the Nsym_ext value) that is based on the Nsym_init value. The
Nsym value as determined meets the constraint of being an integer number, and is

based on the Nsym _init value and the Nsym_ext value in Equation 2:
Nsym = Nsym_init + Nsym_ext 2)

[0046] Additionally, extra symbols based on LDPC coding are provided in
VHT-SIG A or B of the data. In particular, LDPC extension calculator 530 at the
transmitting device generates an Nldpc_ext bit/value, that is based on the STBC value
and the Nsym_ext value for purposes of determining LDPC parameters associated
with the packet, in the below provided Equation 3. The generation of Nldpc_ext

assures compliance with the second constraint, where Ncw is an integer.
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O010o0r 212 [0054]To align values of Nsyminit and Npld for purposes of
deriving Nsyminit at the receiving device, a one-to-one mappi ng between
Nsym i ni twaredi24si4b0i s guar ant eed when perform ng MAC PH¥CpaAsdeings1989 al i gn
Npld with the OFDM synbol boundary before the LDPC encodi ng process. That
I's, padding is perfolined at the MAC | ayer and maxi m zed such that the

maxi mum nunber of bytes ikldac patket to endur 8IBGEe-t 0- one mappi ng (bet ween
Nsyminit and Npld, as expressed in Equat 'N%gmd"xthl d = Nsym.init*Ncbps*R =
Nsym i ni t *Ndbps(4) Were Ndbps is defined a tfe nunber of data bits per
synbol, Ncbps is defined as the nunber of coded bits per synbol, and Ris

the coding rate. [0055]In still another enbodi nent, extra synbols
(Nsym ext) are al ways
[0047] As shown in FIG. 5, the OFDM modulator 540 is configured to

modulate the encoded messages from the LDPC encoder 520 into signal waveforms

that are then transmitted to the receiving device.

[0048] FIG. 6 is a flow chart 600 of a process used for providing an LDPC
signal and includes accessing data in an encoding operation and associating
information with the data to determine LDPC coding parameters, in accordance with
one embodiment of the present disclosure. Access is provided to the information that
is used to determine coding parameters. For instance, flow chart 600 is implemented
to provide LDPC information when delivering wireless packets of information in
compliance with the IEEE 802.11ac standard. In one implementation, system 500 is

configured to implement the method of flow chart 600.

[0049] In particular, at step 610, an initial number of OFDM symbols
(Nsym_init) is determined at a transmitting device. The Nsym _init value is based on
the number of information bits to be delivered in a packet, as previously described.

At step 620, a determination is made as to whether space time block coding (STBC) is
employed, as reflected in an STBC value, wherein STBC is a transmitter diversity
technique of spreading the transmit signal over multiple antennas to improve

reception.

[0050] The Nsym_init is used to ultimately derive the final Nsym value that is
deliverable within the information packet. Specifically, at step 630 a number of extra
symbols (as expressed by the Nsym_ext value) is determined that is based on the
Nsym_init value. A final number of symbols (Ngym) value is based on the Nsym_init

value and the Nsym_ext value, as expressed in Equation 2. Shortening and puncturing
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delivered regardl ess of the value of Npunc, as determ ned in operation 340
of FIG That is, Nsymext is either 1 or 2 if STBCis used. In that nmanner.
Nl dpc_extwooeaswmeed to be 1, for purposes of applying walrusgotiosibabl e 1.
As such, N dpc_ext need not be delivered in the packet of information.
Based on Table 1, Nsyminit is derivable, as expressed in Equation 5: WO
2012/ 037460PCT/ US2011/ 051939 , init = Nsym -
1(5) Al so, onefat@%@”ei@rfa%ﬁf tordeteampgsythe FHTa nynabeg of ?%@ﬂl'%\,ﬁ%gﬁw%éraé@sed in
Equation 6; Nsymnit = Nsym- 2(6) T [ acgordin Table 1, at the
recei ver, tgﬁﬂﬁ?nﬁmh%prﬂx%%{&f‘}sﬁ@ilfhel@sﬁﬂ_@?e Bt {egrv\‘?ﬁ’ﬁ% %o be 1 when
STBC is O,; is detetmned to be 2 when STBC is 1. Additionally,
m?o’}&a&{g%e%ééw

for alignment o th Nsyminit, MAC/ PHY padding is defined to align
Npl d wi th OFDM synbol boundary before LDPC encoding in one inplenmentation,

as previ oughyjdescr i bediod 958 ToHA ex@6A0E i RBerbRd R BRiSnOf t he

present invention, systens and nethods for transmtting a | ow density

parity cheddidelthiRGd bse@bathd STRORELE AR teWitic REWaMe &pesisicdlly@bBsdd SSi on
standards, such as, |EEE 802.11 ac and its derivatives are described. In

one enbodiNEpt ,ext heknewinstha Nsghu ekt io gerenatédbasad nb ére STBOvhlseddkimesxed (t he
one-bit N dpc_ext value) used to determ ne LDPC paraneters, which results
in | ess punottake angvalues broveen Oehédpendiog pn e EFBUivhlue] aspetdectedoer f or mance.
[0057] Wil e the foregoing disclosure sets forth various enbodi nents using
speci fi ¢ bfeakon adiidnes extf povmedhifisforaptipre Renvirdes $0r IdARG ptagekerdi agr am
conponent, flow chart step, operation,_ and/or conponent descrihed and/or

i || ust rat edFTNaREQ ¥ SoEpIsEion Nﬁﬁ‘éﬁ%}?ﬁq@%{?d NﬁHPO’?B‘GaI%? HReLBF V@BieliRcti vel y. In

addi tion, y dj scl.gsur.e .0of conponents contai ned within other conponents
shoul d be ‘gﬁgl}/{gﬁah]«s?rvé‘g’lﬁg’e&%?g@‘%gﬁtuse many ot her architectures can be
i npl emented to achieve the sanme functionality.

[0052] As such, the combination of the Nldpc_ext value and the STBC value,

both of which are delivered in the information packet, is used by the receiving device
to derive Nsym_ext, as well as all other pertinent LDPC parameters. Specifically, at
the receiving device, the information packet is received from the transmitting device,
and the Nldpc_ext bit/value and Nsym values are parsed from the header and/or signal
field of the information packet by an LDPC decoder. Nsym_ext is derived based on
the STBC value and the Nldpc _ext value. In addition, the Nsym_init value is
derivable based on the Nldpc ext (used to derive the Nsym_ext value) and the Nsym

value.

[0053] Table 1 illustrates the use of the Nldpc_ext value for associating the
STBC, Nsym_ext, and Nldpc_ext values. In particular, the values in Table 1 can be
used to generate Nldpc_ext at the transmitting device given Nsym_ext, and/or can be
used by the receiving device to derive Nsym_ext given Nldpc_ext. As shown, when
STBC is 0, Nldpc_ext is 0 when Nsym_ext is 0, and Nldpc_ext is 1 when Nsym_ext
is 1. Also, when STBC is I, Nldpc_ext is O when Nsym_ext is 0, and Nldpc_extis 1

when Nsym_ext is 2.
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[ 0058] The process paraneters and sequence of steps described and/ or
illustrated herein are given by way of exanple only and can be varied as
desi red. wonoexmmesbe, while the steps illustrated and/ ocuamseoilbstdher ei n
may be shown or discussed in a particular order, these steps do not
necessarily need to be performed in the order illustrated or discussed.
The various exanpl e nethods describe ﬂ@ﬁ for illustrated herein may al so

omt one or nore of the steps descri illustrated herein or include
addi ti onal—st eps i-p—addi-ti-on—t-o—t hccn |ch| osed- rnn O'I The—for ngnl nao

descriptijon, f rpose Qf ex nat oh, h be desicri b th r efler ence
to specifiic enggggﬁents ﬁ%ﬁ%§& ql Ilugﬁra%?3e dlscusgg%ﬁs above are
not i nt endet—to—be—exhatisti-ve—or—to ii rt—the—+tnvention—to—the—prectise
founs di scl osed.,Many mbdi ficgtjens and variagi ons arje possigle in view of
t he above teachlngs The enbodi nents were chosen and |[described in orider to
best expl@amthe principtes—of the TnventTomandTtspracticat
applicatijons, togthereby enabhgrpthers|skilled in the art tojbest utjilize
the invention and various enbodi nents W th various nodifications as |my be
suited tg The particulal use contenplaled. [0060]Enbodi ments accordijng to
the invention are thus describegd2 Wiilge the poesent di scl osupe has heen
described in particul ar [enbodi nents, it should be appreciated that tjhe

i nvention shoul'd not bejconstrued as I|{mted by such lenbodi nents, byt
rat her construedl accordiing to0pbh2 bel ow claind. CLAIMS What2is cl ai|med:

v

[0054] To align values of Nsym_init and Npld for purposes of deriving
Nsym_init at the receiving device, a one-to-one mapping between Nsym_init and
Npld is guaranteed when performing MAC/PHY padding to align Npld with the
OFDM symbol boundary before the LDPC encoding process. That is, padding is
performed at the MAC layer and maximized such that the maximum number of bytes
in a packet to ensure one-to-one mapping between Nsym_init and Npld, as expressed

in Equation 4:
Npld = Nsym_init*Ncbps*R = Nsym_init*Ndbps 4)

Where Ndbps is defined as the number of data bits per symbol, Ncbps is defined as

the number of coded bits per symbol, and R is the coding rate.

[0055] In still another embodiment, extra symbols (Nsym_ext) are always
delivered regardless of the value of Npunc, as determined in operation 340 of FIG. 3
That is, Nsym_ext is either 1 or 2 if STBC is used. In that manner, Nldpc_ext is
assumed to be 1, for purposes of applying values in Table 1. As such, Nldpc ext need
not be delivered in the packet of information. Based on Table 1, Nsym_init is

derivable, as expressed in Equation 5:
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1. A nethod for LDPC encoding, conprising: at a transmtting device,
based on the nunber of information bits to be delivered in a packet,

det er m niwgQ 2are/a3miedi al nunber of OFDM synbol s; det er m nip0®/tsr01$DBG3Y al ue;
and determ ning a nunber of extra synbols val ue based on said initial
nunber of OFDM synbols, wherein a final nunber of OFDM synbols is based on
said initial number of OFDM s;e/ﬁbol s .and_sai d nunber of extra synbhgls val ue;
and generating an LDPC eXxP@hdMbr \I/\%V’Ei‘e lhased on said STBC \fg] ue and
sai d nunber of extra synbols value for purposes of determ ning LDPC

par anet ers S.QGk it I cket,, . . .Claim1,
wher ei n safixgg’ g? gr%%%glué%i ’ gleﬁﬁkﬁg”é’fﬁé S&)%?‘F%%ﬁ%%@rgsgg%ﬁgé%]u%gg?%'
perform ng shortening and puncturing operations to determ ne said final
nunber of OFDM synbols; and si iiftg SRidytbnal number of OFDM gyyrbol s in
sai d packet. 3. The method of Caiml, further conprising: at a
recei ving device, receiving said packet fromsaid transmtting device;
parsi ng saflht iDREGoakheRSTaMle Valt e rbe@verpasi@atgthafiNigpd dxpigagkRbymp&tsi ng
said final nunber of OFDM synbols froma signal field of said packet;

is determined to be 1 when STBC is 0, and Nsym_ext is determined to be 2 when

STBC is 1. Additionally, for alignment of Npld with Nsym_init, MAC/PHY padding

is defined to align Npld with OFDM symbol boundary before LDPC encoding in one

implementation, as previously described.

[0056] Thus, according to embodiments of the present invention, systems and
methods for transmitting a low density parity check (LDPC) signal in compliance
with new wireless transmission standards, such as, IEEE 802.11ac and its derivatives
are described. In one embodiment, there is a reduction in the number of bits delivered
(the one-bit Nldpc_ext value) used to determine LDPC parameters, which results in

less puncturing (or more repetition) which will improve performance.

[0057] While the foregoing disclosure sets forth various embodiments using
specific block diagrams, flow charts, and examples, each block diagram component,
flow chart step, operation, and/or component described and/or illustrated herein may
be implemented, individually and/or collectively. In addition, any disclosure of
components contained within other components should be considered as examples
because many other architectures can be implemented to achieve the same

functionality.

[0058] The process parameters and sequence of steps described and/or
illustrated herein are given by way of example only and can be varied as desired. For
example, while the steps illustrated and/or described herein may be shown or

discussed in a particular order, these steps do not necessarily need to be performed in
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determ ni ng said nunber of extra synbols val ue based on said STBC val ue and
sai d LDPC extension value; and determ ning said initial nunber of
OFDM syntwb2obasesoon sai d LDPC ext ensi on val ue and sai #cfriusadiinsmber of
OFDM synbol s. 4. The nmethod of Caim1, further conprising: encoding
sai d LDPC extension value in a header of said packet wher ei n when

sai d STBC sOadsal nunber .of extrasnbosv els n LDPC

ext ensi on W&PIFET | }éISt@ategor 1scusped, i VaHeys eé’fﬁgg%f eécrél??g aggﬁ °8 number of
extra synb t hen, LDPC xt.en wherein
when said’ g"f‘%@\{‘? eielléﬁﬁysa}fod) I R rg‘?mext ra %pyﬁdﬁ&i%g e@ﬁ%ﬂlus’irate then LDPC

ext ensi on %Hﬁrin%l ea@cﬁlQOréal s%eﬁgwggigﬁtmeﬁﬁsteﬁTBC is 1 and said nunber

of extra sy S va ue 1s xtension value is 1. 5. The
met hod of CI aim1l, wherein deteimning an Nl dpc ext val ue conprises:

assum ng S[QbSb]LDPC erieaBrdoOihg \dabdHpLibS, fbi purpose of explanation, has been
described with reference to specific embodiments. However, the illustrative
discussions above are not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations are possible in view of
the above teachings. The embodiments were chosen and described in order to best
explain the principles of the invention and its practical applications, to thereby enable
others skilled in the art to best utilize the invention and various embodiments with

various modifications as may be suited to the particular use contemplated.

[0060] Embodiments according to the invention are thus described. While the
present disclosure has been described in particular embodiments, it should be
appreciated that the invention should not be construed as limited by such

embodiments, but rather construed according to the below claims.
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determ ni ng said nunber of extra synbols value is 1 when said STBC is O;
and determ ning said nunber of extra synbols value is 2 when said STBC is
1. wo.20ibs 7458t hod of Claim 1, wherein said packet PC3/USR01¢O8PB ance
with a 802.1l1ac standard or its derivatives. 7. The nmethod of C aim
1, further conprising: wherein said final nunber of OFDM synbols is an

i nteger value; and wherein a nunber of code words is an integer value. 8.
The nethod of Claim1, further conp L at said transmtting

devi ce, maxim zing MAC padding to the maxi mum number  of bytes to ensure
one-to-one mappi ng between said initial nunmber of OFDM synbols and Npl d.

9. A deV'Qﬁhgﬂ%gahH&ia packet of information, wherein said packet

conpri ses ymval ue; an STBC val ue;

1. A method for LDPC encoding, comprising:

at a transmitting device, based on the number of information bits to be
delivered in a packet, determining an initial number of OFDM symbols;

determining an STBC value; and

determining a number of extra symbols value based on said initial number of
OFDM symbols, wherein a final number of OFDM symbols is based on said initial
number of OFDM symbols and said number of extra symbols value; and

generating an LDPC extension value based on said STBC value and said
number of extra symbols value for purposes of determining LDPC parameters

associated with said packet.

2. The method of Claim 1, wherein said determining a number of extra
symbols comprises:

performing shortening and puncturing operations to determine said final
number of OFDM symbols; and

signaling said final number of OFDM symbols in said packet.

3. The method of Claim 1, further comprising:

at a receiving device, receiving said packet from said transmitting device;

parsing said LDPC extension value from a header of said packet;

parsing said final number of OFDM symbols from a signal field of said
packet;

determining said number of extra symbols value based on said STBC value

and said LDPC extension value; and



an N dpc_ext val ue based on said STBC val ue and a nunber of extra synbols
(Nsym ext) value determ ned for said packet based on an initial nunber of
OFDM syntwb2o0(2d8y40i nit), wherein said N dpc_ext val ue ipeTfuseoipwspPseses of
determ ning LDPC paraneters associated with said packet. 10. The device of
Claim9, wherein when STBCis 0 and Nsymext is 0, then Nldpc_ext is O;

wherein when STBC is 0 and Nsym ext t hen N dpc .ext | wher ei n when
STBC is 1 and I\éiﬁﬁﬁf‘é?{nglséldﬂnm?h’@WWIG%QFW Sl”@bgl %éff?é Wé‘rdéfép%en STBC i s

1 and Nsym is 2 t 11. The device of Caim9,
wher ei n safixgenﬁl%l@lfle aﬁdg&}%ﬂllﬁ‘%&%k@fﬁ)ﬁdﬁwgllac standard or its
derivatives. 12. A device for interpreting a packet of information,
wherein sai d packet corrpri ses: an Nsym val ue; and an STBC val ue;

wherein an N dpg abyl f@?aﬁﬁq heAbdn val ue and a nunber of extra
synbol s (Nsym ext ue |Ss assurre to beﬁ-{@%or sai d packet, wherein said
N dpc_ext val ueenb§d1£g>§alwm®&§e&fon%n&nﬁ1amea&rb@ﬁ’&i padiafret ers associ at ed
with said packet. . The device of Claim12,

wherein when sa1d STBC is 0 and said number of extra symbols value is 0,
then LDPC extension valueis 0;

wherein when said STBC is 0 and said number of extra symbols value is 1,
then LDPC extension valueis 1;

wherein when said STBC is 1 and said number of extra symbols value is 0,
then LDPC extension valueis 0; and

wherein when said STBC is 1 and said number of extra symbols value is 2,

then LDPC extension valueis 1.

5. The method of Claim 1, wherein determining an Nldpc_ext value
comprises:

assuming said LDPC extension valueis 1;

determining said number of extra symbols value is 1 when said STBC is 0;
and

determining said number of extra symbols value is 2 when said STBC is 1.

6. The method of Claim 1, wherein said packet is in compliance with a

802.11ac standard or its derivatives.

7. The method of Claim 1, further comprising:
wherein said final number of OFDM symbols is an integer value; and

wherein a number of code words is an integer value.



wherein when STBCis 0, then Nsymext is 1; and wherein when STBCis 1,
then Nsymext is 2. 14. A systemfor LDPC encodi ng, conprising: at a
transm t twogotensrwe, an LDPC encoder for determ ni ng anpcmiuseali/omeaber of
OFDM synbols (Nsym.init) based on the nunmber of information bits to be
delivered in a packet; wherein said LDPC encoder detenni nes a nunber

of extra synbol ext al ue based on.said Nsyminit, wherein an Nsym
val ue is based %#@%“%@ﬂ@%&?ﬁbﬁé%ﬁ@&%u Nsym ext val ue; and at said
transmtting deyic n_extension cal cul f .gene ' N dpc ext
val ue based on a\s{ﬁ?lg *@%@%ﬂ J]ueglcgh@%}ggln%ngbﬁ\géngéjg{ldlggFbuﬁelg%%ar %%ons es of

det er m ni r}%nlrﬂ%? gflgﬁé s §ure oﬁé-féé&ill_%ﬁﬁ%q%ﬁr(]‘%f)m% chiPAfH& umber of OFDAP- The

syst em of alm 14, el n sai oder perforns shortening and
punct uri ngyaPelahi Apid.t o deternm ne said Nsymvalue, and signals said Nsym
val ue in said packet. 16. The system of Cl aim 14, wherein said LDCP
encoder at said transmtting device encodes said N dpc_ext value in a
header of said packet; wherein when STBC is 0 and Nsymext is 0, then
Nl dpc_ext is 0;9.wheiewice hahdlingSTBCketofOnfandatisy mhevein sagd dacketrromphiiseoc ext is
1; wherein when STBC is 1 and Nsymext is 0, then NNdpc ext is 0; and
an Nsym value;
an STBC value;
an Nldpc_ext value based on said STBC value and a number of extra symbols
(Nsym_ext) value determined for said packet based on an initial number of OFDM
symbols (Nsym_init), wherein said Nldpc_ext value is for purposes of determining

LDPC parameters associated with said packet.

10. The device of Claim 9,

wherein when STBC is 0 and Nsym_extis 0, then Nldpc_extis 0;
wherein when STBC is 0 and Nsym_extis 1, then Nldpc extis 1;
wherein when STBC is 1 and Nsym_ext is 0, then Nldpc_extis 0; and
wherein when STBC is 1 and Nsym_extis 2, then Nldpc_extis 1.

11. The device of Claim 9, wherein said packet is in compliance with a

802.11ac standard or its derivatives.

12. A device for interpreting a packet of information, wherein said packet
comprises:

an Nsym value; and

an STBC value;



wherein when STBCis 1 and Nsymext is 2, then N dpc ext is 1. 17.
The system of Claim 14, wherein said extension cal cul ator assigns said

Nl dpc_extwoabiea3r4s0l; wherein when STBC is 0, then NsympPextuse@i1bsisand
wherein when STBCis 1, then Nsymext is 2. 18. The systemof C aim
14, further conprising: at said transm tting device, a MAC padder

that maxi m zes C .paddi g to e maxj mnum of bytes to ensure
one-t o-one mappV f’lBé’P\}V}s1 ﬁ‘r rhaﬁedacﬁtﬁaﬂggﬁ}?’g value and ggu ﬁ’éo f39‘§‘l’3‘em of

SELEgt ST LA R
conpri ses: value is r%up}%rsgsedf c{e?drmﬁ)rﬁ Csﬁl'r ggse%fgfedvv@llﬂy ai Q 9 header of
g) U e 8

sai d packet, par Si ng sal roma sig of said
packet; and an LDPC decoder for det erm ni ng sai d Nsym_ext val ue based
on said STBC val ue and said N dpc_ext value, and for determ ning said Nsym

init value based omesRiReFdpgmext val ue and said Nsym val ue.
The system of Caim 19, wherein at said receiving device, said LDPC decoder

det erm nes t hatwiNgyimveixh STBOisan chehiNase 8kt i$ $; dhdwhen STBC is 0; and said
LDPC decoder determ nes that Nsymext is O and Nsymext is 2 when STBC is
l. 21. Avisyreihevheh&TBRDRC, droddiyng extaofpri si ng:

14. A system for LDPC encoding, comprising:

at a transmitting device, an LDPC encoder for determining an initial number
of OFDM symbols (Nsym _init) based on the number of information bits to be
delivered in a packet;

wherein said LDPC encoder determines a number of extra symbols
(Nsym_ext) value based on said Nsym_init, wherein an Nsym value is based on said
Nsym_init value and said Nsym_ext value; and

at said transmitting device, an extension calculator for generating an
Nldpc_ext value based on said STBC value and said Nsym_ext value for purposes of

determining LDPC parameters associated with said packet.

15. The system of Claim 14, wherein said LDPC encoder performs
shortening and puncturing operations to determine said Nsym value, and signals said

Nsym value in said packet.

16. The system of Claim 14, wherein said LDCP encoder at said transmitting
device encodes said Nldpc_ext value in a header of said packet;

wherein when STBC is 0 and Nsym_extis 0, then Nldpc _extis 0;

wherein when STBC is 0 and Nsym_extis 1, then Nldpc_extis 1;

wherein when STBC is 1 and Nsym_extis O, then Nldpc_extis 0; and
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at a receiving device configured to receive a packet including a nunber of
OFDM synbol s (Nsym) val ue and an extension value (N dpc_ext), a parser for
par si ng swoadoMdpsoext val ue from a header of said packeCy/isedifosrdpar si ng
said Nsymvalue froma signal field of said packet; and an LDPC
decoder for determ ning an Nsym ext val ue based on an STBC val ue contai ned
wi thin said packet and sajd N dpc_ext value, and for determning said

Nsym i nit val ueVisagisavhsn STRGISNsIRh s 51 i d. RepNdpcgeNdy n val ue.

17. The system of Claim 14, wherein said extension calculator assigns said
Nldpc_ext value to 1;

wherein when STBC is 0, then Nsym_ext is 1; and

wherein when STBC is 1, then Nsym_extis 2.

18. The system of Claim 14, further comprising:
at said transmitting device, a MAC padder that maximizes MAC padding to

the maximum number of bytes to ensure one-to-one mapping between Nsym_init and

Npld.

19. The system of Claim 14, further comprising a receiving device
configured to receive said packet from said transmitting device, wherein said
receiving device comprises:

a parser for parsing said Nldpc_ext value from a header of said packet, and for
parsing said Nsym value from a signal field of said packet; and

an LDPC decoder for determining said Nsym_ext value based on said STBC
value and said Nldpc_ext value, and for determining said Nsym_init value based on

said Nldpc_ext value and said Nsym value.

20. The system of Claim 19, wherein at said receiving device, said LDPC
decoder determines that Nsym_extis 0 and Nsym_extis 1 when STBC is 0; and said

LDPC decoder determines that Nsym_extis 0 and Nsym_extis 2 when STBC is 1.

21. A system for LDPC encoding, comprising:
at a receiving device configured to receive a packet including a number of
OFDM symbols (Nsym) value and an extension value (Nldpc_ext), a parser for

25



WO 2012/037460 PCT/US2011/051939

parsing said Nldpc_ext value from a header of said packet, and for parsing said Nsym
value from a signal field of said packet; and

an LDPC decoder for determining an Nsym_ext value based on an STBC
value contained within said packet and said Nldpc_ext value, and for determining said

Nsym_init value based on said Nsym_ext value and said Nsym value.
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