APPARATUS AND METHODS FOR | NCREASED MAC HEADER PROTECTI ON TECHNI CAL FI ELD
The present disclosure relates generally to the field of wireless

conmuni cavoaoney/@aninore particularly to systens and rel atedsoeblosrtso of
provi di ng a robust comruni cations protocol in a wreless environnent.
BACKGROUND W r el ess access networks can be used for transmtting content,
as provided by tel evision broadcasts and the Internet. The need to transfer
mul ti medi a or high throughput data streans between devices in wreless
access net wor ksAPRYBRATES ANBMETHOLY FQR/IDGREAER MAC FHAWER a hi gh data
rate. Beanform ng and beantracki qgk(gﬁ:agﬁigNand systens may be used to

achi eve the high transm ssion rates needed for video stream ng and ot her
applications in a wireless environnent. As the wrel ess environnent
changes, a signal to noise ratigy ﬁg%&fq?lﬁiDt he receiver can deteriorate,
| eading to a | oss or corruption of address Information and/ or associ at ed
dat a. BRI EF DEBGRpRIINONistesuFtEclDRAVINRGSy Thehesfitljl of twinkss esmmegeatded as t he

i nvention i articul arl oi nted out, and distinctly claimed in th
bomel it mahd PR ety BT oo A0eh O o oo BE 1 s to
or gani zat icommanidatioat ptbcof in apereddss afvirohaget her wi t h obj ects, features, and

advant ages thereof, may best bem%gﬁ{(ﬁég y reference to the follow ng
detail ed description when read npanyi ng draw ngs in which:

Figure 1 is a hliReks dieo@g;r Atk wﬁﬁ !batdsétgfcdgmhﬁﬁﬁtiﬂgséhdﬂ&n’éi@Qﬁ%\ﬁcéédoby f
communi.cate 1n a wreless networ I n accordance wt SO . odl nents o
the i HQenttfflfe)VﬁS,lorﬁr@%ﬂ%stszaqdéh%lnfﬂr%kTbﬁ B mwﬁawﬁ%ﬂwﬁ@ﬁhr@e@w&nce
wi th sone jerhadimERsc@f debies InNVRAE ABsesEhAWbiks Ieduire@rcBbptil odiaaskam of a
packet with a nedi um access control (MAC) header coded at an internedi ate

nodul at i ofa@itcadYialichsdreites. Bsamntoenhngand beamittapkisg methediyddisHesRsB t he

I nventi onpe R OUES abhidv e REACHKald AR ThR{ nBed@GBLTidWs kheamit\ond SRALT
conbined with parity bits I'n a payload of a packet I n accordance with sone

enbodi mentBplshtiqugen p pxisteps gryironment. As the wireless environment changes, a signal to

15  noise ratio measured at the receiver can deteriorate, leading to a loss or corruption of
address information and/or associated data.
BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter regarded as the invention is particularly pointed out and

distinctly claimed in the concluding portion of the specification. The invention, however,

20 Dboth as to organization and method of operation, together with objects, features, and
advantages thereof, may best be understood by reference to the following detailed
description when read with the accompanying drawings in which:

Figure 1 is a block diagram illustrating devices using signals to communicate in a
wireless network in accordance with some embodiments of the invention;

25 Figure 2 is a block diagram of a component in accordance with some embodiments
of the invention;

Figure 3 is a block diagram of a packet with a medium access control (MAC)
header coded at an intermediate modulation and coding scheme in accordance with some
embodiments of the invention;

30 Figure 4 is a block diagram of a packet with a MAC header combined with parity
bits in a payload of a packet in accordance with some embodiments of the invention;

Figure 5 is a flow diagram of a method to increase robustness of a wireless

communication in accordance with some embodiments of the invention; and
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Figure 5 is a flow diagramof a nethod to increase robustness of a wreless
communi cation in accordance with sone enbodi nents of the invention;
andFi gur ew6 208/1amieal t ernat e fl ow di agram of a net hod t opPrcmarse@sm3n2abhust ness
of a wireless conmunication in accordance with some enbodi nents of the
invention. It will be appreciated that for sinplicity and clarity of
illustration, elenents illustrated in the figures have not necessarily been
drawn to scale. For exanple, the dinmensions of sonme of the elenents may be
exagger at ed r eFigbfeves poalisrie ey dissnmeofparcthadde incyeasemgbustisss of iher e

consi der ed,;ApRL O hAHi&tioh ﬁlfa%E&Héh%e %H@érﬁ-% énﬁtﬁerﬁeIQse&ﬂhJ 1‘?19&1%60' anong the
figures to I ndicate corresponding or anal ogous el enents. TAI LED

DESCRI PTI ON | nltt wdl belappiriagd dbataior ednplegy randt ¢lory qfulrhlmtmugn spemirfty ¢
details T o, By '119"[1%91*1%[&&5*19&% Jo? g&%ﬁ Geeﬁ‘e(ﬂ'%\gn WAC&ye PE;Ea?A flé 'Yﬁéc) header
protection are set orou under stan J
i nvent bon dirkioweuepf sanhe o lhle eﬂr@nemtsdeat}sb@exhggyratwmﬁan@ktpIdtlwd eletrnentaefoart t hat
t he presen}arﬁ nvgn i on € rgg eﬁcg i geglatvvl t Itu%ur;t tnhfensreals eC|bf |ncrde,§t d ls. In
ot her instShdes WS YRS CO et hodd:°Pp (7S ESRS O RER SR AECET Y cui t s
have not laeleﬂg d1e§1gnnebe>dnd1natdedra:slbonﬂmga>$arrmngotlsnelahmure t he present
invention. It would be an advance in the art to provide robust nethods for
wirel ess transm ssion of packets by increasing a probability that a
receiver will capture beanfoDBTgLED DESERIPIIOMt ended for the receiver.
Sonme wi.rel ess co ication |jnks benefit fromthe us eanf or.m ng
technmiues to ﬁbw&élo}‘ﬁ“éh ea%llea CHETBS P BHRHC 0SS o aﬂé. EOTSH BN ng and

ot her hi ghmbitb@Uehptca@PPlkiie BlctRH SontENIM AN TRALS poRRRGLErel &t Foii &l ess
networ k, such as novenent of the transmtter_ and/or receiver or changes in

ref | ect or sPPHIAE eherowghcindpispndiag ot dissBv EHeahgBSWFYF 1 eV ilhiF epdgsorhBhnel  and

l'ead to anmbpRCHkAREE tHR a9 HAGhe PrEscRCINSEHHAT 9 be N@hced%%ﬁ{ thbfafsBESRL | ON,
i ncl udi ng recei ver address information intende a receiving device may

be | ost dufdt#ly anyithes|iesgancesy gtelrigewn inethade @ré@eéuw rf‘@HdP@W%Seaftﬂ]o@@uﬁ%t know
t hat a}5pacf§a% n\’)\{atﬁ:eﬁjliés@ﬁﬁeﬁqn @étaﬁ Q)eas n%f:t%'o‘lﬂéc'ﬁﬂa tﬂ@%f LGt 1n%}ﬁ1'3n' t does not know

to initiate a beantracki ng sequence f reception of the packet. To provide
a nore robust W welldske eomywrice aini thnsart itokprovdd remisi mgthiods dpmatiiclsss i n t he

form of ﬁ‘/[%%? 1%965% fidke ]?b§7 ﬁ&%ﬁg 8@ B?ﬁtyathgpql“'r&&'vé’ﬁ wﬁf‘dcaﬁﬂﬁjé ng

scheme ( roma data transm ssi
Al t er nat el eagrfornmngiofdvinatain iotendadHer fWA@chisad e&onw&zylrdws p@mmenicatlon Tinks

benefit from the use of beamforming techniques to achieve high data rates needed to

20 support video streaming and other high throughput applications. Environmental changes

in a wireless network, such as movement of the transmitter and/or receiver or changes in

reflectors in their vicinity may cause changes in the wireless channel and lead to an
increase in signal to noise ratio (SNR).

Packet information, including receiver address information intended for a receiving

25 device may be lost during a wireless exchange. If the receiving device does not know

that a packet was directed at the receiving device, then it does not know to initiate a

beamtracking sequence for reception of the packet. To provide a more robust wireless

communications link, addressing information in the form of a MAC header may be

transmitted using a modulation and coding scheme (MCS) that differs from a MCS used

30 for data transmission. Alternately or in combination, the MAC header may be passed

through a forward error correction (FEC) scheme if the MAC header is transmitted using

the MCS used for data transmission. Further, destination identification (ID) information

in a full or truncated form may be inserted in a PHY header. A result is that one or more
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through a forward error correction (FEC) schene if the MAC header is
transmtted using the MCS used for data transm ssion. Further, destination
i denti fi caoi2or/i@iidy i nformation in a full or truncated forrasewy/obr219 nsert ed
in a PHY header. A result is that one or norepackets in the wreless
communi cation may be transferred nore quickly or efficiently while
preserving MAC header information during the exchange. Now turning to the
figures, Figure 1 illustrates a bl ock diagram of devices transmtting and
recei vi ng Bickefalin theovisdermsamennisaiion Bay,de waperalympreaiiddy arpffisisnidy ((57- 66
Giz) mlli geM§A twork. Sonme enbodi nments
of the i nvgﬁlﬁl orﬁse% e@lﬁeggéfﬁ]szn%%%@%@gﬁé %&tﬁ%&\@/a“ ous devi ces and
systens, for eNaWptuem@g wh rted diguresomgunsi tatlistites taablogn , diagran atfi demicesn cl i ent
a W relessy f'e%lvnﬁgé%ﬁﬁs t@céﬁ%%l?ﬁé 1ﬂ%§%ﬂ?%&f‘ as{ @ GH, BafiPdEM 2
W rel ess rm a er sona nput er a deskto uter, a nobile
conput ér, QST—@pt (ﬁHzoompummtqr—vawno(mma@weborvpm;ca@pmsamb&tork:orrpmneer a
Server Congr}ilb %E en%‘ss?t[ e 1n S OX’ aa eaﬂéje n co un Ut erit rrlloa‘n e%{cgs deyice, a
Personal D §T AR 81 Salfit i HEHATYRY HE Hja R BRIGR IS A%t At on,
a nobile Si}ateHE,nfo(r Nsympla agwaeibdsmndmmp:laam statich, a cavnuaictadtt) mm&teastl on.

Al ternatel i.n _.conbi.nation, the devjces n al 59 use.sj gnal

communt cat TRIEEGET PESS muritaton 98 @Rt Bo0Rpeh B PRI AN

W rel ess Lmsc(n\d\mbﬁlputa Ve, raogkiop d3omAIte&a a hd&naﬂ@k:kmﬁw\l)l 1apaochranu% Sa MAN
(VWAI\I) ol%%pr ea NetworF éV\A a Wreless WAN (WMN), devic nd/ or
net wor'R o'aﬁé? PR BPY ey SQWGEPPWBWF\%)?*[S%@H&?% FoHD

(NG&- D02/ Edh uN@vaﬂfﬁﬁ@ﬁele?&wo%Oﬂﬁarsonwlblghﬁsasss@agﬁbm) Aéxlweaﬁlﬁﬁath@DA I EEE
802.1 1, 802.1 1a, 802.11b, 802.1 le, 802. 802.1 1 h, 802.1 1i, 802.1
In, 802, 16%cviRgpe statisy, a pobile Si%l@néMéh&&r%waﬁa play. aP@lPﬁ?lénlv’é‘Faéloéﬁ?tl%d/ or

derivatives ans&dt%a&gw inl ntBifaYieh, Uhd @Wictdddmal@fusd 8hRQ ¥ EmBLARAR LS, @

Personal Area Network (PAN), a Wreless PAN (WPAN), units and/or devices
whi ch are pHelessgetwork satfossea ol AreeiNshvadakl ANY/ % lmmeﬁé% WERY). bne way
and/ on 5t WO MRy, il &re&%’f@r&k %I@I N?”a URIEIRIAG r\ﬂﬁl‘e%r&ﬁh@@%ﬁpe
conmuni cati on systems a cel l'ul ar tel ephone, W re "ess telephone, a

Per sonal  COMADMN & Rfifelnss WéW&NO;S)eV@ewwéor nEtvRIDKS desviting inabesidance
cor Por At 5 Bl LGS B FATHL S OTNERLISD 0PN MM bE gLl ML T bl e

Qut put tra ver or device 1 nput (SI MO
t ranscel vebigebit déhdnce (WaAYLIREEDR@. 11ng02. 1 181 KGR éleSOMJte @m S@, 8D2. ahQ(:el ver or

devi ce, a &{?ZX mjgﬂZFialtl %O?%Tbédy 184, %me SERUARE €] Andfr fo{ure V¥isiotis aBd/or

transcei ver or "devi ce’ Ravi ng
20 derivatives and/or Long Term Evolution (LTE) of the above standards, a Personal Area

Network (PAN), a Wireless PAN (WPAN), units and/or devices which are part of the
above WLAN and/or PAN and/or WPAN networks, one way and/or two-way radio
communication systems, cellular radio-telephone communication systems, a cellular
telephone, a wireless telephone, a Personal Communication Systems (PCS) device, a

25 PDA device which incorporates a wireless communication device, a Multiple Input
Multiple Output (MIMO) transceiver or device, a Single Input Multiple Output (SIMO)
transceiver or device, a Multiple Input Single Output (MISO) transceiver or device, a
Maximum Ratio Combining (MRC) transceiver or device, a transceiver or device having
“smart antenna” technology or multiple antenna technology, or the like.

30 Some embodiments of the invention may be used in conjunction with one or more
types of wireless communication signals and/or systems, for example, Radio Frequency
(RF), Infra Red (IR), Frequency-Division Multiplexing (FDM), Orthogonal FDM
(OFDM), Time-Division Multiplexing (TDM), Time-Division Multiple Access (TDMA),
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"smart antenna" technology or nultiple antenna technol ogy, or the like.
Sonme enbodi nents of the invention nmay be used in conjunction with one or
nore typewoabion4iwliess comruni cati on signals and/ or systemaS2dion3azianpl e,
Radi o Frequency (RF), Infra Red (I R), Frequency-Di vision Miltiplexing
(FDM), O'thogonal FDM (OFDM), Tinme-Di vision Miltiplexing (TDV,
Time-Division Miultiple Access (TDWA), Extended TDVA ( E- TDMA), Ceneral Packet
Radi o Service (GPRS), Extended GPRS, Code-Division Miltiple Access (CDWA),
W deband CONRAeHGONA, (ERMAD OO erabinelic Gedip iSePviv@RSY I URDAPRSD: scr of &

L€ - Tonec( B il MDA ket RTMow.2) SBRS6T Mona ik KepyBagg ent s of

the invention may be used in various other apparatuses, devices, systens
and/ or net MottkSarriar Medutatikn 1AE0 MRy Desorepr iMdti-d opd UPM Tt \Bleftoatlo dBIMor

devi ces, s i ] . i I—}IO@- - ile
station HC%&BS@SE%%%??% 1@1% ‘sg%ngti/&ﬁ%gs) &éﬁgﬁg&%n@%ﬁ% %S%dét atrllogl?\gﬁl ?fiSOa &
130b) . SAccawsrapoentievi@faystays gommmeiwoddse Wi t h anot her access point 100b and
comuni cati on §ta i such as. co cation stations 130a.and 130b.

i 0 i CS
e s S50n apartisg Tao BHE Borff 88 LT A0 Lo S ket R Some
enbodi ment @004 e 10@by) £eatiomyl s e mobild petier 1 Wby e ghgial dsflgr (IQ0ymuthi cat i ng
in a PAN, although the sco of t i nyention j ot limted.in this
asoect. Ateng on chugBo Nt s na okt Saeb Tl ke Rl bl Such as
station llfatRndcgssapintaoollasptaymilméhtioh Rtationye siehihe dbmnbisaticACtRi®ss POi nt
100a gnd s i 110a _opera rt of a peer-to-peer. (P2P) network. In
ot her%mﬁ%ﬁéﬁ@%ﬁéé%ﬁﬁﬁﬁﬁ%@@ QHHHWQ? %6?61 oF $1 ta&ﬂ@iyaffz’@dégwﬁ%ﬁrt of a
mesh net wolksoneeny¥dilktnGORERTiEAT hANSse MBMithddGIwAde sRAGIK Eérscoh@iingdii@n behal f
of other wirel ess devices of the nesh network, such as nobile station 110b.

Fi xed wi r elt@dgA\NcktBeugh the scapeaafdhg igraptionjsaiqt iatiedop s rejpecl ess personal area

networks, portapl&s patht 1008 Had aRblcEAMURRate 3N JiRGALIIERLALIMRIHGA 13060 as an
i n-vehicle networks, are sone exanples of applicable P2P and nmesh networks.

Accor di ngl $nd graphagsedigiayo i the it sonreemondimant apeeys pORpII0gcand satendada 200, as
111 usysat eghdfle B QW & ar?%gelj-tﬁ- QNS POP) JIRI Gk ARVIRES mdYGitheAS adQ0Gpoinkh@ga 110D,
120, and 130b to 1 npl enent tpechnl ques to provide communi cations devices
t hat suppo#td gaenotlOaoiperagt anpart @6 at weshmptwwd, ovehigh| copwringanensceay n
devt ces Ui 0E iRl iR 0yl 308 Ry BTSRRI L
on t he partnbkpz)itd strticn b nﬁmrggt\h'ewlmfaccetsm, %Iyirelegpnbodi mrenmgtworks, wireless g ?
personal area networks, portable multimedia streaming, and localized networks such as
20 an in-vehicle networks, are some examples of applicable P2P and mesh networks.
Accordingly, in one embodiment, network 140 may comprise component 200, as
illustrated in Figure 2, in one or more devices such as 100a, 110a, 110b, 120, and 130b to
implement techniques to provide communications devices that support one or more
standards to improve overall performance in devices such as 100a, 110a, 110b, 120, and
25 130b and to increase overall network 140 performance. Component 200 may comprise a
module 206 depending on the particular embodiment thercof. In one embodiment,
module 206 may comprise a low-density parity-check (LDPC) encoder/decoder to
encode/decode a variety of codes in a single transceiver (e.g., or a transmitter and
receiver). Telecommunications systems apply LDPC codes to provide error correction
30 capability. In many telecommunications error correction applications, a LDPC decoder
may be used to decode a variety of codes in a single receiver.

LDPC codes are a type of FEC block codes which are constructed using a number

of simple parity-check relationships shared between the bits in a codeword. An LDPC
4



nodul e 206 may conprise a | owdensity parity-check (LDPC) encoder/decoder
to encode/ decode a variety of codes in a single transceiver (e.g., or a
transm t two 2ardi4isaei ver). Tel ecomuni cati ons systens appiryuskdP@3rodes to
provi de error correction capability. In many tel econmunications error
correction applications, a LDPC decoder may be used to decode a variety of
codes in a single receiver. LDPC codes are a type of FEC bl ock codes which
are constructed using a nunber of sinple parity-check relationships shared

bet ween t heodgi(.sk)j whese 8 dtléworodewod lempiCeidle is( the infprnggiien dength, 45 wwelllc odewor d
I ength andreérekeﬁltédl'lgf d s%falgé E?rﬁt}r Qﬂech(mtubH \J\llﬁl gg‘lﬁl‘éﬂgléryn’”’(ﬁ @ eﬂf‘e aﬁ&r Q¥q@ sparse

par|ty chec matri X mensi on n* epar| hmatrix I s
used as a baigixsis fused emdﬁmg“oramoaleg@dd nigcq_dmgciEB@eqmdﬁemds THée LDPC

encoder/ de or
(5P or - aRAgE BN Re) BELENERLA BULPE! o B S0M BraRdBar LEEFENCS o
nmodul e5206Apprptiénsinegifia Ili_tEE’EIeé @Uade(rAlSd@): dizmlvodmmitsewfemdatt 206 camDS}ﬁ’ngray

provi de a fgagbbl e srgéeﬁs Ith h t eed tha § at may

PEO T it ot LSRR T iRHER S RS s ekl AP RIR L5 0

conpri si ngtharspeanlcmdert/ cacqudeite bivplagrentietedby @nwéiSb@smytspﬁerahﬁpRt hi gher

d | t it t de .th DS
Dot oS bl TR B0 PR o S SHbE bbale: &R
difficult meyopesshi Bighe spade altioubias haemvt Provide. theEEﬁMHjﬂékﬂj’ili@ 0fa pgrdul e 206

corrpri ing. a LDPC encoder/decod for CLﬁ g mul tiple
codes 18uchiplerpqEEop  besase it HEC @Hgggfg E%m?ﬂ%%}g 8 #.l%’d%m%g into

t he addr esgc@fiipgradiRt iRAWees beilt. t]ﬂﬁb&ﬁiﬁ@fﬂ@bf rnEbllﬁlE fz% ,co@phdi)?g:a LDPC

encoder/ decoder nmay be programmed for new protaocols, thus_enabli ng it to be

nore wi del §PCA4EdeHPTRYY hediTRBBRmGh Y Je5o9He Iﬁf%%@@s Wichgs L8 or other
time-tomar ket co&\@'b?%%loacﬁﬁ@ﬁé% B%@Fa%m%% %t&%@d@r@é‘s%ﬁérét@?&@@ﬁés sraguces the
conpl ex routing between check nodes, thus sinplifying its

i npl enent adqcoder. Frrthaien bﬂ%@@nwwdecoder 812B s pmn@wl Hueew awtocgbathuHoa, H,
120, a8d 13ABGONTM stk &i @Y Lhsclhl Bl qednirlifoa TG MR el dlitsobet veen
t hese wireless devices nmay experience noi se and/or various Interference

ef f ect s t haerketan Mappreonirfwdsemtruni e dtPRR eqeralei/dagodeToredueey dlsnmeomplese
limtation y be provided
within a t?ogﬁ%ngeg‘??eﬁ%ﬂgé(\% ggﬁ{%&fﬁg&& tﬂ-‘%asltlmbl%lélg lt%: Egplglg%ﬁélr?tga 200, to encode
data before itln sne\mmbidesmt,ywtreleﬂasiwtcesedmh\meh@Oa hid Ogi Igll(ihl 1205 anédé@b/ed a

FEC decoder_within a recejivin Vi ce g modul.e 2 £onmponent 200,
Minidate &vel S5Eed 1IN¥s. OBV G fetes 1iflks befRSeH s é w1re ess eVICES may
may be used 10
20 experience noise and/or various interference effects that can compromise communication

quality. To overcome these limitations, a FEC code may be used. That is, a FEC coder
may be provided within a transmitting device, e.g., module 206 of component 200, to
encode data before it is wirelessly transmitted. When the signal is received, a FEC
decoder within a receiving device, e.g., module 206 of component 200, may be used to

25 decode the signal. The FEC decoder is capable of detecting and correcting one or more
errors in the received data. In this manner, errors caused by noise and/or interference
effects in a channel 262 may be overcome. In one embodiment, a LDPC code may be
used as the FEC code within a wireless device such as devices 100a, 110a, 110b, 120, and
130a.

30 FIG. 2 illustrates one embodiment of a component 200. FIG. 2 may illustrate a
block diagram for component 200 of network 140, for example. Component 200 may be
implemented as part of the wireless devices as described with reference to FIG. 1. As

shown in FIG. 2, component 200 may comprise a processing portion 202 and a
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decode the signal. The FEC decoder is capable of detecting and correcting
one or nore errors in the received data. In this manner, errors caused by
noi se anawonroiotersier ence effects in a channel 262 may lpeT@W8e01008219 | N one
enbodi ment, a LDPC code may be used as the FEC code within a wirel ess

devi ce such as devices 100a, 110a, 110b, 120, and 130a. FIG 2 illustrates
one enbodi nent of a conponent 200. FIG 2 may illustrate a bl ock di agram
for component 200 of network 140, for exanple. Conponent 200 may be

i mpl ement edanseciysa prra?30togion Patcsssineeuiondd? iy gempricadting elsmers ef ence t o

FIG 1. Asyshown 1l KL&G a@bas%lS’a!ﬁHéH?é‘d%Eso?@& %@1&41%19391{@35 'Lﬁcae&roﬁé}%%édd@{g portion

202 and atransceiver array tion. Processing portion may conprise
mul ti pl e eP@pmartimimodceesssompptict éMéIC) 2¢Ucvitals (PWS eManrdd pmm@s%%} 2Que

conpri sing (o} 2 um8 L C 210,
cui Fen ( Sug Bt Fiab QR RIS RIng BB xRk PPGERSE SRIA bS] ne:
for exénpl@gmwnepumanmEeMﬁWMuukmsn%componenﬂsnmmeghxwérgﬂﬂpugcéﬁidls
software rquti nes. .o .any. col |nqar'gt| on %rp%reofr A dhcﬁ gaQ1 F1 G & hoyvs a
limted nub&r ot MEFeMEnts, i tCCaR™pe “Abpr eePatE]S gd&l%lonapwor f ewer
el enent s rmlymaes u&g@elmectormmméntmo aa&iedﬁﬂlfbed dgiven impinéetation. The
inplenentatl The e are not limted in this context. In one
enbodi ment ™ EW% ?n%g Hﬁpﬂﬁg*transceiver array 230. Transceiver
array 230 may GONEI Sﬁb(mllrhéﬂtpbembblwﬂsni(l()t @fay24ddude b trandeiv @c @irer23950a, b

pairs. In gne enbodi nent, each transm.tter 240a, nd yreceiver. 250a, b
pair iy coORpiFYE ?Fﬁad’u%@ 280°YyagEs “E}ﬂ]llf ﬁéra‘ésﬁéﬁ?rf%“g Z‘?rﬁ‘lf{ﬂeﬁ’ﬂ?ﬁrsz Phet eof . In
one enbodi p&ERt , Inmw&rﬁbo%ﬁﬁemyacharaagmmepbudd ®r andeeaéls&ezs\oarbgfﬁaMaﬂSO may
be inpl emented as, for exanmp MO system M MO s em 230 may incl ude

two transnfQERiss mrdplg 2&9&’3524(%‘ th%mPthwn*rb@é@r%rtgergﬁoén SRt cpBeHmeny t hough

M MO syst e &0 286 nh DM dlifRr | TRt &P YRR B3P hal HRNRPlhRES a2 NEr
receivers, it may be appreciated that transceiver array 230 nmay include any

desi red nusisEwlcoP NPAQSHitem.e MM dyyiere @3 &1ex inchids tsrbearmisan 248 endot
limted i nyjopi %&%ﬁ%&@weré B50RN5d 95HR Ak TR (glgh Mﬁﬂg%%t&ﬁ %@152&19% \chad{‘d

recei vers 250a, of transceiver array 2 e 1 npl enented as OFDM
transmtt eh@lt@dmmﬂ@c ef yansmitteTy and sedetviersr & npg (g, apweamtdd thetingeaiwr 26@a, b may

communi cat %Oorﬁ%kgglﬁie?agéf ; ngeﬂ nuﬁ1%§1p?qqltah¥_1? s ax\d FePel%}g ﬂ]iehe?ﬁb }%ﬁeﬁ sea§c§ devi ces

over chann esp ective or exa ,
not limited in this context.

In one embodiment, transmitters 240a, b and receivers 250a, b of transceiver array
20 230 may be implemented as OFDM transmitters and receivers. Transmitters 240a, b and
receivers 250a, b may communicate packets 264, 274, respectively, with the other
wireless devices over channels 262, 272, respectively. For example, when implemented
as part of access point 110a or access point 110b, transmitters 240a, b and receivers 250a,
b may communicate packets 264, 274 with station 110a. When implemented as part of
25 station 110a, transmitters 240a, b and receivers 250a, b may communicate packets 264,
274 with access point 110a or access point 110b. The packets may be modulated in
accordance with one or more modulation schemes, to include Binary Phase Shift Keying
(BPSK), Quadrature Phase-Shift Keying (QPSK), Quadrature Amplitude Modulation
(QAM), 16-QAM, 64-QAM, and so forth. The embodiments are not limited in this

30 context.
In one embodiment, transmitter 240a and receiver 250a may be operably coupled
to an antenna 260, and transmitter 240b and receiver 250b may be operably coupled to

antenna 270. Examples for antenna 260 and/or antenna 270 may include an internal
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as part of access point 110a or access point 110b, transmtters 240a, b and
receivers 250a, b nay conmuni cate packets 264, 274 with station HOa. \Wen

i npl enentwad 2ap)/@axel of station HOa, transmitters 240a, PCcaru$201008i2¢€r S
250a, b may conmmuni cate packets 264, 274 with access point HOa or access
poi nt 110b. The packets may be nodul ated in accordance with one or nore
nmodul ati on schenes, to include Binary Phase Shift Keying (BPSK), Quadrature
Phase- Shift Keyi ng (QPSK), adrature Anplitude Mdul ation (QAM, 16- QAM
64- QAM  an@hteyafasy Qupni-diRetion A gt igongpele gatenpd, gidinode dnenpp & @dfedext . | n

one enbodi fRh, 4 GRNBAY bbRkRAARANY hiela! Pé’ﬁ£nté§9,aa Wsigﬁa&&‘ﬁﬁ,aab&u)él coupl ed
d 240b a 25

t
to an antenna 260, an ransmtter nd receiver b may be operably
coupl ed t oamgnmeramaenkA0e aFyaphickesl prsennanangdrieaoRls 0luaeng/ corbodimeahmatwaro may
i ncl ude anqj l. - i i | . .
ant enna, -l i1 B BEIAPLENAR 120 D Gl LESLATRon BT Btk RORREYE
ant enna, ainpiceseghstghippt andtreyrteade affdiorerssl taygeafiot marased ahrdugpuaBia, an
antenna arfra hel i cal antenna,. and so forth. In. one enbqdi nent, network
10" Tmy el RioBmTiels May W PRE w208 e mloRi? BS Sl RILTEN s ennas to
i ncr ease t htooihpdt mayn de rimpletnestde aofaf WPAN eabed G0aGhe Haad ((Shcseasied

t hr oughput . . M Mbased, t echnal oqi be | i er wreless

t ochnat boi BUNEEECRRT i Sritth S FEANah bR b T O LOEh ahsiEbdEs o wean
such as 60w(13b‘léssbﬁdﬂsd8 s (n(ﬁﬂenfﬁ&p/ 6 r;aetzathmdniﬂo?rmie?fs-imyeeinl(tmmapﬁs)e 04y @cMAN i n
accordance wt .1 la/b/g/n protocols for wireless access in. an

ent erﬂﬁi se'eCot %wgén%m Nogieh Gt HURE rakee (e éﬂéﬁﬂm aRAcge:

reconf i gur aklsitteddiafd/be FaEI0EOY ifeSexam@leOr THEU b dAlentsAste Ot (iritgd in B t1 pl e
transceivers, transmtters, and/or receivers), for exanple. The enbodi nents

are not |ifAM%¥H in this context. Processing portion 202 may be confi gured

to perform di gpfRlss@POHCaHI Ayl BNESARARISUCHrRImadiBRA | WMnRmE88sy control
(MAC) 210 and/ or bsgsgband nprocesgi ng usfi%'rill basﬂé\etganrclal plrg%gessor 204. In one

exanpl e i niynetnsnteehiasn, mlin BPCserEd ¢Mrde oA and/ ogpsebat PrgeasEEg onper f or m
Germadat or (et RebSrarer o Shanny AP A oD Ao BT 29, essor
204. The epdyddimeme serre doweeding methofl iiyrintegirtédn aton svithempentional Agaliet | onal
o anal oy SAEDUARCARR, BhodBACIARRLA k8 1 Bbid o R L ol B 10 anal o
ot her assocnlatdadendd @erbowes/er mayinated o the respedtuddditiasml elements, such as one or
more analog to digital converters (ADC), digital to analog converters (DAC), a memory
20 controller, a digital modulator and/or other associated elements, may also be included as
part of component 200.
The baseband processor 204 and the MAC 210 may be implemented in hardware
as general purpose processors. For example, baseband processor 204 and the MAC 210
may comprise a general purpose processor made by Intel® Corporation, Santa Clara,
25 California. Baseband processor 204 and the MAC 210 also may comprise a dedicated
processor, such as a controller, microcontroller, embedded processor, a digital signal
processor (DSP), a network processor, an input/output (I/O) processor, a media processor,
and so forth. The baseband processor 204 and the MAC 210 may include baseband and
applications processing functions and utilize one or more processor cores and/or firmware
30 and hardware in an Application Specific Integrated Circuit (ASIC) device. For example,
the baseband processor 204 and the MAC 210 may provide functions that fetch

instructions, generate decodes, find operands, and perform appropriate actions, then store

results.



part of conponent 200. The baseband processor 204 and the MAC 210 nmay be

i npl emented in hardware as general purpose processors. For exanple,
baseband woaosgore1204 and t he MAC 210 rmay conpri se a geqEnskoipospese
processor made by Intel(r) Corporation, Santa Clara, California. Baseband
processor 204 and the MAC 210 al so nmay conprise a dedicated processor, such
as a controller, mcrocontroller, enbedded processor, a digital signal
processor (DSP), a network processor, an input/output (1/0O processor, a
medi a pr ocessofhe Apfgbad mreeosspr 20A cang A8 iy %dpd@@sg@mzbme AY at WEIAC 210
may | ncl udg.hasahanslifedoRPPiiaat bPRRIRRASRS HaqudnBR! LR0R Bidhid | ze one
or nore processor cores and/or firnmware and hardware in an Application
Speci fic |t &Gt legerClunctidns (ASI @rotlevcgre. isFdedicasedntsl dascbial Hanstdrand
processor 4 i . i t
instructio%génggggég%é&@@%%é%gyﬁﬁ¥ﬁggﬁ%gggﬁggg%gﬁgﬁ%g% 6%%?%%%?%6??ate
action$§, témees. dt owap be dsunabls faitee Nese B ahendptho beskand p2@4ssan204 precdvA® 210 may
be combi ne, 88 a,.880Le dekl.ce Ll MUl Li.PLE COLES. Thedise. ofy TuLdi Pl e
cores may % POWCRICE AT M EV4S PTG a1 3% BTRNETATer FAURETS SHEOURT | e
anot her copmecdssordach aatledMAT Das eldndtht Wasdbhoh procékdre2(dainihy @abtybe fdie

mul tiple core al | ow processing workl oads to be shared across the
cores. It ﬂﬁ?g%gﬁ%%§ﬁﬁﬁ%ﬁ 2§ §¥%§%gﬁﬁt C%ﬁﬂ&the baseband processor 204
pr?cessorsn%odhegmgéﬁmﬂﬁﬁkﬂgnmh@bdﬂmQe%b@@&u&ﬁmﬁ§nﬁg?@zQﬁ%esﬁhm@%eaﬁe, a

sof t e enbodi ed. processor su as the MAC 210 a or the baseban

pr oced8or DY CIRRISHARY Bac I&s&ea@@%&@ ﬁo%utﬁrrd%‘éé@ N GRRRLC PrHIgH2Ehr oughput
appl i cati omgdin® e v8raRdhAE Abn-vEIHMB 0EAGry 200oMeyanip)€ | el en@ndp sy 290.
Menory 290 may. conpri se any nmachi ne-readabl e or conputer-readabl e nedi a

capabl e of CHHSIF Agfderaa mepivet (RPMe, BBLm-vyenca: MPEosEn h-Paraici RéMrenory.
For exanpl &RrANS HRFRLPathRYCORRM ESDK£R0- SALMMRIBRANIRONRAM 2OEGRT access
menory (RAM), dynam ¢ RAM ( DRAM, ubl e- Dat a- Rat e DRAM ( DDRAM) ,

synchr onou%%@l&«%m%m@qbéq REMRARQMERARablg progieamtals ROMOEPROPROM) |
erasahke p : @ZSQJ R i I Hﬁﬁble ROM
(EEPR@R}, ?ggéﬁl n8?§$gg%&§§er n%ﬁ@égﬁgﬁ% %§¥?€%%§§B£?? ng%% yrer
menory, ovneh@s rfemeplagtricpprdwgecrcinemese, oyonfiee memefye ehasccchargeoeryferroelectric
silicon-oxjde-niteide-oxide-silj. . C@§§& Jg.C_Or i cal
cards, or }él%?/m%lf hsgicg{t’??gféb_gﬁ rl%ééég%“gquﬂéotﬁa e (%)gf qige[%drw @g‘%ﬁ%r et Ptgcgﬁ The
enbodi nent sards; er any other type of media suitable for storing information. The embodiments are

not limited in this context.

20 In one embodiment, wireless devices 100a, 110a, 110b, 120, and 130a of network
140 may operate in accordance with one or more of the IEEE 802.11 and or the Wireless
Gigabit Alliance (WGA) series of specifications. A wireless device operating in
accordance with an IEEE 802.11 specification may require the implementation of at least
two layers. One layer is the 802.11 MAC layer (i.e., OSI Data/Link Layer 2). In general,

25 the MAC layer manages and maintains communications between 802.11 and/or mmWave
devices by coordinating access to a shared radio channel. For example, the MAC layer
may perform such operations as scanning for 802.11 devices, authenticating 802.11
devices, associating an AP with a STA, performing security techniques such as wireless
encryption protocol (WEP), request to send (RTS) and clear to send (CTS) operations,

30 power saving operations, fragmentation operations, and so forth. Another layer is the
802.11 PHY layer (i.e., OSI Physical Layer 1). The PHY layer may perform the
operations of carrier sensing, transmission, and receiving of 802.11 frames in one

embodiment. For example, the PHY layer may integrate operations such as modulation,
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not limted in this context. In one enbodi nent, wreless devices 100a, HOa,
HOb, 120, and 130a of network 140 may operate in accordance with one or
nore of tweAEIB02. 1 1 and or the Wreless G gabit Al IPCRUSe010MER)9 seri es
of specifications. A wireless device operating in accordance with an | EEE
802.11 specification may require the i rrpl enentation of at |east two | ayers.
One |l ayer is the 802. 11MAC | ayer (i.e., OSI Datal/Link Layer 2). In
general, the MAC | ayer nmanages and mai ntai ns conmuni cati ons between 802.1 1
and/ or rmdsRodglatipm e snesdingoodaspding.i rgalagtedisital o canverrigne ddichdliteaptlemnel . For

exanpl e, 1 i MGn! AEhe Y DR TIO PR 198RA! bORBIARRRANAL WalALy 802 1 1

devi ces, authenticatin devi ces ssoci ati ng an with a STA
per f or m nghaséeare ior yhm@hhmﬂq@@sersml@tmnasﬂw Mél(egeremey Yplimplampirtet oged ( VEP) ,

request to ﬁagr& o i3 BlnafbiflofidGRhted Rar&x?ﬂg gaq %lcfa%ﬁ‘?{)]@& done: Pore savi ng

operati ons agnentat1 on operation not her |ayer is the
802.1 5 PHY Iayewne(anbedlmeﬁBMz@hymmaybé_mgedlt)o peffhlalMMlaagr@penatiWSperform
t he operat#ons of t ransm ssi.on el v of 802.1 1

nr si.n
el ot EiRaRls GRAL H0 RETR o hBRRT SRR oSSR G of
operati onsScfftumkb fasm mmphrfoamﬂMACdmﬂmlcasSmg mperetﬁtm@d Imgidndmplvmmgl,o may
anal og-t o- i tal conver ital -to-anal og ,conversion,. filtering, and
S0t oP b e iy PaFler i et R Bt e s g SO G Snh beERL "oy
t hrough s oﬁvtrwegseieelml @t @itcleski@ardMiQiclia)i60 im@yoldence Fthesie bt edrd LA ei t her
or a nbi nati on of de rdware and dedj cated software.. I n one
enbodi Hent DrOjgRels- Syeh 13 ﬁ%?%ﬁg@ao%edps&%ﬁf#mn}pé%,eTheoea&)PQWeaﬁs For
exanpl e, Mwe2d0amyt Reitddmighentad as a nedia access controller in
hardware or software formto perform MAC | ayer processing operations. In

addi ti on, MAC PMeniaplementsd inghériretd n@@fOéleﬂX% caRpererht Py porrmgetat e

medi a and R Rnich RO AR BRRIMRE Dar¥ul BLES SuBEN £E&3s PYRT110h,84L$S shared
medi a 160 in accordance with one or nore WLAN protocols, such as the | EEE

802. H n ppopob@8. srdasietiond! 10porThe infopnasion They berboampeistied imbadosr of are not
limted i ”%atcl?é@ ésﬁntz%tover\/\@ﬁdﬁnélméér@% &diabfnid, d@}ﬁl CEelPf a%%{ ek, kzizflo

conponent 200 may be arranged to coimmunicate i nformatio tween t he
vari ous nodueprisgigchedis lrsf@a:@@gn poil/at catd infagengss. pidienmediOond/enebngoht i on

R N b AR R S S e e
medi a i nf o262V magibd/part oé@rftam@l whmhom fhag cantext ilﬂag refadioaanarddsbate eonf r ol
information, including a unit, packet, cell, segment, fragment, and so forth. The frame
20 may be of any size suitable for a given implementation. Typical WLAN protocols use
frames of several hundred bytes, and an 802.11 frame may have a length of up to 1518
bytes or more, for example. In one embodiment, devices of network 140 and component
200 may be arranged to communicate information between the various nodes, such as
access point 110a, access point 110b, and station 110a. Although embodiments describe
25 communication of information in the form of packets 264, 274 over wireless channels
262, 272, the embodiments are not limited in this context.

When implemented as part of station 110a, MAC 210 may be arranged to associate
with an access point 100a and/or 100b. For example, MAC 210 may passively scan for
access points, such as access point 100a and/or 100b. Access point 100a and/or 100b

30 may periodically broadcast a beacon. The beacon may contain information about the
access point including a service set identifier (SSID), supported data rates, and so forth.
MAC 210 may use this information and the received signal strength for each beacon to

compare AP and decide upon which one to use. Alternatively, MAC 210 may perform
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informati on may be represented using, for exanple, nultiple OFDM synbol s.
Packets 264, 274 may be part of a frame, which in this context nmay refer to
any di screbeopetdiwi i nformation, including a unit, packeCT/usedioo3xegnment,
fragnent, and so forth. The frame may be of any size suitable for a given

i npl ementation. Typi cal WLAN protocols use franes of several hundred bytes,
and an 802.11 frane may have a length of up to 1518 bytes or nore, for
exanpl e. In one enbodi nent, devices of network 140 and conponent 200 nmay be
arranged t #etigerpanmingatye bioadawsstigt ¢ drobseffanese ring Hecolrarg oipde Hedenses diggth as
access poi C hnt , i -
enbodinentgkgéigg?égﬁggﬁﬁﬁggggt?%é%%%Agﬁ%%gﬁgﬁggﬂm%%ﬂ?%ge¢%?ggggmﬁéckets
264, 274 owhen{ifatioh espsragbizn e prveehe idkepgty bhehee piiestiidmdRt s Aathentrration i i t ed
inthis co ] i . i , . may be
arranged t €%§§8%¥%§ge&g%hgg%ﬁgggggzm%%%%?&%b%é&%% %3%%%@6%&%&%%&%§anple,
MAC 216 nasesppassivmtsyy Soanadtiomtictalke setipoil Masgssairtds wigh decebstepaicess 100a
and/ or 1008, ARFSS SBlNa0 andion J00B 1Ry pehiadheallyndnpadeast a
beacon. ThE'Bedtoh ygébﬁvﬁ?n PR ST Al PR S0 }%% A %sé)p0|n? I ncl udi ng
a servi ce tetcdesheptintfliDes witioSri)n inSupptiont edhdatwpoatdedta ated desotatioh. MAC
210 may use this infohnationlagqbthe receiyed sigqab strquth for. each
beacon to USHYAPE KB Bnd U G BYRE VRTCCRIBh&S IS L ERTCAPREARREPIE y, MAC
210bmay pefeﬁmfnsm?hinw cSRaning rhgenlmynsb%ugacia@a%mn@dgsggmg? daamges. aﬁdcé’ gcei vi ng
probe responses. from access point a, and/ or . ce an AP has_ been

sel ect1éd, RSB WEIFIRRY PG %%?twéﬁﬁﬂeaﬂl&ﬁ a&éé}csﬁw d%‘?é“tt@%rc&@ée%e

identity ofackbetcs@tieshadaiMBugifut BaBSdiMait £8 nopehiakii® i Bydbe acconpl i shed
usi ng aut hentication request frames and authentication response franes.

Once aut hent i cHt g¥ne ehbadimenty M Calloamas bhiafrAngeRdo seFd éde e éss poi nt

bef ore sengiigyRATK Bhkets ARIQL bR LA (NBYNAF DSt 27N SUNEIAL ONEF Bdmpieat | on
110a and the access point 100a with certain information, such as supported
dat a r at esassy@sHeicntilBnassprstes Wighs Pepayueieassa@esept Purd@0u el ailer agrless at i on

requegk fraogs (t@gg SO GlaBbh Q?Oﬂ&e%?ﬁf&ﬁel 104 %ﬂ@soecé?%géd“ﬂo%rt%hﬁ TERkSy such as

SSI D and suppor data rates. ce assocl ation operations are conpleted,
st ati on HOdiregted rate sesaiopoiConscyaguly cvstiondrifle pay ketdstotspleetamh ootrieey dataal t hough

the embodi pRALS A Guflhe bWl 564 i2{?4 g&gg?nr ser‘aﬁf%ﬁlq-l?i Fh>R0&s ﬁ&ﬁ?fﬁo@@&i Lo Nﬁgse q

210 al so nay be arranged to sel éc a rate to conmunicate
on cur r ent tochanmslica@@2Xhe patRete dvl2T4.0ns. For exanpl e, assune station 110a
associ ates w tb\’h?le R E‘dlloxsv"fln%hde?asﬂegr%les?c(r:i%’ﬁosnsr eorierpctes %)9391’181')160 {mﬁgnqgr{tatwng ?rl €ss
20 relation to LDPC codes, the embodiments are not necessarily limited thereto and may be
applied to other coding/decoding schemes where suitably appropriate. LDPC codes are a
form of error correction codes similar to Turbo codes, but much more computationally
intensive with the advantage that they can achieve near Shannon-limit communication
channel capacity. An LDPC code is a linecar message encoding technique defined by a
25 sparse parity check matrix. The message to be sent is encoded using a generator matrix
or the sparse parity check matrix and when it reaches its destination, it is decoded using
the sparse parity check matrix.
Figure 3 is a block diagram of the packet 264 and/or 274 of Figure 2 having a
preamble 305, a PHY header 310, a MAC header 320, and a payload 330. In one
30 embodiment, the preamble 305 is provided for packet detection and/or PHY
synchronization while the PHY header 310 may indicate the MCS used for the payload
along with other PHY parameters. The MAC header 320 may provide information

including a source and destination address of the packet, packet type, frame control,
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device (e.g., nobile station 110b). Station HOa may be arranged to perform
receiver directed rate selection. Consequently, station 110a may need to
sel ect onwoanimiwsidata rates to comruni cate packets 26#2CTAR40104820e€n
station 110a and access point 100b prior to comunicating the packets 264,
274. Wile the follow ng detail ed description references exanple

i npl enmentations in relation to LDPC codes, the enbodi nents are not
necessarily limted thereto and nmay be appl ied to other coding/decodi ng
schenes whéationyfeaagicy capil.cpd idaeley of PPAcTERSs cartel mipratappibf Ty MAC

correction,gg %%ﬂ %{ag‘alsé nc‘hRie'EHﬁat ?@%&m 2Py énef@ﬂéﬂrbg’lg% fiagosput ati onal |y

intensive wt dvant age t can-achi ev ar Shannon-limt
comuni cat i on bhernahbadapati thy Mg he@RC320 demirgh hvngerrrtézar theg¥Badieadencodi ng

techni que dgf i ped tB}{sn%ttérpf‘kSﬁmanr 'fﬁéﬁu&*}eﬁﬁy TBhIhiK the TPE ni?eﬁ% gﬁotﬂ pe_sent

i s encoded using a generator matrix or the sparse parity matri x and
when i 6 replohiesl (PHY) (twsm(le:gatalsomayldbplctsd d&ea:oumdl EBY]nghtc}nmas[balugd fpaaity
check matrﬁ)eamf ure 3 .is bI ¢ gl(/r[l f31§]}‘63 acket 2 4 274 of

an
Figure 2 havimg a %“3&%‘81“3 %"63"*0 18“ QYRR eaté er 63%“ and a
payl oad 33®secbind BIGS B5liodiseoend mothhieuqmrreﬁmbécbfoﬁ%a trSnspﬂsswndedlefpayloﬁxac ket

det ecti on d/ oni z le th HY head.: 0, may i ndicate
Cre s s ol 3 e YORALR0T B IRt i Sabd RdREEe 2 g e

header 320mg@yatihat dethe PHOT Kealddramo,i g mitkifigofahSeudk& %anrdy @86l 1nr1a1t1g o n

addr e of .t he packet acket t fra control ,d i on

contrgﬁ atige &H‘%P?lf yAB?tBEre‘?R}‘PEéQ/ {)0 megﬁ% Mﬁé% c}ﬁe P%ﬁ%a% header
320 may al gewbwnglsude RMAC hRE Bzmﬁapwrﬁpr@@ s@ﬁ&earnatd@gmbtyontdaarewtﬂelo I n
one enbodi nent, ‘the MAC header 320 is much | o onger .than the PHY header 310.

The t r ansnPackei26%x rz%\aeréwqﬁsgﬁ%@SzatlﬁwIQarOéﬁgq?ﬁ%pOtnﬁéOMash%%@Pg@% in a

physi cal ({hiYhe hR¥EN64 KafintenBbPRr MRYcHRR} &&RE as a control PHY) which may
be used for a beanform ng and internal connection at a first MCS 315 in a

| ower nodul ati &n ¢¥&temEhBRsca PeleriEhdsVES B35MAG dicadse ol oerdcdtdton rat e
used fgr dgj cf@mtech%mﬁi%eﬂwﬂaeﬁ 1M'M1aﬁ§9ratéBlftﬁ@%*ﬂ@/fcﬁfi%oﬂfdr{ﬁt N

t he MAC hea 320 is transmtted at the sane nodul ation rate as the PHY
header 310highqranshviation aaic of thevecopd MES 3254 Fomgramploy iff tranpm|tionggthe Py

330 Howey SPGB A K R R A Al BBt Ton
addr ess of traymitpeg thepa@d6at] 339 at desicenrd M@S'B&%OEMQAM% stadinpntcldOa ibr access
poi nt 100amg3?‘}6e pretferabeic?oq{}ansmlt the MAC header 320 at the intermediate MCS 325 with
20 QPSK modulation at a coding rate of %, though the embodiment is not so limited. The
choice of the MAC header 320 intermediate MCS 325 can be a predetermined function of
the PHY header 310 first MCS 315 and the payload 330 second MCS 335, or defined in
the MAC header 320. It should be understood to one skilled in the art that TX 240a
and/or TX240b is configured to transmit the packet (e.g., packet 264 and/or packet 274)
25 according to a single carrier (SC) modulation scheme and/or according to multiple carrier
modulation schemes as described. Also, destination identification (ID) information may
be inserted in the PHY header 310 to increase the robustness of the wireless transmission
of packets 264 and 274.
Figure 4 is a block diagram of the packet 264 and/or 274 of Figure 2 with a
30 preamble 405, a PHY header 410, and a MAC header 420 combined with parity bits 425
in a payload 430 in accordance with some embodiments of the invention. Like the

packets 264 and 274 of Figure 3, the MAC header 420 is much longer than the PHY
header 410, though the embodiment is not so limited. The transmitter TX 240a may
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t hat the packet 264 was intended for the receiver device. To overcone these
potential issues, the MAC header 320 is coded at an internedi ate MCS 325,
bet ween twe 2bovenienodul ation rate of the first MCS 315 ana/ush@olszher

nodul ation rate of the second MCS 335. For exanple, if transmtting the PHY
header 310 at the first MCS 315 with BPSK nodul ation and a coding rate of
1A while transmtting the payload 330 at the second MCS 335 of 64QAM at a

coding rate of 3A it 851y be preferable to transmt the MAC header 320 at
the i nt er nidisEitshaRIEY Bp et Hohat @S Mipvith] Sainjadpwertmedulagan rie than esespnd A

though t heygrhadi IHIIT'Q wcoﬁ(fmﬂ&ulatﬁ)ﬁ rétb My ?&1‘ da&h?an%@él&?mq{le Iga?f‘oaw% header 320

i nternmedi ate MCS 325 can a predetermned function of the PHY header 310
first MCS 315 Enthig h”ebqﬂawrmaﬂie%@Csl@@dmdﬂﬂ/@Sammno@f Hefreviedl #30. i MAC

header 320 {)} bﬁ@gﬁ ?cclaﬁh %ee{ FEEY d(I: & &%ﬁld&“o ngl%aé(:na Eggabq‘hté/ thi%a}g%TX 240a

and/ or TX2436 i'S con d to transm it 4 and/ or
packet 527 4MALL beaddi Fi@p tmil &e srmwgleé cHrerpaelrty b@C)Qimdtul‘ta:t foomeds ghegrBeathd/ or

accordi ng mul t i car atl as_des

oot nat - ortp BhetPrca g Sk BECTIE e o 1B PR R by
header 310Intam dpplicacias ef ﬂlh;e:n[tmblm&inn glssMaiC ltelaéaer\mzo @lag s réccad by asledoe of
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shortened destination id Ication or address may a e provi ed in the
PHY headerpdld@dt 4301 dahtbef jighdnethake shd m’mtlmoﬂuslmmnelsg ph M(h% dyemtdtthat t he
MAC header traf'nzsr%msmn of the PHY header 410. Adding FEC parity bits 425 formed using a code
20 such as Reed Solomon and/or Bose-Chaudhuri-Hocquenghem (BCH) codes to the MAC
header 420 provides a more robust transfer of the packet 274 and payload 430 when
inserting the MAC header 420 in the payload 430. Optionally, error checking bits for the
MAC header 420 are provided to increase robustness of the wireless communications.
Figure 5 is a flow diagram of a method to increase robustness of a wireless
25 communication in accordance with some embodiments of the invention. In element 500,
data is received at a MAC 210 and a MAC header 320 is generated in element 510. The
MAC 210 may be embodied in hardware, software, or some combination thercof. The
MAC header 320 may provide information including a source and destination address of
the packet, packet type, frame control, duration, sequence control, and quality of service
30 (QoS) control information. In element 520, the MAC header 320 is received at a physical
layer (PHY) and a preamble 305 and a PHY header 310 are generated in element 530.

The PHY may be embodied in hardware, software, or some combination thereof. The

PHY header 310 is coded according to a first MCS 315, the MAC header 320 is coded
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is lost. In reference to Figure 3, selection of the second nodul ation rate
of MCS 335 used for data transm ssion in the payload 330 will be higher

t han t he worsto/mosul ati on rate of MCS 315 used for tran®oirasean/0sf2194 he PHY
header 310, while the internediate nodul ation rate at the MCS 325 of the
MAC header 320 will be sonmewhere between the nodul ation rates of the MCS
315 and the MCS 335. Simlarly, in reference to Figure 4, selection of the

second nodul ation rate of MCS 435 used for data transm ssion in the payl oad
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Optionally,  érror checking bits for the MAC header 420 are provided to
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of a nethod to 1 ncreasé rob ness of a wreless comunication iIn
accor dancepayldal ashereccemb¥diSr8atisclomentt|980.i nventi on. I n el enent 600, data is

received at a %g (ﬁélg t@ﬂﬁx%e% rlggc?‘lge%m%% r%f%reggelr:'t%rc@{aesqcﬂ 55 ﬁgtﬁgﬁgﬁs 610. The

MAC 210 may be enb Rar war e, software
functions, procedures, data structures, apphcatlon programs, configuration settings, etc.

For purposes of this disclosure, the term "program” covers a broad range of software

20 components and constructs, including applications, drivers, processes, routines, methods,

modules, and subprograms. The term "program" can be used to refer to a complete

compilation unit (i.e., a set of instructions that can be compiled independently), a

collection of compilation units, or a portion of a compilation unit. Thus, the term

"program" may be used to refer to any collection of instructions which, when executed by

25 the network 140, provides increased MAC header 320, 420 protection. The programs in
the network 140 may be considered components of a software environment.

While certain features of the invention have been illustrated and described herein,

many modifications, substitutions, changes, and equivalents will now occur to those

skilled in the art. Tt is, therefore, to be understood that the appended claims are intended

30 to cover all such modifications and changes as fall within the true spirit of the invention.
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conbi nation thereof. In elenent 620, the MAC header 420 is received at a
physi cal |ayer (PHY) and a preanble 405 and a PHY header 410 are generated
i n el emrervo@siyi4ichke the MAC 210, the PHY nay al so be emrbodisedoiose2har dwar e,
software, or sonme conbi nation thereof. The PHY header 410 is coded
according to a first MCS 415 while the MAC header 420 with forward error
correction (FEC) parity bits 425 and data is coded as the payl oad 430 at
the second MCS 435 in el enment 640. The preanble 405 is transmtted by the
transcei ver array 230 along with the PHY header 410 at the first MCS 415
and the payload at the second MCS 438pAiNise! enment 650. Enbodi nents nmay be
descri bed herein with reference to data such as instructions, functions,
procedures, daWhasisclaonedriss, application programs, configuration settings,
etc. For purposes of this disclosure, the term"prograni covers a broad
range of software conponents and constructs, including applications,
driver$, proces$sesmethodofl tesmitreg hpdset, camgulsmg, and subprograns. The term
"progrant can be used to refer to a conplete ilation i i,.e., a set
of astructons vhar ink i &S reBt PIRSBLTAERTTY Ry MAC bl o

conpi | ati on uni t sgenantig thoMAOheadér by thompid; at i on unit. Thus, the term
"progrant nmay be used t to any.collecti f instructions which,
when execut ed by‘Fﬁ%”ﬁ%&ﬁéﬁ&g%%@?”B?é@Y%%iEWﬂégggged MAC header 320, 420
protection. The pfagh@iiEa preaniti€anties MOY keadddObyy PAE; consi dered conponents of
a software environnent. Wi le certain feafures aof the inyentjon have been
"I T ustPat ed and deSEEilisdt FAdPTRCCofd g ol edilpisnand SoiSSrYches ons,

changes, and epUCSAk&RSthyMAC RQeOREMTink & diaRem&Hdit Ve, bt ddamgatid . 1t 1S,
therefore, to be understood that the appended clains are intended to cover

al | such nodi f fe&es bRRYIIAAt cIReddCalal | within the true spirit of the

i nvention. CLAI M5 \Maahitfi 16 freiBble ) e PlrvAcARE Ak Bk MC8NEENM A Rghdd Packet,
conprising receiving data at a media access controller (MAC) to generate a

MAC header; genfdhamiongedisie M@RCanktheerylend af Hie spgaed Mz ei vi ng t he MAC header
at a physical layer (PHY); generating a preanble and a PHY header by the
PHY; coding the PHY header according to a first nodul ati on and codi ng
schene (MCS), &odihegnathwl afiiEir éalteheranadwhini gegeraongamror ahaskime ditafoe thCS, and

coding the MAC header.

3. The method of claim 2, further including transmitting the error checking bits

20 with the MAC header at the intermediate MCS.

4. The method of claim 1, further including destination identification (ID)

information in the PHY header.

25 5. The method of claim 1, wherein the second MCS includes a higher modulation
rate than a modulation rate of the intermediate MCS and a modulation rate of the

first MCS.

6. The method of claim 5, wherein the intermediate MCS includes a higher
30 modulation rate than the modulation rate of the first MCS.

7. The method of claim 6, wherein the first MCS is Binary Phase Shift Keying
(BPSK) modulation at a coding rate of /3, the second MCS is 64 Quadrature
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data as a payload at a second MCS; and transmtting the preanble, the PHY
header at the first MCS, the MAC header at the internediate MCS, and the
payl oad avothw/mewond MCS. 2. The nethod of claim 1, furCoars2e0momBb22dé ng
generating error checking bits for the MAC header. 3. The nethod of claim
2, further including transmtting the error checking bits with the MAC
header at the internediate MCS. 4. The nethod of claim1, further including
destination identification (ID) information in the PHY header. 5. The

met hod of cl ai fplitugdp dadplatieth@QAMe efrofing rtgef ‘adad the inferpesiata§8liat i on rate
than a modul at pankatSnfe SR KePhe (RS ahGubish aNkoRinRauLALi on rate of the
first MCS. 6. ?he rmet hode% e?‘rrgg er(gdlun t he |not glg‘?rredl ate MCS incl udes
a higher nodul ation rate than the nodul ation rate of the first MCS. 7. The
TELnOd of 121 1 O SRS ok ik Ml BB ARG, ST (1 Kevi g
QJ?draﬁgre:[Arrp:vlctSudm\r\mgjt(ifuattlaomd(?@Mss a@nt@ilcttéMA@ r?aa)s% , Snfl the t

i ntermedi ate IS adr eyi ng nodul ation at a
coding rate of \/gen%rgd ﬁﬁhwhcfag‘?r%ﬁr OVI |Ehg header protection in a packet,
conpri sing: receirtangngltt &MAC headoediaphadeabhgerg®AlYD;0l | er (MAC); generating a
MAC header by the MAC, recel Vi n C header at a physical |ayer (PHY);
generating a preafBt &g rﬁ-ﬁ/g‘ﬁleag%% %d5Hi ng the PHY header according to
a first nodul ati cpdmgehecady n@dslcdtedsmlngmrlrsamddtqmﬂnragd ténddGeheader with

forwa error correction it the data as a payload at a second
aﬂd transﬁw% cppiad ﬁ?é\é‘%{rﬁ?‘@ad%f By HGRE FOTRF QYR (i an . and
the payl oad at thtétagtasagg Mod&@a S&Ondl'p[@sna{dhod of cI aim8, further includi ng

generating error checkl ng bits he MAC heade 10. The method of claim
9, further incl udrwttt%ﬁbmrﬁtm% ttl%%H‘éth%ﬁer %tﬁléf‘ctktswcén g “the payload at
the second MCS.
15 9. The method of claim &, further including generating error checking bits for the
MAC header.

10. The method of claim 9, further including transmitting the error checking bits,
the MAC header and the parity bits in the payload at the second MCS.

20
11. The method of claim &, further including inserting destination identification

(ID) information in the PHY header.

12. The method of claim 8, wherein the first MCS and the second MCS

25 modulation is selected from the group consisting of Binary Phase Shift Keying
(BPSK), Quadrature Phase-Shift Keying (QPSK), Quadrature Amplitude
Modulation (QAM), 16-QAM, and 64-QAM.

13. The method of claim 8, wherein forward error correction is coded using low-

30 density parity check (LDPC).

14. The method of claim &, wherein the parity bits are formed using Reed
Solomon and/or Bose-Chaudhuri-Hocquenghem (BCH).
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the MAC header and the parity bits in the payload at the second MCS. 11.
The nmethod of claim8, further including inserting destination

i denti fi caoi2or/@kidy i nformation in the PHY header. 12. Phe/usedthosk20d cl ai m
8, wherein the first MCS and the second MCS nodul ation is selected fromthe
group consisting of Binary Phase Shift Keying (BPSK), Quadrature

Phase- Shift Keying (QPSK), Quadrature Anplitude Mdul ation (QAM, 16- QAM
and 64-QAM 13. The nethod of claim8, wherein forward error correction is
coded using |owdensity parity check (LDPC). 14. The nethod of claim 8,
wherein the paq&txnﬂ%kﬁmgggm>g§ﬁ§d usi ng Reed Sol onon and/ or

Bose- Chaudhuri - Hocquenghem (BCH)™ 15. An apparatus conprising: a nedia
access control | era fipdiCyceess coritdicy@14@)l ta reavdhctdatagohtr generatg aNMECheader ; a
physical |ayej. GBHY) to receive the MAC header and to generate a preanble
and a PHY header, ’wherein the PHY header is coded according to a first
modul abi on and codihygica ddyen@®HWIES)eceil drthe MMIC healdeandits gowdeda preaabldi ng t o an
i ntermedi ate the data is ed as a | oad at ec . MCS; a
transcer ver - ar i E0 AR IR REPBTISRITE oA e B RO oo
MCS, the MAC hehddingathehfedMiOH) ehdeiNAlicaddviBS;odadhabcbilingpayh odamadiatthe second

MCS. 16. The rafus of.claim 15, wherein th A\C i s enbodi ed through a
sof t war e routﬁﬁgfa‘#@e?ﬁ%“éB%ﬁVﬁ?ﬁ?y%?ﬁgﬁﬁgﬁ?igg erein the PHY is

enbodi ed t hr ough @trénedciwaneay o thhsnet thd Brearhble, tap PHY aietider of thefidt MCES, wherein
the MAC is confi d to generate. eryor. checkin its for the MAC header.
19. TH apparﬁ*ﬁ&gf%ﬁea&eﬁﬁhqlﬁerw@%wsk Pt ?P%yﬁ’oagﬁb Rﬁ%@n%MCé- are

transmtted by the transceiver array with the MAC header at the

internedi ate MCS. 20. The %pparatus of claim15, wherein the PHY is
configured to thsBrrreats oflaigd Si whsiein theddpCdhemnbdyed; thiosehatafeis n t he PHY

header . routine.
15 17. The apparatus of claim 15, wherein the PHY is embodied through a software
routine.

18. The apparatus of claim 15, wherein the MAC is configured to generate error

checking bits for the MAC header.

20
19. The apparatus of claim 18, wherein the error checking bits are transmitted by
the transceiver array with the MAC header at the intermediate MCS.
20. The apparatus of claim 15, wherein the PHY is configured to insert destination
25 identification (ID) information in the PHY header.
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