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W RELESS NETWORKS C aimof Priority under 35 U . S.C. 119 [0001] The present
Application for Patent clains priority to Provisional Application No.

60/ 620, 48 ti "Met hod and Apparatus for Miltiple and
Operati on%\'(ﬁg /E’Jéﬁggss Net wor ks™ filed Cctober 20, 2004P5f®g%b§§%%7§d to the

assi gnee hereof and hereby expressly incorporated by reference herein.
BACKGROUND Field [0002] The present disclosure relates generally to

Wi rel ess conmuni cati ons, and anongst other things to multiple frequency
band oper at i oMUBKIHILE FREQUENTYBANR QOPERATIONINGWIRELESS are wi dely
depl oyed to provide various types NRTWORKYS cation such as voice and data.
A typical wireless data system or network, provides nultiple users access
to one or nore shared resources. A systemmay use a variety of nmultiple
access techni ques such as Frequency Division Miltiplexing (FDM, Tine
Division Multiplexing (TDM, Code Division Miltiplexing (COM, and others.

[ 0004] Exanflaimf Priogidy undendsrk8.G.§81Ude cel | ul ar-based data systens. The
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t er at i roj ec and enbodi e
0 st of Ongaumeit Wireket NeberDotsehaHpbe s 200 Signad p the besiieos 575
3G TS 25. 21§ere&mdﬁgeﬁﬁe%sa;%&mtwmre@saag@r d), (3) the standard

of fered by a consortium naned "3rd Genération Partnership Project 2"
(3GPP2) and enbodied in "TR-45.5 Physical Layer Standard for cdma2000

Spread Spectrum Systems” (the |S-30 W@d and (4) the high data rate
(HDR) systemthat conforns to the 856 standard (the |S-856

st andard). FQ&DSl Clher exarrpl es of wireless systens include Wreless Local
Area Netvvorks as the | EEE 80 11 stalndards i.e. 802. 3.1 (a),
(b) O (#0%_\9&/1‘63?6@}161‘3 €lESs comm catlons dan

amongst other thmgs to multiple frequency band operatlon.

Background

[0003] Wireless communication systems are widely deployed to provide various types
of communication such as voice and data. A typical wireless data system, or network,
provides multiple users access to one or more shared resources. A system may use a
variety of multiple access techniques such as Frequency Division Multiplexing (FDM),
Time Division Multiplexing (TDM), Code Division Multiplexing (CDM), and others.

[0004] Example wireless networks include cellular-based data systems. The following
are several such examples: (1) the "TIA/EIA-95-B Mobile Station-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular System"
(the IS-95 standard), (2) the standard offered by a consortium named "3rd Generation
Partnership Project” (3GPP) and embodied in a Set of documents including Document
Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W-CDMA
standard), (3) the standard offered by a consortium named "3rd Generation Partnership
Project 2" (3GPP2) and embodied in “TR-45.5 Physical Layer Standard for cdma2000
Spread Spectrum Systems" (the IS-2000 standard), and (4) the high data rate (HDR)
system that conforms to the TIA/EIA/IS-856 standard (the IS-856 standard).

[0005] Other examples of wireless systems include Wireless Local Area Networks

(WLANs) such as the IEEE 802.11 standards (i.e. 802.11 (a), (b), or (g)).



| nprovenents over these networks may be achieved in deploying a Miultiple

I nput Multiple Qutput (M M) WLAN conprising Othogonal Frequency Division
Mul ti pl exing (OFDM nodul ation techni ques. | EEE 802. 11(e) has been
introduceqy?gmmhﬂﬁgpve upon sone of the shortcom ngs ofpcRARYi9yRB02. 11

st andar ds 0006] Networks such as the 802.11 networ ks operate using one of
several pre-defined channels within un?icensed spectrum Alternate networks
may be deployed within the same spectrum that achieve higher throughput by
usi ng hi ghekmpsayrmentst %V%Hh%ﬁaegvorbs m@étbﬁoitqbl%sy iy gleplgying e lyblfinle dmpubcat i on
that conpri Fo@ﬁ}ﬁ? fi n u wor ks,
if deployedﬁﬁhlﬂﬂ g?ne pectrum as Ieg cy gygﬂgg &ﬂ@ngﬁhﬁgﬁg ?Ewgg%l

i nt er f er encdulipgldxiny (QFNM) opdnlatien mchdnqdeegai‘@E 89%1 Hephaslticen mtmdgdedabl e to

depl oy networks so as to reef|C|en us i l.abl e spectrum There
e her e ommaveigen S P Shtepinines aharty s A oRIErER ot hods. { or

ef fici qaogluse Of NétherkssheH f0ths BOZA I Hetwofl@lopetateaingnthe iofs&fet 2 heNddined
collisions with other systens, and/or redeploying in alternate bandw dth

when i nt erfeha@n@@wtbmd@tl@erzse@ SpeSIMARMteTTAtOREY OkE RS beedeploved BathisstBel her ei n
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menory and aetpvoﬂccmss aise @ofiigrjuenty allochtionhthatneomprises dine opmmesﬁ dﬂgac;opfel- gured to

sel ect a ch el, for estahlishi at el ect ed channel wi dt h from at
Coner ant iy o0 shtaeBs SAk PR eflawh n B i SRR ar R B

sel ect ed chappakedrounsidintefféemeavifl ot ifdetopyrattfwith legicyGhaeme! It 1b@é$ﬁﬁiﬂél es when
the first channel bandwidth is selected and froma plurality of second

channel bouﬁméenl@snm@mt%?ea%&m& eibsieRly upta et atlpble sPediuBet dBCreviper ei n
the second yEhAGRS nRRURIAE bt SoRbiaRidth BfiGtari6h ridodt oS birElANBR ofpundar i es
and each of t plura |ty of second annel boundaries are separated from
t he remai ndeharef snehempJ fmadqtdcyng)ﬁntemf@fcx@ncbrcmms Withy other ispsterhsy atl/ok east t he
second chann % bandw t 8 ];f I nhadd{gtj onal. ?Stgﬁ a Carrier Sense
Mil tiple AcEESRIPEEEM 68}? Hidty whenanterfarged s fe f)c[)orts transnission on a
shared channel conprising at least a primary channel and a secondary

channel includes a nethod conprising neasur.ing energy of the primary
channel, neasuring energy of the se hannel , and determ ning

i nt er f gg@AEe i n BRBONMRAS 8isblobdd et ye&%e@@ﬁmy%ff oI ishcghannel

and the asured energy o he secondary channel 2006/
PCT / US2005/ ba8iperation in wireless networks.
[0008] In several aspects, an apparatus comprises a memory and a processor coupled

with the memory. The processor configured to select a channel for establishing at a
selected channel bandwidth from at least a first channel bandwidth and a second
channel bandwidth and a selected channel boundary from a plurality of first channel
boundaries when the first channel bandwidth is selected and from a plurality of second
channel boundaries when the second channel bandwidth is selected, wherein the second
channel boundaries are a subset of the first channel boundaries and each of the plurality
of second channel boundaries are separated from the remainder of the plurality of
second channel boundaries by at least the second channel bandwidth.

[0009] In additional aspects, a Carrier Sense Multiple Access/Collision Avoidance
system that supports transmission on a shared channel comprising at least a primary
channel and a secondary channel includes a method comprising measuring energy of the
primary channel, measuring energy of the secondary channel, and determining
interference in accordance with the measured energy of the primary channel and the

measured energy of the secondary channel.



3 [0010] In further aspects, a Carrier Sense Multiple Access/Collision
Avoi dance system that supports transm ssion on a shared channel conprising
at least a prinmary channel and a secondary channel includes a nethod

conpri si ngvdjﬁfoﬁ/&{sbﬁg interference on the primry or speppgdanyeseannel of a
first shared channel, reducing the bandwi dth of the first shared channel to

the bandwi dth of the prinmary channel when interference is detected on the
secondary channel, and reducing the bandwi dth of the first shared channel

to thelWifdw dt Hndtrthenespselsontamipr Sensn MltiRip decessCatlisianeheddanse gesteatt ed on
the PrimariaCOBRAR! manidon afell itdl S GREMY NP o (Al chbufe 1 15 @

general bl oc gram of a w reless communic on system'cap
supporti ng andnaisdsendany chswelsincfudés12 inefoG. cotpdeipg clectasgimtarferante anghair al i ty

of BSSs | ocated near each pther: 0 El 3. depicts,an _exanpl | | ocation
of channel sPTBFY&T §§F§P€W §E%§nga%f4gﬁ§§1?‘ed8§?’ﬂ’;re&?%4%e IEF@WIEB‘GDEd'ﬁ%t s an
exanpl e al | aeakhddl ehanGeiNfol GidBERARIAED of O pGRRY! claRfdiNeha intafbdned iat a

subset of | egacy channel boundari es; 30015,1 FIG, 5 d,eﬁjiects aP exanpie
scenari o of dedesiesy en thes sespndaty, shamdsand redygingthe hapdwgidihe pf thesfisst shateds of a

wirel ess CO%HB;H%E%%?Q%&& fh.ccff;ﬂh& &Q%Méhgmg“ﬂ@rpin@ér&rﬁép%c&%c%loﬂ thet hod for

establishin andw dth chan at one of a subset of |ower

bandw dt h cpramarglchbwoendari es; [0018] FIG 8 depicts aspects of a nethod for
moni tori ng established channels, neasuring interference, and reporting

t hose neasurenents; [00191 FIG 9 depicts aspects of a portion of a wireless

communi cati on devi ce USBRIEFDESCRIFIION'QFAIHE $IRAWINIGSd BSS; [0020] FIG 10
depicts aspects of nmultiple frequency b?nd,energ measur enent bl ock; 100211

FI G 110048pj ct s BHSpédt & setera] bloakibiesrds of Agvirelsss AgMRUBEeiqnSYSERFIRAE ¢ o

measur ed i npenbELEREShuhbP32hsefd G 12 depicts aspects of a nmethod for
determning if interference is occurring on a nultiple frequency band

wi r el ed@1?et wor KEIGaAdepios agkectrpa plugligeef BYSs lepsipdaear aaeh etheret hod 1300 for
respongisdg 10 BSRAUehictkAd ShmpIERRANEH §f Gl A aSlRIRK B Ss 1éhacy
802.11;
[0014] FIG. 4 depicts an example allocation of contiguous high throughput channels
located at a subset of legacy channel boundaries;
[0015] FIG. 5 depicts an example scenario of several established BSSs;
[0016) FIG. 6 depicts aspects of a wireless communication device;
[0017) FIG. 7 depicts aspects of a method for establishing a higher bandwidth channel
at one of a subset of lower bandwidth channel boundaries;
[0018] FIG. 8 depicts aspects of a method for monitoring established channels,
measuring interference, and reporting those measurements;
[0019] FIG. 9 depicts aspects of a portion of a wireless communication device used for
monitoring an established BSS;
[0020] FIG. 10 depicts aspects of multiple frequency band energy measurement block;
[0021] FIG. 11 depicts aspects of a method for modifying a BSS .in response to
measured interference; ‘
[0022] FIG. 12 depicts aspects of a method for determining if interference is occurring
on a multiple frequency band wireless network; and
[0023] FIG. 13 depicts aspects of a method 1300 for responding to BSS modification

messages from an alternate BSS.



DETAI LED DESCRI PTI ON [ 0024] Various aspects will be detail ed bel ow, one or
nore of which may be conmbined in any given enbodinent. In various aspects,
a systemis deployed to operate in one of two carrier nodes: 20 or 40 MHz.
Vari ous other enbodinents may use alternate paraneters for the bandw dth
sel ection, and may use nore than two frequency bands to formw der channels
and achi eve higher throughput. These aspects are designed to interoperate
efficiently with | egacy 802.11 systens, which operate on one of a plurality

of 20 MHz channels. As used hepeTAILEDDESCRIPIMION t hroughput™ or "HT" may
be used to distinguish systens or stations (STAs) operating in accordance

with 4084kt genefasiorsaspests avildiedletailge helosy, aneraf mop ef Whishuediche eembingd st em
described herein. The,term "] egacy” nay be used.to identify ofher systens
W th wn ch 1 ADeRer EebEREhg oSl piets SoREEiafel e perdidf ap ¥
recogni ze RatcafidiehnoddsONGr beiiHes VagaGY oSS bRIFBdIMAts Ala§OuRPRicdife W t hin
the spectrumof interest, and it will be clear that the aspects described

her ei n ar e pewmstars Kiréghabanlvedibrseloptom mpd amywse Imorg thanhive st yebands to
selection _of enabling features.for,.sinple apd effective 20/40, MHz eration
are as fol If%%_é .WI??{OQ??H?IH B eaciéeﬁgc}flgheiotmﬂ% _r&ifh@‘es PSS S edeél\gg?f?godd
pairs of cafteiopblte dibiend withHég 38020 SyREe@s PRhiCE @padtel G bist a %ﬁmit@nﬂ) )
where n is chosen to select two contiguous |egacy carriers. A 40 MHZ Basic

Servi ce Setof 2838z channelsi Ascurgd hicreimthe tetnébighdhropahputt wo“I20” mdy beased er s of
the form (2n+l,. 2n+2).. This ensur that, j.n these . aspects, qverlapping 40
e 5SS (1 £ ERapRRRT by sBPRE G Bhoralify i SRTeafe TS e TR 1
carriers. Thadaldl eeaf a9n ehfliisleentduchly Hahé FSRRCHedctibeetRIiIRd THE tibyed

bel ow. 10026] In another aspect, procedures may be designed to disallow the
est abl i shmétagaey” may WQuivkizo BRStiHveshérasypiemg wiiht wihidh irftenferanced® tavbezav@8®d. on t he
two 20 MHz .carrigrs. . Because nmedi um ess praocedures to coordj nate nedi um
access act (VPy LbdE T8 b Tochgnigedal Bl oy ot Derden ety W BgBia i on
may be undegior gilrite COARLI SRt GcRNE ofMBRdEtULnd WNSNIIT B 21cdl tat fheNaspédt$es,
the 40 MHz BSS falls back to 20 MHz. In alternate enbodinents, this

limitation deseibedberebeare vompdulle avit] @oR 3ystéms anvtihen tispeemplém slecixanpl e
managed on o REE NGy CG b eiraple gt peqye 2 FHALE oPP AT PEdP ROV oar
I ona b od: men e e B e ar R o e
, y on e
secondary ddHei @rriers hee $aedrisyfolloans (@, S2ngn ).t wherer i iarchosar té eelect two
contiguous legacy carriers. A 40 MHz Basic Service Set (BSS), in this embodiment,
does not pair two 20 MHz carriers of the form (2n+1, 2n+2). This ensures that, in these
aspects, overlapping 40 MHz BSS (if they exist) have the same primary (2n) and
secondary (2n+1) carriers. The allocation efficiency of this aspect is detailed further
below.
[0026) In another aspect, procedures may be designed to disallow the establishment of a
40 MHz BSS overlapping with different 20 MHz BSSs on the two 20 MHz carriers.
Because medium access procedures to coordinate medium access activity across the two
20 MHz carriers to enable 40 MHz operation may be undesirably complicated and
wasteful, when this situation arises, the 40 MHz BSS falis back to 20 MHz. In alternate
embodiments, this limitation need not be introduced.
[0027] In another aspect, in an example BSS with mixed 40 MHz and 20 MHz (HT or
legacy) STAs, medium access is managed on the primary carrier (2n). For 40 MHz
transmissions, Clear Channel Assessment (CCA) may be performed on the secondary

carrier (2n+1). In one embodifnent, when the shared medium is detected to be busy on

the secondary carrier, the STA only transmits on the primary carrier.



5 [0028] In another aspect, nmonitoring of the secondary carrier i3
performed. For exanple, during reception of 20 MHz transm ssions, as well as
during back-off, STAs may perform CCA on the secondary carrier. Signal to
Noi se Rati o (SNR) degradation and/or other interference events on the
secondary carrier may be determ ned and5reported. Exanples of such
nmonitoring are detailed further below [0029] Various other aspects and
enbodi0fisit s ar elnainsthedaspeat] lmenﬁtdnmgmﬂ/the[ ﬁ@@ﬁljaryﬁc&l[méﬂtis perfenaids doosethher ei n

t hat support., anong ot pects fficien operation in

conj unet | S edTe0ge YRR Risspngs Fe s (e heokaRt ShsrEmBsomN (or
simlar appCAce tengcédiaty bfleeBlonaleENGise Ratib AN SEhAbaticRCAHIR QghgS) . The
exanple W.AN is operable in tw frequency band nodes, 20 MHz and 40 MHz. It

supports biterfereagesavents oathesssonshary @iy terdetarmensd ignd sepped. sBxastidgs of
i ncl udi ng Sld‘g?}n%i%ﬁ%%‘f'\gi){)ﬁ téuﬂ:df g‘%lg&hs of 20 MHz, and up to 600 M)ps in
0 a

bandw dt hs rious ternate W.ANs are al so supported, including
t hose[002%] h nor eVirtan othmadpecﬂqarﬁimyboﬂammhtsmnddsq dcamdbeddm}omunber of supported

bi t 0031] V t th t d t f

the oRUST: b e oretia i ARERoH BRsEaironPEir ) Saas Seaveys: aey B ee of

whi ch are dmidniin c8fdncibn Wit @y ﬂ%&e badm@gﬂ@geaﬂ 1@yer 6 ¥ iteRdS LANDEAT MENt S
a

may be achi eved whil e naintai ni n ckwar atibility with such | egacy
systems. (Notle enpdieationg thafﬁedsaél;@ Pr@mgb@artswsswadzclmlogwi efﬁbe reymple

descri bed %t?s@e?ab ERAG% ﬁtc@%&&sbanaw&ﬁs o ]@ﬂﬁbl 2 dnd! Y Mi‘fz[ (L su okt bit

recogni ze that | npr ovenen SO conpatible wt te systens
and st andarats.ip §x06&32¢f Far MB2. (nillion Wacpenasechreld mpatdibg eipPRDRNG WMilgs iar e

the | egacyiri i TRIGHIMIETEE SR Gripafiims ophe el CualeiE o of
| egacy SOZMNS%&&WS%EIJM&S iRfudird@h 38 WEthf th@k thanfwo ttRqudR g 8&ad mbdaNAladf i el d

are set to define new PPDU types QO her schenmes may be used to i ndi cate the
presence ofyheRbEPBisuNResed bitTHES exanpl e hi gh t hr oughput system is

20050038015, rikﬁ‘?@?eégﬂﬂﬁ?eﬁf Beer el el Wil 2 sren

| NTEROPERARIokdiffaYion operatiors hekbgdayn'd LAY syZS&ﬁﬁ em&;ﬂ@rtefdvhidl biedomskingii@d 1of t he

pr esent ure, and in or at ed enc herei nafter the
318 appl |J€ae§1 gﬂ) aqvapfagss Cfﬁflgﬁ’ér‘“"f?l%n “gsa W@?%g”hﬁ "By pes
are i ntrodpgRfardR@mpaasikyendh sGEHTRaAdyDIvkletny. tu aﬁmsere%s tidnereRAVE fiel d
in the SIGNAL ?rleldptgf tik/ly: PLCS:P Head eyr yIS|es rry)qofleggto a IR’ATr Type field.

Unused val $&sl IgtystRaTmaybe dgecsibethas e@mals Ipgoy) sysjgres. Those of skill in the art will

recognize that the improvements are also compatible with alternate systems and standards.)

[0032] For 802.11n, backward compatible PPDU types are introduced. In various aspects,
extended SIGNAL fields are introduced in the legacy PLCP Header to be backward
compatible with the SIGNAL field of legacy 802.11. Unused values of the RATE field in
the legacy SIGNAL field are set to define new PPDU types. Other schemes may be used to
indicate the presence of new PPDU types. This example high throughput system is
disclosed in related co-pending U.S. Patent Application Publication No. 20050135318,
entitled “HIGH SPEED MEDIA ACCESS CONTROL WITH LEGACY SYSTEM
INTEROPERABILITY?”, published June 23, 2005, assigned to the assignee of the present
disclosure and incorporated by reference herein (hereinafter the ‘318 application).

[0033] In the ‘318 application, several new PPDU types are introduced. For backward
compatibility with legacy STAs, the RATE field in the SIGNAL field of the PLCP Header
is modified to a RATE/Type field. Unused values of RATE are designated as PPDU Type.
The PPDU Type also indicates the presence and length of a SIGNAL field



The PPDU Type al so indicates the presence and length of a SIGNAL field 6
extensi on designated SIGNAL2. Ot her schenes may be used to indicate the
presence and |length of the SIGNAL field extension. The preanble, SIGNAL
field, SIGNAL field extension and additional training are referred to as
t he extended preanble. [0034] In various aspects, during 40 Mz

transm ssions, the extended preanble including |egacy preanble, |egacy
SI GNAL fi elxtenaiod dekigndi@d SIGNALL2E | @thdr §¢hemes nBlyGMALRY tanoditataitind pigseance

exenpl ar y e et b GBI B BReR T SREBrie SRV R BT of
wirel ess @&@eﬁ&waﬁéddﬁibrﬁh/ﬁﬁﬁﬁg Whekred6 aitichdbrlibl BrefRBlext i s

advant ageous, different enbodi nents of the disclosure may be incorporated in
di f f lfed# envrInommussaapects,ordﬁrlggrrﬁt iHg . transngssnesalthe tdxéended i wemnldy st ens

descri bed .her be f d usi t war,e-contr r.Qc rs,

i nt egrat ednglr‘& 108i ]tegg/cyopreﬁing)h%%awo%gi%ddﬁd the E]Is'd gg(é&‘@ngsﬁﬁ&"ﬁmnds

| nf or mat i GGYGNA 199)3nd trafd AP e SranS e8RSt Ma priffaYy Q&a sdeEhRE £ BGRErst oughout
t he application are advant ageously represented by vol tages,” currents,

el ect[rOWﬁdignetl Omeave sponragreetplay f érebaisments plseribed elssreiopgric et fbitl idsther
particl es a.conbi nati.on thereof.. In additi n the b ocﬁ{?JS shown .in each

bl ock di ag‘r"&rﬁxﬁﬁ§a Ppess dee I W {e e WiBIHEES SPRBY Ban be
interc ha”%@aﬂi‘a#é&‘agtd1fﬂ%ﬁﬁéﬁ1b6@mﬁeﬁ@ 9F eI SGORE ﬁhfa thh ?n&&ﬁc%@ﬂéﬁ it QRur e.
The word "exenplary” is used herein to nmean "servr ng as an exanpl e,

i nst ance, fmmrohmems patouimgutratimyg. dnigenkérakthe vatmss sydeds desceibad aereinemeyrpl ary"
i's not ne Parll to bet constru d as referred ? advant ageou ver ot her

enbodi ment¥ IFHESAFINE WIVETG-For Qtpé% eSSl PRt B e A 158’%‘3%% %em 100,

conpri si ngrlfé”da?&qﬁs'iﬁlc?&is”%omﬁﬁﬁ&s %%rlﬁaﬁﬂ)ﬂeﬁ%ﬁgs ts?m%% hd &H{)@th'a‘?f%y permnals
(UTs) 106A - N. In accordance wth 02.11 tennihology, in this docunent the
AP and t herefgfencad ehmlugbouteﬂeramﬂhcatmragrestaétramomly iSiaRntTh byt edtagegues and

enbodi nents descr,i bed herein are al so.appl,icable to other e of t ens
Covanpl oo Gmer Batles FaniEgeRt vas S ragi B s SEpr BabSstuies i lutlides v,

the term bgsgecombhii N tHeAdd P anURRLinNHR BbaRagRYinedch hif& &ig Mﬁfé SS
point. The termuser termnal can be used I nterchangeably with the terns

user equi pepresent UE)rdw&ebelcmdmlmd gteps., MebBwdr stopy csn did anferchapedswith@rtni nal ,

renote term nal, e stati or o r.correspondi ter known i.n the
ot e deoton o ahg sBom bt Birc esst A1 Rl ThP P A SR A et

[ 0037] NOtl?eré}hStQ Iﬁ%t “ddpFh Ta@%ﬂ‘é?;% 1e191§st£Hé¥ SONTHALGSE © Qh&ee@ﬁﬂomdﬂ‘éﬂth one
another. The D rect Link rot ocol i ntroduced by 802.11(e), allows a

STA t o f ordvacmbeldr berein @i Fecnipjary” is not necessar1ly to be construed as preferred or
advantageous over other embodiments.
[0036] FIG. 1 illustrates exemplary embodiments of system 100, comprising an Access Point
(AP) 104 connected to one or more User Terminals (UTs) 106A — N. In accordance with
802.11 terminology, in this document the AP and the UTs are also referred to as stations or
STAs. The techniques and embodiments described herein are also applicable to other types of
systems (examples include the cellular standards detailed above). As used herein, the term base
station can be used interchangeably with the term access point. The term user terminal can be
used interchangeably with the terms user equipment (UE), subscriber unit, subscriber station,
access terminal, remote terminal, mobile station, or other corresponding terms known in the art.
The term mobile station encompasses fixed wireless applications.
[0037] Note also that user terminals 106 may communicate directly with one another. The
Direct Link Protocol (DLP), introduced by 802.11(e), allows a STA to forward frames directly
to another destination STA within a Basic Service Set (BSS) (controlled by the same AP). In

various embodiments, as known in the art, an access point is not



to anot her destination STAwithin a Basic Service Set (BSS) (controlled by
the sane AP). In various enbodi nents, as known in the art, an access point
is not WD 2006/ 045097 PCT/ US2005/ 038079 7 required. For exanple, an

Independe%ogﬁgoisbﬁSS) may be formed with any conbi nabiersRbhsokf: Ad hoc
networ ks of user termnals may be fornmed which comunicate wth each ot her

via wireless network 120 using any of the nyriad ecomunication formats
known in the art. [00381 The AP and the UTs conmunicate via Wrel ess Local
Area Net wor teq@ividdAN) For 1@@mpiey dnhdndgpendents BSPr ARSSP anays ba forméd syidedniyl MO OFDM

system However., . W e | LAN, tipnally, CeSS poi nt
104 communi %Qé?et@ganoﬁi @r:gégng %c?/wt})lg? 5 oélgt Eéfhgﬁ%s[gg%})ag%%a rg%ﬁ%lgé’gs‘g@ck’/i a
networ k 102¢omvativiedt& whfh? esvhyother viah@irbletsenetebrk a0 ivdingamst of die &iyyiadt her

wired, wireless, or optical network. Connection 110 carries the physi cal
| ayer si gnaf@MmpREAtoRdORRISIEPRIRERE: access point 104. Devices or

proces §]may bergoRpes et UPs F‘&hﬂ’ﬁ'ﬁkaté@i% WireRSs Lia1 AR Nét@oﬁ(o(fwlgﬁﬁ? ons

therew't on WAN 120. Exanples of devices that nmay be connect o either
net wor k 10212k InAhaNspts, iVAEANdE (pisanbigh speadsMBMO OFBM aystens.siBiweerers ( PDAs) ,

conput ers of,,vari,QHsS . types (}apto P I ut er r kst ations,
termnals o&w‘éﬁ@ ‘?95%3-‘/ y“x??‘&%é”“&%%ﬁ ](E‘:)‘z]s\I Q{)J%%Q@é’ a%g%grp lsn,t Sl@éﬁ%ﬁﬁ%”r" g,eg)webcarrs,
and vi rt ual iythany n@hhe bf titefalafevided @ pleé¢sseevia nBwatle 56X Netwitk il 0 ndglBe Voi ce,
vi deo, data communi cations, etc. Various data streans nmay have varying
transni ssi ofherlatsmet epdnrael, \f ey, othes WHed FEEeS T APEal Ptk ompestign ng
Quality of We é&ﬁ)s' I dsRieyed with
a centrali zﬁgf(\ﬁlgﬁ%(%% l1c51ﬁ1j§|2,£b?{%ﬁél%érg%ﬁ?itg?ﬁéﬁéﬁ%@h%?%g%f Pjr?'one c(aegpect S.

I n an al t er neprecessds oaiyrhsreonnatiedde netpeork 10200 ap Bids (erovimrootingetions therstithden t wo
UTs may be ac ed, . wih di.fl i ons. t Y. S, Whh1 Dbe
appar ent to‘a’llt1 ﬁ@g‘gﬁg@ b's%xﬁnpieﬁ ogﬁ%‘"?f’rs ﬁ?att&a S‘rﬁ:‘;’l cglsm %’Pe%vmg%iec grzr}lretta‘g Orll(mol%é)f rat ed
bel ow. Any SIsANdAQO feyudeephsnds, Bersaitl Diglab Agsistires (FIDA$)Ncannfateds 0B mdrus

supporting designated access points. Access may he naged by an AP, or ad
hoc (i.e. bBAE ?&t?nﬁnp?sa@@ﬁﬁqmr[%ﬂoyorf%ﬁatwﬁ% ot e o tier PPEFE des
Et her net adgphals! QfrerdsNcdnitioPderd Sfobed, lalfd virRill$ an i RYheP Syt @XLdevide. @ddi tion

to the AP to provide connection to network 102" (details not shown).
Et her net fr Srogsssesamay ancludanoice; video, rlatangommurheationsytetsr  Mabusvlatal Sieamd 06 over

the VLAN Suprag%tayr\é) (rall(ryl(n%et%a%lsrln%gog (%elzqcl)x\ll\rlzzfnerll':fg.,h\;‘\?‘t{icr:“3 Ifna?q)aepgc%rlm%gdaﬁgcp by using
varying Quality of Service (QoS) techniques.
[0039] System 100 may be deployed with a centralized AP 104. All UTs 106

communicate with the AP in one aspects. In an alternate embodiment, direct peer-to-
peer communication between two UTs may be accommodated, with modifications to
the system, as will be apparent to those of skill in the art, examples of which are
illustrated below. Any station may be set up as a designated AP in embodiments
supporting designated access points. Access may be managed by an AP, or ad hoc (i.e.
contention based).

[0040] In one embodiment, AP 104 provides Ethernet adaptation. In this case, an IP
router may be deployed in addition to the AP to provide connection to network 102
(details not shown). Ethernet frames may be transferred between the router and the UTs
106 over the WLAN sub-network (detailed below). Ethernet adaptation and
connectivity are well known in the art.

[0041} In an alternate embodiment, the AP 104 provides IP Adaptation. In this case,
the AP acts as a gateway router for the set of connected UTs (details not shown). In this
case, IP datagrams may be routed by the AP 104 to and from the UTs 106. IP

adaptation and connectivity are well known in the art.



connectivity are well known in the art. [0041] In an alternate enbodi nent,
the AP 104 provides IP Adaptation. In this case, the AP acts as a gateway
router for the set of connected UTs (details not shown). In this case, IP
datagrans may be routed by the AP 104 to and fromthe UTs 106. |IP
adapt ati on and connectivity are well kn®wn in the art. 8 [0042] FIG 2
depicts aspects of a plurality 200 of BSSs 100A-100D. In this exanple, each
BSS i ®04Acat ed E)Iéb@r@p&dts:aspeytsméarplemﬁty ithefr BSHs ﬂ@OAﬂO@Df Brmimexaimmié cat ed
over |l app | es., Thus, .BSS 100A dqes not ter re w.t 1000 or
100D BSS ‘?afb%sﬁc iﬂ*ﬁﬁ%ﬁﬁi EE ¥r11§a§|e?%hﬂ >a‘tV1 h‘@te Fife 1“8? @SS 1000,
but i nterfgfeemy ﬁhg@ﬁaes ehid B WSS Hhverd ihNESARAREHS 10010 BeSnsed
spectrumis used various commruni cation systens, such as |egacy or
hi gh t hr oufiButs sB6®n 1d 1niyx§¢rer$hghth5estahe pedmetebo’ BSSTINOE, buhiaterfesdsaindghi ng a
new BSS, an a ces r ot her devic est abl i shing .a BSS
sel ect fro‘?‘H‘é f}aﬁgéﬂbg Haaﬁ%fdspgf}&p ltcewegypw@m Esohfh A7 £si P%Ngrﬂﬂ”ét ocol .
Hovever, t&n&ﬁlhﬁlbgtﬁonssg@fe SUIOLOCEId | 1 ltlifou%’l? Y1 REsre@s ! @RLiREed
according to various OWI ng her ocedures; to mnimze the
ef fects ofabovt erTlexsewdEnvwstatbhelang\ anhdserSS{az{n aussappt t(sr dﬂﬁ@thdﬁb&ﬁkvi’t@l‘ ein
illustrate hods fqr _avoi di ng es abllshlngaBSSm ninterfering
| ocat i on, @&E\éi@lpggav\ﬁgﬁ MAY eﬁ" St elie® a8y gaviblablee ghanps |§\1§P?Iii?5{rnk8nétschannel
to anot her, 16 81 2PE eHo & Ki 0 Rer
bandwi dt h H ngrgkatoglé{ foower n w’l%t‘ﬁnP c%g%crt\%?ft c())?%sfgilfcéfnftIth??Se 202, anong
ot hers. Asestutihehhdadnmmhn@tcgvatmmsetrleo,dirnfbﬂbwmyothmpmcecBEesanyrmmnbzmrhei on of

one or nore,. of tge as ects d scrhb in. 100431 Fi dep |c S an

exanpl e al FHRERt PHABFCIEREE M tersy BERYS Gerecs descrt é9relr8 si3iesy st em

known in t l:ac e

dopl oy a prcingfis r idicind UGLRNARES, b3S RS IARSHITIRIRY dfclfgiud)

t hi s exanpingerferéde Ms| genetrat) einsvidg Offery auee chateret ithi ﬁd)tlmnﬂl}i(guhﬂﬂlfqtencand

assigned the nanmes channel t hr ough channel El-q The channelg 320
t

separ at ed $eERANA b%‘ﬂﬂ%lé}f?é@@ polnigher bandujid ang} to) & lawers gapdy
exanpl e, t 45 %vé}la 1ﬁt@ ﬁ!:eS ’amQ)Pé% heﬁa];&s Qena6lve 2 gﬁreﬂ%ﬁlb%gﬁﬁlﬁal@ Hﬁly

boundary 3 entl yi ng star andvvl dth l'ocat |

aspects, t&ms;mgetaaymembbmumdafomormmﬁﬂe abp@lts disériteeichergint he 802. 11

speci f| catl on. 0044 ILn one enbodi nment, in order _to occupy spectrum shared
anongl%8ilti pl e h mqtﬁa@ﬁwpplegﬁ@caz@@ qf) r?hanrr?i% @r@rw@%wﬁr@ﬁd@gw he

channel s aﬁ@z ﬂll éﬁ q&o%ﬁét‘cﬁé‘gﬁéﬂ At s cﬁ Eﬁ&ahg gg@mzﬂ'ma}lf Be Ll Sto

exanpl e, ’bandwi annel s are ocate
deploy a plurality of BSSs 200, such as that descrlbed above in FIG. 2. In this example,

211

20 MHz channels 320A-N are identified contiguously, and assigned the names channel
0 through channel N-1. The channels 320 are separated at channel boundaries 310A-N,
respectively. In a legacy 802.11 example, there are 12 channels, 0-11. Each channel
320 has a channel boundary 310 identifying the start of that bandwidth allocation. In
aspects, these channel boundaries 310 have been defined in the 802.11 specification.

[0044] In one embodiment, in order to occupy spectrum shared among multiple high
throughput BSSs 200 in a more efficient manner, the channels are allocated contiguously, as
depicted in FIG. 4. In this example, the higher bandwidth channels are allocated 40 MHz, or
twice that of a legacy 802.11 channel. In alternate embodiments, other channel boundaries may
be used. In this example, the 40 MHz channel boundaries 410A-N indicate the allowable
channel boundaries for 40MHz channels 420A-N, labeled channel 0-(M-1). In this example, the
channel boundaries 420 are selected as a subset of the channel boundaries 310.

[0045] In an unlicensed spectrum, it may not be possible to mandate that all devices

operating therein follow any given set of rules, such as legacy 802.11, high throughput



twice that of a | egacy 802.11 channel. In alternate enbodi ments, other
channel boundaries nmay be used. In this exanple, the 40 MHz channel
boundaries 410A-N indicate the all owable channel boundaries for 40MHz
channel s 420A-N, | abel ed channel 0-(M1). In this exanple, the channel
boundaries 420 are selected as a subset9of the channel boundaries 310.
[0045] In an unlicensed spectrum it may not be possible to nandate that al

devices opelifgidddast ftebedl Aot anyediribed is ehe Qbribwd embodiehisagetdirgacy
802. 11, high throughput 9 techniques as described above, or as described in

t he vari ouBergifth SHWAYAL 40 thetexitané that waelsshcompuaigation deyiqen gstaklisbrpach RS

w rel ess comuni,cati o evi ces .est abl ksh, each BS I. cordapnce w t.h these
echnt quest IR atiulR e B Oy e AT wFLs iR PGS, o
enbodi ment thid BabddiMdat, chaORIH D ekislar b&edSHEP L Et_edira@e coMiduduous MrzMHz
channel s aligned at a subset of the 20 MHz boundaries defined for 802.11. In

various e¢hsodé¢lmehgredddscrubbricditiey 89 MHze hpendasipedefinedyfoh802d Sudeaaritwswever

this conti qupu channel l.| ocat.j.on ile,often b ficial ,.is not a

Fequi r enentgmaES e named heRFEIE Al iod s8e St epEl i SrtBafy o

hi gh throughphél ehaanshs wray bferalbea¥Rabl, 9 %Aty ERenint ChraBmebdipRURdar i es

that potentially overlap wth other high throughput channels, and channels
Q%@‘T\QSPQQI@)UEQT

are not mamdhdeg vapopgo cRpmpEe, bighdkionghpus chammelsrmaynbg allowedcogni ze

when to depl yst di t hi t wh i ng. deof f

bet ween 11 B HITEE g Shneporoates Bl o SeRibcRerdn elalit B iigod 6 s
depi cts ancigxadp| Mdshenld fe bt HEN@H& toeriRRtibehed TBESSo 2R ir the ki will
exanpl e, BSS1 100A is established on 40 MHz channel 0 (or 420A, usi ng t he

channel  bruagraze whefiitai dapboys systens @coading Ao BES2aspeet1 @hews neakinghtiaddndld at t he
channel bouyndar adj.acent to .100A. In this exanple, BSS2 is shown operating
in 20 Mﬂg#me@yﬂﬁyg’ﬂ@ ?é?ﬁtﬁwz?thqbﬁd]ﬁepﬁ’tare §§Oélg‘1%0perat! ng in a 20 Mz node,
or miﬁml@a a | egpgy. BQApidth BSSamplé sedivriotdraevBaSeanaispéd BgSsmobess thiyan 40
MHz channel width avail able at channel boundary 420B. For illustration,

assune t haexammev BES| 0(BsB3estabtishedi an 4o Midz clesnel) (@HEIA; agog theghaanedl0 MHz
channel al]ocation.. Usin i gus ,t I s d iled urt her. bel qw, BSS3
Wil be osPaBRRStBnEora s RGr ThoAEES L hHRE SEtnesry e SRuE) SongRY et
hi gher 40 Mikceahgnmpla. %QH@%&XmﬁlﬁaQBS@%is%ﬁ@Wﬂgpéﬂ&tih@ir§2(ﬁ(fﬁ{ﬁ?|’Pﬁishﬂ? be a

bandwi dt h channel boundary is selected in order to avoid interferénce with
any of t hehigbxhmugmyt BBSsn ophetingrin h @§Adiizonodel ot mja@ s ZllegdyodRoltleBSSs shown

R )

subsequent bétﬁldﬁﬂﬁ 420B. For illustration, assume that a new BSS, BSS3 100C, is to be
established requiring a 40 MHz channel allocation. Using various techniques detailed
further below, BSS3 will be established at another 40 MHz channel boundary, possibly
the next higher 40 MHz channel boundary 410, as shown. In this example, the
bandwidth channel boundary is selected in order to avoid interference with any of the
existing BSSs, whether legacy or HT.

[0047] Also note, as shown in FIG. 5, that BSSS 100E is shown operating in the upper 20 MHz
band adjacent to BSS1. In this illustration, assume that BSSS is established subsequent to the
establishment of BSS1. Various techniques for monitoring a BSS, both in the entire bandwidth,
as well as subsets of the bandwidth (in this case a primary 20 MHz channel and a secondary 20
MHz channel) are described further below. In this example, BSS1 will monitor and detect the
interference generated by BSSS5 and may take various measures once the interference is
detected. For example, BSS1 may opt to lower its bandwidth to 20 MHz and operate in its
primary channel only (illustrated in this example as the portion of channel 420A not overlapped
with BSS5). BSS1 may also attempt to locate an alternate available high bandwidth
channel 420. It will be clear



est abl i shment of BSS1. Various techniques for nonitoring a BSS, both in the
entire bandwidth, as well as subsets of the bandwidth (in this case a
primary 20 MHz channel and a secondary 20 M 4z channel) are descri bed
further bevl,g /b30§7h| s exanple, BSS1 will nonitor and detr&iook o790
interference gener ated by BSS5 and may take various neasures once the
interference is detected. For exanpl e,l0BSSI may opt to lower its bandw dth
to 20 MHz and operate in its rimary channel only (illustrated in this
exanpl e as torpae pbskill srthe firton dightedf thppteashingthersing thas ppeepmbination REBBH anBSS|  may

al so attenp n 420.
i 1 ber ot St nbE b BBe RS B dn bl BRRAMGLS, sB R T 1
grtOI i 3 |hl giﬁbdlﬁfnlrﬁd}d)eta’l%(?ﬁtéd]gloi‘fee’fﬁélmtlytm thery arzarobovedhppimg BSS$) swh iand hI ow
andwi dt h channel s, may be_s ort in cer ammrcmstaces t he
shared mediQrA FRAYITHR Foonsy | AR BRe Goitet Mﬁérhqlw BY PREVEIRPBETEN

over | appi ngRehp utm h§weﬂ% xﬁ&xé&gﬂﬁcﬁﬁ'&ﬁrﬁfm ﬁﬁﬁ‘l(ﬁ&'%&cﬂﬁ&ﬁrdh%ﬁlsf urther
bel ow al | ow for overl appi ng hr oughput BSSs, as well as m xed

al l ocat i onsmomdimggnelamtamwbla m)@ﬂlbm& afoneraple.i ncl udi ng i nteroperation

with | y cha X t pf h pai ri ngs
is det i(ﬂ)?gd in T‘g%l eanil?lgl n{e ﬁ:éﬂs)mgildir%p%éﬂs é%?{?edpptw cglrtrh:%ers ié defi ned
on adj acent paigdr 46 NHA Wwahtsre dre2 defiidd +dn adﬁcenﬂ&&ﬁ‘[dri)exdnﬁbmdem,lhmhlas
exanple, the primary carrier is an even-nunbered carrier nel, nunbers

Cha
defined in fiesepbegaboye 5 In dhisexampley emca?@r%mﬁvagn%%ﬁ@%m n the
right col “”@héd?lgl ﬂﬁﬁ:e%@ﬁ‘ﬁé@ﬁh nE@Er@ohhwfo%c@fuﬁnmd@lareesho@ma%maynber 36

i ndi cates 5000 Miz carriers are paired as 2n, 2n+l as
shown in hethb@[ght @d)lhmnmnd mmuelbxredlmamhlpéeswf SOMEn@E. Cadnnelmysmben3tiz
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aspects of wewft &l@ss. comuni cati on device, which may be configured as an
access point 104 or user termnal 106. A wireless conmmunication

Table 1. Example HT Channel Pairings

40 MHz Carrier Pairs | 802.11 Channel Pairs
0,1) 36, 40

2,3) 44,48

@5 52, 56

6,7) 60, 64

8,9 149, 153

(10, 11) 157, 161

‘[0049] FIG. 6 depicts aspects of a wireless communication device, which may be

configured as an access point 104 or user terminal 106. A wireless communication
deviée is an example STA, suitable for deployment in system 100. An access point 104
configuration is shown in FIG. 6. Transceiver 610 receives and transmits on connection
110 according to the physical layer requirements of network 102. Data from or to
devices or applications connected to network 102 are delivered to processor 620. These
data may be referred to herein as flows. Flows may have different characteristics and
may require different processing based on the type of application associated with the
flow. For example, video or voice may be characterized as low-latency flows (video

generally having higher throughput requirements than voice). Many data applications



device is an exanple STA, suitable for deploynent in system 100. An access
point 104 configuration is shown in FIG 6. Transceiver 610 receives and
transmts on connection 110 according to the physical |ayer requirenents of
network 102. Data fromor to devices or applications connected to network
102 are delivered to processor 620. Thepe data nay be referred to herein as
flows. Flows may have different characteristics and nay require different

processi ngaRasedeMititd® mﬁéﬁ@yB%t %ap hheatkibes @%Sigfég%fféqmrme@?ﬁ.e.,fdo%@- For

exanpl e, video or voice may be characterized as | ow'l atency ows (video

gener al | y hayibadpolhiaghedrsonterpaakgipess. filedunsfensmeserainmtoloianed{ pavketylossat a

appl i jons 11, are | sensi tiye t .at ency, ~but ve hi gher data

i nt egf@%@l requi F?ﬁ%ﬁf)g%?ﬁ%?y, ! iﬁlacéea %@a Ccf%sl gpgml”@%@n%rogeg%%gtuqnoss,
file trans{RiailsSnddREHA) livati BEQ QT As Qhd RRGKkSes! 8D for [(FRARRLssBhoGEgRor 620
may include a Media Access Control (MAC) processing unit (details not

shown) t havhyseablayes Froosssoraidd) maypeles sevsive pbpsitarlayer dasrdand giroresothetdat
physi cal | r. Processor 620 al r i hysi cal |ayer data and
brocess t hE ERPAckS Ry igcian d0%sr P2d WA, s oo Al 5 ggehRE ribvat ed

control andis§ignabhmAGni¥akd Bltweerd e APTHIM GRE @Arsbetmren pidiscobandhipe UTs.
MAC Protocol Data Units (MPDUs) encapsul ated in Physical layer (PI1Y)

Pr ot ocol DAYIEDUSs) tenc{RPRS!) inaPbysick| layar @Y o Peotdcal eleatavEditf (BADWs) eteess LAN
transcei ver, 660., An DU is also refer to as.a frame. Single MPDU
i s encapsufgi&rs fp an ir?f_'g?lweedPé%, Wlfglﬁﬁ%imémwrg“ﬁﬁéﬁ%m@n\ggﬁ@?éﬁr to as
a frame. Aldgrapis 18 HadmIENGsIBY sifpPMDDENY GeMKEIRd L Leghat qugyand
term nol ogy nmay vary in alternate enbodi nents. Feedback corresponding to

t he vari ousorM&dsDehenBYDYemapther reéctrefdr wnat hefrphy si Aldrnate agnarodpnade ssayr 620

for various rposes. Feedback may conpr.ise any physjcal |ayer, jnformation,
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uni cast tr i : j frar J ters.
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[ 0051] Pro a general - pur pose croprocessor, a dirgital

signal pr tayespoce{s@ISP}( farvasiosp euipabesp Ufepdisek pnac esaprise &#ryogessal [a§20 may
be connected with specjal-purpose hardware to assi st in various tasks
(details nSHOLHERRY .mﬁfy%ﬁl%a%ppoatablﬁ rales ahgh%zﬁl%@nql\lﬁin% Adieast A Me) as

connect ed ; t uter or over a
comnect o4 BHSEERIENS e hya AR SRSkl angG R

Itional proces wthin wreless
conmupdosat i on dewdcessoil 08200 mal06e (& aiensiabpnppsecominBypracgssoona predelesgnal 620
itself. Processor Gﬁ%ei s shown connected with nenory 630, which y . be used
for storin§ragaisar €25hepy 2 sReciakPrngss P@ﬁ%SS%rPrﬁe%ﬁ%rr%%%r@aaf he courersdavith

procedures special-purpose hardware to assist in various tasks (details not shown). Various
applications may be run on externally connected processors, such as an externally
connected computer or over a network connection, may run on an additional processor
within wireless communication device 104 or 106 (not shown), or may run on
processor 620 itself. Processor 620 is shown connected with memory 630, which may
be used for storing data as well as instructions for performing the various procedures
and methods described herein. Those of skill in the art will recognize that memory 630
may be comprised of one or more memory components of various types, that may be
embedded in whole or in part within processor 620. In addition to storing instructions
and data for performing functions described herein, memory 630 may also be used for
storing data associated with various queues.

[0052] Wireless LAN transceiver 660 may be any type of transceiver. In aspects, wireless
LAN transceiver 660 is an OFDM transceiver, which may be operated with a MIMO or MISO
interface. OFDM, MIMO, and MISO are known to those of skill in the art. Various example
OFDM, MIMO and MISO transceivers are detailed in co-pending U.S. Patent Application
Publication No. 20050047515, entitled “FREQUENCY -



and net hods descri bed herein. Those of skill in the art will recognize that
menory 630 nay be conprised of one or nobre nenory conponents of various
types, that may be enbedded in whole or in part within processor 620. In
addition to storing instructions and data for perform ng functions

descri bed herein, menory 630 may al so be used for storing data associ ated
with various queues. 100521 Wreless LAN transcei ver 660 may be any type of

transceiver. In aspects, wireless LAN transceiver 660 is an OFDM
transcei vePNDEBENEEh% SPA TdpérRREGERING aF PRMYTDEBIIED MIfDe ANLL INSPDM
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publ i 68y Mar chWireI@@(DB\N trankceiysi gited shown bennastsil gritheandénniabh 67H Al em’tny
application e enbodi nent s i ncl ud MO or SISO s [ 0053]
Whel oo LR Bor it eOBiDEs MEE gei SRS B ERUEHS KRS V2T SRR Ay
nunber of gnkesRasBYnLR:SYPBRWEANI Povari ous enbodi ments. Antennas 670 may

be wused to transmt and receive on WAN 120. [0054] Wreless LAN
t r ansdb4ler 660Wr5q]{essoﬂiqj‘rN saaascspfat i 660 pmaszessmpnsen acepatiahi patcessor wint h each

of the one or nore,. ante . The s atl %gﬁss[g‘ie I ?rocess t he data
for transn?%‘?“&ﬂlc?%’eﬁ OPC QL EITA /AL 8?{?%5 j rf‘PF%a PISEEOE M e
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be based on channel estimtes, feedback fromthe UT, channel i nversion, or

a vari ety okeioehsgnals es Iaqutseesaskr&wnpilas of lee iad¢pendée ppowsessimy bebagdr f or ned
usi ng any of i et i al ng techni ques. Var.i ous
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thus M x N pat tween the antennas of the AP and the UT. A variety of
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[0055] In an example system, the AP (or any STA, such as a UT) may have N antennas,
and an example UT may have M antennas. There are thus M x N paths between the
antennas of the AP and the UT. A variety of spatial techniques for improving
throughput using these multiple paths are known in the art. In a Space Time Transmit
Diversity (STTD) system (also referred to herein as “diversity”), transmission data is
formatted and encoded and sent across all the antennas as a single stream of data. With
M transmit antennas and N receive antennas there may be MIN (M, N) independent
channels that may be formed. Spatial multiplexing exploits these independent paths and
may transmit different data on each of the independent paths, to increase the
transmission rate.

[0056] Various techniques are known for learning or adapting to the characteristics of
the channel between the AP and a UT. Unique pilots may be transmitted from each
transmit antenna. In this case, the pilots are received at each receive antenna and
measured. Channel state information feedback may then be returned to the transmitting
device for use in transmission. Figen decomposition of the measured channel matrix

may be performed to determine the channel eigenmodes. An alternate technique, to



formatted and encoded and sent across all the antennas as a single stream of
data. Wth Mtransmt antennas and N receive antennas there may be MN (M

N) independent channels that may be forned. Spatial nultiplexing exploits

t hese i ndependent paths and may transmt different data on each of the

i ndependent paths, to increase the traldsmission rate. [0056] Various
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wireless LAN transceiver 660, other circuitry, or a combination thereof), and may
perform encoding of messages such as those just described. Techniques for message
encoding and decoding are well known to those of ordinary skill in the art.

[0059] In one embodiment, a Fast Fourier Transform (FFT) (not shown) may be
included to process a received signal to determine the signals received for each tone in
an OFDM scenario. The FFT may be followed by more decoding and processing to
demodulate data on each of the tones. As described further below, the FFT output may
also be used to determine received energy of one or more of the tones for use in
monitoring the various channels. FFT processing at the receiver may also be used for
this purpose even in the case that the transmitted signals are not OFDM. For example,
FFT processing permits low complexity implementation of frequency domain equalization
for the reception of wideband CDMA signals as is well known in the art. In aspects,
monitoring of the primary and secondary channels may be desired. Alternate embodiments
may include additional channels, such as if three or more low bandwidth channel bands are
combined to form a high bandwidth channel. These and other modifications will be clear to

those of skill in the art in light of the teaching herein.



[ 0059] In one enbodi nent, a Fast Fourier Transform (FFT) (not shown) may be

included to process a received signal to determ ne the signals received for

each tone in an OFDM scenario. The FFT may be foll owed by nore decodi ng and
processing to denodul ate data on each of the tones. As described further

bel ow, thewbRhiosaMieut nmay al so be used to determ ne raggaivachsepprgy of one
or nore of the tones for use in nDnltorlng t he various channels. FFT
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[0063] In one embodiment, an AP or STA attempting to establish an 802.11n BSS or
moving to a new carrier conducts Dynamic Frequency Selection (DFS) measurements
on all 20 MHz carriers in that band. The AP may use its own DFS measurements when
establishing a new BSS and it may also use DFS measurements reported by associated
STAs. The algorithm for selecting the 20 MHz or 40 MHz band to establish a BSS may
be implementation-dependent. If no free 40 MHz band (even-odd pair of 20 MHz) is
found, the AP attempts to find a free 20 MHz band. If no free 20 MHz band can be
found, then the AP may establish a BSS with a 20 MHz or 40 MHz carrier. This BSS
may overlap with another existing BSS. The AP, in this example, should choose a 20
MHz or 40 MHz band that is “least interfered” so as to cause minimum disruption to an
existing BSS. The AP should use its own DFS measurements when establishing a new
BSS, and may also use the DFS measurements reported by associated STAs when
moving an existing BSS to a new carrier. The algorithm for selecting a 20 MHz or 40
MHz bandwidth to establish a BSS under the non-availability of free carriers may be

implementation-dependent.



[0063] In one enbodi nent, an AP or STA attenpting to establish an 802.1 In
BSS or noving to a new carrier conducts Dynam c Frequency Sel ection (DFS)
measurenents on all 20 MHz carriers in that band. The AP may use its own
DFS neasurgpBijeasfoen establishing a new BSS and it mayalSMssR7PFS
measurenents reported by associated STAs. The algorithmfor selecting the
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techni ques known in the art’. new 4 may be established in
t he presencdSH then the &P stgppgghemycond or subsequent BSS uses the same primary and

secondary carriers as that of the existing 40 MHz BSS. This is ensured by the rule that

40 MHz pairs are of the form 2n, 2n+1, without requiring any communication between
the APs directly or through STAs within their respective BSSs, in embodiments
subscribing to this limitation.

[0066] A new BSS may also be established in the presence of overlapping an
overlapping 20 MHz BSS. In one embodiment, if establishing a BSS that may overlap
with an existing 20 MHz HT BSS or a legacy BSS, the AP establishes a 20 MHz BSS
(not 40 MHz). In this case, since the paired 20 MHz carrier is not free (otherwise there
would be no need to establish an overlapping BSS), the paired carrier may be occupied
by another 20 MHz BSS. Procedures for coordination of medium access in the case of a

40 MHz BSS overlapping with different BSSs conducting independent medium access
activity on the two 20 MHz carriers may be too complicated and wasteful, and are not
supported in aspects. Those of skill in the art will recognize that reserving a first
channel and leaving it dormant while waiting for access on a second channel may not
optimize resource utilization. Nonetheless, alternate embodiments may be deployed

without this restriction, and additional procedures for attempting to reserve bandwidth



MHz BSS. If the newly fornmed 40MHz BSS is overlapping with an existing 40
MHz BSS, then the AP starting the second or subsequent BSS usos the sane
primary and secondary carriers as that of the existing 40 MHz BSS. This is

ensured byywhhodidses; that 40 MHz pairs are of the formpghy iikhsso t hout
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FIG 8 depicts aspects of a nmethod 800 for nonitori ng}‘establ i shed channel s,
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det ect abl e HiANgASHigR magpacyr @ sipgle REXHz chapnels Yasieugmwakeringdpehmquespigs,  at
810, in thi SHescEb 'fﬁrth nggﬂgggwi.n a BSS nonitors the established channel.

[ 00681 Monitoring the channel nay be different depending on the node
sel ect egoand At 820, a STA measures interference in the primary and secondary channels.

Again, in various modes, the STA may also measure interference on the entire channel,
as well. Example measurement embodiments are detailed further below.

[0070] At 830, the STA reports measurements, (or receives measurements from other
STAs in the example case where an access point will make a decision on whether or not
to alter the BSS in response to measured interference). Example reports are described
below. Any messaging technique may be used to transmit and receive such
measurements.

[0071) FIG. 9 depicts aspects of a portion of a STA 104 or 106 used for monitoring an
established BSS. In this example, a received signal is delivered to multiple frequency
band ehergy measurement 910. Energy measurements 920A-920N are generated for
two or more frequency bands, and delivered to interference detector 930. Interference
detector 930 receives the frequency band energy measurements and makes a
determination of whether interference is detected or not. A mode setting may be used to
identify the context for which interference detection decisions are made. Example

interference detection embodiments are detailed further below.



the BSS type. In the aspects, there will be a primary and secondary channel
formng a 40 MHz hi gher bandw dth channel, all of which my be used to
transmt, or transm ssion may occur a single 20 MHz channel. Vari ous
nonitori ngmm“?&gs are described in further detail ﬂ?ﬂ/ﬁé’!ws[/o%@?l At 820,
a STA neasures 1 nterference in the primary and secondary channel's.” Again,

I n various nodes, the STA may al so neaslfe interference on the entire
channel, as well. Exanple neasurenent enbodi nents are detailed further
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i nterference_det ection decisions are nade. Exanple interference detection
enbodi ment s 'AFECEBi | ed further bel ow. WD 2006/ 045097 PCT/ US2005/ 038079 17
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interference detector, to indicate that traditiaonal clear channel
assessment s meapuisaeRise ffotethateingspastss myKipld frequenrydand eacsgy messursaicat H0 For
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addition to overall interference. [00;'3}(1)e I nterference detector 930

accunul at es Heasarengps FROANZEN: way gessspeidetectie angilabler tibesharnelsnef 2 higher i n

aspects, mulgipbek LRAHENEY mBFBE ofBELHYey TROSHERERA! FR4Yy measurements 920

may be delivered as aggregates of various sub-bands, or energy measurements for sub-

bands may be delivered to interference detector 930, which may then aggregate the
energy sub-bands to determine the energy measurements within various channels.

[0074] FIG. 10 depicts aspects of multiple frequency band energy‘measurement 910.
Those of skill in the art will recognize that various alternate techniques may be
deployed in multiple frequency band energy measurement 910. This aspects serves to
illustrate the general principals described herein for interference detecting on multiple
frequency band wireless networks, and is particularly well suited for the example
OFDM wireless LAN described above or other systems where the receivers use
frequency domain processing of the received signals. In this example, the receive signal
is delivered to a Fast Fourier Transform (FFT) 1010. Various FFT techniques are well
known in the art, and any FFT may be deployed in a given embodiment. When used in
the OFDM context, FFT 1010 will produce energy measurements 1020A-N for the
various OFDM tones or bins. These energy measurements are delivered to energy
calculator 1030, which may accumulate the energy for a particular bin or tone or may

aggregate energy for a group of tones. This method may also be used with reception of



may be a discrete conponent, or nmay be a portion of transceiver 660,

detail ed above. Interference detector 930 nay be conprised within wreless
LAN transcei ver 660, or may be included in whole or in part in processor
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for a group gkd tPPAS outTd kealdE hik@BerBHtomts $OrrBPondifg toteoveRtichhivitPfn WO
2006/ 045097 PCT/ US20051038079 18 non-OFDM transm ssions to obtain the

recei ved eneViigh pry pardomyelothp chamnelgpasbe larateth ulgrsimiadaghinme snaagwcalgtateri r ect | y
dul ated w t i N i
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contiguous hig oughput channe s “descr ove, the
produce a pladdaionglychafmetspmedternkizleinbodintehts); end genemtent dnergyrmeswementtfor t he

primary channel . and hal f, w,ll corre nd to.the secondary,.channel. Thus,
bner gy cal caFa B eABAGrh L b OO atencd hapdy TE s RSt i mary. channel
tones t @oproduce Q. 1 EAEHi&Y asfRes Wraethod 0100t BE mddifpmp ¥ BSR i Rkponst 8 | arl y,
energy cal cul ator 1030 nay aggregate the energy for the tones caorrespondi ng

to the secoragasyred intariIEndeo 4 sl ancthodgaaomem P§ uesdeioy etamaining erdpitial
channel for establishing a BSS, as described above. Several procedures are detailed in

C

FIG. 11. These procedures are examples only, as various embodiments may employ
any one or more of them, and these procedures may also be combined with various
other techniques disclosed herein.

[0078] At 1110, using any measuring or monitoring techniques, such as those detailed-
herein, an access point (or other station responsible for allocating a BSS frequency
and/or bandwidth) measures the primary and/or secondary channel. Alternatively, or
additionally, this STA may receive similar measurements from other STAs in the BSS.
At 1120, if no interference is detected, the process returns to 1110, where monitoring
may continue. If interference is detected, then the STA may attempt to locate another
high bandwidth channel at another location, as shown at 1130. In one embodiment, the
STA may look for an unoccupied high bandwidth channel. In another embodiment, the
allowing for some interference on the high bandwidth channel, the STA looks for a
channel with lower interference than that detected at 1120. If such a channel is located,
proceed to 1140 where the STA relocates the BSS to the available high bandwidth

channel. Those of skill in the art will recognize various techniques for signaling or



[00761 In alternate enbodi nents, where the wi der channel is not necessarily
contiguous, those of skill in the art will recognize that a higher order FFT
1010 may be wused to pull out a greater nunber of tones corresponding to the
overall bandwidth in which any portion of the channel may be |ocated. In
simlar fashion, energy calculator 103 nay sel ect the tones corresponding
to the primary and secondary channels (or additional channels, in alternate
enbodi ment g)essaging wether AT As apsogiatadgyithethe Bt of modifsation fte dlogielmampeband

within the multiple.frequency.band wrel ess networ 00771 FIG 11.depicts
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i nterferengethe fewiligl BindWBdthQHaiRY al so be used for determning an initial
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. or _addjtignally receive simla surenent s
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for an unoccupi ed hi i di h. channel .. | n another i nt, .the
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for a chanpglabW b HaaW&Idth BhRhEEIfRME s dddRblehat detected at 1120. If such a
channel is located, proceed to 1140 where the STA relocates the BSS to the

avai | 4188 hi gh bantil 69;Hherghiameefurthdhsgesfasgncs ldefdctadn thehprogess MRy btopeebgni ze

various techni ques . fa L gnali.n nessagj to th assaoei at ed
wth tne poeD iRy gy PRSP 1 e TRIRRED Pl gith 3N ShRRaE  fece.
Then the pheeRss iXRYlablet LINO, t Nofel It thome®Bli NWe MBNIHeORéAGd iatiefidi@lyne hi gh
bandwi dt h channel. [0079] If, at 1130, another high bandw dth channel is not
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a high bandwidth channel when one becomes available.

[0081] FIG. 12 depicts aspects of a method 1200 for determining if interference is
occurring on a multiple frequency band wireless network. The various embodiments
detailed herein have been described in a Carrier Sense Multiple Access/Collision
Avoidance (CSMA/CA) context. In other words, each STA listens to the shared
medium before transmitting. Thus, each STA must be able to determine if the channel
is free before attempting to transmit.

[0082] Because the multiple frequency band WLAN is occupying more than one band,
and other STAs such as a legacy BSS may begin to transmit on either the primary or
secondary channels, the STAs supporting the high bandwidth network need to be able to
monitor both the primary and secondary channels (as well as additional channels, if
supported). While it is possible to deploy two full receive chains to dedicate to
monitoring both the primary and secondary channel, for example in 20 MHz mode, that
may be prohibitively expensive for a given embodiment. As detailed herein, and described
above with respect to FIGS. 9 and 10, it is not necessary to deploy a full receive chain on

both channels to determine whether or not there is interference. The



primary or secondary channel, depending on the type of interference
detected. Once the BSS has been rel ocated and operating on the | ower
bandwi dt h channel, then, at 1160, determne if interference is stil

detected on that channel. If interference is detected, the process reverts
to 1170 t owaldvad/saseveasur enments and rel ocate the BSS to equ/e$zmevosie
avai l abl e | ow bandwi dth channel, if one_.js available. [0080] If, at 1160,

there is no further interference detect® , the process may stop, or nay

proceed with the nsm.ssi. 0 0_and opt, onal | ocate a hi BW channel
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so any energy detected (above a threshold, for example), as indicated at 1220, may be
used to determine there has been interference. If energy is detected, then an interference
report may be generated or interference event statistics may be updated at 1225 and the
process may stop. Various example interference reports are detailed below. If no
energy is detected during the clear channel assessment, then there is no interference
detected at 1230, and the process may stop. |

[0085] If, at 1210, the channel is not idle, then, at 1240, determine if there is a 20 MHz
transmission on a first channel (such as the primary channel, for example). If so,
measure the energy in the second channel at 1245. Note that, before any transmission, a
clear channel assessment must be made for the 20 MHz transmission on the first
channel. Againv, as described above, an entire receive chain is not required to measure
the energy in a second channel, even while receiving on the first channel. For example,
in a receiver using frequency domain processing, an FFT may be deployed to measure
energy at the various tones. When 20 MHZ transmissions is being used, the energy of
the tones not used in that 20 MHZ transmission may be measured. At 1250, if energy is
detected on the second channel, then interference on the second channel has been

detected. At 1255, an interference report may be generated or interference event



(whet her high or |ow bandwi dth) is idle and the STA nonitoring that channel
is able to receive and nonitor, expecting to find the channel idle. In

anot her exanple, the channel is active, in a mxed BSS node (i.e. one or
nore STAs in the BSS operate at a | ower bandw dth than a maxi mum supported
by the BSS, such as a 20 MHz transmssidn wthin a 40 MHz bandw dt h
channel). A third exanple is when a transm ssion is active wusing a high
bandwi dt h sthastiee mayi beeupdated @r bHier tip@opiiats action takert. i€ casgeds 89t deldd@d4h | n
describing the nmethod of FIG 1200, the aspects 20 and 40 chanpels w ||
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be depl oyedeteofifd atEihdblelymb and rel atively higher bandw dth systens,
as well as %ﬁannaIF ? d:%tlrgng%?o the primary and secondary. At 1210, if

t he chwddlel i s ifdihe, clmmdelt enotnmonidlermody SAA thes tiansmssien vie mmde 20pMbizeed t o
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first chabhéasleen Almtvm basdsd@s adiinedalalrmde, inaan eltdrhate emdodimentc vaa mséfsl not

required to nea e ener ( in a second channel,. even ile receiving on
the first HaRBe %FMI}P %aﬁ%m fon {iy, Candstes e &EPrﬁémf‘%t%léiutgh RCYMGoTher§Y
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When transm ssions i s belng used, energy of the“tones not used
in that 20 plihidryt oraths secoatday dhamleﬂletheremsmdémiond&tené@avoulﬂ bememgyred sn tlket ect ed
on the second chanrfg t hen i nt erference e sec annel cﬂ S been
detected. MSPaSHs chapngln by this & thesporqy %@enbee de ?%{? GNIEY i HUBERE ence
event 21  $L@lksiHeGSoBYqPLe updated or other appropriate action taken. If
energy is not detected on the second channel, then, as before, proceed to
1230. [(08711230, hotei thatetht enterfierench aspdtegamerated at 1225 1255 or 1285 may be used to

generate a report for transmission to a remote STA for use in modifying the BSS, or alternate
steps may take place. For example, various counters tabulating interference types may be
incremented, and/or a report generated, when certain criteria (such as exceeding a threshold) are
met. Alternately, the various reports may be identical and a single report of interference or not
interference may be made.

[0088] FIG. 13 depicts aspects of a method 1300 for responding to BSS modification messages
from an alternate BSS. In this example, at 1310, a STA monitors messages from another BSS.
For example, interference may have been detected. Or, the alternate BSS may be using a
communication protocol that is decodable by the STA employing the method. The STA may
decode messages directed to STAs in the alternate BSS, and may make decisions for
maintaining its BSS accordingly. At 1320, if the other BSS signals a switch to a lower
bandwidth channel (such as the primary or secondary channel), perhaps due to interference
detection at that BSS, proceed to 1330. If no such message is received, the process returns to
1310 and monitoring may continue. If such a message or signal is detected in an alternate BSS,
then the access point (or other device capable of signaling a BSS change) may signal to the

current BSS to switch to an



detected and the process may stop. [00861 If the channel is not in idle node
and the transmssion is not a 20 Mz transmssion, then, if a 40 Mz
transmission is to transpire, at 1270, proceed to 1275. At 1275, neasure
energy in Qe Rod@asls. 'n this exanple, the three conditp@pgslssdgot ested
have been illustrated, and the process proceeds to 1270 to stop If this is
not a 40 MHz transmission. In an alter&ate enbodi nent additional scenarios
may be tested in alternate enbodi nents. At 1280, an energ%/ difference is
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anot her BSS.inteHpteneexanpl e, interference may have been detected. O, the
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received, the process returns to 1310 and nonitoring may continue. |If such

a nessage orintgrigigage pr thesecondary|qegs g detepisdtdripgdack-offe the REAagherls poi nt
(or other det}’;ln%it%ﬁﬂﬂe%ﬁna?%caﬁh%‘l}.”g a BSS change) may signal to the
ch'to a

current BSS to swt
{0090} During back-off, as well as during any 20 MHz reception on the primary carrier

in the 40 MHz BSS, 40 MHz capable STAs that are awake perform CCA on the

secondary carrier. When interference is detected on the secondary carrier or when a
preamble is detected on the secondary carrier, the STA increments a Secondary Carrier
Interference Event (SCIE) counter.

[0091] Alternately, each STA may maintain and report multiple interference event
counters for each possible interference event type. Examples include: (i) Detected
preambles, (ii) Detected frames with a different SSID, (iii) Detected noise level above a
threshold, or (iv) Detected interference from other sources.

[0092] SNR degradation may be measured on the secondary carrier. During reception
of 40 MHz transmissions, STAs may compute the difference in SNR between the
primary and secondary carriers, as described above. The increased interference on the
secondary carrier may come from a 20 MHz (or legacy) BSS that may not be capable of
DFS. If the difference exceeds a threshold, the STA increments the appropriate SCIE

counter.



WO 2006/ 045097 PCT/ 1JS2005/ 038079 22 alternate | ow bandw dth channel, at
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operation on the secondary carrier, An AP (in another 40 MHz BSS) that receives a
Beacon from the overlapping BSS, announcing the transition to 20 MHz operation on
the secondary carrier, transitions to 20 MHz operation on the primary carrier and
indicates this information in subsequent beacons using 802.11h mechanisms.

[0096] Multiple overlapping BSSs may be supported. When multiple overlapping BSSs
are present, DFS procedures may be deployed to gain access to the channel. In some
cases, the result will be overlapping 20 MHz BSS as in existing 802.11.

[0097] Detailed below are example procedures for establishing 40/20 MHz BSS in a
new band, or relocating to another new band. A transceiver may be deployed in
accordance with the following requirements.

[0098] The transceiver will transmit on the primary channel if the secondary is busy.
During 40 MHz operation, the transceiver conducts clear channel assessment (CCA) on
both 20 MHz carriers, as described above. It follows medium access rules on the
primary 20 MHz carrier. When the STA determines that it has permission to access the
medium according to the CSMA/CA rules on the primary channel, and if the STA
determines that the medium is busy on the secondary channel, the STA transmits on the

20 MHz primary carrier only.



secondary carrier may cone froma 20 MHz (or |egacy) BSS that may not be
capable of DFS. If the difference exceeds a threshold, the STA increnents
the appropriate SCIE counter. WO 2006/ 045097 PCT7US2005/ 038079 23 [00931
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aut ononmously, or on request fromthe AP, report the SCIE Counter value (or
multiple SCIE counter values for the V4rious interference types). The SC E
Counter is reset_once the AP acknow edges the report. The AP action on the

recei pt08P1 sci E FepOrYEz fagsmesionsnibe ereembletand ireaeBilenk arcdsagpmpitied oar e
detai | ed abgyg, caflfs, ﬁ%egsg@ﬂfg HERR AR whiter BoRio2 il ARkl don 11 the

SCI E counts are excessl an alternate high andwi dt h channel ). A
transition trensGtted-on 4tbyHaer anhe26dddz pymatyecaBigAonlyr ansmitti ng t he Beacon.

[ 0094] excessive SCIE.counts are esent (whet her, neasured, reported,
o ot TG, P AREeb o sk Secaler o b G RRpank P tebondaic Ehbnele, of B cot
ot her STAs pfimkReo¥eS It @ 4KEIABES! & A0 NHIBAGEBRE NsEns T01eCAR diBbothOVe tO

another 40 MHz carrier or  transition to 20 MHz operation on the grimary
carrier andC¥EFHi hBg BCEYEr igrabtente delsst apersppleand despde the lggacy sigsakilicfove.

[0095] A magifk- Qnuneihl) chitio?Or Moo, dRBERYES: iRSaRRARREGTN! S,

using techniques simlarf to that shown in FIG 13. In a MHz oveér | appi ng
BSS, when t ke themedibme theetscaivritis eble tsGistalbof thes fodlpwidgohypothaesst Gbsiendl s

excessive agtlyi r . Qver i 09 t I ier. the AP
may transiti oljﬁ tﬂé Jé‘é%&?%p’isﬁl\?&fk&glggpg(tu?g%%%nttﬁegp@é%rg%égfo’%%%r eanl An AP
(i n anot her t(x?]hﬁ) sﬂtgi-dzl cﬁﬁ?jmarh?hd ﬂxgenﬁéM:a;rfes oa thBewonduary.r mepéddmgmtgmbamltmq_ BSS,
announci ng e transition to operat i n secondary carrier,
rans L1 oms tHEge BSeRRessf PP s BHICEHED 5 it ST Rk et ARV o fRFRATIES (i s
i nf or mat i on of GecodidEQOREMHCARRRSIoN Dh NB: HidAary darriRCdialdENEHz tre@fkioul tipl e
over |l appi ng BSSs may be supported. When nultiple overlapping BSSs are

present, DFsPnbgdbRivosamifs-be depl oyed to gain access to the channel. In
sone , the . 1 . i . j b SEd-Ng

802. 11.019‘?33'97] D?%gﬁ#égedggjl"g%%gg ﬁ%‘ﬁ%ﬁé’“ﬁ?ﬁ%& ures oér?%vgs‘??aﬂﬁﬁﬂfﬁ‘:”ﬂg 40/ 20
MHz BSS in as idiepwhimathdre ipa 20 Mida tinismgsstoo oanint prenarpew viwn dheristarddridtei ver may
be depl oyed.,in_ .accor e with the .fol.l gw requirenents. .[] 0098] The

¥ ansger ver NHFHSRTLOTS At csferpint orivehs Ak Bucl Rl R B divatiepted "busy.

carrier. A number of methods may be used to detect interference on the secondary

carrier (for example, as described above with respect to FIG. 12). When the medium is
idle, the STA may detect the presence of transmission from é.nother BSS (indicated by
the presence of a different SSID in the MAC header of the transmission). When the
medium is busy with a 20 MHz transmission, energy detected on the secondary carrier
indicates interference. When the medium is busy with a 40 MHz transmission, a STA
may determine an SNR metric that indicates a difference in SNR on the two carriers.
The STA collects and reports these information events as detailed above.

[00102) Examples of permitted carriers in overlapping BSSs with 40 MHz operation for
this aspects are detailed in Table 2. Note that permitted and non-permitted overlapping
BSS scenarios are specific to this embodiment. As described above, alternate

embodiments may allow or disallow any combination of various overlap types.

Table 2. Examples of Permitted Carriers in Overlapping BSS with 40 MHz Operation

Overlapping | Overlapping | Overlapping | Permitted | Comment
BSS 1 BSS 2 BSS3
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[00103]

[00104)

The following are several additional examples of techniques that may be used

when detecting Secondary Carrier Interference Events. If, during CCA on the primary,

there is a transmission on the secondary, it must be interference. In one embodiment,

there is no need to decode the BSS ID. During reception of a 40 MHz transmission, if

there is a lower SNR on the secondary, then it may be concluded to be interference. If,

during a 20 MHz transmission, there is energy on the secondary, then it must be

interference. In these instances, therefore, it is not necessary to decode the BSS ID from

transmissions on the secondary to determine that there is interference on the secondary

carrier. This is useful when, for example, there is energy on the secondary carrier, and

the data rate and steering may be such that the interfered STA is unable to decode the

MAC header of the interfering transmission.

represented using any of a variety of different technologies and techniques.

Those of skill in the art would understand that information and signals may be

For



this aspects are detailed in Table 2. Note that permtted and non-permtted
overl apping BSS scenarios are specific to this enbodi nent. As descri bed
above, alternate enbodinents may allow or disallow any conbi nati on of

various oveyd apedg@es. Table 2. Exanples of Permtted Gagf/i€dossidstoro
Over |l apping BSS with 40 MHz Operation Overlapping Overlapping Overl appi ng

Permtted Comment BSS1 BSS2 BSS3 WO 2008/ 045097 PCT/ US2005/ 038079 25 40
MHz: 40 MHz: Not present Yes Overlapping 40 Miz BSS. 2n, 2n+l1 2n, 2n+l
Ei t her BSS agmplandalihdestaictiens; eernmensispmigymationtsignalst bigs, spmbolpand ahinsn swi t ch

to ot her 20 Mz, SRk [ : X t t 0 Rl ers nust
be of 2n, én+1 %P%r%geﬁgﬁg(% @P%}#&lt gﬂrgé,za %1‘1%‘@@@: m%lg m%rﬁ%rb sent Yes
Overl ap wi t lvoR{zeb/Hnrronts, 2evtroiagiieti2 iwaFes, magyeticdieldsen . padidldyaptic2(fididdzar Not

present No I%%? E must sSw t.cg.tchaZO 2n, 2n+1 2n+1 MHz operation on either 2n
or 2n+1. Or PREISIFS anypqmbipation these carrier. 40 MHz: 20 MHz: 20 MHz: No

BSS 1 g@ﬁo{s]svw t CIThéR &0 skiinwold *hrthét ApretialdthaORRE autiQnt Dlus@itivBelogiddl Or
2n+1. find an alternate 40 MHz carrier. . 20 MHz: 20 . Yes

40 MHz:, 20 MHz:
Overlap wi t Plozls,vmpdees, drpuitsnand algopthnpsteprdeseihed i @y conngetiqns yvithhthe
foll owi ng ar ; | 4 Lb b I ' used
when det ect ieﬁ‘é’%@é@é‘ﬁ ér&g&g?@?glrm%tﬁ%@%g%g& Eé\;/glg%tgéh?fpmﬁgﬁ ng A on the
primary, tsefteareson combhimstiorssofobotbn Theledy allddmate, this imershangeability exff er ence.

om0k B R AR B DHSHAL, §°CRL T,
may be conclsugetavedebeddstitiidla8b@NgeRerally in tefinly dfMigeinfurblidhlityt WaRehEr siwchon,
there is enef[u?ét/iogzﬂit; f}se ir%%ﬁ:?nggt%(ri ya’s }Earr]c?v{']artie tor rgéis't&var%edepends upon the particular

application and design constraints imposed on the overall system. Skilled artisans may

implement the described functionality in varying ways for each particular application,

but such implementation decisions should not be interpreted as causing a departure from

the scope of the present disclosure.

[00106] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[00107] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module
may reside in RAM memory, flash memory, ROM memory, EPROM memory,
EEPROM memory, registers, hard disk, a removable disk, a CD-ROM, or any other
form of storage medium known in the art. An exemplary storage medium is coupled to

the processor such the processor can read information from, and write information to,



interference. In these instances, therefore, it is not necessary to decode
the BSS ID from transm ssions on the secondary to determne that there is
interference on the secondary <carrier. This is useful when, for exanple,
there i s eRer@ysRkyyhe secondary carrier, and the datapdpi®ongscSs €ering
may be such that the interfered STA is unable to decode the MAC header of
the interfering transmni ssion. [00104) Thbse of skill in the art would
understand that information and signals may be represented using any of a
vari ety of der steragpmedawhndn deg aléeragtiye.t he winregsemedipgr myyObe Juiegel BotE

PCr / 0S2005/ ' et : ~ tion,
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in varying ways for each particul ar plication, ut such inplenmentation
deci si ons sWBEﬁ‘ﬂeq‘i&“?‘BléeP‘?ﬂcé’flﬁraéfléﬂveigﬂa%ﬁéﬁﬁ?g’sﬁd%ﬁarture from the scope
of the present disclosure. [001061 The various illustrative |ogical blocks,
nodul es, and circuits described in connection with the enbodi nents

di scl osié808ker ei n WHATOS ChpIMEBNSed or performed with a general purpose
processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programable gate array (FPGA) or other
programmabl e | ogi ¢ device, discrete gate or transistor |ogic, discrete

har dwar e conponents, or any conbination thereof designed to performthe
functions described herein. A general purpose processor may be a

m croprocessor, but in the alternative, the processor may be any
conventional processor, controller, mcrocontroller, or state nmachine. A
processor may al so be inplenented as a conbi nati on of conputing



devices, e.g., a conbination of a DSP and a m croprocessor, a plurality of

M cr opr ocessors, one or nobre mcroprocessors in conjunction with a DSP core,
or any other such configuration. [00107] The steps of a nmethod or algorithm
descri bed iyo6empisesi on with the enbodi ments di scl osedppergbdds/iRyebe
enbodied directly in hardware, in a software nodul e executed by a
processor, or in a conmbination of the t@8. A software nobdule may reside in
RAM nenory, flash nenory, ROM nmenory, EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable di skLARMSD- ROM or any other form of
storage nedi um known in the art. An exenplary storage nediumis coupled to
the processor such the processor can read information from and wite
information t.o, A ZpaatB34o09rsiReT/ US2005/ 038079 27 the storage nedium In
the alternative, the storage nmediumnay be integral to the processor. The
processor and t hé BB ¥ %edi um may reside in an ASIC. The ASIC nmay reside

in a user term nal procBssbr)ecodple@Wigh iheemeindsy, RoRAREEO o aRIbct Aechahmyl ofge nMedi um
may reside as discrete conmponents in a user termnal. %00108] The previous

descri pti on establigfingiatcselesied champelhandvidth fram gt loast adligst harnehbandwidt) andyer son
skilled int gﬁ&ﬁ ﬁﬁﬂﬁ j . i

nodi fi cati on‘ggqicgﬁ&tc zglge en‘g‘ggilﬂyreaﬁéggmeq?{@ e r%?&?ﬂ/&};ggglr% ?Htl%utét;]grssé
skilled in té¢eneel bpuraiades Whengthe first chanpelibandvpidthsis delédterbahdfeone a plurality b€

applied to other, enbodinents wthout depanting.from..the.spiri r .scope of
TP el osoieasta e bt bnel e s PROMHRAT phddim il Sodhidl bherln BEPPS, 01
to the enbodicasit chashdWoukiRFied freRubdes of e Hiest b adelBshntites\wind @adh sfabpe

consistent with the principles and novel features disclosed rejn.. [00109]
WAT TS CLAI it sppsnd shemshbsgaderiseresepitied G980 gre%ﬁdem{] *ﬁgpi"ﬁh%

appar at us CoppetsHdtHanm] BERBAres b§afleast HeQ6@NE @hanneIBARERMMM th the nenory,
configured to select a channel for establishing at a sel ected channel

bandwi dth fromat |east a first channel bandwi dth and a second channel
bandwi dt h ang a e bgmg‘a : | i fl channel
boundari es \Ag'en tsﬁﬂee #&’%g%uggﬁg%ﬁléll’ an V\%Oé%ir{s?l?agrgpéc{rgcahg%ﬁgi trooljr%eg‘t?ep? urality
of signal on the selected channel, and wherein the processor is further configured to

generate a plurality of frequency band energy measurements and detect interference in

response to one or more of the plurality of frequency band energy measurements.

3. The apparatus of claim 2, wherein the processor is configured to utilize a Fast
Fourier Transform (FFT) to generate the plurality of energy measurements for a
corresponding plurality of tones and an energy calculator to generate the plurality of
frequency band energy measurements in response to the energy measurements for the

corresponding plurality of tones.

4. A method comprising:

selecting a channel bandwidth from at least a first channel bandwidth and a
second channel bandwidth; and

selecting a channel boundary from a plurality of first channel boundaries when
the first channel bandwidth is selected and from a plurality of second channel
boundaries when the second channel bandwidth is selected,

wherein the second channel boundaries are a subset of the first channel
boundaries and each of the plurality of second channel boundaries are separated from
the remainder of the plurality of second channel boundaries by at least the second

channel bandwidth,



second channel boundari es when the second channel bandw dth is sel ected,
wherein the second channel boundaries are a subset of the first channel
boundari es and each of the plurality of second channel boundaries are
separated fromthe remai nder of the plurality of second channel boundaries
by at |east the second channel bandmﬁqgh. 2. The apparatus of claim 1,
further conprising a receiver configuréﬁ to receive a signal on the

sel ected channel, and wherein the processor is further configured to
generate a plurality of frequency band energy neasurenents and detect
interference i re n t o) re of . plurality of frequency band
ener gy neasuregbntsggggi%ﬁgaggggF%?%ggg§mng&%?92'mherein the processor is
configured to tiehts faedaerhdsihg a Fostich@mesaadsidol, m seédnl)chtumet) Bareimadtd, 4 he
plurality of energy nmeasurenents for a corresponding plurality of tones and
an energyPB&?E&P%&@Fd¥%“ﬁéﬁ%@%¥%&@ﬂ%aﬁhﬁ¥51Pfﬁw%ﬁdcqqa Gemdpriph i ener gy
measur eneRi g @harnﬁél%ﬂﬁ%rfﬁg ﬂs} CORhONrsPERRM] BOEMaPicd, Me LBSt s@8HELSPONdI NG

plurality of tones. 4. od conprising: selecting a channel bandw dth
from at | sadittha chilr sfithe plaraliey ofseochal ditimeh bolindariesgs eapdratduiafinere thebandwi dt h; and

sel ecting a channel boundary froma plurality of fir channel boundari es
when t he 'f§aqer 8ﬁﬁlﬁ Wgt}rglﬂ}ér‘?ﬁéﬁca?&}?agﬁgléogﬁaé%s g%?f I’Farsﬁhezfeiﬂna rchﬁ“]nf“ of second
channel  haundamt && when the second channel bandwi dth is sel ected, wherein

t he second channel boundaries are a subset of the first channel boundaries

and each of t h&eprufprestabfisking s sbamgl effibhisspnddianed bpedvidiheat bhakthe ed from

the remai ity of second channel boundarie by at |east the
second cﬁgﬁhgﬁ&ggggﬁﬁh@ﬁngQ 5. A wireless conmunication system

conprising: neans for determning a first channel bandw dth, a second

channel bandw dt h, lurality of first chapnel baoundaries,. and a plurality
of second chanfel bihﬁgﬁFk§§P Wﬂﬁw%@ﬂéﬁﬁﬂﬁﬂgﬂﬁﬁ}RﬁﬁﬁﬁﬁéPW@Qmﬁgsubset of the

first channel REWARARTAIRS of MBGuIBHESRIMSELRLLBE forSusen & BRtnneRAMIhOfirst he
plurality of second channel boundaries is separated fromthe renainder of

t he pl ur alchanpeldfandwisltlid channel boundaries by at | east the second channe
pans 0 o0y RARE o 0 51 AR R S ANIEH b ors SO e
second channel bandwidth, wherein at least one modulation format in the second plurality
of modulation formats is different than each of the modulation formats in the first
plurality of formats;
means for establishing a first channel of the second channel bandwidth, wherein
the channel comprises a primary channel and one or more secondary channels;
means for communicating between two or more stations on the first channel using

one or more of the second plurality of modulation formats; and

means for detecting interference on the first channel.

7. The wireless communication system of claim 6, wherein:

the first plurality of modulation formats comprises a first plurality of Orthogonal
Frequency Division Multiplexed (OFDM) tones; and

the second plurality of modulation formats comprises a second plurality of OFDM
tones, the number of tones in the second plurality of OFDM tones greater than the

number of tones in the first plurality of OFDM tones.



6. The wirel ess conmunication systemof claimb5, further conprising: a first
plurality of nodulation formats available for use in a channel of the first
channel bandwi dth; a second plurality of nodulation formats avail able for
use in a channel of the second channel bandw dth, wherein at |east one
nodul ation format in the second plurality of nodulation formats is
different than each of the nodul ationformats in the first plurality of
formats; nmeans for establishing a first channel of the second channel
bandw dt h, wherein the channel conprises a primry channel and one or nore
secondary channel s; means for communicating between two or nore stations on

the first changel UBidWireleRRoRMIREB0PSystetPofSBaRANS] wibeiti@l 11y of nodul ation
formats; and neans for detecting interfierence on the first channel. 7. The

wi rel ess commuthie fiastipbmalgy ot syedolftier firmat comprésee i ode Pevision Muliplar al ity of
nodul ation for onpri ses first plurality of Orthogonal Frequency

Di vi si on ???ﬁﬁ@@%ﬁSg¥¥&§§%Q§§ﬁﬂﬁra n%“fhe second plurality of modul ation
formats conpri g@Secdnd phraldy pf tioahlkfioh @FmAkEdvhpri®epesecohl € DMABRIMaDIf at ones i n
the second plurality of CF%NItones_greater than the nunber of tones in the

first plupeend ¢hipfatetimviccartbahip Bee higher thea thg fiest @ye rd@mmuni cati on syst em of
claim6, wherein: the first plurality of nodulation formats conprises a Code
Division Multiple Access (CDVMA) signal of a first chip rate; and the second
plurality of madul aAingmhddoforredrsmaningionsesn@misggcond CDVA signal of a second

chip rate, the second chi ate higher than the first chip rate.. 9.. A net hod
for conmuni cat , i"ng. i 1 ’ h, a

g DA S chgiebe B g erdermatel BinafuR. SERGRIRS
second chapiehanR@ndnhdifs, MdRIpuirald by s@bnd Elahsdl vehadame!l, thosaskari es, and a
plurality of second channel boundaries, the second channel boundaries a

subset of chdnaelftionsdarichaavhskt dfdmbiust ¢hagnel bhendarips die sybsct seledediuchthahat  each

of the plurali f cond chapnel,.boundaries i s arated f.r
Fermi ndor S50 o e e BB RO PRDEERERRN SRk T AR B RO, (e

second chahngity bBgedwiddihannel boureiatiesthyi & asighasdcbiidthapharmasdwidth; ahe second
channel bandw dth at. one of the second channel boundaries. _ 10. Tq? net hod
of claim9 whefalishing a first channel of the second channel bandwidth at one of the secon

channel boundaries.

10. The method of claim 9, wherein:

a first plurality of modulation formats is available for use in a channel of the first
channel bandwidth;

a second plurality of modulation formats is available for use in a channel of the
second channel bandwidth, wherein at least one modulation format in the second plurality
of modulation formats is different than each of the modulation formats in the first
plurality of formats;

further comprising:

establishing a first channel of the second channel bandwidth, wherein the channel
comprises a primary channel and one or more secondary channels;

communicating between two or more stations on the first channel using one or
more of the second plurality of modulation formats; and

detecting interference on the first channel.



a first plurality of nodulation formats is available for use in a channel of
the first channel bandw dth; a second plurality of nodulation formats is
avai l abl e for use in a channel of the second channel bandw dth, wherein at
| east one nodul ation format in the second plurality of nodulation formats
is different than each of the nodul ation formats in the first plurality of
formats; further conprising: establishij;ng a first channel of the second
channel bandw dth, wherein the channel”™ conprises a primary channel and one
or nore secondary channels; comruni cati ng between two or nore stations on
the first channel using one or nore of the second plurality of nodul ation
formats; and detecti i r -he first channel. 31 1 1. The

nmet hod of cl ai ?71"10, T%@F@Fﬁﬁt&%@p?@r@?réﬁ{!ural ity of nodulation formats
conpri ses a Cote ftyilwhidoy ofiriodiljatien folmens semO@EMA)C sl ghalsiooMdtipler st chi p

rate; and the | ural i f dul ation formats conprises a second CDVA
signal of Aéceséz(ce:@&ggéﬁﬁ“ﬁ[%éeét@%%%%‘ﬁd chip rate higher than the first
chip rate. 12. thm@cdﬁatﬂn@_ﬁlu@fofﬁloammiafoform@@I&_@rhpr:isegIa%eédna@[mm%ial b4 of

nmodul ation formats conprises a first plurality of Othogonal requency

Di vi si on &edond phigxase, thOrpMd elapeate highet thangthe Essoaldppater al i ty of nodul ation
formats conprises a second plurality of OFDM tones, the nunber of tones in
the second plurality of OFDM tones greater than the nunber of tones in the
first plurality2of COmbMethodeSclaim 10, wherein:

the first plurality of modulation formats comprises a first plurality of Orthogonal
Frequency Division Multiplexed (OFDM) tones; and

the second plurality of modulation formats comprises a second plurality of OFDM
tones, the number of tones in the second plurality of OFDM tones greater than the

number of tones in the first plurality of OFDM tones.



