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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)).
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[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 sclected 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 Rgo dRkBEHNG interference on the prinmary or se¢qRssyssedannel of a
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the bandwi dth of the primary channel when interference is detected on the
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bandwi dt h ph@awehatselindari es; [0018] FIG 8 depicts aspects of a method for
nmoni toring established channels, neasuring interference, and reporting

t hose neasurenents; [0019] FIG 9 depicts .aspects of a portion of a

wi rel ess conmuni cat i on BRIEFRESCRIPTION OFSTHE DRAWINGS:st abl i shed BSS;
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[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 hi gher throughput. These aspects are designed to interoperate
efficiently with | egacy 802.11 systens, which operate on one of a plurality

of 20 Mz channels. As used hgpeWRLEDBESERTPTROSY throughput™ or "HT" may
be used to distinguish systens or stations gTAB operating in accordance
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bel ow. [0026] In another aspect, procedures nay be designed to disallowthe
est abl i shritegacyiTmay betOselli id88E8ootber syploimn gvithi wﬁicuiilitémreme 800 M avozde@SSs on
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arises, the 40 Mz BSS falls back to 20 MIlz. In alternate enbodi ment s,
this |im tdesdirdwed hewth astcobwaiible vathugel syst@023d weh. &mdtiheranggdpectelection an
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I n one enbodi ment, when the shared nediumis detected to be busy on the
secondar y MHer ¢agriers tdre @itad ol folloman€$in.t 2n1dn, wherepni ivaehpsermrte iselect 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 falls 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 embodiment, 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, nonitoring of the secondary carrier is
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 and reported. Exanples of such
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enbodi02gint s ar & alotter dgsct, inbadotied ofwhe [sﬂ:@ﬁd)iry Aapiec tspeafoemati. skkdrazedpleer ei n

t hat supp anong o ects ci ent egption in

conj unct i g'ﬁ“% Lieﬁeptlgl?)(/)% Eugrg“ﬁﬁ%f)r?“%%“ g%? S ”éi%P%"'?%’& %féa PaY agdorman (or
simlar apulA eatthoBsohdtay cdgRr.NeSAgnal ecmrogyenlgattor ENI) Sepirfatibeahdol ogees) . The
exanple WAN is operable in two freq uencg band nodes, 20 MHz and 40 MHz. |t
supports Hitgrergneg @%erit%orbsbe&@néw terienmpy by dAsteiniegd andirepqsted. Sxamplay of

i ncl udi ngsmlﬁ&@gg g{lgggta[lghfup@gdd@qoqu hs of 20 MHz, and up to 600 Mops in
bandw dt hs of M—é Various alternate W.ANs are al so supported, including

t hos&00&PL h m)r é’atlhl&srpthwsﬁepéquénmbomms ap déss des;lnlided bﬁdwnunber of supported

bi t (r@tsﬁf ilil)ec arrl oyls | aspe! c}es H{ serv?[ t]Qle SI ICIt @ust ess of
t he i but ed PTG AT °6n "SIEt AP SAPRSF PRGAE Y &RP% | es of
whi ch ar e operitingh inncod@dciidn w(it& \Q}y hifhebiagveaphyagas [@trste a\/\iillfdlé);slim&di ment s

may be achj eved J]\;Ym l.e r’r%| ntai ning backward conpati b| lity with such | egacy
systens. (RBIAE PAELONSHNEhSCHRILY iSpterBine anBussionirshnalodyat ehhe muynilse

descri bed V%Aﬁx@%érﬁblb §QacY f&%@n@%anﬂﬂ@@e@ o Ml hhd kO NI AT HMs' bit
recogni ze that the Hf})rovements are al so conpatible with al ternate syst ens
2

and st and&telsin ex@es2] 186rMBeR (milkon bisc novyamondjnmatudbllgeu}PmDBOt)yMéss are

i ntroduce S ts, d S| ntr ed in

t he | egac?/) 'ﬁﬁ%ﬁ%%eggg?v@o%ﬁé to lgggi\ﬁ)pgco%ngt il Ofg{‘lf ﬂ/ﬁ? \%gf)'@\ﬁl\% el d of

| egacy 802VIIANs M@uﬁedumrwesmﬁdlh@&low& friogd tlan two frdiprehddaay mSHENMd fiel d
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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,
entitted “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
ext ensi on designated SIGNAL2. O 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. 100341 In various aspects, during 40 MHz

transm ssi ons, the extended preanble ©ncluding | egacy preanble, |egacy
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transm t t extexmiorbd¢sigriateed PIGNARLY. &nbersebhenekamyy bansedtsindi@G3tht parsenar nor e

i ol cos B3 EREbG AFCST A - GHECRR o T6ear ok IR Bt SRerL © °

advant age gy exfiniof a88 hdGBR AR Salfrefbhed f REhOSHESIBY 01 NCOr porated in

different environnments or configurations. In general, the various systens
desctiodé¢ld her eim vamypus spdets; ndudings HOgMaf ttnamsmissions, r thel extepdedc psambi,

| nf ormat 1 St ey Teotnfs el SHikas felt SRne 1T S ARCE iR oughou

the appli atNamRb RN A ided &PB&E%&%Q?(/ ¥k RB8sry caftif €Nt'S,
el ectromagneti c waves, nagnetic fields or particles, optical fields or

part {@Bsls, or Omecanbionatkemplaheembbdinientsadekictiberh hetelre abd oetk orhowthé n each
bl ock di agram represent hardware or neth teps. .Nethod steps.can be
it e chanb@UoH Srb N TSGR PIGTLEGH e Sbp e HE (R prEedRe GHEST iure.
The word 'é@%%fﬁgle@dis\( diffeSerd SRR &F he d%@%ﬁé%ﬂﬁb@&c%o%@%ﬁﬁéﬁm

i nstance, or illTustration.” Any enbodi nent described herein as "exenpl ary”
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AP and the UTs are also referred to as stations “or TAs. The techni ques and
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STA to forward franes directly
described herein as “exemplary” is not necessarily 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 same AP). In wvarious enbodinents, as known in the art, an access point
is not WD 20061045097 PCT/ US2005/ 038079 7 required, For exanple, an
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net wor k 102¢onNatmibdtk whifl? eschy ofher viaheirkle$senetetork 420 iusingamst of alie atyyiadt her
wired, wireless, or optical network. Connection 110 carries the physi cal
| ayer si gnaf¥MmEyRItoRdOHRISIBONIIRIERE: access point 104. Devices or

proces@sgmay beTrORpeaH ekt UPs Boh¥ifikatd Y WireRss LIl Aa Né@oﬂpmgﬁjq? ons

therewith) on WAN 120. Exanpl es of devices that may be connected to either
networ k 10212% InAthaNaspexts, i WEANDE2(isonbigh speadsMAMO OF M aystengsiHawevess ( PDAS) ,

conput ers of,,vaLi«QHS ..t . 0 p t .ons,
termnals o§”’a‘ﬁ‘§ ‘?95%? B’é\i?n}eougfe%\%sl gélgl g{’;@(ﬁ‘qu agggr%:bgg{t qgg\nlgé@?ﬁ%?cé%egmbcans,
and vi rt ual wthafy nathbelof extpaladevitad ér pleéoesseevia nBvacle $62 Netwyrk 102 inagée voi ce;

vi deo, data comuni cations, etc. Vari oug data streans % hgye varying
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Qual ity of $egVirf& th l105%1?]@?':]5_%§l§ﬁofrﬁgg’%tw§bk&b%Qe@&ssﬁmﬂlt by, degfieyed with
S

a centralized AP 104. communi cate with the AP in one aspects.
In an al t er ABPIECEsAs depyrRerronnestadde netyosk 1q20r ap Bdis (ioviargenmeetians thepetitieen two
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supporting designated access points. ess .may he naged by an AP, or ad
e (1 e R B BnP TR oo o RIS (ERARET AERD TR R BT dos

Et her net adgghads @herds)cdndosdeds Sebcatis, laBd vir@iall lanfeyhdpaystest @ytedevice. addi tion
to the AP to provide connection to network 102 A (details not_ shown).
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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, I[P 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
adaptation and connectivity are well known in the art. 8 100421 FIG 2
depicts aspects of a plurality 200 of BSSs 100A-100D. In this exanple, each

BSS i 18042 fpcat ed meographiLalpbots BeanIgasty WGBS [0 A-NHEDT BY @NRC&ahipl, cat ed
over | appi ng circles. Thus, BSS 100A does not interfere with BSS ' OOC or

100D BSS cadlndiSs & ivated geographisakemears Pachhethyr, avith h@teffenenmﬂ@wa@efd B®BS 100C,

but interferes al mst BSS 1.0 nsed
spectrum R efid g 8‘f‘%J%Sp| 0 usvgwol\gts)k tnlflgﬁ;efe Wltésﬁsafr@a {tqgigshsggacy or
hi gh t hr ougiopuis sB&@n mlrﬁm&@ @ﬁght@emné padnetabovBSS Tohos, byharrfsakhbsghi ng a
new BSS, an access point (or any other device establishing a BSS) may
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However, to util.i ectrum efficie est bllshed
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ef fects ofaboid. erT}ﬁIseM@nVMstthﬁﬁﬁé'l aOﬁéwlBSSVadnl @dé%ssag@lﬁ@t(@r g@s otlichberyvier ei n
illustrate nethods for avoidi n? est abl i shi ng a BSS in an interfering
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| ocati on, estabEehingiga WABH) mat eveiest efiora ARY g@i@éﬂ@?eéhanﬁi@kllSttlgpqrtﬁldmbﬁnetschannel
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others. AscshlligitbdalRey@ingdtodvatRils @ﬁﬂb@dﬂrﬁ&ﬂéwﬁﬁ@)@th&?@édd@ﬁmaﬂynﬁrﬁﬁm@n@El on of
one or nore of the aspects described herein. 10043] FIG depi cts an

exanpl e aldffsett oo mt@feremnweth seaklrothers y ¥peons amcﬁsdﬁcﬂﬂéf@ab@fel%d@lsmte system

known in the r art annel l.ocat i ee may

feoroy' o oienBl 1 Sluad MapENRLEE BS PR, MR RE SRR, RRRE R, |
this ex amh@rfer&@e NHde@b@melrﬁo@aQAﬁd\h age caembl fié %ﬂxoﬁ@ntu;@uouﬁdrhe@ed
assi gned the nanes channel O through channel N-1. The channels 320 are

separ at ed ¢stecgingned bb@@mmﬁ ér@msadngmr bamé@/p&htqha@ne} tomlcavcrrewwmbz 11
exanpl e, t 0 11, ha

ountar y STOP AN g PHETRREC puPpd et MR ver? e ERp PV B
aspects, t&tﬁﬁﬁs@hﬂﬁ&ﬂhb@@&kﬂﬂ@ﬁdrﬁ%r%ﬂ&e bathe ab@%t’s déedriteddhetein.t he 802. 11
specification. 100441 I n one enbodi nent, in order to occupy spectrum shared

anongl04dlt i pl e HGyR dqpmtwg ﬁmplsségcazleo of whannelsr for ébe’StémeWPh @aﬁd@gaCYt he
cxampre, CHe i BRER BlaSRThUR B ke Do hFRRFURSeUG Sy Saednalfe b0
deploy a plurality of BSSs 200, such as that described above in FIG. 2. In th1s example,
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 specfrum 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.
100451 In an unlicensed spectrum it may not be possible to nandate that al

devices ap@hajued@stdeedrtied Holhve 0¥ ande@iivenisele Odridud! @8bodimeits aRtdilegacy
802. 11, high throughput 9 techniques as described above, or as described in
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depi cts arch@xaiRlagd shamalsi e 8ot madatedlo 88 katiduwhed TERSRSH2Q01 inlthe hfiwall
exanpl e, BSSI |OOA is established on 40 MHz channel 0 (or 420A, using the

channel becagiigey waer ithideplonssystens| Geonding 0 BEs2spen 18hens makingbiradehfld at t he

channel b LY, .acent t.0.100A. ' | e, BSS2 is shown operating
in 20 N+z9%$ﬁ%?ikﬁégﬁﬁ”§ﬂ‘ﬁ%ﬁﬁ”ﬁ%?Ség ﬁh&ké§§%§%¥bperating in a 20 Mz node,

or nmapodw a | egacy B@bidd aBIRamply s@ixidbhesveBISsopaEiaidl BgSd nod.eds thisan 40
MHz channel w dth avail able at channel boundary 420B. For .illustrati on,

assune t hatxampieRS3$3 008gsFstabghedjon 40oMbke chased il (o5 HeBAr B Hierfhaando Mz
h | al 0 i i t i I I BSS3
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hi gher 40 dizcaftanoeh. e wigatymetd B3 SSESis Show opdrariidins 0EMaFP I his tbgbe 2
bandw dt h channel boundary is selected in order to avoid interference with
any of thehigleiiretghiyt Bstan oppratingein 3 2gadyz srode;Tor. mapba pleghcs $0AI 85%s shown
in FIG 5, that 0 S S rata 1.t r_. d

adj acent tQ %%S‘I) tﬁéﬁﬁs% hogjs%r%t]%fgdgﬁ gga}'tt?l%ﬁf‘ aaﬂs/[gl%rr‘%ﬁfnﬁ%tew fé%g Valuls%glee,cl\,/%_t‘g(b aﬁ@ed
subsequentbdu@dirfe420B. 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 BSS5 100E is shown operating in the upper 20 MHz
band adjacent to BSS1. In this illustration, assume that BSS5 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 BSS 1. 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 M1z channel) are descri bed
further below In this exanple, BSSI will nonitor and detect the

interfer e%(émﬁ%@?% ed by BSS5 and may take vari ous neggypézgmﬁmwt he
interference is detected. For exanpl el0BSSI may opt to |ower its bandw dth
to 20 MHz and operate in its primary channel only (illustrated in this
exanpl e as tvlee piukill mrthoirt,dh éipitelf the2hing hewire tHaagpedmbindiibn BSGEH andBSSI  may
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the art, inmbdigftmafbetdiecidi@Pabienghdieitsiwhenlthaé arb efipiat BSSY, afchhd gh and
| ow bandw dt h channel s may be sup&gcrted. VWhile, in certain circunstances,
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exanple, the primary carrier is an even-nunbered carrier. Channel nunbers

defined in desembegrbover dn filis examuple) tie |PrEAGY SAFER IS Ab RHeTHBUIReEEIneATder. i n t he

right colu i i frod i SMehndunber 36
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Carrier Pairs. 802 Paj.rs 1) 36,40 .(2 3), 4 8 4. 5) 52, 56
(6, 7) 60, ’6‘3“"“‘(3%,5@ %9 Vi RUT @?c %‘?ps %%Ra‘f%d‘ﬁ@[“’ fadl aség‘a‘é"bi‘%ts
aspects of melfT®h&ms 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

(4, 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. Thase data nmay be referred to herein as
flows. Flows may have different characteristics and nay require different

processi ngurdRSEnoRivt ie distes, Bift ndghdve didhen das swegad adqwidnient@e., Wbiew. For
exanpl e, video or voice may be characterized as |low |l atency flows (video
gener al | y &P asmyné some paikghlost flebmsiadeainsrallyaptol@nrte)f pagkehloselat a
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file trangfienils sogeheral fht reaedDeerfms afd packsts kess for [HAADNILsiEH eaemsor 620
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shown) t hathypigeldaais Procsssor 240 msyctesisedve plriceblayer daia and grospssdhe dafa
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transcei ver) 06 BrulPlieivea a0 wirgEeTr &L b@sa BE@Man Wippiashigl ¢ WPDU

i s encapsul at in a sing soneti nmes the may be referred to as
a frame. AkfeeredabeaseatfoaherenVaenraysinglapVidplany eccapydntedoin 4 eolghi §BBU, and
term nol ogy may vary | t er pat e. enbodi ments. Feedback corresponding to
the var i oUSmAREep phe rl?é’@)@én% firRlgE S 1B RSt h &Py sTciaimaly sdpdisgtedadr 620
for vario esoh i i ' mat i on,
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uni cast t riaktiback paciespadjngradthk atarions MAGHDs ramd by actuaied fodrhehe paysacet er s.

100511 Processor 620 mmy. be a general - purpose m croprocessor, a digital
signal  pr/8YEdEReesiay ,fOBWa%O%d%EP%FS-pEF‘%ﬁ’é% By cosysise apwé&lgﬁrlg@zo may
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(details not shown). Variou applications may be run-on externa
connect ed piasesaticpaclet hmadulamorefotmatnand yariome nthec padmetnput er or over a
netv\o[{rqh onnectj on, maégﬁun on an addi tional processor wthjn wreless

commu tion dd9FeEor:fal o g @n&ENLHARMOSE oM IHERFOFEHCTor? BB el8 620

oLl TYSESSROEHE i glennasglatp IR Ep SR gl o used

pr ocedur esspecial-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 MISQ 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
described herein, menory 630 may al so be used for storing data associ at ed
w th various gueues. 100521 Wreless LAN transcei ver 660 nay be any type of
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OFDM M Mahaieghidd. SQtéraRsaiodBhéntamay dRlre/ SO br SBPeREINRI U. S.  Pat ent
Application Publication No. 20050047515, entitled "FREQUENCY 12
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recei ved signals on all antennas. Exanples of the independent processing may
be based ressivehaignals oagdliantanass. Kxasetlesc the bidepandenyproedssing anayiimkaped on, or

a variety of Mot i Q inwthe art. The processi i s, perforned
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klrcl)own in t% %Aglndafﬁ #?eéﬂnﬁgs@p}g%g&ﬁ%éo %féa%é%@% lgttﬂ%\ﬁljér%gpltng (STTD) sSst elrc:1 (al so
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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 wvariety 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. Eigen 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 he forned. Spatial nultiplexing exploits

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

i ndependent paths, to increase the triEhsm ssion rate. [0056] Various
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data rates may be avarlable for transmission to various user termnals
t hr oughouinfoimsmtiopswayrhe el dadki foe besim MAANOeamisgei ver 660 may det ermine the

supp ble rate sed.on whi chever spatia rocessing,i,s being. used for
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decoder 640 is depl oyed between wireless LAN transceiver 660 and processor

620. | n aépeanay, be herformed ivathinfproessa e Odevodiess LANOragsgeiver pe0.f othered

wi thin processor 620, wireless LAN franscgeiver 0, o r ircuitr or a
corbi nat 1 SR Reruar mpeidyetiebaneas Feokh et s bR e bl iy
nunber of nGRBEY 8t cARR dafa & GPRIInBInEBRSRAYBS pbi®srmARE lcomMuBEcaGOMTWhEAT | ONsS
wthin the system In one exanple, nessage decoder 640 is suitable for

recei vi ngthendystatecoli wge i axample rieersese dpwder P88 sisgestableefwargesiving ast abl i sh,
nove or rgduge batn%wi dt h of%rg BSS, and ot hers ast%gsgi bed bel O\ra/. Vari ous
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depl oyed between processor 620 and wireless LAN transceiver 660 (and may

al so be pdrdodedradingnanholmber of mepsge depoding desdsisues 2@l kgweliedee RAN
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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.



10059] 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
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or nore of the tones for use in nmonitd¥ing the various channels. FFT
processing at the receiver nay also be used for this purpose even in the
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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. 11n
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 neasurenents when establishing a new BSS and it may al so use DFS
measurements reported by associated SIAs. The algorithmfor selecting the
20 MHz or 40 M4z band to establish a BSS may be inpl enentati on-dependent.
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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



the AP starting the second or subsequent BSS uses the sanme prinmary and
secondary carriers as that of the existing 40 WMHz BSS. This is ensured by
the rule that 40 MHz pairs are of the form2n, 2n+1, without requiring any
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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.



transm ssion may occur a single 20 Mz channel. Various nonitoring

techni ques are described in further detail below [0069J At 820, a STA
nmeasures interference in the primary and secondary channels. Again, in
vari ous nodes, the STA nmay al so neasure interference on the entire channel,

as wel | . ﬁéq@mg s(gEasurement enbodi ments are detailed Jdi‘?ﬁéﬂﬁfsm?&%kd)w [00701
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throughput channel, or may be other energy measurements. Energy 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 included in whole or in part in processor 620. Those of skill in the
art will recognize that the blocks shown in FIG 9 are illustrative only.
Note that the energy neasurenents 920A- 920N may correspond to the avail abl e
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100751 In one exanple, usjng a contiguous high throughput channel, as
described “WHER&Y R ’F‘Ff'slthﬁ?@qn“ﬂr’%ﬂ'ut@ ocatagh Jgéﬂ”tl?f W FRELEY 819U ¢ hose

tones wll 1©9h meSPRRL: iR tohdiecdfelpBRlg AP AR BHimadNghdN@kbndiy thaaRd1E gsPpond to
t he secondary channel. Thus, eneg\gé@ cal cul at or "1030 may accunul ate the

ener gy for addisiops!ichannglscinaHerapte cmbadiments) prrhigrRoeratgan eageey gyeapsement &rent f or
the primary L aggregate the
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channel for establishing a BSS, as described above. Several procedures are detailed in
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



used to pull out a greater nunber of tones corresponding to the overal
bandwi dth in which any portion of the channel may be located. In simlar
fashi on, energy calculator 1030 may sel ect the tones corresponding to the
primary and secondary channels (or additional channels, in alternate
enbodi nents), and generate an energy n¥asurenent for each frequency band
within the multiple frequency band w rel ess network. [00771 FIG 11 depicts
aspects omessagisghiodtht 190AS essoniathidf withgha BSSSthian ar megidiestéort ¢ theeeasuned

interference. A si al so be use determining an.initia
channel f 311808¥5h th gg 3%@1q§§r8g§§p@gg@ugbgyﬁﬁf@@¢@pgpu gE@HHﬁEs are
detail ed mﬂheﬁ@&@uéghnﬂuﬁﬁgcﬂﬁggpdures are exanples only, as various
enbodi ments nay enploy any one or nore of them and these procedures may
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Alternatively, or additionally, this STA may receive simlar measurenents

f rom ot hefroSTA40 MHz bleanB8S0 a 20 MH2haniél. Adei B emagbenclecated tetidet 8w, t he
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aval|ab|eaﬂhgbkh@QQMh@&ﬂhh@mﬁﬂaeﬁonghgﬁ@ﬂgﬁeskl|| in the art mnll recognize
various techniques for signaling or nmessagi ng to the STAs associ at ed
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obtain such neasurenents from STAs. At 1150, drop back to a | ower bandw dth
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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



determine if interference is still detected on that channel. If interference
Is detected, the process reverts to 11 70 to obtain neasurenents and
relocate the BSS to an alternate available | ow bandw dth channel, if one is
avai l abl e. 100801 If, at 1160, there is no further interference detected,
the proce¥9 P4 ¥op, or may proceed with the transni<diGH*AEY and
optionally locate a high BWchannel ifpgpne becones avail able 1190. Note
that a method 1100 nay be iterated indefinitely to continue nonitoring the
channel s omedidcl?00 etaB&SinoPIe. ak esay Heised atithomSerabddighif suctbanshoiwatin capabl e
access point _and STAs to cqntinue nonitoring high bandw dth channels even
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hi gh bandwi.glt Reie In Wbgp one becones avail able. 100811 FIG 12 depicts
aspects of a nethod 1200 for determning if interference is occurring on a
mul t i @P@83F r equeBeverd shample moidessare adusigatied in T 1arlh one exandelitheehagneldet ai | ed
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Several exa es are IllTustrated In n one exanple, the
channel  (wsetsbreent{CGH) of theeutitsadviHd channels or @ik 80 Midz thrangiAin@dMtlar i ng t hat
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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. Again., 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



is active, in a mxed BSS node (i.e. one or nore STAs in the BSS operate at
a |l ower bandw dth than a maxi num supported by the BSS, such as a 20 MHz
transm ssion wthin a 40 MHz bandwi dth channel). A third exanple is when a
transm ssion is active wusing a high bandw dth channel (i.e. a 40 M&
transm ssion in the aspects). (00841 In describing the nethod of FIG 1200,
the aspects 20 and 40 MHz channels wi 13l be used. Those of skill in the art
w Il recognize that any size channels nmay be deployed for relatively |ower
and r el at Pigesties mayHwrundaied wir gther sprropmase agliongeken. Al caerghinehe! detggtiididnonal t o
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[0087] Note that the interference report generated 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



transm ssion, then, if a 40 MHz transmssion is to transpire, at 1270,
proceed to 1275. At 1275, measure energy in both bands. In this exanple,
the three conditions to be tested have been illustrated, and the process

proceeds @ d@A@s0bP stop if this is not a 40 Miz tra@gﬂ‘l‘&%(ﬁ}ﬁssobd‘ an
al ternate enbodinent additional scenarios nmay be teste alternate
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[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 fraines 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.



alternate | ow bandwi dth channel, at 1330. The alternate | ow bandw dth
channel selected would nost conveniently be a channel not selected by the
ot her BSS from which the signal was received. For exanple, if a signal from

the altergahesdenei0 STAS within that BSS is to sw t glprh@bddRssacondary
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i ncrement s BQGonARGHh AR b@kBppifg 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] Muitiple 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.




counter. '.. WD 2006/ 045097 PCT/ US2005/038079 23 [00931 SCIE reports may
be generated. In an exanple infrastructure BSS, STAs may autononously, or
on request fromthe AP, report the SCIE Counter value (or multiple SCE
counter vald'RgedQ6s7t he various interference types). ThecptbhodRsnber is
reset once the AP acknow edges the report. The AP action on the receipt of
SCIE Reports may be inplenentation-depéndent, exanples are detail ed above.
The AP should transition the BSS to 20 MHz operation if the SCIE counts are
excessiti®] (or f iKed4QN e ransmissionsithsipredneiel endilegacy ISENAL) are mansmittesi an on to 20
MHz may be d T

excessi ve @%g%ggﬁt gﬂ%?é@lﬁf&?g@l?ﬁr{ ég]h‘@%%é%%r% , repor%gl%f,9 or\é\%ot h),

the AP stoa&nmﬂtedbnﬂhé/ﬂiemmﬂhe%Nﬁizrpremaryﬁ:rdenﬁhlymy request other STAs in

the BSS .t ad Jtiona The AP .nma ve .t o another 40 MHz
carri e@obur()? t raﬁysﬂf’ TSR PY ?) 3’"55%‘1%?{“6%% $ %lq“ﬁ%?ych@g} ?ﬁ 8 Whd
termnate ;ﬁ?] onfie HE£Q0MVHY BSH, fai 40 MRS tragséivéroiderzbioy €CA 68 Yoih A
mandat ory swit to 20 MHz may be dep oyed in sone enbodi nents, usin

t echni ques ST rhetrgeaiyesds §l|46\1\9h detgetpy preamble apd dgcofdg tlwege%fl%rﬁewg BSS,
when t he Ido ﬂp@ﬂﬂ I essive
activity ffégt%glg%ﬁh\é?% rﬂ[ag%%)al‘rhg %g on t e&%r ?prr}gern yéglgrdr%ggrreg B&E&ed %neﬁéﬁ
transition darhthe B&Siung, O rédeiver spablatoi test aﬂnoﬁ the feldmungiéwgothacm(érmgmh AP (in

anot her 40 that regceives a __Beacon t he over a

announci ng &F?zé“’?fiﬂgﬁ’{‘f“&m %Smda% aﬁlWL ept“ﬂbar%%% aﬂdﬁg'cﬁ? rier,
transiti onsgi)osigdl Mriprifiasy &id ARkrleRnéd1én e ss@dndagarDépndiafdn thdswladbes t hi s

i nformat i on i n subsequent beacons_ usjing 80 ani sms, [0096] Multiple

over | appi ngthESgaeasHemBRs, A5 Py asdpdicaign in Mg ﬁlﬁai%"geﬂgﬂhamewgr ssapabley; o

present, DRF &e&ﬁﬁgﬂy%myﬂ&um &Y & ph?nag)abé}né‘xc6ﬁ§ F00H: Aendiaiae!l - I n
sone cases, the result wll be overl appi ng 20 as in existing

802. 11. [OOQFPHIUEthSTW@QarbeﬂSOW are exarrpl e procedures for establ i shi ng 40/ 20

be- dopPSyIA”; o Ak BB bol Lo AR ol G ARhaRF YR e Yy BERRAT, 0"

t ranscei verisudle,| whenalnserista Zi)rMH]zerapsmmmryomtha priglary, br tvhen theleanaldd MH= busy.

During 40 MHz oPer at i t he transceiver f:on%ucts cl ear chapnel sessnment
(CCA) on transmission on ofh carriers, the receiver 1s able to detect interference on the secondary

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 énother 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 BSS 3
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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
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nce in SNR on the two

sy wth a
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STA may
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BSS scenarios are specific to this enbodi ment. As described above, alternate
enbodi nents may al |l ow or disall ow any conbi nati on of various overl ap types.
Table 2. Exanples of Permitted Carriers in Overlapping BSS with 40 Mz

Oper ati on w&d@shaRpi Ng Over |l appi ng Overl appi ng Perm tt@@T@gQ@@msoﬁss 1 BSS 2
BSS 3 WD 2006/ 045097 PCT/ 1JS2005/ 038079 25 40 MHz: 40 MHz: Not present Yes

Overl apping 40 Mz BSS. 2n, 2n+1 2n, 2f+1 Either BSS may announce a switch
to 20 MHz. The _other one nust then switch to other 20 Mdz carrier. 40 Mz:
40 MHz: NotCX3rglte detangsurtions commands; dnfamaatiopesighals, Difs, symbelspand chipg, 1o t he

form2n, 2ngl: 4fdyM& ref&gnégh'zﬂlrdﬂ%ﬁo&rtﬂé %BveYﬁéchﬁﬁ(Bﬂ Qﬁﬁ’ay""b& e g?r@seME'a 2n,

2n+1l 2n Primary Carrier. - Not present nmust svmtch to
20 2n, n+vloltzaesn.cwr¢zltsople¢tmmagnetmwefes Ireggngtic figlds Qmpartlcla optiqadifields om| t er nat e

40 MHz carrjer MHz: No BSS 1 nust switch to 20 2n, 2n+l
2n 2n+1 M—lzp%%% 8%‘#8’“%}5‘2‘%?“2 rf%f. or 2ntl. O find an alternate 40 M-lz

carri efo016s) MHz:Thdee MiflzskilP Gvolwtdz furfﬁes a@tecrihtaphw the EfiobdHdllwstrati®nlogitatrl 2n 2n
Primry carrig{. r?&g‘o 03] . The foll are sgéer.ﬁl addi ti onal ﬁ[a | es of

t echni ques PR S GUeRits, \ﬁﬂ% ¢ty Sescuhghy cenreshen Witk P8 erence
Events. |f, efbldiriehtCocIogdtHiReiR &ﬂawemmpleh{eﬁfea ds Tl trbhid Harivesd, RBmBiet he
secondary, it nust be interferencé. |In one enbodi nent, there is no need to

decode the REWarD ormiambiptiont epttioln Jo dealy Niustrate hisnintesshapgeabifity pher e | s a
! ower SNR Oﬁet(kg?resﬁ& 9&%%)! vahlaﬁﬂlliugtramw cgﬂ?&ﬁﬂﬁl Hﬂﬁ% EIQ)dQ]%s 'c%ﬁ'fs ﬁﬁdence

during a 20 fransm ssi’on ere 1's energy on t secondary, t rrust
be i nterf estgndmye beentdhesibed simivageresallytil erm$ of their ifinctienahity. Whethemacty to
decode the En?tloln%)hty 1S 1mp1emented as hardware or software depends 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,



transm ssions on the secondary to determne that there is interference on
the secondary carrier. This is useful when, for exanple, 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

t ransm sswonooslddfdd94] Those of skill in the art woul d prdededsansd7d hat
information and signals may be represented using any of a variety of

di fferent technol ogi es and techni ques.27oFor WD 2006/ 045097 PCT/ US2005/ 038079
26 exanple, data, instructions, commands, information, signals, bits,
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may be rephgReibedTiyproddrat@he SothsEMEGuMEhAFLLRETY B WSECaReHsIRINEt i C
fields or particles, optical fields or particles, or any conbination
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in varying ways ar ap atron, but such 1 nplenentation
deci si ons dinvteddontbe emboidlmientspstetvadhasincaanss rig b abepaled the Widesinscdpee scope
of the present disclosure. .[00106 e varjous illustrative |ogical blocks,
modul es. - axgris o i S S aht Rl BEEARBRAiTHR: he. enbod: ment s

di scl osed herein may be i nplenented or perforned wth a general purpose
processor, a digital signal processor (DSP), an application specific

i nt egriB8¥ circ A@A§I‘%“,‘n\§ DI d programmmbl e gate array (FPGA) or ot her
programmabl e | ogi ¢ device, discrete gate or transistor logic, discrete

har dware conponents, or any conbi nation thereof designed to performthe
functions described herein. A general purpose processor may be a

m croprocessor, but in the alternative, the processor nay be any
conventional processor, controller, mcrocontroller, or state machine. A
processor nmay 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 Ccroprocessors, one Oor nbre m croprocessors in conjunction with a DSP core,
or any other such configuration. [00107] The steps of a nethod or al gorithm
described in connection with the enbodi nents disclosed herein may be
enbodied directly in hardware, in a software nodul e executed by a
processor, or in a conbination of thﬁgtwo. A software nodule nmay reside in
RAM nenory, flash nenory, ROM nenory;” EPROM nenory, EEPROM nenory,

regi sters, hard disk, a renovable disk, a CO-ROM or any other form of
storage nedi um known in the art. An exenplary storage nediumis coupled to

t he processor such the processorcﬁﬁgéggsd information from and wite
information to, WD 2006/ 045097 P 5/ 038079 27 the storage nedium 1In
the alternative, the storage mediummay be integral to the processor. The
processor and the storage nmediummay reside in an ASIC. The ASIC may reside
in a user terlni natn aPRARRS fef opyHHEGatian, comgriypgcessor and the storage nedi um
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to the enbodidhseressos ketigurrsieicampynicpts onghpbared chpmnstiandetsst dest scope

v+ s ikt drife Bk A R ERURRLE e ERL Rl SnP SR By (00105
conpr i sichgnnehandethe evepy semsurgnune of the s¢ceaddry ehaunsl. gnal on a shared channel

conprising at least a primary channel and a secondary channel; an energy
cal cul ator configured to cal culate an energy neasurenent of the primary

channel and an enqhgy,pRATYGETRR 1, PhrtHeP Eord ary channel; and a processor
configured to conmuni cate on the shared channel and detect interference on

the shared chadiidlwithhan eppiomd @n ootpuh gheanput gynigagitoapesinte thé reckigedr i mar y

channel” and) the G cSTBRRS IRk ak M2 ecoNdar y channel

3. The apparatus of claim 1, further comprising
a message encoder for generating an interference report message in response to

detected interference.

4. An apparatus, operable with a shared channel comprising at least a
primary channel and a secondary channel, comprising:

means for communicating on the shared channel;

means for measuring energy of the primary channel;

means for measuring energy of the secondary channel; and

means for detecting interference on the shared channel in accordance with the
measured energy of the primary channel and the measured energy of the secondary

channel.

5. A method of communicating on a shared channel comprising at least a

primary channel and a secondary channel, comprising:



2. The apparatus of claim1, further conprising an FFT with an input and an
out put, the input configured to receive the received signal, and the output
coupled to the energy calculator. 3. The apparatus of claim1, further
conprising a nessage encoder for generating an interference report nessage
in response to detected interferencgb 4. An apparatus, operable with a
shared channel conprising at |least a“ primary channel and a secondary
channel , conprising: neans for comuni cating on the shared channel; neans
for neasuring energy of the primary channel; neans for neasuring energy of
t he secopdar%o&ggqﬂ%hh gnﬁwgﬁgg cﬁa?]glelpletecting interferenpe on the shared
channel in accordance mith the - reasur ed energy of the primary channel and

t he nmeasur ed nesasuiring edbrgy e tiegemgachannelnannel . 5. A nethod of communi cating
on a shared channel conprising at |east a primry channel and a secondary
channel , conpP§a8yrHg:enogy of Sheraeandatyi hgsh #fe shared channel; neasuring

energy of Fh%e&ﬁii@@’erfé%@@% the sfeiﬁgnlfllzﬁain é Ciﬁg&roﬁ?én&f wifthe3ReRRdary channel

and detecting Interference on th are annel 1 n accordance with the
measur ecenegnef the poimarh ehgonelrrad yhaotheasnet eagrdy bhihe veaadargdhamel. gy of t he
secondary channel. 6. The nethod of claim5, further conprising: performng
a Fast Fourier Transform (FFT) of a signal received on the shared channel

to produce afplurthhkﬂgm(gagmgw’ﬂg@&ukﬂqﬁﬁﬁ@;for a corresponding plurality
of tones; and wherein: the energy of the primary channel is neasured in

accor dance wireHorning pdipstdigygen TransfomndTd) af asignal reseived ondlye shewdur ement s f or
a plural by, of, 1%;8@%3 r?ﬁsglfrléﬁtg/Q)E.glgésrgfrenggsuwﬂgen%rfo%ggrresgng@ﬂgﬂ)lgraﬂ e energy

of the secondar I'n accordance econd  subset of
t he pl urtahdst yndokhezeier gy neasurenents for a plurality of tones correspondi ng

it gt ef’ P :r Zﬁggqg%r ngg(ggﬂqejérﬁr@g@icggn%ergtrrtle%gurgé incalcgcl)r an5c’e w"}’{ﬁ felzrls{] su gét%%t 'ng
the plurality of energy measurements for a plurality of tones corresponding to the primary
channel; and
the energy of the secondary channel is measured in accordance with a second

subset of the plurality of energy measurements for a plurality of tones corresponding to

the secondary channel.

7. The method of claim 5, wherein detecting interference comprises detecting
interference in a first mode, in which transmission is expected on the primary channel

only, when the measured energy of the secondary channel is above an energy threshold.

8. The method of claim 5, further comprising:

computing an energy difference between the measured energy of the primary
channel and the measured energy of the secondary channel;

and wherein detecting interference comprises detecting interference in a second
mode, in which transmission is expected on the primary channel and the secondary

channel, when the computed energy difference is above an energy difference threshold.

9. The method of claim 5, wherein detecting interference comprises detecting

interference in a third mode, in which no transmission is expected on the primary channel



interference in a first nmode, in which transm ssion is expected on the
primary channel only, when the neasured energy of the secondary channel is
above an energy threshold. 8. The nethod of claimb5, further conprising:
conputing an energy difference between the neasured energy of the primary
channel and the neasured energy of tQ& secondary channel; and wherein
detecting interference conprises detéecting interference in a second node,
in which transm ssion is expected on the prinmary channel and the secondary
channel, when the conmputed energy difference is above an energy difference
thr ol dseFnad e niN AtheR ikl MdThesullGTGLD o B GORIRIcMhA Brence
conprises detecting I'nterference Irn a thi node, | I'ch no transm ssion
i s expechedued ehdrgy pf thaaeopnddrachaineBi6 abore asadlochiamy] aleegynbieshoMhen eit her t he
measured energy of the primary channel or the neasured energy of the
secondary channel is above an idle channel energy threshold. 10. The net hod
of claim5, fuyrthefmheGRARYD FcRBmi N EREEHMPBiRNndrBheki R fNERfecRNt er val ue
when interference is detected. | | . The method of claim5, further

conpr i si wynigerdrawhemintenferancesidstesigde report nessage in accordance with the
detected interference. 12. The nethod of claim5, further conprising

nodi fyi ng a channel paraneter when the detected interference neets
predefined criit er iThe medhodldteldimtsh agthef carhpisinglgdnerahity & inteteeintyi ng a channel
parameter - conprises reducing the bandw dth of the shared channel to the
bandwi dt'§PYt mesragpin asergance wathiibe detqcied misaferBtthod of claim 12, wherein

nodi fyi ng a channel paraneter conprises reducing the bandw dth of the
shared channel to the bandwi dth of the secondary channel. 15. The net hod of
claim 12, whelZei n Thedndtyady chaimtafimtiler ganmaiseigenodifyomga cleeselpasngtang t he
frequency, carrier of. the shared chanpel,. 16. The apparatus of claim4,
further %%ﬂgﬁ?Q?ﬁﬁ?fW%ﬁ%&“?%PWF%BﬁgFﬁ6ﬂ§“§a@ond shared channel when
interference is detected on the primary or secondary channel; and neans for
establ i shing communi cati on on the second shared channel. 17. The method of
claims, furtBer Cﬂmqtlqu@clagm 12, wherein modifying a channel parameter

comprises reducing the bandwidth of the shared channel to the bandwidth of the primary

channel.

14, The method of claim 12, wherein modifying a channel parameter
comprises reducing the bandwidth of the shared channel to the bandwidth of the

secondary channel.

15.  The method of claim 12, wherein modifying a channel parameter

comprises changing the frequency carrier of the shared channel.

16.  The apparatus of claim 4, further comprising:
means for locating a second shared channel when interference is detected on the
primary or secondary channel; and

means for establishing communication on the second shared channel.

17.  The method of claim 5, further comprising:



| ocating a second shared channel when interference is detected on the
primary or secondary channel; and establishing comrunication on the second
shared channel. 18. The nmethod of claim5, wherein the detecting
interference conprises: detecting interference based on at |east one
threshol d determ ned based on whether the shared channel is expected to be
busy of idle. 19. The nethod of claim5, further conprising: receiving
interference nmeasurenents fromone of nore renote stations. 20. The net hod
of claimb5, further conprising: reducing the bandwi dth of the shared channel
to the bandwi dth of the primary channel when interference is detected on

the secondar foghRASleond LTI SmbAOENL i olcd BEu ARG, ghannel Lo

t he bandw dt h secon annel when erence ected on the
pri mary ebaniaslchadel; ahde nmet hod of claim 20, further conprising: |ocating a

second shared cgg nel subsequent to a beﬂﬁmﬁgtg reduction of the shared
channel ; and S¥CHENRSIATHBUREATN 9N LBt SeeM IR &h¥WEbnd shared channel . 22.
The apparatus of claim4, further conprising: nmeans for reducing the
bandwi dt h of the shared channel to the bandwi dth of the primary channel

when i nterf erénce The nshabdfethiord, pheregetbedelastingahiarfereh¢e @nuprivesans f or
reduci ng the i dth.of t

ndw e shar hanpel . tq t he bandw dth of the
secondary ché%ﬁﬁ‘n%H{%ﬁ?%FSBF%58H8§gF OH%?@%@%@C%RHPW‘dg?ﬁﬂﬁfy_channel. 23.
The appawRdth tRS shatedichurthel fskpdredd t6 BFBLySIfM@e. Means for receiving
interference measurenents fromone or nore renbte stations.
19.  The method of claim 5, further comprising:

receiving interference measurements from one or more remote stations.

20.  The method of claim 5, further comprising:

reducing the bandwidth of the shared channel to the bandwidth of the primary
channel when interference is detected on the secondary channel; and

reducing the bandwidth of the shared channel to the bandwidth of the secondary

channel when interference is detected on the primary channel.

21.  The method of claim 20, further comprising:
locating a second shared channel subsequent to a bandwidth reduction of the
shared channel; and

establishing communication on the second shared channel.

22. The apparatus of claim 4, further comprising:

means for reducing the bandwidth of the shared channel to the bandwidth of the
primary channel when interference is detected on the secondary channel; and

means for reducing the bandwidth of the shared channel to the bandwidth of the

secondary channel when interference is detected on the primary channel.

23, The apparatus of claim 4, further comprising:

means for receiving interference measurements from one or more remote stations.



