DYNAM C CARRI ER SENSI NG THRESHOLDS BACKGROUND
CROSS- REFERENCE [ 0001] This application clains the
wherefiz4of U. S Provisional Application Seri aPCTMOS2007/066606
60/ 792, 141 entitled "METHOD AND SYSTEM TO SET THE
CARRI ER SENSI NG THRESHOLDS | N WLAN SYSTEMS, " filed on
April 13, 2006 and U. S. Provi dj onal Application Seri al
No. 60/827,908 entitled "H ERARCH CAL MESH
NETWORKARCHI TECTURE FOR PROVI DI NG 802. 1 1- BASED
SERVI Y NAMEC CARRIER SEXYING EHRESHOIDS
t he above-referenced applications are incorporated
herein by reference. |I. Field [0002] The follow ng
description relates generally to wirel ess

conmuni cati ons, and, a hi ngs, to spati al
reuse in wrel ess net m"ﬁi%éiﬂ(ﬁ&ﬁ@ia\lc[&gr ound [ 0003]

Wrel ess networki ng sYRORS-RENEREN(ODE a preval ent
means by which a majority of people worldw de has cone
to communi cate and transfer, access, manipul ate and
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suppl enented traditional wred networks wwth wrel ess
NEITWOORKsA B CENE ECTYRECBORYPRQ BHMN{ARE2. b -BeANEI SURYAEES,” filed

SROREG biaaPe” TR Rl fofe 75 eRuieRBRGR P e G Boracd

h&tbmastrefgdieee. However, in wirel ess networks such as
mesh wirel ess | ocal area networks (W.ANs), a subset of
access points can connect wirelessly to the network
infraﬁteli&lcture. One advant age of mesh or wirel ess
Hetwor Ks i s ease of depl oynment or installation. Once a

woogp i nf r k¢ folleiviteddsaspivaer]atasicathibd fo wirtlebs®snmunications,
access points can be distributed throughout the

sk preBg other Hueesatioewatiel TepCii2stasy BRGELS: Unl i ke

wi red access points, wireless access points can be

easily repositioned wi thout requiring additional

Eit r i nBackgrotindabl es or wres. In addition, users enjoy

[0%83] Wireless networking systems have become a prevalent means by which a
majority of people worldwide has come to communicate and transfer, access,
manipulate and process data. Consumers have become dependent upon wireless devices
such as cellular telephones, personal digital assistants (PDAs), laptop computers and the
like, demanding reliable service and expanded areas of coverage for wireless networks.
[0004] Many individuals and/or organizations have replaced or supplemented
traditional wired networks with wireless network systems. Typically, terminals or end
devices connect to a network via a set of access points. These access points can be
wired to the network infrastructure. However, in wireless networks such as mesh
wireless local area networks (WLANS), a subset of access points can connect wirelessly
to the network infrastructure. One advantage of mesh or wireless networks is ease of
deployment or installation. Once a wired infrastructure has been installed, wireless

access points can be distributed throughout the desired coverage area to optimize



enhanced flexibility. [0005] Wrel ess access points

relay data to wired access points to facilitate
w@oerzideat e with a network. The data can be PCT/US2007/066606

transmtted through nultiple wirel ess access points.

However, avail able systemresqurces can be Iimted and

transm ssions by multiple Wi rél ess access poi nts can

cause interference, reducing system perfornance and

causi ng | oss of data. SUMVARY [ 0006] The foll ow ng
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particularly, one or nore aspects nmaxim ze or increase

t hroughput of a wirel ess REMMIARYE. J., a nesh

network), while mnimzing interference. Typically, )
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poi nts can exchange received signal strength indicator
observed levels to a fixed threshold, referred to as the carrier-sensing threshold (CST).
If the detected level is below a predetermined threshold, an access point can request
permission to transmit using a Request to Send (RTS); otherwise, the access point will
refrain from transmitting until the level falls below the carrier-sensing threshold.
Consequently, the number of access points that can communicate at any one time is
limited based upon the carrier-sensing threshold and configuration of access points.
[0008] The network can increase spatial reuse by allowing access points to
dynamically set the carrier-sensing threshold and transmission power. In particular, a
carrier-sensing threshold can be determined based upon distances between source and
destination access points. Access points can exchange received signal strength indicator

(RSSI) information, which can be used to compute distances among access points or

nodes based upon the exchanged RSSI information. In addition, RSSI can be used to



(RSSI') information, which can be used to conpute

di stances anobng access points or nodes based upon the
wez@harnged RSSI i nformation. I n addition, RSSIPCHNS1987/066606

used toconpute interference from hidden nodes as wel |

as transm ssion power. Dynam ¢ carrier-sensing

t hreshol ds can be conputed as-”a function of distances

bet ween nodes and transmt power. [0009] In an aspect,

t he present disclosure provides a nethod facilitates
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According to yet another asp resent
thssudtoes f@ rpeaving esoamtmppaseaiats] wilaat lEast ohe betivesk node,

opti.m zati on of .netwo t hr qughput .. whi ch conpri ses
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carrier-sensing threshold as a function of the node

thaesholdnwhldeaipparetue alsarcpingrisesrisinergonyhoupled tel thepregossarz ed
[l rect datagthanster fuhelaesn  Source. 36eess o0l

né destinat i on adeeds 50| t. ,th@d){eﬂe ACEordl eh% oAt
ipathey thasheititatest dpinzRBANY ndiveek GFolighplt, ahideSondprises means
congut, er -readabl e nedi um havi ng instruction for )
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N i h90, enek: i gnak.st -
8 B R80T MRS 0 5P B0l OB e corier
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AP ACEFRS DAYt hr eshol d utilized to rmanage dat a

F(];?;igf ?ats |S i()%@@oréﬁg% b ietdr QbpeRf, tld1RcdREGisMBLE BRR ides a
computer-readable medium having instruction for receiving node information from at
least one access point, the node information includes signal strength information related
to at least one neighboring node of the access point. The computer-readable medium
includes instructions for determining a carrier-sensing threshold utilized to manage data
transmissions as a function of the received node information.

[0013] According to another aspect, the present disclosure provides a processor
that executes computer-executable instructions that facilitate network communications.
The instructions comprise receiving a periodic signal that includes node information that

lists at least one network node and associated signal strength. The instructions can also

comprise setting a carrier-sensing threshold as a function of the node information. In



[0013] According to another aspect, the present
di scl osure provides a processor that executes
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[0016] FIG 2 is a block diagramof an exenplary nesh
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I's a graph depictinhg area throughput based upon
HA] | oss BHedkiplostritesualcves.raf @0 2ar)wikdlGs ngtwark gogmaypications.

HERAF oo R e AP E PP b B it
La8QdAd FIG 8 is a graph depicting effects of transmt

Fovver on area throughput. [0023] FIG 9 is a graph
0018kt r at | Ko -ariea aranholegivbog ansxemplarycratiolosomodelr r i er

ﬁﬁﬁﬁ] ng t hﬁfél})oils gl'graph depicting area throughput based upon path loss
breakpoint values.

[0021] FIG. 7 is a graph depicting interference distance as a function of required
SINR and path loss breakpoint distance.

[0022] FIG. 8 is a graph depicting effects of transmit power on area throughput.
[0023] FIG. 9 is a graph illustrating areca throughput as a function of carrier
sensing threshold.

[0024] FIG. 10 illustrates an exemplary methodology for setting carrier-sensing
thresholds to optimize communications in a wireless network in accordance with one or
more aspects presented herein.

[0025] FIG. 11 is a block diagram of a system that obtains and provides
neighbor information in accordance with one or more aspects presented herein.

[0026] FIG. 12 illustrates a methodology for obtaining and managing node

information in accordance with one or more aspects presented herein.



[0024] FIG 10 illustrates an exenpl ary nethodol ogy
for setting carrier-sensing thresholds to optim ze

W@ oovzi3e@t i ons in a wirel ess network i n accorP@nts2007/066606
with one or nore aspects presented herein. [0025] FIG
11 is a block diagramof a systemthat obtains and
provi des nei ghbor i nformati on2in accordance w th one
or nore aspects presented herein. [0026] FIG 12
illustrates a nethodol ogy for obtaining and nanagi ng
H9AZ] i nf or FKE.i I8nllustratsseoncthoddogy fon gomeatorg apnoedcast message
g@{%ects pr.es nteag. herein. 002&11 FIG 13 iIIustrates{(iah .
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reshol ds_j ccordance. with one or re .
{0%3%] FI(?. 2% 1S an ﬂ?ustratlon ofh a system thatr?a)lcfltates wireless
communication using dynamic carrier thresholds in accordance with one or more

aspects presented herein.

DETAILED DESCRIPTION
[0037] Various aspects are now described with reference to the drawings,
wherein like reference numerals are used to refer to like elements throughout. In the
following description, for purposes of explanation, numerous specific details are set
forth in order to provide a thorough understanding of one or more aspects. It may be
evident, however, that such aspect(s) may be practiced without these specific details. In
other instances, well-known structures and devices are shown in block diagram form in

order to facilitate describing one or more aspects.



aspects presented herein. DETAI LED DESCRI PTI ON [ 0037]
Vari ous aspects are now described with reference to

wo bh@7desw ngs, wherein |ike reference nuneral SPEr/ES28E€H6606
to refer to like elements throughout. In the foll ow ng
description, for purposes of explanation, nunerous
specific details are set fortR in order to provi de a
t hor ough under standi ng of one or nore aspects. It nay
be evident, however, that such aspect(s) may be
038} i ced )Aa'smlsmun thikepelipec,ithé¢ crret'@nhmnenty’ Gyktem,” and the

st ances known structu evices are shown ..
R bF s refin o i e PR e piR R § RRMMasion of
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appl i cation, the terms "conponent, system " and
miak dedrug 19 nt dindted to beingf aprocess aurgamgpon @prqce$sat, @d)rocessor an
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BXSFRid, béthQarpp&fibn Iiﬁmhntgeon HudminsiniR@tiodsi d¥ice @nd €he device can
bei ng, a pProcess running on a processor, a processor,
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an a t|on runni ng COMMUAI cations devi ce
'aff’td/eéthﬁ)vcd@tvmme coatpulees. aAkSO,l‘fheﬁreeﬁtnpoﬁHES Gdn ¢Rat@e from various
conponent$ may regjde MAthIn a process and/ or thr ad
MR EGETaBIF Rt BauBEy ety USRIESoEArT egrogn T
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uters. "Al'so, these’ conponents can execute from
wmrctause wahqwtgual hevagadceormeatt datagackeds (eag.i datrsfromtome
structu stored_t hereon. The

SRR CAE e B G EamPaiia) B PEforaeBr fisibutsd system.
m& RFosk A MREFRK IANCH the TllerBetSh @M adhelh@»gteﬁg BNQayO6f tHPE@nal).
data packets (e.g., data from one conponent
(0988} act i nfumiiarmorm setys a@metﬂoeﬁe d@scrlhechhfrr@man cglwlc@m with a
Eel}*]r%}nlrang Ut 1%91% X%?rﬂn aglg Al ?/g? o] lPe%ba ysy\%grn fus?r déwce a saulb)scrlber
[101038bschued dWTdﬂinn@bllé’ ﬁﬁﬂlﬁu snobslpeetise &Eﬁo&%‘é&fohbﬁ@ess point, base
herein in connection with a termnal or client. A
BRYOR. HRMOtE AHTANA AOBRSS AR, WeSIPEMEH, teIMiRdlr UsgRgeeb use
S t ' |
%ﬁ?ﬁ@ﬁtg@% yp bl‘iern(te n}éqgﬁlglh%tec{ag ;T;)te g ac('e:fglglgrs @gb%rﬁ, ﬁ%gltsd(le&g telephone,
8 Sadsicnnpitiation Peotd@il I8 IPAphoraes & eds:ldse tarahlabp (W€ station, a PDA, a
user agent r equi pnent gUE or

a rm nal
Efmd@ﬁ@ Jex\l%‘ z@mﬂ% Jirclesh cppne tl%wpab@y, PéP@ﬁthHéeS g device

g@ﬁggggg)QQ%%gggggdmﬁ Session Initiation Protoco
(S phone, a wreless local loop (WL) station, a

[:GDA{)] a Moreover various aspects or features described herein may be
implemented as a method, apparatus, or article of manufacture using standard
programming and/or engineering techniques. The term "article of manufacture” as used
herein is intended to encompass a computer program accessible from any computer-
readable device, carrier, or media. For example, computer readable media can include
but are not limited to magnetic storage devices (e.g., hard disk, floppy disk, magnetic
strips...), optical disks (e.g., compact disk (CD), digital versatile disk (DVD)...), smart
cards, and flash memory devices (e.g., card, stick, key drive...).

[0041] Many wireless network protocols avoid interference by detecting

transmissions by neighboring nodes and refraining from transmitting when such



handhel d devi ce havi ng wirel ess connection capability,

or ot her processing device connected to a wrel ess
worp@e213p®040] Moreover, various aspects or feRCT/IUER07/066606

descri bed herein may be inplenented as a nethod,

apparatus, or article of manufacture using standard

progranm ng and/ or engi neeri na techni ques. The term

"article of manufacture"” as used herein is intended to

enconpass a conputer program accessi ble from any
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GEBRE! M@ PSANSITI/S Sllg@ﬂﬁmmdet&eﬂl(ﬂhmmn@@usﬁmgﬁ ath@r nodes is based
refraini n% fromtransmtti nP when suchtransm ssi ons
e detgettoncatdle carperpypreaahlapt a rapsmigaon. In pethipretpegly all nodes
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rrier nse CCess W ance
(sMiih ER)anathdr Rscaasr‘e)llr@@msmgnmgﬂntth@hgdﬁm eSwhwatipling helps
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RAAFEIKE t@&PﬁefTHlﬂenﬁ PRI¥ LRI CHNCE PLFISHEYs SPORPTHICSH Ccrgy.
RBASSmAPHOARED %cﬁ%ﬁ%%ﬁﬂh@ l‘e%ﬁl%{% g{%?)? flfﬁferea@gf Prame

conbi natlon of In the PSMA/
detlsautsmmndhe tirpAs$ theswido mssaubfytocﬂyhdrrom@d @sthnhe pasablcand pilot,

%‘rlfigtgﬁhgla dgqhﬁ glgtrl}ﬁlj gl]ra oAtC(%%Ir ontrgll ﬁ\/l%ga Zlgaqeﬁ prel dmﬁqine if there

vaﬁs&ﬁ@ﬁﬁ"&ahsrﬁfss@ﬁ@@ﬁfé aihe nmedium first sanple energy
in the nmedium and determne if another node is already

10043k i t t i hygparticulsre dereetionrat ofiee brassapiptipmigbyhethgranodpsesa be
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syCh VoA €anlidrischbigg pvesirbinah@RdSRthddtec, atdess PERB doRs
a franme transmssion in the air). If the node is able

fransgyiprionsehihe engiigy in theangstien ibitova sgeptin predetarmingg diroshold.
ttl@ee{}cg%&ﬂ Ill%lﬁ éﬁ Io?lf ®Xcha Qg&t 4h af M&gaes{]t%aﬁﬁ[i (RTS)

et ermne | rane transm SSi
andr Clebﬂi@&hd I(GTS}lmtf(bmuzilhﬁl,e nﬁ%lhbﬁrﬁmg)ﬁbd&ﬁ tooprideent transmission. The

SS|ons by es, can bhe acconplishe
5{9 e camieralis @Q w% IgeW@Wéélncefpypﬁ“@g;h@yecewes the CTS

feﬁa{ﬂsqfon%&m%wcfé&ﬁ@or%ﬁthe %I)anéﬂlﬁﬁ@éctc&% oiRlis e4e bPfhe node.
As used herein, a hidden nosd% 1se gfy no%%il?;tsis Sr?klngwi to ?heet;ansmlttlng node.
Consequently, transmissions by hidden nodes can cause interference. Although VCS
can resolve problems caused by hidden nodes, VCS can cause problems for exposed
nodes. Generally, hidden nodes cause the greatest interference to the intended receiver
and are prevented from transmitting by the Network Allocation Vector (NAV) set in the
VCS schemes. However, exposed nodes that could be transmitting without causing
interference at the receiver are prevented from transmitting because of the VCS, thus
decreasing the spatial throughput.

[0043] In MESH networks (e.g., the IEEE 802.11s MESH networks), it is

advantageous to maximize the number of nodes that can operate simultaneously in order



transm ssions if the energy in the nediumis above a

certain predeterm ned threshold. Using the VCS
wore@hazidgim signal or frane exchanges such as ReEUERID7/066606

to Send (RTS) and Clear to Send (CTS) informall the

nei ghbori ng nodes to prevent transm ssion. The VCS

schene can resol ve hidden nod8 probl ens, since any
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whet her or not the transmtting access point is aware
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access points. Typically, such systens utilize fixed
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Epscivpd by AResshEodesed by nodes to detect transnission
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nei ghboring nodes, referred to herein as

only apply to beacon frames for access points in a mesh network, also referred to as
Mesh Access Points (MAPs) and Mesh Portals (MPs).

[0047] Clients and Wireless STAtions (WSTAs) can connect to MAPs using a
first channel and MAPs can connect to each other using a second, different channel,
such that forwarding traffic among access points and incoming traffic from clients need
not collide. Typically, each MAP periodically sends a broadcast message or beacon
frame to its clients. The broadcast message can include management and time
synchronization information and can also be transmitted in the forwarding channel to
other MAPs. Alternatively, the Media Access Control (MAC) of the MAP can transmit

a message or beacon in the forwarding channel. The message can be received and



node i nformati on. Node information can include a node

address, RSSI and any other information related to a
w@2oviizukar node. As used herein, a node is anRCTUSB®NT066606

access point, termnal or other device. The nessages

can be broadcast periodically and can be received by
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Interference from hidden nodes as a
[0050] Referring now to Fig. 2, an exemplary wireless mesh network 200 is

illustrated. Network 200 can include a number of access points, also referred to as mesh
access points (MAPs) or mesh points (MPs), which may operate according to an 802.11
based or other type of protocol. The access points can be deployed over an area, (e.g., a
campus area, urban center, mall or other hot-zone typically characterized by higher
population density). To reduce deployment and operating costs, only a subset of access
points 220 are connected directly to a wired infrastructure 210 (e.g., a backbone). Asa
consequence, inter-access point mesh communication is employed to connect unwired

access points to the network’s backbone.



function of the neighbor information and adjust the
carrier-sensing threshold accordingly. [0049] Data
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the use of one band essentially for MAP to client or terminal communication while the
other is used essentially for communication among MAPs.

[0054] In general, all AP’s can provide 802.11-based service in the unlicensed
band. The APs can provide access on a single 20 MHz carrier or multiple 20 MHz
carriers. For the AP interconnect network there are two basic AP types in the network
hierarchy: routers and gateways. A router is an MAP that can be deployed without a
wired backbone connection. Routers can operate on a separate dedicated carrier

(possibly licensed) that is used exclusively to communicate with an AP Gateway. A



comuni cation two separate bands can be utilized. A

client access operating band can be used for
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nmﬂmdsﬁgwlmﬂnd)Umoﬁégb%buamgﬂEEEEﬁﬁéﬂnnﬁhmumbpemeshanwr
Eietgc(%lon%l SGZ%Brn) ind e othier s based on energy detection, (-62 dBm) by which a
node will report a busy medium upon detection of any signal power above the ED
(Energy Detection) threshold. Depending on the thresholds set, the radii of these ranges
vary. In IEEE 802.11n PHY, the maximum transmit range is the distance wherein a
decoder of the receiver will be able to receive a signal with power above -91.44 dBm,
thus achieving a SINR greater than 0.6 dB. In order to determine the interference range,
we consider the worst-case scenario.

[0058] Depending on various thresholds set, the radii of these ranges vary. In

IEEE 802.11n PHY, the maximum transmit range is the distance wherein a decoder of
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optim zing the spectral reuse and hence naximzing its
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Dyin, 18 beyond the breakpoint of the path loss model, then one or more known
calculations may be applied. For example, using the calculations as in cellular
networks:
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Higher physical transmission rates would require very high SINR at the receiver.
Therefore, a large area around the receiver may be prevented from transmitting or
"NAV’ed out. If the SINR requirement is small, then the potential interferers can be
kept close to the receiver. Additionally, D,,;, is dependent upon the distance between the

transmitter and the receiver.



potential interferers 402 surrounding a receiver 404
i n communi cati on wth another node 406. The terns

w0 nioentaer and potential interferer are used PCT/US2007/066606
i nterchangeably herein. The interferers 402 can be
transmtting sinultaneously and have the sane, fixed
transmt power. For sinplicity, it nmay be assuned that
t he di stance between all interferers 402 and the
receiver 404 is sane and the noi se power can be
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reat ér
stream. Some of the rates are similar to IEEE 802.11a/g to maintain backward

compatibility. Additional code rates are introduced to provide enhanced spectral
efficiency, including the use of 256 QAM. A maximum of four spatial streams is

supported.

Table I: Determination of the maximum transmit radius (Rmax) and minimum

interference distance (Dmin) for different PHY rates in IEEE 802.11n

SNR | RATE | Modulation | Code | Rmax w/ breakpoint | X=Dmin/R | X=Dmin/R

(Mb/s) Rate =30m Eqn. (2) Eqn. (5)
And Transmit
Power = 23dB
27.0 | 84 256-QUAM | 7/8 42 8.71 5.37

249 |72 256-QUAM | 3/4 49 7.64 4.71




t he breakpoint then a different fornula can be used to
calculate the interference distance, Dmn : This

wo eoomiR1346 ndi cates the interference di stance i BCHUSIOA066606

function of the breakpoint distance RB. [0063] Table I
i ncl udes exenplary conputations of interference

di stances based upon PHY rat e The val ues included in
the table are representative and may vary for
different propagation environnents. In particular, the

t2b3 @ G0ncl yudEs-QoAM adtlk bept casedl nt erf ef &fide 3.56

Adi ct dneraoc DM n Haoi thal rata + ahl a Af EE QN2
=) A>3 C | v \w A |

N il
Ii’?-¢cr54opér aé“i'ﬂbrAé\fI a g/af‘rti cul ar ﬁ?\( rate. -?-zg—Tabl e| 326
C T

&g sno(ygs_Q g, 3Max| mum tr NS 1 ra@‘igys, RTBX 00
to operate |a link at @ partjcular PHY ratel using a

tr@hgmi2t povel-QiAM3 dBM2 Col unm 67€ont ai ns4.the rat| .79

of tho Mmnimmmintaoarfaroancal dictanca tno th
T AT JC UATT o L4 T

t g6t t er| 1eQHANMr fil&t angce for ®hch PHY P&fe usiig?d

EfNs (G4 - IZIZS'Q@[AH\?fif;DS%”fer ent figp differgry PHY n295

rateqd becau brent SINR requi renents. Col um

i 10O gatdes thw-QetMcas@/dscenari o Uuskng Eqgn| 3.03). Thess6

ratiads re rn fived and arel a funection of source
e ef A—X 1g—al-e FHAGH-OR }

PO T

o@%tiﬁ&ti on @P%Kance, | b# afe i ndégéndent b4 he 1.49

izt po The T tapte 75 fQr a si StTe
S%?re ?fz the%%%s are giﬂm lar to IIEEE 802. 1§'Ib§/q to 125

mai nt|@ n badkeeid conpatdi bility. Additional1.86de rafed4
are—Hntroduced to proyi

/i deenhanced spectra
eh-fi ci6ency, B udi ng ife use of 288 QAM AL RBXi nun 604

four_spatiat —streans 15 supported. Tabte |
Determ nation of the maxi mumtransnmt radius (Rmax)

p9d4m ni muRcicntey dew enEig. 6l sgrapic 60( M¥pidctngfvarioad drtethedighputs
PHY rates in | EEE 802.1 I n[0064] Referring now to Fig.

for daffgreaphcPOindegiet is nidpstraretd o isr as@ard dfrawergh Uk sn@ers, the
for.different breakpoint values is_.illustrat.ed. Forh Bt all
B3t e" 8rMarTeh SO o lancopy NGy Ry puch that a
AMIGORSS tid saficphl SidA1@AUSmMIsEBASAE CEn BE cdhRNSdThSSH@Btion of the
such that all 'Iinks have the same physi cal
interfaserics slisgance anerdaro barcowrplis edalyss,.dhé dinente dngh, hatecen
interference di.stance. In order~to carry out this

infafier and fiuome it b delminedRpfuEnbitied! o tids spybe
bistamnsdfiohEE qit a0) REEELPBI 48oRedHok SitaniQalRheBRkn two interferers
interferers can be obtained fromEgn. (2) or Egn. (3),

above. rizontal distance between two_.interferers«3
18 denoted It_)? D, andat‘he vertica ralstance IVbetween interferers is equal to %Dmm.

The maximum number of simultanecous transfers in an area, 4, can be computed as

follows:

{4}

Here, Nmax was derived based on the worst-case interference assumption, where six
interferers surround the receiver node. The best-case scenario occurs when there is only
one interferer. In the best-case scenario equations (2) through (4) above can be

modified as follows:



i's denoted by Dmm and the vertical distance between

interferers is equal to Dnm The maxi mum nunber of
waepmalitameous transfers in an area, A, can be PORPS10eT066606

as follows: L\ (4) Here, Nmax was derived based on the

wor st -case interference assu tlon where six

interferers surround the rece node. The best-case

scenari o occurs when there is onIy one interferer. In

t he best-case scenario equations (2) through (4) above

can be nodified as folloms ©: t [0065] Turning

nowto Fig. 7, a gr%ph 706 H%pictfng i nterféerfénce

di stance as a function of required-SINR and path |oss

breakpoint is ill@gsttated. g}nf“*““r to underigst and the

i npact of breakp0|nt on throughput, Shannon's capacity

equati on, based uponvgthShaﬁhon Hart | ey Theorenl can

be used to cal cul at e the arg Eoughput as follows: N

Bl | + 81NR ) The area throughput and i npact of

K068k poi nt TaméneSINRIORIZDR grreh 700 depi¢tmgdaterfareppeydistance as a
f I
ﬁ{ﬁg?%r??% r%ﬂlgﬂr%dr éé)lg\h?%ﬁrd 0%4?% F()%? Sfealéé(%%ﬂslg élfd Wﬁrg{e]d.t Ltgg?d&al% WRderstand
breemhgmldﬁbraikpmﬁnmahr@gdpm Bha@dn’s Thpaciigwquatiah, based upon the
terferlng si gnal decays to the power fo r after

EE@Q&B DIastey Theoummgrap em&%fe'io qapﬂuatﬁf @Péff‘éé ghip as Folfows:

i nt ended rece|ver_due to the fact that the

i nterferer/recei vén.disst:ande.i SlomidH gre&ter than the

transm tter/receiver distance. For each breakpoi nt o

Thessa thyopghpgpendvgpartidr¢akpere andib YR ae &mimg ihlustrated in Fig. 7

b e r
R LD RANE RIS MASE bt D5l 1 08 Bronapu
{nlcrdasesol tearthé ht&hkﬂ(ﬁhﬁtgﬁs’tatbj‘e&ﬁkmai%@ "Bindp dvadr @€ eheShivRering signal
requi renents increase the value of. Dmn. Larger SINR

ﬂ%cam fodfie AP cafopsafter thihrepaomt lsading o Omeéwafi-iféer%a@t e
ef & E\zef AED ROl ARORE 11951?&5191%'0&(]& (ﬁ?ﬁ%ﬁ’dg is hftich greater than
Itronal 1 nterference power at e Inten
ﬂﬁctﬁmmartter/ﬂ'ﬁbiver dibtandyr. éortehelobighigotnt ftioare ishm dpeistal aneference
@Drst Se scenari 0S USi n%%@ source, d stl nation

SEDEN B PR RSN 6D repEmGSdlg léiaPi‘:e HY ey ysmitter and
RlceivBie ARSHEMT6RNS, IR AT tHt Fa@géf %Eeaﬁ?gﬁtstaﬁaa@&g&r GNGR
over heads arising from addi ng header to each packet as
walbirements hnsrdaae thefvilugwod Thiwad $ arden SENRirepiremcats apise from

operatlnrgjtﬂe n endsedfnglde atvillslg:gher PHY rates and larger breakpoints result in

additional interference power at the intended receiver.

Table II: Area throughput for the best and worst case scenarios using a source

destination distance of 40 meters.

Rate X=Dmin/Ft Number of Area Throughput
(Mb/s) Eqn. (2) Simultaneously (Worst-Case) Mbps
(worst-case) Operating Nodes
84 8.71 38.045 1357.7
72 7.64 49.414 1644.1
60 5.74 87.599 2662.6
54 5.29 102.984 2959.6




where T = 2Tpreanble + Tack + TIFS+ TSIF S .
represents the fixed overheads that are specified by
wo b@7aesmdar d and Tbackof frepresents the aver ap@er/us2007/066606
Lpac ket the frame size in bits and H
represents the overheads due to MAC and hi gher | ayers

backoff val ue,

added to the information in bi&s.
the SINR acquired at the receiver.
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Here H is equal to 288 bits. Ignoring the exponential backoff (assuming that there is

only one stage in the backoff process), Tracrof 18 €qual to 72us. However, this value of

Thackott 18 just indicative and assumes that there is only one backoff stage. Exact value

of the Trackofr 15 @ function of number of stations, number of backoff stages and priority.
Tack, TSIF S, TIF S are given as 28us, 16us, and 34us respectively. So the Eqn. (9) can

be written as follows:
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transmtter/receiver distance of 40 neters). However,
this may be inpossible if devices cannot decode a

W@ e@natisiwel ow 82 dBm Typically, W.AN devi ces PERUSHNT@6606
the signals at 92 dBmin the radi o frequency (RF)
front-end; however, the fixed inplenentation |oss of
10 dB further reduces t he S|gH%I power avail able for
t he decoder, which determ nes what was transmtted.
[ 0069] Referring now to Fig. 8, a graph 800 depicting
Hi0b2rt s of Teblamisdrpictpoweimupnarza elaoughpmtrgmlapm tieobtained using the

illustrate The pat.h | oss calc tions,based on the

B g e B AEHOT BT RL g dif re 1 sttt and
taMEeMRpath IBs@mb@él Qﬁ‘&wﬁ r@ngns HRRWEFHY sate§1%qulr& D&y hlgh SINR at
coverage area of esrgna dlrectlng nodes to réfrain

fheagegeiveand hequrnghmncr sesinathyesholdgandey et tngbre ndyigs resulting

elélmyg{ argfl thror?%fl ot}l{fselés:efyf p v%er%?;hora e/‘s,evl\gé{%lts 1n3§ é%alirji?ﬁle sensing
HRMBbRIYesaltiag 1M@r¢lredad@1©e a68ds a2l hlgTiét ftotdibritcable W B tRe
nodes to comuni cat e sinultaneously, thereby

r%de%@ﬁaer Akthg éfﬁr cHferipg é@réWE§va&tworéféieﬁeﬂ éﬁarrarss then lower
?ﬁt){etra{ g%flﬁé%d Cglglllé/r rlq;l}lcte eJC %n 'rttagf ﬁl{gglere?l[lY rates can

bet mafctdftb rghbogiimg lcbmﬁ‘&ﬁlrIQ)éE()f i&tllVa hoéesaltean bn uﬁ“erréxlﬂeuarng)eratmg

" nore des an du0|ng pati al reuse.
3 R%Y@%tepf 10 &hbs Sprddacthe spwl gourg Plgt@.s ltrbgéqnicesoretween higher

ﬁ&ﬂ’ﬂ&%f%@ﬁ&%d@?&ﬂ@%&reﬁ@%m%t%%o@@%m?@ér'P‘Pﬁpf;‘a{té. to

mai ntain a parti cul rate. Conversefy, a smaller

{0068k i t pbmdﬂn@agﬂmdeﬁesnahMesymadﬂbr@ﬁmuonwuﬁhwamhﬁnmweof
source and desti atr air to main

AR s R P g8 vt Boras it « RABRL LR feters o

gdti&eta PIAY r@té QFRY M%sn &l WRFi &-eh SHL @éﬂé@ '&a&ﬁ@s&l@to cover a distance

anal yzed. In a sinple simulation, | EEE 802.1 |In/s MESH

vﬂéﬂ\@ewwegclalp‘ee pP e@temf & Méps digeshiste H@(@gMnar, thengarest

th ¢ 1 2fo3'E Sghitd %
Rty St Moyl AP 5 BB STid BAfERSLpr 23 dBm ana
ﬁ@rh@’ﬁbélﬁ‘écdﬁer&h@ﬁ@l roapo infetéxs e a el e v A ﬁ&@%eﬁﬁipaﬁsﬁole if devices
neters. is also assuned that the sender is at

eﬁ)nnah@Pcpée ¢ sightirhelaat PhgBb Tyiicallyc Wil dpyee g saése the signals
3018 Q)n th-gl}gdl{) %SeH{l%@cyggﬁZfrgﬁ]t 4y Hgﬂ@&lﬂtth@ ﬁQﬁ(? In&?gll_he@?tlon

power and active Ity aré own’ in t

Ides ef 1G i firtlan sedutcqrhemipaalfporver heailabliebr tieelcvaick,echich

getmeen 10 and 30 dBm., A higher transmt power at each
SIeEIpesatvas Arapsnaitieds nechani sm of | EEE 802. 11n

MVDPQ out Rgfeﬁ@ﬂgeﬁovﬁf . 8108454 SJ@déﬁi’é’tf ;éee"ffth@ detah @Rt power
effect of transmt power- contr ol

on area throughput is illustrated. The path loss calculatlons based on the Eqn. (2) are
independent of the node’s transmit power. However, if a larger transmit power is used,
the coverage area of the signal directing nodes to refrain from transmitting would be
larger. Consequently, the number of simultaneous transmissions would be reduced.
Conversely, if a smaller transmit power is used, the coverage area would be smaller.
This would allow more nodes to communicate simultaneously, thereby increasing the
spatial reuse as well as potential interference. At large transmit powers, it is clear that
the RTS/CTS messages will be decoded by many other neighboring nodes over a large

area thus “NAVing out” more nodes and reducing the spatial reuse. Also, a large

transmit power provides larger radii of communication between a source and destination



power can be nodel ed as a function of rise over
thermal. Rise over thermal (ROT) can be defined as
wo edozogsa0 } [0072] It can be inferred that ROTPCHUS2007/066606
function of the |oad around the receiver that
contributes to interference. Assum ng that the
i nt ended source and destinatibh nodes would like to
communi cate at a PHY rate, i, and assunming a sinple
di stance based path |oss, the transmt power required
par tichaietagn apadictlar AHPHYter dicnvbstlywee smallke teosmit powndprovides

desti naf.ion can be calcul ated using,the following . .
SRl Py Sl O RRTATAC o DS B ot ANHRPROrHE3t 19 Tpaigtaip a
partiBulbEH®RGNe equation, - is the optimal transmt

power at the transmitter to achieve a particul ar PHY

78] wi t h Thécitertuadersdnd duetivent, ansxdmglarRpgtvorls sitiyéation can be

N LN A N e

hedb & ofthRRipodkselItWAigNtheRE HuPEMRE hwbigbal s&@o 1 80|Hicte@sl Ndles can
counter the interference. If ROT were equal to one

badeployrd syglsthehsasBaode bes sspbeighbarying gepgsaphis arca of 4000x4000

i n i t . e ..
BSR4l B, SIS 0, S L B v o
tdeeivtr latstad 4tt(@00,90)1TCle: dehdtsiontaeed thraighputmdrffatt dfipewer and
receiver .is.mninmal.[0073]. indicated in the

e SBFRECTiY At HpHS, et 18f§n%1?ﬁe_t f@sﬁw&% powprs for the nodes are
Ghriddanefednl Y2430 dHHP.gA :h?mercgrﬁlsﬁl 1 15rbv§e?ta¥ LY oB€results in

. i
carrier-sensing threshol d. nsi der a sinple exanple.

RTSIEES sedranesndesSiEbEtat(20hl npaAV imepa patagat agpsa di st ance

40 meters re to operate._.at Mops, then nodes )
BlorZ get nES e bfornd B geoenh 3B ol REtOhd nsmit
ﬁédvé}*/&ﬂ bk %dd%&ﬂ%%tfuﬁc@ﬁ)ﬁ %@Qo@er&l@&ﬁiaﬁrRﬂs@Wéﬂthé}ﬁﬁl ROT ) can
worst-case interference fromsix other transmtters as

bhdelmnedns Blpws4) . As indicated earlier, typically
nodes cannot decode transm ssions bel ow -82 dBm or
-81.4 dBmto progerly‘deceder the-duration IDn the
RTS/ CTS franme. Therefore, thansmt power can be

i ncreased such that an interfering node placed at

ﬁ@?Zﬁ et eftscaﬁ a0 %I{fg&gd %gt kB?‘ rlga EIE] gﬁ%%mnlg Ir)]gt(ﬂ{;: z(ira%ijaﬁ(léun%tthe receiver

dBm and refrain from
thaceinttbutétorigedenéted. A8 swhi@aahat visd ingen8dd dMups: didcktatiation

The path ]| oss equation can be used to determi ne the

podes syauid hlgﬁ,g@rcpmmpqlqﬁt%at a PHY rate, i, and assuming a simple distance
based path loss, the transmit power required to achieve a certain PHY rate between the
source and destination can be calculated using the following exemplary formula:
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In the above equation, is the optimal transmit power at the transmitter to achieve
a particular PHY rate with the intended receiver, and SINR(7) is the minimum required
SINR to achieve a PHY rate, i. From the above equation, it is clear that if the ROT were
greater than one, then more power would be required to counter the interference. If
ROT were equal to one, then the system would be operating with zero interference. If
the ROT is closer to one, then the above equation can be used to decrease the power of

the transmitter since the interference seen at the receiver is minimal.



exanpl e, the CTS can be transmtted at 34.77 dBm (or 3
Watts), which is above the limts set for

W@ e@nsem3gsi ons in 2.4 GHz or 5 GHz. Al ternati vRCHPS1007/666606
suggests that using a transmt power of 23 dBm one
can never achieve 84 Mps under current protocols.
[0074] An optimal carrier- sengﬁng threshol d can be
conmput ed based upon di stance between the source and
destination nodes, and path loss. Aratio, y , can be
H¥78hed asAaindtdtal infthe precedrogeparegrspimss thei tmnsmitm/r@:eiver

BRRLEHb o B ERL RASER e S BEebREr b Ricer
GitHpld SlanFRN 3 1hE s&!ﬂ’é@ §€&h§tl&:@1ﬁ§e§§ﬂateﬁ by3fdiSBe ofl 40 h@srs were

been determ ned t Her e r represents transm ssion

poaperate afi &k hps tmnmiemo@@tdﬁ the iatsefetieg tanlgatﬂmarr 348.4 should be
ented ath | oss.

IE(P éﬁ tran%ral X%sls%nnung agreglglﬁplggm%t Bg A or1]r§t c&s ?efrgqr?t%ﬁﬁ%%m SiX

bideLtran¥niitters as showACa F)I% vigr Aemdicateddaflfee, rt?@tal@%deﬁbﬁﬁlot

XIw Il be used to refer to a r particular PHY rat

flgcostq frangnisaprst el 18y dBmeard -4 dBa)rtomperlé(td@w@ th@ﬂhr@&}on ID
é’]_‘\bé R%S?@f‘i:g%ﬂlte Tﬂerég)rea Itr%?srﬁ?ﬂg&f%néanfb% n&?aps@{i Eﬁc%l‘lchgtran
re, y refers to a va or a
pm’rfelrmlglrﬁﬂe pHEYced at3d8Ri metm&ap re¢iveule emsatlt'tahmgm ab&1.4 dBm
fled to yield Here, PR is the .re |veg
fraigy fromg éramné%% r fhedessiu tifReeS the signalisiag 64 Migps PHY
fiite. Ffﬂ@ L 1haABR egl a@ons&ﬁ%rusé’d toscfétkrrﬁﬁnmg %ans-[ﬁ‘@pb\!{}&e nd %l‘ﬁs
receiv r can determ ne the corresponding PHY rate at
Wm'rrmie ttheCd8mde be asdnaiged at HorhdBindart & Watld), wdech lsabove the
nf or ion to respo tr 1 tting.a CT .frane .
B8 S TGPt GihsisgasIoRRES Aot Bt Ao B FEE: Tt St That using
8 ﬁﬂﬁdnrﬁg% SREATBI dBMm, Une \Whbwaachigyd su Mbgs ﬁﬁ’d& Quabift\peotocols.
-81 m The index for the term D n denotes that
HO07#kr ent Pm‘pptlmabgarmm -$enpiag ghrgsheid ¢8é1rt@mommlteeirlfaé¢demn9@
ista h the carrier-s
PN Tye i se g PR nddts 1RF bRE PRR IS uretig sanbe
semiddras angid 60BE VREive [s&&?tﬁdltyat g paflicdRip hizfdsladiof seHemeq @8 (i)) to
|IIustrat|n area throu ut as a function of carrier
hereqohvy qem‘rlgglltwtcﬁ Mpgs fﬁgﬁ( Hevhighis ispdbecarrer sensing threshold
n d carrier-sensing
B%%é%%%?dgfdgéﬁnpqmgggﬁh a%llﬁ&@g% be perforned for a
random

e

{133
{14y

Here, Prrepresents transmission power, distance between source and destination is
represented by  and y denotes path loss. Rearranging the above equations, y can be

represented as follows:

Here, X = D . Since X varies for different PHY rates, .X; will be used to referto a
r

particular PHY rate R;. X; is a constant for a particular PHY rate R;. Since X;is a
constant, y; is also constant for a particular PHY rate. Here, y; refers to a value of y for a

particular PHY rate Ri. The previous equation can be modified to yield:



| ayout of nodes in Matlab. During the sinulation, the

source is kept at [100, 0] and the destination is kept
W@eooy0213@ . The path | oss nodel of Fig. 5 is cPOBERIDTI66606

represent a realistic sinulation. It is clear from

Fig. 9 that higher transmt powers with |ower carrier

sensi ng threshol ds yields | ol area t hr oughput. The

effect is based upon the fact that higher powers with

| ower carrier sensing thresholds NAV out a |arge

geogr aphi cal areap.f-esulting in fewer active nodes at

any tinme. If one Uses FOWeE.- poﬁers with thetsanme

carrier-sensing threshold, the afea t hr oughput

Heiss By ésthpeecaivse pRvERatibeiatendedrogrivendus to drapymissign of an RTS

?rhr‘ﬁ‘é ‘bg%%%?&& oY soq?ﬁ?ﬁé eo?§9y| enldac? Qq‘gﬁ{vﬁ e@a{?mdde‘(e%ﬁneht'hgh

arrier ‘'sensin
tdifesp@td@wg PHNfratehae wihi @B ekéndeOWeshed ® domeeghicdthaideudeshat
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suggests that choosing a carrier-sensing threshold is complicated, but yields advantages
for a typical random layout of nodes. It is also clear that increasing the carrier-sensing
threshold yields the benefits of reducing the coverage area. Since the considered source
destination pair is kept at 100 meters, any carrier sensing range that would reach the
receiver is not considered in the above simulation.

[0076] Fig. 10 illustrates an exemplary methodology 1000 for setting carrier-

sensing thresholds to optimize communications in a wireless network in accordance



to control the length of time nodes will refrain from
transmtting. [0078] At 1006, a carrier-sensing
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RSSI for the received signal. In addition, analysis component 1102 can determine path

loss between the transmitting node and the current access point. Analysis component
1102 can also evaluate received signals to obtain node information contained within the
signals.

[0080] Node manager component 1104 can maintain RSSI or other signal
information, including node information, path loss computations, distance
computations, computed received power from each node as well total power and any
other related information. Node manager component 1104 can update maintained

information, add or delete information as additional signals are received and analyzed.



i ncl ude node addresses as well as RSSI indicative of

strength of signals received at the transmtting
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recei ved transm ssion and node i nformation can be

anal yzed. In particular, RSSI_fromthe received

transmi ssion can be deternined Furthernore, path | oss

fromthe transmtting node can be deterni ned. The

recei ved transm ssion can be parsed and node
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transmitting node information. At 1302, one or more signals can be received. For each
received signal, the node address and signal strength can be recorded at 1304. Any
other relevant information regarding the node can also be recorded.

[0085] At 1306, average signal strength can be computed for each of the nodes
from which a transmission has been received. The average can be determined based
upon all signals received from a node. Alternatively, an average can be computed for a
subset of transmissions. For example, the last ten transmissions from a node can be
averaged. At 1308, a message or transmission including node information can be

generated. The transmission can be broadcast periodically or can be transmitted upon

request.



nei ghbori ng nodes and the transmtting node. This node

i nformati on can be used to determ ne the nunber of
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addi tion, distance and interference from nei ghbor

nodes can be estimated as described in further detail

bel ow. [0087] Power corrponent231402 can utilize node

i nformati on to gauge the nunber of hidden nodes for a

MAP receiving the node information, referred to as a
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[0087] Power component 1402 can utilize node information to gauge the
number of hidden nodes for a MAP receiving the node information, referred to as a
receiving AP. RSSI from a hidden node to the receiving AP can be estimated using the

algorithm represented in the following pseudo code:

Start()
{

Receive node information;
Compute the number of hidden nodes;
For (each hidden node j)

{

Determine RSSI from hidden node j to the transmitting MAP;

Convert RSSI to path distance from hidden node to the transmitting
MAP;

Convert the signal RSSI to distance from the transmitting MAP to
receiving MAP;

Use distance formula to estimate the distance between hidden node j and
the receiving MAP;

Convert this distance to received power, assuming a fixed transmit
power.

For (each transmit power level k)

{

Compute the received power;

}
Add the total power at the receiving MAP if all the hidden nodes described by

transmitting MAP are taken into account;
}
}
This process can be repeated for each neighboring MAP that provides node information
to the receiving MAP. The total cumulative received power is equivalent to the total

interference observed by the receiving MAP from all the hidden nodes. Interference



transmtting MAP are taken into account; } } This
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GIoe2BY Gen 8t .
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(089K nmoduiraght OBIEE 8D 14/ dyStetnReif det@gtic@ayer for a node was not
performance. In such networks, if a pair of nodes
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Icl:g‘,\r)vi)&st {f CE)J, pair of nodes (e.g., a WLAN transceiver pair) was to communicate at very
high physical transmission rate (e.g., a higher modulation and coding scheme),
relatively low amounts of interference can cause errors and potential loss or corruption
of data. Consequently, other nodes can communicate only if they are far enough away
from the pair of nodes to avoid interference. The potential interfering node or potential
interferer may be relatively far away from the receiver such that the frame can be
decoded with low probability of error.
[0091] An exemplary formula that determines the carrier sensing threshold as a

function of the operating PHY rate and the number of interferers is given by:

SINR(m)
m 7
DéSZ)"hresh ~ d)( N]NT XlO 10
In the above equation, d represents the distance between the source node and the

destination node, also referred to as the source-destination distance, y is the path loss
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node or potential interferer may be relatively far
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providing node and the access point receiving the node information. The distance
formula can be used to compute this distance.

[0095] At 1510, the power received at the receiving access point based upon
transmissions from this hidden node can be computed. This power can be added to
power from transmissions received from other hidden nodes to obtain the total power
observed by the receiving access point at 1512. At 1514, a determination can be made
as to whether there are additional hidden nodes to process. If yes, the process returns to
1504 where RSSI information for the next hidden is obtained. If no, the process can

terminate having computed total power from hidden nodes for a particular receiving

access point. This power can be used to compute the interference observed by the



provi ding node and the access point receiving the node
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received at the receiving access point based upon

transm ssions fromthis hidden node can be conputed.

Thi s power can be added to po%er fromtransm ssions

recei ved from ot her hidden nodes to obtain the total

power observed by the receiving access point at 1512.
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hA RSN @8es to refrain from transmitting during a particular period. Transmission
power is capped by the standards and Federal Communications Commission (FCC)
regulations. To contact nodes while keeping transmission power below maximum

levels specified by the FCC, data transmit component 1604 can transmit over a subset of
carriers.

[0099] After transmitting the CTS frame, in continuum, the data transmit
component 1604 can transmit at a fixed power on selected sub tones. The power can be
a function of the physical rate of communication between the intended MAP transmitter
and the receiving access point. When the same total power is applied on certain subset
of orthogonal frequency division multiplexing (OFDM) tones, the power spectral

density (PSD) is increased. This increase results in the signal reaching farther than it
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nodes, including hidden nodes, by transmtting at a
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di rect nei ghboring nodes to refrain fromtransmtting
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duration of communicati on between the transmtting AP
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PSD transm ssions can be defined. If the transm ssion
can be computed based upon interference from hidden nodes, distance to the receiving

access point and/or desired transmission rate. At 1704, the medium can be monitored
using the computed threshold to determine whether a transmission can be sent. Once it
is determined that it is clear to transmit, a request to transmit or RTS can be sent to the
target access point 1706. The RTS can include threshold information, providing any
receiving nodes with information regarding transmissions from the access point. The
RTS can also signal a desired PHY rate to the target access point.

[00102] At 1708, a determination can be made as to whether the access point has
received a CTS signal granting permission to transmit. If no, the process returns to

1704, where the access point monitors the medium waiting for the next opportunity to



is 4 mcroseconds in length, then potenti al
interferers are directed to refrain fromtransmtting

wo en7a2eertain time period, t | . If the PSD wewE{S2007/066606
is transmtted for 8 mcroseconds, then the potenti al
interferer is directed to refrain fromtransmtting
for a second predefined peri o t2 and so on. [ 00101]
Fig. 17 depicts an exenplary nethodol ogy 1700 for
initiating comuni cation with a neighboring access
pouedt comubitdton. alf yas, theaccsemmimgan hegs rahsfecalabeat 1710. The

conpu based upon interference from hidden nodes,
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tak@naficsSpane. rate. At 1704, the nedium can be
moni tored using the conputed threshold to determ ne
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ignal c al.so i ncl ude carrier-sensjng threshol d.as
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Rei &S 4dcBg paa 1@ 180G -a db&rmaatiex SAPbAIMdNES BAARIREY Yhe medium is
1800 for responding to a conmunication request is

tleandor ransaussion. 1f 80Xhe araRTs con tanteate petpasther BI'S is received. If
(50 ni cati.on . .can he. received. 804, th .
87 b8 A mRRoh GER L BR b re P chife cqtpgined at 1810,

The eshelisieapovae e bpbied upsn éfbitaioh@Ega@ding hidden nodes,
interference received from hi dden nodes, determ ned

SaEF RSYACT BE PWERlantbeRstiN#HABr avaeS PRINISTHIASN G Eelpvant
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thetispperagssiondtodeatficnddta. ohaCt8<an plBb mictudeahe addputed carrier-

affect co t.ation of the appropriate threshold |evel.
f@@f@&@reﬂmf,s mtnﬁ@naé%fﬁi‘ﬂ%spv Saccess point can

I L
mitith tiahemit during the transfer of data from the source access point. The power of
the signal can be a function of the physical rate of communication between the intended
source access point and the destination access point. The signal can be a shaped PSD
signal and length of the transmission of the shaped PSD can be used to control the
period in which the nodes will refrain from transmitting. The shaped PSD can be
transmitted for one of a set of predetermined time periods (e.g., 4 microseconds, 8
microseconds, and so on). Typically, 4 microseconds is the minimal time the detection
algorithm works in all receivers. Depending upon the length of the shaped PSD

transmission, receiving nodes will refrain from transmitting for a predefined period of

time.
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[00109] It will be appreciated that inferences can be made regarding classification

of terminal, etc. As used herein, the term to “infer” or “inference” refers generally to

the process of reasoning about or inferring states of the system, environment, and/or

user from a set of observations as captured via events and/or data. Inference can be

employed to identify a specific context or action, or can generate a probability

distribution over states, for example. The inference can be probabilistic—that is, the

computation of a probability distribution over states of interest based on a consideration

of data and events. Inference can also refer to techniques employed for composing

higher-level events from a set of events and/or data. Such inference results in the



br oadcast nmessage or beacon frane 1904 can include an
information el enent within the body of the franme. The

WO ndjoonessé on el enent can i nclude node i nfor mat PONUSINT/066606
nei ghbori ng nodes of the access point transmtting the
beacon franme. In particular, the information el enent
can include an address and Régl for each nei ghbori ng
node. [00108] While, for purposes of sinplicity of
expl anation, the methodol ogi es above are shown and
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events or actions froma set of observed events and/aor
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a cone rom one or several
ﬂ@ba adulya@sic dafiktkO]sikd thresBOldits optimidelngstorkthronglgfut.a

flrenrzoolg?gth Hmﬁ‘”' 5@%%%”?%@%@@%&053014 Processor 2014
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000 conpri ses an access point 2002 wth ecel ver
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either volatile memory or nonvolatile memory, or can include both volatile and
nonvolatile memory. By way of illustration, and not limitation, nonvolatile memory can
include read only memory (ROM), programmable ROM (PROM), electrically
programmable ROM (EPROM), electrically erasable ROM (EEPROM), or flash
memory. Volatile memory can include random access memory (RAM), which acts as
external cache memory. By way of illustration and not limitation, RAM is available in
many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced
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through a one or nore transmt antennas 2008. |In one
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antennas. Receiver 2010 can receive information from
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%]a%lglrresponse. The multiplexed pilot and coded data for each data stream is then

modulated (e.g., symbol mapped) based on a particular modulation scheme (e.g., BPSK,
QSPK, M-PSK, or M-QAM) selected for that data stream to provide modulation
symbols. The data rate, coding, and modulation for each data stream may be
determined by instructions performed by processor 2130.

[00115] The modulation symbols for all data streams are then provided to a TX
MIMO processor 2120, which may further process the modulation symbols (e.g., for
OFDM). TX MIMO processor 2120 then provides Nt modulation symbol streams to
Nr transceivers (TMTR) 2122a through 2122t. In certain embodiments, TX MIMO



processor 2014. A nodul ator 2018 can nultiplex the
signal for transmssion by a transmtter 2020 through
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Referring to Fig. 21, one enbodinent of a transmtter
and receiver in a nultiple access wreless
comruni cation system 2100 is 14 lustrated. At
transmtter system?2 110, traffic data for a nunber of
data streans is provided froma data source 2 112 to a
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romthe user. [00114] The coded data for each data
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response. The nultipl exed pilot and coded data for
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codi ng, _and nodul atj on for each data stream may be

ocessai hldY ipgescrbed ndbrtberglcal tedvre Haghydoictrdesyahol stream
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e 9., for OFDM . TX M MO processor 2120 _then provides
foe! e crers ﬂ%ﬁ% S eq! SRS (@ EoRer LhaBetp@ 8T (P girptream.
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M rocél%s r 2120 pappl I es pr ecogri{fﬁg wei ght's t%%the Y
MINM{d beocefsot BE2Ockaidal 26 tiate pnecclsms 1 igdransmitter system 2110.
[00119] The channel response estimates generated by RX processor 2160 may be
used to perform space, space/time processing at the receiver, adjust power levels,
change modulation rates or schemes, or other actions. RX processor 2160 may further
estimate the signal-to-noise-and-interference ratios (SINRs) of the detected symbol
streams, and possibly other channel characteristics, and provides these quantities to a
processor 2170. RX data processor 2160 or processor 2170 may further derive an
estimate of the “operating” SINR for the system. Processor 2170 then provides

estimated (CSI), which may comprise various types of information regarding the

communication link and/or the received data stream. For example, the CSI may



the user to which the synbols are being transmtted to
and the antenna from which the synbol is being
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[00123] System 2200 can also include a module 2204 that determines an
appropriate carrier-sensing threshold based at least in part upon the obtained node data.
Node data can be used to estimate numbers of hidden nodes and node interference

experienced by an access point. A carrier-sensing threshold can be selected based upon

this interference, distance between the source/destination access points, PHY rate and
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nei ghbori ng access points as well as clients. [00123]

System 2200 can al so i nclude a nodul e 2204 t hat
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based at |east in part upon the obtained node dat a.

Node data can be used to estimate nunbers of hidden

nodes and node interference erienced by an access

point. A carrier-sensing threshold can be sel ected

based upon this interference, distance between the

source/ destination access [gdiAltMS PHY rate andot her

rel evant information. Selection of an appropriate

carrier-sensing threshold provides for increased

QORAE Wl 8Rkd §@Mmuni cations in the wrel ess network,
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i npl ementati on, the techni ques described herein nmay be

i mpl enent ed, wi ules (e.q.. procedures,. fupcti.ons

e o8B Mt PR GivmdPiieelh SRS TR bV iR

b&hgiiging: The sof tware codes may be stored in nenory

units and_ executed by processors. The nenory unit may

be i npbtamEg rdlewrfornstiandelagdde agwiphberingnedsi nal to t he

proc e&%@ﬁninltn% a%:pgib £i8R% dabrit A Q% HOTHURG %@ﬁ%ﬁ?ée%etwork

coupled'to ep CBsSor Via vari ous means. as 1's KNOWR

thaough@utedsta fuh&h2F]thdMade ihfasmbie@n adéscri bed above

i ncl udes exanpl es of ogne or nore aspects. It is, of

cour sEANUINg s fryisEerbaseded gasta paydipgn Esrf@piiszpsnang threshold.

conbi nati on of conponents or nethodol ogi es for

pur poses of describing the aforenenti oned aspects, but

2ne ofhomdihodrof ckimlll furthet bempnisingreyeivgalymnaede itfoammation in a

many,.furt her conbi nati ons and pernutations of various

BY %@mﬁ‘@mﬁ8§§?%?e. Accordingly, the described

aspects are intended to enbrace all such alterations,

nodi fi cations and variations that fall within the

3pi ri Thangthod ebelasn 1t Astheppampiedng| ai ms. Fur t her nor e,

to the extent that th erm"includes".is used in

ef t neptefitiy i it GBS e SRE iORaidnT e suicn

t er m gsmpwiingrigeefetcacdBomnbe bigldyenode =3 afandtih Fithe haile

to the term"conprising” as "conprising"” is . )

nderaration: they C%Uﬁéhseélﬁﬁllgégfééhoé@ isgletqrapcdiad griumctinn o theynterference.

claim CLAIMS What is clained is: 1. A nethod that

facilitates communication in a wirel ess network

énvi r Sherewrthod @b iaim Si figtheobdmpriNimgconysleing iivamatse te hidden

related. to.a nei ghboring node; . . :
node as a function or} a rgce?ved 51g(‘:]nai1 strength indicator included in the node

information, the interference is a function of the distance.

5. The method of claim 1, further comprising determining a transmit power for the

data transfer as a function of a transfer rate.

6. The method of claim 1, further comprising including the carrier-sensing

threshold in a request to transfer data.

7. The method of claim 1, further comprising including the carrier-sensing

threshold in a signal that grants permission to transfer data.



determi ning an appropriate a carrier-sensing threshold

to optimze network throughput as a function of the
woowe/1213®or mat i on; and control ling data transfECT/DsmeT066606

at least in part upon the carrier-sensing threshol d.

2. The method of claim1, further conprising receiving

the node information in a per?%dic br oadcast nessage.

3. The nethod of claim11, further conprising:

identifying a hidden node fromthe node informtion;

&nd cbhpokihod of ctagmflefietheecdmmmitghe hi dden node as a

function .of the node . .information, the carrier-sensing
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included in the node information, the interference is

a function of the distance. 5. The nethod of claim 1,

dur t hehe gRiMREICT RN deihenfgih 8Otha cbiitedl Shdskageayvaididative of the

the data transfer as a function of a transfer rate. 6.

Ienethrafitimendthatthe peighboringmede ete relbwip iiosm HansHiingdi ng

the carrier-sensing threshold in a request to transfer

data. 7. The nethod of claim11, further conprising

Lol uThaimethod of alaim dr fisthes corgpidiieshol d in a si gnal

that grants pernission to transfer data.8 The nethod

of cl HCRIHNE ¢ freeine Sl&%ﬁfﬂ%ﬂtﬁ& IHRIFTIM gt Isethene node;
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t he nel ghboring node to refrain fromtransmtting

dur i ngambatitiingrtbabfaeon framd. t ransnitting the contro

message. 9. The nethod of claim8, the length of the

control nessage is indicative of the length of tine
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transmtting. 10. The nethod of claim1, further ' '
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indicator fraomat |east one node: .generatin beaco
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apparatus that facilitates network comuni cati on,

@@ﬁaﬁmeg-is?@:mg threshold; and

a memory coupled to the processor.

12.  The apparatus of claim 11, the processor further executes instructions for
computing potential interference as a function of a received signal strength indicator
included in the node information, and the carrier-sensing threshold is selected based at

least in part upon the computed interference.

13.  The apparatus of claim 12, the processor further executes instructions for
computing distance from a hidden node as a function of the received signal strength

indicator, the interference is based at least in part upon the distance.

14.  The apparatus of claim 11, the processor further executes instructions for

transmitting a control signal that directs a hidden node to refrain from transmitting,



a processor that executes instructions for receiving

i nformati on associated with at | east one network node,

w@elogari3my a carrier-sensing threshold as a fuPCt/UsW0T066606

the received information, and managi ng network
conmuni cati on based at least jn part upon the
carrier-sensing threshol d; ant! a menory coupled to the
processor. 12. The apparatus of claim 11, the

processor further executes instructions for conputing
pbtent eagthiofitlerdoatrehggnad detarrhineckehgth abfine thebelidedode is to
si.gnal strength indicator included in the node
[5¥F8t mat i on, and the carrier-sensing threshold is
sel ected based at | east in part upon the conputed
interference. 13. The apparatus of claim 12, the
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is based at least in part upon the distance. 14. The
apparatus of claim.1l1, the processor further executes
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ransmtting, wherein of the control signa
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of pemgusssfioosetfing a patiewsdasing mlmashodxiaas ofunctigh ofthe node data,
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ERLa RenttaAdd REIWBBK abRdepoiand means for setting a
carrier-sensing threshold as a function of the node

data, wherein the carrler sensing threshold is
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BiRRA¢3H MEssade @dnwlmng?heﬂdd%tdla&r. conprising nmeans for

receiving a periodic, broadcast nessage containing the

node data. 19. The apparatus of claim 17, further
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gagrfararce Sems thegetwork node as a function of the node data, the carrier-sensing

threshold is based at least in part upon the interference.

20. The apparatus of claim 17, further comprising means for transmitting a data

transfer request that includes the carrier-sensing threshold.

21. The apparatus of claim 17, further comprising means for transmitting a control
signal that directs the network node to refrain from transmitting, length of the signal is

indicative of the length of time the network node is to refrain.



threshold is based at |east in part upon the

interference. 20. The apparatus of claim 17, further
w@ompnesing neans for transmtting a data tranBEEUS2007/066606

request that includes the carrier-sensing threshold.

21. The apparatus of claim 17, further conprising

means for transmtting a cont$%| signal that directs

the network node to refrain fromtransmtting, |ength

of the signal is indicative of the length of tinme the
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medi um having instructions for: receiving.noge . .
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related to at 1east one nei ghboring node of the access

paicstpoirtnandet ermi ning a carrier-sensing threshold
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conprising instructions for conputing interference

fromthe at | east one nei ghboring node as a function

th : : . . ‘ Co
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medi um of claim 22, further conprising .instruyctjons
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RN nterEQMRULIiNg a transmt power as a function
of  transmt rate; utilizing the carrier-sensing

threshold to determ ne whether to grant permi ssion to
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to transmit; and

transmitting a clear to transmit signal utilizing the transmit power.

25. The computer-readable medium of claim 24, further comprising instructions for
transmitting a control signal that directs the at least one neighboring node to avoid

transmitting during communication from the source access point.



