DYNAM C CARRI ER SENSI NG THRESHOLDS BACKGROUND CROSS- REFERENCE
[ 0001] Thwmeo apptizcat i on cl ains the benefit of U S. Provi BCDOS007/066606
Application Serial No. 60/792,141 entitled "METHOD AND SYSTEM TO SET
THE CARRI ER SENSI NG THRESHOLDS I N WLAN SYSTEMS, " filed on April 13,
2006 and U.S. Provisional Application Sérial No. 60/827,908 entitled
"H ERARCHI CAL MESH NETWORK ARCHI TECTURE FOR PROVI DI NG 802. 11- BASED
SERVICES, " filed on Cctober 3, 2006. The entirety of the
above-  ef er encedINAMICO CARRIEROSENSEN O T HRESHOLDS cc-
.Field [00021The follow ng description relates generally to wirel ess
cormunl cations, and, anongst other things, to spatial reuse in
W rel ess netvvorks. Background [ 00031Wrel ess networking systens have
beconme a preval ent nmeans by which | QL ) f peopl e worl dw de has
conme to conmuni cate and transfer, @%@ggg{?bmpul ate and process
data. Consumers have becone depgrEloRS-REPRRWNEE eSS devices such as
cel lul ar tel ephones, personal digital assistants (PDAs), |aptop
conputers and the like, demanding reliable service and expanded areas
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devices connect to a network via a set of access points. These access
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a subset of access points can connect W reless e networ
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depl oynent or stal] ati Owce red infrast ure has been

ot al | ed, onristes 5 e dBe gDt ST RIS dgH Bae PP FCd
desired COM%QQ?@?&@H&Q optimze 2 coverage. Unlike w red access
points, wireless access points can be easily repositioned wthout
requiring additional stringing of cables or wires. In addition, users

enj oy the nhani?eeg flexibility. [0005] Wrel ess access points relay
data to wifed ati&ds points to facilitate

[0002] The following description relates generally to wireless communications,

and, amongst other things, to spatial reuse in wireless networks.

IL Background

[0003] 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



comuni cate with a network. The data can be transmtted through

mul ti pl e whrel7ags4@ccess points. However, avail abl e sysPENUBZHSDMG6ES
can be limted and transm ssions by nultiple wrel ess access points
can cause interference, reducing systemperformance and causi ng | oss
of data. SUMVARY [ 0006] The foll ow ng pr@sents a sinplified summary of
one or nore aspects in order to provide a basic understanding of such
aspects. This summary is not an extensive overview of all
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description that is presented later. [0007]In accordance with one or
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are describhed in.connection with facilitating ¢ nication.n.a
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a fixed thr ferred to as the carrier-sensing threshold
(CsST). If taﬁ(zgdﬁjesﬁfgé{)%(ﬁldégaél is below a predeterm ned threshold, an
access point can request permssion to transmt using a Request to
Send (RTS); otherw se, the access pGUNIMARK refrain from
transmtting until the |level falls below the carrier-sensing )
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function of distances between nodes and transmit power. [0009]In an
aspect, t havipsless antwodk.sMoos particyerdysiode 9 monkaspoets fragimize ax wmerease
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and managi ng ne conmuni cati on base east 1 n part "upon t
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coupled to processor., [0011] According to t ot her aspect, . the
resent i SIELr o prdgaROr L AR FETE HELSer Il [SPHIH o Pors o
optim zat i gRnthicABY WAl ddHQUARAKE thr¥dhokartQraRE RSSO 8BRS IQarticular, 2
obt ai ni ng ndode data related to a network node. The apparatus al so

conpri ses reayies-séwsingstbrasheld can badetemnineehssea ypethdisiohestsdetrecea spuie endn
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



[ 0012] According to a further aspect, the present disclosure provides
a conput svo e@adaiBle nedi um having instruction for recei RETIYSH0TBG6606
information fromat |east one access point, the node information

i ncludes signal strength information related to at | east one

nei ghbori ng node of the access point. TAe conputer-readabl e medi um

i ncludes instructions for determining a carrier-sensing threshold
utilized to manage data transm ssions as a function of the received
node i nf or emhpuie int¢ &k Acco hidideg nddesan otclias taspeicion poeeprizgentic

di scl osure pr.ovi des processor that executes .conpyter-executabl
natruct | offTIERISPE APIHOISEER oF RBMRUEH ANARITCHOR GhUISIATFRS EHSR AOFFons
conprise rgeei. 'sﬁﬂt}ﬁm%‘?.” odi ¢ signal that includes node information
that lists at | east” one network node and associ ated signal strength.
The i nstrufiil8hs canlmediswpedne psseseatisclasgresprouides emeted famigtates
threshold as _a function of .the odg information.. In_ 4 adg'ti.onh he
i nstruct i oFSNELRICRIHM AN BY 9T 75 VE PR e NGk Copapases g {aaH“% ?%ast
in part upfffodnii@ior ik ko §8AShINGHeMoaS NThé meliAlddo @niphiBes determining an
acconpl i shnent of the foregoing and rel ated ends, the one or nore

aspects cofgurppreate heatignsansing thispledld if opdimize hetyvodedeoughpat asridfunction of
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aspects. There a0RPAGH Parblifor thecgaier-Vensinpaneyviesld. of but a few of the
vari ous ways in which the principles described herein nmay be enpl oyed
and the det¥dPbed asprothespwechthanrewnt dis¢lasureprovidesir apppirtyaiheht s.
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a bl ock diagram of an exenplary nesh wre] ess netwqrk in acgordance
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illustrates an exenplary Interference scenario for a wreless

net wor k.  threshold. The apparatus also comprises a memory coupled to the processor.
[0011] According to yet another aspect, the present disclosure provides an
apparatus that facilitates optimization of network throughput, which comprises means
for obtaining node data related to a network node. The apparatus also comprises means
for setting a carrier-sensing threshold as a function of the node data, wherein the carrier-
sensing threshold is utilized to direct data transfers between a source access point and a
destination access point.
(0012} According to a further aspect, the present disclosure provides 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 medivm
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



[0019]FIG 5 is a graph depicting an exenplary path | oss nodel.

[ 0020] FI &v0 God7a2es4gr aph depi cting area throughput basedPOpUB200a045606
| oss breakpoint values. [0021]FIG 7 is a graph depicting

i nterference distance as a function of required SINR and path | oss
br eakpoi nt di stance. [0022]FIG 8 is a dr aph depicting effects of
transmt power on area throughput. [0023]FIG 9 is a graph
illustrating area throughput as a function of carrier sensing
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setting carrier-sensing thresholds to optimze communications in a
wirel ess nePRRbR CAHICES Fflﬁéﬁ@éh th one or nore aspects presented
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provi des nel ghbor information I n accordance™w one or nore aspects
present ed hereaspects 00611 e fehRured harsinaficrdvlln desetihedtlaldogpytidudarly pointed

obt ai ni ng and. nanagi ng -no i nformatiaon in . gccordance with e .or
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met hodol 0g¥lethRce@an enathiiee ApBitatkas hsfREMRGR dicative, however, of but a few of
the various ways in which the principles described herein may be employed and the

described aspects are intended to include their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a block diagram of a system that dynamically adjusts a carrier-
sensing threshold in accordance with one or more aspects presented herein.
[0016] FIG. 2 is a block diagram of an exemplary mesh wireless network in

accordance with one or more aspects presented herein.

[0017] FIG. 3 illustrates relevant ranges for wireless network communications.
[0018] FIG. 4 illustrates an exemplary interference scenario for a wireless
network.

[0019] FIG. 5 is a graph depicting an exemplary path loss model.

[0020] FIG. 6 is a 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 area 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.



contai ning node information in accordance with one or nore aspects

pr esent esvdhamenns4d 0028] FIG 14 is a bl ock di agram of apcyesm/dshais
dynam cally determ nes a carrier-sensing threshold in accordance with
one or nore aspects presented herein. [0029]FIG 15 illustrates a

met hodol ogy for determining an appropriate transmt power in
accordance wth one or nore aspects presented herein. [0030]FIG 16
Is a block diagram of a systemthat utilizes a dynamcally determ ned
carrier-sepseng threslalid itlﬁéﬁaﬁshrméthﬁl?ﬂ@gﬁ}ioaafﬁtidgm lncadvastansseags t h
one or nore aspects presented. herein. [0031]FIG 17 illustrates a
met hodol og§PHHRINE HPLS HEOIRLeR MMRGFOERNFOI IO OBMALS BRBST Piseedcihsgen.

point in a ance w ' .
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communi cat tariersqsiag threshobtmercdad ereewrithorene noore mEpeetsasgrected herein.
present ed rein. [O 1.EL 19 illustrates,exenplary franmes for
Dot cat [1035hode. | ARG SRS AP ORI EOE LR LR e vt

threshol dStrﬁﬂknﬁPﬁ&ﬁéﬂ%@ﬁ&oﬂaﬁl@g@ﬂﬁoﬁé of'Riofe @s%@&%l%s&{t@c_ﬁﬁ&&iﬁd herei n.
[0034]FIG 20 is an illustration of a wireleéess comruni cati on system

i n accor daf®¥d0li t h oRKS.di6 isr blochsipedns ope epsdem durt hishizss p. dyh@oBBlIFI G
21 is an illustration of a wrele comquni cation environnent .t hat
can be. enpfSy BT THATGASEE SHESO I o RBT YAt I Ko e b ABer
descri bed h@f&ispectt PR3&GIEl Koreid2 is an illustration of a systemthat
facilitates wirel ess comuni cation using dynam c carrier threshol ds

i n accor daf¥81lyi t h ohK3.dr7 iHesteatespaethedqiegsion indtatierormnuipetiap Vet a
S C%&iig__r,hboring access point in accordance with one or more aspects presented herein.
[0032] FIG. 18 illustrates a methodology for responding to a communication
request in accordance with one or more aspects presented herein.
[0033] FIG. 19 illustrates exemplary frames for communicating node
information and/or dynamic carrier-sensing thresholds in accordance with one or more
aspects presented herein.
[0034] FIG. 20 is an illustration of a wireless communication system m
accordance with one or more aspects presented herein.
[0035] FIG. 21 is an illustration of a wireless communication environment that
can be employed in conjunction with the various systems and methods described herein.
[0036] FIG. 22 is an illustration of a system that facilitates 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.



[ 0037] Vari ous aspects are now described with reference to the

dr awi ngswowrrgiB4d | ke reference nuneral s are used to rEfRusHolckd0s
el enents throughout. In the foll ow ng description, for purposes of
expl anati on, numerous specific details are set forth in order to
provide a thorough under st andi ng of onebor nore aspects. It may be
evi dent, however, that such aspect(s) may be practiced w thout these
specific details. In other instances, well-known structures and

devi ces ar @OSBPWN i nAbkSRkindhia @pation M forms timpgoaeitaCisyétb@l end the
descri bi ng one or nore aspects. 6 [0038]As used in this appl | cat.ion
the terms ﬂé%@fﬁéﬁﬁé‘?ﬁed to refgitoarRompyit-relpied lentiy, aither hadsintRea cowbmation of
to a compuilsbel AaHnGRld Ll ISEaRALINRLG B CRTRIIRMICR Bhponent
har dwar e softwa ., or software 1 n executio

exanpl e, amepipone mstndr&ynﬂ&d to beibhg) BSproodss Irmmﬁ@oh i prooedsog 2 PROREDE,EHS
running on @ processor, a Processor n obj ect an execut abl eB a
thread of @Ecuth WCH%Blﬁr%g?%Oféﬁ%‘?”&Pneﬁ E‘JBE‘&%}} apd/osg copaputel By way of
i1 lustrati ﬁﬁstrm}nhb 88l 2RI h&a%h?ﬁhrﬁ D orRMuRicERSHERL £ hh QTR dé@i\éls%@n
and the device can nponent . e or nore conponents may resid
within a pb@@esmpmmii 0Dn¢ br mack @inpexredsi iriag mesaduwdhio apporeehandierthized Of
| ocal i zed on one conputer and/or. djstriluted between t r,_.or
Comut or 5. SHCBHon THEEE CRmBBERY b€ Ikl Soars cprBnet s o B e BRE e
readabl e mpdiRcAavd &%M@rdoﬁﬂfﬁtéi’satﬁlséttﬁé‘sf’etdéh%n&{@éﬁpe)&&ﬂé € vaHdRs
conponents may communi cate by way of [ocal and/or renote processes
such as |ncmpldmdamﬁéﬂwmtedhaéaa@ngNamowalatm@m@wgesmtorn@ﬂ@r@at dhpacket s
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the | nt er ngdcovdanbe Rithersigubhant: Mk aorddatarciedtonal.)data from one
[0039] Furthernore, various aspects are described herein in connection

with a ter APMBANCHF intaracsing Wik aoiher sempenait Bl slocHdyeiam eigirdutadsysam, a
user devic W}gb!
nobi | e dev?r(l:dégr afbg%t% p’f&%( :é{c?)énﬁ asa@%gg‘gﬁl%tg‘?% 3&’? e&g%s at’i oét oifté%#ﬁé])
termnal, p00GOBs ter Fumiadrmotts etridwsraspeuad are ﬁ&i’cmb%hcrem&&mommﬁbn with er
equi prrent UE) or cllent A term nal can be a cellul ar telgag %
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wirel ess lﬁﬁl@lsutﬁ?ﬂgel(é%%; ﬁfo@ﬂb Ql‘ﬂtloﬁ" Thre d@vﬁ@’l‘éﬁ‘n‘é{e‘:&tﬂ%\ﬁ' 588 Ubase
wi rel ess connection capabi or Ot her processing device connect ed
to a wirel stsfiomuelaate t@rﬁﬁﬁﬂ] Moc&sdmmmalyaaer tﬁmsnralsg@mlsalomsef wnwuea
descri bed her.ein nented as.a ne ar at us

articl o of ST & 6, AEa G, R 5 sgE LA s PBRE. o85S i ong
techni quesy SEQgor BitRtioAPrdt6EA (OIP) RO, AGHEHI&RS R3] 8B W1 tafiohSa PDA, a
i ntended to enc%g)ass a conputer “program accessi bl e from any
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r eadabl e rredla t%gn i ncl g are not limted to nmagnetic storage
devi ces (e F%laa‘”fe SSF’IO %)py di sk, magnetic strips...), optical

di sks (e. gjo040pnpact Mbirskvet G,Iahousia@embr fé@ﬁﬁ@tdelsﬁlhétlfhkreﬁﬂv‘@)' be.),
smart cards, and flash nenory devices (e card, stick, key
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based on Carrier Sense Miltiple Access wiith Collisio voi dance.
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[0041] Many wireless network protocols avoid interference by detecting

transmissions by neighboring nodes and refraining from transmitting when such



[0043] I n MESH networks (e.g., the | EEE 802.11s MESH networks), it is
advant ageaumot/ez1eaXxi m ze the nunber of nodes that can @UIVEE2007/066606
sinmul taneously in order 8 to support higher area throughput. Dynam c
carrier/energy sensing threshold and/or _transn ssion power can be
used to naxi m ze the nunber of nodes that communicate sinultaneously,
optim zing area throughput. [0044] Turning now to the Figures, Fig. 1
depi cts an aspect of a system 100 that facilitates conmunication
anong a sefram3missione hesdetataieda ppaicnias, IEEFHCHI bd/e/suchstays breh®lira Wide

utilize fixed transmt power and carr.ier-sensing threshqlds. However,
this resulbsid GhEBRSsestese P@%eﬁm{?%aerfé%ﬁ? Visieersss g’ﬂ&kréﬂhﬁlﬂ%y
could do s i i I bk t he
exposed nogge‘%%%glt(g% gy @%ﬁgﬁ&%ﬁlﬁéggﬁﬁ&w{t Ea%%ﬁm“eﬁg‘ggﬁe@%é&sm | as
the t hr eshaldidanrsdBSHA/Addesspcotivey dotthd CAMECasilgerithmodetottivarofnodes,

reater nunbers of transm ssions can qccur siJwul tanequsl i thout .
2ausi ng | ntEIFEISITS ST PR B0%eH &y R Lon deiition 9t inerey B E 404/OF OB bgRen
t hr oughput of1ih t hane et cA 1194 Bete &k b AissidAs bn6thbdeodas Rak8ed
conponent 102 that can receive and transmt nessages containing data

rel ated tocomeétegiionrof thy caoderr prasirdile el ransidssiing rakoth prdodody, 6H madeson.
Node i nf or aILri on.can inlgl udce a4 odeda%gﬁr% s,mIfSSrI1 ran%tgg%lea'{u%ar d

i nf or mati onor &f At ed2¢e” Orp%lrcﬁsc ¥ ArONOue™t R B e e e o EE i s
any cli entdcta@ffsH apethdt nodets Ardadl, t@hsRMNE indeymediuml IRicAB S8 AGShatHN
be broadcast periodically and can be received by any nearby nodes.

[0046] I n atbpectystemstie dpisErion NPt e thaMpssaee oeneiarEL BT PIoPeRy BISERATEVAC
protocol CﬁBgﬁgn%lgésiﬂlg% &P/‘ﬂgﬁreﬁfzg @gthﬁug BreRRR aqa@ggﬁggge&i wésra frame

particul ar age or beacon frame‘can I nc nfornati on
f or nei ghbpinsagsas afthasirade gesofeistbld toagschrbtizagith hiee freaable.and pilst,
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100 can i ngliideoide hAbRARAUHsBTRAGH nolOE ViR LA D6 Blel% 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
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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
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PHY rates in | EEE 802.11n SNR | L. )
possible to operate the access point interconnect network in a licensed band that permits

higher transmit power than allowed in the unlicensed bands. AP-AP interconnect can be
based on similar technology as that used in 802.11n. The exemplary system allows for
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
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gateway is wired AP operating on a separate dedicated carrier (again, possibly licensed)
used exclusively to communicate with routers that have associated with it.

[0055] The Institution of Electrical and Electronic Engineers (IEEE) is
developing a Wireless Local Area Network (WLAN) standard that promises a scalable
and easily deployable mesh-network infrastructure based on 802.11 technologies. The
objectives include adaptive and auto-configuring systems that support broadcast,
multicast, and unicast transport over multihop mesh topologies. A major issue in
developing an efficient IEEE 802.11s MESH WLAN is optimizing the spectral reuse
and hence maximizing its area throughput.

[0056] Turning now to Fig. 3, several important ranges for wireless network
communications are illustrated. A source node 302 and destination node 304 are
separated by a distance 306, referred to as the source/destination distance. The
transmission range 308 is defined as the range where the signal power at the receiver is
above a certain threshold for proper decoding of the frame of size L. The interference
range 310 represents the range within which nodes are able to interfere with the receiver
and corrupt received frames. The NAV set range (not shown) is the range within which
the wireless stations can set the NAVs correctly based on the Duration/ID information
carried in the RTS/CTS frames and will not interfere with the subsequent Data/Ack
frame exchange between the source node 302 and the destination node 304.

[0057] The Clear Channel Assessment (CCA) busy range (not shown)
represents the range within which nodes can physically sense that the channel is busy
during the data transmission and defer their own transmission attempts. There are two
methods for a node to report CCA busy in IEEE 802.11n. One is based on carrier
detection (-82dBm), and the other is 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 802.1 In PHY, the maximum transmit range is the distance wherein a decoder of
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the receiver will be able to receive a signal with power above -91.4 dBm thus achieving
a SINR greater than 0.6 dB. To determine the interference range, the worst-case scenario
can be analyzed.

[0059] Fig. 4 illustrates a worst-case scenario, where there are six interferers or
potential interferers 402 surrounding a receiver 404 in communication with another
node 406. The terms interferer and potential interferer are used interchangeably herein.
The interferers 402 can be transmitting simultancously and have the same, fixed
transmit power. For simplicity, it may be assumed that the distance between all
interferers 402 and the receiver 404 is same and the noise power can be ignored. This
scenario can be referred to as the interference limited regime, since interference power
dominates noise power.

[{0060] Turning now to Fig. 5, a graph 500 depicting an exemplary path loss
model is illustrated. Path loss has a significant impact on interference analysis. Path
loss at distance d (or the received power at distance ) may be modeled by a two slope
model with breakpoint as follows:

Ly = e o B
EL () = as«gt, i dg My
b3

o

o F . MR RS P F s g T o
FLiy = e« 8P i'n_} L d > Bp (i)

g

&

This model may be representative of realistic WLAN indoor environments. Here

gl
"¢ fis the carrier frequency, c is the speed of light, (n1, n2) are the two path

&=
loss coefficients and Rjp is the breakpoint distance.,

[0061] If both the distance between the intended receiver and the transmitter, d,
and the minimum distance between an interferer and the intended receiver distance,
Dy, 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:

Do » Fow 0508 o o £
Higher physical transmission rates would require very high S/NR 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.
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[0062] If the intended distance between the receiver and transmitter, d, is less
than the breakpoint distance and the intended receiver/interferers distance is greater than
the breakpoint then a different formula can be used to calculate the interference

distance, D,u:

w -, Fado TELEE - o g i3y
gmege B 8 10T {d s Ry {3}

This formula indicates the interference distance is also a function of the breakpoint

distance Rp.

[0063] Table I includes exemplary computations of interference distances based
upon PHY rates. The values included in the table are representative and may vary for
different propagation environments. In particular, the table includes worst and best case
interference distances, D,,, using the rate table of IEEE 802.11n for operating at a
particular PHY rate. In Table, column 5 shows that the maximum transmit radius, Rmax
to operate a link at a particular PHY rate using a transmit power of 23 dBm. Column 6
contains the ratio of the minimum interference distance to the transmitter receiver
distance for each PHY rate using Eqn. (2). The ratio is different for different PHY rates
because of different SINR requirements. Column 7 indicates the best case scenario
using Eqn. (5). These ratios remain fixed and are a function of source destination
distance, but are independent of the transmit power. The rate table is for a single
stream. Some of the rates are similar to [EEE 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 (R#ax) and minimum

interference distance (Dmiin) 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
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20.3 | 60 256-QUAM | 5/8 60 5.74 3.56
19.0 | 54 64-QUAM | 3/4 65 5.29 3.26
17.6 | 48 64-QUAM | 2/3 70 4.85 3.00
165 | 42 64-QUAM | 7/12 76 4.53 2,79
13.0 | 36 16-QUAM 172 87 3.64 2.25
11.5 | 30 16-QUAM | 5/8 100 3.32 2.05
100 | 24 16-QUAM | 3/4 112 3.02 1.86
63 |18 QPSK 172 137 2.41 1.49
36 |12 QPSK 3/4 163 2.03 1.25
21 |9 BPSK 3/4 180 1.85 1.14
06 |6 BPSK 12 193 1.68 1.04
[0064] Referring now to Fig. 6, a graph 600 depicting various area throughputs

for different breakpoint values is illustrated. For a square of area A = LZ meters, the
maximum number of successful simultaneous transfers or transmission, such that all
links have the same physical transmission rate can be computed as a function of the
interference distance. In order to carry out this analysis, the distance, Dmin, between
interferers and transmitter can be determined. Distance between interferers can be

obtained from Eqn. (2) or Eqn. (3), above. Horizontal distance between two interferers

. . ) ) . 3
is denoted by D, and the vertical distance between interferers is equal to -EWD,,.,-,,.

The maximum number of simultaneous 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:
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[0065] Turning now to Fig. 7, a graph 700 depicting interference distance as a
function of required SINR and path loss breakpoint is illustrated. In order to understand
the impact of breakpoint on throughput, Shannon’s capacity equation, based upon the

Shannon-Hartley Theorem, can be used to calculate the area throughput as follows:
g&fzss-\.ar\m‘:ccsi = ﬁlﬂ'mrx Eﬁ‘-“-\«ei&* + b:"j*\}?i

The area throughput and impact of breakpoint and SINR on Dmiin is illustrated in Fig. 7
and Table II, below. Moreover, it is clear from Table II that the area throughput
increases when the breakpoint distance is decreased. The power of the interfering signal
decays to the power four after the breakpoint, leading to lower interference at the
intended receiver due to the fact that the interferer/receiver distance is much greater than
the transmitter/receiver distance. For each breakpoint there is an optimal interference
distance, Dmin, ranging between two or three times the distance between transmitter and
receiver, Also from Table 11, it i§ clear that larger breakpoints and larger SINR
requirements increase the value of Dmin. Larger SINR requirements arise from
operating the intended node at higher PHY rates and larger breakpoints result in

additional interference power at the intended receiver.

Table IT: 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 49414 1644.1
60 5.74 87.599 2662.6
54 5.29 102.984 2959.6
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48 4.85 122.588 32983
42 4.53 140.575 3495.6
36 3.64 217.318 4908.1
30 3.32 261.925 5242.0
24 3.02 315.689 53964
18 2.41 494.144 6795.0
12 2.03 700.173 69221.0
9 1.85 843.891 6510.9
6 1.68 1017.1 5453.7
[0066] The realistic throughput of the system, considering a packet size Lpacket

and overheads arising from adding header to each packet as well as the backoff

overheads, in a given area 4 can be computed as follows:

"
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where T=2Tpreampie + Tack + TIF S+ TSIF S . Here, T represents the fixed overheads

that are specified by the standard and Tyero represents the average backoff value, Lpacker
the frame size in bits and H represents the overheads due to MAC and higher layers
added to the information in bits. R is the function of the SINR acquired at the receiver.
Tyreamsie 18 further given by Tpreampre = TP LCP preamble + TP LCP sig = 20us.
Considering different modulation and coding schemes and neglecting the overheads due

to higher layers, the Eqn. (8) can be simplified as follows:

T .
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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), Tpacrqy1s equal to 72us. However, this value of
Teackorr 18 just indicative and assumes that there is only one backoff stage. Exact value
of the Teackosr 18 2 function of number of stations, number of backoff stages and priority.
Tack, TSIF S, TIF § are given as 28us, 16us, and 34us respectively. So the Eqn. (9) can

be written as follows:

£14




1.04 [0064] Referring nowto Fig. 6, a graph 600 depicting various
area t hr ougbkwanz132 for different breakpoint val ues is iBkIUBES00T@EA606
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sanme physical transm ssion rate can be %%nputed as a function of the
interference distance. In order to carry out this analysis, the

di stance, Dm n, between interferers and transmtter can be
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Fig. 7, a graph 700 depicting interference distance as a. function of
requi red SHNRdgAgeqsiteh If Bisden crterion ifor MESH; naryark design 1s fagnessgiben fqyver

under ey e TR0 b LB RARAL ) r9Pad L QHAOP o SIRRIA, Preage i

cal cul at e bheclegted) réshithigghpudwasinter of\active nodes. It can be inferred that operating
at PHY rate of 12 Mbps yields the optimal throughput as it balances between higher
number of active nodes and operating each active node at higher PHY rate.
[0068] Looking again at the example system, for a source destination distance of
40 meters, the carrier sensing range can be set to cover a distance of 348.4 meters to
achieve a PHY rate of 84 Mbps. A carrier-sensing range can be sent to cover a distance
of 67 meters to achicve a PHY rate of 6 Mbps. To achieve the 84 Mbps, the nearest
interferer can sense the signal at 93.15 dBm (assuming a transmit power of 23 dBm and
transmitter/receiver distance of 40 meters). However, this may be impossible if devices
cannot decode a signal below 82 dBm. Typically, WLAN devices can sense the signals
at 92 dBm in the radio frequency (RF) front-end; however, the fixed implementation
loss of 10 dB further reduces the signal power available for the decoder, which
determines what was transmitted.
[0069] Referring now to Fig. 8, a graph 800 depicting effects of transmit power
on area throughput is illustrated. The path loss calculations 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



The area throughput and inpact of breakpoint and SINR on Dmin is

i1l ustratenl20om1BH3g 7 and Table 11, below Moreover, i tP¢BUSI08EIGEENGOM
Table Il that the area throughput increases when the breakpoint

di stance is decreased. The power of the interfering signal decays to
t he power four after the breakpoint, | Kl ng to lower interference at
the intended receiver due to the fact that the interferer/receiver

di stance is nuch greater than the transmtter/receiver distance. For
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Si nul t aneousl y Operating Nodes Area Throughput (Wrst-Case) Mps 84

8. 71 38. 04be dgdgyer such that each node has six neighbors in a geographic area of 4000x4000
square meters. It is also assumed that the sender is at (0, 0) and is communicating to the
receiver located at (100, 0). The results on area throughput and effect of power and
active node density are shown in the Fig. 8. Here, the transmit powers for the nodes are
varied between 10 and 30 dBm. A higher transmit power at each node results in
RTS/CTS mechanism of IEEE 802.11n NAVing out greater areas.
[0071] To further understand the effect of transmit power control, transmit

power can be modeled as a function of rise over thermal. Rise over thermal (ROT ) can

be defined as follows:

R S Revene F ey Fevanae o
RO = 1A HAAEA {11y

[0072] It can be inferred that ROT is a function of the load around the receiver
that confributes to interference. Assuming that the intended source and destination
nodes would like to communicate at a PHY rate, Z, 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.
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[06073] As indicated in the preceding paragraphs, the transmitter/receiver
distance plays an important role in setting the carrier-sensing threshold. Consider a
simple example. If the source destination pair separated by a distance of 40 meters were
to operate at 84 Mbps, then nodes outside the interfering range D, = 348.4 should be
allowed to transmit (assuming a regular layout and a worst-case interference from six
other transmitters as shown in Fig. 4). As indicated earlier, typically nodes cannot
decode transmissions below -82 dBm or -81.4 dBm to properly decode the duration ID
in the RTS/CTS frame. Therefore, transmit power can be increased such that an
interfering node placed at 348.3 meters can receive the transmitted signal at -81.4 dBm
and refrain from transmitting for the receiver to receive the signal using 84 Mbps PHY
rate. The path loss equation can be used to determine the transmit power. In this
example, the CTS can be transmitted at 34,77 dBm (or 3 Watts), which is above the
limits set for transmissions in 2.4 GHz or 5 GHz. Alternatively, this suggests that using
a transmit power of 23 dBm, one can never achieve 84 Mbps under current protocols.
[0074] An optimal carrier-sensing threshold can be computed based upon
distance between the source and destination nodes, and path loss. A ratio, y, can be
defined as a ratio of the receive sensitivity at a particular modulation scheme (RS(i)) to
the receive sensitivity at 6 Mbps (RS(6)) which is also the carrier sensing threshold
(CSthresh = -84 dBm). It has been determined that:

o g e
2 A Sovesl i i-}}

= BSI {14

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

represented as follows:

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

particular PHY rate R;. X; is a constant for a particular PHY rate R;. Since X;isa
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:
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Here, Py 1s the received power at the intended receiver due to transmission of an RTS

frame by a sender or source node. The intended receiver can determine the
corresponding PHY rate at which the sender wishes to communicate and use that

information to respond by transmitting a CTS frame at power given by:
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The above equation assumes that the sensing capability of WLAN can be in the range
above -81.4 dBm. The index for the term D’ denotes that different PHY rates will

have a different interference distance, D, and hence the carrier-sensing threshold
varies as a function of the distance between sender and receiver.

[0075] Fig. 9 depicts a graph 900 illustrating area throughput as a function of
carrier sensing threshold. To further enumerate the performance of the above-men-
tioned carrier-sensing threshold, a simple simulation can be performed for a random
layout of nodes in Matlab. During the simulation, the source is kept at [100, 0] and the
destination is kept at [0, 0]. The path loss model of Fig. 5 is chosen to represent a
realistic simulation. It is clear from Fig. 9 that higher transmit powers with lower
carrier sensing thresholds yields lower area throughput. The effect is based upon the
fact that higher powers with lower carrier sensing thresholds NAV out a large
geographical area, resulting in fewer active nodes at any time. If one uses lower powers
with the same carrier-sensing threshold, the area throughput improves because more
nodes are allowed to transmit simultancously. Small transmit powers and very high
carrier sensing threshold yields highest area throughput. If the transmit power is fixed,
there is an upward jump beyond a certain carrier sensing threshold. This is because the
operating rate for a threshold falls dramatically given the SINR constraint. This also
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
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with one or more aspects presented herein. At 1002, node information related to
neighbor nodes can be obtained. Node information can include node addresses, RSSIs
or any other information related to nodes. In aspects, access points can broadcast node
information periodically, such as in a beacon frame. Relative distances between the
receiving access point and nodes can be computed based upon the node information.
[0077] At 1004, transmit power can be determined as a function of the obtained
node information. Transmit power can be adjusted to ensure that a target access node
receives transmissions. Additionally, transmit power can be determined to ensure that
nodes within an interference distance are notified to refrain from transmitting. . Nodes
beyond the interference distance can transmit without their transmissions effecting
reception at the destination node. The length of a signal to other nodes can be selected
to control the length of time nodes will refrain from transmitting.

[0078] At 1006, a carrier-sensing threshold can be computed. The carrier-
sensing threshold can be determined such that transmissions below the threshold will
not affect reception and decoding of transmission from a source node. At 1008, the
computed transmit power and carrier-sensing threshold can be utilized to control data
transmissions for an access node. Dynamically adjusting threshold and transmit power
allows an optimal number of access points to communicate concurrently.

[0079] Referring now to Fig. 11, an aspect of the communication system
illustrated in Fig. 1 is depicted. Node component 102 can include an analysis
component 1102 that analyzes signals (e.g., broadcast or beacon frames) received from
neighboring access points. In particular, analysis component 1102 can determine an
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.
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at the exanple system for a source destination distance of
the set of node information. In addition, if no information has been received for a
particular node for a period of time, it can be inferred that the node has moved out of
range or otherwise ceased transmissions. The node information associated with such
nodes can be deleted from the set of maintained node information.
[0084] Fig. 13 illustrates an aspect of a methodology 1300 for generating and
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,
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Compute the received power;

3
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
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node pl acegowér sﬁé%Bttﬁt e thidden @ates a2€ akale tdi i‘&‘rah’f fomniansatitisd qhed itad
-81.4 dBmand refrain fromtransmtting for. the receiver to receive
t he si gnal T%§€IVHY tmsws@n@imm anyofitae ner%l@%ag I‘FW%%“"@(M&P Son can be

used to de ne th e
transm ttemgtm 34. 77?%%%1@620r ’%p&v%}ﬁﬂ?“ é#fnﬁahé a%ov %ehl%% | mt 8123611{9
for transmié® thmlsderterrmmm a@sipamic GiriGitsengdhg élrfrsabid\(é?lssr) badetl ot Ragge ptus
that using a tra ovver m_ one can pever acghi eve 84 S
under our s BEDRBSHE T e ads it i rr by Benbigttrmeanlih
can be conpyt eshnbase Qaﬂ%@xosznglh@ {RBARIPEIRERIRE 16 Mk GSe BRGumber of access
destination nodes, and path loss. Aratio, y, can be defined as a

rati o of tp@lntSéh@cwecmntcmma@ypmxmaﬁy thiecsamertinm eidiila prownsehe me

RS(i)) to_th itivity at 6 Mops (RS(6)) which is al
he car i P boies Rt Af BERErEF sl hresh ~ 84 dBr 11 has been

det er m nedj¢ooaf : tethe IERT 80201 £/88NySteink Sifl SHE h§ykio4l I%Eaﬂ%na iR tARGet
bet ween source and destination is represented by r an denotes path

| oss. Rear PRIRE fricetite pptsnee elpratmblssind pileh thepwde ey wiseritsegergy detection

follows: Hers oldéo-dl?ﬁ ethesf‘e@ Ei]: rogf@“ %Eﬁsﬂgtf@ﬁf}é fa 'él(cl{%i sfins i

will be use 0 refer oa ar ate I's a €o ant

for a partisaht aMlFﬁd\(BPSKen&iulatﬁinf} ctexnt Nnith sheadeﬂ:@nsﬁ astformance.In 8o
constant for a partlculef\ PHY rate. Here, .refers to a val ue of
for a part NEHOHSS: Bavpaitpi@oggs (egne WLAN wcwgaaaﬂrawaéacw%m%mtﬁabaery

to yield: high physical transmission rate (e.g., 2 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)

Dégz)'hresh & d x dNJNT x 10 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, ¥ is the path loss



20 (16): Here, PR is the received power at the intended receiver
due to tnvemserAasizen of an RTS frame by a sender or sourBeEr/oSMe7/066608
i ntended receiver can determ ne the corresponding PHY rate at which
t he sender wi shes to communi cate and use that information to respond
by transmtting a CTS frame at power gi4en by: (17) The above
equation assunes that the sensing capability of WLAN can be in the
range above -81.4 dBm The index for the terndenotes that different
PHY rates whdfficibay &v,9 @bfdentee nufief bEligfdenddies Whbd ey iklérBre vaiftdthe
hence the carrier-sensing threshold varies as a function of the

di st ance bétiswiled reeivdewhand is ecaivingrthe (A0 Anll BVGR (1Y rd@psaiitsstha ngniapim
900 illustrating area thrqughput as a &gnc i.on of carri%{ se%?ig%

t hr eshol d. TeiYiredipignd fo aeriFREcdois dati SRR aghisy g gnodulation/coding rate

above-nentpgped carrier-sensing threshold, a sinple sinulation can be
performed tor a random | ayout of nodes in Matlab. During the
si mul ati on[009Bk sour Tbreslsolé gpueraipr fanionedd M dan denaeistliynddtéronng sn

kept at [0, O]..The path |.0s d Fig..5.,is osen to represent
A Feal | st BoRPRAacHBR: sont B Lol iz hitytonst of B gl pobBhnom 1
povers Wi t b @WelceGRdtacB! andgfas 1B8s. t S P ehPbdsonhREFARhERIEN anfdcBas point
t hroughput. The effect is based upon the fact that higher powers with

| ower car r generaenan RES filamsshot destingtioroMiAPa Therdpatingsion magh pasetoniugs,

resulting in fewer active nodes at.any .ti |Lf .one uses | ower power s
weh  he sanien BT RR bR Stlei@Bpebt Mt s OFRIE S i
because notedholEe STH Rstiladion@eddd earl Jehd 8HE CTS bt hen ﬁ@w&l MvelBIAV out
transmt powers and very high carrier sensing threshold vyields

hi ghest ar 8dcH@eSughput . If the transnit power is fixed, there is an

upward ju ond a b a4l I, J . 1Sl :S:
because t E@O%ggr ati ngi:%?é?gﬂ"%@?eg atl %%%@ﬁgﬁ}d‘g %gf)‘ﬁgslg%tr] ?n@tffgg%t%ﬁlgﬁn\ggﬁ

t he SI NR capgbpdatatranshhit sowérs AAtsli@aeht aumbatofhidies inodesas computed based
carrier-sensing threshold is conplicated, but yjelds advantages for a
typical r aﬁwcpcfam@{matﬂ%%@g@d TP GReAY SPre PEIGROATNERCPTHE PERST Pt he
carrier- Seﬂ?fbﬁlgatfoﬂrf&sebﬁé(ﬂ: déh%!e%ﬁtati PGS 1 it Qa8 MYk BAnbHE component
coverage area. Since the considered source destination pair is E@pt

at 100 net éi&4 canytrcae RSSI infemsitiog fomnpreticiiat hiddenl rdde e At 5@t ¢he distance

receiver is not considered in.the above. sjnulati.on. 100761Fig.. 10

| Fust - at e beliren SRR oHe et s iipS poib ebpOgisB tegiodd A iplsisi can be
sensi ng t hgespekdas & GuRAbL BE %6 REF¥ITUNi cations in a wrel ess network
in accordance’ 21 with one or nore aspects presented herein. At 1002,

node i nf or i¥%bn r el Risehcedeveieghibohiddedesicean theareetiviak peetss pagecan be

information_can. i,n e -node ,addr esses I or .
|t or et i ofoRitey BE14HE° 1RCE AR G 38R BhReddlpo e AR bejweon hidden
node i nf or Aadd Ml the ho@dhedrbyided theods irifornfatidaasd thd dighice Heh@hitve

di stances between the receiving access point and nodes can be
conput ed baseddingaede ad the aessriraeqiyag 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



[0077] At 1004, transmt power can be determ ned as a function of the
obt ai ned w@dm7isf3er mati on. Transmit power can be adj ustEi/USLOETHRIGES
that a target access node receives transm ssions. Additionally,
transmt power can be determined to ensure that nodes within an
interference distance are notified to r&rain fromtransmtting.
Nodes beyond the interference distance can transmt w thout their
transm ssions effecting reception at the destination node. The |length
of a si gnatecti@imtdtesss poie sndddiciEns eppeoprixie taricosnsial tirasholdngtilor of
time nodes will refrain fromtransmtting. [0078] At 1006, a

carri er - seA3ISRYt B9 Eshol d can be computed. The carrier- sensing

t hreshol d e det ']n]-%in h t 1. SS :

t hreshol d E@prnot a$$@t1 eoéﬁwigh%dr?ﬁﬁg%%ﬁ%Bg?le??%%ﬁlkgg'éﬁsfrom
a sour ce ndbmtratdd. DeR8ranskecaommeheD& caansciude pdaterecaiver component 1602
carrier-sensing threshold. can be utilized to control. data

Lransm ssi BRENP eSS IUBIoE BRI CjeLelas P I IoRg St BxioR Band
transmt pOWefecaivk®RTSaAn ARIUIER coRidiiRhsiRg REHBRSasRIRtctihfmel By the sending
communi cate concurrently. [0079] Referring now to Fig. 11, an aspect
of the comenskscrtintoDmsysiventigd ofiselnding gaingr-Ringingthieshalé pifemeagion o 8d'S
conponent 102 .cap | ncl.ude an anal ysi,S _cC ent 1102.that analyzes

o ohals (e Rl SEfhp G eofind Ro ke iR Blnsl 0 R 5 Slemn e aB Rery
access poi tHabreckite B relpddt &, detR@lineSiF heGrQriOMEBlond 4Q@2ikeBNodehr M ne
an RSSI for the received signal. In addition, anal gsi s conponent 1102
can det er minterigsenas af Biwdnigadagaserivydiewhich My ar aygnah o8 kiddaa fropeit.c ke ent
access poi S, 0 . ecei ved

oi anai st 0B SetBlSerS ARG TS BBl 30 R S5O0 o

[ 0080] Node[gt@npger cDapar@bkier tdfidoreanlimtantAddinB6&H das trehdet cahgnrht
information, including node informatjon, path |oss conputations,

; P
di stance coflihat e iansiay daa: daprgcuiay datadsmem tcPBRPReE hoPbErad s R |
total powe : gt rmt i nent
108 can uoare St Bl o R R acar PR Pt LR
addi t i onal cemnposins | @Hecan edbize e tlmshoddad getadhined?yy heRBAll Medeatvessage
generator conpone 106, can _gener at e. nesgages, i ncl.udi ng, node
o or a1 oROBBOBE 1R Cat B SRR SRS SO it deteiin® Rower to
i nformati OpfEANABA thaAshufled i n broadcast messages and transmitted

peri odi cal lfé) In particular, node information can be included in a
beacon frat#98] 0082] Pty trangmit| domprnentd §04 paragigretpowkr a8 dederngeksl yggower

1200 for obtainin nagi information. ‘At 1202, a -
Uransm ssi SHEPRREURRoTBaEH: Rtst TS 51 RY Tk Boubbr s huaiditon
can be broggaashshiecongoitat 1504 @h sgial ﬂ%ﬁgﬁifo@ﬂﬂ@ﬁbﬁés@ﬁwﬁﬁ&(fjg Higgiafides, by
Node information can include data related to a set of nodes proximte
to the accagssopdingat eparisier ppwer aftes theddbS ignelr Adeisenal ¢an dirget i cul ar,
node i nfor ggt ion.: Logcl . oo
i ndi cati veﬂglf%hgcﬁngnq{g%td h@%fr‘égga naﬁtf%%ﬁ\ﬁ/%ﬁﬁxg@%&ﬁ%ﬁkp gaﬁ f%? i %%lnsé%lg%lgg
poi nt fronpbwer ivaagRd byAhSShmiards20d Fetltrel Cemaivvidtidnsafianinisioa{FECY
node information can be anal Xzed._ In particular, RSSI fromthe

recei ved t FEEN4AH0BS bp Cuprt Baderey il SsBigg HegsisEPRBPWET PRATH MAgHRUP om

the trans ni%ﬁgisggeaﬁ&?bfa{a F‘&,%fa%a'ﬁisﬁﬁqmm-mgegg 366& YO RSV S 5Ret of

can be pars d node I nformation can be a to a set of node
i nf or mat i onammisnt ai ned at an access point at 1206. Data associ at ed

with a parti ar node can be updat for each received transm ssion.
Ay now nolB9La Do ATG BAYE Rabs o ST Ho dooH gy e dHe oo

addi tion, cbmPehendi Qi @hitRNsHASt PERE] pRE& ofedIcLRE sab Riks.| ThE owdRER be
for a period of tinme, it can be inferred that the node has nobved out

of range or fendienwf §& Myasddatecinemisisicatien batheemthganterdedrvrAPi teansmitter
associ at ed g4 b sueh, nedes, can 4R, AHheled ELAR A% SRl lon TiBh AR
of orthogonal frequency division multiplexing (OFDM) tones, the power spectral

density (PSD) is increased. This increase results in the signal reaching farther than it



transmtting node information. At 1302, one or nore signals can be
recei vedwa@ooo7azisho r ecei ved signal, the node address aneCBU$p0ad/066606
strength can be recorded at 1304. Any other relevant information
regardi ng the node can al so be recorded, [0085]At 1306, average
signal strength can be conputed for eacH of the nodes from which a
transm ssi on has been recei ved. The average can be determ ned based
upon all signals received froma node. Alternatively, an average can
be conmput edofildrif all poweeeofapplicnanlkthe cnes (doeptekagpire forkk)e Th asttichlen

L1 anem ai BRYS HEPRGRRG BAE: [FHTR Rl 1ah EEpiotsl S0 Mo Gl FFes spectal

transm ssi Qéhsﬁg'&aﬁ)ﬁe 85208 A%tn BERAdinEaht ¥ntAE (GAD R bh 3RS Bi-ELHetipoON
[ to Fi 14 t her f the

request. 23 086] Turning now to g. , ano aspect o

comruni cat Tbis vofuld yepresemthgymaginiah sqngathdt icowd bdgnegred by therlEEE &dndpigh

thresholds to facjlitat prel ess co L.catio is idlustrat.ed.

Thr eshol d SOTBBnLE 05T ESR FhEF HAG A b REGISaNE Peifas of o
eval uat es BRABItHLRGWRbicARalTRibRINBdakplclthe cltOgeoNBe d PSIRRAeBHrain
1104 and determ nes power and/or interference received from hidden

nodes. | n famtrangmating dhengderatiomeiommmuneativarbetwrendbetransmregg AP and
bet ween eagh -t:-h i oLl S t § A e, This
node i nfor %:[rrlaetrlg%)erllv}‘%:1 r‘?ﬂﬁbef%glsg}é%n@g’ tgg?@arp reng?'{th gbﬁﬁﬁggﬁﬁgb%ﬁg&é%@g Llldden
fromthe cui¢esdcoadscess point. In addition, distance and interference
from nei ghbor nodes can be estimated as described in further detail

bel ow. [ 00&01BBler cdhpbmatofthopansgyssian ¢of theshipadPPRicER ha ppifocanirol
gauge the i . P vl n

ot or mat oot BREpa R whlaROnU R LA e UprdrgR) B¢ HRRERSD can e
to the recaaninngedRroan obe sasif iprabedninsd nignet feeiodd Gg.j 4 tncrosposedt ed
inthe follaowi n eudo code:; Start() Receive node i.nformation; )
Conput e th@lﬁef'f‘%@ggsof“_‘q??‘ﬂ%‘gn THBisaly: %rcr?%awsmﬁaéﬁnwwgn}e)tﬁe detection
Det erm ne ittinf QM iH R RedaRLEs. I DL n@lilﬂg upbRiRMTeddih BRI LPRYL t
RSSI to path distance from hidden node tTo the transmtting MAP;
Convert t hoagingsadn, RSSivingnaetles el cefidin diont iansmitaing forta pradeiivia@ peigod of
recei vi ng P; e.di st anc nul a.to esti t i stance .
et ween bi N FSqRpmRRaRER I FBOLPoBHE RS RS kP otned 5 SR eion
recei ved powwehicrasesbitsns lengft, ¥RE pdotedfigNinterferers are directed to refrain from

transmitting for a certain time period, t1. If the PSD waveform is transmitted for §

microseconds, then the potential interferer is directed to refrain from transmitting for a
second predefined period, t2 and so on.

[00101} Fig. 17 depicts an exemplary methodology 1700 for initiating
comumunication with a neighboring access point. At 1702, a carrier-sensing threshold
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



power. For (each transmt power |evel k) Conpute the received power;
Add the W 2i07pmaer at the receiving MAP if all the hi dIBHUS2OUEEG6606
described by transmtting MAP are taken into account; This process
can be repeated for each nei ghboring P that provides node
information to the receiving MAP. The t“¥tal cumnul ative received power
is equivalent to the total interference observed by the receiving MAP
fromall the hidden nodes. Interference 24 fromtransmtting MAPs is
not conput edpess icmnmlmtmtimu rIrfens ticagocessposd s begin hw&"hujfdlaw at 17 thublee

such MAPs to .a tran en RTS or CT d f

This nei ghissroed Bos sl EantnAs B bt BrhPsRos T G B
provi ded fg e@ggseggﬁﬁélmded | n transm ssi on requests whenever the
receiving access point transmts a request to transnmt or a clear to
send si gnal00183 RTS Bpfem navf tor Fig- We@mevemglaabmetbgdqi@g)ni8Q05forssuu ng
t he CTS, w the desi r o

For communiSBUTHTE tha som Rl R Ry S BINE oA SO TAIS G Bler Bl
can raise fcrraeﬁ]mdmd@ﬂ&s@balswhcélh@d Ahmom fﬂléearrrw@@m@rterebhdqehyn b®
refrain fromtransnitting it is receiving transm ssions fromany

of the nei GBIy ?heathmmiﬁl.cwgbwgputffb@%@fmﬁﬁ@s%mr%mﬁlﬁ%F?@ﬁltvetiﬁ@m
can includg,g.1 iy £3Nek % géqﬂﬁdao@%g@?%@g{sogé‘%gﬁnﬁw% GEERLOHRER alo be

dynanic carrrer-sensing thres east in part upon
anal ysi s o# fitrledion ef thic\PeLl redeleequedtat, mnd}mandnbtdaienadxebjoaseldezpnmﬁﬁ: RTS

conponent 102. The conput ed carrl er-sensing threshol be sel ected
to i ncreasB ¥HEC REMFER thersoEsE 484 dpHinRHAN 19951 ROYHS € hildsst gorgputation

appr oxi mat gf ¥ety t 1 | e preventing excessive |evels of
i nterference. © @%9% I'n l%rbﬁi%ldE}ggéBOZ 11a/ g/ n systens, if the physical
f g y phy

| ayer for EDOrlﬂéﬂe was Ahd80@ biced dstnadienactess pempcaaaseumeardie pedamgbe and
pilot, the,node c rai.se its en ti.on t reshold OdB ove
Phe r ecel vASIEHIBE RONGiE o Fanginiosi et Aot periehh v nESY e
6 Mops (BPgitrewgiutbationt) Athebs, la détdrsidafien dat s@hhwamrwmmmnedlﬁn is
such networks, if a pair of nodes (e.g., a WLAN transceiver pair) was

to comuni elatifontransarission. g nphtys Praskssten A miRals oifllaaothe] BTY is regeived. If

hi gher nodul at;i on_an di n che I
noort er ondes HeaRpRRlabIiRLSEFORL: GhAISCTY Sigtel M b TR B por0
data. ConsgHeeRidmissict f@vertan s beRd vpoNTIBmEAle réfkding hlddbleno@ers;a far

enough away. fromthe pair of nodes to avoid interference. The
potential Histaaey eetwien tedeutse andbiestingtion dcaess pPE ARy ofher Felewif vel y

far away ffq%?rﬁatﬁ% r%QqBYfra[(gg%%iﬂ%nBQﬂﬁlg{@@d Foatﬂfzg&lﬁ:g g §&dhopet

| ow probabilrity of &rr'o exenp or mu et errﬁ nes

t he carri egrangng pﬂgliish’ﬂmhmhlsfeadata The CTB@an aketidudepke edrmpmgedeiYricat e

and the nupet e dret oIS Mg dny rebowing nodes. > 1 2™
[00105] In addition, at 1814, a signal can be transmitted to notify nearby nodes
not to transmit 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.



479Threshz s - d xY N Thir X10 ' In the above equation, d represents
t he di st av@eoobe2aseen t he source node and the desti nati GRCTIOR807/@6600
referred to as the source-destination distance, y is the path | oss

25 coefficient, N11,7 represents the uﬁ?&ber of hi dden nodes who may
interfere with the intended receiver nit is receiving the data,
and S/NR(m represents the mninmnumrequired signal to interference
noi se ratio (SINR) for achieving a nodul ation/coding rate (in).

[ 0092] Thr ef¥dDé] genelatorg wovnfmolignl9, tA40dpleanirayesaior cahtnynidetieg midee an

appropriate .carr.ier nsi ng .t hr eshol d. T a function, of t.he

CF e t - paeetiop el PERuHbC ghrERsinb sy ST edTadudifE
conput ed WAQHEY &S tr@r[bnﬁ?éi?-:%ﬁ (RPSHra:dE DEIPRERSn AN Sa dditfimg] E}ﬁé tift specifics
destinati on MAP. The desTinati on node can conpute potentia

i nt er f er enthe coawsttdgpuiernensipigibrasheld (08€s Bind RISrirmecan hedvgnsmitted from

carrier-sensi ncF; thr eshol_lﬁcAj. Thet. dﬁsti nation 1[ncxgte) gaEt end thqe CT§ at
the new poRheUFeeersiie A 2 SaIMHPR Praidtoint Y Hby SR SOl p et Pat es
an exenpl agymimhieEomegYeskbRBod SdceshSiodittan it BEmASNTORS ir@istitihaasni t
power. At 1502, the nunber of hidden nodes i s conputed based upon
node i nf or FeEifsd it & et signab HeT Dk %r@d&\ﬁ%ﬁ%grfraﬁy ROesan alspi nt s.

RSSI infOrﬂ%ﬂd%@ﬁ%%ﬁ%mﬂ@téﬁ%ﬁri&%naﬁ %Es%nﬁgéﬁ{) 1504. For instance,

node manager coO can retrireve information for a

parti cul ar [0810%en noNede Aiforbdion chinde piosvidedeenbighherig dobes pocaniliazoge
and the access point that provided the node jnfornmati on can be
conput ed a8 PEPAAEAREIEERERSUE RS thsgﬁacomtgyal]crﬁ%% %%blsu%@%@n 4 medifiedden

node and t g, HECEIMS & 85kesn 9%9%9@@&11%0199&@%%3%&%%g%&enmgﬁm the

di stance can conpute upon the distance en node and
t he node t bady @itbyfrded. tThe inforteationfeberment caninahde hbée distmtior fdyet ween

t he providing node and t access .poi nt receiving t no .
| of a1 oPe S TG CRG P drcreh 2P BB G e b . iestoute, the
di stance. [J99%dith cldddt cdNBcRANEH adBERIME RS fé@ck REBhMIrRNY RAEESS

poi nt based upon transm ssions fromthis hidden node can be conputed.
Thi s power [HdA8be addéudle; forpomsses ofsrmpliciiyficsplenstions teenaieetiolazyn

ot her hi dden _nodes to obtain.,the total power. ohserved b he .
Pecet ving. SRREES ot Ayl S S5l RO 1 RIPRE KERerod B mrosaiaied
as to whet it tHehestBodlSziadde hbﬂﬂﬁitecfﬂbgdtﬂ@ Rrde® @€ Scth, s B61A6 @&S makf inyes,
the process returns to 1504 where RSSI information for the next

hi dden is 8EsianedWithionger MOFRAPPYE.ssuICE i fferpicrgars anbon dagoesTbly e

ot 1 Pouelul AL 60 005 30) BB LS cERL MO LT Ps

the WO 20671 #2334 R AHHERTA Ot heBtdology could alternatively be represented as
a series of interrelated states or events, such as in a state diagram. Moreover, not all
illustrated acts may be utilized to implement a methodology in accordance with one or
more aspects.
[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



recei ving access point and determ ne appropriate carrier-sensing

t hr eshol &w0 a0d/imi34d r ansmit power. [0096] Referring now tmCHUSROO G608
further aspect of the systemof Fig. 115 illustrated. Data transfer
conponent 106 can include a data receiver conmponent 1602 that
receives requests for communi cation andi®r data transnissions, such
as an RTS. The received RTS can include a carrier-sensing threshold
as determ ned by the sending access point. One advantage of including
carri er - secsistrgctidarafsikbol abents foo netitnk diom @ sd®bBobdegredl eversts bidbr stored event
nei ghbori ng nodes are informed of the transmtter's design. Hi.dde
nodes t hat g*?t%vc‘ghle\}}éertoﬁ 8O 86 FURYS U5 FOFRFEH AT FlesT mpREA! P?qxergﬁxarﬁnséﬁwﬂger
are |1 kel VifoQuGauast btk EsheheREmc: stitall RERNABYafREGIKET . wihi ch may
or may not be hidden fromit. The dynam c carrier-sensing threshold
can al so bH01K] udedFig. 20 isen iHest@Tisn of 002$DR0A0 thab frsil#ateTeepd dgmimic
106 can al so .i ncl u,detdataki r.ansmt conponent. 1604tthat glan transmt
data. In pRFTFETPSRE HEHRIqSE AL HHOR ERYirossa Latgodinseretyaners
signal to hgpektsi 57dt@n QODTUGHEAIds AR aWbcs§pSthEI023GIEELS FocBRENMMLO thiRtréceives
transmt conponent 1604 can utilize the threshold as determ ned bg@
t hreshol d gemdtsafiom ensrgyonen termbpds 2¢P4dbroseh one anmaioTsfave frtenmas 2by,
nodes and defernne ether to refrai r transmtting [.0098] Dat a
ranemt cORpOHBRES (E0% A8 r bt bRl A0p? TrohanEP oyttt
conponent  dBrhak Q003 aSctor lote afpbls aReeiddynteiae 20Gd it Mms@lit antennas
messages. |ln addition, data transmt conponent 1604 can signal

nei ghbor i n§04fowade lm@mrwsmmagi%ﬁé anfgynasy Keserver 104§ can regeive
parti cul ar il ioﬁfﬁtoﬂ{ e Q@e g[t?m%is%% and ﬂeotpgf‘aqggh agﬁiaiagédr\ﬁﬁﬁ a

nei ghbori ng nodes to retfrarn fromtransmtting rrng a particul ar
peri od. Trderacdidson?l @aerdeimmdaiapp ectebyedtilfermitimd Radsivanzl 1Bede bakn
Communi cat | 1 ssi.on (FCC) regul ations.. To_contact nodes whjle
keepi ng t réfﬁ‘gﬁFg’g%e%m OO LRI T Feegiepsiog 5%?’%%@%&@%@1%@

dat a transgislo,cQHRPAEMs WiflGs aE?ﬂ?:cfa&% Irfe sRNRH iPthe YRS HecBidifPoMafibas
[ 0099] After transmtting the S fr a

amg, in continuum the da
transmt capeonentltipBOdcerears taralsemploptd @ .4 iove pepmaeive antenel) cmtetdcts ub
tones. The power can be a.function,of, the physi.cal rate.of

conmuni cat 1SR BB NPT HBITR T EH S Gt 1Y BV S TTBI VS S TeS P 44k
access poi [go11¥hen t Rec&3PBint Q0@ fuPQ¥EIomptisePP B uRRatE! dodpgdnSDed,
of orthogonal frequency division multiplexing (OFDM) tones, the power
spectral dwehihtopn bpgDyodessor distiveiseam, orhntsgrahior egeioer FHG Communigadion
si gnal reaghj er.than. i u I |].. power [ || ed
on all theg%ﬁ%ls? ?éedéciecﬁlfl ap?@gz‘gg%ngr%z{u\c%%eﬁ ¢ “{fﬁg%%”r i‘cu Icgrrn, u@ﬁgt?%srgﬁe
64 carri er powd dndelyhfnbic GBZerkéadigy thr@sholdas optinid reteorRBbsbiigiipupover
spectr al densi%li; can_be obtai ned_when transmitting the entire total

power on oH¥W1dZb- car Perpdulrisdsynbolsdre ashase Ry aprecchwk tfift Fapgpsonidd
Id b P
cou e cav gﬁfféd BY a Wdnof 561 Bliat %&%é %f%ﬂé@h?@hﬁg&f@g&ﬁ%% ﬁB%l%@ﬂie

be transmtted for a predeterm ned perio enou
al | ow pot eeduadiker fnh@ioheeqrsizéronataogsl end 4y eherdgia rofatddhe cglrdiaedbPIDwill

and refraip from.transmttjng during duration of co ni.catj on,
bot ween t hee BRRALHFS 31%51_6 aiere(pg fr@&far\ffﬁ)r@r%enerﬁgﬂywﬁ%ﬂl%?lnt%% be
shaped PSD.g@aR vBRtild R8N &r8on{QbtiRimdERS! orél:amiﬁlﬂﬁ%?fpg&atﬂ[e @R400] The

| ength of the transm ssion of the shaped” PSD can be used to control
t he peri odnonvolile metmoey. Byl ey wif illustrefioraiend fiotdmitatmnsminvolatilg mhery can

ber | ods (eiime oyt afp Ebmsra kO pen B EOM R S oo 11,
4 m cr osecpRsanBalild ROMAEFROM), BRchikelfehabld ROMUERFR G oMTKE 1N

all receivers. Depending upon the |ength of the shaped PS )
t ransmi ssi BWMOrec¥plafilggnemeescapiingludeatpdam a¢qesnmemnans@AN). mhiclbactaas

predef i ned perl.pdh RL n{[e-}r{g?y. 539 Rva()a/)&%rﬁms?ratiénoéﬁd Ao%Yig‘lit%ti&l KAR is available in
many forms such as synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), enhanced



conmuni cation with a neighboring access point. At 1702, a

carrier- samsoog213 eshol d can be conput ed based upon i neErENeTIEE606
from hi dden nodes, distance to the receiving access point ancUor
desired transmi ssion rate. At 1704, the medi um can be nonitored using
the conputed threshold to determ ne whetlher a transmission can be
sent. Once it is determned that it is clear to transmt, a request
to transmt or RTS can be sent to the target access point 1706. The
RTS can i nSDRaeMtBERRAM Y Syndhdimkdd R AN, (SLDRAKG) g daiiyctr Raebus Rigvinodes
with infor ion regarding transmi ssions fromthe access point, The
RTS can al @%ﬁ%& BRIy 2| PRI G BT SYERES £8Y thogs sdatended tar |

[ 00102] At 1408 scawRBL G 1L A3akh PN SR d t fthgq@gcess
poi nt has %cgcé?s\?’e‘gﬂaé%@ﬂsé’?gnla‘{atg’r aﬁ%ﬁdr#ga%pgroﬁﬁgggoan t ﬁoansm('?r?' | f
no, the prBeeswseroatm fis chch 4itdha cahbe gitthepmcesssbpaicatenifiiltaod®rt he
medi umwai ting for, the next o unity. t 8 request communi.cati on.
It yes. ¢ hetoAgsneto o ogu R i o il iy sipl {55t PO
recei ved Cighshigad020airoahis Ransifil sflénis 0608 lodEmeRAS ROE.t hr eshol d as

determ ned by the target access point. [00103] Referring now to Fig.
18, an exetdladly net Rooling)p Rigdll, poe¢ cmbediosdi ofg: transmitéasand riceivet bre

request is_illystrated. ‘At 1802, .a RTS or aother .r.eques r .
Communi cat PONHER G Wireils a3y lime 08Hs NEMHEEE Aipmsmitissno o
can be det gfstdnnetl0, Taffid dut£foh alntintanobéts araabisespsidad froncs dan sedrce
interference received_from hi dden nodes, determ ned based upon

recei ved noHE forf et (BF) drfmeassetc 28 by aseodamentrech datagireamis
PHY rate r i t i.ne e

Di st ance bgr% vvee{ntgc?ﬂ‘é%org ggt?\%rfg& 3%§taﬁaé§1?'oﬁxg%§ae§gg%g&n 1225%%5@%@8’
af fect conpud atdricavasfthé reffeplatadipr eahelatdwtesihdlased @vepartif Q1] it scheme
1806, the destipation access point_ can nitor the diumto

determ no PHCRFRE 28 dith sierir Kpigwide aded i ol e rod ey, TX data
comuni cat | i REES L B i i

can be mdgﬁgg%%@ﬁgﬁ Rg%rﬁhga ITEdIE hli%gbc esgﬁibf) %ggﬁeaﬁaé?n&gegmg‘r@ g%dfl%%n
no, the prtecess gdih¢ ertenndten whidh thagphbals aRTSingtramsmétode dn stific yes,
the appropriate transm ssion power, for .the CIS signal can. be

det er i ned “EPOFEEDT, FRETPARGH LT Bher TaRd Bnaeel Shjde: o2

i nfor mat i OBodcBEEI Siehiét AdBRNrARESTer, di $f ANGRPALIRERANBK &PME¢Rna&Rer,
destination accesS points and any other rel'evant information. At

1812, a CT&1%,gath waknpeledgantihetcodebopl anthés indines e Fatinssis thasiewases of
granting pgéh@dﬁ?{i ?rgné[n%ﬁ%(r)@ rﬁ'fggl:])% ﬁ%%%f%%gﬁ%r glrﬁl éa%?;er%!glst%e ip:z}cgkl&!tl go%%llgpbeased

conput ed carrrer-sensi mng cel n S.

[00105] I n agsh fahRinfolhatibBthat idtrsdsgiiatd £am theuderansnitted to notify
near by nodes not to transmt during the transfer of data fromthe

sour ce accHiM1fbi nt . Tipeogsdiate foF cachelaty siisam raanbyaubiptaxad ibmilet datpe
o7 nt “and e SECATRDARIGEES, Ok AR WEERs bifealiPh SAOFA (SR RESNGRTSC
PSD si gnal pandsskéinod knwén tnhendrmat srydeiwed afthé fveeisbiagyedmRBBstaate ble:

T ansm t ¢ | AERotE TRaD s Haai elRTei 1ot RSN S oG bire e he
predeterm Hﬁﬂufa:tea?(e.gg [%i,ﬁaga rﬁ%pO[%g) bésemaﬁ LPIREANG fmdﬁlaﬁbﬁ SaRARAEES BPARd

so on). Typica crose s is the'mnimal tinet ect’ion

al gori t hm WoPKs I\%[/-BSK], br MeQaiM esedectddepetidi deja spem tohovidagiodulefion he
h d PSD t 1 SSI I Vi Wil frain f
Fhaped, PO 8IS 8%) Bl SEELLAR ASHSR AL LSREAOR v o

to Fig. 19dcexRibd By nsthames pEﬁbm%amwﬁnbs@fsémsopde information
and/ or dynam c carrier-sensing thresholds are illustrated. A nodified

request tol@¥dfkmi t JhgmwdulafmpsyymbelpEorpdohtadisamagtatben proviigdita & dial

byte that RRReh LRSI 5 Mg RlHeFhioS ST Bob A G bt TR, for
OFDM). TX MIMO processor 2120 then provides Nt modulation symbol streams to
N transceivers (TMTR) 2122a through 2122t. In certain embodiments, TX MIMQ



a broadcast nessage, such as the beacon signal of the 802.11s

pr ot ocol wa\2omodeBiked br oadcast nessage or beacon franme HAOOYS06801066606
include an information element within the body of the frame. The

i nformation el ement can include node information for nei ghboring
nodes of the access point transnmitting *he beacon frane. In
particular, the information el enent can include an address and RSSI
for each nei ghboring node. [00108] While, for purposes of sinplicity
of expl anapiocoessot He Orapphicotadireswablios ¢éo treaysiholwnf drdlatesmain ddsedipan

series of acts, it i o be understood and preciated that the
met hodol ogiPédSeh e ih P sy S BifF Remns Rtk 0 260 e a&éﬂﬂ%%@%ﬁ@hﬁ%ﬁ/,

i n accorda i £ i ; ) | I orders
and/ or con%ﬁ?dgﬁ% %ﬁ%ﬁ%@hgmgogggag% %oc%gﬁﬁéggesgﬁ%s%ﬁﬁ%%a%écri bed
herei n. Fo0d%@npl e, Eadhasansedivdr] 21P2iraceives aad pragiesdes andpegivangmaold
appreci ate_that a nethodol o could alternatively be. represent as a
SorT e of FHRBH T aaos s EreRHing aftnef S ErooRToRl e i
Mor eover, fARérsadid dpcbiiitepihedna6f SighBY tdrovidelai BaR 1418 §iPRd| SFRMe Br

met hodol ogy in accordance with one or nore as‘ﬁects. [00109] 1t will be
appr eci at elfansyyssiomder drecdEMPOashapec] mtianodudpiedisiongle framdransesatarp Al 280

termnal, gtc. ed. herein, . te to "i Lt Lor inkerence'.
ot or o genby a2 FR T Bobuded b T sh Rl ghe gt laf) FfSecvely
states of {(08e1Blyst enit eteiveosRRAL 21580 thearankidfed infidilaeSEEn 0 are received
observations_as captured via events and/or data, Inference can be

enpl oyed t BY Naeatnpas 2 5dpdupygh2lognerkihe seceed isigmal liomeash yuermagi 82 i
probabi | it ! i .o r a i r : n
be. pr obabi 1T Ra1; RH=bRRie EhschlRl TR OV 138 Bl Prgol Dty oA B R ofi?
di stri buti Gg.ofilesrs,shatli€ss,ahd idotvacastrtbasespetivarcoimnsd signaf digiized thdat a
and events. Inference can al.so refer to_techni ques enpl oyed for .
conposi ng ﬁf?f@%?@ﬁé%ﬁl @ pEnitide Tl anbfurder woesiees i MrBRlcsRmIovidne h

i nference Easubomdihd teB8ved®QyaBOSifat i On of new events or actions
froma set of oObserved event}s{ and/ or stored event data, whether or
not the evHWld8lare conrBeX detegrécessor 3560 thenpaehics prdbpiondssss, thalig received

whet her the ev n&s and data cone fr e gr sev ra{ event and data
Sour ces. | DBTIUPERYH Beymi e GHSFATS L4t PERY BR & ReUiFuiAE FRoStBpPIORGT 0
facilitategchsigudbo ;ﬁbfﬂa@m_‘ﬁa&éth@f%&ﬂf& ktRehidN 'R b RSsih@ bRR X data

a

comuni cati on environnent in accordance with various aspects. System
2000 conpr prosessan ¥dedescpbehin fagle dgfailtbetow eEaghvdstectalisymbrhstiream

receives Sln%ﬂ?d'e% %)ml;orié) %8%@ egtE { & thg [ gﬂfﬁ%ﬁg{x %}2{9@01& H‘Eu?s%%ﬁe&) B o

nore recei ve ant ennas n ransm ne or nore

term nal s 2&dpbittioygha str@ne RK daRN ©otdseiSITGD tantRAdds aBE0d&intbleR0s
or nore aspects, recejve antennas 2006 and transm t antennas 2008 can

be i npl enefitdkdecadssrgchdetesad symlal seam i wames thedafbr dale fopthe datg gtream.
receive in I f r | t i i

nssoct at ed oy PRea e BTN Ry By 3 o O Ry o ep ety S (AP FE R T

i nf or mat i oMIMRR peicesspr 200andaliX Heta prodebdsE2 bbb draneméicy eysteno 21 Bone

ot her suitable receiyer for separating out termnals_assigne

theret o, RiLivh iﬁw@epakrs%%% SHBEREE Tt pam?s.gsm@mra%hlae
to varli 0USu&ﬁ%%Elé?%%wg&ﬂaké,%b@ceﬁﬁﬁ@bﬁé‘éés%h{gaa@tﬂé%@é?@ér{’éécﬁ%t%@wgr levg§le Per

recei ve antenna | "such” recei vers canm conmmuni ca h each ot her
to provi decharge ovoddlagion ratest ersscfmass err otblert aatiofi) R prokesses & 1 gfbinay 062

further conprises a.co ni.cation, c onent i,.ch, can ,be

b ocessor gt e PR BN s (PO BYS tekbfivriat i on
conponent fsdzsCait SRABKZEhS M HaeR bAh @RS, dnd pRdviddsitidte NshtRREMM €
a transmt power and gégam c carrier-sensing threshold to optim ze

net wor k t hPiougspuil70f 604 datp Deorstior At Ehiorsyratssser 247 @ manflhybesdletiye an
processor 201 BF RS @S5 bt  MINRSroF BURLGEM! PréhelRTD Yo A2 §rdy ARk

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

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



[00113] Referring to Fig. 21, one enbodinment of a transmtter and
recei ver Won2@7/12d34é pl e access wirel ess communi cati on sSyREEHSRITHHS
illustrated. At transmtter system 2110, traffic data for a nunber of
data streans is provided froma data sog%rice 2112 to a transmt (TX)
data processor 2114. In an enbodi nent, ch data streamis
transmtted over a respective transmt antenna. TX data processor
2114 formats, codes, and interleaves the traffic data for each data
st r eam baseainpmseaniatheiopatating S8R ndhe €& metheeproctssed bya Tihdata pracessor

streamto vi de .cqded data. l.n .so enbodi ts,,  TX data processor
S114 app | BL O e il TR SOHBBIrST 18 st BR PhBERERS
based upon2if& nmitsilat@, 4 hed@aioe 1NRY, thAdMivdHdHY t8cSVdFDol Maahublei Ng
transmtted. I'n some ernbodi nents, the precodi ng wei ghts nay be

gener at ed Bb¥bdandgomsaitadivek tq Bargmitopsor 2géber ated at the
transcei ve 4 an [ OV as f back t dr iver 1
whr o e 10EA0 S a" s B e ARl PERERE S QUL LR AR L Hiver St

t hose caseg]sf arsehietliel &F ahfeanssl 194] enditidnbe by ¥ecdbiets 71 CBsRIul a4y a
can sel ect the packet forpmat based uggg rank information that is
transni t t edempdhptonsl4Ps apd pogessadibyrp 8 Xcdriearogatsar £ teaeaeverdta Cl r eam

may be mul tJ ] -pl.l a | MRS (. TN i

data is ty%)é%pg)léﬁfggéﬁl%(llﬁ%\}\ﬁérég%%ﬂbg?? g@ﬁ%ﬁg@ %\%E%rocessgg (‘f'-ﬁr“g(@%léaf%e“
manner andprovydcdeo peedssat 2130andesed tog(l) dstsingine the dast iatmatad toding mahnel
response. The | tipl exed pil ot .an oded data f each data, stream
is then rodeaBen pihees e fﬂratggﬁerf SBSRATEHh EPETAR T RjouS controls
modul at i Onfcﬁ'cfﬁﬁ?ca%?o&ssor BPREKan RN PRboes @ 2V06AM  sel ected for

that data streamto provide nodul ation synbols. The data rate,
codi ng, an@@0i3dll at i dhe fashnigachdadattzddicrammapiy ibpletented biyrvedos/means.

i nstructi f d 2130. [.001 h | at i
synbol o f oFSaPrmIS A FEaROEr R he Aot GLH Ph RSN OF Bcessor
2120, whi cBofBiafich tHRRIOE. HoP & RS RIv R iniF e bhti ) ey TB&sSing @nlls for tRke

OFDM) . TX M MO processor 2120 then provides NI nodul ation synbol
streans t otadmigpesisaeby srglemangR)vithrrons arisresa gpplication speciicdategeritas

enbodi nment T . pr.oc r | i pr.ecodi i to
the synbol ST heTan, JER BaREPRkeSHRTRSRT HERRRUFRE BN st
synbol s ar eDBPDE piogaimsihtle Gsbit devadrd (PhPs)fitpiegramatibidathartdye
synbol is being transmtted fromthat user_ channel response .

i nf or mat i oREPPHS1 PLEsEers, $anipliers; mgro-contpaller s FEFHPRLOCEIATSpPIe A s@ONe
respective j I i nd
further Sobint naipry KPR B Aol R icd TRide 1T A SIARA Rroch
anal og si gf@l122t o pr GefaengnowdyFigg 22, B agpadt of aikysadyh @20mthat facilitates
transm ssion.over. the M channe| . nodyl at ed, sj, gnal 0
transcei vePBiBEEsEn PEWHE%/F?S BOHOI tﬁwgg%hs ilslied « 3ty i%@ﬁ_r Rifludes a
ant ennas 242fifid 75004al oBhftinodt AFRGEIkIY R NeighPhk ofts, MRGaHIELr SBkem

2150, the transmtted nodul ated signals are“received by NR antennas
2152a t hr opgintxes2rangmd pehiedic domdoasth thatdisahedponodeaehd avtwwhnad@ds?. i s

DLRY. 00 1 8,BhSRREH L AT S OOVE) REREe RS POBSEA
respect i veiggedd/@ea Sindtaheorfb@icdiiB0behit el dtiliones nebRl to

provi de sanples, and further processes the sanples to g’govi de a
cor r espondisyiephrenazasion geith digmissif aseasepemts] Goaam] iFmepean ¢ apyroidied Sor

2160 t hen 5@%ﬁégr§%a}@gs§g)é§1?§§ss\$al5&?&%@ recei ved synbol streans from

NR transceiver on a particular receiver processing

t echni que f{@IRBpvi de Shfternd200 el dlso feitaiela rBbdianB04 thheddiroiesanng by
RX data processqr 2160 is described in further detail below Each

detect ed sPRBOPIE camisr-poRsigdbisshgibated of keast iapart apen faostingd node data.
modul ati on \gabgSah HB IS bleSiin b8 muliiE SR HIRRR MBS d FBh &b e ale RX

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



33 conprise only the operating SINR The CSI is then processed by a
TX data W@ZW34LB4R178, which al so receives traffic datRCHOS2087/4%66fi6er
of data streans froma data source 2176, nodul ated by a nodul at or
2180, conditioned by transceivers 2154a t hrough 2154r, and
transmtted back to transmtter system-=2110. [00120] At transmtter
system 2110, the nodul ated signals fromreceiver system 2150 are
recei ved by antennas 2124, conditioned by receivers 2122, denodul at ed
by a denodothat I@tevzlltdcformatﬂorprSﬁlmi@e@f by apprtidacaripr-gmeisg dhreshvdd t o
recover the ported eceiver s e The report.ed .
quant | zed TRFBENETBReTEd gncuil IR bRh bt BREE dagrensing,
and used t@mﬁ@ﬂ{mgh%h pune the data rates and coding and nodul ati on
schenmes to be used for the data streanms and (2) to generate various
controls (HOITH dat aPpranssiess ranlemesnaom koD pies dowsioed bapp, may be
[00121]The d us
reans. For "aneH e STndRRRILTRS QREU el it int B SUBRL AR SIS O

software, fmcAomattbidtatihercit. "Eheaiftwane c@ieb a’raghm rseoredipl memedyainitoand t he
processing units for these techniques nmay be inplenented within one

or more apPracEidbypregsers.i hg Iﬁ?‘@glfya‘%rlé*dn@i beimnlemente] wifin the gracgssor or
I 2Ds

or oar ammbl S A AeRortset pirhEh il B GRERSMEH S GRS

(FPGAs), pprcesssovis vagous mednk es s, kmmrmﬂ&mrt rollers, mcroprocessors,

ot her el ec C uni desi,gned to. rforn1 functlon descri bed
herei n, M&ﬁ? mbi nam@ﬁgﬁ%ﬁ%g? %%Vﬁé?%qusr%afﬁakﬁﬁf) O § M5 4
aspect of ng%b!t%t BT, 22 Q0uk O 3lot f)é’s%lb'lé foaéeﬁérﬂﬁ@vag' c%ﬁ&é&e[bl@f:oﬂ’x\hh@tﬁ&ﬁcﬁ"

network throughput ‘i s 11l ustrated. stem 2200 i ncludes a nodul e 2202
t hat obt ai compattetsdenzethaslokioaes foopureos@hbﬁdtrsngbmgdle@afotemqnaoqucmp@ms,

access points can tr.ans i ¢ broadcasts tha arb

Bnd t ol adBYRBRaT iaA SR s Yty EBRN S el TR FafsT FUBOOF g nd
strength i 5&&@@&@% of RRRIS hspttil O BERMIE, Adddkdingl9 e @@éo@tb@@ﬁ’sp’é@ts are
incorporated into beacon frames utilized to control synchronization

wi th cli eninensied fresbracpall prcd. algegionn mqdifikesiopsnndrarieensthatfald ovithin the
nei ghborin e can
o so el uBEERESPEODYE aPRaEd Hafly BB Torel S MAERR
carri er - sefatchded s esdddh dltbasbadaalldda&s&nptmnrmatkte dlginn, dudk tabt igimetted

node data. Node data,can be used to estimate nunbers of hidden nodes
and node i & ingliive & e RPBRSTSHANR tBYhefAIA CoRRRIISNG (96 “comprising” is
cartl el SRR ofdfuifyasliRtledoharedigpon thi s

i nterference I Stance between t e source/destination access points,
PITY rate and 34 other relevant information. Selection of an
appropriate carrier-sensing threshold provides for increased
concurrent conmunications in the wireless network, increasing network
t hroughput. [00124] For a software inplenmentation, the techni ques
descri bed herein may be inplenented with nodules (e.g., procedures,
functions, and so on) that performthe functions described herein.
The software codes nay be stored in nmenory units and executed by
processors. The nenory unit may be inplenented within the processor
or external to the processor, in which case it can be conmunicatively
coupled to the processor via various nmeans as is known in the art.



[ 00125] What has been descri bed above includes exanpl es of one or nore
aspects. It is, of course, not possible to describe every conceivabl e
conbi nati on of conponents or nethodol ogi es for purposes of describing
the aforenentioned aspects, but one ofsordinary skill in the art may
recogni ze that many further conbinations and permnutations of various
aspects are possible. Accordingly, the described aspects are intended
to enbrace all such alterations, matiiAiM8ti ons and vari ations that
fall within the spirit and scope of the appended cl ai nms. Furthernore,
to the extent that the term"includes” is used in either the detail ed
description;or tRe;chad W HGRek YpdisibAt BNl BclSn iAC USlels TN @
manner simlar to the term"conprising”™ as “conprising” iIs

i nterpreted whennatwpikded) cagiraimangesinpiignathewtspdfi n a claim 35
CLAI M5 1. A nethgd .t hat i ita p t.on C onp in
a wirel ess net Woaqii ELL) S@Evr ?B%Jrre@ 6, %Og%qflsd'p ‘;16 mgciml P%rf Rl

obt ai ni ng (1002)toat ieastméﬁelgﬂiiiﬁmgéﬂaae (2044024969, ,406\pd1earmérmem than
related to at %st one nei ghbori ng node (230, 402, 404, 406);
characterized i nhe A&t @ﬁ@*h%?%@i%ﬂéﬁ%é%%npn ses the step of:

deter m ni ng ( 1004bierk}RRY (A4 PRGBS lafhBp&aE ealﬁer-e%%g i eSelA and
an appropriate transmt power to opti'mze network throughput as a
function of the apprapriatecranewe Homfeo tnaptiniae nv\ﬁ’vr@rleﬂmougheuto@ta fing@en on
is performed by 1 r.fromth 30,
402, 404, 40 6) b(gfgtgé a{mqe(q 910% 9n%§1)ma ﬁﬁz\ﬁ%er{g?stﬁg 8g?m%rrt]1(%nel perf%rméc?
carrier-sensi ng yheashding @odl) di}ﬁa dlehﬁémfraﬁdthb mals 230, BORe404, 206)The
met hod of claiml, further conp n ceiving (1202), the no
information in a aﬁértd%ﬁ%mwﬁaémea drgreeeaﬁécal TSN R RG] d(ﬁngérea. m
1, further conprdéérﬂﬂledrtgggh;twwag a hi dden node (230, 402, 404, 406)
fromthe node information; and conputing interference fromthe hi dden
node (230, 402, 404, 406) as a function of the node information, the
carrier-sensing ter,

interfer enc% htFe{1%%m8’fih%flda%g—?érar nlr{%g%?% EL{Q&%R |(gjronzh§%%d% i ng
di stance to the infatahetiominchepetiddio bratd2sst dkagel06) as a function of a
recei ved signal strength indicator included in the node information,
the interference is a function of the distance. 5. The net hod of

claim1, fugtherToAphbSHNJaidet, Qﬁ@ﬂegb&gpﬁgj@gtransmt power for the
dat a transfer as a function of a transfer rate. The net hod of

claim 1, furtheridesiipinggihdden pefe/d@3AgHd2h 804 4P0) %@mmdﬁgnfpﬁﬁfé@ﬁol d

in a request to fpransfer data.

computing interference from the hidden node (230, 402, 404, 406) as a
function of the node information, the carrier-sensing threshold is

determined as a function of the interference.

4. The method of claim 3, further comprising computing distance to the
hidden node (230, 402, 404, 406) as a function of a received signal
strength indicator included in the node information, the interference is a

function of the distance.

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

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



7. The nethod of claim11, further conprising including the
carrier-sensing threshold in a signal that grants perm ssion to
transfer data. 8. The nethod of claim1l, further conprising: adapting
power spectral density for a control #fg@ssage fromthe node (230, 402,
404, 406) that signals the at | east one nei ghboring node (230, 402,
404, 406) to refrain fromtransmtting during data transfer; and
transmtting the control nmessage. 9. An apparatus that facilitates

optim zatiop of comuni i Wi rel ess, net 20

PV fonment S coriy BERgE Selite bt aT Rige AUt o RS ORI at e
to at |east one RSB h RGuaR L d{dRP dad02, 404, 406); characterized
in that the apparatus further conprises: neans for determ ning an

appropriate carrier-sensing threshold and an appropriate transmt
power to optim z t th !

appropri at e%car I’?%%’ ngtélﬁglo\r{:%#ﬁr %H?%I%Hﬁntgﬁg 1?;3%?% r I af aﬁ% r%ﬁsrg
power to opt|nlz&mﬁhﬂdmeam@nﬂtmhgnmghpnnmaSna)&mm&rdaa of the
obt ai ned node i nformation, wherein the optim zation is performed by
controlling data transfer based at |east in part upon the determn ned
carrier-senging TH&@&Q@&Qf@ﬂﬁiihﬁnﬁ@h@@ﬁhgﬁg transmt power. 10. The
apparatus of claim$9, conprisin processor (2014, 2130, 2170) that
execut es i nst r uctdapiag PQ}Yefr‘SE‘?,CéfagﬁiW@“hBH@ coRr Rl AessagsTore fietnede (250 he
at | east one nei 4 t

cani er - sensi ng tﬁ?ggﬂglﬂxﬁegﬁSg%?%ﬁ%%?fka%8£$Iégﬁbmygﬁgﬁﬁ ggfﬁ?he
recei ved node i néh ﬁ&ﬁ)nmmfraanﬁtomr&magmh@grhirmrdhtﬁ&nsfemanﬂu cation
based at | east ipﬂgar& Uﬁ%n th@ carrier-sensing threshold and the
transmt power; e SR TYdH85285132, 2172) coupled to the
processor (2014, 2130, 2170). 11. The apparatus of claim 10, the
processor (2014, 2130, 2170) further executes instructions for
conputi ng pét ent ﬁarapvfr«r@@r fl*@F Eisdl satessopfimpig#ian frPopMuiGaEen il a Wisieshal
strength |nd|cat formation, and the

carrier- sensrng Fg%ﬂyh %%fggggmh d at Ieast in part upon the
conputed interf ememefor letamimenceippaﬁoamtsmafelamdaﬁomt 16t erizengpghbosss or

Cont bl si ghal (KA WPPoat% Aoh 00e s ROt (Sa0 b3 20 SR0BY ED

refrain fromtragsmpristd:ng, mhereln | ength of the control signal
determ nes length of tine the hidden node (230, 402, 404, 406) is to
refrain. 13. A cORYP foF detsanininge ar«@appﬁrirra\ﬁarrgﬂrsa%sr%érr%ﬂ@ gl an

performng a net &]ﬁ%gﬁﬁ&q‘h@l’sﬂﬁﬂ ph%e@ﬁyQmefc' B ABwbrld Rrddhg M‘élﬁ“an%xewt ed
in the processor of "a conputer he conput er-readabl e medi um of

clai m 13, furthemeasniori séthng ithstappetprieies chmicr-sensing threshold and the

appropriate transmit power to optimize the network throughput as a
function of the obtained node information, wherein the optimization is
performed by controlling data transfer based at least in part upon the

determined carrier-sensing threshold and the determined transmit power.

10.  The apparatus of claim 9, comprising:
a processor (2014, 2130, 2170) that executes instructions for receiving
node information related to the at least one neighboring node (230, 402,
404, 406), selecting a carrier-sensing threshold and a transmit power as a

function of the received node information, and managing network



receiving a request to transmt froma source node (230, 402, 404,
406); conputing the transmt power as a function of transmt rate;
utilizing the carrier-sensing threshold to determ ne whether to grant
perm ssion to transmt; and transnmittgng a clear to transmt signal
utilizing the transmt power. 15. The conputer-readabl e medi um of
claim 14, further conprising instructions for transmtting a control
signal that diresinsmtmieatmh Haeakdt o in P8rtngioghbo camigr-seasiag ((R3tholdt02,

404, 406) to avoétg%}lransm.tti ng. dHri ng comruni cation fromthe source
node (230, 402, he Ypgynit power; an

a memory (2016, 2132, 2172) coupled to the processor (2014, 2130,
2170).

11. The apparatus of claim 10, the processor (2014, 2130, 2170} 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.

12. The apparatus of claim 10, the processor (2014, 2130, 2170) further
executes Instructions for transmitting a control signal that directs a hidden
node (230, 402, 404, 406) to refrain from transmitting, wherein length of
the control signal determines length of time the hidden node (230, 402,
404, 4006) is to refrain.

13. A computer-readable medium having instructions for performing a method
according to any of claims 1 to 8 when executed in the processor of a

computer.

14. The computer-readable medium of claim 13, further comprising
instructions for:
receiving a request to transmit from a source node (230, 402, 404, 406);
computing the transmit power as a function of transmit rate;
utilizing the carrier-sensing threshold to determine whether to grant
permission to transmit; and

transmitting a clear to transmit signal utilizing the transmit power.

15. The computer-readable medium of claim 14, further comprising

instructions for transmitting a control signal that directs the at least one
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neighboring node (230, 402, 404, 406) to avoid transmitting during

communication from the source node (230, 402, 404, 406).



