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APPARATUS AND METHODS FOR DYNAM CALLY CONFI GURABLE

W RELESS NETWORK 5 Technical Field 10011 The inventive

concepts relate generally to information handling

apparatus and systens. Moire particularly, the

i nvention concerns apparatus and associ ated net hods

f OAPPARANNISAND METHODSHOR DYNAMICHALLY EONFIGURABLE

wi rel ess networks. MIRELESSONETVWORK As the val ue

and use of information continues to increase,

i ndi vidual s and busi nesses seek additional ways to

process and store informati on. One option avail able to

users is informati on handling systens. An informtion
Tethnitlal Fgeldyst em general ly processes, conpiles,

stores, and/or comruni cates information or data for

[002F|Sim§sl§ven!i5e %Bé&ﬂsalrelatgr%éﬁtemg R)girﬁgﬁlgaﬁiokhﬁin%m{g (3pparatus and

OW ng users to take advanta t val ue o

e V0 a0 0RS P ar ARyt B methodsfor
di fferent users or applications, information handling
dyngynieadlyeor grtpmatisal Iy eanfigurablsavielags nateierkisnf or mation i s
handl ed, how the information is handl ed, how nuch
information is processed, stored, or comuni cated, and
how qui ckly and efficiently the 20 information may be
Bapkgreuwnsdd, stored, or comunicated. The variations in
information handling systens allow for information

[002pnAki e $3i6¢ 8 LR RE ERRNRAALN WonGRIds eHiEdedse iMividuals and
specific user or specific use such as financi al

3 j . ' Ll resesyvation . .

ouASSLLERROATSH) Ul S SRR e o it o
addi t.i on, Lnforneﬁion handl i ng ,s%ftens may i ncl ude a

useSH 13 ép&r@mlmrwe RE Apfemsf t i anfosmpbeie Maadlingasysiery generally
be

processes, compiles, stores, and/or communicates information or data for business,

e

personal, or other purposes thereby allowing users to take advantage of the value of the
information. Because technology and information handling needs and requireménts vary
between different users or applications, information handling systems ‘may also vary
regarding what information is handled, how the information is handled, how much
information is processed, stored, or communicated, and how quickly and efficiently the
information may be processed, stored, or communicated. The variations in information
handling systems allow for information handling systems to be general or configured for a
specific user or specific use such as financial transaction processing, airline reservations,
enterprise data storage, or global communications. In addition, information handling

systems may include a variety of hardware and software components that may be
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configured to process, store, and conmuni cate
confrgugedrtet propesansioreagnd norhudeiceteeinformato® and amylihelude one or more
systenms, data storage systens, and networking systens.
cohPe3} S)lsfbn%nﬂathks‘ﬂ@ ’s)@fsyﬂé}hy\fhrn@r{éﬁv&l(ﬁltg%?%tef%.r el ess | ocal
area network currently no well-defined
met hodol ogy or set of metrics for W.AN depl oynent
exists. For 5 exanple, determning the optinum

[0039SiI4 bRE Df?g o? l@ﬁﬁgﬁﬂ%@y%’\'“ﬂfeﬁ%§ ?00‘3 1%5 n@&? IklefWJIfAN&l currently

desi gnati focation o en en

o GBI A5 MM Gy SroohaTBFY TPV oNperslpumsRt exiss.  For

chan es the network environnent and shorter-term
exmﬁgé@eﬂmnmgam optipamt pesitson {pppleed tacheWLAN scafsapgms (AP) and
in channel allocations, hardware additions or

desipraanigg She ahghnthalldcatién ofeegdileXiiditandfedfora Fthermore, beyond the
net wor k- based sol ution that allows dynanic tuning of

inififle d@él%Weﬂld' et n%ﬁl‘{\é)rﬁlet QefRSk f@qqoﬁ‘%ﬁﬂénﬁ Och4 %é@ e network

net wor k~environnents and patterns, as tra

e S ShFRES oy SIS htghO il gt changes in

dynam cally configurable 15 wireless networks, and
ch%ﬁhé&@caﬂenmhaﬁbw@ agdgwignrs ©r changegured ithmlibé. wh rmecdssists for a
networks. In one enbodi nent, an information handling

netswoskt -basetifsatutionahatdgovwa ctylnufn&i tinyngobf the r'WILADS radd€ @E6#ork to meet
poi nts, a radio network manager, and a database. The

and GASHSIoPPADE RtRoKOLNiffnidhtPand patterns, such as traffic patterns and

interference.

Summary

[004] The disclosed novel concepts relate to apparatus for dynamically configurable
wireless networks, and methods relating to dynamic configuration of wireless networks. In
one embodiment, an information handling syste.m that includes a plurality of wireless
access points, a radio network manager, and a database. The access points are coﬁpled ina
wireless network. Each access point is cbnﬁgured to communicate with at least one
mobile client. The radio network manager couples to the plurality of access points. The
radio network manager is configured to dynamically control the-p.lurality of access points.
The database couples to the radio network manager, and is configured to store information

about the wireless network.
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wi.rel ess network. Each access point is configured to
communi cate with at | east one nobile client. The

radi o network manager couples to the plurality of

access points. The 20 radi o network manager is

configured to dynamcally control the plurality of

access points. The database couples to the radio

net wor k manager, and is configured to store

[008] o Amethesnembostiment: welatg rtel &smefhodvef kdynamiqagigsponfiguring an
Anot her _enbodi nment ates to a nethod,of nam cally
oegﬁv?rgefaﬁ@r%lﬁss %@P'i(t i She srelesyngtyyogk dngl ¥ R Rlurapity Of access

pﬁﬁ‘gﬁiiegcsggghw S oM tiGRiof W A leaborl ¢ R 533 a,mdjo network
S e(f'l "[%n eatﬂc(?d c[u%gé e@%@‘é%ﬁvorﬂ%ﬁ%?& ob-{zngmgqﬁf&?rﬁatlon about

udes

cblﬂﬁ%ﬁ%b@ rl‘)eﬁ@ﬁteaéh %QEE%‘ Hofrid Mltp ¢ds gﬁxﬁﬂzeeéféﬂt(gﬁ @fd She radio

point, and its respective client he ra

nBS¥OHR farAPERGIRAInHY AifinTiioh rﬁb@ﬁﬂ@ﬁér@tﬂlg?\ BlRdthctoRiicatofBe access
characteristics of the access points. The nethod

pbintd. hElie methoddashdrhacludedi the reliovaetkvonta ragager calcalatiag ipagmeters
paranmeters relating to operation of the wreless
relatingotokgpezatwnt dfehe adictess ectmork andrthgeadiaisetmyrit mnager using the
cal cul ated paraneters to tune the wreless network. 10
cécilated pasamatess tonefthe Wiselepsawitwigrk. [ 006] The appended
drawings illustrate only exenplary enbodi nents of the

% t| on .and.t r$Ferefore shoul d not be consi dered or
egRIiptiQn of the DIawings scope. Persons of ordinary

e | ' Epts?'}%sﬁ df%m%ﬂ@ﬁf??% ﬁglygﬁ%ﬁﬁ’i%rat%@bpﬁwe%gf the invention
<84 3 f?fy% YE B I o SBRERRE G (eRtlod T RBIIRS L SecfHersons of

oﬁﬂ nyaerial thgeaﬁ'{ G Bhve WREHeddTit "B fhe dd3BfptRIIC of the invention
ng denote the sane, simlar, or equival ent

af)pi@@fhteoﬂﬁlltlthé’ dlﬁﬂ&éﬁnﬁl%ﬁlveoéoncepts lend themselves to other equally

effective embodiments. In the drawings, the same numeral designators used in more

than one drawing denote the same, similar, or equivalent functionality, components, or

blocks.

[007] FIG. 1 shows an information handling system according to an exemplary

embodiment of the invention.

[008] FIG. 2 illustrates an information handling system according to another

exemplary embodiment of the invention.

[009] FIG. 3 depicts a process flow diagram for network model processing in an

exemplary embodiment according to the invention.
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bl.ocks. [007] FIG 1 shows an information handling
system according to an exenplary enbodi nent of the
invention. 20 [008] FIG 2 illustrates an informtion
handl i ng system according to another exenplary
IO()éﬂbBlﬁ-rrgrﬁhows a Ipaodeny dlo dragrdrd 00} netv@rk 3mdaguratent ananipulation
process flow di agram for network nobdel processing in
accdiding xeamd x@mplaieatodBidnt BEGRIMNMEoHO t he invention.
-3 100101 FIG 4 shows a process flow diagramfor
networ k measur enment mani pul ati on according to an
exenpl ary enbodi nent of the invention. [0011] FIG 5
[001h| B8E I Bt @fustralRl OF kbldEia Ui AFhkO0For0 %Béﬁrﬂh%bgwo 1 %ﬁ(l new ‘IntthHg):gngarameters :

paraneters according to an exenplary e

the invention, 5 taile script.ion [0012] For
a“ﬁ&ﬁﬁ%‘%@1%?HFWF§eD%Qgr%gngﬁméﬁwgh?%rnation handl! i ng

system may include any instrunentality or aggregate

of instrumentalities operable to conpute, classify,

rocess, transmt, receive, retrieve, originate,

Degﬁ??‘iﬁesﬂ'&t'é’," di spl ay, manifest, detect, record,

reproduce, handle, or utilize any formof informtion,
[0013{ &bt pymnss, ofahisddis@odune, dnuimforamson b@ndldigesysiehi may include any

control, or other purposes. For exanple, an

instrifm@hiaBty SMadtaeehd BY iSHRhRM RN RBerablePRf SRR, classify, process,
conmputer, a network storage device, or any other

trarggéliliﬁ,gpécgivg.e\‘ét igveangri%m%fe%/ %thhi Qto?e!.Z(%Spl%’.ﬂ:%%mfgsllngﬂe%tn record,

rf’ormance, ftunctionality, and price:

hapdl i ystem. may include random access nenory ,
repg CF%W Qf’gﬂ@e OF uhibize 3By dews of Ayformainm dwslliggres, g5 data for business,

central processing unit (CPU) or hardware or software
scigtfto, odntrabgir@thdR@Nrposesd/ for ezgmple, an information handling system may be

a personal computer, a network storage device, or any other suitable device and may vary
in size, shape, performance, functionality, and price. The information handiing system
may include random access memory (RAM), one or more processing resources such as a
central processing uhit (CPU) or hardware or soﬁware control logic, ROM, and/or other
types of nonvolatile memory. Additional components of the information handling system
may include one or more disk drives, one or more network ports for comrﬁunicating with
external devices as well as various input and output (I/O) devices, such as a keyboard, a
mouse, and a video display. The information handling system may also include one or
more buses operable to transmit communications between the various hardware

components.

[0013] The inventive concepts disclosed here contemplate information handling systems

including dynamically configurable (or reconfigurable) WLAN and associated methods. In

.-4-
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15 types of nonvolatile nmenory. Additional conponents
of the information handling system may include one or
nore di sk drives, one or nore network ports for
communi cating with external devices as well as

- respanseol9sa i vapigty ahdatungwrs, §uchQrs they netwerk smehomae® and operating

keyboard, a nouse, and a video display. The

condifi@isialid atvehandkom@psysbeie WYL A <Apatlé | 3 deiAARiOonfiguration.
nore buses operable to transmt comruni cati ons between

Th_E h&lté{ﬂﬁﬂi@% *a mr onfrglrét %@eﬁltes'di Po%g:' ] ')AeNs overcome the
?ﬁ Rﬁp nt enp at'e

I nventi ve conCepts di Scl ose here co

.informatipn handlin ens i ncluding dynam cally
R SR S IR R A i R —
methods. In -4 response to a variety of paraneters,
shagirieAmagnd hiongdemmor karistiony dnneit  retelotipereivimgment and operating
condi tions, the inventive concepts provide WAN
coighp@idl e of automatic configuration. The automatic or
dynam c configuration of the disclosed W.ANs overcone
the di sadvantages of conventional W.AN, such as
changes made to the network because of 5 short-term

[0088H1] QNGedeflcMHRE,] ﬁff&lﬂ%ohnfio 113_12 e%v\éfgfrlg fcRRYS %nglr}ttomatically

and operating conditions. a generil sense,

<ol T PSSR B BRI A A0 e, wian

follow ng conponents: a WLAN architecture, WAN

syskapy bate JHSIsHICReRt BRe ReRertingnmeplaninms, mepbisctigni based measurement
nmobil e client based neasurenent 10 and reporting

anthgpbrainE smeha@smetavetorkonalel of mapPme SRS _ﬁﬁfd&ssing and analysis,
processi ng and anal ysis, . and dynam c capacity an

and QyiRih@Ag cap¥@Eiydhid @0‘696?@60%?19“ ald'@oh@bll OWhE Gl lowiﬂg ‘ %escription

description provides details of each conponent.

. di d t :
B 41k O IR, SO e R o v e

' ative enbodi nents. One nmay . : .
to acl,sLH et b inventive concepts merely constltalte illustrative embodiments. One may

therefore use a variety of other network architectures and dynamic configuration schemes
according to the invention, as desired, and as persons of ordinary skill in the art who have

the benefit of the description of the invention understand.

[0015] FIG. 1 shows an information handling system 100 according to an exemplary
embodiment of the invention. System 100 includes a WLAN with measurement and
reporting mechanisms, measurement processing and analysis using a model of the network,
and dynamic capacity overbuild and control. More specifically, system 100 includes a
communication medium 103 (network backbone) that facilitates communication among

various system components.
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therefore use a variety of other network architectures
-and dynam ¢ configuration schenmes 15 according to the
i nvention, as desired, and as persons of ordinary
skill in the art who have the benefit of the
[00d 6} Orthetsysem gbmipheeritninehtde ame wn desrs ( gendral ly 001 kcEdsSpoints (APs)
shows an information handling system 100 according to

1120-182€Pl addo REbGHi ARRLee! (NN T 1068 Ahd ORsoc%Sd &BndAQ 109 and
i ncludes a WLAN wi th nmeasurenment and reporting

' ) t [ and an Si S usin
e Reop IR IB IR, REDIATRR IR AR cFRRS ¢ ottt oF appararus
.overbuild agd control .. More specifically, system 100
W"SerP%@gg &nd StRgsnsapabilibh sHelps i W@Bstati@, wePvRr, personal computer,
backbone) that facilitates comuni cati on anong
and/ ghrd bk asydesomil.cofiponkni 89 prévifl@04 GlecBhinem fy Sddetiistering  and
conmponents i nclude one or nore (generally N) of access

corf@iuficatifARgh RAMMDB2BHe @e.%%%b@aiﬂﬁ%v\‘éf)&img§rc%@% various

106 and associ ated consol e 9 and “neasurenent
S . FN\M- . constitute '

P ar\gglﬁlégs?y&%g’@Eégggq%ugﬁovpél{}%%p%g@égg%ﬁganawguos PEaps benefit of the

ca abil'%g, such .as, a wor kst ati on, server, persona
descHRIOR & the ervepon waderstal: a5 desired. Consol e 109

provi des .a nmechani sm for adm ni stering and

comuni cating with RNM MDB 106 (e.g., obtaining

reports, status, changing various paraneters, etc.),
l00&§Ff5@¢ §B¢féﬁ©femh0dim@ﬁyinsﬁ%ﬂ-ll ishow ¢hea radiwinetvivak embreger and the

benefit of the description of the invention
measuwlanaitadetabas®Ql 74 cobhdirsdeaniti cOarbagy MBPlendht th& radio network

shows the radi o network manager and the 10

mafBR$ 4he TN At ARaR UaBDad T‘iso%ﬁ?edc%%ngnﬁ gismted components,

i npl emrent the radi o networ nage

reqent, dat abase as. separate conponents, _
endBETHESTF L 8L PSS 85 BSEALRLS L TR T i b desin e
i.npl ement atj on depends on various factors, such as
perlgcgg‘aaﬁe gﬁ:a}f{catlons or a particular WLAN, as persons of ordinary skill in the art

who have the benefit of the description of the invention understand.

-[0018] Each-of access points 112A-112C operates in a respective one of cells 115A-115C

that constitute the WLAN. Within each of cells 115A-115C, the respective access point
communicates with one or more (generally M) wireless clients. For example, access point
112A communicates with clients Cyy, Cya, ..., C;m, and so on. Access point 112C thus
communicates with clients Cyj, Cnz, . . ., Cum.  In addition to the inventive functionality
and circuitry described here, access points 112A-112C and clients C11-Cnm operate in a
manner known to persons of ordinary skill in the art who have the benefit of the

description of the invention.
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performance specifications for a particular WAN, as

persons of ordinary skill in the art who have the

benefit of the description of the invention

understand. 15 [00181 Each of access points 112A-112C
[004 Bk Fhxoagh jcemanyreeaient ngdiuon é0 B f acceds| poidts SI2AL5RC tchaple to, and

constitute the WLAN. Wthin each of cells I 15A 115C,

corhi@nicapeich, RIEMAUEHS $00.0 Fitthe @@TELIdh IR Satiint HeRB@ W3 provides
nore (generally M wreless clients. For exanpl e,

' . ' o i1 : < ’ _
o EHERSPR e WEAR FOCTUME AL Saatls Sl st s aecess points
[ th clients CNI, CN2, ..., CNM 1In

N ST MRl 1060 el |9 SOPURLTASH RIap SFraplinirastructure 120A.
circuitry described here, access points |12A-112C and

Infrgsiragines éi)fﬂ- ORK/copsiteiee wideavariegn ae miganmtmonthanglens epysratus and
of ordinary skill in the art who have the benefit of

metifagas persansiaftordinargfskilhg thevanihoRave-the BEREDbLf tHer RY&ption of the
conmuni cati on medi um 103, access points 112A-112C

inveR EndestarfiNOEx k8 mgglhare%aw\#.gg} w%le-area network

Furthernore, co ni cati on nedi um

hani sm for the WLAN (i ncl udi its various
o R S flon® bR valeeb, Byt desiosk et o R DB
106, etc.) to comunicate with an externa
infrastructure 120A. 5 Infrastructure 120A may
nstitute a wde variety of information handlin
lﬂﬂggbﬁﬁ% that dhe coprestians 4giongr bsn@rgrs sedipeaenss gk IliG.j hh can take
the art who have the benefit of the description of the
advantagatoff enisumgler standvdd iExdaqes €e.gi, ISthpldeNawodc Manage@ent Protocol,
network (LAN), w de-area network (WAN), stand-al one

~ or SNV B ex@¥fiiTthe NRIMREKRUpIORIBUNE BSta RERangk Q8RR Mplated by the

Note that the connections anpong the various conponents
mERELS ah PSR, 1D SNRRACR P, iy adsion
o RRER s R AN AR RS R or e
Alternatively, one may use access points designed specifically for operation in the

embodiments according to the invention from both a hardware and software standpoints, as

desired.

[0021] FIG. 2 shows an information handling system 115 according to another exemplary
embodiment of the invention. System 115 includes components similar to those in system
100 (see FIG. 100). System 115, however, includes two communication media or
backbones: communication medium 103A, and communication medium 103B. Through
communication media 103A-103B, system 115 provides an additional degree of flexibility

by making available a virtual LAN (VLAN) capability.
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I nvention. APs 112A-112C may constitute existing
access points, with additional functionality,
processing, and interface capabilities inplenented in
software or firmvare. Alternatively, one may use

(0022 Mose ppedifisalje siegeréghtapacil2.c alPlsy 1 f2x-10p€r ahd OBRNMIMDB 106
the 15 enbodi nents according to the invention from

co?gaohoabmr dvmhRinatos OfhtaRAL 19BANGRQI B«grﬁmuﬂﬁzati&?%&ﬁ% 103B.

211 FIG 2 shows an information handling system1
ke . ano r ar emodi { of the .
CO@%@@%%PQ%f£%§§?eﬁﬁﬁﬁggéﬁ%$ﬁhgéh%%ﬁggﬁen &b YVHETFasy cqrymunication
] t 00 (see FIG_100). stem 115, )

iR LT PO TSI B Ra A FORE PR BpTBgion media, system

backbones: conmuni cati on nmedi um 103A, and
11T omonidésc at meahamesi ufier 1@3Bling Ho owgh inGasmuniresai 1204, 120B), thus

medi a 103A- 103B, system 115 provi des an additiona

incfRYRHE ah®flek|bepdybard E%ne@ﬁ/vi?ﬁgf Rk ﬁ%s?édmablblﬁitlﬁ_rﬁﬂ)lret ¥ad may form
LAN (VLAN) capability. -7 100221 re specifically,

inf%gtx%rt{érg?tggég%ﬁ]iég%ép ﬁlrg':i'g(ﬁ?» %}%%Lgﬂd R Mér%/g,B fu%t?lgr increasing the

i1 cat  on “hedi um 163
conmunj.cat i redi um 103B. Commruni cati on nmedi um 103A
SYSEGUPIE “F@dgﬂﬁf 4®ructure 120A, whereas communi cation
medi um 103B couples to infrastructure 120B. By using
two conmuni cation nmedia, systemb5 115 provides a
mechani smfor coupling to two infrastructures (120A,
[0023hy) cithen systemnilears bystem HéS f(berivarieivt 9f athdr possible embodiments
connectivity of the system Furthernore, one may form

accordinggt the dhveneod R ORsarnd A- NCasdmpitd stiderepdR Bn agl-Bmél(BNnon-real-
as desired, further increasing the systems utility

tlm%?_fg)r ‘Eek%bl*é! hdcb¥dind nggﬁ%llg? s@hédﬁ‘ﬁ%l\é){léﬁgomé(ﬂr%gaﬁl?é aﬁ%@ fHiWLAN

or a variety of ! possi .
to I@Qﬁlﬂf\/ﬁj@%&oﬁ\g‘&f&%ﬁ?@ﬁ 'ir?c(rl;ade ngtlsarél' %gfaﬁr%l;ltgdcto? &WOflc?wf%g qtems:

repor In real-tilne r non-r -

¢ The number of clients for each AP (e.g., number of clients attached/associated,
departed, or failed);

» The aggregate client radio signal profile (e.g., the average received relative signal -
-strength indicator, or RSSI) on the clients, its standard deviation, etc.);

e Signal quality relative and interference level (e.g., S/N and/or C/I); |

o The aggregate AP bi-directional traffic (e.g., the number of bytes offered and
carried);

e User profiles and identities (e.g., authorized, unauthorized);

» The bit error rate (BER) and aggregate packet loss profiles (e.g., percent packet loss

and re-transmits);
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time, for exanple, according to a desired schedul e)

various information about the WLAN to RNM MDB 106.

The information include, but are not limted to, the
follomnng items: . The nunber of clients for each AP

Ce. bhe augmmsate sfatiop; arrchiment/sespien/ duragen afdeation of the clients’
departed or failed); 15 The aggregate client radio
sigﬂ&kmpﬁMSn¢dw@eﬂgcdwimﬁgaverage received relative

signal strength indicator, or RSSI) on the clients,

lot SAffeARd SibHaldRYInE EIQvaano‘ﬁ (& 2 asbﬁgéglgﬂ?adlfférﬁnce between two or

relative and interference |evel (

ate AP bi-directional traffic (e.g.,
thekﬁﬁﬁ%gfnﬁgg%i S offered and carried); 20 User
profiles and identities (e.g., authorized,
unauthorized) The bit error rate (BER) and aggregate
packe oss profi per cent packet | oss and
Pe- Mog ync{stngictenglcs-prﬁélsg{@ép@t@mablestbggngﬁl variety of means known to
attachnment/session duration (duration of the clients’
at t pokmmerifordimatyhekill és gecart wehoARsk; the Aatiefhd tise desaliption of the
bal ance i nformation (e.g., average signal difference '

bet Weemtidno ©r d&BmEinéP &?E@f}na%}na@ﬁg SandMPRiahi t Yeighbor  cell
characteristics of users (obtainable through a variety

of persons of ordinary skill in the
artﬂﬁﬁa§hkﬂgw?ﬂe be

have nefit of the description of the
i nvention) to determ ne capacity dynam cs and pl an
nei ghbor cell borders/transitions [ 0024] As noted

use any desired .interface or
[00245110%6 dl&ttergieglgc? eort}tleI ?e%omr}é may use any Sesgregl interface or protocol. For
example, the reporting may use a new interface or an extended or modified interface, such
as extended SNMP. As persons of ordinary skill in the art who have the benefit of the

description of the invention understand, however, one may use a variety of interfaces and

protocols, as desired, depending on the particular details of a given implementation.

[0025] Furthermore, each client for a particular one of APs 112A-112C provides to the

respective AP client-based information relating to the WLAN. The client may use a client-

‘Initiated measurement reporting message to provide the information to the respective AP.

Each client provides information including, but not limited to, the following items:
e The current radio signal strength measurement for the respective AP;
e The radio signal strength measurement for adjacent AP(s) (each client may
périodically’ measure the radio signal strength of other APs during idle periods);

¢ BER and received packet loss (e.g., percentage of packets lost); and
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10 exanple, the reporting may use a new interface or

an extended or nodified interface, such as extended

SNMP. As persons of ordinary skill in the art who have

the benefit of the description of the invention

undéositiand, infigwenien , (e@ne position UsfraaN@l/t@irginefes obtained through
interfaces and protocols, as desired, dependi ng on

the Cagbdli Pekmoni@t aAakaliRh, 2091 ®PY, | FRhENERMRbhONand/ i
[ 0025] Furthernn?e, each client for % parflcu hrmbﬁg. profiling
of : 112C provides to the 15 respective AP
cli'ggrgtm:]I éé%d information relating to the WLAN. The
client may use a client- initiated nmeasurenent
reporting nmessage to provide the information to the

ctive. AP. . Each clj.en rovides information '

(00T R St 5oy Gl troB: o GRS BarFTgeshembP provides the

. The current radio signal strength neasurement for the

infpngiwat oy RNMYMDBhE6r fuli aggsigghan asd/oe figtiter nrasissiegenaPs 112A-
for adjacent AP(s) (each client nmay 20 periodically

e asyrpovide tHeaidtormatigmalre@lyl 8ngidteite O fYBEcsAMhIMFdrtion before
idle periods); BER and recelveJ’packet | oss (e.qg.,

AL anbagRNVIM tg ! : -9.n.PQs]iti onal .
se fé: : (%qlﬁgb 8s hostel: i %quoted abov?,cglgrrgp%%ltné Jnay use any

i nformati on . 0., osition ormati on

obt,ai n t hrough , 3 obal Positioning Satellites, or

degisd inte ?Cﬁn(ﬁlﬂr%tgf‘%é?'goH?Wa‘ﬁﬁ?rtffedbr ofiling techniques).
[ 0026] Upon receipts of the information fromthe
client(s), the respective AP provides the 5
iBIornation to RNM MDB 106 for aggrga?tion and/ or

(0027} fyseroteds edrsntiye WiRNS ichude) 2y mowarkympdad wr deapt RNM/MDB 106
information directly, or aggregate or process the

maimdios Hetriconorbefalet Meenptirtiguladly, tthe RNM Mabhtdiad theatwork model in
desired. As noted above, the reporting may use any

thedBIB. eThhd AdtR0FEMBdA deRirHed GRiolseohdracteiSs HhEMAEAN: such as the
[0027] As noted, the inventive W.ANs include a netmo#k

relARLCh1aOmdRPor RMMIVDR 107 and their respective operating frequencies, AP

power levels, and the like.

'[0028] FIG. 3 shows a process flow diagram 200 for network model processing in an

exemplary embodiment according to the invention. At 205, the RNM obtains information
about the WLAN (for example, from the designer or architect of the WLAN). The
information includes items such as the number of APs 112A-1 12C, the number of clients

for each respective AP, etc.

- [0029] At 210, the RNM builds a network model. The network model takes into account

information about the network, described above. At 215, the RNM stores the network

- model in the MDB. At 220, the RNM updates the network model in the MDB depending

-10 -
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15

20

10 maintains the network nodel. Myre particularly, the

RNM mai ntai ns the network nodel in the NMDB. The

net wor K nodel descri bes various characteristics of the

W.AN, such as the relative placenent of APs 112A-112C
on ghangeshisi the cearpaenitice ob fernstwords dndequiencitess oARfomeen about the

| evel s, and the like. [0028] FIG 3 shows a process
netfzvloﬂv\(ecg Aginster 3DAPE and fRiMmesdectid@lens D ERE BdMeksi o oB&tation, etc.).

15 exenpl ary enbodi nent according to. the invention.

At 205, the RNM obtains information about the W.AN

(for exanple, fromthe designer or architect of the
(0086 e RIS mdn‘iﬂ@&tg@fﬂe%edsﬂx%h}éq{séatb ﬁr?m% NC‘I - FIRP 4téﬂ8ws a process
- number of APs 112A-112C, the nunber o ients b | ds

eagh res P, etc. [002 At. the RNM w

0§ Bele8Y RO it fehirk bRt P F2s SR Ec oo h Exemplary

20 inforpati on about the network, described above. At
embqdjmeph el HMnyewians AhsOhethroRNM figiehes netwetkeinfmmation from the

220, the RNM updates the network nodel in the MDB
MR petds Hy the RONM ncatdidangge systamn tinee-edranaeiformatdnC SThE time-variant

the network and various itens of informati on about the

infOR@RaBN Knhe irtlude P Arifh: MISic aldsitiPehhd I8 p&ﬁ%gggf&'matlon (e.g.,

cllent(s) frequenC|es of operation, etc.

mopfify. SPEAE R, o Bl et 3R RIGT w2034 Dot wor k

neasurenent nanlpulatlon according to an exenplary 5
enbodinent of the invention. At 305, the RNM'fetches

f ion fromthe MDB. At 310, the RNM
l"“?if Aupis %@eméﬁvﬁ%ewﬁ%éemhm Abriews, intggisrence. The RNM

time-variant information may include tinme-variant
makesathtidgtegmmation dssednah bieditpesivnal signal meantréroent§,eadjpcent AP signal

mont hly, weekly, daily, and hourly trends per each of
meAfserhdizd)- pabRE) losf AARBtnakdn,3dhk] tHeh@k&NM dedigidm PES320, the RNM

system | evel and AP-level interference. The RNM
calculate cell coverage profiling. The RNM makes the calculation based on path loss
balance information, antenna balance information, and the system-level and AP-level
interference information (described above_), as desired. At 325, the RNM updates and
stores the WLAN information stored in the MDB based on the’ results of the calculations
and updateé the information, as apﬁropriat_é. Note that the RNM may also employ various
;Nell'-known' path loss and theoretical propagation models, togéther with measured data, to

determine hypothetical coverage and signal conditions prior to making a change/update, as

desired.

[0032] The RNM analyzes the processed measurements and the network map or model to
determine WLAN tuning (or re-tuning) or configuration (or reconfiguration) parameters.

The RNM uses those parameters to control the details of operation of each AP (e.g., its

-11 -
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10 . makes the determ nation based on bi-directiona
si gnal neasurenents, adjacent AP signal neasurenents,
packet |loss information, and the |ike, as desired. At
320,. the RNM, calculate cell coverage profiling. The
ﬁe@%mﬁﬁ%RggpPﬁEO%aW%BP@PWBﬁwﬁagaﬂhéﬁdﬁh?ﬁ*ﬁbsghe Nhewy use an
i nformati on, antenna bal ance information, and the
iteratyrst Biie-based| opimoizaARnl ekhiqué, ndueh far mnsger ionflmeampiogramming), as
(descri bed above), as desired. At 325, the RNM updates
despdl 15 stores the WLAN i nformation stored in the NMDB
based on the results of the calculations and updates
the information, as appropriate. Note that the RNM may
al so enpl oy various well-known path [oss and
[ f ' : € -\ ured ..
00370 FBlys ALRRRARA AR (B ahind B3T00 Hnith hefolFER R EBrding o
condi tion rior maki ng a change/ update, as
an Ry bt of herlBvsain et 965 (hhE M sessigork model/map
measur enents and the network map or nodel to
41 O0chad dYIRBrdatad- ONtar panfomy analysis @imerhatrtghingor cohiirguthatWloAN. More
(or reconfiguration) paraneters. The RNM uses those
spepificalietthe RNM eseptandlysit kagidet4isl ® ploceRehatietorRf me&g10 and
AP (e.g., its -11 frequencies of operation, its

MDB"HBHQOP.O%BI%@&E?Q& ang (LR LK G 'inpygf%ﬁwerﬁgré gaﬁ 51?6, and one

iterative rule- optimzation t

integer, ar ljnear, progranm ng), as esired, [0033] .
or Pt SRR L DABER S BE A oSS B HSHPh BRI (i rigfeer or
. paraneters according to 5 an exenplary enbodi nent of
lineph @ragayraming o migvide tthad tuninge ORKVIURSRSS Prramatsr for the WLAN.  As
nodel /map 410 and MDB data 405 to perform anal ysis
noted, rthel RAEMtuses mtige inigeort teRiunhgt freaésdiN. coMvherol the APs and, hence,
specifically, the RNM uses anal ysis engine 415 to

conB Qe FedoRBgMRIMOTK. ARG h dfddnRanndB data 405.

Anal ysi s engi ne 415 receives as its inputs one or nore
goal s 420, and one

[0034] As an example, goals 420 may include maximization of the average AP bi-
directional throughput, maximization of the radio signal strength, and maximization of the
traffic loading for APs 112A-112C. Constraints 425 may include packet loss less than K
for AP;, path loss balance for AP; less than K,, and AP; congestion less than K3, where AP;
denotes the ilth AP, and Ki-K; denote coﬁstﬁnts; and quality of service (QOS) and predicted

latency/jitter, as desired.

[0035] Analysis engine 415 seeks to optimize the WLAN tuning or re-tuning parameters
based on goals 420 and constraints 425. Note that one may apply the goals and constraints
on a per-AP basis or on a network-wide basis, as desired. Note further that the example

given above denotes merely an illustrative set of goals 420 and constraints 425. One may

-12-
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or nore constraints 425. Anal ysis engi ne 415 uses a
desired technique (e.g., integer or 10 |inear
programm ng) to .provide the tuning or re-tuning
paraneters for the WLAN. As noted, the RNM uses the
uset uimieg vamety ef tasimr rggalseandnenesintso ac dedired| atches pBisomnel, ordinary
hence, configure or reconfigure the WAN in a dynamc
skilTam aRrart WO Bdhle the barefie ¥ ARl R scriftRh S f 40 nVEMidhnlitdEind.
maxi m zation of the average AP bi- directiona
t hroughput, maxi m zation of the radio signal strength,
and maxi m zation of the 15 traffic | oading fO{ APs
< S j L-0cl t loss . ,
0038 A ot P DA apea e TRk o RARKRG b Fhamic capacity
t han, K2, and :con tio | ess than K3, where_ AP;
vyt 851 oo+ Momppechatve WL Shetgeaionat anestionslow for AP
quality of service (QS) and predicted
overhgikh gpgcity + efhe aprgiagli east of[ 008 [ngAnmladditionaingPnim 4 IWWLAN is
seeks to optimze the WAN tuning or re-tuning
relpaehmhiodes. Partieanegt, @8c@o@los ARO RuEivelgndlv adsitadd 4BSir ease of
Note that one may apply the goals and constraints on

: ' a ERY IS, Sj .
coRsPET 8 REPlFpEh A LAK WRLothdg, BE shy ARnERCkRtona Aps
merely. an jllustrative set of goals 420 and
ﬂ“@ﬁ%@?ﬁ@FﬁYLAhggﬁhE%@“ﬁﬁ?“L- 12 use a wide variety of
ot her goals and constraints, as desired, and as
persons of ordinary skill in the art who have the
enefit of the description of the invention _
1003% erherigre. Poo ey GRtRbWEEN 4D Gwe, onodndl astipeleta prfrtieer AP based
i nventive concepts relates to dynam c capacity
on gyresusuichworkrofkaroretistids, suvhtins padint iaaliked, rafidNsg., in a conference
according to the invention allow for AP 5 overbuild

rooB@pgietiéry AP TR ubRdi&H dhalinefSlened, dnA M Gk IriRRIINAinL AB@atically

AP in a WAN s relatively nodest. Furthernore, f

e8¢ ' cang thellr ease o
sedSERLSBedT 18 B kP AT SRR o e
anmusf){e%\llxlced seysg:(rjnqietvleloirr]l?elrfeéa%e. As noted, one may also create a VLAN within

the WLAN based on parameters such as user profile, access lists, user authorization,

workgroup association, and the like, as desired.

[0038] Referring fo the ﬁgﬁres, -persbns of ordinary skill in the art will néte that the various
blocks shéwn may depict mainly thé conceptual functions and signal flow. The actual
circuit implementation may or may not contain separately identifiable hardware for the
various functional blocks and may or may not use the particular circuitry shown. For
example, one may combine the functionality of various bloqks into one circuit block, as
desired. Furthermore, one may realize the functionality of a single block in several circuit

blocks, as desired. The choice of circuit implementation depends on various factors, such

-13-
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t hroughout the WLAN with rel ative ease. [0037]
Furthernore, one may control when to turn on and
activate a particular AP based 10 on various network
characteristics, such tinme-variant |ocalized traffic
as pagtigplar desien and PeEPERSE Spesdfiyations AriagivaPinplemartadeees persons
and interference, and the |like. The RNM nay
of autimarpt skdlalih ythe deaethovhive theneadéd ofREe (desdriptvan®f ehe invention
after a neeting in the conference roomas ended) and,
undeidisnd. F OGEE BoaURbEMRY SVedltehiQE feﬁfb%@i?@entspbc’f tﬂQ'ixW%nUQrpﬁ) addition

may al so create a VLAN wthin the W.AN based

a such user profil
to tﬂg{ dgﬁt:rgtgﬁ%l hgﬁe w1llil§ ed{f & Berg%%so Oé$ ihary Slkalel tpﬁ ért who have the
as desired. [0038] Referring to the figures,
beq@@% §6ﬁ%€ descHPtPh Rf yhe srmemlom 1n Agserdingly.ibiy desstiptierhsgaches those
the various bl ocks shown nay depict nmainly the
skitehceplicuatt theimeinnensf amdyiap gnalthé liowntidhandci¢ad be construed as
circuit inplenmentation may or may not contain
ilhseRaeain@y.y identifiable hardware for the various
functional bl ocks and may or may not use the
particular circuitry showm. For 20 exanple, one may
conmbi ne the functionality of various blocks into one
O 4 I n
100591 PHE forlsafihe AfvertlE it ahd WL REREE SEou T8 IRE sy pgpresently
?i %UIt bl ocks,  a deS|red ng ch0|ce of circuit .
prefomnddallisiipp g Roimgatso Fetsens skileqd withe pd may pake varigus changes
as particul ar design and perfornmance specifications
in ther shapgi vien andpirsmeementi oh pads withosbdspartifig dradi rthe ycope of the
skill in the art who have the benefit of the

invel@sar idpdcridad ah thivedbdivediti ORor WRARPIS! PBEonOkiBEd in the art may
nmodi fi cations and alternati ve enbodi nents of the

subst@NEdBalth AdFidid B thi @1 Bﬁ%&%ll%ﬁﬂ?{d AT tf%@ﬁﬁed’\ﬁ% lR/?oreover

apparent to persons of ordinary s e art

5.ben . . .
pers nrtlsesn lP%n crg wgill nlﬁlvﬁliiheetnengfsb%fstg c%ts‘fr%mt“eogéﬂeegwf“?ﬂ%‘emay use
skllled in the art the manner of carrying out the
certary, dpatigh ofnHe sinxertipnp independeptle of athe “use “of other features, without

departing from the scope of the invention.
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itlustrative only. [0039 The forns of the invention
shown and descri bed should be taken as the presently
preferred or illustrative enbodi nents. Persons skil{jgwD WISE
in the art nmay make various changes 10 in the shape,
Clajms and arrangement of parts without departing from
the scope of the invention described in this docunent.
For exanple, persons skilled in the art may
substitute equival ent elenents for the el enents
illustrated and descri bed here. Mreover, persons
'skilled in the art who have the benefit of this
1. desAniipforrastiasf handling pyséame.icompriginguse certain features
of the invention independently of the use of other
f eah phueslity of wireleks ackbssqpak towided QMvirblessSe@RerkObachRBcess
invention. -14 LLOYD WSE Cains 1. An information

handl i ng,S¥s: 8k NQa. - ' of w ) .
nan! | e pEPIRO AR it Bl ERE v
access point in the pl&é Iitﬁtof access points.

conf i gur &854°8¢ ComfthedaedefliERtat 5 | east one

respective nobile client; a radio network manager

coupFasip peswprkempnagearoupledsio the plagalityof arcsss poigs, rtheliadio
networ k manager configured to dynamcally control the

pl ur al i t yetabriamagsger cotfigursl toalydarficdiy abass? tieoplptaBey dfQiccess
the radi o network manager, the database configured to
store 10.hif gqration about the wirel ess network. 2.

The information handling systemaccording to claim1,

V\,hearl ggtgbgsg %m%lecl'l ?oat?lte r&Ui6 network manager, the database configured to store

information about the wireless network.

2. The information handling system according to claim 1, wherein the at least one
mobile client provides a first set of information items about a communication link between
the at least one mobile client and the respective access point in the plurality of access

points.

3. The information handling system according to claim 2, wherein each access point
in the plurality of access points provides to the radio network manager a second set of
information items about communication between the access point and the respective at

least one client.
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nobile client provides a first set of information
items about a communication |ink between the at |east |oypwsE
one nobile client and the respective access point in
the plurality of access points. 15 3. The
4infd Emf@@mtlonélﬁ@lqllmggsysty@ta@no@ércgﬁodilaigl 3, ovherein mach access point
wherein each access point in the plurality of access
in theiphirslitp oo w¢odssspdints phevided dho fifke kv kn fFRAAURT itetn S8 GO dio
set- of information itens about conmunication between
netWofk AGASRS POint and the respective at |east one
client. -15 LLOYD WSE 4. The information handling
system according to claim 3, wherein each access point
in the plurality of access points provides the first
set of information itens to the radio network
manager. ¢ 5. The information handling(system
s acc [ - clai rein. radi o ty .
> rananey Mrfdicf Ml WO Brchlfor Bl B P e g peowor
the first and second sets of . information itens. 6.
magier R P ioS PSR SRS RETRY ST St en i THY 418 Seqaingts of
~ Wherein the radio network nmanager further uses a
inforgpagionkiemsdel stored in the measurenment database to
calculate network tuning paraneters. 10 7. The
i nformati on handling system according to claimb5,
wherein the radi o network rmanager uses the network
tuning parameters to control the plurality of access
points. 8. The information handling system according :
6. t o dhainfermationhandingcystemi asiconglireg toialdionad, wherein the radio network

manager further uses a network model stored in the measurement database to calculate

network tuning parameters.

7. The information handling system according to claim 5, wherein the radio network

manager uses the network tuning parameters to control the plurality of access points.

8. The information handling system according to claim 1, further comprising a virtual

local area network coupled to the plurality of access points.

9. The information handling system according to claim 1, wherein a set of access

points in the plurality of access points provide dynamic capacity and coverage overbuild

and control within the information handling system.
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| ocal area network coupled to the plurality of access
points. 9. The information handling system according
to claiml1, wherein a set of access 15 points in the LLOYD WISE
plurality of access points provide dynam c capacity
and coverage overbuild. and control within the
i nformati on handling system -16 LLOYD WSE 10. The
i nformati on handli ng system according to claim 1,
wherein the radi o network manager and the database
10.  eding nfgrmpation handlipgotystem accordingnie dlaimok. eheredm theaadioingvork
system according to claim1l, wherein the radi o network
managen age thealardbasd esidbevithinua edbmpyteof access points so as
: to optimze an operation of the 5 wirel ess network.
12. A nmethod of dynamically configuring an operation
of a wireless network, the wreless network including

1. o ol toimti nee Sy BLAeBraGREIS sind, Sheti e gagy neowork

net wor k manager, the nmethod conprising: the radio
manpger gentrolsrhejetelibmlzcedss goints soravde ppimize entoperation of the
comuni cation between 10 each access point in the
5 wirefssinethviotky of access points and the respective at | east
one client; the radi o network manager obt ai ning
i nformati on about operating characteristics of the
plurality of access points; the radi o network manager

12. T5 AP RErTIER: CoRfiaat SRIFGIREL H e i PR the
using the cal cul ated paraneters to tune the wirel ess
wireless network including a plurality of access points each in wireless communication
with at least one client and a radio network manager, the method comprising:
the radio network manager obtaining information about communication between
10 each access point in the plurality of access points and the respective at least
one client;
the radio network manager obtaining information about operating characteristics of
the plurality of access points;
the radio network manager calculating parameters relating to operation of the
15 wireless network; and

the radio network manager using the calculated parameters to tune the wireless

network.

13.  The method according to claim 12, wherein calculating parameters relating to
operation of the wireless network further comprises using a model of the wireless network,

20  the model configured to include information about the wireless network.
-17-
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network. 13. The nethod according to claim 12, whereinL0vypwisg

cal culating paraneters relating to operation of the
wi rel ess network further conprises usi ng a nodel of
the wreless network, 20 the nodel configured to _
4 nclbrimethodgerrieingrio slsimtl 3¢ whergin e épsiemfgtm whrelesg Retwork is
LLOYD WSE 14. The nethod according to claim 13,

obtained by:n () vbtaminlg Infafmative abbutehe séretest watviorl, §b) ki Rlinete model
by: (a) obtaining information about the wrel ess

of RetMRIdss nétorDYt) Fbrig: thiB %d@éﬁ@f the ereie@? nWoﬂl @nd (d) updating the

network, (c) storlng t he nodel of OItle }Mrﬁ ess I
t dating the nodel of the wreless

moﬁ@toﬁ}ﬁ{wlrgﬂ%&%@@mt hog according to claim12.

further conprising: fetching information stored in a

dat abase that includes informati on about the wreless

network; calculating tinme-variant information about

the wireless network; determining a |evel of i

I nteyf e in,th i rel.es etwork; .10 providi ng
13'covﬁleage ?&F?WWé?%%\fa{IﬂéSvﬁftgF’é%nm@f%r k; updating
the information stored in the database. 16. The net hod
ac cBrdRginfgmanan soney ingatabpse hal indldes infprparioamaten the
relating to operation of the wireless network further
conpr i sewiralead yerwork;t he nodel of the wirel ess
-networ k, information about communication between each

accessulRtgtiméNadidie 1rﬁt)Hﬁﬁldnta)609{ thé@n@ﬁeﬁ %/\BQI\ l.nts and

the respective at |east one client ration
abo&'ettergggirn%ta'lgv%l of1 ?er?e%necrellrsx ﬂecﬁlrggsstn%tew rk(u rality of
access pol

providing coverage profiling of the wireless network;

updating the information stored in the database.

16. The method according to claim 13, wherein calculating parameters relating to

operation of the wireless network further comprises analyzing the model of the wireless

- network, information about communication between each access point in the plurality of

access points and the respective at least one client, and information about operating

characteristics of the plurality of access points.

17. The method according to claim 15 wherein analyzing the model of the wireless

network, information about communication between each access point in the plurality of

access points and the respective at least one client, and information about operating
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17. The nmethod according to claim15 wherein anal yzi ng LLOYD WISE
the nodel of the wireless network, information about
comuni cati on between each access point in the
plurality of access points and the respective at
chiraciesisnef e pPhiglity gh alcent BRat FIher £BBWPF IS IMiFraig
LLOYD WSE characteristics of the plurality of access
opwizatien fealutiper. conpri ses using an iterative
opti m zation technique. 18. The nethod according to
~claim16, wherein using the iterative optimzation
techni que further conprises optim zing for at |east
one goal, given at |east one constraint. 5 19. The
- method according to claim17, wherein using the
18i t eiTat methodpeordingttb olimdohwherem dsing the fitea0ivp bbS@$zation
using |linear programm ng or integer progranm ng. 20.
techAIQuERIrheHc AFHREE bPSmiAn iR aMedd on@%@ﬁle et s l@gst bH§ constraint.
calcul ated parameters to tune ess networ
further conprises controlling an operation of the
plurality of access points. 10 - 19

5 19. The method according to claim 17, wherein using the iterative optimization

technique further comprises using linear programming or integer programming,.

20.  The method according to claim 12, wherein using the calculated parameters to tune
the wireless network further comprises controlling an operation of the plurality of access
points.

10
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