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~ *159159* APPARATUS AND METHODS FOR DYNAM CALLY
CONFI GURABL NETWORK 5 Technical Field [001]
The inventi M”ll Illrel ate generally to information

handl i ng apparaf us_an systens. More particul arly,
the invention con&erns apparatus and associ at ed

MEAPPARATUS ANDMETHODS FORDYNANICALLY CONFIGURABEE
W rel ess networks. WIR%.CEQSCN@M@IQR] As t he 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

Ted¥iridhi PRoIgYStem general |y  processes, conpil es,
stores, and/or communi cates information or data for

sihness 5 persopal . .or other purposes thereb
10oB} 1A iy endts BREPRIelerS erfirely B R EioA R Re ppparats and
i nformation. Because technol ogy and information,
systemsd| Yipts prsdeiarkys dhe ByeRtiaineascerny apparatys apg aspociated methods for
different users or applications, information handling
dymayidatif®r aatynatisallyvwaniigurablg avieblesg netwairkd. nf 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
Ba@k?ﬁﬂﬁﬁ?d, stored, or conmuni cated. The variations in
information handling systens allow for information

(00ZR"Ak 1 B8 SR! BB 48 BE AERALGI QofRl! BULRRLLT ifividuals and
peci fi'c use such as f Cla

rfic us s finan
transaction,. processing, airlipe reservations, ) )
businesses seek acﬂilt?onaf ways togprocess ancp store information. ?)ne option available to

users is information handling systems. An information handling system generally
processes, compiles, stores, and/or communicates information or data for business,
personal, or other purposes thereby allowing users to take advantage of the value of the
information. Because technology and information handling needs and requirements 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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enterprise data storage, or global comunications. In
addition, information handling systens nmay include a
vari ety of hardware and software conponents that may
be 1 in *@G00002* configured to process, store, and

configuied o Gadeesd, Rfode, mmt i comniuitcaid jhformedtiot eand 1Rayoinclide @ne or more
conputer systens, data storage systerrB and networ ki ng

cona%ﬁ?éerlesggng §1]st(ln§ Q%tetrﬁ/sp cPlEetQS sfégnssySt em

anetvvo urrently no
wel | - defi ned net hodol ogy or set of metrics for WLAN
depl oyment exists. For 5 exanple, determ ning the

008 TR 5B ool b ST SRR Gl i uronty

trial and error. Furthernore, beyond the injtial
no eah-dafinest methedelggy (o %eﬁé’fn@FWS’F’kofoWL{W]g@P oygiept exists. For
changes the network environment and shorter-term

exaaipde) gletermining dfef optinpat tpesition tty placalehgh Vit AN| &cess gogaeAP) and
in channel allocations, hardware additi ons or

destnafig the Mafndl RElokdtlod. oﬁ&nr@ﬁﬁlsed(lhﬁﬁﬁi ER6r. aFdighermore, beyond the

net wor k- based sol ut| on that allows dynam c tuning of

o O RGN Ao 60 ool AR 08 e

patterns and int erf rence, [ 004]
envFOURIEB 8B FBYLEoR <DBPEES: B Hﬁg‘r’ta Bat%ﬁbsaﬂé%lﬁ?llyf gitails changes in
dynam cally configurable 15 wirel ess networks, and
chame¢hadbwati@isahandgrateoadtlitiensi or clianggesyandt thorlikef M nesldesgsts for a
networks. In one enbodinent, an information handli ng

netVBALBIEed Balutibi eat dBSWS dpheuﬁlaltuﬁm Qf thé MALANSradidGR@SSrk to meet
poi nts, a radi o network manager, and a database. The

andagc?a?ﬁ So Wﬁi n%{ﬁorﬁoémkrggmkrﬂs %nd 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 system that includes a plurality of wireless
access points, a radio network manager, and a database. The access points are coupled in a
wireless network. Each access point is configured 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 plurality 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

[00§PNAhStHECEmboYi Rl ] toYa Sethol D dyhmithNy admﬂg\ﬁnag an operation
access points. The database couples to the radio

e
of zl{]aérgfrér%; él{giﬁﬂg he ?oﬂ'?ﬁésc‘ w&%l:ﬂeglg[uﬁg Wgh@[ﬂﬁg %E' 66‘?]55 points, each in
ot her enbodi rrent relates to al met hi_g
wirglgsy iCGIMUILalAn oﬂgh afli (st gpe clifnt-el 488 W
wi rel ess network includes a plurality of access
infqyuiativs abeutcienimunigatios| ketweenoranluacesas point,ant hitsaespeetiwt client(s),
one client. The nethod includes obtaining information

andedtRAthing QifSHAAGH dbo0t SR RthaRcRristGThdauctds, poatitél Thémethod
respective client(s), 5 and obtaining informtion

fu @EPH&:I %g&l&@g@ﬁg&%‘éfeﬁ’f ngstf) Fxtapﬁn %??ﬁé%r@@hé“h&work, and

Inclu I'ng paranete
relati tq operation of the wreless network, and

usings g galelsted gREmelirs ip e SHOVEESTE P aTHo < ho. w r ol ess
network. Brief Description of the Drawi ngs [006] The
appended drawings illustrate only exenplary
enbodi nents of the invention 10 and therefore should

Brigf Dessription etthesDeawingsst rued as liniting its scope.
Persons of ordinary skill in the art who have the

[006ENEh¢ apmeindeddrabeagy ilhisirare @fly thanplameanbedimeppr efcthatiavention
that the disclosed inventive concepts | end thensel ves

ancf &e%f&%rsh%gwahéﬂ/bee%r%ﬂe'ré@ or %Mb&%@tlﬁmuhg ifshﬁzope. Persons of
drawi ngs, t e same nuneral designators used in nore

ord‘g%%”%}aﬁ T B ST bl s P g hvendep appreciat

FIG 1 shows an information handling system
tha ctb@r disglgsado inyentye nganseBts elepd athemselves tonethienyemiallyneffective

ﬁ%yobtaining

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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[008] FIG 2 illustrates an information handling
system accordi ng to anot her exenplary enbodi nent of
the invention. [009] FIG 3 depicts a process flow
di agram for network nodel processing in an 20
[0028)cFi@. a4 yshewbad proenss fowodidgram fa hdtevorkn werasuremment3 manipulation
[00101 FIG 4 shows a process flow diagramfor network
accORBSEHoRRREm ?ﬁ%%b&!ﬂn@ﬁt SQROREMNDHA 0 an exenpl ary
enbodi nent o e Invention. [00111 FIG 5 illustrates
a bl ock diagram for obtaining W.AN tuni ng paraneters
according to an exenplary enbodi ment of the invention.
e ty r S
(003t B HSERET o oIk, M GF oSBT LR, ity ppgameters
an I nstrune alléy or_égqgegate of instrunentalities
accgisingin 48 sxgmplRhemeodipey ?‘nvﬁm&l{’ess transmt,
receive, retrieve, originate, switch, store, display,
mani f est, detect, record, reproduce, handl e, or
utilize any form of information, intelligence, or data
Detajled,Desaripion10 scientific, control, or other
pur poses. For exanple, an i nformati on handl | ng system
[00n2)y F&repurpoges of ahig ldisetuspie] an infarmatiomhidndiihg spgemdns ilude any
or any ot her suitable device and may vary 1n size,

ins Qﬁa &8t wur Cof [HdRGmbRARids Mperﬂfpg é@ rcbﬁlﬁ)gteﬂaﬁlssif , process,

or mati on frari I Ng system may € random acces

one or . sin sources such as
tral&mqﬁe# 5. BESES R PA PUCOPOr a e, detect” record,
software control | ogic, RC]\/l and/ or other 15 types of
repraskow | hantllee oprwtitize anyafum; phmiormasiepoimesitisenge, qrhdata for business,
i nformati on handling system nmay include one or nore
scigtitific, controbor odiee povposasr &onexanypll, apdnfosmébtion handling system may be
communi cating with external devices as well as

a p¥1§51'1ég gr%n'}p[lﬁi"ta A oAULBMEe QbYIEY, AKY 68Rr sBilblE &Vi® and may vary
yb

in size, shape, performance, functionality, and price. The information handling system
may include random access memory (RAM), one or more processing resources such as a
central processing unit (CPU) or hardware or software 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 communicating 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
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nouse, and a video display. The information handling

system may al so include one or nore buses operable to

transmt communi cati ons between the various hardware

20 components. [00131 The inventive concepts disclosed
respuase to aniverigty adfeparametersptsuckn akathell iengorky sivérobment and operating

i ncl udi ng dynam cally configurable (or reconfigurable)
conliidNs 2 RSeRfealdRde TR ARG WHAN éalgaﬁfépé’ﬁﬁﬁoﬁﬁti@ configuration.

vari ety of paraneters, such as the network enV|ronnen%

and, operatin condi tions,. the.inventive C S
The e ORN R OBRNRiPBng Y Oy STESR® Sovsqgome  the
_automatic_or dynanmic_configuration of the disclosed
disagvaniagesvelr camvantional Wl ANdsuchtasgdangss mage,onthe gistvork because of

WLAN, such as changes made to the network because of 5
shostitert - tued nboagrterhmon@ribon® \iar that metweork™s ehdronmtentr &ids operating

envi ronnent and operating conditions. [00141 In a
cordfyek] ¢ sense, information handling systens including

the automatically configurable W.ANS include the

follow ng conponents: a WLAN architecture, W.AN

syst em based nmeasurenent and reporting nechani sns,

i | iant se 3 r, 4 .
00FBEN 5, B4 schae SRR AR R0 EQTBE e aomadal
rocessj ng d anal ysis and dynamc c ity and
confgy E‘g‘é/wg? usivde the dolloywine cﬂomp?ﬂ@ﬁ$:oPﬁg’marcﬂltwm WLAN
description provides details of each conponent. Note,

systeowbased  measaemeheahtepditingriechahisms, mobileshent ased measurement
descri be the inventive concepts nerely constitute

and flepotsing aidckshigny) adietRstk SnodeNer mByy, mddsarealear Srotkssing and analysis,
variety of other network architectures and dynam c

i gurat.i h 5 dj her 0n, -
and B BLARE, S ESTR gl o RRARICM0 et VThG AR description
pro?%@ﬁ?tﬁ%%%&légzgﬁggfggg fll\lgte,o }flovflerl/%r, (%l‘qsast %ﬁel gr%o%mgrflts tsl%ewn and used
to describe the inventive concepts merely constitute 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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[00151 FIG 1 shows an information handling system 100

according to an exenplary enbodi nent of the

i nvention. System 100 includes a WLAN wi t h neasur enent

and reporting nmechani sns, neasurenent processing and
[00861aDet Systemt BemporiEatchclade diecormnabredpenerdy NN6F adyesd Points (APs)

capacity overbuild and control. Mre specifically,

”%Z%&ﬂﬁo‘gdf" E%ﬂ?trﬁaqaﬁmmatlO@rhnﬁegésHHht%Q?’console 109 and

ackbone) t'at es conmuni cati on

RN LR M A—

access points (APs) 112A-112C, a radi o network
withnpreagesing ®M\ptonage capabll@tyswhgqsgdwgﬁqs@@pe, SEO@T gprisonal computer,
nmeasur enent dat abase (VDB) 106. RNM MDB 106 nay
andCthaslile, 4k elegiradar iGdinyolef109ppavilesia methdnishi deresdmingsteaing and
st or age capabi lity, such as a workstation, server,

con%‘égﬁ‘lpr o [5831% ¢r§f bbifingFe ﬁ§' 5t§ﬁils Qﬂfﬁ%ﬁllgevanous

s a rrec ani sm adm ni st

conmmuni W th M. VDB 1 a|n|n
ParfiBRE S0 s R RRSOTS nGEHGT, AP fG tHe A a‘ﬁ%‘f B g pergeit of the
as persons of ordinary skill in the art who have the
desprptecn of thg invprtionduslerstapdi on of the invention
understand. [0017] The specific enbodinent in FIG 1
shows the radi o network manager and the 10
measur enent dat abase as a conbined unit. One may
[00il PpTleerspdcifid embadiimenn éh MIGK 1 nehosgethe andiot mdwork manager and the
nmeasur enent dat abase as separate conponents,

me&Sufdnidn Ula@dba O AP AN @BMbined Ak, t MOnd ke infplememoteeradfo network

i mpl ement ati on depends on various factors, such as

d f [ t]
max?)a%%t Igtgcb ?{asl;r me@ihn?ernﬁ }EE%% ﬁag% ]F)Argt@ oﬁ‘g;%nérﬁ%{ cfl‘ftrlbute%l components,
t .. who have the benefit, of the descrl on of the
anf i ke She chfies o pRETensat O(ﬁdifgfn@é’@h"a&l"e%\éé@é% S} i desien and
112A-112C operates in a respective one of cells
performandel §pecifications for 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 C;;, Cya, ..., Cim, and so on. Access point 112C thus
communicates with clients Cnj, Cna, - . ., Cnuv.  In addition to the inventive functionality
and circuitry described here, access points 112A-112C and clients C;,-Cnm operate in a
manner known to persons of ordinary skill in the art who have the benefit of the

description of the invention.



10

15

20

that constitute the WLAN. Wthin each of cells

115A-115C, the respective access point comunicates

with one or nore (generally M wireless clients. For

exanpl e, access point 112A comrunicates with clients
[00BY1Throldgh communichiibn ansliien 103, ab@sepsinmOilN2AI12C ddupke to, and

communi cates with clients CNI, CN2, ..., CNM 1In

confl it At WiftO M/MDEGEGG Vpurtl{éﬁﬁbfe(’@&hfﬁlﬁlcg@o@ﬂfédlum 103dprov1des

C|rCU|try described here, access points 112A-112C

ents C1 e manner kno
DGR AF PN FRN L REnEAR VTR GomEPREny ciieh s pes points
the description of the invention. 6 [0019] Through
112t RAM/AD B 86,11 Gacommbelsae uitn s exietral MisHucture 1204,
couple to, and conmunicate wth, RNM VDB 106.
Infiasthidnge M20A, may ovasitta i wide mﬂéwmfﬁﬁﬁmma@mi Haslling apparatus and
mechani sm for the WLAN (including its various

me&nQ”&o&? 8 of ® $kiflGA SRS arP Whbthave %Bd%néﬁ@(q‘ thEQNCNRBon of the

108, to co nlcate mnth an ext er nal

mvslﬂi?é?l?r{d%?s " ehands Peb 0t B3 AR e AR R ATRY prige-area network

aratus and nedia, as persons of ordinary skill in
(Wt\ﬁs Hand-alpes RmRUeTHYSBERaTYOIkEd Fe58UIges €1CH pt i on of t he
i nvention understand. Exanples include a | ocal area
network (LAN), w de-area network (WAN), stand-al one
conmput er systens, networked resources, etc. [0020]
[0020} Notehthat ttine comeatians emengrthayatibgs vempenentsc onpdbent san take
in FIG 1 can take 10 advantage of existing or

advah@pélef Qx1bt|iﬁg36xf agefrd hitéfaceS(d®R] SinlyRé WetworBVIate®BAt Protocol,
Protocol, or SNWP) by extending the interfaces to

or i@lﬁ% qﬁo%ﬂ&@? %f;ﬁ&ﬁ%qn&g%g% a@aec‘? g?égl)e(lhgkf contemplated by the

.__access t addi tiopal functionali

i B eg sk pt. | 12Aal 13 aRihSen S oF e 57oah IR, ity pdditiona
software or firmvare. Alternatively, one may use

fungiienadity, povasssingl ewil griedfacepesppbilitied implementedén safivsare jon firmware.
t he

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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15 enbodi nents according to the invention fromboth a
har dwar e and software standpoints, as desired. [0021]
FIG 2 shows an information handling system 115
according to anot her exenplary enbodi nent of the
[00221vielatd GpecifRyublye Fevetpatenal UTES APSMIARART RCSi aid RNMMDB 106
those in system 100 (see FIG 100). System 115,
cou@fé"\@ €hoth! BShMIRER GNP RN 6FA T Al %ﬁjdngurﬁéatl%g medium 103B.

ones: comruni cati on nmedi um 103A,

CoR IR, BT 103 fotRIer 8 TGV LS JA0A 43R pmmunication

degree of flexibility by nmaking available a virtual

medinm (07Breguples pabiftasrycturg 12082 By usngdwoserimuyniegtiop media, system
sever/gateway 125, APs 112A-112C, and RNM MDB 106

11 puplidest @ Methanamfonicoaplimpn tovadiou infiastdvctaresl (120A, 120B), thus
conmuni cati on medi um 103B.  Conmuni cati on nmedi um 103A

: i r S
R TP LA DR o o

R JAD RGBT LS TN ARy P s gpgreasing he

120B), thus increasing the flexibility and
SYS@@hﬁEB]ﬂW\ﬁnﬂﬁeélﬁ)lttMe system Furthernore, one may form

infrastructure 120A and infrastructure 120B as a VLAN,

as desired, further increasing the systems utility

and flexibility. [0023] In either system 100 or system
[0023BIn( eithea systemellp af systehed 1 Hdorsa vheetg mifadhergrissiblel @mbodiments

according to the invention), APs 112A-112C conpile and

acchRIY {o the lﬁ\%ﬂhoxy APs 192 ANARECT @Rpilel 478 repd intp¢al g (or non-real-
according to a desired schedul e) vari ous i nformation

tlmgbﬂ)?’%éﬁrnﬁlb%udlﬁ ofﬂ\lp/é MQ? é;)et%glei-t@ﬁ o'f%tah&p about the WLAN

ar e OWI ng
to %ﬁ@w iéq ai%’@f(gg’té"geﬁfl g{cg.gi%,c l?ut are xgot lﬁmted to,ntge folPowing items:

The number of clients for each AP (e.g., number of clients attached/associated,

departed, or failed);

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

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

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);

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

and re-transmits);
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departed, or failed); 15 The aggregate client radio
signal profile (e.g., the average received relative

signal strength indicator, or RSSI) on the clients,
its standard deviation, etc.); Signal quality

re€| Thd Vapgadpdtel tatioh € akaththeh@¥ssion ed@atiorS/ (ufifidhObf the clients’
C/'l); The aggregate AP bi-directional traffic (e.g.,

the?tﬁém%ﬁtsgéf}%égﬁécwefﬂ d and carried); 20 User

pro es an ties (é.g9., authorized,

unayt horized); . The hit error rate (BER) and aggregate

e batenn Sghdtaiance ntornagion 6 g, Bustade et HtesBLY R o or
re-transmts); 8 The aggregate station

at t moredRiantsesas);omddur at i on (duration of the clients'
attachnents to the respective APs); Antenna signa

bal ance information (e.g., average signal difference
between two or nore AP antennas); and 5 Mbility

GhaMabilRy ichiracsriftfcs W aKkérs (Ohthiabbla th®upih hokgibtycofuaedngtkhown to
of means known to persons of ordinary skill in the

ar t ,hoe, (?gﬁlglgft 8610 e thB%a@S%ﬁé bt of g{ep{lf%gription of the

. S
| anntl on ermne capacity dynam cs an

nei ghbor cel | orders/transjtiqgns. .[0024 not ed
DO TWO9r B0 APy ABRG Y JORAILES ol nt BAF ackighbor el
protocol. For 10 exanple, the reporting nmay use a new
i nt bertlersérapsitigns. ext ended or nodified interface, such
as extended SNMP. As persons of ordinary skill in the
art who have the benefit of the description of the
i nvention understand, however, one nmay use a variety
[0024] Astrtddaabeveanitt reporting may use any desired 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:
o The current radio signal strength measurement for the respective AP;
o The radio signal strength measurement for adjacent AP(s) (each client may
periodically 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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protocol s, as desired, depending on the particular

details of a given inplenentation. [0025] Furthernore,

each client for a particular one of APs 112A-112C

provides to the 15 respective AP client-based

lenf PésiinaD Anfoehatidmge.£O podRRiol MfbrmAiionborditiate¥bybtined ahrough

client initiated neasurenent reporting nessage to

pro t d0ogkh es peg] :

gkot%glprgg\;sd (%Ré ”?Lﬂeﬁ{ﬂ or(#l ;Gglysudl ngtgh%ﬁZﬁﬁjgf F‘?%BE e%mﬁlmg

to the followng itens: The current radi o signa

st rEARHAISthasur ement for the respective AP. The radio

signal strength nmeasurenent for adjacent AP(s) (each

client may 20 periodically nmeasure the radio signa

strength of other APs during idle periods); BER a
[0026)- o epcpintsiedt the énfermatiog. from dhecdipni(gl therreppesiie éP prowdes the

lost); and 9 Positional information (e.g., position
infornfacdonad | RNMZIIDRI 1106t fes agihtgdtioadarid/orofugther ﬁo@bﬂlng. APs 112A-

Positioning Satellites, or GPS triangul ari zati on,

1 lZiL"f‘H{aS? brdVid the '1ﬂgrm£tﬁﬁ1h(ﬂi'élﬂ tg%&%@t@]or HRRRsS 1BE S iBirSath before

elnforrratlonfromthec:|en the respectlveA

Senﬁéléﬂéﬂ%\f‘?\l%@ 306,45 Biisid s B BB e 1oming may use any

pravi de the information d| rectly, or aggregate or
desme %@?CP%PM‘PW (g Biv-Is&tedded). sending it to RNM MDB
106, as desired. As noted above, the reporting may use
any desired interface or protocol (e.g., new,
extended). [0027] As noted, the inventive W.ANs
[0027k Aadeted, the imsniiverBdeANoinclvdp a neikgrkbBdeDer may RNM/MDB 106
mai ntains the network nodel. Mre particularly, the

maffidhd ik At&IoB niddel. Nabiiaktidilds), tHerRNREmMRRinsthe network model in
net wor Kk nodel descri bes vari ous characteristics of the

the\gigﬁ PG RSk 6 del 48 RbEY %rﬁu@?ﬁﬂﬁ&@ri&fcs oF ﬁlﬁ:é;v’%ﬁﬁ; Lah as the

thelr respective operating frequencies,

relative placement of APs 112A-112C 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-112C, 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
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power |levels, and the |ike. [0028] FIG 3 shows a
process flow di agram 200 for network nodel processing
in an 15 exenplary enbodi nent according to the
invention. At 205, the RNM obtains information about
on tHadgd¥ iAhd Elmracteriaips ef the metwdrk endlesiqs dtensrof dfolnatimtabout the
of the WLAN). The information includes itens such as

. 4131 e SR sl g on

buil ds a network nodel. The network nodel takes |nto
account 20 information about the network, described

[00%%'}( fre Bﬁ%gflag pﬁﬁéﬂ%@ﬁy %Elﬁgﬁgl%t cﬂ?anlgﬁfl r IKB ngﬂsl 4 Elﬂ)v%srb process

MDB depending -10 on changes in th? characterlstlcs
flovwf diggfamn 0GPk nEPr ARsaSHESTerl FREITIANRORSFRIAIRS (098, gxemplary
the network (e.g., nunmber of APs and their respective
embddimant of) thefinegquienci 45305, thp RNV fetchee network [foBH3tiockhom the
RNM mani pul ates the nmeasurenent data in the MDB. FIG

MDB.S Vs 02ty REBE Talcllay SRl fe3AHahtOinfdtiiaBA K The time-variant
nmeasur ement mani pul ati on according to an exenplary 5

mf&‘ﬂ{%ﬂgh '}R;W ngrurcritgpﬁgén Qgr?%ltrtnt ’ék}ﬁ%@ #%%{@N%YL Wtion (e.g.,
mop&é%%i@iﬁ D 5%%&%%8%8@5%@ Yk ant

traffic denS|t|es and congestion information (e.g.,

nont hly, weekly, daily, and hourly trends per each of

APs 112A-112C). [0031] At 315, the RNM determ nes
[003Y s Ae il §.cthe] etgriinssedysient-lev¢leandnA B-leveh éntentivenceg The RNM

makes the determ nation based on bi-directional signal

mak@&athe IderBiiination Bhsed &mt biAftrestignahkignslanedsaratng, afjacdneiAP signal
| oss i nforrmti on, and the like, as desired. At 320,

megﬁ%% Uio§§ SnfofhhtiGi VRHAHE lﬁ’lEeOfds| idted. Th&t BBY! the RNM

e ca culatlon baséd on path | oss

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 updates the information, as appropriate. Note that the RNM may also employ various
well-known path loss and theoretical propagation models, together 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
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bal ance i nformati on, antenna bal ance i nformation, and

the system | evel and AP-level interference

i nformati on (descri bed above), as desired. At 325, the

RNM updat es and 15 stores the WLAN i nformati on stored
freduenéibe ofVoPeraB&E disoduthitepdvesrulevel, ahd tieliké) CThARNNSmay use an

and updates the information, as appropri ate. Note that

I t :
s RATRY, 40 IR U i gy s

sured data, to determ ne hypotheti cal cover age and
S F‘gnal conditions prior to making a change/ update, as
desired. 20 [0032] The RNM anal yzes the processed
maasuremants and the network map or nodel to

m_ne WLAN tunjng (Qr re-tuni n or configuration

[00§%Jr Fick é@hpwgarbéﬁchme}gr@ar ahehtaining W ﬁ@l Raine RAEametag ecording to

paranmeters to control the details of operation of each
an édenipdarg embotisnent df thHerirepntinn As motedy der RNMDuses inesvork model/map
out put power |evel, and the Iike). The RNM may use an

410 dRNADB/&atd Wd)ﬁto%?f%?m%&l‘y@i’s aphd R tﬁrﬁﬁ@ Bt &Uﬁnm?ltﬁ@“ﬁ%N. More
i nt eger or |inear pr ogr amm ng), as desired

a bl oc ramf r. obt ai ni
spefjfifaihac B RO g ERE 13 o b t@%est Ohl U910 and
the invention.. As noted, the RNM uses networ
MDR datp Alap Anelysiscaginpd | & aecg1vep8s o Iputsrasiepr éi‘?PJF $etlg 420, and one
aimed at tuning or re-tuning the WLAN. Mre
or mpeccdnstaintsy425 hAnklyis wagime Aial usss 8 desigéchtechdifue ¢e.g., integer or
process the network nodel 410 and MDB data 405.

lineAP PropTArim@pY i t0 rdvide HIRC RINYRS 0P fe-tuhfng! prathsteANOr Ghe WEAN. As
goal s 420, and one or nore constraints 425. Analysis

not%ggt}lg WSus%SQ’ G alnﬂl St%rr %dtuhﬁlg{}%dﬁ#efqﬁ{set? Qbontrblnth%g&fss Qﬁd hence,

|near prograrrm uni ng
re-tunin ara ﬁ/rs f Qr the WLAN. As noted the RNM

configuee ‘tfH%COP ﬁt“i‘?é SWLAN iR 3 ARRARIS MAREETer s t o control the
APs and, hence,

[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 ith AP, and K;-K; denote constants; 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
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configure or reconfigure the WLAN in a dynam ¢ manner.

[ 00341 As an exanple, goals 420 may i ncl ude

maxi m zation of the average AP bi- directional

t hroughput, maxi m zation of the radio signal strength,
useandideaxdrivty af other gbals laad Lbndtraiits,i as desmet, apd fasrpefSéas of ordinary

112A-112C. Constraints 425 may i ncl ude packet | oss
skill §the bRahd Have tIRY beBlit ofRAE BedeApBoP ¢ BB EReh@on MiderdtBRI

than K2, and AP; congestion |ess than K3, where AP;

denotes the ith AP, and K1-K3 denote constants; and

guality of service (QS) and predicted

{ 41 ' aS [ s 1 ' ' .

100385 88 5o bt od SoRETGE I ARG ooy R §P thflé Rapeciy

parameters 20 based gn goal s 420 and constraints 425.
overpild andgontsple Mate sgsgﬁg}al?m VAP accorging %@wwmna oy for AP

per- AP basis or on a network-w de basis, as desired.
oveNotild €apatier THeamatgimal ecoanpf @rovgding mnakddreore At @iz a WLAN is

merely an illustrative set of goals 420 and

relZiQB5t Mol s Fitterhdie, BB¥%use 42 APSE rélativeli 104RIdost dndPtheir ease of
ot her goals and constraints, as desired, and as

conglg& n?ncg Ide@rﬁg:lng@;}ﬁ 3 AlLI é&g}oﬁlﬁlgﬁ{,ton‘@qﬁlﬁgfﬁgﬂﬁg Sdditional APs

ener i cription o rnven

under st and. . | 0036] . As not ed above, one aspect of the
thr‘?“rgg‘%'ﬁttt ?/(géjlc'%ﬁd’é‘ i¢lativp §8%s t o dynamic capacity

overbuild and control. Mre specifically, WANs

according to the invention allow for AP 5 overbuild
capacity. The margi nal cost of providing an additional
IOOA*PfO Ferthermprpone mayeioatrplwhen teole pn apd ectivators perticular AP based

because of APs' relatively |ow cost and their ease of

on earivir Gietwaork @hatactegistivyg,netoh tine-warlaAiN oeslized oraffenfe,g..dne conference
may provi de additional APs throughout the WLAN with

rookB! 8hfiotPAPIRGuedcRRI3AN il BRETRARhe ARR. TRY RAMIIHA) automatically
when to turn on and activate a particular AP based 10

deq%ﬁ\éa\é? Fllglge(uf%?(? gﬁﬁﬁ o%(egg.%ﬁaﬁ:?lta ér'ag’ tg%%ﬁ%g gﬁ@g c%hfé?én\ég TS tas ended)
and, thus, reduce system-level interference. 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 to the figures, persons of ordinary skill in the art will note that the various
blocks shown may depict mainly the 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 blocks 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
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room, station/ AP frequencies and interference, and
the like. The RNM may autonatically deactivate
unneeded APs (for exanple, after a neeting in the
conference room as ended) and, thus, reduce

as iytdutan desigaland pedoineanea sgecifAationd fod a given implenadntation, as persons
create a VLAN within the W.LAN based on paraneters

of %Hﬁﬁhr?_%kﬂﬁ% tRE Qftl WBo IBEEARS UehsfitS of ‘iR description of the invention
aut hori zation, 15 workgroup associ ation, and the

I ke desired. .[0038] .Referring t.0 the figure : .

undsts g, DpPeGpicapym apacingiyd ghtedifigh?or eV Eign in addition
the various blocks shown nay depict nmainly the

to thegecdeperihed herawill bamappareat o pessans of grginary éklﬁdtl thg art who have the
circuit inplenmentation may or may not contain

beneéip af aliecyscrigon of itladb inveltdond waiceortlongly, hthis deacripnion teaches those
functional bl ocks and may or may not use the

skifP& il el &% thd Medhhtr ¥f slPWRe obPkhe? v R aRN® BE¥onstrued as
conmbi ne the functionality of various blocks into one

HICQQQ%it1b|°Ck’ as desired. Furthernore, one may
uﬁga}iﬂgxﬁmafunctionality of a single block in several
circuit blocks, as desired. The choice of circuit
I mpl ement ati on depends on various factors, such -13

rticul desi gn and performnce ecjfications
10033} The éqrwérp it iSRRI arggdﬁewg%gh%t@ {,% Fkeh 5 yhe presently
skill in the art who have the benefit of the
preteersdror pilustrativf embadimantenPersons skildhslis ttlaatt may make various changes
nodi fi cations and alternative enbodi nents of the
in tHRV shape,OKizé nd dgtdnp@fientt 6f pdres evithestc depaethgh @bt Me keope of the
apparent to persons of ordinary skill in the art who

invBRYch tdps%ri%ethHetm t d&{urﬁelﬂﬁ dleoci‘c&a%ﬂlé’,n?éfgor{shﬁ(i led in the art may
| i ngly, pt es

nvention. Accor this descri on teac t hose
skilled.in the ar h nner. o arryi out, t.he
sutRs EFPIe e b B BSRErT dLerAee 0 SiitoatiTee. Moreover,
only. 10039] The forms of the invention shown and
pergensckillsddn whp dayeytherbenefittafdhig descsiptipy of Prediegntiog may use
or illustrative enbodi nents. Persons skilled in the
certin femyresadfethe ainventionc indoapsmslently of the use of other features, without

departing from the scope of the invention.
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10 in the shape, size and arrangenment of parts w thout
departing fromthe scope of the invention described
in this docunent. For exanple, persons skilled in the
art may substitute equivalent elenents for the
Cladhments illustrated and descri bed here. Mbreover,
persons skilled in the art who have the benefit of
this description of the invention nmay use certain
features of the invention independently of the use of
ot her features, without 15 departing fromthe scope
of the invention. Cainms 5 10 1 An information
1. hanAhiimbnﬁafcﬁinemldn@%rst'eﬁi, R@mpesipg:ural ity of wireless
access points coupled in a wrel ess network, each
acc Pﬁlralﬂy bfyirkfdsd 'c{?:%esglgﬂﬁfﬂ c':otuﬁlegfin AGhitelsss H&QMHTE, each access
conftgured to conmunicate wth at |east one
respective nohjle client; a radio network manager .
Coubtedl BonT Rdhe Fufaliy ghics s Zomseonighie o CORaNpigateqvith at
net wor k manager configured to dynam cally control the
pl ur al i tlgagfongeespediive pasibileslienthd a dat abase coupled to
the radi o network manager, the database configured to
st o4 eadio Mt@bikerhige fdipleditd cheplualiBsst deedswpoints, the rddie
i nformati on handling systemaccording to claiml1,

wher ei n [ | '
ﬁa%]pﬁit I}r]l%lgd%én% ﬁ?lgﬁuregqg Hylgaéxgxgél@;&on%f)fﬁ'e %‘ﬁ?r?ll?tg r?f access

first set o I'tens communi ca
l'i nk betmeeg_ th at | east one nobile client and the
respect i V8" 8c¥¥Ss point in the plurality of access

poi nt s. i
a database coupled to the radio 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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15 3. The information handling system according to
claim2, wherein each access point in the plurality
of access points provides to the radi o network nmanager
a second set of information itens about communi cation
4, bet Fheinférhiratias basiingystémancbriling t6 eklajir Gl Wierehi each @abs point
one client. -15 4. The information handling system
in tAE Eﬁmiti‘ ef éc‘ée&'p%'ir{ﬁ Svov%@ kR frsERE B AGGRRBIoR AEME to h8 radio
the plurality of access points provides the first set
tof information itens to the radio network manager. 5.
ne ‘Vﬂg(l?’ﬁ?a&Fhati on handling system according to claim4,
wherein the radio network 5 manager cal cul ates
network tuni ng paraneters based on the first and
second sets of information itens. 6. The information
handl i ng system according to claimb5, wherein the

5§t of BuHAAHED RS R QHUAD HUIES e dp e B8 rdio network

network tuning paraneters. 10 7. The_ information
manzeg Falergatey Beteprkadoediaragnaters bpsgdpnghe firse ped secondsets of
radi o networ k manager uses the network tuning
infgratatioritems. to control the plurality of access points.
8. The information handling systemaccording to claim
1, further conprising a virtual |ocal area network
coupled to the plurality of access points. 9. The
i nformati on handli ng system according to claim1,
wherein a set of access 15 points in the plurality of
6. acCERSinfsration himilindeystymagtadingpaclain Santlereiiviie agito network
overbuild and control within the information handling
maﬁé’g%} ffther 0sk8 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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10. The information handling systemaccording to claim
1, wherein the radi o network manager and the dat abase

reside within a conputer. 11. The information handling
system according to claim1l1, wherein the radi o network

10. manBigeihfaaiatio® handling spitéerh atddrtingfo dlaies swherkintthe f@id@tetwork
to optimze an operation of the 5 wireless network. 10

i cal | i guring an operation
s eg&ﬁépg%g%%é?symr&,tﬁ?ﬁe%nfﬂgg%l ess network including
a plurality of access points each in wreless
communi cation wth at |east one client, the nethod
conpri sing: obtaining information about communi cation
bet ween each access point in the plurality of access
11.PO! ﬁlesinm&i iy hﬁrﬁﬁfﬂg%%t%rﬁ a?éorhﬁ?%(% cl%ﬂﬁﬁ'vh&@ 'the radio network
obtai ni'ng I'nformti 6n” about opeFating charac ery Sries
of the hunilal lt%/ of access.%goi nts; cal.cul at ieg%
mapger,cnBls e alurdlit gf S65eRain SOAS BroPHRiZS i1 cgalion of the
network; and wusing the cal cul ated paraneters to tune
5 wirgless mitwetkess net work. 15 13. The net hod according to
claim 12, wherein calculating paraneters relating to
operation of the wireless network further conprises
using a nodel of the wireless network, the nodel
configured to include information about the wrel ess
network. 14. The method according to claim 13, wherein
12.t heAmoetkod of dynhmically ebrfiguring tanmpkratisn obbwiklestindswork| e
obtai ning informati on about the wrel ess network, (Db)
wirblesd btwarktineludmg alplurglitytofacodkss poigseadteinwikdess(cenmunication
storing the nodel of t%,e wirel ess network, and (d

with BARLd: 3de b, P HRthc cobdpFisitg! ©f ess network.

obtaining information about communication between each access point in the
10 plurality of access points and the respective at least one client;
obtaining information about operating characteristics of the plurality of access
points;
calculating parameters relating to operation of the wireless network; and

using the calculated parameters to tune the wireless network.

15 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,

the model configured to include information about the wireless network.
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5 15. The nethod according to claim 12, further
conprising: fetching information stored in a database
that includes information about the wreless network;
calculating tinme-variant information about the

14.W r Ehessthodtasauriing teletaimi 13 nwingeia themelelaff thewielesy reneerk is
in the wireless network; 10 providi ng coverage

othi"n@(ﬁ bl 09 oBfaidiRe m%r‘ir?alu%ﬁ AR NOWrelesRARLIKD Q))tb'ilﬁdmg the model
information stofed in the database. 16. Thé net

R i AT i e

nprises anal yzing the nodel of the wrel ess
mOﬁ%‘thé‘P@(erF]ﬁﬁoYﬁ‘f‘H@flkon about conmuni cati on between each
access point in the plurality of 15 access points and
the respective at |east one client, and information
about operating characteristics of the plurality of
access points. 17. The nethod according to claim 15
wherei n anal yzing the nodel of the wireless network,
15.i nf Shevmethod agessding do pheim il 3afurther dompmising: each access
point in the plurality of access points and the
r esfesching/mf@inatien storedrin aclatabade, thatriacluddsanfoahatioh sbovatithe
operating -18 characteristics of the plurality of

access PRiiiless hdtwbfer conprises using an iterative
optl m zation techni que 18. The rret hod according to

ere t he ter ive tim atlon
¢ et ing RE-Raber B8 bhf B WP TRE cao
one goal, given at |east one constraint. 5 19. The
net %@rnaeweradpvfé of nterfesenee 1ty thewieslessmetviarky t he
iterative optim zation technique further conprises
usi pvidimpervepige grafitivigrd tlor wirelessgetwarkogr anmmi ng.

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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20. The nethod according to claim 12, wherein using
the cal cul ated paraneters to tune the wreless
network further conprises controlling an operation of
the plurality of access points. 10

characteristics of the plurality of access points further comprises using an iterative

optimization technique.

18.  The method according to claim 16, wherein using the iterative optimization

technique further comprises optimizing for at least one goal, given at least one constraint.

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.
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