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Title Wrel ess Broadband Net work Managenent Techni cal
Field This invention concerns the managenent of
waweoehsgss br oadband networks. In particul ar t hBCT/AU2008/000330
i nvention concerns a wrel ess broadband network
managenent systemthat is able to change connections
Titleh a network to better bal ance the |oad. In another
aspect, the Wikgit Beoadlfandl NEWoPR Maiageaieagi ng
br oadband networks. In further aspect, the invention
Teéﬁl@alsmglﬁware to inplenment the nmethod. Background Art
re ess broadband net wor ks are created by setting up

T Rt eﬁraaraassr' e s
pa 1 B %{7‘0 Sy em
th‘f ?Iégworlﬂr%wewear%wlwé eﬁ%r C?Fh? H%‘i mbquzwther
asnfrg'i Hg ieventionis 2 preted Jer meiAginedhpadbeptpetwairkse| ladhrther aspect,
theiprafen f a spdbydre tosimanléroers theNaethad. Ri pwave el ement
managenent system (EMS) is one exanple of RF access
technol ogies currently in use to configure and
Bapkgroud At BTSs and CPEs. Navini BTSs inplenment a set
of rules that describe what should occur when CPEs on

wistldsk %f&ﬂ%armel%\ﬁfbﬂk"s UcSorebbd G sdfihdBY A ¥rr&PbRI8e it
bas%l%%ﬁgcen%lr taﬁ&(go(%t ftlﬁ[)u o'ﬁ't fh% cE) glsr gaQ‘ a‘ﬁﬁé@ nting a
rad1ch§5cgle d(lﬁﬁ %{:eas te 610 ﬁr itfers X4l 4 Sc8?ferage
thef SRS P v e erd%ﬁmlﬁe&qalpmeﬂr P lasgmodems
or 1BBile $PS- Servi ce enforcement. And, forcing CPEs to
drop off and conduct their own search for an
Nayint gm’réavw engrsmamgemepsysteonBd ) sonaenamplyei RF dreess
techrplogieeeirntly ot vsertg comfimire end provisih BBSs arebGRIES e¥avini
BT&¢ oopldineyt a st bf rodad thattdesaibepdet slgrubdigacur svhen OPESs on different
desctipieess tvhivhpronaritpiélae té plah Bpsedpsih avhpate forSinddd resources on a
BT8| gheretdpendvmactsns Woxsitik fheah B TE RGon ’é‘él are smart

RF adeiveaslidbhatibhel r own deci si on-ma

cap If a

Agglédtfoh%? fé\fi Irfs% Bﬁ& SechRushd tﬁ;nﬂ @H%{ émggg

= i kT R R

beh our is not determnlstlc In addltlon t he CPEs

must stay configured as nonmadic at all times in order
This BTegonesstion Jeanpgenaens shamis bassd enipugieg EPHF tcheamtend for
reseyoesrasgerding tp fixgd ety af peer goubs.camdshetloseshanproiknatien to this
behayiope seinyal gomishsyknowarad Max-blel balewring. her e are peri odic

dai ly, weekly, and seasonal traffic peaks to manage,
CPES ansalartelBF ¥estdsy with filiedf owa dsdsibn-Makivg da@stilitiéy/adaassbt be
foréedat dd QAHR: QF b CPE ik A6t K &Wﬂh thd Bﬁ'reéﬁ’ RE @lafiey ikMBsource
all@@h &, livvwill §ifhplyedtiacRanRdivh, gﬁfﬁf ttach
ThdBREE cqrEebe%% R %& Rl 32 ﬁ%tay

%1 A5 oaRR At aﬁ tim §1$'de}'J B Gmamtlatnhs }I%Jlgsp e é r1‘(fy aggwg?re

ng resource deiran e alr

Wltﬁh Cogei;%ona scarce

All data gathered from such a network is extremely ‘noisy’, and in addition there are
periodic daily, weekly, and seasonal traffic peaks to manage, as well as vastly
differing spatial or locality-based load demands across the network.

i
—

(L")

The CPE:s also have greatly different bandwidth demand behaviour, and there are
descriptors in both upload and download paths varying from 32Kbps up to 1024Kbps.
This has a corresponding resource demand on the air interface of the BTS, a scarce
resource to be carefully managed.



10

15

20

25

30

35

40

45

resource to be carefully managed.It is not possible to
i nspect the current list of visible BTSs to a
w@a0siigdiar CPE as no interfrace for this exi stBCT/BUS08/000330
| oads thenselves can vary wildly every 15 mi nutes from
nmoderately busy to conpletely overloaded and vice
versa. Due to physical environnent and |ocalised
It is@itiposidisle td spedt theBhfenelise oL tidibkaBEBS to Mpgrecilar OB aeno

intdBRst B ShislekRise 1S often no single definition of
overal | BTS | oad indicator, or resource usage

sk %gggggﬁzggg% R L
es

ron-when' this point is reached In t he

cas vini Ri i.ndictor | Rej e
Dugtap S{C P pnmeatad lemélﬁ@e DS Bt T Sr?F‘F aﬂgb E%
perfypinge. Rgsider, theredpefian: nosesle dpigusen eﬁo‘éF‘ﬁ LRt
indRFOT . NeRevTdecags ihdisetor.dis tliase mmwgmsm tegpgoureppottlenecks,
butdlpere thoysually e fndatorthat defihes cofgestion mihen 8tis peint ¥ reached. In
thedeseorfiNdvoni Ripeest, theindsdisy istih¢ REectiddtiv (RR)widiusere t o

each CPE. When BTSs are congested, rarified access to
Thaék bre thloghiia Geflups et eral CBE lisk epedalB T Hngtfopugh RR
patiOBEStdaResBon RAL&s FRFert QEschibRAs MK febdd, a@ifferent levels of
dethH et ASHT S&EE%@ %sl: IVEBTOBuRE é)b@l\’l@ 'ﬂﬁfcg?@ td &cB CPE. When

BTY: i c%rciges Jdo§ c&:@% Jl?ln@ﬂg X CO vgtralthE
thrghRR wghem Poih dogs, Kot brogePa] s i, ol ect s

.transcej ver stations (BTSs), and the BTSs to which
Disglosurecqf the Inveti®Rer preni se equi pment (CPE) can

connect. A processor to correlate the data coll ected,
The mvemsinntis p vovebesa broadbandondtw prkrrhenragemens; Systoma eyrpEngs

perA detamnbectvh epgimedo cottaced@PEsncaninBFsic lewldthragh the
netwotlebgse thnsorivegstBi&s (BAYs)CREd the BB stto vaiichopmtian GRiSstomer
prefRdEERGipnhS (EPE) ¢inseniyect i ons to inmprove network

perA 9fdm§s@e td Eorfedab tHel d%s colle6reatb andBir BeerfPhbekiied
perfdrBfth ?d}ﬁﬂhcesdﬁn%@ nidie CPETUAL BAELQB délebh

undd gffr Té fnd ChE, aﬁgt QE RRRE (IRERidRS Rt S
d1s@o (9( etw%gé et i ficin gﬁnﬁnémnagenent

I'on an mgration hi story

" Ee s é} gagaé:ﬂa connectl ons between the BTSs th
The gata F: (o{ne) g TR “i‘aé]gg‘?i%?t SPEFHEE ITiuRL %’d’é‘r}Y !
the\gieiems; theate inplades agiorarere of BEP perpmaangs dats; loghpt Bet o
elemmem@mmnﬁnfcﬂw@msya@@E tegiftiation pad pigyten hisesy -t he

second reginen filters CPE registration attenpts on
ThsyyenBiE@y changdi coanéctivheb&@Resn the BESssanl ulse/CBESaccotding to two
reghféd @erhmigdn emdemewheed At any cycle of the |oad

bathamhbtiggienaiklects TPt QERRBY 16 8Idve tient Hemflsh BHSego
les€ b&JL BT‘& an®BTS load matrix; mnimsing the matrix

USt %&E IncRQNRACEPH kil bﬂau&ﬁng@%n%w angk @Ja&@n the
CPFg I Bl hlorat T maled smapshol of
e ne Yad i'S noved; conparing the

esti e t o aJ, get bandvvi dth t : .and
AL EREFY ?%ﬂtﬁl @a%%} nﬁwgngﬁee{h%ﬁyisepmw o thaldlorishe
t ar §eetingnh SIrdeH Walivove may depend on the total

r esmymgésmg grixasing 83 CPE connect1v1ty data;
using extrapolation techniques to create a future estimated snapshot of the

network load if a CPE is moved,
comparing the estimated snapshot to a target bandwidth to move;
and then creating a difference or perturbation matrix.
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according to their profiles, and a tinme-varying gain

factor to take into account dynamc CPE traffic
walemwansis’73 A CPE may be noved from an ori gi nal BITBAU2008/000330

new BTS if the | oad | evel of the new BTS is | ower

| evel than the | oad | evel of the original BTS;, and the
ThettitgeEiabdwadth t6 thoke aiagrdepsndditf the totaltresoubhatusage ofwll CBEd
accor@i@! to didif HOANRG Lande! thRERatyliey BliSRictdd t@takb @@s tacédunt dynamic
CPE LR a9ad l'evel differéence. The two | oad bal ancing

regl mes may operate in one of the follow ng nodes: an

A Slm%l)a pioyed fry)\ﬁeef e r%ugl) %’['Sst MGIRTS ifthd faBLR] bPdk new
suf%lf oA E

g Qﬁ ﬁe a3h arean
1 e n ?DU@ ‘P?éﬁ ggﬁr?ﬂcf’ Ewe(‘?’é\ cﬁ?@ BV }'ela%\y

ingE Uy @acb]ﬁv@ll Pre’EﬂeS or has an adjacent sector to its
original BTS. The system nay effect connection changes
Theltyvo lbad balemping 1€BEeshay efesat@itsorietofithe fllosdngearodes: i s no
| cmgekrlay welde,dviBTSa SIlhisebved teenew BI'S thathagpEliregihepacity
ovetlbgbs fierigiRE BES;nmdl onger nomadi c. probing the CPE
WhinCdVed&y pRIS adjrabéﬂt st@sr modPwdrd &€PE BliBosahfocinevaBd Sithat

has dule:ct.t &?901%1 dwaeldy BQlt@&ﬁﬁmhltB’PSi dr §8€aritjhdent dector to its
ongtq | ands' on the desired target BTS. at that
|ms settlngthe CPE to Nomadic with Preferred, with

BTS settl ngs confi gur ed

The[ safs cgm% 1019 ﬁ)a Eil% and ana

or i gﬁnﬁ afathae% i émmt P SR EES a“%\otrweeed t
SeTYife ISC(F%Fat thaf et RE 18Rl | me and usdat e an

st arplipg the CRF whishactine @IWH%W EBH
themrattaod to Bids dteonsae netil ibpisnaeBy i lands) enélge @ﬂﬂrfsdw gt |Bz,Tt$

i t attHat toteseitiag shea@BE 40 Nemptis with Brsfiriedcwithdis tHame BTS and
Neighbogiag BES sytidhgs confighrad to fhréfariitrio tlesnevwAtarga 84S, andaway
frofliBe Sygh&MBTRY nove up to a configurable cycle rate,

f oran@meamy Sevepdl tebEfg PRks S Ghd: crddied fywiteintRCBE aedrsime
and¥}Btel ahy @%%gt%stf@r fe‘f‘ér@ﬁééeﬁl’?en dohtedlpRinalfhRge kdvegduce

Its own vvork oad over tine by créating

Q%%%ﬁér%{e i %?clgid&? hi E ﬁﬁlgét%ﬁéﬁﬁn&) Betd s to apply

The
cong Q\tléoﬁﬁg%%eét e %’ﬂ‘@y %ﬁgtl FHI ysfurthesego:TEf’lese a

Iurallt of canaries progra dto recelveé cl

At pyabimmsdhie SEHERTIAS Tals W ©erOBLEBRDE S¥EIS e gg?éag%p ?rﬁé’
CPRepeiowklep dhesysramaaly adnvhereit aprgs do dxtefiane. pib
redugeeifs m\moelplmd oven dimedwydreatinggettlad pagnéors GlftCePESébf!tévﬂl
stayray thieropkiueid BUSs eeerQvfesr thaCBE het bdenatsst of pqwadireyyclefiean

Opi ni on Score (MXS), HITP throughput, packet |oss,
Thé byistedd mapdultiai @Bfyrites bRirality 6f sanatiesproprainiiesd tperecfeﬂ)\rems
cothRAA@SHIA Ahd fydfekl PGuRA sbil® dfft@ls toGsétsé heGRtwakipRfotr@ance
fro tﬁg KnEORBEES dotdel gncﬂ%ﬁ&@ fH@%@&ﬁ’ts td (1R s§¥eMmEMhe tests
ma Wi rV(?}i%gﬁv 1G4 @E@ TVOIP R MGnSGTRIH S Brd @FO8) e

q&gg t@éﬁgtnlesené n&dﬁg@n Ll nterface effi CI ency

esource usage ratio to

det ect CPEs that violate their ept S I|c
The, piptepm BRTher piagransi TRgregssE %f% i Gt fo track
chapges Bmebv ok PeHPTRYIE: of the fol | ovm ng:

The system further uses the correlated data to compute a resource usage ratio
representing the air interface efficiency between a CPE and a BTS. The resource usage
ratio to detect CPEs that violate their acceptable usage policy and when a violating
CPE is detected, the system performs one or more of the following:

changing the speed descriptor of the CPE to a lower minimum resource
allocation;
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changi ng the speed descriptor of the CPE to a | owner

m ni mum resource allocation;dropping the CPE to a
wo omen3descri ptor class of gervice until the QOREI/AU2008/000330

conplies with its acceptabl e usage policy; sending

war ni ng nessages to the CPE;, placing the CPE as the

f i dedppienthe €PHfto hddwer deserimiot dass of eevvBESntibthe CPE complies
with e iaptablg vk polisper of times this CPE can be

di st aYy mbdshi®ss tafeh CRIE;sabl ing the CPE. The

SY SIRMRY CPElds Mg F RN FARHSARN R 18 errreearm ciddat a
1ncr?:£81 e(ﬁ[lm%g{ @f t%é_srtﬁﬁr@i’]ﬁa—aﬁsoetcﬁstﬁ#b%%%% &

e system ma rther pér orm BTS

per orma op imsation, conprising the steps of :
extractin rforrrancedtafro
The SyFiE@apBATTIRT BRDH GEBPB G BT G E4 A50S g CPEs and

BTR&piaas¥yeIgr i pldpRgUAe IBH8i t i ons, computing an opti mal
settings for each BTS based known rel ati onshi ps. anon
Thetsyste®Ti8ay fathdr perfirmgBTH peSTganee optirgisatierd comangng @q%

of: connections to achieve the optimal settings conputed.
Thexay&ingB Toiyertpanvd ddta fomdhedstacbll&T&Es, tens of
t hoppa obiiasl sefit@s F@ RSy BiktysEcpeRhinB tondineis, ay s
beiBgpRahe e §5tiRdl sefmgs fol RECISHTS BRoIBMnABRIARN ips among
teﬁﬁ%@r grence in the netvvork based on CPE and BTS
Q#lrﬁ}l ']91:’59 %ﬁ@ﬁ%n&%%ﬂ REn{AGE WRobtimal
or =1y] e an ty [ cators based on networ
E perfor mance and BTS efficiency.

Corrrrunl catl on bpetween. a and a I ural,it
Thegygiepemay sone Wity %%rtdgsfls Oé%fﬁ? tens pf thopang @%ﬁﬁ%&g}g frs of
setsf| BL'S @vaslage being halauepdet ovfge. net wor k stati stics on: BTS

| oad state and demand to facilitate | oad bal anci
TheBFStetnmey glyp detectahtat ferbntoinf the nétwtoalt based ad (P& mddB’?ﬁg
regiSirAigreddtair bat i on that represents CPE nigration anong a

group of two or nore BTSs, BTS equival ence that

RH @8 E&leulaﬁssmtpleﬁbmceramqmﬁy aididetEs bhet waen

netxg Rrevdh ‘[l}é ngf&%éﬁ%@gﬁd BERE sty bance t hat

represents the history of CPE mgration to facilitate
I
COl.n

sett

AP ENAh o BIS Pl bbb agbidehdl
um%a[fgcess ratio to facil | tate | oad bal anci ng, CPE

resource usage to record resoyrce-wasting CPEs, and
The system may be able to process a number of networ. StatIStICS on:

BTS load state and demand to facilitate load balancing,

BTS throughput related to facilitate load balancing,

BTS perturbation that represents CPE migration among a group of two or more
BTSs,

BTS equivalence that measures the mass population movement of CPEs
between BTSs,

BTS resource usage,

CPE disturbance that represents the history of CPE migration to facilitate load
balancing,

CPE affinity with a BTS to facilitate load balancing,

CPE migration and return and migration success ratio to facilitate load
balancing,

CPE resource usage to record resource-wasting CPEs, and

CPE performance that is used to troubleshoot end customer connectivity or
other service quality-related issues.
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CPE performance that is used to troubl eshoot end
custoner connectivity or other service quality-rel ated
WO 2®8a34rn a further aspects the invention i s BCHBURW®E000330
for managi ng w rel ess broadband networks, conprising
the steps of: collecting data concerning traffic
In al fertiedraspder, ahigmveigomis tunstkodofas enahaging eeteless betadbandns
netbGFESsompeisihetthestBfSsf: t o whi ch particul ar cust oner
Preafb& gt dMBsthing@REic fRbls ER00EE the stk daskfrahsceiver
statfoRb t]??@é) O 48RO BT t&Fhich!akiciBr thfoal fremel aipatnt (CPE)

f t
e e

CPEs; and and automatically
cdﬁ%‘?l?gmélgﬁe ﬂ %@c‘a’l tons from a BTS
t SBTRSFREPH YWGP‘F@ <5’|r H’é’ﬁ% F]a‘i“gg Bi e,

arfistasEing yagraperioripg Bhveatd GRESSNY sof t war e

i rapdamtomaticaldy mm@PB\m@ta@é gnd rigscowetwn@\fécrm p&IS to
imppowviatieskpecfonpareieensial imand ful |y i nt egrated busi ness

intelligence system optimsation system and | earni ng
In anethePsdpestpiha geventibn syBicfwarotonapilément tameihed.and

opti m se the performance of a network. The invention

Ad®h §1§sl}n %ﬁé"ﬁﬁﬁf&nﬁﬁeﬂr@%ﬁéssa tinpreRdsRe and Bdly Sesgrabdibusiness

int h@éj {e?n Iy H“ﬁé’a Eﬁ%@ﬁq nd feraﬂJ HERmAndg@miedesystem to

moni orumtan ﬁfn\féea & nl F Q&d "an% gﬁ%ﬁﬂ% b?es
?é?fé Q mon ipplate ne ortk

ml%? o ér@@roe,tfwaggﬂr?ﬁ% g%%@*g loqeqry g iRy SPUF T, th‘?

netfa®k to network stress: monitor BTS heal th incl uding
power, internal capacity and resource allocation
Thesiavéntionimaay, besusg lay 2 masegeneapndpleaningieoléein be used to
f oridest#fy BESsdahsiaosundenstigssymes; facilitate dynamic
opteasast dattraffis 2ing relufetitbativb@netiwbrlastedsy,ses by usi ng
hi shehit&BTIIBdakh 1ﬁ¢l{1d11ﬁ% boweRintérnakcagadity dndassoanye allocation
act®¥sem that has any information about the network; run

an g BLy’ H@ablien él ﬁ&}ﬁatccgﬁ 315 h@d@é foiebakt E&adsidn @inﬁ?faﬁféﬁ s

g gna processi ng data anaIyS|s
n

ili aQQH A
prz%; g i%v atlg a'l SX E L?%ﬁﬁ%b'c&sdat expl oi t Hr]]e
e e s R P M.
nety| B’t' mat e various business tasks in feal -ti nme; autopat e
varPBas 2pplifietion theg eerdlgtenhis FRiz and Rswioare fyszyileac and other
sigesl prasiessinghdate analesds teahnigees|te itgntibr ielatioasldpyat a t o
i dexpiditthepnicasssd agonmationyts aeabiinie desisiam @bouitiet a
activhslerercan ¢ike ad improve petfedhancst ori cal cust omer prem ses
equivpsresit vamcusthasinesssthéedsiinreatiai®; f or accurate end
C UsdudrRite REOOIsaRYidi fRgResdyoptfdsasioh utiddties;
exploit short, medium and long term trend data to identify weaknesses and
system anomalies; and
gather a wide range of correlated historical customer premises equipment and
baste station data for accurate end customer problem diagnosis and service
restoration,

This is achieved by using powerful signal processing and artificial intelligence
techniques to make smart, real-time decisions about network performance options that
improve customer connections, optimise network capacity and planning, and reduce
operational costs in order to achieve faster return on network investment.

Using the invention, wireless broadband companies may:
improve customer connections, service and retention;
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restoration. This is achieved by using powerful signal
processing and artificial intelligence techniques to

woredos/ 1383 t, real -time deci gi ons about networ KPCT/AU2008/000330
performance options that inprove customer connections,
opti m se network capacity and planni ng, and reduce
0peimpfdve RapactP Shisability oh digs ndtworkghi eve faster return on
net I\HB fcI‘Kfe 'r&\iﬁ%rﬁi%%stmbﬁt‘ FbebNiBandpinedapadity sihafdedtets;

br g aRhaslfi&y: | MProve customer connections,
sery u%ﬁﬁ @“9%

'aﬁf& I mprove capacity capability on
roVe |n st ment by best
mar?If nggfbgg ’;Iheéﬁﬁ%ﬁatclze n?%n P I/Igr ove pI annl ng

capabj lities; reduce. call ce tre cosg% tl'hhe
Thejguentrogrs flgp %%?“%’éb‘il?fhﬁfys@% BrkaTN TebL en%ﬂsers wi
powerfpdpetiocdtoqlsthal: so an opti ni sati on systemthat arns

netprevidesasgimieaiatn ipistppat Paliketinisaian aHvites| s t hat

pr dedibimges alyoamiztaptidasagionp support static optim sation

actdoliedts esd stbras dhth tfart lstoryad aepocts apd pifermanen anad iy wetriss
to iAVtigAte HRsefitats d fhafindacivitidscalch me post Sfwvae ppddiodovariosds;

analnysle$ akBiidfsted Sotivitil Sinpoditde td@ndbdtesimially, sucinasgal-
tim@fh) t}’c‘ dduBsatish Ghd AleriBSSstad@ed; wage updat e downl oads;

@&5% H@Jr? I?eCeIHlé’ Iot ée@ﬁle I HPRRSrP hid hRtr&cd 'EKIEI# Gkst

;
I I E I t d
sm&??%?ﬁw%oﬁk HeRler B derinee’ net'mf,rﬁqéﬁgl neers to b
e Ehok GOFRUIE NG DB ?ﬁ%ﬁ%ﬁ ﬁ%ﬁ%t nd8 g 8y M s
6‘(}%‘

oA s LGB AR bHPALD S pgiwaticand to
balfmpe trafidic betwaen heamiy ang Hightheloaged hase slatiens. dddtionallyn g
netwotk egpaitostalsarienefitdiem apeyed tatuinpng 1ﬁ@sﬁé§%3@h‘ﬁ’<ﬂl }{%her
avadgdeansienter adint pebBTSeen heavily and |ightly | oaded

base stations. Additionally, network operators al so
Th@ﬁf&%btt galrsQi Ih%bmtﬁ?d) g b Bvenll pleves bfieetivo(iR@irforaxatce and
repBHIREIpAUE bASIBCCHRhSSETRTCE e iReSduBiSn ofidy sdftlvargahe
int@Ah&R % bGedBhd bds¥ sfaﬁo&aédal @BnER48H ahtbni LAt 8 tilts to
SOIX%Q‘I}’/]@ al@ﬁe&%@%ﬁe?n report on inpacts of other

es such as't I'ntroducti on of new software, the
In écﬁﬁtrl&ij e inO&htidh cREMlesiht REstamer asice flpadsbiitativaarot the Help
ges in antenna azinuth and tilts to solve
p0t %III) Bhd o%%fcﬁﬁér% | S HEfandd whE %Ietate? Becukrdls);
I nven se ftIiI E @foﬁﬁﬂd&ﬁ récﬁers@r%ﬁ:rét atives

] ﬁél C%
3
perF‘ereFFé%?é ¢ Ipﬁr% aéI]tcgrsm %t%clﬁra acy: pr oagﬁI (I/ngIg s

i deMqve o D8 StHnp orrmnce rradio service:

| nv@@wlg'ndﬂ@e@raeda@w B CHEPREISSIALS 1§ AR S Vi) hiSfoRfgyperforinance
wheovelltis waeivedat i stics; nmove nodens between base

st atoptimdse GRE cariegtians aetheprafedredisettings, esdt oner s’ i ssue

I s apdate €PBEesoftiasd. ori ¢ performance when a call is

recei ved; optim se CPE connections with preferred
Ushf ﬁlisrlﬁ%nti%ﬁda concept called virtual CSR emerges. The invention automates
as many of the manual activities usually performed by CSRs as possible without
requiring interactive customer contact, and helps to pre-empt customer dissatisfaction.
Customer dissatisfaction can be preempted by automatically analysing every
customer’s connection quality and speed over time, and instantly fix or flag CPEs
whose service quality is detected as recently deteriorated significantly.

Advantageously, the system is robust and stable enough to deal with short term
network anomalies, such as site, cluster or network-wide resets and recalibrations,
without losing track of what it was doing or diverging.
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update CPE software. Using this invention, a concept
called virtual CSR energes. The invention autonates as

wWOorenvy/189f473 he manual activitiyes usual |y perf or neGr/Ay2008/000330

CSRs as possible without requiring interactive
custoner contact, and hel ps to pre-enpt custoner

di ssatisfaction. Customer dissatisfaction can be
preenpted by automatically anal ysing every custoner's

éfﬁf@g@ﬁ h@,pogﬂﬁllbltaxvﬁgg speed over time, and instantly
ix or flag CPEs whoSe service quality is detected as

An ?)ﬁa(fnepné !)f%/ ihd ?ﬁv%ﬁh&%@ﬁl?go@ gg ﬁ%&%ﬁ%@&‘%ﬂé reft%ﬂa @d gg%ﬁ ously,

€ enou w th

W“tg na such as site, cluster or
net \A%rlkls\ﬂndé@egr?rgé’éf‘ylﬁi?fs&’ BP i?s ut | 0sing
t r dd& 206 aagramof Waesareiateﬁ@r%?? Wélfeg;sabf%ﬁéaé% ork
manpggRentsysten e3P Ny BRiHEatish exanpl e of the
i nVidgt3 isn serekhshebof the wrstass binedbaidimetwerkapanagemeny sysigm
inteefacoexpamlifying treawvengion. i n which: Fig. 1 is a di agram
of Mg iselsessndtiooafiihanehdriedanoeddnteffiace. 2 i s a di agram
of HiBe Bhakkimplewia BIS-CRE lvad @heks broadband net wor k
mrﬁg%@h R YSHRBrOpREMM i ipagmbhealicament i on. Fig. 3
I's }ﬁésﬁs% SRRt B dhpal89Salpbd@dband net wor k

t
Inﬁ\r/ﬁ %ng% ﬂ@&iﬁ?ﬁg rc%fgflhgisﬁe( g@'bhl :lfélﬁ }allfggghhr% Al ancer
D 51@ an%’fﬁngtyefﬁcwmq }ge i .
affipigy POk yr ve., is a flowhart of the Attenpt

Movidgal lglélapteﬁﬁilplﬁoéamﬁil@aﬁo? Pdfchart of the

oppdigt L2nis stscrsenshati ol astereng TS FigBstios featuriod thedopdsbajancer.

f | olighkr is actreehghof of the thrbeghpubmoniieiingfeatugoef thaleadri g.
baldkd¢m) is an affinity cache timeout plot and Fig. 10(b)

| s Figlidme-asarephdtot af fhie peityrbde@i monitorplgofieatufd of thd bads
baldfeexanpl e of a perturbation plot. Fig. 12 is a

SC rﬁ@ n@ﬁta s@f‘eehﬁfét 8fthe (P HTistusadbd mbhRsrideRhtuteofdhe 1dag
al ancer. Fig. 13 is a screenshot of the

%r%rlg %g%’féta JTRIL L% b e t &[uﬁva?énc% e tBﬁH§ haLapcer -
i

fe gl 5% reatiSTAr e icr bR STbULRA LA [ROkker | ng

e s epu bR GO bty iee Bapit gef%e o8
baI BigcEt 1s apscgpenghipt pt EEP AOMOBHOT HNESTEC
equi val ence nonitoring interface. Fig. 17 is a
Bes¢ M edusaifi ghe bfventien CPE r esour ce usage nonitoring
interface. Fig. 18 is a screenshot of the CPE
Refearifeofirgbiodig . nip et wirélags tiroddbahdoetwork 00 d@nprises a network
maﬁ@greﬁ@ﬁﬁég@tenpiod ke §ERnT)es oumarnitation withnglumtigrdfdiement
MaBEsdmdMPI@sterl (ENISs) TN0BHHiLI haRedead plundity of Biselartstgverl,
stalibfs (TS B35 B8 eRGHAM Pfk?lh‘é‘@E&ulﬂleQnt‘é QOPEL)SISD. EableBWSI1R0

has its own coverage area 125 and is able to service any CPEs that are within the area.

BTSs may have overlapped coverage areas. For example, the coverage area 152 of
BTS 150 also encompasses the smaller coverage areas 162 and 172 of BTSs 160 and
170, respectively. Suppose that BTS 150 is serving CPE 154; BTS 160 is serving
CPEs 164 and 166 while BTS 170 is serving 174. CPEs 164 and 174 are also within
the coverage area 152 while CPE 166 is also within the coverage areas of both BTSs
150 and 170. Such overlay architecture enables load to be redistributed among BTSs
150, 160 and 170 during congestion. For example, when BTS 160 is overloaded, CPE
166 may be moved to either BTS 150 or 170.
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managenent system 200 (the system in conmunication

wth a plurality of El enent Managenent Systens (EMSs)
walesmsi4ch manage a pluraligy of Base Transcei RE/AU2008/000330

Stations (BTSs) 120; and Custoner Premnmi se Equi pnents

(CPEs) 130. Each BTS 120 has its own coverage area 125
Theaysteins200kb 8lsd tn s@nmiitieatioryofGRtsratityadf devizesd 4(héailet loanaries,
whidh 8/ pl&ESSrdvRM thavetwokern lasfpetkteoresagemanaasom o point of
vieE baRRk&neshe coverage area 152 of BTS 150 al so

enconpasses the smaller coverage areas 162 and 172 of

ITSs 160 0, respectively. Suppose that BTS 150
API’.%“@%’%@.’%"Z*}%ﬂézlsm BTS 160 is serving CPEs 164 and

166 while BTS 170 is servi 174.. CPEs 16 1d. 174 .aF
Th%@écwwﬁll@ﬁ@f%ﬂfﬁ? &@é@%?@%@%&‘%ﬁE 1 @Eﬂ%}s"f‘%‘d&&a‘
unitg) 568 Kig-t2hi TheramehieeEs GyePTses OB OBPL™MEO and
17 Risiday mapagar 249 ar chitecture enables load to be
r edVadificationt mdnagepAtS.BTSs 150, 160 and 170 during
coriMS tQuene nfaoageeX20pl e, when BTS 160 i s overl oaded,
CPBdtsHbolimiobe@2foved to ei ther BTS 150 or 170. The
sysgy@féhzﬁgmthsnaalhg@mo, comuni cation of a plurality of
devii aeshakdPed@hd 235, canari es, which are placed around
thenped N dercthets@ess network performance from the

poi Le gystoners. Application Architecture
The&tgf)rg lfe}:ﬂ%\' [ cr)lgéea{rc itecture of the system 200 is

Dag e nc?%zgfﬁn% Bt kOOl Al élde?sgﬂ'nclfymﬂh & daB 3G bIBTS
perfsmgBRetits EMP sty 198 nB o381 oF E RISERFT (?%et SRR g%%r
conpegiOnENEOT ARG UNARIEH Eatabne, angdepmbinss thedaht SEESEIS IOGNE
strdagufor homelaayer 230. Rul es- based engi ne 235, Fuzzy

| ogi c engi ne 240. O her queue manager 245. Data
The dhth ecdxmract2@ Froempidnsirygsteddard datalases wich aaaysigecyEses
datAbisb, 4 Kiy&t-R dafen Taiftd GeaphBT GIREG) detabase@nd atRynagieHHost
CofthiSir8id: P@focol OHUCES ddtsbaséiFbedtoretl ivf &1 fndereal state database.

connectivity, connection history and custoner
The 307560 1A% GANR! JrREarBiRl&iSbhsa8 FhalySd R ABA:

_s?’% St Rat Pdats %’ﬁiﬁg%ﬁ@geg %@@@E, Al PR¥1cba&d e drlTor
an%gge?%g gééﬁsla‘ggndﬁ{)? d ases such’ as "a usage system

1ase; - ter. Traffic & er

e e sl aenoy A S5 e G PR AR L ot e
complgerycigionnihee UseAl heeie FFPOHLs isedn i nternal state

dat abase. The system 200 then uses two types of search.
Thd eysterh andesigned tatupsa thhbinyatplatiosmand arakyyeh “ﬁ%hntﬁﬁ glavml
CotlecAP], o ésan SitergctSth tharetenpms mpndgament systsran $he system also
worlsSWEll vty vesbeseivfites, shpe ATAX) javaradd MySQL ¢dchhology.

intelligence and fuzzy |ogic techniques to discover
Thb s§Els 200 theRBkRdERRANNEREd] 3halpsis vh eeadatstiihg htificial
int 1"1’1:%@1956 & HS&Gsind RENAVDEEHT tufes HASIHMBThel X3 5Tadd fRixylbiic
en IBF Y%0.P e%z %%ﬂ:a HndB4K g bwiak fR1ak Be\ngird, héeRding
Ca%%lﬁtée?%%njﬁgl%%ﬁg{l‘g%%é?g %trcylvfgt dSNEKSISIRBL 21 PRARAR TE Ssue
€C1S1

detection and ot making.

Interface 300

Display manager 210 provides an interface 300 to the system 200 for system users 205
to monitor, configure, troubleshoot and control the wireless broadband network 100.
System users 205 may be network engineers who configure and monitor the
performance of the network or customer service representatives who deal with
customer enquiries and perform troubleshooting.
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works well with web services, php, AJAX, Java and
MySQL technol ogy. The system 200 t hen conducts

woredoBasmird cal anal ysis on the data using arti fPCi/aD2008/000330

intelligence data processing techni ques of rul es-based
engi ne 235 and fuzzy |ogic engine 240. Fuzzy logic
Referfigp hewad Fig. @, g ikiecfice 300 @hassed ihe folbnging dcatiras
| edjohd Bglaga@anD) i ties and runs a sequence of strong
angnepdnifdiagsisiiser al gorithms for issue detection and
de@ipH Rk TR G ce MbhREE 8¢ 300 Di splay manager 210
pr%\éi %ﬁ“ﬂ‘récﬂ& rixgce 300 to the system 200 for system
us § £.0_ 1D |§3cbf configure, troubl eshoot and
co ij;WP ess( ?\gband twork 100. System
uséycseBigie lgé olye¥ g??e%si %igln (c)&zi[i nd
moi lokey Qualifyindicsamkey Berivmante PRI 4
s elGRERerfasmaaecMoaitenasks, who deal with custoner
endviery Asalysat 398y f or m t r oubl eshoot i ng. Referring now to
Fi ®TBResonseiMomtdra6s, 300 conprises the foll owi ng
f e®T® ©ptimiseadoBal ancer 310, BTS Equi val ence 315, CPE
Re gpidffeRnts 2ges MIcitod 3632d Regr essi on Tracki ng 325,
CPEERenhickstNesmpor k 330, Acceptabl e Usage Policy (AUP)
Manager 335, BTS Key Quality Indicator-Key Performance

' r,1pKQ - KPI') 340, CPE Perfornmance Monitor 345,
Loa&]%‘%’gﬁ%ggllj@ser 350, BTS Resource Monitor 355, BTS

tims 360, Interference,zZones nj
Logdalafefiey 03 aa%ﬂ&aﬁ%aﬁ%}%‘sﬁﬁ?sﬁfﬁuée e
diffgping [93f Stalasiip Fral BRI Sy RO YR [FREF ?Z{eﬁ’& ﬂlfni agtfef Gn¢ 8oal1s to
arripe et Rl piraded eaparity avariays. (aBa edveed BAK; 34 Qsrall engnyRpe
BTHovi ng CPEs between them The end goal is to arrive at
equal |y | oaded capacity overlays, and reduced peak
Thd load baluereald impieraenjedousng3T Bva-bhaged dagnioh shat mens on; the EMS
and diBfi@rERPA&bny acdogdiag javatiabsmemaaB e bl balancer isn t he
confEYre@ngh thaliiteMBcedhbwaGh FRN 9, BCeailigufigion ds defitked & coba08’s
rfo{tﬁ'ﬂgé A&tabast NG thiRRFeDMAERE fde8s SO TR F&dikttian hi®migration
dat Qic?ﬁ{a gfé@siﬁgpﬁgb%e&ﬁ[ ?7 asCertdi E'[gq{%d Ghte3h bRRer foSmake
dec(ij& 4Spe_ In co s rfoptimse database. It takes
real-tinme data feeds from CPE regi strati on and
] gration data and.the c sifier he 240,,t0
The, logd Pplapcr iy Wfaasltgtﬁa#?ﬁ?ﬁ-cswals g gq’ﬁg&egzg%ﬁ%%%?“s
areTRQIC PhIE8S BALIVAGIE N fegmp 01 thelr se¥sTREe HEPHNBIPAC P'Eﬁféeeéﬁﬁao
equehee thedead ketwaen therebutTar only dlogrby ipflugneing (efis thaf @psee
at least tveo RESoin thisinle.cOuchr GRYEs aie dieorativally Beueably, hutide load
balsmek equeshpnaisiic date Reout bath BES wewmaleiterand SRE ecamediitty, as
well@s & pedb yimenfrbeessuei OPECkREmt batert &ms®tes where they are not going
to be stable, so the load balancer requires prior knowledge to make an educated risk
judgment each time.

The load balancer is a slow acting system; that is, it is specifically designed to take up
to several weeks to achieve its end goal. It also is designed as a lazy system. The load
balancer only acts when it needs to intervene. It tries to reduce its own workload over
time by creating settled populations of CPEs that will stay on the optimal BTSs even
after the CPE has been reset or power-recycled. In addition, it ‘learns’ from previous
results of its actions over time by building up history of CPE connection state. This is
used to avoid making poor decisions in the future which will cause more work for
itself and more disruption for the CPE.

The overall activity of the load balancer application is controlled by a Gain Factor,
which controls how quickly it should act to reduce imbalance between sectors over
time.
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at least two BTSs in the tuple. Such CPEs are

theoretically noveable, but the | oad bal ancer requires
wohewsii3rr data about both BHS equi val ence andP@PEU2008/000330

connectivity, as well as a real tinme processor. CPEs

cannot be sent to sectors where they are not going to

be stable, so the | oad bal ancer requires prior

Lok @vl068e Aroplemiesafp@siicat ed ri sk judgnent each tine.
The Toad balancer is a slow acting system that is, it

Thler% a‘T@ % (fleGIE!nInVs £ gngsh ﬂefe oddba 9 1Al ceﬁ’fr@iﬂ%m
nﬂt%%,nw i: esgk%% lengt: ? e?ﬁlx)e %1699 t@z%e k)ﬁ:% bf
'l%é eép[%stln on[ Qkt

qa 1% Wéf’r“&l?
161 iﬁaﬂ la @Ye&t %Hgt fnpwp S é%a\ﬁ Il

pars*lcal)ars Etgea C%?i‘teich‘é’} BTSs even after the CPE has been
reset or power-recycled. In addition, it 'learns' from
Thpereti¢cadlysevarg GPEscould dee sveryBTdhanddhey theisteadyp gtatgusolugiong
becgmdsiastvorgrdef mHk of DhEBES k dh BISatresiz& ses Figs S udmpratice,
mayOhélegtakillregispiothe dRehie dwne linmitdtioas fBTE eovdnagd) makinlg the
mafRY SiRrdeing WBéttofselvel AsRintryaTehevaa®ixds Sdprgented aé:or t he
CPE. The over QbPEanrSV? pf JKNhedhead balancer
application is controlled by a Gal n Factor, which
(C%E”B*T@,ff hQso  9hug %%xm% fm»? hnl; fhie'cB Eﬁ.{é@@kg%e
ggr ar:"ghgpﬁbn cu{r s ea - HI%J[I 19? %@EF fmd
ggg Fc% L T 5 I, ggfﬂ gt
4 mAe dgv e ingt ql-\9 eéae. Yo &%amx nction
Ofbfel?%%éﬁiefﬁm -es of BTSs, so the destination of the |oad
is known fromthe BTS viewpoint, and CPE-centric,
Thekingéntiezamhle vsesas thiddasdr potyinoenal tthelldw $or déw KeedhackBTSL
chiryel wherp alid time Fator CRE be diffecantiaedtto tceeatelhexdvabid cakiby at any
tin@MEY tHat@berilesl ki tefdre aef NetBdik A4td, Theussdlhat soileasdyis
repiésehfd $AtHetsUT rREG 08 RD] Fedufom oL EachBAdil Mufl BT -CPES X
solM@lT%%dﬁ@so%e%l%sm%%atﬁkgdg ra. | N practice, many 'hol es’
exist in the matrix due to limtations in BTS

Ea&??’tﬁé %%%ncrﬂ)%? 1@&@5‘&?@1&§i?%a?§§%)é‘s%nc?éﬁx efin ot étflect within

le by
eh t‘Elﬁ any §e cgbinafionsfaatespnqt em‘ﬁl%h‘ﬁ rO% %@H&’&; ggﬁ
recgpe@l BB TSrogistratien bigtory Frogutie setofvipblhBihgLR éombmatlons
aneptimeherror slaigy isgdesived, syharaenrgirepyesanicthe @F’E@tl%ihﬁoB'IPSEfeCt
CRE/BIl SthannoracaidradlumlgzechTEeMr Nexth theapatgkiissahessl fonindividual
scamasing; teactaintlividnal solivddn depends orbmdividuad Honreldryt eoniditenk defiined
byreatli CRE’sradanédtivitg historg. t hi rd-order pol ynom al matri x

function of at |east order two. The current exanple

Thd%S8rafehin JofutRhdRlowR TR ﬁ! febdbadk RVl @K f& BOth primary
mdye H@%ﬁdrsééo% BRI Ja %e afr’? of AGItRilF BRed&ts of
eq *v fe atP% eﬁnc}?lé %Ri% rﬁ

';%Q 1 &5 LAYBTS, but
thesﬁag%e %s Givigg yetd rsw S0 Fg:r?égére
i azsmp“ |

)—F

ma&b%lﬁ?l@seaf aé ‘Flbﬂréglf‘

read¢$jmg nagre of §Y§te§’@F %IC%@P‘HE 1078 RSk %\ E%FEHSS

boprgl. Frony theBersnasHYe phan wdividushBEPEbhsrTEe SteFQYaﬁa@tca%ectwns

as awedl as inpeinbowndemtenthound chimectioreratesayebimanvbich sambe r i x

debsibed esingd,diffierantidl equatedyaekit tsohsemethihaythedoas balancer

mamMagkeafot evdryll elabitity)at i ng any BTS- CPE comnbi nations that
cannot be viable, for exanple, based on

Load Balancer Operational and Move Modes

The load balancer has two main modes of operation:
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recent CPE-BTS registration history. Fromthe set of
vi abl e BTS- CPE conbi nations, an optimal 'error state'
WO 200d@81492d, where error repgnesents the devi at PONADRWA000330

perfect CPE-BTS harnony and equalized BTS | oad. Next,

the matrix is solved for individual scenarios; each

| Odrldydhide, 8BTS ¢eiticiapeds) dsat ofly dp@fmscbnam&mmad ary

condi taree&ﬁ@frémﬁ%#w &@Qatﬁ%ﬂa gonnectivity history.

The ovgLatehieh eLgtlﬂ]ﬁB. &y@a or multiple feedback

tGP?teCaJsEMe s e&:‘i s Bfe' EEg?t sr‘t@cor‘ldfl“ y
n@y‘g as% mes efqulva{enc Ort% I‘(f)’a(eﬁi§ )E%E; rall %{% Cc(tecﬁr(éc{I Wy BTS
pRgu IEE) ecaP ﬁl% §°1P5§9£ b tBu3| er BTS

above falancg Et"feﬁ’éﬁfi?t‘?fﬁ are| ag in §PVEERGEOTHRE Sampe Site
their (sedtepsihat aRTEE C@p?@m’ pm@aysra cadhentherfiue to the
r eal - thalece hetveen efctorh ¢has yrstlecnted cbrepleysmﬂp diffremssiges (fully
must  bebigidtoas iaadibdlapcayr oss the board. Fromthe
perspective of an individual BTS, there are

cp@t 1BaEtichk BbBveeR RAE 61 4rRNS aredGoWdl ds vesidaeini rEJM%@@PE

HORURW EQNRRCI RBnt BEBS £ Rhowh BBRoAMDY
escribed using a differential equation, and |t I S

L T e R T

Ioad bal ancer
SSRBC pbeRe caehoss BHES i ars Soradeisterdiongn
cowéﬁegﬁé%s igrihenast femminutesax seemds, g’&lﬂéﬁleé‘ém&f prepymising cid
useEQYHEFt y overl ays are assuned to have sinmilar RF
dtnregdagevamoderthet BpSessEREvthet kkave been sthlle 9nmwopisstadddl’S for
a lanpieme fieverablssusies epguple plsmr e ramd rébiq BHOEfhrh éw etentyor
disaibutdEdifd-ssee inversupfdons.| Ayd,pl us Adj acent Sector node, a
Bsil €l s ShiddE; £R0tEss Go@iiken Hythé 1dad balsded, @bl hdpperd with

natGAD AW drk CPE, pddtilatih apndnfisd, udes the ability to:
baI ance betvveen sectors that are adjacent in coverage

gssmr}ﬁoéé Tt}ﬁ l&%ﬁﬁeﬁ % ‘5{% seéaéf &(l)éctscﬁ Be{cy( o n the
obse¥ve 18 t 31 080'1'1 igl'ergg H}ll ur?{es ﬁe erR 1ngs to
ngg?d'ﬁg R AOR et @Yaavt o bu ﬁ»‘ sipd i
& foxgd me my ethis pigre ?ﬁs pogs fhohs T ﬁmﬂ emﬁﬁlaﬂy
ml&ﬁageraézWoﬁf@n [HEEXNB EPS wkf: r&@ﬁtaaémnd oWs wanktheroian as
hori zontal mgrations. In addition to operational
Hywiedats, t he | oad bal ancer al so supports three types of
nove nodes: Qpportuni stic nove node that choses CPEs
Hybfeadsishavers Bernalreigieatiesiediop BomralngRew ek IBISbalandehe

deteRfifned BMbaIANCE] £ 1Oty 1% BORGR eXitd ActivitResdb McaFy it.
mni nising end user outage Forced nove node t hat

Q%,gglv JEiddat have been stable on a congested BTS
or a long tinme (several hours for exarrpl e) u5| ng a

s e

hympay ar H B heshighly correlated with each other, and
present them ina forrnat for quick analysis and decision making by the combination
weighted sum voting engine. The input parameters are combined using linear
combinatorial algebra to produce output parameters. The CWC engine may further
have nonlinear processing to analyse time, frequency and locality based data trends
simultaneously.
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When in passive node,

w@oonsisiared benefici al,
to prolong the state where possi bl e;
away from busy BTSs and to quiet BTSs without forcibly

the | oad bal ancer anal yses and
sel ects in the background the observed noves that are

TherOW @ gngiheprocddiesa nmdBeras’

loa@\4RRY 14011 tNat FeBERNE [RMAMe 6QBRUSTS. BA 3eejéut Rato b s BTsand
MoRimA Ryt 0.
reIateﬁRgggﬁgg}gggé

|
S?PQE

expRABSHi MG BioNE

covers severa

| oad bal ance
whee Jealing acigpk ?,3

eterm

i AdmaY,

:t O-

ne

and jpses Preferred BTSPGEHAUR2008900330
preferring CPEs

ridmmbndeRbstries hid maps them to a

Hysteresis Hysteresis
control ling how the

h

PR )?r;ﬁufnjbe%g%faﬁtg\iijutch %Q&eecrh%nnel

utilisafien,) B power utitisations gatemietery telatehie sipulipeppoiestions it iy -C
or FCGeigkived epdenlgtians. engi ne or a Conbi nation of Weak

Classifiers Engine (CA) (240 of Fig. 2).

The CWC

BT8hgadiStateakes mul tiple data feeds from EMS, whi ch nay
or may not be highly correlated with each other, and

The egsoRehtidl adtion réprésehf¥Bhe MOErs€lUf §licangdtytetion Betdviour of a

BTYCH i3 Ia8n{BKhAB TN Wile1owORE)
stafe 1 elfs a 1%9%1}1@ Bthe
B e

to anal yse tine,

trends si mul { aneously.
i L

ST

btatdi R0 aval dl bbBksRH MY 1dang

i @IRLES of 2BTSGOBRE BEL nitabator diRRAE
ol §Q%Q%5e out put paraneters

Y Lot Ll 0%

shqwsaix koad statq leyls, witinlevelasroleingsthp dawesh
thegidestRRej ect Ratio of a BTS is exponential function

i near processing
ity based data

e

addevs six having

approxi nated by: RR =kexp .0Sx) , where scaling factor

k >Ldadfile X ney depend én a nubhben ofd factols such 0
codeeiechBatine| Ut iPP9%al i &12% RF >36Mer ol i satd%n.| >2% <=2%
paltosive B¥Move e| |at2600t o 145041 [t #AIOus W prd90¥nd ACC o 0

TCC deri ved cal cul ati ons.

BTS Load State The

TweXjiltSsent kadwi esniotieon/flodqurle dfvranttifihe loadestae differéngp betaleen

thegeit tidat tan dpbdvdmiedhindmihAiffbrendess T suamplef iTale BTSs
mitdubn Hi@Rrdied @&lhe Radet RSWAL £ sdiRbe BPRYARST hedla ddstidatioed
areShcfert§\@irerkst i@ MaPPing of the Reject Ratio of a

to one Of a nunber of discrete |evels that repr

e AR SIS

| evel s. For exanpl e,

state | evels,

This@geamatends Reefpligh _
load devigbraguired bétemen ¢ delitinpiaoreBT S jahd g iseurice Bd Shedere the CPE can

t he’’t abl®
with | evel

S:

esents

A ity
PFEEw shows six | oad

zero havin

/ t he | owest RR and
qtpaling mexe degsio

Ipmsininpm dfferapceds

Lo

be diofvéd teethe dedtimptiere Af thiedoadi lsvakof thetdestimadiop Bifeis evotratrieadt this
valoe or Ressnhedn tHeasoare doadHevel gtha@PlEsgannhdt Hehaowadrto mtuhis means no

CPUk iR leefiaR sead tve BES stelbad Qatk\9or higteeur ce BTS (A) and a

destination BTS (B) are sufficiently different

Load ate

HysihesisGBRt dny BAif B&RENT
St (B) >2, =0

(A, B =1,
, ot herw se.

i f:

if Load State(A) -
This paraneter is

AR gy TR AR SEPLT B8 The m i mum
! %&% Potht: BTSs are two or more load state apart, that is
Sufficiently Different(BTSs,BTSg) = 1; and,
Exit Point: BTSs are equal to or less than | 1 | load state apart.

The reason for multiple hysteresis exit points is to provide a damping effect to help
reduce overshoot as BTS load can jump several levels in a single 15-minute
processing period (treated here as noise) and for consistency with the entry point.
Multiple exit points provide an average hysteresis correction of two to provide noise

immunity,
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| oad | evel required between a destination BTS and a
source BTS before the CPE can be noved to the

waoelewsisuari on. |f the |oad | gyel of the desti naRCTDAUBDE000330

is not at least this value or |l ess than the source
| oad | evel, the CPE cannot be noved to it. This neans
no CPEs will ever be sent to a BTS at | oad state 5 or

Pré}}ﬂzcgﬁ@[oo}any@,gﬂms Entry and Exit Points The
hysteresis entry and exit p0| nts are set as foll ows:

PrefMLY 1 B8L B aFﬁT§§mfi‘§@c§[x nor e Ioad st ate apart

Eﬁ (Nl el e ‘ﬁlﬂ” SR L S s, P I8 = L and
ornt * s are equ 5? 0 or ess ARk | oad

ate apart. The reason for multiple hystereS| s exit

poi ﬂgﬁégﬂo]tﬁeégsthTg gg _PRmR B&g edfnﬁect to hel p reduce

overs "¢an np several levels in a

Si nalfn&ﬁbépome@seaﬁre%&altae pRA(cupA BT eat ed here as
noi se) and for consistency the entry p0|nt
Dutgrlé!gtf}' Icey lext 1{)’ baﬁanc rrcg>:/r/r:1p ?es%ﬂff ﬂ;&e%l{xa%%n E&hﬁg
slffigye %mraer o4y ersrlé& e § oy egp g gergityidth th
focke mevedrg times 18,50mpYE Wénd BTSA- Lat ent
%emdmdth%@%e(f)tat@%tm@hﬁ@& Eactfth . Pl anSpeed
n, and n-1 m= nunber of CPEs connected to a particular
GaB1Bcténarid Ky egaptivechdyromiehemictad bal ancer conputes the
matri x, then for BTS sibling solutions that neet the
GaltyFdcr@pis fandtion offtinieertb daketifte sov@matie viasilg@iffering temporal
loal a«aﬂaﬂcet Bn BB id Sarftfub GsRtiSHh dcfosh e MRsHkatAd poR hbur 19ad
carf C&tﬁﬁg@ iy, t Qta{té’%banﬁ@v'icﬁﬁ?ecﬁﬁﬂgﬂﬁﬂ\lalllt AwARVEBE bbhinid the
ratd-GAHBSund 10a cﬁ@dn‘& 1&3 Ee [ki: £ IBbur Ha BT RE TR éf)é’c%ed
COI‘{I ort\é{}l;% n% e%io sI tg over x’?alr? HI #Jr?d: ﬁﬂtﬁ rt]heoload

bal 10 accoun vas erlng
t%‘i‘?{)ar%‘? ‘iocfg \Pgrl ances on BTSs in various | ocatl ons
across the network. As peak hour | gad can chan

To gyjfigaie this time lagaprablsm, Hisraii ofithe leadibelancerye Varﬁﬁwer time to
better adaps 19 logd senditienstand te give thef lopd belangsr p Jicad starawith e mphase
del@ptosastmone hggressivelyratthe strdafidie pezithquatperiodnThig dwed start' is
defodfbyrat Svéenptiveippbynamibl éposieB pamnteter thvat idefinet thonegative
shiftéi tiserthgtehé agvelfiinctiont sivuld@strhe beduegyarédstoabdlinie) to try to
bal@tﬁIeQBadéﬂ)efoT@ tHE pealdctual ot cilir T kR PlE,dBheWark ke 168 n
bal@hcet b AR e@ﬂ@@ ht 3(ﬁmﬁﬂa'tés%f&¥ §al béd@c{o%brﬁh& &' 10pm,
we%&’(ﬁjﬁ& sdt @hik 95 5k b gp; to give the | oad bal ancer

vv| th ase d

start elay to act nore

ressi.ve f the peak hour peri od.

ThESARLE Chirhaddit lsdé‘?f‘ 158d5y a* Preonpt | ve

pol ynd#inFagtptd) ofeieactesdr @et Ry tHYAL deft Astihe

negative shift in tinme that the curve function should
Preopeptisie polynomourpestédicnts (z,ba)....1) defjnetthe nthyortler fwdyramgal
funictian thab &fusedto buospihaksindedtoavdlye foe tinre-ofFday aggenyiveness for
load®ala@bing! A& dxargldistagite@rptive pokynvaiisl cages i SBéweirtliig36)
repiésehiiBSa Qﬁlfamaﬁflﬁﬁﬁém@ﬁ@féa&( fRMhel (4R Fadtor §Hoild Meaditddho.
ThRlurdd1s SoMAdINEd i ik Valig o?ond 800

Gating

Gating is a term used to describe a counter applied to a number of CPEs that are
allowed to be moved at each load balancer cycle between any pair of BTS siblings.
This is an extremely important setting because in certain scenarios, it only takes a
handful of moves to equalise load each cycle, and this setting ensures that this
particular BTS sibling solution remains inactive until another classifier run is able to
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The tinme-varying Gain Factor (t) is defined as: Gain
Factor (t) Gain Factor * at" +bt"~l +ct n~2 +... +nt
we-eoog/15eenpt i ve pol ynom al jgoefficients (a, b, BCT/AD200$/000330
define the nth-order polynom al function that is used
to boost the gain factor value for tine-of-day
reaf@gd 10as kN s posyible dacthd diffeneice gh bavdwddthretvecenfsedors to be
corplRRARA hMRoRiRdad19 5 Minkied (Uedl)s oS AGWONIpleté bl destred moves, or
corhPRISICITIhEI vAtHin ReMBMmIRE. eIk kh&adad Mabxitnds (GRieR
CP] 6% pe ﬂﬁ%daﬁ%ﬁs Qﬁféﬁﬁﬁgﬁ&? %ﬁo%ﬁe}sﬁplgs% fa%&ﬁ'deét%?

gap vaueo one ting I's m used
tdo descri be a counter appli ed to a nunber of CPEs that
r | owed to be noved at each | oad bal ancer cycle
BT, pair of BTS siblings. This is an ext rerrel y
ortant setting because in certain scenarios
BT§?I:E Ith gheaks onsgranl aspeckioVicBTY erspefiskyanss qnéézﬂllélés f3s a
fau&tyls: bee oramretdiitee SHpwingroadiionesretshtagfiedhi s parti cul ar
BTSBdSLE notgresmindingan SNV raysests for tRRAsimimStatuszandt her
MaxBISPotieelDs;un i s able toreassess |load state. It is
pOs BT8IRrfofhatdegod tilfeftb@ps Brel ovehatwiud bld, bet ween
secgqsspe}@nggncgqggla%ggssi approxi mately 15 m nutes

(1 dagis)nerfd 5&&% 168l 51%1 dgaflEiStbin ?ﬁt&oéﬁﬁﬁ or _
corrgL[gth%sg 11e(dstd, I |n SSeveral mhutes. Gating is

mum torced CPE noves per BTS and is
IJportant in Overlay plus Adjacent Sector
d-tH-EHeeks BTS Heal th checks cover

several aspects of . BTS responsweness and wll flag as

PE meyss rg earperbowusipgasegrencs af Home s dleidvariingBESar e
Nogydjesmiddaobesegings. Adoteclieespoa. thy lped smmer sy aiE thet the
BTRRAG ritadtedtio s mnldngtneBREREAS alloDsd tBFSviRe this CYdn thet theg
CPEiires lagpsnanalic\wad tiemdt probes the CPEBTIhipastioarinitineea IGREs
driedreB TS s&drélg, BTS performance | ogs fail parsing agai nst

tenpl ates, and BTS has a failed status in EMS. Load

Th@@@%ﬂlﬁﬁe@&%c%@BW\’ itRen SR Ytee%eﬂﬁ%l}p eﬁﬁds e Qn Mdldesired

%@ﬁ%ﬂ %@1 Qﬁoa eBe-ll—'g ? %’Noﬂﬁd - 1t Pr erre
e AP g %S ol6y %t M@ Sefel 16,
tar% ﬁa&i a\gaxl ﬂnot q %Eg Sev&r ing q F are created
to VRigh the{el Ieper; gm“nelq granafér?&aﬁle oawéerﬁwnwlﬁn ntsmlating
futyyedn¥sE  This action initiates a CPEdriven BTS search.
The CPE will then attach to BTSs it can see until it
The ¢Pktdesh hot need halbe reset duhing dey pf tdsa dengetndESaingtoniihe.cHPE
motviestietivhen $cotals balyam tere deettiontttbe REtesiopossible move is around 2
sedvads dhd that bingdst pdssibieedailed) tave hgertjoirsan BKS 2amihutes, but the
avd¥esie RIHndNg sBdoadset ti ngs configured to pr efer it to
the new target BTS, and away fromthe original BTS.

ThOQY&k: dfrcéﬁgét dli ﬁa%ﬁévé’?‘iﬁ rfcllf fo ﬁfc@&%e@Wﬁ%Qo&Bﬁses

the oi':toxg\ﬁ l,JTe an ate any statistics for reference
to e?t g ttﬁl) . Vgﬁ tFrl{l%g% érlg e%lcc:)ﬁ)lEevggtS %n%ﬁg ﬁ%@g for

Opp {qn?.@ ic %ﬁe mode ling through all TSS nd seﬁmlng%PE
candidates by via a round-robm algorlthm for Forced Move mode.

Attempting to move the CPE selected.

Determining whether the move was successful.

And, updating affinity and statistics, and spawn CPE tracking tasks for future
checkpoints.

) cuIarI

CPE Move
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noves between sectors vary in tinme duration - the
shortest possible nove is around 2 seconds, and the
WO 200ga3i7possi bl e (fail ed) ngve attenpt can t ak&r/A02008/000330
m nutes, but the average is around 10 seconds. The
accuracy of correct CPE to nove is crucial to success.
ThéJEiEp WD xitengptiz@ tp mdve s CHEfdllokis akd sepsstiepimtedSaltee flowmchaat in
F1 E FbPedth \i6lebitd UPH @nlidste @Pmove @ 5 hé B TE) tievapérithen
Blashef chlgak’%éﬂdfé'rﬁéxhﬁg MR\EPEIRLalcBRtnE Y Cl | Ng
thrpmheaa itk Bl et anpach 9@% altiofabes by
ba%é@h %RMﬂ:1ﬁ?n%21@|g°r'th”‘ or Forced ve node.

to t s (aaei cgig gkss‘gvhf% etge dg%hg{o?]c&'spgf the CPE is
exemt Wa agflaseg %smé a);% o0, GPE Lusckigg Laske,
f or et the RIgEERHER qiht e gt 21? gﬁg

fropblon@b@a%m@:@twmqsmtep ﬁéo steps illustrated in t he

f | olfoteatotthd prerpoys chieck Hbeheske whetherdCR 2 i «3RmPE fndi ldad e
balbucinpaa@iviteesan sepr4BI.S, the al gorithm perfornms a nunber

of thedkshdatoives ciwekngclideks @REheit the CPEYe cutréntly dsnestby
andth@Clpplivdiioh hednih i tBd Systdn aodép g0 ed to be exenpted

from Qhé{ﬁ’eﬁ@ﬁé BibcRGt EMdcks Gfiether thé EIPEAER redehtl expeRienced
a f4iltQ RERVAHREDt GI8&GK43 9. t checks whether the descriptor

el experien
: S@%ﬁlﬁffb%‘%% TP R Ei%g?%f e

| 0a %@% PiE O f*ﬁ??rt d88mihet BEeiesint SRR ¢ he
OPRATBARSHGOT Efgedin Sletp"t‘lﬁecks whet her CPE_is exenpt from |
| oalf thamene g inforeed ftichecks whetheptheSPE has b?@ntaaaqhﬁg to its
curgeré B Iouey septet for long epbelk s sigidifer the CPE is currently
ownByebyo thaebhrer chaplpbi thatmiae typeris opreriunisticeit shedke whiether
thesB Ep hak30siblirfg thet i Sufflaeenply Siffaast toliseR in step 45fecks
whelfhes td the ptRolahetle diaohbths veheties ilenegitratidratcduvadofthe e
CP&l a8 RRécctitd SiREhARBN steh 460, t 0 the previous check, it
chegk® M@ﬁi@ﬁoh@%e@ﬁ Bt BRks %@tﬁ&l ﬂie ePFERds %Eﬂ@&‘aedia

rea%ﬁﬁa%aﬁiax aﬂmcoﬁrﬁ iS58 4 I'f no to the
Pr ey %ﬂ? oué EH?E]HQ«:Q? Qt PH%\éSbl% & b 870.
opp ﬁ, or Ee n H%
43 rf%{ L bR T ?E@e FPB DR Bovad e
t f I h
4501f qortO;} YFBIOPh%hG&BoR‘}gﬁQ?%W%PT tgﬁg enoug Qlﬁfs,te 480.

opp#iresie teipgevipus chinde kislinghympavies ORE tBTIS: m’s Sdnpleprg>-
that is Sufficiently Different to itself in step 455.
The syspes may effeet gmevitmnshetges by using direfoklowirkptroessst he
r egTsllingiCRE thatthe BAT it kexttetiedhass exloagaecvaiidtBYeahova to
servite ki€ ICPED Bnd 1kt the OPE i he @iy henadicheck, it checks
whetTh& it bitbeSitle dmm&ﬁ%ed&dln%a@és@@mrdmve@ B TSe¢hrdbAnd it
will i ta O toIPHE it bah f@RtitHe Bventually ‘lands’ on the desired target BTS.
At that time setting the CPE to Nomadic with Preferred, with its Home BTS
and Neighbouring BTS settings configured to prefer it to the new target BTS, and
away from the original BTS.
Finally several tracking tasks are then created to watch the CPE over time and
update any statistics for reference when contemplating future moves.

Load Balancing Threads

The opportunistic and forced load balancing algorithms are run on two separate but
parallel threads. They will now be explained with reference to Figs. 8 and 9
respectively.
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If no to the previous check, it checks whether the CPE

is probeable in step 470. If no to the previous check,
w0 pooshaaks whet her the CPE hgs been noved si ncRCT/AB2008/000330

start of the algorithmin step 475. If no to the

previ ous check, it checks whether the CPE is nomadic
Opporisiiegr B&Q. BalanoyregsThread he previ ous check, it finally

noves CPE to the new BTS in step 485. The system may
Refbhi€Llo [RN) € dportahishgRad 'BHIaﬂéih%ﬂn&ehﬁruﬁ@ id @wbAgkground to
Waﬂrf&ctﬁ§§ext-@]i BAY @glgﬁﬁlcﬁlhﬁEntt he BIS it is attached to

I's no longer a valid BTS allowed to service this CPE,

W %n ﬁ) cElEr %F?t ﬁhé‘&n& Q598 geﬁg g%?/grair PR qxé%@t*ﬂ@rs
1ng S S 1 1 0
aﬁ?# e mu i %*?é‘ifgf‘ %gﬁ@%ﬁﬁ% ot

stafgtleyehan step AbS-set ting the CPE to Nomadic with
Pr efbe Bd§,is eing aptivelHere-betracasdia steeiSgAbwhich dgpermson
whetet tha @Sedri@ivfengnk ~foiwangl sumeit ot baing deptl¢ted,rrdwaltla clgsks on the
BTBTdSes antdamevafadlt, and slheibbingsyifrid BBS Sre fifficichtyy diffeemal
tracki ng tasks are then created to watch the CPE over
If thé BE'S3yasked RH MicRe BM3CKS 1tBE thedaddGSarthds thehemere® 1vbaathe
sibGREY BRI TNt drep s Iffﬁl\é%ﬁnellx{@'ﬂs Ba @ﬁBh thatik QafRichag
diFRPRR oMt Sthb ehr8difs dod &?&ekﬁ?ft&féﬁ ¢ b@' %@ Eﬂ&d%[ﬁo fHe®
31bf1h' B?@ £t 95 5 §ﬁ)°£{ a§3‘§

ber of
fac ogs%%c as\ll élsggnglage\l\ﬁe{fﬁ]cg {?Qaéaq_%ésglc%%rfc?ﬁ 1ﬁtor1(|:% éﬁrélty with the
ring to Fig. 8, the opportunistic | oad bal anci ng
thread runs in the background to wait for the next
If tapEPE RN be ghoyed o gt Ao thenpflampinosmar the P wingfhe
moge eﬁ@mp&ﬁégqrﬁh@aéﬁmpﬂ\ée‘rel(b rlfthesagesr ia Isuedeesdils vagipus statistics
relathétontbe mave adllbalupdaedhg settings is selected for that
particular BTS in step 510. The BTS is busy, that is
Fokdedl [BA& BumdingtTHrénd evel is above a mininmumload state
| evel |n step 515. The BTS is being actively
Refe@@sh B3 PR tHe 8r6d 1880 balfitiisd thg@a@ea‘l‘ééﬁruﬁﬁnwﬁ@b ound

to Iteﬁ trﬁ{ ?«ﬂl‘oﬁ éffﬁrg'b‘& BE‘@E‘&@EH drzsgl%éléntﬂpélff%h{‘ﬁ

ne o t not ‘ral se a
Al si blings of the BTS are sufficiently dlfferent If

e BTS passes. a se c t he thread sear

Thg et GUBRRS Fivelaciat 8 PRBsEiH oige af BRaRGYRE EPEY. o fah
groypof HSs: the thrgad @0 fptsdhpbusiest Bilp)in thy grAum whase load state
levelyis higher hen y rainfremn dopd state lavek seq HiepstHPOead 6350 t hen

checks whet her the CPE can be noved to the sibling
NeBT He thteag sh&d® varthebfe. BThis bemgadstiilély yoaulfbadanCRiat the
mode§peNThe anywar ofisdedichedk depeidsron whitheralse pﬂedlcavghmk-forward
surth b € BT S DGt BBk Aeplefed st héasthReckston the BTSIdo6sthot raise a
fad hhdall éﬁbl’ih% softtREBTS Wr Ui cibitly difefeRE s@é‘E\‘. g2aroved,

the thread 500 then atterrptsto nmove t he E using the

If tﬂg ‘Bq'S%E ;ngggtacfﬂ/ fdah @gc{, &Rt M)a“fﬁ(@ s M thtl oy @reétéd in

ste; %?s Hg%@% %t a 6% 18 ?s%le?egﬁun en rtgg\ﬁcecordmg
\4 P u at can be
e

For each CPE in that filtered and sorted list, the thread finds the siblings of the BTS of
the CPE; see steps 640 and 660 to 670. If the BTS has a sibling that is sufficiently
different from itself, the thread then checks whether the CPE is movable to the sibling
BTS in step 675.
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to redistribute | oads from busy BTSs to other
sufficiently different BTSs in the network. The thread
weo®snsmz3 acti vely for all mgnaged BTSs | oad bBCEHAUR008/000330
groups. For each group of BTSs, the thread 600 finds
the busiest BTS in the group whose |oad state |level is
If mogibde, ther@RE as thien imowved floaditstoatee BBVl the sweers tséhhing RIS
usiag dhéSA fempPpdAdve( X digorithmedistusded akié wilee teanotdie sBddesdfsl,

stabigtiiRGelacidity Sleymbradi PRl @iard; sk sidpe 68®EEH0. The answer
of such check depends on mhether the predictive

Thk e§sq{fviﬁ6\91n @@‘E@ St &Rl $he 'ﬁn eF iR Cgl LB 2§ is @ached.
ﬁ%‘gﬁk cflli]r@ Cthég: g%ééto qgta?d 1e U@ Ineggﬁ;ount
g0l quff

D..

| CI
%%e eelél% ?er{ is v&allgng gerb 1%Bp, nues w1’th anew
logd halen %rgllst of aIICPEsonthls BTS is
created in step 625. The noveable CPEs fromthis |ist

The segresseyaresied tﬁ%@f@%ﬁﬁ%@@w&tb@@é Grhbe adjustpdpying the

wagtinganstip pprameses. Jihe sorbachaaweaitieg periqthaftarmbiatehraffilHsds

mayed GRERorhaggresaivelske atgumting vy If pactice, therwaigngeperfodeshotld be

lorigendeghi toeyoasosclimtigad betgeaf twotmsBi@tesFor each CPE in
that filtered and sorted |list, the thread finds the

A@'cbhﬁ@a@r?fustmrﬁgéﬁféﬁe the CPE; see steps 640 and 660

to 670. IT the as a sibling that is sufficiently
cfefl hcfaﬁ%gi. G bn lﬁﬁ ‘?fbdt tﬁé‘g é?ﬁa i

bal ﬁ&&)ﬁ ; gm% ) de%g2 {LH% ;?rrrl glyv% P)?

an a&gogl arn n@@ﬁﬂ(@@{ { new
1???‘1 t?%%n %a%%%%% r;g%ré ]E; %e% ffqmﬁgured

wi Cgft?@tvv%g % & el vely anheachay evepiaytonbe on pyaADd enlss ek
confirgigyslp Betviesn 690! of theseskiemes of noving CPEs is
repeated until the gating of the current BTS is
Instead off g. lovirEorwiahd sunocapplyEng toheutviatenathahagedletipleo 0SB DR, the
maltrhatbr bdjaaent isegorf will #pphy BABE BTSE theehsalvey ahd &fill be definsies
eithdr@@ss€dt. gaWseBr thiissctveintel d{i&tlp@éﬂ QfnpabistiPto dnfthdis6@er.
continues with a new | oad bal anci ng BTS gr oup The

Foﬁ&ﬂé&ﬁtsée\éﬁ)? &h8 sfatio %hége e h1920.d eé%hrg f’ﬁ'&@e
gb&q{la

r%ﬂ %{ﬁi Py H}gthE dds ae t% %ﬁ? look-
ea%]%a/ do n Ir X %rewgretcw oV fﬁﬁ_\zﬁ)te l?ﬁ'ﬂ g overall
m Ialsﬁtigg e dgp %‘F %ée A Vet il g by
BFiag eciiqromakiggs e yurgtalle gainsan sEEHEow:

Sector plus Overlay Mde Adjacent sector |oad bal ancer
J‘ti an enhancenents to the4existirg overl ay- onI y hoad 0
rljatanci ngy.sol ution. It bas 1ADJ .node and ' OVL'  node,
R@P@Jgdthe same data strucfures and the majority of
ogorl t Wti%ar e WAChanget ®xcept®®br t hé*%Phtrodi®€td on O
Aléfwea new §unction that t.gkes | Rt@oaccouddto BTS 115000 125000
™ 8381 ogy. ADJ | oad bal ancer can be configured with
cert ai hts to effectively only act as
Adm@’i‘@e&ﬂ%‘%{ or as ADJ only, or continuously between
each, of these extrenes. Instead of the |ook-forward
Infiuenging 6315 fargst Bd Sedgoisionl raskingrisdane by tisipg e sombirstige of
topotagyrrad doad stae fadilladsible ssetotspheravkhdwmppAgijacendyHeoa Fias.
Thtstmlmmdtmelsdetandmmdhd; fdilewdef i ned as either |osses or
gai Meeiflatingt(BIS3edtoad_stateeSiRRE(BTS) wHendwaa®tits 640, 0p any
ot heveigaalsQBTSHPLoadsetSMBTS) @fMePRise! he situation
changes and al so beconmes non- synnetrlcal There are
Thé gbf&@{cce ST S.'ngeti%@eage érf@ gﬁgé Wr%Q%‘ﬁple the
Cg@%n BE S AL FoloWsAB iHcat® pre erence of BTS Targets:

Weighting(Overlay) = 5 (most preferred),

2%
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sunms to apply downwards pressure on overall site | oad
(by setting overall novenent to be nore disposed to
w0 ewsas14oxeral | traffic thangequalize it), andP@iAU2008/000330
i nfl uenci ng CPE deci si on-nmaki ng. The | ook-forward sum
tabl e gains an extra row. Load State 6 54 3 2 10
Rej Sadightn@fA atcnd Se@&98anicSitey898. bAMd>2% 2% Al | owed
125001kl Agiscehl SOQOr B ROt SREVO 2 IF0A6t pkoRB8dN
Al'lowed 0 O 10000 BW Gai n 35000 65000 115000 125000
StahSii a8 LN ulefad Bias Influencing CPE target BTS
decrston making i s done by using a conbination of
AﬁL @ol ogy and load state for all visible sectors, here
nown as Adj acency Load Bias. This paraneter is

Afﬁlgibdls ?tsgq%gleg?qtlg&all ?I%B?gbrvr\ﬁ}fgh%l f gtag BTSgt}é ofa Eartlsplar CPE of
ntGRET P BN g tifgeefo 7 PUHSHAER RS haEnovhisHERRECPRrigto its
efing Bhe e Adtighabinitymrans theapedeas isdikely tode stpble on this BTS
anzﬁzﬂg:m # g tinkp and 2 dovp pEinity ecane thghhéamgronuentivisy [iddimawith
thi§ OPERIES t@mbinetianais dow fendphes lessdikety ofbeBilgsodaaget BTS
sol¥orghtA ffigityises dhatt)tertn MefbBBthaplictpsthe epterialh himgé

infé\eh ACRBIsioRebb AN thSAREly ShdR3s andDoAmectidd stABilEN bf AAPE move to a
ne@@&cent Sector Different Site) = 2.1 (I|east

preferred). Statistical Measures Affinity Affinity is

As ‘i’he?é [Epd %H%a%tté %tccﬁé Rﬁ%@ﬁcﬂ{ ?ﬁge E‘I’Eoglacteg-t%?{:)(';ro@ledﬁ ?605%019 &7111

stad raf‘ gor 1% tataﬁsg‘i E%g e_ dat teh8 timeout
mephanisty, neYE Stakispigal in amtmnt 9 %mguleht%ﬁ%ﬂgn is
compipatign ‘tséocb%ﬂs‘thé'blls éﬂ%ﬁ?ﬂpag psaghe élra?mltiﬁmfwtuoaﬁ@
disggried. féffanta ipkovnatiqn isisethered ahevarn befvrplia Siterovgi t v
oppdrfuity fewevehismit spptipg(BmEgretdomsithettwese netdosdbalgrpsrtdriven
(volumetricesrs tda kigh ynd thelintegprefetich oHithe dbta BidBldG 04 utdlean). .
Affinity is a short termnenory that hel ps the system
Anrerk@pR oo &ffinith @aﬁﬂam@sbha%l@msa;h@wh it hig, 10X elGenstdccess
InfamhtoaMHR6EY A5s BindHabdd RhoMledye dBEayTRMBK leRpSnRBWIIB T Sfter a
sucBSsshl €TPE ndvd)Q sSRNBOL LR 1kdTack i tRks GOAHbMLARS Ly (ke to
ro%E%ﬁ@%BId b Es 19&% b h% h‘rs%& @é{mﬁﬁ%é HtEN{Ime, This
is co il %1% rg'e 12 Phe WliEnbhr b7 frad ng f%glgs use(rﬂ) vhtded %a%/ be

Cache timeout: 7 days (168 hours)

Tracking periods: 15 mins, 1 hr, 3 hrs, 12hrs

Penalty for moving away from target BTS in under 3 hours” = -1
Penalty for moving away from target BTS between 3 and 12 hours” =0
Bonus for remaining on target BTS for more than 12 hours” = +2

The load balancer may be extended to have a background air interface collector that
caches S:N, ABS-PROC and SYN strength data collected in a slow rolling fashion for
each newly discovered combinations of CPE-BTS. It will be based on the common
air interface collection engine used in VCSR and will be used to enhance affinity
decisions where fresh air interface data is available. Note that collection of this data is
an expensive EMS operation, as it will simulate NavDiag and Beamform CORBA
clients to obtain the data and this has finite impact on both EMS and BTS resources.

A plot of Affinity Values over Time is shown in Fig. 10B. If a CPE-BTS combination
has no current affinity recorded, or an affinity of zero, it is not biased for or against the
move, and other factors will dictate the overall decision. If it is negative, it is moved
to the lowest end of the CPE move candidate queue. Ifit is positive, it is sorted
towards the front (most likely candidates). Affinity is also updated upon every
successful or failed move. The default values may be set to:
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mechanism |f the last known statistical information

for a particular CPE-BTS conbination is too old, that
WO 2008n3130xri ng a cache tineqat, the informati oPCIADUR00BE00330

di scarded. Affinity information is gathered at every

bef ore-after CPE nove opportunity, however is not

applA faded mome hased negasive hffinitywsetdo Abt | oad

bal areeessiilineve K@l posive affigrset toad hi gh and the

| Nt AmRmekatveQifiity 4596cisad toBdinchiift Hech8a etred cases will
resﬁﬁ ‘?n&lfe c%n(ﬁtigﬂe 'ﬂu'h}i% HROBModE AR ELIBH QhnityScRBRWRd nBt

Cener al rmation Theory says tine-based
nOV\A edge decays weak-exponentially. After a
Ped %gl.(s)gful CPE nove, a .sequence of related tracking
FWAEOT s aut omatical |y created to probe and record the
current attached BTS at vario checkp0| nts
Pe]tt'ﬂfgeﬂ‘mr‘ﬁ idernsused e deirrie the moneneqt 9‘?1 hefweengets of Bss
overtiege Wgng thesriysedpn piotesuphiedit is Rﬁéﬁlbl@sto Aggntibeoref more
of the folftaeing: ti nmeout: 7 days (168 hours) Tracking
per Nodsal 1o&d balarscer dcthvity. 3 hrs, 12hrs Penalty for
nov ERgessiwa yo-froanoscilageis BhBednovwgride BTSs wruoal batancerl
ovérgimalty for nmoving away fromtarget BTS between 3 and

12 Bodnetween@eHORUBvESaN [da8BRIaRbG TN Mot aﬁ;fa%'sfs@éms to
be PR diRdRomh2 hours = +2 he | oad bal ancer may ‘be

ext ﬁ,ﬁgﬁg% gﬂ | rAelrface col | ector
tha p1n N ove S be%%% ggﬂtr%rx sth nggég %u%h as
colrb ot Bt el P oy HESE Tk (e g S Had BTSo)
on the comon air interface collection engine used in
It iy /paspicwladly {npertané tq ehsgrviesyEeiR Kaechangesiising ReeeThetignsSectors
thafiiary ereatlysh logid deveh peerfaatiehararario d (aad gotrespoadingin feve high
peaketotayetagothrofighdvit satiba) are nratikely pe stwiw s gB\ME axpessaki on,
ovashdot due tol ansivierly apgrebawd g faated. Beanf orm CORBA clients
to obtain the data and this has finite inpact on both

ig=VBidtexBhpld SFREbARS pld tRit howd 1048 bhlahder-in@icigepaver
moVbiBnt VeSHAWN ThE vE#Ral akiFepreferfts EPE B p%:)t%ﬁe&tbmor
e% 8”\96 iegprrﬁﬁéo J{v@égM {h‘éﬂgq)!fg(%g%% 1@ grafulldd' rhgde?fg and
B 00293 alwa t i T ifion
S %?j‘ }nn? m S ozg cal SOI?%]‘ os{o

for a ﬁ bk §e are:il 0 algva}zqgvg t? tt f { %% 28%E
Ardaperigdhe pife yas mads, aad §y %querlt g%vgs Wrlpssgs per

BT dV\%TF’ I {13(&%@?){ i kel y candidates). Affinity

S also updated upon every successful or failed nove.
Thy nad hefeacdrimaypbeerdentdsd thbavsen adaptivefdanipsal mochanksaspes
overtyatple eetab fidemiify armbetante out decandany oesndlidr opeillgtidnashahmay
be presért Thisabilli bl itnplapéntédasian indinjdunlegad faceor pbf BB thyple set,
baskd 98GhAbRAalNPME Fadtét Aldlpr&binptiiepdTPsdmiaK it Bind pagSfiltering
ap;Yl'le'd'wﬂ?ﬁPFltR fifler!th @ndBNAHE ARGk HR b Sin ALY 8 td Sfinteract
ovérshdd %@é@ Bl &R FRRIVImERSE deddh Iciie s‘?%ﬁctygalgnce

Perturbation Perturbation Is a termuse escri be

Ot hg oyel ntt of Els bet ween sets of BTSs over tinme.
%‘%ﬁﬁ%&gn plots supplied it is possible

to.identify. one of foll owin Nor nal . | oad
R, i%étl%geﬁ( afig » pgnel @ie&ﬁt%&f RAINCETNISSE gtttrt%?ﬁ idiRiays a
sugeiieelPVElAk at%tgstlssrég thespurrepbdpty eolipgtien cycle.

[¢]

'BTS statistics' cover the count of BTSs in that are have the following status:
managed, that is those BTSs that are being actively load balanced;
new, that is new BTSs that were not in the managed list in the last run;
resolved, that is those present in the last run but not in current run;
still overloaded, that is those BTSs with load state over 1; and,
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overshoot. Bi as between sectors (overall |oad bal ancer
CPE novenent al ways seens to be in one direction).
wore@sisuyade of noves requiredpto reach bal ance. PGRAD2008/000330
Groupi ngs of novenents between any arbitrary sets of
BTSs (such as collateral |oad bal ancer effects on
neafebibddlk $gin, that isjthsbvdrilbsysenagedt eumil ay BTSs). It is
particularly inportant to observe system gain changes

'CPESStQQstR@rJeéHrfB@tGPE‘mo%ﬁ&RraﬁdE&?’etr vary greatly in |oad

ecgl\f lof%a éus We B a‘ﬁq o(v@ﬁﬂ h@le'sh &gggiti%gl y have
hl g a& 931‘?\{1% 11%@1%@ MQ&%% ih %1158 nqr clggéﬁ?s that have
reuiW% 51§§ 'J?g)f ngI \'éleg.OVig-Sl s an exanpl e
per’tnﬂ P Oﬁg gﬂ‘é er I0J8dYM%ad bal ancer - i nduced CPE

rmvement over tinme. The vertical axis represents CPE
'Lopd Batangrs States' phows @stentyatus ghihg|lead hetanseteengineg and kpwiifar
intcx/\félelcurrdnttdyahe 185 SEa¢008k lasteapprogimatelyl | ivdewss. and BTS

200295 al ways | ost the sane nunber of nodens. This
Parieh 814 of Big. 4stprwacthepasts bif plotS with aldralChistorical ddis thdat éafrbm
all RlaW@yRny& Rl cltPpRditacht duereBl &cl)ORRD o Ak Afingdd FdRtical
colthh&bn Hctba¥Re intran® HBRE&I.0 the site was made, and

subsequent gai ns and l'osSes per BTS were relatively

'Bt%qﬂcﬁad s(tétg CO'H t" 'ts) dlspj!}y;rhe%ﬂﬂlbgﬁgﬁ@fﬁ in'W¥% B RALSAR e
accp ‘%?%to ?we% 1: %s efr gglg 1@&/(35@?1 tgucng rﬁgt@ 1s§ay the

nu eyqs1 é(ﬂ'g q TTE at flfqreq}e
intg eXIoeEss th Pty Hepgﬁ tl@eafmcqsa&tu Ofﬁgﬁ 4agi e
oppoEfunisHaEWYCHNn t he overall gain factor and pre-enptive
pol ynom al, with band pass filtering applied with an
Othier Rafiires k6 dangpameh3 Fdyaltoveuseesto nemitor géieningetant statistice
count eract overshoot and reduce overall novenent
The&give BTIOstaBkiceRausd @bé Bighad pdheds iddntical BataiaRs overall plots,
witPlogbdlAd tabalar Bhta P elvided S TS an BB cklctied Fofh a Hst dPPTSs that
Wel%]a%fe%dﬁag}%é gf%k‘ 81RQ64d b3flcet MLRE aFSr &aﬁ?l@%?fe&ed BTSs
are cV BPEs BUEL 51'11%‘1 ]§s° ror %[3? % %foagau}ed
CP@?’ r'l?ﬂa artgal have né‘% %I a?t © ranags

W Ng g at us: managed,

that sthoseBSst at _ar ng active
The R asbB TSR aRE (e ek 1é?r§i wsemey %ﬁ%@ﬁﬁé’ data
to nheiziBe thrpaghpphand @ qoagtctww evielss &) Measuradieyery Fings e
intqsvals e Hser gan sedect are of fonr daia fialds, qvier tiﬂmermqﬁtods gﬁmt@@stt gnd
canggtact waenimphaiovimgtAnesageESBEA watdwith adelsetable averaging;
peramidif ésydp aldistoggiofiadjadeat périods ken by salaitdd lsyfolleming tle arrows
on #etdisphgy. ' CPE Statistics' describe CPE novenent and

cover: the count of various nove types and overal |

Thgﬁéﬁﬁlbﬁﬁgﬁﬁr%ﬁltéﬁ‘ﬁ | Ratutd@ed Bigl 08) Iﬁbts\fﬁ{/ WS chiits b¥@lesn any
grof s FEQSHEES f%rés "ishecwuﬁlﬁryi%ﬁﬁlﬁﬁ a@;ﬂ%@g %1 ats \1§ minute

turne to origlna
counts by Ioad balancer node type. Load Balancer

current st us
US‘é‘ﬁ PE Bt“m%&tk}’et IQPH‘}“HP@ flared ({%?er]gﬁt P%er °'tm F Cot E9ih?
choew?&erla Rex iofEgcardy tq Bt YAt n&xﬁé}we&aﬂgﬁna and
sorppigler, and Wél\ﬁglelt sesullp rs (e presetedetaphigoly gr in tabular format.
Thﬁudstaos nedil famtoad belaaceri@PH Pighility tuning activities.

Finally, the ‘admin’ feature allows system administrators to configure a number of
parameters affecting the operation of the load balancer.

Hysteresis Setting Parameters
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all | oad bal ancer cycles prior to the current cycle.
The plots are arranged in vertical colums on
WO p@Bgairng timeframe up topyearly. ' BTS Load BUEHAE2008/000330
Count' plots display the nunber of BTSs in each
defined | oad state according to the weak classifier
engMARIMUE RizcEPTRE ndd\ds P&t BT o1 gndtis thidimpibay of feves the
foréBél'TH&Fer ehn faRke Hﬁ"éﬁ}sBTb%lhmfl QEmeHR AadifRpBRIé.UNi sti ¢,
and their retur ns at different intervals. 'Mve
Su Cf/ﬁ"l% Ishug?éﬁ le@ e&itﬁvg 'dﬁ?ér@%et(fé Qﬁ?n%hﬁ’i RfferdRiin
Ve rc i ed een a Hes%n t‘fonn@"}@ nd NE) b%f‘o?g tht%:tq)é)gan
g? to; E%gest afxﬁtéona;.?p ‘;E{?g ﬁal glef,t {19% 1%nt>t aééeast this
Vawar lesstans g pgurcg % FEMRHE° RBFAN pl ot s,
wi th overlaid tabular data. Individual BTSs can be
StaBdivebded S¢ttingPardriaiersof BTSs that were affected by the
activity of the |oad bal ancer activity. For exanple,
af f EBE atbvBDSmeeshép paxivadacscBiigh) tefas td thetnu@Besof geomls that
thenexl Kalioser 'owns! MIAOPE it Bt&sninbthatit ieccaalidateffoomoving.
WHeRStCIEPESow e dPR bl 85 plFRHGIR & Hbt availabld® afn her AfiRication

unt} IR r£18RRAT | Ng feature (see Fig. allows a
user to use MRTGE DHCP data to pl ot trafflc t hr oughput

anlelEhci tn&o\()etléfoli £t §g 106'11 1n'ﬂ% ?{ ﬁp?n'b?? OFM Strs
P

thal,fhe 0 aﬁﬂve% 1@%‘%?% s ftich aw%gﬁo &Ogsgt ety
Plagﬂ Plgeovesiyil aieaply S E L BIOKE (b Pe
lisfocv(qeﬁt Heppton, qrnlfszélrc;r%f eqdteapbalfogether if a
Smﬁ@bhm@@ Q?ﬁﬁo'fﬂ?@ fewdect ed by fol l owing the arrows on the
di spl ay. The pertubation nonitoring feature (see Fig.
14) FyledtGPE amwvergraee periott ($n bedrsjerefersitvythg numper affhours the load
balsmet oils ook badlkt sirieshovelllistotoiordetermirgrif the CREthilbd b &ouder

balaég sndve! Ifithe UPBHaled ¥6) Bovdwithis thREInkHE iDhst Alohad eebe
moWBhda@f i Ng feature (see Fig. 15), a user can sel ect
froma choice of periods, the nunber of records to

et 4, \haard%&o@gﬁ] S USRS 5L &g e&et&mn?aaq SRhbR o Bburs

thaf* {fle f Lmoye a rgorllEh e re t oHe PE before 1t
1 gt “{F Der B
uies ?E&?ﬁ!"‘gﬂéﬁéﬁ[ﬂ%ﬁ% R LS

valye|Apasinot ptfecs the deélwﬁoﬁ@g readg byifhe eppBRNSHE ARyeR Fgsentially
it igidfed do Hefgrmine Cois that have ksentona BBaérisdpegtee.

Hysteresis Setting ParametershMaxi num forced CPE noves

per MifiSuo foyedd sighle peridig(imhodrey detdrminpsale turebdraf beurs that
thelToxed nfo¥0 algRkiehrd Mook Hadkldb thé fcaistrafionsi 0Tgl GPE befosd if albows it
to 1964 6ff aMartichiBAlS. Of thk €PEARY régestered ifhf LM BTS within this
tim@tt & 19t 'élﬁ§w&i‘§> Be ﬁlb\%&fﬁﬂhg raeMe8vérNLRAtat tBN4&hlue does not
affi cﬁ?ﬁ’é Je% %r}ngdeq)%ﬁt rﬁfﬂlsﬁ %16%/@9 E%se%%ﬁ%ﬁ 1% dto
detREl eﬁ ? ora estinatio

evgl Yene Bestl na I'S" not at | east th| s

vaI or | E‘Bs t han t.he sour cfe d | evel , th F

can ITREm 9 4 npgrappn C@(nés«? Fqsttgl @a r of migrations
a Gbdy ig pllewed todpere yithin thadest Sannpeiaeiilg allpye @&ma%‘)ed CPEs
withdfigh migratiarheountsrise gensrallyeqonpidered fieq unstablq foa ghedatdabrlaeer,
whidwims/hytthey a@Pkgnioked.t deternmines that it is a candidate

for nmoving. When a CPE is Owed' by an application it

i s MkirAwaiboatly ecdigradioy cofttesfep hembxiamumintmber of
reg@WRE6SIU BPESs hfdwwast®thave within the last hour before it is allowed to be
moved. CPEs with high registration counts are generally cons1dered too unstable for
the load balancer, which is why they are ignored.
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Dupli cate CPE nove | ook-back period (in hours) refers
to the nunber of hours that the | oad bal ancer wl |l
w@b@sk3aatk for an identicabpnove to the one iRCT/8U2008/000330
currently planning. If it finds an identical nove, it
will attenpt a different nove that is conpatible wth
t heMeRnfung wetlRtCPH inuaé taimt isthe tdaxithirh ndmbpr éfhaoves the load

bal@dideLi¥RlloRLl @OREREHN b bingleWPH péweekPVE cannot be found.
Fai |l ed CPE m)ve grace period (in hours) refers to the

NUNRE eﬁél sthlﬁ%o m hak brsYid the hﬁﬁbelbﬁq{&uﬁtthat the

loagﬁaﬁ’l 1”96\{? o 5 (ﬂ o e{e mgpvghefﬂ?éra La]t-lelh
reg{s§l gmﬁ lﬂéf Eﬁe EB IF}S{? di %to ce g/lt t % sf
eSS BRI S %ee S@ i
tesigEraRAshed. T RALS # Resi¢ g1eckdp ?ﬁS"\} aﬁ%gj&?ﬁl% 5| 1 BslstoRg st
the{(FRE préqyite maeyingohthest a CPE before it allows it to nove

off a particular BTS. If the CPE has registered with

anyUnsthide BEBSnowe lobk-batk gertadi(e hdurs)iis theomndet ofiexirs that the
load ®alatoee cild Yodkiterck diroggh 1o \GRE mbind teadkiay retdrids lookingefor CPEs
thatiRESINAE BATS 6t thé & efbaehSioOTEis REE & WsRden Ehjlitteion with the
uns@a{b@é’&&ﬂ'&fﬁ;éﬁéd'ﬁﬁé{%e udsB®Rrbbicolt, | S used to

det erm ne CPEs t hat have been on a BTS for a |long

ti nﬁnst%l@ B%%B\QJ c?Trgg &q{duﬁsg 4(‘: ngal’é(ﬂsgt;ours that the
icu

loa ne ‘H@fz‘uge Jriga % e 1 %% aPaIw,rt lar
G o AR L
H’éayé?-@éoﬁ et Q‘Fl%tf“é‘? éap%dmg e BiﬂL}SP ﬁl?enﬁﬁa@ﬁ i gount
andﬁhﬁenstﬁhle lapkrack aetiehed t o be noved by the forced
nover. Note that this val ue does not affect the
decUsstabls BIS mgvemdeinhyn diop-affspe theuninster of dropenifs that a CPE
canfssseuniterabitly a prticslatiB&ES Heford éitie consiverddRirstableadn than®TS given
thele@Rditions @&BESHY ahstablk Mtk-bacRBeriddxd dB RGN Yirop-off period.
m gration count refers to the maxi mum nunber of

Cld}}zﬁé;abkzz% rtQPEethﬁ 2hloygsdsto have within the |ast

hour befor It 1s allowed to be noved. CPEs with high

m géﬁ}ﬁ?ps’&c ‘ig%;lgﬂéitg d9f f’nﬁi;{ldgﬁ%%x?ﬁﬁ&qhé RQmH&Sbtf@ dﬁo%ds

@7 qlf,‘ge WREET T 181118ra§t1¥1 rh eo 0 yjects
i F‘%&‘f E agecEpdataasg, ﬁm@gqge all
thr% aillfipjehyvhah they sg 901ﬁs withbe pldedafa withingesonge ot the ngw data
beingleaded, apEhys wplop oan bihtunedflenending oR howUmsy the lead balancer can
getgeneral |y considered too unstable for the | oad

bal ancer, which is why they are ignored. Maxi num weekl y

CPERsgivieativfuipidate slelaf €ing@sontsyrafietsiethe dblagiy e ohdethhiohe
reglaBE Bhckied irtdhk QYMRIChal A coBsR] Wit BefSienglp1IfBEho figist@eibn
tabﬁ-rl% ted IOQ& Bhkhder's UeGbak! @ALM1Y BRKARRGROGIdRGHAURS atd St
whidB@hOHBRES b%gﬁsey&ﬁteh {hxfe trht?cﬁlddabe@' ancer | 0oks back

at regl strati ecords eterm ne V\,het her a CPE has

t ered at '{ h uﬁ% d
%alg gusie IP%C ]SY dsrime e (f‘ %g %}-ml{lest n seconds
heva By S‘i“%? tiop fhead shpuldgvayg 1f5eﬁé BV P e Eefore
recBRGR&i ng al | other tests are passed This is a basic
check to see if the target BTSis likely to be visible
t o Lhed ORE postiimportalelay(imigconds) Aeseraninesnibe apmbeBYSeeands
that thekB TR cdatpudler wdit{ after kiotecsig a slagsifeeratebierpodfbefmaitdooks to
sed ifiee difzeiflepam Hasbancesmpielet. Albokmbinel claksifierghetdte HERE
bedDNA bbfoRCHBITS 8sifFoliSr WwlPload thefiidonfBiiessthtBaintd flelmof. fThis
valuBehBIPbd %%kefd*b%nggfcﬁmﬁﬁgthe@rs JtRIéAL MRt G144 B6mithe
dlfﬁa%ﬁcgn&ﬁﬁl(ﬁ{k 3¢ thd clab\Gier import and the classifier runs.
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unstabl e drop off period and the unstable drop off

count. Unstable BTS nove drop-off period (in hours) is
wao bh@snsgmiper of hours that the | oad bal ancer w PCT/AE2008/000330

nmeasure the instability of a particular BTS for a

particular CPE. If the CPE has fallen off the BTS that

it Wasd steteqdstt impotttrétiry attdmiyss pefers oal thetriuentBT & ateynptethe load
balafdts ivdB ke Witst tAblifipste pelad be@roin dtteanivnad thet e clabefier runs
ardbosiARtb@ fH PR fent ﬁx%&lﬁf 1806 nhﬁ@eﬂ'ﬁfe‘aftt@ﬂl'p% ik eRdeed@L kn error is
ral&%lfdnﬁ%e MQ&BQIQh@er 33 S%ﬁ&oﬂ%étﬁlﬂq% 560, AfhiSvalge, tnfh e
codiiBE6n {4 %@Fbg oray@%)ulﬁb oK et 31%%%% abié\"grr uted.

partl CU ar IS consi unst a

given the conditi ans de
| ook gﬂg&ilw@ ﬁ%‘%ﬁ&ésw@)géﬁg%ﬁia o ey
aﬁ?ﬂnatéé P agcqr gntrgles is fyitp PR ¥ o e
newestqagistde valiese update del ay (in seconds) determ nes

t he nunber of seconds that the BTS controller should

wai Lotxbstatescahdalay (ihegoonds refersde themumben of sdsendd that the load
baletijee's B ShahtroBenghatat eandy dyble befat chdcking wiadthee 8 riew dldssifier
dathdmdgoh hboowarred. Tirtsalatisethe Galnes the hyore fdsporisiveahe foadibhlancer
is dtilsH WO BTStIBLY sthtes.doi ng with the old data within

seconds of the new data being | oaded, so this val ue

SySam sbeink Waps,gerendi ng on how busy the load bal ancer
can get” Regl stration update delay (in seconds) refers

N seconds t at the r
i FHE-EEuBtyl RS 0, YD B, WA L TR
é‘t Fryemeyeiant evelayaven | h%lc EI has ogyers %ﬂ%{‘?rﬁ
eral ly this value should equal the rate at whi ch

the table is being populated with registration data.
Mes Bagfeiclgd 8IS i tledist 9€BAES that wilhbe elderrikty bedeast balaneed
wheh éherloablealaskr sdu osstisctehBTHmsade. di stri bution thread

should wait if there is no activity on the queue

bef Regricted UPEK g is088CPERIIRAL RASbe hMgvasd todbelicad Hdldhced
whe® e185d balSicer ¥1if ktridi&l OPRBRIde0f seconds that the BTS

controller waits after detecting a classifier data

i ”p@irafn af éoegﬁ%lﬁ fs% 2 enci: o{' F\?mﬁér ﬁ?a't Iiéfﬁ{et
ord%? 01 g ] d&) {] t‘ﬁ ggm Gctor va(:frsf n?%l fo ~day
sgghEssTyen g@%ﬁ lpad Bplapcie Eﬁ@) A e Aoves e
10%1% Hehayy BPE ™ Bying hiseuave the
loag dalan C?frcéﬁwa?"rwﬂalfﬁeéﬁ élepwa%qdmgﬂgy as rqqﬁéed: ogesp P er

inmport and the classifier runs.Load state post inport

r et PreeaptizerpolynomiabtimetadisetdefmasiGr seavhdgtthemgative shaft in
timechal thatwame &mctibh khowhk epeadte et canymreédrporedl tohed, &y trp &f balance
loads befetectheipesis actially béwurC Fessiahipts, if wesvaat the toadbatineét to
préeBiptil 61§ bR WidTe AEreSERRY dt 30 nhiniifes beeRDRAl ak Rhb@HTn at $0pm,
weSHGAE 88 Ahis IRIuB 9('5*'6@ drageed and the load bal ancer’s

BTS controller will loop again. This value, in

¢ O"Qa&afahé%P dWeﬁll?lngmoW g é@g \%ﬁ}; ﬁg 1&{310[#1 a%c Mqlqo fhs as
thely gF stela%? or 8 1ﬁ: SSE oF]c dlé(l)vg § i tgplpe rpovmg
This alifses 17 get f ‘*3? potiye t ganmé?s g 1jig the
MAst Aeres 1§ fuegs fott IW &yt éqwém% igdoad mignatch
betygen el B Sﬁé.’ﬂﬂ% atl rrgmaﬁ@ peepdyTheilpwerthe valyy theapereslandy
BTiSsgehbaldmed df thisneonbly it tathighét dapadutsaiseibieten ketBFG BTSs.
Nozginalrvaldee0.05] eeps each cycl e before checki ng whet her a

new cl assifier data inport has occurred. The snaller

t he Gagl 8d stalelciMngs ;SARPRADT YudishRe H&AshLAIOMARES values that
are added to each of the destination BTSs being managed by the load balancer during
CPE moves. These values refer to the amount of bandwidth that a BTS is allowed to
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is at loading the BTS | oad states. System Setti ng

Par anet ers Force connecti on on unseen overl ays, when
waelsaseds will force the | gad bal ancer to tryPGI/AD®8/000330

to an overlay even if the CPE has never registered on

that overlay. Restricted BTSis the |ist of BTSs that
takaighlen heerhin doweicktite. Tie firstachllrah ainc kst refhsrio theearh@ad of
barfdiadiah aledt theSddstindtRAtBTS isedloWEStomatte if iResta load steGPE, ihe

secbR@iflid 18ds a0badFES of MadndMol dn. FBes@VaRieg Bretifl kBs, la8@6h a tunable
pard@kgpced when the | oad bal ancer is in restricted CPE

rmde Gain polynom al coefficients is a sequence of

t 2?0;;?% gge ggrfnl naes 1§ﬂ} 1stt hP fo (? %ta%ode%ﬁgﬁ.'aﬁl)w ﬁjcré%iugg that

S e mm %@@Y&hﬁéﬁ sy

00@«? given g Keigp sdistate d hg diystrviabigin the lispre @rSt%t amoygt efy
banghyeidth ghaidhe souscedBiFy is allowvefl éca@owfamaéra lpachstate of (j thp second
if it mesradeaxbstate of dcandesasmd Thegelviatugs axs in &hpd, eediistatukesdte up.
parBmetenpt i ve polynomial tinme offset defines (in seconds)
the negative shift in tinme that the curve function
shogbH ipeasdtigeificEAOP 166k rofr teak ifitbiToe iléntiflcHtiérOnumbers
of fhglcrge | oads before the peaks actually occur. For
exanple, if we want the | oad bal ancer to preenptively
be
ol Epﬁgegcggﬁﬁﬁﬁ%e&gs ?etfer?ig tl{q (ge%rgﬁ {)]Ellaé)){ g%ﬁ%gh%&ﬁ%ag 60
a%Vwigﬂ'pnfﬁﬁh factor determ nes how aggressively the
| oad bal ancer, npves no ens as they register_on the
et g&a? i mogﬁ%atwgse&aélé NS ZEE FoareAnadl adrResdo
adbe lead blgncerrlp sniputesiatisties arasrgé If therps! hadancenisHentdor 2
gn@mp@mxhvemvnﬁmmmgsvmm all nmoves and 1 is the nost
aggressive. Wien the value is 1, it wll try to
Modeusdiiime Putaeeears i re | oad mi smat ch between all BTSs
within a 15 mnute period. The |ower the value the

DI Resd G WwiRhShe G, Ptk BRABAH ballénctemn&o %uamﬂy in®dé.0While
in tﬁisgfﬁode' tt vﬁﬁ@nﬁ@ﬁ‘@m‘?ﬁ ichdc@b i Pﬁﬁe% %ﬁ a]nhlqgﬂo? |

0, erran S ist ist o
Staﬁfﬁgg’%su{[ate éle élﬁ)lJnﬁglO\/\/ance vaI ues that are added to
eac h det| i 0 TSs e the, lo
?;ﬁ? C’%&"ﬁf&g Eqs%é CRaRECp dhviol tq G
apé?l%%‘f?alﬁ’% VLK 3Pt uge @F’S pouring Qﬁ\ﬁélfc?‘&tsﬁ%grsgj?
balan%’é?f%oéiltﬁpflsoad state. The first value in the |ist
refers to the anount of bandw dth that the destination
BTSSame aitd mndel whentseleeted frestricts adjagerit cangledoask alayiceO,
beltalvipus ecmodesi withih séetersanlthashnst dteendf, that i odlydo ogerlays and
adjabens secvdh. Foseigi 8itd ajkdeRBsecn thoves aretbldvkblie par anet er .
Loss | oad state demands is the list of |oad state
denmpiide@bdoauanics: éh%l:l&h%suﬁq'ikaén @E ?o&@d‘ﬁ%e& wiRReeAehd Of
bal H&rsl%r B TR PRI AR RIS O Yorl 514 ORF: BRLARISS o
il e i IOVPS, o TS 8ol %&ggf;];a 45 ohQ 160 IR YRE o " the

0ose grven

on%@la gf%afe célﬁreg? 5st valye in the |.ist ref er.s

R B’&’ﬁaﬁﬁﬁfﬁ‘ﬁ tig Op @W@@Sﬁ gt withih
thegpp o 16 BBOTAMISIC TANerds 4 BaRpdbalBtegs t%regtSFrétlon events
as thet eprie ito ithe lnad balancsas database thepugh registratien wrportiseints. As
regisitations are eaptnrekpths CPIhid téstedafor @h@blﬂultseoﬁmMpwd toa
compatible yet less loaded BTS than the one they are currently on. If the test passes,
an attempt is made to move the CPE to the better BTS.
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CPE interface identification values refer to the

interface identification nunbers of the CPEs. CPE
waele®sn3prdr i ndexes refer tgsthe descriptor i nRERAU2008/000330

val ues that the | oad balancer will process. Statistics

notification emails |ist contains zero or nore enuil

addRessesd Bd' Sywvheinsdldvged, eald tura ltlenloed bdlsnawr mio eestricted BTS
mo8é.aVhilé ircthisahedes eetload Baldrver wilbbhliddedntyethokesBTHS rthe
restrRicdBDE Yigh period, no statistics are sent. Mddes

Setting Pararreters Read only, when checked, puts the

| oag Qﬁ BIEP 1AL 2 bh&r iflo tditrtted CPE
moﬁgok%iﬂe o JEO offﬁaﬁgacg}%l bgl C%E)?dy BBSHEPETh 03
res {é: 0 rmves Overlay only node, when sel ected,

restri cts Ioad bal ancer behavi our to only dedi cated
Affpidty Sefting RaG@re!d¥s. 1t will not use nei ghbouring or

adj acent sectors in |oad bal ancing sol utions. Sane

si t €achsdaneonh 6n houispistteeinumbesstof hours thaljtlzac€hE affindy datrad
rentrdhsoavtiee fdre Affiiityuecdrds oldeethanttihnummbaaif bpsrsare tighered hyshe
loadibhlanest) y, that is, only to overlays and adjacent

sectors. Foreign site adjacent sector noves are

bl ogk&dssith&RU IR ion ‘ﬁ’ffﬁﬁtyqlé‘ ﬁfél‘eﬁﬂmt}t ViIhs tabihehe
CPERISEH R %ﬁ%‘éﬁﬁ%ﬂ%@n 3PP s%ﬂ&?ersTfuﬂ-he forced

m)ver Is at at scans or stabl e CPEs on each

%%Fe% S s %gf e A T S Sy
BT% ul&‘?sé lni11 ﬁltrP9V S-Oppor t uni stic node, V\,hen

checked, turns on the_o portunl stic nmover within the

| oadugsasshiHaneve sppEse @ﬁfyb ig Hesatfipityrgalae thatthg GRE @éﬂace BTS
acquirgs iflthemitied moge lifefglCSQSS@i ion events as they cone into

the | oad bal ancer's database through registration

I MPOPE msevei ticking Asriodsits $acahds) nefeatoehe periads atter ¢aok CBPE
mokv& tHa€ tHedGad lare bt Giobid dheyk it the inieyeT®WetsthBle A If the CPE is
stilCOMERIB Y tayRival @fvel RAUAR Rt dalnidenansl irh@ingp&iods
are A& RN yl"h@ﬁ: elrlodE QI% ih §§kn9§%§km%@v§ﬁ§ SARE rédsmrfﬁvg@PE
tra&@?é;ag g%’ d r estricted BTS, when

urn oad baI ancer into restricted

e e%vr?w” s h S5, OB Lot e .

a 0

atfigiiy vajues By Réﬁ@” dft hésearfJE‘E’ttiétg‘ tW"'I(E!%(/ S?Sﬂni“l‘%‘%;%acqulres if

theyf e fedls of hetBTS wethin the eerrespendipg wackipg peiqdy If e hipigetill

on {ligedeptination B s dhe tmp thap edns dragking evens secuTREadqiTesBe

highesstaffirgtyed CPE |ist. Affinity Setting Paraneters Cache
timeout (in hours) is the nunber of hours that the CPE
af f Muxirguel @irefer t0BIMRS paidd (e séconds)Abfletstb tye manlr @$ seconds,

witbird@hich Ridie i e TR FE bfthe BEstinEtiH BTS GAQF&ambBadkiBe

ori‘igjﬂé‘ldsoﬁ?éew{hat PucEeRabitho MY SR oRRE BATS @idd Mk Nomalic-

Pr %%Eﬂhﬂ&@éaﬁﬁl LYRcirapt the CPE/destination B

ach|res It the n|t|aI nove i s successful. Failed

AR IS A SR L aRlleys 1 s the affinity value that

Capacity overlay load offset sets the initial offset (at load state 0) for
computation of the BTS bias for BTS overlays. BTS Bias (at load state 0) is set to
initial offset plus weighting.

Adjacent sector local site load offset sets the initial offset at load state 0 for
computation of the BTS bias for adjacent BTS sectors on the same site. BTS Bias (at
load state 0) is set to initial offset plus weighting.
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BTS acquires if the initial nove fails. Successful

nmove source affinity is the affinity value that the
wa@rmsssdrre BTS acquires ifoghe initial nove iBCT/AU2008/000330

successful. CPE nove tracking periods (in seconds)

refer to the periods after each CPE nove that the | oad

bal Adpeentsbaot fhreipe sike lobdibffidieetethwainitial sffsdt bt ohdkihie.0 for
cothputhtiéh §#Rbe BTYSHidd for 8djadNEBBTSeétbtonl fbrel@ssiteoy BA StBias (at

loali Reutd 036 kétng iR iJrREEAudMbightiad.| tracking periods are
exhausted. These periods are in seconds. Tracking

le\éegt«qgaacﬁg%géﬁw @gigtb%%gs t é%}%ﬁ 'a[]%l{;) ]I%{QAI Stale'Yol he g
e O HEDTS RO TR PSP i il f i
by adsteein this list refer to the affinity that the

CPE/ destination BTS acquires if the CPE falls of the

BTSAdiacentseeiprlosersite sysighding gets thecreigbiipgatiany loadstais for
corppatien efi the BISrbiasier adiseenhBllSsactBEnghe sarec sifarBTSHRiss is
settdnevelghsing tivadsdi ngoad/sate. occurs, it acquires the

hi ghest affinity. Maxi mum prefer to source period (in

secadfisgntisedier fordign biewsighiiey setf the eaddiding anhizhioad watecfor
corhpiiBtiod oftthe BESEhidedol adjadent BITS seestsi dhdbtcagh §H6s. BNSIBias is set
to W& #ﬁﬁ’gsdibﬁféh b?,t]gacpsrtét_g'l nal source BTS that it is

erred to that original source BTS using the
q%lclenc@rsgf erred met hod (Navini-specifc). Adjacency
I'as tsti ng Paraneters Capacity overlay | oad

0 sets t i.nitial_offset t |oad state for. .
Th RS akyalsies 13 fbtiss & Bidses s | Giedlal oy PipfiuSecpbeangstiyit
stafisgics foayingfvadual 6 Es acioas the gefvwark,and tharr aggeagteg 4t by base
statjen. RY prajysinglfhecainuth deeasion|ape qfhes petingsor{d o¥ss 8 detogistibose
that & likelyt todle intkfemng et eskantidlly fightangoen thecompuse b f roodends,
and ¢en tBIES nviigeesiof @f cexdpraem atroBs e nettark as o furtchien sétime.

site. BTS Bias (at load state 0) is set to initial
ThisfdatedolIptte8 caVED et R ahes AERMH e86ERIcol g Giliizy bifl detect
intdre@en@f Nefhork&ingideBR nhdli dsk @he @ftd 88plapdd looad state 0

for sGQmthabt fﬁ'ﬂer??:freﬁc.g% Bim in@%mﬁ%‘ﬁt'ﬁ@lﬁﬁ@%ﬁ sBdtots on the
sarﬁ@ﬁ&s@rﬁ%tqﬁéhc preign Sltg . gTS I a (at | oad state 0O

|

ot el S g
O BaEs T or T RS Knaiur et ris S Gptppa prratigie e
thepfetisalimaanseqverageinei ght i ng di vi ded by | oad st ate.

Adj Heeify (strip-pragiag befveen sraight Whigh SwyPrevide clues to new
RFvoduttgnin thy eaviremmpentoad state for conputation of the BTS

bi abcite CPdjtlha ety HBTS bsguit torfsil eml why be acngsiut of siBTiSication;
anBi as is set to weighting divided by |oad state.

Adj aseiiing evdrfe doRhedtvhs Sid Righeti@Rtbetigeeadise dtitéons per day to
quitRify BYérhl nedw ok ¥okRedorStatiBtyl fof n&9 RPfk alei @ nRfadt.he BTS

bi as for adjacent BTS sectors on foreign sites. BTS

C .ﬁﬁsoiu?cesﬁiagg%gﬁm ghting divided by | oad state. BTS

qurval ence The BTS Equi val ence 315 feature of
B I R LM S e
resgUEpes- Ry Sy hestes lJt" SHFUHREEVIEYa Pl BT CBS}IP%{E;EEEY%&%CJ[S

infeeted with viruses. (Toe LR ResonEreddisegrs S3@ faafurg dgse 3
gregdy EPEs in pegggeal-time and determines if their BTS is becoming congested.

pr
B
a

The system computes a resource usage ratio to assess the air interface efficiency
between a CPE and a BTS. The higher the ratio, the higher amount the resource usage
of the CPE, which is proportional to packet rate and inversely proportional to packet
size. For example, values smaller than 1 are efficient and values approaching 100 are
not.
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that are likely to be interfering or essentially
fighting over the sane set of nobdens, and can track
won@sasi4eh of custoners acrg$s the network as BCT/AU2008/000330
function of tinme. This data collected can be used to
assess overal |l network coverage quality and detect
interference. Network engineers may use the data
If AR RYSHoUrAs dE8dtes; tth@fn@@rﬁldhfmaﬁﬁﬁl}f 8 k& Dubitess rules to deal
with PG atin, T AL dHQRSin 1% BRIty SE R TP ORI &1 5348 c RRH
or 59&? COPE c?%l RSt bﬁ gtl&vﬁcr@*ﬂu ft1v Qéﬁ%ﬁkt ca%% Eé;d
Y

eren r
g s UL bV s
(AVRkor et cal map coverage |dent|fy CPEs p|n pongi ng

bet ween sectors, which may provide clues w RF
Foraimpla, ajvue Heead CPEAte o1dsaay t deproad spal L ayoL 08

padyeigiaver vlongiperiedhaf tmy vhdorcthe hgowlngfbpf 1§9p1e6@r f ATGIWSkK;

admimistaigirer nistemenseragerepesedativeansy eithgr stop tket CBR $rom

coriminmahishaidetysoratall dhxsugeeto whéwe the popbéert.i fy overal |
networ k connection stability for new software

ReSRWIbP Teecking F25Resour ce Usage 320 Every network has
voraci ous consumers whose CPEs consune

Nefy R oBEM 0 RRBLEy raﬁ&ﬁ b8t staH¥, g dBash %ﬁbﬁ‘ goﬂﬁéu?atlons
rolfd) ?ﬁé gof?\%rg 'aﬁ? ?rh{%zafé d@§ ﬁ) q

chaggg%%a hfva dpiye c&q;p 1 e the rl%lglo ?taﬁlg Bg rlg 3sa
whglemiehi felglnrpvq FE LB 086 Hij‘é@{l i degde
Per§%)§%a§ﬁ? ‘conput es a resource usage ratio to assess the

air interface efficiency between a CPE and a BTS. The
TheRgrsssiethEracking 3?25 féaturhiof Rt 3 antsusen irferfrasfoundwotksage
engifiedrh® fERErmwtiefireiasd-pftopaoatysordlthe metwadk eBeforetaechangk is
madée\edgiheby npyoditect the fedturt to pathératatso thosd-BT Sesawhick the
chan@k WeE bs AP licRlrantlN@hcdman@lys tHe Bt ROHEY.aTh@Scan specify the

eﬂﬂp&ﬂﬁmdmgcﬂ&p are not.lf greedy behaviour is
det ect ed, the |nvent|on may apply a set of business

AR Hh S d@f‘ﬁ t‘o‘éﬂhé& Qlata fhﬁ eﬁ ﬁé‘&b Recdnkifare

bei%lfé é)r{d a ?ta % {' BES ra m s{a ki R)gkgmeﬁ){cs and
&’ﬁlSB%e%’ asef\* f?ﬁ‘é g fRigpers who
§P1§etde‘}f sse theehargsnor k Ioper ator's

accept abl e us e policy (AUP). For exanple, a
CPE $eniny Netweorle (CPE has the tendency to downl oad smal |
anmount of packets over a long period of time wthout
CPthenkrydVdtedde3 36f ofiRig. 3usllows a/pantedfithy ketevdrk, difost amindividual
CPEUBtachigile 2E0Y, t6 Be pRibee SatidiblesRodtinyg. eAstdhetvnst Fjp. t1he CPE
maSRikd e ot thiXtial Beddepl el ity EdlecOinfédlatioh MRS SlistdrBer's
poﬁ@bi’%etivhﬁdﬁéﬁmt%mw}ﬁ%ﬂbmﬂ% tHd Sefehn@@2S Net wor k
operators routinely add new base st ations, change base

Th%%e\?éqah&neﬁcl%f ard gfa'n‘% §%§ rgceltl\%%onrﬁ%%cﬁq; ees %qu(io to rlun
as n i c nd et rma
us%lgfy%\sqnfg‘o nEO@ J aaarylglﬂ ﬁgagc&r%?% gcg)v%ag% se o]% vis (; to%heocanary

at ipdoratieny ang His GRRRLySeBEsPeoTpaRce %ftr%‘EIPB Ig afditipn,
thege gensaies| aqg@.onﬁgwghl@ éo be exempt from load balancing act1v1t1es

The CPEs being probed are known as sentinels. The system 200 will first go through
a list of sentinels and sends each of them a PROBE command to ensure that it is
online. If a sentinel is online, the system 200 will send test commands to the sentinel
to test, for example, the speed of the BTS it is connected to.
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The Regression Tracking 325 feature of Fig. 3 acts as

an interface for network engineers to performa
whedosnaand- af ter anal ysis oR the network. BefRPCEAE2008/000330

change is nmade, engineers may direct the feature to

gat her data on those BTSs to which the change will be
Wizpphe edt aomableteqrhosantingitwiyl, setditheassitts kathedyGeR .00 Vivey
HTEp@peThd yystee2@Rmbap thedfsesthindreciosti ceginmids to'tht eéntinkbto
coftiRRIsstink McScurRAt BTS. NRRE, iHpRAtiA) n€ed YetdiscodAdobed from its
cubrt I EhERGVRES aShelOos B VRAI S toBE 6rftindN) i8fi bRSthet BESS,

exam ni ng BTS operating statistics, performance

neLr ; tivi ata. This analysis is
4 c@?ﬁé’%:lfgzjls%edﬁ‘gg%@ %@g?ﬁ?::za 5% %‘gjcust oners who have

dr opped t he wor k since the change. CPE, Sentr
Thigo R0 G biaeRgerdais Yo elgs e d4Gf DAgman 53PS o
butisa?S@ sgitse ik BUSHRIPGHS, BUL 1 3¢ e dpterisditiieats o REBECSH AN | €
efficaqnep et thablewel, prébersente by the baekgrawdovharesr passitde oliepetates

Fig. 1, a CPE may al so be a canary that has been
Thd @@ ynadagen acte bt Edlowis nlsinmgatwdR-1eved il ayec Adhtemet) tmaffic data,
thep@amgenfoutthelwidentifitOCPHR whosd IP lei trafficodisibtioy appeer to violate
AP giie#Nin2@0 Thikhas@ldGesnnrih @ SmhAOman e 16 gk cptiBalbhged list for

furkIRE BHocBssHYARINGEHoA S OM t he system 200 to run a series
of upl oad and downl oad speed tests, packet |oss and

sy Grosb T el G Siriel i acai%éé%

DR kMt
tH iﬁ?@’r‘? St pmljce
\ adndeyes ) ©
obiaghsiatisties e theyadr igterigsenisee fardhssesddsbal anci ng
activities. The CPEs being probed are known as
Fughert theet P npheges psesengopination| of orgdsterginedthusines rale tast
detefmige iff o IASTRavid | aterm ds Bk lalreddyt uneler stredeROBEI oisersswhg mach
a cemnain peofilbdresptctive odmhereethey drea Usentardigiven 8 choitd temaiidge
thesy 8ée@dTinZ0dsitbliVe Semah-diSsbticOmpRg $o e chheusemtd; Agiin tids
will B keledtleexanpl e, the speed of the BTS it is
connected to. Wien the test conpletes, the sentinel

Frdth blenS GG /Y ool Phel BV SHHDAAY. vi 2 a HTTP

t
pos m N, send nor t. . n
alg BTG CRTH ARG E%j:eﬁ?r}%%}%’é?ﬂéﬁw
. the sentinel may be discaonnected. fromits

cur PEFRPI S Bt s o BT ppgids 90 e pppanted
acly@lyiGeAS t o test anot her BTS. Acceptabl e Usage Pol icy

( AURndgagese s 38 thihiseyvialemsf], welsitounesgage 6o sneglgnism

t o Acotangisg she load balaeed §AIB list tmplast themvasshbfist thagtmeldwing
meved sea hov AR, antredax toids forthasstusers cbéyt atetue tow rangttendsdhey
ardRffloacdes be dayebeddfer divency at that |evel, and operate

i n Digvhagkgyopmd wherever possible. It operates The

AUP Hmﬁfg%ﬁlti?ﬁst SerROf bRy bMBinatiéil 44 repitioR-thRMRId dfaner
3.HoRt er net)

raffic data, the manager routinely
identifies CPEs whose IP level traffic statistics
r i ol ate AUP guidelines. This should result
B]?Sﬁk@?—!@ﬁfb manageabl e excepti on-based list for
further pracessing and, action, The AUP manager al so
Thg & KREKRI3AEetutg o ig. Bsombrines tee inapqrang frcteptas key
qualify ané perfermennee inslidaiaiel CPEs that are connected to a
busReBI8e nidaswred buthermamseybmiet of alllaétaghesh @M spro-rated to time
onehdsisask agaevn abddliarypdrdoaext ract air interface data
(t hBhsd Satidnay@ss [evélmskagdirel By @ \&iape 61 ladyl sShiice Sesotirckd)8uch as
podef, chitiRlsf e eti®a@and or these CPEs. Further, the AUP
MANAGR! cudffter 3o REMAAL fasfedyRHRLLET A QiEy RSty

rules to
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determne if only AUP violators on BTSs al ready under
stress, or all users who match a certain profile
WO eo8apci i ve of where theyojgre. Users are gi VRGI/AU2008/000330
choi ce to nmanage these users in a disruptive or
non-di sruptive manner to the end custoner; again this
Thid fedtuiRecodstigsttiribldeta wiklogrosshlaer infoematiormoriecand BISs, and
thek&bteQUP Y] ti€ hieGH $heClABh- iRk bakedry fémiod qhditly 0esdt$RE itSterms
Ofgegdgﬁp@&rg@twaﬁq@r to have a | ower m nimum resource
| ocation. Dropping the CPE to a | ower descriptor

h%l E%ﬁre rﬂ%?ésv éﬂ %%teé{{gt Icl c&n@ﬁteﬂﬂ%ﬁ%ﬁmlﬁﬁ% Het}%d&%@?%
droHeR Rl o8N e opiomisr 58 %%lrm ARLETS
g% Vi (?%0 B a@dopkia e a{ﬁhé@ ﬁ@&ﬁ deios} these et Agd
Ped to a new BTS, and relax rules for these users

onI y about how many tines they are allowed to be
CPH BenforwericeMonitardd5 Di sabling the CPE. Having

mul ti ple steps of any conbi nati on and repetition
Refdrriggtodiigs] §fthit fkataballews Bk ok(@ngiiters34 @xdmmeREtiled
hiskdal calPhtistidd atl @ OPECodhedtivey. Badpadhil TREstdan ®€ ek amived ait
troﬁ@l‘é§d?ﬁe9gl%§p§<§ﬁ’cﬂl§‘@\k/hé§é sBRALRBMAKIIVRY EA1s Hettive 36106 Specified

staﬁ\)&éf&nFSr EE e P¥ntsBE R k&'tﬁ]%‘(ﬂﬂﬁ‘@oi%ﬁs 8f fegRthaGiediay, or
§ﬁ{;%lg5 asd to time on each base station™in dollars

e st atl on stress IeveI rreasured by the

sage, of.. k resour ces, channel s

D ﬁanf&g S playetin yfar ity ﬁ%l?af 0Pl o
cafyge %lé‘hﬁeéE?‘fe@ %ﬁlétf’%{fﬂ IF ‘F a RS AGFesse ©
CP % oa%téelt ¥iith the BS hpsinirequsasy fagg aid ponesstinm StelRs #dimes of
intprgtde &regGRB(s).and therefore CPEs, that are in the
hi gh-ri sk category for poor qual ity of service in

Thisefeatsrecillospeastomedcare staffad idaagnopeahé toot cdise of f@atcargmality
isspésoMici@s cangegtideamd BTS whenaicaitembr eotplaing abodtaiowntad
spa¥Es BOEtMY cdnnadtivigs amhichesbl8a sty HBeadued (HRENePIofRROE Betivden

twd BITISE 12k afe%fﬁtﬁb’@am@ld%e%ﬁe tisfaction and BTS
efficiency. It also acts as a tool to calculate,

@%E Ly tﬁ‘ﬁb?es%%&%tﬁlg‘?e% Rk %?frﬁ%{'}; 'ﬁ-ﬁ&t eSCP]tE
copne bs nt’a‘c %t%ege 0 ase
‘E%g PGP s%ce ?rn reetey ﬂz@ obkd
StafipRy, OF PPt eé‘f oH OR%t %‘B%e% \ﬁn g also be acke
for g Rfedatermape sodeawawglgerﬁaqﬁsrfgummww&m B‘fi%’r?gt}%‘dﬁs
seyfceCPEs whose service connectivity falls bel ow sone
speci fied standard. For exanple, staff can search for
QuePEdnulysdr 330zens of registrations a day, or multiple
m grations. Data may be di splayed in tabular, coma
QueepAhayad 3608 B, (GS¥ perdisl paffed tdvdto ﬁloerrmta& thd bittended
hist@fdaliRa 8loB& Byahk IR0l BRI BispdcHidafiglintehddd fof tHeaKmination
of dhdtov NS naGaRSeEdqPy the CPE(s), together with the BTS
It B5h AT PR e W ahd RREnSE PRShL Qb Dt defSmBed!dulEss Rt
are of interest to network engineers, such as:
‘How many CPEs are locked into this BTS?’; and
‘What is the complete connection history for the past four months for this
CPE?".

Users can set various search criteria. Results are returned in tabular or csv format
which can then be presented graphically. This feature allows a network administrator
or help desk personnel to ask arbitrary questions about many aspects of the network to,
for example, detect problems or answer user's questions.

BTS Resource 355
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interest to the CPE(s). This feature all ows custoner

care staff to diagnose the root cause of
w@eesiigg7yual ity i ssues, sug@p as congesti on atPEI/BUH08/000330

when a customer conpl ai ns about downl oad speeds or

unstabl e connectivity. The problem may be due to the

interference between two BTSs that are on the sane
Aslsheenfin BigueB.cite BUSI Regotiioe 3 Siafaatipe pawitdesd wiydéwiiso the weak
clabgisibiyeten 6t the BR8HtiG, aftfis foRYré ASplaych flekibleCRITtdble tabular
d1s§%ﬁﬁ%tatsﬁoaﬁl%eth§ Siafel JTRECH Bhsd sRR6E hikd §HWR rsﬁ@ﬁsh@fs of data
froPi; ﬁﬁ&%te JIEs S ﬁ'ﬁoagé %gnm nﬁ’ﬁ%trﬁéaklﬁgﬁlen dg?é%)@pt

rom aut omat i c nay al
acked for a predeterm ned peri od obt a| ning reports

ThON ] ts or oratlont
vg%p@? tood allegis ggﬂ e a50g heiatdyfistan (e spapshot
Baseatﬂtwwnri Sé?r.l H’E’%d e f ‘€>?P¥ﬁ oymaticn gf %%Fources
an h@sg stationeaf iereshe ltivaoadsicomapshat pkths pewey ysage. opde channels,
traffin lenele dnd wariqus ethsx agpepia ol 8 M 1SF petrmansee rThivdaga eqmiaen be
usqukioi fodisany Iparticslac boftiegenkadnt do tume RS perfoemdatea rel ati ng
to a nunber of predeterm ned queries that are of
In hddigée i cur@ngdriveiian &Nditd) €6k SeatiitlaRo pBoviddsiew ifRiticeGBES
moRitSr AREKRN sk BhR-Fa s g BISperfodmence\hdd, FBtoridel E@dRbBldde or
mcﬁ@Bﬁ‘s%CsEdtféﬂs BArSh lbfttécpéra ﬁl@alﬂﬁtﬁler §QMFal TR RN d0 "THe Radh can
nloadé@ﬁ'iosae Ip?%atdf fhgyeﬁlo%\%%ghe&rs \/\#‘1 l{atrerfé)ﬁ% htfﬁd

t or csv fo can
ou SFB%SESSE‘“ red graph| caIIy This feature al I ovvs a

net dm ni strator, or des er son
The i @[ﬂar@%g’s&eﬂoﬁl@e Py B R I e e
load palanger eagiei18; detect probl ems or answer user's
uestions BTS Resource 355As shown in Fig. 18, the
BT%T@?@GES@Hﬁ@é 355 feature provides a window into the
weak cl assifier systemof the invention. This feature
BTd qpinsiysion if hecesdatebecansetdthedymbiit aperafiigpdrayroamentadfa

BTS) WMdhgdebBﬁisSdnad urBber @RS Bp&riabihg PiraMB@rSiRHAs:
snaRgh;@t,é;fa data from many di screte sources at once,

|nc{1§ég g RE traffic measurenment and power usage. This
E%ﬂ‘ﬁ % al  ows operators to | ook at
acrg)%a 185 oard i nstantaneous snapshot data for all

U_"

baseh £ on 2 and hi gtorl cal trend data for any
conBPRLP ygﬁsab? AstASEBUr ces and base stations of
i nt erest. provi des a snapshot of the power usa e

BTcSo@@tuerﬁﬁh%@ @ne& BEP pettingsedpaamically iy zal-6igns to @At to

operglieg paragitess 1k BdSf & lfeedmisationscogprisecthn fellering etepsz
us ettatimgfB TRiperfyrmpacd daufram thotlbsfiecdngard to t une BTS
per fndeneBES optimalkdttingo msihg tleweskndlagefick ongine 240 @Gat Aig. 2)

fort dWaicteof offetattligeongitiond,des an interface to nonitor and
anabyautingBr oAl B&uﬁ’% oPBichE TR IR IRk retdishoMipsGal

usi%gtp?ecfeﬁgga Rfi&, 984 ore base stations can be plotted

o baaledithg %ﬁ@"r%%?“é%%ett Ripdeiprihen. con be

s to i nd outller b se
Ths{f%ﬁ” SHohmifed dafhe %sovwgé%ﬂm- it daerfom
the flaysiiir engiae A ar@m henpnginayith ynsipgtions b 8 on i it

Examples of operating condltlons are hlgh load, low ad, high in RF power draw but
low in code channel usage and vice versa.

This feature allows network engineers to tune BTS settings, and possibly those for
other network performance appliances such as traffic shapers, on-the-fly to best suit
the conditions as they are detected. An individual BTS may be optimised according
to the dynamic factors discussed above.
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| oad bal ancer engi ne 310. BTS Optim ser 360 BTS

optim sation is necessary because of the dynamc
wWop@sasi4ny envi ronnent of as3BTS, which dependsPCGIAE2008/000330

nunber of dynam c operating paranmeters such as: RF

coverage; user profiles, user patterns, |oading and

ot her physical characteristics. BTS Optim ser 360
IntkyéchZ&z@emsi ngs dynamcally in real-tinme to adapt

to the operating paraneters of the BTS. BTS
Int&?érbﬁ@e%n'e@ B6SOMPl! § GfesleRRtih® CPEVNA B1H Fe@ﬁstraﬁ&ﬁﬂ'ét&l fnd
locRion-B&El £6 falihihd Ql@a{:tja?{l Qe éB Mhe statistical
dath edli 191 ton%%tek‘v[?%f s 1§ H%%ulqﬁi h re

var| ety of

mt?f é?réctell% 15% %F’ll conputl ng an opt| rral settings

for .each BTS from known re| atjonshi s and s
Copbining ptatiicaldada on GhE WWWH%L"PWQ% A& W %ﬂtbaseo@ct
serpiges ¥l Gistlpyiae itsater P AEYCTRESHAR BVidehe pevS fefnce
idedtfyangrimyerfseencas Thistfeatarsicombined |awnv¢reg¢rmap,rkllomn@ -@dingtes
of B8 vdahiens; hzissitlis efiseetory, beanaficinparcitiidegudatomhiata ©rpgipeant
CPWBilbéntions.t Thie dhtaris theq cagtlaed viith BT Skategistritiammplenss tofdetect
poggméﬁb{hmggp‘&gdi tions are high load, low load, high in

RF power draw but low in code channel usage and vice
Tm\é%;taream of 88 @%m&vbgp@a BiMRLK engineers to tune

tio %Sf'co@%}% 8’%2% ‘?egﬁ EO&J? r net wor k

E eél 1 1f:a 1 %artlgets ore bsrtﬁra{l nci: m%’ &ents 1n certain
area%elé tadine a/ﬁ]&;aP%’i“\ﬁl‘b“ 5 Frasted s flmgg %? 8O ng
plapged Sr?é“?fﬁgﬁ%erﬁé%?r@ Ctigisdcussed above. | nterference

ZonBéreglgiomnarison el iggisHatienty @b septorsiog thessamgdaase frequency
to iditifyiarps cPN=ddbteHTSne®Rgi st rati on data and

| oc Hdentificimsad otfer antcasa tediltiatdaermzimauth lvhargss that may improve
ovadl perdigenante titho E8ditionhkkCAPBKilsgaucal data on CPE

m gRalkctnsebet-wesns $£ths, dnd susef-tleritiind ctanpdrisyhdlg ar eas

Whe()@nib‘iﬁe&ﬁﬁl@kﬁé\ﬁ@aﬂe&-b@séd‘ dﬁﬁhyda@@lamhsmg@ﬁl@to redict similar
chueR PRk M BBeSdrald sd Héaa!bled@tl@en@i@y cdhd ARRIRRIIERRS.

BTSs with | ocation-based services a overlaying it

age map provides a powerful means for
C}%\éﬁ icg“ft%/'?%?l nterference. This feature conbi nes a

a di.nates of BTS | ocat

cPE i %Sﬂ%r g??%ééi%&cgs gk oy %{5&‘1 {apiyirepgemde
ang @s oﬁ@qg;g@P@,ggua arpnigash o Ngtwark ppgrgtors perio 1ca11y
dowaﬂpaé new émnwarmtoahgs chsbgines r GPED Raghes thay husdagethe aetwork
withagshds|beoadeasiithe insjsotion alithvissorfeesdons usicastsod prapdeaiés t he
seléativielyi ng capabilities: Validation of coverage area

per BTS with real CPE data. Ildentification of sudden
AtedpadigRion] & ahQ@itisdr dafihdDle BRe, il CPE 10 mt&ySitel dbdut the state of
its Gigthvald) 1MeRasd, neRdirkRldro 6 &\xﬁﬂk?a%@ stﬂtocthwﬂﬁa@tﬁc&ﬁm@ The
levePSY thi&lsEifrd REoRHbHH R%nhHRNERT88 bWde dation loads are not

impacted.

Supported RF Technologies

The invention operates with any WiMAX-compatible 802.16d or 802.16¢ access
network. It may also operate with some pre-WiMAX proprietary networks, and any
3G technology such as W-CDMA, UMTS (3GSM), FOMA, TD-CDMA/UMTS-TDD,
1xEV-DO/IS-856, TD-SCDMA, GAN/UMA, HSDPA, HSUPA or HSOPA,
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pl anned scatter and coverage predictions). Direct

conpari son of registration events of sectors on the
W@ 2008/1853E frequency to idenpify areas of N=I PCT/AU2008/000330

interference. Identification of other antenna re-tilt

and re-azinmuth changes that may inprove overal
Thipdnatioaicasorndamntetdditicd vendbr iGAREchay ofié wisddse btoadeand
nets@ek OBy Y@in$tSind€sdn@ént] yadsTh oS s i fivetiors] Bnay collect and

deGPRR fofRAFon, SRR Rp¥ELR the okt ea- based churn dat a,
and u3|ng this to predlct simlar churn rate in other

It v91 p‘? EE%wkl)e% lﬁp e?sotn ﬁi]%ﬂﬂ ¥ a?cncﬂ f}% i ﬁatlons and/o {
a i t

?gxa Fh Ven % %Ogl e %%1%08{1’1’16%
‘t%gﬁfef w@f&&@ Sa F & ﬁd’ eh‘EV 943 f%a %féb%pE&le
prev?ndf CHOQH{TRSEt aTeNBETREN R 18 & captidete %lof&?rteﬁsw;s RISErd
notssirictiygwar e to their custoners' CPEs. Rather than
burden the network with a mass broadcast, the
i nvention allows operators unicast and broadcast
sel ectively. At registration, or any other definable
time, each CPE is interrogated about the state of its
firmvare. If needed, new firmvare i s downl oaded j ust
to that particular CPE. The |level of unicasting is
controlled so that network and base station | oads are
not inpacted. Supported RF Technol ogi es The invention
operates with any W MAX-conpati bl e 802. 16d or 802.
16e access network. It may al so operate with sone
pre-W MAX proprietary networks, and any 3G technol ogy
such as WCDWVA, UMTIS (3GSM, FOWA, TD- CDVA/ UMIS- TDD,
| xEV- DO | S-856, TD- SCDVA, GAN UMA, HSDPA, HSUPA or
HSOPA. This invention is al so i ndependent of the vendor
infrastructure of a wrel ess broadband network. By
runni ng i ndependently of core system functions, it nay
col |l ect and deci pher information on every aspect of
the network. It wll be appreciated by persons skilled
in the art that nunerous variations and/or
nodi fications may be made to the invention as shown in
the specific enbodi nents w thout departing fromthe
spirit or scope of the invention as broadly descri bed.
The present enbodi nents are, therefore, to be
considered in all respects as illustrative and not
restrictive.Clains: 1. A wireless broadband networKk
managenent system conprising: a data collection
engine to collect data concerning traffic levels
t hrough the network base transceiver stations (BTSs),
and the BTSs to which particular custoner prem se
equi pnent (CPE) can connect; and a processor to
correlate the data collected; to nonitor overal
net wor k performance; to aggregate perfornmance of one
or nore CPEs and BTSs; to detect underperform ng BTSs
and CPEs; and to automate CPE connections and
di sconnections froma BTS to inprove network
performance in real tine. 2. A wreless broadband
net wor k managenent system according to claim1,




wherein the data is collected from el enent managenent
systens in comuni cation wwth the system the data
WO p@Basies3 one or nore of BT§zperformance dat a, PCDYE2098/000330
the el ement managenent systens, and CPE registration
and mgration history. 3. A wreless broadband network
managenent system according to claiml1l or 2, wherein
CliidR: syst em changes connecti ons between the BTSs and
the CPEs according to two regines operating in tandem
wher e: the first regi men sel ects CPES and attenpts to

rmet BTSstoIes dthe
el Esg bRy frase mgreénefls (i

bu§ GO FOGHE g%%%
netork E?SekS’é‘F‘é‘i%‘@rtsﬁEO’P S&> are\d e B‘HHF\ ar Customer
Prefas RSP ReIK AgBRbean wpBsedmndccor ding to cI aim 3,

whe peicassonto enyesiaterihsaletarotisciefico mumitonpyeyahnetwash
perfyroiaacefto bpgregate perfoimmase otomatrinmgye £PEF3nfl BAdsntmtdeioct
undsrpérformimgBTRe andhCPEy and it gutBihSte@HE campetbdnis\endy dat a;
disusinegtisnstiFapalBIs (@ﬁn?ﬁﬁ\férﬂeﬁwﬁﬁ petfofihat én feaf tifher €

esti mated snapshot of the network load if a CPE is
2. MoVediro16QMaiduatd hie oBe A% ﬁfén@ %h&’écohﬁn@tot@ilﬁxef

Peﬂ?éﬂe%*a%& QoY frd gle'ir ‘ﬁpmﬁﬁ Bﬁlﬁﬁﬁlcﬁ jon

wn%ecflé spe% tﬁgdcﬁ?tn{clﬁﬁies he dﬂf 1¥\§sr the
1 eneit %m acwg@gt o) éso
clepipfendgeinent el a%s%w&gnaﬂ e AR e
usage, of all CPEs according to their profl l es, and a
3. t i Aevireless hrgadband netiorlo mapgeemeRESYSHITH AGROEHRE 10 USRI PE2;
wheren the sy§tem changes gennestions hgitwednebe BISs aad thed st ageprding to
tworsagingemneneratinggh é¢mdamcwheieng to claim 3, 4 or 5,
whéredirst ragioiRin sekectstVRItS dnd atemptsdo ingiva aherBTSnt hmsa Bidsto
lesBbSyi BTSe; lard | oad | evel of the new BTS is | ower |evel

t he s%Etﬁlciﬁ/L;?r\dn%@rs OPE tré18stfitiofl iaftadpfd bR, busP BT Sk e ditvé® the

CP@I%IeQ{I Bu Sty balbddeah€thd that is the | oad
| evel difference between the BTSs is at |east a

4. B UL R0 BN helold ERDRSrend sysr B85S (igAdpand
WW@@?“@&%W i Om@k%}hg %1%?‘%‘8%%%%" By sng% F‘a@{%&%.e%lmegi of

t he 8P rlay node, .where a CPE is

mov EYYSIHE BTiE WW&tB’F1§§P§ C&PP%VI%QBQM ty over] ay

as Mpigg @Kﬁrgr oktfongyehniones toagredi & fraye wmateddnapsdat of th
netsesek inadribel€PEkmozedi CPE i s moved to a new BTS t hat

has camganegthe estpraated ynapsiotitay tagetibhsdwidtlyforabvedTS, or

has aadtledjcaaeing asiéffdromcet pettsrbatiogimaalx. BTS. 8. A

wi rel ess broadband network management system according
5. t 0 ABRtelREbrBhdHahd nBRvodk hidndgeny¥ne Rtdin h&rdiNs tedhim 4,
whetdi®HeSa ali@n 1 HRYVE ﬁ%iiﬁs o ﬁleltbﬁgre@oﬁg udaBalof KInePEs

ac I dn rto J[h 1r%{>1ﬁ‘1%9 %ggta‘?mllesv 1n§‘§aalefaggkyl ko ir %:ncg;'(telh%gmm

otrTT% pIrloSbl ng the CPE which action initiates a

CP dlve arch, and it will
6. % w1rreless roai)ang network management system according to claim 3, 4 or 5,

wherein a CPE is moved from an original BTS to a new BTS if:

the load level of the new BTS is lower level than the load level of the original
BTS; and,

the two BTSs are sufficiently different, that is the load level difference between
the BTSs is at least a minimum load level difference.

7. A wireless broadband network management system according to any one of
claims 3 to 6, wherein the regimes operates in one of the following modes:



then attach to BTSs it can see until it eventually

"l ands' on the desired target BTS. at that tine
W@ 2G08M181373 he CPE to Nomadi c3with Preferred, w RET/ATU2008/000330

Hone BTS and Nei ghbouring BTS settings configured to

prefer it to the new target BTS, and away from the

or bgbidlayBi&le, aherefa ORE liymseadanalnets BTK ithreg hhos Hsec capacity
ovéﬂ‘ae,rhsqtrseaitgﬁmgqsmm(ph the CPE over tine and update any

st af b%rla%lﬁ@efdja[c%ﬁ@e@%? 0B 8Ph &0 B (CPRYk Rdved té HinbWeBTS that
hawaﬁect‘t c%acﬁ}r Ve Sts Rk ﬁﬁpﬁ ? Qa1a4ah KRR YEIEN its

OH%I ng to any one of the precedl ng cl ai ns
rel n the systemreduces its own workl oad over tine

creati t ul ations, of CPEs t at, wi y
on A NE ”t‘t%q%a%drgg%’é%ﬂwat&e&en éteebe n%aoeartyroese?
ClaHF’S %r""]iwé%‘% Giystenpetiogts ponapction ghpnees é{nd et wor k
Bt PE Jhat &hp BER 8rig) att?gh%toaﬁ o fpngept VlEBTS allowed to

selmceéleelﬁﬁ’@ endihatthaiditeis motlorges pemadies ur t her conpri ses

a ppuwbmigithy CBE wacaadtes ipitisgs afiPEddtivenr BES seasch endritivdd
thehrapach foeB BYssit ean dee untihit @varudllyslantlstesthe desiredIamgsisBTHe

net yahd ties {cbtinpadhe €PH 0 Ndnhwaliewith PustRed ittty Home BTS and
NeVdt®vudEB TS Retihgd Eshig@dd! tb Hrdfér it fLths sk eMgetlHTS And away
fm\m {heloﬁgﬁlapgqrgdband net wor k management system accordi ng

Rait glr A krs% tﬁeﬁ Lfég %o {Cﬁ%h%E/DéBVGr time
nt Eten %nry tgtﬁ plC ﬁ)r r ossgghte él@ﬁﬁg ? n? A5y

z{ 1 A I ess br oadband ne wor k g(?na errent fih
i atsc‘ztp pstwm H@H%geatent et ea} %“&8 g © 0
pr%ﬁ@flep itpg, whe §t Basysieh peduepits (Y mEroridesd %‘éﬁr §igne by creating
settlpdiponulaiions of RBEs thet Milld stanra theontiseal @ven gféq the CPE has
begrhwgsejos powermetyadeck per f ormance. 13. A wirel ess
br oadband net wor k managenent system accordi ng to any
100n&\ wirelesebrpidband negy otk aianBgement Sistent heosdisg emrfywriclodithe
pré¢s@isig thems AheRinbthe dydéah Furtiter cOMPHR adlinE BUsanssR0e
prdg"i"lrhﬁeél &PFRSI08 Ed)rﬁﬁlah@sefréthrthé 8] f@n afsbiied &M6s to assess the
%ﬁﬁoﬁla@gﬂa&dthé et Qustorfer gf? o & e@vseﬁtd%?@g BRNEsults to the

managenent system ac ing to cla
erein the systemuses the resource usage rati o to

detect CPEs t at ol ether cc tabe S
L and RSP aativ' eapggeéep NS ig ??@m%o -
W iR Yﬁf Tptgenet § 6? pipipg Score

eHTEBébtousltmtn R?FthH@SSOﬁ@Ttaﬁ éatt ?Stsm ni mum
resource allocation; dropping the CPE to a | ower
12dedcwirplesy brohdimad aftvark wiapegenmdnt bystdne aGREliog hphiyeane of the
praveding ictabma oberzimtie s ystsaderti pedyrmserdresgonanciiing on the
trafxs &g 68l detedith &raElPEiangb P gy drR @efbmaret he first
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answer natural |anguage queries.
14. A wireless broadband network management system according to claim 11,

wherein the system uses the resource usage ratio to detect CPEs that violate their
acceptable usage policy and when a violating CPE is detected, the system performs
one or more of the following:

changing the speed descriptor of the CPE to a lower minimum resource
allocation;

dropping the CPE to a lower descriptor class of service until the CPE complies
with its acceptable usage policy;



16. A wirel ess broadband network nmanagenment system
according to any one of the preceding clains wherein
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achi'eve the optinmal settings conputed. 17. A nethod
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17. A method for managing wireless broadband networks, comprising the steps of:

collecting data concerning traffic levels through the network base transceiver
stations (BTSs), and the BTSs to which particular customer premise equipment (CPE)
can connect using a data collection engine;

correlating the data collected;

monitoring overall network performance;

aggregating performance of one or more CPEs and BTSs;

detecting underperforming BTSs and CPEs; and,

automatically causing CPE connections and disconnections from a BTS to
improve network performance in real time.

18. A software operable to implement the method according to Claim 17.



