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is less than a maximum capacity of a given link. In most practical cases, call arrival is well

20 described by a Poisson process.

The designing of a transport network typically includes the use of a detailed
dimensioning process. The dimensioning process assumes a certain transport network
configuration and an estimated busy hour traffic mix and load, and requires the QoS and GoS
targets for each service as an input to the dimensioning process. The output of the dimensioning

25  process is the dimensioned (i.e., planned) link capacity for each interface. The initial
dimensioning process is an off-line process that is based on a hypothetical traffic model and
load. In the case of introducing new services, substantial traffic changes, or network expansion,
the network may be re-dimensioned and reconfigured. The role of dimensioning is typically to
plan the transport network capacity for a long time period, such as, for example, a year.

30 SUMMARY

Exemplary embodiments described herein may provide a network management node that
supervises network operations and includes a network performance measurement capability that
measures network parameters and records the occurrences of specific network events. The
measured network parameters may be collected over a certain period of time and stored in a

35  database for use in estimating a required transport capacity value that may be used in visualizing
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multiple services serviced by the multi-service transport network, where each service of the
multiple services serviced by the multi-service transport network is associated with a different
one of multiple traffic types. The network management device may further include a network
capacity analyzer configured to: estimate a transport capacity of the multi-service transport

25  network, for use in network capacity planning, based on the number of active calls, monitored
throughput and call blocking data and based on quality of service (QoS) and grade of service
(GoS) requirements associated with each of the multiple services.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of this

30  specification, illustrate one or more embodiments described herein and, together with the
description, explain the embodiments. In the drawings:
FIGS. 1A and 1B illustrate exemplary environments in which user equipment may

communicate with devices via a network(s) that includes a multi-service transport network;
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DETAILED DESCRIPTION
The following detailed description of the invention refers to the accompanying drawings.
The same reference numbers in different drawings may identify the same or similar elements.
20 Also, the following detailed description does not limit the invention.
“RAB:s,” as referred to herein, may include radio access bearers (RABs) that carry traffic
(e.g., in 3G WCMA and/or LTE RAN transport networks). The different services of multi-
service transport networks may be mapped onto different RABs. RABs may be characterized by
fixed physical parameters, such as, for example, a Transmission Time Interval (TTT), a packet
25  size, and a bit rate. Each service in 3G WCMA and LTE RAN may include certain QoS
requirements (e.g., maximum packet loss and packet delay) that can be derived from system
requirements. Delay sensitive traffic (e.g., voice traffic) can be the subject of Call Admission
Control (CAC). Before the establishment of each RAB, CAC may check if the available link
capacity is large enough for ensuring the QoS for the active and new call. If the capacity is not
30  enough, the call may be blocked. The network operator may determine the GoS requirements
for each RAB (e.g., an allowed call blocking ratio). Packet Switched data may usually not be
CAC’d, but may be delivered as best effort (BE) traffic which is scheduled in lower priority
queues. BE traffic may usually be admitted, but QoS may be ensured by appropriate network
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20  PCS terminal may combine a cellular radiotelephone with data processing, facsimile and data
communications capabilities. A PDA may include a radiotelephone, a pager, an Internet/intranet
access device, a web browser, an organizer, calendars and/or a global positioning system (GPS)
receiver.
Devices 120-1 through 120-P may include devices similar device to UEs 110-1 through
25  110-N and, in some implementations, may additionally include a telephone (e.g., Plain Old
Telephone system (POTs) telephones) that is connected to a Public Switched Telephone
Network (PSTN).
FIG. 1B depicts an exemplary implementation in which multi-service transport network
130 services, possibly among other services, may include a best effort (BE) service type 150-1
30  and a call admission controlled (CAC’d) service type 150-M. BE service type 150-1 may
include a service type that does not require guarantees of network access. CAC’d service type
150-M may include a service type in which a CAC function may be used to ensure QoS for
admitted data flows. The CAC function may ensure that, before a new call is established, there

are adequate available network resources to support the required QoS for the new call in
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20 Processing unit 320 may include one or more processors, microprocessors, or processing

logic that may interpret and execute instructions. Main memory 330 may include a random
access memory (RAM) or another type of dynamic storage device that may store information
and instructions for execution by processing unit 320. ROM 340 may include a ROM device or
another type of static storage device that may store static information and instructions for use by

25 processing unit 320. Storage device 350 may include a magnetic and/or optical recording
medium and its corresponding drive.

Input device 360 may include a mechanism that permits an operator to input information
to network management node 140, such as a keyboard, a mouse, a pen, voice recognition and/or
biometric mechanisms, etc. Output device 370 may include a mechanism that outputs

30  information to the operator, including a display, a printer, a speaker, etc. Communication
interface 380 may include any transceiver-like mechanism that enables network management
node 140 to communicate with other devices and/or systems. For example, communication
interface 380 may include mechanisms for communicating with another device or system via a

network, such as multi-service transport network 130.
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20 FIG. 4 is a diagram that illustrates exemplary functional components of network

management node 140. The functional components of node 140 may include a performance
monitoring unit 400, a capacity analysis unit 410, an analysis results unit 420, a daily database
(DB) 430, and a historical DB 440,
Performance monitoring unit 400 may monitor and measure parameters associated with
25  multi-service transport network 130. The monitored network performance parameters may
include one or more of the following:

1) a sum of the measured throughput (e.g., in kilobytes per second (kbps)) for traffic that
is delivered via best effort (BEthoughput);

2) a number of active calls for CAC’d traffic types;

30 3) a number of blocked calls for CAC’d RABs;

4) an equivalent bandwidth (equiv. BW) for each RAB. For services delivered via best
effort, the transmission rate of the RAB multiplied by a RAB utilization factor can be used as
the equivalent BW for the RAB; and/or

5) an active number of RABs aggregated for a given link.
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is for illustrative purposes only. Qther configurations with nore or fewer
conponents, or a different arrangenent of conponents may be inpl enented.
FIG 4 is a diagramthat illustrates exenplary functional conponents of

net wor kK ngpagRRRissnode 140. The functional conponents @ftRedHsHAs8r0Y
I nclude a performance nonitoring unit 400, a capacity analysis unit 410, an

analysis results unit 420, a daily database (DB) 430, and a historical DB

440. PeRetformaivesndhidtihg thid 900 faly ndddSurd e HBRRbIkParahélerdTSSIHSinl feters
associated wth nmulti-service transport network 130. The nonitored network

per f or ASHEES (5 -dlre ripwe parjods)and,may alse swn onyerags the meagwsed netivatk 1) a sum

f th l: ' . A
i 1 PR Y BB Endht pehl (g Y AERAREY S RERmah S REtonell o
act i ve unil409 mayrst@aGit mezshifddmetwerk paradjetas indalgrDB 430 faralsedy eqakny f or CACd

RABs; 4 n_equiyal ent bandw dth (equiv. BW for each RAB. For services
del Svelﬂéﬁﬂ\s/'isé'g‘gélﬁ effort, the transm ssion rate of the RAB nultiplied by a

RAB uti | i zatCapacifyadrlaBisisGmit 410 misectiantcd 1@q @iy N&b%qaﬁ%&t&‘?fa?fe%r wRorand/ or
5) an active nunber of RABs aggregated for a given |1 hk.Pertornmance

noni t orli3APasadian theoetivark paramelers measured byandnitoning meit $08, dndfurtter based ananpl e
peri od -5 M | d may. als 0 erage t he_.neasured
net wor ﬁ)aéag'?%ﬁ% e}nsa'{(;i\k}{eltéi getﬁ'g)%%?r%r?%%gﬁ%’ ﬁ%cﬁfs %@r%@"{‘g‘@ fequ‘?’gﬁnqﬁfcﬁut es).

Per f or reacicservibiype servized biy netidk 18Y. Thon@wbikecapREAGUEsEfhafien Wekcrived Ficer S
in daily DB 4@0 for uge E caEaci %y anal %/si s unit 410. Capacity analysis
uni'f abislovayith gespagiite bloc éaﬁhp BB e b detadls pha spegificexemplasy implementatiargo
based dved R N ' l; nd

i t hen Chated WAl ISioObIERS 00 uib AN HBRRIGTBICRC Tt wilP o BP0 ess
and QoStaxed hstsicakbyoond efithet estimatedemobork eapacite vhlpp én BistoricaldDB dy0.net wor k 130.

The network ca acitg/lesti rlgél on i s .described further below wth respect to
bl ock 540 of M!S Esuligunit 444 may nroyjee thegsiimpted networ P&F?YV%?’mlé{tion

e el e S B e B R i L
capaci Fpulta Db 420 may proyidengrapicalatisplaxhandepicts the estimatedhnetwatOcapagitypr ovi de
i i b e T
displayed) in conjunction with the estimated network capacity value may include dimensioned
capacity values resulting from the initial dimensioning process for network 130, a maximum
physical capacity of given link, and/or GoS targets for each RAB in network 130.
20 Daily DB 430 and historical DB 440 may be stored in a memory device associated with
network management node (e.g., main memory 330).
FIG. 5 is a flowchart that illustrates an exemplary process for estimating a network
capacity based on measured network performance parameters, dimensioned parameters, and
QoS and GoS requirements. In some implementations, the exemplary process of FIG. 5 may be
25 implemented by network management node 140. In other implementations, the exemplary
process of FIG. 5 may be implemented by network management node 140 in conjunction with
one or more other nodes of network 130. The exemplary process of FIG. 5 may be selectively
repeated for each link of network 130 monitored by network management node 140.
The exemplary process may begin with obtaining initial dimensioned network
30  parameters (block 600). Network dimensioning may include an off-line method for network
capacity planning which may be based on a hypothetical traffic mix derived from marketing
data. The role of network dimensioning may be to plan the transport network capacity for a

period of time (e.g., one year). The dimensioned network parameters obtained from the network

dimensioning process may include (but are not limited t0) Cpeak targer and Caver. target: CPeak target
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results unit 420 may provide a graphical display that depicts the estinmated
network capacity value in conjunction with other paraneters. The ot her
paranmeters that nay be provided (e.g., displayed) in conjunction with the
est i mat edwpebwarskiséapaci ty val ue may include di nensi one®CTapawsiyl4al ues
resulting fromthe initial dinensioning process for network 130, a maxi num
physi cal capacity of given Iink, and/or GoS targets for each RAB in network
130. DandyybeldBteiihedfrbnin 'thetxmt»imkldinﬁ&nsilot@gwcm agd Drag depreseat apealoppatityi ce

T wiHEFvahe oA he HReT Pk G i g  Sobls st Gyt e Y RE SRS, oor &
capaci tgsnhaneidtdix aﬁﬁ&m&aﬂg&ﬁgm& kn® R} MEpTERALanNVERIER CaFaity tirp@ Nalue tied

paranmeters, and QoS and uirements. In sone inplenentations, the
exenpl @qn@wodmr@rw@uestmyma@usw ement ed by network nmanagenent node

140, | th
o5 emant o N TR R b e YAt d € 2SHAHRY 3ith MLLERcBlent Selbicy BBy be
ot Iher t ﬁﬂé‘hl@ﬁreaiblﬁdt 3\13)){5 F&B&am‘r?ilf; perlfaﬂifndnae ?mnm%gmonomm@ nﬁasl;mqoxir?or )

ectl ve repea or eac I N (0] n r net.wor
frgnageMF¥lﬁ6ﬂ§ M%O““Pﬂée w&wﬁﬁegﬁayss&ﬁl%&wm Hdhs wulmﬁ%g gfs{eﬁr $F¥GC I ni ti al
di mensi;gned g@gwxa;&e@ﬁa%ﬁé rﬁ)r&lah&cﬁsraﬁﬂ&as ELineLEe Qhﬁﬁﬁﬂér'o%bt'i\& dERY

|nclude an I ne net hod net wor k capaci t'y pl anni ng which may be based
on a h>(pgt, Het CAGId traffit ﬁmsmm sty ofkbel nkamdw&rdt@hpwg(edanmkbﬁshﬁlrmﬁéc hat

perod ACVERE (8 oG R FF eyt Huiler o PSR HB ROndPAC g BRE Y < "

obt ai neguivakit bdiawidth (&fukv. BWERstieadt R!ABPW&&Be ﬁﬁusured:bm [dadforadach not
limted to) Cpeaktarget and CAvet. tai - u etmay b e determned from

t he netRasikAgeaess BsarehiReB) mdeessthe aﬁ’ereﬁégﬁdreaﬁalégeﬁﬁtﬂé@rp\@ehsre&%é@m y target
val ue thaal..hflg ﬁ(?ﬁ gi%hl Defil rv%iegﬁ BRYERS ﬁ&B%aﬁngi}?ed'ét%gﬁmewgdg %arget

ay be JeresFm he net | Mensi oni ng process and nay represght an
aver agerempetbf‘rbtyl atablgpdr maj beolithiatd from meusumﬂenmsanmamm at tal¢ddations to a

singl e user. Netwark rfor e par S. as ated, with tiple

i {1Per dtaDe iectap JBLL HRgeD 100 FRAAFBE Vbt RATLBpY dspbe caiated

per f or EAGRIARY floR 4 CQM%&NtﬂQ&O F‘@Xem&lﬁ/e%ev@ﬁe%ﬁ&t NRé H’Q{sk'nn&‘i?éric Qatdrance
paramet érs associated Wwth each of the multiple different service types.

The neﬁﬁh@@ABenubpkeqo@r 4 BARwidlizapian favtor san berugedlasctlna,mnaﬂmlméforalﬁe active

(o o ABi ettt obiiPing Gk 4Oy e I G GelRRIRE Y s O

t hr oug hs[aﬂip)e, peﬁhoﬂsl(ﬁag?,r 1-6imiblie@eridds) ahd saly also@hédgENBImeadiired ﬂbuwoﬂk ent

bandw dt h (equiv. BW for each RAB, and/or_ the measured offered |oad for
eacdy parameters over a larger measurement period (e.g., 15-60 minutes).

The measured network performance parameters may be stored (block 520). For
example, performance monitoring unit 400 may store the measured network performance
parameters in daily DB 430 for retrieval and analysis by capacity analyzing unit 410.

QoS and GoS requirements for each of the multiple service types may be obtained (block

25 530). For example, the QoS requirements may include delay and packet loss requirements
associated with each of the multiple different service types. Additionally, the GoS requirements
may include a maximum allowed call blocking ratio for each RAB type. The QoS and GoS
requirement values may be set by the network operator for maintaining service quality standards
for each of the types of network services.

30 A required capacity value may be estimated based on the measured performance
parameters, dimensioned parameters, and the obtained QoS and GoS requirements (block 540).
Estimation of the required capacity value, as described in further detail below, may take into

account the QoS and GoS requirements for each service type of the multiple different services



Radi o Access Bearer (RAB), where the offered | oad equal s an active nunber
of RABs aggregated for a given link. The equivalent BWfor a RAB can be a
predeterm ned valued (e.g., retrieved froma table) or nmay b e obtained
from measwoensieg1ssi nul ati on, or cal cul ati on assum ng aPC@SE2008/05x4a8 i C
nodel . The equivalent BWfor a RAB may al so be cal cul ated dynamcally from
a CAC algorithm For services delivered via best effort, the transm ssion

rate ofoffered tyipanspert petviodd 1 33, Estimpon of Hiezequired chpasityrvabemadydeymefirmed t he

equi val f / Performance nonitoring unit 400 nmay neasure the
net wor ?%P%xygtagfmgglpgf‘ﬁ?g?'t ain sanple periods (e.g., 1-5 m nute periods)

and may al sdTheviovapert bREIGEnilustedesdutallsof tHeaequiRidesapaditySal@ cs@haedn of
neasur%énent eri og,née.g., 15-60 m nutes). The neasured network performance
ek ingite, page

par anet CEPrT XegRiay implementatipn.o fherpstimation of gheraguitsd eapacityr i ng
uni t 4 f : tfers in L,y DB
430" or e NPl R IEVHT S Rty B YR b LRI, RO BE e 0 o
r equi r é98ht BEfuangnaandy luive bhen previougly encasured by perforemnoemohiteringinit 41@chndbl ock
530). FEor  exampl .requiJyenments y include del ay d packet | oss
requi reSP%ﬁ‘f? dri@gg)cl? gﬁﬁ’%%‘ﬁvag'a%“‘tﬁ’g% firge1 T2 PG ¢ ?IEFF?EQ’@H ce types.

Addi t i aivakhsionet paratieters @lodk GITRNAScapRaity| (CeE)UEELE B Feficahdy W ififldd
bl ocki rz_gwr atio for each RAB tyﬁe. The %BS and GoS requi renent val ues nay be

set by (Pleek f&9ndp Rnegremplay implemeatation, Gieraasks sstimategunlafcopdancamithitbs f or
eaqgh Offoltl&?ing¥§§§orpf network services. A required capacity value nmay be
estimated ba8ed on 'the neasured performance paraneters, dinensioned

par anet er s, ?ndht('rb@qiﬂhzfﬁggﬁa@m:@g]@la,gg?&ﬁg%%enentE ébIEqﬁ_]I:a;Mg). | I
Esti matj,on the r ir acity. value, as described in further detai
bel ow, L[h’éf? tﬁ%ﬁsém?artn‘?dg‘%i‘tecfgﬁ ﬁ%%torﬁéy t%@'dﬁﬁlﬂ’ mpanugh vl ie #eRe; Ceamaea Chvesieti ce
type oaﬁdgwhu;.i ple different servicesoffered by transport network 130.
Estimation o e required capacity value may be performed by capacity

anal ysi s uniAn eguivalenhbarfdvadibH{EnuivoBWHIf@: eash iRA R stay dieebtaiiedablosk 630)t e

requir | .al ue est i,at,i f bloc 0 accqrdin 0 one .exenpl ary
i rrg?emen cgfs?@%&%r%ﬂlersef?e {olb ﬂc%fﬂlf ﬁlf eﬂ&l?{uéyg f&é@h@#&ﬂ%}éﬁ% Feo%eYi n

Wi th réeei uidved fronred ubldorpelchRiciRaemRAN P FOHEL EAC Ngbrtdnd A BRiNe FHHBAUL

(bl ock ?%g\)ﬂfrf%E Throughput may have been previously feasured by pertornmance

moni t of° t caehdink mepyheotbsainedhandaet suabospmitesed load (lenkei40). Cherak Tar get
510) . KanpleRrie MRt R oD il b LTSl AR GBS bl
620) . lofiRévis foxearhlink yn multi-sereice atnsport ieBkorkaPobe estimated i n accordance
w %" the A capacity (Ccac) for CAC’d traffic may be estimated (block 650). In one exemplary
implementation, Ccac may be estimated in accordance with the following relation:
Ccac = KR(Offered Load, Equiv. BW, GoS req.) Eqn. (2)
where “KR” may represent the known Kaufman-Roberts recursive algorithm that may be
applied to the offered load, the equiv. BW, and the GoS requirement. The GoS requirement may
25  be an input parameter determined by the network operator and, in one implementation, may
include the maximum allowed call blocking ratio for each RAB.
A total required capacity (Cro) may be estimated (block 660). In one exemplary
implementation, Cro may be estimated in accordance with the following relation:
Crat = Cee + Ccac Eqn. (3)
30 Cro, thus, may include the sum of the Cgg value, determined in block 620 above, and the Ccac
value, determined in block 650 above.
Returning to FIG. 5, the estimated required capacity value may be provided, possibly
with other parameters, for network capacity visualization and planning (block 550). The results

of required capacity value estimation performed by capacity analyzing unit 410 may be provided
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follow ng relation: CBE = Max[ CpcakTat Bet CAvg. Target BExhroughput] Eqn.
(1) Thus, the estimated value for CBE may include the maxi num val ue anong
Cp Target. CAvg. Target and B E throughpuf An equival ent bandw dth (Equiv.
BW for esionroRRABSIsay b e obtai ned (bl ock 630). As di SCUPSESE21900E14v8 t h

respect to block 510, the equiv. BWfor each RAB may have previously been
retrieved froma table or calculated dynamcally froma CAC al gorithm An

act i ve thanabusis resuliapy 426 Aaabysisireswlts paly 430 magbindumeproaive theestiongtedl to an
of fere I 4 . . rformance. noni.toring unit 400 may
have p?ee uﬁ%ﬁ géﬁé cﬁgtb aelrg%?%\sgg)lf)?Lne%@[ﬁg bgﬂ Wﬁﬁ ghrer B?ralﬁ‘,&%swf%?’ eéﬁrgﬁle1 MRSt

mul ti - sesnlts asit $2Cunayp providees viewat dikpRy (Hg ¢ sfaamitput deEedE)0)foftheedigatenal fic may

be esti matlg& é‘g!spck 650). In io(ne exenpl ary ir,TBI enentation, C CAC may b e
est i mafeet capacty yalHe eAviiehwork pdanngy assqgiated with ghe reiword apatater e eeitke ed

Load, Bpdi ireQ : i@l [ EpadSS of Hady
Kauf r nan- Il?octc)ler s'}rer ef‘f%{c??\y}eﬂugﬁgro?lgﬁ% %a‘?p?]‘é? otge apog ?é@ﬁﬁg&tfhgﬁ%tw gérM;d
| oad, tchmacgyplanninBW}W and the GoS requirement. The GoS requirenment nmay be an

ol ermant at 115 NOHEGA ok o6 erafis AT LIt Soibired appoct seike RS TRationaft or
each Rﬁﬁ»ckﬁ;isb%éﬂrdihgﬂjl&ﬂe%ieﬁ@%? icrxhyleﬁ'l%tﬁﬁan. NRY sKRviE pEOVIRSESE thOtddbiteRER) - hl n

one exenpl ary inplenentation, may be estinmated in accordance wth the

f ol | owicapacity value o1y imilede providing thejotalgequingd cepagity (GrofvaliusalangBritlval ue,

determ ' | . Vi et.er m.n I n_bl.ock 650
abté(\?e. d&g%]us E%Qﬁ%%gniﬁ%u&gp (ﬁﬁ%a@gkl %ﬁ%ﬁ%&d’ S?Jr%egw(%% 2t {ng @%p&%or}%gy be
provi lcledpacnpsslhbddmasl/vlrtdibaw ﬂ’l?l{)tlh@ail‘(igiﬂelg)&ffﬁc Efoﬂél m«}mmhle fnemle 'dmyednsioning

vi sual i zati on and pl anni_n 550). The results of required capacity
val ue @EQEERYISIACECH OF twragﬁﬁw ergfi/%rr!aﬂﬁhaﬂgeﬂfmﬂlﬁmslymy be provi dedt o
analysis re bt Sy ' Bt Qyi de
t he esti mat ggh ?"g?qlﬁ?dﬂ‘}e‘f?ﬂgﬁ%@?ﬁ%ﬁa‘?‘b‘{e&gﬁgﬁ#yd&%afg’gﬁﬁ%ﬁ& l:ngﬁ W t%apg{n er

par anmepéthe.link(s) (HrenPl®, Homedmymirison eEG ot with the madmumagappeityvindicates that Gak

di splay (.e Q.. Via output device.37Q) of t estimated requir capacity
vaiibe. Todtighet hanthd pit i suRSkY B 6 Tk et RESTRRUET kvt B Mag R3E e
provi dedrth@dHbiffing SRaRdrY, Ma) bewh@inted ®URtdrmindf i€ REwE itd ¥n efcepednapr kK 130
and/ or for network capacity planning. The flowhart of FIG 7 illustrates

det ai | svestt of whethegjlink eapacibindatooryegondgwationmay g ngeessary.
The measured call blocking ratio may be provided along with GoS targets for each RAB

(block 720). The measured call blocking ratio may be compared with the GoS targets for each
20  RAB to identify if the call blocking ratio is higher than the maximum allowed blocking ratio for
each RAB.
FIG. 8A depicts an example of a table 800 that may be provided by analysis results unit
420 based on the capacity values estimated by capacity analysis unit 410. As shown in the
example of FIG. 8A, links 810 may be identified, and a maximum capacity value 820 (in kbps),
25  adimensioned capacity value 830 (in kbps), and an estimated required capacity value 840 (in
kbps) may be provided for each identified link. Max. capacity value 820 may represent the
actual maximum physical capacity for each link in kbps. Dimensioned capacity 830 may
represent the planned capacity in kbps for each link that is obtained from the network
dimensioning process. Required capacity value 840 may represent the required capacity value
30  (in kbps) estimated by capacity analysis unit 410 for each link. For example, as shown in Fig.
8A, link 2 may have a max. capacity 820 of 1500 kbps, a dimensioned capacity 830 of 1400
kbps, and an estimated required capacity 840 of 1640 kbps.
As can be seen from the values contained in table 800, link 1, link 4, link 5 and link 8 are

operating normally since the estimated required capacity is less than the dimensioned capacity
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bl ock 550 according to one exenplary inplenmentation. As shown, provision of
the requirenent capacity value may include providing the total required
capacity (C ot) value along with dinmensioned capacity value(s) (block 700).
Lar ge di fwerengesisbet wveen Ct QX and di mensi oned capaci t y PCaISE2®8/08M48 ndi cat e
that the original traffic nodel used in the network di nensioning process
was incorrect, or that the traffic mx and/or |oad changed significantly.
The t otaad theastinated ramnad mtxgac(t@and thpadlmenmdtsepmw\aml@as thanthg meximum

he. mooePe HoMerts, ik R L84 Bk & e ot g SR KRR RIS pilpre ™

capaci fygéf thﬁrhﬂie'd'uﬂgnmdﬂé@ pl@@iRdy val@éd) alink araEGthay ah bftiinatéd fequiiedd dapadint .
Furt her m)nltorl ng, therefore, may be warranted to determine if this is due

to an ealiesiase tathesmaximumpbypicalifapaqity ot %H&clwasub&aapearsw froze tabls 30 at i on

! B IEREE L 6abl % RRRUNEE oo O OShrhets @ 1R W Al SREER T o

may bedeﬁmlw@dthwhhhsthe GoS targets for each RAB to |dent|fy if the call

bl ocki t Pl th th db t f h
Ren Fl e A e A fenibid B ccaimple 2t e S SO RTEED A AN B T
anal ysizg of e 460. Urible %@%W@ﬂliﬁ'&hﬁf&@nt(‘s@m tWes‘%b%@ﬁn&ﬁ%Wﬁé gd Phink

capacity analysis unit own in the exanple of FIG 8A Ilnks 810
may be and éargeth@dSﬂbmwd measuared mﬂblmb@g iratjos\380 der @b of the diffgrent seryice types

di rensioned coy aC| 30 and ed o

canbo; treariReaE oY PSR Baiben e By S ¢ Bed oy PIOER A TAMOR vk v,
CapaCI trifea¢aded @ald BQ,cmg rétﬁios&tﬁmxoam Actislapparehx ﬁmam&xssomkvxeean?g@ 2 ¥nd Or
each link in kbps. Dinensioned capacity 830 may represent the p anned

capaci t4ymﬁwnsb15l§ m%ﬁur@asﬂl bloglng patios that gxgesd thegmaximwm taegeh SpRdenthose

di nensi gw‘&g process. Required capacity value 840 may represent the
require capaC|ty value (in kbps) estimated by capacity analysis unit 410
for each Ii M{G. Qfaiﬂusaxmsrpklsplaaswﬁrwmhlstmcﬁl gend&ﬁ anl estilnat®d meyired ¢apasityriix .

t 820.0of 15Q0 di d ' 830 of. 1400 k , d
cotBracbBAgE vER e b b e copacly: ey 20 wa pegvs KN e DR
val ues c%ﬁéﬁi@'ﬁl‘&ﬁhﬂg'b)l @MRnal Plots bfMistbricdl valiedof éstiffated ref\dredicAfaciicdl As

operating normally since the estimated required capacity is l'ess than the
di mensiasrzamplepwben ymestimated requiredgapacityagadhes doreyample, p0%raf thdwaximmensi oned

T o e cafi 3R cdl TS D BORORL iplebRHEE ur e ofiapivy ot o

di nensiimpesiefehgnned) values Link 7 al so has an estimted required

capacity val uye close to, the hysi cal, ¢capacity of the link, Thus, it
i s ngppa?/ent xegiplary gmaodigents es TJeT h%rem may denvepa requ%{'ed capacity value for the

transport network load in a multi-service transport network in which different service types

having different QoS and GoS parameters share the same physical resources. As opposed to
existing methods that merely monitor traffic throughput, the exemplary process described herein
may take into account and may guarantee the GoS and QoS requirements for each service type.

25 The exemplary process described herein may permit comparison of the actual transport network
load with the dimensioned (i.e., planned) capacities and the maximum physical capacities of the
links, thereby enabling identification of capacity shortages before service degradation may be
experienced. Historical required capacity data may be useful for planning network capacity
updates in an optimal way before service degradation occurs.

30 Embodiments described herein provide illustration and description, but are not intended
to be exhaustive or to limit the implementations to the precise form disclosed. Modifications
and variations are possible in light of the above teachings, or may be acquired from practice of

the implementations. For example, while series of blocks have been described with regard to
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that links 2, 3, 6 and 7 may require |link capacity inprovenents to handle
the current capacity denmands on the links. FIG 8B further depicts an
exanple of a table 850 associated with a given link (e.g., link 2) of table
800. Tablwogb®/mwsasei dentify different service types 860PSESER@®8WSI3YS t he
given |link, and target GoS 870 and neasured call blocking ratios 880 for
each of the different service types. For exanple, as shown FIG 8B, service
type 1rRigs. hek ¢herderrafdhie itocksgigy f modifiedimeothieremipalimentst Furtherslone ki ng ratio

880 of 00 a ent fromftable 850, service types 2 and 4 may
i ncl udéjoﬂgﬁjgﬁtrgéﬂc@é? ttﬁDIgeE P‘él?%lg?t hat exceed the maxi mumtarget GoS
for those sernéiegemplahy &nb&hinbhtﬁ sds’deb@ibed abbvepimy b8 @&iﬁretneateh iisinahy @ifferétend
of an estimated requr red ca acrty in conjunction wth the_ maxi rrum physi cal

capaci tformypisseftusarey omwase. y@rtﬁrtlwrr%h&leam%%at@ﬁaﬂ&ﬁ}s@téﬂ inythe fignresndhey
congar 'araﬁ.lapéoﬁfargz:o&yo? édnagﬁzgd \é&tttbfr%mgfwatéﬁéea% ﬁﬁplé.%ﬁht' tﬁggkeﬁ?p‘? ities. As

an exanple en an est requi red capacity reaches or "exanpl e, 50%
of the embodimentpdessribeal hecapmdtyrmlangiebﬂte inentan ’ﬂmsmhdepa’atmt artdiehavior

i | tat 1 1 1
descr | BRAEBIRRH OO e SasrDBH RGP E{EnGs 10 PO O G
net wor K¢ béiﬁ@uhdbrﬁoéﬂ&h&ﬂ oneShotilg Be 5]51@'?@3’& (%1 SORWARY dnd ddnWbl IdwWirE e ent

service types having different S paraneters share the sane
physi camnlmmﬂmemnbmgpb@bmen@ besadsmrthgdmnhmhetrerat rrer ely nonitor

ffic thr exe roocess desqari.be her o e into
acglgunt andqy hgﬁ%%- ﬁ% e'&"ﬂg "rnéad elgwg eé"ti o‘?’s gg tg%rvi ce
type. Tgeefonneom tﬁ'rnslorlérfmmﬁ)ﬁs dmerag@edtape\roﬁm HaRdw A€, siith asarapplicstion of the
act ual transport netvvork | pad with the dinmensioned (i.e., planned)

capaci tSPediliaegraed rasuihenfighd priesammeblp gate array, asfa qon@lrrartlﬁngf hardwarerand
enabl i ngaldentification of capacity shortages before service degradation
may be experienced. Historical required capacity data may be useful for
pI anni ng netEvenkhagh paiticylan poabinstions offcatyres amlrecieed ib éfealdims and/be e

r n ccyrs. di ments descr.i bed herein ovj de |IIustrat|on and
o iscihed e 3pesvianion, Tt FEPIEIBR: 4% ASLEIPGB B tha ipfantipmen fact,

I npl emanimt mn@setf&rtre@map se c&bined I byl §ﬁ&1ﬁd¥h9 Irédlreaw. Ha2laane a|¥c951' ations
are possible in |ight t he above teachings, or fay be acquired from

pract i chscgsed rrethprsmceﬁ@ﬁpat i ons. For exarrpl e, while series of blocks have
oeen, eser | ol B 51 B o el Y °°
per f or rspecificatipariataken to specify the presence of stated features, integers, steps, components or
20 groups but does not preclude the presence or addition of one or more other features, integers,
steps, components or groups thereof,
No element, act, or instruction used in the present application should be construed as
critical or essential to the invention unless explicitly described as such. Also, as used herein, the
article "a" is intended to include one or more items. Where only one item is intended, the term
25  "one" or similar language is used. Further, the phrase "based on" is intended to mean "based, at

least in part, on" unless explicitly stated otherwise.
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The exenpl ary enbodi nents, as descri bed above, nmay be inplenented in many
different forns of software, firmvare, and hardware in the inplenentations
illustrated in the figures. The actual software code or specialized control
har dwar e weediwwsisapl enent the exenpl ary enbodi nents de®CTiSbewsiosres n i s
not limting of the invention. Thus, the operation and behavi or of the
exenpl ary enbodi nents were described without reference to the specific
softmrﬁ%ﬂ&@_@@_@j under st ood that one woul d be able to design
software and control hardware to inplenent the exenplary enbodi nents based
on the description herein. Furthernore, certain portions of the invention
may be l.npl eArertted implenengiddn atretorR @idn@gdihen? REAO(1 40P4SodiABE vk tBRASnulfidi S

| ogi ¢ may.i nclude, hard such as an application specific integrated

ci rcui t5¢ r‘ceftfaéﬁsﬁo‘bP%Pmm’éﬁﬂa‘fténﬁdrbé(y, or a conbination of hardware and
software. BEddmihif BRhddsfonk@het J ' . .arg recited in
the clains anql/lolrg [ S():I osed I n tﬁg}agg%%%F@%ﬁsg%f&%ﬂggég%g%@ﬁéﬂ%ft s are
not i ntrewltiegrvies trangpart nétwoiln{ldA);i on. In fact, nmany of these features may be

comined in S.Nno ecifically recited in the clajns and/or _ disclased in
thgtg speci fi catron e (itslla)g e5tﬂ"5'a?ﬁ§ %ﬁ%ﬁ??f‘?&c‘?ffﬁtw%%a &fryice of aplurality of
" conpr iserides R el i Geriidtaransf@tinétWot 130 Retd dacRbérite iSask G S8d WansPeci fy

the presence of stated features, integers, steps, conponents or groups but
does ndéifferentangof aphialify of traffic typesaddi ti on of one or nore other features,

i ntegers, st r;%cq)(lg*g t f. No elenent, act,

i nstruction egfgnzgnl t%@%@gg{t\f %%g??%éﬁ?@ﬁﬁgﬁeyﬁﬁgﬂﬁw8 ﬁﬁwqjgé@é based; i cal
or essemntthaneasmrédyerformarndei paramuiére tmsegl theiobtaynedahmensisiiéd astwoseh. Al so, as
usgﬁ herein, the il)rticle "a" is intended to include one or nore itens.
whdPe BATAMLIGTS and based.omquplity pf gerviged Qo) and grade ofserycadGas) reavirgmanis i s
used. hgddeipda withachldf BRedifERAFHaBR tydes; 4ndt ended to mean "based, at | east
in part, on" unless explicitly stated otherwi se. WHAT IS CLAIMED IS: 1. A
net hod i npl eevidiag (339) therrstimated transpogtonpaditynfod set(vbdOapacisoglamiieg Wi th a
mul ti service transport network (130), characterized by: obtaining (500)

di mensi oned network paraneters associated with an initial plan of a

nul ti - Qervi ChetniaiRgiuiiclaimer, Wele thd pRkalitiBREHICAPpdsInctide P ATSRRSBic
f a plurality of services of the

par anet er s SSOfi ated, with each service o
mul ti - éiépmngé‘ el adassion ceptroligddratiigtype apsh shase thesamedransmst resouscss drthet ed

Wi th anpetwork.

3. The method of claim 1, where providing the estimated transport capacity comprises:

using the estimated transport capacity to predict a capacity shortage in the network.

4. The method of claim 1, where the performance parameters include a number of active
radio access bearers (RABs) in the multi-service transport network (130), a throughput value,

and a call blocking value.

5. The method of claim 1, where estimating the transport capacity for the multi-service

transport network (130) comprises:

using (650) a Kaufman-Roberts algorithm for estimating the transport capacity.

6. The method of claim 1, where the plurality of traffic types includes a best effort (BE)
traffic type and a call admission controlled (CAC’d) traffic type, and where the method further

comprises:

determining (620) a capacity associated with the BE traffic type; and
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different one of a plurality of traffic types; estimating (540) a transport
capacity for the nulti-service transport network (130) based on the
measur ed perfornance paraneters, based on the obtained di nensi oned network
par anmet engo 2HifhepRged on quality of service (Q0S) and gpadRrSfispsisd CE
(G0S) requirenments associated with each of the different traffic types; and
providing (550) the estimated transport capacity for network capacity

pl agni ng. 2.detda@iniRs {asd) Ptapak®y Msdeiateb Vit thd€alPAIMISMib Yortlolled EEACT) Ypes
include a best effort traffic type and a call adm ssion controlled traffic
type arwfiitiape t he sane transport resources in the network. 3. The nethod

of claiml1, J I, chi i i i :

usi ng ¢ he estiefe feuih ieiforkbiliy G- ATRFC] EARARRL ARG ITRISRER, |

t he netcapadity basedidnethedéteanined BE tadffic ¢apavinearel thbdeteanined CaAC @ trafficeoapactys

i nclude a nunber of active radio access bearers (RABs) in the nulti-service
transport network (130), a throughput value, and a call bl ocking value. 5.
The method ofheGhéhél df cliEs, Sviked AdiBintintle URECApEARSRP BE (FiFR@EhhYrider t he
mul ti-service transport network (130) conprises:” using (650) a

Kauf man- Robeletesmiring)(620hthe B trafficicapacity dasedentthemepsnred pesfoamanae. pagamerers

nmet hod of,.cl aim ere the plurality of traffic types includes a best

ef fort a(’gl?)aset%roélft%? 8w%§d%ﬂ\s§m8g\f‘?tw§§ﬁ?§§?8 Scontrol | ed (CACd) traffic
type, and where the nethod further conprises: determning (620) a capacity
associated with the BE traffic type; anddetermi ning (650) a capacity
associ ded whermethed efglaimygy fphereampEsingol | ed (CACd) traffic type, where
estimating t 1 SARAG ; i t i ot | (660) the
transport ca%gegﬁrgﬁ%ggée@lon t%gﬁ(ﬁélgg{%p%ég tﬂ{agﬁ?ity?%ggﬁcqnpgeand t he

det er midimensidied paramidtérs ocbasad ioh yhe neastited pexfoimahce pamheetars.6, wher e

determ ning the capacity for BE traffic conprises: determ ning (620) the BE
traffic capacity based on the neasured perfornance paraneters and based on
t he obteqi nedrydi i&nsd emﬁnngtwr&damﬁﬁlg%&apﬁeayme_om’h%fﬂétﬁfé aim7,
further conprising: determ ning an equival ent bandw dth for the CACd
traf fi compieedhHased on the di nensi oned paraneters or based on the neasured

performance &%ﬁ%ﬁf f6%0) the CAC’d traffic capacity based on the grade of service (GoS)

requirements, the determined equivalent bandwidth for the CAC’d traffic, and the measured

5  performance parameters.

10. A network management device (140) coupled to a multi-service transport network (130),
characterized by:
a network performance monitoring unit (400) configured to:
monitor a number of active calls, throughput, and call blocking data associated
5 with each service of a plurality of services serviced by the multi-service transport
network (130), where each service of the plurality of services serviced by the multi-
service transport network (130) is associated with a different one of a plurality of traffic
types; and
a network capacity analyzer (420) configured to:
10 estimate a transport capacity of the multi-service transport network (130), for use
in network capacity planning, based on the number of active calls, the throughput, the
call blocking data, and quality of service (QoS) and grade of service (GoS) requirements

associated with each of the plurality of services.
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9. The nmethod of claim8, where determ ning the capacity for CACd traffic
type conprises: determning (650) the CACd traffic capacity based on the
grade of service (GoS) requirenents, the determ ned equival ent bandw dth
for the GmaotwmBfshc, and the neasured perfornmance par aReTSESW0SAHL44A
net wor k managenent device (140) coupled to a nmulti-service transport
network (130), characterized by: a network performance nonitoring unit
(400) tbnfi The deviceof oaimi k0o wharertherhetwork capecityanabyier €420 isfunthgnconfiguaed cal |
bl ocki data associated with each service of a plurality of services
serviced by the nmulti-service transport network (130), where each service
of the pl ur adthy etimAB&d warRp6rt Saacity aoprddict Meapatity shos@EY intBe uRSAOIcE
network (130) is associated with a different one of a plurality of traffic
types; tranpor ng¥agk(130-apaci ty anal yzer (420) configured to: estinmate a
transport capacity of the nmulti -service transport network (130), for use
in network capacity planning, based on the nunber of active calls, the
t hr oughput , Thérdevied of ddimcll, mdhectathe petsvodk cppatity gnabyfzes €420) isdurtigr Spnfagtedyr ade
of service (GoS) requirenents associated with each of the plurality of
servi c¥.11. The device of claim10, where the network capacity anal yzer
(420) is fupidBE ctRRtedigRRfed ﬁ‘énsE&Q chpaRit & preBices cdpasity Hdriagé MARE fuktiL O
predict a capacity shortage in the multi-service transport network (130).
12. Theerdigeitignspoft nehedrk(130). where t he network capacity anal yzer (420) is
further configured to: use the estimated required transport capacity to
predict a capacity shortage in the nmulti service transport network (130).
13. The3deviThe doficedflaimlid, wiees the hbsvorle tapacity ambper (420pefhstiarconfaed i s
further configured to: conpare the estinmated transport capacity with a
pre-di #Ensi oned transport capacity for a given link of the nulti-service
transport n i L i3 ;
capacity ang{)@g&etjré t‘?‘#}g%afe&ﬁ?&r ‘%tﬁ‘e%?’é}éﬁf‘?’g% raglélé&mekgwnw%&p b %a&%ﬂy‘@fr‘%
given link of the multi-service transport network (130).

14.  The device of claim 10, where the network capacity analyzer (420) is further configured
to:
compare the estimated transport capacity with a maximum capacity for a given link of

the multi-service transport network (130).

15.  The device of claim 10, where the network capacity analyzer (420) is further configured
to:
compare the call blocking data with the GoS requirements for each radio access bearer

(RAB) in the multi-service transport network (130).

16.  The device of claim 10, further comprising:
a results unit (440) configured to display the estimated transport capacity in conjunction

with other network capacity planning parameters.

17.  The device of claim 16, where the other network capacity planning parameters include a
dimensioned network capacity value associated with the design of the multi-service transport
network (130), a maximum capacity of a given link, and/or call blocking data associated with

calls in the multi-service transport network (130).
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to: conpare the estinmated transport capacity with a maxi num capacity for a
given link of the nulti-service transport network ( 130). 15. The device of
claim 10, where the network capacity analyzer (420) is further configured

to: conpawe 20teesebl bl ocki ng data with the GoS requir eremisg2dosnsgash radi o
access bearer (RAB) in the nulti-service transport network (130). 16. The

device of claim 10, further conprising: a results unit (440) configured to
di spl ayl8t he Aecempuierw¢adablmpdiom eompraming {nskmctions jenemutabbmbynattieasboteer net wor k

capaci t L anni ers., 17, The device of clai where t he ot her
net wor %%;s)sgncg {lé;‘g% @%@lﬁaﬁ’%‘)c ag?da%‘etpgrns? R?'or{g I%a&gg%{n%% Hg%{{l%lﬁ}églenc % capacity
val ue aeslableah&liumichiraételizeddsi gn of the nulti-service transport network

(130), a nmaxi mum capacity. of a %i ven | ink, and/or call blocking data
associ at ed IERT BRFY Wstryctiops fagg failmgéF]W@élOP?Cb%WQ}’l% Pasamolersiasgoeed wish A

congut %-iﬁﬁggegl‘gfﬁggﬁgggrgiggms{%ggﬁﬁkg%j ons executable by at |east one

processi ng Ice assocl ate twor k nmanagenent node (140),
t he conput eroneadeioreinsteatitions tiranifieting mezasdrament ofigerformamncesparansdtérsct i ons f or

obt ai ni_ng _di nensj oned net aranmeters associ ate jth an initial plan of
ol PR PR ST Safc BRI Es RaBRat Getias ol {ohovidie rihiss e
i ni ti atasgigiatedosih & AHreron@6f 4 Pu@ile 8f AR iRje8y S associated with each
service of the nmulti-service transport network (130), where each service is

associ at ed WiNE KT BOK npleyckions Enestimatings wansport papsrity ferfthe multisseedce one or

! . : ! ! 1 v f 4 e .

t 1 d8s parpistit A oL B B AR RERnan BRIk s, Risst SR B iyl ' °°

b?s ed cd_imeﬂmormtslmaiwngld paiiagiemi,(aﬁdéﬂas!&dfow(qgglitjp@faﬁtce r(QoS)tamﬂ g?&ﬁ:&;fstewé&ualt |h ty
servic S) and grade of seryvi requirements associ ated w

gach_ of(GPﬁ)a'(e%ﬁ%'Bﬂti ?%Bgatﬁi Yyith; cach 9%‘2@ PF%%&YSEE&“@(C tpsseandst ructions for

provi ding t Rfe8f MofBinSitudtioad R PrdvidinR A dshimhRl ARV LapGARAGE hetwdhanni ng.

capacity planning,
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