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@ BDT workshop on Network Planning

[Module 1: Introduction and references to the Region ]

—

Module 2
Role of Network Planning in the current Telecom scenario

—

v

‘ Module 3 ’
Integrated Planning Process

Module 4
Specific Network Planning per Layer

Module 5

Supporting Network Planning Needs and Tools
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Network Planning Tools
Content
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Network Planning Tools:
Tool examples per category

&y STEM, Excel applications

Planitu, NetWORKS (Trans,
& Switch, IP, etc.), VPI-Maker,
CHIRplus

&y VPI-Configurator,
NetWORKS - Pro, CIRCEE

&N OPNET,COMNET,
SPECTRA
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Network Planning Tools: NetWORKS

Objective : NetWORKS by
Detecom (Germany) is a Telecom

Telecom network planning tool to design,
Network T D optimize, dimension and
Planning

document several network layers

and technologies as: Switching,
Transmission, Cable, Mobile, IP,
Signalling, etc.

networks.info@detecon.com
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B8 Acrobat Reader - [ENG_B_Net¥WorksSoftwareSystem. pdf]
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»
System Architecture The medular conception of NETHORKS allows to design the software z‘
system for the purpose of meeting particular functionality needs and to
match it to the user’s requirements.

All modules are implemented in C or C++ in order to provide you
acceptable running times even for complex systems. NETHORKS uses
the Windows® oparation elements, which are familiar to you.

NETWORKS J

Application Manager ‘
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Model Macro- Add-On
Editor
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Modules
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B8 Acrobat Reader - [ENG_B_HNetWorksSoftwareSystem. pdf]
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Network Planning also by customized Network Documentation
and Optimization Ui ol . S
various metwork variants of the network
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June 2005

E& Acrobat Reader - [ENG_S_MetWorksSwitch. pdf]

Network Planning Tools: NetWORKS

T Archivo  Edicién  Documento  Yer Ventana  Avyuda
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B
Traffic Forecast  Different Routing Methcds e
Routing Takles e Load Sharing and Overflow Operations
Dimensicning & Cost Calculation and Optimization &

Miniaturas

Cost Allocation e Device Configuration
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B2 Acrobat Reader - [ENG_S_NetWorksSwitch. pdf]
T Archive  Edicién  Documento  er Wenbana  Ayuda
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Network Model The network model used in NErWogks-Switch comprises three

||

g layers. The upper layer uses the technical resources of the lower
] layer. The picture shows essential components of the model (without
|2 signalling netwark).

2

- ERL-

% TRAFFIC-POINT. = 3_

£ TRAFFIC ?

Teletraffic i
(Services) Traffic Relation
C-SWITCH-TRAFFIC
Switch

C-SWITCH-POINT

SWITCH T =

() G-INTERG-POINT
Switching Natwork Gateway
Systems Banchdilth Deavnand C-ACCESS-POINT
TRANS-CONNEGTION As=gnmert
TRANS-POINT
TRANS
Transmission TRANS-ROUTE TRANS-LINK

O =&

7% Inicio ! =
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Network Planning Tools: NetWORKS

B Acrobat Reader - [ENG_S_NetWorksSwitch. pdf]
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Presentation NETH

SUPPOTtS- you-in these Steps -during the -pranming
i@ process for hlerarcnlczl and non-hierarchical switching networks. It
5 = Editien also allows the planning of signalling networks (SS7). The focus is on
|2
|2 = Calculation = Editing of traffic data for planning
|5

= e

~  Optimization « Forecasting of traffic matrices

@ 4 « Building of transit switches for hierarchical networks

& = Documentation

= « Calculation of loads and capacities including dimensicning with

£ considering load sharing or traffic overflows

=

Calculation of end-to-end blockings

‘Optimization of trunks of an overflow structure

I Calodlake

Dimensioning of network gateways

Traffic Enginzer »
e e « Estimation of signaling traffic
R : + Determination of the demand for signaling channels between the
Nonhicrarchical Network signaling nodes
—_— « Detailed allocation of the B4kbit/s-channels (with payload, signaling
REeelEE iy O traffic. semi-permanent connections, ...}
557 Meswork » « Configuration of switching nodes with modules and pors
Transport Mokwark 3 « Estimation of costs
Telotrafic Theary « Generation of routing tables for switches and reports for dimensio-
ning the trunks
Lhiversal >
« Finding out of the demand for transmission channels for the under-
Settings 4 lying transmission network.

W 4] 2de4 P M o08Ex27 mm O M= B o= 4|
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®
E The network model used in NerWorks-Swirch
B comprises three layers. An upper layer uses the
£ technical resources of a lower layer
=
7| ®  TRAFFIC - Layer that contains traffic sources and
2 traffic relations
=
i
£
=
- SWITCH- LINK Overfow Truak
SWITCH-
POINT
Altarnative
Direct Trurk Owerfiow Route
= = 2 Hops,
->- aif togesher form Overflow 3 s
= fulrmeshing Assignmment

The SWITCH layer differs between non-hierarchical
and hierarchical networks. In - non-hierarchical
networks all exchanges are of equal status. The
direct trunks form {almost) a full-meshing, the
overflow routes are not more than 2 hops long. In
hierarchical networks two network levels are created
The tratfic overflow is implemented in the order
Direct trunk -= Second trunk -= Final trunk / Mesh

trunk
SWITCH-LINK Nesh Trunk
SWITCH-
POINT B
Alermative
Oerfiow Final Truntk
Routa
SWITCH-
POINT A
Direct Trunk Second  pyarfiow
o Fthere is Trurk Assigriment
‘enough direct oraffic

] 14 4 1dez kM 2099 %297 mm

=
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Network Planning Tools: NetWORKS

E& Acrobat Reader - [TRANS-E.PDF]
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3 Application Trans NE jHW
i . .
d Planning and Optimization of
P SDH and PDH Transmission Networks
2
=
=
= NerWorks-Trans is an application for specialists B Design - considering sites and links, demand
who are mainly confronted with PDH and SDH fend-to-end relations), its paths over sites and
transport networks and who have to deal with links, and the loads and capacities of sites and
complex problems regarding links iboth  cable  points /links  and  duct
points / links can be considered optionally)
- imizati o e )
Sgt'_gﬁ::[ﬂ:ﬁs:mpamy mested. Sand. ring ks m Configuration - considering devices, fibersimicro-
' wave channels, transmission systems at different
®m  Conpsideration of a given infrastructure (fiber- mapping levels and splitted demand (end-to-end
optic cables, ducts), connections) and its path over devices and
fibers / microwave channels
®  Routing of end-to-end connections by various
criterions, with protection if required,
®  Caleulation of loads and capacities needed for Mewerkitodel
Gl The network model used in NerWorks-Trans
®  Dimensioning of rings, comprises three layers. An upper layer uses the
technical resources of a lower layer
] W o« L] 2088 x 287 mm = HA
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NeTWorks-Trans is an application for specialists
who are mainly confronted with PDH and SDH
transport networks and who have to deal with
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3 Application Trans NE{jTWS

f_ Planning and Optimization of .

o SDH and PDH Transmission Netwaorks

£

S

®m Design - considering sites and  links, demand
(end-to-end relations), its paths ower sites and
links. and the loads and capacities of sites and

complex problems regarding links  (both  cable points/ links  and  duct
points ¢ links can be considered optionally)
m  Optimization of partly meshed and ring-like

network. st Chures, ®m Configuration - considering devices, fibers'micro-

wave channels. transmission systems at different
mapping levels and splitted demand (end-to-end
connections) and its path over devices and
fibers { microwave channels

®  Consideration of a given infrastructure (fiber-
optic cablas, ducts)

m  Routing of end-to-end connections by various
criterions, with protection if required

®  Calculation of loads and capacities needed for USROS

prptectionfecilites, The network model used in NeTWorks-Trans
comprises three layers. An upper layer uses the
technical resources of a lower layer

®  Dimensioning of rings,

®m  TRANS - Layer that contains  devices, fibers,

June 2005
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Network Planning Tools: NetWORKS

B fcrobat Reader - [ENG_T_NetWorksTrans. pdf]

T Archivo  Edicién  Documenka  Yer  Wentana  dyuda

ELEEIY IR

Al

S hzaw - @[3 21|55 -
- [ »
@ =
@ i
L — Presentation NETWORKS-Trans supports you in these steps during the planning
g =i process for PDH, SDH and WDM transport networks. The focus is on
= = dition
= s Comparison of different network structures
7 — Calculation (e.g. partly-meshed and ring-like Network structures)
@
2 G 4
< = Consideration of a given infrastructure (e.g. fiber-optic cables,
& = Optimization microwave systems, ducts)
i = Documentation » Rauting of end-to-end connections by varicus criteria over disjoint
- paths |
= Possible protective strategies
= Calculation of loads and capacities including dimensicning of rings
= Detailed allocation and grouping of containers
= Configuration of devices (multiplexers, cross-connectors etc.) in
the network nodes
= Estimation of costs
= Analysis of utilization of network capacities and finding out the
bottlenecks
« Generaling reports on routing, dimensioning, configuration and de-
mand for devices and modules
= Calculaticn of end-to-end availabilities.
DI W 2098 %297 mm o= 4|
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E& Acrobat Reader - [ENG_T_MetWorksTr:
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Design of Ring-like and Partly-meshed Networks e Various
Routing Methods e Protective Strategies @ Dimensioning e _J
Calculation and Optimization of Costs e Cost Allocation

Allocating and Grouping e Device Configuration

7% Inicio
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Network Planning Tools: NetWORKS

E& Acrobat Reader - [ENG_T_MetWorksTrans. pdf] : 5
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3

Bandwidth Demand Configuration ﬁ

Miniaturas

TRANS-CONNECTION

TRANS-POINT

TRANS
Transmission

Systems Assignment

CABLE

Cables /
Microwave Systems
DUCT-LINK
DUCT-POINT

Assignment .l
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Access and Core Networks e Traffic Planning for
Different Services ® Different Routing Apprcaches e _|
Routing Tables & Dimensioning e Cost Calculation e

Cost Allocation e Device Cenfiguration

W4 Tasa

7 Inicio
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E& Acrobat Reader - [ENG_M_HNetWorkskobile. pdf]
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=""""Presentation NETWORKS-Mobilé sUpports yol in these steps during the planning >
process for 2G- and 3G-mobile fixed-line networks. The focus is on: -

"

H = Edition

= = Traffic planning for different services

g

5 = Calculation + Cost and capacity-oriented desian of the access areas

= Opt " {the connections BTS-BSC, BSC-MSC, NodeB-RNC, RNC-MSC)
" = pumization with taking into account the differences of the logical and physical
@ .

= = Documentation S

g = Determination of loads and capacities including dimensioning

=

under consideration of load sharing or traffic overflow among the
MSCs and with reference to the gateways in the core network

.

Configuration of locations with devices including modules and ports
Estimation of costs
= Generation of the routing tables for the MSCs

.

= Generation of reports

= Determination of the demand for transmission channels for the un-
derlying transmission network

In many cases there is a decentralized planning of the access net-

works by the subsidiaries of a network operator. For doing so, an im-

portant basis are the dumps from a network database. The application

Mobile Access shows you the whole planning process in a clear and

flexible way.

Planning the core network {with MSCs and gateways), however, has
to be done by the operator's headquarter. Also in this case the access
1o a network is_useful. By using the ication Mobile Core. _._i

) M 4] 2de4 M 2099x297 mm O | = M O < o b
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Network Planning Tools: NetWORKS

!‘a‘_Acruh_a_l Reader - [ENG_M_MetWorksMobile. pdf]
] Archive  Edi Documento  Yer Wentana Avuda
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',g' Network Model The complex network model used in NETHoRKS-Mobile comprises
E three vertical layers, the upper one of which is divided again into three
§ horizontal layers. The upper layer uses the technical resources of the
lower layer.
#®
E]
=
=

F o FR/IP/ ATM |

in 3G-R3 J
PDH / SDH / WDM |

Due to the high complexity of 2G-/3G-mobile fixed-line networks, there
are many different groups of objects (nodes, edges, relations, paths,
sets, meta data) in the layers. The following picture is an example for
showing the connection of the nodes of the 2G-/3G-access network
to the core network in the MOBILE layer. The majority of these nodes
rest on underlying FR. IP or ATM nodes (terminals. routers, switches)
and SDH nodes (terminals, multiplexers).

20898x297F mm O | = B G= 4|
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Network Planning Tools: NetWORKS

ES Acrobat Reader - [ENG_M_ NetWorksMobile. pdf]
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and SDH nodes (terminals, multiplexers) »
8 =
|5
3
|8
| E Tu(CSs)
—l- S~ AAL2/ATM .
: Y " RNG — nods.
1
3 . GSM/GPRS
(Sg? 1 Core Network, ar,
i L (IP)_ . -
Bit Gb Yo = iu(»f'SJ Iub
Traffic gl—l—W| t (AAL2 FATM)
(FR) (AALS 7 ATM)
For GSM and GPRS there are separate structures in the core net-
work. The UMTS traffic is also handled in 3G-R3 over them. The net-
work model already provides object groups for a UMTS core network
based on packet switching. This enables to do strategic calculations
for the medium-term planning.
E Additionally, there are several functionalities of NEFTHORKS-ATM and
ATM SDH NETWORKS-Trans made available by the integration of appropriate
planning modules.
Y M 2093207 mm O | = W o= 4| 3
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Marcadores

NETWORKS - ATM

Miniaturas

for the Planning of Networks
with ATM Technology

Traffic Planning e MNetwork Design e Capacily Planning =
Cost Calculation & Cost Allocation & Documentation of
Allocation (VCI, VPI) @ Device Configuration
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Network Planning Tools: NetWORKS

B8 Acrobat Reader - [ENG_K_NetWorksATM. pdf]
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]
2 = Presenlation NETWORKS-ATM supports yeu in doing these steps during the plan-
§ Editi ning process for ATM technology networks. The focus is on
] = ition
= » Displaying different services resting on ATM and describing them
— Calculation with traffic parameters,

—  Optimization Finding appropriate network topelogies,

= Documentation

Defining routing strategies, addressing schemes and network

Determining the required resources in case of a given QoS J
levels,

Assigning identificators for VC (virtual channels) and VP (virtual
paths),

Configuring the ATM network elements (switches).

Network Model and Planning Ways

The network model defines an ATM layer which can be related to ad-
jacent layers. There are three phases of the planning process with
NETWORKS-ATM :

Design

With taklr‘j into account the device locations. the transmission secti-
bl al

Mo 2098x297 mm O | =
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E& Acrobat Reader - [ENG_K_HNeiWorksh
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|5 Bandwidth Demand to the
| § ATM Transport Network ATM-DEVICE-POINT
2 VGG-DEMAND.
I ATM VC-LINK
- Vel =]
E VPC-DEMAND al channel identifier
= P 9 ial path identifier
VP-LINK
WP VP WP

“;;ANS :r”'_‘*“iur”-;—““ﬂn+"-—__““1s _J

~ TRANS-CONNECTION

Bandwidth Demand to the:
PDH/SDH Transport Network

&) 1424

ITU/BDT Network Planning/ Supporting Tools - O.G.S. Lecture NP - 6.3- slide 23

June 2005

Network Planning Tools: NetWORKS

E& Acrobat Reader
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Algorithms and other Application Functions

Marcadores

Many application functions of NETHORKS-ATM are algo-
rithms which you can setup to and run on your given mo- Iertiee Load | Evtenced|
del. This enables you to follow yeur individual planning

line according to your specific planning task.

Froart Mot o FEA

s oEMAD
wPLOBAAD
uer
ATMDEVEELINK

[ Minigturas

NETWORKS-ATM also extends the graphical and tabular
functions considerably. Some typical application functi-
ons are:

Planning of ATM traffic contracts (see dialog example)

B nono

Definition of the routing in specific routing dialogs for
each individual VCC or VPC

Tracing the allocation of the physical containers and
displaying their utilization

}

PNNI configuration ) 0|
Ve

Device catalog and configuration view for the nodes J

« Customized import and export filters for the coupling
with databases. Display of utilization of a physical link (ATM-
DEVICE-LINK} by VCC und VPC

O[s = o 4

2099 %297 mm
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Planning of IP / MPLS Networks

—Z'SBG Mobile Network @. NETWORKS - Mobile

Data Services NETWORKS - S57

.. Demandson - B —
Resources
P @. NETWORKS - IP

IP / MPLS Network Trars
Planning Module

Signatures | Comments " Thunkrais { Bookmarks

IP / MPLS
Network — i
Planner

@ NETWORKS - ATM

ATM / SDH Transport Network =T ORKs S
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Network Planning Tools: NetWORKS
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NETWORKS

IP Model for Allocation/Configuration »

IP - ALLOC/CONFIG

IP Device IP Demand

IP Device Link

IP Device Link IP Device Link

= IP Tunneling

IP over MPLS

| ————

¥

Signatures | Commerts | Thunbnais Y Bookmarks

LSP Demand

LSR - label switched router
LSP - label switched path
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Network Planning Tools: NetWORKS
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Interaction between IP / MPLS and Transport Layer "

IP Device Link
 onason (LSP Link)

Assignment
IP Deviee
= Trans Point

Assignment
IP Device Link
- System Route

TRANS Layer

System Route

Signatures | Comments Y Thumbrais Y Bookmarks

Trans Gonnection System Link

= Rule 1: IP Devices (LSRs) of one Location on one Trans Point
= Rule 2: IP Devices (LSRs) on a Physical Device at the Trans Point
= Rule 3: IP Device Links (LSP Links) on Trans Connection + System Route

DETECON 2003, Ntwork Oplimization & Teols, Drosdsn

110f15 » M 1024x768n O = #M o= |

# Inicio

June 2005 ITU/BDT Network Planning/ Supporting Tools - 0.G.S. Lecture NP - 6.3- slide 28




June 2005

ITU/BDT Network Planning/ Supporting Tools - O.G.S. Lecture NP - 6.3- slide 29

June 2005

Network Planning Tools: NetWORKS

B8 Acrobat Reader - [ENG_P_NetWorksPro. pdf]
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NETWORKS - Pro

Flexible Algorithms
for Different Network Types
and as a Platform for Applications

Ministuras

Generation and Optimization of Node and Edge Structures &
Traffic Forecast and Distribution e Routing e
Dimensioning e Cost Calculation and Optimization e
Reliability Analysis e Universal Algorithms
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2 Flexible Algorithms for Planning and ‘_i{
5 Optimization Various Telecommunications Networks
=
5
=
7‘: NETWoRKS-Pro is an application for high demands Each more or less complex planning step has been
£ on  flexibility in planning and optimization  of consequently implementad as an separate algorithm.
B telecommunications networks regarding S0 you get the peoesibiity to follow your own
£ planning way according to a special planning task.
| m  various technologies The tool does not force you to use it in a certain
- (PDH. SDH. ATM., GSM, circuit and packet order .
switching) In addition each algorithm has access to all data

elements defined in the model (items, parameter,
matrices) both as input and output values for an
algorithm  (see below the example of a routing
algorithm).

= various network architectures
faccess networks, backbone networks: variable
number of network levels, several network
layers),
m various network structures Methods of Operations Research
istar, tree, chain, mesh. ring).
The tollowing methods of graph theory, queuing
theory and reliability theory as well as integer and
heuristic optimization are implemented in algorithms

m  various dimensioning rules
imultiplexing,  formulas of teletraffic  theory
cost-relevant dependencies),

of Nerioris-Pro
m  various routing approaches
tnon-hierarchical, cuasi-hierarchical, hierarchical ; m  Shortest paths in graphs (Dijkstra, Floyd, LC-FIFQ
with gateways, with hubs) with hop number restriction),
m  various cost functions m  Shortest disjoint paths in graphs (Hackbarth,

tlinear. partlv linear, variable formulas
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o = Presentation NETWORKS-Pro supports you in doing these steps during the planning ‘_:l
@ and aptimization process for different highly flexible telecommunicati-
2 = Editien ons networks. The focus is on
g
5 = Calculation « various technologies
= (PDH, SDH, WDM, IP, ATM, GSM, GPRS, UMTS},
7 = Optimization
o « various network architectures
£ — Documentation (access netwaorks, backbone networks, variable number of network
E levels, various network layers),
= « various network structures
L (star, tree, chain, mesh, ring),

= varicus dimensicning rules (multiplexing, formulas of teletraffic
theory. cost-relevant dependencies),

= various routing approaches
(non-hierarchical, quasi-hierarchical, hierarchical),

« various cost functions
(linear. piecewise linear, variable formulas).

NETWORKS-Pro is characterized by

completely free modeling. even with physi
ane model,

and logical layers in

‘a comprehensive algorithm pool which can be arranged indivi-
dually,

user-definable planning cycles which can be matched to the rele-
vant problem,

- editable menus for determining standard planning cycles for recur-.
I Mo 2088x257 mm O | = B o= 4
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= Impert Nodes — Forecast Trend Dimension by Equivalent Star-shaped with Capacity
5 Creats Centers [— Estimate Distribution Random Theary Restrictions
= Assin o Canters — Craate Matrix-shapad t Men-hisrarchical Without Concentrators
7 Assign to Another [— Create Starshaped Hierarchical With Concentrators
- Leer | siaat nedls Assign to Ovarflow Trunks Trea-=haped with Capearity
< Delete [ Aesian to Another Sum up Overfions Traffic and e e
= Mark. Layer Re-route Trunks to Mare: oo
= [— Cormpose at a Higher Efficient Overflow Routes ': Wathout Concentrators
= Lerel With Concentrators
s Edge Structure [— Delet=
[ e

Creatz Full meshing
Creatz Mirimum Spanning
Tre=

Create Shortest Stars

Rauting (Paths) |

Cakulate Edge Loads
e R

— Hon-hisrarchical

Seweral PDH/SDH

Create Shortest Trees Capacities With Several Definale
Creat= Shortest Rings Single Path it rels
Assign 1o Another Layer Completely Cisknt Caculate Edge Caparities
Delete Partly Disjoint Calrulate Moda Capacities
Chesk / Mark With Capacity -

Restriclions of
Edges ! Nodes Cost = Total
i AMLE-Routing) = Fomulas
| i R i
Calculate Meda Cost Mz SCnOnis
O Earth Surface
[— Hierarchical = Mathematics
e Telatraffic Thecr
Auailabilitis - ¥
T T—— [ = Vaies
[ Cakcuat= Path Length Cakulate End-to-Endl
Sets Intervals of Values — Orcter e ey = Strings
(Geographicall Aress — Detete Caculate Path = Ohjects
with Backareund Polyoons L ek Availabilites = Reports
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Contact for questions and informations:
Dr. Egon Jannusch

Fon: +49 351 8734 1509
Fax: +49 351 8734 1507
e-Mail:

Postal address

Detecon International GmbH
Network Optimization & Tools
Chemnitzer Strasse 48b
D-01187 Dresden
GERMANY
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