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Network Transformation
Operators Face Difficult Network Planning and Design Question

 Can my current planning methods handle the complexity of network 
design with multiple applications on a single shared infrastructure?

 Can I estimate the impact of your applications on the traffic in an IP
environment?  

 Does my network architecture and design accommodate varying QoS 
and Reliability for multiple applications?

 Do I have a unified process spanning multiple network layers and 
multiple vendors’ equipment?

 Does my process allow for uncertainty in forecasts?

 Does my business case prove in, and how sensitive is it to various 
assumptions?

Next Generation network transformation is a complex undertaking 

and requires a unified multi-service, multi-layer and multi-vendor 
approach
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 Quality of Service and Reliability built into each layer of the design

 Entire results can be analyzed in a single business case

A Unified Multi-Layer Approach to NGN Design

TransportTransport

Control Plane

Signaling traffic loads must 
be used to determine the 
optimal control network 

topology and configure nodes

Converged IP/MPLS 
Core

Signaling and bearer traffic 
loads, broken down into 
Classes of Service, must 
be routed and the nodes 

and links configuredCarrier Ethernet 

Traffic must be assigned 
to Spanning Trees based 
on Classes of Service, 
which must be designed 

and nodes and links 
configured

Application 
Characterization & 

Traffic Modeling

All of the NGN 
applications must be 

characterized and traffic 
models developed in order 
to calculate traffic loads 
on all the network layers

Ethernet 
WAN

Ethernet 
WAN

Access

Optical Transport

Required link BW and 
application protection 

needs will drive the optical 
transport design
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Application-Driven Traffic Models are needed to:

 Systematically determine the impact of a specific service mix
 Calculate aggregate signaling and bearer traffic loads, according to a number of dimensions
 Provide a consistent and re-usable traffic model used for all layers of the design
 Allow “what if” studies where application assumptions are varied and fed through the design

Application Characterization and Traffic Modeling

NGN requires new techniques for modeling network traffic in order to facilitate 
introduction of new services 
 Quickly assess the impact of introducing a new set of applications
 Avoid traffic congestion and consequent degradation of service
 Control both Capex and OpEx by avoiding extensive over-engineering

Application
Parameters

Session

• Description
• Protocol Headers

• Signaling
• Bearer

• Bandwidth:
• Codec
• Throughput

• Devices
• Type of session
• Type of event
• Duration
• Cycles: 

• Talk, wait, 
idle, 

• Signaling call 
flows
• Bearer call flows

User Behavior

• Usage per day
• Usage during BH
• Usage on-net & 

off-net
• No of updates/day
• No of queries/day
• Size of group list

Performance SLA

• Session setup
• Blocking
• Delay
• Failure Prob.

• In-Session
• Delay, Jitter
• Packet loss
• Disconnect prob.

Reliability SLA

• Session setup

• Failure Prob.

• In-Session
 Disconnect Prob.

• Frequency of outages
• Outage duration

Application
Parameters
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• Protocol Headers

• Signaling
• Bearer

• Bandwidth:
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• Throughput

• Devices
• Type of session
• Type of event
• Duration
• Cycles: 

• Talk, wait, 
idle, 

• Signaling call 
flows
• Bearer call flows

User Behavior

• Usage per day
• Usage during BH
• Usage on-net & 

off-net
• No of updates/day
• No of queries/day
• Size of group list

Performance SLA

• Session setup
• Blocking
• Delay
• Failure Prob.

• In-Session
• Delay, Jitter
• Packet loss
• Disconnect prob.

Reliability SLA

• Session setup

• Failure Prob.

• In-Session
 Disconnect Prob.

• Frequency of outages
• Outage duration
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Characterizing Applications and Calculating Traffic 

 Signaling Loads  Internetworking

 Daily Traffic Profile Call Flow

For each application, calculate the point-point demands and loads on control 
functions >> Application Characterization & Traffic Modeling Engine (ACTM)

BH Load at Signaling Network Elements
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CSCF HSS AS MGW 

IMS Functions

Candidate Node
Locations

Challenges in Designing an “Optimal” IMS Network
Many Layers, Many Options

NW NE

SW SE

Subscriber Regions

CSCF1CSCF1CSCF1 CSCF2CSCF2CSCF2

NW

SW

NE

SE

Region 1 Region 2

Equipment Model
Selection and ConfigurationFunction  Mapping �Æ Homing Assignments Aggregate Traffic Profile Analysis

Mapping

Homing

Candidate Topology

Model 1

BGCFI-CSCF S-CSCF

P-CSCF

Db
FS 5000

TAS
ChargingCharging

Model 3 Model 2

BGCF

I-CSCF

S-CSCF

P-CSCF

HSS

FS5000
TAS

Many Different Configurations 
are possible

USDS

Need to account for non-coincident 
Busy Hours.

For large networks many 
candidate topologies possible

Repeat process until a minimum cost design that meets customer’s constraints is found.

HSS 1HSS 1 HSS 2HSS 2ASAS ASAS

MGWMGW MGWMGW

Node

Node

Node

Node
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Designing an IMS Network – Simple Example

P-CSCF HSS AS MGW 

IMS Functions

A B

Candidate IMS Nodes

SR2
SR4

SR1 SR3

Subscriber Regions
Demands

I have a network with 4 subscriber regions. 
How many configurations are possible for the  
P-CSCF given that I can choose between two 
types of P-CSCF equipment?

 Since there are 2 equipment choices for the P-CSCF - that leads to 32 possible 
configurations
 IMS has at least 10 fundamental functions which can lead to hundreds of 
possible configurations for one simple network!

Different combinations could result in a large differences in costs 
>> requires an optimization algorithm

Mapping

Homing

Assume P-CSCF can be mapped to only 2 Locations

With 4 subscriber regions generating load,
there are 16 possible homing arrangements for the 

P-CSCF.
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Topology Generation Methodology
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•Example Process for Control Plane 

•P-CSCF selected as Parent function 
for control plane with S-CSCF as 

descendant

1. Functions are grouped 
into “planes”

2. A Parent Function is  
selected

3. Edge (User) Nodes are 
homed to Parent 
Function

4. Children functions are 
homed to Parent 
Function

5. Process is repeated in 
hierarchical order until 
all functions in plane 
are homed

•Step 1

P-
CSCF•Step 2

P-
CSCF•Step 3

•Homing is based on weighted-
throughput distance to minimize 

total transport costs
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Ethernet Topology & Spanning Tree Design

 Ethernet design problem: Given a possible set of nodes, and links design an optimal switching 
topology based the Spanning Tree Protocol (STP) to carry the traffic demand with protection

 In reality, multiple Spanning Trees may need to be designed to support differentiated QoS for 
different applications, balance the load, and make use of idle capacity (subject to some pre-emption)

 In case of a single link or node failure, new backup trees are chosen by STP to redirect traffic

 Multiple Spanning Trees must be designed for different classes of service. 

 Single failure modes (node or link) should be taken into account to ensure adequate 
backup capacity on secondary spanning trees
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Design Computational Complexity

 Design algorithms are developed for the following objectives:

 A Minimal Cost Design to accommodate given traffic demands with minimal network 
cost.

 A Min-Max Design to limit the maximum link utilization in a given network and thus 
spread spanning tree traffic over the entire network.

 A Spanning Tree Growth Design to support network growth with minimal changes to 
existing Ethernet spanning trees

 All three design objectives are NP-Hard problems

 No existing design methodology

 Impossible to solve using a simple model 

 Requires a sophisticated tool to achieve the results in a reasonable time

 To achieve QoS objectives, extra constraints can also be applied on a spanning 
tree basis:

 ex. max hop count constraint for all carried traffic demands; max. end-to-end delay
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An Ethernet Design Example

 Need to expand the tree with new nodes - 1, 2, and 3

 Given five candidate nodes and their possible links, and additional traffic between all 
nodes (dashed lines)

 New tree is designed to extend the network to the nodes based the existing tree

– Minimal number of links is designed with adequate link capacity to carry the traffic in 
both normal and single-failure network modes

– Candidate nodes and links are selected to meet minimal cost objective
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MPLS Network Design
Key Questions and Challenges

Key questions for network operators
 How to determine a least-cost network topology

with sufficient capacity to meet traffic demands 
with proper protection? 

 How to route the traffic (LSPs) to optimize 
bandwidth utilization?

 How can the network design be robust to 
uncertainty in traffic forecasts?

 How to ensure that the performance and reliability
targets for multi-services traffic are met?

 What are the Capex & Opex implications to be 
considered in the business case? 

Challenges
 Accurate capture of effective bandwidth

required for bursty applications

 Least-cost and bandwidth efficient network 
designs with protection are computationally
complex optimization problems

 Optimal designs that avoid over- or under-
engineering of a network when dealing with 
uncertain traffic forecasts

 Tedious and repetitive design tasks need to 
be streamlined and automated to allow 
quick turn around for what-if analysis

Cambridge

Palo Alto

voice video infrastructure premium data best effort
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MPLS Network Design
MSND Solutions

Optimization Algorithms for Least-Cost 
Topology Design and Routing 
Optimization

 For greenfield, brownfield and capacity 
growth scenarios 

 Subject to topology and TE constraints

 Different protection policies (per LSP)

 Routing of uncertain LSP demands

Performance Driven Network Design

 Post-design assessment of e2e 
performance for LSP routed traffic

 Corrective actions taken to amend 
identified performance gaps

Automated Design Processes
 Automatic network/traffic data generation 

from ACTM 
 Fully automated single and multi-year 

design processes
 Streamlined network design and post-

design performance assessment

Traffic Modeling

 Integrated with ACTM

 Superior Effective Bandwidth calculation
 Based on traffic descriptors and 

performance targets

 Calculated as mean & standard deviation
for uncertain traffic demands (sessions . 
BW)

Business Case Analysis
 Based on equipment configuration & pricing
 Opex model
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Summary

 Network transformation may require the evolution of multiple 
network layers in the same timeframe

 Network usage is application driven, and there is a great deal of 
uncertainty in applications demand and user behavior

 Operators face critical choices in network architecture and 
technology that can have great impact on their business goals

 A unified multi-service, multi-layer and multi-vendor approach is 
needed

 Common application traffic modeling

 Flow through of results

 Sophisticated optimization algorithms

 Automation for “what-if” studies

 Models that link technical and financial analysis

 The problems are too complex for traditional planning methods


