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Abstract

Media Gateways are the most prolific network elements used in 3G Mobile and Next Generation
Network architectures. They incorporate all paradigm changes of network architecture evolution from
vertical network structures - separate networks for individual applications - through to horizontal
network structures - one network per application.

This White Paper discusses key objectives and requirements for the efficient and comprehensive
testing of Media Gateways in order to assure carrier-grade quality in 3G Mobile and Next Generation
Networks.
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1 Media Gateways - Making Convergence Happen

In deploying ever more Next Generation Networks, which are entirely based on IP, it can be said that
the telecommunications community is verging on a new technological era. The driving factors for this
fundamental shift include lower capital expenditures, reduced operational costs and increased
opportunities for generating additional revenue streams via the provision of new services.

Network paradigms necessarily change with technological advances, so it is not surprising that the
architectural model of the IP-based Next Generation Networks is quite different from that of legacy
TDM networks. In particular, traditional vertical networks, which dedicate separate networks to
individual applications, are being replaced with a horizontally layered network structure that provides a
common architecture for all applications.

Media Gateways serve to mediate the payload of various networks between existing and new
technologies. As such, they are fundamental to Next Generation Networks and the new technology
era.

1.1 Media Gateway

The Media Gateway (MGW) is the most prolific component in the Next-Generation-Network
architecture. Its key functionality is to ensure interworking of the payload between different
technologies by enabling all necessary services for respective applications.
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Figure 1 — Next Generation Network Architecture

A number of different access technologies (UMTS, GSM, PSTN and VolP) are applied to an MGW
such that it can support a wide range of payload formats, including 64kbps bearer channels (TDM),
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ATM cell streams (AAL 2/3/4/5) and RTP (IP) packets. To save bandwidth and to increase the data
throughput, various compression techniques are also used, including G.711 for PSTN/ISDN, G.72x
series for VolP, GSM-HR/FR/EFR for GSM and WB-AMR/AMR for UMTS. The MGW then performs
whatever kind of transcoding (i.e. encoding and decoding) is needed to accommodate the different

compression techniques.

In addition to payload conversion and interworking, the MGW further supports:

P Echo cancellation of TDM circuits
P Supplementary services (e.g. multi-party calls, call forwarding)

P "Handover" for mobile users moving from an urban UMTS coverage area to a rural GSM coverage
area to ensure their calls do not get dropped.

2 Testing Media Gateways

Given the pivotal role of the Media Gateway - ensuring application interworking, payload formatting
and compression transcoding, as well as supporting basic and supplementary services - its
importance for a correct and reliable working Next Generation Network cannot be over-emphasized.
Each role the Media Gateway correctly performs underscores the potential impact to the overall
network reliability should it malfunction.

Consider the following scenario: A call originates by a 3G UE and terminates by an GSM mobile, in
which transcoding of the payload is requested between, for example, AMR and GSM-EFR in order to
serve both parties accordingly. If the Media Gateway cannot properly perform transcoding of the
payload, the voice quality of this particular call will be severely corrupted, jeopardizing your customer
base.

Clearly, it is imperative to intensively test Media Gateways before they are deployed in live networks.

Because Media Gateways are complex, an intelligent and versatile test solution is required. A suitable
test solution will provide all relevant test features, test functionality and applications, including:

P Various physical interfaces, such as E1/T1 (TDM), STM-1/0C-3 (AAL2-5) and
10/100BaseT/Gigabit Ethernet (IP), that can be integrated in one test that checks for proper
interworking

» Numerous types of codecs for respective applications in order to verify the transcoding functionality
of the MGW

P Payload testing functionality for speech path verification, speech quality analysis, speech pattern
recognition, payload recording-playback and audio monitoring

P Testing of all relevant features and functionality for correct handling of supplementary services (e.g.
correct port allocation for a 3rd party call)
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> Different user profiles for testing the MGW under various load conditions, from functional testing
(simulating a few users) up to load / stress testing (applying overload conditions by simulating
hundreds of thousands of simultaneous users)

Figure 2 shows a typical setup for testing an MGW.

Figure 2 — Typical Test Setup

A suitable test solution would simulate all the surrounding access technologies including 3G UTRAN /
2G GERAN, PSTN and PDN, as well as the appropriate core network interfaces (Nb/RTP). It should
be able to simulate users' originating and terminating calls between all types of interfaces:

UMTS to PSTN
VoIP to GSM
GSM to Nb-RTP
Nb-RTP to UMTS
PSTN to GSM

Yy v ¥y vY ¥

In addition, the test solution must also control the Media Gateway by simulating the Media Gateway
Controller on the Mc / H.248 interface in order to synchronize the incoming and outgoing connections
of a simulated call. Once a call is successfully established, the test solution can perform various kinds
of payload testing, including speech path verification, speech quality analysis and voice recognition,
depending on the purpose of the test.
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3 The Solution

The challenges involved with testing a media Gateway can only be addressed by intelligent test
solutions that offer a wide range of interfaces, applications, features and functionality.

Figure 3 shows a typical setup for testing a Media Gateway.

Figure 3 — Testing Media Gateway

To support this test setup, the test tool must provide the following key features:

It needs to be able to setup calls on different interfaces and applications in order to simulate the
behavior of the callers. Since calls are usually established using DTMF tones, the tool must be
capable of sending any sequence of DTMF tones. In order to test the behavior of the Media
Gateway under different conditions with numerous caller profiles, the executable test scripts must
also be quickly and easily changed.

In fact, the test tool must support all relevant interfaces provided by the MGW system to the outside
world, allowing testers to treat the MGW system as a "black-box." Thus the tool has to provide
multi-interface / multi-application capability for test execution on multiple interfaces running different
applications.

In order to correctly test the transcoding functionality in the Media Gateway, the test tool needs to
support the sending of voice prompts (e.g. *wav files). This is essential because the different
codecs, including WB-AMR, AMR, GSM-EFR, GSM-FR, GSM-HR and the G.72x series, are
optimized to compress human voice patterns rather than single tones or DTMF digits. It must,
therefore, also be easy to import pre-recorded patterns and to generate new *wav files such that
the test tool can quickly adapt to changing conditions.
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4 Nexus8610 Traffic Simulation System

Nexus8610 is a call simulator / traffic generator that simulates user behavior of various
communications technologies, including 3G / 2G Mobile, VolP and PSTN.

User behavior simulation is based on executable test scripts that perform all necessary signaling
operations in combination with comprehensive features for testing the payload in the voice channels of
the user-plane. The test scripts are easy to write and modify to accommodate individual requirements.

Nexus8610 performs all kinds of call types on its various applications; from basic to complex calls,
including any kind of supplementary service, such as 3rd party calls, call forwarding, call diversion and
many more.

4.1  Specific scope of testing with Nexus8610 for MGW Testing

As outlined earlier, testing Media Gateways require intelligent tools that offer a wide range of features
for checking the voice channel content of individual connections.

Nexus8610 offers all major testing functionality. This includes all of the following:

4.2  Powerful and flexible scripting for test scenarios

Nexus8610 offers OPTEC, an easy-to-use, macro-based method for writing test scripts. OPTEC
supports all kinds of testing functionality, including DTMF tone handling, speech path verification,
voice pattern recognition, the sending and receiving of *.wav files, speech quality analysis and the
ability to make numerous caller and load profiles.

4.3 DTMEF tones handling

Nexus8610 is capable of simultaneously sending DTMF tones of any length and at any level on all
supported user-plane interfaces, including IuCS, TDM (E1/ T1) and RTP, in all available voice
channels.

4.4 Audio Monitor

During test execution, the tester can individually access the payload channels and directly listen to any
voice patterns that are sent to or received from the Media Gateway.
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4.5  Audio record - playback of *.wav file

Nexus8610 supports the sending and receiving of payload through the voice channels, made available
as a pre-recorded *.wav file. In conjunction with the audio monitor feature, payload of individually
accessible voice channels can be recorded and stored directly as a *.wav file.

4.6  Voice pattern recognition

Nexus8610 can simultaneously receive and analyze voice patterns sent through the Media Gateway
on all supported user-plane interfaces, including luCS, RTP, TDM (E1/T1), in several concurrent voice
channels. The received voice pattern is automatically converted to a signature file, a sequence of
20ms in length, and then compared to the internally stored signature information. The signature
comparison test further allows voice pattern recognition testing under load conditions.

4.7  Speech Quality Analysis

Since networks are increasingly converging, new issues related to voice quality are arising when voice
is transported over IP networks, including the usage of non-linear codecs (i.e., G72.x series in wireline
networks or AMR, GSM-EFR and GSM-FR in wireless networks) and other typical effects such as
Jitter, delays and packet loss. Nexus8610 performs voice quality analysis according to standardized
algorithms, including PAMS, PSQM/PSQM+ and PESQ on individually selectable voice channels on
all supported user-plane interfaces.

4.8  Varying load profiles

Nexus8610 simulates different traffic models to vary the load conditions that are applied to the Media
Gateway under test. These traffic models can even be based on the same test scripts, but with
changed parameters, such as the number of parallel callers, inter-call delays, call setup delays, call
duration and many more.

4.9 Interworking testing

Media Gateways are the heart of 3GPP R4/R5/R6 release specifications as well as of any VolP / NGN
network when it comes to the handling of any type of voice calls. For the complete and comprehensive
testing of a Media Gateway, the interactions between the various types of interfaces must be tested.
With its support of multi-interfaces / multi-application testing, Nexus8610 is the ideal tool for
interworking testing.
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5 Abbreviations

3GPP Third Generation Partnership Program
8610 Nexus Traffic Simulation System

AAL ATM Adaptation Layer

AMR Adaptive Multi Rate

AMR-WB Adaptive Multi Rate Wide Band

ATM Asynchronous Transfer Mode

DTMF Dual Tone Multi Frequency

EFR Enhanced Full Rate

GERAN GSM EDGE Radio Access Network

GSM Global System for Mobile communications
HR Half Rate

ISDN Integrated Services Digital Network

MGC Media Gateway Controller

MGW Media Gateway

NGN Next Generation Network

OPTEC Optimized Test Case Composer

PAMS Perceptual Analysis Measurement System
PDN Public Data Network

PESQ Perceptual Evaluation of Speech Quality
PSQM Perceptual Speech Quality Measurement
PSTN Public Switched Telephone Network

RTP Real Time Protocol

SIGTRAN Signaling Transport Protocol

SIP Session Initiated Protocol

SS7 Signaling System No. 7

STM Synchronous Transport Mode

TDM Time Division Multiplexing

TU3 Test Unit (Nexus8610)

UE User Equipment

UMTS Universal Mobile Telecommunications System
UTRAN Universal Terrestrial Radio Access Network
VolP Voice Over IP
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6 About Nexus Telecom

Founded in 1994, Nexus Telecom is a privately-held company with headquarters in Zurich,
Switzerland and regional offices in Canada, Chile, South Africa and Pakistan. With over 200
employees, Nexus Telecom is a major OSS/BSS vendor delivering sophisticated state-of-the-art
telecom management solutions to 2G, 3G, NGN and VolP service providers and network operators
worldwide.

Nexus Telecom - Network and Service Investigation

Nexus Telecom provides investigation tools and techniques with which telecommunication service and
network malfunctions and degradations can quickly be determined and successfully solved. Based on
scientific analysis methods, these investigation, troubleshooting and monitoring tools help to unravel
the hidden secrets behind often complex and mysterious service malfunctions.

Product Portfolio - Full range of investigation too Is

Nexus Telecom offers a wide range of such investigation tools used to effectively study problem
cases, to collect and process transaction ‘evidence' data, to correlate and combine events, to translate
and decrypt transaction details and ultimately, to solve the case and fully

restore the respective service quality. Clearly, such tools are
indispensable to network operators and service providers who are
committed to improving service quality to all their business and residential
customers.

Nexus Telecom - Partners and Customers

Nexus Telecom
Zurich

With solutions deployed in over 100 countries, Nexus Telecom’s installed
customer base spans the globe, assuring service quality and revenue
streams for many of the world's best-known telecom operators. For small and
large service providers alike, including the world's largest GSM/UMTS network operated by T-Mobile,
the highly scalable and modular end-to-end solutions from Nexus Telecom maximize the service
provider's competitive edge through excellent ROI, quick and smooth launch of new services, and
greatly increased end-customer satisfaction.

Nexus Telecom'’s fast time-to-market strategy is to gain early in-depth know-how about upcoming
network technologies through strong development partnerships with leading network equipment
manufacturers such as Nokia Siemens Networks, Nortel and Alcatel Lucent.
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Nexus Telecom, Zurich, Switzerland

This document and all the information contained herein is subject to change without notice and should
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this document.
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