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Abstract

Purpose of this thesis was to implement a Nokiataligcross-Connect Switch for Time-
Division Multiplexing (SXC T) device to a telecommigation testing laboratory. Thesis
work was done in local Nokia Siemens Networks coapon site in Tampere, Finland.
SXC T acts as a device that interconnects netwlerkents and enables dynamic, software
based switching and creation of circuits. Taskdedice are similar to a typical IP network
packet switch, but with enhanced features. It gtesithe scalability and flexibility which
are important attributes for laboratory conditidhat are under constant modification. An-
other goal of thesis was to provide hands on tngiraind device user manual to staff, so
they could administer the device independently.

Thesis process consisted of phases that servéaseline for this document. Second chap-
ter discusses the background of thesis and geimdoaination about Nokia Siemens Net-
works as a company. SXC T is installed to GSM (@ldbystem for Mobile communica-
tions) testing laboratory. GSM standard and teatglis discussed in chapter three. We
also take a closer look at the elements of GSM oktwhat are connected through SXC T.
In chapter four SXC T device composition and hamware reviewed in order to under-
stand device functionality. Planning and executidb’$XC T installation, followed by user
training are examined in chapters five and six.slheutcome evaluation and final conclu-
sions are discussed in chapter seven.

As a result of this thesis, Nokia Siemens Netwdrés a functional digital cross-connect
switch in active use. Training and manuals suppligdtudent guarantee that every user
has sufficient know-how for device operation. Doeumtation is shared in company net-
work drive, so everyone can update material aseteeflackup plan was also created to
provide fault tolerance and security for this calcietwork equipment.

Material used in thesis was mostly device manufactdocumentation, educational books
and company slideshow presentations. Many of thgisnos were result of hands on trou-
bleshooting and discussion with colleagues.

Keywords: GSM, telecommunications, switching
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Tiivistelma

Tassa opinnaytetydssa tutustutaan digitaaliseiinkigtkentélaitteen asennukseen matka-
puhelinverkon testausymparistoon. Laite on Nokiawhdeks Oy:n valmistama Nokia Digi-
tal Cross-Connect Switch for Time-Division Multiglag (SXC T). Ty6 suoritettiin paikal-
lisessa Nokia Siemens Networks yhtion toimipistéésampereella. SXC T toimii verkossa
laitteena, joka yhdistaa eri verkkoelementit toisd ja tarjoaa dynaamisen, ohjelmistopoh-
jaisen kayttoliittyman yhteyksien hallinnointiin jaomiseen. Laitteen kayttdonotolla mah-
dollistetaan tyypillisesti muuttumattoman matkagdirerkkoympariston soveltuvuus tes-
tauskayttoon, jolloin siltd vaaditaan erityista ragalttiutta. Opinnaytety6hon kuului lisak-
si laitteen kayttokoulutuksen tarjoaminen.

Opinnaytetyon toteutus koostui monista eri vaileigitka luovat myos pohjan talle doku-
mentille. Johdannon jalkeisessa kappaleessa ttaastwpinnaytetyon taustoihin, tavoittei-
siin ja perustietoon Nokia Siemens Networks yh#dsfoska SXC T asennetaan GSM
(Global System for Mobile communications) matkapumrjestelman testauslaboratori-
oon, GSM standardista ja sen toiminnan perust&es&ustellaan kappaleessa kolme. Sa-
malla tutustutaan paremmin myds SXC T:n lapi kytkein verkon elementteihin. Kappa-
leessa nelja kaydaan lapi ristiinkytkentélaitteeimintaperiaate ja kokoonpano. Itse asen-
nuksen suunnittelu, toteutus ja kayttajakoulutukgeestaminen on siséllytetty kappalei-
siin viisi ja kuusi. Tyon tuloksien arviointi jalopaatokset kaydaan 1api kappaleessa seit-
seman.

Tyon tuloksena Nokia Siemens Networks yhti6lla estauslaboratoriossaan aktiivisessa
kaytossa toimiva digitaalinen ristiinkytkentalaitésennuksen yhteydessa toimitetut kayt-
toohjeet ja kayttajakoulutus varmistavat, etta tg&ipoilla on valmius laitteen kayttami-
seen. Dokumentaatio ja yllapidettavat taulukotaetty yhtion sisaisella verkkolevylla, jo-
ten dokumenttien paivitys on vaivatonta. Koskaelaih koko verkon toimivuuden kannalta
keskeisessa asemassa, sen turvallisuus on vatmsiéinnollisilla varmuuskopioilla.

TyoOn eri vaiheissa kaytetty materiaali koostuu g##daitteen valmistajan tarjoamista do-
kumenteista, yleisesta oppimateriaalista GSM vstkoisekd Nokia Siemens Networks
Oy:n yleisista oppimateriaaleista ja PowerPointy&sistd. Monet ratkaisut ovat seurausta
perinteisista ongelmanratkaisumenetelmista ja kstskusta kollegoiden kanssa.

Avainsanat: GSM, viestintatekniikka, kytkentaisyy



Foreword

Working on this thesis was a very challenging tdskvas demanding to learn and under-
stand the framework of new technology, but impletimgnknowledge in practice while uti-
lizing the existing network expertise required cetgmce. There were also many setbacks
and interruptions during work process. Few timesds even necessary to revert back to
factory settings and recreate configuration. Afmde | am pleased to say that learned
skills and experience from such task can provideetwaluable know-how in the future.

This thesis report summarizes the main points dutime work process. The quick-
reference guide, user training PowerPoint slidesaurcuit chart are a part of device main-
tenance and thus a part of this documentation.él'tlesuments can be found as appendi-
ces.

On behalf of Nokia Siemens Networks, | would likethank Mikko Haapaniemi, Sakari
Ketola, Juha Kuusisto, Toni Honkanen and all ottu#leagues who were helpful and with-
out whom this thesis could not have been complietés current state. | would also like to
thank Harri Hakonen, who is the supervisor of thédm Tampere University of Applied
Sciences.

Tampere March 2010

Perttu Haverinen
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1 Introduction

The demand for mobile communication systems hasrexqtially increased during past
decades. The need for people to communicate angrthweing activity of international

business has created an ever-emerging market feormmd mobile solutions. GSM is the
most popular mobile phone standard in the worlcayodt is used by over three billion
people and it is estimated to dominate around 8D#eoglobal mobile market. (GSM As-
sociation 2009a)

Nokia Siemens Networks (NSN) is one of the worli@ading telecommunications solu-
tions providers today. Working on this thesis beginen student was recruited as summer
trainee at local NSN company site located in Tampemnland. Regional office of Tampere
centralizes mainly on research and developmentdépartment that recruited student per-
forms testing of the hardware and software of &ifipeGSM network element called Base
Station Controller (BSC). Functions of this unitlvieie explained later.

Initially student was given a task to improve théseng testing environment with imple-
mentation of a digital cross-connection switch geed for telecommunication networks.
The testing environment in the laboratory considtshe same equipment that is used in
live GSM networks throughout the world. In shodtsl of expensive, space and resource
consuming equipment located within relatively snsdhce. Yet it must be adaptable to
rapid changes both in hardware and software, wisiciot what these network components
are originally designed for. This scenario creatésirden on test engineers and administra-
tors working with the equipment, because it recqugignificant amount of effort before full
network is configured to match yet another tessognario.

SXC T unit is designed to provide easier equipm@ainagement via software based
switching of circuits. This obsoletes the needgdbysically altering the equipment and ca-
bles. Necessity of this solution had been knownampany for some time, yet it was not
until recently that they acquired the proper unéttwas capable of digital switching. While
the testing department was loaded with other witr&,implementation of the SXC T was
trusted to summer trainee.

Assignment was very challenging due to the studemtn lack of knowledge in the field
of GSM networks. However having a strong backgrouimdtudies in Computer Science
and Internet Protocol (IP) was helpful. The SXCnitis developed by Nokia Corporation
and is used by service providers, which meansttigatommand interface and operation of
the unit are not designed as user-friendly as coatp® commercial network equipment. It
also lacks the extensive technical support thatvailable for standard market products.
NSN personnel were not familiar with SXC T equipmdresolution was that extensive
amount of background work had to be done invoN@®8M technology and SXC T opera-
tion.
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2 Background information and goals of thesis

2.1 Company

In 2007 Nokia Networks and Siemens Communicaticggadments joined operations in

order to gain competence and combine know-how flooth parties. Nokia Siemens Net-

works was formed and it is jointly owned by paresimpanies. Today NSN employs

around 60 000 people in more than 150 countriessanekes over 600 operator customers.
NSN is currently the world’s second largest telecamications supplier after Ericsson.

(Lileg 2009: 2.) Figure 1 displays some major sérd operator customers.
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Figure 1: NSN global presence and major customer ferences (Lileg & Rounaja 2009)

In Finland, Nokia Siemens Networks has sites latatecities of Espoo, Tampere and Ou-
lu. Tampere site employs around 1100 people anthialy focused on software specifica-
tion and testing of 2G and 3G technologies andtsols.

2.2 Thesis background

Tampere site has always been one of the compamgs important branch offices for re-
search and development. Its multiple stand-alonea@& 3G mobile network laboratories
are used by company internal and external employexhk locally remotely. Remote con-
nections can be created even from other side ofvthrel. Environments consist of all the
segments that a live telecom network needs to tgera

Though it's essential to maintain testing laboratequipment up-to-date with latest hard-
ware and software, usability has not been a topripriwhen new acquisitions have been
made. Until now, testing environments have beenerastatic and modifications have re-
quired a notable amount of effort due to changesie@ in cabling. This is not ideal situa-
tion for dynamic testing environment, which consitamndergoes rapid changes both in
hardware and software to meet the needs for vat®atsg scenarios. Earlier changes in
cabling were done locally and manually using asmmmnnect patch panel.
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The solution was to install a Nokia digital crosswect switch (SXC T) to the laboratory.
The device was acquired from another NSN site &xtat Finland. Once physical connec-
tivity is established to SXC T, the switching andation of connections, or in other words,
circuits, is software based. This means that maclh@ahges to cabling are not needed any
more. Every person in the testing team can operatemodify the switched circuits re-
motely as long as they are connected to the compaRly
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3 Global System for Mobile communication

3.1 GSM in brief

Throughout the history people have had various siéarcommunicate with each other
from distance. The first portable personal trarsixes's were clumsy and were mainly used
by authorities and professionals. In Finland, ir& fntroduced mobile wireless technology
to gain public popularity was ARP (Autoradiopuhghin 1971, which was in use to all the

way to the end of year 2000. The system had itk pete of users in the mid 1980’s, with

over 30 000 end users. (Karvonen 2005)

While in ARP, once the call was made, the usertbadmain within the same geographical
area served by the particular base station. lt®r would move far enough, the call signal
would deteriorate and eventually break up. Nexp stas the first generation of modern
mobile communication system, also known as 1Gor NIM@dic mobile telephone). The
system was introduced to Nordic countries in 1948&nttinen 2000: 11.) It provided fea-
ture that allowed users to move freely while tadkon the phone, by utilizing automated
network cell changes. However NMT was mainly useNordic countries, Baltic countries
and Russia, while other countries developed stalsdafrtheir own that would not be com-
patible with each other.

In 1982 the development of a pan-European starfdardO0 MHz digital cellular mobile
radio was started by the Groupe Spécial Mobilehef EEPT (Conférence Européenne des
Administrations des Postes et des Télécommunicgtidnitially, the acronym GSM was
also derived from the name of this group. (EberspgcVogel, Bettstetter & Hartmann,
2009: 5.) (Penttinen 2000: 11.) GSM networks odfigi launched during summer 1992 and
the number of subscribers increased rapidly, souahin the fall of 1993, already more than
one million subscribers had made calls in GSM nétgjomore than 80% of them in Ger-
many.

One of the key success factors for GSM was thastaedardization work was not fully
completed at the time of launch. It was initiallctbled that GSM would evolve over time.
With improvements in computing and radio acceshrtelogy, GSM will offer continuous
improvement and more services. On time these wadledc“Phase 2” and “Phase 2+” fea-
tures, which included additional supplementary ises; improved short message services
and improvements to radio access and SIM (Subscrdentity Module) cards. (Nokia
Networks 2000b: 12.) Today GSM also includes packetched data transfer method,
called GPRS (General Packet Radio Service) andrisrglly called as 2,5G in order to dis-
tinguish the difference between the original, b&&cGSM functionality. (Penttinen 2006:
14)

One of the many reasons why GSM became the preva&@mobile technology was, that
during the specification, it was foreseen thataretl telecommunication monopolies would
be disbanded and several competing network opsratwuld exist in each country. The
specification determined that GSM was to be an apetem, meaning it would contain
well-defined interfaces between different partshaf system. (Tisal 2001: 12-13.) This en-
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ables the equipment from several manufacturerso&xist and hence improve the cost-
efficiency and users would find the cost of caflducing.

GSM continued its success and is still under constavelopment by many network ven-
dors, including Nokia Siemens Networks. It evolyezim pan-European standard to world
wide utilization. Although new generation produditee 3G/UMTS (Universal Mobile
Telecommunication System) and 4G/LTE (Long Termliton) are being developed and
implemented, GSM is still the most widely used ded for mobile telecommunication.
New technologies are not designed to replace, taperate with legacy systems. For ex-
ample, as an end-user, it can be hard to tell veingtbur mobile is using 2G or 3G. Below
is a map of the GSM and UMTS coverage in the wiorldanuary 2009 (Figure 2.)

Legand

) csmcoverage
[] smeM coverage

Figure 2: GSM and UMTS coverage. UMTS is sometimeseferred to 3GSM because of their close
technical relationship (GSM Association 2009b)

3.2 Fundamentals of GSM network architecture and operation

In order to understand the function of digital @@®nnection in GSM environment, it is
essential to familiarize the basics of GSM netwméhnology. GSM uses Time Division
Multiple Access (TDMA), Frequency Division Multipl&ccess (FDMA) and Frequency
Division Duplex (FDD) techniques in its radio irfese.

TDM (Time Division Multiplexing) is a technology &h allows multiple signals or bit
streams to be transferred apparently simultaneassigub-channels in one communication
channel, but are physically taking turns on thencleh (Nokia Networks 2000b: 128.)
TDMA is an extension of TDM that allows each useeither transmit or receive bursts of
information only in the allocated timeslot. (Nokietworks 2000b: 128.) Figure 3 de-
scribes the functionality of TDMA.
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TDMA Time Slot |

| Bursts from Mobile Stations |

| 2Mbit/s to BSC |

Figure 3: Data stream consists of TDMA frames. A TIMA frame is further divided into eight time slots
(Source: Nokia Networks 2000b: 141)

Standard GSM network consists of three subsystédetwork Switching Subsystem
(NSS), Base Station Subsystem (BSS) and Networkagtament Subsystem (NMS). Mo-
bile Stations (MS), or in other words, mobile phenare needed to be able to use network
services. MS is a combination of terminal equipmenin other words Mobile Equipment
(ME) and SIM (Subscriber Identity Module). SIM hsldata needed for the subscriber to
use the network. Basic GSM network architectuggésented in Figure 4.
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Figure 4: Standard GSM network architecture and itsinterfaces

3.2.1 Network Switching Subsystem (NSS)

Network Switching Subsystem consists of Mobile $hiiig Centre (MSC) and the follow-
ing registers, of which some are optional: Homedtimn Register (HLR), Visitor Location
Register (VLR), Equipment Identity Register (EIRjuthentication Centre (AuC) and
Group Call Register (GCR). The subsystem is resplns$or call control, charging and
mobility management in GSM network. Mobility managent is one of they key features
in GSM, which aims to monitoring the location ofbsaribers, so that mobile phone ser-
vices can be delivered between users regardlegeinflocation. Below is a short descrip-
tion of each of the registers and its function:

Visitor Location Register:
e Stores information about subscribers in its seraiea

» Temporary database, when a user moves to the sarea of a different VLR, the
information from previous VLR is erased

Home Location Register:
» Stores subscribers data and location permaneatgtibn updated by VLR.
» Stores SIM card parameters allocated by operator

Equipment Identity Register:
* Provides security to GSM network together with AdCdatabase containing a list
of all valid mobile equipment in network. Bannednaonitored mobiles are indenti-
fied by IMEI (The International Mobile Equipmentéitity). IMEI is a unique
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number sequence located in every mobile and cdhdvefore used to stop blocked
or stolen phones from accessing the network.

Authentication Centre:
» Authentication and key management

Group Call Register:
» Enables conference calls provided by GSM network
* Not essential but optional for basic GSM networlkragpion.

3.2.2 Base Station Subsystem (BSS)

The Base Station Subsystem is responsible for qaatio control in GSM. It consists of the
following elements: Base Station Controller (BSBase Transreceiver Station (BTS) and
Transcoder (TC). In NSN Tampere BSC program mdmdyses on BSC feature testing.

BSC is the central network element of the BSS armbmtrols the radio network. Main
functions are connection establishment between lma@nid NSS, mobility management,
statistical raw data collection and signaling supfpar and Air-interface. BTS is a network
component that handles the Air-interface, takinge ez Air-interface signaling, ciphering
and speech processing. The third component, Trdescis used to code speech into right
format between network elements. Air-interface sphas compressed to 13 Kbit/s bit rate
(full rate) (or 5,6 Kbit/s bit rate (half rate))oin 64 Kbit/s bit rate used in PSTN (Public
Switched Telephone Network), which is the standixet telephone system used by wired
phones. A-bis is the interface between BTS and B&€Cuses the same 13 Kbit/s coding as
Air-interface.

3.2.3 Network Management Subsystem (NMS)

The purpose of Network Management Subsystem is daitor and administer various
functions and elements of the network. Managenemhplemented by using workstations
and databases that are connected to different nelements. NMS has three main func-
tions: fault management, configuration managemeudt @erformance management. Fault
management ensures smooth network operation ardlfeagt correction for operators by
utilizing various triggers and alarms. Configuratimanagement maintains up to date in-
formation about the operation and configuratioriustaof network elements. It is used to
monitor the current and possible new configuratiohshe network. Performance man-
agement collects measurement data from individaabork elements and stores it in a da-
tabase. With this data an operator is able to fsike metwork meets planned performance
levels and if there are rapid changes in performamalifferences in performance between
various areas.
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3.2.4 General Packet Radio Service (GPRS)

Circuit switched GSM also offered data service, With inadequate data rates of 14,4
Kbit/s. Later on, an extension was introduced wtedlabled utilization of three timeslots

and a total of 43,2 Kbit/s. Also, the circuit sviiéxl nature of the service was far from ideal
for bursty data traffic flow. These were the magasons why standardization for GPRS
began in mid 1990’s. (Penttinen 2001: 8-13.) Opesastarted modifying GSM networks

for GPRS compatibility in year 2000.

In order to offer packet switched data servicestxy GSM network elements required
modification and two new elements were introducdus is also current laboratory setup
in Nokia Siemens Networks Tampere site, so wegalthrough a brief description of each
device.

Serving GPRS Support Node (SGSN) takes care otahgersion between IP backbone
protocols and BSS protocolss GPRS network topology it's locatégtween BSC and Ga-
teway GPRS Support Node (GGSN). SGSN also routiestdahe right GGSN, performs
authentication, data compression and ciphering. N6@&n interact with MSC (Mobile
Switching Center) via optional Gs-interface.

GGSN can be compared to router in IP network, asamages similar tasks and hides the
GPRS infrastructure from external networks. It desiolata packets to be passed on to oth-
er packet switched networks, such as Internetatswallocates IP addresses to mobile sta-
tions. The architecture of GPRS capable GSM netigpkesented in figure 5.

BSC

A-bis

e _
Gn
Ty GGSN
SGSN
GPRS core / Packet subsystem
-

Base Station Subsystem Network Switching Subsystem
Figure 5: GPRS capable GSM network
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4 Nokia digital cross-connect switch (SXC T)

4.1 Digital cross-connect switch in a GSM network

Today there are different types of digital crossrert systems. They can be found in
Frame Relay, ATM, MLFR (Multi Link Frame Relay) alCM (Pulse Code Modulation)
based networks. SXC T is a digital cross-connestesy for circuit-switched networks that
uses TDM. TDM was discussed in detail in chapt@: & we compare a digital cross-
connect switch to a typical IP network packet skitihe main difference is, that instead of
individual packets, it switches circuits. The rekthe operational principles could be con-
sidered roughly the same in both devices. Circaits usually switched for greater time
spans, typically months or longer, as comparedaitkgt switches, which can operate on
micro- or millisecond time spans. Additional SXGéhatures include hard-drive-, back-up-
and file management, alarm management, monitotesicdonnections and many more.

In GSM networks, circuits are switched between pekwelements such as BTSs, BSCs,
MSCs, SGSNs and so on. Digital cross-connect pesvigegdundant, adaptable and high
availability environments. It is most effectivelged in large network junctions, because it
can provide up to thousands of interconnectingsp@gMokia Networks 2000a: 15.) A de-

vice capable of remote administration and switchg@ vital feature for operators that

have network equipment scattered across vast galtiged areas.

In GSM, the off-air transmissions are carried aihg 2 Mbit/s PCM (Pulse Code Modula-
tion) link method. Physical media can vary from>xiahor optical cable to satellite links
and the link protocol used can be for example Eiteor ATM. (Penttinen 2000: 92.) PCM
has been used for digital representation of ansiggals since the implementation of digi-
tal telephone systems in 1980’s. Single PCM tintesém transfer traffic at a rate of 64
Kbit/s. European standard for PCM transfer rat2 Mb/s (or 32x64 Kbit/s = 2048 Kbit/s).
In this case, 32 timeslots are used to carry dataexample the American standard transfer
rate for PCM lines is 1,5 Mb/s, since only 24 tiloesare used. (Penttinen 2000: 93.) Digi-
tal cross connect switch in NSN laboratory is @iteolely for 2Mbit/s PCM line switching
purpose.

4.2 SXC T Product description and composition

SXC T is a component manufactured by Nokia Corpamatt is based on the popular DX
200 platform that was developed by Nokia in 197& ZD0 was the first microprocessor
controlled telephone exchange and acted as a Idigipgacement for analog mobile ex-
changes. While it has gone through major technipgrades, it is still being globally used
today. SXC T is only one implementation of the foiah. Other network elements based
on DX 200 design are Nokia BSC, MSC and SGSN. Camwe capability is provided by

the possibility to rearrange platform interiors lapunting different cartridges for different
purposes. Cartridges contain replaceable plug-its,wvhich work in conjunction to form

computer units, which, in turn, provide the funodty for each platform. Some of these
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computer units are common to all DX 200 implemeatet, such as Operation and Mainte-
nance Unit (OMU) and clock.

Hardware and fittings of a SXC T may vary, depegdn the purpose and environment it
is used in. It can be implemented by either usisggle- or multiple DX 200 racks. Racks
can be interconnected into one logical device oteoto increase capacity. In our labora-
tory, implementation of three racks and maximumM@#4 interface cards is used.

SXC T node can be described using module — uniatdBy. The modules required in each
SXC T are the TDM Switching Module, the Operatiord dhe Maintenance Module and
the Interface Module, as shown in figure 6. Figoirdisplays the computer units contained
by each module.

O Interface Module
8
M

Switching Module

sc
X

M
0
q TDM
u
|
e

Key:

Q&M = Operation and Maintenance

Interface Module IC = Interface Control
SC = Switching Control

Figure 6: Functional structure of the SXC T node (8urce: Nokia Networks 2000a: 20.)
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Figure 7: Block diagram of the SXC T, displaying conputer units in each module. Units drawn using

dash line are optional and not used in NSN laboraty (Source: Nokia Networks 2000a: 21.)

4.2.1 TDM switching module
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The TDM Switching Unit performs switching of inten incoming, outgoing and transit
traffic. It also handles the internal control coatirens of the SXC T. Line Signaling Switch
is an optional computer unit that is used in speameslot-based switching. This is not
used in NSN laboratory.
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4.2.2 Interface module

Interface module of SXC T consists of 2 Mb/s Irded Units (ET64). A single ET64 can
be equipped with up to 32 ET2E plug-in units. An2ETis a physical card that contains
two 2 Mb/s interfaces. Figure 8 displays the ppieiof the module build-up.

Interface Module

Consists of 2 Mb/s Interface
Units (ET64)

Consists of two
ET 2 Mb/s
interfaces

Consists of 32
ET2E plug-in units.

ET64-unit ETZ2E plug-in unit

2 Mb/s ET]|

Figure 8: Module -> Unit -> Plug-in unit. This hierarchy applies to all DX200 architectures

A digital circuit is connected to the TDM Switchitdnit via an Exchange Terminal (ET).
Exchange terminal performs synchronization of dgyaad converts and decodes received
line code into binary form for switching unit inghncoming interface. Exchange Terminal
in the outgoing interface converts the binary cbdek to proper line code for transfer
across physical medium. (Nokia Networks 2000a: 24.)

4.2.3 Operation and Maintenance module

The Operation and Maintenance module consists difipteiunits, computer units, which
have differing tasks. The units are Operation araink&nance unit (OMU), clock system
(CLS), Clock and Alarm Buffer (CLAB), Switch Contronit (SCU) and Interface Super-
vision Unit (TSU).

The Operation and Maintenance unit allows the renaoid local management of the SXC
T. It's the main source for loading software. B@bktores performance and accounting sta-
tistics, collects hardware alarms and controls gdvaters. Switchover is a function where
duplicated computer unit, also called a spare cait, take over the tasks of operating com-
puter unit in case of hardware failure. Operatiod Maintenance Unit is also used as the
interface unit for any peripheral devices. (NokiatMorks 200a: 4-8.) For fault-tolerant
data management purposes, the Operation and MamterUnit is always accompanied by
a duplicated hard-drive for backup and data managéemurposes and duplicated power
supply. (Nokia Networks 2000a: 27.) In Nokia Siemévetworks laboratory, a special
COCEN plug-in unit is used in OMU to enable EthéMEP/IP connectivity.
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Clock system and synchronization are the basispefaiion in telecommunication net-
works. Clock is synchronized throughout the systasit is needed when PCM signals are
decoded and interpreted. (Nokia Networks 2000a) 2Be Clock Synchronization Unit
(CLS) is supplied with an external clock signalnfratomic clock or another network de-
vice. It supplies the signal to Clock and Alarm ®uf(CLAB), which takes care of alarm
reporting and synchronization of other SXC T dewviaeks. Telecommunication network
elements have a hierarchy in signal synchronizafiypically MSC (Mobile Switching
Center) synchronizes rest of the GSM network devigdl traffic inside GSM network is
time stamped and there is a threshold for allowleetadion between clocks. Once this
threshold is exceeded, the problems start to dFisis. is why synchronization is also nec-
essary in laboratory environment.

Switch Control and Interface Supervision Units cohthe switching network, handle the
supervision of 2 Mb/s interface alarms and intewwitrol of the Clock Synchronization
Unit. It depends on the size of the node whetherftimctions are installed on the Switch
Control Unit only or distributed between the twontiened units. (Nokia Networks 2000a:
30.)

4.3 SXC T management and configuration

The user interface used in management and configaraf SXC T is called Man-Machine
Interface (MMI) and the interface language is Maadkine-Language (MML). MML is
based on the International Telecommunication Un{diJ) recommendations (ITU-T
Z.301-Z.341 standards). (Nokia Networks 2000a: 328 command interface consists of
three different levels. They are command class,nsand group and individual command.
Possible command parameters vary depending oypleeot inserted command.

From the main menu level, user selects the comrolasd by typing the corresponding let-
ter. The second menu shows the command groupsircemmand class. The third menu
level shows a list of commands in that command gr&XC T main level command menu
is displayed in figure 9.

MAIN LEVEL

[ R — DISPLAY MENU

P ALARM SYSTEM ADMINISTRATION

B sasre sisaen SYSTEM SUPPORT AND COMMUNICATION
T /O SYSTEM ADMINISTRATION
Qi s O&M NETWORK ADMINISTRATION

I ROUTING ADMINISTRATION

1 ———— UNIT ADMINISTRATION

;. LR SYSTEM CONFIGURATION ADMINISTRATION
| {RT—— SYSTEM SUPERVISION

B s END DIALOGUE/DESTINATION SELECTION (;)

Figure 9: The main level menu in MML session
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There are three different alternatives for mana@Xxeg T:

Graphical manager software called SXC T Manageibeaunsed remotely via network or as
local stand-alone implementation. The program bélused in NSN laboratory and is dis-
cussed it in detail later on.

Local Input/output devices, such as printers, teaisi or standard PCs may be physically
connected to the OMU. The default solution is te wsynchronous serial interface
(V.24/V.28). (Nokia Networks 2000a: 33.)

Centralized network management allows flexible reEmoontrol over node. It can be
achieved via a 64 Kbit/s timeslot, X.25 connectifnosn a public data network or a CO-
CEN plug-in unit for TCP/IP connectivity. (Nokia Neorks 2000a: 33.) In NSN labora-
tory, TCP/IP connectivity is enabled by connecttt@CEN plug-in unit in OMU to the
company LAN IP switch.

The management tasks include traffic, fault andnalanonitoring and administration,
hardware and software configuration administraod routing and circuit switching ad-
ministration.
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5 Planning of SXC T implementation

The purpose of the laboratory in Tampere is to ig@wneans and equipment for testing
using live network equipment. Different verificatieteps and procedures must be carried
out before a new software version or technical en@ntation can hit the global market
and live network deployment. Different testing pfmsequire different environments; load
testing is performed with thousands of virtual nelstations hosted by a dozen physical
computers. Unit testing makes sure that the inteand external messages that the devices
use to communicate are correct in a very detaéllew feature testing, the idea is to test
the full system functionality using Mobile StatioiBase Transreceiver Stations, Base Sta-
tion Controllers, Home Location Registers and so on

The old testing network consisted of multiple ineleglent and static environments with
own hardware and software configuration for eacteteaccording to their needs. Testers
were working with a BSC and a number of Base Tem®ver Stations connected to it,
while the rest of the GSM network was formed usaémgred components (TC, SGSN,
GGSN, MSC, and HLR). The implementation of SXC Tswdanned in parallel with labo-
ratory equipment rearrangement scheduled to be dom@g summer holidays. Since
equipment was going to be moved and reconnecteddditional work was needed to in-
troduce SXC T to the environment. Originally thevaavas planned in order to rearrange
test laboratories and relocate test engineersesffieigures 10 and 11 present the logical
laboratory environment before and after installatid the device. Note that these pictures
are only for illustration while the actual labomtaonsists of dozens of BTSs, BSCs and
countless mobile phones.
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Figure 10: Original laboratory environment
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Figure 11: SXC T implementation
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In order to achieve proper testing conditions,éhaust be a possibility to monitor connec-
tions and circuits that are created through SX@®ldthawk is a licensed program used to
capture and analyze GSM network traffic from vasionterfaces. Nethawk is somewhat
similar to its TCP/IP counterparts, for exampledf#al. It is installed on a standard PC and
capturing is typically enabled by using a switchdtglicate and forward the traffic to the
Nethawk port. Monitor connections will be set upotigh the device, as SXC T is capable
of duplicating traffic for testing purposes.

At all times during the actual implementation, regsafe copies of the running software

configuration must be taken and documented. Alldh@nges made to hardware and soft-
ware will be documented in order to keep tracklarges and possible consequences. Af-
ter all, nobody in NSN Tampere knew how the dewlceuld be configured and operated.

Student kept track of the changes by collectingcathmands fired and the execution out-

puts into a notepad file.

Planning phase also included the preliminary atiocaof SXC T interfaces. Approximate
number of needed ET cards and the amount of t@beected devices and interfaces were
calculated. SXC T layout and planned ET allocat®odescribed in figure 12 below. Many
ET cartridges were left idle for possible futurgpamsions.

ETC = ETB4 unit -48/60V -48/60V -48/60V
(32 ET2E cards)
g
L ETC 6
| Bsc | “
ETC7 | ETCS Csw 09
SGSN .
Nethawk ETC 8 | ETC 10 GSW 01
MSC olw
AlD| oMU ETC 11| ETC 12 GSW 10
BTS
ETC4 | scu o T8U 2 | ETC 13 GSW 1t
ETCS5 | scu 1 TSU D | TSU 1

Figure 12: Layout of the three SXC T racks and planed ET allocation

Since the system will be a critical part of thewwk, it is important to take regular system
backups. During configuration, backups were takiéer @ach phase to be able to take a
step back in case something irreversible happenseghilar backup policy was to be
planned after system configuration is completedkBps are automatically stored and rep-
licated to both hard disks located in Operation &iMenance computer unit.

Student was also given a task to familiarize witlgraphical user interface for SXC T.
Stand-alone PC software called SXC T Manager isogrpm designed particularly for
SXC T management. Initial configuration was to kef@rmed using MML because graph-
ical user-interface may lack features. Also in oreunderstand the system, it was impor-
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tant to learn principles of command line configimat Manager may be used later on to
perform configuration routines.
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6 Execution phases

6.1 Enabling IP connectivity

Enabling IP connectivity in order to support easypnote node management was the first
task. Using Ethernet cable SXC-T was connectedstaltlition layer IP switch responsible
for connecting all laboratory equipment with thengany LAN. Vlan and port descriptions
were configured to Cisco Catalyst 2950 switch pB@CEN plug-in unit in SXC T was
configured with IP address, subnet mask, defaubtvgay, network frame type, length and
allowed protocols (telnet, ftp). Few verificationamand outputs are displayed in figures
13 and 14.

QRI::

EEXECUTICN STARTED

BEC DEZEZ0-LAE 2009-08-18 10:57:28
INTERROGATED NETWORE INTERFACE
STATIC INTERFALCES

IP ADDRESS /
THIT S3TATE TYFE HNTU METMASE LENGTH PIO FEM EROU

COMMAND EXECUTED
Figure 13: A COCEN plug-in unit settings in operaton & maintenance (OMU) computer unit

OFRL: ;

EXECUTION ITARTED

SEC DEZZ0-LAE Z009-08-18 10:59:43
INTERROQGATING ROUTE DATL
MWEER UNIT DESTINATICN WET IF NEXT HOP PRI STATE

0 oMo DEFAULT ROUTE ETH-7 10.5.185.1 100 up

COMMAND EXECUTED
Figure 14: Default gateway, next-hop IP address ankihk state
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6.2 Replacing old hardware

Since the device was delivered from another NS&| &ihad been used in another network
earlier. Hardware and software configurations wefeuntouched. Student needed to re-
move and uninstall hardware that was of no useiiraboratory, so it would be possible to
replace it with new parts. Before committing anyrges, old system configuration was
saved and documented for future guideline. Computés were left in place, but most of
the Exchange Terminal (ET) cards had to be cham@ktenvironment was using coaxial
cable connectors, while we were using Euro-typeneotors in our PCM cable ends. ET
cards of wrong typand circuits that were connected to them were remoMew ET cards
were mainly acquired from the old, unused BSCs.a&f§e had to check that strapping pins
on new cards would match those on the old ones. d@introl for example frame and signal
processing. Below is a photo of an ET2E card. $irappins and Euro-type connector are
marked to the picture.

T ST el e T =T
g -

T
.....

Figure 15: Euro type —connector ET card (ET2E)

After physically mounting the cards, they had tonbenually created in software and con-
nected with the line-up using MML interface. Thé&eao “plug-and-play” feature. For ex-
ample card’s physical location, index, track, typ@de, supervising unit, supervising PCM
and timeslot numbers had to be allocated manuaélyice manuals and the preceding con-
figuration acted as instructions for configuringe thew hardware. First backup (fallback
copy) from system state was taken after all oldc&is were replaced with new ones.
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6.3 Reworking basic software configuration

After new hardware was in place and installed,rés of the old configuration was to be

erased. Idea was to start from clean environmertha we could rule out the possibility of

old configuration errors affecting the newly crehset up. Original plan was to find and

install new, blank operating system for SXC T aftexr ET cards were replaced. Despite of
searching manufacturer databases and company hkestamages, we failed to recover a
version with correct software build. It was decidbdt old configuration should be erased
in order to correspond a clean install.

This included erasing and recreating all circudugs. All ET interfaces in SXC T belong
to a circuit group. Circuit group type, number, maand participating ET’s can be modi-
fied. Student decided to assign the interfaces ¢bahect to similar network elements in
same groups. This required utilization of the Hdation plan that was created earlier.

All ET types, modes and states were reverted tesprarent mode. A transparent network
element does not modify traffic that passes thratidhut only forwards it accordingly. It is
invisible to other devices in the network. It's st simple and efficient way to operate
SXC T. All of the 32 timeslots in single PCM line outgoing interface are transmitted ex-
actly the same way as they were received in thenmtg interface. This enables switching
of whole PCM lines (32 timeslots) instead of indwal timeslots, which is required only
under special circumstances. All ET’s were initiaffline and were powered on along the
way, because an ET2E unit that is up and runninghbe no connection causes “Signal
Missing” alarms to alarm log.

In this step we also set clock synchronization,olhis a vital feature for all telecommuni-
cation network elements. We decided to wire an pedéent signal cable from atomic
clock into the clock synchronization interface lmxhon top of SXC T rack. Verification
output of synchronization state and clock timeisplhyed in figure 16.
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Figure 16: Correct date and hierarchic synchronizaibn state revealed that synchronization was cor-
rectly configured

One of the biggest concerns were erroneous urigsstnd alarms in SXC T. One SCU
(Switch Control Unit) was not working and the ustate was faulty. Another SCU was
working, but since the idea of having two unit¢agprovide fault tolerance and automated
switchover capability if other unit fails, it wasportant to get it fixed. Also, Operation and
Maintenance unit (OMU) suffered instability issussrandomly performing system resets.
Computer units can be forced to undergo diagnosticattempt to locate origins of the
fault. Below is an example of deliberate error toraand troubleshooting on TSU-1
(Trunk Supervision Unit, index 1). This was caubgdulling out a plug-in unit and reset-
ting the computer unit. Figures 17, 18 and 19 digphe alarms and unit states caused by
this error situation.

w &

SEC

DEZZ0-LAE Z008-10-02 10:26:57

ALARM HISTORY

<HIST> DEZZ0-LAE T3U-1

0/ M Z005-10-0z

DISTURETSU-1 1E001-37 T3APRO
1894 NO REIPCONIE To AS7 SUPERVIZION MEZIZAGE

TRECOV™®

[= S

<HIST> = L9}
NOTICERTIU-1 1E001-37 RCEFRO
0691 AUTOMATIC RECCVERY ACTICH

AWITCH Z005-10-0z

3F-EX TE-EX 4C0z 000z 7589 1594 0000 0000

<HIST>BLEZZ0-LAE onug
Tau-1 1E001-37 RCEFRO

(2383) §2692 INCORRECT WORKING 3TATE
S

| IWITCH 200%-10-02

10:19:56.51

10:19:56. 64

10:19:57.25

Figure 17: First symptoms of a failure are the nofications in system alarm log
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3EC DEZZ0-LAE Z2009-10-02 10:Z24:02

WORKING 3ITATE OF UNITS

THIT ME STATE LOCATION INFO

QN oo Wo-EX =

3CU-0 04 Wo-EX =

aCU-1 05 SP-EX =

TaU-1 09 SE-O17 FLTY EY3Y |
Tal-z OE WoO-EX =
TOTAL COF & mITS

FAULTY UNIT L

REVIVING EY 3IV3ITEHM L

INCORRECT 3ITATES 1

COMMAND EXECUTED
Figure 18: Unit state can be verified from workingstate interrogation

SXC DEZZ0-LAE Z002-09-07  13:01:06
DIAGNOSTIC REFPORT

TSU-1 1Co01-37

GI-1 1G061-01

PARTILL DIAGMNOIIZ GAW

DIAGNOITIC PROGRAM ao4h

DIAGNOIIS o011

EXTRA INFO 1 aoio

EXTRA INFO 2 aooo

FFFF

3725 LCCUIED PLTG IN TMNITE:

TYPE INDEZX LOCATION TELCE
AWMCEM 16 150159-01 &

EMDL OF REFPCRT
Figure 19: TSU-1 diagnostics pinpoints the physicdbcation and index of the faulty plug-in unit

Troubleshooting mentioned problems required tine efifort as student ruled out the pos-
sible causes of malfunction with the help of ottemt engineers. Finally it was discovered
that a faulty plug-in unit was causing the SCUdai &nd when comparing the cabling chart
with device cabling, we found out that OMU plugtinit had one cable connected incor-
rectly. After system was stable, a backup was takethis point, backups were named ac-
cording to date and there was a simple separatente@ation about prevailing system
state in each backup.

6.4 Building up new environment

Next it was time to start building physical andit@y connections. Initially student was
given one BSC and two BTS’s to test things out teefall-scale implementation. This way
it was easy to spot possible errors and fault sgns in different scenarios without affect-
ing the ongoing testing. With help from staff respible of laboratory equipment, student
connected these tree network elements to SXC-TQUB@M cable, two cables from BSC
and one from each BTS. SXC T ET’s were powered ngh a transparent, bidirectional
connection was established between links. With frelm test engineers, student also per-
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formed BTS and BSC configuration to be able to tontorrect link functionality on both
end devices. After a successful trial, laborataaffcommenced full scale physical device
connections through SXC T. Once again, a backuptakes before any further steps. Stu-
dent was left with task of documenting and creasihgircuits that would pass through de-
vice.

6.5 Graphical user interface

Software designed for SXC T management was acqtiiced Nokia Siemens Networks
site in Espoo. It's called “Nokia SXC T Manager&rgion C3.1. Setting up the manager
was easy and the instruction manual that was delivevith software was well-defined.
First the program was supplied with device IP aslslr&Vhen connection was established,
program automatically detected available ET’s, cot@punits and their statuses, existing
circuits, alarms and so on. While manager includedt of the routine configuration tasks,
including ET mode and state changing, monitor coioe and alarm log handling and cir-
cuit managing, it soon became clear that it lackedy fundamental configuration options.
These were for example computer unit managemeagnadstics, circuit group, backup,
file- and operating system management. Figure 28nhigxample view of program main
window.

8 SXC T Manager - [SXC_T-10.8.189.175]
52 Manage Edt Conflgure Alarms Views Options Testing MMLCommandFils Window Help
2|58 ] sel |2 || mliz)im] M
EQUIFMENT VIEW CONNECTION VIEW
153 ET 64—, . 15301 153-37
ETS 64-CC
ET: ss0cC
ETa ds1-cC
ETs 452-CC
1E 1E
153-37 _ ET 448
ET: 456-CC
HETs &1 ETs 485 ccH
HETs sz-cc ETs 486-cCH
MLET 83 ET® 467 ul
HET= e ET- 470 _H

Figure 20: Example of graphical view of ET statusesnd connected circuits. ET’s are indentified by
index numbers

Despite of its defects, SXC T manager was welgditfor daily administrative tasks like
creation and deletion circuits. Therefore studestidked to teach test engineers in both op-
erating the device via MML and manager programsTay everyone could adopt the way
they personally find most suitable. User trainiagliscussed later.
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6.6 Nethawk and monitor connections

Finally when all lines were physically connectedl aircuits created between them, it was
time to set up monitoring connections. 32 ET candsne ET64 cartridge were sufficient
for this purpose. Nethawk PC’s were installed ghalf behind SXC T and they were con-
nected to company LAN for Windows remote desktopneztion. Each computer was
equipped with a Nethawk NAP Adapter connected taherboard PCl-bus. Two PCM
lines could be monitored through one adapter, sh €& reserved one ET2E card (two ET
interfaces) from SXC T. SXC T has a feature of @uhpdraffic from selected circuit to a
specific ET port for monitoring purposes. In casdéwo ET interfaces, traffic from other
network element is forwarded to the other ET irategf and vice versa. Both the target ET
and monitored circuit can be easily configured ng desired interface. Monitoring could
be handled both using MML and SXC T Manager progreimwever handling monitor
connections in Manager program was rather complitaExample output of a created
monitor connection is displayed in figure 21 below.

CIRCUIT IN CIRCUIT QUT EW TYPE TI1¢6

66 556 32 BI
TEST TEST TIME TEST
FORT CIRCUIT LINIT TYPE
403 MO
402
TEST CONMNECTIONS: FEROHN TO
(21 403
556 40z

| 5 MONITOR COMNECTION(S) §

0 SPLIT COMNECTION(3)

0 CONNECTION LOOFEBLCE(S)

COMMAND EEXECUTED

Figure 21: Monitor connection for circuit ET 66 — ET 556 is forwarded to ET interfaces 402 and 403. A
total of 5 monitor connections currently exist on évice

6.7 Documentation and upkeep

Environment was finally fully operational. Althoughere were problems and delays in dif-
ferent phases of implementation caused by inexpegi@nd hardware issues, work was
still in schedule. However documentation was culydmased on temporary notes for most
part and needed contribution. Circuit chart wasipéal to be made on Excel sheet and then
shared in company’s network drive. After SXC T usaining, each test engineer could
keep the sheet updated for circuits they manageatdd documentation is a vital part in
order to keep track of circuits and connectionscu@i chart for this SXC T device was cre-
ated by student and is included in thesis as Apgehd
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To avoid irreversible node failure or invalid capfration causing instability, there was a
need for a backup plan. Backups taken irregulaithaut any control or documentation
would not provide required degree of security. SKGke BSC’s and other DX200 plat-
form equipment include a command calendar optioithvban be used to assign scheduled
tasks. However the matter is problematic; SOMAH fde that contains indexes for all the
created packages in a DX 200 platform. It allowly @ight system backup packages to ex-
ist simultaneously, even though hard-drive wadram full. Because of this, taking auto-
matic backup for example every two weeks wouldSIDMAFI index very quickly. There
is also an option for “DATA” incremental type bagkuwhich overwrites data files and
saves settings without creating additional direesorHowever on the long run, only one
updated backup would be insufficient and possibdit corrupted package would be far too
large.

Matter was discussed among student and test emgiaad solution was to commence au-
tomatic incremental “DATA” backup using one diragtoand to manually take and docu-
ment a “FULL” backup to another directory every tmonths for increased security. Also,
we took a foundational backup called “MASTERFB” (HBallback) from current system
state that would not be overwritten. This way tlsgibility of a corrupt backup file and
forced rollback to a file that is not up to datemigiimal. A backup copy command execu-
tion is displayed in figure 22.

WES : MODE=FULL , MAME=MASTERFE , DIRE=MASTERFE: ;
FULL FALLBACE COPYING STARTED

FE-PACEKAGE: MASTERFE
DIRECTORY: MAITERFE

COMMAND EEECUTED AWND FUNCTION STARTED
Figure 22: Command execution of a full backup filemamed MASTERFB

For a continuous, scheduled backup task, multiglpsshad to be taken. First we needed to
create a file containing the command that couldatteched to command calendar, also
known as command file. This file can be seen inrgg23. In figure 24 the created file is
attached to command calendar and assigned withugaeraate, time, interval and number
of executions. You can also see the other definphlameters. We decided to roll the
backup on Friday 23:00 every other week, on a ngiAgss hour, with infinite number of
executions.
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IDL:WDT,0,DATAFE: & ;

COMMANDS OF FILE: BDATAFE.CHD

INDEX CHD: PARAMETERS

1 ZWES : MODE=DATA;

COMMANMD EXECUTED

Figure 23: The command "ZWKS” is used to create anincremental backup of data files (type =
DATA). A command file called "DATAFB.CMD” was created

ICI::DATAFE, O

* IDEMTIFY COMMAMD FILE T¥PE:

INT ..... INTERRUPT EXECUTION IM ERROR CASE
UMINT ... CONTINUE EXECUTION IN ERROR CASE
DEFAULT IS COMTIMUE IMN ERROR CASE L

ICI: :DATAFE, O, INT
* CALENDAR TASK EXECUTION PARAMETERS

FARAMETER MAMES:

DATE ..... DATE OF EXECUTION

TME e TIME OF EXECUTION

FTYFE .... EXECUTION PERIOD TYFE

PMER o NUMEBER OF EXECUTIOM PERIODS
DAYS ... EFECUTION WEEKDAYS

ALARM . ... EXECUTION ALARM MUMEBER
AUNIT ... ALARMIMG UNIT

DETUM . ... DESTIMATION UWNIT CF ALARM
ASTATE ... ALARM STATE

MER . ..... MUMEBER OF EXECUTICOMS

SORE wvevwiue SAVE COMMAND AFTER EXECUTION %/

Figure 24: Command calendar execution parameters

6.8 User training

Though device manuals were already supplied witl 3Xthere was a demand among test
engineers for a simple quick user guide that wandtlide all the basic SXC T commands.
These were deletion and creation of circuits amcldi groups, monitor connections, han-
dling of ET modes, states and settings. Studeniddécto introduce the usage of both
MML and graphical Manager program. On some occaslwwever, using SXC T Man-
ager was not feasible because of the additionadgsheequired when compared to a single
MML command. Based on opinions from colleaguesy yggde document was to be a
rather simple explanation of each command accoreddny screenshots for clarification.
User guide is attached to thesis report as Appendix

In addition to the quick reference guide, studeas wsked to make a short presentation to
all test engineers so everyone would know how tdigare circuits and ET’s on their own.
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The presentation itself was a very educational ashnfor student as it was to audience.
Key features of equipment were introduced and antbagiser guide, a PowerPoint pres-
entation served as a backbone for the presentdti@sted for about an hour, and questions
from listeners were answered during it. The PowmitR'e attached to thesis as Appendix 3.
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7 Conclusions

Thesis goals were to have an operational SXC Ttadigross connect switch in testing

laboratory by August 2009. Circuits in switch wéoebe functional and management was
to be remotely done using company LAN. Test enggebould have a sufficient level of

knowledge in order to operate the device. Devicenteaance plan and documentations
would provide security and ease of maintenancéh®future.

The most challenging time during the process was#ginning. | was given a fair amount
of technical details and manuals that | could yavelderstand. While trying to figure out
the layout and details of the device configuratioimally decided to put device documen-
tation aside and start from the basics. | grabbgdeth a Nokia GSM System Training
book and studied GSM network technologies in géneith help of colleagues. | also ob-
served testing and GSM data monitoring with otket €ngineers, which also helped me in
getting familiar with the system. Support from adéswas a vital part throughout the im-
plementation and it was necessary to discuss vetple responsible for the configuration
of other devices.

Documentation and material used by student dutiegi¢ work was mostly manufacturer
device documentation supported by books and trgimaterials about GSM networks and
technology. Therefore the overall material can becerned fairly reliable, as it's mostly
facts about GSM standard and its history, leaviogoom for interpretation. Device spe-
cific documentation produced by SXC T manufactuNakia Telecommunications is also
from reliable source and up to date. Few used erdources include publications from no-
table Finnish universities and world wide GSM assian and are written and inspected
by persons with adequate level of knowledge bgboidication.

There were numerous problems and standstills dwviors process. Both student and test
engineers were unaware of certain configuratiorampeters and their purposes. Support
was also asked from other NSN sites and comparyredtsources, like Nethawk Corpora-
tion, when the case was that traffic monitoringldaa SXC T were not working properly.
Two of the time consuming problems were due totyauriternal cabling configuration,
which was solved with help of members from teant thas responsible of laboratory
equipment and hardware. Though device manuals @fegeod quality, there was no way
the work could have been solely based on them. dedays were caused by late hardware
and cabling equipment shipments from third partydegs as well.

In all, targets were achieved in schedule, righHbteenew software release was about to
enter testing phase. There were some pressuresroorg completion of thesis during final
stages, because testing could not be started beigital switch connecting the test envi-
ronments was fully up and running. At this pointdsnt decided to make the SXC T opera-
tional first.

Future usage and time span of device is yet unknélewever such a major change in en-
vironment wouldn’t have been carried out if it wias short term use only. Though some
might consider SXC T another possible source dafrerin network topology, it is well
known for its stability once it is fully operationdt needs no additional maintenance ex-
cluding manual backups. Once IP technology is tdkether into 2G technology, it obso-
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letes the need for PCM digital switch. However thi not happen in the next few years
to come and legacy testing is still needed for myrelater time span.

Nokia Siemens Networks is a multinational comparhe reason why thesis was written in
English was that it could be used as a guidelimqeossible future SXC T installations. Soon
after our device was operational, installation nbther SXC T begun in adjacent testing
department in NSN Tampere. Documents written byesit were helpful guidance and
some on-site configuration support was also pralidehis example proves that thesis
documentation written in English can be used asidetjne during possible future installa-
tions in NSN sites all around the globe.

Student himself was very pleased with result oithen total. In addition to successful
work outcome, the process was very educationathésrend today is to unite different
network technologies and areas to work in one dipeia 1P network core, knowledge of
both telecommunication and IP networks is very uisélso the thesis was important to
employer and therefore the motivation to finisfulty completed and in schedule was
high.

Command line interface and individual commandsateexplained elaborately in docu-
mentation. This purpose is served by additionat gea&le created by student, which is at-
tached to this thesis as Appendix 2. Howeverdtesigned for test engineers that are al-
ready familiar with GSM technology and GSM netweduipment configuration. Student
didn't find it relevant to explain the diverse cmpfration parameters and MML commands
in detail to reader.
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Appendices:

Appendix 1. SXC_BSC.xls, circuit chart
Appendix 2. NSN SXC T Quick Reference Guide
Appendix 3. NSN SXC T Briefing PowerPoint slides



BSC ET SXC SXC TCSM MSC BTS SGSN Media Gateway

Bon 32 166 458 TCSM2i 11 Liisa 556

Bon 33 167 230 Netta 790

Bon 34 168

Bon 35 169 573 Metro-123

Bon 36 170 582 Ultra 60

Bon 37 171 576 Metro 55

Brian 32 172 468 TCSMai 5 Liisa 562

Brian 33 173 288 Leevi 32
Brian 34 174 480 ET7
Brian 35 175

Brian 36 176 580 Talk 14

Brian 37 177 577 Metro 44

Elisa 256 192 464 TCSMai 1 Liisa 551

Elisa 258 193 467 TCSM3i 129 Cabinetmaster

Elisa 260 194 229 Netta 789
Elisa 262 195 517 Flexi 102 1

Elisa 264 196 518 Flexi 102 2

Elisa 266 197 519 Flexi 102 3

Elisa 268 198 520 Flexi 102 4

Elisa 270 199 521 Flexi 102 5

Elisa 272 200 522 Flexi 102 6

Elisa 274 201 523 Flexi 102 7

Elisa 276 202 524 Flexi 102 8

Elisa 278 203 538 Ultra 83

Elma 257 160 226 Netta 786
Elma 258 161 525 Flexi 206 1

Elma 259 162 526 Flexi 206 2

Elma 260 163 570 Flexi 207 1

Elma 261 164

Elma 262 165
Hanna 512 118 462 TCSM2i
Hanna 513 119
Hanna 514 120
Hanna 515 121
Hanna 516 122
Hanna 517 123
Hanna 518 124
Hanna 519 125
Hanna 520 126
Hanna 521 127
Hanna 522 130
Hanna 523 131

Heidi 1073 145 527 Ultra 95 1

Heidi 1074 146 528 Ultra 95 2

Heidi 1075 147 529 Ultra 95 3

Heidi 1076 148 531 Ultra 82 1

Heidi 1077 149 532 Ultra 82 2

Heidi 1078 150 533 Ultra 82 3

Heidi 1079 151 545 Ultra 120 1

Heidi 1080 152 561 Gemini

Heidi 1081 153 547 Ultra 121 1

Heidi 1082 154 548 Ultra 121 2

Heidi 512 144 457 TCSM3i Liisa 563

Helga

Helga 32 94 450 TCSM2i Liisa 532

Helga 33 95 513 Flexi 103

Helga 34 96 554 Ultra 80

Helga 35 97 570 Flexi 207 1

Helga 36 98 571 Flexi 207 2

Helga 37 99 228 Netta 788
Hulda

Hulda 256 100 452 TCSM2i Liisa 536

Hulda 258 102 (->510) - (511->) 563| Ultra 84

Hulda 259 103

Hulda

Hulda

Hulda
Jenny 1072 184 481 ET8
Jenny 1073 185
Jenny 1074 186
Jenny 1075 187
Jenny 1076 188
Jenny 1077 189

Kummola 256 482 461 Liisa 564
Maija 256 178 459 TCSM2i 12 Liisa 553
Maija 257 179 289 Leevi 33




Maija 258 180 581 Ultra 99
Maija 259 181 584 Flexi 109
Maija 260 182 578 Metro 27
Maija 261 183 579 Metro 69
Sonja 32 70 460 Liisa 524
Sonja 33 71
Sonja 34 72
Sonja 35 73 537 Ultra 81
Sonja 36 74 231 Netta 791
Taru 32 64 451 TCSM2i Liisa 535
Taru 33 65
Taru 34 66 556 Ultra 126 1
Taru 35 67 557 Ultra 126 2
Taru 36 68 224 Netta 784
Taru 37 69 225 Netta 785
Tellervo 105
Tellervo 512 106 466 TCSM3i Liisa 552
Tellervo 513 107 544 Ultra 2000
Tellervo 514 108 549 Ultra 117
Tellervo 515 109
Tellervo 110
Tellervo 111
Ulla 511
Ulla 512 132 465 TCSMai Liisa 554
Ulla 513
Ulla 515 135 530 Ultra 77 1
Ulla 516
Ulla 517
Ulla
Veera
Veera 256 82 456 TCSM2i Liisa 520
Veera
Veera 258 84 562 Ultra 111
Veera 259 85 515 Flexi 104
Veera 260 86 227 Netta 787

Veera
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Appendix 2.

NSN SXC T Quick Reference Guide
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SXCT

Service Cross-Connect for Time-divison Multiplexing

Quick Reference Guide
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1.0 Using MML
1.1 ET Configuration

Step 1. Creating ET plug-in unit

Et plug-in units are created with ZWTP command.rtiimber, track, index, function, bandwidth,
PCM and timeslot options must be configured.

Even ET’s require an additional control PCM, white odd ET’s are configured with only one
PCM. Control PCM number is cartridge based anddiateorresponds to the track number. The
other PCM number corresponds to ET number and tirsedlot is O.

Z\WI'P: ET, 98: ET2E, 0, 17: : ETTOO, 4, 12, TSL, 17: ETTOO, 4, 98, TSL, O: ;
ZWI'P: ET, 99: ET2E, 0, 17: : ETTOO, 4, 99, TSL, 0:;

ET Type = ET2E

ET Index = 0

ET Control PCM function = ETTOO
ET Control PCM bandwi dth = 4
ET Control PCM nunber = 12

ET Control PCMtinmeslot = 17
ET PCM function = ETTOO

ET PCM bandwi dth = 4

ET PCM nunber = 98

ET PCMtineslot = 0

Verification:

ZWI'l : P: ET, 98:;

WTI:P:ET,98::;

EXECUTION STARTED

READING DATA FROM DATAEBASE ...

ET-98 IN LOC  1C153-01
ETZE 0o TRACE: 17
Ju = HE: Ta4 IE:
INT: ZW:06490003
T3LS 30 z0 10 u]
ETTOO 4M PCHM: 1z E 00000000000000100000000000000000
E  00000000000000000000000000000000
ETTOO 41 FPCHM: 95 E 000000C00000000000000000000000001
E  00000000000000000000000000000000
TOTAL OF 1 TUNITS, 1 FLUG-IN UNITS AND Z FUNCTICHNS

COMMAND EEZECUTED

Step 2. Connecting ET’s to lineup

After creation of ET’s, they must be connectedhimlineup using command ZWUC. ET index,
type and signalling type must be defined here.ypE s typically ET2E

ZWUC:. ET, 98: ET2E, 0: UPART=DCS: TSU, 1: ;
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Upart defines the user-part of an ET. Signallingetys configured here. DSC = Digital Cross-
Connect system ET. TSU is the supervising compuriér There are two Trunk Supervision Units
configured in SXC-T. TSU-1 currently controls

Verification:

W'l : P: ET, 98: ;
WTI:P:ET,98:;

EXECUTICN STARTED

READING DATAL FROM DATAEBASE ...

ET-923 IN LoZ  1C153-01
ETZE 0O TERACE: 17
N3: HE: HESH IE:
INT: SW: 06490003
T3LZ 30 20 10 o
ETTOO an PCM: 1z E 00000000000000100000000000000000
F 00000000000000100000000000000000
ETTOO an PCM: a3 E  000000000000000000000000000000%1
B 000000000000000000000000000000
TOTAL OF 1 THNITS, 1 PLUG-IN UNITS AND 2 FUNCTICHS

COMMAND EEECUTED

Step 3. Managing ET functional types
ZWHM ET, 98: TRSP: ;

TRSP = Transparent switching, full 2 Mbit/s
DATA = Timeslot based switching
CAS = Timeslot based switching with timeslot 16igissd to Channel Assiociated Signalling (CAS)

The ET should be in SE-NH state before you are @bddange its functional type.

Verification:

ZVWH : ET, 98: :;

WMHI:ET,2&8:::

EXECUTICHN STARTED

3XC DEZZ0-LAB Z2002-08-13 10:30:49

FUNCTICNAL TYFE OF TUNIT(3)

THIT FUNCTICH

ET-2958 TR3F

COMMAND EXECUTED




Step 4. Managing ET states

ZUSC. ET, 98: SE, ;
ZUSC: ET, 98: TE, ;
ZUSC. ET, 98: WO, ;

Verification:

ZUSI : ET, 98:;

T3I:ET,25:;

EZECUTICHN 3TARTED

BEC DEZZ0-LAB

WOREING 3TATE OF UNIT3I

COMMAND EXECUTED

2009-08-18 10:34:07

THIT ME STATE LOCATICN INFO
ET-95 WO-EX 1C153-01 Tau-0 =
TOTAL ©F 1 TITS

Step 5.Managing ET functional modes

ZYEC: ET, 98: TRSP: ;

NORM = if type is DATA/CAS

TRSP = if type is TRSP

7 (18)

SATR & V11M = Special purpose, when Sa-bits aradvad separately. B5678 & B56 are for

these modes only.
CRC4 = if CRC4 is used
DBLF = if CRC4 is not used

Verification:

ZYEI : ET, 98: ;

8 O B R e R

3EC DEZZ0-LAE

FCHM DEFINED FUNCTICOMAL HMODES

THIT FINCTICNAL
MCDE
ET-98 TRSP

COMMAND EXECUTED

FRLHME
HODE

2009-05-18 10:37:18

PAGE 1

ALIGHMENT 3A-BITS FOR
2.1 USE

1.2 Circuit groups
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In order to use Exchange Terminal for circuit swimg, the participating ET PCM’s need to be in a
circuit group. Circuits are created with commandX® "Create Special Circuit Group”.

Step 1. Creating circuit group
ZRCG. SW : TYPE=S, CGR=2, NCGR=ABI S02, CRCT=98- 0&&- 32

TYPE = Circuit group type, S = Semipermanent circui
CGR = Group number

NCGR = Group name

CRCT = PCM and timeslots assigned to group

Step 2. Assigning circuits to circuit group
ZRCA: SW : NCGR=ABI S02, CRCT=99- 0&& 31;

NCGR = Circuit group name
CRCT = PCM and timeslots assigned to group

Verification:

ZRCl : SW : NCGR=ABI S02: ;

RCI:SWI:NCGR=ABISOZ: ;

SXC LEXZZ0-LAE 2005-05-158 10:41::24

CIRCUIT GEROUF (3)

CGR HNCGR TYPE CGE_U3SE DIR TEEE NECRCT 3TATE 3TD

2 ABIZOZ INT-3 EX-XEX o a4 o o
CRCT CIC ORD CTEL HUNT 3TATE DCS
Q&-0 = 1 o = Wo-EX o
95-1 = 2 = = Wo-EX =
Q5-2 = ! = = Wo-EX =
98-3 = 4 = = Wo-EX =
S5-4 = =1 = = Wo-EX =
98-5 = & o = Wo-EX o
=} = 7 = = 1 -

1.3 Cross-connections

Step 1.a) Creating Cross-connections — PCM bassd connections are created under the menu
item "Routing options -> semipermanebroadband Cotmmes handling”, ZRB.

ZRBA: PCM=98: PCVF99: BW=32: BI :

PCM based circuit handling.

98 =PCM in

99 = PCM out

BW = Bandwidth — number of timeslots
Bl = Bidirectional, UNI = Unidirectional

Step 1.b) Creating Cross-connections — timesisétba
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ZBRA: CRCT=98- 0: CRCT=99- 0: BW¥32: Bl : ;
Timeslot based circuit handling.

98-0 = tsl in

99-0 = tsl out

BW = Bandwidth

Bl = Bidirectional, UNI = Unidirectional
Verification:

Step 2. Verification

In order to list all active Cross-connections ameirtdescriptions, type:

You can also list individual connections. Connaasionust be always listed by defining a range of
timeslots involved in connections. For example:

ZRBI : : CRCT=73-0: :: COM

BEI::CRCT=73-0:::C0OM;

EEXECOTICN STARTED

CIRCOIT IN CIRCUIT OUT B TYFE T1leg CREATION TIME 3TATE
T3 537 ZzM BI aREs= =18 dErRehE
CONMECTICN MNAME: Sonja3s BTSUS1

1 POINT-TO-FOINT CONMNECTICN (3)

0 POINT-TO-MULTIPOINT CONMECTICH (5]

COMMAND EEZECUTED

Step 3. Deleting Cross-connections

Monitor connections can be deleted by definingRiiMs or timeslots that the connection is
involved in. Command used for this task is ZRBPetdle Multichannel Connection. For example:

ZRBP: PCMF98: PCM=99: ;

Or

ZRBP: CRCT=98- 0: CRCT=99- 0: BW-32;

1.4 Monitor connections

Step 1. Creating Monitor connections
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Monitor connections are configured under menu it8gstem Supervision -> Transmission Line
Test Handling”, ZYL. Command ZYLE creates a new mamconnection. First we define the PCM
or Circuits of the monitored connection, dependinghe type of monitored circuit (timeslot/circuit
based or transparent). Next we define the test B@ttthe traffic is forwarded to. A single
connection requires two test PCM’s in order to nmmboth directions of traffic. Note: All ET’s
must be in same type of functional mode and type.

Example:

ZYLE: PCM=66, PCVE556, PCVF403: OUT: Tl ME=O0: ;
ZYLE: PCM=66, PCVE556, PCVF402: | N: TI ME=0: ;

Circuit In = 66
Circuit out = 556

Test ports = 402, 403
Time limt =0 (infinite)
Verification:
CIRCUIT IN  CIRCUIT OUT EBW TYPE Tig
65 SS6 32 BI
TEST TEST TIME TEST
FORT CIRCUIT LINIT TYFPE
403 MO
40z

TEST CONNECTICHZ: FROM

S MONITOR CONMECTION(3)

0 3PLIT CONMECTICN(3)

0 CCHMNECTION LOOPBACE(3)

COMMAND EZECUTED

Step 2. Deleting Monitor connections

Monitor connections are deleted by defining the owed circuit usingZYLT command. The
following command deletesll monitor connections involved in ciRcuit 66-556:

ZYLT: PCM=66, PCVF556

1.5 Cocen TCP/IP

Step 1. Creating Cocen plug-in unit



Z\WI'P: OMJ: COCEN, 7, 12: :;
Step 2. Creating Ethernet terminal
ZOHC. OWVJ: COCEN, 7: TPI ;
e Restart OWJ
Step 3. Assigning IP address
QRC: OW: ETH, 7: 10. 8. 189. 175, 24: STA=UP, FRMVEDI X;
Step 4. Creating and allowing application
ZQIG TELNET: OMJ: UP: ;
Step5. Assigning a default gateway
ZORR: OWVUJ: ETH, 7::10.8.189. 1:: UP: ;

Verification:

ZWI'l : P: OMUJ: COCEN

WTI:P:0OMT: COCEN, ;

EXECUTICH 3TARTED

READING DATA FROM DATABALRE ...

OMT I LOoC  1C0e3-37

COCEN 7 TRACK: 12

M3:30300000 HME:SO5FFFFF I3: IE:

INT:34H IW:06730002
TOTAL OF 1 TNITS, 1 PLUG-IN UNITI AND 0O FUOMNCTICNS
COMMAND EXECUTED
ZCH
QOHI: :
SEC DXz20-LAE Z008-05-13 10:55:51
INTERROGATED ETHERWNET TERMIMAL DATA

PIT PIN INTERFACE PHYS

THIT TYFE INDEX TYFE CHAWN MNE INFO
o CocEN 7  TUISTED PAIR -  TERNINAL NOT IN USE
COMMAND EXECUTED
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EXECUTION ITARTED

3EC DEZZ0-LAE 2009-08-18 10:57:23

INTERROGATED NETWORE INTERFACE

STATIC INTERFACES

Ir LDDRESS /
THNIT 3TALTE TYPE MTU WETHMASE LENGTH PIT FEM ROU

COMMANTD EZECUTED

ZQIA: ;

TR

BEC DEZZ0-LAE Z009-08-18 10:58:41

INTERROGATING SERVICE DATA

SERVICE MNAME PORT TYPE TNIT FAM FPROC  ADDE 3TATE
FTF 21 TCP  OHMU O30EH 0000H Wo uF
TELNET 23 TCPF OMO 00S5H 0000H Wo uF

COMMAND EEXECUTED

ZORL: ;

QEL::

EXECUTION 2TARTELD

A DEZE0-LAE £002-05-183 10:59:43
INTERROGALATING ROUTE DATA
MEER TRNIT DESTINATION WET IF NEZT HOP FRI 3TATE

o oumT DEFAULT ROUTE ETH-7 10.5.15859.1 i00 1)3

COMMAND EXECUTED

2.0 SXC T Manager C3.1

2.1 Setup and install

Step 1. Installing software

SXC T Manager version C3.1 can be found from tileviong network location:

12 (18)
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\Wtrsrv020\bsc test\team 28\sxct\SXC ManagerC31

Program requires that you install the Nokia Gen€@hmunication Service (GCS) 4.2. Older or
newer versions of GCS might not be supported, t88 @& provided in the installation folder.

Step 2. Connection to node

Add connection details to the SXC T over COM or TIRPThis is done from thisl anager
Optionstab under th®©ptions menu. You can connect to the node by choosliagage ->
Connect.

:.g;r SXC T Manager
Manage Edit Configure. Alarms  Yiews | Options  Testing  MMLCamm;

_| g@l !TE‘.‘*BI'%Q' ﬂ « Toolbar

v Skatus Bar

Manager Opkions. ..
CustommeeEalarss

Manager Dptions

—General -
M Eonfirmation o send flul I
V' Create s separate MML session Log file = |
W ackrowledge after send :
Help |
— Canfiguration :
Hame Foit “fdd———————
) 10.8.189 17§ oM |
TCRAP |
Path |

adify |
Diglete |

Step 3. Loading and saving SXC T configuration

After connection is established, you need to |dedetffective configuration from the node. Select
Manage -> Up L oad Configuration.

:{ SXC T Manager
Manage Edit Configure  Ala

L0 = e A

Up Load Configuration. ..
Send
Disconneck
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When the settings are loaded, you can save thefadtar access. Configuration can be changed in
offline and online mode. If you make changes tdfigomation offline, you can us thd anage ->
Send command afterwards to apply it to the node.

| SXC T Manager - [SXC_T-10.8.189.175

ﬁ Manage Edit Configure alarms  Wiews

COMMECE Igﬁl ul

[Hp Load Eonfiguraticn,
Send
Cisconnect

—il m'il-m |

Laad Tode Fg

Sawve r'-ll:que Fi|E. T

lose Hode Fie

Open Log File...
Zlmse LogiFile

FEimt
Prink Setup. ..

| m— — — m— — —

Exit.

Step 4. Manager views

Status of the node can be examined through vaviewss that are available in the Manager. You
can adjust the layout und€rews andwWindows tabs.

SXC T Manags
Marage Edit Configure Alarms | Views Options Testing MMLComman: dFile Window  Help:
|| ] sel ] = L
Tk
MWL Session View CONNECTION VIEW
ET Status Yiew
Test Details Yiew SHET SHET
Refredh
b 153-01 153-01
125-37  ET:192 12637 ET.192 MELes | [ETL & H
Hooi-37  ET-256.. 091-37 _ ET.256..H HET ee ] [ET & H
Hoza—p:  =r:320. . 02901 Er:.320 H HET &7 ] [Er__s H
1E] [12 HET s3] [ET e H
Hi53-37 _ ET. 448 163-37 _ ET 448 HET 70 ] [ET 30 H
Hizs—oi  ET:.G12.. 12501 ET.512. . H HEE 71 ] [E_7 H
Hizs—37 =T:576.. 12537 E1:.%7 H HEr 72 ] E__7 H
Hosa=az __ Er.8% 063-37 __ET 83 N HEE 7 ] E__ 7% H
Ho29-37  ET:960. . 029-37 __ ET:%60 HEz 77 ] [ET 77 H
Coss-connectonsvew =0l | |
cIn c-out B | Type | 16 | Creation Date & Tme | State | Cornection Wame | | HEr e | E_& H
98-1 99-1 31 BI SIGN 2009-08-17 13:59:18 _
(T nix —
ET Mo, Type Skate -
&4 DATA WO = _
&6 DATA WO
& DATA wo EL & N
&9 DATA WO
n DATA wo I
72 DATA WO
7 DATA wo EL_ & H
¥i) DATA WO R —

2.2 Configuring ETs

Step 1. Managing ET functional types
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To change the functional type of an ET, from B¥e Status View, select the appropriate ET which
should be in SE-NH state and cho@mfigure-> ET Functional Type or right mouse click ->
ET Functional Type.

T8 SXC T Manager - [ET Status View]

| Manage Edit Configure Alarms Wiews Optioris Testing MMLCommandfile: Window Help

65 DATH ET Staus Change
66 DATA ET Functional Type. ..
&7 DATA
&8 DATA
x
63 DATA x|
70 DATA
e D ET M lé-’l—‘
vz DATA :
73 DATA s
74 DATA ET Functlonal Types =
75 DATA CAS -
¥ DATA ~ TRap —
& DATA ;
Help |

TRSP = Transparent switching, full 2 Mbit/s
DATA = Timeslot based switching
CAS = Timeslot based switching with timeslot 16igised to Channel Assiociated Signalling (CAS)

Step 2. ET states

You can change the state of an ET fromEfieStatus View. Select the appropriate ET and choose
Configure-> ET Status Change or right mouse click -ET Status Change.

B8 SXC T Manager - [ET Status View]

"] Manage Edit Configure Alarms Wiews Options Testing MMLCommandFile Window Help

Staus Change
65 CATH WO ET .:IJ_l_h:ru;r:
66 DATA WO ET Functional Type...
&7 DATA WO
) DATA WO : = -
70 DATA W y i—
71 DATA WO ET Mo B4
2 DATA WO ET States-
73 DATA WO .
74 DATA WO ) WD—EX
76 DATA WO

0 o

2 DAL e ; TF'-EX- Cargel |
73 DaTA WO " SE-OU
& DATA Wo " SENH Hep |
an DaTa WO i :
g1 DATH WO

Step 3. ET functional modes

ET functional modes can be changed fromGoanection View. Click Configure -> Functional
M odes or right-mouseclick ontop of the appropriate ET aetéctFunctional M odes.
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SHCT SHCT

153-01 153-01

E Add Transparent Eross-conmeckion o A
—E DiElete Transparent Eross-connscton
—m S Truntdine Pratection,
—E Dielete Trumkine Protection
—n Functional Mades. ..
—E Statistics indow
E LiElete Test Eanmeckion: : : :

_ﬂ EOMHEEHEN D_etails T

| Functional Modes x|
MEr . 7e ] £T: ok |
e 7 ]  Funstionl Made N

BT 76 £ Transparent Dibis
HET 7| ' Non-Transparent. Help |

e = Nén_--'!'ranspa'rent
i NORKM 7 SATR  W11M
Frame &ligrment - —Bit Fattem
& DBLF £BEE
p T " CRC4 2/ BEETE:

NORM = if type is DATA/CAS

TRSP = if type is TRSP

SATR & V11M = Special purpose, when Sa-bits aredvad separately. B5678 & B56 are for
these modes only.

CRC4 =if CRC4 is used

DBLF = if CRC4 is not used

2.3 Cross-connections

You can add point-to-point, point-to-multipoint atnednsparent connections in SXC Manager. You
can add connections by entering @ross-connections View. In this view, the shortcut keys to add
connections in the top toolbar become active. Yauaso find the commands und&nfigure tab.

In transparent connections, you select the statteaapoint PCM:
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k SEC T Manager

Testing MMLCommandFile Windaw  Help

Madifty: Paint-ta-Paist Crass-cannschon
ity Pintto- MUt Point Eross-cannection,,

Dielete Cross-connection
Delote ]l Point oMl Point Grossconnecton.,

#dd Conmecton Prabeckions i
Delete Eonnection Protection

#dd Trunklie Rratection, ross-connections ¥iew
Delete Trunhling Frotection: Coouk IR I | 118 - Diake 2T
99-1 a1 BI SIGEn 2008-06-17 13:59:18

Functionaliades, .
2M FDFtMames »
'TEst Part

ET-Stabus Change.. = :
ET Funictiomal Toge Add Transparent Cross-connection ‘5[

ET-Pott Diagnosis.

Name: g |
- CommectTo—— Careel i
T“!{BXETTQI b
KO T-10.8.189.175 i Help
7 Ru/T#ET I
- Direcicn:

BiDirection '-'I

’T.

In point-to-point and point-to-multipoint conneat® you select the PCM and choose the timeslots
to be switched (figure below). You can also add i@mdove connections from a multipoint
connection afterwards.

Ty Eross-connections Yiew

CIn -0t Ew | Tvpe | TiE Creation Date & Time. | Skate | Connection
95-1 99-1 3l Bl SIGN  2009-05-17 13:59:16
90-1 89-5 75-21 9 LI

Add Point-to-Multi Point Cros

ET- 50

Time Slats: |'1"EI-1_E!

Time Slats —— “ :-Hel.n..
l_l_ FEEE l_l_l_l—llllf —_I
L3 0 R 15 o0 27 (22 (25 [oa 25 o6 27 28 s 0

Bandwidth  Direction
B |Uni-Diection

Finally the created circuits will be graphicallyspgiayed in th&€onnection View.
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Thecreated circuitswill be displayed in the Connection View.

3.0 Backup policy

A proper backup plan is in place in order to ensum@ maintain device functionality and possibility
to rollback to a packet that is up to date in addaulty software configuration or failure.

Manual Backup : eg. "011009”, a full system backup taken manualgrg other month.

Automatic Backup : "DATAFB” is a datafile backup taken every Fridaty23:00.
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Nokia Digital Cross Connect Switch for Time-Division
Multiplexing
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Key features
Structure and function
ET Configuration
Circuit groups

Cross connections
Monitor connections
OMU Cocen TCP/IP
SXC T Manager
Backup policy
Documentation

Nokia Siemens
Networks

For internal use only \\\\\\\hu..
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1. Key features

Switching of PCM lines

Transparent

Timeslot-based — T

Point-to-Point ll-fl |

Point-to-Multipoint ——=
Test connections —

Monitor, loopback, split connections
Connection statistics and measurement
Connection protection
Graphical management tool

Nokia Siemens
Networks

For internal use only \\\\‘\‘“m--.. —
r
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Computer units
OMU - Operation & Maintenance
TSU — Trunk Supervision Unit
SCU — Switch Control Unit
GSW - TDM Switching Unit
LSW — Line Signalling Switch
CLS — Clock Synchronization Unit
CLA — Clock and Alarm Buffer
ET Cartridges

For internal use only
5 © Nokia Siemens Networks /

-48/60V
S C
ETC @ |1 i
u s
ETC 1 ETC 2
L L ‘
S |S ETC 3
W W
O|W
A(D] OMU
T|U
ETC 4| SCU O
ETC 5| sCuU 1

~-48/60V

&

L ETC 6
A

ETC 7 | ETC 8
ETC 8| ETC 1@
ETC 11| ETC 12
TsU 2 | ETC 13
TSU @ | TSU 1

-48/60Y

GSw B0

GSW @1

GSW 10

GSW 11

Nokia Siemens
Networks

P
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3. ET Configuration

Initial setup
1. Create plug-in
2. Connect plug-in
3. Add PCM to circuit group
4. Change ET functional type
5. SE-NH -> WO-EX
6. Change ET functional mode
Functional modes
CAS, DATA, TRSP

Functional types
NORM (DBLF, CRC4), TRSP, SATR, V11M

Nokia Siemens
Networks

For internal use only \\‘““m“__ fE—
6 © Nokia Siemens Networks / A.\\\“\
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NON-TRANSPARENT MODE
DBLF
NORM
CRCA4
DBLF
SATR
CRC4
DELF =0
PN B5678
CRC4 Lii
B5678
TRANSPARENT MODE
TRSP
Key:

NORM Normal mode

SATR Transparent switching of 5;-bits (requires optional ET2DV units)
V11M V.11 mode (requires optional ET2DY units}

TRSP Transparent mode

DELF Double frame mode

CRC4 CRC4 mode
B56  S-bits Sand 6in C1° use
B5678 S3-bits 5,6, 7 and 8 in Q1" use

Nokia Siemens
Networks

g
o



All PCM circuits must be assigned to a circuit group

Circuit groups are created only once

RCI:3WI:;

For internal use only

8
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3XC

CIRCUOIT GROUP ()

CGR

132
140
146
147
234

DEZZ0-LAE

NCGER

B3C1
B3CZ
B3C3
B3C4
B3CS
3G3N0
3GIN1
3GENE
AGEN3
S3GIN4
H3C1
H3CZ
BET31
BTS2
BTS3
ET34
NETHAWE1L
NETHALWEZ
L3z
TG
ETTOO
DA37TT
CL3

TYFE

INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3
INT-3

Z005-10-20

1a:00:351

CGR. USE DIE TREE NBCRCT STATE STD

XE-EX
KE-EX
EE-EX
EE-EX
EE-EX
EE-EX
KE-EX
XE-IX
EE-EX
EE-EX
EE-EX
KE-EX
KE-EX
EE-EX
EE-EX
EE-EX
EE-EX
KE-EX
EE-EX
EE-EX
EE-EX
EE-EX
KE-EX

1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
1024
30
320
704
&

Nokia Siemens
Networks
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5. Cross Connections

Cross connection types 2
Transparent ks
Point-to-point L X_
Point-to-multipoint | 3

/RB

Figure 11. A point-to-multipoint connection

Switching Switching
ET Matix g1 ET Matnx ET

Figure 10. Muitiple point-to-point connections Figure 12. A transparent point-to-point connection Siemens
networks
For internal use only -
M
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MML Menu: ZRB (Semipermanent broadband connections
handling)

ZRBA — multichannel connections
ZRBB — point-to-multipoint connections

RBAPCH=35PCH=200:BW=321BI:TESTI1 TESTIZ 7.

REA: CRCT=85-0:CRCT=200-0:BW=4:BI:TESTI53 TESTI4:;

REI::

EEXEECUTICHN STARTED

CIRCUIT IN CIRCUIT OUT EW TYFPE T16 CREATION TIHME STATE

25— 1 S8= i il BI SIGH 2009-05-17  13:59:16

1 POINT-TO-FOINT CONMNECTICN (3)

0 POINT-TO-MULTIFOINT COMMNECTICN(S)

COMMAND EXECUTED

Nokia Siemens
Networks

P
o

For internal use only
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Monitor connection types
Monitor connection
Split connection
Connection loopback
All participating ET’s in same mode Fioue 17. series spit connection

Incoming circuit

Switching
Matrix

5 x 64 kbit/s

CRCT 74-5
connection ———————]

Key: —

D Test port TPN 1

_______

Outgoing circuit

CRCT 755 © %64 kbit/s

connection

Test equipment

ET creT 68-17

Switching
_ BECTERfsET  Maim
15 x B4 khitls = ~ T oi--.--
connection — el -
|
Key: H _>< a
D Testport TPN 1 =

- 15 x 64 kbit/'s
T connection

Test equipment

Figure 16.

For internal use only
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Monitor connection for a bidirectional connection
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6. Monitor Connections

ZYL, Transmission line test handling command

Example circuit to be monitored :
PCM 80 — PCM 250
Test / nethawk PCM 400, 401

ICIRCUIT I CIRCUOIT OOT EW TYFE Tla I

(=33 556 32 EI
YLE:PCHM=80:PCH=250:PCHM=400: IN: TIME=0: o meer v teer
PORT CIRCUOIT LIMIT TY¥FE
YLE:PCM=80:FPCHM=250:PCH=401:0UT: TIME=0: 03 now
TEST CCONNECTIONS: FROM TO
‘ e 03
556 402

I 5 MONITOR CONMECTION(S) §

0 SFLIT CONNECTICH(3)

0 COMNMECTION LOOFPBACK(S)

COMMAND EEECUTED

Nokia Siemens
Networks

For internal use only \\\\\\\un,.,
12 © Nokia Siemens Networks / ,.\\\\‘\



Telnet via IP using a Cocen plug-in unit in OMU

Steps
1. Create plug-in
2. Create ethernet terminal
3. Assign IP address
4. Assign default gateway
5. Assign allowed applications (telnet, ftp)

Nokia Siemens
Networks

For internal use only \\\\\\\hn..
13 © Nokia Siemens Networks / e



8. SXC T Manager

\trsrv020\bsc test\team 28\sxct\SXC ManagerC31

Nokia General Communication Service (GCS) must be
Installed first

B 5% T Manager
Mamage Edit  Configure:  Alarms  Views |'Optd'ujns Testing  MMLComm:

~lulolel

A w Toolbar
— W Skatus Bar

Manager Cpkions. ..

Custamize Ealors s,

Manager Options '

¥ Eanfirration o send : ok I
¥ Create a separate MML session Log file Eancel |
v ﬁck’nmﬂedgaéfta&s‘end :
: Help: |
—l.:u;unf_igyr__atiqn :
N ame I.:'nglz *‘&dd

SEC.T 0:8.189.1%5 COM

Path |
-Mi::utﬁf_l,l |
I:!n_aleh'_a |
Nokia Siemens
Networks
For internal use only \\‘“\“m-.. Tt
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E %L T Manager

Manage Edit Configure  Alar

Zanmneck, ..

Up Load Configuration. ..
Set IP address -
Connect to node and load configuration Disconnect

Make changes to configuration
Send
Different tasks are accessed RO oSSR

Ej Manage Edit Configure  Alarms r'-}iews Options - Teskting MRLC

through d Iffel’e ﬂt Views ﬂi A !3@1 jﬁl v i:gﬁ-% Jﬁ@i's‘@ Cross-conneckions ’g_l
EQUIPMENT -;UEW —  Trurik-Lirie Protection e
@ Eu:unl.'nectinn I.:'rufutecti.nn e
—L]___CI 2Mbik)s Skatistical Wiew #

15 © Nokia Siemens Networks /

153-01 ET 64— | MML Session Yiew o
125201 ET:128. | Graphical Yiew ;o
_|125 T T LD I ET Skakus Yiew 5=
— ' — Test Details Vi —
H091-37 ET:256. .} Refrach 1—
Hoz9-01 ET:320. | 079
Nokia Siemens
Networks
For internal use only \\\\\\\\\un..
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8. SXC T Manager

S5XC T Manager

Medify Pt HinE Crass-conmechan .
Idify Piairit-Eae Il Point Gross-cannectian

Ei%lﬁté‘-@rﬁsigpplji:cﬁbn
Delete o] Pafnt-bo-Fulk Point Cross-connestion.,

e ;C-.DHITIEI_ZUBH .F'nﬂ_tet_lzi@ﬂ-;'. ;
Delete Eonmeckion Proteckion

Al Trurklie Protection

ross-connections ¥iew
Delete Trimkine Frotection: [ B

: | 716 | Creation Date & Time
Funchﬁnafﬂude& 99-1 3l BI SIaM 2009-08-17 13:59:18
M Part flames >
Test Port

ET:5tatisEhange..

ET Finckicnal T?pe.. <

ET-Part Biaanosis .

Add Transparent Cross-connection

Name:

ComnectTo
TR ET |

X0 T-10.8.189175

RU/THET |
= | ~Diecton

I_Ei-DirectiDn ﬂ

sl

12501 ET-1728 |

Nokia Siemens
Networks N

\
For internal use only \\‘“\uun-» ‘.,,‘\\\\\\\\\\\\\\\\
o
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8. SXC T Manager

For internal use only

= 1 =
i !.:.-‘; Cross-connections ¥iew

CIn Ok B | Tvpe | Ti6 | Creation Date & Time

| state | Conmection:

95-1 29-1 31 BI SIGM 2009-058-17 13:59:15

a0-1 g9-5 75-21 g IIMI

Add Point-to-Multi Point Cross-connection

Connection Point ____
e |

ET: a0

Tirne Slots: I'IEt“J g

Time Slos

FIEFEFErEF MEEEEE

SR 20 2 2 e 5 0 1

Help

Remove. | |

 Disction
Iuriiprestion

17 © Nokia Siemens Networks /
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3. SXC T Manager

% SXC T Manager - [SXC_T-10.8.189.175]
@Manage Edit Configure Alarms  Wiews Options Testing MMLCommandFile Window Help

e el ol O e e e e L
EQUIFMENT VIEW CONNECTION VIEW
[szeT] [szxeT]
{ic] [ich
01 [153-01 ET 64— H
Hiz5-01 ET:128. ] 12501 ET.128. . H
Hiz5-37 ET:132 .| [125-37 ET:132. . H
H091-37  ET 256 ] [091-37  ET.256 H
Hoze—01 __ ET 3z0_] [0z9-01 __ ET 320 H
Hooi-01  ET amd | [ooi-0i  ET.a@4 H
{1E] (e}
Hi153-37  ET 448 ]
Hizc01  ET:512..] [1zt_or _ ET.512 . H ETw iot I e
_|125_3_? BT c7n I |125_3? ET 76 I_ : ET: 4ce. Belete Transparent Grass-ronmeckion
Hog1—01 __ ET.640_] [081-01 __ ET:.640. _H Add Trunkline Protection
Hosi-37 BT 704 ] [031-37 _ ET.704 _H ETe_dceloi IR
Ho63-01 _ ET 766 ] [063-01 __ ET.768 H ETs 459 Functional Modes...
Ho63-37 __ ET.8%. ] [063-37 __ ET. 896 H ETe 460 it weah
Hn29-37 __ ET 960 [029-37 _ ET.9&0 H ETH 461 Delete Test Gonnzction
ET 8 462 cConnecton Detals
Ler=s =2 1 [erma aca )
Nokia Siemens
Networks
For internal use only g
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8. SXC T Manager

B8 5XC T Manager - [ET Status View]
"] Manage Edit Cnnl"i_gure flarms  Views Options Testing  MMLCommandFile: Window  Help

o] el | [ [l g

ET Furickional Tvpe. ..
DaThA W
DaTA WO ET Status Change x|
DATA W ; i
DATA W G :
DATA WO I, |54
DATA Wi —ET Statez—
DATA Wi "
DATA WO WX
DaTh W .
i TEE

DATA W ) TEEX Cangel
DATA WO " SEOL (s |
DaTa WC y SE-MH Help |
DaTh W - — . -
DATA W

Nokia Siemens

Networks
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8. SXC T Manager

i’:;;;_ﬁ:l:l: T Managet - [Cross-connections Yiew]

ﬂ Manage Edit Configure Alarms  Wiews  Ophions Testing  MMLCommandFile ‘Window Help

2| o[ 8] el (] sl e

Z-In I -t I Bt | f',fpe- | Tl6 I Creation Date & Time. I Stake I Caonneckion Mame | E.]_ EI Test Conneckion I

&4 451 32 EI 2009-09-10 11:24:16 Taru32_LiisaS3s

66 556 32 EI 2009-09-10 11:24:15 Taru34_BT5l1Z6 MON  Test Circuit 403

&7 557 32 EI 2009-0%9-10 11:24:19 Taru3s_BT5126

o3 224 32 EI 2009-09-10 11:24:20 Taru3t_Metta?o4

9 225 32 EI 2009-09-10 11:24:22 Tarua?_Metba7os

a8z 456 a2 EI 2009-09-10 11:24:23 Veerazbe_LisaSz0

a4 Se2 32 EI 2009-10-01 13:56:24 Veerazos_BTaU111

g5 515 32 El 2009-0%-10 11:24:26 VeeraZt9_BTSF104

o4 450 32 EI 2009-09-18 11:33:02 Helga3z_Liisa53z2

100 452 a2 EI Z2009-09-15" 12:42:22 Huldazsa_LiisaS3a

102 563 32 EI 2009-09-24 11:15:15 HULDAZSE_BTSUS4 MON  Test Circuit 394
Nokia Siemens
Networks
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"MASTERFB”, a backup of current system state
"DATAFB” taken every Friday 23:00 automatically
Manual backup eg. "201009” taken every other month

/% PARLMETERS:

LISTING PARAMETER:
LISTING FORHM:

w

ICL::

SEC DEZZ0-LAB £2002-10-21 13:53:385

I CHND CFILE QUE TUSER DATE TIME NEER FMEE. FTYFE ALARM
= DATAFE BLC SY3TEM &2005-10-06 15:00 1 Z WEEE =

2 = DATAFE BLC SY3TEM &2005-10-02 Z3:00 FOREVW Z WEEE =

Nokia Siemens
Networks
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Manufacturer device documentation (.pdf)
Quick reference guide & slides by trainee (.pdf)
Cross connections (.xIs)

Backup documentation

Nokia Siemens
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