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NDKIA About this document

1 About this document

Thisdocumenintroduces Nokia UltraSite Solution for GSM networlks ard gives
an overview of theissuesto be considerd when introducirg Nokia UltraSite into
the network.

The document introduces

. Nokia UltraSite Solution and its building blocks

. network planning

. network implementation

. operation and maintenance
. Nokia Services.

The documemndescribe the GSM netwok evolution to new servicesviaEDGE
(Enhanced Data Rates for Global Evolution) and WCDMA (Wideband Code
Division Multiple Acces3 technologiesThefocusison the GSM sites therefore
the deploymenmof stand-alos Nokia UltraSitt WCDMA Base Statim sitesisnot
covered in this document.

Detailed information about the Nokia UltraSite elements and management tools
can be found in the appropriate network element documentation.
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2 Nokia UltraSite Solution

This chapter deals with the Nokia UltraSite Solution and its building blocks.

2.1 Network applications

Nokia UltraSite is a complete macrocellular solution for digital mobile (GSM,
EDGE and WCDMA) networks. It provides the operators with the needed high
traffic and transmission capacity along with wide cell ranges.

Thesolutionwill also play an essentibrolein future multimedianetworks Nokia
UltraSite utilizes the latest development in the data communications along with
the traditional voice services. ReferMokia UltraSite Solution Description

2.1.1 Macrocellular network

Requirements for high traffic capacity in cities and wide coverage in rural areas
sd challengsfor macrocellulanetworks NokiaUltraSite providesasolution for
these challenges.

Nokia UltraSite offers an extremey wide cel range dueto its high outpu power
and receiver sensitivity. This helps to create coverage fast when building the
network which enable quick revenwe flow for the operatorin rurd areawhere
the traffic is light the number of sites can be kept lower.

When awide frequeng bard isavailable the capaciy of the existing macio sites

can be increased by installing Nokia UltraSite elements. Nokia UltraSite Base
Statin (BTS) accommodatgagred numbe of Transceives(TRXS) per cabinet,

and per site. Due to its compact size it is easy to install in the existing sites.

Sometimes, dense urban areas may already be covered fully by the existing
macrolayer, and the spetrum allocated may be fully exploited (i.e. all the
frequencis are usda to the best) Then further capaciy increag can be achieved
with Nokia UltraSite by:

. dual band roll-out

. Nokia Soft Capacity features.

DN99556414 © Nokia Networks Oy 7 (70)
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Dud bard configuratiors can be built eithe in single or multiple Nokia UltraSite
GSM BTS cabinets. Integrated dual band duplex units allow the usage of
common antenna feeders and antennas.

2.1.2 Multilayer GSM network

The capaciy of aGSM netwok can be increase by dividing it into overlapping
macro-, micro- and even picolayers. Nokia UltraSite is the solution for the
macrolaye operationwherea Nokia MetroSiie Solution and Nokia InSite BTS
are designed for the reduced-cell-size layers.

Nokia’s solutions for these different network layers are fully compatible so that
they form one functional network. This network can use a common Network
ManagemenSysten (NMS) and Base Statian Controlless (BSCs) The versatile

and high-capacy transmissia of Nokia UltraSite offersan acces solution to the
microlayer. No separate access transmission network needs to be built for
different network layers.

2.1.3 Multimedia network

Nokia UltraSite provides aplatform for the voice and data services of the future
multimedia networks. Nokia UltraSite supports the existing voice services, and
the new High Speea Circuit Switchad Data (HSCSD ard GeneraPacké Radio
Service (GPRS) data services.

The HSCSD offers higher data rates particularly for applications requiring
constandataspeedsud asvideo conferencingremoeLAN accesand wireless
imaging. With the GPRS, GSM networks will work seamlessly within Internet
networks. In addition, data transmission capability will receive a massive boost
with speeds in excess of 100 kbit/s.

The EDGE standard will increase the data rates even higher with EGPRS and
ECSD servicesAsthe modulation schene will changeSW and HW updates are
required anyway in the existing networks. Nokia UltraSite supports EDGE
services and even upgrading the network services further on.

Nokia UltraSite will allow site upgrades by supporting integration of WCDMA
carriesinto Nokia UltraSite cabinetsFurthermorefor even highe capaciy the
site can be furnished with dedicated Nokia UltraSite WCDMA BTS.

The transmission capacity requirements will be much higher with the new
servicesNokiaUltraSite hasintegratel transmissia capaciy for all theforeseen
needs.
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2.2 Solution architecture

Many operators have invested a lot in their macrocellular GSM networks and
continuousy expard them for capaciy reasonsAlso, changsat sitesare needed

as the existing older equipment does not always support the latest features
available and thus they need to be upgraded.

Nokia UltraSite is designed to make the macrocellular network expansion and
upgrack feasible Not only has Nokia UltraSite GSM BTS ahigh TRX court per
cabinet but the cabinets on site can also be chained together. Further, flexible
antenna combining stages allow to build various configurations.

The expansion of the Nokia Talk-family sites using Nokia UltraSite has been
mack easy Theupgradabiliy to the future servicesin thewhole netwok hasbeen
taken into consideratia in the solution architectureUpgrade are supportée with
minimum changes in the equipment.

Transmission has been of special importance in product design. Transmission
solution for various netwok layers is seamlessWith Nokia UltraSite’s scalable
high-capaciy accestransmissionthe need of large capaciy networks ard data
services can be fulfilled.

Particula emphass has bean put to ea® the implementabiliy and operability of
the network and to speed up network roll-out.

221 Nokia UltraSite building blocks
Nokia UltraSite consists of the following elements:

. Nokia UltraSite Base Station

. Nokia UltraSite Support

. Nokia UltraSite Antenna Systems

. Nokia FlexiHopper Microwave Radio

. Nokia UltraHopper Microwave Radio.

A shot overview of eat elemeiin the GSM netwokK is given in the following
sectionsDetailed technicdinformation can be found in the appropria¢ network
element documentation.

DN99556414 © Nokia Networks Oy 9 (70)
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Nokia UltraSite GSM Base Station

Figure 1. Nokia UltraSite GSM BTS Outdoor, Indoor and Midi Indoor
cabinets

Nokia UltraSite GSM BTS is used in GSM 900, GSM 1800 and GSM 1900
systemsor as aGSM 900/G3V 1800 Dud Bard Base Station It isoptimised for
macrocellular applications.

Nokia UltraSite GSM BTS Indoor and Outdoor are offered as 1 - 12 TRX
cabinets, or they can be configured to hold up to 6 TRXs and an optional
integrated battery backup system. Up to 40 Ah capacity can be provided, which
means 45 minutes backup time for those 6 TRXs. Additionally, Nokia UltraSite
GSM BTS Midi Indoor, a1 - 6 TRX BTS for indoor installations, is available.

The Nokia UltraSite GSM BTS cabinet accommodates up to 12 TRXs. This
makes Nokia UltraSite GSM BTS an efficient solution for building capacity in
mobile networksinthe area of heay telecommunicatintraffic. Withthe BTS’s
high output power and receiver sensitivity, large coverage can be achieved in
rural areas and when building the network. The output power can be further
increased with an optional booster.
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Site’'s TRX capaciy can beincreasd by chainirg multiple Nokia UltraSite GSM

BTSs. In most configurations, only the synchronization cabling is needed
between the cabinets. Up to 9 Nokia UltraSite GSM BTSs can be chained
togetherWith RF hopping cells split betwee different cabines can usecommon
hopping frequencies. Base-band frequency hopping is not possible between the
chained cabinets, i.e. they must have separate hopping groups. However, base
band hopping with TRXs in a single-cabinet sector is supported.

Nokia UltraSite GSV BTS can be usal asan omn or sectore bas station Asto
the sectoringther are virtually no constraintsin BSC SW releag S1Q the cells
can be split betwea the cabines with the Multi-BCF feature In dud bard case,
any sector can be configured to operate either on 900 MHz or 1800 MHz band.

Nokia UltraSite GSM BTS can be installed in the sane site as Nokia Talk-family
BTSs. These cabinets have a similar physical appearance and compatible
interfaces. They have the same footprints and mounting options. The existing
Nokia Talk-family cells can be expandd horizontally with Nokia UltraSite GSM
BTS using the Multi-BCF feature.

Nokia UltraSite GSM BTS offers a platform for GSM multimedia services.
HSCSD and GPRS CS 1 and 2 services are supported with the initial hardware.

EDGE suppot can easiy beaccomplishd with minimum HW changesOnly the
EDGE TRX RF and Base Band units need to be installed; all the other units
remain as they are. BTS SW release in use must support EDGE functionality.
Basic GSM and EDGE TRXs can co-exist in the same cabinet and cell.

WCDMA carriers can as well be added into Nokia UltraSite GSM BTSs. They
can operate simultaneously with the basic GSM and EDGE TRXs. The use of
WCDMA equipment reduces the maximum number of basic GSM and EDGE
TRXs to 6 in one cabinet.

Nokia UltraSite GSM BTS has 4 slots reserved for the integrated transmission
units The BTS can even be usal as atransmissia hub in the BSS (Base Station
System network The inbuilt transmissia capaciy is adequat for ary foreseen
application.

Thisintegratel transmissia supporsvarioustransmissia medig sud ascopper

wire, optical fibre and microwaves. The signals can be multiplexed using either
PDH (Plesiochronous Digital Hierarchy) or SDH (Synchronous Digital
Hierarchy). Signals can be cross-connected down to 8 kbit/s level in the GSM
BTS. Alternatives for integrated transmission interfaces are:

. T1 balanced

. E1 balanced or unbalanced

DN99556414 © Nokia Networks Oy 11 (70)
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. Flexbus interface. Flexbus is a Nokia proprietary coaxial interface that
offers up to 16 x 2 Mbit/s capacity. It is compatible with Nokia
FlexiHopper Microwave Radio and Nokia MetroHopper Radio and it can
also be used for connecting the BTSs together on the site.

. Opticd STM-1, eithe connectd to Nokia UltraHoppe& Microwave Radio
or optical fibre.

Various antenna combining options are provided:

. 2-way wideband combining
. 4-way wideband combining
. remote tune combining (6:1)
. combining by-pass.

Nokia UltraSite GSM BTS has the same core mechanics in both indoor and
outdoa BTSs Outdoa and indoa cabinesdiffer only by the kits attache to the

core mechanics. Cabinets can be mounted side by side and there is ho need for
bad accessWith theindoa cabinets50 mm of free spaeisrequiral for the air

intake at the back of the cabinet.

Theambien operatirg temperatue range for Nokia UltraSite GSM BTS Outdoor

is -33C (-27.4F) to 50C (122F) and the BTS is IP55 protected. Forced open
air cooling is used in the outdoor cabinet. Therefore, no heat exchangers or air
conditioning units are needed.

BTS SW release PUL.0 offers the basic support for Nokia UltraSite GSM BTS,
while the later releases will introduce many more features, such as:

. 4-way diversity

. RSSI antenna monitoring
. EDGE

. E-cell

. Multi-BCF cell

. Intelligent shutdown

. Adaptive Multi Rate (AMR) coding.

For more detailed information, refer Nokia UltraSite GSM Base Station
Product Overview

12 (70) © Nokia Networks Oy DN99556414
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Figure 2. Nokia UltraSite Support Outdoor and Indoor cabinets

The Nokia UltraSite Support supplies essential battery backup and space for
customer equipment for all configurations within Nokia UltraSite.

Applicatiors for Nokia UltraSite Suppot vary from integratel battely backuyp in

Nokia UltraSite GSM BTS Indoor and Outdoor to a high-capacity Nokia
UltraSite Support. The integrated battery backup supports up to 18 TRXs and
provides up to 40 Ah backup resources. Nokia UltraSite Support supports up to
36 TRXs (in GSM BTS) and provides up to 368 Ah backup. The maximum
backup time can be reached by using an additional battery cabinet.

The high power consumption of EDGE and WCDMA are taken into account by
arranging enough expansion capability for handling electricity shortages.

Nokia UltraSite Suppot cabine isdesigneé for complian@ with Nokia UltraSite
BTS.

The NokiaPowe Systen Managemet(PSM) featue enablsthe remot control
and supervisiom of Nokia UltraSite Suppot viathe Nokia Netwolk Management

Systen (NMS), by using a Q1 interface Locally, this contrd can be dorewith a
dedicated element manager.

© Nokia Networks Oy 13 (70)
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The primary aim of the Nokia PSM is to provide network operators with more
accurag information abou the powe systen statusand the possibility to control

the system remotely, and maximize the electrical efficiency of the batteries and
charging system. Implementation of the Nokia PSM will therefore reduce the
number of service visits to the site.

The constanpowe (1300W) rectifier unitsgenerag the float chargirg voltageto
batteries and the DC power supply to the BTS and customer equipment. The
nomind outpu voltage (54 VDC at 25°C/77°F) of therectifier is programmable
and temperatue compensatedt ispossibéto replae arectifier unit to the Nokia
UltraSite Support without disrupting the DC power to the BTS.

In Nokia UltraSite Support there is space reserved for customer equipment (e.g.
Line Terminal Equipment) ranging from 6U to 18U. The space reserved for
customer’s equipment is protected against environmental detriment. Also, the
temperature of this space can be actively controlled.

Installation of customer equipment in Nokia UltraSite Support is easy. There is
no need for additional racks or external cabling for customer equipment. The
integratel constructim of Nokia UltraSite Suppot fulfil sall the requiremerg of
customer equipment - from power supply to monitoring and controlling via the
Q1 bus.

Nokia UltraSite Suppot hasthe sane core mechanisin both indoar and outdoor
cabinetsThe cabines differ only by the kits attachel to the core mechanicsThe
high volume-to-power ratio combined with the small footprint allows more
possibilities for the site utilization.

For more information, refeotNokia UltraSite Support Product Overview

2213 Antenna systems

Nokia Antenna Systems for GSM network have been designed to meet the
demandfor compat size robug constructionstrictly definad radiation patterns

and aestethic appearance. The number of components in the whole solution has
been minimized.

The usage of cross-polarized and dual band antennas as well as diplexers
minimize the visud impad which has becone anisswe in mary countries There

are also additional benefits of keeping into a selected portfolio: faster planning
and roll out.

An important element in Nokia UltraSite Antenna System is the new Nokia
Masthed Amplifier (MHA) whichisspecialyy designe for NokiaUltraSite The

MHA improves the sensitivity of the whole system by improving the BTS’s
receive sensitiviyy aswell as by filtering out interferenceThus it improvesthe
overall network operation and reduces annoying call drop-outs. All this leads to
an increased transmission quality and subscriber satisfaction, ultimately leading
to increased revenues for the operators.

14 (70) © Nokia Networks Oy DN99556414
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In addition to the antenna ard the MHAS, the following componerd are patt of
Nokia UltraSite Antenna System:

. feeder cables

. clamps

. feeder connectors

. jumper cables

. grounding kits

. EMP protectors

. diplexers (optional).

The RF feede can be of different sizes (1/2", 7/8", ard 15/8"), dependig on the
length of the mast and the desired attenuation.

The cabk clamps are macke of stainles ste¢ and they are eay and fad to install.
All connectors are IP68 classified.

The jumper cable is a flexible low-loss cable (1/2") which is used at the ends of
the feeder. It protects the connectors from the forces caused by the feeder cable.

Thegroundirg kit ensursthat the antenmlineis DC groundel agains lightning.

The EMP protection protect the BTS agains lightning and overvoltag coming
down the antenna line.

For more information, refentNokia UltraSite Antenna System Product
Overview

© Nokia Networks Oy 15 (70)
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2214 Nokia FlexiHopper Microwave Radio

Figure 3. Nokia FlexiHopper Microwave Radio

Nokia FlexiHopper Microwave Radio is available for 13, 15, 18, 23, 26 and 38
GHz frequeng bands The radio ard itsindoar unit are connectd togethe with

a Flexbus. The Flexbus is a single coaxial cable which carries all the signals
between the indoor unit and the radio. It also carries the power to the radio. The
distance between the indoor unit and the radio can be up to 300 meters.

NokiaFlexiHoppe Microwave Radib suppors PlesiochronosDigital Hierarchy
(PDH) capacities of 2x 2,4 x 2,8 x 2 and 16 x 2 Mbit/s. The used capacity can
be defined locally at the site using an element manager, or remotely from the
NMS. Capacity changes do not require any hardware changes.

Nokia FlexiHopper Microwave Radio has several indoor unit options:

. FXCRRI indoar unitisfully integratel with NokiaUItraSite GSM BTS. It
provides Flexbus connections for two radios and full cross-connection,
loop protection and grooming capability.

. FIU 19 is a compact 19” indoor unit providing connections for up to four
radios depending on the configuration, flexible capacity expansion
possibilities, and various site configuration possibilities.

Nokia FlexiHopper Microwave Radio can be managed locally with

. Nokia Hopper Manager (with FIU 19)

. Nokia UltraSite BTS Manager (with FXC RRI)

or remotely from the Nokia NMS.

16 (70) © Nokia Networks Oy DN99556414
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For more detailed information please refeNbkia FlexiHopper Microwave
Radio Product Overview

2.2.15 Nokia UltraHopper Microwave Radio
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Figure 4. Nokia UltraHopper Microwave Radio

NokiaUltraHoppe Microwave Radb isahigh-capacitymedium-hatradia. Itis
available for the 18, 23, and 26 GHz frequency bands. The radio transmission
capacity of Nokia UltraHopper is STM-1 (155.52 Mbit/s). 63 x 2 Mbit/s signals
can be carried within the STM-1.

Nokia UltraHopper is a stand-alone radio with a standard optical STM-1
interface Theradio can beinstalled on roof, wall, or mast Nokia UltraHoppe is
connectd to othe units by an opticd cabk (with two fibres) and apowe cable.
The power cable can be up to 300 m long.

At Nokia UltraSite, Nokia UltraHopper is connected to the FXC STM-1
transmission unit. FXC STM-1 and FXC Bridge are always used together, and
they take one trasmission unit slot each. They contain the following functions:

. FXC STM-1: two standard optical STM-1 interfaces and power
connections, SDH level cross-connection functionality, support for two
Nokia UltraHopper radios

. FXC Bridge: SDH layer termination, cross-connection on 8 kbit/s level

Nokia UltraHopper can be managed locally with

© Nokia Networks Oy 17 (70)
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. Nokia UltraHopper Manager

. Nokia UltraSite BTS Manager (when used with FXC STM-1 and FXC
Bridge in Nokia UltraSite)

or remotely with the Nokia NMS.

For more information, please referNokia UltraHopper Microwave Radio
Product Overview

2.2.1.6 Local management and Nokia SiteWizard

18 (70)

Figure 5. Commissioning wizard pages

Nokia UltraSite BTS Manager is used for managing locally Nokia UltraSite
equipment including the GSM BTS with its integrated transmission equipment
and Nokia FlexiHopper and UltraHopper microwave radios as well as the site
support system.

© Nokia Networks Oy DN99556414
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Nokia SiteWizard is a tool that supports all phases of installation and
commissioningSite information and parametes are loaded from the NMS/2000

to the PC containirg Nokia SiteWizard This site information can be used during
installation to determine equipment needed and procedures to be followed. The
commissioning wizard (see figure above) eases the process of the BTS and
transmission commissioning. During commissioning, the site parameters are
automatically read by Nokia SiteWizard.

Usually, the equipment on the site is managed using a network management
systen like NMS/200Q However Nokia UltraSite BTS Manage acs asamaster
if it is activated.

Nokia UltraSite local management applications have a graphical user interface
and run in Windows NT4.0 or Windows95 environment.

2.2.2 Network Management System

Nokia UltraSite Solution can be fully managed with the NMS/2000 network
management system. The NMS/2000 offers centralized management for the
whole cellular network. NMS SW release T12 is required for Nokia UltraSite
GSM support.

The NMS/2000 offers integrated management for Nokia UltraSite Solution as
well as the whole GSM network including both cellular and transmission
sectionsThe NokiaUltraSite cellular transmissia solutiors built with both SDH

and PDH equipment using wire line, optical fibre or microwaves as the
transmissia media can be managd with the NMS/200Q It has full management
functionality including configuration, fault and performance management. The
NMS/20@ uses the NMS/10 as the node manage serve for transmissia nodes.

The NMS/2000 supports many features and related products that will bring the
beg out of the network NokiaNetwolk DataWarehous (NDW) collects stores,
manage and presentlong-tem performancealam and configuration datafrom

the NMS database. Nokia Configuration Data Warehouse (CDW) supports
netwok planning deploymemnand operationslt controsthe netwok parameters

and manages the data and work process for introducing parameter changes and
netwok expansionsCDW perfornms automatt and periodicd netwok audits to

find inappropriate parameter values in the network which enables effective
supervision of the configuration changes in the network. Optimal parameter
settings ensure good service quality and effective system performance. The
ability to manage individual parameter settings enables detailed cell tuning and
optimum exploitation of network features.

Theautoconfiguratia capabiliy helps operatos to minimize both time ard costs
spent on commissioning and network integration. The NMS/2000 supports
autoconfiguration by documenting the elements and their configurations,
topology, and the transmission connections into the NMS/2000 database.

DN99556414 © Nokia Networks Oy 19 (70)
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NMS/20@ SW releag T12 will offer the bast suppot for Nokia UltraSite GSM
solution. With NMS/2000 SW release T13, many new features (such as RSSI
antenna monitoring and Multi-BCF) become available.

Base Station Controller

The bast suppot for Nokia UltraSite GSM solution will becone availabk with
BSC SW release S9. With S9 the operator can start to introduce the Nokia
UltraSite into the network.

With S10 a more complete support will become available in the form of EDGE
suppot and multiple new features sud as horizontd expansia by splitting cells
betwea severacabinetsAlso features like Adaptive Multi Raie (AMR) speech
coding and Single BCCH for Dual Band Cells will become available for
enhancing the capacity of the GSM networks.

The Nokia BSC supports co-siting of Nokia Talk-family and Nokia UltraSite
GSM BTSs so tha the equipmenis sea by the reg of the netwok as consisting
of separate entities. Also, alarms are managed separately.

The Nokia UltraSite BSC transmissia solution includes both the SDH and PDH
transmissionDynamic Abis (in BSS1Q will beavery importart featuein future
EDGE networlks for optimising the usage of Abis capacity The dynamic of the
Abis interface will reduce the capacity requirement greatly from that of
permanent time-slot allocations for each EDGE TRX.

The new Nokia Large Capacity BSC’s enhanced capacity is targeted for future
networks in which increasingly more capacity is needed in the form of larger
macrocellular sites and dense microcellular layers. There it will be a natural
companion for Nokia UltraSite Solution.

© Nokia Networks Oy DN99556414
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3 Nokia UltraSite GSM applications

This chapter provides information on Nokia UltraSite transmission at both
network and site levels. Also, examples are given on various site configuration
packages called Nokia UltraSite Pack. Nokia UltraSite Pack includes all the
elements required to integrate the site into a network with minimum effort and
maximum ensurance.

Finally, issues concerniig the site and netwok evolution patrs wil | be discussed.

3.1 Transmission

Cellular communications are evolving towards higher capacity demands. The
operatorsfuture capaciy need have been taken into accoumnin the development

of the Nokia UltraSite elements. Nokia UltraSite Solution includes highly
integrated high-capacity (SDH) and low-capacity (PDH) transmission. Every
Nokia UltraSite GSM BTS can act as a powerful transmission hub.

Transmission is an integral part of the Nokia network planning and network
managemetrtools and servicesimplementatio of the transmissia netwok has
been made easy by the automatic configuration (end-to-end) feature.

3.1.1 Transmission technologies
Cellular Access networks have so far mainly been implemented using the PDH
technology. This is now changing as the capacity demands are growing due to
increased traffic and new services. The high-capacity solution will be SDH in

many cellular access networks and also in the core network (e.g. BSC-MSC).

SDH transmission supports the following bit rates in general:

. STM-1
. STM-4
.  STM-16.
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Even higher bit rates can be achieved by Wavelength Division Multiplexing
(WDM) which isused to carty multiple SDH signakinside asingle opticd fibre.

STM-1 capaciy isvely suitabk for BTS acces networks The Ater traffic from

the BSC to the MSC (Mobile Switching Center) or the traffic from co-located
BSCs to the BTSs require often more than one STM-1 connection. There, STM-
4 or STM-16 is the most feasible solution.

MSC BSC
BTS
STM-16
STM-4
STM-1
PDH

Figure 6. Transmission hierarchies

The lower-rate PDH transmission is based on the E1 (ETSI) and T1 (ANSI)
standards. The capacity of E1 is 2 Mbit/s and the capacity of T1 is 1.5 Mbit/s.
STM-1 can carly 63 x 2 Mbit/s which is approximate} half of the NokiaBSC's
capacity.

In addition to the standard solutions, Nokia has implemented an optimal
transmissia solution for transmissia betwea the microwaweindoa unit and the
PDH radio. This solution is called Flexbus. The Flexbus is a Nokia proprietary
bus. It carries 16 x 2 Mbit/s in both directions, and power for the radio in one
coaxial cable. The Flexbus is also ideal to connect together BTS cabinets and
transmission nodes on a site. The cable length can be up to 300 meters.

3.1.2 Network topologies

Nokia UltraSite GSM BTS supports all topologies directly without a need for
separate transmission nodes. High and low transmission capacity, microwave
links, leased wire lines and fibres may be used simultaneously in the BTS.

22 (70) © Nokia Networks Oy DN99556414
Issue 3en



NDKIA Nokia UltraSite GSM applications

Figure 7. Nokia UltraSite loop topology example

The network topology is chosen mainly based on transmission media and
availability requirements. The preferred solution for reliable transmission is the
loop topology. When compared to a chain topology, the loop provides excellent
protectian againg microwawelink fading and equipmenmfailures Loop protection
improves availability normally by 10 - 1000 times compared to a single
connection.

Nokia UltraSite GSM BTS is a powerful transmission hub node. For instance,
there can be 8 microwave connections in a single-cabinet Nokia UltraSite GSM
BTS and 20 in a 3-cabinet site. The transmission can be directly connected to
NokiaMetroSie GSM BTSviaNokiaMetroHoppe Radib or NokiaFlexiHopper
Microwave Radia Groomirg at the BTSfurther optimizestransmissia capacity.

To optimize costs, tail sites can be implemented using FC E1/T1 transmission
units However it isrecommendeto use FXC unitsto enabé flexible expansion

of sitesard direction of transmissia to further sites The FC E1/T1 shoutl not be
used in the BSC direction as it will not support enough capacity for a 12 TRX
BTS when EDGE is introduced.
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Figure 8. Nokia UltraSite transmission site examples

3.1.3 Transmission site solutions

At BSS level, there can be three types of transmission sites: BTS site, BSC site
and stand-alone hub site. Nokia UltraSite offers solutions for all these sites.

At the BSC ard stand-aloe hub sites Nokia UltraHub can beused Thishubisa
scalable high-capacity transmission node specially designed for cellular
transmission.

3.1.3.1 UltraSite GSM BTS transmission

Every Nokia UltraSite GSM BTS cabinet contains 4 slots that are reserved for
integrated transmission units. Each cabinet can provide add-drop capacity for
othe sites Theintegratel transmissia is capabé of groomirg traffic and acting

as aPDH loop master Cross-connecticare done down to 8k granulariy which
provides the means of efficent usage of transmission capacity.
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Using Nokia MetroHopper Radio or Nokia FlexiHopper Microwave Radio you
get up to 8 Flexbus connections from one BTS cabinet without any external
equipment. The corresponding number of E1/T1 interfaces is 16.

to BSC\ Flexbus
/_\ Up to 20
radio
connections
Add-drop
capacity
16x2M
Cabinetx Cabinety Cabinetz
to BSC
\@ STM-1 @
Add-drop
capacity
63x2M
Cabinet x Cabinety Cabinetz

Figure 9. BTS transmission interconnections with Flexbus and STM-1

The STM-1 interface unit includes two STM-1 interfaces and it consumes two
slots (FXC STM-1 + FXC Bridge units). The unit can be usal asan interfacto a
fiber optic netwoik or asan indoa unit for NokiaUltraHoppe Microwave Radio.

The number of connections can be increased when new cabinets are installed.
However, the cabinets must be interconnected. The preferred solution when
interconnecting cabinets is Flexbus. Connecting two cabinets requires one
Flexbus interface in each cabinet. Multiple cabinets are connected as star to the
first cabinet (see figure above).
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The Flexbus is used to interconnect the cabinets when a total add-drop capacity
of 16 x 2 Mbit/s is sufficent. When more capacity is needed, the STM-1
transmission can be chained through multiple cabinets giving 21 x 2 Mbit/s add-
drop capacity per cabinet. The STM-1 interface leaves space for 2 transmission
units per cabinet. A 3-cabinet BTS with an STM-1 interface in each cabinet
provides a total add-drop capacity of 63 x 2 Mbit/s.

When E1 or T1 (lease wireline) interfaces are used it isrecommendethat the
connectiostowardsthe BSC are all connectd to the sane cabinet Thisenables
the grooming benefit for interconnected cabinets.

A co-locatel Nokia Talk-family BTS can be connectd to Nokia UltraSite GSM
BTS using the integrated E1/T1 interface or Flexbus.

During the upgrack phaseNokia Talk-family transmissia interface towards the

BSC can be usal to provide Abisfor Nokia UltraSite GSV BTS. This, however,
limits the capacity and expandability of the BTS. Therefore, it is recommended
that the external transmission interface is connected via Nokia UltraSite GSM
BTS.

3.1.3.2 BSC transmission

The NokiaUltraHub solution for BSC includesboth SDH and PDH transmission.

The main functions of the BSC transmission are to adapt the BSC ET interfaces
tothetransmissia usal intheBTSaccesnetwok andto groomtrafficif needed.

The BSC transmission also includes the BSC-MSC connection (Ater).

The BSC concentrates the traffic from the BTS towards the MSC. The
concentration ratio is around 4:1 depending on the planning parameters. Still,
when connecting several BSCs towards the MSC, the capacity demand may
exceed STM-1 for which reason higher rates like STM-4 and STM-16 are
feasible.

The transmission at the BSC site can be divided into three main categories:

. SDH
. E1/T1 (leased wire lines)
. microwave radios.

In NokiaUltraSite SDH solution alarge numbe of BT Ssarenormally connected
tothe BSC viaan STM-1 interfaee which mears tha the SDH node mug bevery
reliable. It is advisable to divide the BTSs under one BSC into 2 or 3 STM-1
loops. This ensures a secure growth path towards EDGE and WCDMA.
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Leased wire lines can either be connected to the BSC directly or via a cross-
connection node. A cross-connection is needed if the time-slot utilization in the
E1/T1 interfaces is low and the BSC is running out of E1/T1 interfaces. Nokia
MetroHub or the DN2 can be used for the grooming function. Nokia
MetroHopper Radio, Nokia FlexiHopper Microwave Radio and Nokia
UltraHoppe Microwave Radi can be connectd to the BSC using the FIU19 unit

or Nokia MetroHub. These solutions provide max. 16 x 2 Mbit/s per unit. The
distane (cabk length) from the indoar unit to the radio can be up to 300 meters.

<+— STM-1 fiber

BSC Nokia )
UltraHub «—» STM-4 fiber
STM-1 —> STM'lG ﬁber
= | Router <«—» UltraHopper radio link
< [Fiuie _ o
N [FULe <«——» FlexiHopper radio link
:! <+«— DynaHopper radio link
<«——» Leased wire line
— 1 SDH node )
— <+«—— NMS connection

Figure 10. BSC transmission solution

3.1.3.3 Stand-alone transmission sites

Sometimesditisfeasibeto build aseparathub site Thiswould bethe cagwhere
the optimal hub position would not fit a BTS or the transmission functionality
would require special equipment. The BSC is one case of a transmission hub.
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BSC|Hub STM-1 STM-1 Hub STM-4
STM-16
Hub \
Hub

K ~

Figure 11. Usage of separate Hub nodes

NokiaUltraSite Solution includestwo main alternativestheindoa high-capacity
Nokia UltraHub and the outdoor/wal mountel Nokia MetroHuh Refa to Nokia
MetroHub Transmission Node Product Overview

Nokia UltraHub is a high-capacity transmission node based on a standard ETSI
type of rack. The functionality is the same as in the BSC case (see figure 9).

NokiaMetroHub is asmal powerfu stand-aloer elemenwhich can be equipped
with up to 5 transmission units which are the same as those in Nokia UltraSite
GSM BTS.

3.14 Cross-connections

Different transmissia nodes suppot different cross-connectiogranularitiesand
connectim typesin GSM transmissia networks The cross-connectigare non-
blocking which means that a constant bit rate is ensured. The BTS access
networks normally use 16 kbit/s for signalling and traffic. To be able to fill
higher-level transmission pipes, the nodes must be able to make cross-
connections on the 16 kbit/s level.

The Nokia UltraSite transmission range varies from STM-16 down to 8 kbit/s.
Also, the Nokia UltraSite is capable of handling the most important cross-
connection granularities of:
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. 8 kbit/s, needed when grooming Abis traffic

. 64 kbit/s or "time slot" level. 1 GSM TRX requires 2 TS for the payload
and 1/4 - 1 TS for signalling

. 2 Mbit/s, corresponding to the E1 interface

. 1.5 Mbit/s, corresponding to the T1 interface

. VC-12, virtual container inside VC-4. Capacity is 2 Mbit/s

. VC-4, virtual container inside STM-1. Capacity is 63 x VC-12.

The figure below shows the cross-connection capabilities of each node.

UltraSite BTS or
MetroHub

FXC RRI

FXC E1/T1

FXC Bridge

FXC STM-1 X __X 1]

FIU19

< P<

Bl

VC4
VC3
VC2
VC12
2M
1.5M
64k
8k

Figure 12. Cross-connection capabilities

3.1.5 Protection

To achiew high availability of critical BTSsand transmissia hubs transmission
must be protected. There are several complementary ways of protecting
transmission against, e.g. cable cuts, fading in radio link or faults in the
equipment.

Equipment protection

Equipment protection is used to ensure transmission regardless of faults in the
equipment. This means that redundancy is built at the equipment level.
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TheHot Standly (HSB) equipmemnprotectian for NokiaFlexiHoppe Microwave
Radio can be implemented with either one (FIU19, FXC RRI) or two (FIU19
only) indoor units. Also, Nokia UltraHopper Microwave Radio supports HSB.

Protectia of an FXC STM-1 unit can be implementd by installing aredundant
FXC STM-1 unit. Inthe cas of afault in the operatiry unit or aforced switch by

the management function, the redundant, protecting unit becomes the primary
unit. This changeover is non-reverting.

Path protection

In path protection, diverse paths for the traffic are configured to protect traffic
against faults:

. 1+1 pat protection thetraffic issen in two paths simultaneouslyard the
protection switching is done entirely at the receiving end.

. 1:1 path protection: the redundant path does not normally carry traffic.
Only in the case of a fault, the diverse path is used.

. 1:N pat protection the sane as the 1:1 pah protectian but the redundant
path is shared by a number of operating paths.

The SDH multiplexing structueenablesefficient pah protection schemesSingle
multiplexe sectiorsaswell asVC paths over severdmultiplexa sectiors can be
protected independently. The multiplexer sections may contain several
regenerator sections.

The FXC STM-1 units configured as Add/Drop Multiplexer (ADM) are capable
of VC-12 level SNC/I (inherently monitored sub-network connection) 1+1
protection. In multiplexer section protection the FXC STM-1 uses the single-
ended switching mode where both directions of transmission operate
independently.

Loop protection

For connectim protectian to be efficient, diverse routes for the paths are needed.
Loop or ring netwok structure are the mog appropriag for this purposeLoops
are a very efficient way to protect against failures in transmission path and
equipmentTwo FXC STM-1 units can be usal to interconnettwo loops (in later
release).

SDH equipmemprovides efficient add/drg multiplexes without separat up and
down multiplexing. The ADMs can be used efficiently to provide automatically
protected transmission loops. The FXC STM-1 unit has two STM-1 interfaces
which enables easy loop implementation.

PDH loopswith Nokiaelemens areimplemente by a Nokia proprietay master-
slawe principle Thetransmissia direction intheloop is selectd by using special

pilot bits. The pilot bits can be configured to be used as any bit in the 2 Mbit/s
signal. The loop master sends the pilot bits and thus controls the transmission
direction of the loop.
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Very reliable SDH-PDH loop protectian can be built by connectimg the PDH loop

to two separate SDH nodes. This way the SDH-PDH connection point is
protected and no separate unit protection is needed. This solution requires no
additional hardware at the BTS site, but it requires capability for 64 kbit/s cross-
connection at the BSC site.

3.1.6 Network management interface

The integrated transmission equipment is managed using the Q1 protocol. The
managemetris base on polling, which is dore by the BSC, BTS or adedicated
mediator Eacdh BSC can hawe 14 servie channet (Q1 buses)wherea the BTS
hasonelocd Q1 bus Ead Q1 buscan sene multipletransmissia elementsThe
managemerconnectio to the BSC can be eithea an managemerchannéin the

Abis in the case of BTS polling, or an overhead channel of microwave radio,
STM-1 header or a dedicated time slot in the case of BSC or mediator polling.

For more information, refer to NMS docunmé)l Implementation in Cellular
Transmission Networks

3.1.7 Synchronization

DN99556414
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Thetransmissia networks work properl only when synchronizatia is planned

ard implementé properly. Usually, the master-slag synchronizatioa methal is
used. This synchronization method uses a Primary Reference Clock (PRC) to
which the equipmemclocks are synchronizedin figure 13, the PRC isconnected

to the MSC.

The synchronization functions can be configured using the Nokia NMS or the
Nokia UltraSite BTS Manager. The user sets the available synchronization
references in priority order according to the synchronization plan. The highest-
quality source is used to synchronize the equipment.

Thefollowing source can be se as synchronizatia referencefor the equipment
clock:

. incoming STM-1 signal
. incoming 1.5 or 2 Mbit/s signal of E1/T1 unit interface
. incoming 2 Mbit/s signal of FXC RRI unit's Flexbus interface.

The transmissia unit’s internd frequengy is useal for synchronizatia if thereis
no other reference source available.
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Synchronization status messaging can be used to ensure that the best available
timing source will be used. The messaging can also be used to prevent timing
loops in ring and mesh networks. The status messaging is transferred in the S1
byteinthe STM-N Section Overheador in TS0 of the 2 Mbit/sframe Older SDH

or PDH equipment may not have the synchronization status messaging
implementedin sut casesNokiaUltraSite BTS Manage can be useal to sd the
desired quality status for these signals.

The primaty methal used for synchronizatia of the BSC isto use the extern 2
MHz synchronization output of the SDH node and the external 2 MHz
synchronization input of the BSC. An alternative method is to use the 2 Mbit/s
signal The re-timing function can be usel if the quality of the 2 Mbit/s signd is

too poor for the BSC, however, this function adds delay in the signal.

When building the cellular network, or replacing PDH based networks by SDH
networks case by case, it may happen that parts of SDH transmission network
become isolated from each other. These SDH islands should be synchronized to
one of the 2 Mbits/s signals synchronized to the BSC clock.

BTS

e e
UltraSite
BTS

MSC BSC —{SDPH| STM-lor4

2M | SDH j=——] SDH

UltraSite
BTS

BTS

K 4

Figure 13. BSS synchronization

3.2 Sites

Nokia UltraSite Pad can be defined for all applicationstaking into accounthe
high-capacity demands in dense urban environment, and also rural applications
with low-capacity, large-coverage-area requirements keeping in mind both
indoar ard outdoa installations The modula design of Nokia UltraSite supports
efficient capacity growth.
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In this document, a few typical GSM applications have been picked up and
configurations have been defined for them. They are completely equipped sites
with transmissia ard auxiliary equipmentThe Nokia UltraSite elemensg can be
integrated into other mobile network applications as well.

The sites described in the following sections are given as examples of possible
site configurations.

3.2.1 Road site

s

Figure 14. Road site
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The road site has typically wide coverage and small capacity. The road area is
covered by a 1+1 TRX configuration. Wide coverage is achieved with standard
combiner by-pass configurations. However, coverage can be enhanced with
boosters and 4-way diversity. Both sectors have two X-polarized antennas to
enable the 4-way diversity. Masthead Amplifiers (MHAS) are used for both
sectors. The MHA extends the uplink coverage in a large cell and compensates
for the losses caused by long feeder cables.

Integratel battey backyp allowsthe operato to build acost-efficiert one-cabinet
outdoa solution Typically, the site uses Nokia FlexiHoppe& Microwave Radios
for both transmission directions. As the road sites are built along the road,
transmission is chained.

3.2.2 Rural site

Figure 15. Rural site
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The rural site has very similar requirements as the road site. High output power
means large coverage area and fewer sites in the network. The capacity need is
relatively modest due to sparse rural population and lack of extensive business
usage. The site has a 2+2+2 TRX configuration with by-pass combining. The
number of antennas is reduced by using X-polarized antennas. Masthead
Amplifiersfor ead secto are usal to compensadfor thefeede cabklossesThis
outdoor site has also an integrated battery backup system allowing for the one
cabind solution Withthe Nokialntelligert Coverag Enhancemeir{ICE) feature

the capacity can be expanded while retaining the initial coverage.

Therurd site may bein the margirs of the netwok and therefoeit doesnot have
transit transmission. Being a tail site, it needs only one Nokia FlexiHopper
Microwave Radio for transmission.

3.23 Suburban site

The outdoa solution for the suburba site provides large covera@ areaard high
capacity. A 6+6+6 TRX configuration with RTC (Remote Tune Combiner)
combining (6:1) can be used. Thus, only one X-polarized antenna is needed for
each sector. Masthead Amplifiers are used to compensate for the feeder cable
lossesWithintegratel battey backup thissolution can beimplemente with only

two cabinets.

Transmissia in the high-capacig environmemnuses loop topology. The site can
includethree NokiaFlexiHoppe Microwave Radios two for the loop and onefor
a separate branch coming from other sites.

3.24 Urban site

Outdoor rooftop is a common choice for urban site installations. The urban site
offers a flexible evolution path from small configurations to large capacity
configurations. For instance, a 4+4+4 TRX configuration with wide band
combinirg (2:1) can beimplemente with only one cabinet This solution hesone
X-polarized antenna per sector.

Battery backup is located in the Nokia UltraSite Support cabinet which also has
spae for custome equipmentThis battey backyp suppors site extensio up to
12+12+P TRX configurationsThetransmissia of thisloop site usestwo Nokia
FlexiHopper Microwave Radios.

3.25 Dual band urban site
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The urban site may be built indoors and outdoors High traffic capaciy for voice

and data services is achieved by using two bands (GSM 900/GSM 1800). The
8+8+8 / 4+4+4 TRX dual band configurations with wide band combining (4:1,
2:1) ensure maximum hopping flexibility. Three cabinets are used for this
configuration.
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Integrated dual band duplex units in the BTS allow for the usage of common
antenna feeder cables for both frequency bands. One dual band XX-polarized
antenmwithintegratel diplexesis useal per sector The battely backip islocated

in Nokia UltraSite Support.

Asthe BTS'stransmissia capaciy ishigh, it can be used asahub siteaswell. In

this case, it is connected to an optical SDH loop with FXC STM-1. Two Nokia
FlexiHopper Microwave Radios are used for other BTSs’ transmission. The
usage of SDH provides high transmission capacity for future needs of data
transmission.

3.2.6 Talk-family/UltraSite urban site

36 (70)

Figure 16. Talk-family/UltraSite urban site

Nokia UltraSite can be usal to provide capaciy expansio or EDGE upgrack for
existing indoor Nokia Talk-family sites.
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In this casg aNokia Intratak 4+4+4 TRX configuration with RTC combinesis
expanded by a Nokia Ultrasite 2+2+2 TRX configuration with wide band
combining (2:1). The site is connected to a transmission loop with two Nokia
FlexiHopper Microwave Radios.

Battery backup is supplied by the existing site support cabinet, to which more
rectifiers and batteries are added Existing antenna can also be usel for the new
TRXs. The already installed facilities make the network expansion feasible and
cost effective.

3.3 Site evolution

Network capaciy often needto beincreasd and new serviceintroducel in the
network. Nokia UltraSite provides solutions for these cases. In the sections
below, GSM evolution is discussed at BTS site level.

3.3.1 Expanding existing macrocellular site

Often macrocellulanetworks neal to be continuousy expandd due to capacity
reasons. Nokia UltraSite is designed to make this macrocellular network
expansion feasible.

Easy cabinet installation

The Nokia UltraSite cabinets fit into corresponding Talk-family BTSs’
footprints. So the floor space reserved for Talk-family BTS expansion cabinets
can be utilized by Nokia UltraSite as such. The Nokia UltraSite cabinets can be
installed side by side. There is no need for back access.

Flexible site support

Nokia UltraSite GSM BTS can use Nokia Talk-family site support system. The
existing Talk-family site support cabinet may need to be upgraded if the battery
backup time is not sufficient for the new site or if the rectifiers cannot feed the
required current for the larger configuration. Also the power feeders and fuses
have to be checked.

Also, Nokia UltraSite Support is compatible with Nokia Talk-family BTSs.
Nokia UltraSite Support provides higher capacity and longer backup times.
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Synchronization

Nokia UltraSite GSM BTSs can be synchronized to the existing Nokia Talk-
family BTSsby acabk connectim (seefigure below). Synchronizatia allowsto
fully beneft of large configurationsit makes horizontd extensim of the sectors
possible. The Nokia Talk-family and UltraSite TRXs can be configured to a
common cell. Only one BCCH transmission channel is needed per sector. RF
hopping between the sectors with the same frequency lists can be used in
synchronized BTSs, and synchronized handovers will become possible.

Talk-family UltraSite GSM|BTS
4+4+4 4+4+4
Synchronization
BTS-1
BTS-2
BTS-3

BSC O&M
Abis interface
O&M
Figure 17. Nokia Talk-family/UltraSite GSM BTS synchronization
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The maximum distane betwea all synchronizd BTSsis 100 meters The Nokia
Talk-family BTSactasthe masterwhen it and NokiaUltraSite GSM BTS(9 are
synchronizdtogetherSynchronizatiarequires aBCFx (Bas Contrd Function)
unit update in the Nokia Talk-family BTS.

Common alarm management

Both UltraSite and Talk-family equipment are seen as separate entities by the
NMS. The alarms are managed independently.

External alarms and controls are compatible. The mains alarm from Nokia Talk-
family site suppot equipmemcan be connectd to Nokia UltraSite BTS and vice

versa The mains alam information betwea UltraSite cabinesistransferrd via

the synchronization cable.

High-capacity transmission

Themog economichsolution for siteexpansia isto usethe spae capaciy of the
existing transmission connection. If there is no spare capacity available, the
existing transmissia can be kept as sud and new transmissia connectios can

be built for the expansion. Nokia UltraSite Solution uses highly integrated high-
capacity (SDH) and low-capacity (PDH) transmission and the BTSs can act as
powerful transmission hubs. Therefore the Abis interface of the existing
equipment can be connected to Nokia UltraSite where it can be groomed and
cross-connected with the new transmission. Then all Nokia UltraSite
transmission solutions are available.

Optimized use of existing antenna system

The antenna system can be shared either fully or partially based on the intended
configuration and existing antenna scheme. Sharing the existing antennas and
feedes depend on how they are utilised by the BTS. Utilizin g existing facilities

makes the network expansion feasible and cost effective.

Onre of the easiesway to shae the antennaisto re-organigs Talk-family TRXs

so that the Talk-family BTS provides capacity for 1 - 2 sectors and Nokia
UltraSite GSM BTStakes care of thered of the sectorsinthiscaseif combining

is done separately in each BTS cabinet, no antenna changes are required and no
RF cabling is needed between the BTSs.

Whenthessite expansio isdore horizontally by using the Multi-BCF cel feature,
cellsare split betweea Nokia Talk-family and UltraSite BTSs The existing Talk-
family TRXs do not need to be re-organized but the UltraSite BTS brings more
capacity to the existing cells.

New antennas can be introduced for the UltraSite BTS. The advantage of this is
that the expansion can be built separately without touching the existing
equipmentThismearsthat the expansio can bebrough into usewith practically

no down time at all.
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Sharing the existing antennas and feeders depends on the way the Talk-family
BTSusesthem If they areall used for transmittirg by Talk-family BTSard if no

new antennas can be introduced, then the only way to share the antennas and
feeders is to do external hybrid combining before running the signals to the
feedersThe disadvantagof thisisthe reducel outpu powe cause by the extra
combining.

In cases where the Talk-family BTS uses only some of the antennas for
transmitting, its receiver diversity branch can be used for transmitting by Nokia
UltraSite GSM BTS and the receiver diversity information can be exchanged
between the BTSs using a separate cable set.

Anexampe of aconfiguration of awide-barl combinel 2+2+2 TRX Nokia Talk-
family BTS with 2+2+2 TRX Nokia UltraSite GSM BTS is presented below. In
this configuration there are 2 antenna elements per sector, i.e. duplexing and
diversity are in use. In this case, a set of 12 receiver diversity cables is needed
betwea the cabinetsThe sane appliesto Nokia Talk-family BTSwith al+1+1

TRX diversity configuration.
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UltraSite TX/RX Talk-family TX/RX
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UltraSite BTS Talk-family BTS (with AFE)

TSxx  TRX RF part

WCxx Wide band combiner
DVxx  Dual duplexing unit
M2xA  Multicoupler

Figure 18. Nokia Talk-family/UltraSite macro site RF cabling

As Nokia Talk-family RTC configurations have only one RX output, an
additional splitter is required to exchange the diversity information between the
Talk-family and UltraSite BTSs.

The diversity branch cabling as well as the different gains of the diversity paths
coming from the other cabinet degrade the diversity receiver sensitivity.

If Nokia UltraSite GSM BTS is used to provide dual band capability for an
existing single-band Talk-family site, the difference compared to a pure single-
band case is that only antennas may need to be changed to dual band antennas
with integrated diplexers.
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Using onedud bard cross-polarizd antenma per sectd savesantenminstallation
spaceExisting 900 MHz antennacan be utilized if new 1800 MHz antennacan
beinstalled If adud bard secta is built within the UltraSite BTS, employment

of integrated dual band duplex units in Nokia UltraSite BTS allows to share the
feederslf aNokiaUltraSite GV 1800 BTSisco-sitad with aNokia Talk-family

GSM 900 BTS, externddiplexes haweto be usal inthe BTS erd of the antenna

line in order to minimize the number of antenna feeders.

3.4 Network evolution

Nokia UltraSite provides coverage for the existing voice and data services and
introduces new features for these services. It provides a solid platform towards
future multimedia networks.

3.4.1 Voice and data services

Currently, thevoice servicesdominat the use of GSM networks NokiaUltraSite
supports all voice services. Moreover, the Adaptive Multi Rate (AMR) feature
will bring with it optimized speech quality, capacity and coverage. This is
achieved by adapting the coding rate and the codec.

Much of thetrafficin thefixed netwok isdata Also the neel for thewirelessdata
services is growing. New data applications are introduced continuosly. Direct
Internet connections will further increase the data usage. Currently GSM can
provide data rate of 9.6 kbit/s. Higher wireless data rates would benefit many
applications and allow new applications to emerge. With Nokia UltraSite new
dat solutiors becone available The first Nokia UltraSite releag suppors High
Speed Circuit Switched Data (HSCSD) and General Packet Radio Service
(GPRS) services.

The HSCSD increases the data rate of a channel to 14.4 kbit/s. Data rates up to
57.6 kbit/s can be achieved by utilizing several channels simultaneously.

The GSM network has been circuit switched while more and more of the data
traffic is packet switched. Especially the Internet applications are becoming
dominating The GPRS enable packe dat connectim to the mobile statian and
provides a direct connection for the packet switched public data networks. New
network elements introduced in the GSM network with the IP core and packet
switched backbone of GPRS are complementary with the circuit switched GSM
network elements.

The transmission capacity requirements will be much higher with the new
services. Nokia UltraSite has transmission capacity for all the foreseen needs.
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3.4.2 EDGE

The Enhanced Data Rates for Global Evolution (EDGE) standard will further
increase the data rates of both existing circuit switched (CSD) and packet
switchal (GPRS data servicesImplementatio of thee new EGPRSard ECSD
services will not require new netwok elemensg as EDGE is built on the existing
backbone.

Due to the new EDGE modulation scheme in the air interface, higher data
capacity can be achieved with the existing frequency band. Nokia UltraSite
provides a perfed solution for EDGE upgradsrequiral in the existing networks
because of the new modulation. Nokia UltraSite is the coverage solution for the
EDGE.

Nokia UltraSite can be used to introduce EDGE in a Nokia Talk-family site
without ary limitsto EDGE capacity The implementatio of the EDGE upgrade
follows the same principles as described in the section above, i.e. the existing
equipment can be shared, and in some cases it needs to be upgraded for new
services. Antenna considerations are also similar.

If Nokia UltraSite isinstalled in the site using standad TRXs, the BTS can later
beupgrade by addirg EDGE TRXs. AsNokiaUltraSiteisdesigné for high data
usage, it will provide full EDGE capability, meaning that all the TRXs within
Nokia UltraSite GSM BTS can be EDGE capable and used simultaneously in
EDGE mode without restrictions The EDGE TRXs can be simultaneousi used

in both GSM and EDGE modes. In addition to the benefit of full EDGE
capability, the 2 dB link budge improvememin NokiaUltraSite BTS (compared

to Nokia Talk-family BTS) can be used for better data coverage.

3.4.3 WCDMA

The third generation of wireless communication has been developed for
multimedia purposes right from the beginning, whereas GSM was initially
developé mainly for voice servicesin WCDMA, the netwok resource can be
optimized flexibly for the services provided including their quality.

The air interface of the WCDMA is completely different compared to the GSM
air interface Also, anew frequeny bard isallocatel for WCDMA. Deployment

of WCDMA requires new elements like the new Radio Network Controller
(RNC) which is equivalent to the GSM BSC. However, in current GSM mobile
networks mog elemensarecompatibewith WCDMA. NokiaUltraSite Solution
offers an smooth upgrade path towards WCDMA.

Nokia UltraSite Solution supports the integration of WCDMA carriers with
minimum effort into the Nokia UltraSite GSM cabines equippe with GSM and
EDGE TRXs. ThisWCDMA upgracis supportée with both indoar and outdoor
installations. Three WCDMA carriers with 5W output power can be installed.
The installation of these carriess limits the numbe of GSM or EDGE TRXsto 6
intha cabinet 1 - 3WCDMA sectos can be configuread to asingle GSM cabinet.
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When the capacity requirements in the network increase, Nokia UltraSite
WCDMA Bas Statian can beinstalled into the network Configuratiorsupto 12
carries per cabing are possible Maximised WCDMA capaciy and coverag@can
be gainal using six secta configuratiors and Nokia Smat Rado Concep (SRC).

Also, installation of dedicated Nokia UltraSite WCDMA cabinets into the same
site with Nokia UltraSite GSM cabinesis aseay aswhat isthe cas with Nokia
UltraSite and Talk-family co-siting. The Nokia UltraSite WCDMA and GSM
BTSs can share a common site support system.

Externa diplexess can be usal for sharirg the feedes whethe WCDMA carriers

and GSM or EDGE TRXs are installed in the same cabinet or separate cabinets.
If the diplexers are used, MHAs can be used only in one of the systems. The
external alarms and controls (EACs) are compatible.

The Nokia UltraSite GSM transmission solutions support the WCDMA
transmission. These solutions offer a physical path for the ATM based
transmission of the WCDMA which is seen only as a capacity increase in the
transmission network. This can be taken into account when building Nokia
UltraSite transmission for GSM network.

3.4.4 Transmission network

As the number of end users and their mobile usage increase, higher capacity for
the transmission network is required. Also the new services and the third
generation network set new requirements for the transmission network.
Upgrading a typical Nokia cellular transmission network from current second-
generation speech-service based (narrowband) network to a wideband
multimediathird generatio network where the air interfae can be eithe GSM-

EDGE or WCDMA, is presented in this chapter.

EDGE can be seen as a direct continuation to the current GSM requiring only
capaciy increa® in the network wherea upgradirg to WCDMA mears adding

two totally new network layers (ATM and IP). Together with capacity growth,
traffic shifts from circuit switched speeb to packe datg both red time ard non-
real time data.

The cellular transmission networks like other transmission networks consist of
three different logical networks running on a single physical network:

. payload
. operation and management network (DCN)
. synchronization network.
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Upgrading may have an effect on all these logical networks. Especially the
topologica changsin physica layer create alot of new investmentsin the best
casethe spake capaciy of the existing netwok can just be brough into use Also,
in sore casesonly thephysica links (fiber, radio, coppe) betweea the siteshave
to be upgraded, but the topology can be preserved.

Any new transmissia layer like ATM in WCDMA brings new requiremerg for
the DCN solutions Combinirg WCDMA to an existing GSM netwok mearsthat
atotally new DCN hasto be createl beside the running one WCDMA usesan IP
layer for DCN.

Synchronizatiaiscarried over thelowed layer i.e. the physicd layer. Generally,
synchronizatia is nat affectal by the netwok upgradesHowever if new media
like IP or a LAN section is added to the network, the synchronization network
may also change.

All theabowe mentionel logicd networks haveto be considerd when the overall
transmissia capaciy is calculatedAlso, there are various protocok on different
network layers, each of which add to the overhead and thus to the final capacity
need.

Upgradirg the bas statin sitesto highe capaciy mearstha the whole network
will be affected, both access and core. The upgrading may bring significant
changes in three areas:

. topology
. site configuration
. media.

In the case of WCDMA, the new ATM based transmission can be interfaced to
the GSM network which may require new interfaces and equipment at sites.

The two transmission networks and different kinds of traffic can be run in
parallel. If the ATM and circuit switched SDH and/or PDH networks are all
deployedthe existing PDH and SDH capaciy isgoing to beincreasd and ATM

will be conveyed on top of those transmission technologies. Fractional E1 links
can be used to maximize the usage of transmission capacity within cellular
networks The WCDMA and GSM traffic iscombinel to the sanme physica link

by allocating the 64 kbit/s time slots dynamically. Traffic can be easily
aggregated/segregated by using existing 64 kbit/s cross-connects.

A unique and homogeneous ATM network can achieved by utilizing Circuit
Emulatian Servie (CES) All GSM traffic, whichis TDM basedis convertel to
ATM traffic by encapsulating 64 kbit/s time slots into ATM cells.
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Inverse Multiplexing for ATM (IMA) allows transmission of ATM cell streams
over multiple physical links, forming a higher capacity virtual link whose
capacity is approximately the sum of the link rates. The traditional multiplex
levels are used for physical links, e.g. T1 or E1. This approach provides for
modula capacity while using existing PDH/SDH transmissia equipmentThat

is useful in particular when links of the higher multiplex levels are not readily
available or not economical.

TheIMA grow isterminatel at ead end of the IMA virtual link. The receiving
erdreconstructthe AT M cell stream after accountimg for link differentid delays.
Links can be addel or removael to/from operation&IM A grougs to dynamically
adapt capacity to changing needs. In case of link failures the group stays
operational with reduced capacity, using the remaining links.

© Nokia Networks Oy DN99556414
Issue 3en



NDKIA Deployment of Nokia UltraSite

4 Deployment of Nokia UltraSite

This chapter describes the implementation of Nokia UltraSite into the network
and gives an overview of the operatim of the product The main emphassis put
on the deviations from the methods used with other Nokia products.

The commissionig and integratian of Nokia UltraSite can be dore by one team

and during one site visit without online assistance from the NMS site. The
commissioning of Nokia UltraSite is made simple as the Nokia SiteWizard and
Nokia Autoconfiguration help the personnel through the procedure. The
commissioning wizard can read a Site Configuration File (SCF) which includes
most of the required commissioning parameters.

Autoconfiguration helps to automate the commissioning and integration of the
site. It creates transmission circuits between the BTS and the BSC that can be
used for passing the information needed in commisioning and integration of a
new BTS. It providesan end-to-en transmissio managemenin the GSM access
network.

Nokiaprovidesservicesfor all thes activities For moreinformation on services,
see chapter 5.

4.1 Network planning

In cases where Nokia UltraSite is implemented into an existing network, the
configuratian of tha particula netwok isusel as abass for change or the new
configuration.

4.1.1 Radio network planning

NokiaUltraSite as sudrdoesnot change the radio netwok plannirg requirements
and proceduresNew or improvel features tha affed radio netwok plannirg are
described in this chapter.

Nokia UltraSite GSM BTS can be equippe& with GSV 900 GSM 1800 or GSM
1900 TRXs without any limits in the sectorization. In the Nokia UltraSite GSM
BTScabiné there can be 1- 6 sectorsThe maximun numbe of TRXs pe siteis

108 and per sector 36.
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Wide covera@ can be achievel with Nokia UltraSite Solution The outpu power

of Nokia UltraSite GSM BTS is up to +44.5 dBm (28.2 W) when no combining
is used. The receiver sensitivity is up to -112 dBm. So the link budget has
improved by about 2 dB compared to that of Nokia Talk-family BTSs.

The coverage can be further increased by using a booster unit. With the booster
theoutpu powe canbeincreasd upto +48 dBm (629 W). To hawetheradio link

budget in balance, the receiver sensitivity can be increased by using 2-way or 4-
way diversity which increases the sensitivity theoretically by 3 dB or 6 dB
accordingly.

Table 1. Nokia UltraSite GSM BTS'’s output power

Max. no. of

TX antenna Output Output
. TRXs/

combining method power, dBm power, W

antenna
By-passing (dual 445 28.2 1
duplexing)
Wide band combiner 2:1  41.0 12.6 2
Wide band combiner 4:1  37.5 5.6 4
Remote tune combiner 41.5 14.1 6
Booster 48.0 62.9 1

Table 2. Nokia UltraSite GSM BTS's receiver sensitivity

Reciever dive rsity Sensitivity (dBm) Sensitivity (dBm)
scheme in GSM 900 in GSM 1800/1900
Single branch without -110.5 -111.0
MHA
Single branch with MHA  -111.0 -112.0

Nokia UltraSite supports several other GSM features that further increases the
coverage. Those features are:

. base-band and RF hopping

. Masthead Amplifiers

. Intelligent Coverage Enhancement (ICE)

. Enhanced Coverage by Frequency Hopping
. Extended Cell Range.
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With Nokia UltraSite GSM BTS, the sectos can be expandd horizontally using

the multi-BCF feature. This means that the TRXs of a sector can be located in
severacabines and they may even be of different bands (in dud bard networks)

or EDGE TRXs.

With the Single BCCH feature, only one BCCH channel is needed in a sector
which issplit betwea severhcabinetsThis mears fewer BCCH channetinthe
network and more capacity. This applies also to dual band BTSs.

With Nokia UltraSite it is possible to build sites of very high capacity by just
adding more TRXs to the existing sites assuming a wide frequency band is
available.

If only anarrav frequeng bard isavailable the needd capaciy increag can be
achieved with dual band operation, multilayer network or with Nokia Soft
Capacity features such as Intelligent Underlay Overlay or Intelligent Frequency

Hopping.

Rado netwok plannirg can be easilyy dore with the Nokia Totem Suite which is

an integrated planning solution. Nokia Totem Planning System for GSM
networks is part of that solution. It runs in PC environment. Totem has a direct
interface to Nokia Transmission planning system NPS/10. Radio network
planning information concerning the network and the sites can be transferred
from Totem to the NPS/1Q which saves alot of time and energy Totem includes

also a direct interface to the CDW and the NMS/2000.

For Nokia UltraSite GSM Base Station's RF performance, refdokia
UltraSite GSM Base Station Product Overview

4.1.2 Transmission network planning

Nokia UltraSite offers numerous alternatives for transmission. The future
capaciy need hawe been taken into accoun when developimg it. Nokia UltraSite
brings new integrated media, optical fibre, and a new multiplexing hierarcy,
SDH, to the BSS.

Theintegratel transmissia capaciy in Nokia UltraSite GSM BTS isvery high.

The BTS cabind can accommodat 4integrate transmissia units In asite with
severdcabinetsthe sane capaciy isavailabkin ead BTS cabine thus making

the transmissia capaciy very high. The BTS can even be usel asatransmission

hub for other elements in the network. It can connect the transmission between
variousmacrocellulalayer elementsor groam the transmissia coming fromthe
microcellula layer. Thisreduce the neal for separag transmissia nodes in the
cellular accesnetwok and thusalso reducstheinvestmentand implementation

and operation costs of the network.
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When using Nokia UltraSite PDH transmission with the new autoconfiguration
feature no routing information is needd in the transmissia plan for tha pat of
network. It is only to be secured that there is enough transmission capacity.
However, whether or not autoconfiguration is in use, transmission plans are
needed for the topology and capacity planning, availability calculations, radio
link routing and interference planning.

Capacity has to be reserved to connect the Nokia Autoconfiguration pools
through a transmission network that does not support autoconfiguration to the
transmission network that supports it. Also the capacity and connections for the
telecom traffic must be planned for those parts of transmission network that do
nat suppot autoconfiguratia (thisisthe cae with networks using SDH ard older
generation PDH equipment).

Transmission plans can be done with the Nokia NPS/10 transmission planning
tool. The NPS/10 (version C5.0) supports all the transmission media and
multiplexing hierarchistha can beusead with NokiaUltraSite Theradio network
planning information concerning the network and the sites can be transferred
from Totem radio network planning tool to the NPS/10. The NPS/10 calculates
therequired transmissia capaciy and the requirad autoconfiguratia pools The

data can be transferred electrically from the NPS/10 to the NMS.

4.1.3 Site acquisition

Nokia UltraSite does not change the site requirements much when compared to
those of the existing macrocellular Talk-family BTSs. Nokia Talk-family sites
can be utilized directly by Nokia UltraSite.

All the outdoor UltraSite GSM elements work in the ambient temperature of -
33°C (-27.4F) to 50C (122F) and the outdoor cabinet is IP55 protected; thus,
normally, no additiond protective sheltes are neededThe temperatue range for
Nokia UltraSite GSM BTS Indoor is 8 (23F) to 50C (122F). Forced open

air cooling is usel in the outdoa cabinef therefoe additiona heatirg or cooling

is not needed during the operation.

For small-capacit sites with spae for only one cabinet Nokia UltraSite offersa
solution with all the needé elemengin one cabinet Thisone cabiné contairsan
integrated battery backup system and up to 6 TRX Nokia UltraSite GSM BTS
withintegratel transmissia and all the featuresUp to 45 minutes of backup time

can be provided for that configuration.

Midi cabines can beinstalled inindoar sitesthat hawe limited height The cabinet
has all the Nokia UltraSite GSM features and can accommodate up to 6 TRXSs.
Midi cabinets can be placed side by side as well.

When NokiaUltraSite WCDMA BTSisbrouglt to the sarresite, it mug betaken
into account that the heat transfer and the power consumption of the WCDMA
BTS are higher compared to those of Nokia UltraSite GSM BTS.
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Table 3. Nokia UltraSite GSM cabinet dimensions

Cabinet

Height Width Depth

Midi
Indoor

Outdoor

1100 mm (43.31 In) 600 mm (23.62 In) 570 mm (22.44 In)
1800 mm (70.87 In) 600 mm (23.62 In) 570 mm (22.44 In)

1940 mm (76.38 In) 770 mm (30.31 In) 750 mm (29.53 In)

4.2 Network implementation

The sections below provide information on the network implementation phases
(preparation, installation, commissioning and integration) which can be started
after the network planning is completed and sites and necessary equipment are
available.

421 Preparation
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Sone preparationawork is requirad before anew site can be integratel into the
network.

The radio and transmission network plans are first loaded into the NMS. The
NMS creates the radio network objects and the transmission network objects
automatically of the plans. The autoconfiguration pools and the signalling links
for evely BTSaredefinal in thetransmissia netwok plan TheNMS creatsthe

Site Configuration File (SCF) which is loaded to a PC containing the Nokia
SiteWizard. Nokia SiteWizard reads the parameters in the file during the actual
commissioning.

The NMS/2000 configures the BSC automatically. It loads the BSC
configuratiors to the BSC databaswhen the BSC isoperationalThe NMS/2000
automaticaly preconfigurstransmissia capacity tha can be freely allocatel to
autoconfiguration usage, to the Abis interfaces of the BSCs. That transmission
capacity is called AC pool. After that, the BSC is ready to serve the accessing
Nokia UltraSite network elements.

SDH ard older generatio PDH equipmemdo nat suppot autoconfigurationThe
AC pools have to be configured through these parts of transmission network
according to the transmission plan. The same applies to the capacity and
connections of the telecom traffic.

The AC pod providestransmissia circuits betwee the siteand the BSC tha can

be used for passing the information needed in commisioning and integration of
the new site The existing Nokia UltraSite PDH transmissia elemens$ can detect
whether there are new AC pools by checking the unused telecom time slots.
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When a new BTS is installed and connected to the transmission network, its
transmission finds the routes to the nodes having an AC-pool connection and
further to the BSC. After that a channel is created between the newly installed
BTS and the BSC. This channel is then used for commissioning and integration
of the new BTS.

4272 Site installation
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The highly integrated Nokia UltraSite Solution obviates the need for various
separate elements and cabinets at the site. The transmission and the combining
equipment as well as the site support system are all integrated in the Nokia
UltraSite. Also, Nokia UltraSite Support offers additional space for customer
equipment.

Nokia UltraSite GSM cabinet fits in to the corresponding Talk-family cabinet's
footprint both indoors and outdoors. The Nokia UltraSite GSM cabinets can be
placed side by side All installatian work can be dore without any neel for back
accesto the Nokia UltraSite GSM cabinet The cabing mechanis are designed

so that the cabinets can be installed against the wall.

Inthe cag of indoa installation no specidplinth isrequired Theindoa cabinet

can simply be bolted directly to a treated or covered concrete base. The outdoor
installation is likewise easy; the fixing points are the same as in Nokia Talk-
family BTSs.

The powe feedirg may have to be enhancd if the existing cabines are replaced
with fully equipped Nokia UltraSite GSM BTSs because of the high number of
Nokia UltraSite transceivers and increased power consumption.

Battery backup can be eithe integratel to NokiaUltraSite GSM BTSor it can be

provided by Nokia UltraSite Support The alreaq existing battely backyp can be

used aswell if thereissuch Intha caseit hasto berememberd tha the backup
time will be shortened by the additional new equipment unless the battery
capacity is increased.

NokiaUltraSite GSM BTS hasexterndalam inputstha can be usel for siteand
support alarms. These alarms can be sent to the NMS and reported as any other
alarms.

The cabine internd cabling is delivered with the plug-in units Asthe cabling is
not attached to the cabinet itself, no money is wasted in excess cabling in small
configurations.

All the extern& cabling isrouted through the cabiné roof. Also, the antenmand
the feeder cables can be routed to whichever direction from the cabinet roof.
Jumper cables can be routed through the tops of the cabinets in large
configurations where several cabinets are located side by side in a row.
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During the initial installations, future expansions should be reckoned with.
Usually small configurations are the starting point. The combining method and
the reservations for additional TRXs in the cabinet can be taken into account if
the expansio pah can be predicted The lower patt of the indoar cabing can be

used for WCDMA expansion.

4.2.3 Site commissioning and integration

The Nokia SiteWizard and autoconfiguration can be used to automate the
commissionig ard integration of the site Thework can bedoreby onetean and
during one site visit without online assistance from the NMS site.

First, the Nokia SiteWizard PC is connected to the GSM BTS and Nokia Site
Wizad is started Nokia UltraSite then automaticaly detecs the installed active
hardware and their configuration. The number of parameters to be added
manually is minimized. The passive units (like cables) need to be defined in a
configuration file during the commissioning. No separate HW database or HW
info file are needed with Nokia UltraSite.

The commissioning wizard is started and the Site Configuration File is opened.
The site is selected by the address after which the wizard reads the required
parameters. Some of the parameters are given manually.

The BTS is now in pre-commissioned state. It can be left in this state at the site.
Once the Abis links are activated, the autoconfiguration takes place, i.e. the
connectim betwea the BTS and the BSC is createdAfter that, the management
channel and the BTS are tested automatically and the radio network parameters
are downloaded. The BTS is integrated to the BSC.

A circuit manageisused for optimizing the transmissia connectios create by
autoconfiguration.The information about the transmission connections is
automatically uploaded to the NMS.

4.3 System operation and maintenance

This section deals with the NMS/10 and node managers. Local and remote
management are discussed.

4.3.1 Network management

All the Nokia UltraSite equipmemcan be manage from one point with the NMS/
2000 It offersintegratel managemetrfor Nokia UltraSite Solution aswell asthe
whole GSM network including both cellular and transmission sections. The
NMS/200 uses the NMS/10 as the node manage serve for transmissia nodes.
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Power System Management (PSM) enables management of Nokia UltraSite
Support The PSV isconnectd to the Q1 busof the NokiaUltraSite BTSand can

be managd with NokiaNMSlik e any netwok elementWith PV thealarnsin

the power system as well as the condition of the batteries can be monitored
remotely. The PSM is available in BSS10.

If non-Nokia transmission equipment is supervised via the External Alarm and
Contrd (EAC) lines alarnms can be sert to the NMS/200 (viaBSC). Inthiscase,
supervision is performed by Nokia UltraSite GSM BTS and alarms are reported
as normal external alarms.

431.1 Local management

Nokia UltraSite GSM BTS can be managed locally using the Nokia UltraSite
BTS Manager. Nokia UltraSite has just one V.28 (RS-232) local management
port (LMP) for the BTS and integrated transmission.

The Powe Systen Managemenbhas adedicatel locd managemerport in Nokia
UltraSite Support.

The Nokia UltraSite equipment can be managed by the NMS/2000 and Nokia
UltraSite BTS Manage - Nokia UltraSite BTS Manage acts as a maste when it
isactivatedManagemetoperatios performel by NokiaUltraSite BTS Manager

are documented to the NMS.

In BSS10, it is also possible to connect Nokia UltraSite BTS Manager remotely
to Nokia UltraSite GSM BTS ard manag it asif Nokia UltraSite BTS Manager

were connectd locally to the equipmentNokia UltraSite BTS Manage can also
beconnectdtothe NokiaNM S or BSC and the managemerconnectio to Nokia
UltraSite is created through the Abis.

Nokia UltraSite GSM BTS provides a dedicated Q1 port for Nokia UltraSite
Support and additional Q1 ports for other Nokia Q1 managed elements on the
same site.

432 Maintenance
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Generally therisno neel for periodic maintenanein Nokia UltraSite Thishas
been one of the objectives when designing Nokia UltraSite Solution.

The backup batteries have a limited life time. This life time depends on the
batteries used, their usage and the environmental temperature, so general
guidelines cannot be given of the battery replacement frequency. Batteries
specified for Nokia UltraSite hawe a 10-yea lif etime when they are usal in their
nominal temperatures.

Regular extraction of dirt may be needed in extreme conditions with high
contamination of the air.
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Nokia UltraSite SW can be updatel easily SW backgroun downloadimg can be
initiated either locally with Nokia UltraSite BTS Manager or remotely from the
BSC and the NMS. The new software can be activated at any time.
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5 Nokia Services - the full service house
for evolving networks

Nokiaisthere for its customes throughot the lifecycle of their networks Nokia

can help to plan, deploy, manage, and develop mobile and data networks all the
way to third generation network systems with a full house of service solutions.
This comprises everything from consulting to turnkey deliveries, network
operations and management, system integration as well as upgrading live
networks with the latest technology. Nokia can offer all this in customised and
localised packages, which fit exactly to the operators' requirements.

Planning networks and services to meet long-term business goals

With Nokia's planning expertise and advanced planning and information
management tools, a network can be designed to meet demands now and in the
future as new services are launchedGoad plannirg isvital to bring new telecom

or dai@services online quickly and give operatos a competitive advantageOnce
theplanisready Nokiacan help desighand implemen end-useservicesthereal
revenue driver in the telecom market.

Deploying and integrating systems for early entry into the market

Nokia has a proven record in network installation, commissioning and
integration This experti® coveslive netwok upgrads and the implementation

of complete end-to-end solutions with a single supplier interface. Nokia offers
flexible Roll-out Services Packages to accommodate the varying deployment
needs of different types of operators.

Operatin g and continuous| y developin g networ k and servic e management
systems

Nokia helps operators raise their service quality, network availability and
operationhefficiency, thusachievirg pe& performanceThisway, operatogscan
concentrate on serving their customers, knowing that Nokia will support their
network evolution every step of the way.

For the sake of brevity, this document gives only selected highlights of those
Nokia Services that are of particular interest in Nokia UltraSite Solution.
Specifically, this document introduces:
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Capacity Evolution Path & Strategy Service. Rapid evolution towards
mobile multimedia, enabled by Nokia UltraSite Solution, requires a clear
strategy for the Network Evolution. This Service helps in evaluating the
spectral efficiency of your network and recommends a cost-effective
capacity growth path based on the selected business strategy.

Nokia Roll-Out packages for optimised deployment of the voice and
multimediaservie coverageThes Servie Package enabéthe planning
ardimplementatio of the netwok inamanne which optimally suitsyour
regulatory and business environment.

BSS Remova Servie Family. Upgradirg the existing netwok may reveal
a demand for a safe and easy-to-handle process for replacing, relocating
ard recycling obsolee equipmen (sud as non-Noka BSS for example).

Nokia Online Services, which complements the traditional services by
providing fag ard flexible acces to the full servie hous viathe Internet.

Obviously, this is only a fraction of available Nokia Services; for an up-to-date
account of full Service portfolio, please refer to Nokia Services in the Internet
[http://www.nokia.com/networks/services/index.html]. The selected highlights
are discussed in more detail in the following sections.

5.1 Planning the network evolution path for
multimedia

Nokiacan help plan asolution tha provides room to grow asthe netwoik evolves
towards mobile multimedia. Nokia provides advanced planning services for
defining the right development strategy for the network and planning the right
solutiorsfor capaciy developmetfor voice daiaand multimedia Togethe with

the advanced Nokia Totem Suite network planning system, Nokia's experience
and persistent commitment in telecom and IP networks assist operators in:

finding a solution for long-term business needs
optimising the use of operator's resources and planning work
obtaining a faster network implementation

ensuring a quality network enabling distinctive end-user services.
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5.1.1 Capacity evolution path and strategy

The purpo® of Capaciy Evolution Pah & Stratey (CEPS Servieisto evaluate

the efficiency of the utilisation of spectrum and recommend a cost-effective
capacity growth path that is in line with the Operator's business strategy. The
evaluation will take into consideration the environment, the effectiveness of
network planning and the existing capacity enhancements. Growth path
alternatives will be created to support the Operator's business strategy in time
frames of two to five years.

The target of CEPS Service is to provide the following benefits:

. A powerful decision-making aid. Operator receives the possible growth
paths that comes complete with:

. simulations of the existing and the forthcoming Nokia
implementation of capacity enhancements

. the advantages and disadvantages of each solution

. ranking

. Busines budgetimg inputs Customereceives estimats of investmemnand
operational cost of each alternative over the target time frame, which in
turn would assist the budgeting.

. Managed and timed growth to maximise returns. Infrastructure
investments can be timed appropriately to avoid capacity bottlenecks and
to maximise the net present value.

The contents of CEPS Service are explained in more detail in the following
sections.
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Optional modules

Collection of information and

data analysis Benchmarking

A 4

Simulations of network <«—| Traffic growth predictions

evolution scenarios

«— Service growth predictions

A 4

| — Sensitivity analysis

Recommended network
evolution path «—| Additional presentations

Figure 19. Contents of the Capacity Evolution Path and Strategy Service

5111 Collection of information and analysis

The necessary information on business scope and strategies, existing network
infrastructueand performancecapaciy bottleneckand predictiorsiscollected.
Theinformation can eithe be provided by the Operatoracquirel interactivel or
producel by Nokia. The collectal informationisanalysé in detal togethe with
theimpad of new servicestariffs, competition etc to the netwok infrastructure.

As a result of the analysis, the guidelines (system preferences) for the network
development are defined. The input data, results and the reasoning are
documented.

5.1.1.2 Simulation of network evolution scenarios

The evolution of the systean solution is plannel through simulatian of scenarios.
Thesimulatiorsare base& on the use of netwok dimensionimg ard plannirg tools.
Itisimportan that there are clea investmehphaseand an ensure growth path.
Thephassaredefined so tha the netwok building wil| bedorein optimum steps
with minimum investments in advance, but without jeopardising growth.
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5.1.1.3 Recommended network evolution and plan

An optimd netwok evolutionisrecommendeéand the plansfor it worked out in
thismodule The"final" solution using the coveragecapaciy and quality targets
given for the end of the plannirg periad is plannel first. Thisplanisthendivided
into reasonable phases ensuring a smooth growth path and an optimised
investment programme.

Outpus of this modulke contai the optimum roll-out, investmemhand operational
cost estimates and business measures.

5.1.1.4 Optional modules

. Benchmarking Nokiacomparsthe Operatos frequeng spectrum usage
to the selected competitors in the market. With this option the customer
can determine his growth potential as well as that of his competitors'.

. Traffic Growth Prediction Nokia makes the traffic growth predictiors for
the Operato basel onitsknowledge and experieneit hasgainal globally.
Nokia's estimates can also help the Operator in verifying its own
predictions.

. Servie Growth Prediction Nokia makes the predictiors on the volume of
new service ard theimpad on netwok infrastructure Thes predictions
can help in estimating the potential volumes for the existing and the
oncoming services.

. Sensitivity Analysis. In the basic service, the low, average and high
scenarios are simulated. Sensitivity analysis is an optional module that
provides the sensitivity of selected inputs for the selected outputs. In this
module uncertainty (distribution) is introduced to selected inputs and
outputs are given as distributions.

With thismodule the Operato getstheresulsin the form of probabilities.

For example, the pay back time of the investment can be three years
accordilg totheinvestmenmcalculatiors but the Sensitiviyy Analysisoption
could show that with 90% probability the pay back time is less than four
years.

. Additiond Presentationd he bast modulesinclude documentatio of the
alternative and two presentationsAdditiond presentatiogare available.
The content of the additional presentations can be general or they can
concentrate on specific topics related to capacity.
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5.2 Nokia roll-out services packages for optimised
deployment

For planning and deploying a telecom network, Nokia offers four Roll-out
Services Packagedesigne to takeinto accoumthe varying need of operatosin
today's regulatory environment and market place:

. the Telecom Deployment Package.
. the Roll-out Management Package
. the Time-to-Market Package

. the Turnkey Responsibility Package.

The following table characterises the contents of the packages:

Table 4. Contents of service packages
Telecom Roll-out Time-to- Turnk ey
deployment  management market responsibility
package package package package
Project X) X X X
management
NW pre-planning - X
NW planning (0] (0] @) X
Site acquisition (0] X
Construction (@) X X
works
Telecom X X X X
implementation
In the table above:
. X =included in the package
. (X) = for Telecom implementation only
. O = non-mandatory item
. - = excluded from the package.
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5.2.1 Telecom deployment package

The Telecom Deployment Package is designed for operators who buy network
roll-out services from several service suppliers.

Telecom Implementation includes all activities and project management related
to the physica installatian of the equipmenat the installatin site, commencing

from the unpackirg of the delivered equipmemnand endirg at the commissioning

of such equipment (i.e. when bringing such equipment into traffic).

* Netwolk Plannirg can also beincluded in the Telecan Deploymen Packag on
a consultancy basis.

5.2.2 Roll-out management package

The Roll-out Management Package is designed for operators who buy telecom
implementation and roll-out project management from one service supplier.

By letting Nokia take the responsibility for managing the project, network
implementatio becomas more efficient, the roll-out smoothe ard the operator's
investmemsafer Proven managemerand working methodaswell asclea lines
of reporting at different levelshelp operatos achieetheir goak on schedug with
agreed costs and quality criteria.

The scope of Project Management may vary from traditional telecom
implementatio to cove netwokk pre-plannimg and planning site acquisition and
construction works. Nokia project teams are equipped with experience from
managing multinational teams and global logistics.

* Netwolk Plannirg can also beincluded in the Roll-out ManagemetPackagon
a consultancy basis.

5.2.3 Time-to-market package

The Time-to-Marke Packagisdesigné for operatos for whom aquick entry to

the market place is the first priority. They are willing to trust one partner for all
the network roll-out services but prefer to have network pre-planning and
plannirg dore by themselvesThis pre-definel netwok plan isthen the bass for

the project implementation plan.

Site Acquisition Service comprises site proposals based on site hunting, site
assessment, technical site survey and reporting, models for purchasing/lease
agreements and technical documents for acquiring permissions from the
authorities. The extent of the work is agreed upon between Nokia and the
operatorTheservieisflexible, from simply assistig with thelegd and financial
planning aspects of obtaining a site to a turnkey delivery.
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Constructio Works Servicesinclude all activitiesrelated to the constructia and
erection of the Site infrastructure. These do not include Nokia
telecommunications equipment supplies and work other than that included in
Telecom Implementation services.

* Network Planning can be included in the Time-to-Market Package on a
consultancy basis.

5.24 Turnkey responsibility package

The Turnkey Responsibility Package is the most extensive of Nokia's Roll-out
Services Packages. It is designed for operators who are willing to purchase
defined network performance starting from a defined date on a defined
geographical area without being involved in building the network.

The Turnkey Responsibility Package corresponds to what is contemporarily
referred to as "a turnkey telecom network with a performance statement”.

Oreinterfaeis safer less complicatel and more efficiert for the operatorthere

are less co-ordination problems, fewer misunderstandings and fewer meetings.
One interface reduces the time span of the roll-out - hence revenue generation
begins sooner.

Network Pre-Planning and Planning are included in the scope of the Turnkey
Responsibiliy PackageRadb Network Plannirg providesagoad structue for a
network based on coverage, capacity and quality requirements. Transmission
Network Planning aims to design an optimal transmission network taking into
account the operator's economic and technical constraints and targets.

53 BSS removal services for site evolution
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Thefad developimg telecommunicatiopmarke resulsin generatiosof obsolete
or out-dated products that need to be replaced, relocated and/or recycled from
customer networks. Although Nokia UltraSite Solution architecture is designed
to maximize the cositing with previows Nokia equipmentsuc aneel may arise
from site space considerations, or obsolete non-Nokia BSS, for example.

The continuos ned to increag netwok capaciy requires new / more capacity
bearing products in densely populated areas. New equipment may replace the
dismantled old ones on the same sites. This also gives opportunities to reinstall
older equipment in non-urban areas that still lack coverage.

Obsolete equipment, due to out-dated product or changes in the operator's
netwolk createsthe necessit to implemert asake and easy-to-hand proces for
replacing, relocating and recycling such equipment.
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The BSS Removal Service Family consists of three services, which include
different options of removing telecommunication equipment. Different
combinations of these services can be provided and should be agreed upon on a
case by case basis.

. Replacement Service - the equipment is removed and a newer generation
product is installed at the same site.

. Relocation Service - the equipment is removed, refurbished and re-
installed to anothe location in the network For exampleolder equipment
may be relocated to non-urban areas with less capacity requirements.

. Recycling Service - An environmentally sustainable way to finalise the
Replacement Service. In this service the equipment is dismantled and
recycled by Nokia.

Nokia has global experience in replacement projects having performed
replacements, for example, in Austria, Belgium, France, Italy, Norway, Spain,
Sweden, UK, China, Indonesia, Taiwan and Thailand. Over 5600 BTSs and
250@ TRXs hawe bee replacel in total. Nokia's proven experienein replacing
othe supplier§BSS equipmenshows tha Nokiacan execue areplacemeton a

live network with minimal risk to the existing network quality.

The replacement of infrastructure is a major undertaking, especially on a live
network The cog ard effort involved mug be justified by theimprovemengin
performance, cost of ownership and up-to-date technology evolution.

As customer satisfaction is essential for any operator, this should be considered
when the replacement is executed. Thus the two most important criteria for a
replacement project are:

1. Minimal network downtime during the replacement

2. Achieving targeted network quality after the replacement.

The BSS replacement process can be divided to three principal phases:

1. Preparatia of the replacementite visits, implementatio of the TCSMs,
BSCs and the NMS

2. Replacement of the BTSs (installation and changeover)

3. Acceptance of the replacement.

Phase 1, the preparation of the replacement, involves the participation of the
project teams from both the operator and Nokia. The objective of this phase is:

. Test drive of the target network. Agreement of acceptance criteria

. If necessary, training of the operator's technical teams
. Site survey to all sites
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. Creation of Radio Frequency, BCF and transmission plans
. Definition of each site's replacement folder (parameters, inputs, process)

. Adaptation and testing of the procedures used in the actual project

. Definition of the target network
. Definition of the site typologies the work to be dore ard the replacement
method.

The installations of transcoder (TCSM) equipment and BSCs as well as the
preparatio of thedesignatd NM Sshout be carried out during thisphaseso that
efforts can be concentrated on the changeover of the BTSs. The objective is to
limit the duration of the interruption as much as possible.

Phase 2 consists of installing the new Nokia BTSs on the sites and integrating
them into the network, replacing the original BTSs. The accepted principle is
replacement by BSC cluster. The success of this phase depends on the accuracy
of its organisation, both for the changeover work as well as for the interruption
options accepted in advance.

Phase 3 is a review of each site and cluster changeover.

The site acceptaneis grantal on the bask of integration tessincluding teg calls

ard by observirg the performaneindicatoisinthe NMS. Concernirg the cluster
acceptance, the fulfilment of predefined performance criteria agreed on during
the preparation phase is tested during the agreed observation period.

The BSS ReplacemerServie can be completad by additiond servicesagreel in

the contrad sut as Netwolk Operatirg Servie or Network Optimisation Using

the BSS Relocation Service, the removed Nokia equipment can be installed to
anothe pat of the operators netwok An alternative way to hande the removed
equipment is to use the Recycling Service for secure end-of-life treatment.

54 Nokia online services for fast and flexible access
to Nokia resources

Nokia Online Services complement Nokia's service offering to network
customers via the Internet. These services are available 24 hours a day, 7 days a
week. Nokia now makes it possible to have online access to Nokia databases,
work independently, and proactively seek solutions to different queries.

Nokia Online Services are connected to Nokia's global backbone data systems
thus allowing customers to utilise the best expertise anytime world-wide. In
addition to the standard PC connection with a Web browser, the services can
remotey bereache viawireless terminals suc as Nokia Communicator when
working in the field.
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Nokia Online Services offer valuable resources to different professionals in the
customer's organisation. For example, technical engineers will find services for
preventive maintenane ard troubleshootingnetwok plannes ard performance
optimisation personnel for network benchmarking, quality analysis and so on.
Training applications and product documentation section will help technical
personnel to effectively operate with Nokia equipment in all circumstances.

In addition to technical resources, the cooperation between the customer and
Nokia is supported by a team room application, which helps to share relevant
information e.g. about project schedules and progress or Nokia's overall
performance.

The currert contert of Nokia Online Services consiss of the following modules

. Preventive Maintenance for preventing problems before they occur
. Trouble Management to help to resolve occasional problems

. Service Parts, to manage your spares

. Training, for competence development

. Customer Specific Team Room, for effective and continuous
communication between the customer and Nokia

. Documentation, providing quick access to Nokia's system documentation.

Pleag notetha the servicesto be provided onlineareagree separategl with each
customer. Nokia continuously develops and adds new services to its online
services portfolio. The latest information about NOLS is available via the local
Nokia office.
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