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About this document

ools
1 About this document
Thisdocument introducesNokiaUltraSiteSolution for GSM networksand gives
an overview of theissuesto beconsidered when introducing NokiaUltraSiteinto
the network.

The document introduces

• Nokia UltraSite Solution and its building blocks

• network planning

• network implementation

• operation and maintenance

• Nokia Services.

Thedocument describes theGSM network evolution to new servicesviaEDGE
(Enhanced Data Rates for Global Evolution) and WCDMA (Wideband Code
Division MultipleAccess) technologies. Thefocusison theGSM sites, therefore
thedeployment of stand-aloneNokiaUltraSiteWCDMA BaseStationsitesisnot
covered in this document.

Detailed information about the Nokia UltraSite elements and management t
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 h
traffic and transmission capacity along with wide cell ranges.

Thesolutionwil l alsoplay anessential rolein futuremultimedianetworks. Nokia
UltraSite utilizes the latest development in the data communications along w
the traditional voice services. Refer to Nokia UltraSite Solution Description.

2.1.1 Macrocellular network

Requirements for high traffic capacity in cities and wide coverage in rural ar
set challengesfor macrocellular networks. NokiaUltraSiteprovidesasolution for
these challenges.

NokiaUltraSiteoffersan extremely widecell rangedueto itshigh output power
and receiver sensitivity. This helps to create coverage fast when building th
network, which enablesquick revenueflow for theoperator. In rural areaswhere
the traffic is light the number of sites can be kept lower.

When awidefrequency band isavailable, thecapacity of theexisting macro sites
can be increased by installing Nokia UltraSite elements. Nokia UltraSite Ba
Station (BTS) accommodates agreat number of Transceivers(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
frequenciesareused to thebest). Then, further capacity increasecan beachieved
with Nokia UltraSite by:

• dual band roll-out

• Nokia Soft Capacity features.
DN99556414 © Nokia Networks Oy   7 (70)
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Dual band configurationscan bebuilt either in singleor multipleNokiaUltraSite
GSM BTS cabinets. Integrated dual band duplex units allow the usage of
common antenna feeders and antennas.

2.1.2 Multilayer GSM network

Thecapacity of aGSM network can be increased by dividing it into overlapping
macro-, micro- and even picolayers. Nokia UltraSite is the solution for the
macrolayer operation, whereasNokiaMetroSiteSolution and Nokia InSiteBTS
are designed for the reduced-cell-size layers.

Nokia’s solutions for these different network layers are fully compatible so t
they form one functional network. This network can use a common Network
Management System (NMS) and BaseStation Controllers (BSCs). Theversatile
andhigh-capacity transmissionof NokiaUltraSiteoffersanaccesssolution to the
microlayer. No separate access transmission network needs to be built for
different network layers.

2.1.3 Multimedia network

NokiaUltraSiteprovides aplatform for thevoiceand dataservices of the future
multimedia networks. Nokia UltraSite supports the existing voice services, a
thenew High Speed Circuit Switched Data (HSCSD) and General Packet Radio
Service (GPRS) data services.

The HSCSD offers higher data rates particularly for applications requiring
constant dataspeedssuchasvideoconferencing, remoteLAN accessandwireless
imaging. With the GPRS, GSM networks will work seamlessly within Interne
networks. In addition, data transmission capability will receive a massive bo
with speeds in excess of 100 kbit/s.

The EDGE standard will increase the data rates even higher with EGPRS a
ECSD services. Asthemodulation schemewil l change, SW and HW updatesare
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 WCDM
carriers into NokiaUltraSitecabinets. Furthermore, for even higher capacity the
site can be furnished with dedicated Nokia UltraSite WCDMA BTS.

The transmission capacity requirements will be much higher with the new
services. NokiaUltraSitehasintegrated transmission capacity for all theforeseen
needs.
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2.2 Solution architecture

Many operators have invested a lot in their macrocellular GSM networks an
continuously expand them for capacity reasons. Also, changesat sitesareneeded
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 a
upgradefeasible. Not only hasNokiaUltraSiteGSM BTSahigh TRX count per
cabinet but the cabinets on site can also be chained together. Further, flexib
antenna combining stages allow to build various configurations.

The expansion of the Nokia Talk-family sites using Nokia UltraSite has bee
madeeasy. Theupgradability to thefutureservicesin thewholenetwork hasbeen
taken intoconsideration in thesolutionarchitecture. Upgradesaresupportedwith
minimum changes in the equipment.

Transmission has been of special importance in product design. Transmiss
solution for various network layers isseamless. With NokiaUltraSite’s scalable
high-capacity accesstransmission, theneedsof largecapacity networksand data
services can be fulfilled.

Particular emphasishasbeen put to ease the implementability and operability of
the network and to speed up network roll-out.

2.2.1 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 short overview of each element in theGSM network isgiven in the following
sections. Detailed technical information can befound in theappropriatenetwork
element documentation.
DN99556414 © Nokia Networks Oy   9 (70)
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2.2.1.1 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
systems, or as aGSM 900/GSM 1800 Dual Band BaseStation. 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, w
means 45 minutes backup time for those 6 TRXs. Additionally, Nokia UltraS
GSM BTS Midi Indoor, a 1 - 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 i
mobilenetworksin theareasof heavy telecommunication traffic. With theBTS’s
high output power and receiver sensitivity, large coverage can be achieved
rural areas and when building the network. The output power can be furthe
increased with an optional booster.
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Site’sTRX capacity can beincreased by chaining multipleNokiaUltraSiteGSM
BTSs. In most configurations, only the synchronization cabling is needed
between the cabinets. Up to 9 Nokia UltraSite GSM BTSs can be chained
together. WithRFhopping, cellssplit betweendifferent cabinetscanusecommon
hopping frequencies. Base-band frequency hopping is not possible between
chained cabinets, i.e. they must have separate hopping groups. However, b
band hopping with TRXs in a single-cabinet sector is supported.

NokiaUltraSiteGSM BTScan beused asan omni or sectored basestation. Asto
thesectoring, therearevirtually no constraints. In BSC SW releaseS10, thecells
can besplit between thecabinetswith theMulti-BCF feature. In dual band case,
any sector can be configured to operate either on 900 MHz or 1800 MHz ba

NokiaUltraSiteGSM BTScan beinstalled in thesamesiteasNokiaTalk-family
BTSs. These cabinets have a similar physical appearance and compatible
interfaces. They have the same footprints and mounting options. The existin
NokiaTalk-family cellscan beexpanded horizontally with NokiaUltraSiteGSM
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 hardw

EDGE support can easily beaccomplished with minimum HW changes. Only 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 functionali
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. The
can operate simultaneously with the basic GSM and EDGE TRXs. The use
WCDMA equipment reduces the maximum number of basic GSM and EDG
TRXs to 6 in one cabinet.

Nokia UltraSite GSM BTS has 4 slots reserved for the integrated transmiss
units. TheBTScan even beused as atransmission hub in theBSS(BaseStation
System) network. The inbuilt transmission capacity isadequate for any foreseen
application.

Thisintegrated transmissionsupportsvarioustransmissionmedia, suchascopper
wire, optical fibre and microwaves. The signals can be multiplexed using eit
PDH (Plesiochronous Digital Hierarchy) or SDH (Synchronous Digital
Hierarchy). Signals can be cross-connected down to 8 kbit/s level in the GS
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 tha
offers up to 16 x 2 Mbit/s capacity. It is compatible with Nokia
FlexiHopper Microwave Radio and Nokia MetroHopper Radio and it c
also be used for connecting the BTSs together on the site.

• Optical STM-1, either connected to NokiaUltraHopper MicrowaveRadio
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
outdoor BTSs. Outdoor and indoor cabinetsdiffer only by thekitsattached to the
core mechanics. Cabinets can be mounted side by side and there is no nee
back access. With the indoor cabinets, 50 mm of freespaceisrequired for theair
intake at the back of the cabinet.

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

BTS SW release PU1.0 offers the basic support for Nokia UltraSite GSM B
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 to Nokia UltraSite GSM Base Station
Product Overview.
12 (70) © Nokia Networks Oy    DN99556414
                    Issue3en



Nokia UltraSite Solution

r

nd
p to

 by
2.2.1.2 Nokia UltraSite Support

Figure 2. Nokia UltraSite Support Outdoor and Indoor cabinets

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

Applications for NokiaUltraSiteSupport vary from integrated battery backup in
Nokia UltraSite GSM BTS Indoor and Outdoor to a high-capacity Nokia
UltraSite Support. The integrated battery backup supports up to 18 TRXs a
provides up to 40 Ah backup resources. Nokia UltraSite Support supports u
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
arranging enough expansion capability for handling electricity shortages.

NokiaUltraSiteSupport cabinet isdesigned for compliancewith NokiaUltraSite
BTS.

TheNokiaPower System Management (PSM) featureenablestheremotecontrol
and supervision of NokiaUltraSiteSupport via theNokiaNetwork Management
System (NMS), by using aQ1 interface. Locally, thiscontrol can bedonewith a
dedicated element manager.
DN99556414 © Nokia Networks Oy   13 (70)
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The primary aim of the Nokia PSM is to provide network operators with mor
accurateinformation about thepower system status, and thepossibility to control
the system remotely, and maximize the electrical efficiency of the batteries 
charging system. Implementation of the Nokia PSM will therefore reduce th
number of service visits to the site.

Theconstant power (1300W) rectifier unitsgeneratethefloat charging voltageto
batteries and the DC power supply to the BTS and customer equipment. Th
nominal output voltage (54 VDC at 25°C/77°F) of the rectifier isprogrammable
and temperaturecompensated. It ispossibleto replace arectifier unit to theNokia
UltraSite Support without disrupting the DC power to the BTS.

In Nokia UltraSite Support there is space reserved for customer equipment
Line Terminal Equipment) ranging from 6U to 18U. The space reserved for
customer’s equipment is protected against environmental detriment. Also, t
temperature of this space can be actively controlled.

Installation of customer equipment in Nokia UltraSite Support is easy. Ther
no need for additional racks or external cabling for customer equipment. Th
integrated construction of NokiaUltraSiteSupport fulfil sall therequirementsof
customer equipment - from power supply to monitoring and controlling via t
Q1 bus.

NokiaUltraSiteSupport hasthesamecoremechanicsin both indoor and outdoor
cabinets. Thecabinetsdiffer only by thekitsattached to thecoremechanics. The
high volume-to-power ratio combined with the small footprint allows more
possibilities for the site utilization.

For more information, refer to Nokia UltraSite Support Product Overview.

2.2.1.3 Antenna systems

Nokia Antenna Systems for GSM network have been designed to meet the
demandsfor compact size, robust construction, strictly defined radiation patterns
and aestethic appearance. The number of components in the whole solutio
been minimized.

The usage of cross-polarized and dual band antennas as well as diplexers
minimize thevisual impact which hasbecomean issue in many countries. There
are also additional benefits of keeping into a selected portfolio: faster plann
and roll out.

An important element in Nokia UltraSite Antenna System is the new Nokia
MastheadAmplifier (MHA) which isspecially designed for NokiaUltraSite. The
MHA improves the sensitivity of the whole system by improving the BTS’s
receiver sensitivity aswell asby filtering out interference. Thus, it improves the
overall network operation and reduces annoying call drop-outs. All this lead
an increased transmission quality and subscriber satisfaction, ultimately lea
to increased revenues for the operators.
14 (70) © Nokia Networks Oy    DN99556414
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In addition to theantennasand theMHAs, the following componentsarepart of
Nokia UltraSite Antenna System:

• feeder cables

• clamps

• feeder connectors

• jumper cables

• grounding kits

• EMP protectors

• diplexers (optional).

TheRF feeder can beof different sizes(1/2", 7/8", and 15/8"), depending on the
length of the mast and the desired attenuation.

Thecableclampsaremadeof stainlesssteel and they areeasy and fast to install.
All connectors are IP68 classified.

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

Thegrounding kit ensuresthat theantennalineisDC grounded against lightning.

TheEMPprotection protects theBTSagainst lightning and overvoltagecoming
down the antenna line.

For more information, refer to Nokia UltraSite Antenna System Product
Overview.
DN99556414 © Nokia Networks Oy   15 (70)
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2.2.1.4 Nokia FlexiHopper Microwave Radio

Figure 3. Nokia FlexiHopper Microwave Radio

Nokia FlexiHopper Microwave Radio is available for 13, 15, 18, 23, 26 and 
GHz frequency bands. The radio and its indoor unit areconnected together with
a Flexbus. The Flexbus is a single coaxial cable which carries all the signal
between the indoor unit and the radio. It also carries the power to the radio.
distance between the indoor unit and the radio can be up to 300 meters.

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

Nokia FlexiHopper Microwave Radio has several indoor unit options:

• FXC RRI indoor unit isfully integrated with NokiaUltraSiteGSM 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 fo
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.
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For more detailed information please refer to Nokia FlexiHopper Microwave
Radio Product Overview.

2.2.1.5 Nokia UltraHopper Microwave Radio

Figure 4. Nokia UltraHopper Microwave Radio

NokiaUltraHopper MicrowaveRadio isahigh-capacity, medium-haul radio. It is
available for the 18, 23, and 26 GHz frequency bands. The radio transmissi
capacity of Nokia UltraHopper is STM-1 (155.52 Mbit/s). 63 x 2 Mbit/s signa
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. NokiaUltraHopper is
connected to other unitsby an optical cable (with two fibres) and apower 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, a
they take one trasmission unit slot each. They contain the following function

• 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 leve

Nokia UltraHopper can be managed locally with
DN99556414 © 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 refer to Nokia UltraHopper Microwave Radio
Product Overview.

2.2.1.6 Local management and Nokia SiteWizard

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 equipme
and Nokia FlexiHopper and UltraHopper microwave radios as well as the si
support system.
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Nokia SiteWizard is a tool that supports all phases of installation and
commissioning. Site information and parametersare loaded from theNMS/2000
to thePC containing NokiaSiteWizard. Thissite information can beused during
installation to determine equipment needed and procedures to be followed.
commissioning wizard (see figure above) eases the process of the BTS and
transmission commissioning. During commissioning, the site parameters ar
automatically read by Nokia SiteWizard.

Usually, the equipment on the site is managed using a network manageme
system likeNMS/2000. However, NokiaUltraSiteBTSManager actsasamaster
if it is activated.

Nokia UltraSite local management applications have a graphical user interfa
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 th
whole cellular network. NMS SW release T12 is required for Nokia UltraSite
GSM support.

The NMS/2000 offers integrated management for Nokia UltraSite Solution a
well as the whole GSM network including both cellular and transmission
sections. TheNokiaUltraSitecellular transmissionsolutionsbuilt withbothSDH
and PDH equipment using wire line, optical fibre or microwaves as the
transmission mediacan bemanaged with theNMS/2000. It hasfull management
functionality including configuration, fault and performance management. T
NMS/2000 uses theNMS/10 as thenodemanager server for transmission nodes.

The NMS/2000 supports many features and related products that will bring 
best out of thenetwork. NokiaNetwork DataWarehouse(NDW) collects, stores,
managesand presentslong-term performance, alarm and configuration datafrom
the NMS database. Nokia Configuration Data Warehouse (CDW) supports
network planning, deployment andoperations. It controlsthenetwork parameters
and manages the data and work process for introducing parameter change
network expansions. CDW performsautomatic and periodical network 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 
optimum exploitation of network features.

Theautoconfiguration capability helpsoperatorsto minimizeboth timeand 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/2000SW releaseT12wil l offer thebasicsupport for NokiaUltraSiteGSM
solution. With NMS/2000 SW release T13, many new features (such as RS
antenna monitoring and Multi-BCF) become available.

2.2.3 Base Station Controller

Thebasic support for NokiaUltraSiteGSM solution wil l becomeavailablewith
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 EDG
support and multiplenew featuressuch ashorizontal expansion by splitting cells
between several cabinets. Also features likeAdaptiveMulti Rate(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 BTSsso that theequipment isseen by therest of thenetwork asconsisting
of separate entities. Also, alarms are managed separately.

TheNokiaUltraSiteBSC transmission solution includesboth theSDH and PDH
transmission. Dynamic Abis(in BSS10) wil l beavery important featurein future
EDGE networks for optimising theusageof Abiscapacity. Thedynamicsof 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 fut
networks in which increasingly more capacity is needed in the form of large
macrocellular sites and dense microcellular layers. There it will be a natura
companion for Nokia UltraSite Solution.
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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 configurat
packages called Nokia UltraSite Pack. Nokia UltraSite Pack includes all the
elements required to integrate the site into a network with minimum effort a
maximum ensurance.

Finally, issuesconcerning thesiteand network evolution pathswil l bediscussed.

3.1 Transmission

Cellular communications are evolving towards higher capacity demands. Th
operator’sfuturecapacity needshavebeen taken into account in thedevelopment
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
management toolsand services. Implementation of thetransmission network 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 P
technology. This is now changing as the capacity demands are growing due
increased traffic and new services. The high-capacity solution will be SDH i
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 carry multipleSDH signals inside asingleoptical fibre.
STM-1 capacity is very suitable for BTS access networks. TheAter 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, S
4 or STM-16 is the most feasible solution.

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/
STM-1 can carry 63 x 2 Mbit/swhich isapproximately half of theNokiaBSC’s
capacity.

In addition to the standard solutions, Nokia has implemented an optimal
transmissionsolution for transmissionbetweenthemicrowaveindoor unit andthe
PDH radio. This solution is called Flexbus. The Flexbus is a Nokia proprieta
bus. It carries 16 x 2 Mbit/s in both directions, and power for the radio in on
coaxial cable. The Flexbus is also ideal to connect together BTS cabinets a
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 fo
separate transmission nodes. High and low transmission capacity, microwa
links, leased wire lines and fibres may be used simultaneously in the BTS.

MSC BSC

BTS

STM-4

STM-16

STM-1

PDH
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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 
loop topology. When compared to a chain topology, the loop provides exce
protectionagainst microwavelink fadingandequipment failures. Loopprotection
improves availability normally by 10 - 1000 times compared to a single
connection.

Nokia UltraSite GSM BTS is a powerful transmission hub node. For instanc
there can be 8 microwave connections in a single-cabinet Nokia UltraSite G
BTS and 20 in a 3-cabinet site. The transmission can be directly connected
NokiaMetroSiteGSM BTSviaNokiaMetroHopper Radioor NokiaFlexiHopper
MicrowaveRadio. Grooming at theBTSfurther optimizestransmission capacity.

To optimize costs, tail sites can be implemented using FC E1/T1 transmissi
units. However, it isrecommended to useFXC unitsto enableflexibleexpansion
of sitesand direction of transmission to further sites. TheFC E1/T1 should not be
used in the BSC direction as it will not support enough capacity for a 12 TR
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
and stand-alone hub site. Nokia UltraSite offers solutions for all these sites.

At theBSC and stand-alonehub sites, NokiaUltraHub can beused. Thishub isa
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 
integrated transmission units. Each cabinet can provide add-drop capacity 
other sites. The integrated transmission iscapableof grooming traffic and acting
asaPDH loop master. Cross-connectionsaredonedown to 8k granularity which
provides the means of efficent usage of transmission capacity.

Hub
site

Tail siteChain site
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Using Nokia MetroHopper Radio or Nokia FlexiHopper Microwave Radio yo
get up to 8 Flexbus connections from one BTS cabinet without any external
equipment. The corresponding number of  E1/T1 interfaces is 16.

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

The STM-1 interface unit includes two STM-1 interfaces and it consumes tw
slots(FXC STM-1 + FXC Bridgeunits). Theunit can beused asan interfaceto a
fiber optic network or asan indoor unit for NokiaUltraHopper MicrowaveRadio.

The number of connections can be increased when new cabinets are instal
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 t
first cabinet (see figure above).

to BSC

Up to 20
radio
connections

Add-drop
capacity
16x2M

to BSC

Add-drop
capacity
63x2M

STM-1

Cabinet x Cabinet y Cabinet z

Flexbus

Cabinet x Cabinet y Cabinet z
DN99556414 © Nokia Networks Oy   25 (70)
Issue 3 en 



Nokia UltraSite System Overview for GSM Evolution

acity

add-
sion

ed
M

aces

ill,
y

:

The Flexbus is used to interconnect the cabinets when a total add-drop cap
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 
drop capacity per cabinet. The STM-1 interface leaves space for 2 transmis
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 (leased wire line) interfacesareused, it is recommended that the
connectionstowardstheBSC areall connected to thesamecabinet. Thisenables
the grooming benefit for interconnected cabinets.

A co-located NokiaTalk-family BTScan beconnected to NokiaUltraSiteGSM
BTS using the integrated E1/T1 interface or Flexbus.

During theupgradephase, NokiaTalk-family transmission interfacetowardsthe
BSC can beused to provideAbis for NokiaUltraSiteGSM BTS. This, however,
limits the capacity and expandability of the BTS. Therefore, it is recommend
that the external transmission interface is connected via Nokia UltraSite GS
BTS.

3.1.3.2 BSC transmission

TheNokiaUltraHubsolution for BSC includesbothSDH andPDH transmission.
The main functions of the BSC transmission are to adapt the BSC ET interf
to thetransmissionused in theBTSaccessnetwork and togroomtraffic if 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. St
when connecting several BSCs towards the MSC, the capacity demand ma
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.

InNokiaUltraSiteSDH solution, alargenumber of BTSsarenormally connected
to theBSC viaan STM-1 interfacewhich meansthat theSDH nodemust 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 
E1/T1 interfaces is low and the BSC is running out of E1/T1 interfaces. Nok
MetroHub or the DN2  can be used for the grooming function. Nokia
MetroHopper Radio, Nokia FlexiHopper Microwave Radio and Nokia
UltraHopper MicrowaveRadiocanbeconnected to theBSCusing theFIU19unit
or Nokia MetroHub. These solutions provide max. 16 x 2 Mbit/s per unit. Th
distance(cable length) from the indoor unit to theradio can beup to 300 meters.

Figure 10. BSC transmission solution

3.1.3.3 Stand-alone transmission sites

Sometimes, it isfeasibletobuildaseparatehubsite. Thiswouldbethecasewhere
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 hu
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Figure 11. Usage of separate Hub nodes

NokiaUltraSiteSolution includestwomainalternatives: theindoor high-capacity
NokiaUltraHub and theoutdoor/wall mounted NokiaMetroHub. Refer to Nokia
MetroHub Transmission Node Product Overview.

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

NokiaMetroHub is asmall powerful stand-aloneelement which can beequipped
with up to 5 transmission units which are the same as those in Nokia UltraS
GSM BTS.

3.1.4 Cross-connections

Different transmissionnodessupport different cross-connectiongranularitiesand
connection types in GSM transmission networks. Thecross-connectionsarenon-
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/
Also, the Nokia UltraSite is capable of handling the most important cross-
connection granularities of:

STM-1 STM-1 STM-4
STM-16

HubHub

Hub

Hub

HubBSC
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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 payloa
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.

Figure 12. Cross-connection capabilities

3.1.5 Protection

To achievehigh availability of critical BTSsand transmission 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 
equipment. This means that redundancy is built at the equipment level.

V
C

3

V
C

4

UltraSite BTS or
MetroHub

FXC RRI

FXC E1/T1

FXC Bridge

FIU19

FXC STM-1

2M 1.
5M

V
C

12

V
C

2

8k64
k

DN99556414 © Nokia Networks Oy   29 (70)
Issue 3 en 



Nokia UltraSite System Overview for GSM Evolution

.

ary

ic

.

-

lly
es

t/s
ion
TheHot Standby (HSB) equipment protection for NokiaFlexiHopper Microwave
Radio can be implemented with either one (FIU19, FXC RRI) or two (FIU19
only) indoor units. Also, Nokia UltraHopper Microwave Radio supports HSB

Protection of an FXC STM-1 unit can be implemented by installing a redundant
FXC STM-1 unit. In thecaseof afault in theoperating unit or aforced switch by
the management function, the redundant, protecting unit becomes the prim
unit. This changeover is non-reverting.

Path protection

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

• 1+1 path protection: thetraffic issent in two pathssimultaneously, and 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 path protection: thesameas the1:1 path protection but the redundant
path is shared by a number of operating paths.

TheSDH multiplexingstructureenablesefficient pathprotectionschemes. Single
multiplexer sectionsaswell asVC pathsover several multiplexer sectionscan be
protected independently. The multiplexer sections may contain several
regenerator sections.

TheFXC STM-1 unitsconfigured asAdd/Drop Multiplexer (ADM) arecapable
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 connection protection to beefficient, diverseroutes for thepathsareneeded.
Loop or ring network structuresare themost appropriate for thispurpose. Loops
are a very efficient way to protect against failures in transmission path and
equipment. TwoFXCSTM-1unitscanbeused to interconnect two loops(in later
release).

SDH equipment providesefficient add/dropmultiplexerswithout separateupand
down multiplexing. The ADMs can be used efficiently to provide automatica
protected transmission loops. The FXC STM-1 unit has two STM-1 interfac
which enables easy loop implementation.

PDH loopswith Nokiaelementsare implemented by aNokiaproprietary master-
slaveprinciple. Thetransmission direction in theloop isselected by using special
pilot bits. The pilot bits can be configured to be used as any bit in the 2 Mbi
signal. The loop master sends the pilot bits and thus controls the transmiss
direction of the loop.
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Very reliableSDH-PDH loopprotectioncanbebuilt by connecting thePDH 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 
additional hardware at the BTS site, but it requires capability for 64 kbit/s cr
connection at the BSC site.

3.1.6 Network management interface

The integrated transmission equipment is managed using the Q1 protocol. 
management isbased on polling, which isdoneby theBSC, BTSor adedicated
mediator. Each BSC can have14 servicechannels (Q1 buses), whereas theBTS
hasonelocal Q1 bus. Each Q1 buscan servemultipletransmission elements. The
management connection to theBSC can beeither an management channel in 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 pollin

For more information, refer to NMS document Q1 Implementation in Cellular
Transmission Networks.

3.1.7 Synchronization

Thetransmission networkswork properly only when synchronization isplanned
and implemented properly. Usually, themaster-slavesynchronization method is
used. This synchronization method uses a Primary Reference Clock (PRC)
which theequipment clocksaresynchronized. In figure13, thePRC isconnected
to the MSC.

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

Thefollowing sourcescan beset assynchronization referencesfor theequipment
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 transmission unit’s internal frequency isused for synchronization if there is
no other reference source available.
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Synchronization status messaging can be used to ensure that the best ava
timing source will be used. The messaging can also be used to prevent tim
loops in ring and mesh networks. The status messaging is transferred in the
bytein theSTM-N SectionOverhead, or inTS0of the2Mbit/sframe. Older SDH
or PDH equipment may not have the synchronization status messaging
implemented. In such cases, NokiaUltraSiteBTSManager can beused to set the
desired quality status for these signals.

Theprimary method used for synchronization of theBSC is to usetheexternal 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 Mbi
signal. The re-timing function can beused if thequality of the2 Mbit/s signal 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 SD
networks case by case, it may happen that parts of SDH transmission netw
become isolated from each other. These SDH islands should be synchroniz
one of the 2 Mbits/s signals synchronized to the BSC clock.

Figure 13. BSS synchronization

3.2 Sites

NokiaUltraSitePack can bedefined for all applications, taking into account the
high-capacity demands in dense urban environment, and also rural applica
with low-capacity, large-coverage-area requirements keeping in mind both
indoor and outdoor installations. Themodular design of NokiaUltraSitesupports
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 s
with transmission and auxiliary equipment. TheNokiaUltraSiteelementscan be
integrated into other mobile network applications as well.

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

3.2.1 Road site

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

Integratedbattery backupallowstheoperator tobuildacost-efficient one-cabinet
outdoor solution. Typically, thesiteusesNokiaFlexiHopper MicrowaveRadios
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 po
means large coverage area and fewer sites in the network. The capacity ne
relatively modest due to sparse rural population and lack of extensive busin
usage. The site has a 2+2+2 TRX configuration with by-pass combining. Th
number of antennas is reduced by using X-polarized antennas. Masthead
Amplifiersfor eachsector areused tocompensatefor thefeeder cablelosses. This
outdoor site has also an integrated battery backup system allowing for the o
cabinet solution. With theNokiaIntelligent CoverageEnhancement (ICE) feature
the capacity can be expanded while retaining the initial coverage.

Therural sitemay bein themarginsof thenetwork and thereforeit doesnot have
transit transmission. Being a tail site, it needs only one Nokia FlexiHopper
Microwave Radio for transmission.

3.2.3 Suburban site

Theoutdoor solution for thesuburban siteprovides largecoverageareaand 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
each sector. Masthead Amplifiers are used to compensate for the feeder ca
losses. With integratedbattery backupthissolutioncanbeimplementedwithonly
two cabinets.

Transmission in thehigh-capacity environment uses loop topology. Thesitecan
includethreeNokiaFlexiHopper MicrowaveRadios; two for theloopandonefor
a separate branch coming from other sites.

3.2.4 Urban site

Outdoor rooftop is a common choice for urban site installations. The urban 
offers a flexible evolution path from small configurations to large capacity
configurations. For instance, a 4+4+4 TRX configuration with wide band
combining (2:1) canbeimplementedwithonly onecabinet. Thissolutionhasone
X-polarized antenna per sector.

Battery backup is located in the Nokia UltraSite Support cabinet which also
space for customer equipment. Thisbattery backup supportssiteextension up to
12+12+12TRX configurations. Thetransmissionof thisloopsiteusestwoNokia
FlexiHopper Microwave Radios.

3.2.5 Dual band urban site

Theurban sitemay bebuilt indoorsand outdoors. High traffic capacity for voice
and data services is achieved by using two bands (GSM 900/GSM 1800). T
8+8+8 / 4+4+4 TRX dual band configurations with wide band combining (4:
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 commo
antenna feeder cables for both frequency bands. One dual band XX-polariz
antennawith integrateddiplexersisusedper sector. Thebattery backup islocated
in Nokia UltraSite Support.

AstheBTS’stransmission capacity ishigh, it can beused asahub siteaswell. In
this case, it is connected to an optical SDH loop with FXC STM-1. Two Nok
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

Figure 16. Talk-family/UltraSite urban site

NokiaUltraSitecan beused to providecapacity expansion or EDGE upgradefor
existing indoor Nokia Talk-family sites.
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In thiscase, aNokia Intratalk 4+4+4 TRX configuration with RTC combiners is
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 Noki
FlexiHopper Microwave Radios.

Battery backup is supplied by the existing site support cabinet, to which mo
rectifiersand batteriesareadded. Existing antennascan also beused for thenew
TRXs. The already installed facilities make the network expansion feasible 
cost effective.

3.3 Site evolution

Network capacity often needsto be increased and new services introduced 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, macrocellular networksneed to becontinuously expanded dueto 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 cabin
can be utilized by Nokia UltraSite as such. The Nokia UltraSite cabinets can
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. T
existing Talk-family site support cabinet may need to be upgraded if the bat
backup time is not sufficient for the new site or if the rectifiers cannot feed t
required current for the larger configuration. Also the power feeders and fus
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 acableconnection (seefigurebelow). Synchronization allowsto
fully benefit of largeconfigurations. It makeshorizontal extension of thesectors
possible. The Nokia Talk-family and UltraSite TRXs can be configured to a
common cell. Only one BCCH transmission channel is needed per sector. R
hopping between the sectors with the same frequency lists can be used in
synchronized BTSs, and synchronized handovers will become possible.

Figure 17. Nokia Talk-family/UltraSite GSM BTS synchronization
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Themaximum distancebetween all synchronized BTSsis100 meters. TheNokia
Talk-family BTSactsasthemaster, when it andNokiaUltraSiteGSM BTS(s) are
synchronizedtogether. Synchronizationrequires aBCFx (BaseControl Function)
unit update in the Nokia Talk-family BTS.

Common alarm management

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

External alarms and controls are compatible. The mains alarm from Nokia T
family sitesupport equipment can beconnected to NokiaUltraSiteBTSand vice
versa. Themainsalarm information between UltraSitecabinets is transferred via
the synchronization cable.

High-capacity transmission

Themost economical solution for siteexpansion istousethesparecapacity of the
existing transmission connection. If there is no spare capacity available, the
existing transmission can bekept assuch and new transmission connectionscan
be built for the expansion. Nokia UltraSite Solution uses highly integrated h
capacity (SDH) and low-capacity (PDH) transmission and the BTSs can act
powerful transmission hubs. Therefore the Abis interface of the existing
equipment can be connected to Nokia UltraSite where it can be groomed an
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 inte
configuration and existing antenna scheme. Sharing the existing antennas a
feedersdependson how they areutilised by theBTS. Utilizing existing facilities
makes the network expansion feasible and cost effective.

Oneof theeasiest way to share theantennas is to re-organiseTalk-family TRXs
so that the Talk-family BTS provides capacity for 1 - 2 sectors and Nokia
UltraSiteGSM BTStakescareof therest of thesectors. In thiscase, if combining
is done separately in each BTS cabinet, no antenna changes are required a
RF cabling is needed between the BTSs.

When thesiteexpansion isdonehorizontally by using theMulti-BCFcell feature,
cellsaresplit between NokiaTalk-family and UltraSiteBTSs. Theexisting Talk-
family TRXs do not need to be re-organized but the UltraSite BTS brings m
capacity to the existing cells.

New antennas can be introduced for the UltraSite BTS. The advantage of th
that the expansion can be built separately without touching the existing
equipment. Thismeansthat theexpansioncanbebrought intousewithpractically
no down time at all.
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Sharing the existing antennas and feeders depends on the way the Talk-fam
BTSusesthem. If they areall used for transmitting by Talk-family BTSand if no
new antennas can be introduced, then the only way to share the antennas 
feeders is to do external hybrid combining before running the signals to the
feeders. Thedisadvantageof this isthereduced output power caused by theextra
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 No
UltraSite GSM BTS and the receiver diversity information can be exchange
between the BTSs using a separate cable set.

Anexampleof aconfigurationof awide-bandcombined2+2+2TRX NokiaTalk-
family BTS with 2+2+2 TRX Nokia UltraSite GSM BTS is presented below. 
this configuration there are 2 antenna elements per sector, i.e. duplexing an
diversity are in use. In this case, a set of 12 receiver diversity cables is nee
between thecabinets. Thesameapplies to NokiaTalk-family BTSwith a1+1+1
TRX diversity configuration.
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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
Talk-family and UltraSite BTSs.

The diversity branch cabling as well as the different gains of the diversity pa
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 sing
band case is that only antennas may need to be changed to dual band ante
with integrated diplexers.
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Usingonedual bandcross-polarizedantennaper sector savesantennainstallation
space. Existing 900 MHz antennascan beutilized if new 1800 MHz antennascan
be installed. If adual band sector isbuilt within theUltraSiteBTS, employment
of integrated dual band duplex units in Nokia UltraSite BTS allows to share
feeders. If aNokiaUltraSiteGSM 1800BTSisco-sitedwithaNokiaTalk-family
GSM 900 BTS, external diplexershaveto beused in theBTSend of theantenna
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 a
introduces new features for these services. It provides a solid platform towa
future multimedia networks.

3.4.1 Voice and data services

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

Muchof thetraffic in thefixednetwork isdata. Also theneed for thewirelessdata
services is growing. New data applications are introduced continuosly. Dire
Internet connections will further increase the data usage. Currently GSM ca
provide data rate of 9.6 kbit/s. Higher wireless data rates would benefit man
applications and allow new applications to emerge. With Nokia UltraSite ne
datasolutionsbecomeavailable. The first NokiaUltraSite releasesupportsHigh
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 
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 da
traffic is packet switched. Especially the Internet applications are becoming
dominating. TheGPRSenablespacket dataconnection to themobilestation and
provides a direct connection for the packet switched public data networks. N
network elements introduced in the GSM network with the IP core and pack
switched backbone of GPRS are complementary with the circuit switched G
network elements.

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

The Enhanced Data Rates for Global Evolution (EDGE) standard will furthe
increase the data rates of both existing circuit switched (CSD) and packet
switched (GPRS) dataservices. Implementation of thesenew EGPRSand ECSD
serviceswil l not requirenew network elementsasEDGE isbuilt on theexisting
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
providesaperfect solution for EDGE upgradesrequired in theexisting networks
because of the new modulation. Nokia UltraSite is the coverage solution for
EDGE.

Nokia UltraSite can be used to introduce EDGE in a Nokia Talk-family site
without any limits to EDGE capacity. Theimplementation of theEDGE upgrade
follows the same principles as described in the section above, i.e. the existi
equipment can be shared, and in some cases it needs to be upgraded for n
services. Antenna considerations are also similar.

If NokiaUltraSite is installed in thesiteusing standard TRXs, theBTScan later
beupgradedby addingEDGETRXs. AsNokiaUltraSiteisdesigned for highdata
usage, it will provide full EDGE capability, meaning that all the TRXs within
Nokia UltraSite GSM BTS can be EDGE capable and used simultaneously 
EDGE mode, without restrictions. TheEDGE TRXscan besimultaneously used
in both GSM and EDGE modes. In addition to the benefit of full EDGE
capability, the2 dB link budget improvement in NokiaUltraSiteBTS(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
developed mainly for voiceservices. In WCDMA, thenetwork resourcescan be
optimized flexibly for the services provided including their quality.

The air interface of the WCDMA is completely different compared to the GS
air interface. Also, anew frequency band isallocated 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 mob
networks, most elementsarecompatiblewithWCDMA. NokiaUltraSiteSolution
offers an smooth upgrade path towards WCDMA.

Nokia UltraSite Solution supports the integration of WCDMA carriers with
minimum effort into theNokiaUltraSiteGSM cabinetsequipped with GSM and
EDGE TRXs. ThisWCDMA upgradeissupported with both indoor and outdoor
installations. Three WCDMA carriers with 5W output power can be installed
The installation of thesecarriers limits thenumber of GSM or EDGE TRXsto 6
in that cabinet. 1 - 3WCDMA sectorscan beconfigured to asingleGSM cabinet.
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When the capacity requirements in the network increase, Nokia UltraSite
WCDMA BaseStation can beinstalled into thenetwork. Configurationsup to 12
carriersper cabinet arepossible. MaximisedWCDMA capacity andcoveragecan
begained using six sector configurationsand NokiaSmart Radio Concept (SRC).

Also, installation of dedicated Nokia UltraSite WCDMA cabinets into the sam
sitewith NokiaUltraSiteGSM cabinets isaseasy aswhat is thecasewith Nokia
UltraSite and Talk-family co-siting. The Nokia UltraSite WCDMA and GSM
BTSs can share a common site support system.

External diplexerscan beused for sharing thefeederswhether WCDMA carriers
and GSM or EDGE TRXs are installed in the same cabinet or separate cab
If the diplexers are used, MHAs can be used only in one of the systems. Th
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 th
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 capac
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 secon
generation speech-service based (narrowband) network to a wideband
multimedia third generation network, where theair interfacecan beeither GSM-
EDGE or WCDMA, is presented in this chapter.

EDGE can be seen as a direct continuation to the current GSM requiring on
capacity increase in thenetwork, whereas upgrading to WCDMA means adding
two totally new network layers (ATM and IP). Together with capacity growth
traffic shifts from circuit switched speech to packet data, both real timeand non-
real time data.

The cellular transmission networks like other transmission networks consist
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
topological changes in physical layer create alot of new investments. In thebest
case, thesparecapacity of theexistingnetwork can just bebrought intouse. Also,
insomecases, only thephysical links(fiber, radio, copper) between thesiteshave
to be upgraded, but the topology can be preserved.

Any new transmission layer likeATM in WCDMA bringsnew requirements for
theDCN solutions. CombiningWCDMA toanexistingGSM network meansthat
atotally new DCN hasto becreated besidetherunning one. WCDMA usesan IP
layer for DCN.

Synchronization iscarried over thelowest layer i.e. thephysical layer. Generally,
synchronization isnot affected by thenetwork upgrades. However, if new media
like IP or a LAN section is added to the network, the synchronization netwo
may also change.

Al l theabovementioned logical networkshaveto beconsidered when theoverall
transmission capacity iscalculated. Also, therearevariousprotocolson different
network layers, each of which add to the overhead and thus to the final cap
need.

Upgrading thebasestation sitesto higher capacity meansthat thewholenetwork
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
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
deployed, theexisting PDH and SDH capacity isgoing to beincreased and ATM
will be conveyed on top of those transmission technologies. Fractional E1 li
can be used to maximize the usage of transmission capacity within cellular
networks. TheWCDMA and GSM traffic iscombined to thesamephysical 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
Emulation Service(CES). Al l GSM traffic, which isTDM based, isconverted 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
modular capacity, whileusing existing PDH/SDH transmission equipment. That
is useful in particular when links of the higher multiplex levels are not readil
available or not economical.

The IMA group is terminated at each end of the IMA virtual link. The receiving
endreconstructstheATM cell streamafter accounting for link differential delays.
Links can beadded or removed to/from operational IMA groups to dynamically
adapt capacity to changing needs. In case of link failures the group stays
operational with reduced capacity, using the remaining links.
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4 Deployment of Nokia UltraSite
This chapter describes the implementation of Nokia UltraSite into the netwo
and givesan overview of theoperation of theproduct. Themain emphasis isput
on the deviations from the methods used with other Nokia products.

Thecommissioning and integration of NokiaUltraSitecan bedoneby 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 a
Nokia Autoconfiguration help the personnel through the procedure. The
commissioning wizard can read a Site Configuration File (SCF) which includ
most of the required commissioning parameters.

Autoconfiguration helps to automate the commissioning and integration of t
site. It creates transmission circuits between the BTS and the BSC that can
used for passing the information needed in commisioning and integration of
new BTS. It providesanend-to-end transmissionmanagement in theGSM access
network.

Nokiaprovidesservicesfor all theseactivities. For moreinformation on services,
see chapter 5.

4.1 Network planning

In cases where Nokia UltraSite is implemented into an existing network, the
configuration of that particular network isused as abasis for changesor thenew
configuration.

4.1.1 Radio network planning

NokiaUltraSiteassuchdoesnot changetheradionetwork planning requirements
and procedures. New or improved featuresthat affect radio network planning are
described in this chapter.

NokiaUltraSiteGSM BTScan beequipped with GSM 900, GSM 1800 or GSM
1900 TRXs without any limits in the sectorization. In the Nokia UltraSite GS
BTScabinet therecan be 1- 6 sectors. Themaximum number of TRXsper site is
108 and per sector 36.
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Widecoveragecan beachieved with NokiaUltraSiteSolution. Theoutput power
of Nokia UltraSite GSM BTS is up to +44.5 dBm (28.2 W) when no combini
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 bo
theoutput power canbeincreasedup to+48dBm(62.9W). Tohavetheradio link
budget in balance, the receiver sensitivity can be increased by using 2-way
way diversity which increases the sensitivity theoretically by 3 dB or 6 dB
accordingly.

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

• base-band and RF hopping

• Masthead Amplifiers

• Intelligent Coverage Enhancement (ICE)

• Enhanced Coverage by Frequency Hopping

• Extended Cell Range.

Table 1. Nokia UltraSite GSM BTS’s output power

TX antenna
combining method

Output
power, dBm

Output
power, W

Max. no. of
TRXs/
antenna

By-passing (dual
duplexing)

44.5 28.2 1

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
scheme

Sensitivity (dBm)
in GSM 900

Sensitivity (dBm)
in GSM 1800/1900

Single branch without
MHA

-110.5 -111.0

Single branch with MHA -111.0 -112.0
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With NokiaUltraSiteGSM BTS, thesectorscan beexpanded horizontally using
the multi-BCF feature. This means that the TRXs of a sector can be located
several cabinetsand they may even beof different bands(in dual band networks)
or EDGE TRXs.

With the Single BCCH feature, only one BCCH channel is needed in a sect
which issplit between several cabinets. Thismeansfewer BCCH channels in the
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 anarrow frequency band isavailable, theneeded capacity increasecan be
achieved with dual band operation, multilayer network or with Nokia Soft
Capacity features such as Intelligent Underlay Overlay or Intelligent Freque
Hopping.

Radio network planning can beeasily donewith theNokiaTotem Suitewhich 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 dir
interface to Nokia Transmission planning system NPS/10. Radio network
planning information concerning the network and the sites can be transferre
from Totem to theNPS/10, which saves alot of timeand energy. Totem includes
also a direct interface to the CDW and the NMS/2000.

For Nokia UltraSite GSM Base Station's RF performance, refer to Nokia
UltraSite GSM Base Station Product Overview.

4.1.2 Transmission network planning

Nokia UltraSite offers numerous alternatives for transmission. The future
capacity needshavebeen taken into account when developing it. NokiaUltraSite
brings new integrated media, optical fibre, and a new multiplexing hierarcy,
SDH, to the BSS.

The integrated transmission capacity in NokiaUltraSiteGSM BTS isvery high.
TheBTScabinet can accommodate 4integrated transmission units. In asitewith
several cabinets, thesamecapacity isavailable in each BTScabinet thusmaking
thetransmission capacity very high. TheBTScan even beused asatransmission
hub for other elements in the network. It can connect the transmission betw
variousmacrocellular layer elements, or groomthetransmissioncoming fromthe
microcellular layer. This reduces theneed for separate transmission nodes in the
cellular accessnetwork and thusalso reducestheinvestment, and implementation
and operation costs of the network.
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When using Nokia UltraSite PDH transmission with the new autoconfigurati
feature, no routing information isneeded in the transmission plan for that part 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, rad
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 t
transmission network that supports it. Also the capacity and connections fo
telecom traffic must be planned for those parts of transmission network tha
not support autoconfiguration (thisisthecasewithnetworksusingSDH andolder
generation PDH equipment).

Transmission plans can be done with the Nokia NPS/10 transmission plann
tool. The NPS/10 (version C5.0) supports all the transmission media and
multiplexinghierarchiesthat canbeusedwithNokiaUltraSite. Theradionetwork
planning information concerning the network and the sites can be transferre
from Totem radio network planning tool to the NPS/10. The NPS/10 calcula
therequired transmission capacity and therequired autoconfiguration 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 compare
those of the existing macrocellular Talk-family BTSs. Nokia Talk-family site
can be utilized directly by Nokia UltraSite.

All the outdoor UltraSite GSM elements work in the ambient temperature of
33°C (-27.4°F) to 50°C (122°F) and the outdoor cabinet is IP55 protected; thu
normally, no additional protectivesheltersareneeded. Thetemperaturerangefor
Nokia UltraSite GSM BTS Indoor is -5°C (23°F) to 50°C (122°F). Forced open
air cooling isused in theoutdoor cabinet; thereforeadditional heating or cooling
is not needed during the operation.

For small-capacity siteswith spacefor only onecabinet, NokiaUltraSiteoffersa
solution with all theneeded elementsin onecabinet. Thisonecabinet containsan
integrated battery backup system and up to 6 TRX Nokia UltraSite GSM BT
with integrated transmissionandall thefeatures. Up to45minutesof backup time
can be provided for that configuration.

Midi cabinetscanbeinstalled in indoor sitesthat havelimitedheight. Thecabinet
has all the Nokia UltraSite GSM features and can accommodate up to 6 TR
Midi cabinets can be placed side by side as well.

WhenNokiaUltraSiteWCDMA BTSisbrought to thesamesite, it must betaken
into account that the heat transfer and the power consumption of the WCDM
BTS are higher compared to those of Nokia UltraSite GSM BTS.
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4.2 Network implementation

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

4.2.1 Preparation

Somepreparational work is required before anew sitecan be integrated into the
network.

The radio and transmission network plans are first loaded into the NMS. Th
NMS creates the radio network objects and the transmission network objec
automatically of the plans. The autoconfiguration pools and the signalling lin
for every BTSaredefined in thetransmission network plan. TheNMScreatesthe
Site Configuration File (SCF) which is loaded to a PC containing the Nokia
SiteWizard. Nokia SiteWizard reads the parameters in the file during the ac
commissioning.

The NMS/2000 configures the BSC automatically. It loads the BSC
configurationsto theBSC databasewhen theBSC isoperational. TheNMS/2000
automatically preconfigurestransmission capacity, that can befreely allocated to
autoconfiguration usage, to the Abis interfaces of the BSCs. That transmiss
capacity is called AC pool. After that, the BSC is ready to serve the accessi
Nokia UltraSite network elements.

SDH andolder generationPDH equipment donot support autoconfiguration. The
AC pools have to be configured through these parts of transmission networ
according to the transmission plan. The same applies to the capacity and
connections of the telecom traffic.

TheACpool providestransmissioncircuitsbetween thesiteand theBSCthat can
be used for passing the information needed in commisioning and integration
thenew site. Theexisting NokiaUltraSitePDH transmission elementscan detect
whether there are new AC pools by checking the unused telecom time slots

Table 3. Nokia UltraSite GSM cabinet dimensions

Cabinet  Height  Width  Depth

Midi 1100 mm (43.31 In) 600 mm (23.62 In) 570 mm (22.44 In)

Indoor 1800 mm (70.87 In) 600 mm (23.62 In) 570 mm (22.44 In)

Outdoor 1940 mm (76.38 In) 770 mm (30.31 In) 750 mm (29.53 In)
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When a new BTS is installed and connected to the transmission network, it
transmission finds the routes to the nodes having an AC-pool connection an
further to the BSC. After that a channel is created between the newly instal
BTS and the BSC. This channel is then used for commissioning and integra
of the new BTS.

4.2.2 Site installation

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

Nokia UltraSite GSM cabinet fits in to the corresponding Talk-family cabine
footprint both indoors and outdoors. The Nokia UltraSite GSM cabinets can
placed sideby side. Al l installation work can bedonewithout any need for back
access to theNokiaUltraSiteGSM cabinet. Thecabinet mechanicsaredesigned
so that the cabinets can be installed against the wall.

In thecaseof indoor installation, no special plinth isrequired. Theindoor cabinet
can simply be bolted directly to a treated or covered concrete base. The ou
installation is likewise easy; the fixing points are the same as in Nokia Talk-
family BTSs.

Thepower feeding may haveto beenhanced if theexisting cabinetsarereplaced
with fully equipped Nokia UltraSite GSM BTSs because of the high number
Nokia UltraSite transceivers and increased power consumption.

Battery backup can beeither integrated to NokiaUltraSiteGSM BTSor it can be
provided by NokiaUltraSiteSupport. Thealready existing battery backup can be
used aswell if there issuch. In that case, it hasto beremembered that thebackup
time will be shortened by the additional new equipment unless the battery
capacity is increased.

NokiaUltraSiteGSM BTShasexternal alarm inputsthat can beused for siteand
support alarms. These alarms can be sent to the NMS and reported as any
alarms.

Thecabinet internal cabling isdelivered with theplug-in units. As thecabling is
not attached to the cabinet itself, no money is wasted in excess cabling in s
configurations.

Al l theexternal cabling is routed through thecabinet roof. Also, theantennaand
the feeder cables can be routed to whichever direction from the cabinet roo
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 a
the reservations for additional TRXs in the cabinet can be taken into accoun
theexpansion path can bepredicted. The lower part of the indoor cabinet can be
used for WCDMA expansion.

4.2.3 Site commissioning and integration

The Nokia SiteWizard and autoconfiguration can be used to automate the
commissioningand integrationof thesite. Thework canbedoneby oneteam 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 Sit
Wizard isstarted. NokiaUltraSite then automatically detects 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
configuration file during the commissioning. No separate HW database or H
info file are needed with Nokia UltraSite.

The commissioning wizard is started and the Site Configuration File is open
The site is selected by the address after which the wizard reads the require
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
Once the Abis links are activated, the autoconfiguration takes place, i.e. the
connection between theBTSand theBSC iscreated. After that, themanagement
channel and the BTS are tested automatically and the radio network param
are downloaded. The BTS is integrated to the BSC.

A circuit manager isused for optimizing thetransmission connectionscreated 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

Al l theNokiaUltraSiteequipment can bemanaged from onepoint with theNMS/
2000. It offersintegrated management for NokiaUltraSiteSolution aswell asthe
whole GSM network including both cellular and transmission sections. The
NMS/2000 uses theNMS/10 as thenodemanager server for transmission nodes.
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Power System Management (PSM) enables management of Nokia UltraSit
Support. ThePSM isconnected to theQ1busof theNokiaUltraSiteBTSandcan
bemanaged with NokiaNMSlikeany network element. With PSM thealarmsin
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 a
Control (EAC) lines, alarmscan besent to theNMS/2000 (viaBSC). In thiscase,
supervision is performed by Nokia UltraSite GSM BTS and alarms are repo
as normal external alarms.

4.3.1.1 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 manageme
port (LMP) for the BTS and integrated transmission.

ThePower System Management has adedicated local management port in Nokia
UltraSite Support.

The Nokia UltraSite equipment can be managed by the NMS/2000 and Nok
UltraSiteBTSManager - NokiaUltraSiteBTSManager actsasamaster when it
isactivated. Management operationsperformedby NokiaUltraSiteBTSManager
are documented to the NMS.

In BSS10, it is also possible to connect Nokia UltraSite BTS Manager remo
to NokiaUltraSiteGSM BTSand manage it as if NokiaUltraSiteBTSManager
wereconnected locally to theequipment. NokiaUltraSiteBTSManager can also
beconnected to theNokiaNMSor BSCandthemanagement connection toNokia
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 
same site.

4.3.2 Maintenance

Generally, thereisno need for periodic maintenancein NokiaUltraSite. 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 NokiaUltraSitehavea10-year lif e timewhen they areused in their
nominal temperatures.

Regular extraction of dirt may be needed in extreme conditions with high
contamination of the air.
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NokiaUltraSiteSW can beupdated easily. SW background downloading can be
initiated either locally with Nokia UltraSite BTS Manager or remotely from th
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

Nokia is therefor itscustomersthroughout thelifecycleof their networks. Nokia
can help to plan, deploy, manage, and develop mobile and data networks a
way to third generation network systems with a full house of service solution
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 a
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 
futureasnew servicesare launched. Good planning isvital to bring new telecom
or dataservicesonlinequickly and giveoperatorsacompetitiveadvantage. Once
theplan isready, Nokiacanhelpdesignand implement end-user services, thereal
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. Thisexpertisecovers livenetwork upgradesand the implementation
of complete end-to-end solutions with a single supplier interface. Nokia offe
flexible Roll-out Services Packages to accommodate the varying deployme
needs of different types of operators.

Operatin g and continuousl y developin g networ k and servic e management
systems

Nokia helps operators raise their service quality, network availability and
operational efficiency, thusachievingpeak performance. Thisway, operatorscan
concentrate on serving their customers, knowing that Nokia will support the
network evolution every step of the way.

For the sake of brevity, this document gives only selected highlights of thos
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 cle
strategy for the Network Evolution. This Service helps in evaluating th
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
multimediaservicecoverage. TheseServicePackages enabletheplanning
and implementationof thenetwork inamanner whichoptimally suitsyour
regulatory and business environment.

• BSSRemoval ServiceFamily. Upgrading theexisting network may reveal
a demand for a safe and easy-to-handle process for replacing, reloca
and recycling obsoleteequipment (such asnon-NokiaBSS, for example).

• Nokia Online Services, which complements the traditional services by
providing fast and flexibleaccess to the full servicehousevia the Internet.

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

5.1 Planning the network evolution path for
multimedia

Nokiacan help plan asolution that providesroom to grow asthenetwork evolves
towards mobile multimedia. Nokia provides advanced planning services for
defining the right development strategy for the network and planning the rig
solutionsfor capacity development for voice, dataandmultimedia. Together with
the advanced Nokia Totem Suite network planning system, Nokia's experie
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

Thepurposeof Capacity EvolutionPath& Strategy (CEPS) Serviceistoevaluate
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.  T
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 tim
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 growt
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

• Businessbudgeting inputs. Customer receivesestimatesof investment and
operational cost of each alternative over the target time frame, which 
turn would assist the budgeting.

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

The contents of CEPS Service are explained in more detail in the following
sections.
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Figure 19. Contents of the Capacity Evolution Path and Strategy Service

5.1.1.1 Collection of information and analysis

The necessary information on business scope and strategies, existing netw
infrastructureandperformance, capacity bottlenecksandpredictionsiscollected.
Theinformation can either beprovided by theOperator, acquired interactively or
produced by Nokia. Thecollected information isanalysed in detail together with
the impact of new services, tariffs, competition etc. to thenetwork infrastructure.

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

5.1.1.2 Simulation of network evolution scenarios

Theevolution of thesystem solution isplanned through simulation of scenarios.
Thesimulationsarebasedontheuseof network dimensioningandplanning tools.
It is important that thereareclear investment phasesand an ensured growth path.
Thephasesaredefinedso that thenetwork buildingwil l bedoneinoptimumsteps
with minimum investments in advance, but without jeopardising growth.

Collection of information and
data analysis

Recommended network
evolution path

Simulations of network
evolution scenarios

Benchmarking

Optional modules

Traffic growth predictions

Service growth predictions

Sensitivity analysis

Additional presentations
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5.1.1.3 Recommended network evolution and plan

An optimal network evolution isrecommended and theplansfor it worked out in
thismodule. The"final" solution using thecoverage, capacity and quality targets
given for theend of theplanning period isplanned first. Thisplan isthen divided
into reasonable phases ensuring a smooth growth path and an optimised
investment programme.

Outputsof thismodulecontain theoptimum roll-out, investment and operational
cost estimates and business measures.

5.1.1.4 Optional modules

• Benchmarking. NokiacomparestheOperator's frequency spectrum usage
to the selected competitors in the market.  With this option the custom
can determine his growth potential as well as that of his competitors'.

• Traffic Growth Prediction. Nokiamakes the traffic growth predictions for
theOperator basedon itsknowledgeandexperienceit hasgainedglobally.
Nokia's estimates can also help the Operator in verifying its own
predictions.

• ServiceGrowth Prediction. Nokiamakesthepredictionson thevolumeof
new servicesand the impact on network infrastructure. Thesepredictions
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 tha
provides the sensitivity of selected inputs for the selected outputs.  In 
module uncertainty (distribution) is introduced to selected inputs and
outputs are given as distributions.

With thismodule, theOperator getstheresults in theform of probabilities.
For example, the pay back time of the investment can be three years
accordingto theinvestment calculationsbut theSensitivity Analysisoption
could show that with 90% probability the pay back time is less than fo
years.

• Additional Presentations. Thebasic modulesincludedocumentation of the
alternativesand two presentations. Additional presentationsareavailable.
The content of the additional presentations can be general or they can
concentrate on specific topics related to capacity.
DN99556414 © Nokia Networks Oy   61 (70)
Issue 3 en 



Nokia UltraSite System Overview for GSM Evolution
5.2 Nokia roll-out services packages for optimised
deployment

For planning and deploying a telecom network, Nokia offers four Roll-out
ServicesPackagesdesigned to takeinto account thevarying needsof operatorsin
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:

In the table above:

• X = included in the package

• (X) = for Telecom implementation only

• O = non-mandatory item

• - = excluded from the package.

Table 4. Contents of service packages

Telecom
depl oyment
package

Roll-out
management
package

Time-to-
market
package

Turnk ey
responsibility
package

Project
management

(X) X X X

NW pre-planning - - - X

NW planning O O O X

Site acquisition - O X X

Construction
works

- O X X

Telecom
implementation

X X X X
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5.2.1 Telecom deployment package

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

Telecom Implementation includes all activities and project management rela
to thephysical installation of theequipment at the installation site, commencing
from theunpacking of thedelivered equipment and ending at thecommissioning
of such equipment (i.e. when bringing such equipment into traffic).

* Network Planningcanalsobeincluded in theTelecomDeployment Packageon
a consultancy basis.

5.2.2 Roll-out management package

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

By letting Nokia take the responsibility for managing the project, network
implementation becomesmoreefficient, theroll-out smoother and theoperator's
investment safer. Provenmanagement andworkingmethodsaswell asclear lines
of reportingat different levelshelpoperatorsachievetheir goalsonschedulewith
agreed costs and quality criteria.

The scope of Project Management may vary from traditional telecom
implementation to cover network pre-planning and planning, siteacquisition and
construction works. Nokia project teams are equipped with experience from
managing multinational teams and global logistics.

* Network Planningcanalsobeincluded in theRoll-out Management Packageon
a consultancy basis.

5.2.3 Time-to-market package

TheTime-to-Market Packageisdesigned for operatorsfor whom aquick entry to
the market place is the first priority. They are willing to trust one partner for 
the network roll-out services but prefer to have network pre-planning and
planning doneby themselves. Thispre-defined network plan is then thebasis for
the project implementation plan.

Site Acquisition Service comprises site proposals based on site hunting, sit
assessment, technical site survey and reporting, models for purchasing/lea
agreements and technical documents for acquiring permissions from the
authorities. The extent of the work is agreed upon between Nokia and the
operator. Theserviceisflexible, fromsimply assistingwith thelegal andfinancial
planning aspects of obtaining a site to a turnkey delivery.
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Construction WorksServicesincludeall activitiesrelated to theconstruction and
erection of the Site infrastructure. These do not include Nokia
telecommunications equipment supplies and work other than that included 
Telecom Implementation services.

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

5.2.4 Turnkey responsibility package

The Turnkey Responsibility Package is the most extensive of Nokia's Roll-o
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".

One interface issafer, lesscomplicated and moreefficient for theoperator: there
are less co-ordination problems, fewer misunderstandings and fewer meeti
One interface reduces the time span of the roll-out - hence revenue genera
begins sooner.

Network Pre-Planning and Planning are included in the scope of the Turnke
Responsibility Package. Radio Network Planning providesagood structurefor a
network based on coverage, capacity and quality requirements. Transmissi
Network Planning aims to design an optimal transmission network taking in
account the operator's economic and technical constraints and targets.

5.3 BSS removal services for site evolution

Thefast developing telecommunicationsmarket resultsingenerationsof obsolete
or out-dated products that need to be replaced, relocated and/or recycled fr
customer networks. Although Nokia UltraSite Solution architecture is design
to maximize thecositing with previousNokiaequipment, such aneed may arise
from site space considerations, or obsolete non-Nokia BSS, for example.

Thecontinuousneed to increasenetwork capacity requiresnew / morecapacity
bearing products in densely populated areas. New equipment may replace 
dismantled old ones on the same sites. This also gives opportunities to rein
older equipment in non-urban areas that still lack coverage.

Obsolete equipment, due to out-dated product  or changes in the operator's
network createsthenecessity to implement asafeand easy-to-handleprocessfor
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
case by case basis.

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

• Relocation Service - the equipment is  removed, refurbished and re-
installed to another location in thenetwork. For example, older 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, Spai
Sweden, UK, China, Indonesia, Taiwan and Thailand. Over 5600 BTSs and
25000 TRXshavebeen replaced in total. Nokia'sproven experience in replacing
other suppliers' BSSequipment showsthat Nokiacan executeareplacement on a
live network with minimal risk to the existing network quality.

The replacement of infrastructure is a major undertaking, especially on a liv
network. Thecost and effort involved must be justified by the improvements in
performance, cost of ownership and up-to-date technology evolution.

As customer satisfaction is essential for any operator, this should be consid
when the replacement is executed. Thus the two most important criteria for
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. Preparation of thereplacement, sitevisits, implementation of theTCSMs,
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 th
project teams from both the operator and Nokia. The objective of this phase

• 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, proce

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

• Definition of the target network

• Definition of thesite typologies, thework to bedoneand the replacement
method.

The installations of transcoder (TCSM) equipment and BSCs as well as the
preparationof thedesignatedNMSshouldbecarriedout during thisphase, so that
efforts can be concentrated on the changeover of the BTSs. The objective i
limit the duration of the interruption as much as possible.

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

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

Thesiteacceptanceisgranted on thebasisof integration tests including test calls
and by observing theperformanceindicatorsin theNMS. Concerning thecluster
acceptance, the fulfilment of predefined performance criteria agreed on dur
the preparation phase is tested during the agreed observation period.

TheBSSReplacement Servicecan becompleted by additional servicesagreed in
thecontract such asNetwork Operating Serviceor Network Optimisation. Using
the BSS Relocation Service, the removed Nokia equipment can be installed
another part of theoperator'snetwork An alternativeway to handle theremoved
equipment is to use the Recycling Service for secure end-of-life treatment.

5.4 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 
week. Nokia now makes it possible to have online access to Nokia databas
work independently, and proactively seek solutions to different queries.

Nokia Online Services are connected to Nokia's global backbone data syste
thus allowing customers to utilise the best expertise anytime world-wide. In
addition to the standard PC connection with a Web browser, the services ca
remotely bereached viawirelessterminals, such asNokiaCommunicator, when
working in the field.
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Nokia Online Services offer valuable resources to different professionals in 
customer's organisation. For example, technical engineers will find services
preventivemaintenanceand troubleshooting, network plannersand performance
optimisation personnel for network benchmarking, quality analysis and so o
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 a
Nokia is supported by a team room application, which helps to share releva
information e.g. about project schedules and progress or Nokia's overall
performance.

Thecurrent content of NokiaOnlineServices consists 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 documenta

Pleasenotethat theservicestobeprovidedonlineareagreedseparately witheach
customer. Nokia continuously develops and adds new services to its online
services portfolio. The latest information about NOLS is available via the loc
Nokia office.
DN99556414 © Nokia Networks Oy   67 (70)
Issue 3 en 



Nokia UltraSite System Overview for GSM Evolution
68 (70) © Nokia Networks Oy    DN99556414
                    Issue3en



References
1. Nokia UltraSite GSM Base Station Product Overview.

2. Nokia UltraSite Support Product Overview.

3. Nokia UltraSite Antenna System Product Overview.

4. Nokia UltraSite Solution Description.

5. Nokia MetroHub Transmission Node Product Overview.

6. Nokia FlexiHopper Microwave Radio Product Overview.

7. Nokia UltraHopper Microwave Radio Product Overview.

8. Q1 Implementation in Cellular Transmission Network.
DN99556414 © Nokia Networks Oy   69 (70)
Issue 3 en 



Nokia UltraSite System Overview for GSM Evolution
70 (70) © Nokia Networks Oy    DN99556414
                    Issue3en


	Nokia UltraSite System Overview for GSM Evolution
	1� About this document
	2� Nokia UltraSite Solution
	2.1 Network applications
	2.1.1 Macrocellular network
	2.1.2 Multilayer GSM network
	2.1.3 Multimedia network

	2.2 Solution architecture
	2.2.1 Nokia UltraSite building blocks
	2.2.1.1 Nokia UltraSite GSM Base Station
	2.2.1.2 Nokia UltraSite Support
	2.2.1.3 Antenna systems
	2.2.1.4 Nokia FlexiHopper Microwave Radio
	2.2.1.5 Nokia UltraHopper Microwave Radio
	2.2.1.6 Local management and Nokia SiteWizard

	2.2.2 Network Management System
	2.2.3 Base Station Controller


	3� Nokia UltraSite GSM applications
	3.1 Transmission
	3.1.1 Transmission technologies
	3.1.2 Network topologies
	3.1.3 Transmission site solutions
	3.1.3.1 UltraSite GSM BTS transmission
	3.1.3.2 BSC transmission
	3.1.3.3 Stand-alone transmission sites

	3.1.4 Cross-connections
	3.1.5 Protection
	3.1.6 Network management interface
	3.1.7 Synchronization

	3.2 Sites
	3.2.1 Road site
	3.2.2 Rural site
	3.2.3 Suburban site
	3.2.4 Urban site
	3.2.5 Dual band urban site
	3.2.6 Talk-family/UltraSite urban site

	3.3 Site evolution
	3.3.1 Expanding existing macrocellular site

	3.4 Network evolution
	3.4.1 Voice and data services
	3.4.2 EDGE
	3.4.3 WCDMA
	3.4.4 Transmission network


	4� Deployment of Nokia UltraSite
	4.1 Network planning
	4.1.1 Radio network planning
	4.1.2 Transmission network planning
	4.1.3 Site acquisition

	4.2 Network implementation
	4.2.1 Preparation
	4.2.2 Site installation
	4.2.3 Site commissioning and integration

	4.3 System operation and maintenance
	4.3.1 Network management
	4.3.1.1 Local management

	4.3.2 Maintenance


	5� Nokia Services - the full service house for evolving networks
	5.1 Planning the network evolution path for multimedia
	5.1.1 Capacity evolution path and strategy
	5.1.1.1 Collection of information and analysis
	5.1.1.2 Simulation of network evolution scenarios
	5.1.1.3 Recommended network evolution and plan
	5.1.1.4 Optional modules


	5.2 Nokia roll-out services packages for optimised deployment
	5.2.1 Telecom deployment package
	5.2.2 Roll-out management package
	5.2.3 Time-to-market package
	5.2.4 Turnkey responsibility package

	5.3 BSS removal services for site evolution
	5.4 Nokia online services for fast and flexible access to Nokia resources



