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Safety Instructions and Warnings

Guarantees

All antennas must be installed with lightning protection. Damage to power modules, as aresult of lightning
are not covered by the warranty.

Switching on AC or DC power prior to the connection of antenna cablesis regarded as faulty installation
procedure and therefore not covered by the Avitec warranty.

Caution

This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to
part 15 of the FCC Rules. These limits are designed to provide reasonable protection against harmful
interference when the equipment is operated in acommercial environment. This equipment generates, uses,
and can radiate radio frequency energy and, if not installed and used in accordance with the instruction
manual, may cause harmful interference to radio communications. Operation of this equipment in a
residential areaislikely to cause harmful interference in which case the user will be required to correct the
interference at his own expense.

Safety to Personnel

Before installing or replacing any of the equipment, the entire manual should be read and understood. The
user needs to supply the appropriate AC or DC power to the repeater. Incorrect power settings can damage
the repeater and may cause injury to the user.

Caution
Please be aware that the equipment may, during certain conditions become very warm
and can cause minor injuries if handled without any protection, such as gloves.

Throughout this manual, there are " Caution” warnings. " Caution" calls attention to a procedure or practice,
which, if ignored, may result in injury or damage to the system, system component or even the user. Do not
perform any procedure preceded by a " Caution™ until the described conditions are fully understood and met.

Caution
This notice calls attention to a procedure or practice that, if ignored,
may result in personal injury or in damage to the system or system component.
Do not perform any procedure preceded by a“ Caution” until described
conditions are fully understood and met.

Class llla Laser
Relevant for fibre fed repeaters only.

Caution

Un-terminated optical receptacles may emit laser radiation.
Do not stare into beam or view with optical instruments.

Optical transmittersin the opto module can send out high energy invisible laser radiation. Thereisarisk for
permanent damage to the eye.

© Avitec AB A1009300 A 4(177)
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Always use protective cover on all cables and connectors which are not connected. Never look straight into a
fibre cable or a connector. Consider that a fibre can carry transmission in both directions.

During handling of laser cables or connections ensure that the source is switched off. Regard all open
connectors with respect and direct them in a safe direction and never towards a reflecting surface. Reflected
laser radiation should be regarded as equally hazardous as direct radiation.

Safety to Equipment

When ingtalling, replacing or using this product, observe all safety precautions during handling and operation.
Failure to comply with the following general safety precautions and with specific precautions described
elsewhere in this manual violates the safety standards of the design, manufacture, and intended use of this
product. Avitec AB assumes no liability for the customer's failure to comply with these precautions. This
entire manual should be read and understood before operating or maintaining the repeater.

Electrostatic Sensitivity

Observe electrostatic precautionary procedures.

Caution
ESD = Electrostatic Discharge Sensitive Device

Semiconductor transmitters and receivers provide highly reliable performance when operated in conformity
with their intended design. However, a semiconductor may be damaged by an electrostatic discharge
inadvertently imposed by careless handling.

Static electricity can be conducted to the semiconductor chip from the centre pin of the RF input connector,
and through the AC connector pins. When unpacking and otherwise handling the repeater, follow ESD
precautionary procedures including use of grounded wrist straps, grounded workbench surfaces, and
grounded floor mats.

© Avitec AB A1009300 A 5(177)
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References

[1] EN 301 502

Harmonized EN for Global System for Maobile communications (GSM); Base station and Repeater equipment
covering essential requirements under article 3.2 of the R& TTE directive (GSM 13.21 version 8.1.2. Release
1999)

2] ETS 300 342-3

Radio Equipment and Systems (RES); Electro-Magnetic Compatibility (EMC) for European Digital Cellular
Telecommunications systems. Base Station Radio and ancillary equipment and Repeaters meeting phase 2
GSM requirements.
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Definitions, Abbreviations and Acronyms

AEM

ALC

Antenna

Antenna
beamwidth

Antenna
directivity
ARFCN

Band

Base station

BCCH

BSR
BTS

Carrier recovery

Carrier-to-
interference ratio,
o]

Carrier-to-noise
ratio, C/N

Channel
Coverage area

Coverage hole

CSFT

Avitecl] Element Manager

A software tool for operation and monitoring a network consisting of Avitec
products.

Automatic Limit Control

The part of aradio transmission system designed to radiate or receive
electromagnetic waves

More properly referred to as the half-power beamwidth, thisisthe angle of an
antenna pattern or beam over which the relative power is at or above 50% of the
peak power

Thisisthe relative gain of the main beam of an antenna pattern to a reference
antenna, usually an isotropic or standard dipole

Absolute Radio Frequency Channel Number. A channel numbering scheme used
to identify specific RF channelsin a GSM radio system

In wireless communication, band refers to a frequency or contiguous range of
frequencies. Currently, wireless communication service providers use the 900
MHz, 1800 MHz and 1900 MHz bands for transmission

The central radio transmitter/receiver that mai ntains communications with a
mobile radio equipment within a given range

Broadcast Control Channel. A downlink point to multipoint logical channel in
GSM used to send identification and organization information about common
control channels and cell services

Band Selective Repeater

Base Transceiver Station, one part of a base station.

A base station is composed of two parts, a Base Transceiver Station (BTS) and a
Base Station Controller (BSC). A base station is often referred to as BTS.

The BTS s also sometimes called an RBS or Remote Base Station.

A technique for extracting the RF carrier from a modulated signal so that it can be
reinserted and used to recover the modulating signal

Theratio of power in an RF carrier to the interference power in the channel

Theratio of power in an RF carrier to the noise power in the channel

In all Avitec documentation a channel isthe same asa carrier.
The geographical reach of a mobile communications network or system

An area within the radio coverage footprint of awireless system in which the RF
signal level is below the design threshold. Coverage holes are usually caused by
physical obstructions such as buildings, foliage, hills, tunnels and indoor parking

garages
(Channel Selective) Frequency Trandating Repeater

© Avitec AB
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CSR Channel Selective Repeater. A repeater that operates on a specified channel
within the operating band of the repeater.

dB Decibel, A technique for expressing voltage, power, gain, loss or frequency in
logarithmic form against a reference.

dBi Decibels referenced to an isotropic antenna. A technique for expressing a power
gain measurement in logarithmic form using a theoretical isotropic antenna as a
reference

dBm Decibelsreferenced to 1 mW. A technique for expressing a power measurement in

logarithmic form using 1 mW as areference.

Dead spot An area within the coverage area of awireless network in which thereisno
coverage or transmission falls off. Dead spots are often caused by electronic
interference or physical barriers such as hills, tunnels and indoor parking garages.
See also coverage area.

Distributed A type of antenna system that is distributed or remotely located away from the

antenna system transmitter. Such an antenna or series of antennas can be connected via coaxia
cable, leaky feeder or optical fiber link.

DL, Downlink The transmission path from the base station down to the mobile station

EAM External Alarm Messaging

EDGE Enhanced Datafor Global Evolution. A technology that gives GSM and TDMA

similar capacity to handle services for the third generation of mobile telecom.
EDGE was developed to enable the transmission of large amounts of data at a high
speed of 384 kilobit per second, or more.

EMC Electromagnetic Compatibility
The_ ability of adevice or system to function in its intended electromagnetic
environment

ERP Effective Radiated Power

ETSI European Telecommunications Standard I ngtitute. The European standardization

body for telecommunications

FH Frequency Hopping. A periodic changing of frequency or frequency set associated
with transmission. A sequence of modulated pul ses having a pseudorandom
selection of carrier frequencies.

FSR Frequency Shifting Repeater
GND Ground
GSM Global System for Mobile Communication. Originally developed as a pan-

European standard for digital mobile telephony, GSM has become the world's
most widely used mobile system. It is used on the 900 MHz and 1800 MHz
frequenciesin Europe, Asiaand Australia, and the 800 and 1900 MHz frequency
in North Americaand Latin America.

Hand-over The passing of acall signal from one base station to the next as the user moves out
of range or the network software re-routes the call

1Sl Inter Symbol Interference. An interference effect where energy from prior
symbolsin abit stream is present in later symbols. 1Sl is normally caused by
filtering of the data streams

LED Light Emitting Diode

© Avitec AB A1009300 A 9 (177)
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Link budget A calculation involving the gain and loss factors associated with the antennas,
transmitters, transmission lines and propagation environment used to determine
the maximum distance at which atransmitter and receiver can successfully

operate.

LMT Local Maintenance Terminal

LNA Low Noise Amplifier. A receive preamplifier having very low internal noise
characteristics.

LO-signal Local oscillator signal

Logical channel A communications channel derived from a physical channel. A physical channel,

i.e. RF channel, typically carries a data stream that contains several logical
channels. These usually include multiple control and traffic channels.

LOS Line of Sight. A description of an unobstructed radio path or link between the
transmitting and receiving antennas of a communications system

MS Mobile Station (e.g. mobile phone)

MTBF Meantime Between Failures

NA Not Applicable

NC Not Connected

NF Noise Figure

NMS Network Management System

Noise figure A figure of merit for receivers and preamplifiers representing the amount of

excess noise added to the signal by the amplifier or receiving system itself. The
lower the noise figure, the less excess noise is added to the signal

OFR On Frequency Repeater

OoMC Operations and Maintenance Center. A location used to operate and maintain a
wireless network

PA Power Amplifier. A device for taking alow or intermediate-level signal and
significantly boosting its power level. A power amplifier is usually the final stage
of amplification in atransmitter.

PSTN Public Switched Telephone Network, standard domestic and commercia phone
service
Radio link The equipment and transmission path (propagation channel) used to carry on

communications. It includes the transmitting system, the propagation channel and
receiving system

Repeater A bi-directional Radio Frequency (RF) amplifier that can amplify and transmit a
received Mobile Station (MS) signal in the M S transmit band. Simultaneously it
amplifies and transmits areceived Base Transceiver Station (BTS) RF signal in

the BTS transmit band.
RF Radio Frequency, 9 kHz — 300 GHz
Designation Abbreviation Frequencies
Very Low Frequency VLF 9kHz - 30 kHz
Low Frequency LF 30 kHz - 300 kHz

© Avitec AB A1009300 A 10 (177)
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RMC

RS232
RS485
SCPA
SDCCH

Service area

Signal-to-
interference ratio,
g

Signal-to-noise
ratio, SN, SNR

SIM card

SMS

SMSC

TCH

Transceiver

Medium Frequency MF 300 kHz - 3 MHz
High Frequency HF 3 MHz- 30 MHz
Very High Freguency VHF 30 MHz - 300 MHz
Ultra High Freguency UHF 300 MHz - 3 GHz
Super High Frequency SHF 3 GHz-30GHz
Extremely High Frequency EHF 30 GHz - 300 GHz

Avitecl] Repeater Maintenance Console
Software tool to monitor and control Avitec repeaters vialocal or remote access

Seria interface standard
Serial Interface standard
Single Carrier Power Amplifier

Slow Dedicated Control Channel. A low-speed bi-directional point-to-point
control channel used to transmit service request, subscriber authentication,
ciphering initiation, equipment validation and traffic channel assignment messages
between the mobile and the network

The specified area over which the operator of a wireless communications network
or system provides services

Theratio of power in asignal to the interference power in the channel. Thetermis
usually applied to lower frequency signals, such as voice waveforms, but can also
be used to describe the carrier wave. See also carrier-to-interference ratio.

Theratio of power in asignal to the noise power in the channel. Thistermis
usually applied to lower frequency signals, such as voice waveforms. See also
carrier-to-noise ratio

Subscriber Identity Module Card. A small printed circuit board that must be
inserted in any GSM-based mobile phone when signing on as a subscriber. It
contains subscriber details, security information and memory for a personal
directory of numbers. A Subscriber Identity Moduleis acard commonly used in a
GSM phone. The card holds a microchip that stores information and encrypts
voice and data transmissions, making it close to impossible to listen in on calls.
The SIM card a so stores data that identifies the caller to the network service
provider

Short Messaging Service. A store and forward message service available on most
second generation digital systems that allows short messages (up to 160
characters) to be sent to the mobile and displayed on a small screen. The control
and signaling channels are normally used to deliver these messages

Short Messaging Service Center
Software

Traffic Channel. A logical channel that allows the transmission of speech or data.
In most second generation systems, the traffic channel can be either full or half-
rate

A transmitter and receiver contained in one package. A 2-way radio or cell phone
isan example of atransceiver

© Avitec AB
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Transmitter Equipment which feeds the radio signal to an antenna, for transmission. It consists
of active components such as the mixer, driver and PA and passive components
such asthe TX filter. Taken together, these componentsimpress asignal onto an
RF carrier of the correct frequency by instantaneously adjusting its phase,
frequency, or amplitude and provide enough gain to the signal to project it through
the ether to itsintended target

UL, Uplink The transmission path from the mobile station up to the base station

WDM Wavelength Division Multiplexing. A technology that uses optical signalson
different wavelengths to increase the capacity of fiber optic networksin order to
handle a number of services simultaneously

VSWR Voltage Standing Wave Ratio

© Avitec AB A1009300 A 12 (177)
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1 Repeater Technology

1.1 Basic Features

A basic feature of a mobile communication system isto transmit RF signal's between base stations and mobile
radio equipment. If there is a blocking object such as a mountain or a building preventing the base station
signal to reach the mobile equipment, a repeater can be used to extend the base station’s coverage area.

Server antenna
Donor antenna

=

f

BTS MS BTS

Undisturbed transmission Obstacle creating a coverage hole

In the downlink path the repeater will pick up the signal from the existing transmitter via the donor antenna
(seeillustration), amplify it and re-transmit it into the desired coverage area viathe server antenna. In the
uplink path the repeater will receive signals from mobile transmittersin the covered area and re-transmit
them back to the base station.

Other repeater applications are indoor coverage, tunnel coverage, coverage extension in low traffic areas and
the possibility to install capacity in new locations without installing a new base station.

1.2 Repeater Types

1.2.1 Channel Selective Repeaters

Channel selective repeaters are mainly used for coverage of dead zones, shadows, in-building coverage or
other areas with inadequate signal strength. The output power of a channel selective repeater is sufficient to
cover an area shadowed by a building or other obstacle.

In achannel selective repeater each carrier is separately filtered, amplified and retransmitted. A channel
selective repeater from Avitec can have 1 to 4 channels.

Server antenna
Donor antenna

F1
Repeater

BTS

[ ws
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A channel selective repeater system consists of one repeater unit complemented with one antenna facing the
donor BTS and another antenna directed towards the coverage area. The repeater site needs to be located
where the BTS signal strength is large enough to be usable by the system. Ideally the repeater’s donor
antenna should have line of sight (LOS) contact with the BTS antenna. If the signal strength is high enough,
LOS may in some cases not be necessary.

The signal generated by the BTS is picked up at the repeater site via the donor antenna. The repeater filters
and amplifies the signal before retransmitting it at the same frequency over the server antenna.

The isolation between the antennas at the repeater site hasto be high in order to prevent degradation of signal
quality and risk of oscillation. Ways to achieve this can be large physical separation between the antennas,
usage of highly directional antennas with good front-to-interference ratio or external shielding between the
antennas. Another option isto use a Frequency Trandating repeater (see description below).

Channel selective repeaters may have higher output power per carrier and typically have better spurious
rejection than band selective repeaters. The maximum output power per carrier can be several watts.

1.2.2 Band Selective Repeaters

Band selective repeaters have the same functionality as channel selective repeaters. The difference is that
band selective repeaters do not separate out specific carriers but amplify and retransmit all signals within a
defined frequency band.

Therisk for intermodulation distortion leads in most cases to alower output power per carrier in aband
selective repeater than in a channel selective repeater.

1.2.3 Frequency Translating Repeaters

A frequency trandating repeater provides output power levels comparable to a base station. The concept
alows for high gain without the high antennaisolation required for channel selective repeaters.

The frequency translating repeater consists of two units; one donor unit and one remote unit.

Link Antennas

Y S 1—
H F’A;" F1
F1 RF Link Path F4
Donor unit Remote unit
Donor Cell Repeater units
Base Station

The donor unit is mounted at the base station site where the signal enters the repeater via adirectiona
coupler. In the donor unit, the signal is translated into another frequency, the link frequency, amplified and
transmitted via alink antenna. At the remote site, alink antenna picks up the signal and feedsit to the remote
unit. The signal istranslated back into the original frequency and retransmitted over the server antenna.

Only 2 guard channels are needed between the radio frequency and the link frequency.

The isolation between antennas at the remote site seldom needs to be more than 75dB. This value that can be
achieved with alimited antenna displacement, often as low as 3 meters. The relatively modest isolation
reguirement allows the use of omni-directional antennas for the service area.

Important applications for frequency translating repeaters are road coverage, rural coverage or for
transferring capacity from a base station to another area.

© Avitec AB A1009300 A 14 (177)
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Donor Unit
There are two types of donor units— single donor (SD) and double donor (DD).

A single donor (SD) unit has one input connector. The input signal from the BTS is split in two within the
repeater unit. In the opposite direction — in the uplink — the signal's are combined within the repeater before
being sent to the BTS.

A double donor (DD) unit has dual inputs. This can be used in combination with aBTS that uses air
combining, and hence has a separate antenna for each TRU. A double donor unit can alternatively handle two
signals from two separate BTS.

Remote Unit
There are two types of remote units— internal combining (IR) and external combining (ER).

In an internal combining (IR) remote unit output from the power amplifiersin the downlink is combined and
filtered before being passed on to the server antenna. In the uplink the signal is separated within the remote
unit.

An external combining remote (ER) unit has two server antenna ports and the signal is combined in the air.
Since the ER model needs no combiner the output signal and gain is 3dB higher than in the IR model.

1.2.4 Band Translating Repeaters
Band trandlating repeaters are based on the same concept as frequency trandating repeaters described above.

In contrast to a frequency trandating repeater, which uses another frequency within the same band for the
link, a band tranglating repeater uses another band. For instance can a repeater operating on the 900MHz band
use the 1800M Hz band for the link and vice versa. Other combinations are also possible.

Link and Server Antenna on the
Link Antennas remote site can often be combined

=
Server Antenna
-l

T = X =
H de """" Band 1
Band 1 an RF Link Path Band 2
Donor unit Remote unit
Donor Cell Repeater units
Base Station

By using another band for the link the isolation between antennas at the remote site becomes very low. Itis
for most applications possible to use the same antenna for both the uplink and the downlink.

© Avitec AB A1009300 A 15 (177)
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1.2.5 Fiber Fed Repeaters

The fiber fed repeater is primarily designed for coverage of tunnels and large buildings.

Leaky Cables
(can be replaced by antennas)

Directional \‘
Coupler

Optic Fiber

Fiber Fed Repeaters

A fiber fed repeater can be either channel selective or band selective. It receives the RF signals from the base
station via a unit which trandates the RF signal to an optical signal and sends it to the repeater via a fiber
optic cable. The repeater unit can be installed up to 20 km away from the base station.

Inside the tunnel leaky cables or antennas can be used for transmission to the mobile units.

© Avitec AB A1009300 A 16 (177)
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1.3 Repeater Applications

1.3.1 Channel Selective Repeaters
1.3.1.1 Shadow Coverage and Gap Filling

When there are coverage holes caused by buildings or mountains, a channel selective repeater can be used to
extend coverage into the “dead zone”. The building can sometimes be used as physical shield to create the
necessary antenna isolation.

Repeater
I4] —=

-

W
HMS

BTS

o s o N o O |
o o o o |
o o o |
o o o |

Theterrain is often seen as alimiting factor when striving for flawless radio coverage. The gap-filler
repeaters can be used as a complement to the network of base stations.

1.3.2 Frequency Translating Repeaters
1.3.2.1 Low Traffic Coverage
The example shows coverage extension in an area with low traffic by using frequency translating repeaters.

A two sector BTS is extended with two frequency trandlating repeaters. Both donor units are mounted at the
base station site and connected to the base station via directional couplers.

Each repeater has a different link frequency and transmits the frequency of the opposite base station sector,
thus minimizing interference or multi-path propagation problems. A normal handover is performed between
the repeater coverage area and the neighboring base station coverage area.

—= = RF Link Paths

/ \

Remote

BTS

Since the installation of frequency translating repeaters requires moderate antenna isolation, remote site
requirements are very moderate.

© Avitec AB A1009300 A 17 (77)



GSM-EDGE Repesters AVITEC ﬁ/

PRODUCT DESCRIPTION AND USER'S MANUAL

1.3.2.2 Highway Coverage

One two-sector BTS feeds two frequency translating repeaters, each covering an area comparable to the base
station. Thisis away to get maximum coverage out of the one BTS, with one connection point for
transmission.

Since antenna isolation requirements are low for frequency trandating repeaters, omni-directional antennas
can be used at the remote sites to achieve good coverage.

1.3.2.3 “Fake site” — Moving Capacity

In this application the BTS is upgraded with an additional “sector” used for feeding a frequency translating
repeater to cover an area up to 20km away fromthe BTS. Thisis an effective alternative when no
transmission point is available in the area to be covered. The frequency translating repeater “moves’ capacity
from the base station site to the new location.

Fake Site

BTS

This type of installations uses takes full advantage of the high output power and high sensitivity of the
frequency trandlating repeater.

1.3.3 Band Translating Repeater

A band trandating repeater can be used in the same way as a frequency trandlating repeater if the user has
access to frequencies on two different bands.

1.3.4 Fiber Fed Repeaters
1.3.4.1 Tunnel Coverage

Fiber optic fed repeaters makesit possible to cover long tunnels from one or two BTS sites nearby. The hub
unit at the BTS site can feed up to 24 repeaters. The repeaters distribute the signal in the tunnel with antennas
or radiating cables (leaky feeders).

Using leaky feedersis normally the most effective way to cover atunnel, since the signal is evenly distributed
along the tunnel. Achieving good coverage in atrain tunnel, for instance, using antennas can be difficult as
the trains tend to block signal propagation.
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1.3.4.2 Open Area Coverage

A fiber optic fed repeater can be used in combination with a HUB or an OptoBox to move the repeater away
from the base station to avoid antennaisolation problems.

/Z/
L Omnidirectional
L Antenna
Directional Coupler
Fiber Fed
BTS Optical Fiber Repeater

HUB/OptoBox

In this example aHUB/OptoBox is placed at the BTS site. The RF signal is tapped from the antenna by a
directional coupler, trandated into an optical signal and sent to the repeater over afiber optic link. At the
repeater site afiber fed repeater receives the signal, trandates it back to RF and sends it to the antenna. This
antenna can be for instance omni-directional because the distance to the BTS is no longer a problem.
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1.4 Software Overview

Avitec mainly supplies three different types of software; Repeater firmware, Repeater Maintenance Console
and Avitec Element Manager.

1.4.1 Repeater Firmware

The repeater firmware is the software inside the Control Module of the repeater. It is command line based,
with simple SET and GET commands. A rich variety of commands are available to control and monitor all
subsystems of the repeater from a normal VT100 terminal emulation program, such as ProComm™ or
HyperTerminal ™. This also means that any standard laptop is able to control a repeater without additional
software installed.

The repeater firmware has three main tasks:

+  Set and configure parametersin the repeater, such as channel numbers, gain, power levels, and different
report configurations

¢ Monitor and measure alarm sources, alarm parameters and repeater utilization
¢ Send reports and alarms to the repeater OMC

Communication with the repeater can be performed either locally on site or remotely viaa modem to the built
in GSM modem. For local communication aterminal with RS232 interface is needed. For remote
communication a computer with a modem is needed as well as a serial communications program such as
HyperTerminal ™.

1.4.2 The RMC, Repeater Maintenance Console

RMC is an online software program with an intuitive graphical interface that simplifies control and
installation of the repeater. The RMC is agraphical shell for the repeater’s Control Module. It reads
commands and attributes from the repeater’ s Control Module and displays them in an intuitive layout. This
eliminates the need to learn commands and attributes for controlling the repeater.

Login to the repeater can be made locally viathe LMT port or remotely viaa modem. As soon asthe RMC is
connected it constantly polls the repeater for parameters such as power supply levels, in and out levels,
temperature, traffic, etc.

The program can be installed from diskette or a CD. It is a Windows based application that runs on Windows
NT4.0, Windows 2000 and Windows XP.

The Repeater Maintenance Console is available for all Avitec repeaters.

1.4.3 The AEM, Avitec Element Manager

AEM is acomplete operations and mai ntenance centre for Avitec repeater networks.

The AEM takes control of the repeater once the installation at site is completed. The repeater gets integrated
into the network and will be controlled by the Element Manager. During integration all repeater parameters
and statuses are downloaded into a database. The database is regularly updated with all incoming alarms and
reports, and will hence contain a copy of the repeater configuration so that current repeater information will
be accessible without setting up communication with the repeaters.

Communication between the AEM and the repeaters are message based. This means that the operator does
not have to await message delivery, but will be informed when the message is delivered to the repeater

The Avitec Element Manager is a Windows™ based application that runs on Windows NT4.0, Windows
2000 and Windows XP.

For more information please refer to the separate AEM User’s Manual.
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AVITEC (il

2 Product Description

2.1 Repeater Models

There are several repeater modelsin the Avitec GSM-EDGE program. Thistable provides an overview.

Channel Selective Repeaters

2 Channels 4 Channels
GSM-EDGE 900 CSR 922 CSR 924/ CSR 924H
GSM-EDGE 1800 CSR 1822 CSR 1824
GSM-EDGE 1900 CSR 1922 CSR 1924

Frequency Translating Repeaters* (2 Channels)

Donor Units Remote Units

SD DD IR ER
GSM-EDGE 900 CSFT922-SD CSFT922-DD CSFT922-IR CSFT922-ER
GSM-EDGE 1800 CSFT1822-SD CSFT1822-DD CSFT1822-IR CSFT1822-ER
GSM-EDGE 1900 CSFT1922-SD CSFT1922-DD CSFT1922-IR CSFT1922-ER

* Frequency Translating Repeaters consist of two units: one donor unit and one remote unit. There are two

versions of both the donor and the remote units.

Band Trandlating Repeater s* (2 Channels)

Donor Units Remote Units

SD DD IR ER
GSM-EDGE 900 CSFT91822-SD CSFT91822-DD CSFT91822-1R CSFT91822-ER
GSM-EDGE 1800 CSFT 18922-SD CSFT 18922-DD CSFT 18922-IR | CSFT 18922-ER

* Band Trandating Repeaters consist of two units: one donor unit and one remote unit. There are two

versions of both the donor and the remote units.

Fiber Fed Repeaters

2 Channels 4 Channels
GSM-EDGE 900 CSF 922 CSF 924
GSM-EDGE 1800 CSF 1822 CSF 1824
GSM-EDGE 1900 CSF 1922 CSF 1924
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2.2 Characteristics

These are some of the most important characteristics of the Avitec GSM EDGE repeaters. For detailed
information please refer to chapter 6, Specifications, in this manual.

2.2.1 Channel Selective Repeaters

CSR 922

System GSM/EDGE 900MHz (E-GSM 900)

Channels 1-2 channels

Bandwidth The operational bandwidth is 35 MHz and the channel s can be set with 200 kHz
channel spacing.

Output Power Per carrier uplink and downlink:
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power

Repeater Gain The repeater gainis 60 — 90 dB, adjustable in 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum (traffic dependent)

CSR 924

System GSM/EDGE 900MHz (E-GSM 900)

Channels 1-4 channels

Bandwidth The operational bandwidth is 35 MHz and the channel s can be set with 200 kHz
channel spacing.

Output Power Per carrier uplink and downlink:
+34 dBm GSM/GM SK
+31 dBm EDGE / 8-PSK average power.

Repeater Gain The repeater gainis 54 - 84 dB, adjustablein 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power

consumption is 180 W typical / 400 W maximum

CSR 924 H (High Power)

System GSM/EDGE 900 MHz (E-GSM 900)

Channels 1-4 channels

Bandwidth The operational bandwidth is 25 MHz and the channel s can be set with 200 kHz
channel spacing.

Output Power Per carrier uplink and downlink:
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power

Repeater Gain The repeater gainis 63 - 93 dB, adjustablein 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 180 W typical / 400 W maximum
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CSR 1822

System GSM/EDGE 1800 MHz (DCS 1800)

Channels 1-2 channels

Bandwidth The operational bandwidth is 75 MHz and the channels can be set with 200 kHz
channel spacing.

Output Power Per carrier uplink and downlink:
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power

Repeater Gain The repeater gainis 60 - 90 dB, adjustablein 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum

CSR 1824

System GSM/EDGE 1800 MHz (DCS 1800)

Channels 1-4 channels

Bandwidth The operational bandwidth is 75 MHz and the channel s can be set with 200 kHz
channel spacing.

Output Power Per carrier uplink and downlink:
+34 dBm GSM/GM SK
+31 dBm EDGE / 8-PSK average power

Repeater Gain The repeater gainis 54 -84 dB, adjustablein 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 180 W typical / 400 W maximum

CSR 1922

System GSM/EDGE 1900 MHz (PCS 1900)

Channels 1-2 channels

Bandwidth The operational bandwidth is 60 MHz and the channels can be set with 200 kHz
channel spacing.

Output Power Per carrier uplink and downlink:
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power

Repeater Gain The repeater gainis 60 - 90 dB, adjustablein 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum

CSR 1924

System GSM/EDGE 1900 MHz (PCS 1900)

Channels 1-4 channels

Bandwidth The operational bandwidth is 60 MHz and the channels can be set with 200 kHz
channel spacing.
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Output Power

Per carrier uplink and downlink:
+34 dBm GSM/GM SK
+31 dBm EDGE / 8-PSK average power

Repeater Gain

The repeater gainis 54 -84 dB, adjustablein 1 dB steps

Power Supply

The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 180 W typical / 400 W maximum

2.2.2

Frequency Translating Repeaters

CSFT 922

System

GSM/EDGE 900 MHz (E-GSM900)

Channels

1-2 channels

Bandwidth

The operational bandwidth is 35 MHz and the channel s can be set with 200 kHz
channel spacing

Output Power

Per carrier downlink (ER):
+43 dBm GSM/GM SK
+40 dBm EDGE / 8-PSK average power

Per carrier downlink (IR):
+40 dBm GSM/GM SK
+37 dBm EDGE / 8-PSK average power

Per carrier uplink (ER/IR):
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power

Repeater Gain

Downlink (ER) 78 — 108 dBm, adjustablein 1 dB steps

Downlink (IR) 75— 105 dBm, adjustable in 1 dB steps

Uplink (ER) 78 - 108 dBm, adjustablein 1 dB steps

Uplink (IR) 75 - 105 dBm, adjustablein 1 dB steps

Power Supply

The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum

CSFT 1822

System

GSM/EDGE 1800 MHz (DCS 1800)

Channels

1-2 channels

Bandwidth

The operational bandwidth is 75 MHz and the channel s can be set with 200 kHz
channel spacing

Output Power

Per carrier downlink (ER):
+43 dBm GSM/GM SK
+40 dBm EDGE / 8-PSK average power

Per carrier downlink (IR):
+40 dBm GSM/GM SK
+37 dBm EDGE / 8-PSK average power

Per carrier uplink (ER/IR):
+37 dBm GSM/GM SK
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+34 dBm EDGE / 8-PSK average power
Repeater Gain Downlink (ER) 78 — 108 dBm, adjustable in 1 dB steps
Downlink (IR) 75— 105 dBm, adjustable in 1 dB steps
Uplink (ER) 78 — 108 dBm, adjustablein 1 dB steps
Uplink (ER) 75 — 105 dBm, adjustable in 1 dB steps
Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum
CSFT 1922
System GSM/EDGE 1900 MHz (PCS 1900)
Channels 1-2 channels
Bandwidth The operational bandwidth is 60 MHz and the channels can be set with 200 kHz
channel spacing
Output Power Per carrier downlink (ER):
+43 dBm GSM/GM SK
+40 dBm EDGE / 8-PSK average power
Per carrier downlink (IR):
+40 dBm GSM/GM SK
+37 dBm EDGE / 8-PSK average power
Per carrier uplink (ER/IR):
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power
Repeater Gain Downlink (ER) 78 — 108 dBm, adjustable in 1 dB steps
Downlink (IR) 75— 105 dBm, adjustable in 1 dB steps
Uplink (ER) 78 — 108 dBm, adjustable in 1 dB steps
Uplink (IR) 75— 105 dBm, adjustable in 1 dB steps
Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum

2.2.3 Band Translating Repeaters

CSFT 91822 (operates on 900 M Hz, uses 1800 MHz for the link)

System GSM/EDGE 900 MHz (E-GSM900)

Link Frequency Range | GSM/EDGE 1800 MHz

Channels 1-2 channels

Bandwidth The operational bandwidth is 35 MHz and the channel s can be set with 200 kHz
channel spacing

Output Power Per carrier downlink (ER):
+43 dBm GSM/GM SK

+40 dBm EDGE / 8-PSK average power
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Per carrier downlink (IR):
+40 dBm GSM/GM SK
+37 dBm EDGE / 8-PSK average power

Per carrier uplink (ER/IR):
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power

Repeater Gain Downlink (ER) 78 — 108 dBm, adjustablein 1 dB steps

Downlink (IR) 75— 105 dBm, adjustable in 1 dB steps

Uplink (ER) 78 - 108 dBm, adjustablein 1 dB steps

Uplink (IR) 75 - 105 dBm, adjustablein 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum

CSFT 18922 (operateson 1800 MHz, uses 900 MHz for the link)

System GSM/EDGE 1800 MHz (DCS 1800)

Link Frequency Range | GSM/EDGE 900 MHz

Channels 1-2 channels

Bandwidth The operational bandwidth is 35 MHz and the channels can be set with 200 kHz
channel spacing

Output Power Per carrier downlink (ER):
+43 dBm GSM/GM SK

+40 dBm EDGE / 8-PSK average power

Per carrier downlink (IR):
+40 dBm GSM/GM SK
+37 dBm EDGE / 8-PSK average power

Per carrier uplink (ER/IR):
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power

Repeater Gain Downlink (ER) 78 — 108 dBm, adjustable in 1 dB steps

Downlink (IR) 75— 105 dBm, adjustable in 1 dB steps

Uplink (ER) 78 - 108 dBm, adjustable in 1 dB steps

Uplink (IR) 75 - 105 dBm, adjustablein 1 dB steps

Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power
consumption is 100 W typical / 200 W maximum

2.2.4 Fiber Fed Repeaters

CSF 922

System GSM/EDGE 900MHz (E-GSM 900)

Channels 1-2 channels

Bandwidth The operational bandwidth is 35 MHz and the channels can be set with 200 kHz
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channel spacing.
Output Power Per carrier uplink and downlink:
+37 dBm GSM/GM SK
+34 dBm EDGE / 8-PSK average power
Repeater Gain The repeater gainis 38 - 68 dB, adjustablein 1 dB steps
Power Supply The power supply is 110/230 VAC, 50/60 Hz or 48 VDC, and the power

consumption is 100 W typical / 200 W maximum (traffic dependent)
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2.3 Casing

Avitec repeaters are relatively small and have low power consumption (see table below). They are housed in
adie cast aluminum box which makes them light and offers good heat conduction and waterproofing.
Cooling is accomplished by convection.

The housing conformsto IP65 and NEMA 4 standards.

Dimensions, Weight and Power Consumption

2-channel repeaters Dimensions 470 x 340 x 145 mm

Weight 16 kg

Power Consumption 100W typical / 200 W maximum
4-channel repeaters Dimensions 470 x 340 x 220 mm

Weight 30 kg

Power Consumption 180 W typical / 400 W maximum

2-channel models consist of abox with alid attached by hinges. 4-channel models consist of two identical
boxes, attached by hinges, where one box servesasalid.

2-channel repeater 4-channel repeater

The repeaters can be closed by latches and locked with akey. The external connections at the bottom of the
repeater are protected from unauthorized access with a cover which can be locked with the same key asthe
repeater.

i e, =

\ Latches and
\ locks

Connectors Connector Cover
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The repeaters are designed to be mounted on awall, on apole or ina19” rack. They should always be
mounted in a vertical position with the connectors facing downwards.

A label is attached to each repeater stating repeater type, frequency range and required power supply.

Label position Repeater 1abel
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2.4 Connections

All connections are placed at the bottom of the repeater. Depending on type of repeater there are connections
for antennas, directional coupler, fiber cable, power and external alarms.

Power Donor  Ground Server External
antenna antenna aarms

2-channel Channel Selective repeater

Power  Fiber Ground Server  Externa
connector antenna alarms

Fiber fed repeater for indoor application with FC/APC fiber
connector in the casing

Fiber Connector,
FC/APC

Thefiber ispulled
through the wholein
the bottom panel of the
repeater and connected
to this connector on
the opto module

Power Fiber cable Ground Server External
input antenna alarms

Fiber fed repeater for outdoor application with Pg 16 fitting for fiber cable insertion in the casing and an
FC/APC connector on the opto module inside the repeater.

¢+ Antennaconnections are DIN 7/16" connectors, female

¢  Connector to the directional coupler (frequency or band trandating repeaters donor unit) is N-type,
female

¢ Plinth connection for power is described in 4.2.6 Attach Fiber Cable
¢ Caution

¢ Un-terminated optical receptacles may emit laser radiation.
Do not stare into beam or view with optical instruments.

© Avitec AB A1009300 A 30 (177)



GSM-EDGE Repesters

AVITEC (il

PRODUCT DESCRIPTION AND USER'S MANUAL

2.4.1.1
Select fibre

Connect the fiber
cable

2.4.1.2 Fibe

Select fibre
Insert the fiber

into the repeater
viathe fitting

Attach the fiber to
the connector in
the Opto Module

Make necessary
measurements

Fiber Connector in the Repeater Casing

Recommended fiber cable is single mode 9/125.

Connect the fibre directly to the FC/APC connector in the casing.

Note! Clean the fiber connector before it is connected to the Opto module, see
instruction below.

Note! Thisinstallation is only suitable for indoor use. The IP 65 classification of the
repeater casing is no longer valid.

r Connector in the Opto Module

Recommended fiber cable is single mode 9/125.

The casing of the repeater is equipped with a Pg connector for attachment of a
corrugated hose (NW 17 mm, outer diameter 21.2 mm).

The hose, together with the Pg connector, meet the protection standard 1P50.
Supplemented by O-rings, the protection standard 1P67 is met.

Make sure the fiber is not too sharply bent. Put the excess fiber cable in soft bends
in the repeater. Seeillustration. Fasten the cable to make sure it is not damaged
when the repeater lid is closed.

I —— in =

Note! Clean the fiber connector before it is connected to the Opto module, see
instruction below.

Make necessary measurements to ensure a correct installation.

When the cable has been installed, the quality of the optical path should be checked
for optical path loss and magnitude and location of any reflections. This can be done
with an Optical Time Domain Reflectometer (OTDR). The total return loss should
be > 45 dB.

Optical reflections can degrade the noise and linearity of afiber optic link. In
particular, reflections that reach the laser can be a problem. Keep al discrete
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reflections to > 60 dB. The FC/APC connectors are polished to areturn loss >60 dB.

Mount the hose to The casing of the repeater is equipped with a Pg connector for attachment of a

the connector corrugated hose (NW 17 mm, outer diameter 21.2 mm). The hose, together with the
Pg connector, meet the protection standard | P50. Supplemented by O-rings, the
protection standard IP67 is met.

Seal the hose Seal the hose according to the demands at hand. If the I P classification of the casing
should be maintained O-rings should be used and both ends of the hose should be
sealed with for instance silicon (free of acetic acid).

If necessary to access the
repeater end of the hose,
the power plinth can be
loosened (two screws) and
moved forward.

The repeater seen from the
inside with the conduit
marked by an arrow.

(No fiber is present in this
illustration)

Cleaning Optical Connectors

Optical reflections from a discontinuity such as a poor connector interface appear on an RF spectrum
analyzer trace as stable variations in the noise floor amplitude that are periodic with RF frequency. If the
reflection is bad enough, it could impact the system performance. By far, the most common cause for alarge
discrete reflection isadirty optical connector. A bit of dust or oil from a finger can easily interfere with, or
block thislight. Fortunately, it is very easy to clean the connector.

Be sure to use the correct procedure for the given connector. When disconnected, cap the FC/APC connector
to keep it clean and prevent scratching the tip of the ferrule.

Alternative 1

~ /\ Swipe thetip of the ferule 2-3 times with a cotton
% swab soaked in alcohol. Let it air dry.
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Alternative 2
Use a product specially designed for the purpose.

¢ Supply Power to the Repeater
+  Plinth connection for external alarmsis described in 4.2.9 Connect External Alarms

+  Fiber connector is FC/APC. It is placed on the repeater’ s casing or on the opto module inside the
repeater
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2.5 Power and Back-up Battery

The repeater can be fed by 110/230 VAC, 50/60 Hz or 48 VDC (to be specified on order). Theinput is
equipped with a surge, EMI, EMC suppression filter.

16V 194 GDRle
i |

Power Supply

There is a back-up battery. In the event of a power disruption this battery will supply the modem and the
Control Module with power during enough time for the repeater to send out an alarm. The battery can be
separately switched off.

For more information see 2.6.5 PSUP, Power Supply.

2.6 Building Blocks

PSUP PSUP
Control Module I Control Module |

i
" ron

|
1

LIMPA

M

Power Antenna Externdl Power  Fiber cable Server  External
Connectors Alarms input antenna Alarms
Layout of a channel selective, frequency or band Layout of a fiber fed repeater

trandlating repeater
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All repeaters are realized with the same basic modules. The illustration to the left shows a 2-channel repeater.
The FDM in the middle of the box is used in double donor units and in externally combined remote units for
frequency and band tranglating repeaters. 4-channel repeaters are built up of two similar units linked by
hinges to form one repeater box. In each part of a 4-channel repeater there is a splitter/combiner to distribute
the signals between the LIMPAS. See also 2.7 Internal Connections.

Theillustration to the right shows a fibre fed repeater. The fibre module translates the input optical signal to
an RF signa in the downlink. In the uplink the translation is from RF to opto.

2.6.1 LIMPA, Leveling Intermediate frequency Module with
Power Amplifier

The module named LIMPA, Leveling Intermediate frequency Module with Power Amplifier, consist of 4
main components:

+  Power Amplifier (PA)
¢ Channdlizer
¢  Synthesizer

¢+ Microcontroller for communications with the Control Module

The PA isdesigned using linear temperature-compensated gain
blocks and discrete RF-power transistors which are capable of
delivering the required output power.

The channelizer part consists of a down-converter with IF SAW filters, an up-converter and a post amplifier.
The channelizer also contains a power level and gain control unit.

The synthesizer feeds the up and down conversion mixersin the channelizer. The reference frequency for the
synthesizer is generated externally in the Reference Generator. The synthesizer generates two LO*-signals
used in the down- and up-conversion process. In conventional repeaters, the LO-signals have the same
frequency, but for frequency translating repeaters, the LO-signals will be set on different frequencies. The
synthesizer can be set with an increment of 200 kHz in accordance with GSM/EDGE channel spacing.

2.6.2 FDM, Filtering and Distribution Module
The module named FDM, Filtering and Distribution Module, consists of several parts:
¢ LNA, Low Noise Amplifier

+  Splitter that divides the signal in two parts -
¢ Combiner with high power capability that combines two .

signalsinto one

¢ Duplex filter for separation of the up-link and down-link RF
signals with the given duplex distance. The filters consist of o
band-pass filters that provide excellent rejection of out-of-
band signals.

+  VSWR? detectors to monitor reflected power level on antenna port (downlink)

¢+ Microcontroller for communications with the Control Module

! Local oscillator

2\ oltage standing wave ratio
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2.6.3 Distribution Board

The distribution board serves as a distributor for power and
internal communication within the repeater.

2.6.4 Control Module

The Control Module monitors and controls the repeater. Data is collected from various modules such as
LIMPA, FDM and Power Supply utilizing a serial bus. The collected dataiis processed and if an error is
detected the Control Module may send an alarm via Data Call or SMS using the built in wireless GSM
modem to an Operations and Maintenance Center (OMC). The Control Module stores the latest 40 dlarmsin
an alarm log.

In addition to collecting data from all modules utilizing the internal serial bus, the controller also collects
status of four external alarm inputs connected to the External Interface board. The summary status of the
repeater can be indicated on arelay port, available on the external
interface connector. Thisrelay can be used to indicate to external
equipment if the repeater is functioning properly.

Theinternal seria bus utilized to retrieve the data from the various
modulesis master / slave based, where the Control Module is the master
and all other units are slaves. The bus is based on a 4-wire RS485 multi
drop bus. Communications protocol used between modulesis the Avitec
proprietary protocol AviNet. In case communication with a module fails,
the module generates a communications alarm to the OMC.

The Control Module contains a RS232 port used for local access to the repeater. Furthermore, the GSM
modem can be used for remote access.

LIMPA 1 UL
‘\/ (2 UL Chains) Power Supply 1
(2 and 4 Channel Rep)
\' LIMPA 2 UL (4 Ch. rep)
Filtering and V (2 UL Chains)
Distribution Power Supply 2
Module DL 1 — (4 Channel Rep)
) Reference Generator External Alarm
‘\/ Interface
Filtering and jt
Distribution .
Module DL 2 Serial Bus
(ER only) B Control
Module
\ LIMPA 1 DL
—/|  (2DL Chains)
i> LIMPA 2 DL (4 Ch. rep) GSM
(2 DL Chains) modem

General repeater block diagram (from a controller perspective)

On regular intervals, the Control Module sends a heartbeat message to the OMC to confirm that the repeater
is operational, and that the communications path between the repeater and the OMC is operational.
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The Control Module collects statistics on how many timeslots are utilized in the uplink path of the repeater.
Once per day, atraffic report is sent to the OMC regarding the utilization of the repeater. Thisis used to get
an estimate on how much traffic is generated from the repeater coverage area.

The Control Moduleincludes a Real Time Clock (RTC). The RTC keeps track of at what time alarms and
events occur. This RTC hasits own backup battery in order to keep up proper time keeping even during long
power failures.

The power supply unit contains a battery, which is used to backup the Control Module. In case of a power
failure, the controller and built in wireless modem have sufficient power to report power failure alarms to the
repeater OMC.

Control Module LED

1 2 3
On the Control Module there are 3 LEDs to indicate the status. . . .

LED 1: green

OFF GSM Module switched OFF

Permanent ON GSM Module Switched on, not registered on network

Slow Flash GSM Module switched on, registered on network (approximately 1
flash per second)

Quick flash Module switched on, registered on network, call active
(approximately 3 flashes per second)

LED 2: red

OFF Control Module switched OFF

Slow Flash Control Module switched on, status OK (once every 10 seconds)

Quick flash Control Module switched on, one or more errors/ alarms detected
(except door status)

LED 3: blue

OFF Control Module switched OFF, or no one logged in

Slow Flash Control Module switched on, nobody logged in locally OK (once
every 10 seconds)

Quick flash ICogltlrol Module switched on, someone logged in remotely or
ocaly

2.6.5 PSUP, Power Supply

The module named PSUP, Power Supply is dimensioned to handle a 2-channel repeater unit.

The PSUPisfed by 110/230 VAC, 50/60 Hz or 48 VDC. The
PSUP generates secondary DC voltages for the repeater modules.
Theinput is equipped with a surge, EMI, EMC suppression filter.

In the PSUP there is a backup battery module. It is consists of a - -
rechargeable battery pack, charging and supervision electronics. l 5

This backup battery will provide the Control Module and wireless
modem with enough capacity to send an alarm in case of mains
power failure.

The power supply module is connected to all other electronic modules via the distribution board.
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The power supply has a switch which allows it to be set in “on” position or in “stand by”.

Power Supply LED m . . .
The power supply has 4 LEDs to indicate the status. Mans +6V  +15vV  +28V
Power

LED 1: Mains Power , green

Slow flash Power supply unit operating on AC or DC

OFF Power supply unit not operating

LED 2: +6V, red

Slow flash (every 10 seconds) +6V power supply operating

Quick flash +6V power supply not operating or operating with malfunction

LED 3: +15V, red

Slow flash (every 10 seconds) +15V power supply operating

Quick flash +15V power supply not operating or operating with malfunction

LED 4: +28V, red

Slow flash (every 10 seconds) +28V power supply operating

Quick flash +28V power supply not operating or operating with malfunction

2.6.6 Ref Gen, Reference Generator Module

The module named Ref Gen, Reference Generator Module consists of 4 parts. crystal oscillator, 10 power
splitters, control circuitry and microcontroller for communication with
Control Module.

The reference generator provides areference signal to the synthesizers
in the repeater and to the microcontrollersin the LIMPAs and FDMs.
Depending on repeater type, two different crystal oscillators exist:

¢ On-Freguency repeaters. TXCO, temperature compensated
crystal oscillator

+  Frequency and Band Trangdlating repeaters. OCXO oven
controlled crystal oscillator with ultra high stability

2.6.7 EAIM, External Alarm and Interface Module

Four external alarm sources can be connected to the alarm module, EAIM. These sources must generate a
voltage between 12 and 24 VDC. The presence or absence of this voltage will trigger the alarm depending on
how alarm thresholds have been configured in the controller

software.

The module can also supply +15V to external alarm sources. The
maximum allowed load on this supply is 50mA.

Onerelay contact closure is provided for external use.

For operations of external alarms see 3.4.7 External Alarms and 4.2.9
Connect External Alarms.
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2.6.8 Split/Combiner

In 4-channel repeaters there are four LIMPAS. The split/combiners split and distribute the signalsto the extra
two LIMPAs as well as combine the signals from the extra LIMPAs.

2.6.9 Opto Module

The Opto Module contains both a receiver and a transmitter. The two optical signals are combined utilizing
WDM technology (Wavelength Division Multiplexing). Hence only one fiber is necessary for transmission.

The Opto Module contains two alarm sources. These are alarms for transmitted and received optical signal
level. The levels of the received optical signals can be monitored on-line viathe RMC. Thisis convenient
during installation and tuning of the system.
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2.7 Internal Connections

2.7.1 Channel Selective Repeaters

Donor Antenna Server Antenna

LIMPA and FDM Connections for a Channel Selective 2-channel repeater

UL 3+4

1

Donor Antenna Server Antenna
LIMPA and FDM Connections for a Channel Selective 4-channel repeater
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2.7.2 Frequency and Band Translating Repeaters

Donor Port Link Antenna Donor Ports Link Antenna
LIMPA and FDM Connections for a LIMPA and FDM Connections for a
2-channel Single Donor (SD) unit 2-channel Double Donor (DD) unit

Link Antenna  Server Antenna Donor Antenna  Server Antennas

LIMPA and FDM Connections for a 2-channel remote LIMPA and FDM Connections for a 2-channel remote
unit with an Internal Combiner (IR) unit with an External Combiner (ER)
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2.8 Signal Paths

2.8.1 Channel Selective Repeaters

Downlink

| i :

1 S | Splitter : :

| I - - I !

1 T 1
1

Duplex Filter D:I:—

To Donor ! [ j 1 To Server
Antenna ! _ECE' Combiner | : Splitter lﬂsj_ | Antenna
1 1 1

Uplink

The signal from the antenna comesin to a duplex filter that separates and filters the uplink and downlink
signals. After filtering, the signal goes to a splitter which distributes the signal equally to the channelizers.

Each channelizer is configured to operate on a unique narrow frequency band. In the channelizer the signal is
mixed down to an intermediate frequency (IF), and isfiltered on a GSM channel basis. After filtering, the
signal ismixed up to the original desired frequency and amplified.

Thesignal isamplified in the power amplifier. It is then fed to the combiner and further on via a duplex filter
to remove undesired out of band signals and intermodul ated signal s, to the antenna.

Four channel repeaters have the same layout as above but the signals are split/combined into four parallel
flows.
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2.8.2 Frequency and Band Translating Repeaters,
Donor Unit

Downlink

- _ ]

FDM

To Coupler : To Link

connected I Antenna
tothe BTS ]

Single Donor

This illustration above shows a single donor unit where the signal from the base station is split into each
channelizer in the downlink. Another alternative is the double donor where the base station uses air
combining and hence has one antenna for each TRU and two signals are input to the repeater.

In the downlink the signal is mixed in the channelizer with areference signal and transformed into another
frequency —the link frequency. In the uplink the original RF frequency is restored.

There is no power amplifier in the uplink. The signal is fed directly into the base station via a 30dB coupler
and hence doesn’t need a high output power.

Downlink
Channel 1
oM ].__FbM
[ T 1
| ' :
3 1
1 1
To Coupler —.—‘ D | |
connected : ] ; DL, Channel 2 :
totheBTS =t |— : !
1 1 .
i A UL, Channel 2 1 ToLink
! | | Antenna
. | . SN
LIMPA
Channelizer UL

1
: |
. ! :

Uplink [
| |

Channel 1 f Ref
: O/ O
1 L
1

! Double Donor
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2.8.3 Frequency and Band Translating Repeaters,
Remote Unit

Downlink

______________ FOM.
1
1
1
:
1
— i Duplex Filter Dj:—
To Link : To Server
Antenna | Antenna

Remote unit
with Internal
Combining

A frequency or band translating repeater has a reference generator which feeds all channelizers with a
reference frequency. The channelizer contains two synthesizers, one for the down conversion from the input
frequency F1 to the intermediate frequency, and one for the up conversion to F2.

Theillustration above shows a unit with internal combining, which means that in the downlink the output of
the power amplifiers are combined, filtered and sent to the antenna. In units with external combining, the
output from each amplifier isfiltered separately and transmitted out on one antenna port each.

The output power in a—ER (external combiner) is roughly 3dB higher than in an —IR (internal combiner),
since the combiner causes 3dB |osses.

LIMPA

[ 1

i Channelizer DL Power Amplifier DL

i P

) ! : ™ 1
Downlink [ L ]
Channel 1 = | — b !
1 1

1 1

o A _FDM

1

1

1 1

! 1 To Server
1

1

1

1

DL, Channel 2 | Antennas
e | e
1
To Link UL, Channdl 2 (o ——

Uplink Remote unit
Channel 1 with E_x'gernal
Combining
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2.8.4 Fiber Fed Repeaters

LIMPA
| 1
: Channelizer DL wer Amplifier DL
G T A P
1 : p | H \
1 I 1
Downlink [ V *+ | 1
| Ref | |
i A S 1
1 1
1 e 1
OptoModules | . ___ __________J_.__1 FDM_
1

1 1 ;
1
,—i S | Splitter i : Combiner I:(;'— :
1
1 1 !
T 1
1 1
1
1
1
1
1

1
1
:
1
o]
Froﬁ A Duplex Filter I:D:I.—
:
1
1
1

1
1
Hub/Opto ! : | To Server
Box C | Combiner Splitter | S | Antenna
1 1

Uplink

The signal from the Hub/Opto Box comes in to a converter that translates the optical signal to RF. The signal
goes to a splitter which distributes the signal equally to the channelizers.

Each channelizer is configured to operate on a unique narrow frequency band. In the channelizer the signal is
mixed down to an intermediate frequency (IF), and is filtered on a GSM channel basis. After filtering, the
signal ismixed up to the original desired frequency and amplified.

Thesignal isamplified in the power amplifier. It is then fed to the combiner and further on via a duplex filter
to remove undesired out of band signals and intermodul ated signals, to the antenna.

In the uplink the same sequence is performed. At the end of the chain the signal is trandated to an optical
signal and fed back to the Hub/OptoBox.
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3 Monitoring and Control

Avitec GSM-EDGE repeaters contain a Control Module, see 2.6.4 Control Module, which controls all
parameters in the repeater, monitors alarm sources and sends reports and alarms to the AEM.

The repeaters can be accessed on site through the Local Maintenance Terminal (LMT) port or remotely over
abuilt in modem.

When aRS232 cableis plugged in to the LMT port, there are two options for communication; terminal mode
or RMC mode.

¢+  Termina modeis accessed by using aterminal emulation software, such as HyperTerminal ™ or
ProComm™. Settings should be ANSI or VT100 emulation, baud rate 9600, 8 data bits, 1 stop bit, No
parity and No flow control. A simple command language is used to control the repeater in this mode.

*  Repeater Maintenance Console (RMC) mode allows configuration and control of the repeater via a user
friendly Windows software.

Note! All instructionsin this chapter assumes that the repeater is controlled using the Repeater Maintenance
Console, RMC.

For use of the terminal mode please refer to the document GSM-EDGE Repeater Command and Attribute
Summary which contains detailed description of al attributes and commands.

3.1 Software Features

Thisfirst chapter contains an overview of the repeater software features. More in-depth descriptions are to be
found in the following chapters.

Please also refer to the installation part of this manual for more information about repeater installation and
configuration.

3.1.1 User Access Levels

Only one user at atime can be logged in to each repeater. If someoneislogged in locally to arepeater it will
not respond to remote access attempts until the local user has logged off or has been logged off by the system
after a configurable number of minutes of inactivity.

Four (4) different user accounts are available for arepeater. Two accounts have both read and write access,
and two have read only access. The Avitec Element Manager has a unique username (with full read and write
access).

These are the default usernames and passwords.

User Name Password Authority
USERNAM1 PASSWRD1 read/write
USERNAM2 PASSWRD2 read/write
USERNAM3 PASSWRD3 read only
USERNAM4 PASSWRD4 read only

The user names and passwords can be changed using the RMC. However, it is recommended to have a
centralized password policy managed from the Avitec Element Manager.
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Change username or password

Go to the User ] Consale

P

B—

Access page Select “Console” mode

BetlBE Select “ Configuration” window

& Communication - G ect “ Communication” page

Make the changes UserAccess |
MNumber of local loging [11]
Mumber of remate loging 1]

Automnatic logout on inactivity [min] |2EI
Mumber of invalid login attenpts allowed IB

ﬁ:})ﬁ} Account 1 - Change Usemame and Password

ﬂil::}l:i Account 3 - Change Usemame and Pazzword

@:{}E} Account 2 - Change semame and Pazsword |

ﬁE{)@ Account 4 - Change Uzemname and Password
EDE} Charge AEM to Repeater password |
C}l:"} Change Repeater to AEM password |

3.1.2 RF-configurations, Statuses, Alarms and Levels

The firmware controls and monitors all repeater parameters. In the event of afailure, an dlarmislogged in the
repeater. If the repeater is controlled by the AEM, the alarm is also transmitted to the Avitec Element
Manager.

The repeater can be configured to handle alarms concerning a number of different parameters. Each alarm
can also be individually configured in a number of ways.

All statuses and measured levels can be read online from the RMC. Thisincludes for instance voltage levels,
RF-levels and temperatures.

3.1.3 Local Alarm Log

The repeater stores the latest 40 alarmsin alocal alarmlog. The datathat is stored for each alarm isthe time
at which an alarm occurred and the alarm information which consists of alarm source, alarm severity, darm
attributes and in some cases an additional alarm description.

If an alarm for some reason fails to be transmitted to the AEM, the repeater reads the alarm log entries and
tries to retransmit the alarms a configurable number of times to the AEM or until successfully delivered to the
AEM.

3.1.4 External Alarms

If the option for external alarms has been included four (4) external alarm sources can be connected to the
repeater. These can be for instance fire alarms or external door sensors. These alarms operate on avoltage
between 12 and 24VDC. The presence or absence of this voltage will trigger the alarm depending on how
alarm thresholds have been configured. The external alarms have only two states—“ok” or “error”.

Asfor all alarm sources adelay can be set that defines how many seconds an external alarm should be in
error state before an alarm is generated.
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3.1.5 Relay Connection

The repeater contains arelay, located on the External Alarm and Interface Module. This relay can be used to
notify external monitoring equipment about malfunctionsin the repeater

The relay can be configured to be activated on any number of external or internal alarms (while other alarm
sources leave the relay unaffected).

3.1.6 Heartbeat Reports

Onregular intervals, the repeater sends a heartbeat report to the AEM to confirm that the repeater is
functioning. The heartbeat message contains information about the RF-configuration and the alarm sources. It
ensures that the data communi cation from the repeater to the AEM is working properly.

The heartbeat interval can be set from 1 to 1440 minutes. Setting the heartbeat to 0 disables the transmission
of heartbeats.

3.1.7 Traffic Measurements

Each uplink LIMPA contains circuitry to detect how many timeslots are active in the uplink path, i.e. detect
ongoing traffic. In 15-minute intervals the total number of active timeslots in each chain is calculated and
compared to the total number of timeslots. The percentage is saved in alog. Based on this information traffic
reports are sent to the AEM on a configurable time of the day.

3.1.8 Modem Control

The repeater contains a GSM modem built in to the Control Module, utilizing the actual GSM network for
remote communication with the repeater. The GSM modem should be equipped with a SIM-card when the
repeater isinstalled at site, see 4.4.3 Set Up Remote Access.

The Control Moduleis responsible for enabling the power to the modem, unlocking the SIM-card, using the
configured PIN-code and making sure the modem is logged in to the network correctly. Depending on
network configuration and modem usage, the modem might require different modem initialization strings to
work properly. This modem initialization string is set and verified during repeater setup.

At regular intervals, the Control Module polls the modem to see that the modem connection is functioning
properly.

To ensure that the repeater is always remotely accessible, the controller can be configured for scheduled
power cycling of the modem. This means that the modem is powered off, powered on, registered to the
network and put back on line.

3.1.9 Battery Backup for Control Module and Modem

The repeater contains a back-up battery, mounted in the main power supply. This battery backs up the
Control Module with the built in modem. In case of a power failure, the battery contains enough energy for
the repeater to dial up the repeater OMC and inform about the power supply disruption.

In case the battery is not plugged in correctly, or the battery chargeis too low (broken battery), an alarmis
generated to the OMC.

3.1.10 SMS or Data Call for Alarms and Reports

The repeater can be controlled remotely via SMS or Data Call. If the repeater is configured to send alarms via
SMS, it can still communicate via Data Call. However, if the repeater is configured for Data Call, incoming
SM'S messages will not be registered.

Please refer to 4.4.3 Set Up Remote Access for details about the remote communication using Data call and
SMS.

Note! Avitec Element Manager does not support alarmsvia SMS.
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3.1.11 Full Repeater Configuration Available

The Control Module keeps track of the exact repeater typeit is controlling, and its performance parameters,
including maximum uplink and downlink gain, serial number of repeater, software version in Control
Module, controller hardware version, as well as hardware version of al included components.

Within the repeater the Control Module communicates with other devices using their serial number as an
address. Serial numbers therefore have an important role in the repeater configuration.

3.1.12 Repeater Integration into AEM

When the repeater has been installed at site and the remote communication has been enabled, the repeater can
be integrated to the Avitec Element Manager. Thisis done by the operator of the AEM. After entering the
telephone number to the repeater, the AEM dials up the repeater, downloads all the repeater parameters and
statuses into a database. When all parameters have been downloaded, the AEM configures the repeater with
the telephone number where alarms and reports should be sent, and optionally with a secondary telephone
number where the repeater can dial in case connection to primary number fails.

When heartbeat reports and alarms are sent from the repeater to the AEM also the latest information about the
status and RF-configuration is included. This means that the AEM operator always has information about the
current status in the AEM database (and do not need to call the repeater to find this out).

Note! Once the repeater isintegrated to the AEM, al changes to the repeater should preferably be done from
the Avitec Element Manager in order to ensure that the database always contains correct information.

3.1.13 Repeater ID and Tag

When the repeater is integrated into the Avitec Element Manager the repeater is assigned a repeater ID,
which isaunique identifier in the repeater network. This D is used by the AEM to keep track of the
repeaters in the AEM database.

The repeater Tag can be used to give the repeater amore logical name, such asthe site ID or installation
place. If Tag is set during site installation, this can easily be read by the AEM during AEM integration,
giving the AEM operator a clear identification of the site.

Refer to 4.4.2 Set Repeater Name (TAG) on how to set the repeater Tag.

3.1.14 Two separate software banks

The controller contains two different program banks. The software can be executed from one bank while new
software is downloaded to the other. When new software has been compl etely downloaded, the executionis
moved over to the new program bank. The software download can be done at site, or remotely via a modem.

See 3.8 Upgrading Repeater Firmware for description about how to upgrade the firmware.

Note! During software download no measurements will be made in the repeater. However, the RF
transmission will still be fully operational.

3.1.15 Real Time Clock

The Control Module contains a battery backed-up real time clock, which will stay active even during a power
failure. Thereal time clock is used for instance to keep track of when an alarm occurred, when to retransmit
an alarm and at what time of the day to send traffic report to the AEM.

If the repeater is controlled by the Avitec Element Manager, the AEM will automatically time synchronize
repeaters, to ensure that the time is always set correctly in the entire repeater network.
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3.2 RF Parameters

3.2.1 Channel Assignments

Assigning channels to the repeater is easy using the Repeater Maintenance Console. Depending on the
repeater’ s configuration there are different channel assignment options.

For channel selective repeaters with two or four channels only the repeated channels from the BT S need to be
configured. For frequency trandating repeaters also the link channel s between donor and remote unit need to
be configured. If some channelsin the repeater are not used, these need to be switched off (see 4.4.1 Set up
RF Configuration, for details).

Channels and links are configured using the standard ARFCN conventions.

Note! To ensure signal quality in the coverage area, it isimportant that all channels and link channels are
separated by two guard channels. For example, if channel 34 is used, next allowed channel or link channel is
37.

Note! Always make sure that the BCCH channel is configured for chain one (1) in the repeater. The BCCH is
used to monitor the output power level for alarming purposes. The BCCH is also used for timing purposesin
traffic measurement.

3.2.2 Repeater Gain

Setting the gain in the repester plays an important role in the T
repeater configuration. Since the gain affects the coverage area of el

the repeater, it isin most cases desired to have ashigh gain as -

possible. However, since incorrect gain settings might cause the gk il
repeater to oscillate, especially channel selective repeaters, it is Lo -
important to configure the gain carefully. P il =

The gain is adjusted by changing the attenuation of the repeater. The i =l
attenuation can be changed in 1 dB steps. If the attenuation for J:"!_:':_'_ e _:”:
exampleis set to 30 dB, the repeater is downgraded 30 dB from its LEVIPTTES Lo EHEN

maximum performance. Maximum gain in the repeater can be read
from the Product Information menu (choose Configuration/Product). ————_ #msenl=]

] =]
See 4.1.5 Link Budget, for more information about gain settings. Pipsss Lereed [0 s
ner =
el m
] in [=TH
Egnstoe [ 1]
BCCH - -
PCTH Vsnicmsmend Conduyd i
Ep =]
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3.2.3 Power Level

The repeater has a constant gain in both uplink and downlink paths. The gain is set by defining the
attenuation as described above.

The maximum output level from the repeater can also be defined. If the input signal amplified by the gain set
exceeds the set output limit, an ALC (Automatic Level Control) loop is activated. This ALC ensures that the
amplifier does not add distortion to the radio signal.

Output power[dBm
fput p [dBm] /ALC
+43F—————————————--
+38 - __ |
| |
| |
|
: : Gain: 108 dB
b
| |
| |
| |
| |
| |
-70 65  Input signal [dBm]

The maximum output power level is set in this RMC window. There '_
are three values to choose from. The maximum power level can be Crannsd

set individually for uplink and downlink of each channel. The power =

level can also be set to OFF, meaning that no output power is
transmitted out in the chain. Mg ki)

E E
The power level in the downlink should be adjusted not to send Preves Lewsd [
radio signalstoo far into neighbouring cells, but yet be enough to ED H
cover the service area. In the uplink asignal from a user close to the dargllien L]
repeater should not cause a transmit of too high power into the BTS N — e~
Sahralion Law E000
antenna. — =
For frequency trandating repeaters the signal strength of the link Atpruation il
channel should not be set too high — just enough to reach between = E
the donor and the remote site. resbeal S -
In channel selective repeaters, the uplink and downlink power levels Brglied =
are normally set to the same value, while the values in the frequency s EU
translating repeaters depend on the link budgets for the installation. z:_'l"" :'_'

See 4.1.5 Link Budget. BCH Massromant Configursiion

Note! Chains not used in the repeater must have power level set to .l‘*"-' | J
OFF.
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3.2.4 Amplifier Saturation

If the output power reaches a certain limit in the repeater the ALC is (Tram1

activated, as described above. For alarm and RF configuration Chareal

purposes there isan Amplifier Saturation indicator and alarm £

parameter implemented. Thisindicator detects problems with the m

system setup or environment and can also be used during repeater B W

installation and configuration. p——

Theindicator has four levels: el o

+  below optimum settings (low) L T
(Nowebrd =il

+ working in the optimum range (ok) presrerr

Fimetr Ll | lw|

¢ going into saturation (high)

+ well into saturation (critical) el s
When the repeater is configured the BCCH gain in the downlink :.'.:.;.-. = Dum
should be increased until the saturation indicator reaches the E;:" L '":
optimum range. This ensures that the repeater has optimized gain e ertaane I'_'l'rgu-m
settings. See 4.1.5 Link Budget. e 5

3.2.5 Input / Output Levels

The input and output power levelsto and from the repeater are constantly
monitored for each chain separately. The input level is measured directly Input Povser  Dutput Power

at the input of the LIMPA. The output power is measured directly before UL m

1
the output of the LIMPA. % m m

The measurable input power to the repeater ranges from -110 dBm to

about -25 dBm. The output power level varies depending on repeater uL m
model. The dynamic range on the output power is roughly 25 dB, meaning 2 —

that a repeater with a maximum output power of 37 dBm can detect output o m
power levels down to approximately 12 dBm. If the output power level is
lower than lowest detectable level, the RMC reports a dash. T — m
By using these values together with the gain settings in the repeater it is
possible to monitor the functionality of the amplifier chains. A too low Last Ant. sdlation Measurement
output power in achain might for instance indicate some problem with the e

LI M PA Du.tpl;t power too low! Yerify

BCCH configuration.

These measurements can also be useful during installation of the repeater, for example by monitoring the
input signal level constantly while aiming antennas towards the donor unit detecting the direction for the
maximum signal level. Monitoring the output level is helpful in determining how much the gain must be
increased to reach maximum output power.

Note! The uplink power levels will only be displayed when there is a user in the repeater coverage area
generating traffic. Also, DTX (Discontinuous Transmission Mode) enabled networks will cause the mobiles
to generate traffic only when the subscriber is actually talking. Thiswill cause the uplink metersto fluctuate a
lot. The same applies to the downlink channels not configured as BCCH, since RF is only transmitted in the
traffic channelsif acall is handled by this TRX.
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3.2.6 BCCH Configuration

The BCCH channel should always be configured to be transmitted through Chain 1. There are two major
reasons for this:

¢  Therepeater monitors the BCCH output power to ensure that the power level stays above a configurable
threshold.

¢ Therepeater extracts timing parameters for the traffic measurement system from the downlink BCCH
signal configured in Chain 1.

There anumber of different ways to monitor the BCCH. Each chain ime?
can be configured in three different ways: i:“L
Required the output power must be present on thischain g
. <
Either the output power must be above the threshold on P | == gy :
this or any of the other chains configured = —
Skip the output power is not measured on this chain oiss S Ln':.-.
By default, the repeater is configured with “Required” in chain 1, i'j;ﬂ--""- =
and “required” also in the other chains. This meansthat if the e —
BCCH dropsin chain 1, an dlarm is generated. for
;-::.:..r i IH:
o A 1w FHEE
B I -
[T beiga npmreni | L]

Examples of how to use the BCCH configuration:

¢+ Two 1-channel sectors are to be transmitted through a frequency trand ating —ER repeater, where each
sector is transmitted out via separate antennas. Both channel s need to have a constant output power
above the threshold. In this case both chains should be configured as " Required”.

¢ The base station supports BCCH “fall-over”, where the BCCH will automatically switch over to TRX 2
in case the default BCCH TRX fails. Configuring the repeater as “Either” will cause the repeater to
require output power on chain 1 or 2. In this case the BTS will generate an alarm, why we do not need
an alarmin the repeater OMC as well.

Note! When the BCCH jumps to chain 2, the traffic synchronization will be lost. This means that
snapshot traffic data (number of timeslots used per frame) will be less accurate, but total traffic
measurement will stay correct.

3.2.7 Return Loss (VSWR)

The server FDMss contains circuitry to measure the reflected power levels back from the connected server
antenna cables. A too high level on the reflected power generates an alarm.

Typical reasons for a high reflected power level can be an antenna connector being improperly tightened, a
broken cable or a broken antenna.

Frequency Trandating —ER repeaters contain two FDM's, one for each server antenna, and hence two
reflected power levels are measured. All other repeater types contain only one server FDM.

The level for when to generate an alarm is configurable as number of dB’s difference between forward and
reflected power levels. Default level is 10 dB, and normally this value should not be changed.
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3.3 Hardware ldentification

3.3.1 Repeater Type Identification

When alogin to arepeater is made using the Repeater Maintenance Console, the RM C detects the repeater
type and adjusts the user interface correspondingly. The same RMC can be used for all repeater types.

3.3.2 Hardware Inventory

A repeater contains a number of different building blocks such as FDMs, LIMPAS, Power Supply, etc. Some
of these are so called active devices meaning that they contain a micro controller used for monitoring of
module parameters. Some are passive devices, for example the distribution board.

The Control Module communicates with the active devices using a master/d ave configuration, where the
Control Module isthe master and the active devices are slaves. Each active device uses its serial number as
an address. A dave only replies to requests with the correct address information.

During production the repeater is configured with all the serial numbers of all the devicesin the system. For
passive devices, the article number of the device is added. Once the system is configured, the Control Module
polls all the active devices for article numbers and production information as well as software versions and
statistics of the active devices.

Viathe RMC the full repeater inventory can be read, including statistics of the active devices.

RepeaterTAG ~£ Configuration
Repeater ID Iﬂ Product | A Alams | &b Communication | AEM Reports | '][' Antenna |zolation Measurement |

Hardware Device List
todel CSR924 Serial Mo | Aticle Mo | Device Information | :l
Senal number 4040 s E401032B  LIMPA Downlink 2
RFIDZ59 DL GET1001A  Filtering and Distibution Do,
I - 2R GE31001A  Filtering and Distribution Se...
404R RO310024  Reference Generator J
4035 JEI10014 External Interface Board

ML JE410302 M aster Distribution Board
MY JE4103024 Slave Dishibution Board ;I

Susterrifit. time 2003-11-26  10:40:00
Active Device List [Click item for details]

yatem up time Odayz. 2h. 3m. 29 2
Curent Date |2DDS-‘I‘I-2? / Serial Nol Aticle Mo | Device Information | :l
E-R E401031E  LIUL
i = 2 E4010328  LIDL
Current Time IDS.2D.28 = TR |
Control Module Sy E401032E  LIDL
RS GE310014  FDM1

gerslnimber hiS 404R ROIIOOZL  REF
Hardware yerfion  H311001B »

plerfEie version 1.0 Beta3 Detailgd Information about selected Device
BIOS version 1.1 Serial Waticle Mo Description

PLD version 11 ¥ 37Xy EAD1031E LIUL

Controller prod. date 2003-11-20  13:45:00 S Werzsion: SWODZ210C [Moy 6 2003 10:51:30)
Software bulld date Mow 7 200341 tanufactoring Info: PE

Module initislization: 2003-11-19 14:16:20

Uptime sincereset: O days, 2h, 1 m, 35 2

Fieset counters: Hardware: 19 Watchdog: 0

List of al hardwarein
the repeater

Lk

Control Module ID

List of al active
devices

DL: 84.0
UL:12.0 DL:12.0
Logs after PA [dB] UL: 8.0 DL: 8.0

Lowest Detectable Output [dBrm] UL: 15.0 DL: 15.0

Information about a
selected device

3.3.3 Replacing/Reconfiguring Hardware Modules

If amodule needs to be changed it isimportant to update the repeater with the new hardware information. For
active devicesthisis crucial to ensure communication between the new module and the Control Module. For
all devicesit gives an up-to date inventory of the entire network.

The hardware is reconfigured by logging in to the repeater viathe RMC and switching to Terminal Mode. If
the change concerns an active or passive device the command syntax varies slightly.
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Format:

HARDWARE REPLACE <O dSNO> <NewSNC> [Articl e Nunber]
<OIdSNO> isthe seria number of the module that has been removed
<NewSNO> is the serial number of the new module

[Article Number] is used if a passive module, such as a distribution board or external interface board is
changed.

Example 1.
HARDWARE REPLACE 2J3A 3ASA
replaces the broken module 2J3A with the new module 3ASA.
Example 2:
HARDWARE REPLACE 3AZC 3EEF J691001A
replaces the old module 3AZC with the new module 3EEF, with article number J691001A.
If the repeater is controlled by the Avitec Element Manager arefresh of the repeater should be initiated from

the AEM as soon as the hardware has been replaced and the repeater configuration has been updated. This
ensures that the AEM also contains the latest hardware configuration.

Note! The current hardware configuration can be displayed in terminal mode by entering the command
HARDWARE without parameters.

3.4 Alarm System

The Avitec repeaters contain a number of different alarm sources, both analog and digital, to ensure that the
repeater works with desired performance.

3.4.1 Alarms and End of Alarms

When the Control Module detects a failure in the repeater, an alarm is transmitted to the Avitec Element
Manager, informing the operator about the error condition. When the alarm has ceased, an end of alarm is
sent to the AEM, stating that the alarm source is now OK.

Level
An alarmis sent when the level )
has been above the threshold Anend of darmiis sent
for three seconds as soon as status is OK
\/ \
Time

Each alarm and end of alarm updates the AEM database with the latest status of the alarm source, ensuring
that the AEM operator always has the correct repeater status in the system.

¢ Togenerate an alarm a number of consecutive measurements must first show an error state.

¢+ Togenerate an end of alarm only one OK measurement is needed.
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Alarms can be of five different severity levels

Severity Level Description
' Critica A critical error has occurred which affects the functionality of the repeater. Thistype
of alarm requires immediate action.
LY gjor ,tA major error has occurred. This type of alarm should be investigated within a short
ime.
! Minor A minor error has occurred. This type of alarm should be investigated, but is not
urgent.
& Warni ng Something has occurred that does not affect the operation of the repeater but may be
important to notice. For example, someone has logged on to the repeater.
0K Cleared A cleared dlarm. Thisisthe end of alarm.

Note! User related alarms (as described in 3.4.6 Alarm Sources) do not send an end of alarm.

3.4.2 Alarm Acknowledgements and Retransmissions

The 40 latest alarms and end of alarms are stored in the repeater’slocal alarm log. In case an alarmis not
acknowledged (see below), the alarm will be retransmitted to the AEM after a configurable number of
minutes. The retransmission will be repeated a configurable number of times. Default retransmit interval is 10
minutes. Default number of retriesis three.

Number of retransmissions

Repetition cycle

Alarm log

Repeater Message No —_

Date/Time
\

Description
\

Attribute/Alarm Source
Severity

Class

e

Alarm acknowledged

—]

T

I axirmumn number of alammn refransmizsions

\ Repetition cycle for non acknowledged alarmsz [min]

Minimum alarm repetition cycle [min]
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3.4.2.1 Alarm Acknowledgement using the RMC

Each alarm can be manually acknowledged using the Repeater Maintenance Console. However, if the
repeater is controlled by the Avitec Element Manager, a manual acknowledgement of the alarm means that
the AEM will not be aware of the change in the repeater status.

3.4.2.2 Alarm Acknowledgement using the Avitec Element Manager

If the repeater isintegrated to and controlled by the Avitec Element Manager, an alarm is considered
acknowledged when the repeater has dialed the AEM, logged in to the AEM and delivered the alarm. Once
delivered to the AEM, the acknowledgement of the event is taken care of locally at the AEM, why no dial-
back needs to be performed to acknowledge the alarmsin the repeater.

3.4.2.3 Alarm Acknowledgement using SMS

If the repeater is configured to send alarms using SM S, alarm acknowledgement can be made in two different
ways.

+ theaarmisacknowledged as soon as the alarm SMSis successfully received by the Short Message
Service Centre

or

+ thealarmisacknowledged by sending a special alarm acknowledgement SMS back to the repeater from
the alarm destination.

Choose Configuration/AEM Reports Alams

pick one alternative from the drop-
down menu b aximum number of alarm retransmizsions |3

Repetition cycle for non acknowledged alarms [min] |1 1]

tinimurn alam repetition cycle [min] |3

SMS Acknowledge configuration

Acknowledge on acknowledge meszage from the AEM j

Ak
Ackn

All alarms transmitted from the repeater contain a message number. Acknowledgement of an alarm is done
by sending an SM S to the repeater containing this message number.

Note! Only the defined “Primary SM S address’ can acknowledge alarms.
The table below displays the format of alarm acknowledgement messages.

M essage field For mat Description

Repeater ID XX-YY-ZZ2ZZ ID of the repeater that the message is intended for

M essage number NNNNN Message number from the main address (any 5-digit number)
Command ACT Action command

Argument ACK Acknowledge action

Argument MMMMM Message number of the alarm message to acknowledge

The message fields are separated with blanks.

For example, sending an SM S to the repeater with the text

01-42-4711 00242 ACT ACK 00023
will acknowledge alarm number 00023 from repeater 01-42-4711.
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3.4.3 Alarm Repetition

As soon as the repeater detects an alarm or an end of alarm, a connection to the Avitec Element Manager is
established and the alarm event is reported. Many alarm sources are configured for the error to be present
during three seconds before an alarm is generated. End of alarm istriggered as soon asan OK stateis
detected.

If an alarm should constantly toggle between OK and ERROR the communications interface might be
blocked. To prevent thisthere is a parameter called Minimum Alarm Repetition. This parameter defines how
many minutes must elapse before a new alarm can be transmitted from the same alarm source.

Anend of darmissent as

Level Anadarmis sent when soon as status is OK

the level has been
above the threshold for
three seconds

W

7 \/ \—/mwhold

Min alarm repetition

Three minutes have
elapsed and anew aarm
istransmitted

Time

The example shows an alarm source with an upper threshold, and a fluctuating level around the alarm
threshold. In this example, we will receive the first alarm as indicated, and also a new one that will be
transmitted after three minutes, when the minimum alarm repetition period has el apsed.

bl axirnuim number of alarm retranzmissions |3

Minimum time between alarms Repetition cycle for non acknowledged alarms [min] |1 i

tirirmunn alarm repetition cocle [min) |3

3.4.4 Relay Output

The repeater can be ordered with arelay option. The relay, located on the External Alarm and Interface
Module, can be used to indicate to external alarm equipment the summary status of the repeater. Each alarm
source can be configured to be affecting the relay or not, see next section. If one or more alarm sourcesin the
repeater arein error, the relay will be opened.

If the repeater is part of an antenna distribution system in for example atunnel, all tunnel equipment can be
monitored from one central location using current loops. This means that the tunnel service engineers can
independently from the Avitec Element Manager staff be informed about the repeater status.

Each alarm source can be individually configured if the relay should be affected or not.
Note! Therelay statusis not affected by the login / logout alarm parameters.

For installation testing purposes, it is possible to test the open / close function of the relay. Thistest procedure
makes sure the relay is closed for 2.5 seconds, then opens for 10 seconds, and finally closes for 2.5 seconds
before going back to original state.
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3.4.5 Alarm Configuration

A number of different parameters can be configured for how the alarms are transmitted to the repeater OMC.
Each alarm source can also be individually configured in a number of different ways.

Affect rela r : .
y — 1 H Froduet || A flams | &5 Communication | AEM Reports | i Antenna lsolation Measursment |

Alarm Thresholds

Al filarm Affect relay Enbl.  Ack. Lower Upper  Time
am L External alarm 1 e v v |3 ;I
transmission
enabled Esternal alarm 2 a4 T ) |3
External alarm 3 v VoW |3
. Esternal alarrm 4 v FS |3
Requires
acknowl edge- Caommuication with active device [ 2 |3
ment Poweer level downlink [ dBm ] v 7 v |35 |3
Araplifier chain uplink VvV ¥ W |3 |5 |3
Lower threshold —] Amplifier chain downlink, IB I3
Synthesizer Uplink [v v I~
Upper threshold — | Sunthesizer Dowrlink |3 e
WEWH I'I 40 |3
Number of faulty Tration Lplink. v W W |3 _|
measures
External Alarms Config
ActiveHigh - Relay State: Open L]
Activelow —]_l ]_' ]_' ]_' Test Felay Test: Close [3 sec). open (10 zec), close
12 3 4 = [3 sec] and go back to normal operation
[ |

+  Affect relay — If checked, an active alarm from the alarm source affects the relay status
¢ Enabl. —If checked, the alarm is transmitted to the repeater OMC

Note! Thisonly affects the transmission of the alarm. The alarm is still measured, and corresponding
alarm status is still displayed in the repeater status screen and in the heartbeat reports transmitted to the
repeater OMC.

+  Ack. - All darms will by default be transmitted to the repeater OMC requiring acknowledgement (the
box is checked). Disabling this checkbox removes this requirement, which means that an alarm will only
be transmitted once, regardless if an acknowledgement is received or not.

+  Lower —Lower threshold, not applicable for all alarm sources. Please refer to document GSM-EDGE
Repeaters Command and Attribute Summary for details on the usage of thresholds for each alarm
source.

¢ Upper — Upper threshold, not applicable for al alarm sources. Please refer to document GSM-EDGE
Repeaters Command and Attribute Summary for details on the usage of thresholds for each alarm
source.

+  Time- Defines how many consecutive measurements from one alarm source that should be measured as
ERROR before an alarm is triggered.

Note! In most cases, al default alarm configurations can be left unchanged, except the BCCH alarm
configuration. Please refer to 3.2.6 BCCH Configuration for details about the BCCH alarm configuration.
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3.4.6 Alarm Sources

Temperature Related Alarms

Alarm Code Description Trigger

Temperature TEM M easures the temperature in the repeater. Temperature too
The temperature is located on the controller high or too low
board.

Power Supply PTM Measures the temperature in the repeater’ s power | Temperature too

Temperature supply high or too low

Power Related Alarms

Alarm Code Description Trigger

Power Supply Level | PSL M easures the mains power supply level. Level too high or
Thisisused to detect if the power supply in to too low
the repeater is dropping too low or getting too
high.

Power Supply 1 PW1 Measures the +28V generated by the repeater’s Level too high or
power supply. too low

Power Supply 2 PW2 Measures the +15V generated by the repeater’s Level too high or
power supply. too low

Power Supply 3 PW3 Measures the +6.45 V generated by the repeater’s | Level too high or
power supply too low

Power Supply 4 PW4 Measures the +6.45 V generated by the repeater’s | Level too high or
power supply feeding the controller too low

Battery for Mobile BAT Measures the battery charge in the repeater’s Charge drops

Equipment backup battery below a defined

threshold or istoo
high

User related Alarms

Alarm Code Description Trigger
Valid Loginto VLI Detects alogin to the repeater, either locally or A successful login
repeater via remote connection.
User logged out from | LGO Detects a logout from the repeater. A logout
repeater
Illegal Logins ILI Detects and counts the number of failed login Threshold
exceeded limit attempts. exceeded
The counter is decreased by one every hour. A
threshold can be set for number of allowed
attempts before the login is blocked.
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Changes made by
logged in user

CLR

Detects al changes made to repeater settings by a
user logged in to the repeater.

NA

RF Related Alarms

Alarm

Code

Description

Trigger

Antenna Isolation
M easurements

AIM

M easures the antenna isolation.

Two channels are used, one BCCH channel, and
one so called Listener channel. By default, these
channels are the ones configured in chain 1 and
two, but can be changed using the RMC.

The repeater can be configured to mea-sure the
antenna isolation on a certain time every day, and
in case theisolation istoo low, an alarmis
generated.

Isolation is
outside defined
interval

Input Overload
Downlink

IOD

Detects input overload on the downlink chain.

Thisalarm is used to detect if there is other
equipment in the frequency band causing the
input of the repeater to be blocked, and hence
decreasing the repeater performance. This can for
exampl e be a base station from another operator
being mounted too close to the repeater’ s donor
antenna.

Overload

Input Overload
Uplink

IOU

Detects input overload on the uplink chain.

Thisalarm is used to detect if there is other
equipment within the frequency band causing the
input of the repeater to be blocked, and hence
decreasing the repeater’ s performance. This can
for example be harmonics from TV-transmitters
or other strong radio signals.

Overload

Power Level BCCH
Downlink

PDL

Measures the output power of the BCCH channel
in the downlink. If the BCCH drops below the
configured threshold an alarm is generated.

Reasons for the BCCH dropping might be an
obstacle raised between the BTS and the
repeater, or areconfiguration of the BTS where
the output power is decreased. A dropped BCCH
output power from the repeater will decrease the
repeater’s coverage area.

Output power
level BCCH too
low

Voltage Standing
Wave Ratio
Downlink

WRD

Monitors the reflected power level at the server
antenna port ().

An alarm might be caused by a broken antenna
cable, or the antenna connector not being
properly tightened.

The difference
between the
transmitted and
reflected power is
too low
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Opto Related Alarms

Alarm Code Description Trigger
Fiber Optic Receiver | FRX Detectsif the receiver is OK or not Received signal too
low
Fiber Optic FTX Detectsif the transmitter is OK or not Transmitted signal
Transmitter too low
Repeater Performance Related Alarms
Alarm Code Description Trigger
Amplifier Chain AMD Thisisagain alarm. Expected output
Downlink The repeater measures the input signal level in power too high or
. . . too low compared
the downlink chains and compares it to expected
X L to calculated output
output power with regards to attenuationin ower
repeater. If the output power istoo high or too P '
low, something might be failing in the amplifier
chain, and hence an amplifier chain alarmis
triggered.
Amplifier Chain AMU Thisisagainaarm. Expected output
Uplink The repeater measures the input signal level in power too high or
) . : too low compared
the uplink chains and comparesit to expected
. g to calculated output
output power with regards to the attenuation in ower
repeater. If the output power is too high or too P '
low, something might be failing in the amplifier
chain, and hence an amplifier chain alarmis
triggered.
Amplifier Chain ASD Measures saturation in the amplifier chain Saturation enters
Saturation Downlink downlink. defined level
An amplifier chain going into saturation means
that the repeater input signal level and/or gainis
not set correctly. An amplifier going too deep
into saturation might cause the signal quality to
be decreased.
There arefour levels:
*  below optimum settings
¢ working in the optimum range
¢ goinginto saturation
¢ well into saturation
Amplifier Chain ASU Measures saturation in the amplifier chain Saturation enters

Saturation Uplink

uplink. An amplifier chain going into saturation
means that the repeater input signal level and/or
gainisnot set correctly. An amplifier going too
deep into saturation might cause the signal
quality to be decreased. There are four levels:

defined level
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+  below optimum settings
¢ working in the optimum range
¢ going into saturation

+ well into saturation

Synthesizer SZD Detects if asynthesizer in the downlink is Synthesizer
Downlink unlocked unlocked
Synthesizer Uplink SzU Detects if a synthesizer in the uplink isunlocked | Synthesizer
unlocked
Communication COM Detects errors in the communication between Errorsinthe
Between Controller controller and active devices communication

and Active Devices

Door Alarm
Alarm Code Description Trigger
Door DOO Checksiif the repeater’ s door is open or closed Door isopen

3.4.7 External Alarms

If the option for external alarms has been included, four (4) external alarm sources can be connected to the
repeater. These can be for instance fire alarms or external door sensors. These alarms operate on a voltage
between 12 and 24VDC. The presence or absence of this voltage will trigger the alarm depending on how
alarm thresholds have been configured. The external alarms have only two states—“ok” or “error”.

Asfor all alarm sources adelay can be set that defines how many seconds an alarm should be in error state
before an alarm is generated

Alarm Code Description Trigger

External Alarm 1 EX1 Monitors any alarm source, for example fire dlarms Error from
or external door sensors connected to the external alarm source
interface.

External Alarm 2 EX2 Monitors any alarm source, for example fire alarms Error from
or externa door sensors connected to the external alarm source
interface.

External Alarm 3 EX3 Monitors any alarm source, for example fire alarms Error from
or external door sensors connected to the external alarm source
interface.

External Alarm 4 EX4 Monitors any alarm source, for example fire alarms Error from
or external door sensors connected to the external alarm source
interface.

3.4.8 Alarm Format

Each alarm transmitted from the repeater contains a number of fields, in detail describing the event that
caused the alarm. The alarm is transmitted as an ASCI| text string, each field separated by a blank/white
space.

Using the Avitec Element Manager to control the repeater, the alarm string is delivered to the Transceiver for
further processing in the AEM system.
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When SMSis used to control the repeater, the string is sent as clear text to the alarm address (main address).

M essage field

For mat

Description

Repesater ID

XX-YY-Z2ZZ

ID of the repeater causing the alarm. When monitoring the repeater
using the AEM, this repeater 1D is set by the AEM during the
repeater installation phase. Using SMS, this repeater 1D should be
modified to uniquely identify the repeater in the network.

M essage number

NNNNN

Message number from the repeater, increased for each message sent
to this address

Message type

ALARM

Means that the message is an alarm or end of alarm (alarm cease)

Date

DDMMYY

Day, month and year when the alarm was detected

Time

HHMMSS

Hour, minute and second when the alarm was detected

Alarm Source

PW1, DOO...

Code for alarm source. Please refer to GSM-EDGE Repeater
Command and Attribute Summary to obtain a detailed list of all
available alarm sourcesin the repeater.

Severity

CcC

Abbreviation for severity of the alarm. This severity varies between
the different alarm sources.

CR = critical

MA = major

MI = minor

WA = warning

CL = cleared

When an and of alarm is sent, the severity is CL = cleared

Class

CC

Abbreviation for kind of alarm
CO = communication alarm
EN = environmental alarm
QS = quality of service dlarm
PR = processing alarm

EQ = equipment alarm

Status

c.C

Status for the Alarm Source generating the alarm.

Please refer to document GSM-EDGE Repeater Command and
Attribute Summary to obtain detailed information about the status.

If for example Alarm Source is SZU (Synthesizer Uplink), status
parameter format is described in the SZU attribute in the GSM-
EDGE Repeater Command and Attribute Summary.

Additional alarm
text

CC...cC

This quoted string contains additional alarm information, such as
measured levels when the alarm condition was detected.

Example:
01-01-0001 00049 ALARM 251103 132137 WVRD CR @S 1 “Current return loss is 9.0
dB’
Thisisan alarm message from repeater 01-01-0001, indicating that the reflected level (WRD) on the antenna
port is9.0 dB.
© Avitec AB A1009300 A 64 (177)




GSM-EDGE Repesters AVITEC ﬁ/

PRODUCT DESCRIPTION AND USER'S MANUAL

3.5 Repeater Heartbeat

Onregular intervals, the repeater sends a heartbeat report to the AEM to confirm that the repeater is
functioning. When monitoring the repeater using the Avitec Element Manager, the heartbeat reports play a
key role. They contain the repeater configuration and are transmitted between the repeater and the AEM on
regular intervals.

3.5.1 Heartbeat Tasks
With the heartbeat reports, a number of tasks are carried out.

3.5.1.1 Ensuring Repeater to AEM Communications path

By configuring the repeater to regularly establish a connection to the AEM, the functionality of the data
communications path between the repeater and the AEM is verified. This ensures that for instance the alarms
will be transmitted properly.

If an expected heartbeat is not received by the AEM, an alarm is generated to the AEM operator. Reasons for
a heartbeat message failing to be delivered can be:

+  No power —the repeater site might experience a power failure, and the battery backing up the controller
and modem is empty

+  Broken donor antenna — If the repeater antennas have been tampered with, the repeater might not get
adequate signal to establish a connection to the AEM

¢ Faling BTS-If thefeeding BTS for some reason goes down, the repeater will loose its network
connection, and hence fail to establish a connection to the Avitec Element Manager.

3.5.1.2 AEM Database Synchronization

The Avitec Element Manager stores all repeater parametersin a database. This database is populated during
the repeater integration into the AEM, when the AEM downloads all the repeater parameters. If the AEM
operator wants to monitor the configuration of the repeater, the parameters can be read from the database
without having to connect to the repeater.

In case of an alarm, the AEM updates the database with the status of the alarm source. In case the repeater
failed to deliver the alarm to the AEM, there will be a discrepancy between the repeater configuration and the
configuration in the database. Furthermore, if atechnician at site makes changes to the RF-configuration of
the repeater, the configuration will differ from the AEM configuration.

For this reason, each heartbeat report contains all the relevant RF-parameters and status of all the dlarm
sources in the repeater. This means that each heartbeat report will update the AEM with all status and RF
parameters.

Note! Once the repeater isintegrated to the Avitec Element Manager, it is recommended that all
reconfigurations are made from the AEM.

Note! If auser logsin to the repeater making changes, as soon as the user logs out, an alarm will be
transmitted to the AEM informing the operator that a change has been made. When this alarmis received, the
operator can initiate repeater synchronization where all repeater parameters will be updated.

3.5.1.3 Time Synchronization

Each heartbeat message transmitted to the AEM contains a time stamp of the local time inside the repeater.
Upon reception in the AEM, the time stamp is compared to the Avitec Element Manager time. If the
difference between the repeater and AEM time is too big, time synchronization isinitiated by the AEM,
adjusting the time in the repeater. In this ways, we ensure that a repeater integrated to the Avitec Element
Manager always contains the correct time information.

Note! If the timeisadjusted by a user logged in to the repeater, once the user logs out, a heartbeat is sent to
the AEM to ensure that the time is correctly synchronized.
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3.5.2 Configuring the Heartbeat

The Heartbeat is configured to be transmitted on aregular interval. As soon as the report is successfully
delivered, the repeater will wait the configured interval before transmitting the report again. The interval can
be set from once per minute to once every 1440 minutes (24 hours). Setting the heartbeat interval to zero
disables transmission of the heartbeat reports.

If the heartbeat report was not successfully transmitted, it will be retransmitted again after a configurable
number of minutes. The Control Module will try a configurable number of times to transmit the report to the
Avitec Element Manager / repeater OMC.

Default retransmit interval is one minute, and three retries will be made to transmit the report. In this example
a heartbeat is sent every 24 hours and the number of retransmits has been set to 2 with a one minute interval.

Repetition cycle \
Repetition cycle for heartbeat [min] |1 440

Retransmissions D b aximum number of heartbeat retransmizzions |2
Repetition cycle for
retransmission R Repetition cycle for repart retranzmizsions [min] |1

Note! The report retransmit interval and number of report retransmissions also applies to the traffic reports.

Note! When monitoring the repeater using the Avitec Element Manager, the heartbeat interval is decided by
the AEM operator as a part of the repeater to AEM integration procedure.

3.5.3 Heartbeat Format

The heartbeat report is transmitted as an ASCI| text string, with a number of fields representing the RF-
configuration and status parameters, each field separated by a blank/white space.

Using the Avitec Element Manager to control the repeater, the heartbeat report is delivered to the Transceiver
for further processing in the AEM system.

When SMSis used to control the repeater, the report is sent as clear text to the main address.

Since the different EDGE-GSM repeater types contain different number of configurations and alarm
parameters, the formats of the heartbeats vary between repeater types Please refer to document GSM-EDGE
Repeater Command and Attribute Summary for details on the various heartbeat formats.

3.6 Traffic Measurement

Avitec repeaters constantly monitor the radio signal in the uplink path. By doing this, it is possible to detect
how much traffic is generated from within the repeater’ s coverage area.

On aregular basis, atraffic report is transmitted to the Avitec Element Manager, allowing for traffic analysis
to identify peak hours and hotspots in the radio network covered by the Avitec repeaters.

3.6.1 Traffic Measurement Procedure
The repeater software allows for real time tracing of the repeater utilization in the uplink path of the repeater.

Each chain in the repeater/LIMPA contains an RSSI (Received Signal Strength Indicator), which detects the
input level. By monitoring this RSSI al the active timedlots in the uplink above a configurable threshold can
be detected. A counter inside the LIMPA microcontroller counts all the detected active timeslots on achain
by chain basis.
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a_y
§§ Traffic
Threshold
- el L. e _

1 2 3 4 5 6 7 8 Timedot

In the example above, timeslots 2, 4 and 8 are above the configured traffic threshold

When logged in to the repeater, real time tracking allows monitoring of how many timesots in each GSM
frameis utilized. The frame time is extracted from the BCCH signal in the downlink path.

Note! In order to get accurate snapshot information on how many time slots are utilized, the BCCH should
aways be configured for chain 1.

In case the frame time cannot correctly be extracted from the BCCH, the repeater will make an
approximation. This means that the snapshot information might not be entirely accurate. However, the total
number of detected timeslots does not require the BCCH to be properly configured.

Once every 15 minutes, the controller calculates the percentage of all active timeslots being above the
threshold. The result is stored in atraffic log. On a configurable time of the day, the utilization for the last 24
hours is transmitted to the repeater OMC, after which the log is cleared.

The utilization is calculated as:
Utilization = All detected timeslots/ Total number of timeslots * 100

3.6.2 Active Intervals

The repeater calculates the utilization in the uplink for each 15 minute interval (96 intervals per day). An
activeinterval is defined as an interval where detected number of active timedotsis above a certain

threshold. By default, an interval is considered active when 8 timeslots or more are detected. Thisfeatureis
useful for trouble shooting purposes in low traffic areas. If no intervals have been active during the last day or
so, a suspicion might be that there is an erroneous configuration or afailing server antenna.

The repeater also saves the time point for when last timeslot was detected in the uplink path of the repeater.
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3.6.3 Viewing Traffic Reports from the RMC
Traffic reports can be monitored via the RMC.

Current 15 minute
interval

[ Current [ Belaw Threshold
[Oteasured ] Mot vet measured

iz WEilization

#:45 - 18:00 Utilization: Mot measured

Earlier intervals

Report to AEM

Real time traffic

Utilization in Previous interval

14:15 - 14:30 [IEEE

Utilization in Current interval
14:30 - 1425 [

Utilization Report to AEM

I~ Enabled

Feport Time
02:00:00 =

Timeszlats

Traffic: Threshold [dEm]

Fiequired zamples for active interval |1 u]

Last Activity 2003-11-12 14:24:51

3.6.4 Interpreting Traffic Data
Thetraffic data should not be treated as definite facts for two major reasons:

¢+ Most GSM-EDGE networks today have DTX (Discontinuous Transmission Mode) enabled. When DTX
is enabled there is only transmission from the mobile station when the user istalking. This means that
even though there is a call going through the repeater there is no detectable traffic when the user is
silent.

¢+ GPRS enabled networks can use one or more timeslots, depending on network configuration, mobile
type and subscriber activity.

It is not possible to make definite decisions as to how many calls are going through a repeater or if a repeater
site/ base station is reaching its capacity limit, but gives a very good indication about trends on the site. For a
non-GPRS enabled network, reaching utilizations of up to 30% of the interval at the same time as the base
station indicates 100% utilization probably means that most calls are originated from within the repeater
coverage area
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3.6.5 Traffic Measurement Configuration

A number of different parameters are available in order to configure the behavior of the traffic measurements
and traffic reports.

Traffic Threshold
_
| Timeszlots oy 5 [ Enabled
ﬁ:t:te:r\\l/z S Tiaffic Threshold [dBm] : Report Time

[ 02:00:00

B ol active interval I'IEI

Last Activity 2003-11-12 14:24:51

Traffic Reports

3.6.5.1 Traffic Threshold

A traffic threshold can be set to define on what level measured should start. The valueis set in dBm. If the
traffic threshold is set to -85, any signal above -85 dBm is considered as traffic originated from within the
repeater’ s coverage area

3.6.5.2 Active Intervals

For each 15 minute interval, all timeslots are counted. If the number of timeslots is above the active interval’s
threshold, the current interval is considered as an Active Interval.

This threshold is set as number of timeslots. Default value is 8 timeslots.

3.6.5.3 Traffic Reports

The Traffic Report is configured to be transmitted on a fixed time point of the day. By default the repeater
transmits the traffic data at 02.00.00 in the morning. A recommendation is to transmit the traffic data to the
repeater OMC during low traffic hours, for example during night/early morning.

In case the traffic report was not successfully transmitted, it will be retransmitted again after a configurable
number of minutes. The controller will try a configurable number of timesto transmit the report to the Avitec
Element Manager / repeater OMC.

Default retransmit interval is one minute, and three retries will be made to transmit the report. (Same setting
as for the heartbeat)

Note! The report retransmit interval and number of report retransmissions also applies to the heartbeat
reports.

Note! When monitoring the repeater using the Avitec Element Manager, the traffic report time point is
decided by the AEM operator as a part of the repeater to AEM integration procedure.

Note! By default, in frequency trandating donor repeaters, transmission of traffic datato the AEM is
disabled. Since the same traffic should be transmitted through the remote and the donor unit, disabling the
traffic report eliminates redundant information in the Avitec Element Manager database.

3.6.6 Traffic Report Format

Each traffic report transmitted from the repeater describes the repeater utilization for the last 24 hours. The
traffic report is transmitted as an ASCI| text string, with a number of fields describing the utilization in detail,
each field separated by a blank/white space.

Using the Avitec Element Manager to control the repeater, the traffic report is delivered to the Transceiver
for further processing in the AEM system.

When SMSis used to control the repeater, the string is sent as clear text to the main address.

© Avitec AB A1009300 A 69 (177)



GSM-EDGE Repesters

AVITEC (il

PRODUCT DESCRIPTION AND USER'S MANUAL

M essage field

For mat

Description

Repesater ID

XX-YY-Z2ZZ

ID of the repeater sending the traffic report. When monitoring
the repeater using the AEM, this repeater ID is set by the
AEM during the repeater installation phase. Using SMS, this
repeater 1D should be modified to uniquely identify the
repeater in the network.

M essage number

NNNNN

Message number from the repeater, increased for each
message sent to this address

M essage type

PERFO

Means that thisis atraffic report

Date

DDMMYY

Day, month and year when message is generated

Time

HHMMSS

Hour, minute and second when message is generated

First Measure Date

DDMMYY

Date of the first traffic measurement

First Measure Time

HHMMSS

Time of the first traffic measurement

Utilization Data

M..M

M..M shows information about the 96 measured 15 minute
intervals.

M ='0' means a utilization of 0% to 2%
M ="1' means a utilization of 2% to 4%

M ='9' means a utilization of 18% to 20%
M ="A' means a utilization of 20% to 22%
M ='B' means a utilization of 22% to 24%

M ='T" means a utilization of 58% to 60%
M ='a means a utilization of 60% to 62%

M ='b" means a utilization of 62% to 64%
M ="t' means a utilization of 98% to 100%
If no datais available, adash (*-') is reported.

Example:

01-01- 0323 00755 PERFO 270803 020001 260803 020000

00000001011212233468BCDCBCBDGHGKDFDEDFH] GFDCBCBA9 BCBDEFGEGEFLKHEDEDA986867865

422321210100010000
This example shows a traffic report from the repeater 01-01-0323. First measurement is done at 2 AM, 26'th
of august 2003, and traffic report is transmitted 24 hours later.

3.7 Remote Communication

Avitec repeaters contain a GSM module for remote communication. There are two different ways of

communication:

¢ Using datacal / modem connection.

Note! Thisrequiresthe SIM-card in the GSM module to be configured with data service.

¢ Using SMSto configure the repeater with simple text messages.

The Avitec Element Manager always uses data call communication with the repeater, why all repeaters being
controlled by the AEM must have data service enabled on the SIM card.

Configuring the repeater to send alarms and reports viaSMSiit is still possible to establish data calls to the
repeater, aslong as the SIM card is data service enabled.
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The repeater contains a back-up battery, mounted in the main power supply. This battery backs up the
Control Module with the GSM module. In case of a power failure, the battery contains enough energy for the
repeater to dial up the repeater OMC and inform about the power supply disruption.

This section describes in detail how the remote communication works. For a step by step instruction on how
to configure the remote communication, please refer to 4.4.3 Set Up Remote Access.

3.7.1 Modem Control

Since repeaters might be installed in remote areas and be difficult to reach, it isimportant that the remote
communication is reliable and that a repeater can be recovered from network failures or power failures.

A number of features are implemented in order maximize the remote access availability.

3.7.1.1 Tracing Modem Activity

When no oneislogged in to the repeater, all activity performed between the controller and the modem is sent
out viathe LMT port. By connecting acable to the LMT port and starting the RMC in Terminal Mode (or by
using aterminal emulation software as described in section 1.4.1 Repeater Firmware), all controller activity
can be traced. Thisisuseful for troubleshooting the modem connection as described later.

3.7.1.2 GSM Module Initialization

After apower failure, and upon user request, the controller performs a full initialization of the GSM module.
This consists of three steps:

1. If the SIM-card in the GSM module has the PIN code enabled, the control module unlocks the PIN code.
In case wrong PIN-code is configured, the controller will not try to unlock the SIM again until the PIN-
code is changed. Thisavoids the SIM card being locked by a controller repeatedly trying to unlock the
SIM with the wrong PIN code.

2. Oncethe SIM isunlocked, the controller waits for the SIM to log in to the GSM network. Depending on
signal quality and network configuration this might take a while. The controller will wait a configure
number of the seconds (default 50 seconds) for the GSM-module to login to the network. In case no
network isfound, a modem power cycle will be initiated.

3. When the moduleis successfully logged in to the network, the controller configures the modem with the
modem initialization string as configured when setting up the remote configuration. The modem
initialization string is a network dependent string. The default initialization string is suitable for most
networks, but some networks might require some tweaking of this string. Refer to section 3.7.5
Troubleshooting Remote Communication, for more information.

3.7.1.3 Monitoring Modem Connection

The controller constantly monitors the status of the modem connection to ensure that it is working properly,
and that the modem is logged in to the GSM network.

In case the modem is not registered to the network, or the controller cannot properly communicate with the
modem, a power cycling of the modem isinitiated, after which the modem will reinitialized.

3.7.1.4  Scheduled Modem Power Cycling

In addition to polling the modem to ensure the repeater online status, the controller can be configured to
perform an automatic power cycling on a scheduled time of the day, see 4.4.3 Set Up Remote Access. Power
cycling the modem ensures the latest network configuration for the GSM module, such as the HLR Update
Interval etc.

Note! By default, the scheduled modem power cycling is disabled.

3.7.2 Local or Remote Access

The controller contains a connection manager that only allows for one connection at atime. This means that
if auser islogged in to the repeater locally the modem will not answer incoming calls. If someoneis logged

© Avitec AB A1009300 A 71 (177)



GSM-EDGE Repesters AVITEC ﬁ/

PRODUCT DESCRIPTION AND USER'S MANUAL

in to the repeater over the modem or the controller is busy dialing the Avitec Element Manager to deliver
alarms and reports, no local login can be performed. To deliver an alarm or a report to the OMC takes from
20 to 50 seconds depending on network and modem configuration. Hence, the time the modem is occupied
reporting to the AEM is very short. The controller can only configure the modem when no user islogged in to
the system.

A trace of al modem initialization activitiesis sent out viathe LMT port. Thisis useful when verifying and
trouble shooting the remote communication.

3.7.3 Remote Communication using Data Call

When the repeater is configured to use data call for remote communication, the modem connection is used for
delivering alarms and reports and for remote communication with the repeater.

Chapter 4.4.3 Set Up Remote Access contains step by step instruction for how to configure the repeater for
communication using data call.

3.7.3.1 Avitec Element Manager Addresses

The controller can be configured with two different addresses (telephone numbers) to which alarms and
reports are delivered. In case the repeater cannot deliver alarms and reports to the primary address, the next
call will be made to the secondary address.

A fallback functionality is available, which means that the controller falls back to the primary address after a
configurable number of minutes. If thisinterval is set to O, the fallback will not be performed. A user can
aways force the controller to fall back to the primary address.

Note! When the repeater isintegrated to the Avitec Element Manager system, these addresses are set by the
AEM, why they need not be configured during site installation.

3.7.3.2 Verifying the Remote Communication

When the remote configuration has been set up and the user is logged out, the communication can be verified
using the modem feature of the RMC and dialing the data number. The remote communication is verified as
soon as a successful remote login to the repeater has been performed.

However, as afirst step, it isrecommended to verify that the modem s initialized correctly. After configuring
the modem using the RMC, make sure to initiate a power cycling of the modem. Thisis done fromthe RMC
menu.

Click on the drop-down menu Actions, choose fictions  Help
Power Cyde Modem on LOgOUt Farce Antenna Isolakion Measurement

Send Heartbeat ko AEM on Logout
Pawer Cycle Modem on Logaut

v

Reset Active Hardware Devices (excl, Controller)
Reset Controller Software
Use Primary BEM Address

When the user logs out the controller power cycles the modem, after which the GSM modem is initialized
and registered onto the network. The modem is now ready for remote access.

In case the initialization procedure reports an error, please refer to Trouble Shooting section later in this
chapter.

Verify the remote communication either by having someone attempting to integrate the repeater from the
Avitec Element Manager, or by dialing the repeater using the Repeater Maintenance Console.
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When a successful login is made, the controller User logged out.
redirects the output to the modem, asin this Hoden ponered off...
example. :

Lonnectad.,
gpecif ic paraneterz...0K
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: 15
dotected. A
bled - nessage not sent
S 11, fig
Fodivect ing output to renote login...

Note! It isvery important to dial the data number of the SIM. In case the voice number is dialed, the call is
answered, but almost immediately the call will be hung up.

3.7.3.3 SlIM-card Using Single Numbering Scheme
If the network is configured using Single Numbering Scheme (SNS), some special considerations apply.

The Avitec repeaters are by default configured so that networks using SNS always will have calls routed to
the data service in the modem. When dialing from within the network to a repeater having an SNS-configured
SIM will operate normally, since the call originator informs the system that the bearer is of type DATA.
However, when dialing from outside the GSM-network trying to connect to the repeater can be difficult.
Depending on the interface to the roaming network or to the PSTN network if an analog modem is used, the
bearer type can default to voice. If the bearer is set to voice, the data service cannot be converted to DATA,
and a call setup cannot be completed.

Note! Thisisnot arepeater related problem; the solution is to verify how the external network interfaces
handles the VOICE vs. DATA bearer type.

3.7.4 Remote Communication using SMS

By configuring the repeater to communicate using SMSit is possible to receive reports and alarms, and to
perform remote configuration of the repeater using ssimple SMS/ text messages.

3.7.4.1 SMS Communications Overview

The SMS (Short Message Service) system in a GSM network is a point-to-point packed based messaging
system, which enables mobile phones to send and receive short text messages, SM S-messages. The SMS
packet can have a maximum length of 160 characters. Each message also contains information about the
originator address, where the telephone numbers are referred to as MSISDN addresses.
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I SVIS

Repester BTS

Service Centre — SMS
SMSC

When the repeater wants to send a message to a mobile phone, the message isfirst sent to the Short Message
Service Center (SMSC). The SMSC communicates with the network to determine where the destination
mobile is located, after which the message is forwarded to the destination address as shown above. If the
destination mobile phoneis not within coverage or turned off, the message will be stored in the SMSC. When
the mobile is turned on and logsin to the network, the SMSC will send the stored message(s) to the mobile.
The SMSC center will store undelivered messages for a configurable number of hours before they are
discarded (normally 3-5 days).

Optionally, a dedicated server having direct network (LAN/WAN) connection to the SMSC can be used as a
repeater OMC. This means that messages coming to the SM SC from the repeater will be forwarded to the
server. The server is assigned its own MSISDN within the network / SMSC, allowing for the same repeater
configuration to work in this setup.

Note! Avitec Element Manager does not support the SMSC interface or monitoring of repeaters using SMS.
3.7.4.2 Repeater Access Control using SMS

When configuring the repeater for SM'S communication, a repeater accesslist is configured, containing up to
four different telephone numbers. Alarms and reports are always sent to a dedicated address, the Primary
Address.

Select “ Configuration” window, “Communication” E

page. SMS Service center address
Choose SMS |+4E?DEDDSEIE|E|
Frimary SM5 address

 /' [ddress 1 (ReadAwrite] =]
Primary address E

|+4EB4?54T55
|+4EB4?54?DD
|+4EB1 181180
|+4E89EIE1 0o

Secondary address falback time [min] |15

v

When SM S messages are sent to the repeater to read or write parameters, the repeater checks the MSISDN

for the originator of the message. If the message is any of the first two telephone numbersin the access list,
full accessto the repeater is allowed (SET, GET and ACT messages). If the message is from any of the other
numbersin the list, read-only commands (GET). Messages from any other MSISDN than those four in the list
are discarded.
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3.7.4.3

Message Formats for Repeater Configuration

Configuring the repeater is done by sending SET, GET and ACT commands in the same way as when
entering commands in terminal mode. For a detailed description of all available commands, refer to document
GSM- EDGE Repeaters Command and Attribute Summary.

Reading parameters will always return areply, while setting parameters will not generate a reply message. If
the syntax of the message is wrong, the repeater will reply with a message explaining the syntax error.
Sending ACT (ACTion) messages will not return areply, but might cause alarms or heartbeat reports to be
sent, depending on action request.

All messages to the repeater must start with the repeater ID. In case the repeater ID is set incorrectly, the
repeater replies back with an error reply containing the correct repeater ID.

All fields in the messages to and from the repeaters are separated by blanks. Maximum message length to and

from the repeater is always 160 characters.

Note! Please refer to separate chapters on alarm format and format on traffic and heartbeat reports.

Format on Sending Messages

M essage field For mat Description

Repeater ID XX-YY-ZZ2ZZ ID of the repeater that the message isintended for

Message humber NNNNN Message number from the main address (any 5-digit number)

Command GET, SET, ACT Command type

Attribute SSS A threeletter attribute following the GET, SET or ACT
attribute

Parameters <Text> Optional parameters.

Repeater Reply Format

M essage field For mat Description

Repeater ID XX-YY-Z7277 ID of the repeater sending the message

Message number NNNNN 5-digit message number increased for every message sent from
the repeater to this address.

Message Reference | MMMMM Thisisab digit number reference to the message number
sending the message generating this reply.

Command GET Command type sent to the repeater, originating the message.

Attribute SSS Attribute sent to the repeater

Reply <Text> Reply message.

Error Reply Format

M essage field For mat Description

Repeater ID XX-YY-Z7277Z ID of the repeater sending the message

Message number NNNNN 5-digit message number increased for every message sent from
the repeater to this address.
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Text ERROR Text field indicating that thisis an error message.

Message Reference | MMMMM Thisisa5-digit number reference to the message number
sending the message generating this reply.

Error Type SSS WID = Wrong repeater ID
VAL = Wrong value of parameter sent

COM = Command error. Unknown command or attribute.

Error Message <Text> A textual description of the error in the message.

Example 1:
Sending
01-01- 0001 00003 GET TAG
gets the site tag / name as defined during repeater installation.
Reply:
01-01-0001 00017 00003 CET TAG RFI D- 2339
indicating that the name of this site is RFID-2339.
Example 2:
Sending
01-01-0001 00004 SET TAG RFI D- 2339- VALLEY
changes the site name to RFID-2339-VALLEY.
Example 3:
Sending
01-01-0001 00003 SET CHA 1 125
generates the reply

01-01-0001 00018 ERROR 281103 175900 00003 VAL Error(12): Illegal channel
nunber, channel nunber is from1l to 124.

3.7.5 Troubleshooting Remote Communication

The Avitec Repeaters are equipped with a GSM module embedded on the Control Module of the repeater.
This allows for remote communication with the repeater over the GSM network. Since many networks have
their own “personality”, performing first time configuration of the remote communication sometimes requires
tweaking of the modem parameters.

This section describes some trouble shooting techniques if configuring the repeater for remote access fails.
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Thisillustration isasimplified schematic of the remote communication between a GSM module in a repeater
and an analog modem. The analog modem in the computer communi cates with the Interworking Function

Unit (IFU), which isthe GSM network analog network interface. The call is routed via the switch center over
the air interface to the data call number in the SIM-card of the GSM module.

The controller is responsible for establishing connections with the Avitec Element Manager, and to answer

incoming calls to the repeater.

As described in previous sections, the controller only accepts onelogin at atime, either via Local
Maintenance port (LMT) or modem connection. Hence, when verifying the remote access of the repeater, it is
important to log out from the repeater locally before trying to access the repeater remotely.

3.7.5.1 Modem Initialization Errors

Asdescribed in section 3.7.3.2 Verifying the Remote Communication, it is recommended to switch over to
terminal mode after doing the modem configuration, to log out from the repeater and observe the output from

the controller.

A number of different failure messages can be identified.

In this example the controller fails to initialize the
modem. The most common reason for this failure
isthat the SIM-card is not inserted correctly, or
that the SIM is broken.

llzar lﬂgged out .
Hoden podered off...

red on, waiting...

Hoden rezet
Dizabling noden echo.

annot  initialize nodan!
king noden

bling noden échﬂ.

Initializing GEH podule...

voofoden not initialized!

Initializing GSH nodule...

Cannot initialize noden!
1

E:ui’Eu:hir'u; Hoden off-1line...
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As stated in this screen dump, this failureis Uzer logged out.
caused by the wrong PIN-code being configured. Moden ponered off . ..
No more attempts will be made to unlock the PIN-
code until the code is reconfigured. Try
configuring the correct PIN-code by logging in to
the RMC again. Optionally, disable the PIN-code
reguest on the SIM. Thisis easiest configured by
disabling the PIN-code request of the SIM using a
normal GSM phone.

H nodule...

7a Hoded, wvong PIN code configured.

Thiserror is reported when the wrong modem
initialization string is configured. Login to the
RMC and verify that the correct modem
initialization string is set. For details on the
different modem initialization strings, please refer
to the document GSM Module - AT Command e
annot initialize noden!
Reference.

dizabl

1 fron

The modem failing to register on the
network mainly depends on that the GSM
signal detected by the modem istoo low.

The signal level might be too low because of some different reasons:
1. The GSM network istemporarily out of service.
2. Signal fromthe BTSistoo low (misaimed antennas or broken feeder cables).

3. Themodem cable between the Donor FDM and the modem has been tampered with.
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Modem Cable

4. Modem broken.
The modem normally needs asignal level of -105 dBm or better to successfully log in to the network.

Please refer to 3.7.5.4 Common Problems, on how to read the modem signal level when logged in locally to
the repeater.

3.7.5.2 Direct Modem Access

LMT Port RS232 cabl
To allow for advanced trouble shooting of the cavie D
communications, it is possible to access the modem GSM =

directly via the Control Module from alaptop. Module| oMol Module

Laptop

Log in to the repeater as usual, either with RMC, or with aterminal emulation program, such as
HyperTermina ™. If using RMC. When the login is completed, select Terminal Mode, this will give accessto
the repeater command prompt in the same way as with HyperTerminal.

When the repeater prompt is accessible, type in the command
ACCESS MODEM
press <Enter|>.

When typing ACCESS MODEM, the controller will send all the characters typed directly out the modem
port. All characters replied back from the modem will directly go out the LMT port back to the computer.

To abort an ACCESS MODEM session, press <Ctrl-C> or pressthree ‘- in arow (all three within one
second) to come back to the repeater command prompt.

Note! When accessing the modem port the modem might be configured with “echo off”, meaning that the
characters entered will not be echoed back to the screen. In order to enable “echo”, press Enter.

After that, type
ATE1l
(invisible), followed by Enter. The modem should then reply with
XK
indicating that the echo is enabled. All characters entered will now be echoed back to the terminal program.

3.7.5.3 Manually answering incoming calls

It is possible to manually answer incoming calls without involving the repeater software at al, to verify that
the remote access and the network itself works asintended. In order to verify the remote communication,
make sure to have someone stand by to dial up the repeater with aterminal emulation program, for example
HyperTermina ™,

Go into Direct Modem Access as described earlier. When in direct access mode, ask the person standing by
to dia up the repeater.

Assoon asacall isreceived, the text
RI NG
will repeatedly be displayed on the screen.
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Type the modem command
ATA
press enter. Thiswill inform the modem to answer (ATtention Answer).

When the connection is established, a connect message will be displayed including the connection speed.
Sometimes the information comes together with some miscellaneous information, such as error correction
protocols etc.

Note! Make sure the remote peer dials the Data Call number

Asseenin the example, if the
voice number isdialed
instead of the data number, or
if the modem contains an
illegal modem initialization
string, the message

X
or FING
ata
NO CARRI ER K
will be displayed almost
immediately.

Tinaz 07:52:29  Date: 2003-11 RID: O0-00-0000 Tag: RFIO

ezcape zaquence <Hait 1 s»"---"<Hait 1 >

Hiden
Hoden

Try to change the modem initialization string. The modem initialization string mainly used to configure the
remote communication is AT+CBST.

Successful modem initialization strings used by Avitec includes (most common first):

AT+CBST=7,0, 1

AT+CBST=0, 0, 1

AT+CBST=7, 0, 3

AT+CBST=7,0, 1
Once the modem initialization string is entered, try again to dial up the repeater. For details on the different
modem initialization strings, please refer to the document GSM Module - AT command reference.

If the setup is successful, the connect message will be brought up;
CONNECT 9600

This means that an online connection is established to the remote peer. From now on, all characters typed on
the keyboard will end up on the remote peer’s screen. Similarly, all characters typed by the remote peer will
be displayed on the screen.
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In the example, the incoming
call was successfully
answered, and the remote user
entered the text message.

Date: 2003-11-28  RID: 00-00-0000 Tag: RFI

RING

ata

[OMHECT 9600

Thiz connunicat ion seans to work fine!!l

noden

In order to come back to modem command mode, press +++ (three pluses) rapidly (within one second).
Receiving
(0.4
means that the modem is back in command mode.
Typing
ATH
followed by <Enter> terminates the connection to the remote peer. The message

NO CARRI ER
will be displayed.

3.7.5.4 Common Problems

Problem

When enabling the remote access for the repeater, the modem failsto log in to the network.

Solution

Signal strength from the donor siteistoo low. The signal strength can be read directly from the modem. Go
into Direct Modem Access as described earlier. Use the command AT+CSQ (documented below) to read out
the signal strength.

In order to have good signal quality, Avitec recommends that the signal strength should be better than -95
dBm. If signal strength is lower, try to adjust the antennas to get a better signal strength from the donor.
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6.1 Signal Quality +CS
6.1.1 Description :

This command is used to know the received sipnal sirengih indication (<rssi>) and the channel bit ervor rate
(=ber=) with or without any SIM card inserted.

6.1.2 Syntax :

Command syntax : ATHCRO)

Command Possible responses
ATHCSO) HOB): <rssi= <ber=
DK
Note : <rssi= and <ber= as defined below

6.1.3 Defined values :

<SS ! 0 :=113 dBm or less
1 ;=111 dBm
23010910 =33 dBm
3l : =51dBm or greater
9% not known or not detectable
<her=: 0.7 :as RXOQUAL values in the table GSM 05.08
a9 : not known or not detectable

Documentation of + CSQ command from modem manual

In the example the reply to
AT+CSQ is 0,7 meaning 7*2
dB above -113 dBm; the modem
detectsasignal level of -99
dBm.

Tine: 07:57:46  Date: 2003-11-23  RID: 00-00-0000 Tag: RFID-

zequence <Hait 1 s»™---"cHait 1 =

Problem 1

Repeater is configured properly, and answers the incoming call, but when trying to dial the repeater using an
analogue mode, no modem handshaking is heard from the dialing modem.
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Problem 2

When dialing the repeater, the repeater answers the incoming call, but no connection is established, and after
awhile the repeater disconnects the call.

Solution to the above problems

The most common cause is that the number called is the voice number of the SIM, not the data number.
Therefore, make sure to dial the data number.

If datacall is used, the problem probably is an illegal modem initialization string.

In order to change the modem string, go to the repeater command prompt. Try changing the modem
initialization string and log out to let the controller reinitialize the modem.

If problem remains, try afew different modem initialization strings. Avitec have been successful with the
following modem initialization strings:

AT+CBST=7,0, 1
AT+CBST=0, 0, 1
AT+CBST=7, 0, 3
AT+CBST=7,0, 1

Please refer to the modem manual for detailed description of the modem initialization strings.

Problem

It is possible to call the repeater from another GSM mobile, but not from an analog modem.

Solution

This problem is most likely related to the modem configuration and/or the configuration of the IFU unit. Try
to decrease the communi cations speed and make sure that the modem error correction is supported by the
IFU. Verify the IFU configuration to see if there are any known problems with the modem connections.

Problem

When dialing the repeater, or when the repeater is dialing the Element Manager, the connection is terminated
before the handshaking is compl eted.

Solution

When arepeater is answering an incoming modem call, or calling up the OMC to deliver an alarm or areport,
the repeater will wait a configurable number of seconds for the call to be established. If no communication is
established within thistime, the call will be hung up. If thisinterval is set too low, the handshaking is
terminated too fast. In the RMC, verify the Modem Connect Time to seethat it is set to at least 30 seconds.
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3.8 Upgrading Repeater Firmware

The software installed in the repeater is called firmware. Using the RMC it is possible to see what firmware is
installed, install upgrades etc

The firmware can be upgraded in the field while the repeater is operational .

The RMC is used to upload software to the controller. Since the controller contains two separate software
banks, software can be downloaded to one bank while executing from the other. Once software is
successfully uploaded, the new software is executed.

All repeater configurations remain unchanged when upgrading the software to a new version.

Firmware Control viaRMC

View the currently
installed firmware

1. Open the Firmware upload view in RMC.

In the box labeled Installed Firmware information about the currently installed
firmware is displayed.

Upload new
firmware

1. Open the Firmware upload view in RMC. In the box labeled Firmware Location
select the directory where your firmware files (ARF files) are located.

2. Select the firmware to upload from the firmware list, labeled Select new firmware
to upload. For each firmware available, there is information about version and
compatibility with the repeater you are currently connected to. Below thislist there
isabox with detailed information about the selected firmware.

3. Click Start Upload. During upload a status screen displays upload progress
information while you wait. The upload takes about 10 minutes with alocal
connection and 15 minutes over the GSM network.

4. Upload completed.
5. The user islogged out and the new firmware isinitiated.
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4.1 Prepare the Site

4.1.1 Site Selection

Site selection is one of the most critical decisions affecting the overall performance of the system.

Repeater locations

These are examples of common repeater locations.

+  roofsof buildings adjacent to the affected area with the antennas mounted to the penthouse or building
sides

+ top of ahill that is obstructing the donor site’s coverage, with the antennas mounted on poles at ground
level

+ awater tower with antennas mounted at the top

¢ anexigting utility pole with equipment and antennas mounted below any existing power lines

+ anewly installed pole or tower

Important Issues
There are afew important considerations to be made while choosing the best possible site for arepeater:
¢ Ensure accessto commercia power (sun-panelsis an option)

¢ Ensure adequate signal strength. For example: to obtain the maximum output, e.g. +37 dBm, from a
channel selective repeater an input signal of approximately -53 dBm is needed into the repeater®. To
obtain the maximum output from a Frequency Trans ating Repeater’ s remote site, e.g. +40dBm, an input
signal of -65 dBm is needed.

+ A conventional channel selective repeater must be located where the BTS signal strength is great enough
to be recognized by the system. It should also be located no more than 15 km from the donor site and 5
km from the furthest area to be served.

¢ Ensureline of sight (LOS) between the BTS antenna and the repeater’ s donor antenna for channel
selective repeaters, and between the link antennas for frequency trandating repeaters. If the signal
strength is adequate, L OS may in some cases not be necessary.

4.1.2 Antennas

Select antennas for the system with the proper directivity and high front-to-interference ratio in order to
optimize repeater coverage and system noise performance.

Ensure adequate antenna insulation for the chosen repeater type.

Link antennas typically have a narrow horizontal and vertical beam width (less than 35 degrees) and high
gain (15— 25 dBi). The narrow horizontal beam width will keep interference from the repeater link channel to
aminimum. Parabolic disc antennas which offer beam widths of <10 degrees are ideal for both donor and
remote link antennas.

Server antennas are determined by the type of areato be covered. For a conventional repeater it can be any
standard GSM base station antenna that has a good front to back ratio (>=25 dB) and between 30 and 120
degrees horizontal beam width, depending on the desired coverage area. For a frequency trandating antenna
it may be an omni antenna.

Use compass or planning tool to get the exact direction and tilt of the antenna

% Theinput signal to the antenna needs to be -71 dBm if the antenna gain is 18dBi
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Antenna Types

For server antenna purposes panel antennas are suitable for Channel Selective Repeaters and omni antennas
or directional antennas for Frequency Trandating Repeaters.

Link antennas and pick-up antennas are often narrow beam panel antennas with high gain for Channel
Selective repeaters and narrow beam antennas with gain depending on distance for Frequency Translating
Repeaters

Antenna Direction

Direct repeater coverage away from the donor cell to minimize RF signal coverage overlap. If the BTS has
different sectors always choose to use the carriers used in the sector facing away from the remote site in order
to avoid inter symbol interference (151).

4.1.3 Antenna Isolation

The antennaisolation is the difference between the output signal on the server antenna and the signal leaking
into the donor or link antenna.

At aconventiona installation with a channel selective repeater the antenna isolation needs to be large enough
not to cause any signal distortion. For EDGE-signals (8-PSK) as much as 25 dB of margin (antennaisolation
— repeater gain) may be required to maintain signal quality. At the remote site of a frequency translating
repeater installation the antenna isolation needs to be approximately 75dB.

Signal leaking over to ™.
__ thedonor/link antenna.

\
'

/Z/

Donor or link antenna
Server antenna

Repeater

Local or remote
connection

Computer
withRMC |-~

| i

The antennaisolation can be measured through the use of a function in the RMC. The measurement can be
made at the time the repeater is configured as well as regularly when the repeater is up and running. The
measurement can be made when the repeater is operational .

Note! The measurement only takes a few seconds, but if the repeater is operational at the time of the
measurement there is arisk of loosing calls during the time the parameters are changed.
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Prepare for the Ensure that the BCCH isin chain 1.

MEEE MEAE] Usea“silent” channel in chain 2. This channel will be used for detecting the
leaking signal and needsto be free of traffic.

Initiate asingle Select RMC “Console” mode and the “ RF/status’ window
measurement ; u ;
Use the Actions drop down menu and select “Force Antenna | solation
Measurement”
Actions  Help

- Force Antenna Isolation Measurernent

Send Heartbeat to AEM on Logouk

Power Cycle Madem on Logaout

Reset Active Hardware Devices (excl, Controller)
Reset Contraller Software

IJse Primary AEM Address

Click on |ﬁ| to monitor the result

Antenna lsolation Measurem.

Lazt Ant. |zolation Meazurement  E=

2003-10-10

12:44:48

Output power too low! Yerify
BCCH configuration.

Initiate regular
measurements [ Consale Select RMC “Console” mode

P

B B

Configuratian

Select “ Configuration” window

i Antenna lzolation M t “ , "
T Antenns lsolaion Measurement | oy o+ « A ntenna | solation Measurement page

Tick “Enable Daily Antenna Measurement”. Set the time point for the
measurement and define the channels to be used. The default value is the BCCH.

Antenna lsolation Measure

v Enahble Daily &ntenna lsolation Measurement

Measurement Timepoint |D2:DD:DU ﬁ
Measurement BCCH Channel ILIse Cusztam j
Channel 57

Meazurement Listener Channel IUse Chain 2 Setting ﬂ

Chaniel 5
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4.1.3.1 Alternative method for antenna isolation measurement

The antennaisolation can also be measured by use of asignal generator and a spectrum analyzer. Use asignal
generator to generate a carrier wave signal on the server antenna, and a spectrum analyzer to measure the
signal leaking over to the donor antenna. The repeater does not need to be connected.

V,"/ Signal leaking over
}; to donor antenna

SR

Measurement of Input to server
leaking signal - \  antenna
y 4 A
Spectrum : Signal
Ana yzer B Generator
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4.1.4 Site Installation Advice

4.1.4.1

In achannel selective repeater there are two antennas — one donor antenna to pick up the signal fromthe BTS
and one server antenna to serve the coverage area.

Channel Selective Repeaters

Aninput signal to the repeater of more than -49 dBm must be present to obtain +37 dBm output. This
example illustrates the various signal levels and antenna gains needed to form a properly functioning repeater
system.

Received signal level -72dBm
Donor antenna (4 ft dish) +25 dBi
Cable loss (100 ft of 7/8 inch) -2dB
Input to repeater -49 dBm
Gain of repeater (example) +86 dB
Output from repeater +37 dBm
Cableloss (100 ft of 7/8 inch) -2dB
Server antenna gain +13 dBi
Repeater ERP +48 dBm

The donor antenna faces the BTS. Free line of sight is desirable but not necessary if the signal strength at the
exact location of the antennais strong enough.

The server antenna may be mounted above or below the donor antenna depending on the site conditions.
Important is the vertical separation needed to achieve adeguate isolation between antennas. The isolation has
to be at least 10-25 dB higher than the repeater gain (the higher number for EDGE). This may well be in the
region of 20 meters or more. Other alternatives are metal screening with wire mesh or horizontal antenna
separation.

A high gain antenna will help in minimizing the overall path loss to achieve the desired output power. Donor
antenna gains are typically 20 to 25 dBi, while server antennas are often 10 to 15 dBi. The server antenna
normally has a horizontal beam of 60° to 120°. Donor antennas should have a horizontal and vertical beam
width of less than 30° to correctly select the donor base station (instead of other nearby base stations).

Thistable can be used as a guideline for antenna separation. Antennas are assumed to be highly directional
and pointed in the opposite direction.

Vertical Antenna separation Horizontal Antenna Separation
Separation (m) Isolation (dB) Separation (m) Isolation (dB)
5 75 5 45.5

10 87.1 10 51,7

20 99,1 50 65,5

30 106.2 100 715

40 111,2 150 75,1

50 115 250 77,6

The table demonstrates that vertical separation is much more effective.
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The physical separation between the donor and server antennas has been cal culated using the following
formulas.

Vertical Separation: | (dB) =28 + 40 log (D/A)

Horizontal Separation: | (dB) =22 + 20 log (D/A) — (Gd — Gs)

I = I solation

D = Distance between donor and server antennas (m)
A = Wavelength (m)

Gd = Gain of donor antenna facing server antenna (dB)
Gs = Gain of server antenna facing donor antenna (dB)

Site Installation Channel Selective Repeater

Donor Antenna

10-25dB higher than the
repeater gain (typically 25m)

I Recommended isolation is

Server Antenna

Coaxial cable diameter of ¥’
or more is recommended

Channel Selective
Repeater

7/16 type
connectors, female

Steinstallation for channel selective repeaters

4.1.4.2 Frequency Translating Repeaters

A Frequency Trandating Repeater consists of two parts —a donor unit and a remote unit. The donor unit is
installed at the base station site and connected to the base station through a 30 dB RF coupler.

A separation of at least 2 carrier bands (600 kHz) is necessary between the link frequencies and the Broadcast
Frequencies. In theillustration below the link carriers are F6 and F7 and the Broadcast Carrier Frequencies
are F1 and F2 which gives more separation than is needed.
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F1and F2
F6 and F7 Link Antenna
e emenomeoeseossossoossoooooossosoooooooooos Server Antenna
Link Antenna —
16mm2 F1land F2
Ground
Repeater
Cable Repeater Donor Unit Rﬁote 16mm?
Unit Ground
Cable

- BTS -

It isimportant to remember that a whole sector must be used when installing a Frequency Trandlating
Repeater. The base station sector using F1 and F2 is transmitted to the repeater. The base station sector used
must have the same number of carriers as the repeater.

At the remote site an input signal greater than -75dBm is desired. Aninput of -65 dBm is necessary to deliver
an output of +40dBm.

This exampleillustrates the signal levels and antenna gains needed to form a properly functioning repeater
system.

Received signa level -87dBm
Donor antenna (4 ft dish) +25 dBi
Cableloss (100 ft of 7/8 inch) -2dB
Input to repeater -64 dBm
Gain of repeater (example) +105 dB
Output from repeater +41 dBm
Cableloss (100 ft of 7/8 inch) -2dB
Server antenna gain +13 dBi
Repeater ERP +52 dBm

The isolation between antennas at the remote site seldom needs to be more than 75dB. This value can be
achieved with alimited antenna displacement, often as low as 3 meters. The relatively modest isolation
reguirement allows the use of omni-directional antennas for coverage.

A high gain antenna will help in minimizing the overall path loss to achieve the desired output power. Donor
antenna gains are typically 20 to 25 dBi, while server antennas are often 10 to 15 dBi. The coverage antenna
normally has a horizontal beam of 60° to 120°. Donor antennas should have a horizontal and vertical beam
width of less than 30° to correctly select the donor base station (instead of other nearby base stations).

Thistable can be used as a guideline for antenna separation. Antennas are assumed to be highly directional
and pointed in the opposite direction.

Vertical Antenna separation Horizontal Antenna Separation
Separation (m) Isolation (dB) Separation (m) Isolation (dB)
5 75 5 455
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10 87.1 10 51,7
20 99,1 50 65,5
30 106,2 100 71,5
40 111,2 150 75,1
50 115 250 77,6

The table demonstrates that vertical separation is much more effective

The physical separation between the donor and server antennas has been cal culated using the following

formulas.

Vertical Separation: | (dB) =28 + 40 log (D/A)

Horizontal Separation: | (dB) =22 + 20 log (D/A) — (Gd — Gs)

I = Isolation

D = Distance between donor and server antennas (m)

A = Wavelength (m)

Gd = Gain of donor antenna facing server antenna (dB)

Gs = Gain of server antenna facing donor antenna (dB)
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Site Installation Frequency Translating Repeater

BTS Antenna

Cap

y
|' Coupler

BTS

Link Antenna

. Coaxial cable diameter of ¥4 or

more is recommended

J : | N-type connector, female

N-type
connector,
female

Single Donor Unit

7/16 type
connector,
femae

Ste Installation for Frequency or Band Translating Repeater — Single Donor Unit

Tx/Rx 1

Cap

Coupler
A double donor unit
can dternatively be

connected to two
different BTS

BTS
Antennas

TX/Rx 2

Link Antenna

Coaxid cable diameter of ¥2"

or more is recommended

) ' — ’
4 4
| Coupler I
: [
i i

BTS

N-type connector, female
|

Double Donor Unit

N-type 13 7/16 type

Ste Installation for Frequency Trandating Repeater — Double Donor Unit
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Link Antenna Link Antenna
R i
75dB (approximately 75dB (approximately
3 meters) is recommended 3 meters) is recommended

Server Antenna Server Antennas

Coaxial cable diameter

Coaxial cable diameter of 14" | of Y2 or moreis
or more is recommended recommended

7/16 type 7/16 type
connectors, ‘mE connectors, II i |I
female | | female
Ste Installation for Frequency Trandating Ste Installation for Frequency Translating Repeater —
Repeater — Internal Combiner Unit (IR) External Combiner Unit (ER)

4.1.4.3 Band Translating Repeaters

A Band Trandlating Repeater isidentical with a frequency trandating repeater; the only difference isthat the
link is on another band than the broadcast frequency.

By using another band for the link the isolation between antennas at the remote site becomes very low. It is
for most applications possible to use the same antenna for both the link and the service area.
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4.1.4.4 Fiber Fed Repeaters

A fiber fed repeater needs to be fed from a Hub or an Opto Box which trandates the RF signal to an optical

signal.

The server antenna.is often replaced by aleaky cable.

BTS Antenna
: —
Server Antenna
1
Cap L : l N-type connector, female Coaxia cable
y . diameter of 1%’
" Coupler Fiber Fed or moreis
Hub or Repeater recommended
: Opto Box
FCIAPC
BTS Connectors
o T
7/16 type 7116 1 ;
ype
connector Fiber Cable connector
Steinstallation for fiber fed repeaters
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4.1.5 Link Budget

It isimportant to make a link budget before the installation is completed. This budget will give the necessary
input for tuning the system and to ensure good system performance.

In this exampl e these fixed parameters are used:

BTS sensitivity (without diversity gain) -106 dBm
BTS output Power +41 dBm
Donor unit output power +33dBm
Remote unit output power +40 dBm

4.1.5.1 Downlink Path

The Downlink path is quite straightforward to set up in arepeater installation, and also gives a good
indication of the actual path loss between the donor and the remote unit. The gain in the unitsis simply
adjusted until the desired output levels are achieved. This procedure is simplified by the built in monitoring
functionsin the Avitec repeaters.

Remember though, that the repeater is not a piece of measurement equipment, and has a limited accuracy
when presenting input and output levels. (+/-3dB and +/-2dB respectively)

Here two different link path losses will be analyzed, representing two extremes regarding the distance
between the donor and remote unit: 6.5 and 26 kilometers. Free space path loss is assumed in both cases.
(Feeder losses are varied to get further extreme values).

Total Link loss (6.5km):
-0.5+15-108 +15- 0.5 = - 79dB

| | - Feeder loss between Remote unit and Link antenna
| Link antenna at Remote site 15dBi
Free space path loss at 925MHz / 6.5km

Link antenna at Donor site 15dBi

Feeder |oss between Donor unit and link antenna

Total Link loss (26km):
-25+15-120+15- 2.5 =- 95dB

I
| | | - Feeder loss between Remote unit and Link antenna
| | - Link antenna at Remote site 15dBi

| - Free space path loss at 925MHz / 26km

Link antenna at Donor site 15dBi

Feeder loss between Donor unit and link antenna

The downlink path based on the above link loss calculation for 6.5 and 26 kilometers.
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BTS Coupler  Donor Unit  Link Path  Remote Unit

>

G=xdB |G=-30dB G=22dB G=-79dB G=86dB

P=+41dBm P=+33dBm P=-46dBm P=+40dBm

BTS Coupler ~ Donor Unit  Link Path  Remote Unit

B EE

G=xdB |G=-30dB G=22dB G=-95dB G=102dB

P=+41dBm P=+33dBm P=-62dBm P=+40dBm

Note that the shorter link distance gives the opportunity to reduce the donor downlink gain and increase the
remote downlink gain. This will reduce the output power in the link antenna and minimize interference
caused by the link, and thereby simplify frequency planning.

The longer link distance is probably close to the maximum useful distance, since timing advance will only
allow arepeater cell radius of 5-6 kilometersin this case. (The delay through the repeater chain istypically 2
X 6 us, equal to an increase of timing advance by 6-7 units)

In the case of a BTS with extended range capability longer link paths are possible, but then link antennas with
more gain should be considered. 20dBi antennas have been used in some installations, reducing total link loss
by 10dB compared to the above numbers. Keeping everything else constant, this would allow for another
23km of link distance.

4.1.5.2 Uplink Path

The settings of the Repeater Uplink path requires much more careful planning than the Downlink. Very
different results can be obtained depending on the Repeater Uplink gain setting, and there will awaysbe a
trade off situation between the Repeater cell sensitivity and BTS cell sensitivity. Low Repeater Uplink gain
will result in poorer Repeater cell sensitivity but only asmall BTS cell sensitivity degradation. The opposite
isalso true; high Repeater Uplink gain will result in good repeater cell sensitivity but alarger reductionin
BTScell sensitivity.

The calculations to determine the sensitivity in the Repeater cell and the BTS cell is based on the formula for
determining the total noise figure for a cascade of amplifiers and attenuators:

NF1 NF2 NF3 NF4
Gl G2 G3 G4

+  NFtot = NF1 + (NF2-1)/G1 + (NF3-1)/(G1*G2) + (NF4-1)/(G1*G2*G3) + ... (units, not dB’s)

This equation is basically used to find the total noise figure at two points in the cascade made up by the
repeater installation. Note that if thereisa device in the chain that is affected by thermal noise from an
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antenna, the equation has to be modified for that device. E.qg. if device 3 is connected via an aerial
connection, its contribution to the total gainis
NF3/(G1*G2).

5. Thefirst point isthe entire chain including the BT S receiver noise figure. Thisvalueis then directly
used to calculate the repeater cell sensitivity.

6. The second point is the same cascade excluding the BT S receiver and coupler noise figure. This noise
figureis, in combination with the gain to this point, converted to an equivalent noise floor. Thisisthen
added to the BT S receiver equivalent noise floor. The sum of the noise is then converted back to a noise
figure used to calculate the BTS cell sensitivity.

First the equivalent BT S noise figure corresponding to the BTS sensitivity must be calculated from the
following equation:

Eqg. BTSnoisefigure=-106- (-174+54+8)dB =6 dB

o CIN for 0.4% BER (ETS| ETR 103)
10 x log(BW) BW=251kHz (ETSI ETR 103)

Thermal noise floor

—— BTSsensitivity
Thisvalueisused in all calculations below.
Example 1: Rule of thumb setup with 26km link

Asastarting point ("rule of thumb™) the uplink gain can be set equal to the downlink gain settings.
For the -95dB link this will give the situation shown in the figure below:

Remote : Donor
Unit Link path Unit Coupler BTS
G=102dB G=-95dB G=22dB G=-30dB  G=xdB
NF=3dB NF=95dB NF=5dB NF=30dB NF=6d

ﬁ NFtot=8,9dB

Y

|
‘ Gtot = -1dB
NFtot=4,2dB

The 8.9dB noise figure through the repeater chain corresponds to a sensitivity of
-174 + 54 + 8 + 8.9 dBm =-103.1 dBm

| | - Repeater chain total noise figure with BTS
| - CIN for 0.4% BER (ETSI ETR 103)
10 x log (BW) BW = 251kHz

Thermal noise floor
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The noise floor from the repeater chain at the BT S receiver input is:
-174+ 54 +55-1dBm=-1155dBm

R e — Total gain in Repeater chain

| | - Repeater chain total noise figure without BTS &
coupler

| 10 x log (BW) BW = 251 kHz

Thermal noise floor

This must now be added to the BTS receiver noise floor, whichis:

-174 + 54 + 6 dBm = -114.0 dBm

R R — BTS receiver noise figure

| 10 x log (BW) BW = 251 kHz

Thermal noise floor

And when they are added the total noise floor at the BTS receiver input becomes:
10* LOG [107(-115.5/10) + 10"(-114.0/10) ] =-111.7dBm

Thisisa2.3dB higher BTS receiver noise floor compared to the starting value (114-111.7=2.3), which means
that the BT S receiver sensitivity has degraded from -106 dBm to -103.7dBm without diversity.

Summary of example 1:

The calculations in example 1 used a very simple setup technique for the uplink path. The gain in the Uplink
was simply set equal to the Downlink gain in both the Donor and Remote unit. This resulted in:

Sensitivity in Repeater cell =-103.1 dBm
Sensitivity in BTS cell = -103.7 dBm without diversity, areduction of 2.3dB.

Note that the BTS Diversity receiver will maintain its original sensitivity of -106dBm since no Repeater noise
it emitted into itsinput. However, the diversity gain will be lower than normal because of the Repeater noise
emitted into the BTS main receiver input.

Also note that all traffic through the Repeater will only enter the BTS main receiver input, NOT the diversity
receiver input. This may cause a” Diversity alarm” on some types of BTS's. Thisis normal and should be a
simple matter of configuring the alarmsinthe BTS.

Example 2: 26km link with high Repeater cell sensitivity

To get good Repeater cell sensitivity, the Uplink gain must be increased compared to example 1. If the gain
from the Repeater server cell antennato the BTS receiver antennainput is positive (larger than 0 dB), the
Repeater can in fact be considered to be Tower Mounted Amplifier (TMA). The major differenceis of course
that the antennais located 26km from the BT S in this case. The sensitivity of the original BTS cell will be
degraded more than in example 1 because the noise floor will be higher at the BTS receiver input.

The example 2 setup looks like the figure below:
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Remote . Donor
Unit Link path Unit Coupler BTS
G=105dB G=-95dB G=26dB G=-30dB G=xdB
NF=3dB NF=95dB NF=4.5dB NF=30dB NF=6d
>‘ NFtot=5.3dB
“
Gtot = +6dB
NFtot=4.2dB
Doing the calculations yields:

Sensitivity in Repeater cell = -106.7 dBm

Sensitivity in BTS cell =-100.2 dBm without diversity, areduction of 5.8dB.

It is obvious that the increased Uplink gain has improved Repeater cell sensitivity on the cost of the BTS cell
sensitivity.

Example 3: 6.5km link with 2dB lower gain in the downlink compared to uplink

Remote . Donor

Unit Link path Unit Coupler BTS
G=84dB G=-79dB G=22dB G=-30dB G=xdB
NF=3dB NF=79dB NF=5dB NF=30dB NF=6d

=‘ NFtot=10.5dB

»l

W Gtot = -3dB
NFtot=5.2dB

Doing the calculations yields:
Sensitivity in Repeater cell =-101.5 dBm
Sensitivity in BTS cell =-104.5 dBm without diversity, a reduction of 1.5dB.

This example shows arelatively small reduction in the BTS cell sensitivity on the cost of a rather poor
Repeater cell sensitivity. In this case however, it is possible to increase the Uplink gain in the Remote unit
and reduce it equally much in the Donor unit. This will improve the overall noise figure as dictated by the
NFtot equation on page 3. Thisis examined in the next example.

Example 4: 6.5km link with high BTS sensitivity and optimized Repeater
sensitivity

The Donor Uplink gain in example 3 was 22dB. Since the minimum configurable gain in the Donor unit is
12dB, it can be reduced by 10dB. This is compensated for in the Remote unit and this setup looks like:

Remote : Donor

Unit Link path Unit Coupler BTS
G=94dB G=-79dB G=12dB G=-30dB  G=xdB
NF=3dB NF=79dB NF=10dB NF=30dB NF=6d

NFtot=10.1dB

-
P

»!

W Gtot = -3dB
NFtot=3.7dB
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Doing the calculations yields:
Sensitivity in Repeater cell =-101.9 dBm
Sensitivity in BTS cell =-104.9 dBm without diversity, a reduction of 1.1dB.

Although the improvement compared to Example 3 isonly afew tens of adB, the” cost” of the improvement
isjust afew moments of calculations. With more total Uplink gain the improvement is larger. See the next
example.

Example 5: 6.5km link with optimised Repeater sensitivity

Remote ; Donor
Unit Link path Unit Coupler BTS
G=100dB G=-79dB G=12dB G=-30dB  G=xdB
NF=3dB NF=79dB NF=10dB NF=30dB NF=6d
»| NFtot=6.1dB
»|
Gtot = +3dB
NFtot=3.2dB

Doing the calculations yields:
Sensitivity in Repeater cell =-105.9 dBm
Sensitivity in BTS cell =-102.9 dBm without diversity, a reduction of 3.1dB.

Compared to example 4, the repeater sensitivity has been improved by 4dB but the BTS sensitivity has been
reduced by 2dB.

Summary

It has been shown by several calculation examples that some care is needed when the Uplink gainis
configured in a CSFT installation if optimum sensitivity is desired. However, "rule of thumb” setup will only
cause asmall BTS senditivity degradation with atypical BTS, but Repeater cell sensitivity will not be
optimum.

Note that feeder |0oses between Repeater server antenna and Remote unit are not included in the
calculations.

4.1.6 Engineering Considerations
4.1.6.1 Channel Separation

Avitec recommends a spacing of two GSM channels between the carriersin the amplifier chains. These two
"guard channels" create a centre-to-centre separation of 600 kHz.

Decreasing the spacing may lead to degraded performance.
4.1.6.2 Minimum Link Channel Spacing

When setting up a frequency trand ating repeater Avitec recommends a spacing of two GSM channels
between the link frequency and the radio frequency. These two "guard channels' create a centre-to-centre
separation of 600 kHz.

Decreasing the spacing may |lead to degraded performance.
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4.1.6.3 Gain Adjustment

Use only the required power to cover blind spots or coverage areas, to minimize border overlap with the
donor BTS

Optimize repeater gain levelsto achieve system path balance and an acceptable noise level contribution

Reflections, phase fluctuations and other variables can al affect the quality of radio traffic and on site
adjustments and measurement will always have to be carried out to ensure reliable radio communication.

4.1.6.4 Overlapping Coverage

Ideally, the repeater system will be engineered with minimal overlapping coverage between the donor base
station and the repeater. However, the mobile unit will occasionally receive signals from both the donor and
the repeater at similar levels. This situation is comparable to a mobile receiving multiple signals at varying
times due to multi-path propagation.

The GSM standards require that systems must accommodate up to 16us of multi-path delay for two received
signalsthat are less than or equal to 10dB apart. The CSR922 repeater contributes a maximum signal delay of
6.

4.1.6.5 Are calls possible on link frequencies for frequency translating
repeaters?

Calls cannot be connected via the link frequencies for the following reasons.

The mobile station (MS) searches for the Broadcast Control Channel (BCCH) beamed from the Base
Transceiver Station (BTS) Even though the MS may find the frequency translated link signal BCCH
transmission; it will not be possible to initiate a call through it.

When acall isinitiated, the BTS switches from BCCH to the Stand Alone Control Channel (SDCCH), which
(apart from other information) instructs the MS which frequency (ARFCN) to use during the call. This makes
the M S switch back to the non-frequency translated ARFCN (BTS frequency), where it will find no BTS
signal and the call is aborted. The same is true when logging into the network.

Note! The BCCH, SDCCH, and TCH channels are logical GSM channels, not to be confused with Absolute
Radio Frequency Channels (ARFCN). Only the latter are associated with specific frequencies.

4.1.6.6 Frequency Hopping and Repeaters

Frequency hopping usually means that the input baseband traffic at frame level is switched between fixed
frequency RF-channels. In order for the hopping to be effective, four or more channels are used. The Avitec
channel selective repeater with appropriate number of channels can function with this kind of hopping.

However, frequency hopping can also mean that the frequency of each transceiver is changed in phase with
transmission frames. Thisis usually called synthesized hopping. Being more complex than the baseband type,
it has not been widely implemented in GSM networks.

When GSM is evolving into EDGE, traffic will be IP-packet based. | P-traffic studies show that frequency
hopping does not improve the capacity or performance of the channel. A tendency is that frequency hopping
will not be frequently used in EDGE networks.
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