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The present invention relates to test transmitter for verifying the positioning of antennas in a mobile telecommunications system and
a method for manufacturing such a test transmitter that is particularly well suited for indoor use. A mobile terminal iIs modified so
that it can transmit in the downlink frequency band, and preferably so that it can transmit one or more of the signal types used for
downlink signalling, used in the mobile telecommunications system.
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Abstract

The present i1invention relates to test transmitter for
verifying the positioning of antennas in a mobile
telecommunications system and a method for manufacturing
such a test transmitter that 1s particularly well suited
for indoor use. A mobile terminal is modified so that it
can transmit 1n the downlink frequency band, and preferably
so that i1t can transmit one or more of the signal types
used for downlink signalling, used in the mobile

telecommunications system.
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Method and Apparatus for Portable Telecommunication Test Unit

Technical Field
The present invention relates to the design and construction of mobile telephone
systems. In particular 1t relates to a test transmitter for verifying the positioning of

antennas 1n such a system and a method for manufacturing such a test transmutter.

Backeround

Mobile teiephony systems for indoor use are being used to an increasing extent. A
common and practical solution for the 1mplementation of indoor mobile telephony
systems 1 to0 use a distributed antenna system with several antennas, each transmit-
ting with a Jow output power, connected to one Radio Base Station (RBS). Ideally,
the antennas should be distributed in the building 1n such a way as to enable a 100% '
coverage. At the same time, the number of antennas should be kept as low as possi-

ble for economic and other reasons.

One of the main problems when designing the distributed antenna system 1s to de-
cide where the antennas should be positioned. To aid in this, the designers may rely
completely on experience, or a prediction tool may be used. A prediction tool 1s a
computer based tool that simulates the actual environment 1n which the antennas are
to be placed, based on mathematical models. A digital "map” of the area 1s shown,
and parameters such as wall attenuation and the signal power of the antennas may
be set. Antennas are placed 1n the simulated environrne;ht and the signal power 1s
measured in a number of points in the space. While measuring, the parameters may

be changed, antennas may be moved 1n the simulated environment, etc.

Neither expenience nor prediction tools will give a perfect result. Parameters such as

wall attenuation and radio wave interference have to be estimated or predicted, and

the estimates will deviate more or less from the real values. As the number of users
of indoor mobile telephony systems increases, so does the need for proper planning

of the indoor cells.
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Therefore, the antenna positions should be verified before the installation of the
whole system. There 1s a need for a verification system enabling quick and easy
venfication of the distribution of antennas at a low cost, while still producing a reli-

able result.

It 15 possible to verify the cell plan before the installation of the antennas, by use of-
a Continuous Wave (CW) test transmitter and a test receiver, using analogue Radio
Frequency (RF) signals. The test transmitter 1s positioned where the base station or
antenna 1s to be placed, and the signal from the test transmitter is registered in dif-

ferent positions using a test receiver.

Today a number of test radio network cells exist for outdoor use, for example the
PCS-20 and the Cell-20 from Moffet, Larson & Johnson, Inc. (MLJ), or the TS9953
from Rohde & Schwarz. These test cells are all fairly large and heavy, typically 10 -

30 kg, and cumbersome to move around, and thus are not suitable for indoor use.

They are also quite expensive, and require considerable manual operation, which

limits the number of test transmitters that can be used.

One test wransmitter from MLJ. intended for indoor use, has a transmit power of up
to 1 W and weighs 0.7 ke.

All of the above mentioned test transmitters n'ansmit.only a continuous wave, with
no information modulated onto it. Thus, the signal from such a test transmitter can-
not be distinguished from any other signals, which causes problems in areas where
signals from other signal sources also occur. When testing an indoor antenna con-
figuration, it is desirable to be able to test the whole configuration in one operation.
This requires that the signals from the different test transmitters can be distin-

guished from each other, which is not possible if each transmitter only transmits a

continuous wave.
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A continuous wave transmitter from Rohde & Schwarz, TS9953, may be combined
with GSM test equipment TS9951 or TS9958. This test equipment simulates GSM
downlink signals, which are modulated onto the continuous wave and transmitted
In this way, each transmitter can be made to transmit a unique signal. Thus, two
units are needed. The continuous wave transmitter 1s rack mounted, and 1t 1S 1mpos-
sible for one person to transport it. The output power may be set to 20, 50 or 100

W, and it 1s clearly not suitable for indoor use.

Normally, when testng the antenna or base station configuration, only one test
transmitter is used. This test transmuitter 1s placed at the location planned for an an-
tenna. The test transmitter, which is quite heavy, must be transported to the appro-
priate location and the antenna must be installed. The signal power 1n different po-
sitions around the antenna is measured. The test transmitter 1s then moved to a new
location, the antenna is installed and measurements are made again. It 1s not feasible
for practical and economical reasons, to use more than one test transmitter at a time.

Thus, in practice, the antenna configuration 1s never tested as a whole.

Also, the power supply is a problem: either an adapter must be used to connect to

the mains, or a battery must be used, which 1s m 1tself heavy and has limited capac-

ity.

Summary of the Invention

It is an object of the invention to provide a cell test device for cellular telecommuni-

cations systems that 1s easy to use.

It is another object of the invention to provide a cell test device for cellular tele-

communications systems that 1s suitable for indoor use.

It is another object of the invention to provide a cell test device that allows the test-

ing of the whole antenna configuration 1n one operation.
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It 1s yet another object of the invennon to provide a cell test device for cellular tele-

communications systems that is easily portable.

It 1s still another object of the invention to provide a cell test device for cellular tele-
communcations systems that allows a very precise positioning of antennas for op-

timizing the antenna distribution.

It 1s another object of the invention to provide a cell test device for cellular tele-
communications systems that is flexible and inexpensive compared to prior art cell

test devices.

These and other objects are achieved by the present invention by a test transmitter
for a2 mobile telecommunications system comprising base stations transmitting in a
downhnk frequency band and portable units for receiving and transmitting, trans-
mitting in an uplink frequency band, said portable units each comprising a portable
unit casing, a portable unit transmitter part and a portable unit receiver part, said
transmitter part comprising a portable unit microphone, a portable unit channel
coding unit, a portable unit interleaving unit, a portable unit modulator unit, a port-
able unit transmitter unit adapted to the uplink frequency band, and a portable unit
antenna, said test transmitter comprising a.unit for generating a data stream,

a said portable unit modulator unit and a transmitter unit adapted to the downlink

frequency band.

In a preferred embodiment, the test transmitter also comprises a said portable unit
channel coding unit and a said portable unit interleaving unit. It may be comprised
In a said portable unit casing, and may be connectable to all standard peripheral

equipment used with said portable units, such as batteries, amplifiers and antennas.

In a preferred embodiment the mobile test transmitter 1s based on a standard mobile

telephone, which 1s modified to perform the functions required by a test transmitter.
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The teachings of the invention are applicable 1o any type of mobile telephone, 1n-
cluding Time Division Multiplex Access (TDMA), Code Division Multiplex Access
(CDMA) and Frequency Division Multiplex Access (FDMA)

The invention offers the following advantages:

The mobile test transmitter 1s small, light, easily portable and can be used with stan-

dard mobile telephone accessories, that 1s, 1t 1s easy to use in field measurements.

It is possible to alter the content of the transmitted signal, thus giving a signal that

may be identified even in an area with many difierent signal sources.

The signal produced by the mobile test transmuitter 1s the same signal as transmitted
by a base station and will therefore be perceived as a base station by a mobile tele-

phone, thus enabling measurements with standard radio network measurement tools.

The low cost and small size of the mobile test ransmitter according to the invention,
and the possibility to vary the transmitted signal enables the use of several mobaile
test transmitters at the same time, and thus enables the testing of the whole combi-

nation of antennas in one operation. This also makes 1t easy to change the position

of one or more antennas while testing.

Standard peripheral equipment for mobile telephones, such as batteries and anten-

nas, may be used together with the mobile test transmaitter.

The receiver functions in a mobile telephone may be used to make the test transmit-

ter a combined transmitter/receiver.

" A device that can mimic a control channe] broadcast signal from a base station, may

be used to create events in an existing mobile telephone environment for test pur-
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- poses. The mobile test transmitter will serve as a portable radio network cell for test

purposes.

A Man-Machine Interface (MMI) is provided in an easy manner by use of the standard
display and keypad of the mobile telephone, or by connecting the mobile test transmitter

to a Personal Computer (PC) comprising control software.

Accordingly in one aspect, the invention provides a test transmitter for a mobile
telecommunications system including base stations transmitting in a downlink frequency
band and portable units for receiving and transmitting, said portable units transmitting 1n
an uplink frequency band and each including_a portable unit casing, a portable unit
transmitter part and a portable unit receiver part, said portable unit transmitter part
including a portable unit microphone, a portable unit channel coding unit, a portable unit
interleaving unit, a portable unit modulator unit, a portable unit transmitter unit adapted
to transmit information in the uplink frequency band, and a portable unit antenna, said
test transmitter comprising:

a unit for generating a data stream;

a portable unit modulator unit; and

a transmitter unit adapted to transmit the generated data stream 1n the downlink

frequency band.

In another aspect, the invention provides a method for manufacturing a mobile test
transmitter for a mobile telecommunications system, said mobile telecommunications
system including base stations transmitting in a downlink frequency band and portable
units for receiving and transmitting, said portable units transmitting in an uplink
frequency band and each including a portable unit transmitter part and a portable unit
receiver part, said portable unit transmitter part including a portable unit microphone, a
portable unit channel coding unit, a portable unit interleaving unit, a portable unit

modulator unit, a portable unit transmitter unit adapted to transmit information in the

- uplink frequency band, and a portable unit antenna, said method comprising the step of |

modifying one of said portable units so that the one of said portable units can transmit

information in the frequency band used tor downlink signalling.
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Iri another aspect, the invention provides a method for manufacturing a mobile test
transmitter for a mobile telecommunications system, said mobile telecommunications
system including base stations transmitting in a downlink frequency band and portable
units for receiving and transmitting, said portable units transmitting in an uplink
frequency band and each including a portable unit czising, a portable unit transmitter part
and a portable unit receiver part, said portable unit transmitter part including a portable
unit microphone, a portable unit channel coding unit, a portable unit interleaving unit, a
portable unit modulator unit, a portable unit transmitter unit adapted to transmit
information in the uplink frequency band, and a portable unit antenna, said method
comprising the steps of:

connecting a data generator unit to an input of the pOrtab]e unit modulator unit of one of
the portable units; ' '

connecting an output of said portable unit modulator umit to a transmitter unit adapted to
transmit information generated by the data generator in the downlink frequency band;
and

connecting said transmitter unit to the antenna of the one ot the portable units.

In another aspect, the invention provides a method for manufacturing a mobile test
transmitter for determining antenna positions in an indoor distributed antenna system of a
mobile telecommunications system and for testing an entire antenna configuration of the
mobile telephone system in one operation, the mobile telecommunications system
including base stations transmitting in a downlink frequency band and portable units for
receiving and transmitting, said portable units transmitting 1n an uplink frequency band
and each including a portable unit casing, a portable unit transmitter part and a portable
unit receiver part, the portable unit transmitter part including a portable unit microphone,
a portable unit channel coding unit, a portable unit interleaving unit, a portable unit
modulator unit, a portable unit transmitter unit adapted to transmit information in the
uplink frequency band, and a portable unit antenna, the method comprising the steps of:

connecting a data generator unit to an input of the portable unit modulator unit of one of
the portable units;

connecting an output of the portable unit modulator unit to a transmitter unit adapted to

transmit information generated by the data generator in the downlink frequency band;

and
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connecting the transmitter unit to the antenna of the one of the portable units.

Brief Description of the Drawings

Figoure ]

shows the basic principles for communication between a base station. or

an antenna. and a mobile terminal,;

Figures 2A and 2B show the principles for TDMA and FDMA communication, re-

Figure 5

spectively;

shows the basic structure of a TDMA frame;

Figures 4A-4E show the basic structure of different types of bursts according to

Figures 5A
and 5B

Figure 6

Figure 7A

Figure 7B

Fioure 7C

Figure 8

Figure 9

TDMA signalling;

show. the principles for the mansmission of t‘he-most ymportant contro}
channels according to TDMA signalling, using GSM as an example;
shows the principles for the signalling from the base station to the mo-
bile terminal according to CDMA signalling;

is a schematic drawing of a mobile telephone with 1ts components;

iS a schematic drawing of a mobile telephone modified to become a tes
transmitter, according to a first embodiment of the invention:

15 a schematic drawing’of a mobile telephone modified to become a test
transmitter, according to a second embodiment of the invention;

is a schematic drawing of a building where an antenna conf ouration 1S

to be tested according to the ivention;

i< a flow chart of the actions needed to test an antenna configuration ac-

cording to the inventon.

‘Detailed Description of Embodiments
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According to the invention, one or more mobile test transmitters are used instead of

base stations, or antennas connected to a base station, to test the configuration of

base stations. or antennas, before the installation 1s completed.

As a mobile test transmitter, any ordinary mobile telephone suitable for use within
the frequency bands concerned, may be used, with certain hardware and software .
modifications as explained below. Any kind of antenna, omnidirectional or unidi-
rectional, may be connected to the mobile test transmitter according to the inven-

tion, through the ordinary external antenna connection.

Figure 1 shows the transmission between a base station 1 and a mobile terminal 3 in
a mobile telephone nerwork. The transmission direction from the base station 1 to
the mobile terminal 3 is referred to as the downlink, or forward, direction. The
transmission direction from the mobile terminal 3 to the base station 1 is referred to
as the uplink, or reverse, direction. Normally, different frequency bands are used for
downlink and uplink transmission. This 1s referred to as Frequency Division Duplex
(FDD). Time Division Duplex (TDD), in which the same frequencies are used in

both directions but at different times, 1s rarely used.

For three important Time Division Multiplex Access (TDMA) systems, the fre-
quencies for downhnk and uplink transmission, respectively, are shown in the table

below:

- GSM DCS 1800 PCS 1900
Uplink 890-915MHz 1710-1785MHz |1850- 1910 MHz

Downhn]\ -960 MHz {1805- 1880 MHz {1930 - 1990 MH2z

The North American Digital Cellular standards uses the following frequency bands
for CDMA and TDMA 1n cellular systems and PCS systems, respectively:

I L R

Uphnk 8‘74-849 MHz 1850-1910 MHz

869-894 MHz | 1930-1990 MHz
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An example of an FDMA system 1s the Nordic Mobile Telephone (NMT) systems.
NMT 450 and NMT 900, which use the following frequencies:

NMT 450 NMT 900
453-458 MHZ  |890-915 MHz
463-468 MHz 935-960 MHz

5 Thus, practically all mobile telephones are adapted to transmit in one frequency

band, the uplhink frequency band, and recerve signals in another frequency band. the
downlink frequency band. Also, the signal formats used are not necessarily the same
in both directions. According to the invention, to function as a mobile test transmit-
ter, the mobile telephone must be modified so that it can transmit in the downlink
10 frequency band, that is, it must be able to simulate a base station, or an antenna. It
must at least be able to transmit a signal in the downlink frequency band. In a pre-
ferred embodiment, the mobile test transmitter 1s enabled to transmit one or more of
the control signals used in downlink signalling. The modifications needed are de-
scribed in more detail below.
15
Figure 2A shows the basic principle for signalling 1n a Frequency Division Multi-
plex Access (FDMA) system. One carmer frequency 1s assigned to each connection

between a base station and a mobile terminal.

20 Figure 2B shows the basic signalling principle for Time Division Multiplex Access
(TDMA) systems. A number of channels, usually eight, share the same carrier fre-

quency by means of time division multiplexing.

In Figures 2A and 2B, only the downlink channel 1s shown. In both cases there is a

25 corresponding set of channels in the uplink direction.

In the following, the signalling principles used in TDMA systems and CDMA sys-

tems will be described 1n more detail.
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Sionalline in TDMA Svstems

In a TDMA system, each carrier frequency 1s divided into a number of time slots. In
this example, as shown in Figure 2B, there are eight time slots, TS0, TS1,..., TS7.
These eight time slots make up one TDMA frame, as shown in Figure 3. 26 or 51
frames make up one multiframe. The same time slot 1n a sequence of frames, e.g.

time slot O in all the frames, is referred to as a physical channel.

One physical channel may be used, at different times, for transmission of different
logical channels. Logical channels may be either traffic channels carrying payload
or control channels carrying different kinds of control information. One telephone

call uses one physical channel for transmission in each direction for the duration of
the talk.

The information on the control channels 1s caimed 1n bursts. A burst comprises the
informarion in the same time slot in a sequence of frames of predefined length. The

different types of bursts are shown, somewhat simphfied, in Figures 4A-4E.

Figure 4A shows the normal burst, which is used to carry information on traffic
channels and on certain control channels, such as BCCH and PCH.

The first éight bits are tail bits TB, which signify a start point. The following bit se-
quence carries encrypted data or speech. Then follows a training sequence, that 1s, a
specified bit pattern used by the equalizer to create a channel mode and another se-
quence of encrypted data or speech. The last eight bits are again tail bits TB, this

time signifying a stop point. The tail bits are always set to 0, 0, 0.

Figure 4B shows the frequency correction burst, which 1s used for tfrequency syn-
chronization of the mobile terminal. Eight tail bits TB are followed by a sequence of

fixed bits and eight more tail bits TB.
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Figure 4C shows the synchronization burst, which 1s used for the time synchroniza-
tion of the mobile terminal. It contains eight tail bits TB, a sequence of encrypted
bits, a long synchronization sequence another sequence of encrypted bits and eight

more tail bits. The encrypted sequences camry the information of the TDMA Frame
Number (FN) and Base Station Identity Code (BSIC).'

Figure 4D shows the access burst, which 1s used for uphnk signalling at random ac-
cess and handover access. The access burst comprises eight tail bits TB followed

by a synchronization sequence, a sequence of encrypted bits and eight more tail bits
TB.

Fiaure 4E shows the dummy burst, which 1s transmitted on the BCCH carrier fre-
quency when no other information 1s to be transmitted on this frequency. Eight tail
bits TB are followed by a sequence of mixed bits, a training sequence, another se-
quence of mixed bits and eight more tail bits TB. The dummy burst carries no in-

formation.

The logical channels relevant to the invention are as follows:

The Broadcast Contro] Channel (BCCH) and the Paging Channel (PCH) are

transmitted as normal bursts, as shown in Figure 4 A. BCCH comprises general in-

formation about the cell, and PCH 1s used to page a mobile terminal.

The Frequency Correction Channel (FCCH) is used for frequency correction, and

consists of repeated frequency correction bursts, as shown 1n Figure 4B.

The Synchronization Channel (SCH) 1s used for frame synchronization and identifi-
cation of the transceiver station. It consists of repeated synchronization bursts, as

shown in Figure 4C.
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In 1dle mode, the downlink ransmission, that 1s, from the base station to the mobile

terminal, normally comprises normal bursts (BCCH and PCH), frequency correction

bursts (FCCH), synchronization bursts (SCH) and dummy bursts.

A mobile terminal is normally only capable of transmitting normal bursts and access

bursts. According to a preferred embodiment of the invention, the mobile test
transmuitter 1s enabled to transmit four channels: BCCH, PCH, FCCH and SCH.

Figure 5A shows the principles for the downlink control signalhing that takes place
in time slot 0 of channel Cq according to the GSM protocols. The physical channel
defined by this ume slot comprises the following channels: FCCH, SCH, BCCH, as
defined above, and the Common Control Channel (CCCH), which comprises the
PCH.

Figure 5B shows the mapping of the control channels FCCH, SCH, BCCH and
CCCH 1n a non-combined cell in GSM, as an example of a TDMA svstem. An
FCCH frame 1s followed by an SCH frame, four BCCH frames and four CCCH
frames. Then, the following pattern occurs four times: One FCCH frame, one SCH
frame, four BCCH frames and four CCCH frames. The sequence ends with an idle

frame.

Sionalline in a CDMA Svstem

In CDMA signalling, noise-like carrier waves are used, in order to reduce the nega-

tive effects of interference benveen users in the network.

To achieve this noise-like carrier wave, a conventional waveform is spread by mul-
tiplying it by a pseudo-noise ! binary sequence in the transmitter before being
transmitted. In the receiver, the received signal 1s multiphied by a replica of the +1

binary sequence to obtain the original signal.
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Before transmission, both forward and reverse signals are spread by certain codes,
here referred to as short codes, in a quadrature fashion, that is, from a single binary
bit flow, two binary sequences, one in-phase and one quadrature, are generated by

mod 2 addition of the short code pseudo-noise sequences.

Generally, in mobile telephony it is assumed that the power transmitted by a base
station or a mobile terminal 1s constant. The signal power received by a user Jocated
near a base station and a user located farther away mayv then be very different. The
signal to noise ratio of different users may then differ by several tens of decibels. In
order for all users to receive an acceptable signal to noise ratio, the spreading
bandwidth would have to be very high, thus reducing the spectral efficiency so

much that the CDMA technology would be of no commercial use.

The solution to the problem outlined above, 1s to control the transmitted power 1n
such a way that the received power from all users are substantially equal. If the re-
ceived power is controlled, the subscribers can share the same frequency band with-

out causing too much interference.
To reduce the average transmitted power, discontinuous transmission may be used.
Downlink Signalhing

Several users share one carrier frequency. One camier frequency can comprise up to

64 logical channels, each used by one network user. To avoid interference between

users, the channels are made mutually orthogonal.

In the downlink direction there are three overhead channels in addition to the traffic

channels, namely the'pilot channel, the sync channel and the paging channel.

The pilot channel is used as a demodulation reference for the mobile terminals and
for handover level measurements. It consists of pure shoit code and cairies no in-

formation. The relative amplitude of the pilot channel signal and its spatial distribu-




N

10

20

25

30

CA 02302677 2000-03-07

WO 99/1366Y 13 PCT/SE98/01582

tion must be carefully controlled, as they control handover boundanes between base

stations.

All stations use the same short code. Therefore, the pilot signals from different sta-

tions are distineuished from each other only by their phases.

The sync channel carries a repeating message that identifies the station and the ab-
solute phase of the pilot sequence and conveys timing and system configuration in-

formation to the mobile terminals.

The paging channel is used for communicating with mobile terminals when they are
not assigned to a traffic channel. Its primary purpose 1s to convey notifications of

incoming calls to the mobile terminals.

Traffic channels are assigned dynamically when requested by a mobile terminal.
The paging channel is used to inform the mobile terminal about the traffic channel

to use. The traffic channel also comprises one power control subchannel.

Figure 6 shows the principles for generating a downlink signal according to CDMA
standards. A pilot channel signal, originating from a pseudonoise code sequence
operator board PNB has two components: one in-phase component PC-I and one

quadrature phase component PC-Q.

A sync channel signal SC, a paging channel signal PG and a number of traffic
channel signals T1,... Tn first undergo certain processing, including coding and 1in-
terleaving, performed in one or more processing units PU and are then submitted to
one of a set of 64 Walsh functions W1, W2,.... Wn to make the channels mutually
orthogonal. The Walsh functions make the channels completely separable in the re-
ceiver and reduces the interference between users in the same cell to substanually

zero level.
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Each of the signals SC, PG, T1,....Tn 1s then spread by a short code which has an in-
phase (I) and a quadrature (Q) component, to create one I and one Q component,
SC-l and SC-Q, PG-I and PGQ, TI-1 and T1-Q, and so on. The I and Q compo-
nents, respectively, of all signals PC, SC, PC, T1,...,Tn are then added in an adding
unit ADD, to form a signal with one 1 component I, and one Q component Q,,,

which 1s transmitted from the base station.

Uplink signalling

The reverse, or uplink, CDMA channel comprises 2%%.1 logical channels, each logi-
cal channel being permanently and uniquely associated with each mobile terminal.
Each mobile terminal always uses the assigned logical channel when conveving

traffic to the base station.

e The process of generating a reverse channel signal comprises the following func-
tions: ‘

¢ Coding and interleaving of the information signal

e Orthogonal modulation of the signal

e Separation of users. Orthogonality 1s not used to separate the users. Instead a
spreading code having a very long period 1s used. The correlations between the

channels thus are not zero, but they are acceptably small.

e Spreading. Each reverse CDMA channel 1s spread both by the channel-unique
long code and the short code, which has I and Q components. Thus, the spreading
of this signal, like the forward signal, 1s quadrature.

The two resulting bit streams are vector-modulated onto the carrier wave. The Q

component modulation is delayed to reduce the envelop modulanon of the carrier

wave thus reducing performance requirements on the power amplifiers in the mobile

terminals.
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Hardware Modifications

According to the invention, to function as a mobile test transmitter, the mobile ter-
minal must be modified so that it can transmit in the receive band of the mobile
terminal, in which the base stations normally transmit. In other words, the mobile
terminal must transmit in the frequency band, and the signal formats, used for

downlink signalling, instead of uplink signalling for which 1t 1s adapted.

Using GSM as an example, the mobile terminal must be adapted to transmut at least
FCCH and SCH and preferably also BCCH and PCH on the standard downlink fre-
quencies. The FCCH and SCH signals are needed to provide a signal that can be
uniquely identified. The BCCH and PCH signals are needed to get another mobile
terminal to lock to the signal from the mobile test ransmitter automatically. If only
FCCH and SCH are used, only the signal power can be measured. To serve as a test

cell, the mobile test transmitter must also ransmit BCCH and PCH.

In an FDMA system, as well, the frequency band and the control channels transmut-
ted must be changed. In general, the same hardware changes as for a TDMA system

must be made. In addition, a duplex filter must be replaced or removed.

In a CDMA system, as well as for TDMA or FDMA, the frequency band would be
changed, and the mobile terminal would be adapted to transmit the same control or
overhead channels used for downlink signalling, that 1s, at least one of the pilot
channel, the sync channel and the paging channel. This multicode modulation puts
higher requirements on the power amplifier in the test transmitter, which may re-

quire additional hardware changes.

As an example, for three Ericsson TDMA telephones, GH388, PH388 and CH388,

this involves the following hardware modifications:

e changing the transmitter oscillator to a new oscillator covering the new fre-

quency band, and
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e removing a resonant circuit to allow for a new intemal transmit intermediate fre-

quency.

In some telephones, the receiver may be removed or deactivated to prevent the re-
cerver from loading the transmitter output unfavourably. In Ericsson’s mobile tele-
phone for GSM systems, GH388, this 1s done by removing a coupling capacitor at

the recerver input.

In connection with these hardware changes, a few low level software changes must
be made to enable the telephone to transmt 1n the downlink frequency band. In the

Encsson telephones mentioned above this involves the following changes:

o The input data to the frequency synthesizer must be changed to correspond to the
new transmission frequencies.

o The new internal transmit intermediate frequency requires modified programming
of the IF ASIC, that is, new values must be programmed to the IF phase locked
loop.

e To avoid overheating the power amplifier when transmitting on all eight time

slots 1n a TDMA frame, the mobile terminal must also be programimed for a

lower maximum output power level, approximately 0.5W.

A mobile telephone 1s designed to transmit information in one time slot and be silent

for the remaining duration of the frame, which is normally seven slots. When used

as a mobile test transmitter, information 1s preferably transmitted in all eight time
slots, so that the total emitted power 1s increased. It would be possible to transmit
only 1n one of the eight time slots, but using all eight makes 1t easier for the test de-
vices to detect the signal from the test transmitter and makes signal strength meas-

urements more accurate.

Figure 7A 1s a schematic drawing of a mobile telephone for a TDMA system, with
Its components. The mobile telephone comprises a transmitting part and a recéiving

part. The transmitting part comprises a microphone 101, which registers speech.
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The microphone 101 is connected to an analogue to digital (A/D) conversion unit
103 which converts the speech to digital form. The A/D conversion unit 103 1s con-
nected to a speech coding and segmentation unit 105. A data generator unit 106 1s
used to generate data, for example for test purposes. The output from the speech
coding and segmentation unit 105, or from the data generator unit 106 passes
through the channel coding unit 107 to the burst formatting, ciphering and interleav-
ing unit 109. From this unit 109 the data 1s fed to the modulator unit 111 and then to
the transmitter unit 112, which modulates the speech onto a carmer wave. The

modulated wave 1s transmitted through the antenna 115.

In the recerving part, a receiver and demodulator unit ] 15 receives incoming signals
from the antenna 113 and retrieves the signal which has been modulated onto the
carrier wave. The signal thus remeved 15 equalized 1n the Viterbi equalizer 117 and
then deciphered and de-interleaved n the deciphering and de-interleaving unit 119,
before 1t 1s submitted to Viterbi decoding and speech decoding 1n a Viterbi decoding
unit 121 and a speech decoding unit 123, respectively. The resulting speech coded
signal 1s converted from a digital to an analogue signal a D/A conversion unit 125
and transmitted to the loudspeaker 127. If test data 1s being received, the data 1s in-

stead fed from the Viterbi decoding unit 121 to the data generating unit 106.

Figure 7B 1s a schematic drawing of a mobile telephone modified according to the
invention. The entire receiver part, including the receiver unit 114, the demodulator
unit 115, the Viterbi equalizer 117, the deciphenng and de-interleaving unit 119, the
Viterbi decoding 121 and speech decoding 123 units and the D/A conversion unit
125, has been removed or deactivated. In some telephones, the receiver part may
have to be removed, as it would otherwise load the output signal unfavourably. In
other telephones, it may be sufficient to deactivate the recerver part without remov-

Ing it.

In the transmitting part, microphone 101, the A/D conversion unit 103 and the seg-

mentation and speech coding unit 103 are not used.




i

10

20

CA 02302677 2000-03-07

WG 99/1366Y ] 8 PCT/SE98/01582

A data stream generated by a data generating unit 106° 1s instead fed directly to the
channel] coding unit 107, from where 1t passes through the interleaving, ciphering
and burst formattung unit 109. The data generating unit 106° may comprise the same
hardware as the data generating unit 106 of Figure 7A, but the software must be
changed to generate the new kind of data. The units 107, 109 are the same as would
be used in a mobile telephone, except that the ciphening function in this context may
be omitted. The transmitter unit 112 from Figure 7A has been replaced by a trans-

mitter unit 112’ that 1s adapted to the downlink transmission frequency band.

A CDMA telephone also comprises a transmitter part and a receiver part, perform-
ing essentially the same functions as in a TDMA telephone, but adapted to the
functions required according to the CDMA standard. For example, instead of the
interleaving, ciphering and burst formatting unit 109, a CDMA telephone would
comprise an interleaving, ciphering and spreading unit. The changes to be made
would be substantially the same as discussed for a TDMA telephone in connection
with Figures 7A and 7B.

As explained above, in some mobile test transmitters, the receiver part of the mobile
telephone may have to be removed. In others, 1t may be kept and the mobile test

transmitter may perform the functions of a mobile test transmuitter/receiver.

If the mobile test transmitter comprises a receiver part of the same kind that 1s nor-
mally found in a mobile telephone, this receiver part may be used to receive signals
in the downlink frequency band, that is signals transmitted from a base station, or
from a test transmitter. These signals may be used to adjust the reference frequency
of the mobile test transmitter. This 1s needed if a test receiver 1s to be able to receive
signals from both the test transmitter and, for example, a base station. In this case,
these signals must have a very precise frequency, 1n order for the receiver to de-
modulate the signals without a time consuming synchronization procedure for each

signal. Mobile telephones do not have the same precision as base stations when se-
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lecting a transmit frequency. The signal received from the base station can therefore

be used to adjust the frequency of the mobile test transmatter.

The receive function may also be used to detect what channels are already being
used by other transmitters, and to select a free channel on which to transmit. Both
the frequency adjustment function and the channel selection function require new -

software compared to what is found in a mobile telephone.

The receiver part may have to be connected when it is to be used and disconnected
when the test transmitter is to transmit. Most mobile telephones today have such a

transmit/receive switch function, which may be used

Figure 7C shows an example of a mobile test transmitter also comprising a receiver

part. Again, TDMA is used as an example.

The transmitter part is the same as the one shown in Figure 7B. A data stream 1is
generated by the data generating unit 106’ and fed to the channel coding unit 107,
from where it passes through the interleaving, ciphering and burst formatting unit
109. The units 107, 109 are the same as would be used in a mobile telephone, ex-
cept that the ciphering function in this context may be omitted. The transmitter unit

112’ is adapted to the downlink transmission frequency band.

The receiver part comprises a receiver unit 114 which recerves incoming signals
from the antenna 113 and a demodulator unit 115 and retrneves the signal which has

been modulated onto the carmer wave.

The Viterbi equalizer 117, the deciphering and de-interleaving unit 119 and the
Viterbi decoding unit 121 may be kept as they are. After Viterbi decoding, the re-
ceived signal 1s fed to the data generating unit 106, in which it can be evaluated.

The received frequency can, for example be used to set the transmission frequency
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of the test transmitter, as explained above, or to determine if there are other base

stations nearby, and on what channels and frequencies they are transmitting.

The speech decoding unit 123, the D/A conversion unit 125 and the loudspeaker are
not needed in this embodiment.

With some modifications, the mobile test ransmitter/receiver may be adapted to re-
cerve 1 the uplink frequency band, that is. to receive si gnals transmitted by mobile
telephones. In this case, the receiver unit 114 must be adapted to receive si gnals 1n
the uphink frequency band, which requires both hardware and softrware changes. The
recerver oscillator and the frequency filters must be replaced by similar units
adapted to the new frequency band. The test wansmitter may then simulate a speech
connection with a mobile telephone or a test transmitter, which makes it a more

flexible tool than the test transmitter without the receive function, as described

above. More functions may be tested, and more different types of test equipment

may be used together with the test transmitter/receiver.

It may also be used to measure traffic density by, for examplesetting a transmitter to
a LAC different thanthe one used in the rest of the network vicinity. Another pos-

s1bility 1s to scan the traffic channel freq uencies and time slots of normal netowrk

cells and detect traffic by measuring signal strength and/or decoding mobile termi-
nal initiated transmissions.

Software Changes
Practically all the original software functions must be modified. The Jow level

transmit functions are kept the way they are, except the ones described above in
connection with the hardware modifications.

* A new man-machine interface (MMI) must be designed with new menus for pa-

rameter control and for monitoring of the actual setting.

* A senal protocol is added to enable the control from a Personal Computer (PC)
connected to the mobile test transmitter.
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The software for handling the battery may be modified so that 1t will supervise
the battery temperature and only charge the battery when the battery temperature
1s within certain limits. These modifications are not necessary, but will increase

the battery lifetime.

It is possible to configure all the information on the channels used in the test trans--

missions, provided this functionality 1s implemented. As an example, some parame-

ters that may be configured in the TDMA systems are:

Absolute Radio Frequency Channel number (ARFCN)

For GSM 900, ARFCN may be given a value between 1 and 124
For DCS 1800, ARFCN may be given a value between 512 and 8835.
For PCS 1900, ARFCN may be given a value between 512 and 810.

Transmit Power (TxPower)

Base Station Identity Code (BSIC)

The value of BSIC mayv range from 00 to 77 (octal values).

Cell Global Identity (CGI)

MCC, MNC, LAC and CI are configurable. All values possible according to the

specifications of the relevant protocol may be used.

Cell Barred

The user may specify that the sumulated cell or channel 1s to be barred, to secure

that no standard mobile terminal accidentally camps on a mobile test transmitter

during tests and simulations.

Neighbour Cell List

The user may specify the neighbouring cells.

ARFCN and TxPower must be set in order to cairy out the invention.

BSIC must be set to create a uniquely 1dentifiable signal.

CGI may be set when the mobile test transmitter 1s to be used as a test cell. This pa-

rameter states the cell identity, the operator, etc.
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Cell Barred may be set to prevent ordinary mobile telephones from receiving the
signal from the mobile test ransmitter, when the mobile test transmitter 1s to be

used as a test cell.

Neighbour Cell List may be set to define the surrounding cells, that 1s, the neigh-

bour cells that should also be measured by the receiving mobile terminal.

Of course, the mobile test transmitter could be manufactured directly with the oscil-
lator covering the new frequency band and without the receiver and the resonant
circuit, and with the new software required, instead of modifying existing mobile

telephones.

Because of the relatively low output power of the resulung test transmitter, it is par-
ticularly suitable for small areas such as buildings. It 1s possible to connect other
external antennas and a signal amplifier, to vary the range of the mobile test

transmitter. In theory, the maximum range for GSM 900 1s approximately 35 km.

Figure 8 shows one floor of an office building in which an antenna configuration
has been planned and is to be tested. This figure 1s merely intended as an example to
1llustrate the use of the test transmitter according to the invention. As explained
above, any kind of antenna may be used. In this configuration, however, only om-

nidirectional antennas are used.

The office building shown 1n the example 1s roughly T-shaped, with offices 201 of
varying size along the outer walls and a corridor 1n the middle. In the cormdor run-
ning through the ”stem” 203 of the T, there 15 a group of furmiture 205 for coffee
breaks or informal meetings and below the furniture group 205 a group of rooms
207, such as lavatones and a cloakroom. From the bottom of the ”stem” 203 of the
T a cormidor 209 extends to one side, likewise with offices 201 along the outer walls
and a group of rooms 211 in the middle. There 1s one balcony 213 at the end of one

of the arms, and one 215 at the end of the corridor extending from the stem of the T.
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Three test transmitters 217 have been placed on this floor: one in each arm 219 of

the T and one near the bottom of the stem.

Figure 9 shows the procedure when an antenna configuration, for example the one

shown in Figure 8, 1s to be esumated and tested according to the invention.

Step S91: A plan is made, estimating the positions 1n which the antennas should
be placed. A prediction tool may be used for an imtial test of the con-

figuration.

Step S92: A test transmitter according to the invention 1s placed 1n each position

where an antenna 1s foreseen, and activated.

Step S93: The signal power is tested using any test tool known in the art. On cer-
tain conditions an ordinary mobile telephone may be used for testing.
The test tool used must display the received signal power and the chan-
nel number and BSIC of the channel measured. The procedure 1s sim-
plified if it is possible to lock the test tool to one channel. If this 1s not
possible, the quality and signal level of the test signal must be such that

the test tool recognizes the mobile test transmitter as a real cell.

Step S94:  According to the test results, test transmitters may be added, moved or

taken away until the optimum configuration has been found.

In the above description the teachings of the invention have been disclosed for a
mobile test transmitter that may or may not comprise receive functions. As will be
obvious to the skilled person, the receive functions may be implemented and used
without the transmit functions. The receive functions alone are useful, for example,

in measuring traffic density, scanning the traffic channel frequencies and timeslots
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of normal network cells and detecting traffic by measuring signal strength. They

may also be used to decode transmissions 1nitiated by a mobile terminal.
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The embodiments of the invention in which an exclusive property or privilege 1s

claimed are defined as folldws:

1. A test transmitter for a mobile telecommunications system including base stations
transmitting 1n a downlink frequency band and portable units for receiving and
transmitting, said portable units transmitting in an uplink frequency band and each
including a portable unit casing, a portable unit transmitter part and a portable unit
receiver part, said portable umt transmitter part including a portable unit microphone, a
portable unit channel coding unit, a portable unit interleaving unit, a portable unit
modulator unit, a portable unit transmitter unit adapted to transmit information in the
uplink frequency band, and a portable unit antenna, said test transmitter cdmprising:

a unit for generating a data stream;

a portable unit modulator unit; and

a transmitter unit adapted to transmit the generated data stream in the downlink

frequency band.

2. The test transmitter according to claim 1, further comprising a portable unit

channel coding unit.

3. The test transmitter according to claim 1 or 2, further comprising a portable unit

interleaving unit.

4, The test transmitter according to any one of claims 1 to 3, wherein said

transmitter transmits at least one of the modulated signal types normally used for

downlink signalling.

J. The test transmitter according to any one of claims 1 to 4, wherein said

transmitter has an output power limitable to approximately 0.5 W.

6. The test transmitter accofding to any one of claims 1 to 5, wherein said

transmitter comprises said portable unit receiver and demodulator unit.
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7. The test transmitter according to any one of claims 1 to 6, further comprising a
portable unit Viterbi equalizer, a portable unit deciphering and de-interleaving unit and/or

a portable unit Viterbi decoding unit.

8. The test transmitter according to any one of claims 1 to 7, wherein said

transmitter is adapted to receive signals in the uplink frequency band.

9. The test transmitter according to any one of claims 1 to 8, wherein said

transmitter 1s housed in a portable unit casing.

10.  The test transmitter according to any one of claims 1 to 9, further comprising a

portable unit antenna.

11.  The test transmitter according to any one of claims 1 to 10, wherein said

transmitter 1s battery powered.

12.  The test transmitter according to any one of claims 1 to 11, further comprising a

user interface to enable control and supervision of test functions.

13.  The test transmitter according to any one of claims 1 to 12, further comprising a

serial protocol suitable for communication with a computer.

14.  The test transmitter according to any one of claims 1 to 13, wherein said

transmitter is a portable unit that has been modified to function as a test transmutter.

15. A method for manufacturing a mobile test transmitter for a mobile
telecommunications system, said mobile telecommunications system including base
stations transmitting in a downlink frequency band and portable units for receiving and
transmitting, said portable units transmitting in an uplink frequency band and each
including a portable unit transmitter part and a portable unit receiver part, said portable
unit transmitter part including a portable unit microphone, a portable unit channel coding
unit, a portable unit interleaving unit, a portable unit modulator unit, a portable umt

transmitter unit adapted to transmit information in the uplink frequency band, and a
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portable unit antenna, said method comprising the step of modifying one of said portable

units so that the one of said portable units can transmit information in the frequency band

used for downlink signalling.

16.  The method according to claim 15, further comprising the step of modifying the
portable unit to transmit at least one of the modulated signal types normally used for

downlink signalling.

17.  The method according to claim 15 or 16, further comprising the step of providing

the portable unit with a user interface to enable control and supervision of test functions.

18.  The method according to any one of claims 15 to 17, further comprising the step

of deactivating or removing the receiver part of one of said portable units.

19.  The method according to any one of claims 15 to 18, further comprising the step
of providing the mobile test transmitter with a serial protocol suitable for communication

with a computer.

20. A method for manufacturing a mobile test transmitter for a mobile
telecommunications system, said mobile telecommunications system including base
stations transmitting in a downlink frequency band and portable units for receiving and
transmitting, said portable units transmitting in an uplink frequency band and each
including a portable unit casing, a portable unit transmitter part and a portable unit
receiver part, said portable unit transmitter part including a portable unit microphone, a
portable unit channel coding unit, a portable unit interleaving unit, a portable unit
modulator unit, a portable unit transmitter unit adapted to transmit information in the
uplink frequency band, and a portable unit antenna, said method comprising the steps of:

connecting a data generator unit to an input of the portable unit modulator unit of one of
the portable units;

connecting an output of said portable unit modulator unit to a transmitter unit adapted to
transmit information generated by the data generator in the downlink frequency band;
and

connecting said transmitter unit to the antenna of the one of the portable units.
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21.  The method according to claim 20, further comprising the step of providing a

portable unit channel coding unit and/or a portable unit interleaving unit between the data

generator unit and the portable unit modulator unit.

22.  The method according to claim 20 or 21, further comprising the steps of
providing a portable unit receiver and modulator unit, a portable unit Viterbi equalizer, a
portable unit deciphering and de-interleaving unit and a portable unit Viterbi decoding

unt.

23.  The method according to claim 21, further comprising the steps of providing a
receiver and modulator unit adapted to the uplink frequency band, a portable unit Viterbi
equalizer, a portable unit deciphering and de-interleaving unit and a portable unit Viterbi

decoding unit.

24.  The method according to any one of claims 20 to 23, further comprising the step
of assembling the units comprised in the test transmitter in one of said portable umt

casing.

25.  The method according to any one of claims 20 to 24, further comprising the step

of connecting the transmitter unit to said portable unit antenna.

26.  The method according to any one of claims 20 to 25, further comprising the step
of providing the portable unit with a user interface to enable control and supervision of

test functions.

27.  The method according to any one of claims 20 to 26, further comprising the step
of providing the portable unit with a serial port and a serial protocol suitable for

communication with a computer.

28. A method for manufacturing a mobile test transmitter for determining antenna
positions in an indoor distributed antenna system of a mobile telecommunications system
and for testing an entire antenna configuration of the mobile telephone system in one

operation, the mobile telecommunications system including base stations transmitting in
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a downlink frequency band and portable units for receiving and transmitting, said
portable units transmitting in an uplink frequency band and each including a portable unit
casing, a portable unit transmitter part and a portable unit receiver part, the portable unit
transmitter part including a portable unit microphone, a portable unit channel coding unit,
a portable unit interleaving unit, a portable unit modulator unit, a portable unit transmitter
unit adapted to transmit information in the uplink frequency band, and a portable unit
antenna, the method comprising the steps of:

connecting a data generator unit to an input of the portable unit modulator unit of one of
the portable units;

connecting an output of the portable unit modulator unit to a transmitter unit adapted to
transmit information generated by the data generator in the downlink frequency band;
and

connecting the transmitter unit to the antenna of the one of the portable units.
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