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Annex G:  Studies on interference from GSM terminals to the fixed network
telephone equipment

This annex includes four studies on the interference from GSM terminals to the fixed network telephone
equipment. The studies are made by BTL, France Telecom, CSELT/SIP and Televerkets

Forskningsinstitutt.
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ETSI STC SMG2 No.5 T.Doc 52/93 Rev 1

9th - 12th March 1993 :

Brighton, UK

Source : BTL (UK)

Subject : EMC Considerations for fixed telephones in the UK

The table below shows the results of testing the immunity of various fixed telephones and PBX equipment

(both analogue and digital) available in the UK. The testing was conducted at 3V/m and 10V/m using a
simulated GSM test signal as the interference.

Midsange  Moduiation  Maximum
Carrier- Type Field- R E s U L T
Frequency Strength

(MHz) (Vim) la 1b 1b 2 3 4 4 4c [} 3
866 cw 3 . - - . . - - - - .

" - lo s . - - . - . .

" AM 3 F F F - . - - - . -

" " 10 . . - - - F - -

. T2 3 F F - - - . . . - -

" - lo . . - . - F . .
910 cw 3 - - - - - . - - - .

" " 10 . - - - . - .

" AM 3 F F F - - - . - - -

" " 10 K - - F - -

. cT2 3 - - F . . - - - - -

" " ’o - - " . . . -
938 cw 3 - - . - - - . - - .

" ® 10 . . - - - -

" AM 3 F F F - - - . . -

- " 10 . . - - - - - - -

- cT2 3 F - F - - - - - . -

- - l0 . . - - . - . .

It can be seen that the vast majority of telephones and telephone equipment tested is not susceptible at
even 10V/m. This field strength will be present at a distance of 1m from a Class 4 mobile. Therefore,
although it is recognised that interference from GSM mobiles to fixed telephones is an issue, duc to the
UK immunity standard for fixed telephones, this is not considered 2 major problem in the UK.

Key :-
F Failed test
- Passed test
Not tested
Where failure criteria was -40dBPa.
1 PBX with various terminal equipment
2 Payphone
3 MUX/DEMUX equipment
4 PBX with various terminal equipment
5 ISDN equipment
6 Line terminal equipment



Page 70
GTS 05.90 version 6.0.0: January 2001

Soura;:a: France Telecom
Subject: EMC considerstions for fixed telephones in France
1.introduction

Mobile GSM portabie terminals have been identified in France as primary sources of
interference to fixed telephones, eiectro acoustical devices and video displays.

As these were, at first subjective results, testing of the immunity of various fixed telephones at
close distance of a programmabie GSM portable equipment was undertaken.

2.Experiments
A commercially available GSM unit was used for thess tests, with a specific test SiM card.

This card transforms the ferminal into a programmabie unit with the possibility of chosing, the
freaquency (channel), the peak power and the sequence as well as many other parameters.

) Frequency and fleidstrength:
The testing was conducted with field strength of 10 V/m and 3 V/m and 882 MHz frequency (
by using two leveis of power at the same distance of the terminal : one with a peak power of
8 Watts, the other with a peak power of about 2 Watts)

p) Performance criteria;

A very important point conceming the immunity of the telephone is the performance criteria.
For fixed telephones or acoustical devices, the main performance criteria is the fact that no
noise should be Estened to, caused by the GSM TDMA puises (217 Hz and harmonics)
occuring by audio rectification in the IC ampifiersor non fnear circuits of the
electroacoustical devices.

In addition, for fixed telephones or PABXs , the audio rectification signal should not be sent in
differential mode along the telephone line . It means that the corespondent should not listen
.to the demoduiated signals occuring by the presence of GSM unit close to the telephone at
the other end.

Two criteria are defined in France for the telephones conceming their immunity to the
radiated or conducted interference.

First, the-demoduleted RF signal shauld not be sant on the telephone line with a power level
higher than - 50 dBm in the audio transmission band , on a 600 Ohms impedance-teiephone-
line with a differential mode.

Second, no noise.higher than 50 dBa weighted, should be listened in the earphone or in the
audiotransducers

These parameters caracterize the performance criteria in the presence of RF fieldstrength
and provide a generally accepted representation of the effect of good performance.Of
course, no interruption of call , neither loss of stored numbers in memory shouid occur

The appendix show the test description and detailed results on these immunity tests.
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3. Results snd conclusion

With these parameters, it has been shown that :

Today, no telephone analog equipment or audio terminal can comply with a 10 V/m
GSM type, fleidstrength

although EMC standards are mandatory in the country ( 1 or 3 V/m compiiance is accepted
with the old IEC 801-3 frequency limits 30 to 500 MHz pius AM modulation 1 kiHz 80 %)

and 3 on 6 fixed telephone equipment will comply with 3 V/m immunity requirements.

it has to be mentioned that no loss of ongoing call, no dialiing error , no loss of stored
information occured, but the demoduilsated level was unacceptabie . .

Most of ETS! or CENELEC standards on EMC state only that no loss of ongoing call, no
diafing error, no loss of stored data is the performance criteria , it is proved not sufficient to
assess the electromagnetic compatibiity.

Even , if it could be considered that if in the future, a specific standard from the CENELEC
conceming telephone could include such immunity requirements, the GSM interference
potential today is to be taken into account because there are milions of teiephone equipment
that are susceptible to close distance GSM emissions. '

We consider that If a 8 W portable GSM terminal is used, the maximum distance of potential

ntadlmncoistyplully about 10 meters maximum, and if a 2 Waits GSM terminal is used
this distance is reduced to a mmximum of 5 meters.

in any case, we recommend that for non car-embarked GSM terminals, the radiated power

should not be higher than 2 Watts peak power.

A contribution on this subject conceming a specific EMC standard of telephone and PABX
equipment should be sent to CENELEC.

It is considered that interference from GSM terminals to fixed telephones and PABX is an
issue through the European community, even f body wom audio and heaith electronic
equipment is a major and much more important issue.
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Appendix
1.Mea. me e immun lephon me
in o}der to evaluate the immunity of electronic telephones to the emission of GSM terminats,
two types of experiments were carried out:

First, @ subjective test in a secretary office, the second is a formal immunity test in a semi-
anechoic room .

1.1.Subjective test

in an ordinary secretary office, many different fixed telephones were installed .

We asked to various peopie present there to cail with these telephones. An operator using a
GSM portable 8 Watts peak terminal made a call at the same time.

As soon as the first phase of GSM search occured, all the telephones installed in the office
were more or less highly disturbed by the presence of the GSM emission by superimposing
a noise on the telephone audio band.

For the people who were the closer of the GSM terminal, the noise was not tolerable (1 m
typically) and as the pecple were farther, the communication was made possible.

Typically, at a distance higher of 5 meters, the communication with the GSM did not disturb
the other telephones.

1.2.limmun

The same GSM terminal was used in a semi anechoic Faraday cage and at a distance of 1
meters some fixed telephone terminals were set up with a test fixture in order to evaluate the
demodulated audio noise provided by sudio rectification on the earphone and on the
telephone line .

To avoid any coupling with the field strength , the measurement equipment was put outside
the semi~anechoic room.

The fieid strength was aiso monitored 1o make a correiation between the output power, the
field strength and the demodulated output.
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The limits are -50 dBmop/600 Ohms of demodulated leve! along the line differential mode
(DM).and typically 50 dBA on acoustic level at the earphone
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Source: CSELT/ SIP

EMC considerations for fixed telephones in ltaly

1 - Introduction

Some SMG2 documents have been produced up to now on the
potential disturbances of GSM transmitters on fixed telephones in UK (SMG2
Tdoc. 52/93), in France (SMG2 Tdoc. 89/93) and in Norway (SMG2
Tdoc. 100/93).

This document adds some information to the problem, by discussing
the results of some tests performed in ltaly using a set of fixed telephones
interfered by GSM emissions at different power. .

2 - Measurement procedure

The immunity of fixed telephones to the interference of GSM
emissions was measured in two different environments: a GHz-TEM cell and a
properly equipped flat roof.

2.1 - Generation of the GSM interference

Most experiments were carried out using an interfering signal
produced by a transportable GSM mobile equipment communicating with a
base station at a constant power level (since the power control function of the
GSM was not active during the test). A portion of the GSM signal was split by a
20 dB directional coupler and sent to the radiating antenna through an RF power
amplifier. The signal power level at the antenna was regulated by a variabie
attenuator and checked by means of a peak power meter.

Other experiments were also performed by emulating the GSM
emission through a sine-wave (generated by means of a frequency syathasisar) .
modulated by pulses (produced by an arbitrary waveform generator). Two
modulating signals were considered: a pulse reproducing the GSM ftrame
(repetition rate equal to 216.6 Hz, duty cycle of 1/8, guard time equivalent to that
of GSM bursts) and a 200 Hz square wave with a duty cycle of 50%.

2.2 - Performance cniteria for the immunity tests

The following parameters were used in order to evaluate the immunity
of the fixed telephone to radiated or conducted interferences.
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+ Noise rejected along the line (expressed in dBmop on
600 Q2), measured by a psophometer and weighted by
CCITT curve. A maximum value of -50 dBmop is
consistent with the current trend in CENELEC standards.

* Level of the acoustic disturbance (expressed in dB8-SPL,

weighted with the A curve) listened by an artificial ear
coupled with the handset. Even if no limits are currently
specified, on the basis of laboratory experience, a level of
60 dB-SPL can be considered clearly audible, while a
level of 70 dB-SPL gives trouble to the conversation.

2.3 - Test setup

Formal tests were carried out in a GHz-TEM cell using the block
diagram shown in fig. 1; the devices under test were interfered by a vertically-
polarised plane-wave produced by a radiating element fed by the GSM test signal.
The acoustic disturbance was measured by an audio analyser connected to an
anificial ear, while the noise rejected along.:the line was measured by a
psophometer. A preliminary calibration of the electrical field strength was
performed by using a continuous wave signal, whose equivalence with the level of
the GSM stimulus was established by means of a peak power meter.
Measurement have been performed for electrical field strength of 3, 6, 10 and
15 V/m.

The correspondence betwaen the electrical field measured in the GHz-TEM
cell and the powaer transmitted by a GSM mobile was verified separately on a
properly equipped flat roof covered with a metal plating and supplied with panels
of absorbing material, which attenuate the scattering from other directions. it has
been verified that the electrical field values measured at one meter distance from
the calibrated dipole had a good correspondence with the expected values of the
transmitted power (~6 V/m for 0.8 W, ~10 V/m for 2 W, ~16 V/m for 5 W and
~20 V/m for 8 W). -

The equipped flat roof was also used for informal tests: the devices under
test were placed on a:wooden and plastic support. Some experiments were
carried out with the same stimuli as those used in the GHz-TEM cell, transmitted by
a calibrated electric dipole mounted on a tripod. Other informal experiments were
performed by a man bringing the active GSM transmitters (hand held and
portable) directly near the device under test. The disturbances on the fixed
telephones were measured in the same way as in the GHz-TEM cell case.

3 - Test results

A certain number of telephones commonly used in the ltalian public
network were tested both using the GHz-TEM cell and the equipped flat roof.

As far as the GHz-TEM cell is concerned, figs. 2 and 3 show
respectively the noise rejected along the line and the level of the acoustic
disturbance vs. the electrical field strength of the GSM interferer. Telephones_
labelled as T1, T2, T6, T7 are samples produced by ditferent manutacturers of a
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very common model in Italy. The wide spread between the curves (more than
10 dB) can be justified by the different sensitivity of the electronic devices put on
the circuit boards of the telephones, by a slightly different arrangement of the
device under test and of its wires and by the uncertainty of the measuring
equipment. The shape of the telephone labelled as T3 looks like that of the
previous ones, but its circuits are shielded by a metallic box, making it suitable
for strong electromagnetic interference environments. Its immunity (rejected
noise lower than -50 dBmop and acoustic level of the order of 50 dB-SPL) is
higher than that of the previous models. An immunity of the same order of
magnitude was also achieved by a rugged and compact mode! (labelled TS)
without any peculiar shielding. The lowest immunity to the radiation was instead
obtained by the model iabelled T4, which uses-more sophisticated electronics
for the automatic answering function.

it is worthwhile noting that the sensmvny to the GSM interference was
caused in all cases by the electronic circuitry of the fixed telephones; in fact the
tests performed on an old electro-mechanical analogue telephone did not detect
any kind of dtsturbance even w.th very high mterlenng transmitted power (up to
20 W).

The :mmumty of two selected telephones (T1 and T3) to the GSM
interference was also compared with the immunity to different stimuli (GSM'Inke
emulated signal and sine-wave modulated by a 200 Hz square-wave). Thé
results of the comparison are shown in figs. 4 and 5 respectively for the noise
rejected along the line and the level of the acoustic disturbance. Note that the
spread between the curves is narrow, even if the true-GSM case results slightly
worse.

For the same selected telephones, ttgs 6 and 7 compare the tmmumty
parameters (noise rejected along the line and level of the acoustic disturbance)
measured in the GHz-TEM cell with those measured on the roof. The levels of
the electric field measured in the GH2-TEM cell have been translated to power
values in order to use the same scales for the two environments. The
measurements on the roof have been performed with the dipole vertically and
horizontally polarised and with the telephone kept vertical and horizontal, 1 m
far from the dipole. The spread between the curves is wide (more than 10 dB),
showing that the position of the interferer is crucial. The closest results between
the two environments have been obtained when using the same physical
conditions (telephone put in horizontal position and radiating antenna with
vertical polarisation), while the worst results have been detected when putting
the- telephone-in vedtical pasition and using a radiating antenna with honzontat
polansatton which, on.the other hand, is a very unusual arrangement.

4 - Conclusions

From the performed measurements, it results that the disturbances on
the fixed telephones:are due to the impuise shape of the TDMA GSM
transmission processed by the electronic circuitry of such telephones. Theretore,
only the old electro-mechanical analogue telephones are immune from the GSM
interference, while all the other current equipment is susceptible to close
distance GSM emissions, showung a strong dependence from the power of such
an emission.
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Simple and reliable measurements done with pulsed sine-waves give
immunity results quite similar to the true-GSM case. This measurement
technique can therefore be proposed as an effective alternative for the immunity
tests of the telephones when only low cost, general purpose instrumentation is
available (for instance for telephone manufacturers).

Out of the tested fixed telephones, just an RF-shielded mode! and
another with a very compact structure resulted complying with immunity
requirements up to 6 V/m GSM field strength (that is 0.8 W GSM emission at
1 m distance), while some models did not even comply with 3 V/m (i.e. 0.8 W
GSM emission at 2 m distance).

The recent decisions .made in SMG#7 to leave just the two lowest
classes for GSM hand-held units (0.8 W and 2 W) and to assign the remaining
two classes (5 W and 8 W) to the vehicle/portable mobiles are then aiso
supported by the above considerations.
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Fig. 1 Representation of the axpéﬁmqntal.sqtup for the measurements in the GHz-TEM
Cell -
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" Fig. 2 Rejected noise along the line for the measured telephones in the GHz-TEM cell with
the GSM signal.
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Fig. 3 Level of the acoustic disturbance for the measdred telephones in the GH2-TEM cell
with the GSM signal.

Vim

Fig. 4 Rejected noise along the line for two sémples of telephones in the GHz-TEM cell
with the GSM signal (straight line), the GSM pulse simulation and the 200 Hz
square wave pulse modulation (dotted lines).
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Fig. 5 Level of the acoustic disturbance for for two sa?nples of telephones in the GHz-TEM
cell with the GSM signal (straight line), the GSM puise simulation and the 200 Hz
square wave pulse modulation (dotted lines).

tm.

Fig. 6 Rejected noise along the line for two samgles of telephones in the GHz-TEM cell
with the GSM signal (straight line) and in the roof environment for various antenna
polarisations and phone positions (dotted lines). ;
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Fig. 7 Level of the acoustic disturbance for two samples of telephones in the GHz-TEM
cell with the GSM signal (straight line) and in the roof environment for various

antenna polarisations and phone positions (dotted lines). ,
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Sammendrag

Rapporten tar for scg TDMA - Time Division Multiple Access - strukturen i GSM og DECT
systemene og pipeker faren for herbar interferens i elektronisk utstyr med audio-utgang. Det
er foretatt interferens miling pa 12 godkjente telefonapparater og resultatene viser en meget stor

spredning i immuniteten.
GSM-systemet vil gi sjenerende interferens i mange av telefonene pd flere meters avstand.

Title
Interference from the TDMA structure in digital mobile communication to PSTN

Abstract v

The report deals with the TDMA - Time Division Multiple Access - structure in the GSM and
DECT systems and pays attention to the risk of audible interference in electronic devices with
audio output. For 12 type approved analog PSTN telephone sets, the interference has been me-
asured and the results show a great variation in immunity level.

The GSM system will give rise to harmful interference in many of the examined telephone sets
for a distance of many metres.
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1 Introduction

TDMA, Time Division Multiple Access, is becoming widely used in modern digital radio,
particularly for mobile communication. In this way the carrier can be shared by a number
of users. In GSM, the new digital mobile communication developed by ETSI, a 900 MHz
carrier is divided into 8 slots for 8 different mobile users. Each timeslot is 0.5428 ms with
a repetition frequency of 217 Hz. In the remaining OFF condition when the 7 other users

are on air, the 900 MHz carrier is to be below 70 dB referred to the ON condition.

From an interference point of view, this is an amplitude modulation which has the possibili-
ty to create a lot of interference in other electronic devices. Analog mobile communication
such as NMT and TACS has a constant RF envelope with narrowband frequency modula-
tion and other electronic devices are not sensitive to these RF signals.

Serious interference is mainly due to rapid changes in the envelope of the high frequency
interferer and therefore all kinds of amplitude modulation of a potential interferer will in-
crease the risk for incompatibility between systems using radio communication and other
IT-equipment. ‘
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2 TDMA, Demodulated frequency spectrﬁm

The RF spectrum from one mobile may be like fig 1 below. This is the RF burst from a
GSM mobile in the 900 MHz frequency band.

to T

to=0.577 ms
T=4.615 ms

Figur 2.1: TDMA structure for GSM

The amplitude of the frequency spectrum is now given by

. nme,

Fp = Tl =T . @.1)

nni,

The relative spectrum is shown in annex 1. As can be scen, there is a component for each
217 Hz and the spectrum has zeroes given by T/to times the pulse repetition frequency.

In the same way we can calculate the TDMA spectrum for the DECT system. Here the RF
pulse duration is 0.4167 ms with a pulse repetition frequency of 100 Hz. This relative frequ-
ency spectrum is given in annex 2. This TDMA structure gives a component for each 100
Hz with zeroes for each T/to ( = 24) times 100 Hz.

The spectrum from this TDMA structure gives most of the demodulated energy in the au-
dio frequency band. Therefore there is a great risk that such TDMA signals give audible in-
terference in electronic devices intended for audio-output such as hearing aids and ordinary
PSTN telephone set.

In this report we will give results from measurements on type approved analog PSTN sets.
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3 Measurement set-up, method of measurement

For the time being there is no existing requirement for immunity of analog telephone sets.
Therefore there is no standardized measurement set-up and method of measurements.

In the frequency band we are talking about, 1 GHz and above, the generation of the RF-
field and how the field is coupled to the victim’s electronic circuit is of greatest importance
to the interference results. Our suggestion is that the measurement should be as “real life”
as possible and therefore much effort is given to assure a reproduceable and realistic immu-
nity test which gives as exact as possible the interference level the user can, in the worst
case, be exposed to.

Annex 3 gives the overview of the instrument set-up in a semi-anechoic chamber. During
the measurement we realized the very importance of positioning the telephone set and the
transmit antenna. The telephone set was placed on a tumntable for rotation 0-360 dgr and
the antenna was rotated in the horizontal and vertical position in the height from 0.95 to
220 m.

The highest interference level occurred at an exact position of both the telephone and the
antenna indicating that the RF-field was coupled to the PCB of the telephone and not indu-
ced via telephone line or handset cable. In an ordinary desk telephone where the PCB is ho-
rizontal the interference level was much higher for horizontal polarized field than for verti-
cal, although the telephone line and the handset cable were vertical as shown on the set-up.

Now the antenna in a mobile system is foreseen to be vertical, but when using a handheld
mobile set, the angle to the vertical is about 65 degrees and in practice the angle can be in
the whole range from O to 90 degrees. For car mounted antennas, the angle should be near-
1y O degrees to the vertical, but even here the antenna may be more horizontal because of
the convenient capasitive coupled window antenna. When using & one piece telephone set,
the angle can of course be the same for the fixed and the mobile telephone.

The measurements are taken at a distance of 3 m from the interferer antenna to the tele-
phone. In this frequency band the far field distance is less than 0.25 m, s0 you can easily
calculate the interference level for any distance of interest.

The interference level was measured both at receive and transmit side of the fixed telepho-
ne. On the receive side, the interference was weighted with A-filter and on transmit side
the psophometer filter was used.

Due to the high electric field, and problem of filtering to the anechoic chamber, we had to
use a passive acoustic coupler with tight coupling. This tight coupling had of course some.
influenrce of the frequency response of the handset, but when using the A-filter the influen-
ce was minimized. A typical frequency response is given in annex 4 for telephone set no 8.
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4 Measurements results for GSM-TDMA- structure

The immunity measurements have been taken for 12 seperate telephone sets, 8 ordinary
desk telephones and 4 one piece, handheld, telephone sets. They are all type approved for
use in the fixed telephone network in Norway.

When measuring interference noise at the receive side of the telephone, we used 1000 Hz,
with -10 dBm from the fixed side as reference. The noise was then weighted with A-filter
and the S/N ratio was calculated. The noise measurement at the transmit side was absolute
value, weighted with psophometric filter. The results are shown in annex $ for receive and
6 for transmit. As can be seen there is a quadratic function from RF-power to noise power.
When increasing the RF-power by 3 dB, the noise increases by 6 dB. The high transmit noi-
se level for telephone no 4 with low interference power is due to high internal noise. Be-
low 8 watts GSM power the internal noise is dominant in this telephone.

If we use 0.8 W RF-power on 3 m distance, the S/N for the receiver for the most immune
telephone set is about 60 dB and down to 7.7 dB for the most sensitive one. This extreme
difference is hard to explain, but this is the consequence of the lack of requirements for
field immunity. On the transmit side the same function can be seen, but there are differen-
ces in interference noise from receive to transmit side. If we refer to the same RF-power
the most immune telephone has a noise level of -71 dBmp and the most sensitive one 2 noi-
se level of -21.8 dBmp.

From the measured noise values for the receive side in annex 5 we can calculate the graph
where the S/N ratio is given as a function of distance from the interferer. Annex 14 and 15
give the signal/noise with 0.8 W handheld and 10 W car-mounted GSM-telephone. Now
we can divide the telephone sets into three groups. Set no 1, 2, 8 and 12 are the most sensi-
tive, 5 and 7 are in the middle group, while the most immune are sets no 3, 4, 6, 9, 10 and
11.

If we accept 40 dB S/N as a minimum quality level and the interferer is a 10 W GSM tele-
phone 10 m away from the fixed telephone, 6 of the 12 telephone sets must be rejected.
They all have too high interference noise and for telephone set no 2 the car must be more
than 70 m away to satisfy the fixed telephone user. However, we cannot draw the conclu-
sion that every user of telephone no 2 is disturbed by the GSM telephone 70 m away, this
is a worst case situation, but this exercise gives us an idea of the problem and indicates
that sooner or later this problem will arise.

In these measurements we have always used RF-power as reference, but when talking im-
munity, field strength is the most commonly used criteria. If we look at the instrument set-
up in annex 3 where we have a halfwave dipole 0.95 - 2.2 m above perfect reflecting
ground and an RF-power of 0.8 W 900 MHz, we come up with 3.9 V/m for horizontal pola-
rized field and 3.7 V/m for vertical field. This calculation is based on far field equation and
with maximizing the height of the ransmitter antenna.

If we have a quality standard of 40 GB S/N on ihe receive side, from ise graph of annex 5
we can calculate the immunity for each of the 12 telephone sets. The best telephone has an
immunity of 12.3 V/m and the most sensitive can only withstand 0.6 V/m. This 26 dB vari-
ation in immunity brings dramatic consequences in quality performances.

As mentioned earlier, the TDMA frequency spectrum has most of its cnergy in the audfo
frequency band. In annex 7 to 10 there are examples of frequency plot on the receive side
for telephone no 2, 3, 5 and 8. For reference the 1000 Hz / -10 dBm tone is also plotted on



Page 88
GTS 05.90 version 6.0.0: January 2001

the same diagram. By comparing this measured spectrum with that of the calculated one in
chapter 2, a great conformity is found. In the lowest frequency band you have lower interfe-
rence values due to the electric/acoustic frequency response of the telephone and the A-fil-
ter.

4.1 Consequences for PSTN user in three different interference environ-
ments

The interference from mobile transmitters using TDMA is influenced by a great number of
factors. We have the RF-power, the distance from the interferer to the victims, antenna posi-
tion, additional attenuation in walls and the possibility of shadowing effects of the human
body or other obstacles. The user environment is therefore divided into three different inter-
ference cases; office, village and base-station surroundings.

4.1.1 Office

In a typical office environment there is a fixed telephone in each room and when the mobi-
le user is walking in the corridor outside, the interference distance is in the range of three
meters. The RE-power from the GSM mobile may be as high as 2.0 W and down to 10
mW. The plot 5 and 6 can therefore be used without any changes. The antenna efficiency
for the handheld station is in the range of O to -3 dB referred to dipole, so that when refer-
ring to power delivered to dipole you must take this loss into consideration.

4.1.2 Village

A village or small town is, especially in Norway, characterised by single-family houses
made by wood situated near the road. In this situation the interference environment for the
fixed telephone user is quite different from the office situation. The RF-power from the car
mounted mobile telephone can, according to GSM specification, be up to 20 W, but when
talking to mobile operators 10 W is more realistic. The interference distance from the road
to the fixed telephone may be in the range of 5 - 10 m. The dry wooden walls give no addi-
tional attenuation.

If we look at a situation where 2 10 W mobile is running 6 m away from the fixed tele-
phone set, the S/N ratio can be as high as -2.3 dB when using telephone no 2. A speech
quality of 40 dB S/N is obtained when the car is 73 m away. In the Norwegian requirement
for fixed telephone, the intemal noise to the fixed lines should be below -65 dBmp. In or-
der to meet this requirement, the interference distance is more than 80 m.

This exercise is of course extreme in the sense that you have the worst case of interference
and the fired teicphue user has the most seusitive telephone, but if you look at the great
number of fixed telephones and the number of GSM mobiles which is expected in the fuw-
re, the worst case will also arise.

As mentioned earlier, there is a great difference in the capability to withstand this TDMA
interference. The mean value for all 12 telephone sets is 36.8 dB S/N and standard devia-
tion 19.9 dB when the interference distance is 3 m and the RF power 0.8 W. For the trans-
mitter the mean psophometric noise is -46.2 dBmp with standard deviation of 15.0 dB.
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Using this figure for calculating the necessary interference distancé we come up with 12.8
m for 40 dB S/N on the receive side and 31.4 m for -65 dBmp on the transmit side.

The conclusion for fixed telephone users in village areas is that there is a strong possibility
for unacceptable TDMA interference from car mounted GSM telephones.

4.13 Base station surroundings

The TDMA structure of the RF signal is a function of the traffic load in the base station,
but you can have the same RF burst in this direction as from the mobile. The RF power is
up to 40 W for each carrier and the antenna gain may be 10 dB. If this is the case when
calculating the necessary interference distance you come up with 198 m in order to meet
the noise requirements on the transmit side using the mean value for the 12 telephone sets.
In this situation using the highest power and high gain antenna the number of nearby fixed
telephones will probably be low. A more realistic situation will be using 10 W RF power
and 6 dB gain antenna. The interference distance is now 62 m for -65 dBmp on the trans-
mit side and 25 m for 40 dB S/N on the receive side.

The base station is on the air all the time and the fixed telephone user will be exposed to
this TDMA interference whenever the subscriber is calling.

For the operator there is also the possibility that the fixed telephone at the base station ser-
vice center will be disturbed.

The operator of TDMA structure mobile systems must be aware of the relatively strong pos-
sibility of unwanted disturbances for the fixed subscriber in the base stations neighbour-
hood.
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5 Measurements results for DECT-TDMA structure

The TDMA structure for DECT is somewhat different than shown in chapter 2. The pulse
repetition frequency is 100 Hz giving the frequency spectrum in annex 2.

The RF power is defined to be maximum 250 mW EIRP and the interference level for tele-
phone no 2, 5 and 8 is shown in annex 11 to 13. Comparing this interference to a GSM te-
lephone with 0.8 W the noise is 30-40 dB lower for DECT telephone than for GSM.

This lower interference is caused by a lot of factors. The reduction of RF-power lower the
noise by 10 dB, the doubling of the frequency gives 6 dB lower interference voltage cau-
sing 12 dB lower noise, and with this higher frequency the distributed capacitance on the
PCB acts as a low pass filter reducing the induced interference voltage.

The potential TDMA interference from DECT into fixed telephone sets is then seen to be
much lower than for GSM due to the higher frequency and the lower radiated power. This

is not to say that TDMA in 2 GHz band is of no problem from an interference point of
view.
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6 Conclusion

As the mesaurements have shown there is a high interference potential from a TDMA struc-
ture mobile communication system, particulary with the high power transmitters as in the
GSM system. The lack of immunity requirements in the VHF/UHF band for amplitude mo-
dulated field is a serious matter which has to be dealt with within the relevant standardi-
zing institutions, like ETSI and CENELEC. Some considerations has been given to this sub-
ject in for instance ETSL In a meeting in Paris 10-14 November 1990 in TC-RES a paper
was presented by UK DTI - Radiocommunication Agency “THE EMC CONUNDRUM -
TDMA TECHNOLOGY™. A lot of measurements results from hearing aids exposed by
TDMA interference are presented and the conclusions are “that the proposed generic immu-
nity standard of 3 V/m does not offer adequate protection from radio transmitters”.

But for the fixed telephones already in use there is little help in better standards for the fu-
ture. The mobile system operators must be responsible and take proper action to assure the
fixed subscriber a conversation free from TDMA interference also in the future. This is not
an easy match, but the cost must be on the interferer and not the victim.
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Annex 14

GSM-power 0,8 w (Handheld)

075, 3 6 10 12 20 24 30 m

1.5 EH.920001-2
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Annex 15

GSM-power 10 w (Car-mounted)
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