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Table ¢ Neasured Field strengths Near GSX 2 Watt Xand-Keld
Mobile Telephone, (Source Teleccz Research
Laboratoriss personal communication)
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Tigure 1 Sample Fraguency Spectrum of a Nearinyg Aid Output
with Ianterfereace
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Figure 2 asM Transuitter - Test Bet~Up for Bimulating
Transmission
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Yigure 3 Nearing Aid output with an lIaterfering Signal -
Test Bet-Dp
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rigure 4 sapple Acoustic Frequeacy Response of Nearing
Aid, with apd without extended tube to 2¢c
coupler asoustic load.
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Annex G: Studies on interference from GSM terminals to the fixed network
telsphone equipment

This Anngx includes four studies on the interference from GSM terminals to the fixed network
teluphone equipment. The studies are made by BTL, France Telecom, CSELT/SIP snd Televerkets
Forskningsinstitutt.
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ETSISTC SMG1 No.§ T.Doc 5293 Rev )
9th - 12th March 1993 :
Brighton, UK

Suurce : BTL (UK
Subject EMC Considerstions for fized telepbones i the UK
The table below shows the results of testing the immunity of various fixed telephones gnd PBX equipment

(both snalogue and digital) vailadle in the UK. The testing was conducted at 3V/m and 10V/m uging 2
simulsted GSM test signal as the interference.

Midrungs  Modulaves  Muomim
Carriw- Type Freld- R 4 H v L T
Frequancy Srrangth
(MHz) (Vim) s b b 3 3 ™M % dc $

%66 cw 3 . . - . . . . . .
- " 10 ‘ . . . . . . .
" AM 3 2 4 F - - . . v
" : 10 . . . . . - - ¥
- cT2 3 F ¥ - . . - - .
- " 10 , . ) . . . . ¥

$10 cw 3 . . . . . . . .
. - 10 . . ,
- AM 3 ¥ | 4 F . - - . -
r d 10 R . A R . . . F
. cT2 3 . . r . . . . .
" " 10 . . .

985 cw 3
" v 10 . . .
- AM 3 F F ) 4
d - 10 . . .
- CT3 3 F - F
L “ ‘o N 5

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 3 digtance of 1m from a Class 4 mobile, Therefore,
atthough it is recognised that interference from GSM mobiles 1o fixed telephones is an issue, due 0 the
UK immunity standard for fixad telephones, this is not considersd 8 major problem in the UK.

Key :-
F Failed togt
. 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
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Sourﬁo: ) France Telecom
Subject: EMC considerstions for fixed telephones in Frunce
Liptredyction

Mobile GSM portable terminais have been identified in France ss primary sources of
interfersnce 1o fixsed telephones, slectro scoustcal devices and video dispiays.
As these were, st first subjective results, tasting of the immunity of various fixed teisphones at
ciose distance of » programmabie G8M portabie equipment was undertaien,

Experiments

A commaerciglly svaisbie GEM unit was used for these tests,with s specific test SIM card.
This card transforms the terminal into & programmabie unit with the possibiiity of chosing, the
fregquency (channel), the peak powet and the sequence as well 88 many other parameters.

AL Erpguency and feidstrencth:
The testing was conductad with field strength of 10 V/im and 3 Vim and 882 MMz frequency (
by using two levels of power at the same distance of the terminal ;. one with a peak power of
B Watts, the other with a peak power of sbout 2 Watts)

£\ Periormance criterin;

A vety important point conceming the immunity of the telephone is the performance criteria.
For fixed telephones or scoustioal devices, the main performance criteria is the fact that no
noiss sheuid be listened 10, cavsed by the GEM TDMA pulses (217 Hz end harmonics)
occuring by audio rectification in the IC empiflers,or non Bnesr crcults of the
slectroacoustical devices.

in addition, for fixad teiephones or PABXs , the sugio rectification signal should not be sent in
giferential mode siong the teiephone iine . it means thut the correspondent should not listen
10 the demoduiated signais occuring by the presence of GSM unit closs {0 the telephone at
the other end, ;

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

First. tte demoduisied RF aignal shauld not be sent on the telephone fine with a power leve
higher than - 50 dBm in the sudio transmission band , on a 600 Ohms impedunce-tsiephone--
line with » differential mode.

Second, no noise.higher than S0 dBa weighted, shoulki be istensd in the sarphone or in the
audictransducers

These parameters caracterize the performance griterig in the presence of RF fisigstrength
and provide 8 generslly sccspted representation of the effect of good performence.Of
courss, no interruption of call , neither ioss of stored numbers in memory should oceur

The sppendix show the test description ang detaiieq reguits on thess immunity tests.
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L Aesufts gnd consiugion

With these parsmeters, it has besn shown that .

Teday, no telephone analog equipment or audio terminal van comply with & 10 V/m
GSM type, flaidetrength

sithough EMC standards are mandatory in the country ( 1 or 3 V/m compliance is scoepted
with the oid IEC 801-3 frequency iimits 30 to 500 Mz plus AM modulation 1 kiHz 80 %)

and 3 on 8 fixed felephone eguipment will comply with 3 \Wm immunity requirements.

it has to be mentoned that no ioss of ongoing call, "o dialing emor , nobudmnd
information occured, but the demodulsted level wes unacospiable .

Most of ETSI or CENELEC standards on EMC state only that no loss of ongoing call, no
disiing sfvor, no loss of stored date is the parformance criteria , R is proved not sufficient to
833083 the slectromagnetic compatbiity.

Even ., i it covid be considered that if in the future, 8 specific sianderd from the CENELEC
concaming teiephone could inciude such immunky requirements, the GSM interfsrence
mwuuummmmmmmmumdmphmumpmm
that sre susceptible to doss distance GSM emissions. -

We consider that f 8 8 W porfadie GSM terminal is used, the maximum distance of potential
interforence is typically abouyt 10 meters mudsmum, and ¥ a 2 Watls GSM ferming/ is used
this distence is reduced 1o 8 muximum of § meters.

in any case, we recommend that for non car-embarked GSM terminals, the redisted power
should nat be higher than 2 Watls peak power,

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

1t is considernd that interference from GSM terminals 1 fixed telephones and PABX is sn
issue through the Europsan community, sven ¥ bdody wom sudic and heatth eiectronic
equipment is 8 major gnd much more important issue.



77

ETR 108:1994 (GSM 05.90 version ¢ 2.7

In order to svaluste the immunity of slectronic telephones 10 the smission of GSM terminals,
two types of experiments wers carried out:

First, a subjective test in & sacretary office, the second is & formal immunity test in a semi-
anschoic room .

L.1.Sublective tet

in an ordinary secrutary offics, many different fixed telephones were installed .

We ssked 10 various psopie present there to call with these telephones. An operstor using a
GSM portable 8 Watts pesk terminal made a cail ot the same tme.

As s00n as the first phase of GSM search ccoured, all the teiephones instalied in the office
were more or less highly disturbed by the presence of the GEM emission by superimposing
@ noise on the telephone sudio band.

For the peopie who were the cioser of the GSM terminal, the noise wes not toleradle (1 m
typically) and ss the people wers farther, mmmum was made possibie.

Typicaily, st a distance higher of S meters, the communication with the GSM did not disturb
the other telephones.

1.2 mmyniy tees

The same GSM terminal was used in 8 semi anechoic Fareday cage end at a distance of
meters some fixed tolephone terminais were set up with a test fiture in order to evaluste the
demoduisted audio noise provided by sudic rectification on the sarphone and on the
telophona line .

To avoid sny coupling with the field strength , the mouunmom equipment was put outside
the semi-anechoic room,

The flsid strength was aiso monitored to make a correlation between the cutput power, the
field strength and the demodulated output.

LARESULTS

COM Subu | OMOuma OB Cupa (O Dupu | O5M Sup | OIM Cupa |
No v ? Ne- s 2 |
o B — Doy Tomiei— e o TR o e 5
sutia level (OM) | ausie level (OM) | se loval (DW) | (@A) (WBA) (4Ba)
(90 o 80) | ighm coWE) | (69m epot)
e e e
—A— 8% g— ~%
- _ﬂﬂ : — 9 ~a_ Ts
el i ) 1—, N =] -
The limits are -50 dBmop/800 Ohms of demodulated level siong the line differential mode

{OM),and typically 50 dBA on scoustic ievel st mplrphom
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Source: CSELT/SIP

EMC considerations for fixed telephones in Italy

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. 89/83) and in Norway (SMG2
Tdoe. 100/83).

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

2 - Measurement procedure

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

2.1 - Generation of the GSM interference

Most experiments were carried out using an interfering signal
produced by & transportable GSM mobile squipment communicating with 8
base station at a constant powar lave! (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 4B directional coupler and sent to the radiating antenna through an RF power
amplifier. The signal power level at the antenna was regulated by a variable
attenuator gnd checked by means of a pegk power meter.

Other experiments were aiso performed by emulating the GSM
emission through 8 sims-wave (generated by means of & frequency synthesises)
modulated by pulses (produced by an arbitrary waveform generator). Two
modulating signals were considersd: a pulse repreducing the GSM frame
(repatition rate equal to 216.8 Mz, duty cycle of 1/8, guard time equivalent to that
of GSM bursts) and 8 200 Mz square wave with a duty cycle of 50%.

2.2 - Performance criteria for the immunity tegls

The foliowing parameters werg yseg in order to evaiuate the immunity
of the fixed telephong to radiated or conductyd interferances.
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» boise rejected along 1he ling (expressed in dBmop on
600 §1), measured by a psophometer and weighted by
CCITT curve. A maximum value of -50 dBmop i3
consistent with the current trend in CENELEC standards.

* Layel cf the acoustic digturbance (expressed in dB-SPL,
weighted with the A curve) listened by an enificial ear
coupled with the handset. Even if no limits are currently
specified, on the basis of laboratory experience, a level of
80 dB-SPL can be considered clearly sudible, while B
levei of 70 dB-SPL gives trouble to the conversation.

2.3 - Test setup

Formal tests were carried out in & GHz-TEM cell using the biock
diagram shown in fig. 1; the devices under test were interterad by a vertically-
polarised plans-wave produced by a radiating element fed by the GSM test signal.
The acoustic disturbance was measured by an audio analyser connected (0 an
artificisl esr, while the noise rejected along the line was measured by &
psophometer. A preliminary calibration of the electrical fisld strength was
performed by using a continuous wave signal, whose aquivalence with the level of
the GSM stimulus was established by means of a pesk power mater.
Measurement have been performed for electrical fieid strength of 3, 6, 10 and
15 Vim.

The correspondence between the electrical field measured in the GHz-TEM
cell and the power transmitted by-8 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 eiectrical fieid vaiues measured at one maeter cistance from
the calibrated dipoie had a good correspondence with the expected values of the
trangmitted power {~8 V/m tor 0.8 W, ~10 V/m tor 2 W, ~16 V/m for 5 W and
~20V/im for 8 W).

The squipped flat roof was aiso used for informal tests: the devices under
test were pinced 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 & man bringing the active GSM transmitters (hand held and

portable) directly near the device under test. The disturbances o the fixed -

telephones were measursd in the same way as in the GHz-TEM cell case.

3 ~ Test results

A certain number of telephones eammonly used in the Itelian public
network were tested both using the GHz-YEM cell and the equipped flat roof.

As far as the GHz-TEM cell i§ goncerned, figs. 2 and 3 show
respectively the noise rejected along thg line and the tevel of the acoustic
disturbance vs. the slectrical field girength of the GSM interferer. Telephones_
labelied as T1, T2, T8, T7 are samples produced Dy different manutacturers of 8
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very common model in ltaly. The wide spreacd between the curves (more than
10 ¢B) can be justified by the ditterent sensitivity of the electronic devices put on
the circuit boards of the telephones, by & slightly ditferent arrangement of the
device under test and of its wires and Dy the uncenainty of the measuring
equipment. The shape of the telephone iabelled as T3 iooks like that of the
previous ones, but its circuits are shigided by a metallic box, making it suitable
for strong electromagnaetic interterence environments. Its immunity (rejected
noise lower than -50 dBmop and acoustic level of the order of 50 ¢B-SPL) is
higher than that of the pravious models. An immunity of the same order of
magnitude was aliso achieved by a rugged and compact mode! (labelled T5)
without any peculiar shielding. The lowest immunity 1o the radiation was instead
obtained by the model labelled T4, which uses -more sophisticated electronics
for the automatic answering function. .

it is worthwhile noting that the sensitivity to the QSM interfersnce was
caused in all cases by the glectronic circuitry of the fixed telephones: in fact the
tests performed cn an old electro-mechanical analogue teigphone dig not detect
any kingd of disturbance, even with very high interfering transmitted power (up to
20 W), ; : , .
The immunity of two selected telephones (T1 and T3) to the GSM
interference was aiso compared with the immunity 10 difierent stimuli (GSM-like
emuiated signal and sine-wave modulated by & 200 Hz square-wave). The
resufts of the comparison are shown in figs. 4 and 5 respectively for the noise
rejected aiong the line and the level of the acoustic disturbance. Note that the
spread between the curves is narrow, even if the true-GSM case rasults slightly
worse. ‘

For the same selected ielephones, figs. 8 and 7 compare the immunity
parameters (noise rejectad along the ling and leve! of the acoustic disturbance)
measured in the GH2-TEM cell with those measured on the root, The leveis of
the electric field measured in the GHZ-TEM cell have been transiated to power
vaiues in order to use the same scales for the two environments. The
measurements on the roo! have been performed with the dipole vertically and
horizontally polarised and with the telephone kept vertical and horizontal, 1 m
tar 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 poisrisation), while the worst results have been detected when putting
the- teiephone in vedical pasitian and using. a radiating antenns with horizonta
polarisation, which, on.the other hgnd, is g very unusua! grrangement.

4 - Conclusions

From the performed meagurementy, it results that the gisturbances on
the fixed telephonss:are due 1o the impulse shape of the TDMA GSM
transmission processed by the electrnic girguitry of such telgphones. Therefors,
only the oid electro-mechanical analogug telephones sre immune from the GSM
interference, while all the Other curreat gauipment iy susceptible 19 clcsq
distance GSM emissions. showing § strong gepandence from the power of such
an emission. T -

-
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Simple and reliable measurements done with pulsed sine-waves give
immunity results gquite similar to the true-GSM case. This measurement
technique can thergfore be proposed as an effective aiternative for the immunity
1ests of the telephones when only low cost, general purpose instrumentation is
avuilable (for instance for telephone manufacturers).

Out of the tested fixed telephones, just an RF-shisided model and
gnother with & very compact structure resulted complying with immunity
requirements up to 6 V/m GSM fieid 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 smission &t 2 m distance).

The recent decisions made in SMG#7 to igave just the two lowest
classes for GSM hand-heid units (0.8 W and 2 W) and to assign the remaining
two classes (5W and 8 W) 10 the vehicle/pontable mobiles are then aiso
supported by the above considerations.
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Fig. 1 Representation of the experimantal. setup for the measurements in the GHz-TEM
Csll , -
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~ Fig. 2 Rejected noise aiong the line for the meqgured telephones in the GHz-TEM cell with
the GSM signal.
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Fig. 3 Level of the acoustic disturbance for the measured telephones in the GHz-TEM cell
with the GSM signal.

Fig. ¢ Rejected noise along the line for two oy of tolgphonn in the GHz-TEM cell
with the GSM signal (straight iine), the GEM pulse simulation and the 200 Hz
square wave puise modulation (dotted ingg),
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Fig. § Level of the acoustic disturbance for for two n}npln of telephones in the GHz-TEM
cell with the GSM signal (straight ling), the GSM puise simuiation and the 200 Hz
squars wave pulse modulation {dotted lines).

Fig. 6 Rejected noise along the line for two sampleg of te!ephones in the GHz-TEM cel)
with the GSM signal (straight line} gnd in thy root environment for various antenna
polarisations and phone positions (dotted linps). ;
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Fig. 7 Level of the acoustic disturbance for two samples of teiephones In the GHz-TEM
cell with the GSM signai (straight line) and in the roof envirenment for varlous
antenna polarisations and phone positions (dotted lines).
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Sammendrag

Rapporten tar for seg TDMA - Time Division Multiple Access - strukturen | USM og DECT
systemene og phpeker faren for herbar interferens i elekoonisk vistyr med audio-vigang. Det
er forerats interferens miling pi 12 godkjente telefonapparater og resultatens viser en meget stor
spredning i immuniteten,

GSM-systemet vil gi sjenerende imerferens i mange av welefonene pi flere meters svsiand.

Title
Intecfermnce fom the TDMA stucture in digital mobile communication to PSTN

P

Abstract

The report desls with the TDMA - Time Division Multiply Access - structure in the GSM and
DECT systems and pays attention (o the risk of pudible intsrference in slzctronic devices with
audio output. For 12 type approved anslog PSTN islephang gets, the interference has been me-
asured and the results show a greas vasiation in immunigy lpvel.

The GSM system will give rise 1o hamful inwetference in myny of the examined telephone seis
for a distance of many metres.
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1 Introduction

TDMA. Time Division Multiple Access, is becoming widely used in modem digiwl radio,
particulasly for mobile communication. In this way the currier 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 timesiot 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 cartier 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 hus a coostant RF envelope with narrowband frequency modula-
tion and other slectonic 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 rsdic 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=(,577 ms
Te4.615 ms

Figur 2.1: TDMA structure for GSM

The amplitude of the frequency spectrum is now given by

sin nKly

F = };u; ”;z- ‘ , @0

T

The relative spectrum is shown in annex 1. As can be seen, there is 8 component for each
217 Hz and the specum 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 Hg,

The spectrum from this TDMA structure givey most of the demodulated energy in the au-
dio frequency band. Therefore there is a grest yisg that such TOMA signals give audible in-
terference in electronic devices intended for aydio. output such s hearing aids and ordinary
PSTN telephone set.

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

For the time being there i3 no existing requirement for immunity of analog telephone sets.
Therefore there is no sandardized 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
10 the interference results. Our suggestion is that the measurement should be as “real life”
as possible and therefore much effort is given 10 assure a reproducesble and realistic immu-
nity test which gives as exact as posaible the interference leve!l the user can, in the worst
case, be exposad to.

Annex 3 gives the overview of the instrument set-up in s 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 oo s tumtable for rotation 0-360 dgr and
the antenna was rotated in the horizontal and vertical position in the height from 0.95 to
2.20 m.

The highest interference Jevel 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 vis telephone line or handset cable. In an ordinary desk telephone where the PCB is ho-
rizonta] the interference level was much higher for horizontal polarized field than for verti-
cal, although the telephone line and the handset cable were vestical a3 shown on the set-up.

Now the antenna in & mobile system is foreseen 10 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-
ly 0 degrees to0 the vestical, but even here the antenna may be more horizontal because of
the convenient capasitive coupled window antenns. When using 8 one piece telephone set,
the angle can of course be the same for the fixed and the mobile telephone.

The measurements are taken st a distance of 3 m from the interferer antenna 0 the tele-
phone. In this frequency band the far fisld distance is less than 0.25 m, 50 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 » passive acoustic coupler with tight coupling. This tight coupling had of course some
infivenrce 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.



