
Page 68
ETR 357 (GSM 05.90 version 5.0.0): January 1997

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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Subject : EMC Considerations forH telephonesbttheUK

TM tablebdow showsthexesdts of testingths imnmnityof variousfixedtdcphoncsandPBXup@um
(bothanalogucanddigkd)availableintheUK The@dngwasconductedat3V/m and 10V/m using a
simulated GSM testsignalasthsintufercncs.
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Itcanbc ssenthattbsvast majorityoftclep--klqti equipmcnttsstalis notsawzptiblcat
evcn10V/3n ThisfisIda&uut13will betwssetUSta~of lmfroma Class4mobik. ThcrCfm.
skboughit is recognisedtha{interferem%tim GSMmobilesto fixedtelephonesis an NXUC,dueto the
UKimmunitystandardforfixedtelephones,this is not considereda majorproblemin theUK.

* :“

F Failsdtest
. Passsdteat
. Nottsstcd

whenfailllmUiteliaWss40dBPa.

1 PBXwithvarioustsrminaIequipment
2 PayPhone
3 MIDUDEMUXequipment
4 PBX with various terminal equipment
5 ISDNrquipment
6 Lineterminaleqwpment
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source: France Teleoom

Subject: EIWCoonsiderattons for = Wephonee in France

f.lmmduc?ion

Mobile GSM PO** terminals have been identified in France as primwy SOU_ of
mterferenoe to fbd telepho-, elao&o~ devime and video displays.
As these wmat firat,subjecdvamults, bating of W immunityof Vdous M telephones al
dose distmme of ● pmgmmmable GSA pwtabie equipment was undwtaken.

A oommerciislly●miletie GSM urdtwas used fortheee teets,with● apadlk test SIM card.
mls-m-mm~t ia~mtimm~~daa~,ti
frequency (channel),the peak powr and the aequance as well as many other parameters.

p Performsnoe orite~
A vefy impoftant point ~ming the immunityd the telephone is the pXfOmUtn= @tefia.
For fixed telephones or aoouSM~, themain pelfonnanoe cdte*ktif-tim
noise should be fm’tenadto, oaueed by the GSM TDMA pulses (217 Hz ●nd harmonbs)
occuring by ●udb mctMoa@n in the IC ●mpillfars,or non linear dmuits of the

electroacmmtic4 devices.
In sddition, for fixad telaphohes or PABXs, the audio recMcaM“ signal should not be sent in
dff’Fef8fW mOde along the tatephone tine. It means that the cxmespondent shoutdnot tieten

-to the demodulated signals occunng by the pmsanoe of GSM unit dose to the telephone at
the other end.
TwQcriteria wedafinedi nFmnsf orthe tek@meemcaming their immunity to the
radiated or oonductad interference.
R~, ~RF_titi ~~tiatittiphm finetia~kvd
higherthan -50 dBm in the ●udii transmission band , on ● 600 Ohms ~tde@mne
line vuttha differentialmode.
Second, no nois+higher than 50 dBa weighted, should be listened m the earphone or in the
audiimnsducers
These pammeters camcterize the performance criteria in the presenoe of RF W-m
and provide a generally accepted mpresentadon of the ef!ect of good performance.Of
murse, no intem@on of call, neitherbee of stored numbers in memory should ooeur
The appendix shw the test deadptbn and detailed resultson these immunitytests.
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3 R-u?ts●td ooncluslq

tthasto bementioned that no-d ongoing cd,nodiaiingo rmr, m- of stored
informationoccxred, but tha dafn@@t8d bvel was u~ptabb. .

Even, ifitcouldbe@midemd thetifinthefutur8,88peC#io82andw’dfromthecENELEc
ammning telephone oould include euch immunity requirwnente, the GSM interferemoe
potentialWay ieto be Wan into aocount beoauee there q millionsoftelaphone equipment
that me eusceptlbb to dose dietanoe GSM ●mbaione .

We ameidertha! ifa 8Wpodabk GSM tetmhalk used, he mexhnumdstance ofpotenthl
intwbmnce& t@ca#y abouf $0 met- maxhum, andif•2 Watta GSM terminalis used
thi3dWenceismduoedtoa~m of5mdu8.
in any case, we mcmnwnd Uut for non ar~badmd GSM teminde, the radmed power
should not be higherthan 2 Watte paak power.

A oonbibutionon thie eubjeot oonoeming ● epedllo EMC standard of tetephone and PAM
equipm- shouldbe 8entto CENELEC.

ltisconeiderad thatintatfamoafm mGSM tarminaletofbcedMephoneeand PA6X isan
iseue fhrough the European oommunity, aven lf body worn ●udii and heafth eleotmnic
equipment*s major ●nd muohmom important i8eue.



Page 72
ETR 357 (GSM 05.90 version 5.0.0): January 1997

AQm!i!k
‘1.Me8swementOfdl 8 hnrnunttv of fixed ta Ienhotw ado mor@

In otder to evaluate the immunity of eleob’oniotelephones to the emission of GSM terminals,
two types of experimentsware oarriedout
First, a subjective t8$t in 8 aacret8fy -, the ~ is a formal immunity teat in a sem~
aneohoic room.

I.1.SubieotNe ~
●

h an ordnary secretsIY oflioe, many differentfixed telephoneswere ins@led .
We asked to Va*US people prasant them to call with these Wephone$. An openstorusinga
GSMportabk 8W_PSak~-a ~titi-mti.
Assoonasthe fhtpheaa of GSM~~-f@d, 8Utheteiephone$ WlWin~fi=
were mom or less hightyd~rbad by the presence of the GSM emission by w~rimP@ng
a noise on the telephone ●udm bend.
Fortie~@ Wowmti~rti tiGSM~, W*wsti-mM(l m
tY@osflY)and-* PS@O IJV@mferthef, ths oommun-n was made pos@b@.

,*

Typically, at a diatanoe higher of 5 meters, the communidkm with the GSM dd not d~urb
the uther telephones.

l.nnl munlhr ~

~e-m GSMtetiti -tibamtia~ F~~a&tiadtin= ofl
meters some fixed telephone terminals wem * up with ● test fbdwu in order to evaluate the
demodulated ●udo noise prwided by wdio n!dbabo.nMti~@toneandonthe
telephone line.

To avoid ●ny coupling with the fiatd strength , the maasumnent equipment vvaa put outside
the semi-aneohok room.

The field strength w ~. monbrad to make a oormlationbetween~- ~r, the
tleld strength and the demwhbted output.

3$.RESUL~

The limits are -50 dBrnopJ600 Ohms of clemodulatad level along the line differential mode
(DM),and typically 50 dBA on acoustic Ievd at the earphone
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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. 89/93) and in Norway (SMG2
Tdoc. 100/93).

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

2- Measurement proceduro

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

2.7- Generation of the GSM intedenmce

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 variable
attenuator and checked by means of a peak power meter.

Other experiments were also performed by emulating the GSM
emission through a sine-wave (gmmmtedby mearra of a-fr~ SYWU@S@
modulated by pulses (produced by an arbitrary waveform generator). Two
modulating signals were considered: a pulse reproducing the GSM frame
(repetition ~ate 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 50940.

2.2- Performance criteria 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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● JWM3 re~a the tinQ .(expressed in dBmop on
600 Q), measured by a psophometer and weighted by
CCllT curve. A maximum value of -50 dBmop is
consistent with the current trend in CENELEC standards.

. .
● vel of tht? ae~ (expressed in dB-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 verticaliy-
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
artificial ear, while the noise rejected along.,;the line was measured by a
psophometer. A preliminary calibration of the electrical field strength was
pdormed 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 between, the electrical field measured in the GHz-TEM
cell and the power transmitted by a GSM mobile was verified separately on a
propefiy equipped flat roof covered with a metal plating and supplied with panels
of absorbing mat#rial, which attenuate the scattering from other directions. It has
been verified -I the #ectricat field values measured at one meter distance from
the calibrated dipple had a good correspondence with the expected values of the

.trarmr@ttad 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 GS.M transmitters (hand held and
portable) directly near the device under test. Ttw disturbances or’r ttNJ 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 Italian 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, 17 are samples produced by different manufacturers of a
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very common model in Italy. The wide spread between the cumes (more than
10 d8) can be justified by the different ‘sensitivity of the electronic devicesput on
the circuit boards of the telephones, by a slightly different arrangement of the
device under test and of its wires and by the unceflainty of the measuring
equipment. The shapeofthe 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 inteflerence environments. lts 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 oder of
magnitude was also achieved by a rugged and compact model (Iabelled T5)
without any pecu~ar shielding. The lowest immunity to the radiation was instead
obtained by the modelkbelled T4. which uses”more sophisticated electronics
for the automatic answering function.

tt is worthwhile noting that the sensitivity to the GSM intefierence was
caused in all cases by the electronic circuitv of the fixed telephones: in fact the
tests performed on an oid electro=mechanicd analoguetelephone did not detect
any kind of disturbance, even with very high intefieflng transmitted power (up to
20 w).

The immunity of two selected telephones (Tl and 13) to the GSM
interference was alsocompared with the irnmuni’ty to different stimuli (GSM-lik8
emulated signal and sine-wave modulated. by a 200 Hz square-wave). Thd
resutts 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 resutts slightly
worse.

For the same selected telephones, figs. 6 and 7 compare the immunity
parameters (noise rejected along the line and level of the acoustic disturbance)
measured in the GJ=fzoTEMcell with those measured on the roof. The levels of
the electric field measured in the GHz-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 Ken 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
vefticaf polarisation), while the worst results have been detected when putting
the telepkmin ver?icaLposithn and using a radiating. antenna with horizontal
polarisation, which, on. the other hand, .is a very unuSual arrangement. ‘

4 = Conclusions

From the performed measurements, it fesutts that the disturbances on

the fixed telephones. are due to the impulse shape of the TDMA GSM
transmission processed by the electronic circuitry of such telephones. Therefore,
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, showing 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 model 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 Vehiclelpoftable mobiles are then also
suppofled by the above considerations.
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Fg. 3
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Fig. 5

Fig. 6

100

90

80

d64PL ?0

60

so

40

. ..... . . ... .. . ..................................... ......... ................. .. ......... ....,, . ..... . ...... ............... ......

........ ............................... ...... . ..................... .. . .... ,.,. . ,-,..

n~) ~
............................................... .....

0 s 6 9 12 1s

VI m

Level of the acoustic disturbance for for two samples of telephones in the Gt=tz-TEM
cell with the GSM signal (straight line), the GSM pulse Simulation and the 200 Hz
square wave pulse modulation (dotted lines).

.m

. -------- ---
.........................- *---::--.---

..-z~---%... ......... e.,.. !.... .K. ..-”R. . . . . . . . .. . . . .. .. . . .. .. .. . . .. . .. . .. . . .. .. .. . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . .
-. --sin--- .--:Z---. -- --

. .. . . .. . .. . . . . .. .. . . . . .. . .. . . . .. . .. . .. . . . . .. .. .. . . . . . .. . .. . . . . . . . . . . . .. . . . . . .. . . . . . . . .. . . . .. .. . .. . .. . . . . .

%=== --, ‘“/ : 1-------.-.-.-L---- ‘ ~~'..............................................................,_~*~..=-==---------------------------“ -

.,,

.,. ,,
? m. I

I

o 1 z 3 4 s.
w

Rejected noise along the line 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).



Page 80
ETR 357 (GSM 05.90 version 5.0.0): January 1997

100

90

80

d6+PL 70

60

so

40

I

.
...... ......... -e.=: =........................................... ... ............ ................. . ......

--...... ........... ......” . ...4.4 .:.;.:. .........G.........0...u.Oa.*.....................................................................
w

.......... . .. . . .. ... .... ... ...... . . . . . .

................ .. .. ............ ...................... ......................................... .... ........

1 m.

o ,1

Fig. 7 Level of the acoustic disturbance

2 3 6 s

w

for two samptes of telephones in the GHz-TEM
cell with the GSM signal (straight line) and in the roof environment for
antenna polarisations and phone positions (dotted lines).

various

I

,,.:
I ,,

.I. l

,. :

.’



Page 81
ETR 357 (GSM 05.90 version 5.0.0): January 1997

mTeleverketsForskningsinstitutt

Tittel ‘rF-rapport R 4CW2
Intcrkms fiaTDMA-sndmnencidigital
mobilkommunikaajonp&PSTN ISBN 82-423-0230=8

ISSN

ProsjektW

Forfattem Innsatsmdde M~mu*jon

EgilHaugcr
TilgjengdighetApm

Antalltdder 28

D&to 921006

Emneord
EMC TDMA Mobbmunikasjon

Sammendmg
E@ponentarfcmscgTDMA -Tme Division MultipleAccess-mndmxeniGSM ogDEC3
systcmencogp@& farcnforhdrbarintsrfcrcnaiekkmoniskutstyrmsdaudio-tttgang.Dct
mforctattintcrferensmtig @ 12godkjentetdsfonappamtcrogrssul~ viscrenmegststoc
-g iimmttnitcten.

GSM-systemctvilgisjawrendcintctfctuaaimange av tdefoncne p&flue meters●vstand.

Title
ktdcmxe from the TDMA structurein digital mobb communicationto PSTN

Abstract
Therqcm dealswiththeTDMA-Tnc Division MultipleAccess - structurein the GSMand
DECT systems and pays attentionto therisk of audibleintctfcrcncein slcctronic devices with
rnudiooutput. For 12 type approvedanalogPSTN telephonesets, the interferencehas been me-
Esumdand the results show a greatvariationin immunitylevel.

I’heGSMsystemwillgiverisetoharmfulintctfctcncein manyof theexamined tckphottc sets
fora distance of many metxcs.
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@ Teledircktoratetsforskningsavdcling 1992

Wtm4&b*tibTumm&t~aWax~*i
“Lov om oppbavsmtttil indsvcrk”, “k om rctt til fotografi”ogi“Avta&nMU~ _
ogrctighctshavcrncsaganisasjoncrom kopicringw opphawettsligbkyttet vcrk i
unden&@svkksomhct”.

,’

.
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1 Introduction

TDh& Tmc Division Multiple Access, is becoming widely used in modem digital radio,
particularlyformobilecommunication.Inthisway thecarriercanbcsharedbyanurnbcr
ofusers.inGSM, thenewdigitalmobilecommunkationdevelopedbyETSI,a900MHz
carrierisdivkkdinto8 slotsfor8 differentmobileusers.Eachtimcslotis0.5428ms with
arepetitionfrequencyof217Hz.IntheremainingOFF conditionwhenthe7 otherusers
arconair,the900MHz carrieristobcbelow70dB rcfcrrcdtotheON condition.‘

From an intcrbencc point ofview,thisisanamplitudemodulationwhichhasthepossibili-
tytocrcatcalotofintcrfcrenccinotherelccaunic&viccs.Analogmobilecommunication
suchasNMT andTACS hasaccmstantRF envelopewithnamowbandfrequencyxnodula-
tionandotherelectronicdevicesam notsensitivetothe=RF signals

Serious interferenceis mainlydue to rapid changes in the envelope of the high frquency
interfererand therefore all kinds of amplitude modulation of a potential interferer will in-
cmasc the risk for i,ncompatibilkybetween systems using radio communicatkm andother
IT-quipment.
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2 TDMA, Demodulated fkequency spect~m

TheRF spectrumfromonemobilemaybe likefig1below.Thish theRF burstfroma
GSM mobileinthe900MHz frequencyband.

A— ~ — ~

T
-t

to

to-o.577 ma

Td.615 ma

Figur2.1:T13MA StiCtUreforGSM

The amplitude of the ficquency spectrum is now given by

(2.1)

The relative spectmm is shown in annex 1. As can be seen, there is a component foreach
217Hz and the spectrum has zeroes given by T/totimesthepulse repetition frequency.

In the same way wc can calculate the TDMA spectrum for the DECI’ system. Here the RF
pulse duration is 0.4167 ms with a pulse repetition fkquency of 100 HZ This relative frequ-
ency spectrum is given in annex 2. This TDMA structure @es a component fm each 1~
Hz with zeroes for each T/to ( - 24) times 100Hz.

ThespechumfromthisTDMA structureghwsmostofthedemodulatedenergyintheau-
diofrequency band. Thercfom there is a great risk that suchTDMA signals give audible in-
terference in electronicdevicesintendedforaudiooutputsuchas hearhg aids and ordiiary
PSTN telephone set.

Xnthisreportwe willgiveresultsfrommeasurementson~ approvedanalogPSTN 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 nostandardizedmeasurementact-upmd methodof measurements.

In the frequency band we am talkingaboug 1 G& and above, the generationoftheRF-
fieldandbow thefieldiscoupledtothevictim’selectroniccircuitisofgreatestimportance
totheintctfenmceresul~Oursuggestion is thatthe measurement should be as “real life”
as possible and therefore much effort is given to assm a reproducoableand maiistic immu-
nity test W~ch gives as exact as possible the intexforcncelevel the user can, in the worst
case, be exposed to.

Amex 3 gives the ove!viewof the instrumentset-upinasemi-anechoicchamber.tiring
themeasurementwe reslbedtheveryimportanceofpositioningthetelephonesetandthe
transmitantennaThetelephonesetwasplacedcma turntable for rotation 0-360 dgr and
the antennawasrotatedinthehorizontalandverticalpositionintheheightfrom0.95to
2.20m

The highest interference level occuncd at an exact position of both the telephone and the
antema indicating that the RIVield was coupled to the PCB of the telephone and not indu-
ced via telephone line or handset oable. In an ordinary desk telephone where the FCB is ho-
rizontal the intetfercncc level was muchhigherfor horizontalpolarizedfield thanfor verti-
cal, althoughthe telephone line and the handset cable were vertical as shown on the set-up.

Now the antenna in a mobiie system is fomeen to be vertical, but when using a handheld
mobileseLthe angle to the vertical is about 65 degrees and in practice ~e angle can be in
the whole range fi’omOto 90 degrees. Forcarmountedantennagtheangleshouldbenear-
lyO degreestothevertical,but even here the antenna maybe more horizmtsl because of
the convenient capacitive coupled window antenna When using acme piece telephone S04
the angle can of course be the same for the fixed and the mobile telephone.

‘l’hemeastmments are taken at a distance of 3 m from the intetiercr antenna to the tele-
phone. In this frequency band the far field distance is less than 0.25 ~ so y6u can easily
calculatetheinterferencelevelforanydistanceofinterest.

The interference level was messumd both at receive and transmit side of the fixed telepho-
ne. On the receive side, the interferencewaswe@ed withA-fiker and on transmitside
the psophometerfflterwasuse&

Due to the high electric ficla andproblem of fdtcring to the anechoic chamber, we had to
usc a passive acoustic coupler with tight coupling. This tight coupling had of course snmc
influence of the f~uency response of the handse~ but when using the A-falter the influen-
ce was tninitnizd A typical frequency msponsc is given in annex 4 ftx tdephone set no 8.
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4 Measurements resuh for GSM-TDMA structure

TIM immunity mcasurcmcnts have been taken for 12 scpexatctelephcmesets,8 ordinary
desk telephonesand 4 one piece, hsndhelz telephme sets.They are all type approvedfor
use in the fixed telephone network in Norway.

When measuring interference noise at the receive side of the telephone. we used 1000HZ
with -10 dBm ffom the fixed side as reference. me 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 fitcr. The results are shown in annex 5 for receive and
6 for transrnk As can be seen them is a quadratic function from RF-power to noise power.
When increasing the RF-power by 3 dB, the noise increasesby 6 dB. ‘Ilte high transmit noi-
se level for telephone no 4 with low interferencepower is due to high intend noise.Be-
low 8wattsGSM powertheinternalnoise is dominantin this telephone.

If we use 0.8 W RF-power on 3 m distance, the S/N for the reccivcr for the most immune
telephone set is about 60 dB and down to 7.7dB for the most sensitive one. This extmrne
difference is hard to explain, but this is the consequence of the lack of requirements for
field immunity. On the ~smit side the same function can be seen, but there arc differen-
ces in intcrfercncc noise tim reccivc to transmit side. If we mfcr to the same RF-power
the most immune telephone has a noise level of -71 dBmp and the most sensitive one a noi-
selevel of-21.8 dBmp.

From the measurednoise valuesforthereceivesidem annex5we can calculate the graph
where the S/N ratio is given as a functicmof distance from the interferer. Annex )4 and 15
give the signalhoise 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 am the most sensi-
tive, 5 and 7 arc in the middle group, whiie the most immune ate 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 10W 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 conchJ-
sion that eve~ user of telephone no 2 is disturbed by the GSM telephone 70 m away, this
is a worst case situation, but this exemise gives us an idea of the problem and indicates
that sooner a later this poblem will ark

In thesemeasurements we have always used RF-power as reference, but when talking im-
munity, field st’sengthis the most Commofdyused.critmi& If we look at the instrument set-
up in annex 3 where we have a halfwave dipole 0.95-22 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 quation and
with maximizingtheheight of the transmitter antcnrm

If we have a quality standatrl of 40 ciBSiN un ihe receive tide, from the graph of annex 5
wc can calculate the immunity for each of the 12 telephonesets The besttelcphcmehas an
immunityof 123 V/m and the most sensitive can only withstand 0.6 V/n ‘I%is26 dB vsri-
ation in immunity brings dramatic consequences in quality perfmmances.

As mentioned earlier, lhc TDMA fkequencyspccaum has most of its energy in the audio
frequency band. In annex 7 to 10 there are examples of frequency plot on the rcceivc side
for telephone no 2,3,5 and 8. For reference the 1000Hz / -10 dBm tone is also plotted on
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thesamediagram,By comparingthismessud spectrumwiththatofthecalculatedoncin
chapter2,agreatconformityh found.Inthelowestfrequency band you have lower interfe-
rence wduesduetothe
ter.

4.1 Consequences
ments

clectrichwousticfrequency resp(mse of the telephone and the A-fil-

for PSTN user in three different interference environ-

TheinterferencefrommobiletransmittersusingI’!DMAisinfluencedbyapat numberof
factomWe havetheRF-power,thedistancefromtheinterferertotheVictims,antennaposi-
tion,additionalattenuationm wallsandthepossibi)kyofshadowingefiectsofthehuman
bodyorotherobstacles.Theuserenvironmentisthcmfcaedivi&dintothreedifferentinter-
ferencecase~office,villageandbase-stationsurroundings.

4.1.1 Ofiiee

In a typical office environment there is a fmcd telc~one in each room and when the mobi-
le user is walking m the corridor outside, the ixttcrfmnce distance is m the range ofthree
meters.‘l’heRF-powerfromtheGSM mobilemaybe ashighas20 W anddownto10
mW. Theplot5 and6canthereforebeusedwithoutanychanges.lheantennaefficiency
fm thehandheldstationisintherangeofO to-3dB referredtodipole,sothatwhenrefer-
ringtopowerdeliveredtodipoleyoumusttakethislossintoconsideration.

4.1.2Village

A villagew smalltownk,especiallyinNorway,characterisedbysingle-familyhouses
madebywoodsituatedneartheroad.Inthissituationtheinterferenceenvironmentforthe
fuedtelephoneuserisquitedifferentfromtheofficesituation.TheRF-powerfromticcar
mountedmobdetelephonecan,accordingtoGSM specf~cation,beupto20W, butwhen
talking to mobileoperators10W b morerealistic.‘Iheintelfemncedistancefrom the road
to the freed telephone may be in the range of 5-10 m The dry wooden walls give no addh
tional attenuation.

If we look at a situation where a 10 W mobile is nmning 6 m away from the fixed tele-
X=, ~WA-k=~=-U~wk- &lephmeno2. As~wh
quality of 40 dB S/N is obtained when the car is 73 m away. In the Nowegian m.quirement
for f~ed telephone, the internal noise to the freed lines should be below -65 dBmp. In or-
der to meet this requirement the interference distance is mom than 80 m.

This exercise is of come extremein the sense that you havetheworstcaseofinterference
andde friedteitqtk~e IJsti has the most seitsitive telephone, but if you look at the great
number of freed telephones and the number of GSM mobileswhich is expected in the futu-
re, the worst case will also arise.

As mentionedearlier, there is a great d~crence in the capability to withstand this ‘fi)MA
interference.Themeanvalueforall12telephonesetsis36.8dB S/Nandstandarddevin-
tion19.9dB whentheinterferencedistanceis3 m andtheRF power0.8w. Forthetrans-
mitterthemeanpsophometricnoiseis-46.2dBmp with standard deviation of 15.0 dB.
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Using this figure fm calculating the necessaryinterference distancewe come up with 12.8
m for 40 dB S/’Non the receive side and 31.4 m for -65 dBmp on the transmit side.

‘Ihe conclusionfor fixed telephoneusers in villageareas is that thcm is a strongpossibility
for unacceptableTDMAinterferencefrom car mounted(3SMtelephones.

4.13 Base StdOSl surroundings

The TDMA stsuctureoftheRF signalk afunctionofthetrafficloadinthebasestation,
butyoucanhavethesameRF bum inthisdirectionasfromthemobile.TheRF powerk
upto40W foreachcarriersndtheantennagainmsybelOdB.Ifthkkthecasewhen
calculatingthenccesaaxyinterfkrenccdistanceyoucomeupWith198 m in orderto meet
the noise mquimmentson the transmitside using the mean valuefm the 12tclepbe sets.
In this situationusing the highest power and high gain antennathe numberof nearbyfixed
telephoneswill probablybe low. A more realistic situaticmwill be using 10 W RF power
and 6 dB gain antmtm l%c interference distance is now 62 m for -65 dBmp on the trsns-
rnitside snd2Smfor40dB S/N onthe receive side.

?hc base station is on the air all the time and the f~ed telephone user will be exposedto
this TDMA interference whenever the subscriber hi calling.

Fortheoperatorthereisalsothepossibilitythatthefwedtelephoneatthebasestationser-
vicecenter will be disturbd

The operatcxofTDMA atmcture mobde systems must be aware of the relatively strong pos-
sibilityofunwanteddistudmncesforthefuedsubscriberinthebasestationsne@bour-
hood.
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5 Measurements results for DECT-’I’3)~ structure

The ‘I’DMAstructure for DE(X is somewhat diffcmnt than shown in chapter 2. ‘Ihe pulse
repetition fiequcncy is 100 Hz giving the fiqucncy spoctmm in annex 2.

The RF power is dcfmcd to be maximum 2S0 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 fm DECI’ tclcphonc than for GSM.

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

Thepotential TDMA intcrkmnce fromDE(3 into fwed telephone acts is then seen to be
much lower than for GSM due to the higher fiquency and the lower radiated power. This
is not to say that TDMA in 2 GHz band is of no problem from an interfcrcncc point of
view.



Page 91
ETR 357 (GSM 05.90 version 5.0.0): January 1997

6 Conclusion

As the mcsaummcnts have show there is a high interference potential from a TDMA struc-
ture mobile communication system particular with the high powcr transmittm as in the
GSM syszcm.TIMlack of immunity rquimmcnta in the VHHUHF band for amplitude me
dulatcd field is a scrious matter which has to be dealt with within the relevant standardi-
zing idtUtiollS, hke =1 and CENELK, Some considerations has been given to this sub-
ject in fcx instance ETSL In a meeting in Paris 10-14 November 1990 in ‘TCRES a“psper
WSS pxescntd by UK DTI - RfidiOCOItUINUdCILtiOn A@ItCy “THE EMC CONUNDRUM-
‘1’DMATECHNOLOGY”.A lot of measurements results fi’ombearing aids exposed by
TDMA interference arc presented and the conclusions are %hat 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
f~cd subscriber a conversation * ftom TDMA interference also in the future. This is not
an easy match, but the cost must be on the intcrfcrw and not the victim
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Annex 14

GSM-power 0,8 w (Handheld)

dB S/N

70

60

50

40

30

20

10

I .

I

11

J

0.75! 3 6 10 12 20 24

I

30 m
1:5 EH.O2WO1O2



Page 106
ETR 357 (GSM 05.90 version 5.0.0): January 1997

Annex 15

GSM-power 10 w (Car-mounted)
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