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Foreword

This ETSI Technical Report (ETR) has been produced by the Special Mobile Group (SMG) Technical
Committee (TC) of the European Telecommunications Standards Institute (ETSI).

This ETR summarizes the work which has been conducted, mainly in the UK, to investigate the effect of
wanted radio frequency transmissions from GSM Mobile Stations (MS) and Base Transceiver Stations
(BTS) within the digital cellular telecommunications system on other equipment.

This ETR is an informative document resulting from SMG studies which are related to the digital cellular
telecommunications system. This ETR is used to publish material which is of an informative nature,
relating to the use or the application of ETSs and is not suitable for formal adoption as an ETS.

This ETR corresponds to GSM technical specification, GSM 05.90 version 5.0.0.

The specification from which this ETR has been derived was originally based on CEPT documentation,
hence the presentation of this ETR may not be entirely in accordance with the ETSI/PNE rules.

Reference is made within this ETR to GSM Technical Specifications (GSM-TS) (see note).

NOTE: TC-SMG has produced documents which give the technical specifications for the
implementation of the digital cellular telecommunications system. Historically, these
documents have been identified as GSM Technical Specifications (GSM-TS). These
TSs may have subsequently become I-ETSs (Phase 1), or ETSs (Phase 2), whilst
others may become ETSI Technical Reports (ETRs). GSM-TSs are, for editorial
reasons, still referred to in current GSM ETSs.
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1 Scope

A considerable amount of work has been conducted, mainly in the UK, to investigate the effect of wanted
radio frequency transmissions from GSM MS and BTS on other equipment. This report aims to
summarize this work and to look at the implications for GSM. Since GSM EMC considerations extend
outside the GSM arena, it is thought essential that GSM considers the implications of EMC and produces
this report.

1.2 References

This ETR incorporates by dated and undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed
hereafter. For dated references, subsequent amendments to or revisions of any of these publications
apply to this ETR only when incorporated in it by amendment or revision. For undated references, the
latest edition of the publication referred to applies.

[1] 89/336/EEC: "Council Directive on the approximation of the laws of the Member
States relating to electromagnetic compatibility".

[2] EN 50082-1 (1992): "Electromagnetic compatibility - Generic immunity standard.
Part 1: Residential, commercial and light industry".

[3] IEC 801-3, (1984): "Immunity to radiated, radio frequency, electromagnetic
fields".

[4] GSM 01.04 (ETR 350): "Digital cellular telecommunications system (Phase 2+);
Abbreviations and acronyms".

[5] DTI/RA: "A summarized report on measurement techniques used to investigate
potential interference from new digital systems".

[6] INIRC (1988): "Guidelines on limits of exposure to radiofrequency
electromagnetic fields in the frequency range 100 kHz to 300 GHz".

[7] NRPB (1989): "Guidance as to restrictions on exposures to time varying
electromagnetic fields and the 1988 recommendations of the International
Non-Ionizing Radiation Committee".

[8] IEEE C95.1 (1991): "IEEE standard for safety levels with respect to human
exposure to radio frequency electromagnetic fields, 4 kHz to 300 GHz".

[9] Draft DIN VDE 0848 Part 2 (1991): "Safety in electromagnetic fields; protection
of persons in the frequency range from 30 kHz to 300 GHz".

[10] CENELEC European prestandard ENV50166-2 (January 1995): "Human
exposure to electromagnetic fields ,High Frequency (10 kHz to 300 GHz)".

2 Information available

A number of European organizations have conducted extensive investigations into GSM EMC. These
investigations looked at the potential of a GSM transmission to interfere with a wide range of electrical
apparatus. Having conducted both objective and subjective investigations, it was discovered that personal
audio equipment (e.g. Walkmans) and hearing aids were most susceptible and most likely to be in close
proximity to GSM apparatus.

Of these two types of apparatus, hearing aids were considered the greatest potential problem and thus a
considerable amount of modelling work was conducted in order to assess the likely incidence of
interference in various scenarios.

Interference with pace-makers was considered of utmost seriousness and consequently tests were made
to investigate the possibility of interfering with certain types.
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3 Cause of potential EMC interference

The source of GSM interference is the 100 % amplitude modulated RF envelope introduced by burst
transmission necessary for Time Division multiple Access (TDMA). Audio apparatus having some non-
linear component able to demodulate this Amplitude Modulation (AM) envelope will be subject to
interference in the audio pass-band since the frame and burst rates for GSM are 220 Hz and 1,7 kHz.

Another source of interference is the DTX (Discontinuous Transmission) mode of operation in GSM. In the
DTX mode there are two signal components with much lower frequencies than the normal GSM
transmission: a component with a frequency of 2.1 Hz corresponding to the transmission of the 8 timeslots
of the SID (Signal Descriptor) message block, and another with a frequency of 8,3 Hz corresponding to
the repetition rate of SACCH.

4 Laboratory results

4.1 Hearing aids

Objective laboratory results from the United Kingdom, Department of Trade and Industry,
Radiocommunications Agency (DTI/RA) [5] showed that a typical "behind the ear" hearing aid in normal
(amplifying) mode was susceptible to peak GSM field intensities of;

- between 10 V/m and 17 V/m in order to produce the same audio power as speech, 0.5 m in
front of the hearing aid; and

- between 5 V/m and 8.5 V/m to produce "audible, slightly annoying" interference.

It was noted that the group of hearing aids tested showed a 4 dB spread in susceptibility in the normal
mode and a 13 dB spread in susceptibility in the inductive loop mode.

Subjective investigation conducted at BTRL with the hearing aid worn by the user showed that "audible,
slightly annoying" interference was perceived when subject to a peak field intensity varying between
10 V/m and 4 V/m depending upon the orientation of the head. This was modelled by a peak field intensity
of 10 V/m for a 270° arc and 4 V/m for the 90° arc not shielded by the head inferring an 8 dB attenuation
provided by the head. This directional susceptibility corresponds to an average of 6.6 V/m and thus agrees
with the DTI/RA objective results.

These results were subsequently used for modelling activities to assess the consequences of this
susceptibility in various scenarios. It should be noted that the susceptibility without head attenuation used
in the model (4 V/m) is somewhat worse than the DTI measurements (5 V/m - 8.5 V/m) and thus the
modelling results will be very much worst case.

It was found that metallising the hearing aid case reduced the susceptibility with no head attenuation from
4 V/m to 12 V/m (10 dB).

Laboratory measurements have been carried out also in Australia by Telecom Research Laboratories and
National Acoustic Laboratories (annex F). In these measurements the field strength level causing useful
"annoyance" threshold level of 10 dB above the noise floor of the hearing aids was measured and then
compared to measured field strength of 2 W and 8 W GSM MS to determine the distances where the
threshold levels can be expected. Both behind-the-ear and in-the-ear type hearing aids were measured,
the former ones both with microphone input and telecoil input. The results are shown below.
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Table 1. Field strength and safety distances for noticeable interference

Hearing aid type Field strength for noticeable interference Distance for noticeable interference
2 W MS 8 W MS

Behind the ear,
microphone input

0.7 - 3.1 V/m 2.0 - 10 m 3.5 - 20 m

Behind the ear,
telecoil input

0.4 - 4.9 V/m 1.5 - 20 m 2.5 - 40 m

In the ear 4.9 - 32.3 V/m 0.2 - 0.6 m 0.4 - 1.5 m

NOTE: The distances in table 1 can not be compared directly with those in table 2 because
table 1 distances are approximate real-life distances whereas table 2 is based on
theory.

In Denmark a study initiated by the Danish ministry of communications has been carried out recently. The
results of the study are in a report "Interference to hearing aids caused by GSM mobile telephones".
Following are the main conclusions of the report:

- so far there have not been many actual examples of interference but it must be foreseen that in 3 -
4 years there will be frequent reports of interference to hearing aids occasioned by GSM mobiles;

- it is anticipated that existing hearing aids will be replaced by new models with generally greater
immunity to GSM signals; in any event, in 5 - 7 years the risk of interference should have
diminished significantly;

- solutions to decrease the amount of interference based on GSM system will either have a highly
limited effect (transmitter power regulation) or will be financially unfeasible (cell size optimization);

- solutions based on design changes to hearing aids will generally be possible and must offer
immunity against signal strengths of up to 10 V/m; some hearing aids used today already satisfy
requirements and future models will be able to be so constructed as to meet them too; designing a
new hearing aid with the requisite level of immunity would increase prices approx. DKK 100 per unit,
which is a 4 - 7 % increase to a current price of a hearing aid.

4.2 Cardiac pace-makers

Work was carried out by CSELT Italy to investigate the effects of GSM type burst structure on cardiac
pace-makers (annex D). Unipolar and bipolar types from one manufacturer were tested. The results show
that, although it was possible to interfere with pace-maker operation in free space, it was not possible, with
the equipment power used, to interfere with operation when the pace-maker, leads and electrodes were
placed in a phantom simulating realistic use in the human body. The equivalent maximum field strength
used for this test would not normally be exceeded at further than 0.5 m away from any allowed GSM
transmitter except the maximum power base station. For information the field strength required to defeat
the pace-maker in free space was in excess of 40 V/m for the most sensitive class of pace-maker.

As there does not appear to be a problem with defeating of pace-maker operation by a normal GSM
signal, the remainder of the work done by GSM, and thus the remainder of this report, is restricted to
scenarios for audible interference with hearing aids.
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4.3 Domestic equipment

Tests carried out by various laboratories and collected together by the Radio Technology Laboratory
(RTL) of the Radiocommunications Agency (annex E) show that for a limited number of devices under test
the cassette decks, television receivers and portable radios/cassette players etc. are the most susceptible
domestic equipment with the mean field intensities causing "visible/audible, but not annoying" interference
being 2.9, 4.0, and 5.6 V/m, respectively. For example for 8 W MS the field strength of 4 V/m will be found
at distances less than 5 m (worst case assuming 100 % efficiency and free space path loss) as can be
seen in table 1.

This means that in practice, due to building attenuation etc., interference will not occur unless the
transmitter and the victim equipment are in the same room. This is likely to occur if the GSM terminal is
transportable (8 W output power for instance).

Studies on the GSM interference to the fixed network telephone equipment have been carried out in
France, Norway, U.K. and Italy (annex G). All the studies highlight the fact that due to the lack of an
international immunity standard to the fixed network telephone equipment the interference problem varies
from country to country depending on the national immunity standards. The study carried out in France
summarizes that no telephone analogue equipment or audio terminal can comply with a 10 V/m GSM type
field strength, and half of the telephone sets tested did comply with the 3 V/m immunity level, both results
derived with a selected performance criteria of -50 dBmop/600 Ohms in transmit direction and 50 dBA on
receive direction. Regarding the maximum distances for potential interference the study gives the
distances of 10 metres for 8 W GSM terminal and 5 metres for 2 W GSM terminal. The U.K. study tests
the fixed network telephones and PBX equipment at 3 V/m and 10 V/m field strengths and concludes that
in the U.K. the vast majority of telephones and telephone equipment is not susceptible at even 10 V/m.
Hence, due to the immunity standard for fixed telephones the interference from GSM terminals is not
considered as a major problem in U.K. In the Norwegian study it is summarized that with a 40 dB S/N ratio
as a quality limit and with 10 W GSM transmitter 10 m away from a telephone, half of the telephones
tested pass the test. Also, the study highlights the very large difference in the immunities of the fixed
telephones, the immunities calculated in field strength being from 12.3 V/m to 0.6 V/m, with the same
quality limit of 40 dB S/N ratio. The Italian study uses the same pass criteria as the French one and
concludes that out of the tested fixed telephones, only 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).

5 Modelling results

A wide range of scenarios were modelled (annexes A and B) to include the possible interference to
hearing aid users from base stations, mobiles and handportables. Not surprisingly, by far the highest
incidence of interference was caused in crowded urban environments where hearing aids and
handportable transceivers are likely to be in closest proximity.

It was found that a hearing aid user would experience 3 seconds of interference every 8 minutes whilst
walking on a London street and would be subject to a 2.4 % probability of interference whilst travelling on
a commuter train for a GSM system occupying 2 x 25 MHz. Further results showed that with 1 % of the
train passengers using GSM transmitters (0.1 % previously) and an average susceptibility of 4 V/m, the
probability of interference was 5 %. These modelling results were based on a small sample of hearing
aids with immunities in the region of 3 V/m. More recent measurements have shown that some hearing
aids, in particular the in-the-ear aids, have immunities up to 30 V/m (see annex F). This would reduce
these probabilities by a factor of 100.

It should be noted that the modelling work is based on free space path loses. The effect of, for example,
people in a crowded train has not been measured, but in general it is expected that the presence of
people or objects between the MS and the hearing aid will be to reduce the interference in most cases.

It should be noted that all the scenarios examined assumed the hearing aid was active all the time.
Clearly, there will be instances where the user will switch off the aid when not required to communicate.

A further modelling exercise indicated that it was unlikely that a hearing aid user will be able to use GSM
handportable terminals due to the interference effects.
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6 Solutions

The generic immunity standard, EN 50082-1, produced by CENELEC, calls for immunity to RF
electromagnetic fields of 3 V/m. This work has shown that current hearing aids have immunities close to
this proposed level and that a handportable GSM transmitter is likely to present a field strength greater
than this at regular intervals in a crowded environment and thus cause interference to the hearing aid user
(annex C). The actual field strength from a dipole, as calculated from IEC 801-3:1984, is shown in table 2
(the values are independent of frequency).

Table 2: Close proximity field strengths

Peak transmit GSM MS power Peak field strength (V/m)
power (Watts) class 1m 2m 5m

0.8 5 6.3 3.1 1.3
2 4 9.9 5.0 2.0
5 3 15.7 7.8 3.1
8 2 19.8 9.9 4.0

DCS 1 800 MS
power class

0.25 2 3.5 1.8 0.7
1 1 7.0 3.5 1.4

A solution to this potential problem could be achieved by a combination of increased hearing aid immunity
and constraints placed on the GSM system in urban environments.

Due to the likely peak field strengths that will be experienced from GSM transmitters in crowded urban
areas, it is proposed that the immunity of future body worn apparatus, such as hearing aids, should be
increased to 10 V/m since this has been found to significantly reduce the probability of GSM interference
(this 10 V/m figure is derived from considerations of frequencies around 900 MHz and may not be
applicable to frequencies significantly higher or lower than 900 MHz). Further to this, a number of simple
constraints for urban GSM system design should be adhered to:-

- dynamic power control to be implemented at the MS such that only the minimum required
transmit power is used at all times (BS interference was shown not to be a problem);

- urban cell sizes limited to reduce required transmit powers;

- discontinuous transmission (DTX) to be implemented where possible;

- GSM base site and mobile pay phone (e.g. on train) transmit antennas should not be located
in close proximity to electrical apparatus likely to be susceptible to this type of interference.

It is assumed that DTX will provide a reduced interference potential although this has not been verified.

7 Non-ionizing radiation

Guideline levels for exposure to non-ionizing RF radiation have been published by many organizations
including Non-Ionizing Radio Committee (INIRC), the UK National Radiological Protection Board (NRPB),
the Institute of Electrical and Electronics Engineers (IEEE), German Electrotechnical Commission of DIN
and VDE (DKE) and CENELEC. reference to these standards are given in reference [6] to [10].

8 Conclusion

Extensive research has highlighted a potential compatibility problem between GSM transmitters and body
worn audio apparatus; in particular hearing aids. However, this research has been based on a limited
sample of hearing aid types of fairly old design.

An increased immunity for future body worn apparatus, enforced through the Community's EMC Directive
(89/336/EEC), combined with some urban cellular design constraints aimed at ensuring the minimum
transmit power is employed should ensure incidences of interference from GSM apparatus is kept to a
minimum.
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The studies made have shown that the immunity level of currently available hearing aids may not protect
hearing aids very well from the interference of GSM phones. Also, it has been shown that increasing the
immunity to 10 V/m, as found possible by simple hearing aid modification, will reduce the probability of
interference considerably. More recent research has shown some modern hearing aids to have 10 times
the immunity of the older designs (in V/m). This would reduce the interference probabilities by a factor of
100.

Concerning the domestic equipments it can be concluded that GSM transportable 8 W mobile stations are
likely to cause problems to domestic equipment being used in a domestic environment.

Further, it is recommended that the user's data (like user's manual) of the mobile should include a warning
of the possible interference effects of the GSM mobile to the other electronic equipments.

9 Other EMC reports

CEPT-SE report "Summary document on the interference to radio and non-radio devices from
TDMA-type transmissions".
The report from CEPT covers much of the work included in the GSM report and
considers EMC susceptibility of a far greater range of products. The findings of
the two reports are similar.

CEPT-SE report "Draft report from the ERC within CEPT on the impact from ISM emissions on
mobile radio services operating in the 900 MHz band".
This report studies the potential for interference on GSM and other terminal
equipment operating in the 900 MHz band caused by ISM equipment (Industrial,
Scientific and Medical). It shows that spurious emissions from ISM equipment
can degrade mobile radio service coverage at considerable distances.

ETS 300 342-1 to 3 "Radio Equipment and Systems (RES); ElectroMagnetic Compatibility (EMC) for
European digital cellular telecommunications system (GSM 900 MHz and
DCS 1 800 MHz)".
This standard defines performance requirements for radio communication
equipment to meet the Community directive 89/336/EEC. It contains
requirements for GSM terminal equipment but does not address the potential of
interference with other electronic equipment such as hearing aids and cardiac
pace-makers.
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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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