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Summarvo

This document attempts to forecast the likely extent of intcrfercncc to hearing aid
users fiwn GSM transmitters.

The assessment is made through modclling of the GSM cellular system in various
scenarios as the system matures fkom 1991 onwads. The potential intcrfczence in the
individual scenarios is combined to asses the actual interference perceived by through
modclling of ‘days in the life of hearing aid users.

The critical inputs to the model are the hearing aid immunities as determined during
extensive laboratory testing.

The report concludes that a hearing aid user will experience regular daily intcrfemncc
from GSM transmissions and this has been previously shown to be due to the TDMA name
of the system.

.“

..
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u Introduction.

Having completed extensive hearing aid immunity testing U. 5, 81 with
simulatad GSM transmission, it was necessary to assess the likely impact of the
laboratoryresults on hearing aid users.

The key results taken km these laboratoryinvestigationswere that the hearing
aids testedgave rise to ‘pemeptible’interkrance when subjectto a field strengthof 4V/m
in some directions.

A typical urbsn cell is eharactarizedusing an RF link budget and a number of
necessaryassumptions.The salient assumptionsused in this paper are Iiatadin section
2 with local assumptionscontainedin individualscenarios.

Having characterizedthe call, individualscenario’swithin the cell wherehearing
aid usersmaycomein contactwith GSMtransmitterswerechosen.A conclusionis drawn
horn the individualscenario’swhich highlightsthose likely to have the highestincidence
of interference.

Having arrived at a model covering separate scenmio’s, it was necessary to
combine these to build a ‘day in the life of a hearing aid user. Four typical ‘days’ were
chosen -d illustratethe incidence of interferencewith respect to the hearingaid user.

Subsequent discussion covers GSM subscribe who use hearing aids, possible
solutions and other interferences to hearing aids.

It willbe notedthat this documenthasbeencompiledfiwn R@. 10,11and 12with
modificationsagreedat the coordinationmeetingsof4/12189and 15/1/90heldat the DTL

~

i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

Aazmnmtione.

A central London base site has a 2krnradius and a base station in power class 4
(40W).

All cells am operating at 50%capacity.

Vehicle mounted transceivers have power control to sustain at least 102 uplink
BER.

Transportable are in power class 2 (8W) andportablesin powerclass4 (2W)with
antennashatig OdBigain.

Subscriberswill be evenly distributedbetweenvehiclemountedtransceiver and
portables/tranaportables.

People are evenly distributedin the cell.

Vehicle mountedtransceiversare locatedon three concentricrings withinthe ceII
and are distributedin the ratio of their distancetlom the BS.

The ri&ber of hearing aids in the UK is 1.5 miIIion(DEWSestimate 1 to 2
million) i.e 2.5% of the UK population.

The mean duration of a call is 2 minutes.
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& (W characterization

S.1) RF link budget.

This budget is based on GSM Recommendation03.30.

Rx RF input sensitivity= NF (dB) + Et/No (dB) + W - kT @BS for 102 BER (dBm)

Where thermalnoiee, kT = -174 dBm/Hz@ 290K
W (bitrate)= 10log 270.833kbit/s
NF (noise figure)= 8dB
E&o = 8dB

Therefore,Rx RF input sensitivity@ BS = -104dBm.

Ieotropicpower= RXsensitivity+ Interferencemargin+ Cable 10SS- btenna Gain

Where interferencemargin= MB
cable lees = 4dB
antennagain = 12dBi

,

Therefore,Isotropicpower = -109dBm
!’

Allowing for Iognormel(5dB) and Rayleighfading(lOdB) margins gives

Minimumsignal level for 102BER = -94dBm.

32) Minimum MS tranarnit powers

The requiredpower to be radiatedfkoma mobilestationto maintaina 102uplink
BER maybe fbundafter characterizationof the propagationpath lees.

A typical centralLondoncell is 2kKnin radius and has a BS located 2m above the
roof of a tall building.This buildingwill be locatedin a denseurban environmentand of
similar height ta its surroundings(@m). Assuminga receive antennaheight of 2m and
a fkequencyof 900MHz,the path loss maybe found from equation3.25 in Ref17

~ti = 69.55+26.1610gf - 13.8210g& - A(hJ + (44.9-6.5510ghJlog ~~ (dB)

where f- ikequencyin MHz (900)
& - transmitantennaheight (62M)
&-diatmca&om BSinkm

and km equation 3.27 in Ref7

A(k)”: 3.2(log(ll.75 hJ~ -4.97 (dB)

L - receive antennaheight (2m)

These equations thus simplifi to

L@= 121 + 3310g~ti (m)
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Such a callmaythusbe characterizedby a lkm interceptof 121dBand a pathloss
of slops Y=3.3.Hence the minimum tran@t power needed - the MS to maintaina
104BER will be

121.94= 27dBm @ lkm (500mW’)
.27+3310gl.5= 32.8dBm@ l.lkn (1.9W)
27+3310g2= 36.9dBm@ 2km (4.9W)

all powers quoted being ERP at MS.

Equation for interferingdistance, &,

S. 3?2 and S = G P, where S = power density
E 4%~~ G = antennagain

E = field strength

Therefore, ~~ = G 302P,

However, since path loss calculation leads to ERP‘:&m the mobile station then the
antennagain term, G, is redundant. i.e G = 1.

It was founcl during interference tests lJtE&5],that a realistic hearing aid
susceptibilitywas 4 V/m for a 90 degreearc and 10V/m fbrthe remaining270 degreesas
shown in Fig.lo

-. Fig.1

Let interference radius at 4 V/m be & and at 10 V/m d10then

%2= 30 P, = 1.875Pi and
16 .
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di~ = 30 P, = 0.3Pi as shownin Fig.1
100

and & = 3z4d,7

= 0.71 Pt as shownin Fig.1

Therefore, &= Al+&
= 2.18 Pi Eq. 1

3.4) spectrum allocation

The GSMsystemwill probablyoperatewith 3 base sitesper clusterandtherefore,
even if sectorizationis employe&the entire spectrumallocationwill be used repeatedly
by groups of these base sites. It has been assumedthat each base site ( BS ) covers a
cimllar ma of radius 2kln.

The GSM systemwill begin in 1991with an initial duplex spectrumallocationof
5MHz per operator above the current TACSbands.This allows252001sHz carriers and
thus 25/3=8 tiers per BS and 8 x 8 time slots = 64 physid bek per BS w
operator.

Assuming that there will be no more than 8 of these time slots unavailable for
trafliq then 56 physical channelsremain givinga maximumof 112 subscribers.

As the GSMsystemmatures,thecurrentTACSallocationwillbe graduallyhanded
over untilGSMoccupiestheentire25MHzcellularallocation.Eachoperatorwill therefore
have 12.5MHzor62200kHz carriersandthus620=21 carriersperbasesite.Thisnumber
of carriers allows 21x8=168 physical channels and thus 160 available for traffic per
operator and 320in total.

%5) Overall probability.

It was found that a good approximationto even distributionof MS’s could be
attained by assuming the transmitters were located on three concentric rings and
distributedin the ratio of their distancefmm the BS. Two rings provedto be inaccurate
with four giving little changein the result obtainedwith three.

Using a 10MHzallocationand fidl cell capacitygives the following result:

l12x~= 25 MS @ lkm

4.5

l12x~=37Ms@l.5km
4.5

112x 2 =50 MS@2km
43

..
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The aflbctedarea around each transmitterfivm equation 1 is:

2.18 x 0.5 = l.lmz
2.18 X 1.9= 4.1m2
2.18 x 4.9 = 10.7m2

Giving a total a.fEectedarea from MS’s of 25x1.1 + 37x4.1 + 5ox1O.7= 714.2m*.
Assumingthe BS is power class 4 (40W) then, fiwm equation 1 them will be a ibrther
affectedarea of 87.2mzamnmdthe BS giving a total of 801.4m2.

Since the ama of the 2km cell is YC(2000Y= 1.26x107mZthen the percentage
@ected area is

~o,” o.oo649b

Substitutingfigures for a fully loaded 25MHz system yields a total affectedama
of 2123.4m2or 0.017%.

As yet, however, we have no informationconcerning the fiwquencyand duration
of this interference.

~

4s)

u

giving

scenarios 1,

Vehicle mounted MS.

Vehicles and pedestrians.

A mobile on the edge of the 2km cell has been shown to be transmitting4.9W
rise to an ailkctedarea of 10.7m2and hence a mean interferenceradiusof 1.8m.
Assumingthe separationbetweenpedestrianson thepavementandvehicleson the

road is 4m, the hearing aid user will not experience interferenceh the transmitter.
Evenif the aid is orientatedwithmaximumsusceptibilitytowardsthe road, thecarwould
still have to be closer than 3m to causeinterkence.

It is uniihely thut inteqkmce will be pemeived ~m vehide8 on the road whilst
walking on the pavement..

4.1.2 Trains.

If it is assumed that there is a IOdB attenuation into a carriage fkom a rod
mountedantenna,thena GSM pay phone on the train in power class 1 (20W) will have
an affkctedradius in the train equivalentto that from a 2W transmitter.

Aeeumingthe trawdttar klocatadinthe centre of the train, it is foundthat 1.2M
or 1.2% of the train will be afEectedfkom equation 1. Assuming people are evenly
distributedon the train then the probabilityof perceivingintetierence is 0.012.

It should be noted that investigationhas shown that pemonal tape players are
equallyas susceptibleto AM transmissionand there is likely to be a high densityof such
equipmenton commutertrains.

The probability of interference fim a pay phone on a train is 0.012.
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402) Bases.

4.2.1) Low sites.

If it is assumedthat the BS is ~wer class 4 (40W),then the afkcted area will be
942m2&am equation 1.

Assuming people are evenly distributedwithinthe cell, then the probabilityof a
hearing aid user experiencinginterferencewill be

942 = 7.5X l&
1.26x107

since the area of a 2km radius cell is 12.6km2.
The probability of intetienmce j%oma base site whilst walking on the pavement is

negligible. This is fiwther reduced since BS’S will be sited on top of buildings and not at
ground level.

4.2.2/ Hizh Sites.

Many (MM BS will be located on top of tall buildingswhich maybe office blocks
containing a high densityof people.

hbgtieti~io ~ofa~doffi~~~~~x 15x15 mwitha BS
antenna mounted 10M above the top floor then radiation at angles greater than 60
degrees from the main lobe will penetratethe building assuming the antenna has not
been tilted to mo@ coverage.

The vertical radiation pattern fkoma typical sectorizedBS antinna shows that
radiationat 60 degreesor greatertim the mainlobe iasuppressedby 20dBto SOdBand
thus, assuming an attenuationof 10dBlRef.6] into the buildingand a further 5dB from
the roof (no windows ) gives a minimumattenuationof 35dB.

Assuming the transmitteris in power class 1 (320W)55dBm,then the analogous
scenario is a 55435= 20dBm (1OOMW)transmissioninto &es space. This equat8sto an
interference radius of 0.26m at 60 degrees born the main lobe and O.&m (65dB
attenuation)vertically downwardsfrom equation1.

It is themfom unlikeiy thut hearing aid users in an ome block directly underneath
a (2SM BS will experience any interfmnce even if they w at the top of the building and
the BS is in power cltis 1.

4.2.3) Building coveraze.

A typkal attenuationinto a building is 10dB [Ref.6] and thus the interference
radius fmm a class 4 BS (40W) into a building will be equivalent to that &m a 4W.~* an.cmensite. It fbllowsthat anY buiklbw within a 1.7mradius fkomthe
BS will have su&ie& field strength inside th~ buildi~ to
hearing aid users.

rise to

403)

SLiLD

As th,iadistance is not practically malisabls, it is most
interfienmce in a@acent buildings.

Portables and Tranaportables.

Railwav Station.

give *e to interference to

unlikely that a BS will give

Portable GSM transmitters may be in power class 4 and will hence have a
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maximumpower of 2W. This gives ~ to an tiected ama of 4.4m9per transmitter,
assumingno antennagain at the portable;fkomequation 1.

Taking the area of a platform as IOOmx 10m = 1000rn*and the number of
platformsas 10 then the total station area is 10,000m*.If each train has 10 carriages
carrying 100 people, and a train arrives at each platform during the rush hour
simultaneouslythen NM()x 10 = 10JMOpeople will be in the station at any one time
leading to 1 person per m2.

Thepopulationof greaterLondonis roughly7 million in an areaof 15801Rn2which
is assumedto rise to roughIy10million,&un tra.i%cflow analysis,duringworkinghours.

Assumingthe stationis locatedin a 2km radius call of ama 12.6km2and that the
populationof Londonis evenly distributedin the 1580km*within Greater hmdon, then

Ioxl@ X 12.6 = 80,000
1580

people will be in the cell.
Since there are 10,000people in the station during rush hour (1/8th of the total),

assumingthe cell is 50% loaded and that 50% of calls will be fkomhand portables then
28x l/8 = 3.5 calls will be active in the station at any one time during rush hour with a
10MHZallocation

Since each transmitterhas an af%ctedarea of 4.4rn2around it then a total area
of 3.5 x 4.4 = 15.4m2( 0.154% ) of the station area will be affbctad.Them is thus a
probabilityof 0.00154that a hearing aid user will be in an a6@ed ama assumingclass
4 portabletransceivers.

When the system @y occupies25MHz, the number of calls originatingin the
stationiiwmhand portablesrises to 80x l/8 = 10,the afIbctedarea to 10x 4.4 = 44m2and
thus the probabilityrises to 0.0044.

Theprobability of interference~m a handportable tmnsceiver in a milwaystatwn
is 0.00154 with a 10MHz allocation and 0.W44 with 25MHz.

It has been found that there are 80,000 people in a 2km radius cell thus with a
50% loaded cell and a 10MHz allocation,28 of these ( 1 in 2800 ) will be using a GSM
hand portable.A typical office has 1 personin l(hnaand hence with a 10 storeybuilding
with 100 people per floor there will be 1000people in 10,000m2.

Since 1in 2800peoplewill be usinga GSMtransmitter,0.36peoplein thebuilding
will be radiating2W (class 4) giving a total affected area of 1.6m*fkomequation 1. This
equates to 0.016% of the office area and hence a probability of interference of 0.00016
assumingeven distributionof workers.

With a 25MHzallocation,1 in 1000peoplewill be using a GSM hand portableand
thus the totalfiected area will be 4.4m2ikomequation1 and the interferenceprobability
rises taOJIUWL

Thepmbabiiity of interjknce jhm hand portable tmnsceivers in an o#Ze bkch k
0.00016 with 10MHz allocated and 0.00044 with 25MHz.

- 4.3.3] Street

Assumingthe pavementsof central London are 3m in width and are locatedon
both sides of the road then, knowing there are 17.5 km of road per km2,we have a
pavementarea of 17.5xl@ x 2 x 3 = 100,000m2in Usm2.Assuming there is 1 person per
5m2then there will be 20,000 peopleon the pavementsin lkna2.

Assumingthis representsa 50%loadedcell andthe allocationis 10MHzthenthere
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will be 28 actively transmitting hand portablesdistributedbetween20,000 people ( 1 in
714 ).

Since the pavement is 3m in width then there will be 1 person every 1.6m and
hence 1 hand portable every 1.6x 714= l143m. Assumingthe transmitteris stationary
and the hearing aid user is walking at 3km/h (0.83m/s),then it will take 23 minutes to
walk between transmitters.

When the system occupies 25MHz,there will be 1 in 250 people with an actively
transmittinghand portable and thus one transmitterevery 400m. At 3km/h it will take
8 mi!lllt= to -k bCtWW!Xitransmitters.

If the transmitters in power class 4 (2W) thentheinterfimnce radiuswillbe 1.2m
from equation 1, and thus the subject will have to walk fbr 2.4m whilst experiencing
interference.At Win/h this will take 2.9 seoonds.

The@re, a hearing aid ueer walhing along a Lm&n street duringpeak time will
experience 2.9 seconds of inte~emnce j%omhand portable tmnsceivers every 23 minutes
with 10MHz allocated and evay 8 minutes with 25MHz.

4.3.4) Train.

Sinceit has bean shown that there are 80,000peoplein a 2km radius cell and
assuming50%of the 112 channel capacitywill be takenup by hand portables then 1 in
2800 people will camy portabletransceivers. .1

Assuming the train is carrying workersto L&don, then roughly 0.36 people will
be using a GSM hand portable.If this is a class 4 (2W) transmitterthen the interfering
radius will be 1.2m and hence, assumingthe transmitteris not at the end of the train,
a 0.36 x 2.4 = 0.9m length of the train ( 0.9% ) will be affected. Assuming an even
distributionof peopie, the probabilityof interferenceis 0.009.

Witha 25MHzallocation,thepenetration rises to 1transmitterin 1000peopleand
thus 2.4% of the train will be afkted and the probabilityrises to 0.024.

Again there are likely to be a large number of personal tape playem on such a
train which have been found to be equallyas susceptibleto interference.

Thepmbability of inte#emnce fim a hand portable transceiver on a train is 0.009
with 10MHz alkmzted and 0.024 with 25MHz.

n ‘A Day in the life of scenarim

5.1) Daily commuter from outside I.andom

This day in the life of a hearing aid user is made up of the followingscenarios

Travel fkomhome ( mral ) to railwaystationand return 2 x 15mins= 30mins
Re@xL.tzainjOumay tAhmdon 2xlhr =2hrs
Time spent leaving and waiting for train 2x15mins=30inins
Tube journey 2x15mins=30mins
Walking to ~d fkomoffice 2x15mins=30mins
Time spent in office 8hrs

The travel conducted in the rural area and on the tube maybe ignored since them will
be no interference.

When traveling on the train, interferencemaybe causedby a pay phone on the train or
fkom a hand portable. The probabilityof perceiving interference fkom either of these
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sources is

P*, = Pm*+ pa+ PP*PH
= 0.012+ 0.009 + 1.08x104
= 0.021for IOMHZ

Pti = 0.012+ 0.024 + 2.88xl@
= 0.036for 25 MHz

Assumingthe average durationof a call is 2minaand since the time spent on the train
is 2 hours, then

Total interferenceduration= 120x 0.021 = 2.5 mine
Numberof calls = 2.5 = 1.26 calls

2
‘.NmebetweencaIIs= 120 = 95 mine

1.26

SubstitutingP-l = 0.036 gives a correspondingtime between calls for a 25MHz system
of 56 minutes.

U will be notedthat if the probabili~ ofinterfemnm fiwrnthe pay phone and the
handportabletransceiverareseparated,thetimebetweenexposureto interferencefor the
duration of a call is 167 minutes due to the pay phone, 222 minutes due to the hand
portablewith 10MHzallocatedand 83 minutesdue to the hand portable with 25MHz.
Whilst on the train interference wiU be experienced for 2mhs evtvy 95mins for a 10MHz
system and evew 56 minz fbr a 25MHz system.

Whilst in tbe railway station,the probabilityof incidence of interference is 0.00154(
10MHz) or 0.0044 ( 25MHz ). Assuming 30 minutes ( 1800s ) are spent in the railway
stationand a call lasts for 2mins, then

Total interferenceduration= 1800x 0.00154= 2.8seconds
Number of calls = 2.8 = 0.02 calls

m
Time betweencidls = 30 = 22 hours

a

Substitutinga probabilityof 0.0044givesa correspondingtimebetweencalls for a 25MHz
systemof 7.6 hours.

Whilst in a milwa.. - interfikrenceLuillbe experiencedfor 2 reins eve~ 22 hours /br
10MHz and eve~ 7.6hours for 25MHz.

It has been s@wn in section 4.3.3 that a 2.9 second burst of inteflenmce wiff be heard eve~
- 23 minutes jbr 10MHz and eve~ 8 minutes for 25MHz.

During the 8 hours in the office, the probabilityof interference is 0.00016 with 10MHz
and 0.00044with 25MHz.Assuming2 minutecall duration then

Total interferenceduration= 8 x60x60x 0.00016= 4.6seconds
Number of calls = 4.6 = 0.038 calls
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120
Time between calls = 8 = 208 hoiws

0~8

Substituting a probability of 0.00044 gives a corresponding time between calls for a
.25MHzSySteMof 75 hours.

Whilst in the ofiee, inteqfmmce will be heard for 2 minutes eve~ 208 hours /br a 10 MHz
system and evay 75 hours fir a 25MHz system.

Ovendl conclusion of *cenaria S.10

The incidence’sof interference will be as follows:

10MHZ.

1 x 2 minutes every day on the train
1 x 2 minutes at the station every 1.5 months
1 x 3 second burst every day whilst walking on the street
1 x 2 minutes every month in the @ice

?
25MHZ.

2 x 2 minutesevery day on the train
1 x 2 minutes at the station every 2 weeks
4 x 3 secondburst every day whilst walking cmthe street
lx2minutes every 9daysintheoffice

M) Person working and dwelling in London.

This day in the life of a hearing aid user maybe characterizedbt the followingscenarios
.

Walk &om home to tube station 2x15mins=30rnins
Tubejourney - No interference
Walk *m tube station to office 2x15mins=30mins

Total time on street= 60 mine
‘lYmespent in office 8 hours

OvemU conclusion of scenario 63.

Using the reasoning in 5.1, the incidenceof interferencewiIIbe as foIIows.

10MHZ.— .+

3 x 3 second burst every day whilst walkingon the street
1 x 2 minutesevery month in the offke

25MHZ.

7 x 3 second burst every day whilst walkingon the street
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1 x 2 minutes every 9 days in the office

5.3) Retired peraom

Whilst the retiredperson is dwellingin a rural araa,the incidence of interfbnmcewill be
negligible. However, if that person spends a day shopping in London, the day may be
characterizedas f~ows.

Travel fkomhome ( rural ) to railwaystation and return No Merf&wence
Return trainjourney b London 2xlhr =2hrs
Time spent leavingand waitingfor train 2x15mins=30mins
Tubejourney No interference
3 hours shoppingof which 1 hour is spent in the street 1 hour

Overall conckwn of 8cenario 5.3.

Using the reasoningin 5.1, the incidenceof interferencewill be as follows.

10MHZ.

lx2minutes onthe train
Unlikely incidenceof intdersnce at station ‘”
3 x 3 second burst whilst walkingon the street

25MHZ.

2x2minutes onthetrain
Unlikely incidenceof interferenceat station
7 x 3 second burst whilst walkingon the street

5.4) Motorway traffio jam

Ithasbeenshown~f.10] thata hearingaiduserdrivinga vehicle on a motomvay,
with the aid orientated such that maximum susceptibilityis towards the trafEc, will
experienceinterferen~ if the adjacentvehicleis radiatinga (XM transmitpowerof more
than 2W.

It was foundthat the probabilityof the adjacentvehiclehaving a GSM transceiver
was 0.05 and thatif the traflichad a relativespeedof 5 mph interferencewould be heard
for 2 secondsevery 4 minutis.

6.1) GSM customers with hearing aids.

- 6.1.1) HandPortables.

Equation1 states that&= 2.18 P, and hence d2mm= 2.18 P,
K

The distancebetween the ears is less than 0.25m and hence
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Pt = 0.252 = 90mW
0.7

or, the maximumtransmit power fmm a hand-portabletransmitterheld to the unaided
ear is less than 90MW to prevent interferenceto the hearing aid on the other ear.

Ifit is assumed that minimum susceptibilityis in the directionof the transml●tter
( i.e through the head) than this power may rise to 210mW.Since GSM hand portable’s
in power class 5 will be radiating 800MW,a hearing aid user will be unableto use such
a transceiverwhen not under power control.

mm nmmtables.

Transportable transceivers will be in power class 2 end will hence radiate a
maximumpowerof8W with an interferenceradiusof 2.4m&omequation 1. ‘I%eoperator
of such a transceiver will obviously be within this radius and hence interferencewill be
perceivedby a he*g ~d -r whi~t a @ iSbetig made. It is Pmsible that the subject
could orientate himself with respect to the antenna to eliminate the interfkrencaand
make a call possible.

6.1.3) Mobiles.

An investigationM.9] has shownthata hearingaideddriverof a vehicleis likely
to be ableto use a GSM mobile transmitterprwided the antennais mountedin thecentre
of a continuousmetallicroof. Other antennapositiom or a non-metallicsun-roofmaylead
to unacceptablyhigh field strength inside the vehicle.

62) &dUtiOIML

It was noted during in&fbrence testing, that the 100% AM introducedby the
TDMA structure of GSM was the cause of the interkrence and that continuousGMSK
had no effect. The inter&rence &m the base site could therefbre be eliminatedby till
loading at all times i.e all time slots active all the time and constant amplitude
transmission.However this dramaticallyincreases CA fm the fbllowingreasons :

i) Continuoustransms“ sion requires unused time slots to be active
.

ii) Discontinuoustransmission(DTX) at the BS wouldbe impossibleleadingto a two fold
degradationin spectral efficiency since one way speech is interspersedwith roughly50%
of silence.

iii) Adaptivepower control at the BS wouldbe impossiblesince this wouldbe requiredon
individual-timeslots leading to amplitudemodulationof the carrier.

It should be noted that anything less than 100%loading WWresult in a similar
audiospectrumperceivedby the subjectas havingonly one timeslot active.This is to say
that the audio spectrum demodulated&om a one time slot activeBS will be the same as
that from one with one time slot inactive.

The base site scenarios presentedin this documentare based on the resultsof the
interferencestudies at BTRL i.e one camier active.However,a GSM base site will have
8 carriers per cell when occupying 5MHz per operator and utilking a three cell repeat
pattarm.Since TDMA fkames on separate carriers will be synchronbed at the BS, the
broadband AM demodulation process may give rise to 8 times (9dB) increase in
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interference level when correspondingtime slots are active.

6=6) Other interferences.

The two hearingaid users who tookpartin the originalsusceptibilitytesting were
given a questionnaireconcerningcurrent levels of interibrence.

It wasdeterminedthatone subjectusedhis hearingaidonly once or twice a month
where the other used his for the mqjori~ of the working day. The times when the aids
would defitely be used were in the office, at meetingsand during lecturw.

Bothsubjectsveryrarelypemeivedanyinterferenceto theiraidswith one recalling
only ever hearing a single burst lasting for several minutes. The second subject recalled
hearing bursts lasting a second or so very intkequentlyand identified the source as
fluorescent lights.

6.4) Possible variabl~

The scope of this model is seen to be smalland dominatedby assumptions.There
follows a list of variables that may significantlyaffect the conclusions drawn fkom the
model.

i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

The hearing aid user may switch the aid off for periods of the day when verbal
communicationis not essential.

Hearingaidusers may identi&the sourceof the interferenceand learn to position
themselvesaway * this source.

The scenariosonly apply to GreaterLondon.

There tendsto be a naturalexclusionzonearounda personusing a hand portable
transceiverwhich will reduce the area in which a hearing aided pedestrian may
be and hence reduce the probabilityof interference.

Discontinuoustransmissionat the MS will produce breaks in transmission will
change the way in which interferenceis perceived.

.

Not all trains will have a publicpayphone and those that do will have the phone
locatedbetweencarriagesi.e where there are no passengers.

The hearing aided populationwill be biased towards retired people who do not
commuteinto the city.

Due to the nature of the calculation,the numberof exposures to interfiince are
averagefigures.The standarddeviationawaytim this mean is likely to be large.

The ‘l&d portableon a train’ figuresmaybe si~cantly reduced if the hearing
aid is not locatedin the centreof the train and if a significantattenuation of the
transmittedsignal is createdby the crowdedenvironment.
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n
i)

ii)

iii)

iv)

v)

vi)

vii)

viii)

ix)

x)

xi)

Concluaions.

The scenariospresentedin thisdocumentsuggestthat the maximum incidence of
GSMinterfbmncewill be 5om hand portableandtransportabletransmv“em Since
this appsuatusis carried by the public into areasof high populationconcentration.

There is also a significant probability of interferencefkoma public pay phoneon
a commutertrain.

It appears that a hearing aid user will be unable to use a GSM portable or
transportabletransca‘ver in any power class.

Itislikely thatahearing aiduger will beableto usea vehicle mounted
transceiverprovided the antenna is mountedin the centre of the mof

Sinceit has been found that interferencemaybe perceivedinikaquentlytim other
sources, then it is GSM interference perceiveddaily that gives rise to the most
concern.

Of the four ‘day in the life of scenarios chosenthe dailycommuterto La&n from
a rural areais most likely b experienceregularintarkrence with a dailyexposure
fm the duration of a call (2mins) whilst on the train and a 9 second daily burst
whilst walking on the street even with the initial 10MHz allocation.
This rises to two daily exposures fa a cdl durationand four 8 semmddailybursts
when the allocation reaches 25MHz.

The scenario of the London worker dwelling in the aty highlight a smaller
eXPOSIUWto interference.-t operatingwitha 10MHzallocation,three3 second
burstswill be experiencedon the streeteve~ dayrisingto seven dailyburstswith
system maturity.

The retired person is fhr more likely to be wearinga hearing aid but less likelyto
be in the city. If spending a day shoppingin the sty, the exposureto intdbmnce
will be high during that day with a burst for a call duration during the train
journey and thwe 3 secondbumtawhilstwalkingbetweenshops.Thisrisesto two
exposures for a call duration and seven 3 secondbursts with systemmaturity.

Whilst in a vehicle in a motomvaytrafficjam moving at 5mph, a hearingaid user
will experienceburataof interference lastingz seconds every 4 minutes.

It caaba seen that givan the cument immunityof NHS hearing aids to 900MHz
GSM EMI, a person wearing such an aid and requiring to use it during the
working / traveling day will experience regular daily interference as the GSM
system maturee.

If the incidence of interference is deemed unacceptable, a greater hearing aid
immunityat 900MHzwill be requiredto reducetheincidenceof GSMinterference,
since there appears to be no practical modificationto the GSM stmcture that will
achieve this.
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