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11 IntroclJlCtion.

Havina' compl.ted utenIivt h.arinI aid immUDity "1tiD&' [Raf. 6, 8J with
aimulated GeM tr'Inlmjpiou, it _u lUtCII.ary to UlIII the likely impKt or the
laboratDr7 ruwtl 0Z1 buriDI aid UIIZ'I.

The by Multi tUn from t1wH laboratmy mwttiptioDa .ere that the hearinc
aidI tilted pvt riI. to 'pereeptiblt'inttrrenmce whe lubjeet to • field .trenath or 4V/m
in IOmI dirIeticmI.

A t,p1cal urblUl c:eIl it eharac:teriAd uliDllD IF bk budpt and a number of'
DlCeuI1'1 UlWDptiaDI. 'rAe NlilDt Ulumptiozaa \JMcl in WI paper IN lilted in MCtion
2 with local UlUmpticu contaiDed in mdi9iduallCClrio'•.

HaYiDI characterized the call, individuallCeZWio'. within the cell whare hearin(
aid uaen may com. iD CODtact with GSM traDlmitWt .... d:lDlR. Aecm.dumon it drawn
from the individualtceDlrio'. wbich hi,bJirhtl thOle 1ibly to have the hi,be.t incidlne.
of intert'areDCl.

Havinr arrived at a model c:ovtrinr Hparate lCIZlano'l, it w.. DICe18ary to
combine the" to build a 'day in the lif. or a bearinr aid uter. Four typical 'ciay,' were
choIen and Wuatr&te the iDQdeuce of iDtcr.reDoe with rapid to the hearinr aid Uter.

SUbllqueDt diIcuIIioI1 CXMIti GaM IUbIcribtn who UN hearinr aidJ, poIlible
101utiOlW aud other intedlZ'lDC8l to bearinr licit.

Itwill be DOted that this doeumeut hu been compiled &om Refa. 10,11 md 12 with
modiftcationl qreed at the coordination meetiDp or4I1Z"89 lUld 1511190 held at the DTI.

12 AtlWllptiPDL

i} A central Lcmdon bue lite hal a alan radiua and a hue .tation in power ela.. 4,
(40W).

ii} All ce1lJ are operatiqat 150~ capacity.

iii} Vehicle mounted t.ran.ICCVIl'I have power control to IUlWn at ltut 10" uplink
BEll

iv) Tranlportabl.. are in ))01'1J' clan 2 CSW) ud portab1el iD power dUi 4, (2W) with
anteDnu haYiDI OdBi pin.

v) SubKriberi will be evenly diJtributed between vehicle mounted trllDKtiven and
portablQ/ tranlportabl••.

vi) People BnI evenly diltributed in the cell.

vii) Vehic18 mounted tzulceiwn Itt l«awd. three CODcentric nup within the cell
and an diatributed in t.bt ratio oftbllr distance from the BS.

.
viii) TbII number DC hearin. 1ic!J i.u *' UI " 1.& mUlion (DHBS ettimat. 1 to 2

million) i.e 2.5" of the UK popuJatill.

ix) The mean duratloD of' a eall it • mlDut4Jt
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11 OlD qh'Flqt'N'SioD..

8.1) Rl" 1iDk budpi.

ThiI budpt it bued on GSM HaeommeDdatiOD 08.30.

Rx RF input IIDJiti'Yity • NF (dB) + EclNo (dB) + W- kT • SS for 10" BEll (dBm)

W1w'e thanu1 naiII. aT. -174 dBmIIb. 290X
Woat ra.) • 10 lor 270.833kbitl.
NF (uiM &pe) • 8dB
EcJNo. &dB

Therefore, la RF input lloaitivit,. • BS • -l04dBm.

lJottopic: power .. Ja HDl1tivity + Interl'lnDce DWIin + Cable Io-I - Antenna Gain

When iDteri'll"Ince marem • SdS
c.b1l1ON • 4clB
anteDDI pin • 1201

Therefore, llOttopic POWIt. -l09dBm

Allowmr for lopormll (&dB) and Raylli,h fadiDJ ClOdB) martini Jive.

Mimmum IipW llvel for 10'· BER • -94dBm.

8.2) MiDimum MS traDam1t powen.

The requind pcnnr to be radiat.ed from • mobilI.wtiou to Dl.mtain I 10" uplink
BER mil" be found after chanct.lriuticm or the J'l'OPIPti.cm PIth 1011.

A t;ypical eIIltral LcmcloD cell iI 2km izl Mill ad bu • BS located 2m .bov. the
roar or• till bWlctinl. 'l1dJ build1q will be locatlcl m• dIDII urbm avirvumellt and or
Iimlla: h8icht tQ ita .urroundiDp (80m). Attumm, • receive autlzma hei,ht of 2m and
• fttqulnty of 900MHI, tlw path 1011 may be fcnmd fnm equatioa. 3.25 in Ref.7

L,- K 69.5~26.161ol r- 13.82101 ~ - ACh,) + (44.9-6.5510' h,)lor d,. (dB)

where f - fNquenc:y in MHz (900)
~. tranlmit mwnna heiJht (62m)
a.,... •di.t,nM f=m.BS in km

and !rom equation 3.27 in Re!.7

A<h,>'- 3.2Clog(11.75 11,.)' - 4.97 (dB)

hr· receive aniellIl. hei,ht (2m)

TbIH Iquaticmt thUilimplitr to

~ =121 + 8310(~ (dB)
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Such • e:tU may thua be cbaRCWiIed bya 1kmiDwnlIptol121dB and a path 10..
of l}opt ,-3.3. Hemw th. mimmum tNDIzait power Deeded from the MS to maintain •
10" BEK will be

121·M. 2TdBm'lba (5OOmW)
,27+33lorU~ • 82.ldBm • 1.5km (1.9W>
27+8810,2. 88••dBm. 2km ('.9W>

all powers quoted beinr ERP at MS.

S.a) Atfeated area.

B= E'-12cm

, ,

Bownw. Iince path 10N ca1culatiou lNdJ to ERP'from the mobile station then the
antenna pin tcm. G. it rMUDdut. i.e G• 1.

It wu found. durin( iDterf'1l'IUCe t.IItI [Re!Bl. that a ruliatic heariq aid
luaceptibilit)' wu 4 Vim for • 90 decree arc and 10 Vim for the I'ImliDiDl210 depMI U
ahowu in PiI.I.

Let interi'efUCI radius at , Vim be d.. ud at 10 Vim dID than

0..1 • 80 P, • 1.87~ Pl IIUI
16
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u.hown in FiJ.l

and

TherI!ore, Ai - !J.!
4

-1.47 PI

A.·IUJ~
4

.0.71 p.

Tht:efore, A. • Ai + At
• 2.18 PI Eq. 1

804) SpecU'wD allooatin.

The G8M 'Yltem will probably operate with a bile litu per clutter mel tbenfOl'l,
evln if MCtoriution it employed. the em. .peetrum 8llocation will be UJed 1'epeateeUy
by poup. of thIN bue liiel. It Au bMn a.umld that IaCh baH lite ( BS ) ccmn a
c:ireu1ar arM of radius 2km.

TU GSM .yatem will berm in 1881 with aD mitial cuplp IpKtnu:D allocation of
5MH1 per operator above the current TACS banda. Thia ..no. 25 200kHz carrieI'I and
thua 2513-8 camera per DB IDd 8 x 8 tim, .lotI • 84 ph1lic:al dwm,1J per BS per
operator.

AJIU1I1inI that the,. WI be DO 1IlQrI thu 8 ar t.beM tim, l10tl unavailable !or
traflic. then &8 phnieal chum.1I remain pviDr • maximum or 112 .ubKribera.

At the QSM .yltemmaturti, theeummt TAeS allocatiOD will be ,radually baDc!ed
over until GSM oeeupitl the tDtire 26MH1 eeUular allocation. Eaeh operator will therefore
haw 12.5MH& or 82 200kH& carrien and thUl61J8-21 earriIrI perbale lite. Thilliumber
or curitn allowa 2Id-IM ph)'lieal chaDD,I1 aDd tbua 180 avail.ble for traf!ie per
operator and 320 in total.

8.1) Overall probabWtr.

It wu found that a pod approximation to ..en diltributioD or W, could be
attain.d by alumina' the trmImitttrl WWl'l located OIl tluM CODCIa.tric riDp md
diltributed mthI ratio of their diltI:Dce from the BS. Two rinp prowd to be inatcurate
with four livinr little chaDp in the l'Hult obtained with tb:rH.

Ulini • lOMHz allocation and Eull cell capac:itypv.. the followinr nt.ult :

112 x.l. = 26 MS 0 1m
4.5

112 x 1:2 = 37 MS '1.6km
4.5

112 x .1. • 150 MS • 2m
4.1
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The afflICted UN UOWld each tranamitter &om equaticm 1 it :

2.18 :I 0.6 • 1.1121'
2.18 I 1.9 • 4.1m'
2.18 I 4.8 • lO.7ml

Givinl liOtal afI'Ie1.ed arel from MS', af' 2&:11.1 ... 37:14.1 ... 60:110.7 • 714.2m1.
AIIWZIiDI the BS it ponJ' clul 4 ('OW) then, from tquati= 1 then -.rill },. • further
afreetad ana of 87.2m' around the BS pm, a total o£ 801.4='.

SiDee the UlJa or tU 2km eell iI =2000>' • 1••10'm' then t.h8 pert'8Dta..
affic:1edanaiJ

801.i • 0.0064~

1.2~10T

Sub,titutinJ 5Ju,re. !or • fully loaded 2&MHa l1Jtel 1ielcll • total a1fKted area
of 2128.4ml or 0.017Ci'.

A. ylt, however, we have no informaticm concerni:D1 the !requeue, and duratiou
of thiI interference.

&PeudOl!

4.1) Vehicle IIIOWltecl MS.

UJl Ycbielu lind pcda_l.

A mobile on the tdp of tl18 2km c:all Au bMD ,Down to be tranamittmr 4.9W
rivinl riM to an dieted 1ft. or 10.7 ml and hllDeI I mAD mterftrel1Cll radiUl of 1.8m.

AJIumin( the ..paration httwetD pedettrilnl em the pamnentand vel1icl..on the
rold it 4%11, the htariDI aid UHr lrill DOt uperiel1Cll interferw=e from the traDlmit•.
EVIn ifthe aid it orieutat8d with maximum .UlClptibility towardI the road, the ear would
,till have to be doter than 3m to caUil iDterrennct.

It if unllAtly that intrrr-"ncr will be ]J81"C1iPtd from whick, on th, I"DGll whillt
1IXJliu,. on thf ]14Ufmlnt.

!J.:I TtJint

If it it UlUD18d thlt then it a 10dB atteuuation into I c:arriap from • roof
mounted lDt.e=a,thm a GSM ply phon. on the train in powtr dUB 1 (20W) will have
au affected radiUl in the train equivalent to that from I 2W trulmitter.

Af.......·i!aa.t¥lPmit...r i&.lacat.tdill the c:eutre ofthe train. it it found that 1.2m
or 1.2~ of the train will },. afreeted hm equati= 1. AIIumiur people are .venly
diatributed ou th. train thlD the probabilit>' or percliviDJ interfentnce it 0.012.

It .h,?wd be DOted. that mv••tiption hu ihown that perwoul tape plaJ8l'I are
equally It IUlClptib1e to AM trIDImilaion cd there illikely to be • hilh denait1 ofauc:h
equipm.nt on eommuter trliDi.

Thl proobabUtty oftnu,,"rrnce from G PGY phom em G trcin iI O.OIR.
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• .1) B.....

!:11l La,! ,ite'·
Hit it Ulumed that the DS it power d.... ('OWl, then the a1!'ected ana will be

942m1 from equatiDl1 1.
Aa.WDinr people Ire evenly diltributed within the ClIll, then the probability of a

heuinl md \1IW ."menOn, inwtfereDol ri1 be

....uL • 7.5 ~ 10"
1.26z10'

Iiuce the UN of. 2km radiUl call il12.8kmI.
TM p1'ObGbility of tnu""1Wru:t "."". G hie ,u. 1I1hU# WGlIJiIII 011 1M~l1Mnt U

nerll6i6lc. TAt. wfurdr,t,. rwducecl ,ill« BS', ruiU 6f ,illltl on ttJp of6uildbll. and not CIt

frOurulltlJ.l.

W2 High Site•.

Many GSM DS will be loc:ated OIl ~p of tall buildinp which may be of!c:e bloc:kt
ccmtainin, a biiO deDlity or peopl•.

AI.umm, the dimeuicm or. typical om", block are 60 z 15 :IE 15 10 with • SS
aDteIma mOWlted 10m .,.. the top Door then raub at UlII.. erel. than 80
ci.11'MI &om the main lobi will pen.trate the bui1diq' uaumiD, the antenna hu not
been tilted ~ mDdily COYIrap.

The vertical radiation patteD from • typical NdOriAd DS Imtlm1a tho",. that
radiation at 80 depoeel or rrwater trom the main lobe it ,uppNlltd by 20cm to 50dB aDd
thua, ulumml an atwDuatiOD ollOdB [Ret.6l into the buildina and • further ~dB !tom
the rod ( DO windoWI ) Ii.,.. • miDimum attauatiOll of 86dB.

Atau.miDr the tl'l.Dlmitt.r 11 in power clUi 1 C320W> 55d.Bm, then the analoJO\D
IllInano it • 55-3~. 20dB1O (100mW> tnn.mi••ion into free .pace. Tbilequaill to an
inWfIJ'tJ1Cle radiUl or O.26m at 60 depoMl from the main lobe and O.8em (&sdB
attenuation) verticall1 donwardl!:om tquatiol11.

It iI tMre{orr u.utal)' thot Aearilll ald UIf,., in an o/ficr 6loci cWtctl, und.fmcath
CI GSM BS II1Ul upm,nc, tz7&1 ifltlrft,.,Mt ru,n iftlwy err til tht top of the buildinl aM
tM BS iJ in power clem 1.

Wl Buildin. cpymn.

A typkal attenuation into • buildinC it IOdB [Ret6] and thUi the interference
radiUl from I dua " BS (40W> into • buildma will be equivalent to that from a 4W
tnn·mUa.r 1m.cun..opmlite. It !ollowa tllat aDy buildiDI within • 1.7m nitiUl &om the
BS will have .uflici.nt field .trenith inlide tlw buildiq to live riM to interl'etenee to
hearinllid UIWI.

AI thit diJRmCt iJ not practica.lly realilGbk, it iI molt unliMly thtlt a BS willlilJf
rile to int,rferr1lCl tn~nt buildinll.

4.1) Portable, and Tr&llllportabl...

iJJ2 BailD! Statipn.

Portable GSM tranamitten as" " iD power clan 4 and will benet have •
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maximum power of 2W. ThiI ,ivet rile to an dectad UN or 4.4m1 per U'mtmitter.
Ulumizsr DO uwma pin at the portab1e~ from tquatioD 1.

TUiq the arel of I platform u 100m :I 10m • l000m1 IDd th. Dumber of
platrm'1Dl U 10 theD the total ltaticm arel 11 10.000=1. It nd1 tram hu 10 carriapI
~ 100 people, and I trIin aniv.. It taCh platfona duriDI the tuIh hour
limultaDeoul11 then 1000 x 10. 10.000 plOp. will be in the ltatiou It auy ODe time
leadinr to 1 penon per mi.

Tht popWitiou ofpater London it l'OUllU17 mi1Hoa mII'. ani of1580kml which
it UJwzuMi to riM to rv\1lhl,.10 million, from tnmc t1Gw ual,.... Durini' workmr houn.

ANum.inc the .tatiou illcat.d in allan radiu cell orUN l2.8kmt and that the
papulation of lAmdon it lVtDly diltributld mthe lS80km' within Gnater London. then

lOxIO' x ..lIL- 80,000
1580

people will be in the cell.
Since there an 10,000 people ill the .tatiOD du.riDr ruth hour (:lJ8th of the total),

uauminl the cell il 15011 loaded and that &O'i orcal1I will be from hmd portabl.. then
28 & 118 • 3.6 calli will be active in the ltation It ImY one time duriq nah hour with I
lOMHI Illoeation.

SinclIId1 traDlmittel' hu an a&cted area or 4.•' Il'OUDd it then I total area
of 8.5 z 4,4 == 15.4ml ( 0.1M" ) of the .tatiOD 11"1I will be Ift'eeted. There iI thUi •
probability or 0.00154 that I hearinl ad uaer will be,m an d'ec:ted am Ulu.mmc clUI

" portable tl'a:I.Ic:.imot.
Wbtn the '7ItIm billy occupi.. 25Mlb, ;he Dumber of can. ori,matiDI in the

.tatiOD from hand portab1eI riNI to 80 z 118 • 10, the a6Ic'tId area to 10 z 4.4 =44m1 u.d
thUJ th, probabilit;J riI" to O.O~.

The probability oftnltrfrrtnce from II Iacmclpo1'tablc tren~w,r in a railway .tation
II O.ooJ54 with II JOMB, CJllocation and 0.0044 with 25MB,.

It hu been found that there are 80,000 people in a 2km radiua cell thua with I
50C1> loaded cellud. 10Mlh allocatioA, 28 of the.. ( 1 m2800 ) will be UJiDi. GSM
hand portabl•. AtJpical ofEce hat 1 plrlOD in 10m' ad hence with a 10 .tore,. buildiDI
with 100 plopl, per floor there will be 1000 people in lO,OOOm',

SiDce 1iD 2800 people will be uain,l GSM trInImitter. 0.38 people in the buiIdiq
will be radiltU1i 2W (el... ,) ,iviq a total d,eted IJ'II or 1.6ml from equation 1. Tbia
equatel to 0.016" of the omce area aDd hence a probability of mterfenmce of 0.000115
Ulummr ,ven diatribution of worbn.

With I ~MlU allocation, 1 iD 1000 people will be uainll GSM hlDdportable and
thua the total atTeeted I1U will be 4.4ml from equation 1 and the interference probability
riIM~ O.OODtL

ThfprobabUity of int,rftrrnc, from handporlabz. t~ivt,., ill an o~. bkd Ii
0.00016 with 10MB, allocated atUl 0.000" with Z6MH,.

u.m Strut.

A..uminC the/,v.m,ntl orClUtrII "don IIl'I 3m in width and are lcated on
both lide. of the lOa then, kDowill' an 17.5 IuD of road per Janl, we have a
pavement ana of 17.6&10' x 2 I 3 • 1 1 • llaD'. Auuminl there ill penon per
5m' then there will be 20,000 people ~~~ttmIJpa'.

AI.11D1iA1 thiI repruenttaa~~Cell pd &b. aUocatiou il10Mlb ibeD there
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will be 2S actively t.raJwDittin, bed portablet diltributed between 20.000 people ( 1 in
714). '

Since the pavement it 3m in width then tAel'8 will be 1 perlOll PllY 1.bllUld
henc:e 1 hand J)Ortable Ivery 1.6 I 714 • l1'Sm. Allumiq the trlDamitar it ltatiaDary
and the hearinClid UHf 11 wilkin, It 3kzDIh (0.83m/.), then it will take 23 au_ to

.walk heWIID tranlmitten.
When the .,.wm o=upin 2&MHa, tUn will be 1 in 260 people with a actively

traDamittinr Aand portable and thua one trI.D.Imitter ...ry 400m. At 3km1h it will tab
8 minutN 'to walk bet....u ttcamittel'l.

Ifthe trlUWDitter it inpower due , (2W) then thein~. radiua will be 102m
flom equation 1, ad thua the aubjtc:t will have to walk for 2.4m wbillt experieucinc
interference. At 3kmIh t.biI will take 2., IICOZldl.

TMrc/fM. a Mann, aid u",. wolJctJv GbII G LDndDn rtrttt cWri"6 peale time wUl
uplrifne:t 2.9 "cow of mtrr/'1'IMI from 1uJ1'Itl porlcbI. t~W'7'f fIJI,., 23 mlnutu
wtth 10MHr Gllocatfd aM ,1Jt,? 8 minutu with 26MBr.

!.U2~

Since it baa been Ibowu that tbtl'8 are 80,000 PIOPlI in I 2km radiua cell and
Ulumm, ~o.. 01 the 112 chlDD,l caplCit, will be take up b7 hud portabl.. than 1 ill
2800 people will c:an'1 portable trI.DIc:8iVlrl. ,"

AJlumiq the t:rIin it carryinr worken to lmla, then rou,hl1 0.36 people will
be Ulinr a GSM had portable. It thi.I 11 • dul 4 (2W) trIDImitter thin the inttrferin,
radiUl will bll.2m mel hence, .lumiDr the traDlmitter it DOt at the eAcl of the train.
a 0.36 I 2.' • 0.9m lenlth or the traiD ( 0.9C1 ) will be dec:ted. AliuminC In even
diJtributiem olpeopll, the probability ofiuterf'ermce it 0.009.

With a 25MHa alloc:aticm. the J*1'trltion riHI to 1 traumitter in 1000 people ad
thua 2.49& olthe tniD will be decwd IUld the FObability rilei to 0.024.

ApiD ih.. 1ft likel, to be a Imp number of pel'lOUl tape play.n OIl IUch •
traiD which haft been found to be tlqually .. IUlClfptible to interference.

The probGbiltl, ofw'rftr'lru:t from CI MIldportabk trcfllCltuu on CI train y 0.009
with 10MB. all«attd lind O.024wUA 15MN,.

11 'A De In the ur. or Iq.ftan_
&.1> Dall, commuter from outmd. LondoD.

This da, in the life of a hearins lid uHr it made up of tht fo1lo'triD&' IClInarioI

Tfa"el from hom. ( rural ) to railway ltatiem IUld return
kwmtraiD.jDUJ:al, tD ~ndan

Tim, .pent blavinr and waitin, for train
Tube journey
Walkiur to ~d from otlice
Tim••pent in office

2 a l~miDI • Somiua
2xlhr i.2hn
2 x 15miD1 • 3Oi:i:UnI
2 I 15mm. • sOmW
2 I 15 mini- 30min1
8bn

The travel eoudueted in the rural ate. and Oft the tube may be iltlored IiDce then. will
be DO ~terfeftDc:e.

Whln travallinl em tbt tram, iIltldereDCI =-7 be caUlid by a pa, phone em the tram or
from a hand portabl•. 'n1e probabUi*1 of perceivinl iIltarfereDCI from either oC the"
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lourcea il

P"'I=P~"..+~~+p~,.......
• 0.012 + 0.009 + 1.08d~

• 0.021 fOr 10MHI

PtMIl • 0.012 + 0.014 + 2.88xl(Tf
• 0.038 for 25 MIb

Allumm, the aver... duration of. eall 11 2minJ ed IiDCI the tim, .pent on the train
it 2 ho\U'l. tlwD

Total mtarf'InZlCl duratiOD • 120. 0.021 • 2.& mm.
Number otcalll ;:..JL.. 1.26 calli

2
Time betWlI11 calli • ...1ISL • 96 miDI

1.28

Sub,titutlne p...l • 0.086 live. a corrnpoudiDe tim,~ calli fOr a 2:5M'H1IY1t1m
or 5& miuutel.

It will be not.d that if the probablliiJ or intcf'IIUCI ftom the par phone and the
hand portable trlnlceivw aN leplnted, the time bmiretu pPOIUJ'I Winterf'nlDCe for th,
duration or a call it 187 minutet due to the plr phcu, 222 mmutlt due to the haud
poNbll with 10MHI al1oc:ated and 83 miDutei due to tha hmd portable with 26MH&.
WAilIt on 1M train mnr(erfrlCf urtU k a:pIrVn.t:fId for 2miM fWry 96minl for CI 10MB,
ty,km eM ,wry 56 mini for G J5M1b 11.t.m.

WhilIt in the railway ltation, the probability or iucideDce of iAterrlnaoe it 0.00154 (
lOMHI ) or 0.0044 ( isml ). ANumiDI 30 minute. ( 18001 ) ant .pent in the rail,...,
atation and I c:aU lutl for 2minJ. the

Total mterference duration. 1800 K 0.0015' = 2.8MCOudt
Number of ca11J • ....lL • 0.02 ca11J

120 .
Time between c2ll. • .J9.... • 22 houri

0.02

SubatitutiDr a probability orO.0044;iv•• I corre.POI1din1 tim. between ean, for I ~MlU
.yatem of 7.6 houri.

'W1tw.ta~.~ .t4tio'l.ilJbr(UUCI. will br ~rVnc«l for 2 mini ,v,,,, JJ Mur, for
lOMH, end .v.ry 7.6hou,., for Z6MH•.

It hu betn .hown il'J .tum 4.3.3 thGt a 2.91CCOn4 bur.t ofinUrferrnc. will b, MtmJ lutry
Z3 minuttl tOr lOMHz and IVlry 8 minuk, for Z5MHz.

Durin~ the 8 houn in the oflice. the probability of iDterrm.nce ia 0.00016 with 10MHI
and 0.00044 with 2SMHa. Alauminl2 minut. call duration thul

Total iDterfereDCe duration. ez 80 • 60 z 0.00016 • '.8HeoDdt
Number of etUt a.JL = O.ose eallt
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120
Tim, be",Mn calli • ..L. • 208 hom

0.038

Subttitut'inr a probabWt, of 0.00044 rivet • corralpondinl tim, between call, for a
25MHz ,yaWD of 76 hoW"l.

Whillt in the office. intrrfireru:e will 1M httPtl for' mmwc, tPf~ Z08 hour, for a 10 MHz
.)'rtlm and 'f)t~ 76 how,.. for II 26MB, ryltml.

OUlraU oOllClwkm of",e""",, 1.1.

Th' iDc:idence', or interterenoe will be u loIlowI :

10MRI:·

1 z 2 minutel every day on the trJin
1 z 2 minUWI at the ltatioD IVery 1.5 JDontU
1 x 3 llcoud hu:lt .Vlry day wbillt wlkiDI on the ,tNIt
1 x 2 minutll eYer1 month in the offiCI

2 x 2 minute. IYIZ')' day on the tram
1 z 2 minutel at thI ltation Pery 2 weeu
4 z S ucond bunt IWry day whillt walkinr 011 the ,trHt
1'1: 2 minute. 8V8I'11 a.,. in the omee
1.1) Per.on wol'kiDI azad dwelliD, bl London.

ThiI day U1 the life ofa hurinr aid UlIr may be cb.aracteriIed bt the followinr JeeDaJiOl

Walk frozD hom. to tube ••tion
Tube j0\U'l181
W.rk from tube .tatUm to omce
Tim, .pent in oMce

2 '" 16 miDI • 80minJ
No iDtlrfll'lJ1Ct
2 I 15 mint • SOmina
Total tim. on Itreet = 60 mina
8 houtl

O",rall conel."iOll of1C.,.arlo 6.J.

Uline the reuoning in 5.1, th' iDcidence ofinterfereuee win be .. !OU6wI.

lOM'HI.

3 x 3 ..conI! buI'It. every day wbil't walkmr on the Itrett
1 x 2 minut.. 8VttY month in the office

IIMHI.
7 x 8 teeemd bunt Ivery day "bilIt walkiDl OU the It1'Nt



No interference
2 x 1hr = 2hn
2 x l:5miD1 .. 30miQl
No interflNDC8
1 hour
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1 ~ 2 minute. IVIZ'1 9 day. mthe oftice

5.3) Retired penoD.

WhilIt the retired peraon it dweWDI in a rural area, the incidence oriDt.r£ItIDCII will be
,n.,li,ibl•. However, it that perIOD lpendl a day Ihoppinr in London, the dar may be
cban.ctlriHd u followl.

Trawl from home ( nJra1 ) to railway .tatiem IIDd returu
Return train journey to Lcmdon
Time .pent ie-vinE md waitinJ for tram
Tube journey
3 hour. lhoppinr of which I hour il lpint in the .tnet

Ou,rGll COru:I.,iM of lC'IJGrW 6.S.

Uling the realOniD~ in 6.1. the incidence of interfereDCI 1riU be u rouowa.

IOMBIs

1 ~ 2 minute. OIl the tra:iD "
UDlikel" iDc:id8nce ofiDte1erenee at .tatiOD
3 x a MCOUd bunt whillt WIlkiDr on the ,treet

2 z 2 =mUtel em the tram
Unlikely inc:ideuce oriDteri'ueDC' at .tatUm
7 ~ 3 HCODd burtt whiltt walkiDr em the ItrMt

5.4) Motonvay tnmc Jam.

It hal been Jhowu [Ref.IO] that a hearinr aid Uler drivinra vahiel, 011 a motorway,
with the aid orientat.d .uch that maximum .uaeeptibility it towardJ the tramc. will
experience interl'eren~ ifthe adjacent vehicle it ramatinr a GSM tnnamit pow.r ormore
than2W.

It 'YrU found that the probability olthladjacentvWcl. haviAl. GaM tr8DICeiver
wu O.OolDd that ifth. traf!ic had a relative lpeed of6 mph int.nerence would be heard

.for 2 lecondl every , miDuWI.

6.1) GSM CNliomen -.rith heariDI aid..

W1 H.nd~PgrtableL

Equaticm I .tate, that~ .. 2.18 PI and hllle. d'_a lIl: .JJL PI
'K

The di.tance betWND the eart it le•• ~JD 0,2631 and henCll
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Pt·~::90mW
0.7

or. the maximum tnDamit power (rtlm I hind-portable trt.urDitter blld 10 the unaided
ear 11 1... thu 90mW to prlvent interterence to the hIIl'iDI aid on the other ear.

Ifit it uaum.d that minimum IUlceptibility iI in the dirteticm at the tnDImitter
. ( i.e t1u'oulh the head ) than thiI power may riM to 21OmW. Since GaM lumd portable'l
in power c1uJ 6 will be radiatin,800mW, • beariq lid UHf will be unable to uti lucb
a traDaeeiver when not under power control.

~ Tranaportablu.

Trauportablt truKeivltl will be mpDftr c:1&u 2 ed will UUDI radiate a
maximum power of8W with au interi'erlDCa radiua of'2.Ul from Iquaticm 1. Th8 operator
or IUch • tranlCeiVlt will obvioualy be witbiD thiI radiUl and hew interference will be
perceived by a uuing lid UHr ",billt • eaIl iI blinr 1Ude. It iI pclIsible that the .ubject
could DrilI1tate him.tlf' with respect to th, antlJma to eliminate the interference and
make a call pouible.

um Mobil.s.

An inWltip_ [lWU] hu .hon that • hearil1, aided driver oCa vehicle ilIikely
to be able to uN • GaM mobile trlmmitter pl'CWidea the antezma it mounted in the CIIntre
ora continUOUI metallic: root. Other antezma poIitioDl or a non-metallic lun-roof'may lead
to unacceptably bilh a,ld .trenrth inlide the vehicle.

8.1) Solution..

It wu noted durinJ mterf,rence ttltina'. that the 10()«, AM introduced b, the
TDMA .trocture ot GSM wu the ClUit or the interfizwntl and that continUDua GMSK
had DO effect. The iuterfll'tnDl £rom the bu. lite could therefore be eliminated by full
loadinl at all times i.• all time alotl active all the tim. and c:outant amplitucie
traDJmillion. How'Vlr thiI dramatically incnun CJI !or the follO'Win. rlUOnJ :

i) ContinuoUJ tranlmillion requirel UIlUHd tim,l1otl to be active.
ii) DiJc011tmUO\ll tranlmillion (DTX) at the BS would be impoaible leadinr to a two fold
clerradation in lpeetral ef!iciency tince on. WlY tpeech is iDtenperHd with roughly 5Qt,
of lilence.

iii) Adaptive power control at the BS would be impollibl. tinee this would be required on
iDOi~tizu.l1ma.lI·dinl to amplitude modulation of th. c:amer.

It lhould be Doted that anythini Ie.. than 100" loadiuJ will relult in a limilar
audio .pectrwD perceived by the .ubject u havin. onl, on. tim••10t active. Thi. it to uy
that the ludio lpec:trum demodulated from • one time .lot active BS will be the .ame u
that from OM with em. tia:le Ilot inactive.

Tbe bue lite leenanoa pr"lUted in this doamlent are butd on the resultt or the
intederenc. ,tudi•• at BTRL i.e one carrier actin. However, a GSM baH .ite "m hi.'
8 carrien per call when occup)'inr 5MlU per operator and utilizinr a three c:.ll tlpeat
pattern. BiDet TDMA frIzp" CIJl ..parate c:arrien will be l)'UChroDiIed at the BB, the
broadband AM demodulation pl"OCl" lI1.y ;" rile to 8 tim.. (9dB) iDmue in
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interference IIV.1 wh.n CCln'W.ponding tim~ .lotlUl activ•.

S.8> Other batufel"enc-.

Tht two hearinJ ma UHI'I who took put iD the oririUl.UlClptibi!ity tutmr WIre
liven a quutiomWre cxmeentiDr eunut 1I¥e1t or intedtm1ce.

It wu dlterminld thai ODI.ubj.Ci lIIed hit bariDa' lid =1,. once or twice I month
when the other \IIIId bit for the ~orit1 ottbt warkiDa day. TIl, tim.. when th,lidl
would d85Ditel,. be UMd WIn in the of1icI. at IDIItmp ad dllriDr lecturel.

Both .ubjlCil VItf n:rw1y perceiv.dDJinterf'enDcl to their Iic1l with onll"lC&1linl
only eVlf hlarinr alinele bunt latin( for HWra1 minutes. The .ec=d .ul:Vect rec:alled
helrin, burlt1 IUQUI a MCODd or 10 wry iDfrequIntlJ and identi5ed the lOUl'Ce u
f1UOl'8lCeDt Jirbt..

8A) P~liblevaiabJ...

The .cope of thiI modal it Hln to be Dill ad domiDlt.d by U.umptioDi. Thlre
follow. a u.t or variabl" that may Jilni,6eantlJ a1f1Ci the conclUlioDJ drawn from the
model.

i) The hea:rinr aid UNf may .witch the aid orr far periocb or the dlY when verb111
commUDieaticm iI not ....ntial '

ii) Hel.rinr aid UIIlI may identify th••ouret oftht interrerence and learn to poIiCOD
themNI...."'.,. from thi. 1OW'Ce.

iii) The leCarioe only apply to anater London.

iv) There tendl to bea natural nc1U1iou IOU UOUDd a penon ulinr a hand portable
trmICIivv which willl"lduCli the UN in which a bellini md.d pedeltrian may
be ad hence red\Ull the probability r4 interfereDce.

v) DiacontinUOUI tranlmiJlirm at the MS will produce bl"lakt in tmJImillion will
chanl' the WI,. in which interfemlCl it perceived.

vi) Not all trainI will bave a publit pay phone and iboH that do will have tht phone
located between cam..e. i.e whlre there 1ft DO pauenpn.

vii) The hearinr aided population will be biued towardi retired people who do not
CODmluti into the city.

viii) Due to the nature or the calculation. thl number of'~ureI to mterfennce 11"1
a....,.... !JUfU. The .tandard deviation away from thU mean iJ likelr to De larp.

•
ix) The 'hand poriab!l on • tru' !(\L!WI .., .. lipi&utly Ndu.eed if the hellriDl

aid i. not located in the CIIntl't OItM -.sa pel ifa .ipUicut att8nuation oCthe
trallImitted lipal it cr..ted by t!w~tW enviromDwt.
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i) The ICenariCll pl'IllJ1t1d in thiI Gocumtnt 111IPit that tbe muimum incidence of
GSM iDtarference will be from badportable_ trIDIportab1e t.nu:lIivera I'iDce
thilapparatul iI W'Z'Wd by the public mto area ofhirh populatioD eaDCeDiraUon.

ii) Thm it alto a IiJDificant probability of iDterilreDce trom a public pay phODl on
• commuter tram.

iii) It appiUl that a hewl lid UHf will be unable to ute a GSM portable or
traDlpoNble traDIoeiftr in lI1y power clut.

iv) It it likely that a heuiD.r lid UIIf will be able to UM a vehicl. mounted
tranJceiv8r provided the &t1t1nDa it mountR iD the cutN r4 the roo!

v) Since it hu been found that interi'WIDCI may be perceived infrequlntly from other
8Oun.'8'. then it it GSM interf.rence perceived daily that rive. ri.e to the mOlt
coDCIm.

vi) or the four 'day in the lie. of aclD&riOl choMn the dail, commuter to London from
a ruralll1"la it mOlt libl, to txperilnCl "lUlu interm.nce with a daily apoeUJ'l
for the duration or • call (2miDI) .,Ail.t 011 lobe tram acl a 8 aecond daily burst
whllit walkiur 011 the .trwt ntZ1 with the iDitiallOM!U allocation.
ThiI riIu to two daily apOIUl'II for a call duratiOl1lJ1d four 8 aecond dail1 bunts
when the allocatiau ria" 25MHJ.

'\Iii) The IOelW'io of the London wormd~ in the at1 hichli,hts • Imaller
upoIutI to intarf'eJuce. WhilJt opII'atiq lritb 110MHa alloeation, three 311CODd
buntt will be uperieuced on the Itl'ltt every dlY rilinr to IIV.D daily bUl'lti ~th
".tem Dlaturity.

wi) The "tired ptl'lOl1 iI far mo" likely to be wearinla h,wr aid but I... likely to
be in the city. IhptndiDll day lhoppinJ in the city, the IxpoIUft to interference
will be hi,b durinr that day ~tb a burtt for • call duratiozl duriq the train
journ.y and thtw 811QmCi burltI wbillt nlkinIlMtween Ihopl. Thi, riIeI to two
dpOIUl'II for a call duration and HVIZ13 IIOODd bU1'lu with l)'Item mlturity.

ix) Wbiht in a vehicle in a motorway trlfBc jam movinr at Omph, a hearinc aid ule:
will experience bUl'lu of interf.renee lutinl 2 eee:ondl .vtry , minutal.

x) ~ tm.Daaun. that livtn the current bnmunity ofNHS hearinJ aicll to 900MHz
GSM EMI, a pinon wearinr IUch an aid and requiriq to UI. it d"uriDi thI
workin.r I trav.Din, day will ezperi.Dce reruIar daily interference a the G8M
.ylteul mlturu.

xi) If the incid.nct of interferenc. it deemed unacceptable, I p"at.er heariq aid
immunity It 900MHI will be nquiftd to reduce the inc:ideuc:l arGSM interf'ereDCI,
Iince tbtrt appean to be no practical modification to the GSM Itructure that will
aehiev. thiI.
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§l Rlference"

1) Centrsl Statiltical Office· 'Annualabttraet of.tatiltiea 1987'
HMSONo.123

,2) CeZltnl Btatiltiea1 Office· 'Reaional treDda 19B~'

HMSO

3) com· "VHF and UHF propqatiOD CUZ'YII for land mobll. aervieu'
com Rec.99 Bep.1567.a

4) GSM neommeDdatiozw 03.80 and 05.~

~) Short J 'M • 'An inv'ltiratioD into the eff8cta of RF interference OIl
h.ann, aid URrI' 2318189

6) IEE Group Ell • 'Preparation faeton and iDted,reDClI modellinr for InObU. radio
lysteml'lEE Colloquium, Diplt No. 19881123

7) Holbeehe R J . 'Land mobil. radio "Iteml' lEE TeleeODml...rill 14
P,ter P.rep'inul 1985

8} Tattenall P R • 'Dome.tic equipment 'uteeptibiJity to GSM mobil. radio
traDlmiJlion' 1816189

9) Shori J M • 'AD inv.atiption to d,tmDiDe the plnetration or 900MHz RF into
v.hielu' 2!!10189

10) Munday P J . 'GSM EMC aceuario model • Moto:way tra1!k j-m' 9I1IiO

11) Short J M • '08M IDterfmDCI ScenanOl' 30111/89

12) Short J 'M • 'A day in the Wi or & heariD, aid uter' 911190

13) Munday P J • CorrelpondeDce of 3111190 and 12l1~9

. '
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Ann.x I: GaM • He.ring .Id Intlrflrenc. mod.Dlng plrlmetlr.
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Anne. C: Nlw dlgtwl trln,mlilion technologl... the EMC Clonundrum

NEW DIGI~AL ~aAMIKII.ION TICKNQLOGIZI - TEE EKe cONONDaux

The growth of our 'cor~less' society he, pl.ce~ a premium on
personal mobility. In the tel.co~unicat1on. sector the
grovth in the use of coralesl telephones and cellular radios
ha. been spectacular. To provide for this growth, in an age
where frequency spectrum is similarly in demand, ha. required
the development of new technoloqi.s.

2 RADIO !ECKMOLOGII.

Recent developments in radio in Europe and vorldvi4e have
selected 'time division mUltiple access' (TDMA) tecnnoloqie.
for assi;nin; channels to indiVidual radio users. The
traditional frequency ~ivi810n lDultip,le acce.s (FDKA), mainly
analoque, techniques are still ueed extensively but are slowly
beinq replaced by diqital TDMA syatems, which offer both
improved performance and spectral efficiency, particularly in
large 'public ,y,tams'.

In a TDMA system the 'chennel' used by an individual
repr.sents one tim- slot from say la, allocated to that user
normally at a ,ub·audio rate, for example, 200Hz.

The resultant effect i. that a burst of Ri is transmitted at
that Bub-au4io rate, in the example above the RF burst vould
last for 5 maec and be repe.~ed every 50 ~.ec. The Smsec RF
burst vould con~.in the transmitted intormation at a rate
10 ti~e. faeter than the ba.ic rate to provide a continuous
transmission for the uler.

The RF si9nal described above is amplitu~e ~odulated (AM), in
this ca.e at 200Hz, this AM is in addition to the modulation
contained within the RF burst it.elt. Tests to date have
shown that'many nrc:'±o··.'rrct'lro'if-radio (pH'ti(:.U,lal'ly, audj,g
products) are susceptible to an RF siqnal with these
characteristics.

The growth ot ~ordle.s te~.phones and personal communications
equipment also ~e.n. th.~ the transmitter will be physically
much closer to potenti.4~y lu,e.pt1ble equipment.

4 EKe DIRECTIVE AKD LIGI'~'JVJ rIOVI8IO~

The Community's !Me Direct.v. r••~~r•• that all
electrical/electronic equ1,~.nt ~,lth.r emit nor radia~e

unwanted RF _i9nals, and nit bl lu,eeptible to other (wantedt
RF si9nala, i. l.qit~m.te ,.~1. rln,.i8aions.

Leqitimate radio tr.ns~!ss.D"' Ir' licensed 1n the UK by the
Radioccmmun1cations Agency 0' DT,. ~nd.r the 'Wireless
Teleqraphy' Acts. The liCfne. prav~s1on includes the
frequency, form ot modulat C", ~e~itted power level and
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controls spurious .n~ other parameters by only lieensinq
equipment approved to d.finltive standards of performance.

The ENe Directive will come into force on 1 January 1992: it
offers the power to control, from that ~ate, equipment 'placed
on the market' and will require compliance with es.ential
i~unity' standards.

The pan~European 4iqital cellular ra4io syetell - GSM - which
is a180 supported by • Community Directive, shoul~ Decome
operational at a similar date. The WT Act licence ofters the
potential to control the power levels of GSM equip~ent.

5 '1'D COJrOHDRO'K

The 'generic' immunity standard being set by CENELEC has been
currently agreeO to be ••t at '3 volts per metre'

The immunity stan4ard necessary to avoid interference trom a
GSM equipment will need to be in the range '10 volts per
metre' to '20 volts per metre' if the current power levels of
GSM equipllents are to be maintained. ," It is, of course,
SUbject to the distance between the GSM transmitter and the
target device beinq derined.

The obvious incompatibility and potential hazard to 'safety
related' or 'pseudo-medical' applications eq hearinq aids,
provide. the eonunOrum.

I Z>I.CO'••IO.,

Scant regard, hal in the paat been paid to the design of
eqUipment with realistic immunity standards • particularly in
the dome.tic .ar~et. The EKe Oirectiv. prov1~es the
legislative tramework to correct this deficiency. The
'generic' immunity standard of '3 volts per metre' has been
pitched at a level that most equipment de8igns already meet
and thus provide. little or no real improvement. A more
realistic tiqure would be '10 volts per metre'.

The adoption of TDMA technology, with its inherent advantaqe.
is more 1ntrusive, in EKe terms, than previous FDMA
technologies. This is partiCUlarly true of 'au~io' equipments
such •• 'persenal .eel.oe, which h~ • bi,h pro~.bil1tYQf

being in clo.e proximity to the new digital radio telephones.

It coul~.. be arqued that the AM component of the TMA
transmission is also 'unwante~' and hence covered by the !Me
Directive; this view 1. not shared by the spectrum managers,
Where it .e.a , •• le9lti.ate au. ,ffieleat traD.mi••1oD.

The spectrum manlger has the optiq~ of detinin; the ~aximum
radiated power, to a level compat~.le w1th .ealistic immunity
standards.
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7 COIiCLUIIO)l

A compromi•• b.tw••n 'immunity' standards for all radio .n~

non-radio equip=ents, coupl.~ with a limitation of radiat.d
power tro., particularly hand held TDMA tran.mitters, will be
••••nti.l to .~oid unwant.d IKe probl.... Th. attached Annex
propo••• a .cenario tor discus.ion purpo•••.

o J WHEATON

..

EMCCONUN

4.5.90
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IKe CO.SIDIRATION'

1 as.uaptioDS:

the mini••l distance between a radio transmitter and
a tarqat radio or non-radio equipment ahall be
1 metre;

safety conscious and pseudo .edical systams shall
have higher immunity standards than the 'generie'
standard level.

2 proposes thatl

qeneric immunity standarda tor all .quip~ent be set
at 10 volts per metre .inim~:

.ectorial immunity atandards for body worn audio
equipments be set .t 15 volts per metre minimum;

.ectorial immunity atandards for any 'safety
conscious' system be set at 25 volts per ~etre

minimum.

J TraD••ltter. vsin; AX or TDKa technologies ~. limited in
radiated po.er tOI

hand held device. - 1 watt peak po~.~;

vehicle mounted equipment, where the antenna is at •
minimum height of 1.5m, locatad at l ••st a.75m from
the vehicle's outline - 5 watt peak po~er.

!:MCCOWN
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Annex D: Potentia' aiM h.r.rd, on c.rdl.c p.cemlk....

Source: CSELT (Italy)

Potential GSM Hazards on Cardiac Pacemakers

1 • Plcemaker Operation

Cardiac pacemaker. Ire pv.ln pnerll~rI impllDted in .ubject. I\JUniuS from
bean diseue UI ordar to Rimulale anitlciaJly lb. bell of the hAn.

"

Demand IYpeS seDIe Wh'D lbe bean beat i.' IRormal aud mike Deceslary
correctioDi. MOIl plCemUlrI Us Ule arc or the demad type.

It. .impUtled block dia,raID of • demnd type pKemak.r I. shown in n•. 1. The
circuit ad tile pow.r luppl)' CI ,DUd .Ille blu,ry) arc luled ia • utlllium
packll' to rlduel the rejectioD pheaomeDa II win .. to improve tb.
el,elramllDelie IbleldiDI.

Tbe ciJcuil i. implanted Us the abdomeD 01 the patieDt willie lbe paciD, lead
carrie. the pU1M' dirtCtl)' to llIe be:".

The pacill' lead i. I clth".r introduced tbroup V,iDI Ind ha. tbe double
runcaion or nciliaJ &he clntiac activity IDd detcCliul the ,poDlln'01l1 lipili.
In facI wbeD l!ae d.etle'or reveal. tile lIalural bean bell (whieh il ID electrie
pulse ...Ith • pelk 10 peat amplitude ne.r ~o 5 mV) tuml orr the pul.e .eDeratOr
(whicb live out • peat to peu pUlA of approlhullcly 'V). So &etia, the
plcemaker reducel the po.er conlumptiOIll IDd avoiela uDuCllnry
stimulationl. nlre Ire two diff.RUl klJldl of pacini Seads: unipollr Ind bipolar.
bipolar lead. art I," lea.hive 10 lhe utemal inlerferences but tbe)' Ire lell
'Iluitive 10 lbe cardiac lipal too.

Sinlle channel and mullichlDncl devices (i.e. wi~ a Ilfanrta:ioIr Ind" deteetioe Nt·
more thlD a liD.le hcan point) are Ivailable ICCOrdiDI to tbe pltient Dce:da. lu I
Ja"e pin of \be ple,mlker. lhe phy.ician CID proJram tbe parameten of tbe
implaDI~d .i_nerator (e.l. amplhude. r,equ'II')'. sID.idvil,) ulio, a rldio
inlcr!ae. c;on~rolJed b)' a compuCt,. Moreover the fldio interface aJlow. the
phy.icilD to Itt die opemin. par""eten of fIle Itimul.Ior ulin. some u:lemetry
meuurcmenl function. built in Into "ae &tlvl".

Z • GSM Iater'erenci to Paclm,.",

Since \1Ie pacini Iud leu It In IInennl. ..,olln, to '11 ,'cl;troma.netic field
ma)':

a) Introduce CUlTents from th~ Icad, hUll 1-, bnn c:au.tDI nbrll1alion or local
hUlinl:


