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BACKGROUND
The present invention provides, for example, a method to reduce hum in a
hearing aid due to RF electromagnetic compatibility (EMC) effects when a hearing
aid wearer uses a cordless (e.g., cellular) phone employing intermittent

transmission.

Conventional -radiocommunication .systems provide examples «of three
: Mt %

different types of radio transmission protocol for use by cellular or cordless phones. :

The earlier deployed systems, such as the:UJ.S. AMPS system, the British TACS
system and the Scandinavian NMT system, employ continuous analeg FM
transmission of speech, and each conversation is allocated a different channel. This
technique is known as Frequency Division Multiple Access or FDMA.

More recently, digitally coded speech has been employed in_ systems such as
the European GSM system, the U.S. 1S-54 system and the Japanese PDC system,
because it affords better protection against fading in the mobile radio propagation
environment, higher system capacity, longer battery life and privacy through digital
encryption. : These systems -employ Time iDivision Multiple Access :(TDMA)
techniques whereby a single radio frequency channel is shared between several calls
by allocating different timeslots to different calls. Additionally, the transmit and
receive timeslots in these TDMA systems are staggered so that the phone does not
have to transmit and receive simultaneously. This feature is advantageous in
eliminating the large, expensive and lossy duplexing filters that were used with the
earlier con'tinuous analog transmission systems that required simultaneous
transmission and reception. Moreover, time duplex is essential when the frequency
band allocated for a system does not allow an adequate frequency spacing between
transmit and receive, as-in the so-called U.S. "part 15, unlicensed bands”, the bands
used for the European digital cordless phone standard known as DECT, and in the
1500MHz PCS bands just released in the USA.



techni que is known as Frequency Division Miultiple Access or FDVA
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such a phone is operated near sound reproducing equipment that is not designed for
operation in close proximity to radio transmitters, such as hearing aids or high-fi

-

10  equipment, the transmitter pulse repetition rate can be spuriously detected in the
_equipment giving rise to an audible buzz. This effect only occurs when the cordless
phone is extremely close to such equipment, for example, within three feet or less,
which is the case when a phone is placed next to the hearing aid of a hearing
impaired subscriber. _

15 A third access method that has been proposed is Code Division Multiple
Access (CDMA). CDMA systems may employ continuous transmission but still
permit many conversations to take place using the same spectrum, as the differently
coded signals can overlap without interference providing their relative power levels

N are not too divergent. A disadvantage of CDMA phones is their lack of

20  retrospective compatibility with earlier standards, an important factor in introducing
new systems, or the larger size and higher cost of providing a dual mode phone with
retrospective compatibility. CDMA systems (such as that described in the US 18-95
standard) are also risky precisely because of their need for very strict power control
since one errant phone that incorrectly controls its power can jam the whole system.

25 A touted potential advantage of CDMA systems generally is that the phone transmits
a lower power continuously instead of using higher power bursts, however the U.S.
IS-95 system employs burst transmission of varying duty factor in the phone and
thus does not offer much improved hearing aid compatibility.

Hybrid time duplex CDMA systems have been developed to overcome the

30  disadvantages of IS-95, such as the Omnipoint wideband CDMA system developed

o



2 In tinme duplex operation, the transmtter is inactive for a
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"Cordless handheld telephones employing time-duplex transmission are known\
10  which advantageously do in not require simultaneous transmission.and reception,
allowing costs 4o be reduced and giving longer battery life. The transmitter
normally operates for a short time slot in a repetitive frame period fo transmit
speech 10 a base station alternating with the receiver operating in a different short
time slot in the repetitive frame period to receive speech from the base station.
15  Other telephone calls may be supported simultaneously using the same radio channel
by assigning different transmit and different receive slots to different phones.

.When a cordless phone is used by a hearing aid wearer, the phone comes in.
close proximity to the hearing aid and, in particular, the cordless phone’s transmit
antenna is only inches from the hearing aid, potentially giving rise to hum due to

20  the hearing aid spuriously detecting the ransmitter’s RF pulse repetition frequency,
Phones according to the present invention include -both the normal :mode of
operation and 2 new mode of operation which can be invoked by hearing aid
wearers when the service provider has issued a proper authorization with the
subscription: The subscription offered to hearing aid users can also include other

- 25  features useful to the hearing impaired such as text message services.

In the hearing aid compatible mode, phones according to exemplary
embodiments of the present invention adopt a sinusoidal transmission amplitude
envelope in which annoying high harmonic frequencies of the transmission pulse are
suppressed. This technique causes a user’s transmission to occupy a larger



are not too divergent. A disadvantage of CDVA phones is their |ack of 20
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PCT/ US97/ 00711 the new mode, the loss of capacity io the system overall will be negligibley The
5  present invention provides an improved pulse shaping for intermittent transmitters
using any access methodology, e.g., TDMA, CDMA or time-duplex CDMA, to
eliminate pulse harmonics that cause the buzzing anomaly in sound reproducing

equipment mentioned above.

BRIEF DESCRIPTION OF THE DRAWINGS
10 The foregoing, and other, objects, features and advantages of the present
invention will become more apparent upon reading the following detailed description
in conjunction with the drawings in which:
Figure 1 illustrates an example of the transmission format used in the GSM
system, which format is used as an example to describe the present invention;
15 Figure 2 illustrates an exemplary transmission format for the GSM system
modified according to the present invention;
Figure 3 is a block diagram illustrating an exemplary system according to
AN the present invention; and
Figure 4 is a flowchart used to illustrate an exemplary method according to
20  the present invention, -

DETAILED DESCRIPTION
Figure 1 shows an example of the transmission format employed in the
TDMA cellular system known as Global System for Mobile Communications
(GSM). Therein, a repetitive frame period of approximately 4.6mS is divided into
25"  eight timeslots {or 16 timeslots in the half-rate mode). Mobiles receive on a radio
channel in a receive frequency band, each mobile receiving in an allocated one of
the eight timeslots, e.g., timeslot 1 in Figure 1. The mobile also transmits on a

channel in the transmit frequency band in an allocated transmit timeslot, e.g.,



for use in the so-called "unlicensed" bands that do not have a frequency
dupl ex spaci ng. Ti ne-dupl ex CDVA phones also enploy intermttent or
bur st .transm ssi on and so require a nmethod to inprove conpatibility
with the us@v@$ iR i ng ai ds. Si nce the above}ﬁﬁﬂggﬂwgﬂ TDVA
systens account for over 99% of the 5 current world market, it is

I nportant to provide phones which also include, an operati ng node of
i nproved hearing aid conpatibility so that' hearing aid wearers are
not subjected to the above-descri bed annoyi ng hum or buzz.
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si nul t aneous tyfnRedfolils s'r:eﬁsmxamleme mtsiwggered in time atlhve mgnemeﬁr&spmxdh@,
reduced and giving | onger batt i fe tra

operates for JeesiNG Ymes ?%s%fbtﬁi Pr?“’o?ﬂFé‘b%‘lei 9698"‘5?33%0 B’é‘?‘i"BHaWCF‘?“é‘nétmt
speech to a bg @@sﬁ@hh{en ﬂklwﬁﬁ&m&mwe& gxeeamg&e 10RSha

di fferent shor tinme slot Inthe repetitive frane perio to recei ve
speech from t rspatings of sSwatimesiots bsiweemitimasiof él@pﬁer:@b@alm@xmfyemnmor t ed

Cransmt afd bRl Pedfiie AR FINE When i RRLIRM B tCRT O,
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transmtter's RF pul se repetition frequency. Phones accor di ng to the
present i nvent$8mplenaitder Hohe tmeslomoloratansmistien gnd four for sereptian. ¢ gnd a

new mode qf ONRLASAE fU v BitioREid A AERIrNmIAREIRIcHRhRL]. In4GSM, the
remainder of the time not used by a particulay mobile for transmission and reception
is available for the mobile’s receiver to scan -other channels in order to determine,
for example, when it should request a handover 1o -stronger base station. This
process is known as mobile-assisted handover.

15 The transmit pulse formats are defined by the GSM specifications and
include a .guard time between puises, an up/down-ramping time to tumn the
transmitter power smoothly on and off to avoid spectral splatter into unsynchronized
adjacent channels, some guard bits at each end of the burst, and the main body of
the TDMA blrst which transmits 114 data bits, 26 sync bits and two control bits at

20  a flat power level. The up/down-ramping times are adequate to prevent spectral
spreading into an adjacent channel 200KHz away, but are not designed to control
harmonics of the 220Hz pulse repetition rate in the audio band of 300Hz to 4KHz.
Absent the special transmission mode described below, these harmonics cause
audible noises in a hearing impaired user's hearing aid.

25 Figure 2 shows an exemplary modified GSM reception and transmission
format designed to control harmonics of the frame frequency. The receive slots are
the same as those illustrated in Figure 1, but the transmit slot timing ‘has ‘been
centered midway between receive slots. This permits a relatively slow, almost
sinusoidal, up and down-ramping of the transmitter power. The central part of the

30  peak (e.g., transmit timeslot 2) can be used for transmitting a nprmal burst format,
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improve signal quality and potentially allow the peak power to be reduced. In this
exemplary embodiment, the transmitter power is held to zero or very low for
approximately one timeslot (e.g., 0.56ms) after the end of reception (e.g., transmit
slot 7 in Figure 2) and before the start of the next receive burst (e.g., transmit
timeslot 5), to allow settling time for frequency synthesizer frequency changes
between transmit and receive, so that the transmitter is not generating RF energy
until the frequency is at least within the allotted 200KHz channel.

Using the exemplary format illustrated in Figure 2, there are essentially three
slots per frame of more or less total transmitter silence in which other mobile
transmitiers can be received interference free. Thus in total, the capacity is reduced
by a factor of two, for the fraction of a percent of cases where a hearing impaired
user needs to employ the inventive mode. The impact on systemn capacity is
therefore virtually negligible if use is restricted to authorized subscribers. Having
described an exemplary mobile transmission mode for hearing-impaired subscribers,
an exemplary system level implementation will now be described.

Figure 3 represents a block diagram of an exemplary cellular mobile
radiotelephone system according to one embodiment of the present invention which
can be used to implement the foregoing. The system shows an exemplary base
station 110 and 2 mobile 120. The base station includes a control and processing
unit 130 which is connected to the MSC 140 which in turn is connected to the
public switched telephone network (not shown).

The base station 110 for a cell includes a plurality of voice channels handled
by voice channel transceiver 150 which is controlled by the control and processing
unit 130. Also, each base station includes a control channel transceiver 160 which
may be capable of handling more than one control channel. The coatrol channel
transceiver 160 is controlled by the control and processing unit 130. The control

channel transceiver 160 broadcasts control information over the control channel of

e

suppr essed.

node



the new node, the |oss of capacity to the systemoverall wll be
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The foregoing, and other, objects, features and advantages of the present

i nvention will beconme nore apparent upon reading the follow ng detail ed
descri ption in conjunction with tjhe draw ngs in which:

Figure 1 illustrates an exanple of the transm ssion format used in the GSM
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and
F| gure 4"is aleskoigiparer ¢aBR e Theymobilg d %ﬁ@\éﬁﬁpﬂhar@sﬂﬁlehé@ Fabreding to

the pges n channel -at of -HhAbiLED
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format enpl oyerhnscm\tehd'?o '-I‘hen, tw@mwngmam 180 stvalaten dban m:v@iabatrOISyst em

L?r ag/glr)gl(ienac?wl ?W%OBN}}I%H‘CF"%% he J‘her Ea'rigt’icsaofrt?ig-et Ic}léiaytee cgl s and period
:determines which cell the mobile should lock to. The received control channel
information not only mclufi;s absolute information concerning the cell with whxct{.:

10 it is -associated, but also:contains relative information concerning :other .celis
proximate to the cell with which the control channel is associated. These adjacent
cells are periodically scanned while monitoring the primary control channel to
determine if there is a more suitable candidate. Analogously, this equipment can

" be used to perform the MAHO -techniques described previously while the mobile

15 120 is connected to the system. Additional information relating to specifics of
mobile and base station implementations can be found in copending U.S. Patent
Application Serial No. 07/967,027 entitled "Multi-Mode Signal Processing” filed on
October 27, 1992 to P.Dent and B. Ekelund, which disclosure is incorporated here
by reference!

20 In the context of the present invention, processing unit 180 of mobiie 120
controls the tuning and power used by the transceiver 170. Thus, when operating
in-a normal mode, processing unit 180 will control transceiver 170 in, for example,
the manner illustrated in Figure 1. When, on the other hand, operating in a hearing
impaired.mode, processing unit 180 will more gradually rampup and rampdown the

25  power used in transceiver 170. Although one exemplary power profile is illustrated
in Figure 2, those skilled in the art will appreciate that the more general concept of
the present invention, i.e.-, the gradual ramping of power up and down for burst
transmissions in a second operational mode, need not occupy five timeslots as
illustrated in Figure 2. Depending upon the transmission format and system in

30 which the present application is applied, and the system designers desire to



25 eight timeslots (or 16 tineslots in the half-rate node). Mbiles
receive on a radio channel in a receive frequency band, each nobile

receiving in QEW cated one of the eight tineslots, e.q.
timeslot 1 i |§uﬂrlg 1. The nobile also transmts on a m’"ﬁ’?f%ﬂél in
the transmt frequency band in an allocated transmt tinmeslot, e.g.,
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timeslot 1. Transmit tinmeslots are staggered in tine relative to their
correspondi ng receive tineslots so ghat the nobile phone does not
have to transmt and receive at the same tine. This is illustrated in

t he exanpl e of agogunasiate hearing onpained uskrp while also not Sppaitingycapicityhouldnthe| ot s
bet ween ti nes| 1 he nobile receive frequency and 5 | mesl ot.. 1 on
Che mobi I e traRAPE bl IEping afees e yptisl Mrath b v in A spep D ripeet
bands are enpl eméfbnnieh thesembdeabl GmesBi ¢vee avlii¢h anthpld BASIcin bB Rwer

ti meslots, and t hus support eight conversations in the same
transmt/recei g@e@ﬁaxﬁ%rée F;%ﬁrg%r fewer t%an five. As a more general formulation, it is

5  sufficient to say that power ramping according o the present invention will simply
occupy more than one timeslot in a TDMA type format.

The GSM system includes a cipher-protected authentication system to verify
the identity of users. This is embodied in a plug-in smart card (not shown) disposed
in the mobile unit which contains a subscriber-specific secret key known only to the

10 service-provider’s computer and stored in the Home Location Register (HLR).
When a mobile phone accesses a network station, the network station verifies the
identity of the user as determined by the installed smart card by contacting the HLR
and obtaining a set of three security numbers. The first number is a random
challenge which is sent to the mobile station and passed to the installed smart card.

15 The smart card combines the challenge with the secret key and outputs a response
dependent on both. Part of the response is sent by the mobile station to the network
station, where the network station compares it with the second security number
received from the HLR. If the response matches the second number, then the

hN mobile station is verified to have a valid smart card installed which contains the

20  secret key issued only to that subscriber. The other part of the smart card’s
response is used as a cipher key for encrypting the rest of the call, and corresponds
to the third security number sent form the HLR to the network station. Only if this
cipher key also matches can communication actually take place.. The GSM
authentication and cipher system thus guarantee the identity of the subscriber. The

25  HLR can then also access other subscriber-related information such as whether
international calls are permitted or not, whether the hearing-impaired mode is
authorized or not, and so-on,

With reference to the flowchart of Figure 4, the network station can also
request the mobile phone to transmit its electronic serial number by transmitting an

30  interrogation signal thereto at block 200. A data base of electronic serial numbers



O herwi se, if no frequency-dupl ex spacing is enployed, the base station
can, for exanpl e, use four of the tineslots for transm ssion and
four f.or reception, thus 10 supporting four conversations in a single
transmt/reokd9ymmRannel . In GSM the remai nder of tFENISAHORBt used
by a particular nobile for transm ssion and reception I's avail abl e
for the nobile's receiver to scan other channels in order to determ ne, =«
for exanple, when it should request a handover to stronger base station.
Thi s process is known as nobil e-assi sted handover. 15 The
transmt pulse formats are defined by thg GSM specifications and

I nclude a guard tinme between pul ses, an up/down-ranping tinme to turn the

transmtter DPoHEY bé FaRidihed By thanvbnbrk fodook-ap dhaRasiistiat of RheH. cﬁﬁpﬂam,o
‘unsynchr oni zed adj acent channels, sone guard bits at each end of.the
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~up/ down-ranping tines are adequate to prevent spectral spreading into

an adj acent clegnipeienR @0 Kiezneawerk, Bueitherccaset thgcsysignedeterminasnthe ghobite’s

har moni cs of the 220Hz pul. L& rat e e .0 _ha f 300Hz to
4KHz. 9 Aﬁg@?ﬁ?{{eﬁeassxgé%aﬁgcf %9 fb%ctskmgg)s'i %ﬁﬁ‘%%éﬁ )gé%] %t{‘g e‘?%gﬁﬁ%g\%? ese
hagI nmoni cs causgsone :fromaﬂdi_lbymamh imdsdi'spla)alﬁbemab_l&gﬂienmnd"hgdlmlﬁﬁ'ﬁd'_ : sndamarigg
aid. 25 Fi gure 2 shows_an exe ary. i fi.ed. M reception an
transm ssi on automa rw engUTaralds %%V%Pﬁﬁﬂ%’é’e fastq?é‘f‘%r Eﬁrg

frequency. Thepfpmelioteeadl 1o Sandifited to the hBlRoHARE faSeahPRE rbdibimsfonatBk i n
Figure 1, but the transmit slot timn has been centered m dway

bet ween recei REtwITscan cligek gll ghiesitynes oF infprpatios) Jamglsn,  al nost <
" ae! Sote up o oA TR MR el e FRSEN ARANEL: e S6atce) poLl
nor mal burst frroflet(in which case it can be offered cost free) at block 220;
(i)  that the phone currently in use supports the hearing impaired -(HI)
mode (block 230),
and
15 (ili)  that the user has enabled the hearing impaired mode (block 240).
According to the exemplary embodiment illustrated in Figure 4, all three
conditions should be satisfied in order for the hearing impaired mode, e.g., the
transmission format of Figure 2, to be allocated by, for .example, setting an
indicating bit'in the channel-allocation méssage at call set up at block 250, If one
20  of these conditions is not met, then the flow proceeds to block 260 where normal
mobile transmission (e.g., Fig. 1) is performed by, for example, not setting the
indicating bit.
'Alternatively, if a user does not have the hearing impaired mode enabled in
his or her subscriber profile this user can still receive the mode upon request if the
25  eguipment supports it, but the operator may then charge a premium (for example,
double airtime costs) for the extra system capacity consumed. This extra charge can
be waived, at the operator’s discretion, for hearing impaired users that register to
use the mode.
A method has been described for improving hearing aid compatibility in
30  digital cellular phone systems. Other solutions that improve service to the hearing
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€.(g., conprising the above-described data and sync bits. Optl onal | one ofr.
Ho f%?é

nor e - ots on either side of the center sl ot dto
repeat transm.ssion of the data, allow ng a speci al base station
receiver to utilize the extra energy to i nprove signal quality and

potentially allow the peak power to be reduced. In this 5 exenpl ary
enbodi nent, the transmtter power is held to zero or very low for
approximately one tineslot (e.g., 0.56ns)@fter the end of reception (e.qg.,
transmt slot 7 in Figure 2) and before the start of the next

recei ve burst (impgired mapnkke the solution descnibed above) cotsomal harer systeml ¢aparityi ne

for frequenc nt he er e ncy change en transmt and
recei vequso %/h ep@ﬁik%ygﬁg%q g'g‘}c"}gls/" T E%Fﬁstlfﬁ eﬁﬂﬁ'?gﬁé‘? Qﬁysﬁ% Suc t| I
the frequency iig-gat tﬂe%ﬁmg’\'ﬂ&tp'fﬁbtéﬂ'\%e&kd &Hﬁ&dava%gk?st&ﬁ]@diﬂﬁh consumed by

Usi ng the exenplary format ustrated in Figure 2, there are essentlally

three slage sejgphone  gafemay bemttest 1o impyoye haaring: aif ssempethilie. | &ha@e i n
whi ch ot h
uni ch. ot hers Mobb@a sysem, it SIBSBIE LPEGof W oP RidRiY HPEmb-MEL GIeRERIFL! o°-

frequency duplexer is used, thus eliminating on-off transmitter switching. The
reduction in system capacity and revenue is however insignificant when use is
restricted to the small, genuine hearing impaired community however, which is
guaranteed by the automatic authentication aspect of the invention. Any such system
10 as may be devised or modified by persons skilled in the ant maﬁing use of the above
principles is deemed to fall within the scope of this invention as described by the

following claims.



by a factor of two, for the fraction of a percent of cases where a hearing

SyStemcapacity 1a Eﬁefgl’ﬂliﬂlﬂlﬂflllmﬂlllﬁ& "Gibic if useis

restricted tWOSWAMBr i zed subscri Ber§. Vi ngd descr i ROTCRYOTEND| ary
nobi | e transmi ssi on node for hearing-i rrpal red subscri bers, an
exenpl ary system |l evel inplenentation will now be described. Figure 3 . =«

represents a bl ock diagram of an exenplary cellular nobile 20

radi ot el ephone system accordi ng to one enbodi mnent of the present invention
whi ch can be used to inplenment the foregoing. The system shows an
exenpl ary base station 110 and a m)bl | e 120. The base station

i ncludes a coprgahggnd processing unit 130 which is connected to the
MSC 140 which 1n turn is connected to the public swi tched tel ephone
network (not shown)l: 28 acellular telephpme nsmkmomlmmorwfmwmmm udes
a plurality of Vol V, ei ver
150 which is con(z)[,ﬁ-%“f“g%lﬁ ?é/‘ﬁétﬁ conttyq’r mglﬁ%e %?@cﬁé’sés)#%tgoggﬁﬁg%dmk s?!@i

Al so, each baseaseabngimpaired uste comprsing thet foﬁhmmgeteptr anscei ver 160 vvh| ch
may be capsabl e of handl.i g@ more t han one nt r.ol chagnel The contral

channel t r-a fFERSRIY aﬂétgegrgga&gﬁﬂgml IR $RE NeROTK i@ Fopile siatioh e s si ng
unit 130. The rg@pifgh resgbhse vEABARE AN -Tdemity OEitheSdsed Giadbr oadcast s contr ol
i nf ormati on over thge) cogfhr ol . channel of W7/ 27712
PCT/ US97/ 00711 allocating a higher proportion of :system communications resources if
requested by the user and if a profile contained in a network database for said
4dentified pser permits such allocation. “
10 2. The method of claim 1:in which the step of allocating said higher

proportion of system resources includes the step of allocating one or more additional

timeslots to the mobile station’s transmitter.

3. The method of claim 1 in which the step of allocating said higher
proportion of system resources includes. the step of allowing said mobile station to
15  increase its average transmit duty factor.

4. ' The method of claim 2 further comprising the step of reducing a peak
power associated with said mobile station’s transmitter in relation to the one or more
additional timeslots allocated.

5. The method of claim 3 further comprising the step of reducing a peak
20 power.associated with said mobile station’s-transmitter in relation to the increase in
average transmit duty factor.

6. The method of claim 2 in which said mobile transmitter employs said
additional timeslots to extend power up- and down-ramping time to reduce audio
frequency harmonics of a pulse repetition rate associated with said mobile station's

25  transmitter.
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7 the base station or <cell to nobiles |ocked to that control
channel . When the nobil e 120 first enters the idle node, it

ot Cons 20 v e e i CIUIBVHINNAD. 55 o' 5 ' omonnne

nobil e 120 receives the absoluté afid telati’ve *s I nformati on broadcast on
a control channel at its voice and control channel transcei ver 170.
Then, the processing unit 180 evaluates the received control

channel information which includes the characteristics of the candi date
cells and determ nes which cell thegznobile should | ock to. The

recei ved control channel I nformati on not only includes absol ute

i nformation concerril.ng tlhe celilar wiephonemethorkGncluditg & nemasloof bisedrationd  al so

[ I f ' . |1
the cel| i th I ICORTTREEonpAiB e BHRCY Pebi CHeesas mefnod ot apidre
cell's are periggviesld theheasipeichpaliid @sefre&h{m@sﬁﬁg\&etfbsom% g@py control channel

to determne if thereis a nore sui candi d Anal ogously, this
equi prent can transmiftag 2 HIGEBRERHsigHAL fom-the netvarktqaarobiiescr i bed

previ ousl yswhi digidt8 dERRMR chpabilitk¢ e bald GRBIE Satich bt Ty SUSLAkaefidl 1 Onal

information relating to speci
i npl enent ati ons carremvrhgamkponsed'mnemdlm@lwsﬁnommnmaung the dkppidemﬁyj on

Serial No. 07/.9 7. 027 t l d" Si filed
ot oper o7, 1oudkagiemBaaabiis of id mobt Sadin b indlABRER Beab £o1 BB at e
here by ﬁﬁfﬁa&ﬁeg.and

allocating a hearing aid compatible communications channel if indicated as
10  said special user request and if said requested feature is supporfed by said indicated
capabilities.

8. The method of claim 7 in which said step of allocating flrther
comprises the step of:
allocating said hearing aid compatible channel only if said identified
15 user is registered as authorized to receive said hearing aid compatible channel.

9. The method of claim 7 in which said step of allocating further

N comprises the step of:
allocating said hearing aid compatible channel with no additional
airtime cost being accumulated by a network billing system if said identified user

20  has previously registered to receive said hearing aid compatible channel.

10.  The method of claim 6 in which said power up- and down-ramping

is an approximately sinusoidal amplitude modulation.

11. A mobile station comprising:
a transceiver for transmitting bursts of information at controllable
25  power levels; and

a processor for controlling power levels associated with said bursts
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20 In the context of t processing unit 180 of
nobi l e 120 control s the umﬂuglm:lunpummljsed by the transceiver 170.
Thus, Wwhen i n anormalt nmbded processing uni
control-tra(r)l‘gggl ver 170 in, for exanple, t he manner #ﬁ&’?’ﬁéb in
Figure 1. Wen, on the ot her hand, operating in a hearing I npai r ed
node, processing unit 180 will nore gradually ranpup and ranpdown the 25 =«
power used in transceiver 170. Al though one ej ﬁﬁgﬂg f ileis
illustrated in Figure 2, those skilled i é’f g@I?é@gareciate
that the nore general concept of t b3 présent RERLAR Lje., the
gradual ranpi ng of power and down for burst transm ssions in a
second oper at %Pﬂfimﬁﬁﬁéneﬁ a dirfignodscand asecondempderes| ot s as

illustrated in Figure 2. Dependi ng upon the transm ssion format and system
in 30 which the present application is applied, and the system designers

desire to 12W0 Fhe avobile station of claim 11 wherein said first mode is a normal
PCT/ US97/ 00711

operating mode and said second mode is a hearing aid compatible operating:- m%de

13.  The mobile station of claim 12 wherein said processor .adjusts said
5  power levels in said second mode at a rate which is substantialy more gradual than
a rate associated with said first mode. '
%
14.  The mobile station of claim 12 wherein said processor .adjusts. said
power levels in said second mode to mitigate harmonics which can be induced in a

hearing aid by said mobile station.

10 15.  The mobile station of claim 11 wherein said transceiver receives an
indicating bit at call set-up and said processor controls said. transceiver in
accordance with one of said first and second modes based upon a value of said
indicating bit.
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acconmodat e hearing inpaired users while also not inpairing capacity should

t he nunber of hearing inpaired users be relatively large, e.g., in a
speci fic m craeshzhkrn: envi ronnent; the nunber of tineslotﬁcﬁpgme@ich a-
si ngl e burst can be power tapered nay be nore or fewer than five. As
a nore general fornmulation, it is 5 sufficient to s hat power ranpi ng
according to the present invention wll sinply a*éipy nore than one
timeslot in a TDVA type format. -‘/4 The GSM emincludes a

ci pher-protected authentication systemto verify e identity of
users. This is enbodied in a plug-in smart card (not | ) di sposed

in the nobile unit which contains a subscriber-specific secret key known
only_to the 10 service-provider's conputer and stgred in the Home

Location Register (HLR). When a nobil e phone accesses a network
station, the network station verifies the identity of the user as
determ ned by the installed smart card by contacting the HLR and

obtaining a set of three security nunbers. The first nuger is a random
chal  enge which is sent to the E@bile station and passed§to the installed
smart card. 15 The smart c conbi nes the challenge wth the secret key
and outputs a response endent on both. Part of ¥he response is
sent by the nobile station t e network stafion,| where the network
station conpares it with the ond security nunber received fromthe
HLR. |If the response—ate SR G—AHBe F—t-hen—t-h — —hDbi
station is verified to have a vglid smart card installed which conta?ﬁg t he
20 secret key issued only to tthat . subscriber. Thesother part of thejsmart
card's response is used as a cipher key for encrypting the rest{of
the call, "and corresporgs — —|+6- the -th 8- seeurit er—sent—formt he
HLR to the network station. Only if this ci pher key also matchefs can
comuni cation actually tak® plage. The GSM amt hentji cati on and c} pher
system thus guarantee the identilty of the subscriber. The

FIG. |
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25 HLR can then al so access other subscriber-related information such as
whet her international calls are permtted or not, whether the

heari ng-inpaired node is aut hori zed or not, and so-on.

With referemwosterithe fl owchart of Figure 4, the network stRCI/US$7HML al SO
request "t he nobil e phone to transmt ig§(a%ecironic serial nunber by
transmtting an 30 i nterrogation signa hereto at bl ock 200. A data base
of electronic serial nunbers WO 97/ 27712
PCT/ US97/ 00711 9
may be maintained by the network -to | ook-up characteristics\of each

equi pnent such as whether the hearing-inpaired node iY supported by
t he equi prent. There arejalso "class-bits" stored in the\ nobile which
can-be used toindicate the type of equi pnent to the netywork. In
ei ther case, the systen1deterninef the nobile's 5 capabilitijes as
i ndi cated by bl ock 210. H@nalfly, the user can programt he
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phone fromthe keyboard and display to enable the hearing inpaired node
automatically whenever a call is placed or received, or selectively as

desired. Th| nformation can be transmtted to the network_ at. fot
exanpl e, - regls??é? 5% The network can check all thré@”?@%ﬂﬂ?Qﬁ

information, nanely: 10 (1) 2i the hearing inpaired node is
an al | owed nDde in the subscri ber G%l ile (in which case it can be

of fered cost free) at block 220; (ii) that the phone
currently in use supg}f?ﬁﬁé earing inpaired (H) node (bl ock 230),
and 15 he User has enabled the hearrng 1 npalred nodg
(bl ock 240). According to the exenplary enbodi nent illustrated
in Figure 4, all three conditions should be satisfied in order for
the hearing ipaired node, e.g., the transm ssion format of Figure 2,
to be allocated by, for exanple, settifg an Indicatrng bri"i1nt
channel -al | ocpti on nessage at call setjup at Lgck 250. If ongp20  of

these conditipns is not net, then the fl ow pro¢eeds to bl ock 260 wher

nor mal hobile transmi ssion (e.g.t F[g. I) 1s qerfo ned by, 10
exanpl e, not petting the i ndi catifng| bit. Al terna
if a user doep not have the hearing inpaifed node erfabl efd in i
her subscriber profile this user can stil] receive tihe npde Upeh re i f
t he 25 equi pnent supports it, but theé operator mayftTne L a Tom
(for exanpl e, deagol e airtinme costs)|{for the edtra SJ%? Hﬁ@a:ity
consuned. Thip extra charge can . e Aaived at jthe pperator's
di scretion, fpr|hearing I npajred usersithht terf to {. use the Jnode.
A nmet hod has pegen described ffor inproviing| h b@ d cofmpatTorrty’ i i 30
digital céllu]ar phon¥fsyst efs—+her—ssof tkﬁ%#% i nprove ¥8rvice tlo the
heari ng i { :

CONTROL
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i npai red may, |ike the solution described above, consune nore system
capacity woaeTizenpl oyed t hus reduci ng operator revenue®CTissroexanpl e,
in a syStem such as | S-95, the varying duty factor used to reduce
aver age system | oadi ng consuned by one tel ephone call may be omtted
to inprove hearing aid conpatibility. &g% TDVA system it is possible
to conceive of allocating all tinmeslots ne user if a frequency
dupl exer is used, thus elimnating on-off transmtter swi tching. The
reduction in systemcapacity and revenue is however insignificant when use

S restricted to the small, genuine nity
however, which is guar ant eed by t he automatlc aut henti cjati on aspect
of the invention. gs tem 10 as mayb dor dified by
persons skilled in t /J I ng use of ithe m “‘“ pri Al |39Qes S
deened'to fall within the scope of this ifnven BN@LLcr i bdd by the

J

DETERMINE NOBILE'S
LOUIPNENT 210
CRARACTERISTICS |

W /8
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HI NOOE 2

JES
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USER? |
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.'f”ollovx/ el ai ® 11

¢l ai
CLAI VS .4 erl"l l”l" “IH"&H[ Ilgl ar. teI ephﬂne n;et wor k=| r:CI lIdl hg.a,,networ k of
Hase sthtio CONTIUNN C al i3y m)ﬁl .e, stgtolooﬁs a
met hod jof prow ding service to a hearl ng |rrpa| red’ user co t he
fol | owgng steps: transmitting an |nterrq MBEEN) t he
net wor k ateordingotoi one of afiiSbmodmand 2eecbnd WEdE: r edp §e RlérsE\A Eljt}l ng af identity
of saifl hearing inpaired user; and al | ociating yet—proporti on of

systeny communi cat I@ﬂ&einWamJﬂﬂPﬁEdé R30r0rERS opdratiRe HRAE 3dd l@ﬁdtsh@ud&ﬁédea@d | f
a proffle contained in a net dat abase for sard identified user permts

such | ocat.i on. b Th(g_‘f nmet hod of claim1 in which the step of
al | ocak iaheariag aidFefARL ber?if%‘?t%qg system resources includes the step of

al | oc tlng one or nore additional tineslots to the

12.  The mobile station of claim 11 wherein said processor adjusts said power
levels in said second mode at a rate which is substantially more gradual than a rate

associated with said first mode.

13.  The mobile station of claim 11 wherein said processor adjusts said power
levels in said second mode to mitigate harmomnics which can be induced in a hearing aid by

said mobile station.

14.  The mobile station of claim 11 wherein said transceiver receives an
indicating bit at call set-up and said processor controls said transceiver in accordance with
one of said first and second modes based upon a value of said indicating bit.

N
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nobile station's transmtter. : The net hod of clalmlL%?%/n Pg
the step of all her proportlon des
the step of al IIMH’] m"mm e station to i @Hé@@wm Ye transm t
duty factor. met hod of clafn]2 further conpri sing the

step of reducing a peak power associatgg w th]shi @ sgil ©99%taijon's
transmtter in relation to the one or nore adgitional tinesl sf al | ocat ed.

5. The nethod of claim 3 further conprising t Step of reduci ng a peak
power associated with said nobile station's tfansmtter in relagtion to the
I ncrease i CLAIMSage transmt duty factor. 6. The net hod of

claim2 in which saig nobile transmtter enploys said additional timeslots

to extend power lup- &ha celsiar-telsphane metwark inclpding e Betwenki phbase sitiensfor
har moni ¢S edmauRitafify Wil 8'phiraflfy drhdbil 38R6AS a5Hetibd B pRVREPRIIE: & 211 0N' S

transmtter.
hearing impaired user comprising the following steps:

transmitting an interrogation signal from the network to a mobile station and
receiving a response vcnfymg an 1denuty of said hearmg impaired user; and

allocating a hlgher proportion of system connnumcanons throughput resources if
requested by the user and if a profile contained in a network database for said identified
user permits such allocation.

2. The method of claim 1 in which the step of allocating said higher proportion
of system resources includes the step of allocating one or more additional timeslots to the
mobile station's transmitter.

3.  The method of claim 1 in which the step of allocating said higher proportion
of system resources includes the step of allowing said mobile station to increase its average
transmit duty factor.

4. 'I'hemethodofclmmzftmhﬁrcompmmgthestepofreducmgapeakpower
assocmted with said mobile station's transmitter in relatmn to the one or more addmonal
timeslots allocated.

S. The method of claim 3 further comprising the step of reducing a peak power
associated with said mobile station’s transmitter in relation to the increase in average
tran_smit duty factor.

6. The method of claim 2 in which said mobile transmitter employs said
additional timeslots to extend power up- and down-ramping time to reduce audio frequency
harmonics of a pulse repetition rate associated with said mobile station's transmitter.



12 7. In a cellular telephone network including a network of
base statio ing with a pluj T f bite-tel ephones, a
met hod of |m'ﬂmmulgmuﬂmﬁmlto a hearing i L&EMEMMI sing the
fol l owi ng stépsf " %rédnsnitting an injefrogation signialf fromthe
network to a nobile station to determpe cappbigd ¢ jygsiggy gaijd nobile
station and verify a user identity; receiving a regpdnse fromthe
nobil e station authenticating the user identTty;—rmdrcat+ng the

capabilities of said nobile station and ingcluding a request {for speci al
user features; and all ocating a hearing aid conpatible

communi cat | ons7.chargel cdfulas Rléghh deririe HlcfhahREL hatbotio St bisf WiRShs ART 1 f

said requested feature is supported by sali capa | es.

8.  Theommypieating widne plurality ofmobile slephonese g methed ofduproving servidean a
channel - digebiie FBRre v comprising the SpURERBERPET S, o as aut hori zed Lo Feceive
sai d hearing arthsofitingtak binerrogaionignal from the network to a mobile
station to determine capabilities of said mobile station and verify a user-identity;
receiving a response from the mobile. station authenticating the user identity,
indicating the capabilities of said mobile station and including a request for special user
features; and | '
allocating a hearing aid compatible communications channel if indicated by said
special user request and if said rcquestedlfeamr_e is supported by said indicated capabilities.

8. The method of claim 7 in whick said step of sllocating further comprises the
step of: _ . '
aumating saic_l hearing aid compatible channel only if said identified user is
registered as authorized to receive said hearing aid compatible channél.

9.  The method of claim 7 in which said step of allocating further comprises the
step of: _ _ '
allocating said hearing aid compatible channel with no additional airtime cost
being accumulated by a network bilting sysfem if said identified user has previously .
registered to receive said hearing aid compatible channel.

10.  The method of claim 6 in which said power up- and down-ramping is an
approximately sinusoidal amplitude modutation.



9. The fethod of claim 7 in which said step of allocating further

conprises the al l ocati ng d hearl ng aid conpatible
cranet wi 0 nd AATHIIML = cost eino Framba et wor k
billing systemi*f Sail iMerstim™ ed-user has pr edeq to receive
said hearing aid conpatible channel. 13 The met hodl ¢f claim 6

I n which said power up- and down-ranping is ap app?é)deHﬂ%’FJy I pusoi dal

anpl i tude nodul ati on. 13
11. A nobil e station conprising: a transcerver fransmtting
bursts of information at controllable power | évekrsan

11. A mobile station comprising:

a transceiver for transmitting bursts of information at controllable power
levels; and

a processor for controlling power levels associated with said bursts
according to one of a first mode and a second mode;

wherein said first mode is a normal operating mode and said second mode is
a hearing aid comnpatible operating mode; and

wherein said transceiver receives an indicating bit at call set-up and said
processor controls said transeeiver in accordance with one of said first and second modes
based upon a value of said indicating bit.

12.  The mobile station of claim 11 wherein said processor adjusts said power
levels in said second mode at a rate which is substantially more gradual than a rate
associated with said first mode.

13.  The mobile station of claim 11 wherein said processor adjusts said power
levels in said second:mode to mitigate harmonics which can be induced in 2 hearing aid by
said mobile station. ' '
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according to one of a first node and a second node; wher éi n
said first node is a normal operating node and said second nodggls. a
hearing_aid conpati bl e operating node; and wher ghdFgaai d
transcei ver rece an i ndigekib ReeLBickuat br of@lzigonand sai SEMMFcessor

controls said transceiver in accor daie@sigplBpreayne of said first and second .
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{57) Abstract

' _Techniques for providing & hearing aid compatible mode of transmission for a mobile station in a yadio communicati
described. By adjusting_a transmission envelope of a mobile station which transmits information in a burst fashion, hannoniuorv:i?hm
mmgaﬂy be introduced into a hearing aid placed in close proximity with the mobile station are avoided. The modified transmission envelope
[provides a more gradusl up and down-ramping of power to the transmitter to avoid introducing harmonics in the andio frequencies. This
service can be provided at 3 system lgvel in & manner which will avold unnecessarily reducing system capacity by, for example, authenticating
auser's :dennt?. his or her subscription 1o this mode of operation, the mobile station’s ability to modify the transmission envelope according
to the present invention, and the user's desire to actually implement the hearing aid compatible mode of operation.




