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Transmi ssion of voice-frequency signals in a.nobile telephone systemTFhe .
present invention relates to transmtting 5 voi ce- frequency signal s,
especially DTMF signals, over the radio interface of a digital nobile

tel ephone system In a digital tel ephone system a speech signal is coded

I n some naWEA6/3B8tTore it is channel coded and transm tted RGIKIPOOI®LdI O
path. In speech coding, 10 digitalized speech is processed franme by
frame in periods of about 20 ns by using different nmethods in such a manner
that the result is a group of paraneters representing speech for each
frame. This information, i.e. the paraneter group, is channel coded and
transmitted to tfAransmissippnanefi sxeibee phraqueneychadgshlgoding, at heobile
information is preiephedeb¥ydibherent error correcting codes. The speech
codi ng met hod used in the C%M cellular systemis the so-called RPE-LTP
(Regul ar Pul se Excitation LPC with Long Term Prediction). The basic parts
of the 20 al gori t hm afbet Iprdsentar ipvenk ixn veetateng ta | teansPid tiny

resi.dual signal %qlc@gf%éqhaﬁcyaéigﬁmee@bebmsw Imﬁ%q%l&qg &PEr the
operation is conpl eted bfy~ g e pi "E‘?ﬁlc.; ? coder t hus produces -
short termfil tetragéf’ar’rﬂ &f ac?o‘ﬂé lﬁ:%dl § HEFERBPRS SYS¥Mand RPE
25 paraneters. |In a dEnodeligitel Relephoanacsestenmcta apeachi signal is
excitation signaleog@ad 10C Jofilel! Hehnsh Oerand lppglgeraam&r%gaadac;n@s

filter parameters. The.s ch coding al goyr.ithm enpl oye t he al
cel lul ar system it ﬁapﬁé'legﬁgbeltBngé:r{eo t“%“(—.‘;l ofl IbOO%p t ‘gz’cﬂfbrs

30 CEL®O ( Coddx@itaﬂ.éde@il apaeckr Bali p:toc:ma)sezhrfd-atnbebyoﬂeame singhperimib t 0
by the ter”‘VECt%&'§BGhEX§bt£§1ﬂﬂ'ﬂgyhg different methods in such a manner

that the result is a group of parameters representing

speech for each frame. This information, i.e. the

parameter group, is channel coded and transmitted to the

15 transmission path. In channel coding, the information is
protected by different error correcting codes.

The speech coding method used in the GSM cellular

system is the so-called RPE-LTP (Regular Pulse Excitation

LPC with Long Term Prediction). The basic parts of the

20 algorithm are the linear predictive coding filter LPC and

residual signal coding as the last stage of the pulse

sequence. The operation is completed by tone pitch

estimation LP. The coder thus produces short term filter

parameters, long term prediction parameters LTP, and RPE

25 parameters. In a decoder, the RPE parameﬁers act as a

filter excitation signal, and the received short and long

term parameters act as filter parameters. The speech

coding algorithm employed by the digital cellular system

in the USA belongs to the category of code excited coders

30 CELP (Code Excited Linear Prediction), and the coder is

referred to by the term Vector-Sum Excited Linear

Predictive Coding (VSELP). The result of the speech coding

is a group of parameters, by means of which and also by

means of code books having a predetermined structure a

35 speech signal is synthesized in the decoder of the
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receiver. The speech signal residual is not transmtted at
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a speech paraneter group. bn addition to actual coding,

ctions are also built inin digital speech processing: a)
on the transm tteresedleervdlle spetech bjgral ecésiduall is noft VARnshityenas of
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a) on the transmitter side, voice activity detection
(VvaD), by means of which the transmitter can be activated
only when there is speech to be transmitted (Discontinuous
Transmission, DTX), b) on the transmitter side, background
noise evaluation and generation of parameters
corresponding to the noise, and on the receiver side,
comfort noise generation in the decoder from the
parameters, this comfort noise making an interruption in
the connection sound more comfortable than absolute
silence, and c¢) acoustic echo cancellation.

As an example of speech processing, speech
processing arrangement used in the known GSM mobile
telephone system is described with reference to Figure 1
showing a transmitter side. The input of the speech coder
1 is either a 13-bit PCM signal arriving from the network,
obtained by sampling an audio signal at a frequency of
8000 samples per second, or A/D converted 13-bit PCM
arriving from the audio part of the mobile station. The
duration of the speech frame obtained from the output of
the coder is 20 ms and it comprises 260 bits, which are
generated by coding 160 PCM coded speech samples.

The speech coder 1 produces the parameters
mentioned above for each 20 ms speech frame, and the voice
activity detector (VAD) 2 determines on the basis of these
parameters whether the frame contains speech or not.
According to the information contents of the frame, the
VAD detector sets an appropriate flag controlling the
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1 is either a 13-bit PCMsignal arriving fromthe network, obtained by
sanpling an audio signal _at a frequency af 25 2000 sanples per second_

or A/D converted 13-bit PCMarriving fromthe audio part of the nobile
station. The duration of the speech frane obtained fromthe output of the
coder is 20 ns and it conprises 260 bits, which are generated by coding 160
PCM coded sweo®oemssanpl es. 30 The speech codecTFBéopB8bAUCES
the paraneters nentioned above for each 20 nms speech franme, and the voice
activity detector (VAD) 2 determ nes on the basis of these paraneters

whet her the franme contains speech or not. Acgording to the information
contents of the franme, the 35 VAD detector sets an appropriate flag
controlling the op&¥atisB286f7a DTX control and operation block 4. Its
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the frames applied to. a n coder 5 and therefrom
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Descri ptOI’) franmes cont ai ni ng{: noil se ers are transmitte

included in the speech which background noise would also
speech

10 be interrupted in using discontinuous transmission DTX,
which would cause disturbing interruptions at the
receiving end. Therefore, SID (Silence Descriptor) frames
containing noise parameters are transmitted after a speech
burst and at certain intervals also during speech pauses

15 indicated by the VAD 2, the receiver being thus able to
generate noise resembling the original noise from these
parameters also during pauses. The duration of such a
frame and the number of bits in the frame are the same as
those of a speech frame. The noise parameters are

20 - determined by a noise TX function block 3 on the basis of
the parameters obtained from the speech coder 1.

According to Figure 2 showing the fields of a SID
frame, only part of the 260 bits of the SID frame are
needed in coding the noise parameters. Background noise

25 spectrum information is coded in field B, and background
noise level is coded in field C. As regards the other
bits, 95 bits are used for the SID code word, field A, and
all the bits have the value zero in the word. The rest of
the bits of the S8ID frame have the value zero, field I.

30 When a pause occurs in the speech, i.e. the VAD flag is
zero, it causes the fact that the frames transmitted from
the DTX control and operation block 4 to the channel coder
and further to the radio path as so-called traffic frames
are SID frames containing noise parameters. The value of

35 the SP flag adjusts the channel coding to be suitable for



burst and at certain intervals also during speech pauses 15 I ndi cat ed
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original noise fromthese paraneters al so during pauses. The duration of
such a frame and the nunber of bits in the frane are the same as those of a
speech frane. The noi se paraneters are 20 determ ned by a noise TX
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coder 1. According to Figure 2 showing the fields of a SID franme, only part
of the 260 bits of the SID frane are needed in coding the noise paraneters.
Background noi se 25 spectruminformation4is coded in field B, and
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perfornmed on the recelived radio sjgnal in a
traffic frame, 1t 1s checked in a SID frame detection

10 block 36 whether a SID frame containing noise information
is in question. This is performed by comparing the code
word of the received traffic frame bit by bit with the
code word stored in the receiver. Depending on how many
bits deviate from the correct one, a SID flag is provided

15 with one of three possible wvalues. In addition, traffic
frame synchronization information is provided by means of
a TAF flag {Time Alignment Flag). The inputs of a DTX
control and operation block 34 are thus the traffic frame
information bits, erroneous/error-free information BFI

20 concerning the frame, and notification whether the frame
is a SID frame containing noise parameters. If the traffic
frame is an error-free speech frame, it is applied to the
input of a speech decoder 31, which generates the original
speech on the basis of the parameters. If the traffic

25 frame is classified as a bad or lost speech or SID frame
on the basis of the BFI flag, some replacement procedure
of bad speech frames is performed in a block 32 for
instance by applying the latest good parameter values as
attenuated to the speech decoder. If the traffic frame is

30 an error-free SID frame, it is applied to a noise RX
function block 33, which adjusts the speech decoder 31 to
produce noise resembling the original noise for as long as
speech frames are received again.

A basic characteristic of digital networks is

35 that they do not let signals through like a conventional



5 bl ock 35. The detected traffic frame error-corrected in the channel
~-decoding is_provided w

whet her the received traffic frame is erroneous or error-free. As regards
the traffic franme, it is checked in a SID frane detection 10 bl ock 36
whet her a SID franme containing noise information is in question. This is
performedvwysémaari ng the code word of the received traffCuFbéemss bit by
bit with the code word stored in the receiver. Depending on how nany bits
deviate fromthe correct one, a SID flag is provided 15 wi th one of
three possible values. In addition, traffig frame synchronization
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and # are indicated as a combination of two different

frequencies selected from frequencies 697 Hz, 770 Hz, 852
Hz, 941 Hz, 1209 Hz, 1336 Hz, and 1477 Hz. 12 allowed
15 combinations have been defined. By using the frequency
1633 Hz, the letter symbols A, B, C and D are also
obtained. The number of allowed frequency combinations is
thus 16.
For telefax machines, a special adaptation
20 function is specified in GSM networks, the analog signal
of a machine being adapted to a digital radio channel by
means of this function. Transmission of DTMF signals from
a mobile station to the network, i.e. in the uplink
direction, has also been specified. According to the
25 specification, DTMF voices are not generated by the mobile
station but by a mobile exchange, whereby the voice
signals do not have to be applied via a speech coder. In
depressing numeric pushbuttons of the mobile station
during the speech connection, the mobile station transmits
30 a message, and the mobile exchange generates the message
after having obtained a corresponding DTMF signal.
The problem with present-day networks is thus the
transmission of DTMF signals in the downlink direction.
This is specified in no manner in present-day mobile
35 networks. It is true that DTMF signals travelling from the

nol se_ RX_funCtion hl.aock 33 whlch
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tel ephone network. They do_not |et through DTMF signals properly, |let alone
a signal of the V.29 nodemused in fax machines. In a tel ephone network,
DTMF (Dual Tone Miultifrequency) signalling, contrary to dialling pulses, 5
penetrates the entire connection all the way to the B subscriber, and this
I s why theywarssisgsapeci al |y useful for use in renote controbcr®®sno1s:
apparatuses, for instance in renote interrogating tel ephone answering
machi nes or in voice coded data transm ssion. In DIMF signalling, tw 10
si mul t aneous voi ce frequencies are used to igdicate a specific character.
Al digits 0 - 9 and the characters * and # are indicated as a conbi nation
of two different fewemdndices sebddecdthtbonf reapenttie mokileHstationzbus2
Hz, 941 Hz, 1209 1 n 77 nmbi pat S
% a %%Qt&tﬁa ?ol‘ﬁi s'i'ﬁci 6%?@%91 ) he]ﬁ%ettfravceq 5}? hﬁ\g

have been def| ned. By usi ng .t reqle er synb
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t hus 16. For teI eépaectacrﬂéumjeza s:pecmaie ad@maél oetafion. fDWEti B8 | Bhe
specified ig t n f | p to
a digital rad| o ll'rllzge?'{ %fl'rrgglr?g 8{;01?% ur%é'?l Bg‘en%gan{s}?rﬁ%% %%t ﬁ%fffﬁ*"
signals froma “r%f—"%ﬂ‘%& i8R tD Fmeﬁetrmmrkl w0 drtert RIMEksédgratsion,
has al so been speridnsmissiesor 6Engigndlfze 2h the Sﬁpnﬁkcc’ﬂ:lz@btﬂaﬁl\ﬂ:all%ces
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t he voice signal ed via a
above: when the user uses the DTMF ac111ty of the mobile
10 station, the station transmits both the starting message

and ending message of a DTMF signal, the mobile exchange

acknowledging both messages with acknowledgement messages.

Accordingly, the transmission of a number comprising for

instance ten characters requires a total of 40 messages.
15 This loads the network.

The problem is emphasized especially in telephone
systems in which a fixed connection between an exchange
and subscriber stations in a fixed telephone network is
replaced with a radio connection. The solution is referred

20 to as a telephone system implementing a wireless
subscriber connection, i.e. as the WLL system (Wireless
Local Loop System). In the WLL system, a wireless fixed
terminal equipment comprises a radio unit provided with an
antenna and a telephone adapter, which connects a standard
25 subscriber station to the terminal equipment. The
subscriber station may be a conventional telephone set to
which is connected a telephone answering machine. The user
uses the subscriber station in the same manner as in a
conventional fixed network, even if the subscriber line
30 connection consists of a radio connection between the
terminal equipment and a base station. The base station is
connected to a special subscriber network element, which
is connected to a standard telephone exchange. The WLL
system can be constructed by applying for instance the
35 components of the digital GSM system. The signalling of
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connection, the mobile.station transmts 30 . a nessage, .and the nohile

exchange generates the nessage after having obtained a corresponding DTM-
signal. The problemw th present-day networks is thus the transm ssion of
DTMF signals in the downlink direction. This is specified in no manner in
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PCT/ FI 96/ 00181 6 network to a nobile station reach the nobile station, but
in a distorted form since they have to travel, on the network side, via a
speech coder and thereafter via a speech decoder in the nobile station. Due
to the 5 di st drhe oOWLLt leystem noe, ftiusi | int Becovdanee omdthetthyy ByhEem

detectors of a fixsehdigietpr knt theﬁﬁﬁtsﬁ% Swaﬁkﬁxsﬁéﬂ%ﬁ %ﬁ‘h@ﬂs?&nals

signals in the uplink direction so nt's despi t
speci fication ne ‘F%eahﬁb&%"’ g {FE{a‘s" tﬂ%t}E)Tl'v'P f%c?PPP?erthe

nobil e 10 st astamiort hmuﬂtchheonxtramehytdemabldie starting nessage and
endi ng messgge of a DIMF gangly gga%d%llu%lgécIf@:?g‘ioqg;kgﬂgwtﬁg%ggsgﬂ&g

nmessages w th acknow edgerrent nme Accor di ng ransni'ssion_ol a
nunber conpri si nPFRLEWS t1fh AL PRET it (Fyre Fé?n& fpPifcariap S
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exchange and subscri stations I n_ a i xed ot e ephone net wor
base station, in addition to a speech coder. The minimum
10 period set for the detector to detect a DTMF signal is
short, only 5 ms. When the detector detects a DTMF signal
arriving from the network, it gives a control signal to
the DTMF coder associated with the speech coder and to the
transmitter. The DTMF coder thus establishes a frame,
15 which resembles a SID frame and contains information on
the detected DTMF. The transmitter, as controlled by a
controller, selects this DTMF frame resembling a SID frame
instead of a speech frame.
- The fields of such a DTMF frame are shown in
20 Figure 4. The first three fields A, B and C correspond to
the fields of the SID frame of Figure 2, the field A
-comprising 95 Dbits thus containing the SID frame
identifier, field B «containing information on the
background noise quality, and field C on the background
25 noise level. As distinct from the frame of Figure 2, a
DTMF frame according to the EBuropean Patent Application
contains additional fields D, E and F. Field D contains a
DTMF frame identifier, which comprises 8 bits each being
in 1-state. Field E contains a DTMF frequency pair code,
30 which comprises 4 bits, whereby there may be 16 frequency
pairs. The four-bit field F indicates the DTMF voice
duration as multiples of 5 ms.
At the receiving end, the DTMF frame is
identified by means of the SID frame identifier (field A)
35 and the DTMF frame identifier (field D). The 'code’



replaced with a radi o connection. The.solution is referred 20 to as
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fixed term nal equi pment conprises a radio unit provided with an antenna
and a tel ephone adapter, which connects a standard 25 subscri ber
station towe#2st7er mi nal equipnent. The subscriber statRaIFisaopithe a
conventional telephone set to which is connected a tel ephone answering

machi ne. The user

uses the subscriber station in the sane nanner as in a

conventional fixed network, even if the subsaiber Iine 30 connection
consists of a radio connection between the term nal equi pnent and a base
stati on. The base paramegeri ¢ndonatedein tDield e dedlinesbtbei DEMF nEtequdncy

el enent, which is

'lm?ﬁ{ ésq;l%nst %&@art@ket eb%aeasneXBQeaﬁ@teJ henWWdated

system can be constru eﬁ% %\# ga &ﬁuc Stnaﬁr}gc}gﬁzg’lf\;ﬁthe ,§omon Patn%e

the digital GSM syst

PCT/ FI 96/ 00181 7 tchen%ld simtenpesitdss (snbficanegdhno Vi t st eontpihe MTMF
concerned. |1g the e}%‘naiyshﬁﬁthér ISHONeRE E)ﬁgﬂ; SigA %cEEQH%ﬁgetget{l’Y@

over the radio path“to a suybscri statlon
One proposed sol ut55§ Pér £ %8&

extrenely I rab

& ﬁgl? hEenprALad prtmsené me pPEiedR athigh

a
as
S

of

rk

Eur opean Pat ent Appintadn 0AMB34i8H21 &@:mrdilngg tico tihe, dar& ibn def echeoDEMEI a
DTME coder are prq a;‘ii:t :ioatpéé‘etﬁé aBEﬂL 8@918 1o¥” éﬂée ffﬂ?coﬂ'&‘ék&}oxﬁxd

base station, in a

10

15

20

25

30

35

n eec
noise defined by the SID parameters 1s generated

A disadvantage of this known solution is that
errors caused by the radio path are not taken into
account. If erroneous DTMF frames are occasionally
received at the receiving end, the regeneration of a DTMF
signal, performed at the receiver, may become problematic,
since successive frames are in no manner interlinked.
There is no way of knowing for certain how long the same
DTMF signal has been received or should have been received
and if a new DTMF signal has already begun. The code of a
DTMF signal may be the same in successive DTMF frames even
if two separate DTMF signals were concerned. According to
the recommendation CEPT T/CS 46-02, the conditions of
reliable DTMF detection are that a DIMF signal endures
more than 40 ms and that it is preceded by a state, which
endures more than 40 ms and contains no voice frequency
signal, or which is a detection state of a different voice
frequency signal. Since the detector at the transcoder of
the transmitting end uses at least 5 ms for DTMF signal
detection, there is no time to detect the signal if it
begins during the last period of 5 ms of the frame.
Congequently, DTMF signal may occur at the end of the
frame for a pericd of less than 5 ms, this signal
travelling through the speech coder-deccder chain and
being distorted. Immediately after occurs pure voice
frequency signal generated on the basis of the received
DTMF frames. If a pause of more than 40 ms is not



10 period set for the detector to detect a DIMF signal is short, only 5
ms._When the detector detects a DINE signal arriving fromthe network it —_—
gives a control signal to the DTMF coder associated with the speech coder

and to the transmtter. The DIMF coder thus establishes a frame, 15

whi ch resenbles a SID franme and contains information on the detected DTM-.
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nultiples of 5 ms‘.engx'tlr?‘ﬁe P \ﬁ%ﬁé’ e, Phe OAVF PEankTRRSFRSE i f9%ed B

nmeans of the SID franemideing fiead,(fitl ds)) tBis posmiblehetbTMetdetandor

identifier (fieldnblancdN@® DPAFC 5ignal0 SRAFREYY less than 20 ms and

PCT/ FI 96/ 00181 par aneter i ndi gat ed é” f1el cL E defl nes the I%TIVE frequency
transmit it forward over the radio path all the wag to a

10 subscriber station. In the subscriber station, the voice
is not recognized as a DIMF signal, whereby it is
disturbingly audible in speech.

The object of the present invention is such a
method for transmitting DTMF signals over a digital radio

is path that exhibits no disadvantages associated with the
prior art arrangements and that is suited for transmitting
voice fregquency signals reliably both in the uplink and
downlink direction.

The defined object is achieved with the method

20 disclosed in claim 1.

According to the method of the invention, in
detecting the same DTMF signal at the transmitting end,
successive DTMF frames relating to this signal are
established, these frames being modified SID frames, and

25 individual linking information is added to each frame in
addition to the frequency pair information of said DTMF
signal, this individual linking information indicating the
duration of the DTMF gignal from the first detection time
period of the first modified SID frame to the frame

30 concerned, including said frame. The individual linking
information, which is a group of parametexrs, thus
interlinks successive DTMF frames relating to the same
DTMF signal. At the receiving end, in receiving DTMF
frames, it is calculated at each error-free frame how long

35 the DTMF signal has been received or should have been



pair in question, and the 'duration' paraneter indicated in field F

i.ndi cates which periods of the 20 ns_frane divided into periods.(subfranes)
of 5 ns contain DTMF 5 signal. At the reception, the DIMF signal
according to the code of field Eis generated for those 5 ns periods which
contain DTMF signal according to the duration of the DTMF signal. For the
ot her peri ow®o9%f28&the frane, background noi se defined by thecEFDspasnnet er s
is generated. 10 A di sadvantage of this known solution is that
errors caused by the radio path are not taken into account. If erroneous
DTMF frames are occasionally received at thegeceiving end, the
regeneration of a DTMF signal, perfornmed at the receiver, may becone
problematic, 15 recsivied. somteswhere thegiwdiyiduah hinkingemiovmatlionk ed.
ghere is no \glay oahkeeleaﬁﬂeaf Qfa:ﬁ@riﬁd{bé\é%& I&g@& tei Sﬁiﬁ[t)_l?wo%l %Ia' ﬁ&ﬁﬁ
een received or shou ave been recejyed .and i w signal has
atready begun. Thﬁlgﬁﬁg i qugﬂﬁFtéﬁ n&pe rﬁﬂF?ﬁ?9ﬁ4:V§§H§ %F% G4BTV
franes even 20 msif theo DIMaEr aseglﬁﬁ‘.lVledgnal:sdweb}e d;blecefxeqhe:m;copdiimg

to the recorgmndaghggr@groﬂ'/ @FE 4@592reEQ§vE8”@ztain@%5 ok rg%'n'e%QESdDTﬂ\A: a

detection are that a DT | nal, endur es rmgt an 40 ns and_ that it 1s
preceded by a st af¥PSGhRt 0 U ing, fhgowait g Qﬁﬁ&?ﬂwn?35§gﬁ8PEQ
frequency 25 nogaal;sogen&raﬂedfs a detection state of a different voice

frequency signal. Since t hﬁld&ieecfb(i&oﬁiag?etﬁé %’?ﬁr%?ﬁ%no&lif%é rd%%%@lbhhng

end uses at least 5 ns for ection ere |

i
det ect the signal iffmP¥epdgrazl dHYlﬂ§a¥%é°fa%tP{E§?§ﬁF4ﬁeé§QQ§m€FttHé fh&ne.
30 Congiegquent ipyvebfién swijtlal refgreammirtatt hd eacruhpzinyting idrasengor ia
period of less thgp;gnms, this signal travelling through the speech

coder - decoder chaln and . .
Figure 1 shows speech processing at the

transmitting end in a known system,
Figure 2 shows a known form of a SID frame,
15 Figure 3 shows speech processing at the receiving
end in a known system,
Figure 4 shows a SID . frame adapted for
transmitting DTMF information,
Figure 5 shows speech processing at the
20 transmitting end by using the circuit arrangement of the
invention,
Figure 6 shows a SID frame adapted according to
the invention for transmitting DTMF information.
The conditions of DTMF detection are that a DTMF
25 signal endures more than 40 ms and that it is preceded
either by a state enduring more than 40 ms, not containing
a voice frequency signal, or by a detection state of a
different voice frequency signal. In Figure 5, in which
the same reference numerals as in Figure 1 are used when
30 applicable, an incoming audioc signal is monitored by a
controller 51, which contains a DTMF detector. When the
detector detects a DTMF signal, it identifies the
frequency pair in question at the same time. The
controller 51 notifies the DTX control and operation block
35 4 by means of a DTMF flag that a DTMF signal is arriving.



being distorted. | nnedi at el y after occurs pure voice frequency signal
generated on _the basis of the received. 35 DINE _franes Lf _a panse of

nore than 40 ns s not WD 96/ 32817

PCT/ FI 96/ 00181 9 nmi ntai ned between the distorted DTMF signal and the pure
DTMF signal, the detection of the DIMF signal at the subscriber end may
fail altogewhd63288¥so, in the prior art solution, it is noPCENB60es at any
stage if a DIMF signal 5 arriving fromthe network to the transmtting
end has endured nore than 40 nms. In-the transcoder of the transmtting end,
It is thus possible to detect for instance aiDTMF signal enduring | ess than
20 ms and transmt it forward over the radio path all the way to a 10
subscri ber stati okn Yespdrneses s dhiebeilagt attihenplokb ¢obetsi 8 fidagr 8Bogni aed

as a DTMF si gnal , gyhier£ ik dee ithadl &t BthHQiyc@a'ﬂkéﬂﬁddl s Lhatophect
of the present invention is such nmet hod for transm gﬂDTNF signal s

over a digital radftpemitted (Srafiia SAANRS s 3P di AR agBiPasisamgBed
with the prior artomtaimiggn®TMF anflothatidrs, snd édubothe rialsak 3 idogsvobte

frequency signal Spéﬁfdﬁpléhamtefi baam | ik agd ﬂaﬂﬂéf% el &C sIBe
A o 50 it

defined object is_achieved wt , disclosed 1n c
According to the WeAMd Dhris hEYPﬁv@ﬁt itEAmes, vddte &S Ehstaeshns® Iﬁ‘ﬁ/FDWEnaI
at the transm ttifuamss belwscessi ve DIMF frames relating to this signal are

On the basis of the VAD and DTMF flags, the DTX

control and operation block 4 must be able to apply the

10 correct info bits to the channel coder 5 and to set the
flag SP to be such that DTMF frames and not SID frames are
transmitted as traffic frames during a speech pause. The

block 4 must thus perform the logical deduction according

to the table of Figure 6. In the example, the value 0 of

15 the VAD flag indicates that the voice activity detector 4
has detected a pause and the value 1 of the flag indicates

that the. detector 4 has detected speech. The value 1 of

the DTMF flag indicates that a DTMF signal has been
detected and correspondingly, the value 0 indicates that

20 the mentioned wvoice frequency signal has not been
detected. The value 0 of the SP flag indicates that the
transmitted traffic frame is a SID frame. Such

arrangements are implemented in the block 4 that setting
the flags in the manner shown in table 6 produces the
25 situation that SID frames are transmitted only when speech
or a DIMF signal is not detected and DTMF frames are
transmitted regardless of the VAD flag always when a DTMF

signal is detected. u
When the detecting section of the controller 51
30 has detected the DTMF signal, the controller notifies a

DTMF coder 52 of the frequency pair, which is a
notification of the DTMF character, and of the duration of
the DTMF signal. If the signal ends too early, for
instance in less than 40 me, the controller 51 gives the
35 DTMF coder a command to transmit a SID frame without DTMF



estébl | shed, these franmes being nodified SID franes, and 25 I ndi vi dual
i nki ng |nfornat|on I's added to each frane in addltlon to the frequency

pair information of said DTMF signal, this individual Tinking information
i ndi cating the duration of the DTM S|gnal fromthe first detection tine
period of the first nodified SID frane to the franme 30 concer ned,

i ncl udi ng sawveoledzere. The individual linking informati on, pdumbsooism a
group of paranmeters, thus interlinks successive DIM-F frames relating to
the sane DTMF signal. At the receiving end, 1in receiving DTMF franes, it
Is calculated at each error-free frame how | 9gg 35 the DITMF signal has
been received or should have been WO 96/ 32817

PCT/ FI1 96/ 00181 10 irdeamaedonOnl y when the individual |inking information of

a received frane indicat ethgat ns?g_ﬁgggg%{,ﬂ” Bﬁreh '{BFDT'@&' QPQ | T ecgif%y

than the threshold val ue
tHe frequency pai rrEansmitsed: i ifHense Mesemblinged f%@he%ﬁ“@ rgerhechy &Fe o

a subscri ber statir@ferked @ tdie DIME i fganee. dhe FEkgioFunrd DEMIS Eddine is

generated. 18 the alhowgshle hVERL! Blediidc 05 dBRELhDEd LN HDr e, el |

by neans of a preferred’e nven rence
to the acconpanyi dy dFadugyedaenkinddyricher same ashm/sth%p@éwr rtoclozafiang
at the transm ttigipwendin N"FagkreOWa . ST irl Jid@iisthoys @nkn@md forameof

a SID frare, identifier included in field A and the background noise
parameters indicated in fields B and C, the frame contains
10 a DTMF frame identifier (13 bits) in field D, and a DTMF
signal code (4 bits) in field E, by means of which the
frame is identified as a DTMF frame and it is recognized

which DTMF signal is in question.
According to the invention, individual linking
15 information is added to a DTMF frame, this 1linking
information indicating, in the manner described below, the
duration of the DTMF signal from the first detection time
period of the first DTMF frame to the £frame concerned,
including said frame. The individual linking information,
20 which is a group of parameters, thus interlinks successive
DTMF frames relating to the same DTMF signal. Fields F, G
and H are thus defined in a frame. The linking parameters
are disposed therein: the parameter 'Ordexr' (3 bits) in
field F, the parameter 'Start' (2 bits) in field G, and
25 the parameter ‘'Duration' (2 bits) in field H. The
parameter 'Order' determines which of the frames relating
to the same DTMF signal is in question. The parameter
'Start' determines the starting moment of the DTMF signal,
i.e. how many 5 ms periods the first frame belonging to
30 the same DTMF signal included. The parameter 'Duration’
correspondingly determines, with an accuracy of 5 ms, how
long a DTMF voice the frame concerned contains. All the 24
bits relating to the DTMF signal, i.e. the bits of the
fields D - H, are disposed among the bits of the class 1Ia,
35 which have the best error protection. The rest of the bits



15 Figure 3 shows speech processing at the receiving end in a

known system Figure 4 shows a SlD _frane adapted for fransnmitting —_—

DTMF information, Figure 5 shows speech processing at the 20
transmtting end by using the circuit arrangenent of the invention, Figure
6 shows a SID franme adapted according to the invention for transmtting
DTMF i nf or 9682817 The conditi ons of DIMF detection are thacraesiobis25
signal endures nore than 40 nms and that it is preceded either by a state
enduring nore than 40 ns, not containing a voice frequency signal, or by a
detection state of a different voice frequejiey signal. In Figure 5, in

whi ch the sane reference nunerals as in Figure 1 are used when 30
applicabl e, an i pfonhegframe caxs gyetl tics zewni.t ored by a controller 51, which

contains a DTM- detector.rifienjhReéngetigcton fighaced %.rPTM.:géi'Qnﬁl wHich
identifies the fr uencg?palr I n_questjon at the sanme tine. The controller

51 notifies the 8 ohtf oPRERBE LR R TURP RS PY3Fhe DIME ct‘?é]z?ﬁ's 56t 12 BTMVF
flag that a DTMFDEMBndraime wmhenvithg. DTMF\\fle®@c8281has detected the DTMF

PCT/ F1 96/ 0G181 1$1§;Hai eaaaaéﬁlﬁg &Hethga%gm}s birpcknd $GLS M dra% Fne, 0

such a state that § ann codi ng bl ock 5 knows %hat the tran rn ted
traffic frames aFB atalte Y'S?‘Ef‘?’r‘an%ge c%?l'i%ﬁtrﬁ% R SDTY o Ofa 4 d/d 5t hus
the bl ock 5 doesmaopt h&s detpertesi mirc tdenehicddsnhfiramé hehstane M@rigmlon a

pure SID is arriving. The duration of the signal extends to the
third subframe of the fourth £frame. The subframes
10 containing the DTMF signal are indicated by oblique
strokes, and the subframes containing speech/background
noise are not indicated by oblique strokes. Bach frame is
established as a DTMF frame and numbered consecutively by
the parameter 'Order'. The parameter 'Start' provided in
15 each frame is the same, in this case 2, and it indicates
that the first £frame includes 2 subframes containing the
DTMF signal, i.e. the duration of the signal in the first
frame is 10 ms. The parameter 'Duration' indicates the
number of DTMF subframes in each DTMF frame. In the second
20 and the third frame the 'duration' = 4, the DTMF signal
thus arriving during the entire frame. In the fourth
frame, the 'duration' = 3, this frame thus containing 15
ms of the DTMF signal. The sum of the 'Duration’ values is
13, the total duration of the DTMF signal thus being 13*5

25 ms = 75 ms.

In this manner, the DTMF frames relating to the
same DTMF signal are interlinked by means of the
parameters 'Order', 'Start’' and 'Duration' contained by
the DTMF frames. By means of these parameters, it is thus

30 possible to know at any error-free frame how long the DTMF
signal should have been received even if erroneous DTMF
frames were occasionally received. The length of the
received DTMF signal at a specific frame is thus
unequivocally:

35



frane. This type of frames will be referred to as DIMF frames below. On the
basis of the VAD and DIVF fl ags, the DTX control and operation bl ock 4 nust
be able to apply the 10 correct info bits to the channel coder 5 and to
set the flag SP to be such that DIMF franmes and not SID franes are
transmtted as traffic franmes during a speech pause. The bl ock 4 nust thus
perform t hewloagisssat deducti on according to the table of Fi gpgtrgemseosn t he
exanpl e, the value 0 of 15 the VAD flag indicates that the voice
activity detector 4 has detected a pause and the value 1 of the flag

i ndi cates that the detector 4 has detected speech. The value 1 of the DTMF
flag indicates that a DTMF signal has been detected and correspondi ngly,
the value 0 indi CADEMFtHaStfE -5 mat+HOrderen) opednsvmirea idn-6qmency si gnal
has not been de?gcéﬂ?er;l' ,eé@due 0 of the SP flag indicates that the
transmtted traffic ranme 1Is a SID frane. Such arrangenents are

i mpl emented i n t hePHBck S5 M8t = RY¥RREORI AJ8Si n t he nmanner shown in
tabl e 6 produces LheoPder<2. situation that SID franes are transmtted only

when speecheor a DTMF sig ' d d B] r r
transmtted 5(r)egardl ess of %5@%&3‘1’5‘?%&%%eﬁlg/ﬁﬁz’wﬁﬁ?f‘ﬁﬁ%ﬁ ?t the
detected. \Wien t he*3REBEEGIRG s&BE oFhaft the FNF olsiepail o intepypted
](cjet ected the DTMbefgrel it thes contumdd eﬁomtdri‘aineioamB'rl;NEhéO!ieMF5agaért be
requency pair, i S.a_no t c r, e
duration of the \Ié\)%égssi g%g : FF%%%%@S%‘Q‘I{ e‘%%s ooFea?%g?égoraﬁﬁstgﬁgégi n
| ess than 40 ns, PRANSBHISIM eissBtgRped .t iexgs, the DRWMFC odietectonmBhld t o
transmt ai$l D freosscys tt®uudW M- new DTMF signal which starts only when a

pause of more than 40 ms, not containing DTMF, has endured
after the interrupted signal. Due to this procedure, the
contents of the DIMF frames are unambiguous at the
receiving end. As soon as at least one error-free DTMF
15 frame is received, it is known that all subsequent frames,
may they be erroneous or not, contain the DTMF signal as
long as it has not already been received for more than 40

ms.
Figure 9 shows the speech processing arrangement
20 of the receiving end. A DTMF frame detecting section 891
must be incorporated into the processing block of received
frames. If the SID frame detecting section 36 has noticed
on the basis of a SID frame identification word that the
arriving frame is a SID frame, the DTMF frame detecting
25 section 91 examines whether the frame also contains a DTMF
identifier, block D, Figure 7. Two bits can be allocated
for the flag indicating it. If the DTMF flag is 0, a DTMF
frame has not been received, the speech processing thus
_ progressing according to the prior art, i.e. the speech
30 coder 31 generates background noise according to the noise
parameters of the SID frame arriving at the noise RX
function block 33. If the DTMF flag is 1 or 2, a DTMF
frame has been received. Thus, the DTX contrel and
operation block 34 transmits the DTMF frame and 2 DTMF
35 control bits to a controller 92. The controller calculates
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i-afor pati on. i fi ' : ad DINE | .
resenbling a SID frane, mhlch are referred to as DTMF franes The fornrof a
DTMF frame is 5 shown in Figure 7. The information contents of the
fields A - E are essentially the sanme as in the prior art frame shown in
Figure 4. WQ®§32817 addition to the SID frane identifier | nOER00081 field A
and the background noi se paraneters indicated in fields B and C, the frane
contains 10 a DTMF franme identifier (13 bits) in field D, and a DTMF
signal code (4 bits) in field E, by neans ofswhich the frame is identified
as a DIMF franme and it is recogni zed which DTMF signal is in question
Accor di ng to thefirpnerhieoframediparameterisnhiong 1089 the HamendTMih signal
added to a DTMhasf baaR, re&éwedlaﬂlé&ﬂww B0 i p1&kEAt N hct Thd s
manner described _bel on of the DIMF signal fromthe first

oW t edéatr
detection time p8r PY4TEP ERECFMIOTMVE frame to the frame concer ned,
i ncluding said frane. TheThadianthelller whiing 46freg fhxistnbefore switiihing s a

group of pajanetehs, ﬂ'ﬂlﬂﬁ wi&&' gaheréeeeew vg BIMF fde@@ﬁ%ﬂ ed At th due the
sanme DTMF signal. Field d_.in frame.

hus defi pe
i nki ng par amet ePYtRPE- dT%'ﬁ%s%‘bp?’ﬁ‘é’r%‘ﬂP WSS §Hﬁt E?Cb'ﬁ%?t Té’%‘fstes)ofr n
field F, the par moweetha®t40 tms (i bbtained beokekiGa didtdbted andher pure

parameter ' Durapirgp’ méﬁai" tohich Nis fd E‘édilrdl'i'mnTB? Péif‘&ﬁiérnfrﬁdﬂ nal
determ nes which .of the franes relatln% o, t he_sane DIM- si gna] |5|r}1
question. The paPﬁﬁEFEFoﬂ according ¢t the CEPT recommen atlon When

10 waiting that a specific DTMF signal has been received for

more than 40 ms before starting to generate it to the

output and to the line, this ensures at the same time that

signals the duration of which is less than 40 ms do not

reach the subscriber station. During the waiting period,

15 the controller adjusts the MUX 93 to multiplex the noise

signal produced by the speech deccder 31 as an output. The

speech decoder has received a command from the EOntroller

92 to generate noise by means of the comfort noise
parameters.

20 Figure 5 showing the transmitting end is still

referred to. The comfort noise parameters, included in

DTMF frames, must have been generated at some earlier

point. Previous acceptable comfort noise parameters must

be stored in memory, for instance in the DTMF coder 52. If

25 this is not done, it may occur that comfort noise

parameters are generated during a DTMF signal, which is of

course not desirable, since it would sound unpleasant at

the receiving end. Such a procedure can also be followed

that comfort noise parameters are not generated during a

30 DTMF signal, since the VAD detector 4 does not interpret a

DTMF signal as silence. Also in this case, previous usable

comfort noise parameters must be stored in memory
someplace.

According to a preferred embodiment, it is

35 possible to follow such a procedure that if a DTMF signal



"Start' determnes the starting nonent of the DITMF signal, i.e. how many 5
ms periods the first frane belonging_to 30 the same DTMF si gnal

i ncluded. The paraneter 'Duration' correspondingly determ nes, with an
accuracy of 5 ns, how long a DTMF voice the frane concerned contains. All
the 24 bits relating to the DIMF signal, i.e. the bits of the fields D - H,
are di sposedwasarsag1t he bits of the class la, 35 whi ch heposrFpé&eifest
error protection. The rest of the bits WO 96/ 32817

PCT/ FI 96/ 00181 13 of the frame are set to zero. The linking is illustrated
in Figure 8, which shows the paraneter val ueggset by the DITMF coder 52 in a
DTMF frame when the DTMF detector has detected the DTMF 5 si gnal
appearing in the fhsprenduxed mprichehianr 40 fusame, thee tBaivbmilet tog oend t hehe

det ecti on frequencyasqg‘ ﬁ‘ﬂkﬁhffémé G Q@%Pﬁ‘ﬁ%ﬁﬁﬂed %éé‘ﬁ' tdd G foﬁﬁ%e

that a DTMF signal |s arrivin duration e Si exten

third subframe of 3He% & I?"gflér]reha?h%n‘% nﬁ)as heoRexF nF‘ﬁ‘Q 29 Hes
DTMF signal are pemcbdsatded ndty conithiique a’ewobems' siignabe Thbé rcamses no

cont ai ni ng sgeech/ lél’id 182LS gfaégagngﬁ a%,gfgﬁ%q%nby sQRLEAYE fé%é’é(eéwo

Each frarre IS esta she as a ered consecutlv y by t
paraneter 'O der’ sPPrﬁ? hineise; FamSFaPFe pPBYi BBdthA Ysceiving 9ngd ripeARY
the same, in this case &tancchd genbeatien tdttHheDTNE Séidrizinthas Céndas, 2

the firat fram g Eoe HERLIng aclal id MRl 07 % os the o
When the same DTMF signal has been received at

10 the receiving end more than 40 ms, it is necessary to
check the DTMF frames received thereafter to £find out
whether they belong to the same DTMF signal or to the
following one. The checking can be carried out by means of
the parameters 'Order’ and 'Start’ of the invention. If

15 the same DTMF signal is still in question, the parameter
'Start' must have the same value as at the previous
received frame and the parameter *'QOrder' must be greater
than or equal to the previous received frame. The equality
condition is possible if the last DTMF frame has been

20 ‘transmitted again two more times at the transmitting end
after the DTMF signal has ended.

The described invention is suitable for use in
transmitting DTMF signals over the radioc path in both
directions in a digital mobile telephone network and

25 especially in the wireless subscriber line system WLL
utilizing the characteristic of such a network. The above
description and the figures related thereto are merely
intended to illustrate the present invention. Different
variations and modifications of the invention will be

30 apparent to one skilled in the art, without deviating from
the scope and spirit of the invention disclosed in the
appended claims.



nunber of DTMF subframes in each DIMF frane. In the second 20 and t he
third frame the 'duration' = 4, the DINME signal thus arriving during the

entire frane. In the fourth fram*Fh%sdiLati%h_\_,mthiS frane thus
containing 15 nms of the DTMF signal "ﬁe sum of the ration' values is

13, the total duration of the DTNF '”tr, ﬁufm 3*5 25 ms = 75
nms. I n thi swoee17 the DTMF frane I‘m;same mmlynal are

interlinked by means of the paraneters " der'*, ' Start' and 'Duration'
contai ned by the DIMF franes. By neans of these paraneters, it is thus 30
possi ble to know at any error-free frane how ong the DIMF signal should
have been received even if erroneous DTMF franes were occasionally
received. The length of the received DTV-F @liagm#l at a specific franme is

t hus unequi vocal ly: 35 WO 96/ 32817

PCT/ FI 96/ 00181 14 TDTMF = Start 5 +{ Q der 20 ms+Durationferr]5 ns,
i - Order>2, and TDTMF = St’art[’ér‘}"il ?Fé ‘a’H %HPI%D D% F?‘g@ & o¥ers
| f the DTMF det ectlwe Fadibi geatth 5innct i dégitalt mohilenshelepmopendyshetn,t he

DTMF signal gi s i nfedFdi %éjeffdirl%ﬁlhghéﬁeggd&'{—@dtémﬁ? iﬂqadﬁe4QfﬁsmE|EE19§NF

coder 52 stops the establishnent of ranes and their transmssion i's
stopped. Next, tHE&DTMF detector only
establishing, from an incoming signal, speech

frames containing speech parameters during active speech
and comfort noise frames containing background noise

10 parameters during pauses,

detecting, in detection periods, a DTMF signal
possibly included in the incoming signal and establishing
modified comfort noise frames, each of which contains both
. a DTMF identifier and DTMF frequency pair information in
is addition to comfort noise information,
charactexrized by
adding individual 1linking information to each
successive modified comfort noise frame relating to the
same DTMF signal, said individual 1linking information

20 indicating the duration of the DTMF signal from the first
detection time period of the first modified comfort noise
frame to the frame concerned, including said frame,

transmitting the established modified comfort
noise frames as channel coded to the radio path.

25 2. A method according to claim 1, ch ar ac -
texrized in that the individual linking informatic
is a group of parameters and that each linking parameter
is located in a dedicated field in a modified comfort
noise frame.

30 3. A method according to claim 2, char ac -
terized in that the first linking parameter 'order"

" indicates which of the frames of the successive modified
comfort noise frames relating to the same DIMF signal is
in question.

35 4. A method according to claim 2, c ha r a ¢ -



10 reacts to such a new DTMF signal which starts only when a pause of
nore than 40 ns, not containing. DWH the interrupted
signal . Due to this procedure, ntents of the DIMF franes are

unanbi guous at the receiving end m‘mm“ t one error-free DITMF
15 frame is received, it is knmﬂnmu“ guent frames, may they
be erroneouwosssesir, contain the DIM- Si ghal "as® Iong as it ﬂmmsal r eady
been received for nore than 40 ns: Figuré 9 shows the speech processing
arrangenent 20 of the receiving end. A DTMF frane detecting section 91
must be incorporated into the processing bl ogk of received frames. |If the

SID frane detecting section 36 has noticed on the basis of a SID frane
i dentification wotd & hat it he errd vi rigl fttheaee i:lse asSanﬁra.rmklhbe gakdmeteanme

detecting 25 S 1] e niLgLn TM-
I dentifier, block %EL‘@B %}ld;)éggkg 510 J}ﬁ; %;apf ﬁl!?g?& he % %&SQ
indicating it. | f“‘PﬁéfB?‘ﬂ/FcPF“SSrFs ngusg Ifﬂé\mefr RS kR bb%nSF‘EQe oy,
t he speech processigfal htsnpaigs essi ng according to the prior art, i.e. the

speech 30 O_,? coder 31 gengr ates, hackprQ Lé%nggbsgogif%unc% & the noigsg

par anet ers the SID frame arriving, at Fock®3 | f
the DTIMF flag is & & %, ia BT €raniRh&dafedhe ebBixddlinking tnarapeker

control and operataapabiesk BddidaesiHdw maayDabtett 2ok Periciddte Izrame
control bits to acggggg%ée&oggai T&e control l er cal cul ates WO 96/ 32817

PCT/ FI 96/ 00181 15
6. A method according to claim 1, charac -

10 terized in that if the duration of a detected DTMF
signal is shorter than a first set reference period -
preferably 40 ms - the establishment of modified comfort
noise frames and their transmission to the radio path is
interrupted.

15 7. A method according to claim 1, charac -
t er i 2z e d in that modified comfort noise frames
relating to a new DTMF signal are established and
transmitted to the radio path only when a second set
reference period - preferably 40 ms - has elapsed from the

20 ending of the previous DTMF signal.

8. A method for transmitting DTMF signals over
the radio path in a digital mobile telephone system,
wherein the following steps are taken at the receiving
end,

25 checking if a received comfort noise frame
contains a DTMF identifier and classifying the comfort
noise frame containing said identifier as a modified
comfort noise frame,

detecting the DTMF frequency pair information in

30 the modified comfort noise frame and generating a DTMF
voice frequency signal corresponding to said frequency
pair information,
characterized by

analyzing at each received modified comfort noise

38 frame the individual linking information included in the



fromthe frame paraneters how | ong the sane DTMF signal has been received
and controls a nultiplexer 93 acting_as.a.switch accordingly, The

controller waits 40 ns first before switching 5 t he DTMF voice
generated by a DITMF decoder 94 to the ou Ti me> supervi si on ensures the
fact that a pause of nore than 4 llm ﬂum"ﬁlw&mbet ween a distorted and a
pure DTMF W@Qpe32817\vhi ch is a con e DTMF si BOEFI96MI8Lt i on
according to the CEPT reconnendatlon Vhen 16~ waiting that a specific
DTMF signal has been received for nore than 40 ns before starting to
generate it to the output and to the line, tbis ensures at the sane tine
that signals the duration of which is |less than 40 ns do not reach the
subscri ber stati dixamur isadd Hadixiitinaly pénking rformattibs dodirating the

adj usts the MUX Qgytti8H tép! eﬁetl&%aﬂgrnﬁetéagbahpprsqguﬁﬁd £36rt hehesSPEEES:
decoder 31 as an output.. The sgee ecg er has, recejved a co nd from t he
rREahvEd: 788" SSRES

controller 92 to oF S ®notSe paPantfaFS.
20 Frgnoexrredshdwcigding saibdsiwdane,ng end is still referred to.
The confortgnoi se paranet %re%erbgghyd%d bﬁdPT%lééarﬁ%qu%@&t haygheesny y

gener at ed at sorre earl L er Bor nt evl Qus accept abl e co nol, S

par amet er s - must Alyesd ripdivdduads { apkeng nmtfl%"ﬁf—l%'?ncbﬂg?*c?j?sl f
25 this is trmit dsmei duratiey exeerdsthat seenf ohkesholde value,
paranmeters are g taet]:% Lghgsd DTMF signal, which is of course not
desirabl e, si nceeslﬁeé q(ggung | easant at the receiving end. Such a
procedure can al so be foI Poved PRS g°‘éo‘?‘ﬁ%?‘f ding &0 FdrdMeBers Brad FR © -
generated goring ta e8& i z BTMF shgbhht Shacindieiddd) ddnkdihgr idfdpesat hob

interpret a DTV sl dDak, 8%, SbECERkiA) SBakindtSs COKE: wRISY ' QYSh U2 2Rk ng

parameter is located in a dedicated field in a modified

comfort noise frame.
10. A method according to claim 92, char ac -

15 t erized in that in each modified received frame:

the first linking parameter ‘'order' indicates
which of the frames of the received successive modified
comfort noise frames relating to the same DTMF signal is
in question,

20 the second linking parameter ‘'start' indicates
how many detection periods the first modified comfort
noise frame relating to the same DTMF signal contains,

the third linking parameter ‘'duration' indicates
how many detection periods the frame concerned contains.

25 11. A method according to claim 10, ¢ h a r -
acterized in that the length TDTMF of a received
DTMF signal is as follows at a modified comfort noise

frame:

TDTMF = Start-5 ms+ (Order-2) -20 ms+Duration-5 ms,
30 if Order>2, and

TDTMF = Start-5 ms = Duration-5 ms,

if Order<2,

wherein 5 ms is a detection period of the DTMF detector at
the transmitting end, and 20 ms is the duration of a
35 modified comfort noise frame.



confort noise paraneters nust be stored in nenory soneplace. According to a

preferred enbodinent, it is 35 — ssible to follow such a procedure that
if a DIMF signal WO 96/ 32817 :

PCT/ FI 96/ 00181 16 has endured rmiﬂ"‘gﬂm“mwﬂm he transmtting end, the
| ast DTMF frame can be transmtt y mftirres after the signal
has ended, wodmmy? as the next two 20 n pbri‘od$ do not corchFmesoIsew DTMF -
signal. This causes no 5 additional |oss of speech information, since
at | east two speech/noise frames are lost at the receiving end in any case
after the generation of the DIMF signal has gpded, when the buffering del ay
is renoved. When the sanme DTMF signal has been received at 10 t he
receiving end nore than 40125, A mdthodeaessading oceltdelin B¢ DFa fr aes -
received thereafter o find pu ether t b g t D L.gnal
or to the foll ow %g %ng ?hegc_:%ep inggf:lan e cghg'?edé%ut Qﬁ_?/? a%s-ﬁol\{glktik%
paranmeters ' O der infpgmatignt indicatas  Hhakhtspid durafon is phoxtesr Shep

signal is still iengueati BAre&islParslidet, cbackgdbiind iSisdalee ddherated.val ue
as at the prgevious receiveg,framg t t Asder’ t reater
than or equal to the previ g:ﬂ's recgﬁt\%gg P?g%&%et‘e%qc&g%?c%i ibrgnagics

possible if the | &ste DYMR f arfe Bas beetbas when ,phgniindayidyal n Linkimgr e
tinmes at the transAEbkmagiend aidBrzddie XM~ 3 gratebasd ermitii£iE®E frame

descri bed inventi (:)prd'iéaégét %l?ila% fs%rid'jsgufa&ion exceeds the set threshold
value, a DTMF signal is generated despite possible
10 occasionally received erroneous modified frames.



transmtting DIMF signals over the radlo path'in both directions in a

digital nobile tel ephone network and.25.: especially in the wireless

subscri ber line system WL utilizing the characterl stic of such a network.
The above description and the figures related thereto are nmerely intended
toillustrate the present invention. Different variations and nodifications
of the i nvQ968a81%i | | be 30 apparent to one skilled ircrir9sentsy W t hout
deviating from the scope and spirit of the invention disclosed in the
appended cl ai ns. WO 96/ 32817 1/4

PCT/ FI 96/ 00181 17 C ai s 1 A nmethod for transmtting DIMF signals over the
radio path in a di gytet—reb++eyt el ephone s; em 5 wher eign t he fol | owi ng

steps are taken gt shing, f I Ng
signal, speech fray S ﬂg g active spgech and
confort noi se franmep Jund noi se J1dNFO garaneters dhiri ng
pauses, detecting, , a DTMF *icﬁrgﬁ uded in
t he i ncom ng signal jdi fied co each of
whi ch cont g 0 ,gh a DTNF i | fi and DTMF f ]
in 15 _ %é@%" _ nfjor Lon, %18
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succe55|ve nDdlfled confort noi se frane relatlng to the same DTMF signal,
; he _diration of 'rhe

DTNF S|gnal fron1the flrst detectlon time perlod of the first nodified
confort noise frame to the frame concerned, including said frane,
transmtting the established nodified confort noi se franes as channel
to t he radi WO@96/82817 25 2. A nethod accordi ng PET/EIDeISH
rac-ter i zedinthat the individua
of parameters and that each |inking- para
field in a nodified confort noise frane.
according toclaim2, char ac-1ter.

coded
c ha
linking informatic is a group
is located in a dedicated
3. A nethod
z edinthat the first |inking

paraneter 'ord&r' indiBates wi@ch of the frames of thk successive nodified
confort noi ' ~=—+ '

4. A methdd gyex.or|dackgronnd|backgroundh a r a c - WO 96/ 3217
PCT/FI96/0C&ﬁ9mﬁe I moigee q noisé hal the second |inking paranmeter 'start'
i ndi cates HOW rman 4pberliP!| Peveds the first nodified confort noise frang
relating tq_the sdqme DTM- silgnal contéins. 5 5. A nethod
according togglaim2,3ghar azm-teri zed i Rpghat the third gyrs

| i nki ng paraneter 'duration'
concerned contains. 6.

I ndi cat es how nmany detection periods the frane
A net hod according to claiml, c har ac -
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10 t eri zed inthat if the duration of a detected DITMF signal is
shorter than a first set reference period - preferably 40 ns - _the

establi shnent of nodified confort noise franes and their transmission to
the radio path is interrupted. 15 7. A nmethod according to
claiml, char ac-teri zed in that nodified confort noise
frames rel WOng32BT a new DTMF signal are established and trcwmEsénmsad to t he
radio path only when a second set reference period - preferably 40 nms - has
el apsed fromthe 20 endi ng of the prewqus DITMF signal. 8. A nethod for
transmtting DTMF signals over the radio path in a digital nobile tel ephone
system wherein the followi ng steps are taken at the receiving end, 25
checking if a received confort . noise frame contains a DITM-F identifier
and classifying the confort noise frame containing said identifier as a
modi fied confort noise frame, detecting theVAMAAGr equency pair information

in 30 the nodified confory noise fgane and generating a DIM- vojce
frequency signal corresporretm har
acdt er i zed by anal yzﬂignmﬁbbmmwi'.ge se 35
frame the individual |inki et i on inclu 17
PCT/ FI 96/ 00181 PIMF flag Speg™
1 Infobits: DTMF-frame| Infobits: DTMF-frame
SP=1 SP=1
Fig. 6
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frame, said individual linking information indicating the duration of the
transmtted DTM-_signal fromthe firstreceived mdified confort noise

frame to the frame concerned, including said frame, 5

generating a DTMF voi ce frequency signal only when the anal yzed i ndi vi dual
i nking information indicates that said duration exceeds a set threshold
val ue, preferably 40 ns. 9. A nethod according to claim8 ¢ har ac- 10
t er i z eW@%RBMIThat the individual |inking information PETEI§O@ED of

| i nki ng paraneters, in whi ch each |i pki Ng4pgr amet er is located in a

dedi cated field ée frame. 10. Aﬁfs{ hod accordi ng
to claim9, cgh ‘rlze int pdi fi ed
recei ved frane: Famet er ' of ARFO |nd| cates whijch of the

i fied co es felating to
im—imnan §i nki ng
c;dmmgr bt dnodi fi ed
ont.aj 1 ERARFIC

par ameter ' st art

conf ort SAMPIED r ane

| i nki ng sanEmat er
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| f Order<2 V\/nereln 5 nms is a detection perlod%f thﬁoTl\/F detectq «’M
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(57) Abstract

According to the invention, when detecting the same DTMF signal at the transmitting end, successive DTMF frames relating to
this signal are established. These frames are modified SID frames, and individual linking information (Onder, Start, Duration) is added to
each frame in addition to DTMF signat frequency pair information. This linking information indicates the duration of the DTMF signal
from the first detection time period of the first modified SID frame to the frame concerned, including said frame. The individual linking
information thus interlinks successive DTMF frames (frames 1 - 4) relating to the same DTMF signal. At the receiving end, in receiving
DTMF frames, it is calculated at each error-free frame how long the DTMF signal has been received or should have been received. Only
when the individual linking information of a received frame indicates that the duration of the DTMF signal is longer than the threshold
value, for instance 40 ms, the DTMEF signal indicated by the frequency pair information of the received frames is generated 1o a subscriber
station. During the waiting period, background noise is gencrated.




