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Field of the Invention Cenerally, the present invention relates to the
field of tel ecomruni cation devices for the deaf (TDDs) or text _telephone
yokes (TitsWONBIMOparticularly, the invention relates to nB&IUSENR of
st andard vocoder operation to enable 10 :ni,-l | abl e transport of TDD/ TTY
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Text TeI ephone Yokes ('I1TYs), are collectively referred to as TDDs in this
.application. Typically, TDDs include a keyboard and a display connected to
a tel ephone via a nodem (nodul ator/denodul ator). The nodemis built into
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II.  Description of the Related Art
Many deaf or hearing-impaired people use communication terminals
specifically constructed and designed to enable them to communicate over
15 standard telephone lines. Such devices, referred to as telecommunication
devices for the deaf (TDDs) or Text Telephone Yokes (ITYs), are collectively
referred to as TDDs in this application. Typically, TDDs include a keyboard
and a display connected to a telephone via a modem
(modulator/demodulator). The modem is built into the TDD and is either
, 20 directly connected to a telephone line or coupled by an acoustic coupler to a
normal telephone handset. TDDs are capable of transmitting information over
telephone lines by means of coded tones to other TDDs connected at opposite
ends of the telephone line through another modem. These tones are referred to
as low activity communications because the frequency and amplitude

25 envelopes remain relatively constant.

h

The code and protocol that is in widespread conventional use for TDD
communications is an idiosyncratic one. The code set, known as Baudot, and
the communication protocol (TDD protocol) evolved historically at a time when
many telecommunication devices for the deaf were based on mechanical or

30 electromechanical devices rather than electronic devices. Accordingly, the TDD
protocol was constructed for a set of constraints that no longer are relevant to



_protocol was constructed for a set of constraints that no |onger are (5 FEB 700
relevant to 0 5 FEB 2004 WO 01111840 PMAI S /21441 2 present day devices.
Those constraints work to.create a code protocol and-a tel econmunication
network of users and devices operating under that protocol, that is
sonmewhat awoonaseed. Traditionally, TDD communi cati ons are pgrdisodeLidnt 50
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the milliseconds. For example, under conventional TDD prohoool,agroup of bits to
be transferred comprises 8 bits: a start bit (one source or zero bit), five bits
15 representing the character, and at least one and 1/2 bits marking the stop point

of the transfer group.

Comparedtomodemteleoommmﬁcationsysﬁems,IDDh‘anmﬁﬁions
occur at a snail’s pace. A bigger problem is that TDD signals are substantially
constant. These slow paced, monotone signals can create havoc in digital

20  telecommunication systems that transmit higher activity signals at very high
rates, and espedially in telecommunication systems that include wireless links.
One example of such a telecommunication system is a code division multiple
access (CDMA) system having a large number of wireless subscriber units.
Each subscriber unit has a transceiver and communicates within the system

25 through satellite repeaters or terrestrial stations referred to as cells. Each cell
includes a physical plant called a base station. A cell covers a limited
geographic area and routes calls carried over subscriber units to and from the
telecommunication network via a mobile switching center. When a subscriber
moves into the geographic area of a new cell, the routing of that subscriber’s

30 call may be eventually made through the new cell by a process called a
“handoff.”



tel ecomuni cation network via a nobile swtching center. Wen a subscpislygg o,
noves into the geographic area of a new cell, the routing of that
subscriber's 30 call may be eventually made through the new cell by a
process called a "handoff." 05 FFB 700 3 A subscriber unit, generically
referred to as a cell phone, transmts a signal that is received by a base
station. The signal is relayed to a nobilej switching center that routes
the signal to a public switched tel ephone network (PSTN) i ncluding
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15 Service negotiation is critical to successfully transmit any
communication, especially a low activity TDD communication, over a digital
telecommunication system. One problem with modern systems, including the
one described above, is that a vocoder — a device used in the system to encode a
voice or TDD analog signal into a digital signal, and to decode a digital signal

) 20  into a voice or TDD analog signal- has difficulty in handling the substantially
monotone signal and slow speed dictated by the TDD protocol. In current
systems, a low activity communication signal such as a TDD communication
would probably be treated by the vocoder as background noise or signal
interference and be disregarded.

25 What is needed is an invention that can easily be integrated into existing
communication systems and can be capable of reducing frame error rates by
invoking a protocol to be used by the vocoders during transmission of the low
activity communication signal.

The invention should be compatible with wireless telecommunication

30 modulation systems, such as CDMA systems, servicing large numbers of



activity communication signal The invention should be conpatible wtH5FEB 2004
wi rel ess tel ecommuni cation 30 nodul ati on systens, such as CDVA systens,
servicing | arge nunbers of 0 5 FEB 2004 WD 01111840 4. .PCT/ USOQ 21441 system
users. A nore robust discussion of CDVA systens and techniques used in

mul ti pl e acopgoi/cagruni cati on systens may be found in U S PapcRasoozi441
4,901, 307, entitled "SPREAD SPECTRUM MULTI PLE ACCESS COVMUNI CATI ON SYSTEM
USI NG SATELLI TE OR TERRESTRI AL 5 REPEATER#" assigned to the assignee of

the present invention and incorporated by reference herein. Further, the
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contaln ransm ssion errors (erred frane) with a vocoded frane froma
known T “Eﬁgﬁmﬁ‘nd determ ne the nost |ikely vocoded frame that was

transmtted I n
SUMMARY OF THE INVENTION
Broadly, the present invention involves the modulation of a low activity
communication by a telecommunication system using encoded signals and
increased transmission power levels. More particularly, the invention concerns

15 a method that uses specialized encoding, decoding, or both, on a low activity
communication signal to minimize a transmitted signal’s frame error rate. The
invention also provides for decoding a low activity signal by looking at “soft
bits” contained in erred frames, or in frames adjacent to an erred frame, in an
attempt to determine the content of the original frame.

20 Certain disclosed embodiments of the invention provide unique
decoding methods for a TDD signal that was encoded using standard encoding
protocol. In one embodiment, the decoder may compare a frame containing
transmission errors (erred frame) with a vocoded frame from a known TDD
signal and determine the most likely vocoded frame that was transmitted. In

25 another embodiment, the decoder may review adjacent frames to determine the

~ most likely vocoded frame that was transmitted but received in error. In yet
another embodiment, the decoder can be modified to include a signal enhancer
or repeater that “cleans up” corrupted bits in the transmitted frame before the
decoding methods are applied upon the transmitted frames. And although a

30 TDD communication is discussed throughout this application, it should be



25 anot her enbodi nent, the decoder may review adjacent franmes to detUe‘? ﬂﬁﬂ]@]ﬂl
the nost likely vocoded franme that was transmtted but received in error.
In yet another enbodi nent, the decoder can be nodified to include a signal
enhancer or _repe r that "deans up" corrupted bits in the tr ]

frame beforewcﬁgl’ﬁ codi ng nmet hods are applied upon the transrﬁmﬁgﬁes.
And al though a 30 TDD communi cation is disgussed throughout this
application, it should be 0 5 FEB 2004 WD 01/11840 5 PCT/ USC&21441
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of a standard betweitoneNi N a nobile station is expensive, which
could bar the inplenentation of the aforenentioned encodi ng and

Another version of the invention provides for encoding a TDD signal in
vocoder frames using redundancy, but doing the encoding across numerous
vocoder frames. The information is interleaved across “N” frames so that if a

15 frame is lost, the decoder can extract necessary information from adjacent
frames to determine the content of the lost frame.

Yet another version of the invention provides a cost-efficient system for
combining the aforementioned encoding and decoding methods of the
invention with methods for controlling transmission power levels. Modifying

20  the design of a standard vocoder chipset within a mobile station is expensive,
which could bar the implementation of the aforementioned encoding and
decoding methods. However, a communication system can be implemented
wherein the aforementioned methods are utilized in the system’s base stations,
but not in the mobile stations. Frame error rates for low activity

25 communication signals transmitted from the base station to the unmodified
vocoder in a mobile station can be minimized using methods for controlling
transmission power levels.

The invention provides its users with numerous advantages. One
advantage is that a TDD message can be transmitted using a digital

30 transmission medium having wireless links. Yet another advantage is that a



decodi ng nmet hods. However, a communi cation system can be inpl enent eceh5 FEB 7004
wherein the aforenenti oned methods are utilized in the system s bas
stations, but not in the nobile stations. Frane error_rates for |ow
activity 25 conmunication signals transmtted fromthe base station to the
unnodi fied vocoder in a nobile station can be m nimzed using nethods for
controlling transm ssion power |evels. The invention provides its users
wi th nunmerous advantages. One advantage i6s that a TDD nmessage can be
transmtted using a digital 30 transm ssion nmedi um having wreless |inks.
Yet anot her dibBrdeviee can béstnmectedbtd-E EnabildévitdBr daNiceDer3unE s AB ! d
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to those $§Kki Id&taﬁledld&ﬁmpmunsmfﬂwmﬁbﬁ.e“ ng the follow ng detailed
description in connection wth the acconpanying drawings, in which [ike 10

ref erence nuneral s desm rgr hn Fl GURE 1
illustrates one type of te econnmg @m;qm i rel ess |inks
and a TDD conmuni ggtion device; 15 FIGURE 2 illustrates a typical prior art
TDD communi cati on ire,cobjects, ranst advantages of the mmmﬂﬂbmome

ha
i nventi on; a f.i cochann framefor a,.rate set. 1
used by a Z(fgbarl abl e ra ]b‘g%%d@rﬂ‘e f%?‘ﬁ?ﬂﬁ)fje?‘ﬁé hod

aspect in accelesgfption laoﬁ&noarrmm ' wﬁ% RhQWRcy like
I cat

Il lustrates a block diagramof a w reI ess te
10  reference numerals desi gnatehkepartsthroughout and wherein:

FIGURE 1 illustrates one type of telecommunications system including

wireless links and a TDD communication device;

15

FIGURE 2 illustrates a typical prior art TDD communication device used
in accordance with one embodiment of the invention;
FIGURE 3 shows a traffic channel frame format for a rate set 1 used by a
20 variable rate vocoder;
FIGURE 4 is a flow diagram of a method aspect in accordance with one
embodiment of the invention;
FIGURE 5 illustrates a block diagram of a wireless telecommunication
system configured according to an embodiment of the invention;
25 FIGURE 6 illustrates a block diagram of a wireless telecommunication
system configured according o an embodiment of the invention; and

FIGURE 7 is a flow diagram of a method for controlling transmission
power levels between a base station and a mobile station.



system configured according to an enbodinent of the invention; 25 FI (pgiiERGL |
Illustrates a block diagram of a wireless tel ecommunication system
configured according to an enbodi ment of the invention; and FIGURE 7 is a
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PCT/ US00121441 7 DETAI LED DESCRI PTI ON OF SERLECTED EMBODI MENTS FI GURES 1
through 7 illustrate exanples of various nethod and apparatus aspects of
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»comruni cation device attached to a digital tel ecommunication system

i ncor porating wi relmmm,wmmﬂhﬁrﬁe elareipldsS of eoariowe hélodVand
HARDWARE COVPONENTS AND | NTERCONNECTIONS FI G | iTlustrates one type of
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asperts ofthe
communi cati on vi. ce ((TDD) , 200 used in,the 1 r.esent jnvention
shown in det aiﬁ%%&onz%@%&, ﬁ?ﬁﬁ@?‘ﬂ#ﬁﬂ& M%&*’ﬂ%%?%@y
that are cgnneghfiluhitafiohe! N4l d s f=and Mﬁg@é{% tg,;s\aanhe
nodemis built into the TDD and is elt er@ glmf‘éét ytﬂc!onnecte torg

t el ephone | i néncorpomatingwiteless links,cors éxanyple pf evhitloisadeseribsagh belowv.ephone
handset. TDDs are capable of transmitting information over 15 tel ephone

may be. coupl ed 1o FIGt i LRPENES 4 DRSO WACCTIRUREatPRS pHem 100 mcluding
Lo ool RabdSHEIM A0 i LS BDY 0 AR,
as the Q 800 presenitainiventidnhAsQshdbwanin |detsil [iar BIGd2, IDDS sl Vinchidy acd
10 a5 cell " Leyboard and a display that are connected to a telephone via a modem
(modulator/demodulator). The modem is built into the TDD and is either
directly connected to a telephone line or coupled by an acoustic coupler to a
normal telephone handset. TDDs are capable of transmitting information over
15 telephone lines by means of coded tones to other TDDs, such as TDD 102
shown in FIG. 1, connected at opposite ends of a telephone line through another
modem.

In digital telecommunications systems using wireless links, the TDD 200

may be coupled to a subscriber unit 104 that is used in the telecommunications

20 system 100 to transmit received signals. Exemplary embodiments of a
subscriber unit 104 are digital signal telephones, such as the Q800
manufactured by Qualcomm Incorporated, and commonly referred to as cell
phones. The subscribers unit 104 as shown in FIG. 1 includes a noticing
apparatus 106 communicatively coupled to circuitry of the subscribers unit 104.

25 A hardwire 108 may be used to connect the TDD 200 to the subscribers unit 104
via the noticing apparatus 106, or a device port may be used. Examples of such

a noticing apparatus and device ports are disclosed in the U.S. Patent
application entited “METHOD AND APPARATUS FOR ESTABLISHING
TDD/TTY SERVICE OVER VOCODED CHANNELS, serial number



phones. The subscribers unit 104 as shown in FIG 1 includes a noticin
apparatus 106 communi catively coupled to circuitry of the subscri berg5%ﬁBt23U4
104. 25 A hardwire 108 nmay be used to connect the TDDR 200 to the
subscribers unit 104 via the noticing apparatus-106, or a device port may
be used. Exanples of such a noticing apparatus and device ports are
disclosed in the U S Patent application entitled - METHOD AND APPARATUS
FOR ESTABLI SHING TDD/ TTY SERVI CE OVER VO8ODED CHANNELS, serial number 0 5
F E B 2006 8 09/114, 344, filed July 13,1998, assigned to the assi gnee of
the present i09/ab434h ﬁmwmlmwwﬂwﬁemmpm&em
port may be cﬂﬁflgured to receive a low activity Tconmunication device
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signal needs to be transmitted.

Returning to FIG. 1, after the noticing apparatus 106 receives the low
15  activity communication signal, the signal is processed by the subscriber unit
104. Verybasicn]ly,asignalforh'anmﬁssioniscreated&mti:mludesﬁ\e
telecommunications system 100 has been noticed that a low activity signal is
being transmitted, the system adapts to assure a decipherable transmission

20  occurs. For example, an analog signal received from the analog circuitry 228
shown in FIG. 2 normally would ‘undergo asignal or “voice” processing
including digitizing the signal, setting a transmit power level to protect against
signal fading during transmission, compressing the signal, and filtering. These
functions may be performed by the circuitry (not shown) of the subscriber unit
25 104 that includes a vocoder. Depending upon the signal received, a variable
rate vocoder — generically referred to in this application as a vocoder - may
dynamically determine and negotiate service within the telecommunications
system 100 to provide successful transmission and decoding of the signal. This
negotiation involves establishing the values for multiple parameters, such as the
30 rate the vocoder should use, the transmission power, and compression
technique. A fuller discussion concerning the processing of signals for



signal fading during transm ssion, conpressing the signal, and fil tegﬂﬁﬂs
These functions nay be perfornmed by the circuitry (not shown) of th B 2004
subscri ber unit 25 104 that includes a vocoder. Dependi ng upon the signal

recei ved, a_y rialg‘lﬁlc rate vocoder - generically referred to 'nlﬁ%
application o oder - may dynami cally determ ne and nem Whyice
within the tel ecommunications system 100gto provide successful

transm ssi on and decodi ng of the signal. h| s negot i at | on i nvol ves

est abl i shi ng Lal.ues. f mtlpJe ar h 30rt t he
vocoder shoul%ﬁ&%ﬂ'ﬁﬁe %L‘ﬁg %B ﬁﬁ%P ﬁ}dg'égy
»fuller di scusgdsppiatio %ﬁa&amemqqsw K FQCP

01/ 11340 PCF/ USOOR1441 9 transm ssion in }?%ngélganng‘rﬂna%ﬁa? ngnuéggs \Qg
f ound El ect r drompatibilisy rﬁtandmdoﬁ:rabuahl\ﬁid@nﬂadebéhd%ﬁﬁd

- "Mobile Statipn- Based Station atipility Standard, for Dual Nbde
W deband Spr f“‘ﬁ?ﬁ% %p isgerporatedrbyere l‘uevgnggnd

i ncor por aked tra sms ion stand
i ncl udi nggst anéarggivoEco er pr dtﬁg&%g%w e ALF W VBT

when a | ow adhithe dt. Si gnal is received, a vocoder may identify the si gnal
as either noise, a pause, or a signal not intended to be transmtted.

Si nply, der pieated wizn
Cdont 11y 10" < he | aig Reter wielh MiFbediy bipfal 8 5RyRES ¥S&ddr £80M8tnvity,
that a | ow athe signal aSImhai-nbisebelmséeﬁasi vt deRndetl| to b6 balksiifted.ne

service needed to assure the best possible transm ssion and decodi ng of
the signal . Y taheorasier stoesny't dpow wihah sexviceoto usegbedause it cannot identifys ed

112 over B EGWEED, ﬁw?ﬁ%eﬂa.%ﬁ%&%%ﬁaﬁ&%ﬁﬁﬁ&”a

anot her ant e gighal iSbéingaseht the Yobddér Wil establth &rbﬁ% t%'h%&fé
processed by base station <circuitry (not shown) 1ncluding a vocoder 120

Var i ous baseb@tmssﬂﬂemqnamddm@ngmfsﬂiémgﬂahl econmmuni cat i ons
systens are well known in the art, and a

Afherﬁ\elowacﬁvitycommurﬁcaﬁonsi@alhasbemprooessedandthe
service determined, a signal may be transmitted using an antenna 112 over a
15  wireless link 114. The digitized signal is received by another antenna 116 at a
remote location, such as a base station 118, and processed by base station
circuitry (not shown) including a vocoder 120. Various based station circuitry
arrangements for telecommunications systems are well known in the art, and a
further understanding may be found in TIA /EIA /IS-95-A referenced above. By
; 20 processing the signal after receipt, a low activity signal reflecting the
information contained in the transmitted low activity signal may be delivered
to the low activity device 102 via communication link 120. A second noticing
apparatus 106 is shown coupled to the base station 106. This provides for a low
activity signal to be sent from the low activity communication device 102 back

25 to the TDD communication device 200,

Communication link 120 appears bifurcated to emphasize that the base
station 118 may not be connected directly to the low activity device 102. The
base station 118 is usually connected to a standard PSTN switching station
commonly used by telephone companies for coordination of telephone calls and

30 the low activity device 102 is connected to the PSTN. In another embodiment, a
second mobile station (not shown) connected to the low activity communication



further understanding may be found in TIAEIA 1S 95-A referenced abovdl 3 BB 2004
20 processing the signal after receipt, a low activity signal reflecting
the information contained in the transmtted |low activity signal may be
delivered to the low activity device 102 via communication link 120. A
second noticing apparatus 106 is shown coupled to the base station 106.

This provides for a low activity signal to be sent fromthe I ow activity
- communi cation device 102 back 25 to the TIOD communi cati on devi ce 200.
Comuni cation |ink 120 appears bifurcated to enphaS|ze that the base

station 118 ndgvieet 102 oapebecdiriedeclo YiteO Bdlg ! mﬁﬁ ]tge
SW T cHi n

The base station 118 is usually connected to a stan ard

stati on nnmml@hnmmubmycnmhﬁnmbﬂemm

calls and 30 the low activity device 102 is. connected to the PSTN In
anot her enbodfP®YR, a second nobile station (not shown) connected to the
| ow activity conmunication 0 5 FEB 2006 10 device 102 nay be linked to the

ba.,e station 118. Showmin @sammmmwmmmmﬂw%m
rmblle swi ¢ chi tatlmr Sthgre”ts'p%@%gg above. Shown in FIG 2'is a
schemati c Dl otRdP5YI% € yrgnhanced, 112D, operatingda,acsordiee

Tnvention. | n TEeTeprees KRenlely IARRE TS Bebe HONRCT 3. Ralevhonit Sip”

into which thpmdedmowmtuetwméyamﬁda@w&&& The! Sftput DFHR d
202, is connegtﬁd ta rocessor 204 that 'serves to control the Circuit

el enents cont copnecied tor processor 204 that seniesdo cunttol the wrciiizd

gﬁef sare chonEard ers%%%@eﬁ'%&iﬁgéﬁm' FiciFre Bl v b e matnitied by the
.:Yt tctgu;ﬁuihtalﬁs stanf:lard for Ege‘ttave aW&%sW oggm o)

t hat a user cMMmtm&m bedreprodiuestioned. device kaxvear d
202 thus func qu@g %ﬁ %bdi?“lﬁrce 15 of data characters to the
processor 204% i oREe CRSyRaY o yezcmm thn&hom&ﬂt@dmztfar
serve as | ocafDiYo Hive P¥ubldisplly Sothe kirkfB G133 23kEF 5 see the characters
being typed and received. The keyboard 202 thus functions as an input source
15 of data characters to the processor 204 while either or both the display 206 and
the printer 208 serve as local destinations for the data stream characters.

The processor 204 may be connected by a suitable data and address bus
that would typically be used for this type of application by one schooled in
the art. In FIG. 2, the bus 210 connects a read only memory (ROM) 212 to a non-

20  volatile random access memory (NVRAM) 214. Appropriate control lines 216 '
and 218 are connected from the processor 204 to the ROM 212 and the NVRAM
214 providing interactive control of these units. The ROM 212 is intended to
permanently store the program that dictates the operation of the processor 204
as well as certain data used by the program. For example, special character
TDDs in an enhanced operating mode may be stored. The NVRAM 214 is used
as a buffer, a floating storage place for data coming into or out of the TDD
device 200, and for storage of standard messages as entered by the user through
the keyboard 202 and intended for rapid access. Other circuitry configurations may be

30  used, such as combining the microprocessor 202 with the ROM 212 and the
NVRAM 214 in a single integrated circuit.



The processor 204 may be eon ected by a suitable data and address budl kfBat00;
woul d typically be used for this type of application by one schooled in

the art. In FIG 2,'the bus 210 connects a read only nenory (ROM 212 to a
non 20 vol atil e random access nmenory (NYRAM 214. Appropriate control |ines
216 and 218 are connected fromthe processor 204 to the ROM 212 and the
NVRAM 214 providing interactive control dfi these units. The ROM 212 is
intended to permanently store the programthat di ct ates the operation of

the processor 204 Ao ¥Snhnectd fotthe 2205 ]Qﬁﬁﬁg
exanpl e, special character 25 strl or macﬁ{jne t'o- rra?f;t kn‘t%ﬁ#n cz%q on

and for synchﬂmtlfmmgtsthseri[ﬂ)oflteieplnmhﬂnﬂﬁdsﬁﬁe pESdesisy 202
stored. The RAM 214 is used, as a buffer floatl ng storage pl ace for
r

data coning i HEBY W Hons smw'ctﬂozo daptlset: 224iar d
messages as e t he 202 .and j.ntended for
rapi d access. er as rcu@%ﬁ%ﬁ&yﬁ?ﬁ%éﬁ&@ﬁ%ﬁ%
conbi ni ng 5 heth Hirifsen 0245 o usd 2nd/thils iciffofid irdrvd@iadid o6 \VRAM 214 11 2
single integrated circuit. 5 FEB 2004 11 Al so connected to the processor
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t el ecomuni catirauitrys228 onhkQelecdmai ?
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handset 224 i Rnhagsiwize fonnectione 330),cbut may beany fype of 2Bnnattiorp thatecaror
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anal og ci r cui harydsep 202 adbtawing buth\Baidot tenes wd!

processor 202 allow n ﬁ@ udot tones and dialjn tar es to be recei ved
by the tel eco'f'ﬁrmﬁ?‘i ﬁ@éﬂl’%“@m"a - c dheranajogs cirguigeyt 428 an
i nterface of ‘ggﬁd %ﬁﬁw 4 al
circuitry 228pof the T evi cet‘%ﬁl S connecﬁgm%% 2 e
analog circuitty 228 of the TDD device 200 is cormected to the

15  telecommunication system 100 using a connector such as the device discussed
above.

Despite the specific foregoing descriptions, ordinarily skilled artisans
having the benefit of this disclosure will recognize that the apparatus discussed
above may be implemented in a telecommunications system of différent

) 20  construction without departing from the scope of the present invention. Asa
specific example, multiple subscriber unit 104 may be linked to the base station
118, or the low activity communication device 200 may be integrated with the
subscriber unit 104.

OPERATION

25 After a TDD signal is received, vocoders used by the system 100 during
processing of the signal is noticed or detect that a low activity signal has been
received for transmission and may use an eighth rate traffic channel frame
format to transmit the signal. However, adaptation of the following methods
for quarter-to-full rate traffic channel transmissions may be accomplished, as

30 discussed below.



15 tel ecommuni cati on system 100 usi ng a connector such as the device (5FEB 2004
di scussed above. Despite the specific foregoing descriptions, ordinarily
skilled artisans having the benefit of this disclosure will recogni ze that

t he apparatus di scussed above may be inplenented in a tel ecomrunications
system of dinid ¢¥7AB40 20 construction wi thout departing fromt -96saR14t t he
present invention. As a specific exanple, nultiple subscriber unit 104 may
be linked to the base station 118, or thE |low activity conmuni cation

device 200 may be integrated with the subscriber unit 104. OPERATI ON 25

After a TDD si gnaFIGs3Ishows'a typicaoatedlile 4R0vEYder Franis  fofinal for ' trilfic

Processing of the signal is noticed or detect that a low activity signal
has been resbaMmmamsmssIhavmmmmgmmmae&ym

channel frane format to transmt the signgl. However, adaptation of the
f ol | owi ng mmuﬂﬂgré‘@i@wm edichion(CHI ) fechnigues thatArens
may be as 3 | BROWH | .Qyv. 5@_5&& 40 (R, Kv21441 12
FIG 3 shovvsgiﬂ ypl calqﬂvtgrsiagg/l gﬂFa e vo%&%ﬁéﬁﬂ&ﬂ%&%%
channel usi ngighth site forhats. de%dn‘%(hﬁbh Qoiéta%tﬁ?ﬂgp d€4 BROAEE R i8 rbdedvid,

e

every 20 mllisecond using cited Linear Prediction (CELP)

t echni ques t the vaniable yate|vocadenwilh usualiydetectrios activitysamdiyse the eighith tatd i n

1 5, g i o Sl B B e v

usual ly dete tbéiﬂ%/séggi drh ﬁ.,dmfl s o : - ] he
st andard voci(;sder urrenctyl y In dsdéﬁgi&%ﬁé‘é%%@%%ﬁhﬁﬁMm.

Commonly, a igmosed. signal will be treated as noise and generally ignored.
10 Full rate refers to the fact that each bit contained in each frane is

pOt r epHat ed. mmﬂrﬁwr&&seﬁﬂ@f&?@%hﬁtwreaﬁﬂ#ig%
rame, but each bit is repeated once in the frame; that is, each unique
bit will appeepeateg.cdalf-rate refers to sending the same number of bits per frame, but
eachbitisrepeatedonoeintheframe;thatis,eachuniquebitwiﬂappeartwioe
in the frame. Quarter-rate refers to each unique bit appearing four times per
frame, and so on. The more repetitively a bit of information is sent, the less
15  total information is sent per frame. At full rate the signal is sent at a higher
power because a given bit is sent only once. This full rate power level is
referred to as the reference power for purposes of this application. Because bits
are repeated at lower rates, a reduced power level is used because the power for
each repeated bit is accumulated over the frame. Assuming a fixed minimum
20 power is used for the transmission, a full rate transmission will contain more

frame errors than would a half rate transmission of the same information.

=~

Typically, the power level is set based upon a selected frame error rate
(FER) for the transmitted signal as received at a remote location, also referred to
as the target of the transmitted signal, such as the subscriber unit. A desired
25 FER is selected because when a low activity signal is being sent, the actual FER
increases using current methods. This selected FER range is between a 0.1%
and a 1.0% error rate, but may be greater or lesser if necessary for preservation
of the quality of the transmitted signal. Preferably, an FER of 0.2% is desirable
for low activity signals.
30 In the present invention, implementing specialized encoding and
decoding techniques controls the frame error rate. In the circumstance that the



in the frame. Quarter-rate refers to each unique bit appearing four higﬁ?2M£
per frame, and so on. The nore repetitively a bit of information is é

the less 15 total information is sent per frame. At full rate the signal is
sent at a hiq&ﬁpnlgﬂmer because a given bit is sent only oncepetf H?i
rate power level is referred to as the reference power for purposes 0

this application. Because bits are repeati@d at | ower rates, a reduced

power |evel is used because the power for each repeated bit is accumul at ed

over the frangischsed tcthiquds fARGhBH Y .{é& gf-;ﬁ hg
transm ssion, a full rate“transm ssi on gﬁ con aln rmre rane rors than

‘woul d a hal f asithe totalswinber ohemréd tfremesever aft@ reabhstiuctiohydf eaddder fidifie
power | evel |s set based upon,a selected frane error rate (PER) for the
transmitted sPfAEna EH&&%B adjust iransmission ipoweralevelsreamealsecbe usedis

osi rad 25 FERIEM s‘ﬁt ectﬁs%é’%%%%@%%‘écﬁaﬁﬁ%@p%ﬁ?ﬁﬂﬁ” ateicall e

sent, the sctvuadodebR Will eatked Sh FuB Ufdte ?Jo e%ﬁEﬁe
range is between a 0.1% and a 1.0%error rate, but may be greater or

| esser if necinsteasedffor mmwmacbhtylsmllml Itt shonfld theerealised that sy
signal . Preferabl an FER of 02% esi r.abl for I ow act i signal s.
30 In the pre E‘&ﬁ?ag? ‘F‘%‘p?%‘@ﬁq Q}X‘Pﬁjp"&‘em
decodi ng tect@&ﬁ%%a%g ?erg ﬁ%ﬁ%" the i e that the 0 5
FEB 2004 WO 01/118 13 P %‘F I SCI oée echni ques fall short of a
desired PER -,in t defined as the total nunber of erred
frames even aﬁ er ﬂgﬁ%ﬁﬁfﬁg%ﬁ?gﬂgvocoder frame information - nmethods to
adj ust tr nsm ssi wer | evel s can al so _be used calong with the
speci al i z encod?ﬁbg%ﬂnh@&mfgwi@m }ﬂem 106kig ¢ither
wi Il be | ockegl, e{eﬁfs tr e} ovvervml be ne
for transmttln owa |vqg‘?/ S|g W%M %'5 a%'oghﬁjﬁ
i ncrease requm:eaomfui-draﬁsnhbs;@edsﬁ%ss{ahaard ga&ehf,@a% eSdwrd it iBe
present encoding/ decadi ng techni ques were not inpl enente
%Vhen the frame is received at a remote point, for example base station 118,
the call is decoded using the present invention. If a frame error has occurred in
15  the physical layer, that is, if the frame does not pass the checksum as described
within IS-95, the frame is still delivered to the vocoder 120 for decoding.
Delivering the erred frame to the vocoder is currently not done in standard IS-
95 implementations. Bits contained in an erred frame are referred to as “soft
bits” because they may not all be in error and information may be gleaned from
20 them individually to reconstruct information contained in erred frames.

However, detecting or being noticed that a TDD call has been received,
the vocoder decoder in the present invention processes erred frames by looking
at the vocoder parameters received and comparing these parameters against
“signatures” of TDD modulation signals or tones as seen in the vocoder

25 parameter space. This compares the vocoder parameters of stored vocoded
TDD tones with those received. This comparison results in a determination
being made as to which TDD signal was most likely received.

For example, suppose a vocoder representation of a Baudot tone of “0”

is represented as sixteen “0”s in sequence, and that the representation of a
30 Baudot tone of “1” is represented as sixteen “1”s. The present method



A. Decoder Using Soft Bits 10 In one enbodi nent, when a TDD call is 05FEB 200
received, the system 100 is either noticed or detects-the call type. The
system 100 processes the call from TDD wunit 200 for -toransmni ssion using
standard processing techniques known in the art. Wen the frame is

recei ved atwO 0ldi®tde point, for exanple base station 118, t RCT/GSH/2E441
decoded using the present invention. If a frame error has occurred in 15

t he physical layer, that is, if the frame lloes not pass the checksum as
described wthin IS-95 the franme is still delivered to the vocoder 120

for decodi ng.consislers dheseyta be woicepafameterispatdsigratares: | For the dollowingt
done in standard I.S- 95 inplenmenfatigns. Bits contained in an erred frane
are referred W'%%Wm%ey may not all be in error and

i nformati on may be gl eaned from 20 themindividually to reconstruct

i nformati on cont ai )] i Howelver yocidtame i'DNJ -eri bei ng noti ced
that a TDD call hgs n received, the vocodesr decoder in the present

i nventi on processi?"ﬁ’?éme‘?mz | ooki n “aé‘a‘iq?fét %cﬁdgpaﬁﬂr aneters
recei ved gnd COWW&Q@E&&%&HE&% athores" of TDD

modul ation signals or tones as‘seen I n the vocoder parameter space. This
conpares the vocoder paraneters of stored q¢prEX11T13211PNes with t hose
received. This conparison results in a determ nation being nade as to

whi ch TDD Si GRgurhal B4 vbdddek HebSddl i RIRWh , @ vocoder
representation of a Baudo‘t’ tone}ﬂo 0" |¥eér:g%er esent egpggg’giﬂ%}g'en "0"s in
sequence, and that the representation of a 30{ Ba;%gt tone of "1" is
represented as sixteen -1-s. The present netho 2004 WO d nl1840
PCr 1USOl R1441) —#dc FraiRai-detéod Hitke b0 Ibﬁvﬁeiffﬁiﬁ@’—aﬁﬂg%&'ﬁﬂﬁﬁ%éi dnggelr es.
For the follow ng exanples, three layers are identified as: vocoder frane
boundari d49: | t'T\roc If+&audotN0’ — | —eudiot ‘0’'one Ibobaddot 45— | — baudet’0” X' | - |

. and recei vgq,Yfi3q 120000111111111110000000000000000

AAAAN

[frame errors)

The decoder recognizes the baudot tone boundaries and recognizes that the
15  received parameters for the second baudot ‘0’ are closer to ‘0 than ‘1.’ The
decoder decides on baudot tone ‘0’ and modifies the suspected error bits before
decoding. For the next baudot tone ‘1,’ the decoder recognizes that the vocoder
parameters are closer to ‘1’ than ‘0’ and modifies the bits accordingly. The
decoder now uses the following sequence to produce a corrected TDD signal:
20 {corrected frame)
| ~voc frame 1 -1 ~voc frame 2— | —voc frame 3— | —voc frame 4 - — voc
t1’— | —baudot0'— | —baudot‘0’~ | ~baudot‘l’— | —baudot0’— |
1111111100000000000000000000000000000011111111111111110000000000000000

25 This example shows the error transitions to occur at a frame boundary, which
isn’t always the case. If these transitions commonly fall within a frame, another
version of the invention can be used as follows.

If the vocoder decoder receives an erred frame where the erred bits are
contained within the frame, the vocoder may look to adjacent non-erred or
30 “good” frames to reconstruct the erred frame. The adjacent frame will contain a



11111111111111111. Assune that the vocoder decoder receives the fol | @& FEg 2004

paraneters: (erred frane) | -voc frame | - | -voc franme 2- 1 -voc franme 3-
I-vocfrarre4 1--voc 10t'l' - | - baudot'0' - | - baudot'0" - | -
baudot ' 1' udot' 0" -- |

r3111111000580K 00000000000000011000011111111111000000050F58¥HES

AAAAA [frame errors] The decoder recogni 38s the baudot tone boundarr es and
recogni zes t hat the 15 received pararreters for the second baudot '0" are

closer to 'Q Nof the DARAEE shgp ?EEH d [mg fres
the suspected error bits be ore ecodi ng. orque nex atido &?one

-the decoder suppageitizefollowingtsignal écrstetvedpar aneters are closer to ' 1’ t han
"0" and nodifies the bits accordingly. The decoder now uses the follow ng

sequence to produce a correct ed ;Hgds&%g 20 (corrected franme) | -voc
-frame 1- | -voc franme 2- -voc frane -voc frame 4 -1 - voc t'l"’ I

- baudot' O | —voe fnmddt—b—voclframbasl-dbt—vbc fraine-3-Dpugot ' fPame 4/~ | 1-]!36:1111
111111113#11],&;1 25 ;Lhr S exarrpl e shows the error transitions to occur at a
frame bowndar}, —whk Trbaudeh @ — | mhandotélcasd. —baudptdé—t d anbawdeti® <ohmonl y
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bits are contained within the fasamsansheavocoder may | ook to adjacent
non-erred or 30 "good" franmes to reconstruct the erred franme. The adjacent
frame will contain a 0 5 FEB 20(franee efrdbis]040 PGI/ USQ0111441 15 portion of
t he baudot tone that was lost in the erred frame. For exanple, suppose the

fol I owing siTeavoiciereparaneters (fof thel stédiebaudot tone ‘0° are too ambiguous to
' 10 make an accurate decision on the tone because the number of ‘0's is almost the
same as the number of ‘1’s in the vocoder frame parameters. To make a better
determination, the vocoder looks at the next adjacent frame (voc frame 3) and
determines that the tone appears to continue as a ‘0’ into this frame. The
decoder therefore decides that this is meant to be a baudot ‘0’ tone in the latter

15  half of vocoder frame 2.

As shown in the flow chart of FIG. 4, after it is determined if a low
activity signal is being received in tasks 402 and 404, the decoder continuously
monitors and updates the received baudot tone boundaries in task 408.
Otherwise, any non-low activity signal is processed using traditional methods.

20 If an erred frame is received as detected in the physical layer, the frame is
assigned an indicator N and the vocoder examines the erred frame in task 410.
If a “reliable” decision concerning whether or not the frame is a baudot ‘0’ or ‘1’
can be made, such as when the frame parameters are quite distinct, then the
erred frame is modified to reflect the parameters of the decision. A reliable
25 decision is one that falls within a prescribed probability of obtaining the
original frame parameters. For purposes of this invention, the desired
probability would be in the range of 51% to certainty. If a modification is made,

the method returns to task 402 and determines the next signal.

If a reliable decision cannot be made as shown in task 412, the vocoder
30 reviews the next adjacent frame N+1 or, alternatively, N-1. If this frame is good



| -voc franme 1- | -voc frame 2- | -voc frane 3- | -voc frane 4 -1 - U??—' %
t'1'- | -- baudot'0" - | - baudot'0" - | - baudot'l' - | - baudot'O IEB 004
11111111000000000011111i 111111000000000111111111111111 -AAAAAAAAAA (frame
errors] The vocoder paraneters for the second baudot tone '0" are too

anbi guous t woéiirsake an accurate decision on the tone becauspeiigegniadier

of '"0's is alnost the same as the nunber of '"I's in the vocoder fune
paraneters. To nmake a better deterninatidf, the vocoder |ooks at the next
adj acent frane (voc frane 3) and determ nes that the tone appears to
continue as dn @skidlbpthedecisionne. mtify the eertel frafier Bf Mhde R Ghsie 218 Mabed i S
Is meant to be a E@/J\got ‘0 tone in the Iatter 15 half of vocoder frame 2.
As shown in tYRPR frame N¢-1gor altenatively, frameN-1.
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task 408. Obusedi apon athe pmn{ewsa@ddtamrea Wt nehcP JMAERP Tl WIS and

traditional net ods' 20 If"an erred franme is recel ve
physi cal ﬁaymmsmmmmmmmagmt or N and the vocoder

examnes the erred frane in task 410. |If a "reliable" decision concerting
whet her or nd. t heEfdoileR and Pedtitied Usihk Soft Bits can be nade, such as when
the frame paraneters are qU|te distinct, then the erred frame is m)dified

t flect th
t(r)\a[ ef aIeICs Wi tehlofl1 a prescri bgﬁ%@ggl Ity %%ﬁﬁﬁ (ﬂﬁﬁ{%'ﬂ? one

par anet ers. Bonilpntedhatsdiséloséd &omem}d@ﬁﬂ&@rr&duo@fl@éﬁbhrﬁﬁé éiﬁi" d

be in the range of 51%tq certainty. If_a nodification is nade, the nethod

returns to tASIPTRYe upan the accurac: and aeliability; of the ﬂgnﬂldeﬁedeétﬂe eheoder on
cannot b m@&ﬁiég ‘]1%{;! e,,vocoder 30 reviews the next
adj acent q?rame a*\@gﬁﬁgh 6 If this frame is good O05FEB1004
WO 01AlI 840 PCr/ US 41 16 é@é&sw éhe deC|s on to nodify_ the erred
frame is made in t ot tones are to be sent, the
encodersmtchestoa”baudottoneencodingmode.” In this mode the encoder
decides whether the tone received for encoding is a ‘0’ or a ‘1.” The encoder
then sends this decision to the decoder using a vocoder frame, but using
15  channel-coding redundancy to improve the decoder’s chances of determining
the proper baudot tone. Even if the decoder receives a tone in an erred frame, it
will have a greater likelihood of determining the correct tone sent because of

In a simplified example, if the encoder detects a baudot ‘1’ is to be
20  transmitted, it sends a series of 1s to the decoder. The series may be any length,
but must be sufficient so that the decoder can operate as discussed above in
section A if necessary. This version of the invention replaces the standard
vocoder parameters with vocoder “signatures” that are better spaced apart (ie.,
easier to differentiate), thus making it easier to decide between two tones even

25  when frames are in error.

C. Encoder and Decoder Not Using Soft Bits

This embodiment of the invention is another version of the methods
described in sections A and B, but the decoder is not given the soft bits from
any erred vocoder frames to process.



upon the paranmeters contained within frame N+1, or alternatively, frg{HEFEB 004
N-1. If neither next adjacent franme is good, then a next best reliable
decision is nade based upon the paraneters contained within next adjacent

frame N+1 anﬂg(ﬁ flé@fma N s parameters are nodified accordi nglﬁqmﬂer
and Decoder 61 t Bits The decoder inplenentation in thi t
of the inventionis simlar to that disclpsed above. However, to further
reduce the error rate and inprove upon the accuracy and reliability of the

si gnal decoded, th t akes advantage of ,the ;sqft bits."”
When the vocoder e%%ﬁ%tg&iﬁ&%&&roﬂg@@f eﬁg:%g ieﬂ{ ,Osgh?é'd%g'i%er
‘switches to ambwd@aeﬁw@gm%a'bdcadwﬁﬁn@%%%ﬁméﬁmme
deci des whether the tone received for encoding is a'0 or a "1: e
encoder t hen engpding may bedarieoacrbss niwnydsoonder frames. aThecd8eand r@searebut
-usi ng 15 channeg] - codi redundancy tq inprove the decoder's chances of

det erm ni ng l’ﬂ%’%ﬁﬁﬁg 0508 é!f?@mesqqi?eteféwé@m&l@méhe degades | n
an erred fgamggni | r}#@sa% 1 Lkel | | Rh 0 .
correct tone sent ecautis.lg 0 t ?@%ﬁ,@?g@ﬁg@@%@?ﬂgﬁﬁﬁﬁ%ﬁ} ml fofljégvmg
exanmple, if t Mampgl@dwwﬁlﬁteﬂéﬁviﬁgbﬂuﬂﬁtplééé adr8sd foub framié, bk Ak oft
sends a series of is tqQ_ the decoder. The series may be any | ength, but nust
be sufficient frRmeseguldihe %éodéﬁ@ﬂtb@mmrm&m@émg udot tones

e

section Aif ?ﬁfﬁ-ﬁﬁwi s version of the invention replaces the standard
vocoder paraneters coder -signatures" that are better spaced apart
(i.e., weasier to differentiate), thus nmaking it easier to deci de between

two tones even 25 when frames are in error.1¥0808nhcoder and Decoder Not
Usi ng Soft Bits This enbodi nent of the invention is another version of the
net hods d@scrlhesmcpderennodes therframes Bs fallows for trawmission $o thet degoden t he
soft bits from any erred vocoder franes to process. O05FES7004 WO 01/11840

PGTNSQOQ 2141 17-~voc frame 1 —| —voc frame 2— | — voc frame 3 -1 —voc frame 4 ~ | —voc
frame 5

|- baudot ‘1" ~ | - baudot ‘1’ —| - baudot ‘0’ ~ | ~ baudot ‘0’ — | ~ baudot
15 1-

200000000000x1111000000x¢11111211>000x111111110000111111110000000011110
00000001111 .

In this example, the vocoder frame parameters for each frame are segmented

20 where four bits represents the detected baudot tone in a particular vocoder
frame. The entire sixteen bits represents the detected baudot tones from the last
four vocoder frames:

I baudot for frame N-3 | baudot for frame N-2 | baudot for frame N-1|baudot
25 forframeN |.

To account for baudot tones not corresponding to vocoder frame boundaries,

the invention uses the following four-bit sequence where XXYY indicates that

the code in the current vocoder frame reflects a baudot code of ‘X’ followed by a
30 baudot code of Y



In this case, when the vocoder encoder detects a '1" or '0' baudot @ ?E 0t
the vocoder al so encodes the tone in a vocoder frane using redundan 5 B&Q'
the encoding may be done across many vocoder franes.- The 'l's and '0's are
interl eaved across a nunber of franmes Mso that if one frane is |ost, the
decoder 5 cawmoexIsagt the necessary information from adj acent P€TARSON214d1he
follow ng exanple shows interleaving taking place across four franes, but
any nunber of frames could be used. Assurl® the encoder detects the
foll owi ng baudot tones for transmi ssion: 11001 10 The encoder encodes the

frames as follows for transm ssion to the decoder: | -voc frame 1- | voc
frame 2-1 - voc frane 3 -1 voc frane 4 - | - voc frame 5 1 - baudot "1 --
| - baudot '1' I baudo | - baudot 'O' | - baudot 15 '1'

|||xoooaoooc1i3f9£1fia’6‘88>dhr¥m1&@@s@ hryﬂlf@m@)edl-ﬂqofrméeoohﬂqc I n

this exanple, the vocoder frane pararreters for each franme are segnented 20
wher e fourg bi pr the de ected baud t in a articul ar vocoder
frame. The en{%; eeIS| 3’9&‘3&7? t3 s éi"ég'%g Ba d'obaFé%Q froh
the last four vocoder franes: | baudot for frarre N-3 | baudot for frane

padot tones RereKsPPoR AR HormSKSORLE 1P et it tonobf 7 oohdina; o1

uses the followi ng four-bit sequence where )OCYY indicates that the code

'38 E,Qﬁdét” oo by VRIERIIRPREr y38) Indedle PlarsBiBefbn-pdbvel o' | Voo e

50 el i i it b
mobile station to accomplish the encoding and decoding processes discussed
above in sections A, B and C is advantageously minimized.

e

The encoding and decoding methods of sections A, B and C can be
advantageously accomplished through the use of a standard vocoder
15  connectively communicating with a signal enhancer, such as an estimator or a
repeater or any other device capable of performing a signal enhancing funcrion.
In addition, the methods of sections A, B, or C can be accomplished through the
use of a modified vocoder. It would be apparent to one skilled in the art that a
vocoder can be modified to further incorporate the functions of a signal
20 enhancer, ie., to make an estimation of whether corrupted bits received by the
communication unit were originally transmitted as ‘0s or ‘1’s.

The system of FIG. 5 illustrates one embodiment of the invention. The
transmission from base station 550 to mobile station 510 is referred to as the
forward link and the transmission from the mobile station 510 to the base

25 station 550 is referred to as the reverse link. In the reverse link, unmodified
vocoder 520 in mobile station 510 encodes the Baudot signal into standard
vocoder parameters and transmits the vocoder parameters to base station 550.
Modified vocoder 560 receives the encoded Baudot signal and enhances the
Baudot signal to restore corrupted bits. A clean version of the Baudot signal is

30 then generated. In the forward link, unmodified vocoder 580 in base station 550
encodes the Baudot signal using standard vocoder parameters and transmits
the vocoder parameters to mobile station 510. Modified vocoder 530 receives



11 ) 000000cx00111111x0n0x00111111110000111111110000001111 D. Modifi eg
Vocoder with I ncreased Transm ssion Power 10 I n anot her enbodi ment, 0 H:@B 2004
prohi bitive cost of nodifying the chipset in a nobile station to

acconplish the encodi ng and decodi ng processes discussed ab i ons
A, B and c ™O YIS ageously mnimzed. The encodi ng and dec%ﬁ%iﬁg

of sections A, B and C can be advantageopgply acconplished through the use
of a standard vocoder 15 connectively comruni cating with a signal

per form ng.a b SieRe AR dinalland, %ﬁﬁn%eat eﬁ*ﬁﬁ%ﬁ!{#‘%ﬁwﬁ Rt e

-sections A, &tsomaeﬁwei%ﬁsmi use of a nodified
vocoder. It would be apparent to O Skl II I n the art that a voeoder can

be nodified to fuuﬁ%}g 5%65 r,
‘i.e., to make an es rra%rnon g %ﬁ’a@g&% %f@o@@e? ?é% mn&%
comuni cat i orforwrd ke and Ghe devirser BAkMG [ &doplish the'dédcoding! Refhodse M
of FIG 5 illustrates one enbodi nent of the invention. The transm ssion

fr om baseJst shiscssesbin sestiomp A, B, and G can E&prolsibltafdy expensiveito pradudeorinar d
link and the_tran n,fromt nobi l e s 510toth base 25
station 550 |Y§{P%‘?*S‘1F¥EE‘QDPS*'9§“ ?QF‘F&) ttﬁ% Of the system can
unnodi fied pRGed&Fed gghgl éﬁl‘?‘kﬁf‘uﬁ% M]ﬁ.e ‘ﬁ‘“%
into standard vocoder pargr?!ét rs and transmts e vocoder paraneters to

base stati onb?&ﬁsmglpmvénmmuictedauqﬁ&)w adﬁ:stsigﬁa%&rmmdm levelgnal

and enhances .t he udot signal to restore corrupt ed bits. A cI ean version
of the Baudom&i‘gﬁaqess@@q gtation on theforwarghlink. i nk, unnodi fi ed

vocoder 580 in base station 550 encodes the Baudot signal using standard
vocoder MAr anet er $n she reverne linkof thecommuaicationr systerarof HIG. 6o baseestationi on

Vo141 e oFRS MEARTHASNE SERAA Bt MRl coRRIne N & pRasier epepdetlo o
corrupted biffatne docolr@fiE 16U REthBHs diguSsdi' R sdctiohl A} BIERE Bt Bldwever, in
the forward link, base station 655 transmits the encoded Baudot signal using
power control techniques as discussed in US. Patent Application No.
15 09/114344, entitled “METHOD AND APPARATUS FOR ESTABLISHING
TDD/TTY SERVICE OVER VOCODED CHANNELS,” assigned to the assignee
of the present invention and incorporated by reference herein.

FIG. 7 is a flow diagram of a method for controlling transmission power

between the base station and the mobile station. The method begins in task 702,

20  where a Baudot signal is received by the mobile station 605. After the signal is
received, vocoders used by mobile station 605 during processing of the signal

are locked into a full rate in task 704. In this embodiment, the transmission
power does not decrease from the transmission power used by the
telecommunications system for full rate transmissions in task 710. The power

25 level is typically set based upon a selected FER for the transmitted signal as
received at the mobile station 605. A desired FER is selected because when a
Baudot signal is being sent, the actual character error rate of the Baudot signal is
about 9 to 10 times that of the FER. This selected FER range is between a 0.1%

and a 1.0% error rate, but may be less if necessary for preservation of the quality

30 of the transmitted signal. Preferably, an FER of 0.2% is desirable for
transmitting Baudot signals. If the FER exceeds the selected range in task 712,



However, using signal enhancers or nodified vocoders on both the fgr 004
li'nk and the reverse link to acconplish the decoding methods 5 di scussed
in sections A, B, and C can be prohibitively expensive_t'o produce. In yet
anot her enbodi ment of the invention, the frame error rate of the system can

be reduced b a signal enhancer in a base station on th

i nk, and bé“ﬁ@ﬂﬁ power control techniques to adj ust signalﬁvégﬁghﬁSS|on
power |evels fromthe base station to thepgobile station on the forward
link. 10 In the reverse |ink of the connunlcation systen1of FIG 6, base

vocoder encodliPie abbhu0s Mot Babf et G5 8 (SlenBRBAr AR Enlinng ik

and C. HoweverD6ithat h@d@ﬁ"&@ﬁ&ﬁi&%’m%ﬂﬁo@gﬁﬁ'mgs S%fﬂhﬁlﬁ 6"5

encoded Baudot si gnal uslnge power control ni ques as I scusse

Pat ent Appl i c adjustmept ispadein task 708, Amadj
ESTABLI SHI NG ,TDDY TTY SERV|CE ER V D CHANNELS, aSS|gned to the

assi gnee of fIRDsHESsIon  POWEE R"Srm% buf anay, cailso cinglude
FIG 7 is f I i.on

bet ween thg bgs ﬁ‘ggﬁson W@ﬁg‘)ﬁq{ ggﬁ%@ %@Q}E?ﬁ%gﬁ&%wﬁgﬁ
702, 20 wher ¢ask Bapdehe siigrudl transmbsitn $apYoortiwiED i |t8s6 Al 8Ad S@Pnarfiid e
the signal is recelved vocoders used by nobile station 605 during

processi ng of adivstmpegtsalto the tebemmnmcmtmmusysnem aontinuas ithidtighotth the s

Sgb\/\%rjl Lfgfj Eyw?n}élss#gﬁ %liwer does "te‘lg’n ecr‘e?ﬁﬁ erH)lthe trapsm |on
710. T
the transm 1 Cansitesion of the Baudotighal ndf a6U0 drd spfibARH, and F@é o

FER i s sel@ct teledspuemsications systeRaretarnsiconaimalopeeatign.sent , the act ual
character error rate of the Baudot signal is about 9 to 10 tines that of

the FER This sel ected FER rangqijWd a 1.0%error rate,
but may be less if necessary for preservation 0 e quality 30 of the
transmtted signal rabm n FER of 0.2%is deswable for

Vet

transmtting Baudo are. preseptiyc gonsidered; fp bes
712, 0 5 FEB MMmdﬂmmvmuonﬂtmﬂbeappmmthoaeshﬂedm

the art that various changes and modifications can be made without departing
15  from the scope of the invention as defined by the appended claims.

What is claimed is:



20 PCT/ USQ0121441 nobile station 605 notifies base station 655 in 2008
conventional fashion during task 706 that a system adjustment to redliucEeB
the FER i s needed. Accordingly, an adjustnment is nade in task 708. An

adj ustment typically includes increasi the transm ssion power for the
full rate transm ssion, but may also i ude 5 adjusting other paraneters
known to reduce PER If the FER is acceptable in task 712, the signal
transm ssion may continue in task 714 S8ynanic adjustnents to the

t el econmuni cati ons system conti nue throughout the transm ssion of the
entire transmtted signal 710. O herwi se, when the transm ssion of the

Baudot si gnal enesthddhfor woaniieticatingea HoticedKew, activily tHiudotl Signal from a first
t el ecomruni cati ons syst emreturns to normal operation. OTHER ENMBODI MENTS
Wi | e t herV@cofsy to Hesspn mﬁmem@ttelgﬁenﬁue%vﬂnsys@%&edwbeﬂ EQPFISIngsy ef er r ed

enbodi ments of l?tahﬁﬁftlfiﬁ’ L8] der fl?%l@ocan goﬁeocsjécqﬁgﬁ fSK g4 glﬂgt{ e the

art that various chandes an out eparting
15 fromth@mxmpﬂomﬁoﬁ’rﬁe|ﬁnstembmdmt(aﬁlededolndedcdﬂﬁr,t he appended clai ns. \What

is clained is: 0 5 F 82004 él%{égsl Arretrl]la commnlcatlnga
noticed | ow actYSFHye G@Bfmgﬁe YQFodeF Hamg af the seco »to a second
vocoder in a t ehGHQHR He CRinisite) vdcoler Pr&%e"i?hh?ﬂn&@ﬁ‘@f iﬂn‘é@ent%tﬁ&sfﬂaht' ng

a vocoder frame conveying at |[east one section of a Baudot tone
r epr esent aliscordirig thertransmitted vocodecfyame; and t he second vocoder; receiving the

transmtted vocoder .fr sec vocod L. f th ransni,tted
Vocoder 1 rame. Frosd e ebimgidd yOESER dntie 8 PRein SRl %@wﬂ& fal pal

transm tt a@ wet adidentify A RasOotE REGGESEA Bﬁudd%@oﬂeﬁ%?ﬁ andtidFe to
obtain additional information that will be used to |dent|fy at |l east one

section ofvogodssfiame. t one representation carried by another vocoder frane.

2. The method recited in Claim 1, wherein the step of modifying the transmitted
vocoder frame further comprises:

comparing a portion of the transmitted vocoder frame with a known low activity
Baudot bit sequence;

determining whether the comparison result is statistically reliable; and

if the comparison result is statistically reliable, then substituting the portion of the
transmitted vocoder frame with the known low activity Baudot bit sequence.

3. The method recited in Claim 2, further comprising:

if the comparison result from the step of processing the transmitted vocoder frame
is not statistically reliable,

then processing a neighboring vocoder frame to determine if the neighboring
vocoder frame contains any errors;

if the neighboring vocoder frame is errorless:

then determining a low activity Baudot tone representation defined by a bit
sequence contained in the neighboring vocoder frame; and

modifying the transmitted vocoder frame based upon the bit sequence contained in
the neighboring vocoder frame.



2. The nethod recited in Claim1, wherein the step of nodifying the 05FEB 2004
~transmtted vocoder frane further conprises: conparing a portion of the
transmtted vocoder frame with a known |ow activity Baudot bit sequence;
determ ni ng whet her the conparison result is statistically reliable; and if
the conparison result is statistically | iabl e, then substituting the
portion of the transmtted vocoder frame with the known | ow activity

Baudot bi #. seqilibeaethal redited indilaion 3y whirciodaidcoGiparisorrestltsrinticate statipti¢ad i ng:

i f the conpagi.so esult. fro e step qf ocessi the transmtted
vocoder 1 PRy T e prabeninolBit 8 pptcs, o bR e tE e M kRSB or 1 ng
vocoder f n@pBctivatydSdudbibinsequéndei€5 Meiog gR@terNng  vocoder frame contains any
errors; if the néighboring vocoder frarme is errorless: then determ ning a

| ow activity Baudot tone representation defined by a bit sequence
containedg n t nei.ghbori.ng.vecoder frane;,.a modi fyvi.ng the transm,tted
oo 1 oo e BENDRIRE i PERRCT, WA Hher Rioder S Sacats s £ BRBIR
vocoder f seafBn add thesERndA3bodé? isflocatbPatiEhostati@ti ted in Caim 3, wherein

said conmparison results indicate statistical reliability if the
probability that the portion of the transmtted vocoder frame is the known

inGaim £ una erie R e FORI 3, Sheieth s RRHGH further SRpHSesdBE b
t he secondeplaving standd lvocedee patimeterd adith SdcdEOsigndiured,@héreinheduéed tbitd i n

Claim1, wherein the nethod further conprises the step of replaci ng@g
standar d ¢owaed Wwihin the siogodgr signasues are spagad durthes aparethan rsequanged bits

cont ai ned Wit hi v&g@&ﬁ;ﬁ ' t _ :
sequenced cﬁflit%%wc‘yry?gi neda w tﬂcﬁ&% gn%aﬁ%o@%%ﬁ%ﬁﬁiﬁ%ﬁaﬂe
r epl acenemtanshittingstgr.edi ng the transmtting step. 7. The nethod recited in

Claim6, wherein the step of replacing standard vocoder paraneters further
conpri ses:

7. The method recited in Claim 6, wherein the step of replacing standard vocoder

parameters further comprises:

communicating to the second vocoder that a low activity Baudot signal is being
transmitted; and

encoding the low activity Baudot signal using channel coding redundancy within
an information bit field of the vocoder frame, the encoding also noticing the second
vocoder that a low activity signal is being transmitted.

8. The method recited in Claim 6, wherein the step of modifying the transmitted
vocoder frame further comprises the steps of:

comparing a portion of the transmitted vocoder frame with a known low activity
Baudot bit sequence;

determining whether the comparison result is statistically reliable; and

if the comparison result is statistically reliable, then substituting the portion of the
transmitted vocoder frame with the known low activity Baudot bit sequence.

9. A method for communicating a noticed low activity Baudot signal from a first
vocoder to a second vocoder in a telecommunication system, the method comprising:
transmitting a vocoder frame from a mobile station, wherein the vocoder frame

conveys a portion of a Baudot tone;



comuni cating to the second vocoder that a | ow activity Baudot signal UiﬁEB 004
being transmtted; and encoding the |ow activity Baudot signal using
channel codi ng redundancy within an information bit field of the vocoder
frame, the encoding al so noticing the cond vocoder that a |low activity
signal is being transmtted. 8. The netthod recited in Caim6, wherein the
step of nodifying the transmtted vocoder frane further conprises the
steps of: conp&cEivingthg ypeadenirame ahabase slabiant t ed vocoder frame with a known
| ow activity ' , DI e e arison
result is stat ?@#ﬂgﬁalﬁl%é F e‘%ﬂég{@&%%%%ﬂé%%%séoﬁ&g&?tﬁp S rs'ecgﬁ)’ed

stati sti cabéoder frinalith a krivevn Batidst bit séquBgeet he portion of the transmtted
vocoder frame with the known | ow activity Baudot bit sequence. 9. A nethod

for communi cat A¢lyering the enbangedyoseder framg tea bass statiogyaroderom a fir st

vocoder to a s foqgg%%o& ' GAMEUR! fbidid : [’m

conpri si ng: trgnsm ng%gﬁé\a/dgg%gg%&#ﬂ?ane froﬁ%ﬁ%g%l??‘@gﬁgﬁgﬁ? g?@lln t he
vocoder f beused toadentify atlegsd bhe sertioh ofia Baudatttonecuttiedbyp andhier 400ddez Frame;
receiving the vocoder frane at a base station; enhancing the received
vocoder f A% by replacing the contents of the received vocoder frame with
a known Baudot yQhdmigGuanese | | B ; @.ﬁﬁ flonf a
base station vocoder; proc‘gcggﬁg tﬁgemeaﬂ 5al{r?gegﬁkglbgco e‘rn\f ra?rigﬁto o%allsér%e

addi t i onalstalion atrametcreased tmhsmissibn pbwendseal. t o i dentify at | east one section
of a Baudot tone carried by another vocoder franme; and transmtting all
vocoder frames that carry Baudot tone information fromthe base station at
an increa3gd t AP B refitddinlailPy, SWherdifl thel &tep aﬁ&maﬁt&iﬁglallaz@mder@aﬁiea] 9,
wherein the step of transmitting all vocoder frames thal carry Baudot tone
i nf or mat | &t fcarin Bawndob tane informiaben fromy the haseesiation atr am dnereased trangission| evel

conpri ses pm,gr lﬁga%m%}isés%&t@% (?1“ vocoders into a full rate; and
locking all vocoders into a full rate; and
transmitting all vocoder frames that carry Baudot tone information at a
transmission power level higher than a normal full rate transmission power level, wherein

the transmission power level is set to maintain a minimum target frame error rate for the

vocoder fratnes carrying Baudot tone information.

11.  The method recited in Claim 9, wherein enhancing the received vocoder frame by
replacing the contents of the received vocoder frame with the known Baudot bit sequence
comprises:

comparing the contents of the received vocoder frame with the known low activity
Baudot bit sequence to produce a comparison result; and

if the comparison result indicates statistical reliability,

then replacing the contents of the vocoder frame with the known low activity
Baudot bit sequence;

but if the comparison result is not statistically reliable,

then processing a neighboring frame to determine if the neighboring frame
contains any errors;

if the neighboring frame is errorless:

determining a low activity Baudot tone defined by a bit sequence contained in the
neighboring frame; and



transmtting all vocoder franes that carry Baudot tone infornmation afl5&FEB 2004
transm ssion power |evel higher than a normal full rate transm ssion power

| evel, wherein the transm ssion power level is set to naintain a mninum
target franme error rate for the vocodey, frames carryi ng Baudot tone
information. 11. The nmethod recited in % aim 9, wherein enhancing the

recei ved vocoder frame by replacing the contents of the received vocoder
frame with the nadifxingBhedeteitedt vesedgrefname basedpipondbe bit sepaance gontamed amt ent s
of the recei ve&@\éoco er frame with the known |ow activity Baudot bit
sequence 5 tae nparison result; and if the conparison result

I ndi cates statistical reliability, then replacing the contents of the
vocoder frame with the known | ow activity Baudot bit sequence; but if the
conpari so2r esdht methodt resited iint Ciaith| ¥1,r sihereint espidi kempanisone sasinitsy indicate

nei ghboring .frame.to. determne .if. the neighbqri franme. contains any.
orrors. 1 ropsie EraREe i e piobilivuB BE pHISES offhe R Rineg SBoMs el s 1
Baudot t ofge Eithin B4hdBY bit sijubn®S8 9 ER gp@bdrai ned in the neighboring frane;
and 0 5 FEB 2004 24 nodifying the received vocoder frane based upon the bit
sequence contained in the neighboring frame. 12. The nethod recited in

G aim 11, erehn satd,co risan.resul t,s i.ndicate atisticalyreliability
it the i dani ey REREd SR Cli o iR b el of bABRER (BB, ¢

t he known fRimedothabichrryeBugdbtctoné infdmation eethethe bikse Hagonmithad ineeidead in

Claim 11, wherein the step of transmtting all vocoder franmes that carry
Baudot t oansmissipnRewvenievel samprisesthestepsafii on at an i ncreased transmi ssion

power |evel co ]}ﬁf Q%! ? jng all vocoders into a full rate;
and transmtting a ai]v%co %Irs%?g%%#%g%hcarry Baudot tone information at a
transm ssion parasmiténgel alhiwhodert fiames that nearryf Baudotattend riafesmation cat power

| evel , wherein, . . .. .
transmission power level higher than a normal full rate transmission power level, wherein

the transmission power level is set to maintain a minimum target frame error rate for the

vocoder frames carrying Baudot tone information.

14.  The method recited in Claim 13, wherein the minimum target frame error rate is
less than 1.0%.

15.  Apparatus for communicating a low activity Baudot signal in a telecommunication
system, the apparatus comprising:

means for encoding a frame of the low activity Baudot signal into at least one
vocoder frame;

means for transmitting the at least one vocoder frame;

means for receiving the at least one vocoder frame; and

means for enhancing the contents of the at least one vocoder frame to reproduce a
Baudot tone.

16.  The apparatus recited in Claim 15, wherein the apparatus further comprises:
means for comparing the contents of the at least one vocoder frame with a known

low activity Baudot bit sequence;



the transm ssion power level is set to maintain a mninumtarget fraid FEB 2004
error rate for the vocoder frames carryi ng Baudot tone information. 14.

The nmethod recited in Claim13, wherein the mininumtarget frame error rate
is less than 1.0% 15. Apparatus for nicating a |l ow activity Baudot
signal in a tel ecomunication system e apparatus conprising: neans for
encoding a frame of the low activity Baudot signal into at |east one

vocoder franme; meabhbridgtermining whethemige resaltof comparing)the contsotsaf the ainleast

means for .Vig. .t he east one vaocoder Jr ...and neans_ for. .enhanci ng
t he conter‘#l ggg’f:&%ege & I‘gg'skheo O%i%‘ﬁépg?ﬁarﬁ@u?%epléﬁ%‘ﬁﬁﬁ% Ly Sﬁém?g‘nytone.
16. The apgliubhiaadrecited in Caim 15 wherein the apparatus further

conprises: neans for conparing the contents of the at |east one vocoder
frame with a kmsaps faraoplaging thetspnatspfitheatileast goe Heeedenframe mathothe known neans

for determpi Weiula L:l%[ ult of conparing the contents of the at

| east onga‘\gocod r rgirrrl%ﬂvm uh&%he known | ow activity Baudot bit sequence is
statistically reliable; and means for replacing the contents of the at

| east one yocoder frame with the known |ow activity Baudot bit sequence.

| T Appar atlds  SYPrastisufpic somupumcatisg; acaoticsd lew | agtivtypBaudet siggakiini A a

t el ecommu 'gﬂ)tnﬁ'lﬁ . h apg.i sing: a vocoder for encoding
a frame o?élt e %5%@%%%?@’@3%@5@%'5%?&%'0 at | east one vocoder franeg;
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a receiver for receiving the at least one vocoder frame; and
a signal enhancer for enhancing the contents of the at least one vocoder frame to
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