WD 01111840 PCTI (JS00121441 1 METHOD AND APPARATUS SUPPORTI NG TDD/ TTY
MODULATI ON OVER VOCCDED CHANNELS 5 BACKGROUND OF THE I NVENTION 1. Field of
the Invention Generally, the present invention.relates to the field of

t el ecommuni GRldiRfkep devi ces for the deaf (TDDs) or text tel aeRoserakes
(TTYs). More particularly, the invention relates to nodification of

st andard vocoder operation to enable 10 keliable transport of TDD/ TTY
signals within a tel econmuni cati on system The system may include wreless

links. I'l. Descr METHIOD AND APPARAAUS SUPPORTING THD/TTY| npai r ed

eopl e use communi CaAHD ' iy and desi gned
ltoo gnabl e themto com"runing W@yg@rﬁdﬁgﬁé}%ﬁ@%ﬁes. Suchg
devices, referred to as tel ecommunication devices for the deaf (TDDs) or
Text Tel ephone Yokes (TTYs), : are collectively referred to as TDDs in
this application. Typically, TDDs include a keyboard and a display .
connectedSto a tel ephonBACKGROUND OBPTHEINVENTIONt or). The nodemis
built i.nto the TDD and is either 20 directly connected to a tel ephone line
or coupl ed by an geRIStthe I &f to a nornal telephone handset. TDDs are
capable of transmtting I nformation over telephone |lines by neans of coded
tones to ot her T¥Ben ¢he préseitt inygrdivntrelatesitd shefieltof téletommhanizatiome

comuni cat i oaeingast e dRE DRGB! Gieban ks (AL MoSk Berrtleges

remai n rel atthedhyemtiistelates tol iodifichtionrsf siirtlaéd Yocédidtopetatich W bl ead
nications is an_idiosyncratic one._ The code

conventiw{:al ﬁﬁﬁfor TDD _co 3

set, -knotth EURYGFEASPOR of Ty signale withina talesogunimication syistens cHhe

evol ved hi stsystesiray iAélude Wirthes¥figls,. Many tel ecommuni cation devices for the
deaf were based on inechanical or 30 el ectronmechani cal devices rather than

el ectroni c dRYi C@escAPEBhH O B RelatddeaDPD Protocol was constructed for a
set of constraints that no |onger are relevant to
- _— 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) 6r','lI'ext Teléphone Yokes (TIYs),-ére 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 eéveloP_es_ remain ré_lafiiielY 'cc-)ns_tlarit.. T U L
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
f many telecommunication devices for the deaf were based on mechanical or
30 elect;omechanical devices rather than electronic devices. Accordingly, the TDD
protocol was constructed for a set of constraints that no longer are relevant to



WO 01/11940 PCT/ US00121441 2 present day devices. Those constraints work
to create a code protocol and a telecomunication network of users and
devi ces operating under that protocol, that is sonmewhat antiquated.
Tradi ti onal )y eulfdse COMMuni cations are conducted at 50 BaudectpiSsobzidaud 5 in
sonme countri eso) representing a transfer_of 6 characters per sec. QO her
protocol s now avail abl e for TDD communi cati ons i ncorporate hi gher Baud
rates, such as the ASCI|I (Anerican Standard Code |Information Interchange)
and enhanced pEsetibday devisen| Thoseegomsitaints wozk it creste 7opde paviorelcand a

character se &Pﬂ'lr racters
are 10 anal oté%us%aﬁfe{’?ﬁwo%ﬁgﬁﬁ%éEg%dg%er%r%acé] ter ep?%ggents a
word or i deathatéds somewhitantiqgaatgdouped wi th overhead information bits prior
to transfer, where each group of bits to be transferred has a duration or

unit interval equ¥taditiondlly, TDDI dogafiehidstiorsGire coradguke] attchaudc(wlSBandonal
TDD protocol, a group of §'|ts to betrqnlgzerred onprises 8 bit astart
bit (one SouiR&OBle SRERTiED) JePresepting 3 4r Wtﬂ% Sefrar and

at | east one ?&‘éc&is/r%vblabﬁﬂm&l?w@ﬁﬂecoﬁtﬂ&u%&k ireh @cetlh éfBau&fOUp

Conpared to Fodern tel ecommuni cat i on systens, IDD tra mSSI occur at a
snai | 's paceratgs,sughas theoh$@ih(American St@masdmesh’éonnmmkﬁ

Cel cconmuni o4t SRORRPERR o TRORRE ResHiftice s Rofbdl TOD REHLRs aﬁ dory

high rates, charrdctespaccmisis;s oficliaedctere rehainaea’ ibits 16ygt dheset Hairadters|aree
vmrelessllnks e | e of suhatelec nlcatlonsst a code
di vi si on 1ful ?F?;‘P@“Safe&gg %WF&% etler| repregents, ﬁ%’@’g léﬁ‘ el ess
subscri ber ump &&ract&%@r&&ﬁéﬁcﬁrith@veﬂféha &iﬁinﬁtxbﬁ%%iﬂo&‘% trafstef; GPAEAI Cat es
within the system 25 through satellite repeaters or terrestrial stations

referred to gachegnoup ofhitsiio be) transfesrad hassa dupatipsy Qranmbwak%aqaéao &2base
station. g{ﬂhsS&YﬁESF@r dxiaff] ’@%ndgﬁ&ﬂ{v%ﬁ bﬁalaf@ 2584104 'blxt'é wgarried

over subscr| units to and econmun catlon et rk via a
mobi | e switche rtgpnsémeércom#mesas bith s sfabiebit (one seurcatar zene biofivepitsc ar ea

of a new,§s eI t he it O%e a%xacter, ha& af Pegsstcorr{ebaenrd ]S/Z bits marking the stop point

of the transfer group.

&

- Compared to modern telecommunication systems, TDD transmissions
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 especially 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.”



30 call may be eventually nmade through the new cell by a process called a _
"handof f." WD 01/11840 PCT/ USQ0/ 21441 3 A subscriber unit, generically
referred to as a cell phone, transmits a signal that is received by a base
station. Woeoigisgmal is relayed to a nobile switching cBGTE&SOVHA [ out es
the signal to a public swtched tel ephpne network (PSTN) including

t el ephone lines or other subscriber units. Simlarly, a signal 5 nay be

transmtted fro 2 . riber unit -vi se .stati.on and a
nobi |l e sw t chi ng'%%nsicg?&%gi %‘t‘%ﬁ%@erﬁgﬁ%& a?ﬁegeslﬁggg?‘?' éﬁﬁﬁgta and the
base stati eigriab thatf Broeatved by asbadeestatidn.i Thersigie is Télayéd ke aomobile cat i ons
I ndustry assqQcj ati on (rT A) has _provided a standard f%r CDVA cal |

processi ng S¥tching center;thatropies dhe signal top pyliicgyvitpheddelephons ngtwgrk . pase

Station Ooqurmh{cmn%%%me 1in8S oPdfter VbR rib¥y %b@nﬁnlﬁm&xgangrg gtrum

Cel lular System " Adde to IS-95 are provided as Tel ecOl | cations
Ser vi ce 5Bulmay beytrapsraitied fropwe the BFIN tol a sgbgrsiber unig®iasa base|station andavi si ons

for servic Q léﬁi%ﬁ Q the air interface and is incorporated herein by
ref erence. ?‘1‘5}’9‘%3&}\}. ce eg%fi ation is critical to successfully transmt any
conmuni cat i on, ecial | | ows actd vity TDD ¢ ni i.on.. er digital

t el ecommuni cat i ’gﬁglsr@%‘?%%%e&%mg%ﬂ%mﬁ‘H“‘r%’b‘g%aéggﬁé,gni’mnc uding the

one descri heds dxoxie inteffatel dThertel@eMiitinications! duseryussstidtion (TEAplad em t o
encode a voic r T anal signal into a digital signal, . and, fo decode a
it al i GROYIdsd e st o e2MAy Calpsocsesing gnafl i inferdce eRidRE B y o

handl i ng tlbs KeBAs aGthticH |-y BadeD BRitiBRCCoirgpatbility Granditd SRRCDudl Madesd by the
TDD protocol. In current systens, a |ow acti'vity conmuni cation signal such

as a TDD cd¥idghandhtSpsend \Spertaump, GlsHnlay $ystem.at Addsydume tq JSHeprens
backgr ound ls e &ﬂﬁ'l" L g g&f{g ufi&hs ' What is
needed is gg%ﬁ%%%?%n t a%udgg{rl]&gam ygge I nt ggrsg%e Into ein%t@lsrTg
conmmuni cat TSB74 yxdhates provisions foe seyjebhagotiftiore ducthe (pif intexfacer angt is at es by

:B:I/VOk'i ng a, c%%&g%hﬁegeﬁlg%y%a%d bé/_ t he vocoders during tr.ansrri ssion of the

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 vocodets 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 communi cation signal. The invention shoul d be conpatible with
w rel ess tel ecommuni cation 30 nodul ati on systens, such as CDVA systens,
servicing | arge nunbers of WD 01/11840 PCT/USOO21441 4 systemusers. A
nmore robust wodtutsss on of CDVA systens and techniques used PGTASERIHD| e
access comuni cation systens may be found in U S. Pat. No. 4,901, 307,
entitled ' "SPREAD SPECTRUM MULTI PLE ACCESS COMVUNI CATI ON SYSTEM USI NG

SATELLI TE OR TERRESTRI AL, 5 REPEATERS, " .assigned.to the assignee of the
present i nvenfYBTHARYS: %h’(%’rep te‘ﬁ“ﬁ’?“f’%f’é e'\gésﬁaﬁeg}sﬁ?ééﬁ&\rﬁﬁe?“ﬁfg

i nvention shoil @naltiple Becess eMBhinidation dydtedhs) MayTBE Ubahd R B3 LIRAT NI d
techni ques used in other types of conminication systenms such as tine

di vi si on mul tﬁfap@‘%ce@“&ﬁl\@ 'SPREAR) ue $PECIRUM| orMHLTIPEE e ACGESS
(FDVA), and ageingiAercReioNa! IsYsTEMP e Sgﬂ\mﬁ%zﬁ

| NVENTI ON Br o% y, the preslgntsq?nvent @gyﬁvgﬁﬁgﬂ?ﬁe modul a |o%¥gﬁ‘1é | ow
activity 8onREREATERS) lagsignedt| ioc aheruassigie onf sthet gresent ninventiardeanhdi gnal s
and increased transm.ssion_power. |eyels re particularly, the inyvention
concerns 15 amrﬁgm?cfﬁteflh Y ‘i?g‘%%“@pb | izgﬂ%?fpégﬁfﬁ‘f’em& pld Bl_s°bb‘i h, on
a | ow acti vi t yompatibIe WigtbiheP modeliiton! sy dAF RcRnighed'as8d! inSSther 'S
frame error rate. The_ invention also provides for decoding a |low'activity

si gnal by | ooff femEunication systems; sughtas tieg division apultipleraccess (TPMA) anes
adj acent to a é’lﬁg ' t -0 Sipspf the
original f rarr{g.e &“%0 dfr“?glpﬁnallhgg%%s%%g &lﬁg%)’rr%}fg%hg %éﬁiﬂaﬁ%[‘ P

Lo

e 1 nven n provi de

uni que dé@odsagmeat hods for a TDD signal that was encoded using standard
encodi ng protocol. In one enbodi nent, the decoder may.conpare a frane

contai ning transn ssion eSUMMARYOFTHEINWENHONcoded frame froma
known TDD signal and determne the nost |ikely vocoded frame that was

transmtted. |n 233adlyhihe RERAE intRition MFIVECRE Shod¥HEEY £ 16w AHRREN!
frames to determne the nost |ikely vocoded frame that was transm tted but
recei ved i n efgpunicatigntby a telecommunication system using encoded signals and

increased transmission power levels. More particularly; .the invention concerns

15 a method that uses specialized énéoding, 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 iméntion 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



anot her enbodi ment, the decoder can be nodified to include a signal
enhancer or repeater that "cleans up" corrupted bits in the transnmtted
frame before the decoding nmethods are applied upon the transmtted franes.
And al t howgho14180 TDD conmuni cation is di scussed thr ougHRETUSOpPI441
application, it should be WD 01111840 fCT/ USOO 21441 5 understood that any
slow or low activity communication may be transmtted wusing this

i nventi on. ' of, the..invention.provides.fqr decoding as

di scussed a"@gf\%gﬂgﬁ ﬁlmr%\%ergg%ooééﬂvevracsg%r% Jaimeitis %%baﬂfﬁf"éﬁfdfrom 5
standard vasagethisiaventiiner s. Wien a TDD signal is received, the encoder
switches to "Baudot encodi ng node," notices the decoder of the protocol
change, and usearnoliginembeaihdid bEARdRIeNHEP providier fdrdetydinghgs decoder’ s
chances of determnjng the correct TDD signal sent even if it Is contained
in a bad fHsgesedrabave, butiinvokss voroder \Rapametsrs dhatasres diffexentafiemyocoder

bar anet &7 s stithd RoUoEA IolranSi I LRS! THI bighhPieRichba S BACEEABAT | Lhus

making it easier to distinguls etween ton her version of the
i nventi on pwitchete to f“Baudeic exkioding niile, s ingticds the decodexiof the gpmetocobi ng

redundancy, , but doing f he codin cross nunerpus. vocoder .franmes. The
o or oty Lenfiibe, 404 ks A RO keAih AR Fal it e i alpRlRR | 1P
t he decodercharides ok Heterinifg @iceiryect TDD sighalaent évai ifl 6 i8 @Bntaindd s t o

det er m ne hg conte_glgﬁéof t egtgst frame. Yet another version of the

i nvent i on é?? Fiagnss Jersiony of; the uyentign repiaqes standafghyacpder pagameters

af or enejpt | QRgtlvEvReH FdignAtrbs 4 B Ak WeriR PaRda agant s ﬁﬂ&ﬁ%lti daBietd N net hods

for controlling transn ssion power |evel's. Modi

2
P

) |f9ing 0 the design of a

st andard vdissingpishibepseantanesain a nobile station i s expensive, which could
bar the inplenentation of the aforenentioned encoding and _decodi ng

net hods. Howevefnothes yession of the investion provides fos enggdinga kIl signgbitei n t he

af or ement | GRECHANESuARE 1bidddarer hit ddifig e LAlAnD Aofoss [Rbledsy DU nOt
in the nobile stations. ane err rates Por low ac IvVity conmuni cati on
si gnal s tr anseder thegnesy drhetihforyation 3¢ itterteaved attoes (INfidthnhéscsd 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 m-ethods 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



vocoder in a nobile station can be mnim zed using nmethods for controlling
transni ssi on power |levels. The invention provides its users w th numerous
advant ages. One advantage is that a TDD nessage can be transmitted using a
digital 3Qydppiissd SSi on medi um having wirel ess |inks. YePCENS0tRIf41
advantage is that a wo 01/11840 PCT/USOCQ21441 6 TDD devi ce can be
connected to a nobile device or subscriller's unit, such as a digital

;
cel lul ar tel gphone, connected to_the tel econmunicatiops systemby a
wireless |i nfBﬂ‘l’@”‘?"rﬁé‘% comngted toyp svQ eglﬁm&}’sﬁ%ebfﬁ‘éﬁ‘t' §Efg"a“?ﬁaages and
benefits t ha&%ﬁﬁ?&lﬂﬂ%i@%oﬁ%&xﬁ@&éd%%%kc@&%&&%hﬁ%@ﬂd Bg a

e SCri SCRI PTI ON OF

followng 5 tailed de ptions of the invention. BRI EF
THE DRAW NGSwitieless linkr dhedhyesdion, alsmprovidesst aymbendf other advantagesrang | |

becorme nore , a ren o.khose skilled in the ard after.copnsidari t he
ol Loui ng. debders, Bk sidul BBRne Flen Fitrs Rrpatfinditier St B b
draw ngs, 5 i ndetaileddésciiptioddofithé fivenfien.nuneral s designate |ike parts

t hroughout, and wherein: FIGURE | A is a bl ock diagram of hardware

conponent s and i nt er RIBFHESERAPTION OF THEDRAWINGD st em

i ncorporating wireless links in accordance wth one enbodi nent of the
I nvention; FIGU B l.sS.2 k_di agr.am of o] .

i mpl ementing the Agrﬁreeé gﬁie?tfﬁ,n%dn? ‘lg%ar%%ﬁc%&ﬁ%g&g%g °§§§@3+%88I§e Sds
coupl ed to aagparent ®r thosaakilletinip thepat aiftes considering dh dellowing detailed

enmbodi nrent of the.invention; B FI GJRE illustrates typi cal jpr..art TDD
communi cat i o‘%eSHBB'P‘B’é ifseapnestipn, with ﬁé"néﬁc‘m‘?ﬂ‘m ﬁ%&snﬁtﬁwt%
inventiofy HeRdBhcednihauh desighatellike pafd ThiRlught@Bnd WheRdinf or a rate set 1

used by a 20 variable rate vocoder; FIGJRE™4 is a fl ow di agram of a net hod

aspect in accor d@IGURE { A ORe a SHBAd &ﬁgiani’f of NRardWéed ! thporfehtd R
illustrates a block diagramof a wrel eSs tel econmunication system
confi gured aidteseenmegtions of telepemmmninations system incorpgrating wireless links in

accordance with one embodiment of the invention;

FIGURE 1B is a block diagrani of a vocoder capable of implementing the
15  present inventions encoding and decoding methods coupled to a prior art

noticing apparatus in accordance with one embodiment of the invention;

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 to an embodiment of the invention; and

FIGURE 7 is a flow diagram of a method for cdntrolling transmission

power levels between a base station and a mobile station.



25 FIGURE 6 illustrates a block diagramof a wreless tel ecomunication ]
system confi gured according to an enbodi nent of the invention; and FIGURE 7
is a flow diagram of a nmethod for controlling transm ssion ower |evels
bet ween awmewd18®ati on and a nobile station. WD 0111184CF bil441 7
DETAI LED DESCRI PTI ON OF SELECTED EMBODLMENTS FI GURES 1 through 7
i1lustrate exanples of various nethod and apparatus aspects of the present

. tion E . : , i i nt ended,
{hese. exarml cQEFALED PIRGRIPHION Yk SLECTED FMBOBINENTS: o devi ce
attached to a digital telecomunication system incorporating wreless

| i nks, one exandlleURESWA; tiwough Jedlustintel dxamples ofiamppnREmethadoRedTS AND

100 1 n uai P ey enpeet of Maiaiebdh Eivelifin Xt of SuTRORRIVAYAR S15T T

used in t heanylBmjtatiae iriteridude tdse exaniples aserdescribetb irathe domtdsit Gf a2TDIVDDs

Ve a wotler ORGSR A A QRS ) BBt PP o SYFER TDD and
is either ﬁk&@%&d&g@ﬁﬂ%tlﬂsl&&ﬁwmms&%m%ﬁﬁ by an acoustic
coupler to a normal” tel ephone handset. TDDs are capable of transmtting

I nformation oggmﬁ% glmw?j SENDS WQWI'ER@@NNB ot her TDDs,
such as TDD 1 S (‘)lgm I'n , connected at opposite gﬁgsoyg? a tel ephone
| i ne through an er . dem In digital teleco i i usi ng
wi rel ess |inks, %ﬁﬁ‘ei ﬂ*lg%-ageacpneﬂgyeg)‘g tglﬁfﬁﬂng c%s%%é%‘?ﬁ@%?g%én 104 t hat
is used in witelefsclifkoandn THD eommuricatipat deviceO(TDD) 200 as dséd rimcthe ved
signal s, Exenplary enbodi pents of, a_ suf@scriber . upnit. 104 are. djgjtal signal
tel ephomes,Pr%ﬁ égﬁlft}%l- (§£3°Wﬂa'ﬁ'uf13'?ﬁu1”e (g'yz'dé?ﬁ)éoﬁ?ﬂ_ cBiPbfated, and
commonly r b&d hRd a5 dipldy tRAOARS conrtte8URS &I telfhont Wik d QAoddn shown in

FIG 1 includes a noticin apparatus_ 106 communi cati vely coupled to
circuitry dmowylﬂsmdu%éw uFhe moglem Jssbuiliintethe SDIP andais eithersed to

connect  t heglhhy 7 Bfinkded B a SHBSRSHP RS of Boipld@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 dpposite 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 Q-800
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 US. Patent
application entitled “METHOD AND APPARATUS FOR ESTABLISHING
TDD/TTY SERVICE OVER VOCODED CHANNELS, serial number



via the noticing apparatus 106, or a device port nmay be used. Exanpl es of
such & noticing apparatus and device ports are disclosed in the U S
Patent application entitled "METHOD AND APPARATUS FOR ESTABLI SHI NG

TDDI TTY SERyb@E1fgd=R VOCODED CHANNELS, serial nunber WO ORcridear21441

PcT/ uS00/ 21441 8 09/ 114,344, filed July 13,1998, assigned to the assignee
of the present invention and incorporatded by reference herein. The device
port may be configured to receive a low activity. comuni cati on device

attachnent s0/114844 fHedifuly d3n1998 assigned to thesissignee qfthe present investion e
comonl y usegn&,&?‘}%§§f%g{erdocb¥'§%§%#cggﬁtE| ephone and conput er equi pnent, and

are readily ava T suppliers. The device port
interfaces with the attachnment to comunicatively connect | ow activity
communi cat i on dev’ﬁ}ee ‘??‘Ydfe_ HR V\nﬁmgug’ﬁ 58“@5}3‘?4&256%"8 fahgm@’utﬁgﬁgber uni t
104 of the tedmAriNiGAboneviRd attastiha@tbich as'a PIE YorkRechtR) ér RLeiO¥S THek@r mat i on

10 to be exchanged between a | ow activity comunication device and the
subscri be? uHERS 1372, commenly ased Jodar foRcfonaeeting delephame apdacomPMRF re s

used, the ngkti:s { : relg:p% 100 .noti ced

that a TDD g‘g g&ﬁeegsaﬁo&%‘é&??gﬁ%ﬁqﬁﬁ e u?%x%@?%é% C;f&l,ag‘g er the
noti ci ng apppetinterfacs with d¢he ettachimeerit dov comimandtativielyy carmentua lovatactivitysi gnal |
t he signal i rocessed by. the subscriber upit V asi.cal ly, a

si gnal for t?%l’ls scglggﬂ #ﬁl%?lé%ttsglﬂwf‘jlﬁ}' ﬂ%ﬁﬁd@gﬁ%g toief‘{ﬁlﬁ%ﬁf’ﬁ?fn‘"ﬁgnt ai ned

in the | ow at04 ofithy tele@mihunideicnisssystehfl00] ellecaditeporthilons ifpihationl 00 has
been noti&ed ttlgat a. l ow gei v%%?/ signal is being transmtted, the system
adapts t & astuPE Q‘c&éﬁgﬁfﬁ LWes @y 19Y¢ nactivity,, commpugation deyice andsthe " an

anal og si gnadubsegisira 1040 'Re?ﬁf‘dl@s@%‘f UhehdrGHidvice porPor & haWivird ifhded, 2
normal | y woul d undergo signall or_ "voice" processing | ud

_ including digitizing
the signal, thetnatisingsapnazpiailfe phows forcthe|systempllf: toche nrotited ghat & |

fadi ng duri ] S5 coppressing the signal, and filtering. These
functions ngggﬁgéﬁer %ﬁ%% y the circuitry (not shown) of the subscriber

uni t 25 104 that BaliifleS F1OE Ol PSR psieRs 108 SLIDA e ved. 2

vari abl e

=

15 activity communication signal, the signal is processed by the subscriber unit
104. Very basically, a signal for transmission is created that includes the
information contained in the low activity signal. Because the
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 signal 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



rate vocoder - generically referred to in this application as a vocoder -
may dynam cally determ ne and negotiate service within the )

t el econmuni cati ons system 100 to provi de successful transm ssion and
decodi ng o¥ooimassi gnal . This negotiation invol ves est aRGIR4¢he val ues
for multiple paraneters, such as the ?90 rate the vocoder should use, the
transm ssi on power, and conpression technique. A fuller discussion

concerning the processing of si.gnals for WD 01/1184 CI/ UsS00/.21441 9
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wel I known wever, ow activity signal 1s received, a

vocoder Sraytrargaidsidnystanderds,i igcatingsstandang rvonodereprotocoh irse wellr knovent gnal  not

intended tq_he transmtted. Sinply, a vocoder doesn't know what service to
use becausé™ "t ¥&nnot identify 10 the low activity signal received. By

noticing the sysfem 100 .that. a |low.activity sigpal is.being.se t he
vocoder wil | esﬁ%ﬁ"gﬁ whep aloi acltyity s 1str8ceég%{}lgevo[<:ﬂger ‘B‘agffeﬁgbsi bl e
transm ssi Qe sigdald@ceittien toRE, & Pausd, onal sigril ot iritbRdedWs Be traitsrhitted.

comruni cati on signal has been processed and the service determned, a
signal nay S¥EPhy avespdarsloesrt kpow whatserice touse Rpgpusg it EWF{S“E% li nk

114. They diggh idw Sélivit i&ef&ﬁ?i%t{&l tyBlenPG(PINAE A 1hF addivify I €Ot €
| ocat i on, sucL as a bas stration 118, an pros?g(sesed by base statli?yon

circuitry (ignal istheimg senhdheypeasen will esublish the serxiee pesseddoagsuse ke on
circuitry r : t ggygigﬁﬁ' ystens are well known in
the art, ar?g‘gtﬁgggrt er un{ élrag{d:‘?]egl ng°nmay %gl%ﬁ%land in TITAE A 1S 95-A
ref erenced abov %ﬁg ' WelaF eL4L activity
signal reflecti %geFﬁ'leezlgrﬁ%cor tsco(ﬂ;%‘%rgﬁa[ﬂ%h%%ﬁall %L% ﬁéeer{(é%nsm‘%?e ow
activity sisgrviade dagrodined]al signaladay be trdmsmlitted asing\dnt gnteand t12 062 a/i a
comuni gatian .l ink ) sgcond, noticing .appar at 106 1S coupled *
to the Bas ﬂ?@?ﬂ%ﬁgﬁ Tﬁ‘i’ fﬁ%‘%ﬁ?‘?}ﬂgﬂ@gmf‘ T""’ef"‘lp%(/\/m&ﬁer tehta HYH .
remote location, such as a base station 118, and processed by base station

circuitry (not shown) including a vocoder 120. Various based station circuitry

U

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



activity signal to be sent fromthe |ow activity comuni cati on device 102
back 25 to the TDD conmuni cati on device 200. Communication |ink 120
appears bifurcated to enphasi ze that the base .station 118 may not be-
connect ed dW(ﬁﬁthotO the low activity device 102. The bagergbsizign 118 is
usual |y connected to a standard PSTN swi tching station commonly used by
t el ephone conpani es for coordi nation of 1kl ephone calls and 30 the | ow
activity device 102 is connected to the PSTN. I n another enbodinent, a
second nobi | edevicet iR (may béolinked ot etttee thase s{aaohovm&ct | Futtier, the
conmuni cati o 01/11840 PGI/ USO0/ 214 devr 102 .may be linked to
t he base stagfié“?ommﬁ%ﬂpf‘ﬁg?temtrﬂgy “t%‘?%%%‘ﬁg% ??9’(’%%“‘&9 ioned ude
nobi | e sw t chibagest ati ons as menti oned above. Shovvn in FIG 2is a
schematic bl ock diagramof the circuitry of a typical 5 TDD devi ce 200,
either a standard SHovﬁﬂﬁﬂHG?mepﬁbheﬁﬁﬁE%%dehh%ﬂﬁFG%@%ﬁEﬁ “5%

present invention. In the TDD device 200 of a keybo

provi ded int oIl deicer200, eigher rpstandasdtorcentanceh THD, @psratﬁigencagcqrdanm‘ t he

cirouit ol o SCBRECRnbhebn RS 100D BRdor R of G e 18y o,

transnitted Iprovidedlifitq miidhs der udmay m;ajtsdntdicﬁaiaa;eeﬂ (Imeéb ﬁipbﬁtheZOG
Optional ly, the, sa charac rece| ved qr .t ansm tted may_. he reproduced
on a device NFEROH oﬁr*ﬁ?@% SPHCeTE95 %t% Lhe droyit nt er

al though it sleneas doritained TOBKG.120 d}ﬁ&&@%&é:&bﬁ@hf&%ﬁ&% By ik SO
that a user can see fhe characters bei ng typed and received. The keyboard

202 t hus PundrPessseradti are afsgt displayed ors apfisplaya 206arQptienally; dhe isame
processor 204hi¥abfeds SbdeRRM &r Rk Mid eggnglysgé Zé%]l%gﬁ‘:&f]gn égﬁvff:h'ﬂtﬁr 208

serve as |local destinations for the ta’str ar acter e processor
204 may be caumeen208. fomg TP devires may notialezopintss, atthough itatandard fbr

LRG3 AR e el WREY ordBi KGR R raf i SRRty <3 15€ Pt et 20

vol atile ranbeugatype:tandnemw,ed( mﬁAMbeaﬂi, 202068 Rinctibfis 69 ah iputlsbiRe 216
and 218 gke ¢ c&’xa he rgr oces Q4 to theb Iﬁ?\/l 212 and t he NVRAM
] Facters £o processor e 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

25 strings for machine-to-machine communication and for synchronizing two
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. 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.



214 providing interactive control of these units. The ROM 212 is intended _
to permanently store the programthat dictates the operation of the’
processor 204 as well as certain data used by the program For exanple,
speci al cwaraaisae 25 strings for machi ne-to-machi ne comPGRUSMIER and for
synchroni zing two TDDs in an enhancei operating node may be stored. The
NVRAM 214 is used as a buffer, a flo fing st orage place for data com ng
into or out of the TDD e 200, a FoySit nda ssages as
entered by the (N PRFYE ‘SK" n&z %‘; gﬂ?d .?%?PJ}?&S?‘VB Fg(gl d. O her
circuitry chatfpaiigtthera tbla B&léJﬁ@ﬂlbel%%P thel pibces’er 202
m cr oprocessor 202 with t R(]\/l 212 and the 14 in a si nng ]

o the

i nt egr at ed thiough, tel P—CW%PBE% systemyJO0y 2&4’4@‘1“1‘1 telephone handset
procescor 24 LTl B B SRIARS ARV oRdbn) JRAEThEERC oM 1Y

of tel ephone nunbers e processor

tel econﬁunlthahmamm&ﬁdthuﬂemmdmm&ie%ndset 224 rests on a
cradle 226 that incorporates a switch (not shown) indicating whether 5 the
handset 224 is Tf'heupmceaadr t204s iy eommghitatively tmmeaekletlﬁQﬁghvalqg ocessor

204 is comuni |y nected rou h an circuit to the
tel ecom"runlc’(fgf‘fc"gr#sz\ég efﬁﬂ‘mw ﬁwééé ﬁ}? wire

connecti OnaQ%OhaﬂwlréTaohﬂéeh&ﬂmoym ﬁk (Bm&eﬁttywﬁ kehnecdon thateami cativel y
link the analog circujtry 228 with the t el econmunj catj ons 10 Sﬁstem 100.

The anal ogcemwwely links the japalog ciryitae 228 JMith dhgdelRcamBunicaigR®t and t he
proces§gr g0derd! 160M NhePardlo oo r@ﬁﬁeéj'aakérﬁ&cﬁ&ﬂ%‘ét&ébn%rece' ved

by the tel ecom‘rum catlons system 100. The analog circuitry 228 rovi des an
i nterface bmdmteedﬂmmbbmzdlmboﬁwmd@tmm digling tpRes tmnal og

circuitry e d

t el ecom"rum%% | (%e :&E@m@%ﬁhﬁﬁg&ﬁo H‘t g‘?"esﬁféﬁaf‘m%%“‘c’i‘“? | ce discussed
above. Desprdwidéshan ftexfadei aof viaic:eegﬁmtxdnsmramt fromsthedheghidsetr 224y Bie | 1 ed
arti sans haV| ng t he be it .of cl.osu vv1| | rec e that the
appar at us. A8 | STEY %}hﬁe&ﬁﬁl aﬁ’gﬁ?e n**a c[ogpgcggcﬂm%i i ons

syst emisf @élééo&ilﬁﬁﬁ;cahon 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 different

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 are noticed or detect that a low aétivity 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.



20 construction w thout departing fromthe scope of the present invention.
As a specific exanple, multiple subscriber unit 104 nay be linked to the
base station 118, or the |low activity comuni cati on device 200 nay be
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rate forrats depending upon | ne 1's received,
the vari abl ehe ahfiable eatd@beoder will ssallyydetettdotv dctivitpahd wisé theceighthaatet he

eighth rate _ format, assumn he stapdard vacqder currently In use can
detect t hat {ATSHgAERUTIRg R TRATE YOCOAS FIETAGY 1 v CATbICIErtgHat < SRRl bo
treated as nobsiRgaskt. TUMINBhlyYa Batd sfshal Wil blteatedl & ot gedetdlly f act
that each bit co%tal ned in eadch frame is not repeated. Half-Tate fefers to

sendi ng t he iga@rednunber of bits per frame, but each bit is repeated once
in the frame; that is, each unique bit wll appear twice in the frane.

Quarter-¥ate ref Enl mie veferm tarthe fact shat easherit rerfained intgage framse is motane, and
S0 on-. The TREELPYrhit e sitefs B denfiing He Ul 13RbESOFAIN perd Afmb il 1°
et | r framne. u

total infor onis sent pe rate the signal 1s sent at a
hi gher  powesactobit dsmepeatedionee irbthe franeahat isndagh emigue bihwill appeéartwice power

el L on kot Bl Bhabr S5 585 i RO P b o
level is usdehniGaads &he ThewRérel 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 pdwér 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



each repeated bit is accunul ated over the franme. Assuming a fixed m ninmm
20 power is used for the transnmission, a full rate transmssion will
contain nore frame errors than would a half rate transm ssion of the sane
i nf or mat i VO OVIHSi cal |y, the power level is set based uptfi/eS02i4dtted frame
error rate (FER) for the transmtted ggnal as received at a renote

| ocation, also referred to as the target of the transmtted signal, such
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along with the, s I alj zed,epcodi ng and decodi ng techni ques. Typically, the
5 vocoderseﬂf‘?qm&échﬁ‘i‘%&“&f“qiﬁfsi“’e {\%tlg}pgequﬁge ‘ransmi ssi on power will be

i ncreased for transmpitiing.low activity signals. It should be realized that
any i ncr edse rgﬁﬁﬂ&g}sﬂlﬁﬁ%ﬁt&ﬁl be |l ess than the increase required if

the present encodi ng/ decodi ng_ techniques. were not inple ted,. A, Decoder
Using 3Bft Bi tsh@q%mmmwﬂm@ﬁrs%&ﬁ%Eg‘mf@%@ﬁmf, the
syst em 100 njh8cdd bi'@dtectd B é?ﬂdtyg_é. Gehé Gfsterh 160 prddesde e cdilfofyFDBM 100

processes the call from TDD anit 200 for trahsm ssion using standard
pr ocessi ngunitcififgu rensmissian jusinghstandard progespingitechnigugs knpwnegetheed at a

or esont "1 it Viin EEHEN, RaaRen 45 ifole i, K aRiple e SRR [ yer
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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-

N

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



Delivering the erred frame to the vocoder is currently not done in standard
I'S- 95 inplementations. Bits contained in an erred frane are referred to as
"soft bits" because they may not all be in error and information may be

gl eaned froxgod@Aisdoem i ndividually to reconstruct infornatporvuserzasined in
erred franes. However, detecting or being noticed that a TDD call has been
received, the vocoder decoder in the pr¥sent invention processes erred
frames by | ookin at, the vocoder paraneters received and conparing these
par aneters ag%“ﬁ%ﬁ-‘s thesg tathe zeice-paranmterspage pignatuesgndios the follawingas seen

in the vocod JLhps.conpares the vocoder paraneters of
stored vocod%@ﬁ%@%ﬁgﬁﬁﬁ@%@%%m ved. This conparison results in a
determ nation beifg dR9eRebhthdiiesh TDD; si gpal a\‘@esBang_t (likely received.
For exanpl e, suppose a vocoder representation ofﬁa audot tone of "0" is
represented as si baadottofé boundaizgience, andbadddt Dhe- riepmdsent ati on of a
30 Baudot tone of "1 i reBresent ed as S@IOS@)% gols The present nethod WO
01111840 PCT/ USO0FSEAYE VOLRUETRARYEIEE: { he 0RO00EP 8E- par anet er - space
signatures. For the follow ng exanples, jfRseRthemsifare identified as:
vocoder frame boundaries: | - voc frame 'N - | baudot tone boundaries: |

- baudot " X' Asslime tABfkthe Yobsite? déester 26QHRE tRAMGRBRiSE pa 000000000 or
111112112112111111112. Assune that the vocoder decoder Fecel ves the follow ng

paranmeters: {erred frane) | -voc frame 1- |¢aMaceth. 2- | -voc frame 3-
| -voc frame 4 -1 -voc 10t "1' - | - baudo{ 8 - - baudot '0" - | -
baudot '1' - l—voq framel-p-voc jframe 2~ | —voc frame 3— | —voc frame 4 | —voc

11111111000Q060Q00 Q_OQ%QQ 0000000Q01,40000111111111,11000000000Q0000000
AAAAA [f(r)@(r)rqu?r org] e gggodgr%glég tgéi zeg tk@u%%tuifot qt oﬁgu Yudari es and
recogni zes t Hai111A£00006000G08006000¢:09000000601300001111121Ha to00d0d0B0000000®’ ar e

c.I oser to '0'" than '1: The AAAAA

[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! ~voc frame 2—- | —-voc frame 3~ | —voc frame 4 —| — voc
t1"-- | ~baudot’0’~ | —baudot‘0’—~ | —baudot‘l’— | —baudot‘0’— |

1111111300000000000000000000000000000011111111111111110000000000000000

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



decoder deci des on baudot tone '0' and nodifies the suspected error bits
bef ore decoding. For the next baudot tone “1,' the decoder recognizes that
t he vocoder paraneters are closer to 'l than '0' and nodifies the bits
accor di ngvporTise# decoder now uses the fol |l owi ng sequenPETUSIBIHYUce a
corrected TDD signal: 20 {corrected flrsarre) | -voc frame 1- | -voc frane 2-
1 -voc frame 3- | -voc franme 4 -1 - voc t'1" - |.- baudot'0" - | -

baudot' 0" - |. - dat' 1' . - | - baudof'pQD. -, |

1S 111 00BRR S ek b B Siolest I 1 £red 1ems o B TBT 00000 25
Thi s exanpg@pi,b@ﬂ@fbm%;gmns&a@ﬁddens to occur at a frane boundary,
which isn't always the case. If these transitions commonly fall within a

frame, another version of 't hamédpaiielon can be used as follows. If the
vocoder decoder receives an erred frane where the erred bits are contai ned

wi t hin t hel fFvaendrameke—V ovee dramed— || gotectfzamae pademtocnBamedela—dee 30 "good"
franes%opgc_gn&t}g}g%b@_e“_%gnﬁa@ﬁeé ‘I]h_(_a 319& Gpnt |f.LB Jdl- qontain a WO
au

01/118 / US 15 portion of the ot tone that was lost in the
erred frank11Fi106008608001111Ei1{plid 800008000011133111311130080000800088@00ved: {erred

frame) | --voc frame 1- | -vgg fhafRaR- | -voc frame 3=- | -voc franme 4 -1
- voc 5t'1 - | - baudot' 0’ " Baudot' 0' - | - baudot'l' - | -
baudot' 0" - | 1111111100000¢8QRd%dsdrs]l i1l 000000000l illiiiiiiiiiiioooo M

000000000 AAAAAAAAAA [frame errors] The vocoder paraneters for the second

baudot t onfhe Qocodef phideheldiBifar! HéSsecond bRudGH®na N0 afe to& ambiasiton on t he
tone because the nuitbher of '0O's is alnost the sane as the _ nunber of '1's

i n t hel® ocmake an pegwsatp seeirenansthe tongrbgcause themuanber 963 1 AJOFIRE ¢ he
vocoder | ogls, Altnb REmBeXbf 4Y RGRE volddF RrafntGoarkinetils. Srodnske 4iBétRir M nes t hat
the tone appears to continue as a '0" 1nto this frame. The decoder

t her ef or e diteinipatiorh dbe vodoser oake ah thet nexty edjacent frame (vpc frame 3 andhe | atter
15 half Ofdé/to(e)rrmneco'desr tlrflartati'rtze3 tgﬁe 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



As shown in the flow chart of FIG 4, after it is determned if a |ow
activity signal is being received in tasks 402 and 404, the decoder
continuously nonitors and updates the recei ved baudot tone boundaries in
task 408. Wwbheiigsse, any non-low activity signal is procecTusowsimg
traditional methods. 20 If :an erred frane is received as detected in the
physical layer, the frame is assigned 49 indi cator N and the vocoder

exani nes the errﬁd fr in task 410. If a "reliable" decision concerning
whet her or n&t “15 &1py aﬁed gcision fo.medify the egred-fiame is;mage inderk 418 kaseds when

the frane paygRis Badhferthdicofictiedl Wi FhRERLTSr ARERRHIVELARRNTR! 1 ed

to reflect the para ters of eC|S|on I'sion i's one

that falls V\ﬁ&nﬂlﬂneanpﬁedqnceﬂuﬁmW&tgdmsthey\membemrahabje tleeisioniis miadel fr ane
I s invention, the des red woul d

paraneters. pur rob it

be in the raE *‘p%lusfﬁ? é’aﬁaéP TS eQntaiped within; ’F‘?’ﬁaﬂ §P met hod
returns t§ tmmgpafdnagfsqmémcm 1§| gnal . | f a reI I abl e deci si on
cannot be nade as shown in task 412, the vocoder 30 revi ews the next

adj acent frapp Ntindider #hd BeRoddr(Syidg SOEtBits! T this frame is good WO
01/ 11840 PCT/US00121441 16 in task §1 the decision to nodify the erred

frame is made in 'I'li’é'ﬂe&;&rt]ﬁffﬁ&l ae&tlﬁ%gaéass&ﬂé\tcm&@ﬂ?@n Afgn frame
ra

N+1, or alternatlvel , frame .| f neither next adjacent nme i s good,
then a next ggylarte ﬁmlmduabpm Howener to further neduce thecerpen rateansd s

cont ai ned V\n&mgr% Eggg\ fr par a rs are
nodi fi ed accor Iii n%ﬂle%%&[}égt an elﬁ}: otgeéhbg F\%"%ggﬁ%%dt’ g‘el'ﬁn °G&t oder
i npl ement@t i dﬁotakeshdmagnnfﬂmmoftﬁﬁd’he invention is -simlar to that

di scl osed above. However, to further reduce the error rate and inprove

upon the accuracyWhemn thelvagbdér ezycodér tda:&cs? gmdotdmdeﬁle tbhse earpaieey 10

al so takes advant f the, soft bits." Wien the vocoder coder detects
baudot tones® a?g %"ﬁccei‘eg ?'b? tt@?&%‘lﬁé’ﬂ ﬁes]\;\'g“%m"ﬂﬁ enogek

encodi ng noddeciddsrwhéther tHedonk h@ceﬁ‘l!aoﬂﬁrenc&ﬁﬁgqs?% phet Ref’ thie &RP8er €cei ved

for encoding,is a ''0' or a_ '1.' The encoder hen sends this decision to

the decoder HENERdS thisodesision dpthe lfcoden wging a vocoder frame, but using
o 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

the forwarded decision.

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 (i.e.,
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.



15 channel - codi ng redundancy to i nprove the decoder's chances of
determning the proper baudot tone. Even if the decoder receives a tone in
an erred frane, it wll have a greater |ikelihood of determning the
correct toV@oKMMd because of the forwarded decision. | PSR ed
exanple, if the encoder detects a baudet '1' is to be 20 transmtted, it
sends a series of is to the decoder. The series may be any |length, but

nmust be suffi ci 8¢ r (o) s dhs ove in
section Aif negg;th% caéeh% ?kk\?/‘gq'g cﬂ ef's‘?‘ﬂeé' (?egé/%‘&nglgnorrte)p %ﬁ%’?q rﬁeté) standard

vocoder paruhe&becrderwlsbl&nmmto sngmabwdesfrahbaisngndhﬁdﬁmy bupathed apart
(i.e., weasier_ to differentiate), thus nmaking it eaﬁl‘fer eci de between
two tones cRRGRAINGSTARdYE fioneacross many Yacpaer emegn Vs e 08 Rr Not

Usi ng Soft lﬁtérﬁa%a&amq%ﬁwé}tofﬁ%n{ebmél&ﬁwa&&a’in@ia%mheueéoﬂe?n of the
nmet hods described 1 n sections and B, but the decoder is not given the

soft bits faonextwaat the ne@wod@mﬂhm@m@dmcenb&gmemm

PCr/USOO’ 21 a'l or
"0 baudor Pampie et ideBaiRRiall Bhed AGoVO RO Mo S SRR 07

usi ng redurﬁdanewcoullwbeukm. Assianié fhe eneyddiaddens thedoliowingetapndobtomger f r anes.
The '"I's anfd 0's are interleaved across a nunber of franes Mso that if
one frarre i for fraRimissipR: jecoder 5 can extract the necessary information from
adj acent franes. The followi ng exanple igﬁ)\gg i nterl eaving taking place
across four franmes, but any nunber of coul d be used. Assune the

encoder detects the baud tones for .transnssion: 11001 10 The
encoderl®nc ‘FI@ F%AF@?‘%% °‘f’6 0%?%}?&1?%@}@[9‘?3 'decoder' |

-voc frane voc fr n'eZl- rre4- --voC
frame5 | %‘a’ﬁ%f‘amf' "FIT'V°°‘B%PE}83T? ‘”.L"'°c BbéuHB‘E = "V°§audot 'O
--- 1 - baqugé;ﬁe515 1 :
| -~ baudot ‘1’ — | — baudot ‘1’ —| — baudot ‘0’ ~ | — baudot ‘0’ -~ | — baudot
15 “1- |

xmqocx:oooodl11xx>o<xxxx11111111:oo<x111111110000111111110000000011110
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:

| 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 baudotcode of Y":



LHE T xxxxxxxxt LEETEEExxxxt T 111120000111111110000000011110 00000001111, In
this exanple, the vocoder frame paraneters for each frane are segnented 20
where four bits represents the detected baudot tone in a particul ar vocoder
frame. The eamborass xteen bits represents the detected bauskcr/usewmssifir om
the last four vocoder franes: | baudot r frane' N3 | baudot for frane
N-2 | baudot for frame N-1 | baudot 25 r frame NI. To account for
baudot tones not corresponding to vocoder franme boundaries, the invention
uses the followi ng four-bit sequence where XXYY indicates that the code in
the current vocoder franme reflects a baudot code of 'X followed by a 30
baudot code of v ‘fraffe P14 143¢ 0rBd HUSON R fdrhe 318 | Lyl Ofah 1B (Loyde - VOC
frame 2- 1 --voc frame 3 - | -voc franme 4 - 1 - voc 5t "0 - | -

baudot' 1" - | - baudot '1'" - | - baudot '0" - | - baudot 'O -- |
0011xxxxxxxx 0011 1 +1Rauded (1 14111+ baGIGT1’1 1 1 H BAGRROW 1 11— bBuddy@ +i dd
Vocoder with Increased Transm ssion Power 10 In another enbodi nent, the

prohi bitive cqst_of nodifyin the(ﬁg' et | ile atio 0
acconpl i sh th’§°°e°r?88°‘ nﬁ‘oéﬁd"‘g’@%‘ﬁp 3@6@@@%@&@5@@%?“&%@@%%ect i ons
A, B and C is advantageously mnim zed. The encodi ng and decodi ng net hods

of sections ADB MedifiedWoddtler RIHANALSA PrhsisIOR Pbwapd through the use

of a standard vocoder 15 connectively communicating wth a signal

enhancer ,jgsuch as maﬂ&ﬁ&éﬁbwm%t’%éﬁmﬁ%ﬂ’eg&dﬁ%%‘ﬁ%eg g@%ﬁg@abl e of

perform ng a signal enhancing functio n addi tion,
sections A, Bnobje gtatiom to accomplishl thehantodingoangh dedesling) proaesses dismuisdeded

vocoder. It P ScabRa : . ' in.the art that a vocoder can
be nodified \tlggu gﬁ%er | né%lé%égtlgg%%h%%éﬁgﬁyorﬁwe “signal 20 enhancer,
i.e., to nake an [ ' rupted Qits regeiyv b he
comruni cati on uni ?ﬁ\%\e%&%@ggﬁdaﬂg‘g&%ré%\?#gﬁzfgcbmﬁ'ssgb aﬂ‘?;t Cﬁ}esyst em
of FIG 5 il ladyantagesushneaceainplisheht thodughethenweat bpra stardard 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 function.
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 ‘0’s 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



transm ssion from base station 550 to nobile station 510 is referred to as,
the forward link and the transm ssion fromthe nobile station 510 to the
base 25 station 550 is referred to as the reverse link. In the reverse

| i nk, unnwdiesdo vocoder 520 in nobile station 510 enc®GEISPHB,dot
signal into standard vocoder paranetgss and transmts the vocoder
paraneters to base station 550. Modif1ed vocoder 560 recei ves the encoded

Baudot sig han est Baudot si gpal S 2L Lo O bits. A
cl ean ver s{thg%e’bcf’gf‘ﬁg E?’é‘hﬁ‘l&ﬁr‘g&%@ %1%‘ ﬁm(n’iia?é%foﬁe "f'i'g’%&gr war d

l'ink, unm@it&lA&léAﬁ@Qﬁﬁén&ﬁﬂeb@nﬂﬁS&e&tgi&xbﬁkcﬁSO encodes t he Baudot si gnal
usi ng standard vocoder paraneters and transmts the vocoder paraneters to

mobi I e station Ebkeviddisirige dignalc efteincs8lor aekiifies VoEbdkts bi3B0th the
PCT/ US00/ 21441 19 the encoded Baudot signal and enhances the Baudot signal

to restore %\falfﬁpli%lﬁ ang; the reversedink, & sacepmplish e sderpding §n
gener at gd. S both the
5 &'in sétBLRIASH QJPBQ %}ﬁb SM&%G%O i net ho de

forvvardlln and the reverse |n toaconp 5
di scussed iyet awtherensbodimd)t of the iﬁvemprbel'l@frmbrmrmtbyf themystenvean o

r oduce. ther embodi,ment of.th n tlon or rate
gf t he sysggx‘fcé'}f Xé‘sf’%ﬁﬁ‘aﬂ&}nﬁ‘éﬁeﬁ&‘% gs\ré r?c%?ers%ﬁgﬁ’b%% station
on the revbyasing p&nezafui\tmmyedhaiqigsw@\aﬂfusc aﬂmksmq power deveell ust
signal trapsm |on govver veI% fromthe bgg&qs%ﬁn%ontothe nmobi | e
station onfRE tation ilp stakign op\fhe fQrwar f the communication
systemof FIG 6, base st 655 reconstructs th ri naI Baudot si gnal
cont ai 184 wth.w*&em‘ﬁa%ﬁn%ﬁ?&reepmwaﬁ %é&?meﬁﬁ ’

di scussed s8b #R64dR1S the oRgBRAUBSd IR EEonthifled Withirk @%@é&rlehadrdedbas e

station 655 transmts the encoded -Baudot signal usi ng power congr ol
t echni ques framegiceerdingte mﬁn@@odsadw%ﬁseetmmoﬁvm ¢o Hopvever, iy 4

entitled ég?ila AR RE RED 8 EA %&/I ER
VOCODED CIM assigned to t e assl gne@g&l&d‘?h rese I nvelttion and
i ncor por at powey coatol cteclnijaescian. dist@sed irs W@.Sf IRaimil Applicatign Neet hod f or

stat of TR/TIERRE SRR SHRHOBT A3 APPARIATS YOR ' BT ABIISHING™! | ©
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 s;tation and the mobile station. The met_hod. 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,



20 where a Baudot signal is received by the nobile station 605. After the
signal is received, vocoders used by nobile station 605 during processing
of the signal are locked intoa full rate in task 704. In this errbodi ment ,
the transm Wcﬂ ower does not decrease fromthe transm Fé'f/ﬂgooﬁ? used
by the tel ecormunl cations systemfor full rate transm ssions I n task 710.
The power 25 level is typically set bas@d upon a selected FER for the
transmtted signal as received at the nobile statiion 605. A desired FER is
sel ect ed becmnbilewtstivrec05hwtifies basegstationt 655®i dbaveRtidbnal FRRIGRCH G ERRT act er
error rate O%"é%ﬁ Baudot 5| nal is about 9 to 10 tines that of %he FER
This selecte ihtoy resluce the FERyisinegded rAgcordingly, nt nay

be less if nﬁ&ﬁﬁﬁﬁéﬂﬁﬁfad@h?ﬁﬁky@é'Rﬂagﬁuﬁ?%bqgﬁifchﬂyut%?xg%gc{?{és“ﬂgwdg ed

signal . Preferably, an FER of 2% 1S
signals. |f fmBsmssopypewss forncthe cfudlc ratd tmngmssmnxdmk mag, alw ifélhde 840

Egcgﬁmﬁéﬁ%%asﬁg%%%&rp n%hgtte}sk ohog nOtct gfen*ﬁg'ﬁilgnrﬁg% ?!E}er"éduce

the FER i s némsierl2, Abe osighajgdrynsmlo@dmwdmﬁhue Sm”?e@ﬁ 712 hAd Kdyildghic A

adjustnent typically inc es_.increasing the transm ssion power for the
full rate tré&?m 55? ’&FE‘B“‘FWF‘&d%YSSeIadFWWgtb‘PNS owartheret er s

known to reduafistision! bf the drERe | Sardta gﬁ'al mt efiise, [WRers! a'
nam

transm ssion may continue in task 714 and ust mehts to t
t el ecommuni c ANGREsien af ethﬁmphmsnﬁhm@gHbatvqcnéerstaranaﬂwdedonndafthe he

entire tnensmidcbingi %ﬁj ig_rll transm ssion of the
Baudot signal ends, t voc%gers are unﬁ% 8981;5# Mt he 10

t el econmuni cati ons systemre OTHER ENMBODI MENTS
Wil e there have been shown ﬁm%@mm der ed to be preferred
enbodi nents of t ntlﬁ be apparent to those skilled in the
art that various v B'F‘? iS SY"F‘O e [rresendly censidssed depkg t i ng

15 fromthe préRfedémbbédni f What
I's clainmed 'gm Vo 0 01T1184§E§C%%%w@%‘f%§‘ih% BY appiteAPRAROSE siiliéd P

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:



21 CLAIM5 1. A nethod for communicating a noticed |ow activity

communi cation 2 signal in a tel econmunication system the tel ecommunication
systemincluding nobile stations and base stations, the nmethod conpri sing:
4 transm o odasdd ori ginal frame represented by an ori gircinsvegusence of
bits; 6 receiving a first transmtted franme, the first transmtted frane
conmprising a first transmtted sequené® of bits, the first transnitted
sequence of 8 bits sequenced substantially the same as the original
sequence of bits; enhancing the fi GLAIMSsnitted: sequence of bits to
produce an enhanced 10 sequence of bits; and processing the enhanced

sequence of1. bi tAmematfaiﬁbnmmdcmﬁgwn&aceurlbwrarm’vityaommﬂuéaaondentIfy the
orlglnal sequence of bits in the original frame. . 2. The nethod recited in

O aim 12 wsignelin w&ecgmahsn&z%@yﬁgfelﬁwmﬁ%aymmmf bits
further conpidiResations IRE bhstked %Q?ﬁ&ﬁé’d of bits with a known |ow

activity 4 communication signal bit sequence, ‘erm ni ng whet her the
enhanced sequentrens;mtbngsnosgmhﬁ'amemm'bmte@bymoagﬂnelseqmdefoft he enhanced
sequence o;btg(l ts is statistically reliable, then nodifying 8 the enhanced -
sequence o its to identify the original sequence of bits in the original
frame. 8. The nmdckivihg £fiist Bensmiticlddidind, thhfrsirandmitted fix@meced sequence of

bits is 2 |abeled nme N and.the step, qf cessi ng .the enhanced sequence
of bits fﬁ?&"ﬁé‘?‘“&&éﬂ%&?ﬂuﬁe@m hﬁegsﬁ!m %ﬁ‘ﬂ&‘éﬂﬁﬁbu ts with
a knowngl owjtaed tﬂéh&éﬂs&@ﬁﬁﬁﬂﬂfﬁie'sﬁﬂe%hﬁ%n?hﬂ aaﬁ%ﬂ:&@ produce a
conparison resu i f the conparison resu i cates statistical

reliability, |Ienhangingthe first prnsmitted|sequence pf bltstocprsduce an enhanced
10  sequence of bits; and

processing the enhanced sequence of bits to obtain additional
12 information used to identify the original sequence of bits in the original frame.

2. The method recited in Claim 1, wherein the step of processing the
2 enhanced sequence of bits further comprises: |
comparing the enhanced sequence of bits with a known low activity
4 communication signal bit sequence;
determining whether the enhanced sequence of bits is statistically
6 reliable; and
if the enhanced sequence of bits is statistically reliable, then modifying
8 the enhanced sequence of bits to identify the original sequence of bits in the
original frame.

3. The method recited in Claim 1 wherein the enhanced sequence of bits is

2  labeled frame N and the step of processing the enhanced sequence of bits
further comprises:

4 comparing the enhanced sequence of bits with a known low activity
communication signal bit sequence to produce a comparison result;

6 if the comparison result indicates statistical reliability,

* c L M S *




WO 011118 40 PCT/ US00/ 21441 22 then Edifying the enhanced sequence of bits
based upon the 8 conparison result to reflect the known |ow activity
communi cation signal bit sequence; 10 but if the conparison result is not
statisti cal %Jﬁ iable, then processing a frame N+1 nei ghbpet/ogeereasf rane N
to 12 determne it the frame N+1 contains any errors; but if the frame N+1
is errorless: 14 then determining a |low2Rctivity comruni cati on signal
defined by a bit sequence contained in frame N+1;. and 16 nodifying the
enhanced sequence of bitentiddifyingtheerbases] seqpeamcetdfbits basesieuporthe cont ai ned

in frame 1. 4. The nethod recit i aim.3, erein said conparison
osul ta'i i cat e ORERERERUL fo feEPrisle KDY RISw ALY SR MO hat + ho
known | ow acti vit g headd; on signal bit sequence will reflect the

original sequence of bits is 4 51%or greater. 5. The nethod recited in
Claim1, Yherein bubifsheeomparisonsesultisnestatigticallprelipblal frame is perforned
by a nobile station an fﬁiaplﬁ LV ' h mtted franme
is perforned by a basegls ;bt%?%%%%g e@%}(h&%h?a@%g?&é?%m&hgﬁ] 1, wherein

t he met hol? f urt hedeteomine if de fRarhé Ndtoeptais argpdraarsng st andard vocoder

encodi ng/ decodi ng para r sed .a plurality of vocoders w th vocoder
si gnatures, wherein seﬁgﬁﬁﬁgmﬁ%@ ’t?gﬁ't%égﬁ%d wi thin the vocoder
si gnatureg are spaced furt hfién deRfrhirliR@ R low QBEERE &nBiuhicatiBA kighaPd Wi t hi n

standard vocoder paraneters, said 6 replacenent 'step preceding the
transmitting step. 7. defineddirbit pequenegicontained injrameNick:and the step of

replaci ngigstandard 2 vococ}g{,d,—?ﬁ Wgé&ghmﬁ%@& n{éq(mggq'&:ati ng
to a first vocoder that a | ow ctgsilgty comunicat | on 14 signal is being

transmtted; and |al upon thebit sequence contained in frame N+1.

4, The method recited in Claim 3, wherein said comparison results indicate
2  statistical reliability if the probability that the known low activity
communication signal bit sequence will reflect the original sequence of bits is
4  51% or greater. '

5. The method recited in Claim 1, wherein the step of transmitting the
2 original frame is performed by a mobile station and the step of receiving the
first transmitted frame is performed by a base station.

6. The method recited in Claim 1, wherein the method further comprises

2  the step of replacing standard vocoder encoding/decoding parameters used by
a plurality of vocoders with vocoder signatures, wherein sequenced bits

4  contained within the vocoder signatures are spaced further apart than
sequenced bits contained within standard vocoder parameters, said

6 replacement step preceding the transmitting step.

7. The method recited in Claim 6, wherein the step of replacing standard
2 vocoder parameters further comprises:
communicating to a first vocoder that a low activity communication

4  signal is being transmitted; and
[ —

A



jjpiijiiiiji 14 WO 01/11840 PGI/ USO0t 11441 23 encoding the |ow activity.
communi cation signal with a second vocoder, 6 the second vocoder
determining if a bit is a 0 or a 1, the encoding performed using channel
codi ng regwyulareay Within an information bit field of th®CFUSHVHAN 8 frane
to inprove the first vocoder's likeliphpod of decoding the original frane,
the encoding al so noticing the first coder that a low activity signal is
being 10 transmtted. . 8, The.nethod recited.in . Cl.aimb6 erein the step
of processing tFRFOINEhA IV ACHCRPTHR h?ﬂ?‘ﬁn?lm"?lh%?&% PF A§§’the st eps
of . compar igR@sdcbifd 95EIRE BétefRMEEIEQ b is Ri0loR a"!',iﬂlee%cbdiﬁﬁ%eﬂ@ﬂné&t ivity 4

n

comuni cation signal bit sequence; and nodifying the enhanced, sequence of

bits based ugingrehanrel codipg redisdangy withinjaminfesmatioa kit field of theorigivtlice of

bits. 94 A gﬁyﬂ { g ' L Mils 4 nication 2
si gnal |8n ;gr% r}g’g%lk?r‘ﬁﬁ catl onlvg'g(]g/dse{)%rlr;i e{?ﬁéed‘f@fheégg%mgﬁ%g?%ﬁ%%'em
“including thedidodirgaldd ratixingthe fiasteyostoderithats, lowhetivity bigdalosheingsi ng: 4
transmtting a first original frame froma nobile station, wherein the
first ri &%ﬁé'i‘““ﬁd:rre is represented by a first original sequence of bits; "
6 receiving a first transmtted frame at a base station, the first
transmtted frame conprising a first transmtted_sequence_ of bits, the

first tran®m ttThe methadresited ipClaim & whereinthe step PEproceesng the ( he same as
the first ?Etm’ @%ﬂ&@%sfﬂﬁh&'éoﬁa ride iggg the first transmtted
sequencg 0 |tcg&VLs\ne 'n the base station to . produce an enhanced sequence
of bits; 12 del comparing thhenkarived seqiiencejofhitsovith aknowndewactivitst vocoder

within the base.station;,.L4 ssipng the enhanced sequence of bits with
the firé#t \98%‘38’3?“#‘8“3@3*%“8%% (giﬁgl informati on used to identify the
first original fedifgingdheéntantced sequiehee of bits based upon the comparison to

6 identify the original sequence of bits.

9.  Amethod for communicating a noticed low activity communication .
2  signal in a telecommunication system, the telecommunication system including

mobile stations and base stations, the method comprising:

4 transmitting a first original frame from a mobile station, wherein the first
original frame is represented by a first original sequence of bits;
6 receiving a first transmitted frame at a base station, the first transmitted

frame comprising a first transmitted sequence of bits, the first transmitted

8 sequence of bits sequenced substantially the same as the first original sequence

of bits;

10 enhancing the first transmitted sequence of bits within the base station to
produce an enhanced sequence of bits;

12 delivering the enhanced sequence of bits to a first vocoder within the
base station; , _

14 processing the enhanced sequence of bits with the first vocoder to obtain

additional information used to identify the first original sequence of bits in the
16 first original frame; and
transmitting a second original frame from the base station at an

18 increased transmission power level.

_—
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16 first original franme; and transmtting a second original frame fromthe
base station at an 18 increased““‘“?ﬂ}l“/ﬁ“ﬂl‘!&ﬂlﬁr level. CL MS III

Pliit 12112121 iiio0 Lidoi 11111 A PCP/ USO0/ 21441 24 10.
The nmethod @eedthestei N C aim 9, whérefn the' step of transni peirospolial 2
second original frame fromthe base statjon at an increased transmn ssion
power |evel further conprises the steps of. 4 locking all vocoders used in
processi ng the second original frame into a full. rate; and 6 transmtting
the second original sequence of bits at an increased transm ssion power

| evel to maiiai nThe methediracited freClair@nwherein the stépeoff toansinkictingStheecond
original geq e nethod recited in Caim9, wherein the

f bits. 11. T
enhanced eq%%%%@%fg’ﬁ%]t@q‘%éoﬁ‘ g basetiationakanngrgasedEATSIUSS N POV essi ng

t he enhanced 1@@%@&{%@&&5%@@ conprises: 4 conparing the enhanced
sequence of bits with a known low activity communication signal bit

sequence to pr odulaskingadhivacotersused inprocessing the sécontd@riging ranyminto @sul t

i ndi cat es st %_lllﬁ*%(‘aﬂd reliability, then nodifying the enhanced sequence of
bits based upon tHe 8 conparison result to reflect the known |ow activity
communi cabi on  si ansmitting tegeesreborigifalsetjuéricelof bits argivinicfeaged esul t i s not
statistically reltable, then processing a, frane N+1 nei ghboring the frame N
Lo 12 det er NAREHSPIORHOWEr Jree (o maRinin IR BrEes e $TPOHEt fOR e N+1 | 5

errorl essg ldeddatdripindlBequenk@¥f kit i Vi ty communi cation signal defined by a
bit sequence contained in frane N+1; and
11.  The method recited in Claim 9, wherein the enhanced sequence of bits is
2 labeled frame N and the step of processing the enhanced sequence of bits
further comprises:
4 comparing the enhanced sequence of bits with a known low activity

communication signal bit sequence to produce a comparison result; and

6 if the comparison result indicates statistical reliability,
then modifying the enhanced sequence of bits based upon the
8 comparison result to reflect the known low activity communication
signal bit sequence;
10 but if the cbmparison result is not statistically reliable,

then processing a frame N+1 neighboring the frame N to
12 determine if the frame N+1 contains any errors;
if the frame N+1 is errorless:
14 determining a low activity communication signal defined
- by a bit sequence contained in frame N+1; and
16 modifying the enhanced sequence of bits of frame N based

upon the bit sequence contained in frame N+1.

12.  The method recited in Claim 11, wherein said comparison results
2 indicate statistical reliability if the probability that the known low activity
communication signal bit sequence will reflect the original sequence of bits i

4  51% or greater.



16 nodi fying the enhanced sequence of bits of frane N based wupon the bit
sequence contained in frame N+1. 12. The nethod recited in Caim1l1,
wherein said conparison results 2 indicate statistical reliability if the
probabi | i wodn#s40t he known | ow activity conmmunication FCHFABPVHAL sequence
will reflect the original sequence of2dits is 4 51%or greater. WO
01111840 PCf/USOQO 21441 25 13. The nethod recited in Caim1ll, wherein the
step of tragsm The Mmgtodaedtedif Cliith TN iwdlefeih the &8 of frxBniiftngthee station at

an increased transm a_iglon power | evel further conprises, the steps of 4
| ocki ng2al pecond Geginal B¢ from ghehase statign akan creased BANMISSION PPWRE into a

full rate; lé%@ﬂﬁ@tl{e{-@&ﬁﬁiiﬁésitﬁl@st%ﬁ?ofsecond original sequence of bits at an
increased transm ssi oh power |evel to maintain a mininumtarget frane

error rdte for lobking8llyecaders usedgn padcessing thecsecarid ortiginal ftame filea et hod
recited inﬁ%aiml , Wwherein the mnimumtarget frame 2 error rate is |ess
than 1. 0% ’:'at‘}!\ﬁ'B ratus foor conmunicating a |ow activity conmmuni cation
signal gn a 2 fretspeaiAgthe sédohd Brigittl sequehfcofdiipait ah ikcreseddr | Si ng: means
for encoding an original frame of the | ow activi té comruni caggg 4 signal
into an or FGNFMAISSIOR pQUISE levektognaintain,a mininnyp tasget Tame eF9g rate ordhe o g
sequencg OfLeBhd Sri a[rgéafﬁgn? fpitgceiving a first transmtted frane, the
first tgangencg?§§ggﬁam Céoeﬁ)ritgi ng a first transmtted sequence of bits;
and 8 neans for enhancing the first transmtted sequence of bits with a

signal en ncef,d r @lgg | . Cmini RS R ?fa&i?e recited in
C ai m 15, ier el n @ﬁ@oggg%{r%g?ﬁs u;“@é"?‘%é“é%enpn ses: Erigégns or conparing
t he enhancedosmteiisiess thkn bd%s with a known |ow 4 . activity comrunication
signal bit sequence;

15.  Apparatus for communicating a low activity communication signal in a
2  telecommunication system, the apparatus comprising:
means for encoding an original frame of the low activity communication
4 signal into an original sequence of bits; |
means for transmitting the original sequence of bits;

6 means for receiving a first trahsrrlit_l:ed frame, the first transmitted frame
comprising a first transmitted sequence of bits; and

8 means for enhancmg the first transmitted sequence of bits with a signal
enhancer to produce a.of:le_an signal.

16.  The apparatus recited in Claim 15, wherein the apparatus further
2 comprises: _
means for comparing the enhanced sequence of bits with a known low
4  activity communication signal bit sequence;
means for detenm’ning whether the enhanced sequence of bits is
6 statistically reliable;
means for checking the statistical reliability of the enhanced sequence of
8  bits; and o
means for modifying the enhanced sequence of bits to identify the

10 original sequence of bits in the original frame.
AR N




means for determ ning whet her the enhanced sequence of bits is 6
statistically reliable; nmeans for checking the statistical reliability of
t he enhanced sequence of 8 bits; and nmeans for nodifying the enhanced
sequence ofwbidig1de 1 dentify the 10 original sequence of mrwEstoRidshe
original frame. ~~~~~~~ ~~~ h i lu 1111311 1111 CL WO 01/11840

PCT/ USOQ 21441 26 17. Apparatus for conmunicating a noticed |low activity
conmuni cati o 2 sl i Qo c i i i ,%9 ; tus
conpri si ng: ?‘voc%gg%ﬁ#uogrf&éﬁ%o 'u%gﬁgﬁggrnl%g%ﬁa“??ane oclpmﬁ'éﬁlgﬁrgcti vity 4
comruni cagi osighabinal teleodmmamication ispstems theapparatud cdmprisings transnmitter for

transmtting the original sequence of bits; 6 eceiver .for receiving a
first transm ttedaf’?‘gﬁié’,’k‘lrﬁé‘g? IF‘GF“PF‘ﬂmi;;”FF@d’%é‘?f?%a rising a first

transm ttgd %&ﬁﬁﬁﬂﬁ&ﬁ%ﬁs@nﬁﬁh@&%ﬁgﬁxﬂ&éﬁ%@ﬁc&ﬂ%ﬁer for enhancing the
first transmtted sequence of bits to produce a dean signal. .

1121220 111111111 | & trRngmitter for|transmittingthe original sequence of bits;
6 a receiver for receiving a first transmitted frame, the first transmitted

frame comprising a first transmitted sequence of bits; and
8 a signal enhancer for enhancing the first transmitted sequence of bits to
produce a clean signal.
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