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WO 02/ 47316 PCT/ US01/ 44574 1 NMETHOD AND APPARATUS FOR | WP TECTI ON
OF RATE ERRORS | N VARI ABLE RATE RECElI VERS 5 BACKGROUND 1. F'éf hepeet -
di scl osed enbodi nents relate to \AﬁlﬂﬁWﬂNMm cations. Mdre 10
parti cul arlwo oblags16li scl osed enbodt to a novel panfsoiwsyed
met hod and apparatus for detecting, atsséy eceiver of a variable rate
communi cation system errors in the determ nation of the rate at which
data has been encoded for transm ssion. 115 Il. Background FIG 1 is an
illustrative stepdiagram of a variable rate COMA transn ssion system 10
described in the Tel ecMETHOD AND AFPARATRS FORIMPROMEDhe- ai r
i nterface standard TIAEIA Interim Standard 95, _and 20 its _derivatives,
such as, e.g., | SBEEEGEFQNQOF RATE ERRORS INoMABIABLE RATES o5) .
This transm ssion system may be provided, for exanple, within a base
station of a cellular transm ssion EE&@M@B—S use in transmtting signals
to nobile tel ephone subscriber units within a cell surrounding the base

station. It nmay also be provided within nobile tel ephone SHWM l @mrim ts
for use i 25 transmtting signals ton. A m

detects ar}’speech signal which is theﬁ%@ﬁ?@mb digitized by an anal og
to digital converter (not shown). A variable rate data source 12 receives
the digitized sanples of the speech signal and encodes the signal to

provi de packets off pagpded speech of equal frame |engths. Variable 30 rate
data source 12 may, for exanple, convert the digitized sanples of the input

The disclosed embodiments relate to wireless communications. More

10 particularly, the disclosed embodiments relate to a novel and improved method
and apparatus for detecting, at a receiver of a variable rate communication
system, errors in the determination of the rate at which data has been encoded

for transmission.

15 IL. Background

FIG. 1 is an illustrative stepdiagram of a variable rate CDMA
transmission system 10 described in the Telecommunications Industry
Association over-the-air interface standard TIA/EIA Interim Standard 95, and

20 its derivatives, such as, e.g., IS-95B (hereinafter referred to collectively as I5-95).
This transmission system may be provided, for example, within a base station
of a cellular transmission system for use in transmitting signals to mobile
telephone subscriber units within a cell surrounding the base station. It may
also be provided within mobile telephone subscriber units for use in

25 transmitting signals to a base station. ' _

A microphone 11 detects a speech signal which is then sampled and
digitized by an analog to digital converter (not shown). A variable rate data
source 12 receives the digitized samples of the speech signal and encodes the
signal to provide packets of encoded speech of equal frame lengths. Variable

30 rate data source 12 may, for example, convert the digitized samples of the input



WO 02/ 47316 PCT/ USOL/ 44574 2 speech to digitized speech paraneters
representative of the input voice signal using Linear Predictive Coding
(LPC) techniques. In an exenplary enbodinent, the variable rate data
source i s awpapkmiée rate vocoder as described in detail porusofasRat ent

No. 5,414,796, which is assigned to the 5 assignee of the present invention
and is incorporated by reference herein. Variable rate data source 12
provi des variable rate packets of data at2 four possible frane rates 9600

bits per second (bps),, .4800 bps, 2400 bps, and 1200 s. referred t
herein as fuISP,ee%Fq digitizeds WF%R@”@%}E&FW&?S@E’F&WS&{B& odeef SEhat ul |

rate contain Jofige | IRLIEPIRRcel Todifg k AECPEOMAGual. hakl dndldefiliyi n 80

10 information ts, packets encode guarter e contain 40 i mat i on
bits, and pamwkeédinentoted vatiablegtath dathesmuooe 46 ma Mariableoratet vogoder tas.
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26, al | ar cesmabed anetetn it HS: et Moo ATk, SRR s | BRERFY Bt or
"frame” and "packel "ofgg&apﬁa?ﬁﬁweh%ﬁrmﬁﬁ@ orad&l Therdtaek&d heftif.

encoded and traflsmtt erent rates to cohpress “the data contai ned
t her ei n basedVariablpante, data sdece dRpprevides variabhe wate packetsndbHdatat ab four

represented by the frane. Fo ample, if i\n VOI fgnal_, 1 9¢| udes
little or no l&?ﬂ?ﬂbg? frame ‘E?é‘?%éﬁ@xtﬂggﬁ?fs?c?ﬂé Q@B@agﬁo RS, 229(? bg%a%dh?,%t he

i nformation bd'rﬁss r&¥brrell S0 BRFEIR 25 OMY R0F, BRGkter, aRBYei SIRthGars! Fasksts anebdudcoded
20 at eighth rate. This conpression results in a loss of resolution of the

cor r espondi neatfollratercontain AZ2 information his, packets gnoeded atzhalf 1aée eantriaiondi ng
portion of the.voice si.gnal nt ai n ittle.or _no inforpmati . .
reduction® n infe _ onrslélgsolpﬁl:ﬁ%ﬁ epgoc%&{ at, giigrieh; jate ﬁ%ﬁ%g@@%%@fk&?ﬁ vely,
i f the correspodidi@ts dritBHEd UOkigRHSHA10bntain 1A RIERRMNRIN bifs: | PudRet foweits

i nformati on, perhaps because 257t he speaker is actively vocali zi ng_}9 t he

packet is encardshiown inuFIGS: ate- ARdThe packebtrregareilesn ofpizenall prpome Epmech i s
oo et B aBoM . 25 o Yiglotn, RSSO RERE AR PRk AT 1O
used interchangeably.

15 The packets are encoded and transmitted at different rates to compress
the data contained therein based, in part, on the complexity or amount of
information represented by the frame. For example, if the input voice signal
includes little or no variation, perhaps because the speaker is not speaking, the
information bits of the corresponding packet may be compressed and encoded

20 at eighth rate. This compression results in a loss of resolution of the
corresponding portion of the voice signal but, given that the corresponding
portion of the voice signal contains little or no information, the reduction in
signal resolution is not typically noticeable. Alternatively, if the corresponding
input voice signal of the packet includes much information, perhaps because

25 the speaker is actively vocalizing, the packet is encoded at full rate and the
compression of the input speech is reduced to achieve better voice quality.

This compression and encoding technique is employed to limit, on the
average, the amount of information being transmitted at any one time to
thereby allow the overall bandwidth of the transmission system to be utilized

30 more effectively to allow, for example, a greater number of telephone calls to be

processed at any one time.




average, the anount of information being transmtted at any one tinme to
thereby all ow the overall bandwi dth of the transm ssion systemto be
utilized 30 nore effectively to allow, for exanple, a greater nunber of

t el ephone cwolod/ataas be processed at any one tinme. WO 02/ 49R¥AIS01/44574

PCTI USOL/ 44574 3 The variable rate packets generated by data source 12 are
provi ded to packetizer 13, which selectively appends Cyclic Redundancy
Check (CRC) bits and tail bits. As showB in FIG 2A, when a frame is

encoded by the varjable .rate data source at, full rate, packetjzer 13
generates and app svaFWE’ieantSPéFQ@t%igF%er& WF%W“’&%?E ngﬁdﬁéﬁpy, as

shown in FIG . b ; ' I tgm source
12 at half rﬁaé;ﬁb tbigggg‘t??je%agj%cgztﬁlgrg?egaggﬁglggggﬁ e g@hlilé& bi :Ebgtsand

ei ght tail bianhgl. taddbishods showRlitFIGC2ZAnmhenza framenis encodert bytdhie variable

vari able rate data source_l12 at._quarter, rate, packetizer, 13 ner at es and
appends_ei ghtfafafitagiougce lé %%B]J\&afen PFF@nsz:lsvﬁ?é‘ﬁraée? P.ﬁﬂﬁplpflqgﬁ?‘gﬁ §ded by
the varia 'ecfg gmgg%r@ SIRHE €6l ﬂ,ﬁs.asm%ap; Bs ERé®n AL LBZ Wheh% fraafRefkat es

and appends el I'ts. The variable rate packets from packeti zer 13
are then prowndeded by tleeanixhle tate data sourentatdwlf tade ipacketider B generatesb| e

embod mont , - ERECRHenSs S GG A BAe B ol A DHAPVE T ey 20 e =1
convol ut i onalganepcadeded Hyak yaRhble rhiedntRsoMicdad dtQuariePiie Spickedas 16,

an inplenmentation of which’is described in detail in U S Pat'ent Nos.
5, 103, 459 and34edemtaoand gppendseighidail bits.cAsshewaiig FlGeHeowben s framt is to a

64 bit | sh s ol .and then spreads,the \\l y S | W th
a pseud\éﬁnanﬁ'ﬁ‘?n%# by Va@ﬁ@g ra% %i%éf’}‘ﬁeoi?ﬁ‘ n%?g{}b trét%’i %ﬁéger i \%ﬂgﬁt he
spread packetg@neﬁ%s@@p@@dgfeigmseﬁlbﬁgjan full rate, repetition generator
17 generates duplicates of the synbols in the packets to provi dggﬁ)ackets

of a constant dat Theavatiahlpaate packeis i fromepacietizen, ddkate them provided do t he
repetition 9%%%6&‘&"&4,%1{18{ re?lg&fe%sﬂ?e {)ﬁg e th%f vhMfble rate packets for error
detection and correction purposes. In an exemplary embodiment, encoder 14 is

15 a rate 1/3 convolutional encoder. The convolutionally encoded symbols are
then provided to a CDMA spreader 16, an implementation of which is
described in detail in U.S. Patent Nos. 5,103,459 and 4,901,307. CDMA spreader
16 maps eight encoded symbols to a 64-bit Walsh symbol and then spreads the

" Walsh symbols in accordance with a pseudo-random noise (PN) code.

20 Repetition generator 17 receives the spread packets. For packets of less
than full rate, repetition generator 17 generates duplicates of the symbols in the
packets to provide packets of a constant data rate. When the variable rate
packet is half rate, the repetition generator 17 introduces a factor of two
redundancy, i.e., each spread symbol is repeated twice within the output

25 packet. When the variable rate packet is quarter rate, the repetition generator
17 introduces a factor of four redundancy. When the variable rate packet is
eighth rate, the repetition generator 17 introduces a factor of eight redundancy.

Repetition generator 17 provides the aforementioned redundancy by
dividing the spread data packet into smaller sub-packets referred to as “power

30 control groups.” In the exemplary embodiment, each power control group
comprises 6 PN spread Walsh Symbols. The constant rate frame is generated



redundancy, i.e., each spread synbol is repeated twice within the output 25
packet. When the variable rate packet is quarter rate, the repetition
generator 17 introduces a factor of four redundancy. Wen the variabl e
rat e packetwo2i4esighth rate, the repetition generator 17 ipUnusivesss a
factor of eight redundancy. Repetition generator 17 provides the

af orenenti oned redundancy by dividing the spread data packet into snaller
sub- packets referred to as "power 30 cordgrol groups.” In the exenplary

enmbodi nent, each power control. group conprises.6 PN spread \\l sh nbol s.
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times to fill the frane as descri bed above. The spread packets are then
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I nvention. The filtered signal is then provided to digital to anal og

converter 22 CORHOLBYMMrted to an anal og signal. The analog signal is then
provi ded 4,0 transmqtter , ' 15.converts,and agplif.ies.the_ signal
f or translg ssi on ?ﬁ%d’ﬁaﬁ&gﬁf Xe\,g#léé@%&bﬁ td g“*ﬁFﬁ%‘??%E &¢ finfe jmpulse

conponent s ofrespdrae {FMR)4filter R0, lan éxagipleof veieRds MRBdribed® BRPFapdiNGf FI G

3 could reside in a nobile tel ephone 28 or other nobile station receiving
the transni t PP e10gnand assigned khthe assignee «ifthe pgsent invention. The filtered

signal is then provided to digital to analog converter 22 and converted to an
analog signal. The analog signal is then provided to transmitter 24, which up-
15  converts and amplifies the signal for transmission through antenna 26.

FIG. 3 illustrates pertinent components of a base station. In another
embodiment, the apparatus of FIG. 3 could reside in a mobile telephone 28 or
other mobile station receiving the transmitted signal. The signal is received by
antenna 30, down-converted and amplified, if necessary, by receiver 32. The

20  signal is then provided to frame rate detection unit 33, which subdivides the
signal into packets and determines the corresponding frame rate for each
packet. The frame rate may be determined, depending upon the
implementation, by detecting the duration of individual bits of the frame. The
packet and a signal identifying the detected frame rate for the packet are then

25 forwarded to CRC unit 34 for performing cyclic redundancy checks or related
error detection checks in an attempt to verify that no transmission errors or
frame rate detection errors occurred. A frame rate detection error results in the
packet being sampled at an incorrect rate resulting in a sequence of bits that are
effectively random. A transmission error typically results in only one or two

30  bits being in error, Usually, if a transmission error or frame rate detection etrror

occurs, the CRC unit detects the error. “Bad” frames failing the CRC are erased




antenna 30, down-converted and anplified, if necessary, by receiver 32. The
20 signal is then provided to frame rate detection unit 33, which

subdi vides the signal into packets and determ nes the corresponding frane
rate for eawipo2panget. The frane rate may be determ ned, d&garsdi/mg7aipon the
I npl ementation, by detecting the duration of individual bits of the frane.

The packet and a signal identifying the detected frane rate for the packet
are then 25 forwarded to CRC unit 34 for performng cyclic redundancy

checks or rel ate errof. detectiqn checks in att . ver i.f. hat no
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As noted above, by varying the frame rate of packets to thereby
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15 compress the information contained therein, the overall bandwidth of the
system is utilized more effectively, usually without any noticeable effect on the
transmitted signal. However, problems occur occasionally which have a
noticeable effect. One such problem occurs if a frame subject to a frame rate
detection error or a .transmission error nevertheless passes the CRC. In such

20 cases, the bad frame is not erased but is processed along with other good
frames. The error may or may not be noticeable. For example, if the error is a
transmission error wherein only one or two bits of encoded speech are in error,
the error may have only an extremely slight and probably unnoticeable effect
on the output voice signal. However, if the error is a frame rate detection error,

25 the entire packet will thereby be processed using the incorrect frame rate
causing effectively random bits to be input to the decoder, likely resulting in a
noticeable artifact in the output voice signal. Noticeable artifacts caused by
frame rate detection errors are such unacceptable distortions as screeches, or
beeps. For some systems, it has been found that incorrect frame rate detections

30 occur with a probability of about .005% yielding an incorrectly received packet

and a corresponding artifact in the output voice signal about every sixteen



15 conpress the information contained therein, the overall bandw dth of the
systemis utilized nore effectively, usually w thout any noticeabl e effect
on the transmtted signal. However, problens occur occasionally which have
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t he output vof¥stems el Noticeabl e artifacts caused by frame rate
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simlar problens can occur in a any transm ssion system enpl oyi ng
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correct. Gven that thisis alimtation of t e RDA, it is desirable to
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screeches, or_beeps. Wen the 10 received franme is.not suitable for
accurate rat e TABIETATHEETOIEHOE PECROE that perleptitally smooths e 15t fhmes

- using past frames, and produces speech that is not annoying to the listener.

15 However, if instead of a frame erasure, the RDA assigns an incorrect rate to the
frame, random bits are fed into the variable rate decoder 40. Unless detected,
the random bits can produce very loud, annoying artifacts such as screeches,
and beeps. It is generally true that a frame-erasure does not produce as much
speech quality degradations as an incorrect rate frame.

20 It is desirable to handle these incorrect rate frames without generating
audible artifacts. It is desirable to detect an incorrect rate frame, and perform
frame-erasure processing, and/or clean-up the memory states in the variable
rate decoder 40, such that effects of incorrect rate determination do not
propagate across many frames.

25 Therefore, it can be appreciated that there is a significant need for a
method that detects rate determination errors in a wireless communication

system, and eliminates resultant audible artifacts.



channel conditions, the RDA either determnes that the frame has to be
erased or it assigns an incorrect rate to the packet. Typically, the
speech decoder has a frane-erasure processing nechani smthat perceptually
snoot hs t hewlg®ls7iganes using past franes, and produces spEeodvidsad i s not
annoying to the listener. 15 However, if instead of a frane erasure, the
RDA assigns an incorrect rate to the frame, randombits are fed into the
vari abl e rate decoder 40. Unl ess detected the random bits can produce
very |l oud, annoying artifacts such as screeches, and beeps. It is
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handl e these incorrect rate franes wtho %@ﬁgxdti ng audible artifacts.
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an encoded rate, and a rate error detector for detecting errors in the provided
rate, is described.

15

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the disclosed embodiments will

become more apparent from the detailed description set forth below when
20 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:

FIG. 1is a is a stepdiagram of a conventional transmit portion of a digital
cellular telephone system base station ;

FIGS. 2A - 2D are illustrations of conventional frame formats employed

25 by the system of FIG. 1;

FIG. 3 is a stepdiagram of a conventional receive portion of a cellular
telephone, configured without the disclosed embodiments, for receiving signals
transmitted by the system of FIG 1;

FIG. 4 is a stepdiagram of a receive portion of a mobile subscriber unit,

30 configured in accordance with the disclosed embodiments of a rate error

detector, for receiving signals transmitted by the system of FIG 1;



an encoded rate, and a rate error detector for detecting errors in the
provided rate, is described. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS The
features, objects, and advantages of the disclosed enbodi nents will becone
nor e appar emo 6483m6t he detail ed description set forth bel omemisdn404 t aken
in conjunction with the drawings in which |ike reference characters

i dentify correspondingly throughout and wherein: FIG1l is ais a

stepdi agram of a conventional transmt p@tion of a digital cellular

t el ephone system e_statjon. ; FLGS. 2A,- 2D are illustrations of
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a stepdi agrar&ﬁﬁeﬁd@ﬂﬁﬁg&%mp{aéﬁﬁg{e\é’e portion of a cellular telephone,
configured w thout the discl oseé enbodi ments, for receiving signals

transmtted by thdleystisafloivdhat diagianCof 4 methad fordeteaisract fite arroecHi ve
portion of a bile subscriber unit, 30 configured in accordance with the
di scl osed enﬁ%?ﬁﬁgﬁa?&asgélféﬁgwes' detector, for receiving signals
transmitted by theiGyBiemmivdhbe diaght Qﬁéﬁ?&ﬁég'?gg&é%rﬁéﬁa‘%e @rrpr@aﬁe;’ 'S

a flowchart diagramof a nethod for~detection o e errors 1n
i dentified adramedidentified angearterin®@ frémes; a fl owchart di agram of a net hod

for detection of eqerrors in_ frames identjfied as half rate franes; 5
FIG 7 is a flow tsbﬁ%&"&’r‘#‘ﬁt ‘{Aaﬁré{fh af‘&ﬁd\ﬂﬁ%&%@%ofrm%e@mm in
frames ident iffareeh identified hoéight Ritd frdRS anld G 8 is a flowchart diagram of

a method for detection of rate errors in franes identified as eighth rate
frames: and FIG. 9 is graph illustrating an exemplary fixed codebook gain vs. LPC

10  threshold curve.

DETAILED DESCRIPTION OF THE PREFERRED

EMBODIMENTS

15
An exemplary embodiment of improved detection of rate errors in
variable rate receivers is implemented in a Selectable Mode Vocoder (SMV).
The SMV is a variable rate vocoder, and is a candidate to be used by the third
generation CDMA system, 1S2000. The SMV vocoder algorithm uses a variety
20 of parameters such as source-controlled rate, frame-type, LP coefficients,
adaptive, and fixed code-book parameters. Speech to be encoded is analyzed
for the amount of perceptual information it contains. The analysis classifies
speech into various types such as background noise, stationary unvoiced
speech, stationary voiced speech, and non-stationary speech (onsets, transients,
25 etc). Inter-speech background noise is encoded using eighth rate. Stationary
unvoiced speech is encoded using a quarter-rate Noise Excited Linear
Prediction (NELP) scheme. Stationary voiced speech is encoded using a full or
half rate Type-1 CELP scheme. Non-stationary speech is encoded using a full
or half rate Type-0 CELP scheme. The Type information controls several
30 aspects of the coding of the frame, such as the sub-frame size, the parameters

used for speech representation, and the coding scheme for these parameters.




[ raph illustrating an exenplary fixed codebook gain vs. LPC 10
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exenpl ary enbodi nent of inproved detection of rate errors in variable rate
receivers i waaprasented in a Sel ectabl e Mbde Vocoder (SMfcrushivgesRWV is a
variable rate vocoder, and is a candidate to be used by the third ety 20
generation CDMA system |S2000. The SM vocoder algorithmuses a }/gﬂ e %/
of parameters such as source- controlled ate, frame-type, LP coefficients,
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I aneters, such as pitch cdrrelation and pi
%BI g?y p?‘LuQﬂﬁ'lbi v&ﬁédmstaggparxﬁ@cgd endl domestatiorrgtepeadidframens tstd @ nor e

1 are "periodic"
frequent frarre) Frames of Type-
fra?res thd (Hg@%atﬁ?gicoerl é‘a‘%{? and 5 are perceptually well represented

with a smooth pitOhet skilled i fhepartl Wbl recognize that the SMV may be
implemented using field-programmable gate arrays (FPGAs), programmable

logic devices (PLDs), digital signal processors (DSPs), one or more
microprocessors, an application specific integrated circuit (ASIC), or any other
15 device capable of performing the SMV functions described above.

The disclosed embodiments are described in the context of CDMA
phones. However, it should be understood that the disclosed embodiments are
applicable to other types of communications systems and modulation
techniques, such as Personal Communications Systems (PCS), wireless local

20 loop (WLL), private branch exchange (PBX), or other known systems.
Furthermore, systems utilizing other well known transmission modulation
schemes such as TDMA and FDMA as well as other spread spectrum systems
may employ the disclosed embodiments.

In accordance with one embodiment, FIG. 4 illustrates pertinent

25 components of a mobile subscriber unit 28, or other mobile station, receiving a
signal provided by a base station transmission system such as the system of
FIG. 1 wherein a signal having variable rate packets is transmitted. Frame rates
include full rate, half rate, quarter rate, and eighth rate as shown in FIGS. 2A -
2D. The packets include encoded speech parameters representative of a

30  compressed voice signal. In addition, each packet includes CRC bits and/or
encoder tail bits. Additional details regarding the content of the packets is



the pitch lag is coded once per franme, and the interpolated pitch track is
derived fromthis |lag. Because of the high periodicity and the snooth pitch
track, the pitch gains exhibit very stable behavior and are jointly

qguanti zed. wWOw/i4taté of each stationary voi ced and non- st atAcansoy44speech
frame is used to 10 indicate the CELP schene type. One skilled in the art
woul d recogni ze that the SMW may be inplenented using field-programmble
gate arrays (FPGAs), programmable |ogicldevices (PLDs), digital signal

it egrated simtenided A ul Bortoechiog i M1 e 48 W& Raled? v a e g
t he SWV f unctrefepén®@dsboivbed above. The di scl osed enbodi ments are descri bed

in the context of CDVA phones. However, it should be understood that the
di scl osed embodi mddesillupizated mompanents ofoFIGt. Hearetsimilar td thoserof FIGa8 iands
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transm ssion podul ation schemes such as TDVA and as ot her
spread spectr® v thens prowided dp 1aoffameerate detestion wib33)i whichsattdmpts to

accordance w ehod] - L1l ustrates pertinent, 25 conponents
of a nobile gSE%r%?ﬁ%e@%u%oE% %?ndgdr\gofr%rer}e r%f)el |f§r s&'ﬁt Pafikety Jsing i hgRate
si gnal provi defetnyination 9dgetithint (RDA).aThebackiee Is th¥h pRoviddd fo aTRMand et em of
FIG 1 wherein a si.gnal havjng variable rate packetS is transmtted. Frane
rates incl ug%r P%fﬁ?maséfydﬁ%ﬁduném ehegks en frames ofdhe redeipredsigntlén as  shown
in FIGS. 1A The ' C .speech paraneters

repr esentlgt i 3235111) tatBBB c@ng?azsféﬂj}#g‘?gg&sgg‘%g?s&lw(gd (RSSO, e K ot

i ncl udes CRCobéursecanBiapnes feilingctbie ARC,li.ebbad frafiis] aicstadeddsy Bhine drgdabdi N

t he content of.té&e ac eas is WO 02/47316 PCTI USOL/ 44574 10
unit 36." As'noted above, no separate frame erasure unit is necessarily required.

Rather, frames subject to CRC errors may merely not be output from the CRC
unit 34. In either case, frames that pass the CRC, i.e. potentially good frames,
15 are routed to a rate error detector 38. Depending upon the implementation, no
separate rate error detector unit 38 is necessarily required. Rather, rate error
detector unit 38 may be implemented in the SMV or intégrated with other
receiver components.
The rate error detector 38 further examines the frames to verify that the
20 frame rate detected by the RDA of frame rate detection unit 33 is indeed
correct. The frames are further verified by rate error detector 38 using the
verification methods for full, half, quarter, and eighth rate frames described
below in detail with reference to FIGS 5 - 8. Frames failing verification may be
erased by frame erasure unit 36. Frames failing verification may also be
25  processed to clean up memory states in the variable rate decoder 40 so that
distortion does not propagate across many frames. Rate, control, and frame
information is output from the rate error detector 38 to the variable rate
decoder 40 for cleanup processing. Frames that pass the rate error detector
verification are routed directly to variable rate decoder 40.
30 Variable rate decoder 40 processes the frames by decoding speech

parameters contained therein for conversion back to digitized voice signals.



provi ded above in connection with FIG 1 and in U S. Patent No. 5,414,796
referenced above. The illustrated conponents of FIG 4 are simlar to those
of FIG 3 and only pertinent differences will be described in detail. The
transm ttedwseiagmaadiei s 5 received by antenna 30, and downag@iwewisedand
anplified by receiver 32. The signal is then provided to a frane rate
detection unit 33, which attenpts to determ ne the corresponding frame
rate for the packet, using a Rate Deteribination Al gorithm (RDA). The
packet is th r,ovided tp a. unit .34 or performng cyclic redundancy
checks on fr d‘kﬁ‘“‘"ﬁ?ﬂ ‘.’P&Eeﬁlgclggs are h%@???flﬁﬁoﬁﬁeré?‘i donanalqg signalsyby mat no
frame rate dei i hSS re I 1ing
the CRC. 1. e paa) xRl Coreriel QAR ForGiiphu SRERR T theakbPIESH UE, o
above, no separaliseterawber the weceiveniis aimobikcautsaribéry unie.q TheedigitaRaghar ,
frames subje t errors rely nqt be output fromthe CRC unit
34. In eit he%%%@%%&ejrfggp?ﬁ?ggd%%?ﬁ@-“%ﬁ@,s}’ﬁte& ndhe regeivgr ipppbader anes,
15 are rogtediddona rate error detector 38. Dependi ng upon the

i npl ementation, no _separate' rate error detector unit 38 is necessarily
requi red. Rather, Fia%.e5% describgeire cletnil e tfrf8e nmye hverifioplienanémeds nnt he

S\W or integr, L th..other .receiver. c nts. The rate error detector
38 further efgé%%ﬁgfé%et‘ﬂgﬂf gﬁgQOﬁgnqgﬁfq@ﬁwg?l 'tq’r@rtQZOaI?C;Q‘@gﬂﬂéﬁt%fr@meéct ed
by the RDA ofpetforriied 1t eheledte cdrkindetebior IP1G.Sq, éldﬁx%gt Pﬁg 96! verifi 'ﬁgﬁ”es

are further verjfied Dy rate error detector 38 Usin VErifica
met hods for fMgthods,gmploymevekbuse of dllegad lassification rizaresttiotes fori pashes kgl ow i n

detail wiph ; 65,5 -8, fail i ficati b
or aced byt 1 SR efiel dnlleyblee résefiod 6 Ronfe Yedel Hhen wbn veapeshn be 25

processed t oandeamalygis neforfixedt abdibobR [HEB)Vak! 3lpice tf@ésﬁoﬁf%%ﬂ‘?rcége o that
di stortion d%gis.not ropagate across many franmes. Rate, cont¥ol, and frane
difionatly,

i nformation fthe rHigqhesedaermbedimgnts) ef SIGS: 5§8em_pldymoval} usdblog rate
decoder 40 f i F t.hat pass,the rate error detector
Rante GRS PIOBBEND 804 webRF S BarBRiRubh Josaoth efets of

verification are routed direc
: detected frame rate errors.
15 - The disclosed embodiments impose a novel state transition structure on

rate transitions of consecutive frames based on knowledge of speech
classification and' the phonetic character of conversational speech. Rate
transitions that violate the structure are illegal, and are used to detect frames
rate errors. These illegal rate transitions are defined to comprise:
20 a full-rate frame followed by an eighth-rate frame;
a full-rate, Type-1 frame followed by an eighth-rate frafne;
a half-rate, Type-1 frame followed by an eighth-rate frame;
a quarter-rate frame followed by a Type-1 full-rate frame;
a quarter-rate frame followed by a Type-1 half-rate frame;
25 an eighth-rate frame followed by a Type-1 full-rate frame;
an eighth -rate frame followed by a Type-1 half-rate frame;
an eighth-rate frame followed by a quarter-rate frame followed by an
eighth-rate frame;

an eighth-rate frame followed by a half-rate frame followed by an eighth-
30 rate frame; and



30 Variable rate decoder 40 processes the franes by decodi ng speech
paraneters contai ned therein for conversion back to digitized voice
signals. WO 02/47316 PCT/US01/ 44574 11 The digitized voice signals are
ultimately evooeessgd to anal og signals by a digital to angdpgseiRierter
(not shown) for output through a speaker 42 of the to a |listener when the
receiver is a nobile subscriber unit. The digital signal my be further
propagated within a wirel ess system when 12he receiver is a base 5 station.
FI GS. 5-8 describe  in detail the frame rate verificatjion nethods in
accordance wi t h 3Righihrade ﬁr@mes%fll&mﬂuw a ‘E‘Qr’ia,te frame lowed by pgighthat e
frames perfornggﬁq§uﬁge rate error detector (FIG 4, elenent 38). The
verification methods enpl oy novel use of illegal classification
transitions fBasetlranthe cnfrehbanegprevionsiframieantesndditypess the presencedf illdgal

checking, illegal filtey type | fication nd anal ysis of fixed codebook
(FCB) vs. chtrgmlee%m{l%gﬁa%mﬁrorAaﬁ%% Fyrrent fzame g the ggevious
enbodi ments of,fHeGS 5-8 enploy novel use of frame erasure processing and
menory state manipulation to snmooth effects of detected franme rate errors.

15 The di scl osed eHizodisdestd embodiments remvplby stoveb use afisfulli rate ahd gphrtee on
rate transitions of consecutjve..fr s, base know ed of speec

classificati th%ﬁ?fsr‘qugtrWﬁé’l%féﬁﬂe@ngg{rg&ﬁ’ﬁ?ﬁ‘%ag‘i @ﬁéﬂat"ng%fﬁ ?‘a?-'{at e
transitions tiAtintflaon Bilkser 20 Ws #hdedntvhichadit is ﬁ@geﬁé?itv%g.@trg&rd@t ect

frames rate errors. These illegal rate transitions are define
conprise: 20 bitfan be seithy dn emeodentd afized valuerofeithht heroaironkr Jie reserved

full-rat Type-.1 I b ighth-rate f X hal f-rate,
Type- 1 11 e’ PEITP SHERRAGY b8 e 1970k, SlpahlFIC 4 leeds 3904e) detecirane
fol I oved by awhyp@r liheUkdcelalle rddePP® bit hallUdle! Bkpdctd® fie@MBnéRieioVarelY @

Type-1 half-rate frane;
Reserved bits not received as expected indicate an RDA error in the current full

rate frame. A quarter-rate packet has 40 bits per 20 ms frame in which NELP

uses 39 bits, while one bit is unused. Again, the unused bit can be set by the
15  encoder to a fixed value of either zero or one.. The unused bit is checked by the
rate error detector (FIG 4, element 38) to determine whether the received
unused bit has the expected fixed encoded value. Unused bits not received as
expected indicate an RDA error in the current quarter rate frame.
The disclosed embodiments employ novel use of illegal filter type
20 checking for quarter rate NELP frames to detect rate errors. NELP encoding
employs spectral shaping of pseudo-random excitation using one of 3 different
shaping filters. Two bits are used to transmit the index of the selected filter.
Three of the two-bit patterns are used to identify the selected shaping filter,
leaving a fourth 2-bit pattern unused, or illegal. Presence of the unused, or
25  illegal pattern indicates an RDA error in the current quarter rate NELP frame.
The disclosed embodiments emplojr novel use of encoded parameters
for detecting rate errors. Investigations into effects of RDA errors on vocoders
reveal that audio artifacts such as screeches and beeps are mainly caused by
excessively high FCB gain values accompanied by high LPC prediction gain
30 values. Natural speech, when analyzed by an encoder for encoding

parameters, produces FCB gains and LPC prediction gains that have an inverse



25 an eighth-rate franme followed by a Type-1 full-rate frane; an eighth
-rate frane followed by a Type-1 half-rate frane; an eighth-rate frane
followed by a quarter-rate frane followed by an eighth-rate frame; an

ei ght h-r at ewg @mpesikol | owed by a half-rate frane foll owed bycwrsogugsis h- 30
rate frame; and WO 02/47316 PCT/ US01/ 44574 12 an eighth-rate frane
followed by a full-rate frame followed by an eighth- rate franme. Based on
the current and previous frame rates and 18ypes, the presence of illegal

transitions indicates an RDA error n ej t her the curren tl-&’ fﬂgl?‘
previous 5 fFeiaRon Wb rgsRRct R & WRFH 2 gad%’“? /rate
and quarter gﬁﬁ% t

full-rate pacﬂgtﬂha gFlth or 'IBW %ﬂ%ﬁ&glﬁ%@ﬁ?%%@?ﬁ&g&ﬁll bi t

is a reserve pereralihhigheserve b|t can be set by an encoder to a flxed

val ue of either zero or one. The 10 b|t checked by the r
error detector (FI QInvErseRsiat 03\8 %{ggg 1BC grare I paRrsloapeedb

reserve big gfoecteg &inefi\ of PEB V@'Lllft mﬁ%%%‘%%ﬁ&?er@%t

recei ved as e I ndi cate A err in the current rate frane.
A quarter-rat feppesehtanoh\aaf gﬁbd)namrqlespeéﬂm r‘iﬁefE@Brgamamﬂlhehcé\IELd%raphml 39

bits, while one bit i,s unused. Again, the unysed bit can be set by the 15
oncoter to a PIYE@Epdb Hnciin ALMG inpt apenty vel Brem BeeEd Atietalbck od
by the rate ggdwy tHieeRledtwhdrk Ghére & ?lﬁefé?rgﬁ%)\tétﬁndgf SoBH NEatii t pRbcH e

recei ved unused bit has the expected fix encoded value. Unused'bits not
recei ved as indieate ed‘aterm@atretmrfrmﬁ. & noveli methiod fonremavinguidetvariance e

L T 5 i SPOPEL E i TR LOP bt -l o okl °
gnglog:c Q?en EWD{I{E\’FCE peinl tisthg 8A aRtRige tneRSLVl0e compatREiroh pdt Hanws! TIGONe of
9 shows a scatter plot indicating the relationship between the normalized FCB
gain and the LP prediction gain. Circles below the solid curve were generated
by clean speech, and the asterisks above the solid lines correspond to
15 unacceptable screeches caused by RDA errors. The solid curve represents a
- threshold curve that separates the region of good speech from unacceptable
screeches or other artifacts. This threshold can easily be represented in a
parametric form and incorporated into the rate error detector (FIG 4, element
38). After the FCB gain and the LPC gains have been established for a received
20 packet, a check can be performed to determine if the frame lies below the
threshold curve. If the frame does not lie below the threshold cure, screeching
due to an RDA error is indicated.
The disclosed embodiments employ novel use of eighth rate excitation
gain to detect rate errors. Because the eighth-rate coding scheme is used only
25 for background noise portions of speech, the excitation energy, which is
quantized using a gain parameter, has an upper limit. When the excitation gain
is obtained from the received packets, a check can be performed to see if the
excitation gain lies below the gain parameter upper limit. An RDA error is
indicated if the gain parameter does not lie below the upper limit.
30 When any of the disclosed detection mechanisms indicates a frame rate

error in either the current frame or immediately preceding frames, the




shaping filters. Two bits are used to transmt the index of the selected
filter. Three of the two-bit patterns are used to identify the selected
shaping filter, leaving a fourth 2-bit pattern unused, or illegal.
Presence of whha/4rsassed, or 25 illegal pattern indicates anp@Xsm|nisyy in the
current quarter rate NELP franme. The discl osed enbodi nents enpl oy novel
use of encoded paraneters for detecting rate errors. Investigations into
effects of RDA errors on vocoders reveall4that audio artifacts such as

screeches and  peeps, are inly caused b excessively high FCB gain val ues
acconpani ed b?slaf’g‘ﬁi ng@gfﬁ&ﬁ“é iTBRY RMPLOY0 0P8I Fedmorgamvel ssheseeh whilen
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gains in nmatural spgefgars @;?%aﬂo ?‘H‘a@e% BulltMA gracekgg%gﬁgtf%?%{ SHs@RENS. LPC

gai n above which there iIs epresentation o speech.” The
FCB gai n, andirameceasune pgoeephcarabe usadrwetheatisdiesed dnivatiirentsfor thyp fianmsit

speech | evel ., Fr s, received | ev above the curve, ere there i s no
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rate error is graphically detected, Is to hormalize galn using an
aver age ener gifomatheecusran frase, fanchderiness dlf theedecoleCparatnetersvisom the gasier

plot indigating the.relationshi,p betwee he normalized F j n and t he
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unaccept abl e screeches caused by RDA errors. The solid curve represents a
t hreshol d curve t HAhesepatesreor is detectedi hecaude ayfsate dpraseived mb mlevehebayxt abl e

screeches or gbhgig gLt ﬂlf’écgta%ti cdVewhBeailed § 58 ?epergsseutz}/ﬁobneof E&Ec? Batirs 'na
speech, the decoder (FIG 4, element 40) can forcibly reduce the FCB gain to a
15 lesser value that will prevent a high energy screech or beep from being
produced at the output of the decoder (FIG 4, element 40).

Vocoder algorithms typically reconstruct speech using past memory
states. These memory states include the Moving-average vector quantizer
(MAVQ) memory for FCB gain, excitation memory, LPC synthesis memory,

20  and post-filter synthesis memory. An undetected RDA error can inject bad
values into these memories. The effects of bad values can last for mar{y frames
in the future, even if all the future frames are healthy frames. To prevent
corruption of future frames RDA errors detected as described in the current or
immediately previous frames, can cause the FCB gain MAVQ, Excitation, LPC

25 synthesis filter, and Post-filter synthesis filter memories to be reset to
predefined values that do not produce high energy screeches. In one
embodiment, the memory values are overwritten with zeros. In another
embodiment, the memory values are overwritten with their respective
initialization values.

30 FIG. 5 illustrates a method in accordance with one embodiment for

detection of rate errors in frames identified by the RDA as full rate frames. One



paranmetric formand incorporated into the rate error detector (FIG 4,
element 38). After the FCB gain and the LPC gai ns have been established
for a received 20 packet, a check can be perfornmed to determine if the
frame |ies MadamM78tse threshold curve. If the franme does nptT/US®/4lps74ow t he
threshold cure, screeching due to an RDA error is indicated. The discl osed
enbodi nents enpl oy novel use of eighth rate excitation gain to detect rate
errors. Because the eighth-rate coding sdbhene is used only 25 for

o i T Bl AR B A o
gain is obtajsigs lirhitgl "Ehe RefOEH rBadikPhmended EZ%BS’&BnQﬁ' r@ﬁfrﬁ?{uﬁ??f t Xn

see if the excitation gain |lies below the gain ranet er upper

RDA error is thendtepat Blustratedhavighout depantinge frodo ethenstopiee obethewdistlesedper
limt. 30 Wen gn . of .the disclosed detection nechanisns indicates a frane
rate error i PR S he current frame or i mmedi ately preceding franes,
the WD 02/g7316 PGH M&?%ﬁﬁé\é‘lra%éenéf %té&&ff%ﬁﬁﬁoﬂ'dﬁd‘ Metsffﬂh@}i Bye or
nore novel schenes while decoding to elimnate the resultant distortion
and/ or pr eventhetRIdAdb dearfullgate ffamen Gonpalgltwntp step 686 nul tiple franes. The

schenes conprise fra re ro sing,. reduction, of  [FCB gai n nd
resetting of mam)r)%k %E%%@iﬁ%rvggvﬁgﬁofﬁ%"%gﬂﬁsﬁ%@g’%?ﬁe’f Mewhethebss t o
handl e frame gieasuéiesd vhlie eqaa@g@eeﬁwvﬁu_ersessﬁ&h@ dAcdter USE thdlit tidl Rot
di scl osed enbodi nents for any frane.  in which the rate error detector (FIG

4, el ement 388quedio thefixedetalugseRbx the engoder;indicatinga frarae tate eprpnonrol

synt hesi z s 1.t RO~V i.nf or ion from.the cu nt frame,
and deri vg?s aﬁﬁ%gwfgggéétﬁg %gs'a@fl%ﬂégﬁ’ F%I%{’]‘r{go%ﬂ?cefss ﬁb‘#ﬁ? éi(fn order to
produce speech than isfepP806,cRiab®! leYasui® Ofrdeebsitipt AndPEPS@EmokP St Bl ous
frames. When a rate error is detected because a frane is received at a

| evel above Puosessim issperfenmedhi Gontrel dowhpraceedretastep 508 wheneedenoding on of
good nat ur al

continues.
In step 510, the frame is checked to determine whether it is frame type.
15  If the frame is a Type-0 frame, control flow proceeds to step 512. If the frame is
a Type-1 frame, control flow proceeds to step 520.

In step 512, for a Type-0 frame, the FCB and LPC gains are established
for the frame, and a check is performed to determine if the frame lies below the
threshold curve. If the frame lies below the threshold cure, control flow

20 proceeds to step 514 where decoding continues. If the frame does not lie below
the threshold cure, control flow proceeds to step 516.

In step 516, frame erasure processing, and/or FCB gain reduction,
and/or memory state reset processing may be performed. Control flow
proceeds to step 518 where decoding continues.

25 In step 520, for a Type-1 frame, the previous frame is checked to
determine if the frame is an eighth rate frame, or a quarter rate frame. If the
previous frame is not an eighth rate or quarter rate frame, indicating a legal rate
transition, control flow proceeds to step 526 where full rate decoding continues.
If the previous frame is an eighth, or quarter rate frame, indicating an illegal

30 rate transition, control flow proceeds to step 522.



speech, the decoder (FIG 4, elenment 40) can forcibly reduce the FCB gain'
to a 15 |l esser value that will prevent a high energy screech or beep from
bei ng produced at the output of the decoder (FIG 4, elenent 40). Vocoder
al gorithns wpee@asiey reconstruct speech using past nenory pGlBsoea4sidhese
menory states include the Mving-average vector quantizer (MAVQ nenory
for FCB gain, excitation nenory, LPC synthesis nenory, 20 and post-filter
synthesi s nmenory. An undetected RDA errorlécan inject bad values into these

nmenories. The effects of d.val ues can | ast for franmes in the
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or immediate ous” frafres, can cause the FCB gain MAVQ Excitation,
LPC 25 synt hedeeoding cantinuesd Post-filter synthesis filter nenories to be
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initialization values. 30 FIG 5 illustrates a nethod in accordance wth
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the steps illustrated wthout departing fromthe scope of the disclosed
enbodi nent s. disflesed epbedimenthe rate error detector inputs a data frane

determ neg,by th t.anb f ul a r ol ows, t 0. st 504.
In step 504, the ﬁ@%e@zbﬁealgﬁggﬁgta&f&b&ﬁr @“fsggﬁéaa F&"&%‘F—W“ﬁﬁ%t her
the received tielRIPAagblashdlivaté frie@. Gint®l fotvshy stepesoancoder. |f the bit is

not equal to the fixed value set by the encoder, indicating a frame rate
error, control In step 604, the frame is checked for frame type. If the frame is a Type-0

frame, control flow proceeds to step 606. If the frame is a Type-1 frame, control
flow proceeds to step 614.

15 In step 606, for a Type-0 frame, the FCB and LPC g'ains are established
for the frame, and a check is performed to determine if the frame lies below the
threshold curve. If the frame lies below the threshold cure, control flow
proceeds to step 610 where decoding continues. If the frame does not lie below
the threshold cure, control flow proceeds to step 608.

20 In step 608, frame erasure processing, and/or FCB gain reduction,
and/or memory state reset processing may be performed. Control flow
proceeds to step 612 where decoding continues.

In step 614, for a Type-1 frame, the previous frame is checked to
determine if the frame is an eighth rate, or quarter rate frame. If the previous

25 frame is not an eighth rate or quarter rate frame, indicating a legal rate
transition, control flow proceeds to step 620 where half rate decoding
continues. If the previous frame is an eighth rate or quarter rate frame,
indicating an illegal rate transition, control flow proceeds to step 616.

In step 616, frame erasure processing, and/or memory state reset

30 processing may be performed. Control flow proceeds to step 618 where
decoding continues.



10 fl ow proceeds to step 506. Ot herw se, control flow proceeds to step 510.
In step 506, franme erasure processing and/or nenory state reset processing
is perforned. Control flow proceeds to step 508 where decodi ng continues.
In step 510wate7Bréane i s checked to determ ne whether it per/iisamgs7hype.

15 1f the frane is a Type-0 frane, control flow proceeds to step 512. If
the frame is a Type-1 frane, control flow proceeds to step 520. In step
512, for a Type-0 frane, the FCB and LPCigai ns are established for the
frame, and a'checlﬁflié 2ei£1forrred to determine if the frame |ies_ below the
threshol d curve. G né ilpsiraies pemethod,in rageordaness Mathy opgr embedimans| for | ow

20 proceeds | gefifh 5 huBaLS CEAUEDMARHLHIARe 15A B AR 952000 | °

bel ow the thres cure, contro ow proceeds to ste step 516,
frame erasur eOpeckilesl ingtheaartiill vridsraand thatdhe ordering afisteps illiiFted irst at e

reset processi be .perforned. ntrol flow proceeds to step 518 where
decodi ng cont es.lgl?@(?ll prﬁ‘fomgﬁlﬂ‘{é? WylaWﬁM%hQW eudef r ane
I s checkeds t Oprdd8ing’ 8 MRe IstedsN B3R Witdfut & f B Beond! arter
rate frane. Ifrthe% previ osuiﬁsfrarre f% ﬁt aﬁe%&gah?ﬂérafg(?g f)r qct?g(rgt %ﬁtﬁéajlte

franme, indi cadisclgsesl ¢rabadlimentt® transition, control flow proceeds to step

526 where full ratIe gefg%gi conti ng%%. |f the previous frame i S an
ei ghth, or quart erSiERIUf, thgate;enpar detector inpuis 3 dajg frame determained-hysithg on,

cont roi 11 oW RDAORARS: bRatiaite e VEORBOMAEIDGIHHIOL 44574 16 I n step

522, franme erasure processing, and/or nenory state reset processing may be
performed. Cont rolInfstep70dy teerederved bit epsbiy bihés wstedetoodetanninenihethers .
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flow proceeds to step706. Otherwise, control flow proceeds to step710.

In step706, frame erasure processing and/or memory state reset
processing is performed. Control flow proceeds to step708 where decoding

15  continues.

In step710, the two-bit pattern used to identify the selected shaping filter
is validated. If two-bit pattern is valid, control flow proceeds to step716 where
quarter rate decoding continues. If the two-bit pattern is not valid, control flow
proceeds to step712.

20 In step712, frame erasure processing and/or memory state reset
processing is performed. Conirol flow proceeds to step714 where decoding
continues.

FIG. 8 illustrates a method in accordance with one embodiment for
detection of rate errors in frames identified by the RDA as eighth rate frames.

25  Ome skilled in the art will understand that ordering of steps illustrated in FIG. 8
is not limiting, The method is readily amended by omission or re-ordering of
the steps illustrated without departing from the scope of the disclosed
embodiments.

In step 802, the rate error detector inputs a data frame determined by

30 the RDA to be an eighth rate frame. Control flows to step 804.



FIG 6 is not limting. The nmethod is readily anmended by om ssion or re-
ordering of the steps illustrated without departing fromthe scope of the
di scl osed enbodi nents. 10 In step 602, the rate, error detector inputs a
data frane ®e0evd4mwed by the RDA to be a half rate frane. p€nusnals7il ows to
step 604. In step 604, the frame is checked for frame type. If the frame is
a Type-0 frame, control flow proceeds to step 606. If the frane is a
Type-1 frane, control flow proceeds to d8ep 614. 15 In step 606, for a

Type-0 f _th C gai, tabljshed ., for .the.f and
e 6 ol or me dncied B the sviots et & Ak EL R deleppiawhele dhisr .
curve. |f thefdif afrahRS 1 BhOMtelitustibiRs iohot &Hﬂprat&ﬁiah{eoh\d&éﬁﬁgﬂ%?eds

to step 610 where decoding continues. If the frame does hot
t hreshol d curtate fransitioh, ¢andel ﬂompmstsedsdoste;qosm gf tixOprenimisdparfo & a fulhme

ot ocossi g el B AARRRGNE epren i P Sl AT dpoteEss Jp et

decodi ng c@ntgggies. In step 614, for a Type-1 frane, the previous franme is
checked to determne if the frane is an eighth rate, or quarter rate
frame. If the prevnostep 886,f frame esasnm paacessingt land#pe menqm}arsttete resee

f di cat | te. .t trol t
620 wher & hal PRSP S g orautchyceonrel” Y Broseedh 48 RERaHtB R gni 1

rate or quart@écoaatgecd‘ﬂmﬁnes indicating an illegal rate transition, control
fl ow proceeds to step 616. In step 616, frame erasure processing, and/or
menory state reset %@Pﬁ%d@gwﬁ‘gomﬁrag@ jsedhegkadete determing whether i isceeds

t7oi IS][ 5gt rat es a rret g& ng]?lg%tg’cor a%ges{/r\n oneéén%\gaﬁ%ﬁ?‘efc%/ 4@‘@%%5%%811':1)19
rate errors ilmlf raeesr fullenatd fran@, MditdtigRDPoskible ibéga ratedttgnsiticH)Rentrol

flow proceeds to step 820. If the previous frame is not a quarter, half, or full

rate frame, indicating a legal eighth rate transition, control flow proceeds to

step 812.

15 In step 812, the eighth rate excitation gain is compared to a maximum
threshold value. If the eighth rate excitation gain is less than the threshold
value, control flow proceeds to step 818 where eighth rate decoding continues.
If the eighth rate excitation gain is greater than the threshold value, indicating a
rate error, control flow proceeds to step 814.

20 In step 814, frame erasure processing, and/or memory state reset
processing may be performed. Control flow proceeds to step 816 where
decoding continues.

In step 820, the second previous frame is checked to determine whether
it is an eighth rate frame. If the second previous frame is not an eighth rate

25 frame, indicating a legal rate transition, control flow proceeds to step 826. If the
second previous frame is an eighth frame, indicating an illegal rate transition,
control flow proceeds to step 822,

In step 822, frame erasure processing, and/or memory state reset
processing may be performed. Control flow proceeds to step 824 where

30  decoding continues.



One skilled in the art will understand that the ordering of steps
illustrated in FIG 7 is not limting. The nethod is readily anended by
om ssion or re 5 ordering of the steps illustrated without departing from
t he scope oWwddm73idi scl osed enbodi nents. I n step702, the rEdRUDIAIY4
detector inputs a data franme determined by the RDA to be a quarter rate
frame. Control flows to step704. In step704, the reserved bit or sanity bit
is tested to determ ne whether 10 the r@eeived value equals the fixed
val ue set by the %coder. If the bit _is not equal to the fixed val ue set

[

by the encoder, isteR P2y the Preyieus famedis deckedhin defermmeswhpthet deigs t o
step706. O healt Ske TGRAN! 81 a HIPYARTYHEAISME. 3 R PrBvioud Pt Wt o'
of e g i's per

erasure processing a menory state reset processin orned.
Control fl ow ppioTysdt, dra SilepROBypeikfremeeinddcating allegalaatd tnaresition, rontrep 710,

the two-bit ttern used to ident. the selected shaping. filfter is
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processi ng arphboeedsgowstep 8Bate reset processing is perfornmed. Control flow

proceeds to step714 V\herﬁ%ﬂcolg&odi ng continues. FIG, 8 illustrates a nethod
in accordance w t HoM€Pe TR Clagiire PEOESTNGn aBfl/ Py eR|OF Y rsdate reset e s

identified bypdbesig Ands 8kIpforn¥® [EAHIFR: flow® aKith! &6 1930t t
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value, control flow proceeds to step 838 where eighth rate decoding continues.

If the eighth rate excitation gain is greater than the threshold value, indicating a

rate error, control flow proceeds to step 834.

15 In step 834, frame erasure processing, and/or memory state reset
processing may be performed. Control flow proceeds to step 836 where
decoding continues.

FIG 9 is a scatter plot showing the relationship between the normalized
FCB gain and the LP prediction gain. Circles below the solid curve were

20 generated by clean speech, and the asterisks above the solid lines correspond to
unacceptable screeches caused by RDA errors. The solid curve represents a
threshold curve that separates the region of good speech from unacceptable
screeches. This threshold can easily be represented in a parametric form and
incorporated into the rate error detector.

25 Thus, a novel and improved method and apparatus for detection of rate
errors in variable rate receivers have been described. Those of skill in the art
would understand that the various illustrative logical blocks, modules, circuits,
and algorithm steps described in connection with the embodiments disclosed
herein may be implemented as electronic hardware, computer software, or

30 combinations of both. The various illustrative components, blocks, modules,

circuits, and steps have been described generally in terms of their functionality.



18 In step 804, the previous franme is checked to determ ne whether it is a
full rate frame. If the previous franme is not a full rate frame, indicating
a legal rate transition, control flow proceeds to step 810. If the
previous frwoeozids3ia full rate frame, indicating an il |l egapctedos4574
transition, control flow proceeds to step 5 806. In step 806, frane
erasure processing, and/or nenory state reset processing nmay be perforned.
Control flow proceeds to step 808 where 2@ecodi ng continues. In step 810,

t he previous checked to deternm ne whether, it is a_ 10 quarter
rate, hal f ra{‘fe‘leg@eﬁr thg) funchenality dfdmpiemented echardueare o5 rofiware depander

rate, half te
transition, @%It r(t)lfé’p%ﬁgvbvlagfa ?ggéd %ndsL&gé@@%gﬂﬂr%nﬁﬁﬁ%@ggld&@%ﬁaeﬁgﬁ
not a quart ersysheahf Sklﬂ.leiﬂ uddtisanisareropnizeethei Memhamg@bﬁltye@[ahaldv@ﬁ haricht e

transition, co tro w proceeds to ste 812 15 In step 8 the ej ghth
rate excitati C@Eﬁ SCHMSEANSeS A AAY Wrt@slﬁéﬂi %{a

eighth ratsg egg hﬁgﬁaﬁgh&ﬁ' @am}#ﬁﬁémahaﬁaé%ﬂguwre%&@'& ;ﬂéy%eceaﬁaﬁé il ow

proceeds to ste ere elg rate I ng conti nue t he erghth
rate excitat ndins’gahve logical ddoeks, trivamldsh eirtiitse andl algorthme stéps desatbetyira

rate error, control flo oceeds,.t o st 814, .20.In st 8 fra
erasure proceSumsgton vy ﬁb%ﬁﬁﬁﬁ?@%ﬁe glosad hereip quay ﬁg Wééie'é‘@n*? r Por med.
Control flow Ipér%%%ép With S4 &g Aﬁsygaﬁu rodE5841 MBP0Rh agﬁﬁcanbﬂ & 820,

t he second previous frame 1s Checked to determ ne whet n el ghth
rate frame. |integratedecioowit Mﬂﬁ)pasﬁéldqnmgranmbleagatel aayh (FBGA) o25otheane,

|9 cati o etk Bb Lol botaeaniplof Lot Btiea syl onto, 220, 1
transition, &ﬂﬁﬁbdr@n@ bWk BE,06.85 degiblers hRR FQ?@ al ProebdBr %outingadBelChASUr €
processi ng, and/or nenory staté reSet
firmware instructions, any conventional programmable software module and a
processor, or any combination thereof. The processor may be a microprocessor,
but in the alternative, the processor may be any conventional processor,
15 controller, microcontroller, or state machine. The software module could reside
in RAM memory, flash memory, ROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known in the
art. Those of skill would further appreciate that the data, instructions,
commands, information, signals, bits, symbols, and chips that may be
20 referenced throughout the above description are represented by voltages,
currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



processi ng may be performed. Control flow proceeds to step 824 where 30
decodi ng continues. WD 02/47316 PCT/ USO01/ 44574 19 1In step 826, the
previous frame is checked to determ ne whether it is a half rate Type-1, or
a full ratewty@esssisfrane. |If the previous frane is not a hgdfusei@ises Type- 1,
or a full rate Type-1 frane, indicating a legal rate transition, control

fl ow proceeds to step 832. If the previous franme is a half rate Type-1
frame or a 5 full-rate Type-1 frane, indRtating an illegal rate transition,
control flow proceeds to step 828. In step 828, frane erasure processing,
and/or menory state reset processing may be performed. Control flow
proceeds to step daeadt Pliléf@ : i ghth
rate excitation gfi?!{r% ilé\fslﬁg(?s ar edg?gﬂggqngé( wmﬁe?m%%aélﬁ{gﬁ\%aﬁ%?w@tﬁ}e
eighth rate eemb?eaan}bpergam illed lim $lse atttdo make arruseshedisclosed embodimentsl f 1 ow

proceeds to ep. 838 wherg.eighth rate decodi ng continues.,. If the eighth
rate excitat w&%ﬁlﬂuﬁ gméffé%ﬁhgps Bﬂatﬁeﬁ%%mﬁﬂ&‘é%%gf i li}al?%ﬁ‘?aqﬂﬁoqﬂi’ﬂ?r?‘fgtoa
rate errors, onBsd akilletow BiOGAESEhd! alesgémechS rin&ipldsNdefifdi Bdtbin f e
erasure processin and/ or menory state€e rese processi ng may be performned.

Control flow qppiiegetwther embpdigsmtsmdthout the usk of thednventiesfac@ltys Thus, a
scatter plot ,show t,he rel.atipnshi p, bet ween, the.na ized .F ajn and
the LP predi ct?“rl%@%Fﬂ.enﬁqwg%o%ﬁd&tll%tg}ll\g%‘?lt%gﬁm&%ré‘ee?@’ P%t ed by
cl ean speech,shath hefeiA A isSts babaeerddde tisdhiidest 5@peCeUrisied? NWithOthe
unaccept abl e screeches caused by RDA errors. The solid curve represents a

t hr eshol d curpréngiplges ané pavelifeaturesdipdegedrheseingood speech from unaccept abl e
screeches.y Tl-ds threshold can easily be represented in a paranetric form

and incorporated into the rate error detector. 25 Thus, a novel and
i nproved net hod arWEaQI&IMi us for detection of rate




errors in variable rate receivers have been described. Those of skill in
the art would understand that the various illustrative |ogical bl ocks,
nodul es, circuits, and algorithm steps described in connection with the
enbodi ment swib @zhsiged herein may be inpl enented as el ect regwygsoyassayar e,
conput er software, or 30 conbinations of both. The various illustrative
conponents, blocks, nodules, <circuits, and steps have been descri bed
generally in ternms of their functionality2 WO 02/47316 PCT/USOL/ 44574 20
Whet her the functionality is inplenmented _as hardware or software depends
upon the particul ar application and desigliaAeIMﬁrai nts inposed on the
overall system Skilled artisans recognize the interchangeability of
har dwar e and software under these circunstances, and how best to inplenent

the described 5 functiog j for . particul ar .applicaijon., As exanples,
the various ill ugk'r at i@/gh{eﬁc}éflc%f' %ﬁ%gcg’é% {:ar’f%c?ulll{ogg,mc%)rv@fhawf, rate, J°SYSt i t hm
steps desa i besinpmisingonnection with the enbodi nents disclosed herein may be
i mpl enented or perforped with a _digital signal processor (DSP), an

appl i cati on speci freeeivingrangneoded speaghisisn@ls| C), a fiel d programmabl e gate
array (FPGA) or ot r . | C ice, discrete gate gr

transi st o%b\l ogi ¢, *di fs°é‘3“g?€ %grg%mnfggg%qn%g‘ng%%gﬁgﬁcﬁgaée géeg“R Srl%l sFoer S
and FIFO, a pprovidsat erodedirategared set of firmaare instructions, any
conventional progranmmabl e sof{ware nodule and a processor, or any

combi nati ¢h t her edtetectng esrge s thepregidedaate. ni cr oprocessor, but in the
alternative, the processor may be any conventional processor, 15
controller, mcrocontroller, or state machine. The software nodul e coul d
reside in RAM nerfory, TheastetihmbhafyClaRoVl neierein thegdeteeting diforsl i She a

renovabl e di sk, a g}ROVI or. any ot her form of storage nmedi um known in the
art. Thosé of POYiqed TRts ¢QPHiseSher appreciate that the data, instructions,

commands, infor ”thr&ﬁingﬁé 9B SillePhll ite BUARAbAs of Bohdelifive F%ﬁt&)es T pREHO
referenced t hroughout t"The above description are represented.by Vort ages,
currents, 4l desednegnknowledgeesf spegaetdassificetios amd pphdnetice sharapter caf
fields or

conversational speech; and

6 determining  the occurrence of illegal rate transitions.

3. The method of claim 2 wherein the set of illegal rate transitions

2  comprises a full-rate frame followed by an eighth-rate frame.

4, The method of claim 2 wherein the set of illegal rate transitions

2 comprises a full-rate, Type-1 frame followed by an eighth-rate frame.

5. The method of claim 2 wherein the set of illegal rate transitions

2 comprises a half-rate, Type-1 frame followed by an eighth-rate frame.

6. The method of claim 2 wherein the set of illegal rate transitions
2 comprises a quarter-rate frame followed by a Type-1 full-rate frame.

7. The method of claim 2 wherein the set of illegal rate transitions

2 comprises a quarter-rate frame followed by a Type-1 half-rate frame.



particles, or any conbination thereof. WO 02/47316 PCTI USOLl/ 44574 21 The
previ ous description of the preferred enbodi nents is provided to enable
any person skilled in the art to make or use the disclosed enbodi nents.
The vari ous wma/d78wat i ons to t hese enbodi nents will be reaect/ysapgasent to
5 those skilled in the art, and the generic principles defined herein may
be applied to other enbodi nents without the use of the inventive faculty.
Thus, the disclosed enbodi nents are not 2Z3htended to be limted to the

nbodi t h h LN b ' b d th | t onsi st ent
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a variable rate receiver, 2 conprising: re I'ng an encoded speech
signal; 4 performng a rate determnation algorithmon the speech signal to

provi de an encoded,rate; and.6 de ti rrors,.in the provided rate. 2.
The met hod of C a??h 1 gﬁf“fﬁé g@f"'@y Wﬁﬁre(%?ib?ée'i ?r&-ﬁgal LR VSRR at e
conpri ses; 2 Cr egthpfiSesirS@h -rateiRERS folRWRAIHPATY é—@'rﬁlquatecﬂ§§180l1t've frames

of speech 4 based on know edge of speech cl’assffication and phonetic
character of conversational speech; and 6 determ ning the occurrence of

il1legal rate transjgions. 3..Th thod, of cl.aim 2 wherein the set,  of
illegal rate tr ansil({'i O%e Biethdof BalRS Shefid the Set'Of ﬂl%ggl rate transitions
2 comprises an eighth-rate frame followed by a quarter-rate frame followed by an

eighth-rate frame.

11.  The method of claim 2 wherein the set of illegal rate transitions
2 comprises an eighth-rate frame followed by a half-rate frame followed by an
eighth-rate frame.

12. The method of claim 2 wherein the set of illegal rate transitions
2 comprises an eighth-rate frame followed by a full-rate frame followed by an
eighth-rate frame.

13.  The method of claim 1 wherein the detecting errors in the
2 provided rate comprises:

encoding at least one reserved bit of a frame of speech to a
4 predetermined value; and

validating the predetermined value of a received reserved bit

6 cofresponding to the encoded reserved bit.

14.  The method of claim 1 wherein the detecting errors in the
2  provided rate comprises:

encoding an unused filter type identifier for a frame of speech to a
4 predetermined value; and

validating the predetermined value of an unused filter type identifier
6 corresponding to the encoded filter type identifier.



2 conprises a full-rate frane followed by an eighth-rate frane. 4. The

nmet hod of claim 2 wherein the set of illegal rate transitions 2 conprises
a full-rate, Type-1 frane followed by an eighth-rate frane. 5. The nethod
of claim2 weoxireuét he set of illegal rate transitions 2 POIpSt18€%4a

hal f-rate, Type-1 frame followed by an eighth-rate frame. 6. The method of
claim2 wherein the set of illegal rate transitions 2 conprises a
quarter-rate frame followed by a Type-1 f2d | -rate frane. 7. The nethod of
claim2 wherein the set of illegal rate transitions 2 conprises a

quarter-rate frame followed by a Type-1 half-rate frame. WO 02/47316
PCT/ US01/ 44574 23 183. Thge TREMOA OF ahfhM4Z Whele nthTeh%lt‘é?t t@% hc!lér&ﬂ“ | rate

transitions 2 conprises an eighth-rate franme foll owed pe-1 full-rate
frame. 9. Zhecomptiees twfo kikmi m 2 wherein the set of |Ilegal rate tranS|tions
2 conprises an eighth -rate frane followed by a Type-1 half-rate frame. 10.
The nmethod of claim2 wherein the set of illegal rate transitions 2

conprises an ei ght{y,ratghd rﬁ«.@&&dﬂépvmnbym WHFdiR thidke of ' #fR fild-giped by
an eighth-rate frame. 11. The nethod of claim?2 wherein the set of |Ilegal

rate trans?ti mbmatlonmdemiéy threecfilyén typest and onedwodbit dilked tiyye ddemdifier r at e
frame foll owed by. a hth-rate frame. 12. The nethod of claim2 wherein
t he set of i|F%“5§1naPl8{‘ ﬁ’?‘é‘ﬁ’gltl ons 2 conprises an eighth-rate frane
followed by a full-rate frame followed by an eighth-rate frane. 13. The
met hod of claim 1 wherein the detecting errors in the 2 provided rate
conpri ses: encodi nif-at Thexgnetbad ebslaimed wiherein thef dgtesting emperscin tthea 4
pr edet er mi ped yalue; A0 ¥AkigRtIALALS ol P GIM D WA B cSud BSSk Ved

reserved brt

gains and linear prediction coefficient gains to create a threshold curve,
4 validating the received speech with respect to the threshold curve.

18.  The method of claim 1 further comprising perceptually smoothing

2 the effects of detected rate errors by performing memory state reset processing.

19. The method of claim 18 wherein the memory state reset

2  processing comprises overwriting memory values with zeros.

20. The method of claim 18 wherein the memory state reset

processing comprises overwriting memory values with initialization values.
21. The method of claim 18 wherein the memory state reset
2  processing is performed on moving-average vector quantizer memory for fixed

code book gain.

22. The method of claim 18 wherein the memory state reset

processing is performed on excitation memory.

23. The method of claim 18 wherein the memory state reset

processing is performed on LPC synthesis memory.



6 corresponding to the encoded reserved bit. 14. The nethod of claim1l
wherein the detecting errors in the 2 provided rate conprises: encoding an
unused filter type identifier for a frame of speech to a 4 predeterm ned
val ue; and wa exkasisng the predetern ned val ue of an unusedpdiidogiassy pe
identifier 6 corresponding to the encoded filter type identifier. WO

02/ 47316 PCT/ US01/ 44574 24 15. The nethod of claim 14 wherein the filter
type identifier 2 conprises two bits. 165 The method of claim 15 wherein
three of four two-bit 2 conbinations identify three filter types, and one
two-bit filter type identifier conbination is unused. 17. The nethod of

claim1 wherein t det tir@&h r QF Sc1hifn t vinde ri
anal yzing the rel E’?f ons]ﬁ\lgp et ﬁgeﬁffﬁl?&e}}j ié&(e;dvgﬂ%rg([)rﬁ %‘gi gréérgéﬁ %?‘{r%a#ecsgts

predi cti on cogfocessirgnis pgafonmet corcpestifitea symithesibodeinany: ve, 4 validating the
recei ved speech with respect to the threshold curve. 18. The nethod of
claim1 further conprising perceptually snmoothing 2 the effects of

detected rate errafps b%?&é%ﬁb@@&cﬁ&m&?&eﬁﬁ%ﬁ (eet processing. 19. The
e

met hod of claim 18 wherein t menory state reset processi ng conpri ses
overwritiry nenorymeaisfesreveiving an escoded.speédh signdlpd of cl ai m 18 wherein

the nmenmory state reset rocessing conpri,ses overwiting nmenory values with
i tialization valeRs F PRRGUHSEJal dEERREHSN FEPBHNT: fio e rfBFSTS at o
reset 2 pfocg 'qgggéﬁagra_{.lqjha&yemtgmﬁang-average vector quantizer nenory

for fixed code book gain. 22. The nethod of claim 18 wherein the nenory
state reset proceseinsdor detectifigenrers intheprmivided ate.nenory.

26.  The error detection system of claim 25 wherein the means for

2  receiving an encoded speech signal is a mobile subscriber unit.

27. The error detection system of claim 25 wherein the means for

2 receiving an encoded speech signal is a base station transceiver.

28.  The error detection system of claim 25 wherein the means for
2 detecting errors in the provided rate comprises;
means for creating a set of illegal rate transitions of consecutive frames
4  of speech, based on knowledge of speech classification and phonetic character
of conversational speech; and

6 means for determining the occurrence of illegal rate transitions.

29.  The error detection system of claim 25 wherein the means for
2 creating a set of illegal rate transitions comprises means for creating an illegal

rate transition for a full-rate frame followed by an eighth-rate frame.

30. The error detection system of claim 25 wherein the means for
2 creating a set of illegal rate transitions comprises means for creating an illegal

rate transition for a full-rate, Type-1 frame followed by an eighth-rate frame.
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23. The nethod of claim 18 wherein the nenory state reset processing is
performed on LPC synthesis nenory. WO 02/47316 PCTI USOL/ 44574 25 24. The
met hod of claim 18 wherein the nenory state reset processing is perforned
on post-fil waroaysishesi s nenory. 25. A rate error detecti orCISysHiRm4
conprising: 2 neans for receiving an encoded speech signal; neans for
performng a rate determ nation algorithmon the speech 4 signal to
provi de an encoded rate; and neans for d@6ecting errors in the provided

rate. 26. The errqr, detgction tem of cl ai ) rein the nmeans f.or 2
receiving an encogaéd sp;@’?clﬁrrg}' a{?gchpg Sgsﬁ?ﬂb:‘)?gaéﬁbmggrﬁgfmhﬁﬁ me?’S?S fete
error detegti &Bat?%l/g%g ;%E%, of illégﬁl' Pt BraiflBbRd Eoﬂlgﬁsé?ﬁ\@w fir cr@at[r%cﬁi Hiegdl an

encoded speech s IS a base station transceiver. 28. The €error
det ecti on sy statertrafisiionifon 2Baltwate clypet hframedodowed by ancightbtrateframeors i n
the provided rate conprises; neans for creating a set of illegal rate

transitions of consecutive frames 4 of speech, based on know edge of

speech cl assi ficatgpon afyh QHBP%E&ﬁBH%&@Fe&?'bf Bfinf 95 \Ph&RlH aaineangesh: and
6 means for determning the occurrence“of illegal rate transitions. 29. The

error det éct i anatinga eeat of illegali rate Fansitions comprisesemweany for créatingean illegah set
foill I t It ' f ti L I t
Cransi tron { e RUTROR L QYT R FORE PR oL R gRPR L Tl e 30| The

error detection systemof claim?25 wherein the neans for 2 creating a set
of illegal rate transitions conprises neans for creating an illegal rate
transition for a f&&H-ereeserrwgtegtpnaayﬁtempf@km BY veherging Htenmeane fer ane.

WO 02/ 4r31p P(%’ééJnSgOéL /sg't4 3 fhe§§1 rate transitions comprises means for creating an illegal

rate transition for a quarter-rate frame followed by a Type-1 half-rate frame.

34. The error detection system of claim 25 wherein the means for
2 creating a set of illegal rate transitions comprises means for creating an illegal

rate transition for an eighth-rate frame followed by a Type-1 full-rate frame.

35. - The error detection system of claim 25 wherein the means for
2 creating a set of illegal rate transitions comprises means for creating an illegal

rate transition for an eighth -rate frame followed by a Type-1 half-rate frame.

36. The error detection system of claim 25 wherein the means for
2 creating a set of illegal rate transitions comprises means for creating an illegal
rate transition for an eighth-rate frame followed by a quarter-rate frame

4 followed by an eighth-rate frame.

37. The error detection system of claim 25 wherein the means for
2 creating a set of illegal rate transitions comprises means for creating an illegal
rate transition for an eighth-rate frame followed by a half-rate frame followed

4 by an eighth-rate frame.



31. The error detection systemof claim?25 wherein the neans for 2 creating
a set of illegal rate transitions conprises neans for creating an illegal
rate transition for a half-rate, Type-1 frame followed by an eighth-rate
frame. 32. Weeoswr detection system of claim25 wherein pdBUSRANT4T Or
creating a set of illegal rate transitions conprises nmeans for creating an
illegal rate transition for a quarter-rate franme followed by a Type-1
full-rate franme. 33. The error detection2gystem of claim25 wherein the

means for 2 creating a_set of illegal rate transitions conprises neans for
creating an illegaldrat g%?r% detasHqrypysieng ol aéamr%whﬁ%éhq M9PRET by a

T -1 hald - ifi | ; i . |
ype a r&ggmflé EYp ogﬂleglf‘f‘até’;;r"a.lﬂ.F1{:1§{§%1 F r Ples YRbALFE crgitg{(é%\f:{uségsgfr ein

the nmeans for 2 cteating a set o te transition means
for creating wate idahsiieh fontn dighthantd framedollawedilgha fiuli-zate fFarmedolioweédwed

by a Type-1 full-rate franme. 35. - The error detection systemof claim?25
wher ei n th‘é nRAAR 'riteg’aaé’é‘?'i ng a set of illegal rate transitions
conprises neans for creating an illegal rate transition for an eighth -rate

frame followed by a Type-1 half-rate franme. 36. The error detection system

of clai m 25 wher ei39.t hélheeener fdetectién mystem of daise5 ofhéreire fed meahe for

transitiorbrse Cﬁ?%f rises neans, for ¢reating an.,llegal rate transition for an
te f

eighth-ra SFTFORRet tig Provided 1ads CQUEPEHSSS: ane 4 fol | owed by an

ei ghth-rate franme.mdfs fpCerRbdd A9bat drdredtiveq BiPbs &' Rirhe 8P splihabh, t he
nmeans for 2 creating a set of illegal rate transitions conprises neans for

creating ah ipredgterminadvalugraid i on for an eighth-rate frame foll owed by a
hal f-rate franme fall owe 4..by.an.ei ghth-rate franme, . WD 02/ 47316 .

PeT! UsoL aabon 2y ety vy ﬁ‘&tpgé?%rf“%‘&?&" &Pt @Tgrsvesdresfmedifit « ne
nmeans for g c&dg@ésbagdmg&@tth@gn&ddleag@ger{@iBit_transi tions conprises nmeans for
creating an illegal rate transition for an eighth-rate frane foll owed by a

full-rate frame followed 4 by an eighth-rate frane.

40. The error detection system of claim 25 wherein the means for
2  detecting errors in the provided rate comprises:

means for encoding an unused filter type identifier for a frame of speech
4 to apredetermined value; and

means for validating the predetermined value of an unused filter type

6 identifier corresponding to the encoded filter type identifier.

41.  The error detection system of claim 37 wherein the means for
2 detecting errors in the provided rate comprises means for analyzing the
relationship between fixed code book gains and linear prediction coefficient

4  gains to create a threshold curve; and
means for validating the received speech with respect to the threshold

6 curve.

42.  The error detection system of claim 25 further comprising means
2 for perceptually smoothing the effects of detected rate errors by performing

memory state reset processing.



39. The error detection systemof claim25 wherein the nmeans for 2
detecting errors in the provided rate conprises: neans for encodi ng at

| east one reserved bit of a frane of speech to a 4 predeterm ned val ue;
and neans fowOwa#13d@ti ng t he predeterm ned val ue of a receipcadisipaeryved bit
6 corresponding to the encoded reserved bit. 40. The error detection system
of claim25 wherein the neans for 2 detecting errors in the provided rate
conprises: neans for encoding an unused fiZBter type identifier for a frane

of speech 4 to a d r i l.ue; . val i dat jng_t he

pr edet er mi ned val ugisgf q?;% %gﬁggye?'npﬁe%ﬁ&%ﬁaégﬁgﬁ i"&\eé?mc%\erg?ﬁﬁﬁdpﬁg to
the encoded f i iremtory ystatei deset i proegssingl corhpeisey l’rﬂéaiﬂef(ﬁ“cbir&ﬂvﬁ’ﬁﬁ% SHebry! al m
37 wherein the ans for 2 detecting errors in the provided rate con{)}fi ses
means for anal VPEFRYWVERESFS ati onshi p between fixed code book gains and

| i near prediction coefficient 4 gains to create a threshold curve; and
nmeans for validating the received speech with respect to the threshold 6
curve. 42. The errdi. d@hecdrramdetestiemsgiteni af rdaifn R5Ir WiereiOther rithAg foans
2 for per cezot ual |y snoothing the effects of detected rate errors by

per form ng nﬂ??ﬁ?%jlrysstt%fﬁ geset g’é?ceﬁ?lﬁ& SQRPFiges MERANDJor nYEEVHENS DSBneTAEIlne 8

43. The error wigi eid1RAteN YhREsOf claim 25 wherein the nmeans for 2 nmenory
state reset processing conprises nmeans for overwiting nmenory values with
zeros. 44. The error detection systemof claim25 wherein the nmeans for 2

menory state reset pragessin Qnpri ses nmean Qr qverwiting nenory val ues
wWith initializati O#%vgﬁtfeg_rrog gete on system o? cflalm 25 wherein the means for

2 memory state reset processing comprises means for performing memory state

reset processing on moving-average vector quantizer memory for fixed code

4 book gain.

46. The error detection system of claim 25 wherein the means for
2 memory state reset processing comprises means for performing memory state

reset processing on excitation memory.

47.  The error detection system of claim 25 wherein the means for
2 memory state reset processing comprises means for performing memory state

reset processing on LPC synthesis memory.

48. The error detection system of claim 25 wherein the means for
2 memory state reset processing comprises means for performing memory state

reset processing on and post-filter synthesis memory.

49.  The error detection system of claim 25 wherein the means for
2 memory state reset processing comprises means for overwriting memory

values with initialization values.

50. A rate error detection system, comprising:

2 a receiver for receiving an encoded speech signal;



45. The error detection systemof claim?25 wherein the neans for 2 nenory
state reset processing conprises neans for performng nenory state reset
processi ng on novi ng-average vector quantizer menory for fixed code 4 book
gain. 46. Theoer4mi6 detection system of claim25 wherein tperggangsior 2
menory state reset processing conprises neans for performng nenory state
reset processing on excitation nmenory. 47. The error detection system of
claim?25 wherein the means for 2 nenory 29tate reset processing conprises
means for performn ry stat.e reset processing on LPC synthesis
mermory. 48. The er?gﬁagggq)eé%w’ﬂﬁ&%s@m’f 81’35"1"\’? ef efate t¢ptermpinatonor 2
Menory staie BRGEkhiAAOBESh ?s@éﬂ%’lt&éﬁoﬁ&@é‘ﬁeﬁ&fdea%fe%l%”g menory state
reset processing on and post-filter synthesis nenory. 49. The error

det ection syst em od raje gimor deteatozfed detetiingarzors in the p@vidatoraye. st at e r eset
processi ng conprises neans for overwiting nenory values with
initialization values. 50. Arate error detection system conprising. 2 a
recel ver for receisl.ng T AAFOHGHASRERGNoHHERT AMR SIS RIS 44574
29 a rate determination elenent for performng a rate determnation 4

al gori thm%n detectopeemprisesamnillegal natesiransitiom gemaratve dorr areatingia etaf iliégal er r or

detector for tecting errors in.th rovi.ded te. ,51.. Th ate.errar

det ect i on sys?azﬁ%@f‘s%%gf r(hE S%“%ﬁﬁ‘én‘?‘é‘? ﬁaﬁ'ﬁé of ﬁ?iecéiﬁaﬁ?d 03 I‘J@P@E‘iﬁ%ﬁ oﬁﬁﬂ?ﬁ& ses
an i || egal 4 r atlassifi@fidhtandNplisieeicdhefacte 'of ebRMrsMoril §§éecﬁfaﬂd dé&gihinidy ©
transitions of consecutive frames of speech based on know edge of speech 4

cl assi fi cat i otheqrquppaoesafiilegs satgdramsitighsconver sat i onal speech and
determining the occurrence of illegal rate transitions. 52. The rate error
detection system of claimb50 wherein the rate error

52.  The rate error detection system of claim 50 wherein the rate error

2  detector comprises:

an encoder for encoding at least one reserved bit of a frame of speech to
4 apredetermined value; and

a rate error detector for validating the predetermined value of a received

6 reserved bit corresponding to the encoded reserved bit.

53.  The rate error detection system of claim 50 wherein the rate error
2 detector comprises:

an unused filter type identifier for a frame of speech to a predetermined
4 value;and

a rate error detector for validating the predetermined value of an unused
6 filter type identifier corresponding to the encoded filter type identifier.

54.  The rate error detection system of claim 50 wherein the rate error

2 detector comprises a rate error detector for detecting errors in the provided rate
by analyzing the relationship between fixed code book gains and linear

4 prediction coefficient gains to create a threshold curve, validating the received

speech with respect to the threshold curve.



2 detector conprises: an encoder for encoding at | east one reserved bit of
a frame of speech to 4 a predetermned value; and a rate error detector
for validating the predeterm ned value of a received 6 reserved bit
correspondi WO b2BIee encoded reserved bit. 53. The rate erporusaidsii on
system of claim50 wherein the rate error 2 detector conprises: an unused
filter type identifier for a frane of speech to a predeterm ned 4 val ue;
and a rate error detector for validating 30he predeterm ned val ue of an

unused 6 filter type igdentifier corresponding to the encoded filter type
identifier. 54. T -ratﬂ‘ee’iart%P“SE?@E?F%‘ES%?%W@%CE?%&W#@WM%?ﬁrltoﬁe
rate errorg 2 i i rrors
in the pro%/i dgg@%tg?tecefgl %%Pyéﬁ%@%?@gﬁg?&&%ﬁ%@ﬂﬁ%g?ﬂglﬂgg'gégo Cet book
gai ns and | i nehrdetacted editet ievnors oy f perifenmingainnamoxy cstaiet eesett praebaihg
curve, validating the received speech with respect to the threshold curve.
WO 02/ 47316 PCT/ USO1/ 44574 30 55. The rate error detection systemof claim
50 wherein the rate error 2 detector conprises a rate error detector for
perceptual ly snoothing the effects of detected rate errors by performng
menory state reset processing



