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*ACTION*

1. Field

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, etrors 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., I5-95B (hereinafter referred to collectively as 15-95).
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



A m crophone 11 detects a speech signal which is then sanpl ed and
digitized by an analog to digital converter (not shown). A variable rate
data source 12 receives the digitized sanples of the speech signal and

encodes the signal to provide packets of encoded speech gipna@tiasf rane
| engt hs. VarWOWBMEH0 rate data source 12 may, for exanple, convert the

digitized sanples of the input WD 02/47316 PCTI USOL/ 44574 2 speech to
digitized speech paraneters representatiwe of the input voice signal using
Li near Predictive Coding (LPC) techniques. In an exe enbodi nent, the

. | ar
variabl e rat e spebch wodigitized speechprarameters TepEeseRiaERRP mﬁ@s%?‘?%@ﬁm? n
detail in U S Patent No., 5.414 7 i ' loiged &P 4 eeerripigygnee of
the present i riHARg ig‘ﬁ‘e%fn(}:rfgic%‘ﬁ%o&%%?%é?gygfgﬁgﬁ%%ce her ei n. Vaa;t?,abl e
rate data sourgapddniehfVideparitbie alecdatat eourer liwtas vafiablatrateavoeasier as
possi ble frame rates 9600 bits per secoE\gq (g) ) 48?‘9 bgﬁsa ?%\9‘.@ go e and
1200 bps, refdescrbed én idetall in 155¢ Batent N ¢ /ﬁa‘tﬁp’t@’ ich, I§ | asgiElRe O s
Packets encoded . at fuylh r iHanldrd i hdorpdrated by treferamae kerenencoded
at hal f rat® cHHERPH ogoé‘icﬁgn g(rmrrg%l oﬂ.bi ts, packets eb%odogd t glt'garter
rate contain 4Vagistleratet data source, 12 amlwckﬁ@l%ﬁﬁﬁd&?{g% i‘{ﬁ%ﬁ 7 Feie
contain 16 infor ion bits. 4600 ) 2400sSand A200 2D.
The packets, rBBsén&’g‘F g’@ﬁ“%ﬁ“%’i%@?@# Pfegééem%)‘ﬁe(bﬁgr)éne q?ﬁge%ngt h irﬁsdur aé idon,
i.e. 20 ms. Hepgi,Refeired tb herein 4¢ fullrhalf aquartep aodetightiragtepe Pagketsgncode
i nterchangeably. 15 The packets_ are encoded ' teoRald 87 ent
rates to conprakill m%%&ialﬁmmnﬁté?%ﬁg‘g%ég, :Hrii'thts'g?%@ on t he
conpl exity Qr SIRMALHIH bitd, PackeiRbh@ded QPR qharted fade byntainedd irdorenatioorbitsxanpl e,
if the i anjl vOI Ce SI gnaﬁ I'ncludes little or g.& var | at i.%n, E'ferz:%%ﬁa(ﬁ)ecause
the speaker isandipacmisméricnded aheighthraterqentain o prmajion bits. Fapkek ng
packet may be co ressedml%gd ne Rbis S gk ¥ Qize, Tdll SreConeftansi on
results in a l BEPSNBW esolut F%ncig?'elsheg& correspondi ng portion of thg voi ce
signal but, gi yaigth hetutationcic: 2@ o idérely, the terms “frame and “packet” may ¢
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.



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 nuch

i nformation, perhaps because 25 the speaker, is actively yocaoy4dsn@. the
packet is enVOA¥¥ full rate and the conpression of th% m&hjlfas?geech i s
reduced to achieve better voice quality. This conpression and encodi ng
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t he variab e packets for error detection and correction purposes. In
an exenpl ary egénedatesand appenddeightteilibits15 a rate 1/3 convol utional encoder.

6, an' | npl erentat 1R Grogily Ny Becef foni gAY 1Fe e GVBERIRATCC
5,103, 459 and ¢hQads 187 wii@Mencqiesatlerbits of the variable 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



16 maps ei ght encoded synbols to a 64-bit Wal sh synbol and then spreads the
Wal sh synbol s in accordance with a pseudo-random noi se (PN) code. 20
Repetition generator 17 receives the spread packets. For packets of |ess
than full rate, repetition generator 17 generates duplica fi/adshe symbol s
in the pack®OIB1%rovi de packets of a constant data rat{é. eﬁeﬁ tﬁe
variable rate packet is half rate, the repetition generator 17 introduces
a factor of two redundancy, i.e., each read synbol is repeated tw ce
within the output 25 packet. \Wen the variable rate packet is quarter rate,
the repetiti onbyeomeaitively tepeating eaticpower dontrobgrayp thewrequisites AuEbey of When
the variable rate t s eighthh r the repetition generator 17
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i nvention. The
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 Dbits being in error, Usually, if a transmission error or frame rate detection error
occurs, the CRC unit detects the error. “Bad” frames failing the CRC are erased




signal is then provided to digital to anal og converter 22 and converted to
an anal og signal. The analog signal is then provided to transmtter 24,

whi ch up- 15 converts and anplifies the signal for transm ssion through
antenna 26. FIG 3 |IIustrates pertinent conponents of a RAHR ifon. In
anot her  embW@OHE S the apparatus of FIG 3 could reside in gﬁﬁgﬁlle

t el ephone 28 or other nobi l e station receiving the transmtted signal. The
signal is received by antenna 30, down gpnverted and anplified i f
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unit 34 may beireniddomeitimize dapsmistedpower while also minimizing frame errors.
As noted above, by varying the frame rate of packets to thereby
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



out put bad franes to variable rate decoder 40. However, provision of a
frame erasure unit facilitates generation of frame erasure signals for
forwardi ng back 10 to the base station to notify the base station of the
frame erasure error. The base station nay use the frame f(‘ /$us74

i nformati on WOWBI ate t he anbunt of power enployed to transmt signals,
perhaps as part of a feedback system intended to mnimze transmtted
power while also mnimzing frane errors.g As noted above, by varying the
frame rate of packets to thereby 15 conpress the information cagntained
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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.



systens as well. 5 Due to effects of channel conditions such as noise, and
multi-path fading on received paraneters, rate determ nation al gorithns
(RDA) of frame rate detection units 33 do not guarantee that the received
frame rate is correct. Gven that this is a limtation of 'f/ﬁﬁﬂﬁ@?& it is
desirabl e t oVOP¥PIS t hat such RDA errors don't cause audibl e Artitacts
such as screeches, or beeps. Wen the 10 received frane is not suitable for
accurate rate-determ nation due to poor w=channel conditions, the RDA either
determ nes that the frane has to be erased or it assigns an incorrect rate
to the packet. Typically, the speech decoder has a frane-erasure

processi ng nmechani smthat perceptually t e lost franmes wusing past
frames, and produces speech that is no to the listener. 15
However, if instead of a frame erasure, the RDA assigns an incorrect rate

to the franme, randombits are fed into the variable rate decoder 40.
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- an encoded rate, and a rate error detector for detecting errers 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. 11s 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;



comuni cations systemreceivers[FI G 41. Accordingly, a nmethod for detecting
rate errors in a variable rate receiver, conprising receiving an encoded
speech signal, performing a rate determ nation algorithmon the speech

signal to A n encoded rate, and detecting errors SaRhpVi ded
rate, is deswoﬁggﬂglo I n anot her enbodi nent, A rate erroir,& e%be/é%%ison

system conprising a receiver for receiving an encoded speech signal, a
rate determ nation element for performmgy a rate determ nation algorithm
on the speech signal to provide an encoded rate, and a rate error detector
for detecting erroFG.mistthBowelwrt diegram of @ method;éardetention of zateRpmors in
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detection of rate errors in

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, 152000, 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.




frames identified as full rate frames; FIG 6 is a flowhart diagramof a
met hod for detection of rate errors in franmes identified as half rate
frames; 5 FIG 7 is a flowhart diagramof a nethod for detection of rate
errors in f ldentified as quarter rate franmes; FIG | owchart
di agr am of a{@e%?’agbgfor detection of rate errors in fran%é"p%éﬁ?sHied as
eighth rate franes; and FIG 9 is graph illustrating an exenplary fixed
codebook gain vs. LPC 10 threshold curve DETAILED DESCRI PTION OP THE

PREFERRED EMBODI MENTS 15 An exenpl ary enbodi nent of inproved detection of
rate errors i Frames oftype Orazie énoreperiodic’sfrarges, mhiecthettypicalpazarSeterscsudhl e Mode

Vocoder (SWV). . _The i var.l abl e rate vocoder dis C Idate to
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al gori t hm useshe pivaiilag s 20ded and tearigited ued f??u&ﬁ%y (Fe.£ foptevely e at e,
frame-type, LP coef adapt i ve, fi xed code-book paraneters.

' t
Speech to be eyrq?rlg.eesgqfa'.'{‘mm"ef’ Bm?@g'pg'mh#‘%mﬁ%hm%@ﬂmtﬂfa@ﬂmt i on
it containg. Eb@pa.r&aw@anra mkésbﬁtéd WiIRE & Ghhooft{ it QYIS 1rf 18ep as

background noi se; statio voi ced speech, stationary voi'ced speech,
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background noi | Si | e tat.] ona unvai ced, speech
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rate Type-0 C@?’fgmé‘ﬁ HEORECh ﬁ*ﬁ@mé%ma&nﬁamwm GP%ecbé%@%is wddepect s
of the COangimidtbmécaﬂpsc}&myﬁé the sub-frame size, the paraneters

used for speech representation, and the coding schene for these paraneters.
WD 02/ 47316 PCT/ USEme4gkilled in the art would 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



9 Franes of type O are "non periodic" franes, where the typica
paraneters, such as pitch correlation and pitch |ag, can change rapidly.
Thus, in Type-0 CELP the pitch lag is coded and transnmitted nore
frequently (i.e. _for every sub- frame). Franmes of Type- . j odi c"
frames that WQ\%’"W‘Sh periodicity and 5 are perceptuall yvaQIr 0%’2%?4esent ed
with a snmooth pitch track. In Type-1 CELP the pitch lag is coded once per
frame, and the interpolated pitch track g derived fromthis |ag. Because
of the high periodicity and the smooth pitch track, the pitch gains

exhi bit very srawidedmhoxeiiprcoanectionewithifiG |l anchin i‘jz%d?atewobﬁgl‘bwﬁeach
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t he CELP sche V% ) e'skilled in the art would recogni ze that the SW
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descri bed above. The di scl osed enbodi ments are describ I n the context of
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subscri ber uniqecpged.oFragescpilingithe CRE: be-hod frareeseqnsi evaped bydrame pragwrsyi ded
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full rate, halRather framgeavbject to £IRC exxons reay) menely aoé be utpdvirom theCRS. 2A -
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 i.ntégrated 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.



2D. The packets include encoded speech paraneters representative of a 30
conpressed voice signal. In addition, each packet includes CRC bits and/or
encoder tail bits. Additional details regarding the content of the packets
is WO 02/47316 PCTf USO /44574 10 provi ded above in connecy) ] FIG |
and in U S PR%ABMN6. 5,414,796 referenced above. The i+¢ﬁ€§w&‘{52ﬁ
conponents of FIG 4 are simlar to those of FIG 3 and only pertinent
differences will be described in detail.qfhe transmtted signal is 5

recei ved by antenna 30, and downconverted and anplified by receiver 32. The

signal is therTher digitized veice signalaeare aldmataly convertednta asaog wigrals by taenpt s
to determne %, rr ondi fr rate for, .t agket Si Rat e
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for perforni ngocykdtérfervelemthaneyeivdrds lasmobild submasberlurit eThe agiitabdighilgnal i n
an 10 attenpt to verify that no frame rate detection error or transm ssion

error occur r 882y be fyrther propagatediwithinawireless sypiem whemhe reggiverds a base by

frame erasuye gt 36. As noted above, no separate frame erasure unit is
necessarily required. Rather, frames subject to CRC errors may nerely not
be output from t heFiG& 5-8ndescabe inndeshil Hbe frare, rafer yenificationt methesistine CRC,

| .e. potenti al are. r tQ a rate errar,detector 38.
Dependi ng upo nalc{’(%g&?%p‘{’{etﬁe@iﬁ%mﬁéodn&eﬁg fggfé‘ggpaﬁ’eqlfaﬁ& %ﬁr%@’%e@t@?’f ®unit 38
i s necessari | yerformed cuy. theatdte error aletectorr (FIG. 4célemient 38)ni The Sefifivation

| npl emented in_the Swpﬁr int%grate__with other . recei ver conponents. The

rate error detBehgds smpIoy nRvel wse of illegal elassification transiftionssfor est9fe 20
frame rat godetspedifel Bites Bd %%s,ofeséﬁéﬂ%itr&@@dﬂg{ igeéd'rl?gtre? g'g%e %ﬁéggﬂ,deed

correct. The frames. are further verified by r ect or usi ng

the verificat@dnanalysiedef f dixed qadebopk (FCBL s dFC dheesholdhghinr auevesr ames
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frame erasure processing and memory state manipulation to smooth effects of
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



erased by franme erasure unit 36. Franes failing verification my al so be 25
processed to clean up nenory states in the -variable rate decoder 40 so
that distortion does not propagate across nany frames. Rate, control, and
frame information is output fromthe rate error detector ﬁﬁpgoqm‘;st;g

variabl e rat ¥OBé8er 40 for cl eanup processing. Franes f at pass the rate
error detector verification are routed directly to variable rate decoder
40. 30 Variable rate decoder 40 processegpthe frames by decodi ng speech
paraneters contained therein for conversion back to digitized voice
signal s. WD 02/ 438 kightTateSoume dallowed1by THullgntgi frame dolayyedh b jagpighthyr o

ultimately converted to analog signals by a digital to anal og converter
(not shown) for 54F et'hrough a speaker 42 of the to a listener when the

receiver is a Bajetllon the bamentasid previbus fthmedaigs tnd typegrthe presencetnf illegal her
propagated within a wirel ess sy m when e receiver .is a base 5 station.
FI GS. 5-8 deschapgtions laéicatepﬂﬂh@ r%%%&ﬁ@%@ﬁ‘f‘ﬁfﬂ?%ﬂ‘%%d’??ﬂus
accordance Wtﬂa‘élge enbodi ments for full, half, quarter, and eighth rate
frames performed by the rate error detector (PIG 4, elenent 38). The
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15 The di sqhosgg i dneelied By thé TRRSErer deteclor FIC &, telemiitt38) rto sdeterntine e on
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rams 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 emploj'r 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



rate errors. These illegal rate transitions are defined to conprise: 20 a
full-rate frame followed by an eighth-rate frame; a full-rate, Type-1 frane
foll owed by an eighth-rate frane; a half-rate, Type-1 frame foll owed by an

eighth-rate frane; a quarter-rate frane foll owed by a Tyggs: ;rate
frane; a qu¥a®¥PR&te frame foll owed by a Type-1 hal f-ranT@’?(é}rdrjé#‘ 25 an

eighth rate frane followed by a Type-1 full-rate frane; an eighth -rate
frame followed by a Type-1 half-rate franmg; an eighth-rate frane followed
by a quarter-rate frane followed by an eighth-rate frane;, an eighth rate
frame fol | owedrelytion with Fespattetofenchnethen| Inoather wordsnwhbewy thelLPQ gainds bighy ane;

Ul rate fr antherEht enpiagerarell gn; fod vidh e ERE sl BohgineiBell d |

previ ous franmegd it ﬁgﬂ, types, the presence of illegal transitions
i ndi cates an RDA error in either the ggrrent f
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the FCB gain using an average energy value computed from past frames. FIG.
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




rate error detector (FIG 4, elenent 38) to determ ne whether the received
unused bit has the expected fixed encoded val ue. Unused bits not received
as expected indicate an RDA error in the current quarter rate frame. The
di scl osed enbodi ts enmploy novel use of illegal filter hecki ng
for quarter r‘@‘?@%ﬁP franmes to detect rate errors. NELP té’ﬁ?@%‘?‘ég”genm oys
spectral shaping of pseudo-random excitation using one of 3 different
shaping filters. Two bits are used to trggsmt the index of the selected
filter. Three of the two-bit patterns aré used to identify the selected
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hi gh, the FCBYHY q‘%”%}8ﬁ’é‘%?f@&?%&dl&aﬁéﬂxmee“\rﬁg@ﬂ%“@%%ga %‘elf? %5\%?}' t he
FCB gain is QOFhefmme/erabge. protess spvhesizesrspeedh withtitpusing REP infermstiamd LPC
gains in natural speech 5 _produc curve.in.th raph of ECB gain vs. LPC
gai n above whi gﬁﬁt rurent éﬂgégﬁ?sdflfg}? 6?°°§9%°’ﬁﬁ'ﬁ?ﬁ’%ﬁ°§bggcﬂisyme
FCB gain, gpd m«:&gm dHr a0 Prdiice spédch ehat dpéite sthosHedwithhespeeput
speech Ieng. Frame rgfzei ved at cIegvel S abo}\)/e trﬁtel%rve, wher e thpere IS no
repr esent at i ontothepredowsframes. speech indicate a rate error in the frame.

A novel nethod for i : | id b en a
rate error is gr aphwg'gﬁ %f%é@gt‘%gtéﬁyﬁ%éﬁ%&ngﬁ%g llétg ?"}J‘er&g%lt?? fsg?'lﬁa ﬁ‘s'%g an
aver age ener gy theaFOB veobPOtgaih fwrvenwlese theredeso réjir@entation of good natural
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 many 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 eynthesis 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



9 shows a scatter plot indicating the relationship between the nornmalized
FCB gain and the LP prediction gain. Crcles below the solid curve were
generated by dean speech, and the asterisks above the solid |lines
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speech from unacceptable screeches or other artifacts. This threshold can
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frame in whichontirmesate error detector (FIG 4, elenent 38) has detected
an RDA error. 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-l 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.
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filter, and Po Iter hes

predefi ned val &%ﬁ lFﬁ%luce ﬁ ég‘i'ener)’(gaﬁlm%@?éewe(?E ?‘Bﬂ he s
enbodi ment , ther Wf Wl sieps anmmw wwithbeh departing efirom. thenscapetdﬁdhe
embodi nent, the rreaqéé/mga ues are overwitten with their respective
initiali zatlon digglo .5 || ustrates a met hod i n accordance with

one enbodi ggnt for mdﬁéﬁ%btoﬂhe%tef&f& @dteQbSiniphty 4 YRS franerdetériminecdpyt he
RDA as full rate frames. One WD 02/47316 PCT/ USO01/ 44574 15 skilled in the

art will under shedNAttn e athalf retecfeame [Contral flows toptepdltated in FIG 5 is

not limting. The élﬂ%@&aﬁ@ £h Fopb09 of
the steps illust ra@ﬁ%?ﬁ%tﬁlﬁee%epartla{é%m t he ope o eldl sgf’ose
frame, control flow proceeds to step 606. If the frame is a Type-1 frame, control

-y

flow proceeds to step 614.

15 In step 606, 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
proceeds to step 610 where decoding continues. If the frame does not lie below
the threshold cure, control flow proceeds fo 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-l 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.



enbodi nents. 5 In step 502, the rate error detector inputs a data frane
determned by the RDA to be a full rate frane. Control flows to step 504.
In step 504, the reserved bit or sanity bit is tested to determ ne whet her
the received_ v gqual s the fixed value set by the enco e bit is
not equal to‘Y‘ﬁ@yﬁ*lged val ue set by the encoder, indi catigg*/gsﬂ"gﬂrg rate
error, control 10 flow proceeds to step 506. O herw se, control flow
proceeds to step 510. In step 506, franeqerasure processing and/or memory
state reset processing is performed. Control flow proceeds to step 508
wher e decodi ng corfliGukflustrateste meiidy in laecdrdamee withcorec kmbodioneiétfer i ne
whet her it is franme type 15 |Lf .the frane | Tywpe- 0 frapme, caontrol flow
proceeds to st Sffegion 3/PIO Tpte grEorp in, frames léezi‘%%ﬁ %y%h‘f as %%‘ﬁ?et‘; 5Fte13fa59\73'
proceeds to st@pe3killedlin thé ait willlundepstand T ahé) of dediiiy, oftstepsHilisteaed LPC
gains are established r the fra eck iseﬁreforrredto determ ne

for t ne,. a gqa cl
if the frane | F&s his oat ﬁ)lﬁgﬂns-h%mﬂﬂapcg geadilyam TBSIQN O | 167y t he
t hreshol d '
T oee. ¥ CordeRpTSr uld Sitpg RAAP Ipidht Meplreny] BORC iRe EGR LT The

conti nues. es” not t hreshol d cure, control
fl ow proceeds disclotesherBlidlimentsst ep 516, franme erasure processing, and/or

FCB gai n reduction, nd/or. menory. state rese SS or ned.
Control flow proc el&fgeﬂ%g’sq‘%baqgﬁ%b'{/\#%’éordigggﬁiaﬁ%a?% %ﬁﬁe%é%%f?ﬁ%{ ep
520, for a TypRDA fobeiequdrtes rate Eraireu ContehRows tostep#oad to determine if the
frame is an eighth rate frapme, or uarter rate frane. t he revi ous
frame is not an ei glﬁﬁiieWQ@e&gFe‘?fﬁ‘é%g‘F OF 5‘?‘3"5?6\‘5 t,estieﬁgpglgiqrﬁgteawﬁg rate
transi ti onggCoe Rbeitéd Valkie WAEHE thé Bixed Rlue 26t B Biecertdalbr. I Hithe BRGOALHY
continues. |If the previous frane is an eighth, or quarter rate frane,

i ndi cating an pquadgaithe faedvalue set bintherengederdpdicating # frameFatsearatscongokt ep
522. WO 02/ 473?19&%&"&&5 &% Etherwise, 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. Control flow proceeds to step714 where decoding
continues.

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

25  One 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.



In step 522, franme erasure processing, and/or nenory state reset processing
may be perfornmed. Control flow proceeds to step 524 where decoding
continues. FIG 6 illustrates a nethod in accordance with one enbodi nent

for 5 detectiy rate errors in franes identified by t 50 hal f
rate frarres.w‘%}g%slﬁi |led in the art will understand that E;teﬁe o’r“?g‘?i ng of

steps illustrated in FIG 6 is not limting. The nethod is readily anended
by omission or re- ordering of the stepsqgllustrated wi thout departing from
the scope of the disclosed enbodinments. 10 In step 602, the rate. error
detector inputs a datstepf Strthaipresiovs ftameip checkedripydetermyne yvhether it it

frame. Control 0 to. S . . f | Etﬂ‘% or
frame type. If 3%?%%3' @5%%%%?%@&%0%%{}%&&%&%*00 %;E%ta{) step
606. If the frgaim@transition,xpatdl flovapeoceedmtorstdp 810! dfthepredousirameds #fulb14. 15
In step 606, for Type-Q frane, .fhe FCB and.LPC gali are established for
the frane, andraée?‘l?@{eg"ﬁ@%ﬁf' H&g&@%mmmecoﬂﬁop ﬁ8wf ngﬁéecﬁﬂgss Bel ow
the threshgl dgggirve. If the frame |ies below the threshold cure, control

flow proceeds to step 610 where decodi ng conti nueé. If the frame does not
lie bel ow the thrdshetep 8Q6; drarae frasre fATBOPSHRGC 8BALOR snameny slgle resgt | |

step 608, ”a”ero%ré&:g)%@r BE StoRhed 2NELAEOI tRebROUE stepNB08 WHEEOT
menory state r EESE processi ng nay be pertorned. ntrol flo proceeds to
step 612 wher edeledirgj comtibaed.i nues. I n step 614, for a Type-1 frame, the

previous frane is ecke determne | he f ' ' e, or
quarter rate frarre.cfg‘ls&elf H’e&’&‘%m fizng Fsa%gl‘eéjrﬁ’g&t el dﬂ%% EWrg Iega’%)r
quart ea rahg f gadier rh%hﬂﬂit@,ﬁr&uﬂ @@agramda af &i’egﬁ&ﬁbﬁmﬁmdw? qod;]rtérlraw,
proceeds to step 620 ere ha rate decodi ng . .cqontipues. |f the preyious
frame is an ei haH matec@rfudratp Spmerindicating p pogsible i'ﬁ‘?ﬁagéﬁtF ARFnEHoR, § rate

(ransiiyon CORbAEa SRRy 1t aRoRl ks d Gl ks

’ 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 eiéhth 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 etror, 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 B22, frame erasure processing, and/or memory state reset
processing may be performed. Control flow proceeds to step 824 where
30 decoding continues.



30 processing may be perforned. Control flow proceeds to step 618 where
decodi ng continues. WO 02/47316 PCT/ USQOL/ 44574 17 FIG 7 illustrates a
nmet hod in accordance with one enbodi ment for detection of rate errors in

franes identified by the RDA as quarter rate frames. Onepski | n the
art will undgrosqz’émk/ ¢ | néoll@%g

that the ordering of steps illustrate 71s
not limting. The nethod is readily anmended by om ssion or re 5 ordering of
the steps illustrated without departing fgomthe scope of the disclosed

enbodi ments. In step702, the rate error getector inputs a data frame
determ ned by the IirBiepta26bthesprevians framedis sheckeddo determine whethes itig a

step704. In steps/04,. .the.res e Lo Qr i LL o Js rm ne
whet her 10 thtéﬁg’@ééeTmﬂl’\Pél%ﬁégﬁgﬁt}?%qh%%ﬁlax}é%hggﬁejéé%&e a&gﬁtlﬁg acei-?r??:f(e;der.
If the bit is jaed Tygayak atfoll e Tpect frave) indicating hylegab eate transition, conttokat i ng
a frame rate error, control flo roceedﬁ%&o sﬁ?ﬁﬁ. Cg‘ggrsrq/i se. caontrol
f1 ow proceeds HQy pregsedyio step %g& Previgua.trame ia g Ralfrai€ Type- fragie oF &
nenory statg rgege S $afte, | ifdieRHlP e HleghP TateO krainbiblon P lcofiesld lowo
step708 whe‘b;rae @g?gzﬁ %?G?SEgg%filﬁues. é)naﬁgt ep/710, the tvvo-git pattern used
to identify thproseddedoetdpSR&pi ng filter is validated. If two-bit pattern

Is valid, control flo I Eg€ e ?’S"{"i‘ t e | NQ
continues. If the t%&gﬁt%a?&g!}%%f%bﬁ%@g% [ ;E' 8‘6%@2 é)’g/ &Bfréogéeggdds to
step712. ' 20 | progéssinglmayf baperiormedr eContooleflewnproazeetlsoto stepoddf siheree reset
processing is perforned., Control flow proceeds to step714 where decodi ng
conti nues. FI (Heq@ding @ebPUess 4 nethod in accordance with one enbodi nent

for detecypon of nAtGerLB3NHte bighfl AN Exditdaoh ighireld doynpabed RDA nasximiught h
rate frames. 25 One sKilled inthe art will, unde,rs_t?nd hat, or.de If'c? of
steps il | ustr atheeshold walge. gf the eighth rate excitation gain is less than the thresho

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.



Is not limting. The nethod is readily anended by om ssion or re-ordering
of the steps illustrated without departing fromthe scope of the disclosed
enbodi ments. In step 802, the rate error detector inputs a data frane
determ ned b 30 the RDA to be an eighth rate frame. Con f to step
804. VIO 02/ aWOBHBE/ U501/ 44574 18 I n step 804, the prev?%ﬁis]sofl)#@\?rf@ i s
checked to determne whether it is a full rate frane. If the previous frane
is not a full rate frane, indicating a legal rate transition, control flow
proceeds to step 810. If the previous frane is a full rate frane,

i ndi cating an WHettgilthe ftmectionalityi isi implemented @b Hardwarsr o sefiwareslepengs 5
806. In step 806, frane, erasur ocessgin and/.or. r

processi ng nay"Ben Hepastdar aEﬁ'H‘?ﬁB’I‘ a‘f‘ﬁi 6\#5?58&%&“%? éeﬁis Qgg%v%vge?@

decodi ng conti gysGsm, | SkiBeERrihds re eCihieOinterthifnpeabilityc loé Haedivire atet er m ne

whet her it is 10 quarter rate, half rate, or full rate frame. ILf fhe
previ ous franesoftwaredinsler these girgimstanges, angk how Bestitg szpfeggegtfl;xeﬁrggnbe&

| ndi cating & PAgRBAA! PRk BbiANEHicafon. oMY ehamplesiy Gesctls {0

step 820. previous franme®is not a‘quarter, half, or full rate
frame, indicat illugtrativeclpgicad bipickh medwles, cirauits; japd algerithosteps descpibet deds to

step 812. 15 In step 812 he eighth ' k L0 il to a
maxi mum  t hr es FOFECHRR Yath fye Whgg%%tﬁaﬁgﬁé&ekgﬁxgg i gnbgéif‘ﬁl I S I esgpt han
;he fjhr eshol fl Pyﬂbﬁ@dl ]%ﬁ]ra)lqiﬁtati\r/]\signncpms_stbn (3= Sn&ppikaﬁomitsgmi{i%r at teh
ecodi ng conti nues. _the ei rate excitatjon gain i at er an the
t hr eshol d val ug}tegrﬁtﬁﬂcﬂf%(‘%ﬁlgpfaﬁ die PB?SFMEBWH%E‘* IWypmjé@d%I pihex ; ep
814. 20 In,gte é‘mn‘dbi’érﬁ SvikleS diBErRfeSSaté BE traRdistoP loght; et hardwaires et
processi ng lgrany)%}per or med. Oonter ol flow proceeds to g;at;ep 816 where

decodi ng cont i cempoenents such as, e.g., registers and FIFO, a processor executing a set of
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.



In step 820, the second previous franme is checked to determ ne 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 secon revious frame is an eighth frame, indpgai illegal
rate transitSH s;I:’égntrol flow proceeds to step 822. In sk’ %’3& ﬁ?r
erasure proceSS| ng, and/or nenory state reset processing may be perforrred.
Control flow proceeds to step 824 where 280 decodi ng continues. WO 02/ 47316
PCT[USO / 44574 19 1In step 826, the previous franme is checked to determ ne
whether it is a half rate Type-1, or a full rate Type-1 frarre I f the
previous frame is I @TE,

i ndi cating a | egal r;i(?'l(%\tlr?re{?i%ans| &IS’%Icoﬁ‘{‘éSF&é’%’?% ei'Hblrogcee é’?‘éég l%32 | f
the previous fermble dny pe rkmiﬂuﬂatmtﬁypﬂ-tammmmeﬂmﬁsdomdmm1

frame, indicatjng an|IIe ate transi ntr. | o roceed

step 828. In sikgVaneus F‘Paﬁl@a‘é‘i’%?stﬂ'é‘ 5‘5‘@9&"4@ r‘l@/ba rewg%g ?@i@ reset
processi ng grayihge BRIk  iWEthe ONAKD thd |g@i%ri1:f pﬁﬁagmst@mam@aﬁ mtayrma
decodi ng continues. 10 - In ste 832, the eighth rate eXC|t inis

conpared to a mlie#amothﬁreé%bmemwowhqw%ﬁ%\ﬁtiﬂv on gai n
s 1ess than {4g dRiGRAhbhodkbME prdfilinBndbd RAbRLAGRAT tﬁ@eﬁb@an&a% wher e
eighth rate decoding contl nues e elghth rate excitation gain is
greater than t$hewhhesdin|itvial toebe ianchirded ithey vadestaacop@rqonslsteebmﬂbﬂwr | ow
proceeds to ste 4 asure processing, and/or
nenory state rE@‘@‘E‘P eﬁ%@@ﬁ%@iﬁf‘%g Sloﬁ%cf}f‘%?ﬁéd. Control flow proceeds to
step 836 whgre decoding continues. FIG9 is a scatter plot show ng the

rel ati onship between the normalized FCB gain and the LP prediction gain.
Gircles bel ow the SWEGEAMye were



20 generated by clean speech, and the asterisks above the solid Iines
correspond to unacceptabl e screeches caused by RDA errors. The solid curve
represents a threshold curve that separates the regi on of good speech from
unaccept abl e screeches. This threshold can easily be rep i{n a
parametric f 24746 | ncorporated into the rate error det é%f’ggﬁﬁ%g* a
novel and inproved nethod and apparatus for detection. of rate errors in
variable rate receivers have been descrilgd, Those of skill in the art

woul d understand that the various illustrative |ogical blocks, nodules,
circuits, and algorithm steps descri bedCLAIMSnection with the enbodi nents
di scl osed herein may be inplenented as el ectroni c hardware, conputer
software, or 30 conbi nations of both. The various illustrative corrponents
bl ocks, nodules, cjircuigts, s have been describe er aI I

terns of their func?tl ondt migfho ‘8\5’ 3%!56 ﬁ@?f%ﬂ@gﬂqﬂ ra 1"the
functionalijy 1: ﬁ.ment ed as hardware or software depends upon t he
particul ar applicati and design constraints inposed on the overall

system Skilled artfﬁ%ﬁggﬁé@ﬁgﬁig edspeedh signadr changeability of hardware and
sof t war e unger the rgggT thaw 0 cribed
5 functi ona?i ty for each %‘rtl cul ar app |ca'?%§§&hﬁ,&s°%>rg%rp%§gg&% e vgfi ous
illustrative ngjvd:@daxbérmokledrate;dnﬂes circuits, and al gorithm steps

descri bed |n conne&%.%g h t enbo‘gdre nts disclosed herein may be

i npl emented®or  perd<dt §eﬁ°f5h BPEYNY ¥ Y nal processor (DSP), an
application specific integrated circuit (ASIC), a field programable gate

array (FPGA) or other 10 prograrmabl e | ogic devic |scret ate q
transistor |ogic, dkscr é%%oﬁ@ﬁf@ns ﬁrrgrsré‘b é? ers

and FI FO, a,pr aset of flrm/varelnstructlons any
2 p?&ﬁ&é?frag{@dﬂ;ﬁryés

conventi ona progranma tware nodul e and a processor, or any

conbi nati on t her eofcredting psetorfsliegal maly transitions ©Of spnsgeativframes,of SRQ?dl‘ he
L1 il R, I o A SRESAS sl o

controller, or ~st I'ne tware ul'e could
reside 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.



in RAM nenory, flash nmenory, ROM nenory, registers, hard disk, a renovable
disk, a CO-ROM or any other formof storage nmediumknown in the art.
Those of skill would further appreciate that the data, instructions,

commands, infor signals, bits, synbols, and chips ys7pe 20
referenced tNFHﬁ@tht t he above descrlptlon are representggﬁbyﬂeo tages,

currents, electromagnetic waves, magnetic fields or particles, optical
fields or particles, or any conbi nat i on daher eof , WO 02/ 47316

PCT/ US01/ 44574 21 The previ ous description of the preferred enbodinments is
provided to enabl & any Thermethod iof icladm 2 whergin 4he setof fllegal sate fransitions

di scl osed e A [ t odinents will
be readily ggpgénelﬂﬁge?gné-%\f& sf%?’?ﬁ @%&H?ﬁ% @E’t% 1 Jgfehe géeTJﬁerl C

princi ples defined herein may be applied to other errbodl ments w thout the
use of the inventive fa i s¢l osed not
intended to be I|m9[ ed t et‘ﬁ@@&ﬁi&h’l@ﬁfy?‘ ﬁf’ (gb E?EL?&F} Eb(?é‘

accor ded thg ?] IRRQ%'teSﬁ'@tﬂE fdﬂmdtﬂ(},ea A8 fRaRe, novel
features di scI ose er ei 10 W CLAIM WO 02/ 4 16 PCTI USO|/44574 22

CLAIMS 1. A nethod for detectlng rate errors in a variable rate receiver,

2 conprising: receijng X
determ nati on al gorl\b't hm'lglrgl ’ﬁ%&gggbgﬂ&?g’r%#&ﬁ?‘e f')??toc\;/}ie]gééefy(;}lEll encﬁ.ﬁ{tg;nrgat e;
and 6 det ecgi ngomaptigsanidglitheaefmamelfoliowad by adjuatieerate faow follow@kdbyan

wherein the detect.in rrors in the
e1g?\th-ra e 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 provided rate conprises; creating a set of illegal rate transitions of
consecutive franmes of speech 4 based on know edge of speech classification
and phonetic character of conversational speech; and 6 determ ning the
occurrence of i | rate transitions. 3. The nethod of ' erein

t he set of ipmgkéﬁgﬁate transitions 2 conprises a fuII-rg?gJU #é#ﬁmfollomed
by an eighth-rate frame. 4. The nethod of claim2 wherein the set of

illegal rate transitions 2 conprises a fyll-rate, Type-1 frame followed by
an eighth-rate frame. 5. The nethod of claim2 wherein the set of illegal
rate transitions 2 conprises a half-rate, Type-1 franme followed by an

eighth-rate frane. & T t 0 | Wﬂ% i e f s | rate
transitions 2 conﬂ?rsegiﬁn‘éﬁgﬁ%er{frgl%‘?‘ﬁ%ne %ﬁ ghméegﬂfﬁc/r Ty;l)‘lle‘lfrlltﬁﬂfl
full-rate fzan@mﬁﬁse'ghﬁorw@.hod of claim2 wherein the set of illegal rate
transitions 2 conprises a quarter-rate frane followed by a Type-1

hal f-rate frame. WO 02/47316 PCT/ USOL/ 44574 23 8. The nethod of claim 2
wherein the set of 4l e I r aNSahion atreeill as¥ gb@ht fvo-Bit e
frame fol |l owed by a16Typg% f“t?}%tﬁc-x?ata-fe1 ?éjgprreﬁs SwﬁThe rrg?ﬁeqd of claim?2

wher ei n t he2setorobinatibmyidentifyt three filtet typeasand ope fpibitciltemtype ddentifier 5t o
frame foll owed by, a Iype-1 half-rate frame. 10. The nethod of claim2
wherein the sefo'éPmFP%/'g&a‘Tm’fgﬁ ‘e transitions 2 conprises an eighth rate
frame followed by a quarter-rate frame followed by an eighth-rate frane.

11. The method of c]aim2 wherei he .set, of, il.] egal r 2
conprises an eight h17?at rgﬁhqc{;lokoﬁie‘ﬁ‘ whefein (2 aflét%wgq It“(l')\?\ée{g by an
ei ghth-rateyfr PRGviged ratd HBniPRisho ndlizifk dhérdlatidihiy between SiXed abde ook al

S

rate transitio 2 conpriseés an eighth rate frane fol |l owed tﬁ’ 3 full-rate
frame fol | onedghipsaand linear prediction coefficient gains to create a threshiold 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

codebook 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.



eighth-rate frane. 13. The nethod of claim1 wherein the detecting errors
in the 2 provided rate conprises: encoding at | east one reserved bit of a
frame of speech to a 4 predeterm ned val ue; and validating the

predeterm ned value of a received reserved bit 6 corresp ' t he
encoded rese™W4R¥ . 14. The nethod of claim1 wherein tﬁ%@?@%ﬁ ng

errors in the 2 provided rate conprises: encoding an unused filter type
identifier for a frane of speech to a 4,predeterm ned val ue; and
validating the predeterm ned value of an“unused filter type identifier 6
corresponding to the encoded filter type identifier. WD 02/47316

PCT/ USO1/ 44574 24 15. The nethod of ' eign, t It t
identifier 2 conprjzgses ﬁomﬁp}og. 016811%?8}7&'%%%15\0 cllglgﬁfo% s{?\#}tgriéégﬁt t hree
of four two-bi processThperdéinteth oh postfilter syithests iriefrtoey. t ypes, and one

two-bit filter type identifier conbination is unused. 17. The nethod of
claim1l wherein the detecting errors in the 2 provided rate conprises

anal yzing the rel asonshl pubgiRfedb WsteRdBodalingal ns and | i near

predi ction coeffici'ent gains to create thr’esh | d Curve, 4 validating the
recei ved sp2ech wi trhearsdpereceivingtanencodesipeedh signalie. 18. The nethod of

claim11 further conprisi ercept ual @R?]ikﬂ ns fohegks
detected rate error ew g’grﬁ%bﬂ% %el.r%er?/l a gﬁrgre\s%@proceogsﬁ\ngs.ﬁ%g\. The
met hod of chai sighfl topesvadeah bacodedeaty; sidat e reset 2 processing conprises

overwiting nenory values with, zeros., . Th t hod of claim 18 wherein

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 recelving 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.

79. 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.



T T EE——
processi ng conprises overwiting nmenory values with initialization val ues.
21. The nethod of claim 18 wherein the nenory state reset 2 processing is
performed on novi ng-average vector quantizer nenory for fixed code book

gain. 22. The nethod of claim 18 wherein the nenory state ocessi ng
i s perfornmedWOP24id¢t ati on menory. 23. The nethod of clai #ﬁ@&aﬁéﬁil n the
menory state reset processing is perfornmed on LPC synthesis nenory. WO

02/ 47316 PCT/ USQ /44574 25 24. The neth of claim 18 wherein the nmenory
state reset processing is perfornmed on post-filter synthesis nmenory. 25. A
rate error detecti@p sydIhensrrarodgtedtonrsysten® ofreluirm 25 whesinithe moeens fencoded

speech signal; neans for perfornmng a.rate determnati Lih t he
speech 4 st gri@feting Q)P%\Hfdﬁe@ﬂrgﬁﬁﬁ%‘oﬁfcgf‘m&ﬁ rﬁg%ﬁsﬁfﬁlag@é é%?llmréperrors
in the provi degyd @iiticiPfor AiMalfFafepTystel ffinedollayed byan bightiatdate fameher ei n

the neans for 2 receiving an encoded speech signal is a nobile subscriber
unit. 27. The error detection systemof claim25 wherein the neans for 2

recei ving an encod sp h_sl.0 ' i &R CAl 2@r The
error detection sygg'em ﬁgcﬁérmagwﬁeggﬁﬁﬁﬁ?%a%@ﬁ%r gtﬁ%i\e&ﬁéeaé‘tsi n:é
errors in the @estirigle det aftitlegal mpieitmansitions eorapfises meanst fon greating andiegal | egal

rate transitions of consecutive fr S f speec | w edge of
speech cl assi f AS&EARRHOMLEPT HAYALET- %gﬁmi?lnge Yﬁ@%@'ﬁ@ﬁf@ﬁ Speech; and
6 means for determ ning the occurrence of illegal rate transitions. 29. The

error detection system of claim25 wherein to?e r,reagg f.or . 2thcreati ng _a set
of illegal rate trd3sitidwsereempetretion swsten of slaipy &3 (whegein the e, for

2 creating a set of illegal 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 ransitions 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.



rate transition for a full-rate frane followed by an eighth-rate frane. 30.
The error detection systemof claim?25 wherein the neans for 2 creating a
set of illegal rate transitions conprises nmeans for creating an illegal
rate transition for a full-rate, Type-1 frane foll owed by rate
frame. WO 02MP48G3BCT| USO1/ 44574 26 31. The error detec{)l on syrs%‘gm of
claim25 wherein the neans for 2 creating a set of illegal rate transitions
conprises neans for creating an illegal Kat e transition for a half-rate,
Type-1 frane foll owed by an eighth-rate frane. 32. The error detection
system of cl ai m 25 38her eThe tirer deteoldorf eysterd afrdaitri B whesein thé méane fat rat e

transitions_. conprises creatj.ng an il e tr nS|t| or
quarter-rat% MG %P&e&éﬂ ﬁr teﬁpagih? ﬁ?zpppaeisgnt?m?fg %ﬁ%
detection systgie ghnéitidh for’én wiphiterate irimeolowed B a Rﬂlcfae@ﬁm@ feuaeéd of
illegal rate transitions conprises neans for creating an illegal rate

transition 4orb}aalq%hﬂé¥af?éfﬂ@ef rame followed by a Type-1 half-rate frane.
34. The error detection systemof claim25 wherein the nmeans for 2
creating a set of illegal rate transitions conprises nmeans for creating an
illegal rate tran5|3191 onThererzor dstepttion-syatesn of atadmf 285 Mdheeein the aneaps don

full-rate f rr& - The ror a (itlonsstemof claim25 wherein the
neans for c %tﬁ?q"}ggerffrgé? prpyl gé’gareF%rpgn %hnsi ti ons conprises neans for

creating an il egalmgaisefol eAfdihg aNlchstr ormresérgbil Ibit- 6fod frafrieasfespbedh wed by a
Type-1 half-rate frame. 36. The error detection systemof claim25 wherein
the means fér P&edé'feé'ﬁ%’}%’g"a&“%% of illegal rate transitions conprises neans

for creating an il gl foRvRidakARThd pRAelepinirl GG a raetyclradEbvdbit Oved

by a quarter-rate frame 4 f y an eighth-rate frane. 37. The error
detection s§st enrespondingrio 25 encedesi reserved bifans for 2 creating a set of
il1legal rate transitions conprises neans for creating an illegal rate
transition for an eighth-rate frame followed by a half-rate frane foll owed
4 by an eighth-rateframhe 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 a predetermined 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.



WO 02/ 47316 PCTI USOL/ 44574 27 38. The error detection system of claim25
wherein the neans for 2 creating a set of illegal rate transitions
conprises neans for creating an illegal rate transition for an eighth-rate
frame follo full-rate frame followed 4 by an eig - rame.

39. The errWﬂB&%@ﬁ on system of claim 25 wherein the m?@¢@ﬁsé
detecting errors in the provided rate conprises: neans for encodi ng at

| east one reserved bit of a frame of speegh to a 4 predeterm ned val ue;
and neans for validating the predeterm ned val ue of a received reserved bit
6 corresponding to t4e &&6&@6 detectipycaystem of QpimrRs whergin ther meansdosy st em
of claim25 | OHESRI nRERS "£Sr | : | rate
conpri ses: n%gﬁé\%?@f};gﬁagg??% gfnycﬁsr?usgcejg&ﬁpfltb%r typée) flalzjgr?fl I er %érﬂa frame
of speech 4 tovaluggwitbeenosi ned val ue; and neans for validating the
predeterm ned val ue of an unused filter type 6 identifier corresponding to
the encoded filter type identifier. 41. The error detection systemof claim
37 wherein the nmeansi4f oThe 2rrdetdatdction systent of ichirhiz5 pwhetelte the adeans dogor i ses
means for analyzing the relationship between fixed code, book gai ns and
linear predi%t MATMUY SR FgsRHPTOCessilg| RUPTIFeT MEARSIOR OV ST !ae'@\em&elu%ﬁqd
means for vali ¢aiH meidliRghdeelieeed speech with respect to the threshold 6
curve. 42. The error detection systemof claim25 further conprising neans
2 for perceptually snoothing the effects of detected rate errors by

performng menory iathe g6t deledfibr Sybem YO Hdfn? 35 Wondrétl Weedds fér 28

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;



43. The error detection systemof claim 23 wherein the neans for 2 nmenory
state reset processing conprises neans for overwiting nmenory values with
zeros. 44. The error detection systemof claim25 wherein the nmeans for 2

menory state rocessi ng conprises neans for overwi tj ry val ues
with initial i@iﬁﬁ?ﬁ&val ues. 45. The error detection syst e%bg sc 421?’% 25

wherein the neans for 2 nenory state reset processing conprises neans for
perform ng nenory state reset processing @n noving-average vector quantizer
menory for fixed code 4 book gain. 46. The error detection systemof claim
25 wherein the neans rate determinasion element fox qerforving ¢ mefecdefgrminationreans

for perform,ng | lLallqon nmenory. 47. The
error detec ioﬁi@%%ﬁgﬁéﬁ(’g% %al%@?@?%é@ﬁgﬁﬁgg%gdt ’(;aﬂtrnki 2 menory state
reset processing coayate ereor detedior foodeteetirigernorain therprovided adte. r eset

processing on LPC synthesis nenory. 48. The error detection systemof claim
25 wherein the neans for 2 nenory state reset processing conprises neans

for performng nmenogly stiNeQate'édfRideRicEER SPdtéil of dlaii GORAedreihi the edte #yrot hesi s
menory. 49. The error detection system of claim25 wherein theh&er{@ns for 2

menory stat@ rdstectopreraptagsig iesabrate Bransitiom genesatoping crfating Age gpl
val ues with inifgj fixla'néiﬁbh%; Yitlsttetive HhmeB of é‘ecﬁg{a%!d &?kﬁﬁfvleﬁge %r_éﬁe“e@l
| or ncode signal ;> WO

conprising: 2"a recelver recelving an speec
02/ 47316 PCE/ Uglabsifiehfion an€l pronetit chatadter ofi coaversationabspacch and determining ng a

rate determ natj on 4 al gor.ithmon the.speech signal to provide an encoded
rate; and a ra %F“%ggi@r#%$Wé?§?ti ng errors in the provided rate.

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.



51. The rate error detection systemof claim50 wherein the rate error 2
detector conprises an illegal rate transition generator for creating a set
of illegal rate transitions of consecutive frames of speech based on

know edge of g 4 classification and phonetic charac

conversat i oné?&gzz‘g €h and det er mi ni ng the occurrence of ?’F?’gg‘g‘(“%te
transitions. 52. The rate error detection systemof claimb50 wherein the
rate error 2 detector conprises: an encager for encoding at |east one
reserved bit of a frame of speech to 4 a predeterm ned value; and a rate
error detector for 55al i dheiratg erres detestion system of claim 58 wherein the gato exor 6

reserved bit cqrr i to 1 &%}\in r error
det ection sgstgéﬁegtﬁpg‘?%bﬂ%?&t%;?g?ﬂagggg? a?ﬁér/e?g'#%srﬁe ecggtﬁegggn%?i ses:
an unused filtef detgited dentd i dres byr perfémaing aiensqryestate oresetppeokessingri ned
4 value; and a rate error detector for validating the predeterm ned val ue
of an unused 6 filter type identifier corresponding to the encoded filter
type identifier. 54. The rate error detection systemof claim50 wherein
the rate error 2 detector conprises 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
threshol d curve, validating the received speech with respect to the

t hreshol d curve. WD 02147316 PCT/USO /44574 30 55. The rate error
detection systemof claimb50 wherein the rate error 2 detector conprises a
rate error detector for perceptually snmoothing the effects of detected
rate errors by performng nenory state reset processing



