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i nt er-changeabl e. Speech coders typically conprise an encoder and a
decoder, or a codec. The encoder anal yzes the incom ng speech frame to
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bi nary data packet. The data packets are transmtted over the
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Background
[1002] Transmission of voice by digital techniques has become widespread,
particularly in long distance and digital radio telephone applications. This, in
15 turn, has created interest in determining the least amount of information that can
be sent over a channel while maintaining the perceived quality of the
reconstructed speech. If speech is transmitted by simply sampling and
digitizing, a data rate on the order of sixty-four kilobits per second (kbps) is
required to achieve a speech quality of conventional analog telephone.
20 However, through the use of speech analysis, followed by the appropriate
coding, transmission, and re-synthesis at the receiver, a significant reduction in
the data rate can be achieved.
[1003] Devices that employ techniques to compress speech by extracting
parameters that relate to a model of human speech generation are called
25 | speech coders. A speech coder divides the incoming speech signal into blocks
of time, or analysis frames. Hereinafter, the terms “frame” and “packet’ are
inter-changeable. Speech coders typically comprise an encoder and a decoder,
or a codec. The encoder analyzes the incoming speech frame to extract certain
relevant gain and spectral parameters, and then quantizes the parameters into
30 binary representation, i.e., to a set of bits or a binary data packet. The data
packets are transmitted over the communication channel to a receiver and a



guanti zed paraneters. [1004] The function of the speech coder is to
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I mpl enent codi ng of given speech types differently. Typically, voiced and
speech signal, or the target voice quality, with a small set of parameters for
each frame.
[1005] Speech coders may be implemented as time-domain coders, which
20 attempt to capture the time-domain speech waveform by employing high time-
resolution processing to encode small segments of speech (typically 5
millisecond (ms) sub-frames) at a time. For each sub-frame, a high-precision
representative from a codebook space is found by means of various search
algorithms known in the art. Alternatively, speech coders may be implemented
25 as frequency-domain coders, which attempt to capture the short-term speech
spectrum of the input speech frame with a set of parameters (analysis) and
employ a corresponding synthesis process to recreate the speech waveform
from the spectral parameters. The parameter quantizer preserves the
parameters by representing them with stored representations of code vectors in
30 accordance with known quantization techniques described in A. Gersho & R.M.
Gray, Vector Quantization and Signal Compression (1992). Different types of
speech within a given transmission system may be coded using different
implementations of speech coders, and different transmission systems may
implement coding of given speech types differently. Typically, voiced and
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transmssi toon'model, or predict, the short-term speech spectrum of each input frame of
speech with a set of spectral parameters, rather than to precisely mimic the
time-varying speech waveform. The spectral parameters are then encoded and
20 an output frame of speech is created with the decoded parameters. The
resulting synthesized speech does not match the original input speech
waveform, but offers similar perceived quality. Examples of frequency-domain
coders that are well known in the art include multiband excitation coders
(MBEs), sinusoidal transform coders (STCs), and harmonic coders (HCs). Such
25 frequency-domain coders offer a high-quality parametric model having a
compact set of parameters that can be accurately quantized with the low
number of bits available at low bit rates.
[1007] The process of encoding speech involves representing the speech
signal using a set of parameters such as pitch, signal power gain, spectral
30 envelope, amplitude, and phase spectra, which are then coded for transmission.
The parameters are coded for transmission by quantizing each parameter and
converting the quantized parameter values into bit-streams. A parameter is
quantized by looking for the closest approximating value of the parameter from
a predetermined finite set of codebook values. Codebook entries may be either
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Packets containing null traffic channel data are typically declared as erasures by
speech decoders. Speech encoders must not allow a permutation of codebook

20 indices representing quantized speech parameters to generate an illegal packet
containing all ones, which is reserved for null traffic channel data. If an eighth-
rate packet happens to be all ones after quantization, the encoder generally
modifies the packet by re-computing a new packet. The re-computation
procedure is repeated until a non all-ones packet is generated. Modification, or

25 re-computation of a packet usually results in a sub-optimally encoded packet.
Any sub-optimally encoded packet reduces the coding efficiency of the system.
Thus, there is a need for avoiding re-computation by reducing the probability
that illegal packets containing all ones, or any other undesirable permutation,
will be generated during the process of encoding speech.

30



Thus, there is a need for avoiding re-conputation by reducing the
probability that illegal packets containing all ones, or any other
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encodi Nng afor a given parameter is selected during parameter quantization while encoding
15 a speech signal, and a codebook reorderer for reordering the codebook to
manipulate the probability of producing a predetermined packet format while

encoding a speech signal.

20 BRIEF DESCRIPTION OF THE DRAWINGS

[1010] FIG. 1 is a block diagram of a communication channel terminated at
each end by speech coders;
[1011] FIG. 2 illustrates a simplified gain codebook that that can be used by
25 the encoders and decoders illustrated in Fig. 1;
[1012] FIG. 3 is a flowchart illustrating encoding steps that reduce the
likelihood of generating illegal, or undesirable, packets while encoding a signal;
[1013] FIG. 4 illustrates the codebook reordering step described in FIG. 3;
and
30 [1014] FIG. 5 is a block diagram of an encoder that can be used to reduce
the likelihood of generating illegal or other undesirable packets while encoding a

signal.



signal. WD 02/065459 PCT/ US02/ 03728 6 DETAILED DESCRI PTI ON [ 1015] The

di scl osed enbodi nents provide a nethod and apparatus for 5 enhancing
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ei ght h'3 at 8nd encodes P (n) fo
or communication channel 12, to a first decoder 14. The decoder 14 decodes
the encoded speech samples and synthesizes an output speech signal
ssynta(n). For transmission in the opposite direction, a second encoder 16
encodes digitized speech samples s(n), which are transmitted on a
20 communication channel 18. A second decoder 20 receives and decodes the
encoded speech samples, generating a synthesized output speech signal
SsynTH(N).
[1017] The speech samples, s(n), represent speech signals that have been
digitized and quantized in accordance with any of various methods known in the
25 art including, e.g., pulse code modulation (PCM), companded p-law, or A-law.
As known in the art, the speech samples, s(n), are organized into frames of
input data wherein each frame comprises a predetermined number of digitized
speech samples s(n). In an exemplary embodiment, a sampling rate of 8 kHz is
employed, with each 20 ms frame comprising 160 samples. In the
30 embodiments described below, the rate of data transmission may be varied on a
frame-to-frame basis from full rate to half rate to quarter rate to eighth rate.
Alternatively, other data rates may be used. As used herein, the terms “full rate”

or “high rate” generally refer to data rates that are greater than or equal to 8



Alternatively, other data rates may be used. As used herein, the terns
"full rate”™ or "high rate" generally refer to data rates that are greater
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equal to 4 kbps. Varying the data transnission rate is beneficial because
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5,926, 86 entitled A PLICA‘CIIION SPECIFIC INTEGRATED CIRCUIT (ASIC)
FOR PERFORMING RAPID SPEECH COMPRESSION IN A MOBILE
TELEPHONE SYSTEM, assigned to the assignee of the presently disclosed
20 embodiments and fully incorporated herein by reference, and U.S. Patent No.
5,784,532, also entitled APPLICATION SPECIFIC INTEGRATED CIRCUIT
(ASIC) FOR PERFORMING RAPID SPEECH COMPRESSION IN A MOBILE
TELEPHONE SYSTEM, assigned to the assignee of the presently disclosed
embbdiments, and fully incorporated herein by reference.
25 [1019] FIG. 2 illustrates an exemplary embodiment of a simplified gain
codebook 200 that can be used by the encoders and decoders illustrated in FIG
1 (10,20,14,16). The exemplary codebook serves to illustrate how an illegal null
traffic channel data packet could be created while quantizing speech gain
parameters. The exemplary codebook 200 contains eight exemplary gain
30 entries 202-216.
[1020] Entry position 0 202 of the exemplary codebook 200 contains a gain
value of 0. The bit stream 000 is packetized for transmission when the value O

most closely approximates the actual gain parameter being quantized.



paranmeters. The exenplary codebook 200 contains ei ght exenplary gain 30
entries 202-216. [1020] Entry position O 202 of the exenplary codebook 200
cont ai ns wogaioes4sval ue of 0. The bit stream 000 i s packet iPzeaIshno3728
transm ssion when the value 0 nost closely approxi mates the actual gain
par anet er bei ng quantized. WO 02/ 0654598PCT/ US02/ 03728 8 [1021] Entry
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Entry position t he exenp ary codebook 200 contains a gain 5 val ue
of 30. The1bimosttolasely appraxanptesktbe iachdl igain paralmtesbemg quantizetie val ue 30

nost cl ose prqoxi mates..th ual, gain anet nti zed 1023]
Eniry posi OR15 Zouneposiien & 2 ek iy Zdebii SGubbosk 2t Rl 4 Gair e
of 45. glhevank ¢t 8eantHelBit sfreRALHFY I.gﬁécliéirzearfanﬁahgymis%ibrvmantthe v\éﬁ]eﬂe 45
most cl osely approximates the actual gain paraneter being quantized. 10

[ 1024] Ent 80 nmuodoaalv approgiratestibe @ctig iganypareardieokeipgoiugstizedns a gain
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quant i zed valLid®545 EMtheybipeirehivr01 b i packetizet dopraniinisiore adiehané val
contains a gal n value of 75. The bit stream 101 is Backetlzed for
transni ssi 68 MPslelasely eapmlrmateﬁshﬁ@@tuamagbm@raaw% eingrquantizedact ual gain
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for transnvalsemi @0ehehkit srtbam 1@(0)mpad:kenizedébytrapmcssnomv\/daentthe vatiteual
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| s packetli 5 or Eﬁt?,n?a%uﬁéh F21P P thé @x¥AIpiEy cHRfRbBBR 1200 @&ﬂhhﬁs a gain

appr oxi mat e actual gain paraneter being quantized. [1028] In an

exenpl ary mfbecnfrr@ﬁx , Thenbit stregan 101 @packeilzed of frangmissian whanribe valug a
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encoder bepioze]quaNrthZ po&ition TP of Jiaé RxBAPMI} teidebabkEecorhink §am 104,
value of 90. The bit stream 110 is packetized for transmission when the value
90 most closely approximates the actual gain parameter being quantized.
[1027] Entry position 7 216 of the exemplary codebook 200 contains a gain
20 value of 105. The bit stream 111 is packetized for transmission when the value
105 most closely approximates the actual gain parameter being quantized.
[1028] In an exemplary embodiment, an illegal eighth rate null traffic channel
data packet contains sixteen bits, all equal to one. In the exemplary
embodiment, a transmission packet contains one bit equal to one when the
25 encoder begins quantizing 5 sample gain parameter values equal to 103, 104,
98, 99, and 100. The codebook entry position 7 containing the value 105 216
most closely approximates the parameter values equal to 103, 104, 98, 99, and
100, causing a bit stream of three ones to be packetized for each of the 5
parameters. After quantization of the 5 parameters, the exemplary eighth rate
30 packet contains 16 ones. The exemplary eighth rate packet created by the
encoding of the 5 sample gain parameters constitutes an illegal null traffic
channel data packet, which would cause an erasure at the receiver. To avoid
erasures at the receiver, the packet must be modified or recomputed. If the
packet is modified, it will be sub-optimally encoded, reducing the coding



98, 99, and 100. The codebook entry position 7 containing the value 105 216
nost cl osely approxi mates the paraneter values equal to 103, 104, 98, 99,
and 100,woansésagy a bit stream of three ones to be packet ipzedishoe37eeach of
the 5 paraneters. After quantization of the 5 paraneters, the exenplary
eighth rate 30 packet contains 16 ones. 9The exenplary eighth rate packet
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steps of reducing the likelihood of 5 illegal or other undesirable packet
creati on d@ereglaspecwith et Gxemplany eatbogimante Avistatiticab feqyeney history
enbodi nment . A | St | I ' each
codebook ef FWF@@%&&% “St‘ﬂﬁ??ﬁg%ibﬁgb%%?&“nte Z‘?gé%égéﬁf’g% g{neeg#%és%r based
on a | ar ge quaptization process based bnanldrge represemptive speectaand mpise sgrapleh
signal, is created. In one enbodjnment, a |l rgei 10 representative speech and
noi se data©%ad8 iRPYisEReeeN p?'@ﬂ?lﬁe'ﬁ herediR%ch 'An@nenSreRodgighte @ Troﬁégq east
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positioned 1'n the codebo entry location whose bit 'stream generation can
create an inbisegshmpie.ot Tbe leask sisedbcedgwerke entripoa¢adrdingntp tthe statistical used

debook ent ' he | tiQ | at i 1,h ' bi tt
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The hi st or gepkrdtiondcs eveat8 Ary fieyab il ctRie DAGESIFANE GRIckBT IRCsRRIMING &k be
repeated for the codebooks of all the quantized paranmeters in a codec. Each

addi ti onal lqastruredegodehnako8Rry unt ther Iacatiae cassorited Kth e dinstesiiefebibt i ng
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one nmay al Jhe hisprizatfteduencst atalgsis cand footigbeok yrearddrirsj pracesst ban dmelebook
reorder ngrelp?eated for the codebooks of all the quantized parameters in a codec. Each
additional reordered codebook further reduces the likelihood of generating an
illegal or other undesirable packet. The statistical frequency analysis and the
20 codebook reordering are generally performed offline. However, one may also
implement the statistical frequency analysis and the codebook reordering in
real-time.
[1030] Although the illegal packet of the exemplary embodiments is
described as an eighth rate, all ones null traffic channel data packet, it is
25 obvious to those skilled in the art that the techniques of the disclosed
embodiments may also be applied to reduce the likelihood of any undesired
packet, varying in format, size and/or transmission rate. While the disclosed
embodiments are described in terms of a CDMA communications system, it
should also be understood that the disclosed embodiments are applicable to
30 other types of communications systems and modulation techniques, such as
Personal Communications Systems (PCS), wireless local 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
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codebook efrefiehdy hist@lyVigncreated by analyzing a large representative speech and
noise sample to determine how frequently each codebook entry for a given
parametér is selected during the parameter quantization process. In one
embodiment, the statistical frequency history is created using a data base
20 containing a large representative speech and noise sample. Control flow
proceeds to step 304.
[1033] In step 304, the codebook entries for a given parameter are
manipulated to avoid or encourage a pre-determined packet format. To
manipulate a codebook to avoid an undesired packet format, the least used
25 codeword entry according to the statistical frequency history is positioned in the
codebook entry location whose bit stream generation can create the undesired
packet. Positioning the least used codebook entry in the location associated
with the undesired bit pattern reduces the probability that the undesired bit
pattern will be packetized. To manipulate a codebook to encourage a desired
30 packet format, the most used codeword entry according to the statistical
frequency history is positioned in the codebook entry location whose bit stream
generation can create the desired packet. Positioning the most used codebook
entry in the location associated with the desired bit pattern increases the



paranmeter is selected during the paranmeter quantization process. In one
enbodi nent, the statistical frequency history is created using a data base
20 cont aiwDng/oessbar ge representative speech and noi se sanpiceg/us@oi7eol fl ow
proceeds to step 304. [1033] In step 304, the codebook entries for a given
parameter are nmanipulated to avoid or &hcourage a pre-determ ned packet
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packet i zedstep®06&t ep of codebook reordering is further detailed in Fig. 4.
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may be dynamcally perfornmed in real tine to reorder the codebook for a
desired pitO38] ouln step B08& thar inputiispeechnsamplet & anabjzedou, extract dhe f | ow

proceeds to . step 306. .[10 I te n.in speech signal is
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Control flow proceeds to step 312.
[1038] In step 312, the packet is checked to ensure that in spite of the
codebook reordering, an undesired packet has not been created. If the
undesired packet has not been created, control flow proceeds to step 314,

20 where the packet is output for bit stream transmission. If in step 312, even
though the probability is greatly reduced, an undesired packet has been
generated, control flow returns to step 310 where the process of quantization is
repeated with conventional sub-optimal codebook entries. Steps 310 and 312
may be repeated to regenerate the packetv until the packet no longer contains

25 the undesirable format.
[1039] Steps 306 — 314 are repeated for every packet or frame of data input
to the encoder for transmission. One skilled in the art will understand that
ordering of steps illustrated in FIG. 3 is not limiting. The method is readily
amended by omission or re-ordering of the steps illustrated without departing

30 from the scope of the disclosed embodiments.
[1040] FIG. 4 further details the codebook reordering step 304 of Fig. 3. In
an exemplary embodiment, a frequency histogram 406 is generated from the
statistical frequency history sample created in step 302 of FIG. 3 using the
exemplary codebook 200 of FIG. 2. The histogram 406 shows that the value of



15 greatly reduced by the reordering of the codebook in steps 302 and 304.
Control flow proceeds to step 312. [1038] In step 312, the packet is
checked twoensessso t hat in spite of the codebook reorderi mgr/usn2esteesired
packet has not been created. If the wundesired packet has not been created,
control fIOM/proceeds to step 314, 20 wh2re the packet is output for bit
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history is created using a data base containing a large representative speech

and noise sample. The selection frequency of each codebook entry for a given

parameter during the parameter quantization process is determined by the

Frequency History generator 508 and input to Codebook Re-orderer 510.

20 [1042] Codebook Reorderer 510 reorders codebook entries to avoid or

encourage a pre-determined packet format, producing Reordered Codebook

512. Codebook reordering is generally performed offline to save computational
power; however, codebook reordering can optionally be performed in real-time.

1. A speech signal is input to parameter estimator 502, which

25 extracts the relevant parameters for quantization. The extracted parameters are

input to Parameter Quantizer 504, which uses the Re-ordered Codebook 512 to

generate a transmission packet. The transmission packet is validated by

Packet Validator 506, which outputs a coded speech bit stream. In one

embodiment, a base station comprises the encoder apparatus 500 for

30 enhancing coding efficiency by reducing undesired packet generation while

encoding a signal. In another embodiment, a user terminal comprises encoder

apparatus 500 for enhancing coding efficiency by reducing undesired packet

generation while encoding a signal. In another embodiment, a base station, or

a user terminal, comprises a computer-readable medium having instructions



[1041] FIG 5 illustrates an exenplary enbodi nent of an encoder apparatus
500 for enhancing coding efficiency by reduci ng undesired packet generation
whi | e encwodioagesassi gnal . Frequency History Generator 508 eceatsex03r2s
selection frequency history by analyzing either a |arge representative
speech and noi se 15 sanple or an input $peech signal. In one enbodiment,
the statistjcal

requency history is created using,a data base containing
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desired papjgiial dgveksatrhodules 16dAlitsTangl, algorithrel staps! desprilost ¢h wehhectiaand
apparatus {N(I)trh tel'nr]ehaerr]r(\:ti)or}J?ments disclosed herein may be implemented as electronic
hardware, computer software, or combinations of both. To clearly illustrate this
interchangeability of hardware and software, various illustrative components,
20 Dblocks, modules, circuits, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
25 implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.
[1045] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
30 an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a

microprocessor, but in the alternative, the processor may be any conventional



coding efficiency by reducing undesired packet generation while encoding a
signal have been described. Those of skill in the art woul d understand that
i nf or mat WD oanes4s® gnal s may be represented using any of aPganiser/y37es
different 10 technol ogi es and techni ques. For exanple, data, instructions,
commands, information, signals, bits, ¥mnbols, and chips that may be
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a conbi nation_ of conputi ng devi ces, e.g. , .a_ conbi nati gn of
medium may reside as discrete components in a user terminal.
[1047] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.
20 Various modifications to these embodiments will be readily apparent to those
skilled in the art, and the generic principles defined herein may be applied to
other embodiments without departing from the spirit or scope of the invention.
Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

25 principles and novel features disclosed herein.

[1048] WHATIS CLAIMED IS:



a DSP and a m croprocessor, a plurality of m croprocessors, one or nore

m croprocessors in conjunction with a DSP core, or any other such 5

conf i gur awpen/063439046] The steps of a nmethod or al gorithm eezarsobexi2s n
connection with the enbodi nents disclosed herein may be enbodied directly
in hardware, in a software nodul e exect®ed by a processor, or in a

conbi nation of the two. A software nodule nmay reside in RAM nenory, flash
menory, ROM nenory, 10 EPROM nenory, EEPROM nenory, registers, hard disk, a
removabl e disk, a CD-ROM or any ot t'fIIAiIWS" of storage medi um known in the
art. An exenplary storage nediumis coupled to the processor such the

processor can raqad A i MRt foP NdEtePminiid dbitr ;b,ﬁeaﬂnnfregrwehmidno,oft BRyn@l or age
medium In the alternative, the storage nmediummay be integral to the
processdr . pParRmesryAuartizast fosencoded YAPFAIRSIORGPMBTIEEG: r esi de in an ASI C.

The ASIC rmy oSt 06 B APE BN R 1bAuG S, B SHARAR FalubD Sellctsg o0

and the storage nedi resi e ’conpon n-a us

term na4. [drqudntiZzimg theasigral pat@vetergiamh of the di scl osed enbodi ments is
provided to enable any person skilled in the art to nake or use the
present invention. 0rdgringdae sedeboekvalyes todnanipalate 1he gopiants ohihe be
readi | ygappicghnt 0 those skilled in the art, and the generic principles
defined herein may be applied to other enbodi nents w thout departing from
the spirit or scope of the invention. Thus, the present invention is not

intended to be Limted tp th nbodi t hpwn . her.ei t, istob
ntendd o e i ol STRES: WRBIe BRI o e
features dhﬁﬁ'@ﬁ@%l@?ﬁk/&rar&é@i@}e%@énth@ ShPLiRR) A3 reBRIEE065459

PCT/ US02/ 03728 ~ 15 met hod for detérmning bit stream
representation of signal 2 paraneters quantized for encoded transm ssion

el bctod 4 for ool St s, biSestSHbEeY dRneARERALe ¥RCHTRG =
codebook vgignabcomprisingpul ate the contents of the
creating a statistical history of the frequency at which each
4 codebook entry in a codebook for a given parameter is selected during
parameter quantization while encoding the signal; and
6 reordering the codebook by positioning the least frequently
selected codebook entry in the codebook location associated with an undesired
8 packet format.

4. The method of claim 3 wherein the creating a statistical history of the
2 frequency at which each codebook entry in a codebook for a given parameter is
selected during parameter quantization comprises analyzing a representative

4 signal and noise sample.

5. The method of claim 3 wherein the creating a statistical history of the
2 frequency at which each codebook entry in a codebook for a given parameter is

selected during parameter quantization comprises analyzing an input signal.

6. The method of claim 3 wherein a plurality of codebooks associated
2 with a plurality of parameters representing one signal are reordered.



6 bit stream 2. The nethod of claim1l wherein a plurality of codebooks
associated 2 with a plurality of paraneters representing one signal are
reor der edw032/06548®t hod for reduci ng undesired packet generatiusn2/odTes e
encoding a 2 signal conprising: creating a statistical history of the
frequency at which each 4 codebook enti1§ in a codebook for a given

parameter is selected d ara ter t|z t|on V\/m eencod

signal ; and 6 rdor "Pé}[‘?ﬂg’féﬂ q'b ﬁ'f"FE)d PRE ‘Ft 34 N B%t ly
sel ect eg C%thﬁé}lﬁﬁgp’aﬁkétﬂ t he codebook | ocation associated with an

undesi red packet format. 4. The nethod of claim 3 wherein the creating a

statistical hlstory of the 2 frequency at which each codebook entry in a
codebook for a n_par

Compri ses. analy B v TRePa<Enealn /2 Mo Pul iR aﬁ'ﬁ%é’%g”péci%h' >

met hod of @bﬁiarﬁ@am/@m@w Bnéde creating a statistical history of the
frequency at which each codebook entry in a codebook for a given paraneter

is selected during par anet er quantization conprises anal yzing an i nput

signal. 6. The @tﬁgé’ pé{j%tfra%wm%t%r& glﬁﬁﬂraﬁén fanﬁgpﬁgfao[lﬁcket |s

associated 2 wth ar Givet. repres I'ng “one "si gnal
reorderzd. eébded 365@531 f2at8/ USOZ/ 03728 16 7. The nethod of claim3 V\/nerel n
the undesired packet is a null traffic 2 channel data packet. 8. The

met hod of claim7 wherein the null traffic channel data packet 2 contains

al | binary ones.i9s i diPidiohsbdstied RECeh ehBRari Wlls Bhbbinghannel
kit g

data packet is enco at el ghth-rate. I ncreasi
desi r ed2 pasigsial gcampriamgon whi | e encodi ng a 2 signal corrprl si ng: creatl ng a

o arores 0o e o S AL 1 BB B S G o 2
4 codebook entry for a given parameter is selected during parameter quantization
while encoding the signal; and
6 reordering the codebook by positioning the most frequently
selected codebook entry in the codebook location associated with a desired

8 packet format.

11.The method of claim 10 wherein the creating a statistical history of the
2 frequency at which each codebook entry in a codebook for a given parameter is
selected during parameter quantization comprises analyzing a representative

4 signal and noise sample.

12.The method of claim 10 wherein the creating a statistical history of the
2 frequency at which each codebook entry for a given parameter is selected
during parameter quantization comprises analyzing an input signal.

13.The method of claim 10 wherein a plurality of codebooks associated

2 with a plurality of parameters representing one signal are reordered.

14. A speech coder for encoding speech comprising:
2 a frequency history generator for creating a statistical history of
the frequency at which each codebook entry in a codebook for a given



whil e encoding the signal; and 6 reordering the codebook by positioning the
nost frequently selected codebook entry in the codebook | ocation

associ at esowninbés4sw desi red 8 packet format. 11. The net hoacefusot/adi7es 10
wherein the creating a statistical history of the 2 frequency at which
each codebook entry in a codebook for al@iven parameter is selected during

ot se. shpPa AR fhSSIRATDA DO AIAELY AHarERORRNLS 8AY oGS 4 SORET L cal
history of sifaal; zhdf requency at which each codebook entry for a given

parameter is selected duri n% paramet er quantization conprises analyzing an
i nput sfgnal. 13. The ¢addheokoeorderemfanradidesng the godebdodk yo anaripdiab®oks

Feor der ed. e Py dalbhocs MRBBRFNGS, BEEKSC e SR oBbAIR Flicncy
hi st or yg gegpeééiosighalr, creating a statistical history of the frequency at

whi ch each codebook entry in a codebook for a given WD 02/ 065459
PCT/ US02/ 03728 17 4 paraneter is selected during parameter quantization

whi l e encoding 3eSpeeeRoosh i dafh A4 ONEPARKNECOSABIB feabRpraPT i ng
t he codebook to fanipafare € probability or producing a predeterm ned
packet 2 or redrdeting etlencoolielspok 18 spamipblate gttad . probabhity spkeprodacigr af
claim14 wherein the codeboo&) reorde,;er for, 2 reorderi ng t he codebgok to
mani pul atepf?f%t%fr"?dﬁﬁﬁi Pagket otormad duiite: £neodiige @ SEPRFM c3HIPAl: kequges,

whi | e e@cogg%t%gawgpgmua,gj@ﬁ uhgggﬁ;@@pga@et_ 4 probability of producing an

undesi red t.” 16. The speech coder of claim 14 wherein the codebook
reorderer for 2 reordering the codebook to nmanipul ate the probability of

producing a pr er mi ned packet .format, while .encoding,a speech signal

e eases the' dOpIBhABRFRR o5k s Suilt 1" Wateif B8 (lbelek B3 ekt 16 cec

coder of cladribdg MY etddddtokuneeshasipulds keie | probabliity of producing a
predetermined packet format while encoding a speech signal increases the

4 probability of producing a desired packet.

17.The speech coder of claim 15 wherein the undesired packet is a null

2 traffic channel data packet.

18.The speech coder of claim 17 wherein the null traffic channel data

2 packet contains all binary ones.

19.The speech coder of claim 17 wherein the null traffic channel data

2 packet is encoded at eighth rate.

20.The speech coder of claim 14 wherein the codebook reorderer
2 reorders a plurality of codebooks associated with a plurality of parameters

representing one speech signal.

21.A base station capable of encoding a signal comprising:
2 a frequency history generator for creating a statistical history of
the frequency at which each codebook entry in a codebook for a given

4 parameter is selected during parameter quantization of the signal; and



2 traffic channel data packet. 18. The speech coder of claim 17 wherein the
null traffic channel data 2 packet contains all binary ones. 19. The
speech cowero2oés469 ai m 17 wherein the null traffic channel pdatsoz/@7packet is
encoded at eighth rate. 20. The speech coder of claim 14 wherein the
codebook reorderer 2 reorders a plurali8y of codebooks associated with a
plurality of paranmeters ,h representing.,one speech signgl, 21. A bas tation
capabl e of encoding & %‘?d(ftpé’PF(cr@ ‘?@Pﬁ%’: feé’f@e‘r"?%é{a%ﬁegeh?éf & W%{BB@? or
for cregti pgp 6ré‘da%‘illt?b'f ROAULING A predfetertiifed pREKENRYMAL WHilkCéhRrsiy frdebook
entry in a codebook Tor a given 4 paraneter is selected during paraneter
quanti zati egnaf. the signal; and WD 02/ 065459 PCT/ US02/ 03728 18 a codebook
reorderer for reordering the codebook to mani pulate 6 the probability of
produci ng a predeterm ned packet format while encoding the signal. 22. The

bast station of ppleidnbakt Wigtich oft d18ing e hawdteine tiglodlebbok redrderer der i ng
t he codebook to mani pul ate the probability of produci ngba pr eédet er m ned

pacléet 2 or FRArJGANG e thehcerieRpok JdpgraRNipU@R ethe hRrobabibiabi Pf tRrogucing a
. . ' . f ! Ceh
Codebook r B TnpS bBRS( fhmat wnid ¥hedify & skinteflods BebiobaBlty 61 " "¢

probabi4 i t praducinigodniahdgsieed paekitt er mi ned packet format while encoding a
signal increases the probability 4 of producing a desired packet. 24. The
base station of claim 22 wherein the undesired packet is a null 2 traffic

channel data paég.efhe 2 eTQEtiBﬁS@f elafthi 2 \/leﬁe@trﬁitﬁ@ %d@ﬁ@ggi@og&gen%ﬂ

traffic channel data Zspac et contains all binary ones. . The base
st at i or2 of rexrderin@4thehecadabaoke taulranipalaté cthehapriobabiite aof 2pnedokieg iss

gggggggk% ggé%gérgpiﬁgégja&@gfoxrm%t QN%FG gﬁgédir% aogig%gﬁfn@reZéLse\’éht%reer')rrcl)bEaBﬁ:’uty

4  of producing a desired packet.

24.The base station of claim 22 wherein the undesired packet is a null

2 traffic channel data packet.

25.The base station of claim 24 wherein the null traffic channel data

2 packet contains all binary ones.

26.The base station of claim 24 wherein the null traffic channel data

2 packetis encoded at eighth rate.

27.The base station of claim 21 wherein the codebook reorderer reorders
2 a plurality of codebooks associated with a plurality of parameters representing

one signal.

28. A user terminal capable of encoding a signal comprising:
2 a frequency history generator for creating a statistical history of
the frequency at which each codebook entry in a codebook for a given
4 parameter is selected during parameter quantization of the signal; and
a codebook reorderer for reordering the codebook to manipulate
6 the probability of producing a predetermined packet format while encoding the

signal.



2 a plurality of codebooks associated with a plurality of paraneters
representing one signal. 28. A user term nal capable of encoding a signal
conpri si NyO 02/065459 equency history generator for creating &C3tusvy/et7esal
history of the frequency at which each codebook entry in a codebook for a
given 4 paraneter is selected during pd@aneter quantization of the signal;
and a codebook reorderer for reordering the codebook to manipulate 6 the
probability of producing a predeterm ned packet fornmat while encoding the

signal. VD 02/ 068 RSt YEHRinaP 67 1gjd 28%hdin UAE' cddbibboRedRlierel A 28
wherein the codebook reorderer for reordering the codebook to manipul ate
t he pr dbabréordgring phedoedetpak tpr edanipulateethepapiobability nat pvodusingncdi ng

a signal reduces the praobapjlit f. 4 producin n_yndesjred packet.  30.
The Leer 1 BISHSIGIMBRdHazKRL insma e, Prdbtie bl et PreBRDISY of

r eor derq ngptdif SRePkeliredpAEIAt ate the probability of producing a
predeter m ned packet format while encoding a signal increases the

probability 4 of producing a desired packet. 31. The user term nal of

backet 32, The BOcT YBHF TaiilaP BF S 2e0nBEtaim tin S RinbpbraRiiGer e
data 2 pagdstiefingt the'Sceddbdoknadby reasipulats. THee pradablliiey nohaproduicieigaian 31

wherein the null traffic channel data 2 (iqacket, is encoded at eighth rate.
34. The usePradateimined Jrackehfarmag witiler enerding a: sigapbinereasssdiiecprobabiidor der s

a plurgfity BFOO%%WQHF%%%B%E&&F ed with a plurality of paraneters

representi ng one signa conput er - readabl e nmedi um havi ng i nstructions
stored thereon to 2 cause conputers in a comunication systemto performa

nethod for determning bjt streamr.e sentati gn of ,si.gnal paraneter
quanti zed for  #eHiHee lraiahad SR g wiheeimiie Undssied paket 183 AUl

2 traffic channel data packet.

32.The user terminal of claim 31 wherein the null traffic channel data

2 packet contains all binary ones.

33.The user terminal of claim 31 wherein the null traffic channel data
2 packet is encoded at eighth rate.

34.The user terminal of claim 28 wherein the codebook reorderer
2 reorders a plurality of codebooks associated with a plurality of parameters

representing one signal.

35.A computer-readable medium having instructions stored thereon to
2 cause computers in a communication system to perform a method for
determining bit stream representation of signal parameters quantized for
4  encoded transmission comprising:
analyzing a history of the frequency of codebook values selected
6 for quantizing the signal parameters; and
reordering the codebook values to manipulate the contents of the

8 bit stream.



anal yzing a history of the frequency of codebook val ues selected 6 for
quanti zing the signal paraneters; and reordering the codebook values to
mani pul atwotobeeaent ents of the 8 bit stream WD 02/ 065459CPTROLIEO28 03728
20 36. The article of manufacture of claim35 wherein a plurality of 2
codebooks associated with a plurality o0 paraneters representing one signal

are reordered. 37.A corrglut er-readff-lbl e nmedi um_ havi nglyi nstructi onﬁ st 0{ ed

thereon to 2 c3@ddecqficeet Mmanvfacdiusahicstaimn 38 WRerel PR aOhet hod
for reduci HYRS HssBEiaRdf With HERFAIRY bP htBrLPEsERting ShéIShal are
conpri géllng?‘gqle cr egtsdlsﬁgggp%fatbstﬁggﬁ{ %Ps?gﬁﬁ%grtwgr eq{J ncy a@ whi ch each
codebook erdargered. a codebook for a given paraneter is selected during 6
paramet er quantization while encoding the signal; and reordering the
codebook by positioning the least frequently 8 selected codebook entry in
the codebook | ogRiA eBniRecicdaBldVindtian HANRG ihsWuctiReKsloré®thBleon3® The
article of manufacture of claim37 wherein the creating a 2 statistical

hi st or \2 of cause ¢eragutens jn atconineinicadion systesh do pesiormya Method daretssbiking or  a

gi ven paraneter. is sel Lur i [ er Nt ' .conprises 4
anal yzi ng 4n %@fs@ﬁﬁfﬁéﬁg@q'éﬂﬂ%%%]%ﬁé%aﬂ qlépﬁ%k%e article of
manuf acg ure of cl ai neRatingeaestatistiealc histdiyngf ahe2 fregaehoy | tawHictstesich of
the frequency at which each codebook entry in a codebook for a given

par anet er ¢edehgokc €aHY i ighFasebarkt tar guaivenz Reranetesnisr isslested; dHINGy zi ng
an inp S| 40 articl e ] ; e claim 37 wherein a
plurality %?&ﬁietgggté%%i%gﬁééﬂé@!ﬁ %ﬁoﬁﬁ@ﬁbg@ﬂ?g{ji ty of paraneters
representing one sigreardenirg theorabeilebdok 4by Tpesitioningl ehef leashufreguently of
claim 37 wherein the undesired packet, 2 is nul | traffic, channel .data
packet B azselenied.sadenpek Gtivn e codeaodk \elomassothlsd MintUntrsred a f ¢

channel  packet format.

38.The article of manufacture of claim 37 wherein the creating a
2 statistical history of the frequency at which each codebook entry in a codebook
for a given parameter is selected during parameter quantization comprises

4 analyzing a representative signal and noise sample.

39.The article of manufacture of claim 37 wherein the creating a
2 statistical history of the frequency at which each codebook entry in a codebook
for a given parameter is selected during parameter quantization comprises

4 analyzing an input signal.

40.The article of manufacture of claim 37 wherein a plurality of
2 codebooks associated with a plurality of parameters representing one signal are

reordered.

41.The article of manufacture of claim 37 wherein the undesired packet
2 is a null traffic channel data packet.

42. The article of manufacture of claim 41 wherein the null traffic channel

2 data packet contains all binary ones.



2 data packet contains all binary ones. WO 02/ 065459 PCT/ US02/ 03728 21 43.

The article of manufacture of claim4l wherein the null traffic channel 2

dat a packwD meséaaprcoded at eighth rate. 44. A conputer-readablusomextetim

havi ng instructions stored thereon to 2 cause conputers in a comunication

systemto performa nethod for increasRhg desired packet generation while
hi s of, the

encodi ng a signal npri.sing:. 4 creatin .Statistical ory. h

frequency at mﬁéh%g‘ﬁcﬁ{“d@cfgma%wf? QQFgl‘mé‘a‘]gY"sﬁF?"bg?%ﬁﬁﬁ HPYflcsCf?é}'@&t ed

duri ngd@ar @E%@écl@fﬁ’snéﬁé@déooé‘l ei§hifyat& encoding the signal; and reordering
e

t he codeboo positioning the“nost frequently 8 selected codebook entry
in the codebook | ocation associated with a desired packet format. 45. The
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given paraghuss tSmpaterst R HUsdrisuPiatioht 8ystewdd Zidorm G NRBHHRRS fof
analyzing a representative signal and noise sanple. 46. The article of
manuf act ur icseasing desiad paeket generatian while egcading asignakeqroplisingst ory of

the freguency at whicgh h_c - fQr LV a . j
sel ected during par aﬁé%%&(éqSa%géq%ﬁ%loﬁﬁééﬁﬁ)roﬁsgﬁ,e ghe%%ﬂgég#ﬂlgﬁi%%%
signal . 47cdtebsuk entrgfarfa gvenfparameterdt selettad ddrinh paeameterpjuantization of 2
codebooks associated with a plurality of paraneters representing one signal
are rddrdwhidg encoding the signal; and
reordering the codebook by positioning the most frequently
8 selected codebook entry in the codebook location associated with a desired

packet format.

45.The article of manufacture of claim 44 wherein the creating a
2  statistical history of the frequency at which each codebook entry in a codebook
for a given parameter is selected during parameter quantization comprises

4 analyzing a representative signal and noise sample.

46.The article of manufacture of claim 44 wherein the creating a
2 statistical history of the frequency at which each codebook entry for a given
parameter is selected during parameter quantization comprises analyzing an

4 input signal.

47.The article of manufacture of claim 44 wherein a plurality of
2 codebooks associated with a plurality of parameters representing one signal are

reordered.



