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to the study of signals in a digital representation and the processing methods of these
signals. Digital signal processing is an element of many communications technologies
such as mobile phones and the Internet. The algorithms that are utilized for digital
signal processing may be performed using specialized computers, which may make use
of specialized microprocessors called digital signal processors (sometimes abbreviated

as DSPs).

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 illustrates a wireless communication system;
[0005] Figure 2 illustrates a wideband encoder that may be utilized in a wireless
communication system;
[0006] Figure 3 illustrates a high band encoder from the wideband encoder of
Figure 2;



[0008] Figure 5 illustrates a w deband decoder that
may be utilized in a wireless communi cation system
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[0013] A method for dynamic normalization to reduce loss in precision for low-
level signals is disclosed. The method may involve determining a normalization factor
for a current frame of a signal. The normalization factor may depend on an amplitude
of the current frame of the signal. The normalization factor may also depend on values
of states after one or more operations were performed on a previous frame of a
normalized signal. The method may also involve normalizing the current frame of the
signal based on the normalization factor that is determined. The method may also

involve adjusting the states’ normalization factor based on the normalization factor that

is determined.
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R ?al?cltoirz&‘ieir%ri]ngtl%%t c%hlp%g&ﬂsél%; bg%Xnt}?g%red to determine a normalization
factor for a current frame of a signal. The normalization factor may depend on an
amplitude of the current frame of the signal. The normalization factor may also depend
on values of states after one or more operations were performed on a previous frame of
a normalized signal. The system may also include a signal normalizer. The signal
normalizer may be configured to normalize the current frame of the signal based on the
normalization factor that is determined. The system may also include a states
normalization factor adjuster. The states normalization factor adjuster may be
configured to adjust the states’ normalization factor based on the normalization factor

that is determined.
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may be configured to implement code-division multiple access (CDMA) techniques. In
a CDMA system 100, the intersection of a sector and a frequency assignment may be
referred to as a CDMA channel.

[0021] During operation of the wireless communication system 100, the base
stations 104 may receive sets of reverse link signals from sets of mobile stations 102.
The mobile stations 102 may be conducting telephone calls or other communications.
Each reverse link signal received by a given base station 104 may be processed within
that base station 104. The resulting data may be forwarded to the BSC 106. The BSC

106 may provide call resource allocation and mobility management functionality
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[0025] A voice coder, or “vocoder,” is a device that facilitates the transmission of

compressed speech signals across a communication channel. A vocoder may comprise
an encoder and a decoder. An incoming speech signal may be divided into blocks of
time, or analysis frames. The encoder may analyze an incoming speech frame to extract
certain relevant parameters, and then quantize the parameters into a binary
representation. The binary representation may be packed into transmission frames and
transmitted over a communication channel to a receiver with a decoder. The decoder
may process the transmission frames, dequantize them to produce the parameters, and

resynthesize the speech frames using the dequantized parameters. The encoding and
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provided to the high band encoder 228. The high band encoder 228 may encode the
high band signal 220 according to information in the low band excitation signal 226,
thereby generating an encoded high band signal 230.

[0031] Figure 3 illustrates the high band encoder 228. As discussed above, the low
band excitation signal 226 may be provided to the high band encoder 228. The high
band encoder 228 may include a high band excitation generator 332. The high band
excitation generator 332 may derive a high band excitation signal 334 from the low

band excitation signal 226.
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relatively low. The term low-level signal may be used herein to refer to a wideband
speech signal 214 that has a relatively low amplitude. Where the incoming wideband
speech signal 214 is a low-level signal, the amplitude of the low band excitation signal
226 may be fully represented, or at least mostly represented, within the LSBs of the
available bits. If the LSBs are discarded by the high band excitation generator 332, then
there may be a significant loss in the precision with which the low band excitation

signal 226 is represented. In an extreme case, the low band excitation signal 226 may

be approximated to zero by the high band excitation generator 332.
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the signal normalizer 338 may normalize the

of the low band excitation signal 226 by an amount that corresponds to the
normalization factor 344.

[0040] In some implementations, the normalization factor 344 may be negative. For
example, once the normalization factor 344 is initially determined, an amount (e.g., 1)
may be subtracted from the initial value of the normalization factor 344 as a protection
to prevent saturation. This may be referred to as providing “head room.” Where the

normalization factor 344 is negative, left-shifting by a negative normalization factor 344

may be the same as right-shifting by the corresponding positive number.
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211 and the minimum value may be -2". If M = 16 (i.c., if 16 bits are used to
represent the low band excitation signal 226), the maximum value of the low band
excitation signal 226 using 2’s complement signed arithmetic may be 2'°-1, or 32767
and the minimum value may be -2'°, or -32768. In this situation, saturation may occur
if the bits of the low band excitation signal 226 are left-shifted so that the value of the
low band excitation signal 226 exceeds 32767 (for positive numbers) or becomes less

than -32768 (for negative numbers). The normalization factor 344 may be determined
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These steps (i.e., determining the normalization factor 344, normalizing the current
frame of the low band excitation signal 226, and adjusting the normalization factor of
the filter states 342) may be performed for each frame of the low band excitation signal
226.

[0046] Figure 4 illustrates the factor determination component 346. As discussed
above, the factor determination component 346 may determine the normalization factor

344a for the current frame of the low band excitation signal 226.
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i ndj e to what extent the bits of the current
gﬁ%ﬁ%wg#&gie | ow band excitation signal 226 may be

[ 0860} s hiTfHee gealin; hfadior C43Hs inig Hat détédintiBdd based on the filter states
information 348 that is received. The scaling factor 454 may indicate to what extent the
bits of the filter states 342 may be left-shifted without causing saturation. The
procedure for obtaining this scaling factor 454 may be similar to the above-mentioned
procedure of determining the optimal value 450 for the normalization factor 344, the
array of numbers in this case being the filter states, where the filter states may be states
from different filters.

[0051] In some implementations, some filter states may be double precision (DP, 32

bits) and some filter states may be single precision (SP, 16 bits). In such



[ 0049] As discussed above, information 348 about the
values of the filter states 342 after the filtering

wop@sarisehs were perfornmed on the previous fraP@Er/o820011@86076

normal i zed | ow band excitation signal 336 nay al so be
provided to the factor deternj pati on conponent 346.

This information 348 may be uked to deternine a

scaling factor 454 for the filter states 342 of the
hh@hrnblamﬂorexdﬂetbm dkawrlgellimtian dact@3 theThmbtopreomentfilteh states may

j t th f t f

bOBPRITERr it pog M Fafon Rt e ik Drciselef dSabyrpdactor of
s86ld hhd A6 ale &éﬁl Wlsb(ﬁl dshsh mlﬂﬁg basest &rﬂerhﬁﬁed which is the
filter states informati on 348 t hat |s recei ved. The

boasi hipck avronalizisien nfagtor hdivean ghisoscaledt doowt dowble hmecmon block

bits.of .th ilter, states 342 left-shifted ..
BetiGttieratsion anddbs bReR g TP deetiph. i ineld precision filter
SR nTHéQloW%‘s@bl%@l@'n‘oﬁﬁaﬁz@ﬁb@rfa&&‘lnﬁ?yth&f«‘ b§|dﬁ|tﬂtﬁt%dta@ the scaling
t he above-nenti oned procedure of determ ning'the

fﬁgtqr ak. valthie spifid exanmie theotermd cursanit dranfeamiroaliagign factor 344a

tatE pIoRY lme VBRI Pt FoioR 085 FefRP o ey i Gy, foctor i the

ghiker&Miod Hbh&hSThd ARSLdtathnGaIHEZAER ﬁ@faﬂﬁ?w@mﬂo scales up by
sone filter states may be doubl e precision

bifacsyr efntehosherelifferencsr baswegrethe maymblezagipm ddatorpidcthel wrdetermined

SP. 16 bi C tation

B bt e el QoSO RS Tl AT 220 Rt fhebfpaljzation factor
SAAHRS WwiBYcRnPRY Fb@d prhhibiss BANE KT MRI1GR! bandtdxBifation signal 226,
factor may then be scaled down by a factor of two to

bribregeshifing fhe be G dorblsinssconomBler swics Hamy " hen

ter edvvhch i.s the ] owest bl o nor ma
RidsEET CLbREEOR Pl kB g bioer T st T PREPRIdsf Bt Sptoments
Y RRictigdlitp dyad edferddtttd Be a oagiion v ambiigatof onent 458. The
factor of the single precision filter states.

Mﬁm@@n pensiitommerralicpengt erotcfoptimat valug 400 der the norrnahzatlon factor
QJMap d c%s et p %rarsncealo { ar gﬁd 469611’[3,‘[' Iq L hl Eemﬂle Saturation
exanp Fh Hterrrs current rane norrra | za I on actor

&%atlcaﬁﬂaja BIY ideptshdf dnadhe sedinErthdtdind s Ofor fiachiRdr sBAd342 of the high
refer to the normalization tactor in the single
panslcaxsitgipnoenaiater 33Re filter states nornallzatlon

r 8=l 340 ales u act r. of Lo
IRRPE7 o b lickn BB R b oS Pl B PR actor 3440
foy thepRi15ul &dnfedf thé & ve BadesdcithtiGHTE ﬁﬁtﬂ 22Be Thewola#itkation factor
excitation signal 226 and the normalization factor 344

p4rix forhy Rrevierniramg of dic loweband evrigaiionfsigneb 2 mayiéndieate to what
%ﬂ?ﬂ% tﬁ%< % t%gf %1% E%%égurhaflrargg gf thgqf)&rb%nh %%(él fa%io hf %?Qp%%ﬁh \gfér]e shifted

recisron filter s

Pridifouliidrin@nopeediiding lb@i’ﬂlg@onbtﬁed%ﬁ|th@bﬁdmuﬂf@n€@ﬂf)ﬂl@&fdﬁ’mahzed
that inplenents
low band excitation signal 336.

[0054] The saturation condition that is evaluated may be expressed as:

Qinp - prev_Qinp > Q_states (1)

[0055] In equation (1), the term Qinp may refer to the optimal value 450 for the
normalization factor 344a for the current frame of the low band excitation signal 226.

The term prev_Qinp may refer to the normalization factor 344b for the previous frame
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ﬂﬁ%&] t heAﬁc’ AHBqCF ?OQXIJ BSh L ssignal 524 (or 224) may be provided to the wideband
decoder 560. The wideband decoder 560 may include a low band decoder 562. The
low band decoder 562 may decode the encoded low band signal 524, thereby obtaining
a decoded low band signal 518. The low band decoder 562 may also output a low band
excitation signal 526.

[0060] An encoded high band signal 530 (or 230) may also be provided to the
wideband decoder 560. The wideband decoder 560 may include a high band decoder
564. The encoded high band signal 530 may be provided to the high band decoder 564.
The low band excitation signal 526 that is output by the low band decoder 562 may also
be provided to the high band decoder 564. The high band decoder 564 may decode the



was di scussed above in connection with equation (1).
Hence, the normalization factor 344a may be given by
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Emar at uglemnewa%b&rér 350 alagnatgbh@ch?faeaé §RhARFiIRE béhk 516. The
e station 104 within a witel ess conmini cati on

dyotlednld@ thanfl 00G@] SAR thaic sdedpiitoby tlan dbveibgndildeb@br (2 and the

2 to th d 6
ratndnteto BBl ooyt Fred e o e o Beets S0 may be
ﬁ%deah@ thOw Rl flecadar 5262 TRY%yHBEad %1&#%@@99%% combine

ow band signal 524, thereb%@obtalnlng a decoded

thandttcedagnlaw Bargl. Slgrh?é S18wnd ghel dewclod drghsBmdnmagnah|520 t0 prOduCG a
o%%%ut a |l M/bang gxcitation signal 526. [0060] An
s nsrghs B d 1 4i gnal 530 (or 230) may al so be

[0eY] dedrietnikn@ad dedandselesRdance@Osonlh6f YMedi@@Iﬁ[b‘al cornponents
decoder 560 may include a high band decoder 564.

‘éﬂtwd@oﬂehcr@mdkﬂ@mde 81 gmakct®BOvitatheegipbandi euheoldqrd28h£ or example,

64. Th d t t
BsdheR3ony SRGGEE T s g’ BEERTLEE hgiBr 332, me
Gb8A MempiRY 3dEaht Fileh galkl ABrRaNdtiSe EREeRadpRAr 3408and the factor

hr'gh band decoder 564 may decode theencoded hi i gh band
é¢tgtmranatmocmmdﬁ ot 6Thas¢ cpmponants pie ndyeshpww ibdighre 5.) The
excitati na 52 t hereb bt ai nj oded

ARG Bnh Mk AafnsBaMs Ehs Nnde SsAed J0CHR e teagign of the
BRYespbifding Reperds SHANES| Gestiibddeibdania Rl&ionTREthe high band
decoded | ow band signal 518 that is output by the | ow

timderd%%é?od@humlze teabinig pes @ré@@wédamwg fohdytdms¢ garmalgagon of the

I E bl 2y 2R O PP, STRERR R ot 262 may atso e

spprebes tie 1biv Baal cReitkiohk naﬁsaazﬂambﬂs REowA e HigaRdSth theWontext of
band smgnal 518 and the decoded hi gh band signal 520

@Wl‘éﬂb@ é@COéGW@eband speech si gnal 514. [0062] The
m&ggl i cal glgrg H stra es a ¥0(\I1N§§de Poa Islgnqllé n%g*m% 1zat10n to reduce loss in

CI'I ove

pRENRE! fof 'Ivalév*él Ellgﬁalﬁll g'lhe biadiEo & OO ey %Zl&plé‘_rﬁénted by a wideband
exanpl e, the high band decoder 564 may include the

Pﬁcg'ﬁelbah%l veilden t g MapHe gedEnal 07 03P basthstagpydpt within a wircless
nOrrnn‘ﬁ 1cat?9§14§r?§§egx}] g&f heAltfe}’ne 1Vg'lt ?{h% mlR6 &T%bd) %yi b%ningpqg&lgnrted by a
Wldeband decoder 560 within a rnoblle station 102 or a base station 104 within a
wireless communication system 100.

[0064] In accordance with the method 600, a current frame of a low band excitation
signal 226 may be received 602. A normalization factor 344 for the current frame of the
low band excitation signal 226 may be determined 604. The normalization factor 344
may depend on the amplitude of the current frame of the low band excitation signal 226.
The normalization factor 344 may also depend on the values of filter states 342 of a
high band excitation generator 332 after filtering operations were performed on a

previous frame of a normalized low band excitation signal 336.



determ nati on conponent 346. (These conponents are not

shown in Figure 5.) The operation of these conponents
wWOoreaoso®ssd m | ar or identical to the operation RPET/UR®07/086076

correspondi ng conponents that were described above in

relation to the high band encoder 228. Thus, the

t echni ques descri bed above f of> dynam ¢ normalization

of the | ow band excitation signal 226 in the context

fr6a] wi détsandrecantade of #ic2owelyand|csoitdsmnaypgial 36 taytheerormalized

I band excitatian sigpal hat | s sho in Figure.

680 hoRH o e estimeBfaroiliop g ek slstoriued pbedp Mifion, he
FbaliSattor tabidp bf @t edtcAstaRE BPAhcHOh b1 ¥ RAYnCenerator 332 may be
normal i zation to reduce I oss in precision for

hdyustb 6@l basicd nalkle. noTimelizativh dett@0H4rthyt ibdetempheheint. ed

w deban coder 212 within.a bile station 102
BIOEN bad GO0 of MHRTLGR TEMOH DU oS Er i PGB i factor
syAt 8P O Gurdht eahRt bV BleYiow BEndTRLARH R AFdTRY2BE gli"hleereference

i mpl enented by a wi deband decoder 560 within a no
strabdroi4e0Rfas ta thasernstlabiion fader d4anfon the wirrehtesme, and the

D, S0 e OB ROl PO AERE b o frame
EXE I AP NG inga?ai)e 24FlcARYtcB Yy 8GRiIVIRHAdIORedA 212 within a mobile

normal i zation factor 344 for 'the current frame of the
btotwbdd exei basei gatiai dhdl witkig aayirblessd sommuinregtios Ggstem 100.

e nornalizati,o ctor, 344 may depend.on t o
IGrRRLIE bF R PRt o P Ry SERET PafiPalybcoder se0 witin
A06118 FhiieN 1B @Nabasé Stior N4 Wahiied Wz sl ddniAGtiOdtiodddstem 100.
may al so depend on the values of filter states 342 of

H0e7hh danaceexdsineat wish denercttodr 7882 aaf pprimali [viabrei 4§0 for the
oper at i ons.wer er.f or med on revious frane of a .
Rl AR dorebE et el ghae Baebiiths)taonsienal 226
iy e fetchmaidd 700. tihe dpeimab ailde axgifdotht ABrAlaabn &20r 344a may
may be nornualized 606 based on the normalization =
indecatsr to3whattdxgant ithe bigs ef ticrraarcs0fame of dledlow band exsetation signal
mal i zatd gn.factor of the filter states of the high
BB R Tkt BB Srep S siplid e ach usted 608
[assH Q%tsbzﬁiﬂ}ofaﬁwri%at fophd FtePktaB4B420at theShigh band excitation
determ ned 604. é0066] Figure 7 illustrates a nethod
goerdter 33 may riendatgmingsoy ¥al Thatscdmef aetond584day fndgcate to what

LS T S8 BRI EL QR B,
[UD6

gpl i Z@Eétﬁﬁtiﬁﬂ@bﬁiti&ﬂﬂﬁyf&fevﬁl'ﬁ@te@ g0 € Mhe fsh@Rion @BAdition may
the reference nunber 344b refers to the nornmalizati on

flepsnd on 3aeptinad] viahie 43001 b pofmaliretiyn fastorPettn by thourrent frame

[ 2nt.ed b i deband der. . i t hi
T 6 AFRL B 821t 50 AR IR B B on

Ydalifd €8GoICHIITEIH thatilRn seystBIM d0@e high band excitation generator 332.
The saturation condition may also depend on the normalization factor 344b for the
previous frame of the low band excitation signal 226.

[0070] If it is determined 706 that the saturation condition is not satisfied, this may
be interpreted to mean that setting the normalization factor 344 equal to the optimal
value 450 that was determined 702 is not going to cause saturation. Accordingly, the
normalization factor 344 for the current frame of the low band excitation signal 226

may be set 708 equal to the optimal value 450 that was determined 702.



Al ternatively, the nethod 700 may be inplenented by a
wi deband decoder 560 within a nobile station 102 or a

Wha®s/0msst i on 104 within a w rel ess conmuni cat PGRUS2007/086076

system 100. [0067] In accordance with the nmethod 700,

an optimal value 450 for the normalization factor 344a

for the current frame of the 1®w band excitation

signal 226 may be determ ned 702. The optimal val ue

HOa1F or If ites determainicd 406 dlmt ftlae saturaBdl eonvhiyori ciatsficel, thos may be
what tent the bits of the current fr of the |ow.

bk BcPrtagang R ielfatho D8 Al Bt Ttk 05 Rl o e el value
490/Sthitd vaRT HEBIhiARY idéo%]%oﬁl%ﬁqal tdile f @@h@fiort 54 Alc@8rdingly, the
the filter states 342 of the high band excitation
peneliastom B8Rr Pdya lher thetcermitnizand 04 theTloe bayall ¢xegation signal 226

factor may, .i ndi cat e what extent the bit f the .
PRV P8 iS40 P n g e e LS B UNET ABRAC: B qemhgeY. Qinp
aal UeRt 1t9Nhe MBARAIzZafoS Fd6AIMN f&OME | fréABuIBYMBEf the low band
eval uated 706. The saturation condition may depend on

ttvatatipn signil 226. uEha 8OMf Qr stathe may madel ite dtd ssalifig actor for the filter
3t44a fﬁ)r the current franme of the | ow band excitation
Yflghar“226. The saturation condition may al so depend

wa7bhe SGakknY fifEheles 494idRr cbMBohdntd ahatStadye He34rili®éd in a
the high band excitation generator 332. The saturation
conainicamonyaleviek $61 ddihe edmonini dagomodavade HHt may infchule @rprocessor

4b faor the previous frame of t I band excjtation
S R s BigPERRR oft A ciise i nadierBeRs SEhe also be
R dabhI9R @and Mdn‘x}ﬁ%r i385, NOkicB alaySht186b bdthirsadi@y BRmory (ROM)
interpreted to nmean that setting the normalization
ancbrapdorg 44cessymamoryo(RARD oppvidas insaiaiond 8ad datato thegrocessor 803.
702 is use saf

etermn oi ng t.o,C ation,
Acesifh A0 Pieaot APl A dfcIgE R Sahl e igp it pocess memory
guvramy). frane of the | ow band excitation signal 226
may be set 708 equal to the optinmal value 450 that was
HWO73F i g cpommymocativps [device 80§ rapst dperinsduic7oBousiizg 8Qhthat may
sat uration ndition is satisfie this may be .
PRlde B b RE S 4R ke B BT b Mot PiBriaerb g tspeption of data
bactker thtddore@umikatidhs tdeQicemoilnald ¥ adniigte 48QitibAAITHARSansmitter 811
determined 702 is going to cause saturation.

Mk scdivag BY3 mayebgeempineg antp ontranseeiver 844 Anogntemna 817 may be
curre rane.of e | ow. band excitatiaon signal 6
Al 0ot RO s S ha00 G R DDA S

fiogapss erheaddeuniédtidns BEVILPSEV i AR TBNudEh Signkiddidteor 807 that
normal i zation factor 344b for the previous frane of

maz be aebtondrtest end guarsry shoglare! of s@naltprecaieadrhyQhs tegngsgiver 815.
S5 08 et Ny LT bl S ey
pdrationmye (&) ehipk] podebrispectral density, and other signals.

[0075] A state changer 819 of the communications device 801 may control the state
of the communications device 801 based on a current state and additional signals
received by the transceiver 815 and detected by the signal detector 807. The device 801
may be capable of operating in any one of a number of states. The communications
device 801 may also include a system determinator 821 that may be used to control the
device 801 and to determine which service provider system the device 801 should

transfer to when it determines the current service provider system is inadequate.



conmmuni cati ons device 801. The conmmuni cati ons devi ce
801 may include a processor 803 which controls

wWopmsariseh of the device 801. The processor 80BCTHH$2007/086076

also be referred to as a CPU. Menory 805, which may

i nclude both read-only nenory (ROM and random access
menory (RAM), provides i nstruttions and data to the
processor 803. A portion of the menory 805 may al so

[M9GbLide Thenwaviohaterheoneatsdd ithacoegsnicemmsydefideRAMmay be coupled

0073], The communi_cati ons device, 801 may al so i nc¢cl.ud
oo, by B T B Rt st o <otk iy bus. and
g sfa%sse&igﬁau ’43int Qlddkdrow arc@fasmsssmavea&g f{feg%g@a(@ bfQflarity, the

ata between the conmuni cati ons devi ce

vanois dubws atd dlustraibe it FagusnB tas dlre Buslsystemd82% c®he eomBibiBications

T Rthe e 60¢ h BiciolR RN nitsohaDsPLRET egapr yp processing
ggggged to the transceiver 815. [0074] The

conmuni cati ons device 801 may al so include a signal '
HO72kt orin®Omatidratandeygiods msydbe acplesanted amidg cqaranof fay varicty of

| evel. of signal ecei ved, by the transceiver. 815.
et et lpatis ity oshoiey  Faf Satmgisc ot griglighs. Commands,
198 atiBRE sBhalsPhhPtth€ NI Yha Efa P SEU FORAINSE (tﬁll&léﬁd;utpﬁle above
power spectral density, and other signals. [0075] A

desatiptihmayg de rgirescofedt heva tages g ents crlectponsigoetic@@avasagnagnetic

t | t. t at th i ti s devij 01
R R R T Y R e o
[0DT8] VedrHRy virtfist [IRESARIY Rgi®l DlsiMd, dedRedksedibyits NBethods, and

signal detector 807. The device 801 may be capable of
dlgeridin pigps Aiseloyedohercinf may he minglenhteslt iatlegdwarhesoftware, or both.

0 ni.cati ons devi ce, 801 may..al so.i.nclude a syst.em :
8t B ot BRs 1 Y aptertyn Bt Bu Ot HEBRE ofnd FEvare, various
ARMIr&8 B IRReNtt, o 16Ee Bt fIes Wiicalls 8&1 WegLhdVeDébdl@Escribed above
system t he devi ce 801 shoul d transfer to when it

genceal byl indermshed their funstiosadity. déhothreswhehefungiyetadify isgmplemented as
hnaﬂg u%;e. 0076) Th varuﬁgsaﬁon§9nengstof %@e : traint
BV Yot BT HSOTidE WOT e BEUED (PGP Ji i ggy copstraints
Py s8y S(hﬁ_f’(h@?o%eml GhstéraY 'Sk@l'lddld@rt%aﬂ@\@ﬁdy bﬁh@}err@nt the described
control signal bus, and a status signal bus in

fuagiionadity trovary gt waysulor caghnpartieulart anplicieons Hkesush implementation
larity, the rious. busses .are.illustrated in Figure
Jubiobli ol e P TR Rh R bR el 260

PHW/9P| SOHenGkideeil RiseitdictiBLicSli I6Es, ROOGIES SR citddiFHefdBed above
or use in processing signals. [0077] Information and

Biag gl isnpheryersed peperéeraipdedithy @i grjcehpueiose pieschser.ya digital signal
B LSbEnLAC P! QBESIANd TR QSR FOL GBS ). o ol
programmable gate array signal (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 a controller,
microcontroller or state machine. A processor may also be implemented as a
combination of computing devices, ¢.g., a combination of a DSP and a microprocessor,

a plurality of microprocessors, one or more microprocessors in conjunction with a DSP

core or any other such configuration.



information, signals and the like that may be
referenced throughout the above description may be

W0 pBeMsM ed by vol tages, currents, el ectromagP@r/U82007/086076
waves, magnetic fields or particles, optical fields or
particles or any conbination thereof. [0078] The
various illustrative | ogical B ocks, nodul es,
circuits, nethods, and al gorithm steps discl osed
H880] n by rhethodsplisriesat ddreimmbnbdwaplkemesef timbardwaoy, in software,
b DT hE Y erao G Reb S PR IRIRAL b h e ar
SORPORaRhRs O Aok AREY! @8 ntdy 681ssd aRdudd RISMhAMRory, flash
been descri bed above generally’in terns of their
fgmoty, &AM mgmofh EPREM suerioryy UREPRONAMictpry, gegisters, a hard disk, a

i npl f h f d th )
b D el B G0 T oM es RfedSk » sinele
ARrbARNOVE Mdlnly BYSicEBhs, Il hed bardidEBned WY sWRELMEBMbrent code

the described functionality in varying ways for each
peanteintsy lagnong phffersat pograuiand wctess mpllephe teregomedia. A storage

BEE P RORUPENR' Pshoph R S MO HAH R G prormaron
Fresi @Al wlite Clkformame k& Sthanebredd fielifuen. a8 Ghé RREMAPRY 8he storage

may be inplenented or perfornmed with a general purpose
medisiesmay be telirgl to dhe grogesadr. processor (DSP), an

ot A Pod o o oAs o |
P g iR o SRS S RE e GRRSS dastdhihast sisPpgy actions for
HRO/ 2 1THR RlcSeritREingetBlaY | Tf meihd g &S afkbea®iont ﬁf&?soiestﬁt@fchanged

;%glc, di screte hardware conponents or any conbi nation
oo knefber yitleait depaseng Gom theecdpa e theoigimge e pihigegords, unless

herei.p. eneral purpose proces may be a .
oo sl SRl of S RRs PRFTERR IR TR ARuBppascetbaseitic steps
gRY o tian£ORY bOhodIficd W ieHHE BEaitald REm ke Stopt 6f MR EHIIME.

A processor may al so be inplenmented as a conbination
HX082b np W higspeificdfeaturas. agpects and wbninguratoms dhvab@spllasigted and
m.crpoprocessor, a plurality,of mcroprocessors,,one .
o Tl B P e e i i R0 TSRt B, precise
ednfruyatidh el @uipdneaniilguarti H0vE. 0086bud A diRahesss changes, and

di scl osed herein nmay be inplemented in hardware, in

safatinas enayope ards. inSgfet apngcrayt, rapstation andagdstafioomths features,
RSP E R S Aol LR TR DY of e
thashh nmenory, ROM nenory, EPROM nenory, EEPROM nenory,
r%gisters, a hard di sk, a renovable disk, an optica

OSR]I anWihatds eleimdsl isSof t ware may conprise a single
instruction, or many instructions, and may be

di stributed over several different code segnents,

anong different prograns and across nultiple storage

medi a. A storage



medi um may be coupled to a processor such that the
processor can read information from and wite

WO pfosomEs4 on to, the storage nedium In the  PCT/US2007/086076
alternative, the storage nediummy be integral to the
processor. [0081] The nethods_ di scl osed herein may
conpri se one or nore steps or!%ctions for achi evi ng
the descri bed nmethod. The net hod steps and/or actions
may be interchanged with one another w thout departing
jrom %x'ﬂ%pg&gﬁ@ tl%? id Jb%fghéh'}‘& e to llj&iu%ﬁ fos&in
specific er of stepS or actions is spec
predsiongndloor-1cuslesigfalss peapfidicg:st eps and/ or actlons may
be nodified wi thout departing fromthe scope of the
cl ai nBPTqB¥8Y] Wil e specific features, aspects, and
confi t i bed, it
COnt ! AUERE) BTGNS BERHLLIR 66 pRadudespl bed, 1€
t he pmstug®ns stofddyurtit momory) dlenmstpmmans being bxestitabtegd:

above. Various .nodifications nges, an variatio
may be nadéetﬁwn%anawai}%@%%ﬁewr %ﬁeah g ofie pight s wherein

of the featur esthe%ﬁﬁgﬁz%m@mt&ca% LM roﬁtah% h@Lﬁi%Corfltﬁéeamm
above wi thout departing fromthe scope of the clainmns.
[0083] Vhat is Ghabwtheissgnbl, aAd whppar ticusrmilatatios factor also

configured for %fag1c qgrnal zatign to reduce l1o0ss in
precision for | °pes, A v sgates Plilesti)rntﬁoreé)peratlons were

processor; mendpyfirheglof Gl rONbes £ARTHN ﬁ@&ﬂa‘ﬁ&ed"hgﬁhlt he
processor; and instructions stored in the nenory, the

i nstruct i onsniadizatheexeeut fadrheof the sgetldraseden the normalization
normal i zation f for for.a current frane of a signal,

wherei n the nor F&i 4 1 BIF 4 aRsk 24pends on an

anpl i tude gfiy&thRe GMEEeRImAARBN @Jct&rhﬁs&i SNAL noAlization factor
wherein the nornallzatlon factor al so depends on

val ues of st at ethahfstdetermmedor nore operati ons were
performed on a previous frane of a normalized signal;
normal i ze the current franme of the signal based on the

hor malThe appacaiud @fcdtlam 1,ivadterdis tidatoemalirmion fanak iad¢legtd so that
the states' nornalization factor based on the

FOVHEPT SABINChOFHEt or that is deternined. 2. The

apparatus of claim11, wherein the normalization factor

IS selected so that, ) o o
3 The apparatus of claim 1, wherein determining the normalization factor for the

current frame of the signal comprises:

determining an optimal value for the current frame’s normalization factor based
on the amplitude of the current frame of the signal;

determining a scaling factor for the states based on information about the values
of the states after the one or more operations were performed on the
previous frame of the normalized signal; and

evaluating a saturation condition that depends on the optimal value for the
current frame’s normalization factor, the scaling factor, and the

normalization factor for the previous frame of the signal.

4. The apparatus of claim 3, wherein the previous frame’s normalization factor
indicates to what extent bits of the previous frame of the signal were shifted prior to the

one or more operations being performed on the previous frame of the normalized signal.



saturation does not occur. 3. The apparatus of claim
1, wherein determning the nornmalization factor for
w0 b@somssent frane of the signal conprises: dePE&F/OB00TIER6076
an optimal value for the current franme's nornmalization
factor based on the anplitude of the current frane of
the signal; determ ning a scéﬂJng factor for the
states based on informati on about the values of the
§t at eShafpmeratthel danm Hrwheogie tlepmtiatal valse Wertbe perdng fraed s

on t re |ous fr th rmal i zed signhal ; d.

St et s SL R D fo R TR PO L A e vaRisdRas Rt pgnal can
BPL®: N HRodt Qhusidpesatithigint frame’ s nornalization
factor, the scaling tactor, and the nornmalization

factor for the previous frame of the signal. 4. The

8PPar hdigpitartl & dMith 3, W1REGh T RENIRT BYIoPYS the RS Tdicates to
normal | zat'i on factor i'ndicates to what extent bits of

tvhet qxtant bosisf the ataes@hn bb h:ﬂss;lgfn@d witkewe cgimifg eturptioror to

the one or nore operations being perforned on the

previous franme of the normalized signal.5. The

appar aheisppatatad aff dhaith, 3, Wekeh thet daairatjuni gvatitiealiviexpressed as Qinp -

the current frame's normalization factor indicates to
deait QepreRe stpice.svhsreip REnR isrthepptimelaicdpr teeugFRfr{same’s

&f if
e oM el R Cel b aBligy g o,
aliewhéraine3 dtaieh is alicescaling ol f@nhesttateb.l ts of the states
can be left-shifted w thout causing saturation. 7. The
apparatus of claim3, wherein the saturation condition

8s exwh@ lﬁﬁehtasso@mﬁﬁ wille@din (@ tAY satui@xish adiRtion I SaRIIad,
ist timal value for the current franme's

ﬁ@emmmngéhc? @ﬁ‘reﬁlaérﬁ@lﬁ s npR@plgatiop fasporduriferj comprises setting the

Y T R S L

appaglatalie fof thelcairbhtIranvh e h@inializhtidnhfactda twhoadih fev_Qinp is the

condition is satisfjied, determning the current

prcxiows Sramsrhrarmakization facsen and Wb@r@w& Sy ppisiteescaling factey for the

gg%scurrent frame's normalization factor to prev Q np
‘states, wherein Qnp is the optiml value for the

current frane's normalization factor, wherein prev

h f
%n b Jl"lsle la)pea{ rsgél G alth{1 i 1fn[86 ?%%rtaﬁ(?rtl f:gl{]dltf(ﬁlcltsglpt §a%§9 ed,

erern SCa a or

QeterhiiRin@NRAE S ﬁ@fne Gl r@rtﬂh@zatﬂa‘)ﬁ eic@drTuithertddgpsiaés NeatngQne
condition is not satisfied,
current frame’s normalization factor to the optimal value for the current frame’s

normalization factor.

10. The apparatus of claim 1, wherein normalizing the current frame of the signal
comprises left-shifting bits of the current frame of the signal by an amount that

corresponds to the current frame’s normalization factor.

11. The apparatus of claim 1, wherein adjusting the states comprises shifting bits of
the states by an amount that corresponds to a difference between the current frame’s

normalization factor and the previous frame’s normalization factor.



determining the current frane's nornalization factor
further conprises setting the current frame's
waonosmrassat i on factor to the optimal val ue forP@HES2007/086076
current frame's normalization factor. 10. The
apparatus of claim11, wherein_normalizing the current
frame of the signal conpriseszheft-shifting bits of
the current frane of the signal by an anount that
tdr r eShoaptmrates efrdaigul, verereih dateshsingoth ealiirera tfifapre’s normalization

actor. 11.. The apparatus pof claim1l erei
b et ng e IPRE Buepl b Ehl 14 p e Ropatepare
E&%r&%d@r@@hmrgﬁﬁg@éﬁ&orresponds to a difference
etween the current frame's normalization factor and
the previous frame's normalization factor.12. The
ppar @flyﬁp&ﬂ;atﬁ & ity 1, WMIREGH hd8h RN pﬂb%ahﬁ%xa%%ﬁ Rfgnal,
rame's rmall zation factor, normalizing the current
vhame the nbimealzedrizhal iaadoadilirsd lovg birtkecxsitatiessigimad, wherein the
erformed for each.frame of. the signal. 13. The :
§B‘6§P’%§’t {er sfatosioda dish b @F@F%IOP%H%?‘Qﬁé‘ing{iv@eéel?Hlﬁhé%lhlaand
B B e N A B 1 KR R LR ngliSecow band
statheen sigealf i | t er states of a high band excitation
generator, and wherein the high band excitation
generator derives a high band excitation signal from
lhe nOheappazeds dfalibali] wexedid aérivang tiedigh bantidxcitdin signal
pparatus of claim 13, wherein deriving the high band
g%li tb%ﬁ?@ﬁ?@?ém bWFﬁ@%ﬂ%ﬁP?@@&eﬁ BeiteraHae filtering
R SRR H TR RS prR IR Mind LIEHLE Bgnyl e
bhamndhliextfiltatstaes. si gnal using normalized filter states.
15. The apparatus of claim 13, wherein the high band
excitation generator does not use |east significant
b§.ts ThemppahraudeldEih 73 e Hetsin hamdglekaidteatitatonsiegaator does not
derive the high band excitation signal. 16. The )
By agshbigaifisantditifiam theeamalizediles bapgexcaatian pignal to derive the
ﬁ%h%ﬁﬂc?gxgi A0 & Mpbile station and a base station. 17.
e appar at us of claim1, wherein the instructions are
conprised within an inplenentation of a conponent that
IS selected fro W dehand encoder . and w deband . .
e oad Pl Rl PSTRETn I EPRarRar r el E0Rq mobite station
sePdesclsesionl N precision for | owlevel signals,
conpri si ng:

17. The apparatus of claim 1, wherein the instructions are comprised within an
implementation of a component that is selected from a wideband encoder and a

wideband decoder.



determining a normalization factor for a current frane

of a signal, wherein the nornmalization factor depends
wo@eooan7@spl i t ude of the current frame of the sPQIEE2007/086076

and wherein the normalization factor al so depends on

val ues of states after one or_nore operations were

perfornmed on a previous frame?of a nornalized si gnal ;

normal i zing the current franme of the signal based on

the normalization factor that is determ ned; and

j usthi ' TRl ] r :

P RS bR noB e RN 1L e OS] s G i Tow-teve

sippads,aouprisingt i s configured for dynamic normalization

to reduce loss in precision for |owlevel sjgnals, .

conpr &Py NInNgLpsmplizatign fagten fAT fgUtEeH Sremsaf: satingh wherein the

factor for t ' : [

nor mal i zat P%r@? %%:t?dglrfa%gggﬁﬁg&%%l %%gg Iltluldﬁﬁﬂélggﬁ‘r%rﬁgmme of the

current frsipealpdndtwlkeersinginahgornatidatiheaebnaltdiéepends on values of

normal i zati on f&ctor al so depends on val ues of states
after one YPICHBHE WHEF HATHARCTARNS WS PEoRIed Of aprevious frame

previous fg oﬁ{ah@e({]ﬁ%ﬁ?J i zed signal; means for
normal i zing the current franme of the signal based on
t he noommllizingtthocurfae frametoli dte signatibised wh tisdhoramatizatearfsctor

for adjusting. the states' normalization factor based

in

on the nor FafisAsiadmeAa®idor that is deternined.20. A
conpuy ﬁstfn%qgégla@s’%uma@lgﬁffa&w&ge& 6h e HoBmA28bn lctor that
instructions executable to: determne a normnalization
factor forisalecumimedt frane of a signal, wherein the

normal i zati on factor depends on an anplitude of the
current frane of the signal, and wherein the

b@r maAinzaparatus et isotonéigsie d depdmasi onoralizeHnabd ratuat &ss in
after ane or nore o?erati ons were perfornmed on a

pieeivioner lopalerclorgngls, spmasiv&d si gnal : normali ze the

e e BPRChBE 5L FS BDE A
nor mal i zat ihercfraibt aormxdetorofactondeprasrah az atmipbtudt a€ thercurrent
that is frame of the signal, and wherein the normalization factor also depends on
values of states after one or more operations were performed on a
previous frame of a normalized signal;
means for normalizing the current frame of the signal based on the normalization
factor that is determined; and
means for adjusting the states’ normalization factor based on the normalization

factor that is determined.



determned. 2 1. A systemfor dynam c normalization to
reduce loss in precision for |Iowlevel signals,

W@ owpnTEssyg: a factor determ nati on conmponent PEEUS1087/086076
configured to determine a nornalization factor for a
current frame of a signal, wherein the normalization
factor depends on an anplitud%Sof the current frane of
the signal, and wherein the normalization factor also
depends on val ues of states after one or nore

aper af%: c?)ﬁﬁ)u‘f&frga(ﬁﬁfefrﬁédﬁﬂ c?ﬂﬁ 24 fm?’ét&lé% sfe{ @ﬁﬁsstﬁfctigns executable

nor ma signal; a signal normalizer that i
wonfigured to normalize the current frane of the

signal based on the norpmalization factor that is ,
det er fistRERINe a MR zptRLRICHos foF Gutent Bams Q¢ sienalapisictythe

Chat | K . , s
at 1s Coﬂé(ﬁ'lglﬁrz?[ n t%ct@fjh%:b%h& &?a&%rg@%de Hﬁﬁt@%}dgéﬁ%a% of the

factor base e normal’l zat 1 on tor t
det er m nedsignal, and wherein the normalization factor also depends on values of

states after one or more operations were performed on a previous frame
of a normalized signal;

normalize the current frame of the signal based on the normalization factor that
is determined; and

adjust the states’ normalization factor based on the normalization factor that is

determined.

21. A system for dynamic normalization to reduce loss in precision for low-level
signals, comprising:

a factor determination component that is configured to determine a
normalization factor for a current frame of a signal, wherein the
normalization factor depends on an amplitude of the current frame of the
signal, and wherein the normalization factor also depends on values of
states after one or more operations were performed on a previous frame
of a normalized signal;

a signal normalizer that is configured to normalize the current frame of the
signal based on the normalization factor that is determined; and

a states normalization factor adjuster that is configured to adjust the states’
normalization factor based on the normalization factor that is

determined.



