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HI ERARCHI CALLY CODED MODULATI ON BACKGROUND OF THE

DI SCLOSURE Field of the Disclosure [0001] The
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conmuni cations. Mdre particularly, the disclosure
relates to power saving net holis and apparatus for use

in hierarchically coded nodul ati on systens.
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[0005] Wireless communication systems compensate for the various constraints on
data bandwidth using a variety of techniques. A wireless communication system may
incorporate multiple encoding techniques, and may select an encoding technique based
on a data rate supported by a channel. In such a system, the communicating devices
may negotiate a data rate based on the capabilities of the channel. Such a
communication system may be advantageous for multiple point to point links, but may
be less than ideal in a distributed broadcast system where a single transmitter provides

substantially the same data to multiple receivers.
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enhancement layer, the receiver can power down the enhancement layer demodulator, or

otherwise minimize the power expended in the enhancement layer demodulator.

[0010] The disclosure includes a method of controlling a data decoder, including
receiving a hierarchically coded signal having base layer data and enhancement layer

data, decoding base layer data from the hierarchically coded signal, determining a signal
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decoding operation performed by the base layer decoder, and an enhancement layer
decoder configured to selectively inhibit decoding of an enhancement layer data

temporally correlated to the base layer data based in part on the signal quality metric.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The features, objects, and advantages of embodiments of the disclosure will
become more apparent from the detailed description set forth below when taken in

conjunction with the drawings, in which like elements bear like reference numerals.
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[0023] A receiver in a communication system implementing hierarchical modulation
can conserve power by selectively decoding an enhancement layer based on the quality
of the base layer signal. The receiver can be configured to continually decode the base
layer and use the error rate metric generated during decoding of the base layer to
determine, or otherwise predict, a probability of successfully decoding the enhancement
layer. The receiver can then determine whether to decode the enhancement layer based
in part on the probability of successful decoding. If the probability of successfully
decoding the enhancement layer is less than a predetermined threshold, the receiver can
drop received enhancement layer information without attempting to decode it. The
predetermined threshold may be a fixed threshold, but may also be a variable or
adaptive threshold. A variable threshold can be adjusted, for example, based on an error

rate of previously decoded enhancement layer information or based on a type, category,
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decoder as an indicator of the probability of successful decoding of the enhancement
layer. The receiver can compare the number or rate of error corrections against a
predetermined threshold to determine if the decode operation should be performed on
the enhancement layer. Alternatively, the receiver can set a threshold for a signal
quality metric based on the power ratio of the enhancement layer relative to the base
layer. The receiver can determine whether to decode the enhancement layer based on a

comparison of the signal quality metric to the threshold.
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[0030] In another embodiment where the receiver is configured to implement a turbo

-

decoder, the receiver can generate an estimate of Bit Error Rate (BER) by comparing
the source bits against the decoded bits. The receiver can then inhibit the enhancement

layer decoder if the BER exceeds a predetermined threshold.

[0031] In still another embodiment, the system may encode the base layer using a
cyclic redundancy code (CRC) that is appended to a predetermined length of data. The

receiver can use the CRC to validate the encoded base layer data. The receiver may use
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[0035] TFigure 1 is a functional block diagram of an embodiment of a wireless

communication system 100 incorporating hierarchical modulation and power savings in
the user terminal. The system includes one or more fixed elements that can be in
communication with a user terminal 110. The user terminal 110 can be, for example, a
wireless telephone configured to operate according to one or more communication

standards using hierarchical coded modulation.
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[0039] The base stations 120a and 120b can be configured to transmit hierarchically
coded signals to the user terminal 110. For example, the base stations 120a and 120b
can be configured to transmit a multicast signal that can be directed to the user terminal
110 as well as other receivers (not shown). The hierarchical coded signals can include a
base layer signal that is configured to be robust, and an enhancement layer signal that
operates at a lower link margin, and as a result, that is more sensitive to variations in the

channel. The enhancement layer can be configured to provide supplemental data to the



can al so be configured to coordinate inter-system
handoffs with other comunication systens (not shown).
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20943} ohhe usgniesminal 110 can be confi gured to demodulate the received signal and

decode the base layer. The receiver in the user terminal 110 can implement error
control mechanisms as a standard part of the base layer decoder. The receiver in the
user terminal 110 can use the error control mechanisms of the base layer decoder to
determine a probability of successful enhancement layer decoding. The receiver in the
user terminal 110 can then determine whether to decode the enhancement layer based on
statistics or metrics generated in the error control mechanisms used in the base layer

decoding.



that increases the resolution or SNR of the received
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quadrant. A first vector 204 corresponds to an instance of base layer data. The position

of first vector 204 defines the origin for the enhancement layer data. A second vector
206 corresponding to the enhancement layer data is summed with the first vector 204 of

the base layer. The resultant vector 208 represents the hierarchical modulated data.

[0048] In another embodiment, the vector sum can be a sum after rotating the signal
constellation of the enhancement layer based on the base layer si gnal constellation. For
example, the constellation for the enhancement layer data can be rotated by the angle of

the base layer vector, and the rotated enhancement layer vector summed with the base
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data maps t0 a particular quadrant of
encoding process used can be any encoding process, and the type of encoding is not a

limitation on the power saving apparatus and methods disclosed herein. The encoder
can include, for example, a convolutional encoder, a turbo encoder, a block encoder, an
interleaver, a CRC encoder, a combination of encoders, and the like, or some other

process or apparatus for encoding data.
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decoding of data received over high quality channels.

[0056] The received encoded data can be decoded by examining the CRC for each
received row. A valid CRC value indicates a high probability of successful receipt of
the data, whereas a failed CRC can indicate errors in one or more locations of the
received data 230. A receiver can determine, prior to receipt of the data from the block
coded portion 250, if the previously received data was successfully decoded. If so, there
is no reason to process the block coded portion 250. Alternatively, the receiver can

determine that the received data was not successfully decoded, for example, based on a
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type of memory device (not shown).

[0060] The output of the enhancement layer interleaver 314 is coupled to an
enhancement layer encoder 314. Typically, the enhancement layer encoder 314
implements the same type of encoder used for the base layer encoder 312, although such
commonality is not a requirement. The output of the enhancement layer encoder 314 is
coupled to a second input of the baseband modulator 330. The encoded symbols of the

enhancement layer can be configured as I and Q signal components of a QPSK signal.
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in the wireless communication system of Figure 1.

[0065] The receiver 400 includes a receiver module 410 configured to receive the
hierarchically coded signals over, for example, a wireless link. The receiver module
410 can be configured to filter, amplify, and frequency convert the received signals.

The output of the receiver module 410 can be, for example, a baseband signal.

[0066] The output of the receiver module 410 can be coupled to a demodulator 420

that can be configured to demodulate the received signals to generate the hierarchically
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decoded enhancement layer data. For example, if the signal quality module 442
determines that the enhancement layer data is to be decoded but the decoded
enhancement layer data has a insubstantial BER, the signal quality module 442 may
increase the threshold by a predetermined increment to increase the likelihood of
decoding enhancement layer data when the enhancement layer decoder is activated.
Likewise, the signal quality module 442 can be configured to decrease the threshold if

the decoded enhancement layer data has a BER that is substantially lower than an
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enhawemiektdhyds decbdef can be, for example, logically AND with an enable signal
from the signal quality module 442. In circuits implemented in CMOS, the absence of a
clock signal substantially eliminates power consumption by the circuit. Other inhibiting

techniques can be used to conserve power when the enhancement layer decoder 450 is
inhibited.

[0072] If the signal quality module 442 determines that the probability of successful

enhancement layer decoding is sufficiently great, the signal quality module 442 can
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inhibit the enhancement layer decoder 450 based on a probability of successful

decoding. If the signal quality module 442 enables the enhancement layer decoder 450,
the enhancement layer decoder 450 can operate on the same data stored in the data
buffer of the demodulator 420.

[0076] In another embodiment, the base layer decoder 440 can be configured to
decode the received symbols from the demodulator 420 and the signal quality module
442 can determine whether to enable or inhibit the enhancement layer decoder 450 for

some predetermined duration in the future. For example, the received symbols may be
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one of a varjety of encoding processes. Each of the encoding processes has a

corresponding decoder process that is implemented in the base layer or enhancement

layer decoders.

[0081] Figures 6A-6D provide functional block diagrams of embodiments of
hierarchical decoder modules 430 implementing different decoder types. In a first
embodiment, shown in Figure 6A, the wireless communication system performs
convolutional encoding on both the base and enhancement layers of the hierarchically
modulated signal. The hierarchical decoder module 430 includes Viterbi decoders 610

and 620 to decode the received symbols.
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determine a sum corresponding to a sliding window of most recent decoded base layer

bits. The decoder metric module 632 can compare the energy metric to a predetermined
threshold and determine a probability of successfully decoding the enhancement layer

data based on the comparison.

[0085] In another embodiment, the decoder metric module 632 can be configured to
determine an uncoded BER. The decoder metric module 632 can be configured to
multiply each of the decoded base layer bits with the sign bit of the corresponding log
likelihood ratio. The decoder metric module 632 can determine the uncoded BER by
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of failed CRC checks occurring in a predetermined number of rows of data. The failed

CRC counter 652 can compare the number of failed CRC checks against a
predetermined threshold and can inhibit the enhancement layer decoder based if the

number exceeds the threshold.

[0089] Additionally, the failed CRC counter can control a switch 656 that selectively
couples the received signals to a base layer block decoder 654 that can block decode the

received signals using the block coding rows appended to the data rows, as shown in
Figure 2C.
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[0093] The method 700 begins at block 702. The user terminal proceeds to block 710
and receives the hierarchically coded modulated signals. The user terminal proceeds to

block 720 and decodes the base layer data from the received signals.

[0094] The user terminal proceeds to decision block 730 and determines if the base
layer decoding was successful. If no, there is no need to attempt to decode the

enhancement layer. The user terminal proceeds to block 770.

[0095] Returning to decision block 730, if the user terminal determines that the base
layer data was successfully decoded, the user terminal proceeds to block 740 where the

user terminal determines the probability of successful decode of the enhancement layer



[0090] Thus, the failed CRC counter 652 may use the
same error control nechanism that determnes if the

base | ayer bl ock decoder 654 is used to determne if
Woeoosgos@ncenent | ayer decoder is to be inhi bpd®gs00e@12178
exanple, the failed CRC countgg 652 can deternmine if
the base | ayer bl ock decoder 4 is needed to recover
t Qﬁtad e al:s

a8 upCr A gaf B2t BRnias Bn SAYE LonblobHE i ofiGpse
| 619'.@? depgder, totdhterraing shesprolhility R@mt&s&dﬁﬁdﬂﬁr etdbediments, the user

decoded
PO KB o AR € Bhobai 8, e GUBE G vinhoe” Fruelaifape
6ZAhawembe layes edative to the bdedigir pﬁwéﬂelelhl bit the

enhancenent | ayer decoder. [0091] The previous

e Imoess] ITEFHGSJS&‘f tertnﬂﬁal @k@cfe@&s‘w Hé‘éfélorgﬁGgFﬁO M%L ﬁ?ﬁggif bave

shovvn the base f/ decoder in par
Bippef sup%g}sgfp Iy decodime thergmhancement layer Hata is greater than a
ﬁdte&%@lteﬂ g‘[}eéhéldn G th@ fo%%i#lfy: %ta er gﬁaﬁ‘lé%%qug tothxe predea%ennined
h iteneghotdy dthdmgmdm enMuhﬁlt 4E@ud%atﬁkm@aﬁplbaééﬂs toMi6dk 760 and
t he enhancenent | ay
GBS S E" 1y ofhe B R TA fosoeds el plosh 760 bk

a t@ bKéBIaV 10xtoakdcive (HOAM: ﬁleﬂef}anédnzfco&’e%trﬁédmﬁ&ﬁdat&? ased on
the base layer decoding, whether the enhancenent |ayer

d er [ serl
A R R A e e T
c @rﬁprgiﬁ@nhnted thteshmdﬁa thearskntetntigal Epndsmédseﬁbmbk ay.eAt Bia&la7 70, the

a IS no tod odethe base | ayer data.

£ R Hie Pt SRE ol PRt b oo srminal
oudtaps thefdnﬁmobﬂﬁnﬁlhﬂ dne tabﬁ@slpo Qhe baﬁ@ dekﬁda@a?f}omsv}h&ﬁhe
bas {) [ Q092] re is a flowhart of

Hffg’a n‘t/a eamifedh Saot#@r@napdm the agerrieyeningd draps some ofher
h

T*‘fﬁﬁ?‘%ﬁ%?@d%gﬁﬁ‘%ﬁ%g%ﬁ%?%df’ FRUEREAE Al BB oy arop

r eghsingesnent lyehdatafopp pteeipmnmatd durattunio ohe ahbmhmmmtt the ukee

AL R RO SO ) T ol e O

ppakeedz.t 0 bl ock 710 and receives the hierarchically
coded nodul ated signals. The user term nal proceeds to

biwwok] 72fle ad téﬁﬁﬁﬁﬁ@%céeﬂ? tRS& 150y Gherd ﬁ{e%ls&f tgmnkggga% o

recei ved signals 94] The user term nal procee
déﬂ@ﬁ%&‘lpw @“61@""713@3 qthanctmeetrlﬁyan dSCQdEr tTe uarsermiha yeay, for

eSS R ) BB B S BR 5 e, o

t Ehemswrad:mpnzd oexydshibio a blo@k: Kigital Of the @AMk erRedt Uayet dgtoli&. Of
deC| SI n bl ock he user term nal determ nes

%%{éam’i‘ajwy IHRICPRERO™E PAREE BV R 2Ying &CBRigHe: t he

user term nal proceeds to bl ock 740 where the user
t B089I aMethods prd anparafusdiap bssaisriossd toklleme cemsivento conserve

d5&R9%n R hietLehi &M FBEE BB uldtAN €bmmunication system. The receiver can

receive a signal having a hierarchically coded base layer signal and enhancement layer
signal. The receiver can demodulate and decode the base layer signal. The receiver can
determine a probability of successful decoding of the enhancement layer data, and can
determine the probability of success based in part on an error control mechanism of the
base layer decoder. The receiver can then determine whether to enable or inhibit the

enhancement layer decoder based on the probability of success. For low probabilities of
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aacteinr omethodbr mrbcese alagbe pef@ined Fethe order shown or may be performed

on

in another order. Additionally, one or more process or method steps may be omitted or
one or more process or method steps may be added to the methods and processes. An
.additional step, block, or action may be added in the beginning, end, or intervening

existing elements of the methods and processes.

[0103] The above description of the disclosed embodiments is provided to enable any
person of ordinary skill in the art to make or use the disclosure. Various modifications

to these embodiments will be readily apparent to those of ordinary skill in the art, and



base | ayer decoder. The receiver can then determ ne
whet her to enable or inhibit the enhancenent |ayer
decoder based on the probability of success. For |ow
woeb&hobsdri i es of WO 2006/ 105471 PCT/ US2006/ 0lptirigs200812178
success, the receiver can |nméwt t he enhancenent | ayer
decoder and power down or otherw se disable a portion
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p rcmuaslsmr\mtl-athel pgmhplles sidynoat] fpatoee afsdbse(dthSFé)n. a Reduced
Instruction Set Conputer (RISC) processor, an
application specific integrated circuit (ASIC, a
field programmabl e gate array (FPOA) or other
programmuabl e | ogi c device, discrete gate or transistor
| ogic, discrete hardware conponents, or any conbi nation
t hereof designed to performthe functions descri bed
herein. A general purpose processor may be a

m croprocessor, but in the alternative, the processor
may be any processor, controller, mcrocontroller, or
state machi ne. A processor may al so be inplenented as
a conbi nation of conputing devices, for exanple, a
conbi nation of a DSP and a mcroprocessor, a plurality
of m croprocessors, one or nobre nCroprocessors in
conjunction with a DSP core, or any other such
configuration. [0101] A software nodule nmay reside in
RAM nenory, flash nenory, non-volatile nenory, ROM
menory, EPROM nenory, EEPROM nenory, registers, hard

di sk, a renovable disk, a CO-ROM or any other form of
storage nedium known in the art. An exenplary storage
mediumis coupled to the processor such the processor
can read information from and wite information to,
the storage nedium In the alternative, the storage
medi um may be. integral to the processor. [0102] The
steps of a nmethod, process, or algorithmdescribed in
connection with the enbodinents disclosed herein may
be enbodied directly in hardware, in a software nodule
executed by a processor, or in a conbination of the
two. The various steps or acts in a nethod or process
may be performed in the order shown, or may be
performed in another order. Additionally, one or nore
process or nethod steps nay be omitted or one or nore
process or nethod steps nay be added to the nethods and
processes. An additional step, block, or action may be
added in the begi nning, end, or intervening
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comprises block decoding the hierarchically coded signal to recover the base layer data.

9. The method of claim 1, wherein determining the signal quality metric comprises determining a

probability of successful decoding of enhancement layer data.
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18. The method of claim 17, wherein the predetermined threshold comprises an adaptive threshold.

19. The method of claim 17, wherein the predetermined threshold is determined, at least in part,

based on a content type of the hierarchically coded signal.

20. The method of claim 17, wherein inhibiting operation of the enhancement layer decoder

comprises de-energizing at least a portion of the enhancement layer decoder.



22. The nethod of claim1l, wherein determ ning the
signal quality nmetric conprises determning a signha
netric based in part on nagg%tudes of in-phase and
quadrature signal conponent$s‘of the hierarchically
coded signal. 23. The nmethod of claim1, wherein
determ ning the signal quality netric conprises
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mechani sm of the base | ayer decoder; conparing the
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cmhdsmmddetern1ned threshold 25 One or nore storage
devi ces configured to store one or nobre processor
usabl e instructions, when executed by one or nore
24, py meth&*smfrcsmrqjlargf denddeg foi pewdreiviigd o€ ofpbilesitMgnal HEEShiviaRYical
d 19 Iy rarcglca Iy coded signal having base | ayer data
modulalionythe ARLI0E SABRYS 1%y er data: decoding base | ayer data
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eleda:ammag& Bigndl quaity tleiodeed hagadn @R el blRosttd RRLLMIA! dfiDe base layer
metric. 26. An apparatus operating in a power savings
decoderppge £ or decoding a hierarchically coded signal, the
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receive the hierarchically coded S|%nal a base | ayer
FEAV RN CBMMP YRR BY ¢ éie@éerda@e sigha gelitapelric dagsaof pxeeadttive
predeteltii@idakedhoral | y coded signal; a signal quality nodule
configured to determne a S|gnal quality netric based
in part on a decoding operation perforned by the base
25. oAy 6f mEleGRAGE devdhd cAfi g@tréd gnhao 81% Mord FY&Ks gga%%qﬁstl uctlons when
configured to selectively decode an enhancenent
executedy B @efoy gieTe RrpresIersepafoshing ﬁ1e|n}eﬂ@d@empr331w al bas ed | n
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controlling an enhancement layer decoder based on the signal quality metric.

26. An apparatus operating in a power savings mode for decoding a hierarchically coded signal, the
apparatus comprising:
a receiver module configured to receive the hierarchically coded signal;
a base layer decoder configured to decode a base layer data from the hierarchically coded signal;
a signal quality module configured to determine a signal quality metric based in parton a

decoding operation performed by the base layer decoder; and



29. The apparatus of claim 26, wherein the base | aver
decoder conprises a bl ock decoder. 30. The apparatus of
claim 26, wherein the signal, quality nmetric is
configured to determ ne a rabe of corrections in a
base | ayer Viterbi decoder. 31. The apparatus of claim
26, wherein the signal quality netric is configured to
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correspondi ng | og ke ood ratios froma base aygr

the hierpighipallyde dasldéanal bas@. in phieoraippaied aglivf mgtiai m 26, wherein
the signal quality nmetric is configured to determ ne an
uncoded Bit Error Rate (BER) based on decoded out put

27.  fhho pprardbessié clamy e, wharchichdesolrer de@@er chherisep p Afimthigecofier.
claim 26. wherein the signal quality nmetric is
configured to determ ne a nunber of passes in a base
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wherein the signal quality nmetric is configured to
determ ne activation of a block decoder in the base

29.  |Tayeppadecadelkrim 35 whiike thplpas Ayuslealierclomprize? 6 blosk es@ildr.
t he enhancenent | ayer decoder is configured to
sel ectively decode enhancenent |ayer data tenporally
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t he enhancenent |ayer data tenporally

Conﬂmgg'ngg?gﬁg$gn?hﬁh8%§r | ayer data conprises at |east

one subsequently received hierarchically coded data

R cket. 37. The aratus .of claim 26, wherein the
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predeterm ned threshold. 38. The apparatus of claim 37,
wherein the predeterm ned threshold conprises a fixed

32. tﬂﬂé @ﬁiﬁ@h@ of @8im Hwhdiom tRPPE BBty Metd i@ LR g?ned WRESh e an
predetern1ned t hreshol d conpri ses an adaptive

meodec{ Bt B0t e (BEAQ basphen dspdadautnyt ome pasernygTiurbgiviseasicn t he
predetern1ned threshold is determned, at |least in
based on a content type of the hierarchically
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metric is less than a predeterm ned threshold. 42. An
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layer data comprises at least one subsequently received hier archlcally coded data packet.

37. The apparatus of claim 26, wherein the enhancement layer decoder is configured to be inhibited if

the signal quality metric is less than a predetermined threshold.

38. The apparatus of claim 37, wherein the predetermined threshold comprises a fixed threshold.



an enhancenent |ayer decoder configured to be
sel ectively inhibited based in part on the signa
quality nmetric which is tenggrally correlated to the
base | ayer data. 43. An appdaratus operating in a power
savi ngs node for decoding a hierarchically coded
signal, the apparatus conprising: means for receiving
39. tlh]% a}SBa?z{tt?sro@ Iafaﬁﬁ_lﬁ thgl%%ge SRR 88018 A3ifp Y dg;‘%\/% threshold.
and enhancenent l'ayer data; neans for decodlng
| ayer data fromthe hierarchically coded si gnal ; neans
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in part on an output neans
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quality netric. 44. The apparatus of claim43, wherein
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nmeans for Viterbi decoding the hierarchically coded
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means for selectively inhibiting an enhancement layer decoder based on the signal quality metric.

44, The apparatus of claim 43, wherein means for receiving the hierarchically coded signal
comprises: means for receiving over a wireless communication link a modulated and hierarchically coded
signal; and means for demodulating the modulated and hierarchically coded signal to recover

hierarchically coded symbols.

45. The apparatus of claim 43, wherein means for receiving the hierarchically coded signal comprises
means for receiving an Orthogonal Frequency Division Multiple Access (OFDMA) symbol having

hierarchically coded data.



decodi ng base | ayer data fromthe hierarchically coded
signal; determning a signal quality netric based at
| east in part on decoding tgﬁ base | ayer data; and
control I ing an enhancenent yer decoder based on the
signal quality nmetric. 51. At Ieast one processor
configured to inplenent a nethod, the nethod
conprising: receiving a hierarchically coded signa
havi ng base | ayer data and enhancenent | ayer data,
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codi n
S@nd-controlllng an enhancenent | ayer decoder based on the
signal quality netric.
47, The apparatus of claim 43, wherein the means for receiving the hierarchically coded signal

comprises means for receiving a 16 Quadrature Amplitude Modulated (QAM) hierarchically coded

signal.

48. The apparatus of claim 43, wherein the means for decoding base layer data from the
hierarchically coded signal comprises means for Viterbi decoding the hierarchically coded signal to

recover the base layer data.

49, The apparatus of claim 43, wherein the means for decoding base layer data from the
hierarchically coded signal comprises means for turbo decoding the hierarchically coded signal to recover

the base layer data.

50. A computer-readable medium embodying means for implementing a method, the method
comprising:
receiving a hierarchically coded signal having base layer data and enhancement layer data;
decoding base layer data from the hierarchically coded signal;
determining a signal quality metric based at least in part on decoding the base layer data; and

controlling an enhancement layer decoder based on the signal quality metric.

51. At least one processor configured to implement a method, the method comprising:
receiving a hierarchically coded signal having base layer data and enhancement layer data;
decoding base layer data from the hierarchically coded signal;
determining a signal quality metric based at least in part on decoding the base layer data; and

controlling an enhancement layer decoder based on the signal quality metric.



