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(57) Abstract: Embodiments of methods, apparatuses, and
systems for signal processing of multiple input signals to con-
trol peak" amplitudes of a combined signal axe disclosed.
One method includes receiving a plurality of input signals,
generating a combined signal, the combined signal compris-
ing a plurality of sub-channels, wherein each sub-channel in-
cludes a representation of at least a portion of at bast, one of
the plurality of input signals, and processing the representa-
tion of the least a portion of the at least one of the plurality of
input signals of at least one of the sub-channels, to reduce a
peak- to-average-power ratio (PAR.) of the combined signal.
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SIGNAL PROCESSING OF MULTIPLE STREAMS

Technical Field

The described embodiments relate generally to signal processing.

More particudarly, the described embodiments relate to methods and

A

apparatuses for signal processing of multiple streams to control peak
ampittudes of a combined signal.

Backeround

Modemn data multiplexing or streaming systems tremendously simphiy
the processing andior delivery of nwitiple mlormation stremms to home
10 entertainment  systems.  Such  data  multiplexing/streaming  requires
sophisticated svstems to handle the variety of scenarios such muliiplexing
systems need © support,
The required aggregation of owltiple data-streams/channels presents
significant requirements on the signal processing elements of the multiplexing
18§ and streammng device. Prior solutions are mefficient in terms of the required
device cost, size, power consumption, flexibility, the multplexed streams’
fidelity, and the quality of the processed streams i challenging scenanos.
A special situation arises it the stream to be delivered to different
destinations such gs, for example, different enteriainment centers, 18 the same,
20 Such a sHustion might manifest itself by a stream bemg replicated across
mubtiple channels, such as a  stream being replicated multiple times in the
frequency domain. Such @ replication of a seb-stream across multiple sub-
channels results in worst excursion signal levels of the combined stream and

can result in saturation, clipping, and distort the signal delivered to the home

O]
L4

entertainment system.  Such peak amplitude excarsion issues gre sometime
kiown as pesk-to-average power (FAR) problems.  Such large sigaal
excursions can occur because the same sub-stream is replicated, which resulis
i 8 very stractured, non-random, signal amplitude variations, Such structured
processed signal could resalt m very large signal excursions in some transform

30 domain, and so the processing elements, digital or analog, would need to
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support a very targe dynamic range for the processed stream or significant
chipping distortion and saturation would plague the processed stream.

It 1s destrable to have an apparatus, method, and system for mitigating
larpe peaks associated with the distribution of streams that are rvephicated
mauitiple times geross multiple sub-chanoels

Disclosure of the Invention

An embodiment imcludes a method of processing wput signals. The
method mcludes receiving a plurality of input signals, generating a combined
signal, the combined signal comprising a plurality of sub-channels, wherem
each sub-channe! includes a representation of at leayt a portion of al least one
of the plurality o input signals, and processing the representation of the least a
portion of the at least one of the plurality of mput signals of at least one of the
sub-channels, to reduce a peak-to-average-power ratio {PAR) of the combined
signal.

Another embodiment ncludes an apparatus for processing  input

signals.  The apparatus includes a channel translator configured to receive a
plurality of input signals and penerates a combined signal, wherein the
combmed signal inchides a plurality of sob-channels, wherein each sub-
channel mclades a representation of at least a portion of at least one of the
plurality of input stgnals.  The apparatus further includes signal processing
circuitty configured to process the representation of the least a portion of the
at least one of the plurality of fnput sigoals of at least one of the sub-chamels
o reduce a peak-to-average-power ratio {PAR) of the combined signal.
Oiher aspecis and advantages of the descnbed emboduments will become
apparent from the following detatled description, taken in conjunchon with the
accompanying drawings, ilustrating by way of example the principles of the
described embodiments.

Brief Description of the Drawings

The features of the invention, and 1ts technical advantages, can be seen

from the following description of the preferred embodimants together with the
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claims and the accompanying drawings, in which:

Figure 1 shows examples of two different high-level block diagrams of
embodiments of processing multiple ioput signals to generate an outpt signal
that includes multiple repbeates of the input signal, wherein each vephcate
occupies a different sub-channel of the output signal.

Figure 2 shows an example of a block diagram of an embodiment for
processing nudiiple nput signals to generale an output signal that inchudes
multiple rephicates of one of the input signals, whevem each replicate occupies
a different frequency sub-channe! of the output signal.

Figure 3 shows another example of a block diagram of an embodiment
for processing muluple wpal signals o generate an output signal that ncludes
muiiple replicates of one of the input sigoals.

Figure 4 shows another example of a block diagram of an embodiment
for processing multiple tput signals fo generate an outpat signal that includes
multiple rephcates of one of the nput signals.

Figure 3 shows another exanyple of a block diagram of an embodiment
for processing multiple inpot signals o generate an output signal that inclades
multiple replicates of one of the input signals.

Figure 6 shows another example of a block diagram of an embodiment
for processing multiple mput signals to generate an output signal that includes
mubtiple replicates of one of the mpul signals, wherein each replicate occupies
a different frequency sub~channel of the output signal, and has an adjusted
center frequency.

Figure 7 shows an example of a bloek diagram of an muplemeniation of
the embodiment of Figure 6, wherein the center frequency of each sub-channel
is influenced by a PAR measurement and feedback.

Figure 8 shows another exampie of a block diagram of an embodiment
for processing multiple input signals to generate an outpat signal that includes
niuitiple replicates of one of the mput signals.

Figure 9 shows an example of a block diagram of an embodiment
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wherein processing of each sub-channel is mfluenced by a PAR measurement
and feedback.

Figwre 10 shows another example of a block diagram of an
embodiment for processing multiple input signals to generate an output signal
that includes multiple rephicates of the input signal, and further includes a peak
reduction cancelation signal for reducing PAR of the output signal.

Figurg 11 is 8 flow charl that mcludes step of an example of a method
of processing input signals to generate & combined signal.

Detailed Descrintion of Preferred Embodiments

As shown in the drawimngs for pwposes of dlusiration, the described
embodiments include apparatuses, methods and systems for reducing the pesk
excursion of a stream that includes a plurality of replicated sub-streams, The
reduction in the peak excursion of the stremm resulis m smaller signal
amplitude excursions which result in less clipping and distortion, andfor in
processing elements supporting smaller dynamic ranges.  Additionally,
embodiments of the reduction i the peak excursion of the stream allows for
simplified processing circaitry, and provides for improvements m the cost,
ared, and power of a mudis-stream processing system.

One possible method 1o reduce the signal peak amplitnde 1s to reduce
the power of the signal by stmple scaling. However, such scaling also reduces
the power of the signal, which must be maintained above a threshold because
of other constraints, making such a simple scaling solution not always
applicable. Moreover, reducing the signal amplitude and power by scaling at
vartous processing stages makes the signal more susceptible to other noises
such as quantization, cross-talk, interference, ele., that degrade the signal’s
fidehity and result in worst system performance.

The disclosed embodiments provide for reductions m signal peak
amplitude with simple processing modifications withow significantly affectng
the average power of the processed strean, thus resulting  efficient methods

of Peak-to-Average-Power {(PAR) reduction. These simple approaches for
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reducing the signal peak excwrsions result n less distortion and processing
elements that are fess expensive and more efficient in terms of power, area,
cost, complexity, etc. Moveover, the disclosed embodiments do not require
any additional materials and are compatible with many possible deployments.

Figure | shows examples of two different igh-level block diagrams
110, 111 of embodiments of processing multiple inpul signals o generate an
outpwt signal that inchades nusliiple replicates of the mput signal, wherewn each
rephicate occupies a different sub-channel of the ocutput signal.  The {irst
processing block 110 provides for a processing of niultiple replicas of a single
input signal (for example, Signal 1 of the multiple input signals Signal 1L
Signnal 2, ... Sigonal N}, providing the generstion of a combined signal
{combiner or summer 120) which 15 then processed by a processing block 130
to reduce the PAR of an output signal.  The second processing block 111
provides for processing of maltiple mputs (for example, mpt signals Signal 1,
Signal 2, .. Signal N} which are then combined (combiner or summer 121) to
provide the msput signal.  The processing of each of the multiple mpuis
reduces the PAR of the combmed vutput signal.

While a single output s shown for each of the block diagrams of
Figure 1, 1t 13 10 be understood that there can be as many ouiput signal streams
as destred, wherein each output s some combination of any possible
combination of processed mput signals,

For embodiments, each output includes a single ouiput stream that
mecludes puidtiples channels. For an embodiment, each channel is defined by a
frequency channel. However, channels can also be defined by other struciures
and other wansform domains. Many other transform domains with multiple
sub-channels are possible.  An example of such transformiations includes the
discrete-Fourter-transform (DFT), discrete-Hartley-transform (DHT), discrete-
Cosine-transform {DCT), discrete-Wavelet-transtorm (DWT), other wavelet
basis, filter-banks channehizations, etc. Moreover, the transform can be ¢

multi-dimensional {ransform such as, for example, the nmlti-dimensional-
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Fourter-transforms or the multi-dimensional wavelet transforms.

For at least one embodiment, the combiners 110, 111 include a
sammmation or addition.  However, the combiners can altermatively include
other forms of combining signals, such as modulating the signals on different
channels, or modulating the sigoals on some other sub-channehization
siructures.  Other methods mnchude frequency modulation of the sub-channels
onto different frequencies. Moreover, the combination of signals can be
carnted out through any of the transforms mentioned above.

For the embodinent m Figure 1, two methods are shown of processing
o reduce the PAR. In a first of the two emboduments shown in Figure 1,
multiple signals are combined using the combining device 120 to resalt m a
combined signal that is processed by processing 130 to reduce the PAR of the
combined signal. Some PAR reduction processinng methods work better when
operating on the combined signal mstead of operating on the sab-signals
comprising the combmed signal.  Other PAR reduction methods are suitable
to be applied on sub-signals that are combinad to generaie the combined
signal.  One such embodiment i3 shown in by the processing performed in
P11, where each of the representations of at least a portion of npwt Signal {18
processed individually such that the output signal afler combination 121 would
have a reduced PAR.

The embodmments m Figwee 1 show specific realizabions of described
embodinments, but many other embodiments gre possible. For example, for an
embodiment, the PAR reduction processing is carried out both on the sub-
signaly that are combined to generate the output signal as well as on the
combined signal.  Other embodiments include PAR processing for muliiple
output signals. For at least some embodiments, the multiple stream processing
also generates muliiple outpwt signals.  For at least some of these
embodiments, PAR reduction processing is carried out for each of the
combined signals of the output signals. PAR reduction processing can also be

carried ouf for each of the sub-signals that are later comluned to generate the
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different catput signals. For an embodiment where multiple outpat signals are

generated, # 13 often advantageous to canry out the PAR reduction processin
1¥

4y

it

for both the sub-signals that are combined to generate the output signal as well
as each of the combined signals.

Another embodiment inclades processing of multiple input signals 1o
generate multiple output signals based on combinations of sub-components of
the nput signals. In such an embodimend, representations of at least a portion
of one of the input signals can be combined with other representations of at
ieast a portion of ong of the inpwt signals (o generate multiple output signals.
For such an embodiment, PAR reduction processing can be applied on the
sub-signals comprising 8 combined signal or on the combined signals’
themselves, or some joint PAR reduction processing,  Additionally, PAR
reduction processing can also be applied to any other intermediate signal or
stream i the system that is processed before the output signal is generated.

The PAR reduction processing methods can be either digital or analog,
or some combination of analog and digial processing. For &t least some
embodiments, the PAR reduction processing s controlled by software or
hardware or some combination of bardware and sofiware. Moreover, the
processing can be implemented in an open-loop manner or with some
feedback and based on meagsurements at various places to direct the PAR
reduction processing.

Figure 2 shows an example of a block of an embodiment for
processing of an ipul signal {0 generate an ouipwt signal that mcludes
muliiple rephicates of the mput signal, wherein each replicate occupies a
different frequency sub-channel of the output signal.

A pitiple signal processor 210 1n this embodiment processes nwitiple
representations of Signal 1. Each of the represemtations of Sigmal 1 15
processed independently in 210 to redoce the PAR of the output signal
Addinonally, a PAR reduction processing block 212 includes multiple PAR

processing reduction mputs. The PAR processing 15 performed jomtly on all
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the mputs to the PAR reduction processing block 212, For this embodiment,
the multiple PAR processing mputs each receive a common signal (Signat 1)
as their wpot.

A corresponding frequency spectrum 230 shows an example of an
output signal, wherein each sub-channel of the output signal is defined by o
frequency sub-channel. Each one of the sub-channels can be occupred by a
frequency component of mput signal 1 that 1y rephicated, and then processed
for PAR reduction of the output signal. The replication can include generating
a copy of at least a portion of the input signal, wherem the portion could be
generated by filtering wmputl 1 1o resolt in a sab-band of iaput 1 bemmg
replicaied. In Figure 2, each of the channels Chi, Ch2, Ch3, Ch4, ChS, shown
i the frequency spectrums 230 is processed independently to reduce the PAR
of the output signal, which is generated by combining the channels.

In another embodiment, the processing of all the inputs to the PAR
rechuction  processing block 212 15 performed independently  without
knowledge or cooperation of the other inputs to 212. Such progessing, which
could be less effective, is very simple since # is performed on individual
mputs and does not require knowledge or coordimation of the other mputs 1o
the PAR reduction processing block 212 Such gn approach can resslt in
stimple implementations.

For at least some embodiments, generation of a portion of input Signal
{ includes passing Signal 1 thvough o selective filter to select the desired
portions of Signal 1. The filter can be a linear filter such as a fmte-impulse-
response (FIRY or an infinite-impulse ~response (HR) filier. For sxample, a
band-pass filter (BPF} selecting a desired bandwidth to be replicated is a
possible embodiment for generating & portion of Signal 1. The filter can also
be a non-linear filter. Moreover, the filters can be time-varving and adaptive
or static and fixed. Other generation methods to generate a portion of Signal |
is possible, such as adding a portion of Signal 1 together with a random

component such that the processed signals in the PAR reduction processing
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block 212 are only partially correlated to each other.

Another embodiment for generation of the replicated signals includes
an exact replica of the processed Signal 1 that 15 copied across multiple sab-
channels. Further embodiments include processing fwo or more streams,
where gll sub-channels contain either the processed cutput of Signal | or the
processed output of Signal 2, or the processed outpyt of Signal 3, ete. The
PAR reduction processing is then applied on all sub-channels mdividualby or
for the processed output of each Inpat Signal (Signall, Signal 2, ., Signal N),
or for the combined output of all processed streams.

It s io be understood that for embodiments, the PAR reduction
processing additionally includes frequency up-conversion or a frequency shift
to generate each of the output sub-channel frequencies.

In another embodiment, the processing of the PAR reduction
processing block 212 15 changing with time to have the desired processing for
changing processing requirements.  For example, measares of the PAR
reduction performance can be made on the output signal or af other locations
or on other signals coupled to the output signal and determine if the PAR
reduction processing sufficiently reduces the PAR or if other processing in the
PAR reduction processing block 212 is needed to achieve a desired PAR
characteristics, Furthermore, the PAR reduction processing can be changing
m response to changing conditions for the processed mput signals.  For
example, changes in the mput sigoal or in some of other signals processed by
the system, or changes in the propagation characteristics of the mput signals
can reguire a change in the PAR reduction processing o accommodate the
new situation.

Figure 3 shows another example of a block disgram of an embodiment
for processing multiple mput signals to generate an output signal that inchudes
multiple replicates of the input signal.

As this entbodinient shows, the PAR processing (313 can be on the

input signals, and the PAR processing con additionally or alternatively be on
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the combined signal (312).  The PAR processing of Figure 3 can be
advantageous since the PAR reduction approaches in 310 and 312 can be
different, and each can comtribute o the overall PAR reduction. In other
scenarios, one of the PAR reduction processing 310 or 312 ix chosen based on
some critentg. For example, the processing that gives the best PAR reduction
performance for the current input signal statistics is chosen 1o save on PAR
reduction processing power and resources.

Another embodiment chudes PAR reduction processing both for the
sub-channels and for the combined signal because the combined signal nuight
underge  further processing that requires additional PAR  processing.
Muoreover, i some embodiments, the combined signal smght contain sub-
channels that were not processed to reduce the PAR and so it is advantageous
to have PAR reduction processiag for the combimed signal.

For at least some embodiments, the processing 310 also meludes
filtering to extract the sub-channel of interest from Input 1, as well ag
frequency shift/ap-conversion of processed signals m 310 to penerate a
combined signal. An example embodiment of 310 includes down-converting
Signal 1 by a frequency {1, passing the down-converted signal through a low-
pass filter {or band-pass filter) 1o exiract a desired sub-channel, and then pass
it o the PAR reduction processing unit. Afler PAR reduction processing the
outpwt of the processing s up-converied 1o a desired frequency fvl. The
processing for the second processing wnit in 310 proceeds in the same way
except that the up-conversion frequency 1s f£2, and similarly for the other sub-
channels generated in 310 to form the combined signal.

Besides sub-channels separated by frequency. other channelization
realizations ave possible, as well as other orthogonal transformations.  Some
example embodiments include a discrete-cosine-transform, Walsh-Haddamard
ransform, wavelet transforms, or [ilter-bank  syunthesis and  analysis
transforms.

In addition o the processing embodiments in Figure 3, processing 31¢
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can inclode other processing of the signals not for purposes of PAR reduction.
Simitlazly, the combined signal can include further processing not related 1o
PAR reduction to generate the output signal. The PAR reduction processing
310 and 312 depends on the other processing of the input signals. For
expmiple, embodiments of the other processing ave in either time-domain
processing or {requency-domain processing of the sub-channels.

Figure 4 shows another example of a block diagram of an embodiment
for processing mudiple mput signals (41) to generate an output signal that
inchudes multiple replicates of the input signal. At least some PAR reduction
processing  embodunents  inchude processing the sub-chapnels that are
combined with a different delay for each of the sub-channels. A delay
difference in sub-channels means that the sub-channel samples are dilferent
when the samples of the sub-channels are examined at the same point in time.

Mathematically, the sub-channels having different delays can be represented

by

Cl{n) = s{n-dl)

C2{n} = s{n-d2)

(30} = s{n-d3)

CMn) = s{n-dd)

Where s{in) 13 a digital signal stream, n is the sample number, and di,
d2. ... dM are indegers, and d1, d2, d3, ..., dM can represent the delays Dell,

Del2, Del3, ... DelM of Figure 4.

The delay (Dell, Del2, Del3, ... DelM) of different sab-channels can
be implemented in many different wavs. A possible approach is to delay each
idividoal sub-channel before # i3 combined with the other sub-channels. This
can be implemented by having different delays of the processing paths of the

sub-channels. Dgital delay elements can be implememted with different



WO 2013/173523 PCT/US2013/041251

(v 4]

10

|
Lo

- 12
number of flip-flops or digital delays in the processing path. Another possible
appreach is to pass each sub-channel through a filter that synthesizes a
different delay for each sub-channel. The filter may also perform other
functions 1n addiion o delaying the sab-channell For example, the sub-
channel delay filter con also perlorm band-pass or low-pass filtering.  An
embodiment of such a filter includes, for example, a lmear-phase {ilter.

Al least some embodiments of the filler that introduces the different
delays are a filter that is mplemented as an FIR filter or an TIR filter. Other
embodiments arg implemented by multi-rate techniques where chanuing the
sampling rale of the signal befween a few sampling rate domains 18 used o
synthesize a delay of the processed stream.  Additionally, other embodiments
include a ume-domain filter unplementation or a frequency-domain or a
block-domain filter implementation.

Other embodiments include implementing the sab-channel delays
using digital processing techmques or analog processing techniques or a
combination of both analog and digiial processing to synthasize a sub-channel
detay.

At least some embodiments of the delay processing are static or, for
additrongl flexibility, can be dynamic and changing with time based on other
changing quantities. Changing the sub-channel defays can depend on the PAR
reduction characteristics ov can depend on processing parameters that may
change with thme such as the input signal characteristics or PAR
characteristics, the number of sub-channels, the sul-channel arrangement, etc.

For an embodiment, coefficients of the Dltering ave dyvnamucally
selected based, for example, on the measured PAR of the combined signal or
an output signal.  Moreover, the coefficients can be dyvnamically adjusted
slowly so as not to mduce a sudden change for processing elements afier the
sub-channel delay processing.  Further, the processing elements of the
combined signal may reside in the same processing umit or can be included

within further processing of a signal coupled {o the combined signal.  For
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example, if the combined signal is ransmitted over a communication channel
and contains a stream that is demodulated or decoded to extract the
mformation v the stream, such a demodulator or decoder might include
elements that are adjusted based on the received signal.  For exmmple, a
HANNE-TECOVETY Syslem, a Carrier-recovery sysiem, an aplomatic gain control
system {AGC), an adaptive equalization/filtering svstem are all sometinmes
adapted based on the charactensiics of the recetved signal. As such, for an
example embodiment, the changing of the sub-chamnel delayvs 1 performed i
a sufficiently slow manner such that all the demodulator or decoder tracking
ivops mentionad above are capable of trackmyg the changes in the sub-channel
characteristics without compromisiog the demodulated signal’s quality or the
error performance of the detected data.

Other embodiments that reduce the PAR by sumdarly de-correlating
the sub-channels in time are possible | such as convolving or modulating the
sub-channels with delaved or cireularly shifted sequences, or modulating the
sub-channels with pseudo-random sequences or streamns {0 nmke the sub-
channels have less statistical correlation over short-tume mstances, thus
mproving the PAR performance. The sub-~channel modulation can be later
removed by a device that needs to process the sub-channels by
demodulating/de-correlating the sub-channels with the modulating pseudo
random sequence.

Embodiments of the delay of each of the processing input siguals can
be implemented by a physical delay, by a filter, andior through multi-rate
processing technigues.

An embodiment includes a [Hier that is selected that inclodes linear
phase over a sub-channel, but g different delay for each sub-chamel.

Figure 3 shows another exampie of a block diagram of an embodiment
for processing multiple input signals to generate an outpat signal that includes
muftiple replicates of the input sigaal  This embodiment includes delay

processing on the combined signal. A processing block 510 processes the sub-
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channels that are combined to generate the combined signal and then includes
further processing by a processing device 512 that delays some of the sub-
chanpels by different delays. This includes, for example, the selection of a
special filter in 512 that delays sub-channels differently, or uses nwltiple IR
filters, euch delaying dilferent sub-channels by different amounts, etc.

An embodiment includes a special filter that includes linear phase over
each sub-channel, but the finear-phase response over the sab-channel
frequency span may delay the sub-chanwel frequency band by a different
processing delay for each of the sub~channels. Such a filter is not the same as
a classically defined FIR linear-phase filter and can be designed wsing other
fechmques.  Another embodiment is to employ frequency-dommin processing
where different frequency-domain  sub-channel processmg delays are
unplemented for different frequency bands corresponding to the sub-channels.

The advantage of operating on the combined signal i1s that a single
filter can simultaneonsly delay all the sub-channels to result in sub-channels
that are delayed from each other, which often leads o mproved PAR
performance since the sub-channels” samples are not aligned i1 time anymore.
Another embodiment inclodes dynamically changing the processing of the
combined signal to introduce different delays to the different sub-chamels.
When implemented gs a single filter, in response to changing conditions or to
achieve initial good PAR reduction performance, the {ilter coefficients can be
slowly adapted to synthesize different delays for the different sub-channels.
For an example embodiment, the filter in 512 hes an mitial condition
introducing the same delayv for all sub-chammels, fornung a classical lingar-
phase FIR filter.  After time. in vesponse to more sub-channels being
combined 1o generate the combined signal, the filter taps are slowly changed
to introduce a sub-channel delay difference among the sub-channels of the
combined signal. If forther PAR reduction processing is required, the filter
can be further adapted to inwoduce larger delay differences in the sub-

channels, leading to more PAR reduction.
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The filer changes can be carried out i a slow enough manner o make
sure that other elements that process the combined signal are not overwhelmed
by the speed of changes m the combined signal. For an embodiment, the
change of the filter coefficients are based op an adaptive numencal algonthm
that attempis (o reduce the PAR

Figure 6 shows another example of a block diagram of an embodiment
for processing nudtiple fput signals (610) to generate an output signal that
mnclodes multiple rephicates of the mput signal, wherein each replicate
occupies a different frequency sub-channel of the output signal, and has an
adiusied center frequency.  As shown, the center frequenciss of the sub-
channels are purposely offset from sn ital condiion, which results w a
combined signal signature that reduces the PAR.

For embodiments, the center frequencies can be chosen randomby or
deterpuinistically,  For example, a given standard sub-channel frequency
mapping is given by:

Fel = Fl + D, Fe2 = F2 + 2D, . ., FeM = FO+{(M-DD, where Fel,
Fe2, ... FcM are center frequencies for differemt sub-channels in some
frequency measurement wmt such as Mega Hevtz (MHu).

Embodunents include shifting the center [requencies o veduce the
PAR, wherein the center frequencies are shifted, for example, o

Fel=Fa+D+gl Fe2=F1 +2D+g2 .,  FcM=FI+{M-1)D~
gM, where the gi's represent frequency deviations (in MHz) from the center
frequencies that are chosen {o reduce the PAR of combuned signal.

For an embodiment, the frequency shifls for the sub-channels given by
ot for sub~channel {, can be chosen by many methods, For an embodiment, the
gi's are chosen at random over sn allowed frequency shifi range and
independently for each sub-channel 1. The pi's could also be jomily
deternined fo result in a deterministic frequency shufi pattern that reduces the
PAR of the combmed signal. Qther embodiments include having only a few

possible frequency shill values, meaning that the gi’s are chosen fron: a {inte
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set of frequency-shift chotees.

For embodiments, the frequency shift gt for sub-channel 1 can be
maplemented i many wavs, using time-domain processing or {frequency
domain processing.  For an embodiment, a tume-domain approach uses the
frequency up-conversion or down-conversion processing to introduce gn
addinonal {requency shift equal to pi for sub-chamel 1. For example,
assuming that the sub-channel 5 centeved at a frequency of O-MH» befors
bemyg placed at the center frequency of Fai, # frequency up-conversion would
ap-convert the baseband sub-channel location 0 a center {requency of Fau
Mz, To implement the center frequency shift, the up-conversion frequency
could be made equal to Fer + gi

For an embodiment, the sub-channel center frequency shift s carned
oul using frequency-domain methods. For example, a center frequency shift
can be easily performed in the freguency domain by mapping a set of
frequency-domam tones’bins to different locations to mduce an effective
frequency-shifi of the tonesins belonging to a sub-channel.  For another
embodiment, the center frequency shift can be implemented in many possible
transform domains.  For example, sach a center frequency shift could be
implemented at the output of a filter-bank analysis processing by modifying
the output channels or tones of the filter-bank analysis stage.

Ancther embodiment includes dynamically changing the sub-channel
center frequency shifts. Changing the sub-channel center frequency can be
implemented based on measurements of the PAR reduction performance and
adiasiing the frequency shifts of some of the sub-channels 10 reduce further
the combined signal’s PAR. Changes n the center frequency shifts can also
be intiated based on changes in the processed streamss such as a change in the
input stream characteristics or environmental changes such as {emperature or
transmitted or received power changes, or a change in the number of
processed streams ov in their center frequencies. For a further embodiment,

the center frequency changes can be carried out 1 a sufficiently slow manner
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so as not 1o overwhelm other processing devices that process sub-channels of
the combined signal. For example, a carrier recovery loop for the sub-channel
processing usually tracks the center frequency of a sub-channe! of the
combmed signall  Such tracking of the center frequency needs to be
maintained so the change i center frequency o reduce the PAR nwst be
carried oyt at a slow rate so that the carner tracking of a sub-channel can be
accomplished without iheurring any fideiity or performance degradation.

Figure 7 shows an example of a block digram of an implementation of
the embodiment of Figure 6, wherein the center frequency of each sub-channel
15 influgnced by a PAR measurement 712 and feedback 714, The previously
described center frequencies are selected based on the PAR measurements and
feedback through selection, for example, of the set of pi's within the
processig of the multiple signals (710).

For an example embodiment, the seb-channel center frequencies
placement 1s restricted by other restrictions such as a sub-channel frequency
mapping plan, Doppler shifi affects, frequency uncertainly due io umprecise
clocks/timing devices, etc., and so the center frequency shifts performed o
reduce the PAR are restricted to a limited frequency range.

For gan embodiment, the PAR measurenmient can be made on the
combined signal, the output signal, or any signal that is coupled to those signal
W oany way. For example, the PAR can be measured in the analoy or digsal
domain or at a different location. The PAR measurement may be a simple
threshold counter, counting the number of imes the signal’s amplitude
exceeded a pre-defined threshold in a specified period of time.  (hher
measures include gathering statistics of the signal over a period of time and
analyzing the statistical disteibution of the amplitede of the signal.  Many
other PAR measures are possible that are knowsn i the art.

For an embodiment, the PAR characteristics that are measwwed n 712
are fedback to 714, where these measurements may be used to adjust the PAR

reduction processing {o induce a change fo the PAR charactenstics measured
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m 714, Such a process is used, for example, to achieve a good PAR reduction
solugion by varving the center frequency shifts of sub-channels processed in
710, Starting from an initial center frequency shifts, the center frequencies of
the sub-channels are changed, followed by a PAR measurement n 712,
feeding the mformation hack to 714, and the processing in 714 deciding on the
next sub-channel frequency adjustment based on the measwred PAR
characteristics.

For another embodiment, when the mumber of sub-channe] changes
because of changes in the processing requirement for the mulii-stream
processmg svstem, new sub-channels could be added 1o the processmyg.
Following the sddstion of these sab-channels to the processing, the PAR
characteristics are measured m 712, followed by 714 adjusting the cester
frequencies of the new sub-channels and the old sub-channels to reduce the
PAR of the new combined signal.

Figure 8 shows another example of a block diagram of an embodiment
for processing multiple input signals 10 generaie an output signal that inclades
multiple replicates of the mput signal.  For this embodiment, the nmudiiple
signal processing (810} mcludes multiplving each of the sub-channels with a
multiplier (C1, C2, C3, .., UM} 10 reduce the PAR of the combined signals.

For at least some embodiments, the processing inciades scaling at least
ohe of the sub-channels differently than at least one other sub-chawel. Fora
specific embodiment, the scaling includes at least one iwersion,  For
embodiments, the different processing for each sub-channel can be a differant
filter, or a different scaling of the stream’s sub-channel, or simply changing
the polarity/aign of all the samples composing the stream (equivalent Lo
multiplving the stream by +1 or ~1).  Also, if the stream processing s
performed with the complex baseband representation of the wavelomm, the
scahing factors can be complex numbers (with real and tmaginary
CORPONSNS).

The scaling can be implemented in many differeni ways, inchudmg
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using digital or analog processing.  The scaling can be implemented using
time domwin processing or using frequency-domain processing.  For an
embodiment, the processimg of individeal sub-channels includes a scaling of
the sub-channel.  For an embodiment., a filier used forthe sub-channel
processing allows for implementing an additional scaling of the sub-channel,

For ancther embodiment, in frequency-domain processing or block-
domain processing, the channel scabng is tmplemented i the frequency-
domain by scaling the frequency-~domam tones/bing, stc.

For ancther embodinent, the scaling of the sub-chamnels is
wnplemented usmg the sub-chanpel down-convarsion or ap-Comversion
processing of the sub-channels. For example, the phase of the up-conversion
or down-conversion phasor can be chasged or nodified to result in
unplementing a phase shift of the sub-channel. For ancther embodiment, the
phase change m the up-conversion or down-conversion phasor is done by
delaving the phasors differently across the sub~-channels.

For a specific embodiment, the scaling multiphiers include a 1 ora -1
For an embodiment, the scaling could be random scaling or deterministic
scaling. Random scaling could be a random choice of | or -1 or scaling based
on g random scaling from a bounded set. For the sub-channel scaling, the
scaling could be done mdependently for each sub-channel or it could be jointly
coordinated and carried out for each sub-chanpel. Iowmtly deternuning the
scaling of the sub-channels could lead to wore PAR reduction than performing
scating independently for each sub-channel.

For ancther smbodiment, the sub-channe! scaling i3 performed by
processing of the combined signal. For another embodiment, the same scaling
values are used for different sub-groups of the sub-chamnels. For example, a
filter processing the combined signal can filter differemt groups of sub-
channels with a dfferent scaling factor.

For another embodiment, the scaling is dvnamic and adaptive based on

the PAR measuremenis or other criteria. The scaling coefficients could be
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changed at a pre~-determined rate not to overwhelm other processing elements.
They could be changed based on feedback from a PAR nieasurement or based
on some other adaptive algorithm.

Figure 9 shows an example of a block diagram of an embodiment
wherein processing of each sub-chunnel is influenced by g PAR measurement
and feedback. A PAR measurement is made by a PAR measuremient unit 912,
For an embodiment, the measurement 1s performed on the combuned signal.
For other embodiments, the measurement is camed owt on other signals
coupled to the combined sigual and at different locations. The measurement
can also be carried at smsliiple locations and all the measurements can be used
o adjust the PAR processing.  For example, the messurement can be done
after further processing of the combmed signal, such as further filtering, or up-
conversion, or m the analog domain, The PAR measurement can also be
carrted owt at locations sach as a demodalator or processor that processes that
combined signal after it has been sent to a different location for further
processing.

The measurement is sent to processing block @14, where the PAR
measurement result are processed and analvzed. The processing m 214 can
take action to change the PAR processing 910 to achieve a desired PAR
charactesistic at the varions measurement points in 912, The processing of the
PAR measurement can resuli m, for example, changing the PAR processig.
For emibodiments, the center frequencies of sub-channels are modified, or the
sub-channel scaling 13 changed, ov the filiering of the sub-channels is changed
1o change the PAR characteristics,

The PAR processing changes in 910 directed by 914 can be performed
i many different ways to accommodate many possible situations.  The
changes are performed at a rale of change that 15 slow so that further
processing of the combined signal Is not degraded. Or it can be performed by
coordination with other processing elements,

For at least soume embodiments, the PAR feedback can be used (o
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adiust coefficients dynamically at a “slow rate™, s0 as not to bunt other
receivers or modems. Such modems or other receivers expect changes in the
signal they process to be changing at a very slow rate so that the processing
can be adjusted slowly to rack the changes in the recetved signal. In another
embodiment, the unit 914 conununicates the changes in PAR processing i is
gomng to perform {o other processmmg elements that process the combined
signal so that the other processing units are aware of changes i the combingd
signal and can adjust their processing accordingly.

Figure 10 shows another example of a block diagram of an
embodiment for processing multiple inpuol signals to generate an output signal
that inclades multiple rephicates of the nput signal, and {urther includes a peak
reduction cancellation signal for reducing PAR of the ountput signal. In Figure
10, PAR processing 1010 performs processing to reduce the PAR of the
combined signal. init 1020 adds a peak-reduction signal to the outpat of the
PAR reduction processing 10160, The peak reduction signal generated by 1020
is addedicoupled io the output of 1010 to gensrate an ouiput signal that
mechudes a peak~reduction signal.

The peak~reduction signal generator processes the combined signal that
is the output of the PAR reduction processing 1010, The peak-reduction
generation uses the combined signal (o generate the peak-reduction signal
Many methods of generation of the peak-reduction signal are possible. For
embodiments, the processing can be linear or non-linear. For an embodiment,
the peak-reduction processing generates a new frequency component that is
added to the output of 1010, For another embodiment, processing 1020 sobves
a numerical optimization problem 1o generate a peak reduction signal subject
1o various constraints.

For another embodiment, the peak reduction signal 15 a scaled and
frequency shifted sub-channel of one or more of the sub~chamnels processed
by the multi-stream processing engine.  For exanple, a sub-channel is

frequency shifted and then multiplied by -1, For another embodiment, the
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peak-signal generation uses 8 frequency plan o place the PAR reduction
signal in @ location that does not interfere with the transnussion of any
mformation by the processing system or other commumication systems sharing
the medinm.  For an embodiment, the peak reduction signal is placed in
frequency between sub-channels where there 18 no informanon present.  For
an embodimend, the powaer of the peak-reduction signal s bounded so as not to
merease the power of the combinad signal.

Figure 10 also shows an embodiment of a frequency-doman view of a
peak-reduction signal that is added to a combined signal that is composed of
five frequency sub-channels.  The peak-reduction signal s added at a
frequency locauon that is not occupied by any sub-channel. Tins allows for
the peak reduction signal to be easily [ltered out by a frequency selective
filter later on so that the peak-reduction signal does not interfere with any
further processing of the sab-chamnels. In Figure 16, the peak-reduction signal
1s added at a higher frequency location than the last sub-chamnel, in this case
sub-channel 5, in the combined signal.

For an example embodiment, the peak reduction signal occupies
muktiple frequency-domain locations and does not have to be contained in one
contiguous frequency hand.

For an embodiment, the penerated peak-reduction signal peneration
depends on the combined signal, on the freguency plan, on FCC restrictions,
on the available bandwidths, the sub-channel frequency spacing, etc.

For another embodiment, the peak-reduction generation s combined
with other PAR reduction processing such as scaling or sub-channel center
frequency shifting, where the PAR reduction processing of both methods
could be done jointly for added PAR reduction performance.

For at least some embodiments, the processing 1030 further inchudes
the elinunation of the peak reduction signal that was added, andior the
processing can include further processing.  For another embodiment, the

processing 1630 is iucluded at a recerver of the ocutput signal which removes
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peak reduction signal before processing the sub-channels of interest.
Ewmbodiments of the removing of the peak reduction signal can be
pmplemented in either the digital or analog domain at multiple locations.

Figure 11 i3 a flow chart that mcludes step of an example of a method
of processing fuput signals (0 genergle g combined signall A first step 1110
includes receiving a plurality of input signals. A second step 1120 mcludes
generating a combined signal, the combined signal comprising a phlurality of
sub-channels, wherein each sub-channel includes a representation of at least a
portion of at least one of the pluraliy of imput signals. A third step 1130
nchudes processing the representation of the least a portion of the at least one
of the plurality of input signals of at least one of the sub-channels, to reduce a
peak-to-average-power ratio (PAR) of the combived signal.

The combined signal includes the plurality of sub-channels, For
embodiments, the final outpat signal can be either the combined signal, or the
combined signal afier fiwther processing.

For an embodiment, the processing mcludes applyving a different delay
to each of the sab-channels. As described, the delavs of the different sub-
channels can be introduced either before or after combining the sub-chamels.
As described, the delays are introduced to reduce or mimnuze PAR of the
combined or output signal,  As described, for at least one embodiment, the
phase delays are adaptive, and can be selected, for example, by measuring
andfor monitoring the PAR of the combmed or the output sigmal. The
different delays of each of the sub-channels can be applied by selective
fiterng of the combined signal. For al least some embodiments, the delay
includes a phase delay or o time delay.

For at least one embodiment, each sub-channel occupies a differemt
frequency band, and the processing mcludes re-aligning a center frequency at
least one of the sub-channels. For another embodiment, the re-alignment of
each of the sub-channels is random or deterministic. For an embodiment, the

re-alignment of each of sub-channels is adaptive and, for example, based on at
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feast one of a8 PAR measurement or a sub-channel frequency plan.  As
previously described, the re-alignment can be adaptively selected based on
feedback of measurement of the PAR or the monitored PAR of the combined
andfor outpat signals.  An embodiment finther mcludes independently or
jointly re~aligning the at least one sub-channel o reduce the PAR.

For at east some embodiments, the processing mceludes scaling at least
one of the sub-channels differently than at feast one other sub-chanpel. Fora
specific embodiment, the scaling comprises at least one inversion.  For
embodiments, the different processing for each sub-channel can be a differant
filter, or a different scaling of the stream’s sub-channel, or simply changing
the polarity/sign of all the sumples composing the stream (eguivalent
multiplving the stream by +1 or -1).  Also, if the stremm processing is
performed with the complex baseband representation of the waveform, the
scahing facltors can be complex nambers (with real and imaginary
components).

At least one embodiment mchudes generating a peak-reduction signal,
and adding the pesk-reduction signal with the combined signal, thereby
reducing the PAR of the combined signal. 1o a further embodiment, the PAR-
reduction signal 15 added to reduce a specific function of the PAR or to
wmprove the average PAR. Moreover, any processing of the signal i the
fulure can be aware of the added PAR-reduction signal and can remove it prior
to further processing of the received signal. The PAR-reduction signal can be
generated from the plurality of input signals.

For at least some embodiments, the processing the representation of
the least a portion of the at least one of the plurabty of input signals of at least
one of the sub-channels adaptively changes based on 8 number of sub-
channels of the combined signal. For an embodiment, the processing of the
representation of the least a portion of the at least one of the phaahity of input
sipgnals of at least one of the sub-chamnels adapuively changes based on a

statistical correlation of the inpui signals.
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In a further embodiment, the PAR/peak amphitade reduction algorithm
1s dynamic and flexible, and can change 1 response 10 changes in the streant’s
configuration/processing requirements such as dvonamic changes in the number
of sab-channels being simultaneously processed, an addition or removal of a
channel.  For exanwple, based on the current number of replicated sub-
channels, the filter coefficients of the stream that nduce differemt delays fw
each sub-channel can be wmodified dynamically based on the number of
repheated suab-channels and non~replicated sub-channels and, possibly, other
factors, such as the processed stream’s power or pther statistical measures.

For at least some embodiments, processing the representation of the
least a portion of the at least one of the plurality of input signals of at least one
of the sub-channels adaptively changes based on desired PAR charactenstics
of the combined signal. In 3 fpther embodiment, there exist counters that
measure the peak-excuyrsion or PAR level of the processed stream and based
on the PAR conditions, the processing parameters are changed to result in the
desired PAR characteristics.

For at least some embodiments, the processing of the representation of
the least a portion of the at Jeast one of the plurality of input signals of at Jeast
one of the sub-channels adaptively changes, wherein a rate of the changes is
based at least in part ypon characieristics of a receiver of a sigaal that s based
on the combined signal. In a further embodiment, the filter coefficients that arg
modified dynamically to respond 1o changes in the PAR characteristics based
on the change in the siream characteristics are changed at a pre-determined
vate to result i very gradual changes to the filiering of the stream such that
later systems extracting nformation from the streams would not suffer a
distortion because of the sudden change in the processing of the stream but
will have sufficient time to adjust their processing to accommuodate the change
in the processed stream that is performed (o reduce the stream’s PAR
characteristics.

Although specific embodimenis of the mvention have been described
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and Hustrated, the nvention 15 not © be limited to the specilic forms or
arrapgements of parts so described and tlustrated. The invention s Hmued

only by the appended claims.
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Claims
1. A method of processing input signals, comprising;

receiving a plarality of mput signals;

generating a combined signal, the combined signal comprising
a plurality of sub-chamnels, wherein each  sub-chamnel mcludes a
representation of al least a portion of at least one of the plurality of input
signals;

processing the representation of the least a portion of the at least one of
the plurality of mput signals of af least one of the sub-channels, to reduce a
peak-to-average-power ratio {PAR) of the combined signal.

2. The method clum 1, wherein the processing comprises
applving a different delay to each of the sub-channels

3. The method of claim 2, further comprising selecting each of the
different delays to wmitigate the peak-to-average-powertatio (PAR} of the
combined signal.

4. The method of claim 2, wherein each of the different delays of
each of the sub-channels is applied before generating the combined signal.

5. The methed of claim 2, wherein each of the different delavs of
each of the sub-channels i1s applied alter generating the combined signal.

&. The method of claim 3, wherein the different delavs of each of
the sub~channels are applied by selective fliering of the combined signal.

7. The method of claim 1, wheremn exch sub-channel occupies a
different frequency band, and further comprising;

re~-aligning a center frequency of at least one sub-channel.

8. The method of claim 7, wherein the re-alignment of the center
frequency of the at least one sub-channel is adaptive based on at least one of &
PAR measurement, or a sub-channel frequency plan.

9. The method of claim 7, wheremn the re-alignment of the center

frequency of the at least one sub-chanael 13 random or determunistic.
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10, The method of claim 7, firther comprising independently or

jointly re-aligning the at feast one sub-channel o reduce the PAR.

1. The method of claim 1, further comprising scaling at least one
of the sab-channels differently than at least one other sub-chamnel.

12, The method of c¢laim 11, whereln scaling comprises n
mversion.

13 The method of claum 1, further comprizing;

generating a peak-reduction signal; and
adding the peak-reduction signal with the combined signal,
thereby reducing the PAR of the combined signal.

4. The method of claim 13, funther comprising generating the
peak reduction signal from the plurality of input signals.

15, The method of claim 1, wherein the processing of the
representation of the least a portion of the at least one of the pluahity of Input
signals of at least one of the sub-channels adaptively changes based on a
number of sub-channeis of the combined signal.

6. The wmethod of claim 1, wherein the processing of the
representation of the least a portion of the at least one of the plurality of input
signals of at least one of the sub-channels adaptively changes based on a
statistical correlation of the input signals,

17. The method of claim 1, wherem the processmg of the
representation of the feust & portion of the at least one of the plurality of input
signals of at least one of the sub-channels adaptivelv changes based on desired
PAR charactenisiics of the combined signal.

I8, The method of claim 1, wherein the processing of the
representation of the least a portion of the at least one of the plurality of mput
signals of at least one of the sub-channels adaptively changes, wherein a rate
of the changes is based at least in part apon characteristics of a receiver of a
sipnal that is based on the combined signal.

19 An apparatus for processing input signals, comprising;
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a nudt-stream processing system configured © receive a
plurality of input signals and penerates a combined signal, wherein the
combined signal inchides a plarality of sob-channels, wherein each sub-
channe! includes a representation of at least a portion of at least one of the
plurality of input signals;

sighal processing cireuitry configured to process the representation of
the least a portion of the at least one of the plurality of input signals of at least
one of the sub-channels to reduce a peak-to-average-power ratio (PAR} of the
combined signal.

240 The apparates of claim 19, wherein ihe signal provessing
cireuitry applies a different delay to each of the sub-channels.

21, The apparatus of claim 20, further comprising selecting each of
the different delavs to mitigate the peak-to-average-power-ratio (PAR) of the
combined signal.

22, The apparatus of claim 20, wherein each of the different delavs
of each of the sub-channels is applied before generating the combined signal.

23, The apparatas of claim 20, wherein each of the different delays of
each of the sub-channels is apphed after genevating the combined signal.

24, The apparatus ol claim 23, wherein the different delays of each
of the sub-channels are applied by selective filtering of the combined signal.

25. The apparatus of clum 19, wheraim each sub-channel occupies
a different frequency band, and further comprising;
re-aligning a center frequency of af least one sub-chanuel.

26, The apparatus of clam 25, wherein the re-alignment of each of
sub-channel 1s adaptive based on at least one of a PAR wmeasurement, or a sub-
channel frequency plan.

27. The apparatus of claim 23, wherein the re-alignment of each of the
plurality sab-channels is random or deternunistic.

28, The apparatus of claim 19, further comprising;

the processing circuitry inverting af least one of the pluralny of
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29, The apparatus of claim 19, further comprising;
the processing civcaiiry configured 1o generate a peak-reduction
signal; wherein
adding the peak-reduction signal with the combined sigaal
reduces the PAR of the combined signat.

340. The apparatus of clam 29, further comprising the processing
circuitry configured to generate the peak reduction signal from the plurality of
sub-channels.

31, The apparatus of clam 19, wherem the processing the
representation of the least a portion of the at least one of the plurality of input
signals of at least one of the sub-channels adaptively changes based on &
number of sub-channels of the combined signal,

32, The apparatus of claimy 19, wherein the processing the
representation of the least a portion of the at least one of the plurahity of mput
signals of at least one of the sub-channels adaptively changes based on desired
PAR characteristics of the combined signal.

33, The apporatus of claim 19, wherein the processing the
representation of the least a portion of the at least one of the plurality of input
signals of at least one of the sub-channels adaptively chanpes, wherein a rate
of the changes 15 based at least wn part upon characieristics of a receiver of a
signal that is based on the combined signal,

34 A method of processing input signals, comprising;

receiving a plarality of mput signals;

generating a combined signal, the combined signal comprising
a pleality of sub-chamnels, wherein each  sub-chamnel includes a
representation of at least a portion of at least one of the plurality of mmput
signals;

processing the combined signal to reduce 8 peak-to-average~

power raito {PAR) of the combined signal.
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average-power ratio (PFAR) of the combined signal

FIGURE 11



INTERNATIONAL SEARCH REPORT PCT/US20 kniemanonai app|ication' go. '

PCT/US13/41251

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO4B 1/66, 1/68, 14/02; HO3C 3/00, 3/04, 3/06 (2013.01)

USPC - 375/224, 225; 455/91, 102, 116, 210, 308
According to Intenational Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC(8)-H04B 1/66, 1/68, 14/02; HO3C 3/00,3/04,3/06 (2013.01)
USPC-375/224,225; 455/91, 102, 116, 210, 308

Documentation searched other than minimum documentation to the extent that such.documents are included in the fields searched

Electronic data base consulted during the international scarch (name of data base and, where practicable, scarch terms used)

MicroPatent (US-G, US-A, EP-A, EP-B, WO, JP-bib, DE-C,B, DE-A, DE-T, DE-U, GB-A, FR-A); IP.com; IEEE.org. Google Patent/Google
Scholar; process*, input, signal*, PAR, peak average, channel, amplitude, reduce, recud*

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2011/0268167 A1 (SUNDSTROM, L) November 3, 2011, paragraphs [0040}-[0054],[0060] 1-34
[0100}-[0103)
A US 8,369,801 B2 (SHIMIZU, Y et al.) February 5, 2013, entire document 1-34
A US 8,385,834 B2 (NAKATA, K) February 26, 2013, entire document 1-34
D Further documents are listed in the continuation of Box C. I:l
* Special categories of cited documents: “T”  later document published after the international filing date or priority

datc and not in conflict with the application but citcd to understand

“A” document defining the general state of the art which is not considered nd 1 A % t
the principle or theory underlying the invention

to be of particular relevance
“E” carlier application or patent but published on or after the international X document of particular relevance; the claimed invention cannot be

filing datc considered novel or cannot be considercd to involve an inventive
“L™ document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other «y» o none of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  documcnt published prior to the international filing date butlater than  «g»  4ocument member of the same patent family

the priority datc claimed
Date of the actual completion of the international search Date of mailing of the internationa] search report
10 July 2013 (10.07.2013) _I 9 J U L
Name and mailing address of the ISA/US Authorized officer:
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450 PCT Helpdesk: 5712724300

Facsimile No. 571-273-3201 PCT OSP: 571-272-7774




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report

