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the invention This invention is generally related to comruni cati on devi ces
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15  BackgrounWosté/Ié | nvention: In one dinengional digital EEHYSHEES on
systens the transmtted waveformis fornmed by adding tine-shifted versions
of a basic pul se shape. The anplitude of this pulse is adjusted according
to the data being sent 2 0 (e.g. binary phase shift keyed). In

mul ti-di mensional digital communication systens (e.g. Quadrature Anplitude
Modul ated) mnultiple pul se streans are generated according to the data. To
m nimze the bandwi dth of the transmtted waveform and thereby secure that
the transmtted waveform does not interfere with other systens operating in
a 25 enearby (%requency) channel , the pul se shape used nust have a tine
duration whi ch“spans several synbol intervals. That is the pul se associ ated
with one data synbol WRADEWITH PRAKROWERAND _

synbol*s. Certain data sequences w ||l caupODISATTION' | appi ng pul ses to add
constructively producing |arge peaks in the 3 0 transmtted waveform
whil e other data sequences will cause these overl appi ng pul ses to cancel
one anot her producing snmall values of the transmtted waveform Anplifiers
that are used1 2
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This invention is generally related to communication devices and
more particularly to communication devices with efficient modulation.

15

In one dimensional digital communication systems the transmitted

waveform is formed by adding time-shifted versions of a basic pulse shape.
The amplitude of this pulse is adjusted according to the data being sent

20 (e.g. binary phase shift keyed). In multi-dimensional digital
communication systems (e.g. Quadrature Amplitude Modulated) multiple
pulse streams are generated according to the data. To minimize the
bandwidth of the transmitted waveform and thereby secure that the
transmitted waveform does not interfere with other systems operating in a

25 nearby (frequency) channel, the pulse shape used must have a time
duration which spans several symbol intervals. That is the pulse
associated with one data symbol will overlap pulses associated with

‘adjacent data symbols. Certain data sequences will cause these

overlapping pulses to add constructively producing large peaks in the

30 transmitted waveform, while other data sequences will cause these
overlapping pulses to cancel one another producing small values of the
transmitted waveform. Amplifiers that are used to boost the power of the

- transmitted signal just prior to transmission work best when the signal
remains at a fairly constant level. Large peaks in the transmitted signal
- 35 lead to inefficient usage of the power amplifier which in turns wastes

precious battery life.
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upon the pull9e Slebytévelgdigh peak-to-average power ratios. Two commonly used

modulation formats are Phase Shift Keying (PSK) and Quadrature

Amplitude Modulation (QAM). The former uses a signal constellation

where all data symbols have the same magnitude while the latter varies

both the phase and magnitude of the individual data symbols. Binary

15 signaling is a special case of PSK (i.e. BPSK). In both modulation formats,
the peak-to-average ratio depends upon the pulse shape used.

Quadrature Amplitude Modulation (QAM) utilizes both the phase
and amplitude of a carrier to transmit information and hence has the
potential to generate a higher peak-to-average power ratio. Indeed,

20 experiments have demonstrated that, for example, a sixteen symbol PSK
constellation enjoys a 3-4 dB improvement in peak-to-average power ratio
over a 16 QAM signal. However, this gain in efficiency improvement is
accompanied with a 4 dB loss in sensitivity. Due to this loss of sensitivity,
many system designers prefer to use the QAM modulation format despite

25 its degraded peak-to-average power ratio. |

Referring to FIG. 1, a communication device is shown as is
presently available. FIG. 2 shows a phase and magnitude trajectory of a
complex baseband 8 PSK signal. In other words, this figure represents the
transition from one symbol to the next as the generated data changes state.

30 A filter that is used to limit the sideband noise produces undesirable
overshoot as shown by reference 202. This overshoot 202 contributes to an
increase in peak power which results in an increase in the peak-to-
average power ratio. This increase in the peak-to-average power ratio

- forces a designer to design an amplifier that can tolerate the maximum

35 peak power which in turn renders the power amplifier more expensive to
produce. In addition, the increase in peak-to-average ratio reduces the
power efficiency of the power amplifier.
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Description of the Drawings:
15 FIG. 1 shows a block diagram of relevant elements of a
communication device as is presently available.
FIG. 2 shows the magnitude and phase trajectory of a complex
baseband signal of the communication device of FIG. 1.
FIG. 8 shows relevant portions of a communication device in
20 accordance with the present invention.
FIG. 4 shows the elements of a peak suppression algorithm in
accordance with the present invention.
FIG. 5 shows the magnitude and phase trajectory of a complex
baseband signal in accordance with the present invention.
25 FIG. 6 shows the eye diagram of the performance of the
communication device in accordance with the present invention.

30
Referring to FIG. 3, relevant components of a communication device

300 in accordance with the present invention are shown. A microphone
302 produces an analog signal which is coupled to a vo-coder 304 where it
is converted to a digital signal. The vo-coder 304 generates a digital

. 35 information signal and applies it to a Digital Signal Processor (DSP) 306.
The combination of the vo-coder 304 and the DSP 306 form a digital
modulator 8301. The DSP 306 manipulates this digital information signal -
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a peak suppressi (ﬁP i#hm i n accordance with the present invention. FIG
5 shows the m#gnitude Refebr;ﬂgads:eFIG o4, @ssentjalcdflementsofithe DER 806.in agtqdahcd N
accordance W th tHgynhaSHRlent WHESHtiGH are shown. In essence, a random binary data
generator 401 is shown coupled to a peak suppression algorithm 402. The
generator 401 may be any source of digital data such as the vo-coder 304.
The peak suppression algorithm includes a symbol mapping section 404
15 and a symbol scaling section 406. The digital information generated at 401
is mapped onto a constellation diagram 404 to produce data symbols each
having a symbol interval and an onset. These data symbols are
represented via vectors 405 each having I and Q signal components. In
other words, the data symbols are represented by vector components with
20 orthogonal relationships. It is noted that the peak suppression algorithm
can also operate on one-dimensional signals (e. g. BPSK). The I and Q
signal components collectively represent the magnitude and the phase of
the vector 405. Each vector represents a symbol interval whose content is
determined by the number of bits that are processed at each instant of
25 time. Indeed, the data symbols are processed at a rate which separates
them at their respective onset via a symbol interval. For instance, in a
three bit system, the vector 405 represents three bits with eight distinct
possibilities. In a four bit system, a vector represents four bits and the
signal constellation has sixteen symbol locations thereon. In the preferred
30 embodiment and in order to facilitate the understanding of the principles
of the present invention, a three bit symbol interval is assumed. _
Once the symbols have been mapped a symbol scaling process is
embarked upon. As part of this process the magnitudes of the I and Q
components are altered according to an algorithm that would minimize
35 overshoot at the subsequent filtering step. This step is performed via a
pulse shape filter 408. The aim of this filter is to reduce high frequency
_ components of the symbols before they are transmitted. Due to its .
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signal with a |ocall
10 magmtude or both magnitude and phase. In other words, the amplitude

of the I and Q components may be altered in such a2 way to maintain the
phase of the vector 405 constant. Alternatively, the amplitude of the I and
Q components may be altered independently thereby resulting in changes
to both the magnitude and the phase of the vector 405. :

15 The magnitude of the unscaled symbols on FIG. 5 are shown via the
dotted line circle 502. This circle represents the magnitude of the symbols
as they are generated by the random binary data generator 401 and symbol
mapper 404. Ideally, the amplifier 812 will have to amplify these constant
magnitude signals. But due to the pulse shape filter 408 these signal

20 magnitudes are increased to the point where the concentric circle 504 is
formed at the output of the pulse shape filter. This external circle 504
shows the extent of the overhead placed on the amplifier 812. Indeed, the
diamefric distance befween the two concentric circles 502 and 504
represents the magnitude difference between unfiltered and filtered

25 symbols. This difference is directly translated in undesirable peak power.
The scaling of the symbols amounts to a shrinking of the diameter of this
circle hence a lower peak demand on the amplifier 312,

The scaling algorithm looks at the sequence of symbols and
determines the alteration needed on each of the symbols as they are

30 generated by the data generator 401. The algorithm utilizes the filter
characteristics during this determination. FIG. 5 shows a phase and
magnitude trajectory of several symbols after they have been scaled.

- Unscaled symbols are represented by 506 while their scaled counterparts
are shown via 508. In this example we assume that five symbols are

. 35 transmitted. The first symbol 501 is unaltered for there is no peak
generated. The next symbol is scaled radially downward to prevent the
signal peak which would normally res:lt due to the interaction between
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Upon successful population of the input data symbol block, the
algorithm proceeds to determine several values for each symbol interval
defined by the input symbol block. These values are: (1) the peak
transmitted signal magnitude, (2) the time location of the peak, and (8) the

20 peak scale factor for the peak magnitude. The algorithm determines these
values on a symbol interval by applying the pulse shape filter function to
the appropriate data symbols. The number of data symbols utilized to
calculate the signal over a particular symbol interval depends upon the
impulse response of the pulse shape filter function. All symbols that

25 combine with the pulse shape to produce significant signal magnitude
within the symbol interval of interest must be included in these
calculations. The impulse response of the pulse shape filter 408 also
determines how much symbol overlap there must be between successive
symbol blocks. -

30 The algorithm utilizes the peak transmitted signal magnitude on a

~ particular symbol interval to determine the peak scale factor for that
interval. A peak secale function is applied to the peak signal value. The
peak scale function is defined such that it produces a negative peak scale
factor if the peak magnitude is greater than some reference value and a
. 35 positive scale factor if it is less than the reference value. The magnitude of
this scale factor increases with the difference between the peak magnitude
and the reference value. The reference value is usually set equal to the




Once the synbol s have been mapped a synbol scaling process is 3 5 enbarked
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symbol scale function weights the left-hand peak scale factor by the
relative time distance that the peak is located from the particular symbol.
Likewise, the right-hand peak scale factor is weighted by the relative
distance that it is from the particular symbol. The two weighted scale
15 factors are than summed together with a unity value to determine the
symbol scale factor. In this manner, signal peaks that are located close to
a particular symbol have a greater impact on the scale factor for that
symbol. '
After each of the symbol scale factors have been determined, the
20 algorithm normalizes the symbol scale factors to maintain the desired
average power. Assuming that the pulse shape has unity average energy
and that the individual symbols are independent and identically
distributed, the average power (Ps), is calculated by simply averaging the
squared scaled symbol magnitudes. The desired average power is usually
25 equal to the average power of the unscaled transmitted signal (Pu).
Hence, the normalizing factor is equal to Sqrt(Pu/Ps). In the case of a
circular PSK constellation of unity symbol magnitude Ps is s1mp1y equal to
the average of the symbol scale factors.
' The algorithm repeats the symbol processing steps described above
30 for a specified number of iterations or until some target peak-to-average
power ratio is attained. After one of these conditions has been met, the
algorithm scales the data symbols by the appropriate final symbol scale
factors and copies the scaled symbols to the output block. The algorithm
then proceeds to sequentially output the scaled symbols to the pulse shape
35 filter while simultaneously loading the input block with the new, unscaled
symbols from the constellation mapper.
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result due to tHE
Q components are presented to the filter 408 with sufficient compensation

to minimize the effect of the unavoidable signal peaks. This compensation
15 minimizes the peak power requirement on the amplifier 312. It is
appreciated that without the benefit of the present invention, the amplifier
312 must be able to - handle the peak power demands as represented by
circle 504. This additional requirement greatly increases the cost of the
amplifier 312. The increase in the peak power vis-a-vis the average power
20 adversely affects the efficiency of the amplifier 312. Portable radio devices
are particularly at a disadvantage in view of this additional degradation in
efficiency. |
The principles of the present invention provide 2 general method to
suppress peaks in the transmitted waveform before it is amplified. The
25 magnitude of a data symbol is slightly adjusted according to the values of
the neighboring symbols and the pulse shape filter response. The result is
a transmitted waveform which retains a much more constant magnitude
level. The algorithm works on a block of data (usually about 50 to 500
symbols at a time works best). The peak suppress1on algorithm can be.
30 briefly described as follows:
STEP 1: Based on the data symbols for the block, and the pulse shape
to be used, construct the transmitted waveform.

» : STEP 2: For each symbol interval in the transmitted waveform,
calculate the peak value of the waveform in that interval, the position of
. 35 that peak, and the peak scale factor.

STEP 3: Based on the peak scale factors and their positions, rescale
the heights of each data symbol.



" WD 96/ 42161 7 PCT/ US96/ 07608 The
algorithmused in the preferred enbodi nent, accepts data synbols that have
- been produced by the constellation nmapper 404, processes the synbols and
outputs themto the pul se shape filter 408. Specifically, the algorithm
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guarantee that t oI S wWthin t?’u k urat el y, represent, the
statistical char actengfem-Eg@PC@WaF ?g’ﬁ‘f Sé the pnercirclayo|
Slequencﬁ Upon Swfﬁssﬂﬂﬂhenﬂ@ﬂlmd@afﬂfe ﬁﬂtﬂtemdtstymhmlsa Ty mboid thiese kymbbls
al gorithm proceegds

n %%ﬁ%gcftﬂgn@é Eﬁg %a? t0'thbs ‘b%ﬁnﬁ%e@ Q%%vﬁ e du%:e E¥ab

defined by the i val ues
transmtted signBP4 theiaresealed as Shﬁ‘é!nthb'rﬁpsl- &%@%he ggen, W@mﬁéﬁlﬁhe Syerbols)

the 2 0 peakoscabepéaed dbwharhild otlivaslardvgaletutein diderabaniniiize dfroeamiines

these val ues on a synbol .interyal by applying the pulse shape filter
function to SﬁSlgnal magnitude.

The scaled symbols reduce the peak power demand and hence _
improve the amplifier efficiency. In addition, the peak-to-average power
requirement of the power amplifier is reduced. This reduction is directly

15 translated in to lower cost for the amplifier 312.

The improvement in the performance of the system is accomplished
with minimum impact on the accuracy of the modulation. FIG. 6 shows
an eye diagram of a demodulated signal having its peaks suppressed. The
eye opening 602 is shown to have a sufficiently wide opening to maintain

20 error performance. This is highly significant as a modulation technique
is only desirable when demodulation techniques available therefor are
highly accurate. In addition to modulations utilizing phase or amplitude,
the principles of the present invention are applicable to QAM system
which utilize both the phase and the amplitude of a signal to carry

25 information.

What is claimed is:




" the appr opr: m The nunber of data synbols utilized to

cal cul ate t|}}ﬂ"mm1mﬁmm particul ar synbol interval depends upon the
i mpul se response &f the’pul se shape filter function. Al synbols that 2 5
conbine with the pul se shape to produce significant signal nmagnitude wthin
the synbol i ntewoab/dzibl i nt erest nmust be inciuded in these cal edralshédvges The
| mpul se response of the pul se shape filter 408 al so determ nes how nuch
synbol overlap there nust be between successive synbol blocks. 3 0
The al gorithm ut€laimss the peak transnitted signal magnitude on a
particul ar synbol interval to determ ne the peak scale factor for that

interval. A pea al e.fungtion pl I‘e eak signal, value. The
peak scal e functT ﬂb%?f%e’ﬁ @ﬂ@ﬁ%é‘@?ﬁ PEFIRAOD, QUIRHSIBE peak scal e
factor if the peak mggherating the QIMenfmmmosorre refer ence value and a 3 5
positive scake fact Olndppihk thé dhgqgaq &hﬁ&étﬂﬁ oeifors @ dl%ﬁnﬂ'&g”' t ude
of this scale factor mcreas(&g \g‘@} %glfff r.enge etvveen t he

magni j ude and the ref er enPEPAREP f8la FFmdp n}?,%wygl%‘msoetusual ly set equal
to the ~ WD 96/ 4216processing the data symbols ## a rate which separates them at their
PCT/ US96/ 07608 desired peglg i’g | SRR vi TQ%gﬁ%QP{x#EePGQJStOWS t he peak scal e

tiQn

factor and the corres ond| n eak .t1 ne r_each. synbol interval in
two separate vectors: thedatgy q;sfmb%ls s%fg&ﬁlg?aht’qmp@@@tﬁ:oand

determ ne th® synbol saadaigetﬁea]:and Q signaheompotenits torretlhee pbgic bower while
maintaining average power.

2. The method of claim 1, wherein the step of processing includes the step
of filtering the I and Q signal components to maximize spectral efficiency
15 and to produce baseband I and Q signals.

3. The method of claim 2, further including the step of determining the
average power of the baseband I and Q signal.

20 4. The method of claim 2, further including the step of determining the
instantaneous peak power of the baseband I and Q signal over each symbol
interval.

5. The method of claim 4, further including the step of determining the
25 time at which the instantaneous peak power of the baseband I and Q
signal occurs on each symbol interval. '

6. The method of claim 2, further including the step of combining the
baseband I and Q signals to produce a composite baseband signal.

30 _ '
7. The method of claim 6, further including the step of determining the
average power of the composite baseband signal.

8. The method of claim 6, further including the step of determining the
a 35 peak power of the composite baseband signal at each symbol interval.



ccessful determ nation of the peak scale factors
and t hei Hmmmmnue“;ﬂ”m | ocations, the algorithmcal culates the synbol
scal e factorcfor ok the data synbols. To determ ne a particul ar synbol
scale factor the algorithmutilizes the peak information fromthe two

synbol intervalwobbkatiénre i nmedi ately adj acgmt to a particul apcpyg®alrsos
These two 10 intervals will be referred to as the left-hand and ri ght-hand
intervals. The synbol scale function weights the |eft-hand peak scale
factor by the regaﬁdlgltﬁlrmOQFEFQ;né@npnalna he peak is located fromthe

Bart ihcul alr syrrbolj Lisk digited infopmratiogideniedaidrpeak scal e fac:ﬂgrl [ sTwel ght ed
y the relative dist [, S 0 e two

wei ghted scal e 15 f% sﬁ"gﬁ% é‘ﬁh%tﬂ%g%}ﬂgt &#léet%ﬂvﬁ?w %"?Rﬁtf—"gla ffue to
determine the symbol scal diggramoto pmdu@mdgtarmbpls esich havinga lsymbicht are

| ocated closg to.a partlcmtgi-vgynbol have -a greater |rrpact on the scale

factor for that synbol ‘iter each .of %% as nbol b;)rs ve been
determned, the 2 0 I%?Bd%?r ofﬁ'ﬁi’lﬁ’ﬁ e SW 8Im s to
mai nt ai n the desired avera‘gappm@s sum ng that the pul se shape has unity

average energy and t hadard w‘%

I dentically distributed, Fﬁg avera e :l:;ge ﬁﬁﬁ)ﬁtﬁ&fBPﬂgfggnE y
averagi ng the squared s c aPURPRERS Hﬁgﬁ{ eﬁlp%p gﬁerggg,pg rpower
is usually 205 equal to rztieoaverage power of the unscaled transmtted
signal (Pu). Hence, the normalizing factor is equal to Sqrt(Pu/Ps). In the
case of a circular PSK constellation of unity synbol magnitude Ps is sinply
equal to the average of the synbol scale factors. '

: 10. The digital modulator of claim 9, further including a filter for

producing baseband I and Q signals with maximum spectral efficiency.
15 |

11. The digital modulator of claim 10, further including means for

determining the average power of the baseband I and Q signals.

12. The digital modulator of claim 10, further including means for
20 determining the instantaneous peak power of the baseband I and Q signal
over each symbol interval.

13. The digital modulator of claim 12, further including a timer for
determining the time at which the peak power of the baseband I and Q
25 signals occurs on each symbol interval.

14, 'The digital modulator of claim 10, further including a combiner for

combining the baseband I and Q signals to produce a composite baseband
signal.

SUBSTITUTE SHEET (RULE 26)



The al gorltmmwlmm’uﬂjﬂknbol processi ng steps described above 3 0 for
a specifie ions or until sone target peak-to-average power
ratio is attained. After one of these conditions has been net, the

al gorithm scal es the data synbols by the appropriate final synbol scale
factors and comiceswuive scal ed synbols to thg output block. Thec@bgentds™m

then proceeds to sequentially output the scal ed synbols to the pul se shape
3 5 filter while sinultaneously |oading the input block with the new,

unscal ed synbols fromthe constellation napper. WO 96/ 42161 - '
9 & él%%@ﬁﬁicﬁo%oiﬂi)ﬂ’din | ternative enbodi nent, the peak
suppression al gorn t%

q;ll magl nar g sphere around each data synbol
in order to create a® t¥em This spherical boundary
hel ps in establishi ngleb,nmfm'scmmrtmgthe &gltdagﬁmﬂmmmtermuland scal i ng.

Once'5 agaiqy this scali r}gfﬁg gggaE g@&“ enment
on the anpl |5f1| er 312. Si g st at egl 8 EtBH orit &%)o%?gﬂu?rst he
phase and nagni tude of sy |having ?-H'B?g'&‘rt‘é ﬁéﬁgr e vo-coder 304
and syrrbol mapper 40theans fasformbie a sﬂhrmmn@dacbﬁatmeymbghadlthiﬁed&mch

(extent of 10 overshoot )thf*%e%\#dde é}?d flhe gﬂgseobftbﬂ‘é #ﬁ‘ﬁoi b'!"‘pﬁeb 408.

This estimate of the signa considered in Eﬁevel
and direction of scaling %lmd iRy grdeseto m@a@hm@akﬁwmesm ratiz so
doing, the | and




Q corrponenﬂmﬂg to the filter 408 with sufficient conpensation
to mnimz mﬂﬁﬂmﬁ he unavoi dabl e signal peaks. This conpensation
15 mnimzes & hé p#akspower requirenment on the anplifier 312. Jt i's '
appreci ated that wi thout the benefit of the present invention, the
amplifier 312 nwetsslazenbl e to handl e the pegk power demands agciRiRS&GHEgt €d
by circle 504. This additional requirement greatly increases the cost of
the anplifier 312. The increase in the peak power vis-a-vis the average
power 2 0 adversely affects the efficiency of the anplifier 312. Portable

radi o devices args.pa Higtdl&ﬁédﬁléﬁorac&hPﬁdﬂﬂ‘lt age in view of this additional
degradation in efficie Th rinciples of the present invention provide
a general nethod to gﬁ?&&%ﬁ@ ré) MEUFansmi tt ed wavef orm-before it is
anplified. The 2 5 rmegans fateonverdingthe digitadinfosmationlitto/a signalt ed
accordi ng tosthe val ues Ofcoﬁéigﬂit%rgﬂgﬂiig‘”ﬁt %W(%fdmv\}fﬁfﬁ&m ghape

t

filter response. The resu ns orm e al ns a nuch
nmore constant magnitude | uce Vﬁ’:ﬁ"ﬁ% ?‘Wé‘g(ﬂﬂm&g&“ ; 8pddat a
(usual Iy about 50 toﬁﬁhs@nﬁwhamﬂaﬂw suaﬂmgvthelqnagmmde oflthe dew(symbols in
suppressi on al gorithm can ééiréﬁgﬁ

Based on the data synbol so?&ler the ghﬁé &ﬂ% pul se s#épeggg‘tggﬁﬁggd
construct the transnittedt aRsEiRsAD m%@@é@ﬁgs@ tecaveyagein t he
transmttedl@avef orm cal powet eatidie peak val ue of the waveformin that

interval, the position of 3 5 that peak, and the peak scale factor. STEP
3: Based on the peak scale factors and their positions, rescale

SUBSTITUTE SHEET {RULE 26}



the hei gmmw &@IMH[& symbol . WD 96/ 42161 10
PCT/ US96J, L s4. +epeat steps 1-3 using the scal ed data synbol s.

Continue repeating this procedure until no nmore (or very little) further
peak suppression can be achieved. Use of this peak suppression algorithm
can in sone cawsgnull e the efficiency of jfhe power anplifi escoosesnrsos
equi valently 5 double the battery |[ife in a portable radio. Referring once
again to FIG 5, dots 506 on the inner circle represent the nagnitude of
the unfiltered synbols. To avoid these synbols from overshooting all the
way to the boun%igs%mw&iﬁgeﬁ%,%@ﬁghgz 504, they are scaled as
shown by 508. As can be, seen, of the. synbols 10 are scaled down while
others are scal ed upai‘%gbqagé:fm‘f‘ggfﬁrnm@s &or and peak signal magnitude.
The scal ed synbol s reduceatdigitabiformation generatosnd hence i nprove the

anplifier efkiciency. In ?&5 i Avasti a [ B4 gﬁg&n ' nt of
t he power am%l ifier'is re uceg.@ﬁ?%&re ?Fletgf?lgl?gp I rec&, w?tg%%i?hﬁgfat ed
into,lower cost for the anpl iqq_ngf.el ¥on g @ least Ane ’-F%’nls’r?é‘ 15 Ffnce
of the systemis acconplished proﬁhcerdatarsymbolsaEchohmﬁhg aamegnituge;adnd he

dulation. FIG 6 sh I [ ] it
ggallisasljggressed. TﬁeOgeﬂéﬁgﬁg%‘gag‘g%ﬁ%ﬂgr%aﬁﬁ%ﬂﬁggggﬁgﬁ%%dg%#g‘gw! dZ

Openi ng to na| nt ai n aVOId un eSire pe power occurrences at sym. Ol
10 _ transitions and therefore minimize peak-to-average
power ratio.

an amplifier for amplifying the data symbols; and’
an antenna for transmitting the data symbols.

"SUBSTITUTE SHEET (RULE 26)



2 0 error performance. This is highly significant as a nodul ation
technique is only desirable when denodul ati on techni ques avail abl e therefor
are highly accurate. In addition to nodul ations utilizing phase or
anplitude, the principles of the present invention are applicable to QAM
syst em whi ch utwbissaziept h t he phase and the anplitude of a si goglusben7ed Iy

25 information. Wiat is clained is: WD 96/ 42161 .
PCT/ US96/ 07608 1. A nethod for nodulating a digital information,
conprising: generating the digital information; 5 mappi ng t he

digital information onto a constellation diagramto produce data synbols
each having an onset; processing the data synl®dls at a rate which separates
them at their respective onset via a synbol interval; representing the data
synbol's in | and Q signal conponents; and 10 scaling the I and Q

si gndl conponents to reduce peak power while mai nt ai ni ng average power. 2.
The nmethod of claim1l, wherein the step of processing includes the step of
filtering the I and Q signal conmponents to maxim ze spectral .efficiency 15
and to produce baseband | and Q signals. 3. The nethod of claim2, further
including the step of determning the

DATA SYMBOL ' FILTER BASE BAND
GENERATOR MAPPING SIGNAL

FIG. 1

_ (PRIOR ART)

FIG. 2

(PRIOR ART)



average power of the baseband | and Qsignal. 2 0 4. The nethod of claim
2, further including the step of determ ning the instantaneous peak power
of the. baseband | and Q signal over each synbol interval. 5. The nethod of
claim4, further including the step of determning the 2 5 tine at which
t he i nstant aneoveg€a& power of the baseband | and Q signal oecTusssovsogach
synbol interval. 6. The nethod of claim2, further including the step of
conbi ning the baseband I and Q signals to produce a conposite baseband
signal. 30 7. The nmethod of claim®6, further including the step of

determi ning the average power of the conposi 28 baseband signal. 8. The
method of claim6, further including the step of determining the 3 5 peak
power of the corrp05|te Q&Seband signal at each synbol interval. WO
96/,42161 12 PCT/ US96/ 07608 344 A

di gi tal nodul at or, con'pT'r'S}rTg“"a —argrta~Tanf ormati on generator; nea
mappi ng the di @02al i nf tion or808 a coms3 atloaml agran312) pro
dat a synbol s each\havim : % ‘ i
representing the c@ :
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conponents; and neans for dynamcally altering the anplitude of the I and Q
signal conponents in order to reduce the peak-to-average power 10

ratio. 10. The digital nodulator of claim9, further including a filter for
produci ng baseband I and Q signals with maximum spectral efficiency. 15 11.
The digital noowbdedsmeiof claim 10, further including nmeans fopctiessfoiéesi Ng
t he average power of the baseband I and Q signals. 12. The digital
nodul at or of claim 10, further including means for 20 determ ning the

I nst ant aneous peak power of the baseband |I' and Q signal over each synbol
interval. 13. The-digital nodul ator of claim 12, further including a tinmer
for- determning the time at which the peak power of the baseband |-and Q 2
5 -signals occurs on each synbol interval. 14/3 The digital nodul ator of
claim10, further including a conbiner for conbining the baseband I and Q

signals to produce a conposite baseband signal. . WD 96/ 42161
13 PCT/ US96/ 07608 15." A digital nodul ator, conprising: a
digital information generator: 602 .

FIG. 6

- FIG.7



’P 396/0{(:06

nmeans- f.er- cogol 7239 t! digital information..i nto a nmu 3 DEC 1995
di mensi onal signal constellation, to produo?e] data synbols ea
magni t ude and a phase; and means' for form g a‘sphere around each dat a

synbol within which the magnitude and the phase of the data synbol could be

1a 001" OilSheco R FICURT LI OL P07 pROUE ehflon, RMIMACR

digital informaking pgekand nstantanrouscpowenmeasurgmenss,diegniag tracb roﬁz;heon
into a signaltipe that such eak§8 re#(fbbﬂiblﬂl%‘g Kb ?tanlde éoxﬁ Sn&hﬂﬁe’%ﬁil@ﬁ in

dynani cal F;%é&%%t&éﬁm‘éaﬁpfm - the Dk 08 msthrsis Al aeaitogo Mors
undesi r eds peai@tanwﬁf tR6 opbrANGE éf the PRFOR06 Wil diseiSsed ith ééy@bﬁftmneﬂt%llm
15" M 1 AL The srehse el ot the utphah FLS DI o08Hs cupEa A o1 ng:
digital to analog converter 308 where the signal is converted back to analog
before being applied to an RF mixer 810. This mixer 310, which could be a
quadrature mixer, mixes the analog signal with a locally generated
10  oscillator signal (LLO). The output of the mixer is coupled to an amplifier 312
which amplifies the mixed signal before it is transmitted via an antenna 314.
""" ) Referring to FIG. 4, essential elements of the DSP 306 in accordance
with the present invention are shown. In essence, a random binary data
generator 401 is shown coupled to a peak suppression algorithm 402. The
15 generator 401 may be any source of digital data such as the vo-coder 304. The
peak suppression algorithm includes a symbol mapping section 404 and a
symbol scaling section 406. The digital information generated at 401 is
mapped onto a constellation diagram 404 to produce data symbols each
having a symbol interval and an onset. These data symbols are represented
20 via vectors 405 each having I and Q signal components. In other words, the
data symbols are represented by vector components with orthogonal
relationships. It is noted that the peak suppression algorithm can also
operate on one-dimensional signals (e. g. BPSK). The I and Q signal
components collectively represent the magnitude and the phase of the vector
25 405. Each vector represents a symbol interval whose content is determined by
the number of bits that are processed at each instant of time. Indeed, the
data symbols are processed at a rate which separates them at their respective
onset via a symbol interval. For instance, in a three bit system, the vector 405
represents three bits with eight distinct possibilities. In a four bit system, a
30 vector represents four bits and the signal constellation has sixteen symbol
locations thereon. In the preferred embodime:.t and in order to facilitate the
understanding of the principles of the present invention, a three bit symbol

interval is assumed.
Once the symbols have been mapped a symbol scaling process is
35 embarked upon. As part of this process the magnitudes of the I and Q
components are altered according to an algorithm that would minimize
overshoot at the subsequent filtering step. This step is performed via a pulse
shape filter 408. The aim of this filter is to reduce high frequency
components of the symbols before they are transmitted. Due to its

AMENDED SifEEF



‘a digital nodul ator, conprising: a digital information generat 00\"\'50;33@-']/
means for converting thé digital information into;a signal constellation

having at | east one dinension in order to produce data synbols each havlj g/

a hagni tude; and neans for dynamically scaling the data synbols jgifes derJJ tg{
avoi d undesired peak_power occurrences at synbol 10 Rn\is Py.
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(5T) Abstract

A communication device (300) includes a digital modulator (301), a Digital Signal Processor (306), and an amplifier (312). The
digital modulator (301) includes an information generator (304) and a peak suppression device (402). The peak suppression device (402)
includes a symbol mapper (404) and a symbol scaler (406). The information generated by the generator (401) are mapped on a constellation
diagram via the symbol mapper (404). The mapped information is then scaled at the scaler (406) in order to reduce the peak-to-average
ratio of the signal at the input to the amplifier (312),




