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SYSTEM AND METHOD FOR POWER CONTROL IN WIRELESS
COMMUNICATION SYSTEMS

BACKGROUND
Field

[0002] The present disclosure relates to communications systems, and
amongst other things, to systems and techniques for controlling the power of

signals transmitted in a wireless communication system.
Background

[0003] Modern communications systems are designed to allow multiple
users to access a common communications medium. Examples of multiple access
techniques that allow multi-user access to a communications medium include time
division multiple-access (TDMA), frequency division multiple-access (FDMA),
space division multiple-access, polarization division multiple-access, code division
multiple-access (CDMA), orthogonal frequency multiple-access (OFDMA) and
other similar multi-access techniques. The multiple-access concept is a channel
allocation methodology which allows multiple user access to a common
communications link. The channel allocations can take on various forms
depending on the specific multi-access technique. By way of example, in FDMA
systems, the total frequency spectrum is divided into a number of smaller sub-
bands and each user is given its own sub-band to access the communications
link. Alternatively, in TDMA systems, each user is given the entire frequency
spectrum during periodically recurring time slots. In CDMA systems, each user is
given the entire frequency spectrum for all of the time but distinguishes its
transmission through the use of a code. In an OFDMA system, multiple users are

assigned one or more sub-bands and one or more time-slots in each transmission
frame or burst period.
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[0004] Transmitted signals pass through a power amplifier, in order to provide sutficient
power for transmission over the wireless channel, before being transmitted over the air.
A power amplifier is usually a non-linear device which will generate signals in the
modulated frequency band and signals, which are noise, outside of the modulated
frequency band. In general, in a wireless communication system, all transmissions must
meet a specific emission mask that limits the maximum amount of allowable out-ot-
band interference that any transmitter may cause. In order to minimize the amount of
out-of-band interference due to the non-linearity of the power amplifier, the average
power of the input signal is reduced or “backed off” from the maximum possible power
that the power amplifier can provide. In addition or in lieu of back-off, the signal may
be clipped at a maximum level after modulation but prior to amplification by the power
amplifier.

[0005] Since the average power consumed by the power amplifier is generally constant
during operation, increasing the back off and/or reducing the clipping level, in order to
meet the emission mask, reduces the efficiency of the power amplifier, i.e. the power of
the transmitted signal is less than available to the power amplifier. One of the problems
associated with not maximizing efficiency of the power amplifier is a reduced useful
battery life for the power being supplied.

[0006] Therefore, it is desired to reduce the back-off and increase the clipping level as

much as possible to meet the emission mask while maintaining efficiency.

SUMMARY
[0007] In one aspect, a transmitter for a wireless communication system comprises an
antenna, a modulator that modulates a signal comprising different carrier frequencies of
a plurality of carrier frequencies for at least two symbols of the signal, a power amplifier
coupled between the modulator and the antenna, and a processor a processor coupled
with the power amplifier. The processor instructs the modulator to vary a power of the
signal provided by the modulator in accordance with a relationship between the different
carrier frequencies and the plurality of carrier frequencies.
[0008] In a further aspect, a transmitter for a wireless communication system COmMprises
an antenna, a modulator that modulates a plurality of symbols of a signal utilizing a
eroup of frequencies of a frequency range, a power amplifier coupled to the antenna, a

non-linear processor coupled between the power amplifier and the modulator, and a
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processor that instructs the non-linear processor to vary a reduction of the power
level of the signal based upon locations of the group of frequencies within the

frequency range.

[0009] In another aspect, a method of varying a power level of wireless
communication device comprises determining a sequence of frequencies to be
transmitted, determining a location of at least some frequencies to be transmitted
within a frequency band, and varying a power of signal provided to a power

amplifier based upon the location of the at least some frequencies.

According to one aspect of the present invention, there is provided a
transmitter comprising: a modulator that modulates a plurality of symbols utilizing
a group of frequencies of a frequency range; a power amplifier coupled between
the modulator and an antenna; and means for instructing the modulator to vary a
power of the signal based upon locations of the group of frequencies within the

frequency range.

According to another aspect of the present invention, there is
provided a transmitter for a wireless communication system, comprising: an
antenna; a modulator that modulates a plurality of symbols of a signal utilizing a
group of frequencies of a frequency range; a power amplifier coupled to the
antenna; a non-linear processor coupled between the power amplifier and the
modulator, the non-linear processor reducing a power level of the signal provided
by the modulator; and a processor that instructs the non-linear processor to vary a
reduction of the power level of the signal based upon locations of the group of

frequencies within the frequency range.

According to still another aspect of the present invention, there is
provided a transmitter for a wireless communication system, comprising: an
antenna; a modulator that modulates a plurality of symbols of a signal utilizing a
group of frequencies of a frequency range; a power ampilifier coupled to the
antenna; means, coupled between the power amplifier and the modulator, for
reducing a power level of the signal provided by the modulator; and means for
instructing the means for reducing to vary a reduction of the power level of the
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signal based upon locations of the group of frequencies within the frequency

range.

According to yet another aspect of the present invention, there is

provided a method of varying a power level of wireless communication device,

comprising: determining a sequence of frequencies to be transmitted from a
transmitter during a period of time; determining a location of at least some

frequencies to be transmitted within a frequency band; and varying a power of

signal provided to a power amplifier based upon the location of the at least some

frequencies.

[0010] It is understood that other aspects of the present invention will
become readily apparent to those skilled in the art from the following detailed

description, wherein is shown and described only exemplary embodiments of the

invention, simply by way of illustration. As will be realized, the invention is capable
of other and different embodiments, and its several details are capable of
modifications in various respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded as illustrative in

nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The features, nature, and advantages of the present invention will
become more apparent from the detailed description set forth below when taken in
conjunction with the drawings in which like reference characters identify

correspondingly throughout and wherein:

[0012] FIG. 1 illustrates a block diagram of an embodiment of a transmitter
system and a receiver system in a MIMO system;

[0013] FIG. 2 illustrates a block diagram of an embodiment of a transmitter
providing back-off and/or clipping control based upon frequency;
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[0014] FIGS. 3A-3C illustrate spectral diagrams of signals within an
emission mask utilizing embodiments of power reduction based upon individual

frequency locations;

[0015] FIG. 4 illustrates a flow chart illustrating an embodiment of a back-off

and/or clipping control algorithm;

[0016] FIG. 5 illustrates a flow chart illustrating another embodiment of a
back-off and/or clipping control algorithm;

[0017] FIG. 6 illustrates a block diagram of the application of a back-off
and/or clipping control based upon hop region location in a hop period according

to one embodiment;
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[0018] FIG 7 illustrates a flow chart illustrating an additional embodiment of a back-ott
and/or clipping control algorithm;

[0019] FIG. 8 illustrates a spectral diagram of signals within an emission mask utilizing
embodiments of power reduction based upon signal bandwidth; and

[0020] FIG. 9 illustrates a flow chart illustrating a further embodiment of a back-oit

and/or clipping control algorithm.

DETAILED DESCRIPTION
[0021] The detailed description set forth below in connection with the appended
drawings is intended as a description of exemplary embodiments and is not intended to
represent the only embodiments in which the present invention can be practiced. The
term “exemplary” used throughout this description means “serving as an example,
instance, or illustration,” and should not necessarily be construed as preferred or
advantageous over other embodiments. The detailed description includes specific
details for the purpose of providing a thorough understanding of the present mvention.
However, it will be apparent to those skilled in the art that the present invention may be
practiced without these specific details. In some instances, well known structures and
devices are shown in block diagram form in order to avoid obscuring the concepts of the
present invention.
[0022] Multi-channel communication systems include multiple-input multiple-output
(MIMO) communication systems, orthogonal frequency division multiplexing (OFDM)
communication systems, MIMO systems that employ OFDM (1.e., MIMO-OFEDM
systems), and other types of transmissions. For clarity, various aspects and
embodiments are described specifically for a MIMO system.
[0023] A MIMO system employs multiple (Nr) transmit antennas and multiple (V)
receive antennas for data transmission. A MIMO channel formed by the Ny transmit and

Nr receive antennas may be decomposed into Ng independent channels, with

N, <min{N,, N.}. Each of the Ns independent channels may also be referred to as a

spatial subchannel (or transmission channel) of the MIMO channel. The number of

spatial subchannels is determined by the number of eigenmodes for the MIMO channel,

which in turn is dependent on a channel response matrix, H, that describes the response

between the Ny transmit and Ny receive antennas. The elements of the channel response
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matrix, H, are composed of independent Gaussian random variables {A ;}, for
i=1, 2, ... N, and j=1, 2, ... N, where A ; 1s the coupling (i.e., the complex gain)

between the j-th transmit antenna and the i-th receive antenna. For simplicity, the

channel response matrix, H, is assumed to be full-rank (i.e., Ny = N, £ N;), and one

independent data stream may be transmitted from each of the Nz transmit antennas.
[0024] FIG. 1 is a block diagram of an embodiment of a transmitter system 110 and a
receiver system 150 in a MIMO system 100. At transmitter system 110, traffic data for
a number of data streams is provided from a data source 112 to a transmit (IX) data
processor 114. In an embodiment, each data stream is transmitted over a respective
transmit antenna. TX data processor 114 formats, codes, and interleaves the traffic data
for each data stream based on a particular coding scheme selected for that data stream to
provide coded data.

[0025] The coded data for each data stream may be multiplexed with pilot data using,
for example, time division multiplexing (TDM) or code division multiplexing (CDM).
The pilot data is typically a known data pattern that is processed in a known manner (if
at all), and may be used at the receiver system to estimate the channel response. The
multiplexed pilot and coded data for each data stream is then modulated (i.e., symbol
mapped) based on a particular modulation scheme (e.g., BPSK, QSPK, M-PSK, or M-
QAM) selected for that data stream to provide modulation symbols. The data rate,
coding, and modulation for each data stream may be determined by controls provided by
a processor 130.

[0026] The modulation symbols for all data streams are then provided to a TX MIMO
processor 120, which may further process the modulation symbols (e.g., for OFDM).
TX MIMO processor 120 then provides Nr modulation symbol streams to Nr
transmitters (TMTR) 122a through 122t. Each transmitter 122 receives and processes a
respective symbol stream to provide one or more analog signals, and further conditions
(e.g., amplifies, filters, and upconverts) the analog signals to provide a modulated signal
suitable for transmission over the MIMO channel. N7y modulated signals from
transmitters 122a through 122t are then transmitted from N7 antennas 124a through 124t,
respectively.

[0027] At receiver system 150, the transmitted modulated signals are received by Ng

antennas 152a through 152r, and the received signal from each antenna 152 is provided
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to a respective receiver (RCVR) 154. FEach receiver 154 conditions (e.g., filters,
amplifies, and downconverts) a respective received signal, digitizes the conditioned
signal to provide samples, and further processes the samples to provide a corresponding
“received” symbol stream.

[0028] An RX MIMO/data processor 160 then receives and processes the Ni received
symbol streams from N receivers 154 based on a particular receiver processings
technique to provide Nt “detected” symbol streams. The processing by RX MIMO/data
processor 160 is described in further detail below. Each detected symbol streann
includes symbols that are estimates of the modulation symbols transmitted for the
corresponding data stream. RX MIMO/data processor 160 then demodulates,
deinterleaves, and decodes each detected symbol stream to recover the traffic data fox
the data stream. The processing by RX MIMO/data processor 160 is complementary tO
that performed by TX MIMO processor 120 and TX data processor 114 at transmittex
system 110. :

[0029] RX MIMO processor 160 may derive an estimate of the channel response
between the Nt transmit and Ny receive antennas, e.g., based on the pilot multiplexed
with the traffic data. The channel response estimate may be used to perform space ox
space/time processing at the receiver. RX MIMO processor 160 may further estimate
the signal-to-noise-and-interference ratios (SNRs) of the detected symbol streams, ancl
possibly other channel characteristics, and provides these quantities to a processor 170.
RX MIMO/data processor 160 or processor 170 may further derive an estimate of the
“operating” SNR for the system, which is indicative of the conditions of the
communication link. Processor 170 then provides channel state information (CSDp,
which may comprise various types of information regarding the communication link
and/or the received data stream. For example, the CSI may comprise only the operating
SNR. The CSIis then processed by a TX data processor 178, modulated by a modulatox
180, conditioned by transmitters 154a through 154r, and transmitted back to transmitter
system 110.

[0030] At transmitter system 110, the modulated signals from receiver system 150 are
received by antennas 124, conditioned by receivers 122, demodulated by a demodulatorr
140, and processed by a RX data processor 142 to recover the CSI reported by the
receiver system. The reported CSI is then provided to processor 130 and used to (1 )

determine the data rates and coding and modulation schemes to be used for the data
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streams and (2) generate various controls for TX data processor 114 and TX MIMO
processor 120.

[0031] Processors 130 and 170 direct the operation at the transmitter and receiver
systems, respectively. Memories 132 and 172 provide storage for program codes and

data used by processors 130 and 170, respectively.
[0032] The model for the OFDM MIMO system may be expressed as:

y=Hx+n , Eq (1)

where y is the received vector, i.e., Yy =[y; ¥,... ¥y 1 , where {y,} is

the entry received on the i-th received antenna and i€ {1, ..., N} ;

X 1s the transmitted vector, 1.e., X =[x X,... Xy 1", where {x ;1 18 the

entry transmitted from the j-th transmit antenna and je{l, ..., N;};
H is the channel response matrix for the MIMO channel;

n is the additive white Gaussian noise (AWGN) with a mean vector of

A =0°1, where 0 is a vector of zeros, I

—=l

0 and a covanance matrix ot
is the identity matrix with ones along the diagonal and zeros everywhere
else, and o is the variance of the noise; and

[.]" denotes the transpose of [.].

Due to scattering in the propagation environment, the Ny symbol streams
transmitted from the N7 transmit antennas interfere with each other at the
receiver. In particular, a given symbol stream transmitted from one
transmit antenna may be received by all Ng receive antennas at different
amplitudes and phases. FEach received signal may then include a
component of each of the Ny transmitted symbol streams. The Ng
received signals would collectively include all Ny transmitted symbols
streams. However, these Ny symbol streams are dispersed among the Ny

received signals.

[0033] At the receiver, various processing techniques may be used to process the Ng
received signals to detect the Nr transmitted symbol streams. These receiver processing

techniques may be grouped into two primary categories:
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o spatial and space-time receiver processing techniques (which are also

referred to as equalization techniques), and

o “successive nulling/equalization and interference cancellation” receiver
processing technique (which i1s also referred to as “successive interference

cancellation” or “successive cancellation” receiver processing technique).

[0034] FIG. 2 is a block diagram of a portion of a transmitter unit 200, which may be an
embodiment of the transmitter portion of a transmitter system, e.g. such as transmitter
system 110 in FIG. 1. In one embodiment, a separate data rate and coding and
modulation scheme may be used for each of the Ny data streams to be transmitted on the
Nt transmit antennas (i.e., separate coding and modulation on a per-antenna basis). The
specific data rate and coding and modulation schemes to be used for each transmit
antenna may be determined based on controls provided by processor 130, and the data
rates may be determined as described above.

[0035] Transmitter unit 200 includes, in one embodiment, a transmit data prbcessor 202
that receives, codes, and modulates each data stream in accordance with a separate
coding and modulation scheme to provide modulation symbols and transmit MIMO
Transmit data processor 202 and transmit data processor 204 are one embodiment of
transmit data processor 114 and transmit MIMO processor 120, respectively, ot FIG. 1.
[0036] In one embodiment, as shown in FIG. 2, transmit data processor 202 includes
demultiplexer 210, Ny encoders 212a through 212t, Nr channel interleavers 214a through
214t, and Ny symbol mapping elements 216a through 216t, (i.e., one set of encoder,
channel interleaver, and symbol mapping element for each transmit antenna).
Demultiplexer 210 demultiplexes data (i.e., the information bits) into Nr data streams for
the Nt transmit antennas to be used for data transmission. The Nr data streams may be
associated with different data rates, as determined by rate control functionality, which in
one embodiment may be provided by processor 130 or 170 (FIG. 1). Each data stream 18
provided to a respective encoder 212a through 212t.

[0037] Each encoder 212a through 212t receives and codes a respective data stream
based on the specific coding scheme selected for that data stream to provide coded bits.
In one embodiment, the coding may be used to increase the reliability of data
transmission. The coding scheme may include in one embodiment any combination of

cyclic redundancy check (CRC) coding, convolutional coding, Turbo coding, block
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coding, or the like. The coded bits from each encoder 212a through 212t are then
provided to a respective channel interleaver 214a through 214t, which interleaves the
coded bits based on a particular interleaving scheme. The interleaving provides time
diversity for the coded bits, permits the data to be transmitted based on an average SNR
for the transmission channels used for the data stream, combats fading, and further
removes correlation between coded bits used to form each modulation symbol.

[0038] The coded and interleaved bits from each channel interleaver 214a through 214t
are provided to a respective symbol mapping block 222a through 222t, which maps
these bits to form modulation symbols. The particular modulation scheme to be
implemented by each symbol mapping block 222a through 222t is determined by the
~ modulation control provided by processor 130. Each symbol mapping block 222a
through 222t groups sets of g; coded and interleaved bits to form non-binary symbols,
and further maps each non-binary symbol to a specific point in a signal constellation
corresponding to the selected modulation scheme (e.g., QPSK, M-PSK, M-QAM, or
some other modulation scheme). Each mapped signal point corresponds to an M;-ary

modulation symbol, where M; corresponds to the specific modulation scheme selected

for the j-th transmit antenna and M ; = 2% . Symbol mapping blocks 222a through 222t

then provide Nr streams of modulation symbols.

[0039] In the specific embodiment illustrated in FIG. 2, transmit MIMO processor 204
includes a modulator 224 and inverse Fourier transform (IFFT) block 226a through 226t.
Modulator 224 modulates the samples to form the modulation symbols for the Nr
streams on the proper subbands and transmit antennas. In addition modulator 224
provides each of the Ny symbol streams at a proscribed power level. In one emobiment,
modulator 224 may modulate symbols according to a hopping sequence controlled by a
processor, e.g. processor 130 or 170. In such an embodiment, the frequencies with
which the Ny symbol streams are modulated may vary for each group or block of
symbols, frame, or portion of a frame of a transmission cycle.

[0040] Each IFFT block 226a through 226t, which along with an associated cyclic
prefix generator (not shown) may comprise an OFDM modulator. Each IFFT block
226a through 226t receives a respective modulation symbol stream from modulator 224.
Each IFFT block 226a through 226t groups sets of Nr modulation symbols to form

corresponding modulation symbol vectors, and converts each modulation symbol vector
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into its time-domain representation (which is referred to as an OFDM symbol) using the
inverse fast Fourier transform. IFFT 222 may be designed to perform the inverse
transform on any number of frequency subchannels (e.g., 8, 16, 32, ..., Np).

[0041] Each time-domain representation of the modulation symbol vector generated by
IFFT blocks 226a through 226t is provided to non-linear processing blocks 228a through
228t. In one embodiment, non-linear processing blocks 228a through 228t clip high
amplitude, i.e. those that would result in a transmission power higher than a
predetermined level, of each time-domain representation of the modulation symbol
vector signals in the symbol. The clipped signal from non-linear processing blocks 22&a
through 228t is then provided to low pass filters 230a through 230t that are designed to
remove out-of-band components of the clipped signal that result from clipping the time-
domain representation of the modulation symbol vector signals. This is performed in
order to, in one embodiment, reduce out-of-band interference generated by a power
amplifier 232a through 232t through which the time-domain representation of the
modulation symbol vector signals are passed. The power amplifiers 232a through 232t
amplify the signals to prbvide appropriate power levels for transmission.

[0042] Since, power amplifiers 232a through 232t are non-linear devices, the signals
provided by them will include out-of-band components. These components, much like
those generated due to clipping by non-linear processing blocks 228a through 228t can
cause interference to transmissions by other devices or neighboring transmitters that use
adjacent frequency bands. In addition, the emission mask includes specific limits to out-
of-band power that a wireless device generates. Therefore, there 1s a need to provide
clipping and/or back-off from the maximum power at which the modulator may output
signals, which will reduce the out-of-band emissions. However, both the back-off and
clipping functionality reduce the power of signals provided to power amplifiers 232a
through 232t, which reduce their efficiency since they are biased at a point that allows
for substantially linear amplification at higher power levels than those provided to the
power amplifiers 232a through 232t due to back-off and/or clipping.

[0043] As such, in one embodiment, a processor, e.g. processor 130 or 170 varies the
level at which non-linear processing blocks 228a through 228t clip and/or the amount of
back-off by modulator signals based upon a location of the frequencies that 1s being
generated by modulator 224 to be transmitted on the particular antenna 208a through
208t to which the associated power amplifiers 232a through 232t are coupled. In this
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way, the efficiency of the power amplifier is maximized where possible while at the
same time the emission mask is maintained as required.

[0044] In certain embodiments, power amplifiers 232a through 232t may be Class-A,
Class-AB, Class-B, and Class-C amplifiers. Class-A amplifiers may be utilized due to,
generally, providing a higher degree of linearity. However, Class-A amplifiers also
generally less efficient than the other linear amplifier types. Other types of power
amplifiers may also be utilized.

[0045] Referring to FIG. 3A, a spectral diagram of signals within an emission mask
utilizing embodiments of power reduction based upon individual frequency locations i1s
illustrated. Emission mask 300 includes edge region power levels 302, associated with
minimum frequency F.n, and 304, associated with maximum frequency Fju., where
Fouin and Foua. define the frequency band associated with the communication protocol(s)
using which a transmitter, such as transmitter 200 operates.

[0046] During a symbol or a portion of one symbol, signal 312 is transmitted using
frequency F, signal 310 is transmitted using frequency F>, and signal 308 is transmitted
using frequency F3 from an antenna, e.g. antenna 208a. During the symbol or portion of
a symbol illustrated in FIG. 3A, since frequencies F;, F>, and F3 are each near or at a
center of the band between frequencies Fy;; and F,, there needs to be little or no
clipping and/or back-off. This can be seen in that power level 314 of signals 308, 310,
and 312 are near a maximum power level 306 for in-band signals allowed by emission
mask 300. In this way, when the signals are transmitted utilizing frequencies at or near
the center of the frequency range, the power amplifier associated with the antenna
transmitting the symbol or a portion of one symbol is utilized close to maximum
efficiency.

[0047] Referring to FIG. 3B, another symbol or portion of a symbol includes signal 320
transmitted using frequency Fg, signal 322 transmitted using frequency F’s, and signal
324 transmitted using frequency Fy from an antenna, e.g. antenna 208a. During this
frame, frequency Fs is near a maximum frequency Fy, of the frequency band and
therefore near edge region 304 of emission mask 300. Therefore, the maximum power
level 326 of signal 320, and therefore of signals 322 and 324 is reduced so that it does
not exceed the power level of edge region 304 of emission mask 300. The reduction

may be provided by clipping and/or back-off. During the transmission frame of FIG.
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3B, the out-of-band signal power is maintained within the emission mask and therefore
out-of-band interference is within acceptable parameters.

[0048] Referring to FIG. 3C, another symbol or portion of a symbol includes signal 330
transmitted using frequency Flo, signal 332 transmitted using frequency Fs, and signal
334 transmitted using frequency F7 from an antenna, e.g. antenna 208a. During this
frame, frequency F7 is near a minimum frequency Fy;, of the frequency band and
therefore near edge region 304 of emission mask 300. Therefore, the maximum power
level 336 of signal 334, and therefore of signals 330 and 332 1s reduced so that it does
not exceed the power level of edge region 302 of emission mask 300. The reduction
may be provided by clipping and/or back-off. During this transmission frame, the out-
of-band signal power is maintained within the emission mask and therefore out-of-band
interference is within acceptable parameters.

[0049] It can be seen from FIGs. 3B and 3C that power level 336 1s greater than power
level 326. This is because, it is possible in this embodiment, to vary the clipping level
and/or the back-off based upon a proximity of one or more signals to Fi, or Fuy. For
example, since F7 is farther from F,,;, than Fg is from F, the appropriate clipping level
and/or back-off may be less for signal 334 than it is for signal 320. As such, the
efficiency of the power amplifier is maintained as close to the optimal level as possible
based upon the locations of the frequencies to be transmitted by the antenna for the
particular transmission symbol, portion of a symbol, group of symbols, frame, or
portions of a frame. As such, the power output from each antenna for each symbol,
portion of a symbol, group of symbols, frame, or portions of a frame may be
independently controlled, thus simuitaneously optimizing efficiency and maintaining
out-of-band interference for each symbol, portion of a symbol, group of symbols, frame,
or portions of a frame.

[0050] While FIGS. 3A-3C show three signals on three frequencies being utilized from
transmission from a single antenna, the number of symbols or portions of a symbol
utilized for back-off and/or clipping control may vary depending on symbol length
and/or the length of the transmission frame.

[0051] Referring to FIG. 4, a flow chart illustrating a back-off and clipping control
algorithm according to one embodiment is illustrated. A sequence of frequencies for
signals to be transmitted from a given antenna is determined, block 400. This sequence

may be for a symbol, a portion of a symbol, a group of symbols, a frame, or a portion of
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a frame. Such information may be accessible to a processor that operates the wireless
communication device. The frequency or frequencies of the sequence that are closest to
the edges of the frequency band are then determined, block 402. The proximity may be,
for example, (i) the closest frequency to either the minimum frequency or the maximum
frequency; (i) the closest frequency to the minimum frequency and the closest
frequency to the maximum frequency; (iii) the frequencies that are within a fixed
distance to both or either of the minimum frequency and the maximum frequency

[0052] The output power of signals provided to the power amplifier associated with the
antenna are then reduced based upon the proximity of the frequencies of the sequence
and the edges, i.e. the minimum and maximum frequencies of the frequency band in
which the wireless communication device is to operate, block 404. The reduction,
which may be provided by clipping and/or back-off, in power is performed to maintain a
maximum power of the signals modulated using the frequency closest to the edges of the
emission mask to be within the allowed out-of-band interference of the emission mask.
[0053] Referring to FIG. 5, a flow chart illustrating a back-off and clipping control
algorithm according to one embodiment is illustrated is illustrated. A sequence of
frequencies using which signals are to be transmitted from a given antenna 1s
determined, block 500. This sequence may be for a symbol, a portion of a symbol, a
group of symbols, a frame, or a portion of a frame. Such information may be accessible
to a processor that operates the wireless communication device. The average distance of
the frequencies of the sequence from the edges of the frequency band are then
determined, block 502. The output power of signals provided to the power amplifier
associated with the antenna are then reduced based upon this average distance, 1.e. the
average of the distance of each frequency to the minimum and/or maximum frequencies
of the frequency band in which the wireless communication device is to operate, block
504. That is the lower the average, the greater back-off and/or lower clipping level 1s
utilized. The use of an average may be beneficial; since each frequency regardless ot
location within the frequency band may have components that are out-of-band and
therefore using an average value provides input from each component of out-of-band
interference of the signal to be transmitted.

[0054] It should be noted that the above scheme may also be applied to a single
frequency system where frequency hopping occurs. In such embodiment, the location of

the single transmission frequency is determined with respect to the edges of the
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frequency band and clipping and/or back-off 1s provided appropriately as described
herein.

[0055] Referring to Fig. 6, a block diagram of the application of a back-off and/or
clipping control based upon hop region location in a hop period according to one
embodiment is illustrated. Hop region 600 comprises a plurality of symbol periods 602
that are capable of containing symbols that are modulated according to a specific carrier
frequency in a contiguous range of carrier frequencies and within a contiguous group of
symbol periods. Hop region 600 is assigned to a partial portion of hop period 602 which
is a larger contiguous group of frequencies and symbol periods that comprise a burst
transmission or frame available for transmission by the transmitter.

[0056] Any symbol transmitted within hop region 600 may have a maximum carrier
frequency of M which is a distance A; from the maximum carrier frequency S of the
frequency band and a maximum carrier frequency of i which is a distance A; from the
maximum carrier frequency 1 of the frequency band. Therefore, in one embodiment the
back-off and/or clipping level may be determined based upon A; and A,, or possibly 1n
some cases either and A; and A,. This approach would require less changes to power
levels output of the modulator and/or changes to the clipping level than altering either or
both of these based upon the individual carrier frequencies of the individual signals that
comprises the symbols or samples.

- [0057] Further, in some embodiments, the approach of FIG. 6 may be combined with
that of FIGS. 3A-3C by setting maximum and/or minimum clipping and/or back-off
amounts based upon the hop region and then varying the clipping or back-off amounts
for the individual carrier frequencies within the range set by the maximum and/or
minimum clipping or back-off amounts, in those cases where hop regions are utilized as
the hopping scheme.

[0058] Referring to FIG. 7, a flow chart illustrating a back-off and clipping control
algorithm according to one embodiment is illustrated. A location of a hop region within
a hop period is determined, block 700. Such information may be accessible to a
processor that operates the wireless communication device. The proximity of the
maximum frequency of the hop region and the maximum frequency allocated to the
transmitter or the hop period maximum frequency of the hop region and the maximum
frequency allocated to the transmitter or the hop period and/or minimum frequency of

the hop region and the minimum frequency allocated to the transmitter or the hop period
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maximum frequency of the hop region and the maximum frequency allocated to the
transmitter or the hop period, block 702. The output power of signals provided to the
power amplifier associated with the antenna are then reduced based upon either or both
of these proximity determinations for all of the symbols transmitted in the hop region,
block 704. The reduction in power is performed to maintain a maximum power of the
signals modulated using the frequency closest to the edges of the emission mask to be
within the allowed out-of-band interference of the emission mask.

[0059] Referring to FIG. 8, a spectral diagram of signals within an emission mask
utilizing embodiments of power reduction based upon signal bandwidth is illustrated.
Emission mask includes edge region power levels 802, associated with minimum
frequency F.i, and 804, associated with maximum frequency Finax, Where Fpin and Figy
define the frequency band associated with the communication protocol(s) using which a
transmitter, such as transmitter 200 operates. During a symbol or a portion of one
symbol, signal 808 is transmitted using frequency Fj, signal 810 is transmitted using
frequency F>, and signal 812 is transmitted using frequency [z from an antenna, e.g.
antenna 808a. The distance between frequencies F;, the minimum frequency of the
signals transmitted, and F3, the maximum frequency of the signals transmitted, 1s the
bandwidth B of the signals transmitted. The clipping level and/or back-off can be based
upon the bandwidth. For example, the greater the bandwidth B, the greater the clipping
level and/or back-off. This approach would require less changes to power levels output
of the modulator and/or changes to the clipping level than altering either or both of these
based upon the individual carrier frequencies of the individual signals that comprises the
symbols or samples.

[0060] Further, in some embodiments, the approach of FIG. 8 may be combined with
that of FIGS. 3A-3C by setting maximum and/or minimum clipping or back-off amounts
based upon the bandwidth B and then varying the clipping or back-off amounts for the
individual carrier frequencies within the range set by the maximum and/or minimum
clipping or back-off amounts based upon the bandwidth B.

[0061] Referring to FIG. 9, a flow chart illustrating a further embodiment of a back-off
and/or clipping control algorithm is illustrated. A sequence of frequencies using which
signals are to be transmitted from a given antenna is determined, block 900. Such
information may be accessible to a processor that operates the wireless communication

device. The bandwidth of the frequencies of the signals to be transmitted is then
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determined, block 902. The output power of signals provided to the power amplifier
associated with the antenna is then reduced based upon the bandwidth, block 904. The
reduction in power is performed to maintain a maximum power of the signals modulated
using the frequency closest to the edges of the emission mask to be within the allowed
out-of-band interference of the emission mask.

[0062] Those skilled in the art will appreciate that the various illustrative logical blocks,
modules, circuits, and algorithms described in connection with the embodiments
disclosed herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and algorithms have
been described above generally in terms of their functionality. Whether such
functionality is implemented as hardware or software depends upon the particular
application and design constraints imposed on the overall system. Skilled artisans may
implement the described functionality in varying ways for each particular application,
but such implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[0063] The various illustrative logical blocks, modules, and circuits described in
connection with the embodiments disclosed herein may be implemented or performed
with a general purpose processor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, processor, MICroprocessor, or state
machine. A processor may also be implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a plurality of microprocessors, one
or more microprocessors in conjunction with a DSP core, or any other such
configuration.

[0064] The methods or algorithms described in connection with the embodiments
disclosed herein may be embodied directly in hardware, in a software module executed
by a processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory, registers,

hard disk, a removable disk, a CD-ROM, or any other form of storage medium known 1n
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the art. .An exemplary storage medium is coupled to the processor such the processor
can read information from, and write information to, the storage medium. In the
alternative, the storage medium may be integral to the processor. The processor and the
storage medium may reside in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medium may reside as discrete components 1n
a user terminal.

[0065] The previous description of the disclosed embodiments is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these embodiments will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other embodiments without departing from
the spirit or scope of the invention. Thus, the present invention is not intended to be
limited to the embodiments shown herein but is to be accorded the widest scope

‘consistent  with the principles and novel features disclosed herein.
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CLAIMS:
1. A transmitter comprising:

a modulator that modulates a plurality of symbols utilizing a group of
frequencies of a frequency range;

a power ampliﬁer coupled between the modulator and an antenna;
and

means for instructing the modulator to vary a power of the signal
based upon locations of the group of frequencies within the frequency range.

2. The transmitter of claim 1, further comprising means for clipping a
power of an output of the modulator, wherein the means for instructing comprises
means for instructing the means for clipping to vary a clipping level based upon
locations of the group of frequencies within the frequency range.

3. The transmitter of claim 1, wherein the frequency range is between a
minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the modulator to vary the power of the
signhal based upon whether the frequencies of the group of frequencies are within

a predetermined distance to the minimum and maximum frequency.

4. The transmitter of claim 1, wherein the frequency range is between a
minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the modulator to vary the power of the
signal based upon a proximity of the group of frequencies to the minimum and
maximum frequencies.

5. The transmitter of claim 1, wherein the frequency range is between a
minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the modulator to vary the power of the
signal based upon a proximity of a closest of the group of frequencies to the

minimum frequency and a closest of the group of frequencies to the maximum
frequency.
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6. The transmitter of claim 1, wherein the frequency range is between a
minimum frequency and a maximum frequency and wherein the means for

instructing comprises means for instructing the modulator to vary the power of the
signal based upon an average proximity of the group of frequencies to the

minimum frequency and maximum frequency.

7. The transmitter of claim 1, wherein the frequency range is between a
minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the modulator to vary the power of the
signal based upon a proximity of a closest of the group of frequencies to the
minimum frequency or a closest of the group of frequencies to the maximum

frequency.

8. The transmitter of claim 1, wherein the group of frequencies range
between a minimum frequency and a maximum frequency and wherein the means
for instructing comprises means for instructing the modulator to vary the power of

the signal based upon a bandwidth of the group of frequencies.

9. The transmitter of claim 1, wherein the frequency range is between a
minimum frequency and a maximum frequency and the group of frequencies
comprises a hop region, and wherein the means for instructing comprises means

for instructing the modulator to vary the power of the signal based upon a

20 proximity of the hop region to the minimum and maximum frequencies.

10. The transmitter of claim 1, wherein the frequency range is between a
minimum frequency and a maximum frequency and the group of frequencies
comprises a hop region, and wherein the means for instructing comprises means

for instructing the modulator to vary the power of the signal based upon a

25 proximity of the hop region to the minimum frequency or maximum frequency.

11. A transmitter for a wireless communication system, comprising:
an antenna,;

a modulator that modulates a plurality of symbols of a signal utilizing

a group of frequencies of a frequency range;
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a power amplifier coupled to the antenna;

a non-linear processor coupled between the power amplifier and the
modulator, the non-linear processor reducing a power level of the signal provided
by the modulator; and

a processor that instructs the non-linear processor to vary a
reduction of the power level of the signal based upon locations of the group of

frequencies within the frequency range.

12. The transmitter of claim 11, further comprising at another antenna,
another power amplifier coupled to the antenna, and another non-linear processor
coupled between the another power amplifier and the modulator, wherein the
processor independently instructs the non-linear processor to vary a reduction of
the power level of the signal based upon locations of another group of
frequencies, to be transmitted from the another antenna during a frame, within the
frequency range.

13. The transmitter of claim 11, wherein the processor instructs the
modulator to vary the reduction of the power level based upon locations of the

group of frequencies within the frequency range.

14, The transmitter of claim 11, further comprising a low pass filter

coupled between the non-linear processor and the power amplifier.

15. The transmitter of claim 11, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the processor
instructs the non-linear processor to vary the reduction of the power level based
upon a proximity of the group of frequencies to the minimum and maximum
frequencies.

16. The transmitter of claim 11, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the processor
iInstructs the non-linear processor to vary the reduction of the power level based

upon a proximity of a closest of the group of frequencies to the minimum
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frequency and a closest of the different carrier frequencies to the maximum
frequency.

17. The transmitter of claim 11, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the processor
instructs the non-linear processor to vary the reduction of the power level based
upon an average proximity of the group of frequencies to the minimum frequency
and maximum frequency.

18. The transmitter of claim 11, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the processor
instructs the non-linear processor to vary the reduction of the power level based
upon whether frequencies of the group of frequencies are within a predetermined

distance to the minimum and maximum frequency.

19. The transmitter of claim 11, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the processor
instructs the non-linear processor to vary the reduction of the power level based
upon a proximity of a closest of the group of frequencies to the minimum

frequency or a closest of the group of frequencies to the maximum frequency.

20. The transmitter of claim 11, wherein the group of frequencies ranges
between a minimum frequency and a maximum frequency and wherein the
processor instructs the non-linear processor to vary the reduction of the power

level based upon a bandwidth of the group of frequencies.

21. The transmitter of claim 11, wherein the frequency range is between
a minimum frequency and a maximum frequency and the group of frequencies
comprises a hop region, and wherein the processor instructs the non-linear
processor to vary the reduction of the power level based upon a proximity of the
hop region to the minimum and maximum frequencies.

22. The transmitter of claim 11, wherein the frequéncy range is between
a minimum frequency and a maximum frequency and the group of frequencies

comprises a hop region, and wherein the processor instructs the non-linear
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processor to vary the reduction of the power level based upon a proximity of the
hop region to the minimum frequency or maximum frequency.

23. A transmitter for a wireless communication system, comprising:

an antenna;

a modulator that modulates a plurality of symbols of a signal utilizing
a group of frequencies of a frequency range;

a power amplifier coupled to the antenna;

means, coupled between the power amplifier and the modulator, for
reducing a power level of the signal provided by the modulator; and

means for instructing the means for reducing to vary a reduction of

the power level of the signal based upon locations of the group of frequencies
within the frequency range.

24. The transmitter of claim 23, further comprising at another antenna,
another power amplifier coupled to the antenna, and another means, coupled
between the another power amplifier and the modulator, for reducing the power
level of the signal to be transmitted from the another antenna during a frame,
wherein the means for instructing includes means for instructing the another
means to vary a reduction of the power level of the signal based upon locations of

frequencies, 10 be transmitted from the another antenna, within the frequency
range.

25. The transmitter of claim 23, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the means for reducing to vary the
reduction in the power level of the signal based upon whether the frequencies of

the group of frequencies are within a predetermined distance to the minimum and
maximum frequency.

26. The transmitter of claim 23, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the means for
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instructing comprises means for instructing the means for reducing to vary the
reduction in the power level of the signal based upon a proximity of the group of

frequencies to the minimum and maximum frequencies.

27. The transmitter of claim 23, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the means for reducing to vary the
reduction in the power level of the signal based upon a proximity of a closest of
the group of frequencies to the minimum frequency and a closest of the group of
frequencies to the maximum frequency.

28. The transmitter of claim 23, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the means for reducing to vary the
reduction in the power level of the signal based upon an average proximity of the

group of frequencies to the minimum frequency and maximum frequency.

29. The transmitter of claim 23, wherein the frequency range is between
a minimum frequency and a maximum frequency and wherein the means for
instructing comprises means for instructing the means for reducing to vary the
reduction in the power level of the signal based upon a proximity of a closest of
the group of frequencies to the minimum frequency or a closest of the group of
frequencies to the maximum frequency.

30. The transmitter of claim 23, further comprising a low pass filter
coupled between the non-linear processor and the power amplifier.

31. The transmitter of claim 23, wherein the group of frequencies range
between a minimum frequency and a maximum frequency and wherein the means
for instructing comprises means for instructing the means for reducing to vary the
reduction in the power level of the signal based upon a bandwidth of the group of
frequencies.

32. The transmitter of claim 23, wherein the frequency range is between
a minimum frequency and a maximum frequency and the group of frequencies

comprises a hop region, and wherein the means for instructing comprises means



10

15

20

25

CA 02558544 2010-01-25

74769-1456

24

for instructing the modulator to vary the power of the signal based upon a
proximity of the hop region to the minimum and maximum frequencies.

33. The transmitter of claim 23, wherein the frequency range is between
a minimum frequency and a maximum frequency and the group of frequencies
comprises a hop region, and wherein the means for instructing comprises means
for instructing the modulator to vary the power of the signal based upon a

proximity of the hop region to the minimum frequency or maximum frequency.

34. A method of varying a power level of wireless communication

device, comprising:

determining a sequence of frequencies to be transmitted from a

transmitter during a period of time;

determining a location of at least some frequencies to be transmitted
within a frequency band; and

varying a power of signal provided to a power ampilifier based upon
the location of the at least some frequencies.

385. The method of claim 34, wherein determining the location comprises
determining a location of a frequency of a closest frequency to one of the edges of
the frequency band.

36. The method of claim 34, wherein determining the location comprises
determining an average of the distances of each of the sequence of frequencies to
the edges of the frequency band.

37. The method of claim 34, wherein varying the power comprises

varying the power of signals provided by a modulator to the power amplifier.

38. The method of claim 34, wherein varying the power comprises

varying a maximum level of signals provided to the power amplifier.
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