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(57) Abstract: The present disclosure sets forth a method for managing the power reduction of an uplink signal, e.g. an LTE PUSCH
(416) or PUCCH (418). The method involves determining a convolution of a first function of Sz(f) and a second function of Sz(1),
wherein Sz(f) is the power density function of the uplink signal at frequency f and determining the power reduction of the uplink sig-
nal based on the convolution result. The uplink signal comprises one or both of a data signal transmitted over a PUSCH, for ex -
ample, and a control signal transmitted over a PUSCH or PUCCH, for example. The uplink signal is transmitted over one or more
subcarriers which may be carried by resource blocks, for example.
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METHOD AND SYSTEM FOR MANAGING TRANSMIT
POWER ON A WIRELESS COMMUNICATION NETWORK

TECHNICAL FIELD

[0001] The present disclosure relates generally to wireless
communications and, more particularly, to managing transmit power in a

wireless communication device for multi-cluster transmissions.

BACKGROUND

[0002] Modern wireless communication networks typically allocate
resources to various devices by allocating certain frequencies to the
devices at various time slots. However, it is often the case that uplink
transmission signals of one or more devices on the network leak into non-
allocated frequencies. Such signals can interfere with communications of
other devices on the network and with communications of devices on

other networks.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The various aspects, features and advantages of the invention
will become more fully apparent to those having ordinary skill in the art
upon careful consideration of the following Detailed Description thereof
with the accompanying drawings described below. The drawings may

have been simplified for clarity and are not necessarily drawn to scale.

[0004] FIG.1 is a wireless communication system in accordance with an

embodiment of the invention.
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[0005] FIG. 2 is a schematic block diagram of a wireless terminal

according to an embodiment of the invention.

[0006] FIG. 3 depicts a communication sub-frame according to an

embodiment of the invention.

[0007] FIG. 4 is a frequency spectrum according to an embodiment of

the invention.

[0008] FIG.5 is a block diagram depicting components and/or functions
of a wireless terminal that are used in the processing of signals according

to an embodiment of the invention.

[0009] FIG. 6 is a graph illustrating a mapping function according to an

embodiment of the invention.

DETAILED DESCRIPTION

[0010] The present disclosure sets forth multiple embodiments of the
invention. Among those embodiments is a method for managing the
maximum power of an uplink signal (e.g., an LTE PUSCH or PUCCH).
The method involves determining a convolution of a first function and a
second function (which may be power density functions) of the uplink
signal and determining the power of the uplink signal based on the
convolution. The uplink signal comprises one or both of a data signal
(transmitted over a PUSCH, for example) and a control signal (transmitted
over a PUSCH or PUCCH, for example) carried by one or more
subcarriers. The uplink signal is transmitted over one or more subcarriers

(which may be carried by resource blocks, for example).
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[0011] In another embodiment, a wireless terminal has a processor
communicatively linked to a transceiver. The processor is configured to
determine a convolution of a first function and a second function of an
uplink signal. The uplink signal comprises one or both of a data signal
and a control signal to be carried by one or more subcarriers. In this
embodiment the power of the uplink signal is determined based on the
determined convolution. The wireless terminal also includes a transceiver

configured to transmit the uplink signal over the one or more subcarriers.

[0012] What follows is a more in-depth discussion if the various

embodiments.

[0013] In arecent LTE standard, 3GPP LTE Rel-10, OFDM-based multi-
cluster transmission for uplink within a component carrier and with
carrier aggregation (e.g., intra-band contiguous carrier aggregation of two
or more carriers) has been specified. Such transmission may include first
Physical Uplink Shared Channel (PUSCH) transmitted simultaneously
with a second PUSCH, a PUSCH transmitted simultaneously with a
Physical Uplink Control Channel (PUCCH), and a Sounding Reference
Signal (SRS) transmitted simultaneously with a SRS. In some
embodiments, such simultaneous transmissions are made by a single

power amplifier (PA) in the wireless terminal.

[0014] Several problems have arisen with PUSCH and PUCCH
transmissions. When there is a large power imbalance between any two
clusters, the resource allocation can be either limited by Out-of-Band/In-
Band (OOB/IB) emissions or by an error vector magnitude (EVM) on the

cluster with lower transmit power. It is often the case that uplink
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transmissions of devices in wireless networks leak into non-allocated
frequencies. To address this problem, some industry groups have
designated limits on how much leakage is permissible. In order to comply
with such restrictions, it is often necessary for the devices to reduce or
“back off” their transmit power. Ideally, the devices will back off their
transmit power just enough to meet the leakage limits. But if the devices
back off more than is necessary, then their maximum transmit power will

be reduced unnecessarily.

[0015] Anexample of a wireless communication system in which
various embodiments of the invention may be implemented will now be
described with reference to FIG. 1. In FIG. 1, a wireless communication
system 100 comprises one or multiple base units, represented by base units
101 and 102 in FIG. 1. The base units 101 and 102 are part of an
infrastructure network that is distributed over a geographical region, and
which serves one or multiple wireless terminals - represented in FIG. 1 by
wireless terminals 103 and 104 - in the time, frequency or spatial domain
or a combination thereof. A base unit may also be referred to as an access
point, access terminal, base, base station, NodeB, enhanced NodeB
(eNodeB), Home NodeB (HNB), Home eNodeB (HeNB), Macro eNodeB
(MeNB), Donor eNodeB (DeNB), relay node (RN), femtocell, femto-node,
pico-cell, network node or by other terminology used in the art. The base
units 101 and 102 each comprise one or more transmitters for downlink
transmissions and one or more receivers for uplink transmissions. The
base units 101 and 102 are generally part of a radio access network of the
system 100. The radio access network typically includes one or more

controllers communicably coupled to one or more of the base units 101
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and 102. The access network is generally communicably coupled to one or
more core networks of the system 100, and may be coupled to other
networks like the Internet and public switched telephone networks among

others.

[0016] The base units of the wireless communication system 100 serve
the wireless terminals 103, 104 within a corresponding serving area, for
example, a cell or a cell sector, via a wireless communication link. The
wireless terminals 103 and 104 may be fixed or mobile. Wireless terminals
may also be referred to as subscriber units, mobiles, mobile stations,
mobile units, users, terminals, subscriber stations, user equipment (UE),
user terminals, wireless communication devices, relay node, or by other
similar terminology. Examples of wireless terminals include cell phones,
smart phones, tablet computers, and personal computers with wireless
capability. The wireless terminals 103 and 104 also comprise one or more
transmitters and one or more receivers. The base units 101 and 102
transmit downlink communication signals in the time, frequency and/or
spatial domain to serve the wireless terminals 103 and 104. The wireless
terminals 103 and 104 communicate with the base units 101 and 102 via
uplink communication signals, also in the time, frequency and/or spatial
domain. The wireless terminals may also communicate with the base unit

via a relay node.

[0017] In one implementation, the wireless communication system 100
of FIG. 1 is compliant with the 3GPP Universal Mobile
Telecommunications System (UMTS) Long-Term Evolution (LTE) protocol
Release 10 (Rel-10). The LTE protocol may also be referred to as EUTRA or
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3GPP LTE or some later generation thereof. In an LTE implementation, the
base units 101 and 102 transmit using an orthogonal frequency division
multiplexing (OFDM) modulation scheme on the downlink and the
wireless terminals 103 and 104 transmit on the uplink using a single carrier
—frequency division multiple access (SC-FDMA) scheme. The wireless
communication system 100 may implement some other open or
proprietary communication protocol, for example, IEEE 802.16(d)
(WiMAX), IEEE 802.16(e) (mobile WiMAX), among other existing and
future protocols. This disclosure is not intended to be implemented in any

particular wireless communication system architecture or protocol.

[0018]  The architecture of the communication system 100 may also
include the use of spreading techniques such as multi-carrier CDMA (MC-
CDMA), multi-carrier direct sequence CDMA (MC-DS-CDMA),
Orthogonal Frequency and Code Division Multiplexing (OFCDM) with
one or two dimensional spreading. The architecture in which the features
of the instant disclosure are implemented may also be based on simpler
time and/ or frequency division multiplexing/multiple access techniques,
or a combination of these various techniques. In alternate embodiments,
the wireless communication system 100 may use other communication
system protocols including, but not limited to, TDMA or direct sequence
CDMA. The communication system 100 may be a Time Division Duplex

(TDD) or Frequency Division Duplex (FDD) system.

[0019] Anexample of a wireless terminal configured according to an
embodiment of the invention will now be described with reference to FIG.

2. The wireless terminal 200 includes a transceiver 210 communicably
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coupled to a controller 220. The transceiver, in conjunction with one or
more antennas, transmits signals. For example, the transceiver may
transmit uplink signals, and the power of the uplink signals may be
configured according to the various embodiments described herein. The
wireless terminal implements a wireless communication protocol, as
discussed above, and may be capable of conducting circuit or packet
switched communications or both. The wireless terminal may also
comprise a user interface 230 for performing other functionality typically
associated with wireless communication terminals, including but not
limited to a keypad or other input device, a display, audio inputs and
outputs among other user interface devices. In one embodiment, the
controller 220 is implemented as a digital processor that executes
instructions stored in one or more memory devices 240 to perform the
functionality described in the present disclosure, including the various
calculations described below. Alternatively, the controller 220 may be
implemented as an equivalent hardware circuit or as a combination of
hardware and software. In one embodiment, various aspects of which are
described further below in the context of an LTE communication system,
the wireless terminal is a Discrete Fourier Transform-Spread-Orthogonal
Frequency Division Multiple Access (DFT-S-OFDMA) UE. In other
embodiments, the wireless terminal may implement one or more other

protocols.

[0020] Referring back to FIG. 1, the signals travelling between the
wireless terminals 103 and 104 and the base units 101 and 102 in an
embodiment of the invention may be carried by SC-FDMA signals

organized into radio frames. Each radio frame typically includes ten sub-
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frames. An example of the structure of a sub-frame is shown in FIG. 3.
The sub-frame 300 is depicted in the context of a time-frequency diagram.
A vertical scale of the diagram depicts multiple blocks of frequency, or
frequency bins (frequency subcarriers), of the sub-frame 300 that may be
allocated for transmission. A horizontal scale of the diagram depicts
multiple blocks of time (in units of time slots) of the sub-frame 300 that
may be allocated. The sub-frame 300 comprises multiple resource blocks
(RBs) such as the RB 302. Each RB comprises 12 SC-FDMA subcarriers
over a time slot comprising seven (7) SC-FDMA symbols for the normal
cyclic prefix (CP) case. Typically, the sub-frame duration is 1 ms and it can
comprise two time slots of 0.5 ms duration each. In turn, each RB can be
divided into multiple resource elements (REs). Each RE is a single SC-
FDMA subcarrier, or frequency bin, on a single SC-FDMA symbol. Itis to
be noted that many frames and sub-frames may be transmitted from the
wireless terminals to the base units and vice-versa, and that various

channels may occupy slots in many sub-frames.

[0021] Referring back to FIG. 1, when the wireless terminals transmit
signals to the base units 101 and 102, such as with PUSCH and PUCCH
transmissions in LTE networks, it is often the case that signals leak into
frequencies other than those for which they are intended. Anillustration
of such leakage will now be given with reference to FIG. 4, which depicts a
frequency spectrum 400. The specific frequency values are for purposes of
illustration only, and many other frequency values and ranges may be
used. The frequencies on the spectrum 400 increase from lower
frequencies on the left to higher frequencies on the right. The frequency

spectrum 400 includes an in-band region 402. The bandwidth of the in-
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band region is Afin-band, which spans a range of 10 MHz. The signal or
signals transmitted in the in-band region may be referred to as the carrier.
The carrier is centered around a carrier frequency 404. The carrier
frequency is generally based on the frequency of a local oscillator (LO) of
the wireless terminal. The in-band region spans a range of frequencies
from a first edge 402A to a second edge 402B. The in-band region 402
includes a first internal guard band region that spans from the first edge
402A of the in-band region 402 to an edge 402C. The first internal guard
band region is 5% of the width of the in-band region 402, which is 0.5 MHz
in this example. The edge 402C of the first internal guard band region is
higher in frequency than the first edge 402A of the in-band region 402. The
in-band region 402 also includes a second internal guard band region that
spans from the second edge 402B of the in-band region 402 to an edge
402D. The second internal guard band region is 5% of the width of the in-
band region 402, which is 0.5 MHz in this example. The edge 402D of the
second internal guard band region is lower in frequency than the second
edge 402B of the in-band region 402 Adjacent to the in-band region 402 is
a first adjacent channel (AC) region 406 that spans from the first edge 402A
of the in-band region 402 to an edge 406A that is located at a frequency
lower than that of the first edge 402A of the in-band region 402. Also
adjacent to the in-band region 402 is a second AC region 408 that spans
from the second edge 402B of the in-band region 402 to an edge 408A
located at a frequency higher than that of the second edge 402B of the in-
band region 402.

[0022] In an embodiment of the invention, the adjacent channel regions

may be specified by standards agreed upon by industry groups. For
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example, in one implementation of the LTE 3GPP standard, the adjacent
channel regions above and below the in-band region can be divided into
two regions: Adjacent Channel Leakage Ratio (ACLR) 1 and ACLR 2,
where ACLR 1 spans 5 MHz above and below the in-band region and
ACLR 2 spans 5 MHz above and below the ACLR 1 region. In another
implementation, a single region above and below the in-band region,
referred to as the Evolved Universal Terrestrial Radio Access (E-UTRA)
ACLR, spans from the upper and lower edges of the in-band region to
frequencies above and below the in-band region. The size of the E-UTRA

ACLR region varies according to the size of the in-band region.

[0023] The frequency spectrum 400 also includes a first spurious region
410, which includes all frequencies below the edge 406A of the first AC
region 406 and a second spurious region 412, which includes frequencies

above the edge 408A of the second AC region 408.

[0024] Referring still to FIG. 4, an allocatable region 414 of the in-band
region 402 lies between the edges 402C and 402D of the first and second
guard band regions and, in this example, is 9 MHz wide. Within the
allocatable region 414 is a PUSCH signal 416 that occupies a set 416A of
subcarriers over a frequency range 416B and a PUCCH signal 418 that
occupies a set 418A of subcarriers over a frequency range 418B. The set
416A of subcarriers of the PUSCH is carried by a set 416C of RBs, while the
set 418A of the subcarriers of the PUCCH is carried by a single RB 418C.
The combination of the set of RBs of the PUSCH and the RB of the PUCCH
will be referred to as the “in-band, allocated RBs,” as they have been

allocated carrying uplink data and control signals. The combined

10
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frequency ranges of the subcarriers that the in-band, allocated RBs carry

will be collectively referred to as the “allocated region.”

[0025]  Also located in the in-band allocatable region 414 are subcarriers
that are carried by RBs 422 that have not been allocated for carrying uplink
data and control signals. These RBs will be collectively referred to as “in-
band, non-allocated RBs,” and the combined frequency ranges of the
subcarriers that occupy them will be collectively referred to as the “non-
allocated region.” The non-allocated RBs 422 depicted in FIG. 4 are only
representative, and it is to be understood that there are many more
unallocated RBs that occupy the areas that are not occupied by the
allocated RBs. In the examples to follow, the set 416A of subcarriers of the
PUSCH will be assumed to comprise 60 subcarriers, and the set 416C of
RBs allocated to the PUSCH to comprise 5 RBs, with each RB of the set
416C carrying 12 subcarriers. Similarly, the set 418A of subcarriers of the
PUCCH will be assumed to comprise 12 subcarriers, the RB 418C allocated
to the PUCCH carrying the 12 subcarriers. The number of non-allocated
RBs 422 is assumed to be 44 RBs.

[0026] Each of the regions 402, 406, 408, 410, 412, and 414 contains
signals. The signals generally include those RBs carrying the subcarriers of
the PUSCH and PUCCH plus signals that leak into the frequencies of the
non-allocated region, the AC regions 406 and 408, and the spurious regions
410 and 412. The power of the signals in the various regions will be
referred to as follows: Pinband, allocated fOr the in-band, allocated region, Pin.

band, non-allocated, fOT the in-band, non-allocated region, Pac for the combined

11
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AC regions 406 and 408 , Pspurious for the combined spurious regions 410
and 412.

[0027] The reasons for the leakage discussed above vary, and may
include imperfections in modulation and in power amplification resulting
from, for example, imperfections in the components that make up the
modulator and the power amplifier. These imperfections cause
impairments during transmit operations of the wireless terminal. These
impairments may include carrier leakage, in-phase and quadrature-phase
(IQ) gain and phase imbalance, phase noise, and counter IM. To limit
interference and improve co-existence between users and technologies,
wireless communications standards often set limits on the degree to which

such leakage is permitted.

[0028]  According to an embodiment of the invention, impairments
caused by leakage may be modeled. To facilitate a description of such
modeling, a functional block diagram shown in FIG. 5 will now be
introduced. This diagram will be described in the context of LTE
technology. However, many or all of these blocks are applicable to other
communication technologies and other embodiments of the invention are
applicable thereto. Furthermore, it is to be understood that the blocks in
this diagram are intended to represent functionality, and may or may not

represent discrete pieces of hardware.

[0029] InFIG.5, a signal processing system 500 according to an
embodiment of the invention is shown. The system 500 includes a
processor 540 communicatively linked to a transceiver 542 (which may be

implemented as the controller 220 and the transceiver 210 of FIG. 2). The

12
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system 500 also includes a Discrete Fourier Transform (DFT) spreading
module 502 and an Inverse Fast Fourier Transform (IFFT) module 504
communicatively linked to the DFT spreading module 502. The system
500 also includes a parallel to serial (P/S) module 506, and analog to
digital converter (ADC) module 508, a modulator 510, a power amplifier
(PA) 512 and an antenna 514. The PP/S module 506 is communicatively
linked to the ADC module 508. The ADC module 508 is communicatively
linked to the modulator 510 which, in turn, is communicatively linked to
the PA module 512The PA module 512 is communicatively linked to the
antenna 514. . The PA module 512 amplifies a signal (such as an uplink
signal) that is then transmitted via the antenna 514. The PA 512, as well as
any other of the components and/or functions shown in FIG. 5 may be

controlled by the controller 220 of FIG. 2.

[0030] Referring again to FIG. 5, data and/or control signals are input to
the signal processing system 500 on a PUSCH over a first input path 518
and on a PUCCH over a second input path 520. Alternatively, both of the
first and second input paths may carry PUSCHs. The PUSCH includes
shared channel data and may also include control information. The
PUCCH carries control information, such as a channel quality indicator
(CQI), scheduling request (SR) and ACK/NACKSs of data received from
the base unit on downlink channels. According to one embodiment, the
control signals of the PUSCH and PUCCH are generated in a baseband
processor of a wireless terminal, while the data signals of the PUSCH are
generated in an application processor of the wireless terminal. In one
implementation, transport blocks are generated in the application

processor and provided to the baseband processor. The baseband

13
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processor performs channel coding and adds control information. This
generally occurs during transmission. When the wireless terminal receives
signals from, for example, a base station, the process generally works in

reverse.

[0031] Both the PUSCH and PUCCH come into the system 500 as
complex sequences of symbols. The symbols of the PUSCH are spread in
frequency by the DFT spreading module 502 prior to entering the IFFT
block 504. The symbols of the PUCCH will ultimately be mapped to a
single RB, so no DFT spreading is required. If, however, two PUSCHs are
used instead of one PUSCH and one PUCCH on a single component
carrier, then the second PUSCH will also pass through the DFT spreading
module 502. If a first PUSCH is sent on a first component carrier and a
second PUSCH is sent on an adjacent component carrier, then separate

DFT’s are used for each of the first and second PUSCH.

[0032] Itis to be noted that the PUCCH may not be carried on the same
set of subcarriers in the two slots of a sub-frame. For example, the PUCCH
may, in one slot, be carried on a first set of subcarriers, and then, in the
following slot, be carried on a second set of subcarriers that are on the
other side of the component carrier at a distance from the center frequency
of the component carrier equal or nearly equal to the distance to the center
frequency of the component carrier as the first set of subcarriers. This

pattern may be repeated from slot to slot.

[0033] At segments 522, the data and control signal of the PUSCH and
PUCCH channels corresponds to X;(k) in the frequency domain, where k is

the subcarrier index with k=0, 1, ..., 12*Ngrp-1, where Nrg is the total

14
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number of RBs in the allocatable uplink (UL) transmission bandwidth
(allocatable in-band region 414 of FIG. 4). Each RB has 12 subcarriers. For
example, in a 10 MHz LTE deployment, Nrp = 50 and there are Nsc = 12*50
= 600 subcarriers, where Nsc is the number of subcarriers in the allocatable
in-band region 414 to which the PUSCH and PUCCH data and control
signals may be assigned (i.e., the number of subcarriers in the allocated

RBs).

[0034] The IFFT module 504 performs an inverse Fourier transform
function on the symbols in each of the bins of the PUSCH and PUCCH.
The term Nrrr represents size of the IFFT and is a function of the
bandwidth of the LTE carrier. For a 10 MHz LTE carrier, Nrrr is equal to
1024. The Nrp = 50 resource blocks for the 10 MHz LTE carrier map to the
center 600 inputs of the IFFT. The remaining 624 inputs of the IFFT are
assigned a value of 0, with 212 of the inputs being above and below,
respectively, the 600 inputs to which the Ngrp = 50 resource blocks may be

assigned.

[0035] In carrying out functions on the PUSCH and PUCCH sequences
of symbols, including the inverse Fourier transform function, the IFFT
module 504 receives data symbols spread over multiple subcarriers in the
frequency domain and outputs, at segment 524, a vector of time-domain
samples of the time-domain signal, which corresponds to the frequency-
domain input. This vector of time samples is converted to a complex
sequence in the time-domain by the parallel to serial module 506. The
signal is then passed to the ADC module 508, where it is converted to an

analog signal. The analog signal is then passed to the modulator 510,
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where it is modulated according to a signal generated by a local oscillator
(LO). The modulated signal (RF signal) then passes to the PA 512, where it
is amplified and sent to the antenna 514. The antenna 514 then transmits

the signal to one or more base units.

[0036] Anembodiment of the invention will now be described in terms
of mathematical equations that represent the various processing that
occurs in the system 500. An explanation of how these equations are
derived and how they related to various embodiments of the invention

will also be given.

[0037] It will now be assumed that the signal processing system 500
generates a complex baseband signal z(t) whose real component is x(t). It
will also be assumed that x(t) is an input into the PA 512 and is amplified
thereby, resulting in an amplified signal y(t). The PA 512 may be modeled
as a power series. As an approximation, only the first, second and the
third terms of the power series will be considered, as these first terms are
dominant in determining the power spectrum of the PA output (though
additional terms of the power series expansion can be included in the

analysis). The output of the PA 512, y(t), can be expressed as follows:

[1] y(t)=a, x(t)+a, x*(t)+a, X*(t).

In equation [1], a;x(t) is a linear term, while axx2(t) and a3x3(t) are non-
linear terms, where the values of the coefficients a7, a;, and a3 represent
characteristics of the PA 512. Because the input signal x(t) is, in fact, the

real portion of the baseband signal z(t), x(t) can be expressed as:
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2] x(t) =Re| z(t)e”™ |

[0038] The undesirable components of x(t) include the following: (1)
carrier leakage (typically on the order of -28 decibels relative to carrier
(dBc)); (2) IQ gain and phase imbalance resulting in a signal image
(typically on the order of -28 decibels relative to the carrier (dBc)); (3)
counter intermodulation resulting in a second signal image (typically on
the order of -50 to -60 decibels relative to the carrier (dBc)); and (4) phase
noise. Undesirable component (1) is caused by a mixer (which is part of
the modulator 510 in FIG. 5). Undesirable components (2), (3) are caused
by the modulator 510, while phase noise (4) is generated in the PA 512. All

of these components can be modeled.

[0039] In the frequency domain of the complex baseband signal z(t), the
effect of IQ gain and phase imbalance can be represented

asZ(k)=a X,(k)+ B X, (N -k-1), where k denotes the subcarrier index,
X, (N -k-1) is the complex conjugate of X,(N—-k-1),a=cos@+ jesing,
B=ccosg— jsing,and ¢ and & are the phase imbalance and gain

imbalance of the modulator, respectively. It can be noted that there is a
one-to-one mapping between the subcarrier index k and the frequency of
the subcarrier which depends on the carrier frequency fc and the
bandwidth of the LTE signal. The magnitude of the parameters « and 3
can be inferred from the specification of the relative power of the IQ) image

for the modulator 510, where the relative power of the IQ image is given

2

I

o

-N FFT N FFT

S —1, where Nppris the

. The index k is in the range & =

by
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total number of subcarriers in the allocated in-band region (e.g., region 414

in FIG. 4).

[0040] With the inclusion of the effect of carrier leakage, the output of
the modulator 510 is given by Z(k)=a X, (k)+c5(k)+ B X, (N -k-1), where
the constant ¢ denotes the complex amplitude of the carrier at the
modulator output, §(k)=1 for k=0 and &(k)=0 otherwise, and c¢5(k)is the

carrier leakage component.

[0041] The counter intermodulation image is a second image signal
resulting from a third order non-linearity in the modulator. This counter
intermodulation image is on the same side of the carrier frequency as the
IQ image, but its center frequency is three times farther from the carrier
frequency than the center of the IQ image. Additionally, the counter
intermodulation image is three times wider (in frequency) than the IQ
image. The counter intermodulation image produced by the modulator
510 may be specified (e.g., by its manufacturer or by the manufacturer of
the system 500 or digital signal processor of which it is a part) by its power
relative to the signal of which it is an image. The counter intermodulation
image can be included in the above analysis in a manner similar to that
used above for the IQ image and the carrier leakage by adding the counter

intermodulation image to the complex baseband signal Z(Kk).

[0042] Assuming that data symbols transmitted on the subcarriers are
uncorrelated and have equal energy, the Power Spectral Density (PSD) of
Z(k) is:

[3] S, (k)= Px||a" 1, (k) +|cl 506 + | 1, (N~ 1) |
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where 7, (k)is an indicator function such that 7, (k)=1 if X,(k)has non-zero

energy on subcarrier , , and 7, (k)=0 otherwise; |af I, (k) represents the

desired signal; while |4[ I, (N —k 1) represents the image signal. In
summary, s, () is the signal that is at the input to the PA (such as the PA
512 of FIG. 5) and captures the carrier leakage as well as the signal image
due to the modulator IQ gain and phase imbalance. The counter
intermodulation image can be included in [3] in a manner similar to that
used for the IQ image and the carrier leakage by adding the PSD of the

counter intermodulation image to S, (k)=1.

[0043] When these equations [1] and [2] are combined and simplified,

the relationship between y(t) and z(t) can be expressed as follows:

=100+ + 20 Reft)e ]

+%RG[ZZ(I)€j4”f”t]+%RG[Z3(t)ej6 ﬂfct]

[4]

It is assumed that R (r)and §,(f), respectively, denote the autocorrelation
function and the power spectrum of y(z), and that the power spectrum is

defined as the Fourier Transform of the autocorrelation function. The

autocorrelation R (r) is defined as

R, (7)=E[y(r) ot =7)]
where 7 denotes the complex conjugate of y and E[] is the expectation of
the argument computed over the underlying distribution of the argument.
The autocorrelation function of y(r) may be expressed in terms of the
autocorrelation function of z(¢). To begin, it should be noted that the terms

of y(¢) which are multiplied by different complex exponentials in ¢ are
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uncorrelated and can be treated independently in the development so long
as the magnitude of the bandwidth of z(¢) is much less than the value of

the carrier frequency f,.
[0044] For the first term %| 2(t)|" of y(¢), the autocorrelation is defined as

the expectation

2
EJ|%
2

It is assumed that z(¢) is a weakly-stationary, complex-valued, and proper

|Z(t)|2|z(t_r)|2}:|"2| £{| 0|2 - o))

(i.e., circularly symmetric) Gaussian process. With this assumption, the

autocorrelation of the first term is then given by

L e stz o -l (m20)+ e 1)

For the second term [al +% Z(t)|2jRe[Z(t)ej 74| of y(1), it can be shown that

o B 0 2 e

9|a3|

:(%+%Re(a1¢%))RZ(O)+ > (2R2 |R | )]Re(RZ(r)exp(ﬂﬂfcr))

For the third term %Re[zz(t)ej 4”ff’] of y(t), it can be shown that

[ e 2rd e ] <L refas nptar 1)
Finally, for the fourth term %Re[f (t)e’*"*'] of (), it can be shown that

E{%RC[Z3( ) j6xf, t] j Re[ ( z_)ej(%;zfc(tf)]} :%|a3|2 Re(R;(z')eXp(]67Z'fcz')
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Combining the above four terms, the autocorrelation of y(t) can be

expressed as

3
[5] L 2 22 Re(RZ(r)exp(jZﬁfcr))

2
|"2|

2

J’_

Re (R; (7)exp(jar fcr)) + %|a3 |2 Re (RZ (7)exp(j67 fcr)
The power spectral density S, (f) of y(z) is the Fourier Transform of the
autocorrelation function R (r). The power spectral density for y(¢) can be

expressed as

5,(1-LL g 0 6(r) +eLs, (1)@, ()
%[@%Re(al%)zez(o)+@z¢§(o)} (S,(f = 1)+, (F+ 1))

[6] +M[Sz (f=1)®S,(f)®S,(=f) j

+S,(f+1.)®S,(f)®S,(-f)

2
|“2|

A (Sz(f—2fc)®SZ(f)+SZ(f+2fc)®SZ(f))

+ia |2[Sz(f_3fc)®SZ(f)®SZ(f) j
2 48, (F+3£)9S, (£)®S,(f)

+

where the symbol ® denotes convolution. The coefficients a,, a, and a, in

[1] are real-valued numbers. Therefore, Re(a,d)=a,a;, aj|2 =a,,j=1,2,3 in

the above equation.

[0045]  Since the power spectral density S (f) is symmetric with respect

to zero frequency, and furthermore, since the component centered at zero

2]



WO 2014/014597 PCT/US2013/046262

frequency is not of interest from the perspective of restricting emissions of
the device, it is sufficient to define the one-sided Power Spectral Density

S;(f) as twice the positive frequency power spectrum (excluding

components near zero frequency), which is given by

)= 1L 2 reaan 00+ 24l s (0] 5, (- 1)
% 2els, (r-1)05.(1)85,(-1)

+%|a3|2SZ (/=3/)®S,(/)®S,(/)

[0046] The PSD of the component of the signal at the output of the PA

512 centered at the carrier frequency is equal to

9 2
el (e, (5. (0)
2 2
where [%4—%1{6(611%))]32 (O)+%R§ (O)} S,(f-/.) denotes the desirable

component of the power spectrum. The adjacent channel leakage is

determined primarily by the power spectrum component

9 2
Aels, (r-r)@s,(n@s, (1),

[0047] The spurious emissions are determined by the power spectrum

2

a
component at the second harmonic %Sz (/=2/)®5,(/.) and the power
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spectrum component at the third harmonic

2 af'5,(f-3£)@S,()@5, (/)

[0048] The wireless terminals (from FIG. 1) can thus compute the

P yand aitocated » 1€ Brpant von-aiocarca the P, and the P,,... by using the appropriate

range of frequencies (or equivalently appropriate index values of k for the
subcarriers in these regions) and applying equation [7] as illustrated

below.

P

[0049] The wireless terminal can compute P

inband ,allocated 7 Enband,non—allocated 4

and P

spurious

by integrating the PSD estimate S;(f) of the output of the PA at

the carrier frequency f. over the appropriate frequency range:

e (W aoc/2)
l)inband,allocated = 7 7(Af ; /2) ;(f)lallocated (f)

where the indicator function 7,,,,.,(/)=1 is equal if the frequency is
allocated and 1,,,,.,(f)=0, otherwise. It should be noted that the allocated

region is a portion of the in-band region 402:

P Je+ D wsana 2 +
inband ,non—allocated ~— (f)

feDosanal2 7

~ Linband allocated

where [-Af,, o / 2.0, sua / 2] defines the in-band region.

[0050] The adjacent channel leakage power on the positive (+) side and

negative (-) side can be expressed as

JetBoos +
P, :j : S (f)

fe Nisaral?
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Jo =D snana [2
Pe =] S
A€- Je=Door Y (f)

[0051] The maximum spurious emissions power on the positive (+) and

negative (-) side can be expressed as
Rvpurious+ = maX{S; (f) f > f‘c + (Af;'nband /2)+ A‘f‘OOJ_’?}

P =max{S: (£): £ < . = (A noana /2)~ D oo}

[0052] Instead of computing the maximum of the power spectrum
point-wise, there may be a measurement bandwidth associated with
computation of the spurious emissions power (e.g. 100 kHz for

30 MHz < f, <1 GHz).

[0053] It should be noted that in some cases there are some number of
exceptions to the spurious requirement that are allowed, and thus the
spurious definition may sometimes be modified to exclude the largest m

values from the maximum.

[0054] The integrals above can be computed numerically by summing
the subcarrier-quantized PSD estimates. For example, the in-band power

can be approximated by,

NSC
Sot (M anac/2) ,, . é +
l)inband,allocated = _ Sy (f)lallocated (f) ~ Af Z Sy (k Af)lallocated (k Af)
Fo A aioc /2) i Nsc/
- 2

where Af =15 kHz or the subcarrier bandwidth. The other terms may be

computed by numerical integration in a similar fashion.

[0055] Subsequently, the wireless terminal can compute
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inband ;non—allocated / Pinband sallocated

PIP

inband ,allocated

P

spurious

/P,

inband ,allocated

[0056] The wireless terminal can use mapping functions to determine a

power reduction (PR) value applicable to each of these ratios:

PREVM = fEW (Pinband,non—allocated / Pinband,allocated )

PR, = fye (PAC /Bnband,allocated)

PR

spurious = -f;purious (Pspurious /Pinband,allocated )

where frym, is a mapping function that maps the ratio Piwandnon-
allocated / Pinband allocated t0 an EVM back off power specified in a standard, fac,
is a mapping function that maps the ratio Pac/Pinband,allocated to an AC back
off power specified in a standard, and fspurious, is @ mapping function that
maps the ratio Pspurious/ Pinband,allocated t0 @ spurious back off power specified
in a standard. The mapping function indicates a reduction in the
maximum transmit power, also known as a maximum power reduction,
which the wireless terminals 103 and 104 are allowed to apply in order to
meet emissions constraints. The input to the mapping function includes at

P

inband ;non—allocated

/P,

leaSt one Of the rathS inband ,allocated , PAC / Enband,allocated , and
P vions | Brsandatiocaea, and may also include the parameters ay a;, @, and g
7

well as the carrier leakage cd(k). An example of such a mapping is shown
in FIG. 6. The vertical axis indicates the maximum power reduction that

may be applied by the wireless terminal, while the horizontal axis denotes
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the ratio of undesired power to desired power. It should be noted that
when the input argument is below a threshold value, it is possible that no
maximum power reduction will be applied. The value of the slope of the
line in FIG. 6 is generally less than or equal to 1, where the slope is defined
as the change in the allowed maximum power reduction over the change

in the input ratio.

[0057] The maximum transmit back off power can be computed as the

maximum of the three values:

PR = max{PR,,,,,PR,.,PR

spurious §

In short, each of the ratios Pipand non-atiocated/Pinband attocated, PA/Pinband atiocates, and
Popurions/Pinvand attocates Mmay be computed based on the values of ay, a3, a, and (.
The value of as may be a known characteristic of the PA 512, while the
values of a and [ are based on ¢ and ¢, which are the phase imbalance and
gain imbalance of the modulator 510 and may be known characteristics of
the modulator 510. Alternatively, the values of a and [ may be
determined from the modulator specification, if known. Using these
ratios, PRevm, PRac and PRspurious can be obtained from functions fevm, fac,
and fspurious, and in an embodiment of the invention, the wireless terminal
analytically computes these ratios for a given PA. The wireless terminal
sets the amount that it backs off its transmit power so that it exceeds each
of the ratios thereby satisfying does not the most stringent limit.

[0058] To account for the possible alternating nature of the PUCCH RBs
(described above), the above-described equations may take an average of

the power of the leakage signals in the first and second set of subcarriers of
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the PUCCH, or may take the worst (highest) of the two leakage signal

powers.

[0059] The determination of PR described above may be performed by
one or more of the wireless terminals 103 and 104 and the base stations 101
and 102. The wireless terminals can perform the calculation based

on actual values of az, as,a, 3, etc. and determine the necessary power
reduction to meet certain in-band, adjacent channel and OOB emissions
constraints for a given resource allocation. The base station can perform
the calculation based on worst-case values of a, as, a, S, etc. and determine
the maximum power reduction that a wireless terminal is allowed to apply
for a given resource allocation. For example, if a -28 dBc requirement on
the IQ image is specified by a communication standard (e.g., TS 36.101
V10.6.0), worst-case parameters e¢and g that meet the requirement can be
deduced. The spurious emissions requirements may also imply a certain
worst-case values for a;and as. One or more of the base stations 101 and
102 can apply suitable models to accommodate other non-linearities such

as phase noise, carrier-frequency offset, etc.

[0060] The knowledge of the maximum power reduction calculated at
the base station allows the base station to select a suitable transport block
size (TBS), a Resource Allocation (RA) size, an UL power control setting
(for example, a power up / down command sent through Downlink
Control Information (DCI)), etc. to ensure that the UL can be closed (i.e. the
UL transmission can be received at the base station with sufficient

reliability).
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[0061] Additionally, the wireless terminal may transmit the calculated
PR to the base station. Also, the wireless terminal may transmit one or
more of the values (e.g., the actual values) of az, a3, &, g, etc. to the base
station. The base station may then calculate the PR (e.g., the maximum or
necessary PR) as described above based on the received values and
allocate resources or configure commands the base station sends to the
wireless terminal, e.g., commands indicating that the wireless terminal

should increase or decrease its transmit power.

[0062] In an embodiment of the invention, a similar methodology to that
described above can be applied to meeting emissions constraints near the
second harmonic, third harmonic, fourth harmonic, fifth harmonic, etc. As
noted above the input-output relationship for the PA 512 in various

embodiments is:

y(t):%z| z(;)|2 +[al +%| Z(t)|2jRe[Z(t)ej2ﬂfct]+a_;Re[ZZ(t)ej4ﬂfct]+CiT3Re[Z3(t)ej6ﬂj’ct]

[0063] The PSD of the signal %2 2*(¢), which appears at the third
gnat - 9

harmonic of the carrier frequency, can also be expressed as a second order
convolution under the same assumptions on z(t). Specifically, the PSD of

the signal component centered at 3*fc can be written as:
3
lal 8, (£ -31)@5,(/)®5, (1)

thereby allowing the wireless terminal to estimate the power level of the
emissions near the third harmonic of the carrier frequency. In certain

implementations of LTE, such as set forth in TS 36.101, the emissions near
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the third harmonic fall into the spurious emissions domain. Thus, the
wireless terminal can compute the spurious emissions power level at both
the first harmonic (as previously noted) and the spurious emissions power
level at the third harmonic as below.

PR A (() /P

spurzous spurious spurious inband ,allocated j

PRES) 4] ( P p

spurious spurious spurious inband ,allocated j

4

where f

Spur. ious

(#)is the mapping function that maps the estimated power
level to a power reduction needed to meet certain emissions requirements

at the first harmonic, and f

spwwus (#)is the mapping function that maps the
estimated power level to a power reduction needed to meet certain

different emissions requirements at the third harmonic.

[0064] The wireless terminal can compute the required power reduction
to meet emissions constraints over in-band, OOB, spurious emissions
domain near the first harmonic, and spurious emissions domain near the

third harmonic by calculating

spurlous > Sspurious

PR = max {PREVM,PRAC,PR(J"C) PRP%) }
[0065] In an embodiment of the invention, this method can be extended

to include, for example, the emissions at the second, fourth and fifth

harmonics.
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[0066] According to an embodiment of the invention, the above-
described method of obtaining values of PR while taking into account
emissions at different harmonics can be unified into a single framework

per the following process:

e compute a convolution of a first function A(/) and a second function

B(/)

e compute a PR based on the said convolution

e compute a configured maximum power (Pcmax) (which will be

discussed below) based on the PR

e compute n transmit power for an UL signal, wherein the UL signal is

one of a PUSCH, PUCCH], SRS, and RACH, based on Pcmax.

e For the first harmonic, A(f) = Sz(f) and B(f) = conv(Sz(f),Sz(-f))

For the third harmonic, A(f) = Sz(f) and B(f) = conv(5z(f),5z(f))
Of course, these steps may be performed in various orders.

[0067] In an embodiment of the invention, each of the power ratios
Pinband,non-allocated / Pinband,allocated, PAc/ Pinband allocated, aNd Pspurious/ Pinband allocated
may be determined based on Sz(f) , which may be computed based on the
value of an, a, and 3, where ax is the coefficient of the nth harmonic. The
value of an may be a known characteristic of the PA, while the values of a
and [ are based on ¢ and ¢, which are the phase imbalance and gain
imbalance of the modulator and may be known characteristics of the

modulator.
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[0068] In computing the convolution of several functions, it should be
noted that the mathematical operation of convolution is both associative
and commutative. Thus, for arbitrary functions A(f), B(f), and C(f) the

following relations always hold

A(f)® B(f)= B(f)® A(f)

and more generally

A(F)® B(F)@C(f)=(4(f)® B(f) @ C(f)
=(4(r)®c(r)® B(f)
=(B(r)® A(f)®C(f)
=(B(r)®C(f))® 4(f)
=(c(f)® A(f)® B(f)
=(c(r)® B(f))® 4(f)

[0069] It can be noted that that the mapping functions described above
may depend on the required protection level for each of the regions. It
should also be noted that the method described here applies to both multi-
cluster transmissions and to scenarios such as those specified for LTE Band
26 in which the LTE carrier is a variable frequency distance from the
protected region and the allowed power reduction may be parameterized

as a function of this variable frequency distance.

[0070] There are many ways in which various embodiments of the
invention may use the PR information discussed above. In one
embodiment, the PR information is a value that is based on the modulation
scheme used by the wireless terminal and the bandwidth of the channel
(e.g., the in-band region width) and based on the various imperfect

conditions described above.
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[0071] PR may be used to determine Pcmax, which is the maximum
permitted transmit power for the wireless terminal. Pcvax must be higher
than or equal to Pcmax_L and lower than or equal to Pavax_n, which take
into account a certain amount of tolerance of the system. Prmaxisa
maximum allowed transmit power of the wireless terminal that depends
on the power class of the wireless terminal. Pcmax L = MIN { Pemax - ATc,
Prowerclass - PR - ATc}, where Ppowerclass is the maximum transmit power of
the wireless terminal without taking into account tolerance in the system,
ATc is a value specified in the LTE standard and Pcvax 1 = MIN {Pemax,

ProwerClass}.
PR = MPR + A-MPR + P-MPR
PR = function of Sz(f) and function of Sz(f), and
P-MPR is power management maximum power reduction.

[0072] In an embodiment of the invention, the power of the uplink

signal PUSCH on sub-frame i, referred to as Pruscru(i), is calculated in dB as

I)CMAX (i’l),

. v where B, (n) is
1010g, (M pyser (M) + By pysen + @ PL+ AL () + f(0) ]

Boysen (n) = min {

the PUSCH transmit power in uplink sub-frame i, B,,.(#)is the configured
maximum transmit power, M., (n)is the bandwidth of the PUSCH

resource assignment in sub-frame n, P, is the PUSCH power offset

 PUSCH
configured by higher layers, « is the fractional power control coefficient
configured by higher layers, PL is the path loss associated with the base

station-wireless terminal link, A,, (i)is the power control delta associated

with transmitting either UCI [uplink control information] or uplink shared
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channel (UL SCH) on PUSCHas configured by higher layers, and f(i)is the
power term when power control accumulation is enabled for sub-frame n
when sub-frame n happens to be the i-th sub-frame since accumulation was

reset.

[0093] In the above equations, i is the number of sub-frames over which
power offsets derived from transmit power control (IPC) commands were
accumulated. Therefore, i = n - ngreser where, nreser is the sub-frame index
of the sub-frame where power accumulation due to TPC commands was
last reset. The TPPC commands are transmitted in downlink control
information (DCI) transported over PDCCH. The serving base station can
transmit a TPC command applicable to loop 1 on sub-frame (n-k) where for
example k=4 or k=6. In one embodiment, the TPC command is included in
PDCCH with DCI format 0 for serving base station ¢ or is jointly coded
with other TPC commands in PDCCH with DCI format 3/3A whose CRC
parity bits are scrambled with TPC-PUSCH-RNTI. Upon receiving the TPC
command, the wireless terminal applies the closed-loop power control
update:

S@) = f @ =D+ Opyscu (= Kpyscu)

where ¢, is determined based on the TPC command applicable to

PUSCH, loop j

loop jand Ky =4 or 6.

[0073] In an embodiment of the invention, the wireless terminal of FIGS.
1 and 2 transmits an uplink signal at a power that is determined by one or
more of the techniques described above. For example, the controller 220
may perform one or more of the steps described above and control the
transceiver 210 and/or PA 512 or any of the other components of the

wireless device t cause the wireless terminal to transmit the uplink signal
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at an appropriate power based on the appropriate power reductions. This
uplink signal may then be received by a base unit (e.g., 101 or 102) that

processes the uplink signal.

[0074] In the various embodiments of the invention described herein,
wireless terminal the steps of the procedures and calculations that are
performed may be ordered in various ways. The components that may
perform these procedures and calculations may include one or more of the
wireless terminal that will transmit the uplink signal, other wireless
terminals, and the base station. Furthermore, the order of the steps of the
various processes may be performed in many different orders other than

that described.

[0075] While the present disclosure and the best modes thereof have
been described in a manner establishing possession and enabling those of
ordinary skill to make and use the same, it will be understood and
appreciated that there are equivalents to the embodiments disclosed herein
and that modifications and variations may be made thereto without

departing from the scope and spirit of the appended claims.
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What is claimed is:

1.

A method for managing the power of an uplink signal to be
transmitted on a carrier, wherein the carrier has a carrier frequency,
the method comprising;:

determining a convolution of a first function of §,(f) and a
second function of S,(f), wherein S,(f) is the power spectral

density of the uplink signal at frequency f and wherein the uplink
signal comprises one or both of a data signal and a control signal to
be carried by one or more subcarriers of the carrier;

estimating a power spectral density of the uplink signal over a
range of frequencies based on the convolution;

determining a power of the uplink signal based on the
estimated power spectral density of the uplink signal over a range of
frequencies ; and

transmitting the uplink signal over the one or more

subcarriers.
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2. The method of claim 1 further comprising;:

determining a power reduction of the uplink signal based on
the estimated power spectral density of the uplink signal over the
range of frequencies ; and

determining a maximum transmit power of the uplink signal
based on the determined power reduction;

wherein determining a power of the uplink signal comprises
determining the power of the uplink signal based on the determined
maximum transmit power; and

wherein transmitting the uplink signal comprises transmitting

the uplink signal at the determined power.
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3. The method of claim 1 wherein determining a power of the uplink

signal comprises:

determining a first power based on the estimated power
spectral density of the uplink signal over frequencies that include a
first set of subcarriers, wherein the first set of subcarriers is within
an in-band frequency range for the uplink signal, wherein the first
set of subcarriers are allocated to carry at least one of the data signal
and the control signal;

determining a second power based on the estimated power
spectral density of the uplink signal over frequencies that include a
second set of subcarriers, wherein the second set of subcarriers is
within the in-band frequency range, wherein the first set of
subcarriers is not allocated to carry either the data signal or the
control signal; and

determining a power reduction of the uplink signal based on a
ratio of the determined first power and the determined second
power;

wherein transmitting the uplink signal comprises transmitting
the uplink signal at a power that is based at least in part on the

determined power reduction.
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4. The method of claim 1 wherein determining a power of the uplink

signal comprises:

determining a first power based on the estimated power
spectral density of the uplink signal over frequencies that include a
first set of subcarriers. wherein the first set of subcarrier is not in an
in-band frequency range of the uplink signal, wherein the first set of
subcarriers is are at frequencies that are adjacent to the in-band
frequency range,

determining a second power based on the estimated power
spectral density of the uplink signal over frequencies that include a
second set of subcarriers, wherein the second set of subcarriers are
within the in-band frequency range and that are allocated to carry at
least one of the data signal and the control signal; and

determining a power reduction based on a ratio of the
determined first power and the determined second power;

wherein transmitting the uplink signal comprises transmitting
the uplink signal at the power that is based at least in part on the

determined power reduction.
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5. The method of claim 1 wherein determining a power of the uplink

signal comprises:

determining a first power based on the estimated power
spectral density of the uplink signal over frequencies that include a
first set of subcarriers, wherein the frequencies of the first set of
subcarriers are higher than or lower than frequencies of regions that
are adjacent to an in-band region of the uplink signal;

determining a second power based on the estimated power
spectral density of the uplink signal over frequencies that include a
second set of subcarriers, wherein the frequencies of the second set
of subcarriers are in the in-band region , wherein the second set of
subcarriers are allocated to carry at least one of the data signal and
the control signal; and

determining a power reduction based on a ratio of the first
power and the second power;

wherein transmitting the uplink signal comprises transmitting
the uplink signal at a power that is based at least in part on the

determined power reduction.
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6. A wireless terminal (200) for managing the power of an uplink
signal to be transmitted on a carrier, wherein the carrier has a carrier
frequency, the wireless terminal comprising (200) a controller (220)
that performs steps comprising:

determining a convolution of a first function of §,(f) and a
second function of S,(f), wherein S,(f) is the power spectral

density of the uplink signal at frequency f and wherein the uplink
signal comprises one or both of a data signal and a control signal to
be carried by one or more subcarriers of the carrier;

estimating a power spectral density of the uplink signal over a
range of frequencies based on the convolution;

determining a power of the uplink signal based on the
estimated power spectral density of the uplink signal over a range of
frequencies ; and

transmitting the uplink signal over the one or more

subcarriers.
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7. The wireless terminal of claim 6 wherein the controller performs

further steps comprising;:

determining a power reduction of the uplink signal based on
the estimated power spectral density of the uplink signal over the
range of frequencies ; and

determining a maximum transmit power of the uplink signal
based on the determined power reduction;

wherein determining a power of the uplink signal comprises
determining the power of the uplink signal based on the determined
maximum transmit power; and

wherein transmitting the uplink signal comprises transmitting

the uplink signal at the determined power.
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8. The wireless terminal of claim 6 wherein the controller performs the
step of determining a power of the uplink signal by performed steps
comprising;:

determining a first power based on the estimated power
spectral density of the uplink signal over frequencies that include a
first set of subcarriers, wherein the first set of subcarriers is within
an in-band frequency range for the uplink signal, wherein the first
set of subcarriers are allocated to carry at least one of the data signal
and the control signal;

determining a second power based on the estimated power
spectral density of the uplink signal over frequencies that include a
second set of subcarriers, wherein the second set of subcarriers is
within the in-band frequency range, wherein the first set of
subcarriers is not allocated to carry either the data signal or the
control signal; and

determining a power reduction of the uplink signal based on a
ratio of the determined first power and the determined second
power;

wherein transmitting the uplink signal comprises transmitting
the uplink signal at a power that is based at least in part on the

determined power reduction.
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9. The wireless terminal of claim 6 wherein the controller performs the
step of determining a power of the uplink signal by performing
steps comprising;:

determining a first power based on the estimated power
spectral density of the uplink signal over frequencies that include a
first set of subcarriers. wherein the first set of subcarrier is not in an
in-band frequency range of the uplink signal, wherein the first set of
subcarriers is are at frequencies that are adjacent to the in-band
frequency range;

determining a second power based on the estimated power
spectral density of the uplink signal over frequencies that include a
second set of subcarriers, wherein the second set of subcarriers are
within the in-band frequency range and that are allocated to carry at
least one of the data signal and the control signal; and

determining a power reduction based on a ratio of the
determined first power and the determined second power;

wherein transmitting the uplink signal comprises transmitting
the uplink signal at the power that is based at least in part on the

determined power reduction.
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10.

The wireless terminal of claim 6 wherein the controller performs the
step of determining a power of the uplink signal by performing
steps comprising;:

determining a first power based on the estimated power
spectral density of the uplink signal over frequencies that include a
first set of subcarriers, wherein the frequencies of the first set of
subcarriers are higher than or lower than frequencies of regions that
are adjacent to an in-band region of the uplink signal;

determining a second power based on the estimated power
spectral density of the uplink signal over frequencies that include a
second set of subcarriers, wherein the frequencies of the second set
of subcarriers are in the in-band region , wherein the second set of
subcarriers are allocated to carry at least one of the data signal and
the control signal; and

determining a power reduction based on a ratio of the first
power and the second power;

wherein transmitting the uplink signal comprises transmitting
the uplink signal at a power that is based at least in part on the

determined power reduction.
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