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SELECTIVE POWER AMPLIFIER

Technical field

The present invention generally relates to a transmitter arranged to operate in

different modes depending on allocated bandwidth of transmission, and to a

corresponding transceiver, communication device, method and computer program.

Background

Reduction of energy consumption in radio devices is always desired, and

particularly for radio devices that rely on battery. Most energy is consumed when

transmitting, and a power amplifier, having its task to provide the radio power to

antenna, will of course consume some amount of energy. However, not all energy

provided as supply power to the power amplifier becomes signal power for the radio

signal. Thus, the power amplifier and the transmitter have a degree of power efficiency,

i.e. signal power in relation to supply power. It is therefore a desire to provide a radio,

and a way to operate it, which provide good efficiency.

Summary

An object of the invention is to at least alleviate the above stated problem. The

present invention is based on the understanding that, when using a radio in

communication systems allowing a multitude of transmission scenarios in sense of

allowed or devised transmission properties, depending on transmission properties, and

especially allocated bandwidth, the most efficient, and still feasible with regard to side

effects, among polar modulation operation and envelope tracking operation of a power

amplifier and closely related circuitry of the transmitter can be selected such that quality

of operation is improved in sense of low energy consumption and low impact of non-

desired side effects. That is, polar modulation is preferred to be used due to its relatively

low energy consumption as long as side effects, such as spectral leakage, is within

reasonable limits, and by this idea, the envelope tracking is used otherwise to maintain

proper transmission. The power amplifier can thus be operated in non-linear, and thus

energy saving, mode as much as possible, and then be operated in linear, but more

energy consuming, mode when that is necessary. The allocated bandwidth is the most

important factor for deciding when to use which mode, but this disclosure also provides

approaches for further adaptation to the circumstances, such as considering modulation



type, output power, error vector magnitude and/or spectral leakage requirement for the

transmission to be made by the transmitter, wherein energy consumption can be held

down when any possibility for that is given by the transmission properties.

According to a first aspect, there is provided a transmitter comprising a power

amplifier; a switch mode voltage converter of direct current-to-direct current type

arranged to provide power supply to the power amplifier; and a controller. The power

amplifier is arranged to selectively operate in a first mode or in a second mode, wherein

the first mode is a linear mode and the second mode is a non-linear mode. The

controller is arranged to, when operating in a radio access technology, RAT, allowing

different allocated bandwidths to be utilised, determine allocated signal bandwidth for a

transmission to be made by the transmitter in the RAT, and the controller comprises a

control mechanism arranged to control the power amplifier to select one of the

transmission modes for the transmission based on the determination.

In the second mode, the power amplifier may be adapted to polar modulation

operation, and the switch mode voltage converter may be arranged to modulate supply

voltage to the power amplifier by an amplitude component of the transmission when in

the second mode.

The control mechanism may comprise a look-up table comprising bandwidth

mapped on operation mode such that operation mode is selected accordingly.

The control mechanism may comprise a bandwidth threshold such that the first

mode is selected if the threshold is exceeded and the second mode is selected otherwise.

The controller may be arranged to select mode such that a requirement on any

of output power, error vector magnitude and spectral leakage requirement for the

transmission to be made by the transmitter set by a specification for the RAT is met.

The first mode may comprise envelope tracking, and wherein the switch mode

voltage converter is arranged to provide a supply voltage corresponding to the output

voltage of the power amplifier with a headroom when in the first mode.

The switch mode voltage converter may further comprise an additional switch

arrangement connected at the output of the switch mode voltage converter and an

additional comparator connected to compare the output of the switch mode voltage

converter with a determined envelope level and arranged to control the additional

switch arrangement, wherein the additional switch arrangement and the additional

comparator are enabled when in the first mode and envelope tracking is used.

The transmitter may further comprise a low-pass filter which is connected

between an output of the switch mode voltage converter and a power supply input of



the power amplifier, and wherein the low-pass filter is arranged to have a selectable first

and second cut-off frequencies, wherein the second cut-off frequency is lower than the

first cut-off frequency, and the low-pass filter is arranged to apply the first cut-off

frequency when in the first mode, and the second cut-off frequency when in the second

mode.

The transmitter may further comprise a dual mode modulator arranged to

provide a linear quadrature modulation when in the first mode, and provide a phase

modulation in the second mode. The dual mode modulator may comprise inputs

arranged to receive quadrature baseband signals for in-phase, I, and quadrature , Q,

components and radio carrier quadrature clock signals; a quadrature mixer; a transform

circuit arranged to output the components I and Q unchanged in the first mode, and

output, respectively,

in the second mode, to the quadrature mixer; and a limiter (302), wherein an aggregate

output of the quadrature mixer is selectably connected to an output of the dual mode

modulator either via the limiter when in the second mode or directly when in the first

mode.

The power amplifier, when selectively operated in the first mode or in the

second mode, may be biased such that in the first mode it is arranged to operate at class

A or AB, and in the second mode may be arranged to operate in class D or E .

According to a second aspect, there is provided a transceiver comprising a

transmitter according to the first aspect and a receiver, wherein the transceiver is

arranged to receive information about the signal transmission bandwidth for a

transmission to be made by the transmitter from a remote communication node.

According to a third aspect, there is provided a communication device for

wireless communication, wherein the communication device comprises a transmitter

according to the first aspect or a transceiver according to the second aspect.

The communication device may be arranged to operate in a 3GPP LTE cellular

communication system and the transmission is an uplink transmission, and further

arranged to determine the allocated bandwidth for the uplink transmission based on

allocated resource blocks indicated in a downlink transmission four subframes prior the

uplink transmission.



According to a fourth aspect, there is provided a method of a transmitter

comprising a power amplifier and a switch mode voltage converter arranged to provide

power supply to the power amplifier. The method comprises operating the transmitter in

a radio access technology, RAT, allowing different allocated bandwidths to be utilised;

determining allocated signal bandwidth for a transmission to be made by the transmitter

in the RAT; and selecting an operation mode of the power amplifier among a first mode

or a second mode based on the determined allocated bandwidth, wherein the first mode

is a linear mode and the second mode is a non-linear mode.

The second mode may include operating the power amplifier for polar

modulation, and the method further comprises modulating supply voltage to the power

amplifier by an amplitude component of the transmission when in the second mode.

The method may further comprise receiving information about the signal

transmission bandwidth for a transmission to be made by the transmitter from a remote

communication node.

The method may further comprise comparing the allocated bandwidth with a

bandwidth threshold; and selecting the first mode if the threshold is exceeded, or

selecting the second mode otherwise.

The method may further comprise determining a modulation to be used for the

transmission to be made by the transmitter; and selecting mode also based on the

modulation. The method may further comprise determining any of output power, error

vector magnitude and spectral leakage requirement for the transmission to be made by

the transmitter; and selecting mode such that a requirement on any of the output power,

error vector magnitude and spectral leakage requirement for the transmission set by a

specification for the RAT is met.

The first mode may comprise envelope tracking, and the method further

comprises providing, when in the first mode, by the switch mode voltage converter , a

supply voltage corresponding to the output voltage of the power amplifier with a

headroom.

A low-pass filter may be connected between an output of the switch mode

voltage converter and a power supply input of the power amplifier. The method may

then further comprise selecting among a first and second cut-off frequencies of the low-

pass filter, wherein the second cut-off frequency is lower than the first cut-off

frequency, and applying the first cut-off frequency when in the first mode, and applying

the second cut-off frequency when in the second mode.



The transmitter may further comprise a dual mode modulator. The method may

then further comprise providing a linear quadrature modulation when in the first mode,

and providing a phase modulation in the second mode, by the dual mode modulator.

The method may further comprise providing quadrature baseband signals for

in-phase, I, and quadrature , Q, components and radio carrier quadrature clock signals,

when in the first mode, to a quadrature mixer, or providing

when in the second mode, to the quadrature mixer; and limiting the output of

the quadrature mixer and providing the limited signal as output of the dual mode

modulator when in the second mode, or providing the output of the quadrature mixer as

output of the dual mode modulator when in the first mode.

The method may further comprise biasing the power amplifier to operate in

class A or AB when in the first mode, or biasing the power amplifier to operate in class

D or E when in the second mode.

According to a fifth aspect, there is provided a computer program comprising

computer executable code which when executed on a processor causes a transmitter

associated with the processor to perform the method according to the fourth aspect.

Other objectives, features and advantages of the present invention will appear

from the following detailed disclosure, from the attached dependent claims as well as

from the drawings. Generally, all terms used in the claims are to be interpreted

according to their ordinary meaning in the technical field, unless explicitly defined

otherwise herein. All references to "a/an/the [element, device, component, means, step,

etc]" are to be interpreted openly as referring to at least one instance of said element,

device, component, means, step, etc., unless explicitly stated otherwise. The steps of

any method disclosed herein do not have to be performed in the exact order disclosed,

unless explicitly stated.

Brief description of the drawings

The above, as well as additional objects, features and advantages of the present

invention, will be better understood through the following illustrative and non-limiting

detailed description of preferred embodiments of the present invention, with reference

to the appended drawings.

Fig. 1 illustrates a transmitter circuit according to an embodiment.



Fig. 2 schematically illustrates a transmitter circuit according to an

embodiment.

Fig. 3 schematically illustrates a dual-mode modulator according to an

embodiment.

Fig. 4 schematically illustrates a pulse width modulation converter according to

an embodiment.

Fig. 5 illustrates operation of a pulse width modulation converter in wide band

mode according to an embodiment.

Fig. 6 illustrates operation of a pulse width modulation converter in narrow

band mode according to an embodiment.

Fig. 7 illustrates supply voltage to power amplifier when operating in polar

modulation mode.

Fig. 8 illustrates supply voltage to power amplifier when operating in envelope

tracking mode, and also corresponding amplified signal.

Fig. 9 schematically illustrates a switch mode voltage converter set-up

according to an embodiment.

Fig. 10 schematically illustrates cut-off frequencies for a low-pass filter

arranged to filter output from switch mode voltage converter in respective operation

modes.

Fig. 11 schematically illustrates a delay adjustment mechanism arranged to

match delay between amplitude path and phase path according to an embodiment.

Fig. 12 is a flow chart illustrating a method according to an embodiment.

Fig. 13 is a flow chart illustrating a method according to an embodiment.

Fig. 14 is a flow chart illustrating a method according to an embodiment.

Fig. 15 schematically illustrates a non-transitory computer readable storage

medium holding a computer program arranged to be executed by a processor to

implement methods according to embodiments.

Fig. 16 schematically illustrates a radio circuit comprising a transmitter circuit

according to embodiments.

Fig. 17 schematically illustrates a communication device comprising a radio

circuit according to embodiments.

Fig. 18 illustrates a communication device according to an embodiment.

Fig. 19 illustrates a communication node according to an embodiment.

Figs 20 to 22 illustrate an example where a non-linear mode can be used.

Figs 23 to 25 illustrate examples where linear mode needs to be used.



Detailed description

For the understanding of this disclosure, the reader should be aware that polar

modulation enables use of a nonlinear power amplifier (PA), which is power efficient,

but implies bandwidth expansion issues. Using polar modulation is thus not suitable for

wide bandwidth applications like wide band 3GPP LTE where bandwidths of 20 MHz

can be used. A linear PA with a constant supply voltage does not imply such bandwidth

expansion issues, but is significantly less power efficient than a non-linear PA. The

linear PA can be made more power efficient by using envelope tracking. Envelope

tracking requires use of a linear PA, which is inherently less power efficient than the

non-linear PA, but is still more efficient than a PA without envelope tracking, i.e, a

constant supply voltage driven PA. High power efficiency implies that more radio

power is provided to the antenna and/or less heat is created by the power amplifier at a

given supply power.

Fig. 1 illustrates a transmitter circuit 100 according to an embodiment. The

transmitter circuit 100 comprises a baseband part 106 arranged to perform any baseband

processing and provide an in-phase (I) and a quadrature-phase (Q) signal component to

be modulated. The transmitter circuit 100 further comprises a power amplifier 102

arranged to output a modulated signal for transmission, e.g. directly to an antenna

arrangement or to an antenna arrangement via an output network arranged to provide

impedance matching. The transmitter circuit 100 also comprises a switch mode voltage

converter 104 arranged to provide a supply voltage to the power amplifier 102. The

switch mode voltage converter 104 is preferably a direct current to direct current,

DC/DC, converter which in turn is connected to a power supply of any apparatus in

which the transmitter circuit 100 is arranged to work.

To achieve improved efficiency for the transmitter circuit 100, the power

amplifier 102 is arranged to selectively work in either linear or non-linear modes. The

non-linear mode enables improved efficiency for the power amplifier, which then for

example can work in class D or E . The linear mode is less efficient, but provides

necessary linearity for many signal situations, e.g. to avoid spectral leakage which

extends beyond desired levels, and the power amplifier can for example work in class A

or AB. To benefit from this dual mode operation of the power amplifier, modulation is

selectively chosen between quadrature modulation, which requires linear operation of

the power amplifier, and polar modulation, which enables the power amplifier to work

in non-linear mode.



In this embodiment, a polar modulator 108 transform the I and Q components

into a phase component which is provided to the power amplifier. A corresponding

amplitude component is provided by an amplitude generator 110 which derives the

amplitude component from the I and Q components and provides the amplitude

component to the switched voltage generator 104 which in turn controls the voltage

supply to the power amplifier such that the amplitude component together with the

phase component can be output by the power amplifier as a polar modulated signal.

Similarly, a quadrature modulator 112 modulates the I and Q components by

mixing with an in-phase oscillator signal and a quadrature-phase oscillator signal,

respectively, and an aggregate of the modulated I and Q components are provided to the

power amplifier. The amplitude generator 110 is now used for envelope tracking and is

providing, based on the I and Q components, an envelope signal to the switch mode

voltage converter 104 such that it provides a suitable supply voltage to the power

amplifier, wherein the power amplifier is enabled to work linearly and amplify the

aggregate of the modulated I and Q components. The envelope signal tracks the

envelope of the amplitude signals of the I and Q components, and provides a suitable

headroom for linear operation by the power amplifier.

The transmitter circuit 100 is controlled to select the most efficient of the

modes of operation based on the properties of the signal to be transmitted. This control

can be provided from the baseband part 106, or from a dedicated controller (not shown).

The property of the signal to be transmitted having most impact on which mode that is

suitable to be used is allocated bandwidth. The decision provided by the control can be

fairly simple, such as when the bandwidth is 5 MHz or below in an 3GPP LTE case,

polar modulation and non-linear power amplifier operation is chosen, and above that,

quadrature modulation and linear operation of the power amplifier is chosen. A more

complex control can be provided where modulation properties of the I and Q

components from the baseband part are considered, i.e. how signal space is used. This

can be used together with the information on allocated bandwidth to for example for

some configurations of the I and Q components use polar modulation and non-linear

power amplifier operation also for slightly higher bandwidths, while for some other

configurations of the I and Q components use quadrature modulation and linear power

amplifier operation also for slightly lower bandwidths. Similar considerations for

selecting mode of operation can be made based on one or more of output power, error

vector magnitude and spectral leakage requirement for the transmission to be made by

the transmitter. Thus, although the allocated bandwidth plays the major role in the



selection, further optimisation can be made for mid-sized bandwidths based on used

signal space, output power, error vector magnitude and/or spectral leakage requirement.

The selection of quadrature modulation/linear operation or polar

modulation/non-linear operation can be determined according to what is demonstrated

above such that spectral leakage does not extend beyond the specification of the system

in which the transmitter is used, e.g. beyond what is specified in 3GPP TS25. 101, 3GPP

TS 36.101, or similar for the actual system.

The knowledge about the signal to be transmitted, and thus the decision about

which mode of operation to select, can many times be acquired a bit in advance, which

facilitates the implementation. For example in 3GPP LTE, an uplink grant message is

received four subframes in advance, which equals four ms, wherein the transmitter is

aware of allocated bandwidth etc. and the adaptation of the mode can be made.

The operation of the power amplifier 102 in linear or non-linear mode can of

course be achieved by selectively using either of a linear power amplifier or a non-linear

power amplifier, i.e. having separate power amplifiers. However, to avoid having

redundant circuitry, the control of mode of operation of the power amplifier can include

adapting biasing of one power amplifier to selectively either operate in linear or in non

linear mode. An output network can also be adapted to the mode of operation of the

power amplifier to take care of any unwanted harmonics.

Fig. 2 schematically illustrates a transmitter circuit 200 according to an

embodiment. A baseband processor, BBP, 212 generates I and Q components similar to

what is demonstrated with reference to Fig. 1 . The I and Q components are fed into two

paths, the amplitude path (upwards in Fig. 2) and the phase path (rightwards in Fig. 2).

The amplitude path includes an envelope/amplitude generator, EAG, 214, a pre-

distortion, PDIS, part 216, a pulse width modulation converter, PWMC, 218, a switch

mode voltage converter 204, a low pass filter, LPF, 208, and a dual mode power

amplifier, DMPA, 202. The phase path includes a delay adjust unit, DA, 220, a dual

mode modulator, DMM, 210, and the DMPA 202 where the two paths are merged

together. The DMM 210 is provided with carrier quadrature clocks, CQC, such that

modulation is enabled. The CQC can comprise four signals being mutually phase

shifted by 90 degrees for differential mixers, or two signals being mutually phase

shifted by 90 degrees for single ended mixers.

A controller 206 is arranged to control the elements of the transmitter circuit

100 to operate according to a first operation mode, i.e. quadrature modulation and linear

amplifier setting, and to a second operation mode, i.e. polar modulation and non-linear



amplifier setting. The first operation mode is typically making the DMPA 202 operating

in a linear mode, while the second mode sets the DMPA 202 in a non-linear operation

mode. The output from the switch mode voltage converter is optionally low-pass

filtered by LPF 208 prior to providing the voltage supply to the DMPA 202.

Furthermore, the baseband I and Q components, generated by BBP 212, are converted

to envelope or amplitude signal, depending on mode of operation, by EAG 214, and the

envelope signal or amplitude signal can be pre-distorted via the PDIS 216 to reduce

non-linearity in generating output signal at output of the DMPA 202. This non-linearity

can include any contributions from the PWMC 218, the switch mode voltage converter

204 and the DMPA 202.

Any delay match between phase modulation path and amplitude path can be

aligned by the DA 220 under control of the controller 206. The LPF 208 can have two

modes, one for wide band applications, and one for narrow band applications, selected

either by electrical or mechanical means. The function of the LPF 208 is to reduce

ripples in the output of the switch mode voltage converter, improve adjacent channel

leakage ratio for band interferences to meet spectral masks specified by radio standards,

and also suppress transmitter spectral leakage into receiver band when the transmitter

circuit 200 is used in a radio terminal, which implies relax of requirements for

attenuation in receiver band in surface acoustic wave filters or duplexers.

After the DMPA 202, the amplified signal can pass an output network, ON,

222 which includes impedance matching that minimize the reflections and feed the

majority of the signal energy to the antenna, and sometimes differential to single-ended

conversion if balanced power amplifier topology is adopted. ON 222 can also be

capable to reduce the unwanted frequency components created by non-linearity of the

power amplifier. The ON 222 can also be controlled by the controller 206, and be

adapted based on the operating mode of the power amplifier 202.

The first mode, i.e. linear mode, operation is targeted to applications using

wide band, i.e. having a wide allocated bandwidth and/or having a modulation scheme

using signal space for large symbols, for example a user scenario in 3GPP LTE using

20MHz bandwidth. So in linear mode, the requirement for operating frequency or

bandwidth is much high for all units, and the power efficiency drops. However, as the

occupation in time normally is short and the probability for this is relatively low than

operation in narrow band applications, one can bear this energy cost.



The second mode, i.e. non-linear mode, is designed to fit most narrow band

applications, in multiple standards, for example, GSM, EDGE, etc, and even the narrow

band user scenario in 3GPP LTE up to about 5MHz allocated bandwidth.

Further functions, operations and options for the elements of the transmitter

circuit 200 will be demonstrated with reference to Figs 3 to 11 .

Fig. 3 schematically illustrates a dual-mode modulator, DMM, 300 according

to an embodiment. In the phase modulation path in Fig. 2, the DA 220 is employed to

match the delay between the amplitude path and the phase path. Depending on the delay

in the phase path and amplitude path for a practical implementation, the DA 220 can be

moved to any position in either phase path or amplitude path, and be implemented in

either digital or analog way. For the purpose of illustration of the DMM 300 in Fig. 3, it

is assumed that the DA is provided in the phase path and provides delayed components

Id and Qd to the DMM 300. The dual mode modulator maps the input signals Id and Qd

into U and V by a matrix A in a mapping part 304, then the U and V signals are

modulated by quadrature carrier clocks, and a radio frequency signal is created. The

matrix A can be implemented in a look-up table, or RAM or ROM cells. In the first

mode which is used for envelope tracking applications, the mapping part 304 just is a

bypass having

U = Id

V = Qd

In the second mode, the mapping part performs the following non-linear

mapping:

Thus, the U and V signal is amplitude normalized quadrature signals. After

quadrature modulation, the output can be expressed as

in first mode

in second mode

where

A m= ^Id +Qd 2



It implies that in the first mode, the modulator performs a normal linear

quadrature modulation, while in the second mode the modulator merges a normal linear

quadrature modulation and limiter function together.

The limiter function can also be implemented in analog ways, and an

exemplary circuit is shown in Fig. 3, where an analog limiter 302 and a multiplexer 306

are used.

Fig. 4 schematically illustrates a pulse width modulation converter 400

according to an embodiment. Envelope/amplitude generator EAG 214 of Fig. 2 creates a

digital envelope or polar modulation amplitude signal according to the quadrature

digital input I and Q components. To create polar modulation, a one-to-one mapping is

employed

Amp(n) = - i (n) +q {n)

While for envelope signals, the generation may not be a unique, for example,

the envelope signal can be created by

Env(n) = ( (n) +q2(n)) + h(n - ηί) 2(m) +q2(m)

Where h() is coefficients of a digital filter, and Go() creates a voltage gap

between the max amplitude and supply voltage to guarantee that the linear power

amplifier always operates at linear region. Another example may be

Env{n) =G ( (η) +q {n)) +max +q )

Both envelope signal or amplitude signals can be over-sampled and smoothed

in digital manners.

The output Po of the power amplifier is unfortunately a non-linear function of

the envelope or amplitude signal, say Po = f (env) or Po = g(amp) . In PDIS, signal

envelope signal or amplitude signal is non-linearly mapped into Penv or Pamp by the

pre-distortion function P and Q



Penv =P(Env)

Or

Pomp =Q(Amp)

so that

Po =f(P(Env)) =k -Env

or

Po =g(Q(Amp) =k Amp

Where P or Q is a reverse function of f(.) or G(.) that reduces the amplitude

distortion in the amplitude path.

Through PWMC 400, the digital signal Penv is converted into pulse width

modulated pulse sequence PWM, where the pulse width is a function of the input

voltage and the pulse frequency is Cs. There are many different ways for creating

PWM. For example, the pulse width modulated sequence can be created by cutting a

saw-tooth input, provided by a saw-toot generator 404 with repeat frequency of Cs, as

shown in Fig. 4, and the PWMC can have two modes, illustrated in Figs 5 and 6 for a

wide band signal and a narrow band signal, respectively, controlled by CTRL which

changes the divider ratio of a frequency divider 402.

The switching frequency of the PWM pulse sequence determines the

conversion efficiency of the switch mode voltage converter, as regulator transistor in the

switch mode voltage converter is operating at this frequency, and charges and

discharges capacitance in the load and LPF, leading to a dynamic power consumption.

The dynamic power reduces the conversion efficiency in switch mode voltage

converter. According to the particular user scenario, the controller sets the divider ratio

corresponding to the bandwidth which in turn optimizes the switch mode voltage

converter conversion efficiency.

The DC/DC-converter switch mode voltage converter can also operate in two

modes. One is used in narrow bandwidth applications where polar modulation is

implemented, illustrated in Fig. 7, and another is for the linear mode, i.e. wide band

mode, where envelope tracking is performed, shown in Fig. 8 .

For the narrow bandwidth applications, the switch mode voltage converter has

the similar structure like a normal DC/DC converter 904, and the slew rate of the output

of the converter 904 is enough to follow the change of Penv as illustrated in Fig. 7 . In

wide bandwidth applications, an additional fast switch 902 and a fast comparator 906,

as illustrated in Fig. 9, can automatically be turned on when bandwidth expansion

happens. The output of the comparator 906 is provided to a logic circuitry 908 which in

turn controls switches of the switch arrangement 902.



The LPF 208 of Fig. 2 can optionally be designed to have different cut-off

frequencies, as illustrated in Fig. 10, and the LPF can comprise LC passive devices,

MEMS or other semi-conductor switches with low insertion loss.

The DMPA has dual operating modes, i.e. the linear mode for working with

envelope tracking and the non-linear mode for polar modulation, corresponding to the

bandwidth requirement etc. for different applications. The operating mode can be

changed by setting the operation point of the power amplifier. For example a power

amplifier can operate at class A, or AB for linear operation. To improve the power

efficiency, the power amplifier can also be set to operate in non-linear mode, say class

D or E, without substantively changing the topology of the amplifier, assuming that the

output network can remove any unwanted harmonic components. Of course, it is also

possible to have both linear power amplifier and non-linear power amplifier in parallel

and each of them has an enable control, and only one of them is enabled during

operation.

Fig. 11 illustrates a DA 1100 according to an embodiment. The I and Q

components are fed to a register array 1102 under control of a clock signal, and are

output from output registers 1104 under control of an adjusted clock signal wherein the

adjusted clock signal is provided by an adjustable phase shifter 1106 which preferably is

controlled by the controller 206 of Fig. 2 . Depending on the delay in the phase path and

amplitude path for a practical implementation, the delay adjust unit can be moved to any

position, either the phase path or amplitude path, and be implemented in either digital or

analog manner.

Fig. 12 is a flow chart illustrating a method according to an embodiment. A

transmitter is operated 1200 in a radio access technology, RAT, which for example can

be GSM, EDGE, WCDMA or LTE. The allocated bandwidth for a transmission to be

made is determined 1202. The determination can be made, for some RATs such as

GSM, fairly simple because the RAT only supports bandwidths below a threshold

where non-linear mode can be used. For other RATs, such as LTE, the allocated

bandwidth can imply any of non-linear, which is preferred due to high efficiency, or

linear operation. Thus, the mode of operation for power amplifier etc. according to what

has been demonstrated above is determined 1204 such that the transmitter can adapt

accordingly and perform the transmission. The procedure repeats itself all the time, and

next transmission may be in another or the same RAT, with another allocated

bandwidth, and the suitable mode of operation is selected for that transmission.



Fig. 13 is a flow chart illustrating a method according to an embodiment. A

transmitter is operated 1300 in a RAT which for example can be GSM, EDGE,

WCDMA or LTE. The allocated bandwidth for a transmission to be made is determined

1302. The determination can be made, for some RATs such as GSM, fairly simple

because the RAT only supports bandwidths below a threshold where non-linear mode

can be used. For other RATs, such as LTE, the allocated bandwidth can imply any of

non-linear, which is preferred due to high efficiency, or linear operation. In the case of

LTE, the allocated bandwidth will be known four subframes in advance from an uplink

grant message. The allocated bandwidth is compared 1304 with a threshold.

If the allocated bandwidth exceeds the threshold, which for example can be 5

MHz, envelope tracking is applied 1305 and linear mode is selected 1307 for the power

amplifier. Optionally, a higher cut-off frequency (compared to the one which will be

applied for polar modulation) can be selected 1309 for a low-pass filter arranged at

output of switch mode voltage converter.

If the allocated bandwidth does not exceed the threshold, polar modulation is

applied 1306 and non-linear mode of operation is selected 1308 for the power amplifier.

Optionally, a lower cut-off frequency (compared to the one which will be applied for

envelope tracking) can be selected 13 10 for a low-pass filter arranged at output of

switch mode voltage converter.

Thus, the mode of operation for power amplifier etc. according to what has

been demonstrated above is adapted such that the transmitter can perform the

transmission as efficiently as possible. The procedure repeats itself all the time, and next

transmission may be in another or the same RAT, with another allocated bandwidth, and

the suitable mode of operation is selected for that transmission.

Fig. 14 is a flow chat illustrating a method according to an embodiment. A

transmitter is operated 1400 in a RAT which for example can be GSM, EDGE,

WCDMA or LTE. Transmission properties, such as modulation, output power, error

vector magnitude and/or spectral leakage requirement, and the allocated bandwidth for a

transmission to be made is determined 1402. The transmission properties are mapped

1404 to a suitable mode of operation. The mapping can include accessing a look-up

table.

When the transmission properties are mapped to a first operation mode, the

power amplifier is adjusted 1405 to linear mode of operation, the I and Q components

provided from baseband are transformed 1407 into an envelope signal, and the switch

mode voltage converter is controlled 1409 according to the envelope signal. Further,



pre-compensation of the I and Q components can be made 141 1, and/or selection of a

higher cut-off frequency of a LPF as demonstrated above can be made 1413. The

transmission is made 1415 according to the adaptations and with envelope tracked

quadrature modulation as demonstrated above, and the procedure returns to take care of

next transmission.

When the transmission properties are mapped to a second operation mode, the

power amplifier is adjusted 1406 to non-linear mode of operation, the I and Q

components are transformed 1408 to an amplitude signal, the switch mode voltage

converter is controlled 1410 according to the amplitude signal, and the I and Q

components are transformed 1412 to a phase signal, e.g. by being limited either digitally

or by an analog limiter. Further, a lower cut-off frequency of the LPF can be made

1414. The transmission is made 1416 according to the adaptations and with polar

modulation as demonstrated above, and the procedure returns to take care of next

transmission.

The methods have been demonstrated with reference to Figs 12 to 14 as a few

different examples. It should however be understood that some actions in one example

can be substituted by corresponding other action from another example, e.g. the step on

comparison with a bandwidth threshold can be substituted with mapping of transmission

properties, or vice versa. Further, although the steps have been presented as a sequential

order, this normally does not reflect the operation in reality. The elucidated adaptations

are normally performed in parallel, or at least being performed as soon as necessary

input data for the adaptation is available. As a few examples, the elements of the

amplitude path is adapted simultaneously with the adaptations of the elements of the

phase path, and the control of the switch mode voltage converter is performed during

the whole transmission, the determination of transmission properties for the next

transmission is normally started before the previous transmission is ready, etc.

The methods according to the present invention is suitable for implementation

with aid of processing means, such as computers and/or processors, especially for

example for the case where the suitable operation mode is to be determined on complex

information and/or the signals provided to modulation in different operation modes are

to be determined accordingly. Therefore, there is provided computer programs,

comprising instructions arranged to cause the processing means, processor, or computer

to perform the steps of any of the methods according to any of the embodiments

described with reference to any of Figs 12-14. The computer programs preferably

comprises program code which is stored on a computer readable medium 1500, as



illustrated in Fig. 15, which can be loaded and executed by a processing means,

processor, or computer 1502 to cause it to perform the methods, respectively, according

to embodiments of the present invention, preferably as any of the embodiments

described with reference to any of Figs 12-14. The computer 1502 and computer

program product 1500 can be arranged to execute the program code sequentially where

actions of the any of the methods are performed stepwise. The processing means,

processor, or computer 1502 is preferably what normally is referred to as an embedded

system. Thus, the depicted computer readable medium 1500 and computer 1502 in Fig.

15 should be construed to be for illustrative purposes only to provide understanding of

the principle, and not to be construed as any direct illustration of the elements.

Fig. 16 schematically illustrates a radio circuit 1600 according to an

embodiment. The radio circuit 1600 comprises a transmitter circuit 1602 according to

any of the embodiments demonstrated. The transmitter circuit provides its output signal

to one or more antennas 1608, possibly via a feeding line and/or output network. The

radio circuit 1600 can also comprise other radio circuitry 1604, which for example can

comprise a receiver, signal processing device, interface circuit, etc. It is also possible

that the radio circuit 1600 can comprise more than one transmitter circuit 1602, e.g. one

being arranged to operate towards a cellular network and another arranged to operate

towards a wireless access point. The radio circuit 1600 can also comprise a controller

1606, which for example can provide acquired data about coming transmission to the

transmitter circuit 1602.

Fig. 17 schematically illustrates a communication device 1700 according to an

embodiment. The communication device comprises a radio circuit 1702 according to

any of the embodiments demonstrated above. The communication device 1700 also

comprises further circuitry and elements 1704 such as input and output devices,

interfaces, power supply, etc. The radio circuit 1702 is connected to the further circuitry

1704 for provision or reception of signals that are received or to be transmitted. Further,

the further circuitry and elements 1704 can provide control information to a controller

of the radio circuitry 1702.

Fig. 18 schematically illustrates an example of a mobile communication device

1800 according to an embodiment. The mobile communication device can be arranged

for communication in a cellular communication system and comprise the elements

demonstrated above.

Fig. 19 schematically illustrates an example of a communication node 1900

according to an embodiment for operating a cell in a cellular communication system.



The communication node 1900 can be arranged to operate a cell in a cellular

communication system and comprise the elements demonstrated above.

Figs 20 to 22 illustrate an example of a user scenario where polar modulation

can be used. In Fig. 20, the LTE spectrum 2000 for the whole band in question is

shown. The spectrum can be shared by a multitude of users. In Fig. 20, a user

bandwidth 2002, i.e. allocated bandwidth, is also shown.

Fig. 2 1 shows a spectrum of the amplitude of the user occupied resource blocks. Fig. 22

shows phase modulated radio frequency clock signals. For such a user scenario in LTE

uplink with whole spectrum 2000 when a user is scheduled to occupy a few gathered

resource blocks with a frequency offset 2004 from a centre frequency of the spectrum

2000 and an allocated bandwidth 2002, an amplitude of a baseband signal will have a

relatively narrow bandwidth compared to the bandwidth of the LTE spectrum 2000.

Thus the transmitter is able to operate in the second operating mode and apply polar

modulation. The phase modulation path will generate phase modulated radio frequency

clock signals around the carrier frequency plus the offset frequency 2004, as illustrated

in Fig. 22.

Figs 23 to 25 illustrate an example of a user scenario where envelope tracking

need to be used. In Fig. 23, the LTE spectrum 2300 for the whole band in question is

shown. The spectrum can be shared by a multitude of users. In Fig. 23, a user

bandwidth 2302, i.e. allocated bandwidth, embracing allocated resource blocks

distributed in different frequency locations is also shown. For such a user scenario in

LTE uplink with whole spectrum 2300 when a user is scheduled to occupy resource

blocks which are distributed over the spectrum 2300 and thus has an allocated

bandwidth 2302 that is almost as wide as the bandwidth of the LTE spectrum 2300. In a

first option, the transmitter can operate in the first operating mode preferably with

envelope tracking using the carrier frequency of the centre frequency of the LTE

spectrum with bandwidth 2402 shown in Fig.24. In a second option, the modulator can

generate quadrature modulated radio frequency clock signals with a frequency around

the centre frequency of the LTE spectrum plus an offset frequency, as illustrated in Fig.

25, with bandwidth 2502 which is equal to 2302.

The invention has mainly been described above with reference to a few

embodiments. However, as is readily appreciated by a person skilled in the art, other

embodiments than the ones disclosed above are equally possible within the scope of the

invention, as defined by the appended patent claims.



CLAIMS

1. A transmitter comprising

a power amplifier (102, 202);

a switch mode voltage converter (104, 204, 904) of direct current-to-direct

current type arranged to provide power supply to the power amplifier; and

a controller (206, 1606),

characterised by

the power amplifier is arranged to selectively operate in a first mode or in a

second mode, wherein the first mode is a linear mode and the second mode is a non-

linear mode,

the controller is arranged to, when operating in a radio access technology,

RAT, allowing different allocated bandwidths to be utilised, determine allocated signal

bandwidth for a transmission to be made by the transmitter in the RAT, and the

controller comprises a control mechanism arranged to control the power amplifier to

select one of the transmission modes for the transmission based on the determination.

2 . The transmitter according to claim 1, wherein in the second mode, the power

amplifier is adapted to polar modulation operation, and wherein the switch mode

voltage converter is arranged to modulate supply voltage to the power amplifier by an

amplitude component of the transmission when in the second mode.

3 . The transmitter according to any of the preceding claims, wherein the

control mechanism comprises a look-up table comprising bandwidth mapped on

operation mode such that operation mode is selected accordingly.

4 . The transmitter according to any of claims 1 or 2, wherein the control

mechanism comprises a bandwidth threshold such that the first mode is selected if the

threshold is exceeded and the second mode is selected otherwise.

5 . The transmitter according to any of the preceding claims, wherein the

controller is arranged to select mode such that a requirement on any of output power,

error vector magnitude and spectral leakage requirement for the transmission to be made

by the transmitter set by a specification for the RAT is met.



6 . The transmitter according to any of the preceding claims, wherein the first

mode comprises envelope tracking, and wherein the switch mode voltage converter i s

arranged to provide a supply voltage corresponding to the output voltage of the power

amplifier with a headroom when in the first mode.

7 . The transmitter according to any of the preceding claims, wherein the switch

mode voltage converter further comprises an additional switch arrangement (902)

connected at the output of the switch mode voltage converter (904) and an additional

comparator (906, 908) connected to compare the output of the switch mode voltage

converter with a determined envelope level and arranged to control the additional

switch arrangement, wherein the additional switch arrangement and the additional

comparator are enabled when in the first mode and envelope tracking i s used.

8 . The transmitter according to any of the preceding claims, wherein a low-pass

filter (208) is connected between an output of the switch mode voltage converter (204)

and a power supply input of the power amplifier (202), and wherein the low-pass filter

i s arranged to have a selectable first and second cut-off frequencies, wherein the second

cut-off frequency i s lower than the first cut-off frequency, and the low-pass filter i s

arranged to apply the first cut-off frequency when in the first mode, and the second cut¬

off frequency when in the second mode.

9 . The transmitter according to any of the preceding claims, further comprising

a dual mode modulator (210, 300) arranged to provide a linear quadrature modulation

when in the first mode, and provide a phase modulation in the second mode.

10. The transmitter according to claim 1 1, wherein the dual mode modulator

(210, 300) comprises

inputs arranged to receive quadrature baseband signals for in-phase, I , and

quadrature , Q , components and radio carrier quadrature clock signals;

a quadrature mixer;

a transform circuit arranged to

output the components I and Q unchanged in the first mode, and

output, respectively,

I
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to the quadrature mixer; and

a limiter (302),

wherein an aggregate output of the quadrature mixer is selectably connected to

an output of the dual mode modulator either via the limiter (302) when in the second

mode or directly when in the first mode.

11. The transmitter according to any of the preceding claims, wherein the

power amplifier, when selectively operated in the first mode or in the second mode, is

biased such that in the first mode it is arranged to operate at class A or AB, and in the

second mode is arranged to operate in class D or E .

12. A transceiver comprising a transmitter according to any of claims 1 to 11

and a receiver, wherein the transceiver is arranged to receive information about the

signal transmission bandwidth for a transmission to be made by the transmitter from a

remote communication node.

13. A communication device (1700, 1800, 1900) for wireless communication,

wherein the communication device comprises a transmitter according to any of claims 1

to 11 or a transceiver according to claim 12.

14. The communication (1700, 1800) device according to claim 13, arranged to

operate in a 3GPP LTE cellular communication system and the transmission is an

uplink transmission, and further arranged to determine the allocated bandwidth for the

uplink transmission based on allocated resource blocks indicated in a downlink

transmission four subframes prior the uplink transmission.

15. A method of a transmitter comprising a power amplifier and a switch mode

voltage converter arranged to provide power supply to the power amplifier, wherein the

method comprises

operating (1200, 1300, 1400) the transmitter in a radio access technology,

RAT, allowing different allocated bandwidths to be utilised;

determining (1202, 1302, 1402) allocated signal bandwidth for a transmission

to be made by the transmitter in the RAT;



selecting (1204, 1304, 1404) an operation mode of the power amplifier among

a first mode or a second mode based on the determined allocated bandwidth, wherein

the first mode is a linear mode and the second mode is a non-linear mode.

16. The method according to claim 15, wherein in the second mode, operating

the power amplifier for polar modulation, and the method further comprises modulating

(1306, 1408, 1410) supply voltage to the power amplifier by an amplitude component of

the transmission when in the second mode.

17. A computer program (1500) comprising computer executable code which

when executed on a processor (1502) causes a transmitter associated with the processor

to perform the method according to any of claims 15 or 16.
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