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(57) Abstract: A transceiver comprises a transmitter contigured to generate a test signal and a receiver comprising a measurement
circuit configured to receive the test signal from the transmitter and to determine a level of the test signal. A controller is configured
to control a variable supply voltage generator to set a supply voltage for the transmitter to a predetermined value and to lower a sup -
ply voltage for the receiver until the level of the test signal within the receiver falls below a receiver threshold. A storage element is
contigured to store the supply voltage corresponding to the receiver threshold as the minimum supply voltage for the receiver.
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Transceiver, transmitter, receiver and Method for determining a minimum supply

voltage for receivers and transmitters

Field

Examples relate to transceivers, transmitters, receivers and to methods for determining a min-

imum supply voltage for receivers and transmitters.
Background

Transceivers, for example for an application in long term evolution (LTE) systems comprise
several components relating significantly to the current and power consumption of a device.
However, Mobile telecommunication devices, for example, may require a low power con-
sumption of the transceiver in order to increase a standby or operation time of the mobile
telecommunications device. Therefore, there might be a desire to increase a power efficiency
of transceivers.

Brief description of the Figures

Some embodiments of apparatuses and/or methods will be described in the following by way

of example only, and with reference to the accompanying figures, in which

Fig. 1 illustrates an example of a transceiver;

Fig. 2 illustrates an example of a transceiver in greater detail;

Fig. 3 illustrates a flowchart of an example of a method for determining a minimum supply

voltage for a receiver;

Fig. 4 illustrates a flowchart of an example of a method for determining a minimum supply

voltage for a transmitter; and
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Fig. 5 schematically illustrates a mobile telecommunications device comprising a transmitter

according to an example described herein.

Detailed Description

Various examples will now be described more fully with reference to the accompanying draw-
ings in which some examples are illustrated. In the figures, the thicknesses of lines, layers

and/or regions may be exaggerated for clarity.

Accordingly, while further examples are capable of various modifications and alternative
forms, some particular examples thereof are shown in the figures and will subsequently be
described in detail. However, this detailed description does not limit further examples to the
particular forms described. Further examples may cover all modifications, equivalents, and
alternatives falling within the scope of the disclosure. Like numbers refer to like or similar
elements throughout the description of the figures, which may be implemented identically or
in modified form when compared to one another while providing for the same or a similar

functionality.

It will be understood that when an element is referred to as being “connected” or “coupled”
to another element, the elements may be directly connected or coupled or via one or more
intervening elements. In contrast, when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no intervening elements present. Other
words used to describe the relationship between elements should be interpreted in a like fash-

bR INT3

ion (e.g., “between” versus “directly between,” “adjacent” versus “directly adjacent”, to name

just a few examples).

The terminology used herein is for the purpose of describing particular examples is not in-

e, 9% Gk
a

tended to be limiting for further examples. Whenever a singular form such as an” and
“the” is used and using only a single element is neither explicitly or implicitly defined as
being mandatory, further examples may also use plural elements to implement the same func-
tionality. Likewise, when a functionality is subsequently described as being implemented us-
ing multiple elements, further examples may implement the same functionality using a single

EEINT3

element or processing entity. It will be further understood that the terms “comprises,” “com-

99 il

prising,” “includes” and/or “including,” when used, specify the presence of the stated features,
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integers, steps, operations, processes, acts, elements and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations, processes,

acts, elements, components and/or any group thereof.

Unless otherwise defined, all terms (including technical and scientific terms) are used herein
in their ordinary meaning of the art to which the examples belong, unless expressly defined

otherwise herein.

Fig. 1 schematically illustrates an example of a transceiver 100. The transceiver 100 com-
prises areceiver 110 and a transmitter 120. Further, the transceiver 100 comprises a controller
140 which is configured to control a variable supply voltage generator used to provide a sup-
ply voltage to the receiver 110. The supply voltage generator is an optional feature of the
transceiver 100 and not illustrated in Fig. 1. Examples of transceivers may also cooperate with
an external supply voltage generator (power supply) not being part of the transceiver 100
itself. Further, the transceiver comprises a storage element 150. The controller 140 is config-
ured to control a variable supply voltage generator to set a supply voltage for the transmitter
120 to a predetermined value and to adjust or lower a supply voltage for the receiver 110 until
the level of the test signal within the receiver 110 falls below a receiver threshold. The storage
element 150 is configured to store the supply voltage corresponding to the receiver threshold

as the minimum supply voltage for the receiver 110.

Adjusting the supply voltage for the receiver 110 until the test signal within the receiver 110
is determined with a minimum acceptable level (the receiver threshold), allows determining
a minimum supply voltage for the receiver 110 that can be used in the future to guarantee that
the receiver 110 is operating in stable conditions. In particular, the minimum supply voltage
is determined individually for the used hardware sample, which will generally result in lower
minimum supply voltages as compared to the determination of the minimum supply voltage
in conventional designs. Conventional designs define a minimum supply voltage by function-
ality limitations found in pre-silicon simulations. These, in turn, are mainly given by CMOS
process variation and worst case modeling. Conventional transceiver samples will, therefore,
use a minimum supply voltage for the receiver which is not the minimum achievable supply
voltage for each real hardware sample, because this determination is made on a worst case
assumption and for all future samples in common. That is, every parameter potentially leading

to a higher required supply voltage is assumed to be maximally off its normal value. The
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conventional approach results in minimum supply voltages which are considerably higher
even compared to a supply voltage required by a hypothetic transceiver where all parameters
are nominal. Further, according to the examples described herein, other less predictable sta-
tistical deviations from the nominal design parameters are considered as well. For example, a
reference voltage generator within the supply voltage generator (e.g. a bandgap voltage) may
be used as a reference for the creation of the variable supply voltage. The generation of the
reference voltage, therefore, is also prone to statistical deviations from its nominal design

parameters.

With the examples described herein, the headroom of the conventional designs is no longer
necessary, since the minimum supply voltage for the receiver is determined by a closed loop
approach in each and every sample of a transceiver, determining a minimum acceptable sup-
ply voltage for a receiver for the individual sample. The process variation safety margin does
not need to be considered and, therefore, the minimum supply voltage for the receiver can be
determined, which, in turn, results in the minimally possible current consumption of the re-
ceiver. In particular, the generation of a local oscillator signal within a receiver or a transceiver
and the distribution of the local oscillator signal to the individual receiver stages and to the
generation of the IQ signal are one of the most significant contributors to the overall current
consumption of a cellular transceiver. The determination of the minimum supply voltage for
the receiver may, therefore, minimize the current consumption of the local oscillator circuit
by removing the process variation supply voltage overhead. In summary, all possible statisti-
cal deviations from the nominal design parameters within each individual transceiver can be
considered by the examples described herein to arrive at a minimum supply voltage for each

individual sample.

Fig. 2 illustrates an example of a transceiver 100. The transceiver comprises a receiver 110
and a transmitter 120. Further, the transceiver 100 comprises a controller 140 which is,
amongst others, configured to control a variable supply voltage generator 130 used to provide
a supply voltage to the receiver 110. The supply voltage generator 130 illustrated for the sake
of clarity in Fig. 2 is an optional feature of the transceiver 100. The examples of transceivers
may also cooperate with an external supply voltage generator (power supply) not being part
of the transceiver 100 itself. For the sake of clarity, not all connections to components within
the transceiver that may be powered by the supply voltage generator 130 are illustrated in fig.

2.
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Within the receiver, a mixer 112 is used to downmix a signal received from a radio frequency
input 160 into the baseband. Within the baseband, an optional low pass filter 114 may be used
to clean the spectrum of the baseband signal before it is digitized by an analog to digital
converter 116 (ADC). The receiver of the example of fig. 2 further comprises a measurement
circuit 118 which is configured to determine a level of a signal, e.g. of a test signal, within
the receiver. In the particular implementation of Fig. 2, the level of a signal component within
the baseband signal is determined in the digital domain. Further embodiments, however, may
also comprise a measurement circuit that is operating in an analog domain so as to determine
a level of an analog signal component within the baseband signal. Further, a measurement
circuit of further examples may also determine the level of the test signal in the radio fre-

quency domain, that is, before being downmixed by means of the mixer 112.

The receiver 110 of the transceiver 100 further comprises a feedback input 162 which is con-
figured to loop a transmit signal as generated by the transmitter 120 back into the receiver
110. The feedback input 162 can, for example, be used to determine an unwanted signal com-
ponent or an unwanted spur within the signal received by the receiver 110. For example, in a
frequency division duplex system (FDD) a part of the transmit signal generated by the trans-
mitter 120 may leak into (couple into) the receiver 110 (the receive signal chain) and lead to
a reference sensitivity degradation by reciprocal mixing due to, e.g., the clock signal phase
noise. In general terms, the measurement circuit 118 in the digital baseband domain may be
used to determine undesired signal components caused by the transmitter (TX) leakage within
the baseband domain so as to allow to at least partly compensate the spur signal within the
receive signal chain. For example, the measurement circuit 118 may be implemented as a

single bin hardware FFT.

The transceiver of Fig. 2 further comprises an optional local oscillator circuit 170 which is
configured to provide a local oscillation signal 172. The local oscillation signal 172 is, for
example, distributed to the receiver 110 to be used within the mixer 112 of the receiver 110
to downmix aradio frequency signal into a baseband signal. Although not explicitly illustrated
in Fig. 2, the local oscillation signal 172 may also be distributed to the transmitter 120 in order
to enable the transmitter 120 to upmix a baseband signal to a radio frequency signal. Accord-
ing to further examples, the local oscillator circuit 170 provides local oscillation signals of

different frequencies to the receiver 110 and to the transmitter 120, depending on the presently
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used transmitter configuration. A local oscillator circuit 170 may comprise a local oscillator
to generate the local oscillation signal 172 as well as a distribution network to distribute the
local oscillation signal 172 to mixers within the receiver chains and to mixers within the trans-

mitter 120 for the generation of the I and Q signals in the radio frequency domain.

The transmitter 120 of the transceiver 100 of Fig. 2 is configured to generate a test signal 122
and to provide the test signal 122 to the receiver 110, for example by means of the feedback
input 162 of the receiver 110. The measurement circuit 118 determines the level of the test
signal 122 within the receiver 110. The controller 140 is configured to control the variable
supply voltage 130 to set a supply voltage for the transmitter 120 to a predetermined value
which is known to be sufficiently high to enable the transmitter 120 to operate without an
error. Therefore, a test signal 122 can be provided without a degradation of the test signal
122. The controller 140 is configured to control the variable supply voltage 130 to lower a
supply voltage for the receiver 110 until the level of the test signal as determined by means
of the measurement circuit 118 within the receiver 110 falls below a receiver threshold. With
this approach, a supply voltage that corresponds to the receiver threshold is determined. The
so determined supply voltage is stored as a minimum supply voltage for the receiver 110. The
transceiver 100 further comprises a storage element 150 to store the minimum supply voltage.
While the example of Fig. 2 illustrates the storage element 150 as being part of the controller
140, further examples may also be implemented using a storage element as a separate circuit
and not being embodied within the controller 140. The storage element itself may be any type
of volatile or nonvolatile storage element, such as for example flash storage element, SD-
RAM, magnetic-storage element or the like. The controller 140 may be implemented using
dedicated hardware or software or a combination of both. For example, hardware capable of
executing software in association with appropriate software may be used. When provided by
a processor, the functions of the controller 140 may be provided by a single dedicated proces-
sor, by a single shared processor, or by a plurality of individual processors, some of which or
all of which may be shared. The term “processor’” or “controller”, however, shall not be lim-
ited to hardware exclusively capable of executing software, but may include digital signal
processor (DSP) hardware, network processor, application specific integrated circuit (ASIC),
field programmable gate array (FPGA), read only storage element (ROM) for storing soft-
ware, random access storage element (RAM), and non-volatile storage. Other hardware, con-

ventional and/or custom, may also be used.
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Lowering the supply voltage for the receiver until the test signal within the receiver 110 is
determined with a minimum acceptable level (the receiver threshold), allows determining a
minimum supply voltage for the receiver that can be used in the future to guarantee that the
receiver is still operating in stable conditions. In particular, the minimum supply voltage is
determined individually for the used hardware sample, which will generally result in lower
minimum supply voltages as compared to the determination of the minimum supply voltage
in conventional designs. Conventional designs define a minimum supply voltage by function-
ality limitations found in pre-silicon simulations. These, in turn, are mainly given by CMOS
process variation and worst case modeling. Further, other statistical deviations from the nom-
inal design parameters are considered as well. For example, a reference voltage generator
within the supply voltage generator (e.g. a bandgap voltage) may be used as a reference for
the creation of the variable supply voltage. The generation of the reference voltage, therefore,
is also prone to statistical deviations from its nominal design parameters. Conventional trans-
ceiver samples will, therefore, use a minimum supply voltage for the receiver which is not the
minimum achievable supply voltage for each real hardware sample, because this determina-
tion is made on a worst case assumption and for all future samples in common. That is, every
parameter potentially leading to a higher required supply voltage is assumed to be maximally
off its normal value. The conventional approach results in minimum supply voltages which
are considerably higher even compared to a supply voltage required by a hypothetic trans-

ceiver where all parameters are nominal.

With the examples described herein, this headroom is no longer necessary, since the minimum
supply voltage for the receiver is determined by a closed loop approach in each and every
sample of a transceiver, determining a minimum acceptable supply voltage for a receiver for
the individual sample. The process variation safety margin does not need to be considered
and, therefore, the minimum supply voltage for the receiver can be determined, which, in turn,
results in the minimally possible current consumption of the receiver. In particular, the gen-
eration of the local oscillator signal 172 within a receiver or a transceiver and the distribution
of the local oscillator signal 172 to the individual receiver stages and to the generation of the
IQ signal are one of the most significant contributors to the overall current consumption of a
cellular transceiver. The determination of the minimum supply voltage for the receiver may,
therefore, minimize the current consumption of the local oscillator circuit 170 by removing
the process variation supply voltage overhead. In summary, all possible statistical deviations

from the nominal design parameters within each individual transceiver can be considered by
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the examples described herein to arrive at a minimum supply voltage for each individual sam-

ple.

According to some examples, the variable supply voltage as provided by the variable supply
voltage generator 130 is used for the local oscillator circuit 170 so that a minimum acceptable
supply voltage for the local oscillator circuit 170 can be determined that results in a receiver

110 still being able to determine the test signal 122.

According to further examples, the variable supply voltage provided by the supply voltage
generator 130 is also used to power the digital to analog converter 116 (ADC) so that the
determination of the minimum supply voltage for the receiver 110 also considers the supply

voltage provided to the ADC 116.

According to the example illustrated in Fig. 2, the supply voltage for the receiver 110 can be
determined for each and every transceiver sample in a closed loop approach. This determina-

tion may be performed at various instants or in various transceiver operation modes or stages.

According to some examples, the minimum supply voltage is determined after the production
of the transceiver, for example, when the transceiver chip or die is completed in a semicon-
ductor factory. According to further examples, the minimum supply voltage may be deter-
mined when the transceiver is already in use within, for example, a mobile telecommunica-
tions device. For example, when the mobile telecommunications device is switched on, a
minimum supply voltage for the receiver may be determined. According to further examples,
the determination of the minimum supply voltage may be performed every time a configura-
tion of the transceiver is changed. To achieve this, the transceiver of some examples is con-
figured to operate in a normal mode and in a test mode. In the test mode, the transmitter
generates 120 the test signal 122 and the determination of the minimum supply voltage for
the receiver 110 can be performed. In the normal mode, the transmitter 120 and the receiver
110 operate according to a presently used configuration to transmit and receive payload via a
mobile communications network. The configuration may, for example, comprise the carrier
frequencies used for the transmission and the reception of signals, that is, the local oscillator
frequencies used to upmix and downmix the received and transmitted radio frequency signals

in.
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According to some embodiments, the transmitter may be configured to enter from normal
mode into test mode when a configuration of the transceiver is changed and to return into
normal mode after the minimum supply voltage for the receiver has been saved. This may
serve to more precisely determine the minimum supply voltage, which may not only consider
the process variation during the production of the transceiver but also the present temperature
in which the transceiver is used. Further, entering into test mode every time the configuration
of the transceiver is changed may account for a possible dependency of the minimum supply
voltage on the frequency allocations of the transceiver. For example, the minimum supply
voltage required for a first carrier frequency may be different than the minimum supply volt-

age required for a second, different carrier frequency.

While the previous considerations with respect to Fig. 2 have focused on the determination of
a minimum supply voltage for a receiver, further examples may also determine a minimum
supply voltage for a transmitter in a similar fashion. Before elaborating in more detail on the
determination of a minimum supply voltage for a transmitter, the flowchart of Fig. 3 will be
used to briefly summarize an example of a method for determining a minimum supply voltage

for a receiver again.

In order to determine a minimum supply voltage for the receiver according to the method of
Fig. 3, the supply voltage for the receiver is set to a start value in an initialization step 202. In
a step of decreasing the supply voltage 204, the supply voltage is lowered. In a determination
step 206, it is determined whether a level of a test signal within the receiver falls below a
receiver threshold. If this is not the case, the supply voltage is lowered again. If, however, this
is the case, the supply voltage corresponding to the receiver threshold is stored as the mini-
mum supply voltage for the receiver in step 208. The control loop determined by steps 204
and 206 may be summarized as lowering the supply voltage until a level of a test signal within

the receiver falls below a receiver threshold.

In order to perform the method illustrated in Fig. 3, it is of no major importance how the test
signal itself is generated. According to an example as illustrated in Fig. 2, the test signal may
be generated using the transmitter 120 of the transceiver itself. Further embodiments, how-
ever, may use external circuitry in order to provide an appropriate test signal. The minimum
supply voltage for the receiver may correspond to the used receiver threshold in various ways.

For example, if the supply voltage is decreased in finite steps, the last step where the test
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signal was still above the receiver threshold may be used as the minimum supply voltage. In
other words, when the supply voltage is decreased in finite steps until the level of the test
signal within the receiver falls below the receiver threshold due to a transition between a
preceding step and a present step, the supply voltage of the preceding step may be saved as
the minimum supply voltage for the receiver. According to further embodiments, other crite-
ria in order to determine the correspondence between the receiver threshold and the minimum
supply voltage may be used. For example, the supply voltage of the second to last step of the

iterative approach illustrated in Fig. 3 may also be used as the minimum supply voltage.

Fig. 4 illustrates an example as to high the supply voltage for the transmitter 120 of the trans-
ceiver 100 may be determined. Since the approach is similar to the determination of the min-
imum supply voltage for the receiver, the method is only briefly described with respect to the

flowchart of Fig. 4.

The method for determining a minimum supply voltage for a transmitter comprises generating
a test signal with the transmitter and supplying the test signal to a receiver in an initialization
step 302. In a voltage decreasing step 304, the supply voltage of the transmitter is lowered.
Then it is determined in step 306 whether a level of the test signal within the receiver falls
below a transmitter threshold. If this is not the case, step 304 of lowering the supply voltage
is again performed. If, however, this is the case, the supply voltage corresponding to the trans-

mitter threshold is stored as the minimum supply voltage for the transmitter in a storing step

308.

While the minimum supply voltage for the receiver and for the transmitter may be determined
independently from one another, some embodiments use the hardware within a transceiver to
subsequently determine a minimum supply voltage for the receiver and a minimum supply
voltage for the transmitter. In some examples, the minimum supply voltage for the receiver is
determined first, while the subsequent determination of the minimum supply voltage for the
transmitter uses the previously-determined minimum supply voltage for the receiver. That is,
according to some examples, the receiver within a transceiver is set to use its previously de-
termined minimum supply voltage before the supply voltage for the transmitter is lowered
until the level of the test signal within the receiver falls below the transmitter threshold so as

to determine the minimum supply voltage for the transmitter.
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According to further examples, the determination of the minimum supply voltages may be
performed starting with the determination of the minimum supply voltage for the transmitter.
After the minimum supply voltage for the transmitter has been determined, the supply voltage
for the transmitter is set to the minimum supply voltage before the generation of the test signal
starts. With the minimum supply voltage of the transmitter being used, the supply voltage for
the receiver is lowered until the level of the test signal within the receiver falls below the

receiver threshold in order to determine the minimum supply voltage for the receiver.

Some of the previously described examples may be summarized in that a minimum LO power
calibration principle uses the on-chip transmitter (GX) and the transmitter to receiver (RX)
loop back to determine the minimum supply voltage for the local oscillator circuitry (LO
chain) and for the IQ generation within the transmitter. To this end, some examples may use
already existing building blocks within the transceiver in a closed loop approach. The trans-
mitter may be used as a built-in signal generator to generate a test signal. The TX loop back
to RX may be used to provide the test signal to each receiver within the transceiver. (In case
multiple receiver chains are present, the test signal can be provided to each and every receiver

within the transceiver).

Both the receiver and the transmitter may sequentially be the device under test (DUT). The
measurement circuit which may be present as part of a digital spur canceller (single bin hard-
ware FFT) within every receiver (receiver chain) may be used to measure the level of the test
signal in the baseband domain. The digital spur canceler may therefore be used as a built-in

signal level measurement device.

If, for example, the minimum supply voltage for the receiver is determined first, both the
receiver and the transmitter may be set to use a predetermined supply voltage at the beginning.
A test signal may be generated with a transmitter, fed back into the receiver and measured in
the digital domain within the spur canceler in order to determine the level of the test signal.
The supply voltage for the local oscillator circuit of the receiver is lowered until the level of
the test signal falls below a predetermined threshold (i.e., the desired signal level disappears).
This is the functional limit of the specific sample of the transceiver. Since the functional limit
of the receiver’s local oscillator part has been found, the minimum operating voltage for the

transmitter may be determined. To this end, the minimum supply voltage for the receiver’s
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local oscillator circuit may be restored to the last working setting, corresponding to the mini-

mum supply voltage which can be used in a low performance mode of the receiver.

Subsequently, the same procedure can be repeated for the transmitter’s local oscillator distri-
bution path. To this end, the supply voltage for the transmitter’s local oscillator circuit may
be decreased until no desired signal level in the receiver can be measured, while the minimum
supply voltage of the receiver is used. After the supply voltage for the transmitter’s local
oscillator circuit has been decreased until the test signal falls below the transmitter threshold,
the last working setting, i.e. the last supply voltage level may be restored in order to set the

minimum operating point for the transmitter.

According to the examples of transceivers described herein, the current consumption of a
transceiver or its transmitter and receiver can be reduced to the functional minimum for each
and every chip sample by searching the minimum supply voltage providing still functional
circuits. To this end, the examples described herein can be used with lower power consump-
tion than conventional transceivers where a minimum voltage found by simulation of process
variations possibly occurring during the production of the transceiver are found. All nominal
process corner samples will consume more power than what could theoretically be possible,

and which will be found by the examples described herein.

Fig. 5 schematically illustrates a mobile telecommunications device 400 using a transceiver
402 in order to transmit and receive radio frequency signals by means of a first antenna 404a
and a second antenna 404b. Of course, further implementations may use transceivers coupled
to an arbitrary other number of antennas, for example to 4 antennas in 4x4 MIMO configura-

tion.

To this end, the transceiver 402 is coupled to the first antenna 404a and to the second antenna
404b. Mobile telecommunication devices as disclosed in Fig. 5 using a transceiver 402 ac-
cording to the examples described herein may operate according to every known and future
telecommunication standard, such as for example: one of the mobile communication systems
standardized by the 3rd Generation Partnership Project (3GPP), e.g. Global System for Mo-
bile Communications (GSM), Enhanced Data rates for GSM Evolution (EDGE), GSM EDGE
Radio Access Network (GERAN), High Speed Packet Access (HSPA), Universal Terrestrial
Radio Access Network (UTRAN) or Evolved UTRAN (E-UTRAN), Long Term Evolution
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(LTE) or LTE-Advanced (LTE-A), or mobile communication systems with different stand-
ards, e.g. Worldwide Interoperability for Microwave Access (WIMAX) IEEE 802.16 or Wire-
less Local Area Network (WLAN) IEEE 802.11, generally any system based on Time Divi-
sion Multiple Access (TDMA), Frequency Division Multiple Access (FDMA), Orthogonal
Frequency Division Multiple Access (OFDMA), Code Division Multiple Access (CDMA),
etc. The terms mobile communication system and mobile communication network may be

used synonymously.

A mobile telecommunications device may correspond to a smartphone, a cell phone, User
Equipment (UE), a laptop, a notebook, a personal computer, a Personal Digital Assistant
(PDA), a Universal Serial Bus (USB) -stick, a tablet computer, a car, etc. A mobile transceiver
or terminal may also be referred to as UE or user in line with the 3GPP terminology. A base
station transceiver can be located in the fixed or stationary part of the network or system. A
base station transceiver may, for example, correspond to a remote radio head, a transmission
point or an access point. A base station transceiver can be a wireless interface of a wired
network, which enables transmission and reception of radio signals to a UE, mobile trans-
ceiver or relay transceiver. Such a radio signal may comply with radio signals as, for example,
standardized by 3GPP or, generally, in line with one or more of the above listed systems.
Thus, a base station transceiver may correspond to a NodeB, an eNodeB, a BTS, an access
point, etc. A relay station transceiver may correspond to an intermediate network node in the
communication path between a base station transceiver and a mobile station transceiver. A
relay station transceiver may forward a signal received from a mobile transceiver to a base
station transceiver, signals received from the base station transceiver to the mobile station

transceiver, respectively.

Example 1 is a transceiver, comprising a transmitter configured to generate a test signal; a
receiver comprising a measurement circuit configured to receive the test signal from the trans-
mitter and to determine a level of the test signal; a controller configured to control a variable
supply voltage generator to set a supply voltage for the transmitter to a predetermined value
and to adjust a supply voltage for the receiver until the level of the test signal within the
receiver falls below a receiver threshold; and a storage element configured to store the supply
voltage corresponding to the receiver threshold as the minimum supply voltage for the re-

ceiver.
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In example 2, in the transceiver of example 1, the controller is further configured to control
the variable supply voltage generator to set the supply voltage for the receiver to the minimum
supply voltage for the receiver and to adjust a supply voltage for the transmitter until the level
of the test signal within the receiver falls below a transmitter threshold; and the storage ele-
ment is further configured to store the supply voltage corresponding to the transmitter thresh-

old as the minimum supply voltage for the transmitter.

In example 3, in the transceiver of any of examples 1 or 2, the transmitter is configured to
operate in a normal mode generating a payload signal and in a test mode generating the test

signal.

In example 4, in the transceiver of example 3, the transmitter is configured to enter into test
mode when a configuration of the transceiver is changed and to return into normal mode after

the minimum supply voltage for the receiver has been saved.

In example 5, in the transceiver of example 4, the transmitter is configured to enter into test
mode when a carrier frequency allocation of the transceiver is changed and to return into

normal mode after the minimum supply voltage for the receiver has been saved.

In example 6, the transceiver of any of examples 1 to 5 optionally further comprises an Analog
to Digital Converter in the receiver, the Analog to Digital Converter being configured to pro-
vide a digital representation of an analog baseband signal, wherein the variable supply voltage

is used for the Digital to Analog Converter.

In example 7, the transceiver of any of examples 1 to 6 optionally further comprises a Digital
to Analog Converter in the transmitter, the Digital to Analog Converter being configured to
provide an analog representation of a digital baseband signal, wherein the variable supply

voltage is used for the Digital to Analog Converter.

In example 8, the transceiver of any of examples 1 to 7 optionally further comprises a Local
Oscillator circuit configured to provide at least one Local oscillator signal, wherein the vari-

able supply voltage is used for the Local Oscillator circuit.
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In example 9, the transceiver of any of examples 1 to 8 optionally further comprises a variable

supply voltage generator configured to generate the variable supply voltage.

Example 10 is a transceiver, comprising a transmitter configured to generate a test signal; a
receiver comprising a measurement circuit configured to receive the test signal from the trans-
mitter and to determine a level of the test signal; a controller configured to control a variable
supply voltage generator to set a supply voltage for the receiver to a predetermined value and
to adjust a supply voltage for the transmitter until the level of the test signal within the receiver
falls below a transmitter threshold; and a storage element configured to store the supply volt-
age corresponding to the transmitter threshold as the minimum supply voltage for the trans-

mitter.

In example 11, the controller of the transceiver of example 10 is further configured to control
the variable supply voltage generator to set the supply voltage for the transmitter to the min-
imum supply voltage for the transmitter and to adjust a supply voltage for the receiver until
the level of the test signal within the receiver falls below a receiver threshold; and the storage
element is further configured to store the supply voltage corresponding to the receiver thresh-

old as the minimum supply voltage for the receiver.

In example 12, the transmitter of the transceiver of any of examples 10 or 11 is configured to
operate in a normal mode generating a payload signal and in a test mode generating the test

signal.

In example 13, the transmitter of the transceiver of example 12 is configured to enter into test
mode when a configuration of the transceiver is changed and to return into normal mode after

the minimum supply voltage for the transmitter has been saved.

In example 14, the transmitter of the transceiver of example 13 is configured to enter into test
mode when a carrier frequency allocation of the transceiver is changed and to return into

normal mode after the minimum supply voltage for the transmitter has been saved.
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In example 15, the transceiver of any of examples 10 to 14, optionally further comprises a
Digital to Analog Converter in the transmitter, the Digital to Analog Converter being config-
ured to provide an analog representation of a digital baseband signal, wherein the variable

supply voltage is used for the Digital to Analog Converter.

In example 16, the transceiver of any of examples 10 to 15, optionally further comprises an
Analog to Digital Converter in the receiver, the Analog to Digital Converter being configured
to provide a digital representation of an analog baseband signal, wherein the variable supply

voltage is used for the Digital to Analog Converter.

In example 17, the transceiver of any of examples 10 to 16, optionally further comprises a
Local Oscillator circuit configured to provide at least one Local oscillator signal, wherein the

variable supply voltage is used for the Local Oscillator.

In example 18, the transceiver of any of examples 10 to 17, optionally further comprises a

variable supply voltage generator configured to generate the variable supply voltage.

Example 19 is a method for determining a minimum supply voltage for a receiver, comprising
setting the supply voltage of the receiver to a start value; supplying a test signal to the receiver;
lowering the supply voltage until a level of a test signal within the receiver falls below a
receiver threshold; and storing the supply voltage corresponding to the receiver threshold as

the minimum supply voltage for the receiver.

In example 20, in the method of example 19, lowering the supply voltage comprises decreas-
ing the supply voltage in finite steps until the level of the test signal within the receiver falls
below the receiver threshold due to a transition between a preceding step and a present step;
and storing the supply voltage of the preceding step as the minimum supply voltage for the

receiver.

Example 21 is a method for determining a minimum supply voltage for a transmitter, com-
prising setting the supply voltage of the transmitter to a start value; generating a test signal
with the transmitter and supplying the test signal to a receiver; lowering the supply voltage of

the transmitter until a level of the test signal within a receiver falls below a threshold; and
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storing the supply voltage corresponding to the transmitter threshold as the minimum supply

voltage for the transmitter.

In example 22, in the method of example 21, lowering the supply voltage comprises decreas-
ing the supply voltage in finite steps until the level of the test signal within the receiver falls
below the transmitter threshold due to a transition between a preceding step and a present
step; and storing the supply voltage of the preceding step as the minimum supply voltage for

the transmitter.

Example 23 is a receiver circuit, comprising a receiver comprising a measurement circuit
configured to determine a level of a test signal within the receiver; a controller configured to
control a variable supply voltage generator to lower a supply voltage for the receiver until the
level of the test signal within the receiver falls below a receiver threshold; and a storage ele-
ment configured to store the supply voltage corresponding to the receiver threshold as a min-

imum supply voltage for the receiver.

In example 24, the receiver of the receiver circuit of example 23 is configured to operate in a

normal mode receiving a payload signal and in a test mode receiving the test signal.

In example 25, the receiver circuit of example 24 is configured to enter into test mode when
a configuration of the receiver is changed and to return into normal mode after the minimum

supply voltage for the receiver has been saved.

In example 26, the receiver of the receiver circuit of example 25 is configured to enter into
test mode when a carrier frequency allocation of the receiver is changed and to return into

normal mode after the minimum supply voltage for the receiver has been saved.

Example 27 is a transmitter circuit, comprising a transmitter configured to provide a test sig-
nal; a measurement circuit configured to determine a level of a test signal generated by the
transmitter; a controller configured to control a variable supply voltage generator to lower a
supply voltage for the transmitter until the level of the test signal falls below a transmitter
threshold; and a storage element configured to store the supply voltage corresponding to the

transmitter threshold as a minimum supply voltage for the transmitter.
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In example 28, the transmitter of the transmitter circuit of example 27 is configured to operate

in a normal mode generating a payload signal and in a test mode generating the test signal.

In example 29, the transmitter of the transmitter circuit of example 28 is configured to enter
into test mode when a configuration of the transmitter is changed and to return into normal

mode after the minimum supply voltage for the transmitter has been saved.

In example 30, the transmitter of the transmitter circuit of example 29 is configured to enter
into test mode when a carrier frequency allocation of the transmitter is changed and to return

into normal mode after the minimum supply voltage for the transmitter has been saved.

Example 31 is a mobile telecommunications device comprising a transceiver according to any

of examples 1 to 18.

The aspects and features mentioned and described together with one or more of the previously
detailed examples and figures, may as well be combined with one or more of the other exam-
ples in order to replace a like feature of the other example or in order to additionally introduce

the feature to the other example.

Examples may further comprise a computer program having a program code for performing
one or more of the above methods, when the computer program is executed on a computer or
processor. Steps, operations or processes of various above-described methods may be per-
formed by programmed computers or processors. Examples may also cover program storage
devices such as digital data storage media, which are machine, processor or computer readable
and encode machine-executable, processor-executable or computer-executable programs of
instructions. The instructions perform or cause performing some or all of the acts of the above-
described methods. The program storage devices may comprise or be, for instance, digital
memories, magnetic storage media such as magnetic disks and magnetic tapes, hard drives,
or optically readable digital data storage media. Further examples may also cover computers,
processors or control units programmed to perform the acts of the above-described methods
or (field) programmable logic arrays ((F)PLAs) or (field) programmable gate arrays
((F)PGAs), programmed to perform the acts of the above-described methods.
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A block diagram may, for instance, illustrate a high-level circuit diagram implementing the
principles of the disclosure. Similarly, a flow chart, a flow diagram, a state transition diagram,
a pseudo code, and the like may represent various processes, operations or steps, which may,
for instance, be substantially represented in computer readable medium and so executed by a
computer or processor, whether or not such computer or processor is explicitly shown. Meth-
ods disclosed in the specification or in the claims may be implemented by a device having

means for performing each of the respective acts of these methods.

It is to be understood that the disclosure of multiple acts, processes, operations, steps or func-
tions disclosed in the specification or claims may not be construed as to be within the specific
order, unless explicitly or implicitly stated otherwise, for instance for technical reasons.
Therefore, the disclosure of multiple acts or functions will not limit these to a particular order
unless such acts or functions are not interchangeable for technical reasons. Furthermore, in
some examples a single act, function, process, operation or step may include or may be broken
into multiple sub—acts, -functions, -processes, -operations or —steps, respectively. Such sub

acts may be included and part of the disclosure of this single act unless explicitly excluded.

Furthermore, the following claims are hereby incorporated into the detailed description,
where each claim may stand on its own as a separate example. While each claim may stand
on its own as a separate example, it is to be noted that - although a dependent claim may refer
in the claims to a specific combination with one or more other claims - other example exam-
ples may also include a combination of the dependent claim with the subject matter of each
other dependent or independent claim. Such combinations are explicitly proposed herein un-
less it is stated that a specific combination is not intended. Furthermore, it is intended to in-
clude also features of a claim to any other independent claim even if this claim is not directly

made dependent to the independent claim.
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Claims

What is claimed is:

1. A transceiver, comprising:

a transmitter configured to generate a test signal;

a receiver comprising a measurement circuit configured to receive the test signal from the

transmitter and to determine a level of the test signal;

a controller configured to control a variable supply voltage generator to set a supply voltage
for the transmitter to a predetermined value and to adjust a supply voltage for the receiver

until the level of the test signal within the receiver falls below a receiver threshold; and

a storage element configured to store the supply voltage corresponding to the receiver thresh-

old as the minimum supply voltage for the receiver.

2. The transceiver of claim 1, wherein the controller is further configured to control the
variable supply voltage generator to set the supply voltage for the receiver to the minimum
supply voltage for the receiver and to adjust a supply voltage for the transmitter until the level

of the test signal within the receiver falls below a transmitter threshold; and

wherein the storage element is further configured to store the supply voltage corresponding

to the transmitter threshold as the minimum supply voltage for the transmitter.

3. The transceiver of any of claims 1 or 2, wherein the transmitter is configured to operate

in a normal mode generating a payload signal and in a test mode generating the test signal.

4. The transceiver of claim 3, wherein the transmitter is configured to enter into test mode
when a configuration of the transceiver is changed and to return into normal mode after the

minimum supply voltage for the receiver has been saved.
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5. The transceiver of claim 4, wherein the transmitter is configured to enter into test
mode when a carrier frequency allocation of the transceiver is changed and to return into

normal mode after the minimum supply voltage for the receiver has been saved.

6. The transceiver of claim 1, further comprising an Analog to Digital Converter in the
receiver, the Analog to Digital Converter being configured to provide a digital representation
of an analog baseband signal, wherein the variable supply voltage is used for the Digital to

Analog Converter.

7. The transceiver of claim 1, further comprising a Digital to Analog Converter in the
transmitter, the Digital to Analog Converter being configured to provide an analog represen-
tation of a digital baseband signal, wherein the variable supply voltage is used for the Digital

to Analog Converter.

8. The transceiver of claim 1, further comprising a Local Oscillator circuit configured to
provide at least one Local oscillator signal, wherein the variable supply voltage is used for the

Local Oscillator circuit.

9. The transceiver of claim 1, further comprising a variable supply voltage generator

configured to generate the variable supply voltage.

10. A transceiver, comprising:

a transmitter configured to generate a test signal;

a receiver comprising a measurement circuit configured to receive the test signal from the
transmitter and to determine a level of the test signal;

a controller configured to control a variable supply voltage generator to set a supply voltage
for the receiver to a predetermined value and to adjust a supply voltage for the transmitter

until the level of the test signal within the receiver falls below a transmitter threshold; and

a storage element configured to store the supply voltage corresponding to the transmitter

threshold as the minimum supply voltage for the transmitter.
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11.  The transceiver of claim 10, wherein the controller is further configured to control the
variable supply voltage generator to set the supply voltage for the transmitter to the minimum
supply voltage for the transmitter and to adjust a supply voltage for the receiver until the level

of the test signal within the receiver falls below a receiver threshold; and

wherein the storage element is further configured to store the supply voltage corresponding

to the receiver threshold as the minimum supply voltage for the receiver.

12.  The transceiver of any of claims 10 or 11, wherein the transmitter is configured to
operate in a normal mode generating a payload signal and in a test mode generating the test

signal.

13.  The transceiver of claim 12, wherein the transmitter is configured to enter into test
mode when a configuration of the transceiver is changed and to return into normal mode after

the minimum supply voltage for the transmitter has been saved.

14. The transceiver of claim 13, wherein the transmitter is configured to enter into test
mode when a carrier frequency allocation of the transceiver is changed and to return into

normal mode after the minimum supply voltage for the transmitter has been saved.

15.  The transceiver of claim 10, further comprising a Digital to Analog Converter in the
transmitter, the Digital to Analog Converter being configured to provide an analog represen-
tation of a digital baseband signal, wherein the variable supply voltage is used for the Digital

to Analog Converter.

16.  The transceiver of claim 10, further comprising an Analog to Digital Converter in the
receiver, the Analog to Digital Converter being configured to provide a digital representation
of an analog baseband signal, wherein the variable supply voltage is used for the Digital to

Analog Converter.

17.  The transceiver of claim 10, further comprising a Local Oscillator circuit configured
to provide at least one Local oscillator signal, wherein the variable supply voltage is used for

the Local Oscillator.
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18.  The transceiver of claim 10, further comprising a variable supply voltage generator

configured to generate the variable supply voltage.

19. A method for determining a minimum supply voltage for a receiver, comprising:

setting the supply voltage of the receiver to a start value;

supplying a test signal to the receiver;

lowering the supply voltage until a level of a test signal within the receiver falls below a

receiver threshold; and

storing the supply voltage corresponding to the receiver threshold as the minimum supply

voltage for the receiver.

20.  The method of claim 19, wherein lowering the supply voltage comprises:

decreasing the supply voltage in finite steps until the level of the test signal within the receiver
falls below the receiver threshold due to a transition between a preceding step and a present

step; and

storing the supply voltage of the preceding step as the minimum supply voltage for the re-

ceiver

21. A method for determining a minimum supply voltage for a transmitter, comprising:

setting the supply voltage of the transmitter to a start value;

generating a test signal with the transmitter and supplying the test signal to a receiver;

lowering the supply voltage of the transmitter until a level of the test signal within a receiver

falls below a threshold; and

storing the supply voltage corresponding to the transmitter threshold as the minimum supply

voltage for the transmitter.
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22.  The method of claim 21, wherein lowering the supply voltage comprises:
decreasing the supply voltage in finite steps until the level of the test signal within the receiver
falls below the transmitter threshold due to a transition between a preceding step and a present

step; and

storing the supply voltage of the preceding step as the minimum supply voltage for the trans-

mitter.

23. A receiver circuit, comprising:

a receiver comprising a measurement circuit configured to determine a level of a test signal

within the receiver;
a controller configured to control a variable supply voltage generator to lower a supply voltage
for the receiver until the level of the test signal within the receiver falls below a receiver

threshold; and

a storage element configured to store the supply voltage corresponding to the receiver thresh-

old as a minimum supply voltage for the receiver.

24. A transmitter circuit, comprising:

a transmitter configured to provide a test signal;

a measurement circuit configured to determine a level of a test signal generated by the trans-

mitter;

a controller configured to control a variable supply voltage generator to lower a supply voltage

for the transmitter until the level of the test signal falls below a transmitter threshold; and

a storage element configured to store the supply voltage corresponding to the transmitter

threshold as a minimum supply voltage for the transmitter.
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25.  Mobile telecommunications device comprising a transceiver according to any of

claims 1 or 10.
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