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(54) Detecting interference in wireless receiver

(57) A wireless receiver (110) for UWB or other for-
mat, receives a useful signal in a particular band of fre-
quencies in spite of interference components inside and
outside the particular band of frequencies. An interfer-
ence detector (130, 535, 555) detects the in band inter-
ference component in a first range of frequencies to in-
clude the particular band of frequencies. The same re-

ceiver circuitry (120, 300, 310, 505) is adapted to receive
a second range of frequencies to include frequencies ad-
jacent to the particular band, to detect the out of band
interference component. The position of a second inter-
fering signal in the second range is used to detect artifacts
caused by spectral folding so that the required frequency
of a band reject filter can be found.
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Description

Field of the invention:

[0001] This invention relates to methods of operating
a wireless receiver to receive a useful signal in a partic-
ular band of frequencies in spite of interference compo-
nents inside and outside the particular band of frequen-
cies. It also relates to corresponding wireless receivers,
and to equipment incorporating such wireless receivers
such as transceivers and to wireless systems.

Description of the Related Art:

[0002] It is known that operation of wireless receivers
for various frequency bands can be affected by interfer-
ence components of different types, narrow band or
broad band. For example the operation of a wideband
system like WiMedia based UWB (Ultra Wide Band) re-
ceiver systems can get corrupted by the presence of har-
monics from nearby narrowband devices. Due to the
wideband nature of UWB system, these harmonics may
co-occupy the frequency band with UWB systems. It is
proposed that systems like UWB systems estimate these
in-band narrowband interferences (NBI) and suppress
the spectrum where there is likelihood of these interfer-
ences. NBI estimation is done using spectral analysis of
the input signal in the digital baseband. This step allows
for the estimation of the interferences which are in the
frequency band of the UWB devices.
[0003] It is known from W02009114123A2 to have a
wideband signal processing apparatus for software de-
fined radio that can include a transceiver configured to
receive a UWB signal via an antenna. A spectrum ana-
lyzer provides a characterization of the UWB signal,
which may be used to set a reconfigurable band-reject
filter (BRF) to null detected interferers. Changing a gain
of the band-reject filter adjusts a centre frequency of the
band-reject filter.

Summary of the Invention:

[0004] An object of the invention is to provide methods
of operating a wireless receiver to receive a useful signal
in a particular band of frequencies in spite of interference
components inside and outside the particular band of fre-
quencies. It also provides corresponding wireless receiv-
ers, and equipment incorporating such wireless receivers
such as transceivers and wireless systems.
[0005] M According to a first aspect, the invention pro-
vides:

A method of operating a wireless receiver to receive
a wanted signal, the method comprising the steps of:

receiving a first signal comprising the wanted
signal and any unwanted signals; downconvert-
ing said first signal to a first analog baseband

signal using a first oscillator frequency;
band pass filtering said first analog baseband
signal to obtain a filtered first analog baseband
signal;
converting said filtered first analog baseband
signal to a first digital baseband signal which is
a band representing a frequency range of the
wanted signal;
identifying the position of any first interfering sig-
nal in said first filtered digital baseband signal;
downconverting said first signal to a second an-
alog baseband signal using a second oscillator
frequency;
band pass filtering said second analog base-
band signal to obtain a filtered second analog
baseband signal;
converting said filtered second baseband signal
to a second digital baseband signal, optionally
of the same width as the first digital baseband
signal, and representing a frequency range di-
rectly above or below that of the wanted signal;
identifying the position of any second interfering
signal in said second digital baseband signal;
comparing the identified first and second inter-
fering signals;
determining the required frequency of a band
reject filter based on the comparing step; filtering
the first analog baseband signal using the band
reject filter at the determined frequency and;
obtaining the wanted signal from the first filtered
digital baseband signal.

[0006] Notably by detecting out of band interference,
its influence can be mitigated and so reception of the
useful signal can be improved. In particular by adapting
the same receiver circuitry to receive the second range
of frequencies, adjacent to the particular band, different
frequency ranges, there is less need to broaden the band-
width of the receiver circuitry, or to duplicate it, to be able
to detect the out of band interference. Thus the receiver
circuitry can be kept simpler and costs or power con-
sumption can be reduced for a given level of perform-
ance. By comparing interferers in the different frequency
ranges, artifacts caused by spectral folding from other
frequencies can be detected and the filtering tuned to the
frequency causing the artifact.
[0007] Embodiments of the invention can have any
other features added, and some such additional features
are set out in dependent claims and described in more
detail below. Another aspect provides:

A wireless receiver comprising:

an input for receiving a wanted analog signal;
a mixer for downconverting the analog signal to
a first and second analog baseband signal using
a tunable oscillator set at first and second fre-
quencies; a band pass filter for selecting a re-
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spective band of frequencies from the first and
second analog baseband signals, the first band
representing a frequency range of the wanted
signal and the second band representing a fre-
quency range directly below or above that of the
first band; an analog to digital converter to con-
vert the first and second analog baseband sig-
nals to first and second digital baseband signal
comprising bands representing the correspond-
ing bands of frequencies, an interference detec-
tor, and characterized by an analog band reject
filter, a processor adapted to identify and com-
pare any interfering signals in the first and sec-
ond digital baseband signals and control the fre-
quency of the band reject filter in dependence
on the comparison of the interfering signals.

[0008] Any of the additional features can be combined
together and combined with any of the aspects. Other
advantages will be apparent to those skilled in the art,
especially over other prior art. Numerous variations and
modifications can be made without departing from the
claims of the present invention. Therefore, it should be
clearly understood that the form of the present invention
is illustrative only and is not intended to limit the scope
of the present invention.

Brief Description of the Drawings:

[0009] How the present invention may be put into effect
will now be described by way of example with reference
to the appended drawings, in which:

Fig. 1 shows a schematic view of a wireless receiver
according to an embodiment,
Fig. 2 shows steps in operating a wireless receiver
according to an embodiment,
Fig. 3 shows steps in operating a wireless receiver
according to an embodiment, showing determining
whether a detected component is an artifact caused
by spectral wrapping,
Fig. 4 shows steps in operating a wireless receiver
according to an embodiment, showing mitigating by
tuning a BRF to suppress a cause of the artifact.
Fig. 5 shows a schematic view of a wireless receiver
according to an embodiment having analog parts
such as BRF and gain control, and having digital
parts such as a FFT and logic for detecting interfer-
ence and determining mitigation,
Fig. 6 shows steps in operating a wireless receiver
according to an embodiment, showing mitigating to
improve gain control,
Fig. 7 shows a schematic view of receiver circuitry
including analog and digital parts for a wireless re-
ceiver according to an embodiment, showing an FFT
and NBI estimation parts,
Fig. 8 shows a schematic view of a wireless receiver
according to another embodiment having analog

parts such as BRF and gain control, and having dig-
ital parts such as digital BRF and synchronization,
Fig. 9 shows a frequency response graph showing
three frequency ranges according to an embodi-
ment,
Figs. 10 and 11 show steps in operating a wireless
receiver according to an embodiment, involving de-
tecting artifacts from interference detection in three
frequency ranges,
Fig. 12 shows steps similar to those of figure 10,
according to an alternative embodiment involving
detecting artifacts from interference detection in five
frequency ranges, and
Fig 13 shows steps involved in interference detection
in the embodiments of figures 10 or 12, or other em-
bodiments.

Description of the Preferred Embodiments:

[0010] The present invention will be described with re-
spect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto
but only by the claims. The drawings described are only
schematic and are non-limiting. In the drawings, the size
of some of the elements may be exaggerated and not
drawn on scale for illustrative purposes.
[0011] Where the term "comprising" is used in the
present description and claims, it does not exclude other
elements or steps. Where an indefinite or definite article
is used when referring to a singular noun e.g. "a" or "an",
"the", this includes a plural of that noun unless something
else is specifically stated.
[0012] The term "comprising", used in the claims,
should not be interpreted as being restricted to the means
listed thereafter; it does not exclude other elements or
steps.
Elements or parts of the described receivers may com-
prise logic encoded in media for performing any kind of
information processing. Logic may comprise software
encoded in a disk or other computer-readable medium
and/or instructions encoded in an application specific in-
tegrated circuit (ASIC), field programmable gate array
(FPGA), or other processor or hardware.
[0013] References to software can encompass any
type of programs in any language executable directly or
indirectly by a processor.
References to logic, hardware, processor or circuitry can
encompass any kind of logic or analog circuitry, integrat-
ed to any degree, and not limited to general purpose proc-
essors, digital signal processors, ASICs, FPGAs, dis-
crete components or transistor logic gates and so on.
[0014] References to interference components can
encompass any type of interference, narrow band or
broadband, continuing or intermittent, or to any part of
the interference.
[0015] References to receiving are intended to encom-
pass downshifting frequencies to baseband, or distin-
guishing a band of frequencies, according to the context.
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[0016] References to ambiguity region refer to a region
where interferers can appear due to spectral folding.
These interferers are potentially not actually present in
the received signal but caused by spectral folding of in-
terferers at a different frequency from sampling either at
the ADC or the decimation filter for example. In theory
such spectral folding should be removed by anti aliasing
filters, but in practice it is not practical to provide suffi-
ciently steep sided filters. The size of this region depends
on the order of the used anti-aliasing or decimation filter
and the maximum expected interference level. The high-
er the filter order, the smaller the ambiguity region will
be. The higher the maximum interference power, the larg-
er the ambiguity region will be. Furthermore, the terms
first, second, third and the like in the description and in
the claims, are used for distinguishing between similar
elements and not necessarily for describing a sequential
or chronological order. It is to be understood that the
terms so used are interchangeable under appropriate cir-
cumstances and that the embodiments of the invention
described herein are capable of operation in other se-
quences than described or illustrated herein.
[0017] Moreover, the terms top, bottom, over, under
and the like in the description and the claims are used
for descriptive purposes and not necessarily for describ-
ing relative positions. It is to be understood that the terms
so used are interchangeable under appropriate circum-
stances and that the embodiments of the invention de-
scribed herein are capable of operation in other orienta-
tions than described or illustrated herein.
[0018] FCC and ITU-R define Ultra Wide Band as "a
transmission from an antenna for which the emitted sig-
nal bandwidth exceeds the lesser of 500 MHz or 20% of
the center frequency".
[0019] Reference throughout this specification to "one
embodiment" or "an embodiment" means that a particular
feature, structure or characteristic described in connec-
tion with the embodiment is included in at least one em-
bodiment of the present invention. Thus, appearances
of the phrases "in one embodiment" or "in an embodi-
ment" in various places throughout this specification are
not necessarily all referring to the same embodiment, but
may do. Furthermore, the particular features, structures
or characteristics may be combined in any suitable man-
ner, as would be apparent to one of ordinary skill in the
art from this disclosure, in one or more embodiments.
[0020] Similarly it should be appreciated that in the de-
scription of exemplary embodiments of the invention, var-
ious features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however,
is not to be interpreted as reflecting an intention that the
claimed invention requires more features than are ex-
pressly recited in each claim. Rather, as the following
claims reflect, inventive aspects lie in less than all fea-
tures of a single foregoing disclosed embodiment. Thus,

the claims following the detailed description are hereby
expressly incorporated into this detailed description, with
each claim standing on its own as a separate embodi-
ment of this invention.
[0021] Furthermore, while some embodiments de-
scribed herein include some but not other features in-
cluded in other embodiments, combinations of features
of different embodiments are meant to be within the
scope of the invention, and form different embodiments,
as would be understood by those in the art. For example,
in the following claims, any of the claimed embodiments
can be used in any combination.
[0022] In the description provided herein, numerous
specific details are set forth. However, it is understood
that embodiments of the invention may be practiced with-
out these specific details. In other instances, well-known
methods, structures and techniques have not been
shown in detail in order not to obscure an understanding
of this description.
[0023] The invention will now be described by a de-
tailed description of several embodiments of the inven-
tion. It is clear that other embodiments of the invention
can be configured according to the knowledge of persons
skilled in the art without departing from the technical
teaching of the invention, the invention being limited only
by the terms of the appended claims.

Introduction to some issues addressed by the embodi-
ments.

[0024] It has now been appreciated that wireless re-
ceivers including those for wideband systems like UWB
systems can also suffer due to just-out-of band interfer-
ence components. These interferences can not be de-
tected by normal procedure and can create as much
problems as normal in-band interferences. Embodiments
to be described involve detecting just-out of band inter-
ferences in addition to normal in band interferences. They
can be applied in for example Narrowband interference
(NBI) mitigation, OFDM, Wimedia based UWB, Wireless
USB, media-access-control (MAC), Cognitive radio, and
so on. The output of the detection can be used to tune a
BRF such as a notch filter, to cancel the affect of the NBI.
Alternatively or as well, the output of this detection mech-
anism can also be used for mitigation in other ways, such
as by optimization of communication resources like data
rate, carrier frequency etc at the transmitter side. The
FCC and ITU-R define UWB in terms of a transmission
from an antenna for which the emitted signal bandwidth
exceeds the lesser of 500 MHz or 20% of the centre fre-
quency. Thus, pulse-based systems—wherein each
transmitted pulse instantaneously occupies the UWB
bandwidth, or an aggregation of at least 500 MHz worth
of narrow band carriers, for example in orthogonal fre-
quency-division multiplexing (OFDM) fashion—can gain
access to the UWB spectrum. Unlicensed use of UWB
can be in the range of 3.1 to 10.6 GHz. The useful signal
information can be modulated on UWB pulses by encod-
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ing the polarity of the pulse, the amplitude of the pulse,
and/or by using orthogonal pulses. UWB pulses can be
sent sporadically at relatively low pulse rates to support
time/position modulation, but can also be sent at rates
up to the inverse of the UWB pulse bandwidth. UWB sys-
tems tend to be short-range and indoors applications.
However, due to the short duration of the UWB pulses,
it is easier to engineer extremely high data rates, and
data rate can be readily traded for range by simply ag-
gregating pulse energy per data bit using either simple
integration or by coding techniques. Conventional OFDM
(Orthogonal Frequency Division Multiplexing) technolo-
gy can also be used.
[0025] How a wideband system like WiMedia-based
UWB can get interference from narrowband devices
which operate in its close proximity will now be discussed.
These narrowband interferences can co-occupy the fre-
quency spectrum with a UWB system. The effect of such
problems on UWB receiver and possible solutions are
known and more details can be obtained from Kelleci,
B.; Fischer, T.W.; Shi, K.; Yi Zhou; Karsilayan, A.I.; Ser-
pedin, E.; "Narrowband Interference Suppression in Mul-
ti-Band OFDM Ultra Wideband Communication Sys-
tems: A Mixed-Mode Approach", (Digital Signal Process-
ing Workshop, 12th - Signal Processing Education Work-
shop, 4th, Issue Date : 24-27 Sept. 2006 page(s): 55 
59, Teton National Park, WY, ISBN: 1-4244-3534-3).
[0026] The known solutions adopt a two step approach
and involve the suppression of the unwanted interferenc-
es by using notch filters. A first step deals with interfer-
ence estimation for tuning of notch filters and a second
step involves suppressing the interference using notch
filters. As will be explained in next section, these solutions
can combat the interferences which are strictly in the
band of UWB system. But, there can also be interferenc-
es which are out of frequency band of UWB system. If
these interferences are beyond the stop band of analog
anti-aliasing filter then analog filter will suppress these
out-of-band signals and hence, prevent them entering
into digital. However, these analog filters generally have
a pass band, a transition band and a stop band. They do
not have enough suppression for a just out-of-band signal
which will fall in the transition band. As a consequence,
interferers which are just out-of-band of the UWB system
will still enter into digital baseband after the analog to
digital conversion (ADC) without much attenuation.
These just-out-of-band signals could be suppressed by
decimation filters in the digital baseband. Depending on
the strength of just-out-of-band NBI with respect to the
suppression offered by decimation filtering, following two
cases may occur:

1) If the strength of NBI is less than the suppression
provided by the decimation filter then the decimation
filter suppresses the NBI completely and NBI esti-
mation will not detect any NBI.
2) If the just out-of-band signals are very strong, then
downsampling/decimation will not be able to sup-

press them completely. So, if the spectral analysis
of such an input signal is performed, the NBI signal
which was initially just out of band will appear as an
artifact at a different frequency, in the band, due to
folding of the spectrum caused by the digital process-
ing. Consequently, the spectrum analyzer will con-
clude that NBI is located at wrong frequency location.

[0027] In both of the above cases, the tunable analog
BRF will not be tuned properly and hence, NBI will not
be suppressed. It is important to note that for case 1) the
power detector (just after the ADC) will get the power in
the whole spectrum of ADC. Therefore, it will see higher
power due to the presence of NBI signal and tune the
AGC such that power level of incoming stream is re-
duced. Therefore, useful in-band UWB signal will also
get attenuated. This will reduce the overall SNR of the
useful signal. This can lead to the following:

1) Incorrect tuning of BRFs and hence suppression
of useful spectrum by BRFs.
2) No suppression of interference and hence, an in-
crease in the quantization noise of desired UWB sig-
nal and other associated problems.

[0028] Apart from the above, the interferers which are
on one edge of UWB band may partially appear on the
other edge of the band. This can occur due to the spectral
leakage between the FFT bins and the spectral folding
on the edge of the band. Spectral leakage can cause the
interferer to appear on the neighbouring FFT bins. For
the edge of UWB frequencies, neighbouring FFT bins
are on the other edge. So, an interferer which is on the
positive edge of frequency band can appear partly at the
negative edge as well. For the same reasons, interferers
on the negative edge can appear partly at the positive
edge. So, there can be uncertainty, about the exact fre-
quency to be suppressed for such interferers.
[0029] Illustration: The above problems and their ef-
fects can also be understood from the following discus-
sion of a more detailed example.

Wrong dynamic range by the gain control part

[0030] The UWB spectrum is taken to be 528 MHz
wide. Therefore, digital baseband is working on -264 to
264 MHz (or 0 to 528 MHz) wide spectrum. However, the
ADC samples at higher rate (and in some cases two AD-
Cs running at 528MHz can be used for I and Q compo-
nents for example). The ADC is normally followed by a
decimation filter. If this oversampling by the ADC is not
done, the transition band of the analog filter would have
to be very narrow (tens of MHz) which is impractical. With
the suggested oversampling, the transition band of ana-
log filter will be from 264 MHz to 792 MHz (approximate-
ly). This simplifies the design requirements of the analog
filter.
[0031] In this case, the incoming digital samples from
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the ADC will have a span of 1GHz bandwidth ( -528 to
+528 MHz). Higher frequency parts (>264 MHz or <-264
MHz) of this signal will fall into the transition band of the
analog filter and will get suppressed weakly by the analog
filter before reaching the ADC. However, the analog filter
does not provide much suppression on frequencies
which are just out of band (e.g, ∼300 MHz). Therefore,
these frequency parts will reach the ADC without much
attenuation. Gain control at this point will also see this
interference, and the dynamic range will be set according
to the maximum power seen. The out of band interferer
at this point may be much larger than the useful signal.
This dynamic range, controlled by the gain control may
be much larger than necessary. In turn this can lead to
excessively coarse quantization in the sampling by the
ADC, meaning the useful signal is deteriorated or lost,
and interference can be spread over neighboring FFT
bins etc.

Wrong suppression frequency caused by spectral fold-
ing

[0032] Moreover, an additional problem may occur
which is caused by spectral folding of frequency spec-
trum due to downsampling (decimation) in the digital do-
main. Due to spectral folding, the signals at higher fre-
quency than the Nyquist frequency will appear at the neg-
ative frequency and vice versa. If the anti-aliasing filter
does not have sufficient suppression to suppress the just-
out-of-band interference, then this problem will arise. In
this case, the analog BRF will be tuned to incorrect fre-
quency. Consequently, the interferer signal is not sup-
pressed and the signal spectrum which was not corrupted
by narrowband interference will be suppressed, thereby
reducing the signal to noise ratio of UWB signal.

In band interference suppression

[0033] To overcome the problems due to in-band nar-
rowband interferences, it is known to suppress the un-
wanted interferences by using BRFs. This approach uses
FFT as a rough spectrometer to analyze the spectrum of
incoming signal for interference detection. The input
sampling rate of FFT blocks is corresponding to the band-
width of the system. The ADC uses a higher sampling
rate to ease the requirements of analog baseband filter-
ing and is generally followed by a downsampler so that
the rest of digital baseband functions at a lower sampling
rate. Therefore, the sampling rate at an FFT block is lower
than the sampling rate of the ADC. By using this ap-
proach, the FFT performs the spectrum analysis on the
frequency band corresponding to bandwidth of the UWB
signal (528 MHz). Therefore, the current solutions have
a search space which is strictly limited to the in-band
interferences. The ADC output is first downsampled be-
fore further baseband processing. A power detector is
placed just after the ADC, and measures the power of
incoming samples. This measurement is used as an input

to a gain control part (AGC). This ensures that the analog
input signal fits into the maximum signal range supported
by the ADC and hence, does not suffer from clipping at
ADC.
[0034] Such current solutions do not take into account
the problems due to just-out-of-band interferers.

Introduction to some features of the embodiments

[0035] Two new modifications will be introduced here
and explained in more detail below. Firstly, the detection
of interferers is carried out by a spectrum analysis of in-
coming signal multiple times over different frequency
ranges using the same receiver circuitry. This can be
implemented in various ways, one way is to shift the fre-
quency of a oscillator input to a mixer in the receiver
circuitry. This can be a shift by 528 MHz or other value.
Then the spectral analysis can be carried out as before
in a digital signal processing part for interference detec-
tion. In the example explained earlier, the stopband of
the analog filter starts at 792 MHz. If there are very strong
interferers around 528 MHz which cause the artifacts by
spectral folding, the ambiguity of which frequency to sup-
press can be addressed by combining the observations
from the different frequency ranges. By noting that the
edge interferers measured in one frequency range may
fall into the middle part of spectrum in other measure-
ments. So, any ambiguity in exact location of interferer
can be resolved.
[0036] A second modification is to move the spectrum
analyzer to a higher speed data domain, so that spectrum
analysis can now be done for a -528 to +528 MHz range.
If it is desirable to keep the speed of operation the same
for subsequent parts, the spectral analysis can be done
for alternate sets of 128 samples, and other sets can be
discarded. The second modification can help in correct
control of the AGC and in finding the interferers which
are very close to the Nyquist frequency of the system (�
264 MHz).
[0037] Some embodiments have following advantag-
es compared to previous work: Just out-of-band interfer-
ence mitigation, less or no incorrect BRF tuning of inter-
ferers which are on the outer limit of frequency band, and
improved SNR for UWB signals in presence of ’just-out-
of-band’ interferers by better AGC tuning.

Fig. 1, schematic view of a wireless receiver according 
to an embodiment,

[0038] In Figure 1, a wireless receiver can receive
transmissions from a transmitter. The receiver has re-
ceiver circuitry, to derive a useful signal in a particular
band of frequencies in spite of interference components
inside and outside the particular band of frequencies. An
interference detector 130 is provided which can detect
in band interference if fed a first frequency range from
the receiver circuitry to include at least some of the par-
ticular band of frequencies from the received signal. It
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can detect out of band interference if fed a second range
of frequencies by the receiver circuitry to include frequen-
cies adjacent to the particular band. A frequency range
control part 150 can adapt the receiver circuitry to re-
ceive, at a different time period, before or after the re-
ceiving in the first range, the second range of frequencies.
A tunable oscillator LO 300 feeds an LO signal to a mixer
310, for mixing the received signal and shifting its fre-
quency. The frequency control range sets which frequen-
cy the oscillator outputs. There can be two or more fre-
quencies. The output of the mixer can be the first or sec-
ond range of frequencies for example, or other ranges
of frequencies, at different time intervals. An interference
detector 130 can operate on this output and in the differ-
ent time intervals, can detect the in band interference
and the out of band interference. Optionally these outputs
can be processed before reaching the interference de-
tector, for example by filtering and so on.
The detected interference is used by an artifact detection
part 132, to determine whether an interferer is actually
present in the received signal, or is merely an artifact
caused by spectral folding of an out of band interferer.
The result of this detection is used to control the tunable
BRF to suppress the actual interferer or the out of band
interferer causing the artifact.
[0039] This is a form of mitigation for the influence of
the out of band interference on the receiving of the useful
signal, and any other kind of mitigation control signal can
be fed back to the receiver circuitry. Some of these parts
can be implemented in various ways, and examples will
be described in more detail below. There can be many
other parts not shown. There can be more than two fre-
quency ranges.

Fig. 2 steps in operating a wireless receiver according 
to an embodiment

[0040] In figure 2, steps in operating a wireless receiver
such as that of figure 1, or other embodiments are shown.
At step 200, a signal is received, having the useful signal
in a particular band. The receiver circuitry is controlled
at step 210 to receive (meaning distinguishing) a first
range of frequencies including the particular band. At
step 220, the in band interference component is detected
from the first range of frequencies. At step 230, the re-
ceiver circuitry is adapted to receive a second range of
frequencies including frequencies adjacent to the partic-
ular band. Out of band interference is detected at step
240, from the second range of frequencies. At step 250,
it is determined whether to mitigate the influence of the
detected out of band interference on the receiving of the
useful signal. Such mitigation can optionally be carried
out at step 260, and the useful signal can be output at
step 270.

Some additional features:

[0041] Some additional features are as follows:

The comparing step can comprise comparing the po-
sitions of the first and second interfering signals in
their respective digital baseband signals and deter-
mining whether they occupy similar positions in their
respective bands.
The method can involve, if it is determined that the
interfering signals occupy similar positions in their
respective bands, further determining whether the
positions are in an ambiguity region close to the edge
of the bands.
The method can involve, if it is determined that the
interfering signals are in the ambiguity region, the
step of determining the required frequency of a band
reject filter comprises determining that the required
frequency of the band reject filter should be that cor-
responding to the interferer found in the second dig-
ital baseband signal.
The method can involve, if it is determined that the
interfering signals are not in the ambiguity region,
the step of determining the required frequency of a
band reject filter comprises determining that the re-
quired frequency of the band reject filter should be
that corresponding to the interferer found in the first
digital baseband signal.
The method can involve, if it is determined that the
inferring signals do not occupy similar positions in
their respective bands, the step of determining the
required frequency of a band reject filter step com-
prises determining that the required frequency of the
band reject filter should be that corresponding to the
interferer found in the first digital baseband signal.
The determination of whether the detected in band
interference is an artifact, can involve the steps of
determining a frequency of a potential out of band
interference component to cause the artifact, ac-
cording to a sampling frequency of the digital part,
searching for an out of band interferer at that fre-
quency, and deducing whether the detected in band
interference is an artifact according to a result of the
search. This can enable such artifacts to be distin-
guished from real in band interference components,
and hence can enable more effective suppression.
The method can have the step of controlling gain in
the analog part, and the step of determining whether
to mitigate can involve determining whether the de-
tected out of band interference component is suffi-
cient to influence the gain control. The detecting
steps can involve the step of carrying out a spectral
analysis in the digital part using a Fourier transform,
to provide indications of power at different frequen-
cies. This can be more cost effective than other meth-
ods such as filter banks in the analog or digital parts.
Optionally the two detection steps can make use of
a single Fourier transform covering both ranges of
frequencies, or there can be two separate transforms
carried out sequentially.
The method can involve receiving transmissions us-
ing a band hopping protocol. The particular band can
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be between -264MHz and +264MHz or greater. Such
a width of band makes it harder to implement steep
edged filters and sufficiently high sampling rates with
restricted cost and power consumption require-
ments. This band is the bandwidth of a baseband
UWB signal. This 528MHz of bandwidth relates to
an RF (center) frequency from 3.432 GHz to 10.296
GHz. It is the ratio between the RF frequency and
baseband signal bandwidth (6.5 to 19.5) which
makes it hard to implement steep edged filters.
The receiver can have circuitry for determining
whether a detected in band interference component
at a given frequency is an artifact caused by spectral
wrapping of an actual out of band interference com-
ponent caused by digital processing.
The receiver can in other words have circuitry for
receiving a first range of frequencies to include at
least some of the particular band of frequencies from
the received signal, and an interference detector for
detecting the in band interference component in the
received first range. It can have control circuitry for
adapting the same receiver circuitry to receive, at a
different time period, before or after the detecting in
the first range, a second range of frequencies to in-
clude frequencies adjacent to the particular band,
the interference detector being arranged to detect
the out of band interference component in the re-
ceived second range. Circuitry can also be provided
coupled to the interference detector for determining
whether to mitigate an influence of the detected out
of band interference component on the receiving of
the useful signal.

Examples of some additional features are shown in the
embodiments described below, and any of them can be
added to any of the embodiments.

Figs. 3 and 4, steps in operating a wireless receiver, 
showing determining whether a detected interference 
component is an artifact

[0042] In figure 3, steps in operating a wireless receiver
such as that of figure 1, or other embodiments are shown.
At step 400, in band interference is detected. Step 410
shows then determining whether the detected interfer-
ence component is real or just an artifact of a real com-
ponent at another frequency. This is done by the following
steps. At step 420, a frequency of a potential cause of
the artifact is calculated, based on the sampling frequen-
cy. At step 430 out of band interference components are
detected and a search of these is made for any at the
frequency which could cause the artifact after spectrum
wrapping. At step 440, logic of any kind is used to deduce
that the in band is not an artifact if there is no detection
of an interference component at the frequency which
could cause the artifact. If there is a detected interference
component at this frequency, then it is deduced that it
has caused the artifact and that the artifact is therefore

not a real interference component. In this case suppres-
sion should be at the frequency causing the artifact, not
at the frequency of the artifact.
[0043] Fig. 4 shows steps in operating a wireless re-
ceiver according to an embodiment, showing mitigating
by tuning a BRF to suppress a cause of the artifact. At
step 400, as before, in band interference is detected.
Step 450 shows then determining whether the detected
interference component is real or just an artifact of a real
interference component at another frequency. If so, at
step 460, the mitigation takes place, by tuning a BRF to
suppress the frequency of the interference causing the
artifact. Otherwise, at step 470, the mitigation takes
place, by tuning a BRF to suppress the frequency of the
interference detected in band and found not to be an
artifact.

Fig. 5 schematic view of a wireless receiver according 
to an embodiment having analog BRF and gain control, 
and digital FFT and logic

[0044] In figure 5, a schematic view of an example of
a receiver shows an analog part 500 and a digital part
565. In the analog part is an antenna feeding an analog
front end 505. This can include the mixer and LO, adapt-
able to receive a different range of frequencies, or could
incorporate other ways of adapting the range of frequen-
cies. The front end feeds a tunable BRF 510. The front
end typically has a bandpass filter for anti aliasing, and
the BRF can be implemented as part of this circuit. This
feeds a gain control part 520. The output of this is fed to
the ADC 340. The BRF optionally has a bypass path so
that it is switched out during detection of the interference,
and may stay switched out if no interference is detected.
The ADC feeds digital signals to the digital part 565. This
can include a power detector 525, coupled to provide a
measure of maximum power to the gain control part. The
digital part can also include a digital BRF (not shown), a
part for decimation 530 to reduce the sample rate for the
FFT part 535. This FFT part forms a spectral analyzer
for use in the interference detector 130. Other logic 555
is used to process the resulting spectrum to detect the
interference. Further logic 560 is used for determining
mitigation of the in band and out of band interferences.
This mitigation can involve feedback to tune the tunable
BRF. The FFT can feed the digital baseband part 540,
or the FFT can be bypassed so the digital baseband has
access to the time domain information, for deriving the
useful signal.

Fig. 6, steps in operating a wireless receiver to improve 
gain control

[0045] In figure 6 steps in operating a wireless receiver
according to an embodiment are shown, including miti-
gating by tuning a BRF. Out of band interference is de-
tected at step 240. At step 575 it is determined whether
the detected out of band interference is sufficient to in-
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fluence the gain control. This can involve comparing the
interference to a threshold, or comparing it to a maximum
power detected in the band. At step 580, if needed, the
out of band interference is suppressed by tuning the BRF
according to the frequency of the out of band interference.
Some power consumption can be saved if this is only
done when needed. Then at step 585, gain control is
carried out after the suppression, so that the gain control
is not influenced by the out of band interference.

Fig. 7 schematic view of receiver circuitry having FFT 
and NBI estimation parts

[0046] Figure 7 shows an embodiment in which an an-
alog part 500 feeds a signal to ADC 340. The digital output
is sampled at 1 Gsps in this example and fed to the spec-
trum analyzer 530 (having a 128 point FFT) without down-
sampling. This can give a frequency domain output over
a bandwidth of 1056 MHz and with a resolution of 8.25
MHz. Every alternate set of 128 samples is discarded,
to avoid the speed of processing in the FFT having to be
raised. The output at 528 Msps is fed to an NBI estimation
part for further processing to determine where the inter-
ferers are in terms of frequency and how strong they are,
from the frequency domain information. This can enable
mitigation to be controlled for example by sending a BRF
control signal back to the analog part. More details of a
possible implementation of the NBI estimation part are
explained below with reference to figures 10 to 13. The
1 Gsps output of the ADC can also be used by the power
detector 525. As before, it returns a signal to the analog
part for use in gain control.

Fig. 8, wireless receiver having analog BRF and digital 
BRF and synchronization

[0047] Figure 8 shows another embodiment similar to
that of figure 5, but in this case, as in figure 7, the output
of the ADC is fed to the interference detector without
decimation. This enables a broader bandwidth for each
of the different frequency ranges. If narrower ranges are
used, it may be appropriate to have more of them to cover
the particular band and the transition regions at either
side of the particular band, where out of band interferers
are not removed entirely by filters in the front end.
[0048] There is also a bypass path shown around the
tunable BRF, for use in the time periods when there is
interference detection, since the same front end, gain
control and ADC are used for receiving the useful signal
as are used for receiving the first and second frequency
ranges used for interference detection. Again, the BRF
may remain switched out while the useful signal is re-
ceived if no interference is detected. Figure 8 also shows
further digital processing parts such as decimation filter-
ing 530, digital BRF 590, and synchronization 592.

Fig. 9, graph of frequency response showing three fre-
quency ranges

[0049] This graph shows a representation of three fre-
quency ranges used for detecting in band and out of band
interference components. In this case, the particular
band coincides with the middle band, so this middle band
is an example of the first range, used for detecting in
band components. The lowest and highest bands are on
either side of this particular band and are adjacent to it.
This means the transition regions above and below the
particular band, where out of band interference compo-
nents are not completely stopped by the front end, are
covered by the lowest and highest band. These are ex-
amples of the second frequency range. In this example,
the three bands are adjacent so that their pass regions
do not overlap, but the pass region of one overlaps the
entire transition region of its neighbour. Alternative em-
bodiments can be envisaged having more but narrower
regions, or with pass regions which overlap each other.

Figs. 10, 11 steps in operating involving detecting arti-
facts using three frequency ranges

[0050] Figures 10 and 11 show a flow chart of steps in
an example implementation involving detection of inter-
ference, deduction of artifacts, and determining a tuning
frequency for a BRF. At step 600, the frequency range
control part 150 sets the LO so that the mixer mixes down
to -528MHz. The gain is controlled at AGC step 610, and
conversion to digital by the ADC is carried out. At step
620, PSD based (power spectral density) spectrum anal-
ysis is carried out. An example of how to carry out this is
set out in more detail in figure 13. At step 630 the found
interference information for the current interval or fre-
quency range is stored. At step 650, this loop is controlled
by asking if all three intervals or frequency ranges have
been used for detecting interferers. If not, then at step
640, the mixer frequency is increased by 528 MHz, and
steps 610 onwards are repeated. Otherwise, at step 660,
from the stored information, the strongest interferer in
each interval or frequency range is found.
[0051] Moving on to figure 11, at step 690, it is deter-
mined whether in any interval an interferer is found in an
ambiguity region. This is a region near the edges of the
particular band, where it is possible for the detected in
band interferer to be an artifact. At step 720, if none are
found, then the strongest interferer is identified and at
step 730 the analog BRF is tuned to suppress the fre-
quency of this interferer. The strength of the suppression
and the bandwidth may be adjusted in some cases, as
well as the centre frequency, to improve the suppression.
[0052] If instead there is an interferer found in the am-
biguity region, then whether it is an artifact is resolved
as follows. At step 700 it is determined whether there is
an interferer located also at a corresponding frequency
in the next interval at a higher frequency range, with a
frequency spacing such that spectral wrapping could
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have caused the artifact. This frequency spacing de-
pends on the sample rate. At step 710, the same step is
carried out for the previous interval, at a lower frequency
range.
[0053] Then the table of possible actions as shown in
the figure is followed based on the outcome of steps 700
and 710. In the first line of the table, the action is taken
if there is an interferer in the previous interval, and either
none in the higher frequency interval, or there is no higher
interval because the ambiguous interferer is in the high-
est interval, indicated by "?". The action is to deduce that
the interferer is in the lower end of the spectrum, so the
BRF is tuned to this and the detection result of the higher
interval is regarded as an artifact and removed. There is
always a possibility that in fact there are two real inter-
ferers at this particular frequency spacing, and this small
risk can be accepted in this case, or possibly a subse-
quent interference detection procedure with the suppres-
sion in place could be carried out to verify that the artifact
has been suppressed. In the second line of the table,
action is taken if there is an interferer in the next higher
frequency interval, but none in the lower, or where there
is no lower interval, indicated by "?". The action is to de-
duce that the interferer is in the higher frequency interval,
so the BRF is tuned to suppress this and the detection
in the lower frequency interval is taken to be an artifact
and removed.
[0054] The third and fourth lines of the table show the
action to be taken if there is no interferer in the lower
frequency interval and none in the higher frequency in-
terval respectively, where there is no higher interval or
no lower interval respectively. In these cases, it is taken
that there is no artifact, that the interferer detected in the
ambiguous region, is an actual interferer. Thus the BRF
is tuned to suppress this frequency. A bottom row of the
table shows the case for any other condition, and error
is assumed, such as the ambiguity region being chosen
to be too large.

Fig. 12 alternative embodiment involving detecting arti-
facts using five frequency ranges

[0055] Figure 12 shows a flow chart similar to that of
figure 10, but for an alternative embodiment in which dec-
imation filtering is carried out at step 613 after the AGC
and ADC, and the increase in mixer frequency is halved
at step 643 to be 264 MHz rather than 528 MHz. The
decimation by a factor of two means the effective sample
rate is halved and so each frequency range has half the
bandwidth, so in this case five such frequency ranges
are used by changing the loop control step 650. The
amount of overlap of the frequency ranges is adjusted
by the change in increase of mixer frequency.

Fig. 13, steps in interference detection in the embodi-
ments of figures 10 or 12,

[0056] In figure 13, steps involved in an example of the

interference detection of figures 10 or 12 are shown. Oth-
er examples could be envisaged. At step 800, the PSD
is estimated from the FFT output using Bartlett’s method.
At step 810 all the subcarriers with a power larger than
a threshold times the mean over all carriers are found.
At step 820, if the distance in frequency between sub-
carriers over this power is larger than a constant, they
are taken to be separate interferers. At step 830, a centre
frequency of each interferer is determined. Then a power
in the interval around the central subcarrier is determined
at step 840.

Other matters

[0057] Note that the analog BRF can not be switched
(due to transients behavior of it capacitors) to different
frequencies in the small interval between the OFDM sym-
bols. Therefore it is only possible to set the analog filter
to frequency for an entire band group. The digital BRF
can be switched to a different frequency for every OFDM.
So after the interference detection is completed for the
entire band group, the outcome is at most one frequency
for the analog BRF and at most three frequencies for the
digital BRFs. The basic assumption here is that only one
very strong interferer is present in the entire band group.
[0058] A band group has a bandwidth of 3*528 = 1584
MHz. The spectral location of the band is defined as:
lowest band from -792 MHz to -264 MHz, the middle band
-264 MHz to +264 MHz, the highest band +264 MHz to
+792MHz.
[0059] The approach of figures 7, 8, 9 and 10 directly
takes the output of the ADC to prevent any frequency
wrapping due to down sampling of the decimation filter
and will shift the down mixing frequency of the front-end
in steps of 528 MHz. The approach of figure 5 and figure
12 takes the output of the decimation filter but uses the
front-end option to shift the down mixing frequency of the
front-end in steps of 528/2 MHz.
[0060] In the figure 7 approach, the output of the ADC
is taken as the input for the interference detection. This
overcomes any spectral wrapping due to the down sam-
pling by a factor of two in the decimation filter. However
spectral wrapping is still possible around 528MHz due to
sampling from analog domain to 2*528 MHz in the ADC.
The attenuation of the anti-aliasing filtering at 528MHz
can be about 46dB which is not enough to prevent spec-
tral wrapping. Note that therefore any wrapping will occur
around -528 MHz and + 528 MHz from the mixing fre-
quency. Due to the higher sample rate the width of a
frequency bin is increased from 4.125 MHz to 8.25 MHz,
giving a lower frequency detection resolution.
[0061] When frequency bins at the output of the FFT
that have a power larger than the threshold are found,
the maximum distance between subcarriers still belong-
ing to one interferer, Nspan, can be set at 10 bins for
example. The bin width of the subcarriers is 8.25 MHz,
but the resolution at which the analog BRF can be set is
4.125 MHz. So when calculating the centre frequency a
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0.5 bin step size is allowed. The centre frequency/bin is
defined as the point, for which the sum of the distances
to the centre frequency, from each of the bins within an
interferer is minimized. If more points have the same min-
imum distance, then the one which has the minimum
maximum distance for all the subcarriers is used. Note
that this method is just one of the many possibilities to
determine the centre frequency. This method is preferred
over a sliding power window method. The reason for this
is that detection quality is improved and the smearing
effect of the window can make it harder to distinguish
between closely spaced interferers. An alternative would
be to take the weighed, with respect to power, centre of
the subcarriers above the threshold.
[0062] To calculate the power in an interval around the
centre frequency, the bandwidth of the BRF is used as
a basis, so the power interval is chosen to be 8 subcar-
riers to the left and right in one example.
[0063] To determine if any of the central bins of the
FFT output are in the ambiguity region, the following can
be carried out. The attenuation of the anti-aliasing + dec-
imation filters is determined. This can be for example
70dB or more at 400 MHz from the centre frequency,
which is 400-264 = 136 MHz from the wrapping frequen-
cy. Measured in bins, this is 136 MHz / 4.125 MHz per
bin = 32.97 bins, so effectively= 33 bins. This gives an
ambiguity range of 33 bins either side of the pass region.
The central bin of the interferer found in scan interval 1
is in the ambiguity range.

Comparison of figs 10 and 12

[0064] Both approaches of figures 10 and 12 are ca-
pable of detecting just-out-of-band interferers. Further-
more the frequency resolution in figure 12 is twice as
large as in that of figure 10, leading to more accurate
estimation of the spectral position of the interference. Fig-
ure 10 on the other hand requires less scan intervals and
thereby fewer PSD estimates, where most of the com-
putational effort is. Figure 10 has an advantage over fig-
ure 12 that relates to the fact that the AGC value is de-
termined prior to decimation.

UWB Examples

[0065] Two examples of ways to implement the out of
band interference detection for UWB are as follows.
[0066] A first method is to combine the interference
detection with the synchronization, here in conjunction
with the normal synchronization operations the interfer-
ence detection is performed on the spectrally flat syn-
chronization sequence. In the first band the synchroni-
zation and interference detection starts, and once the
OFDM symbol timing is recovered, the hopping to the
other band can be done in order to fine tune the gains
for those bands and to detect the interference there as
well. If needed, the analog BRF will be engaged in the
first band to be able to get to the recovery of the symbol

timing. After all bands have been visited, the results of
the interference can be combined and filters set accord-
ingly.
[0067] A second method is to use an empty MAS (MAC
allocation slot). This is a period of time in which there are
no packets to be received. In this period the interference
detection can be done for all bands, so the needed BRF
filter settings are available when a new packet arrives.
[0068] As UWB involves hopping between neighbour-
ing bands within a band group, an overall goal is to detect
artifacts in any band caused by interferers in neighbour-
ing bands in the group. Therefore a map of such inter-
ferers and artifacts can be built up in the course of visiting
all the bands, regardless of the order in which they are
visited.

Concluding remarks

[0069] As has been described, a wireless receiver for
UWB or other format, receives a useful signal in a par-
ticular band of frequencies in spite of interference com-
ponents inside and outside the particular band of fre-
quencies. An interference detector (130, 535, 555) de-
tects the in band interference component in a first range
of frequencies to include the particular band of frequen-
cies. The same receiver circuitry (300, 310, 505) is adapt-
ed to receive a second range of frequencies to include
frequencies adjacent to the particular band, to detect the
out of band interference component. An influence of the
out of band interference can be mitigated. By adapting
the same receiver circuitry to receive different frequency
ranges for the detection, costs of broadening the band-
width of the receiver circuitry to detect the out of band
interference can be avoided.
[0070] Other variations can be envisaged within the
scope of the claims.

Claims

1. A method of operating a wireless receiver (110) to
receive a wanted signal, the method comprising the
steps of:

receiving a first signal comprising the wanted
signal and any unwanted signals;
downconverting said first signal to a first analog
baseband signal using a first oscillator frequen-
cy;
band pass filtering said first analog baseband
signal to obtain a filtered first analog baseband
signal;
converting said filtered first analog baseband
signal to a first digital baseband signal which is
a band representing a frequency range of the
wanted signal;
identifying the position of any first interfering sig-
nal in said first filtered digital baseband signal;
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downconverting said first signal to a second an-
alog baseband signal using a second oscillator
frequency;
band pass filtering said second analog base-
band signal to obtain a filtered second analog
baseband signal;
converting said filtered second baseband signal
to a second digital baseband signal representing
a frequency range directly above or below that
of the wanted signal;
identifying the position of any second interfering
signal in said second digital baseband signal;
comparing the identified first and second inter-
fering signals;
determining the required frequency of a band
reject filter based on the comparing step;
filtering the first analog baseband signal using
the band reject filter at the determined frequency
and;
obtaining the wanted signal from the first filtered
digital baseband signal.

2. The method of claim 1 wherein the comparing step
comprises comparing the positions of the first and
second interfering signals in their respective digital
baseband signals and determining whether they oc-
cupy similar positions in their respective bands.

3. The method of claim 2 wherein if it is determined that
the interfering signals occupy similar positions in
their respective bands, further determining whether
the positions are in an ambiguity region close to the
edge of the bands.

4. The method of claim 3 wherein if it is determined that
the interfering signals are in the ambiguity region,
the step of determining the required frequency of a
band reject filter comprises determining that the re-
quired frequency of the band reject filter should be
that corresponding to the interferer found in the sec-
ond digital baseband signal.

5. The method of claim 3 wherein if it is determined that
the interfering signals are not in the ambiguity region,
the step of determining the required frequency of a
band reject filter comprises determining that the re-
quired frequency of the band reject filter should be
that corresponding to the interferer found in the first
digital baseband signal.

6. The method of claim 2 wherein if it is determined that
the inferring signals do not occupy similar positions
in their respective bands, the step of determining the
required frequency of a band reject filter step com-
prises determining that the required frequency of the
band reject filter should be that corresponding to the
interferer found in the first digital baseband signal.

7. The method of claims 3-5 wherein the ambiguity re-
gion is where artifacts can appear caused by spectral
folding of interferers from other frequencies.

8. The method of any preceding claim, wherein the use-
ful signal is an UWB signal.

9. A wireless receiver comprising:

an input for receiving a wanted analog signal;
a mixer for downconverting the analog signal to
a first and second analog baseband signal using
a tunable oscillator set at first and second fre-
quencies;
a band pass filter for selecting a respective band
of frequencies from the first and second analog
baseband signals, the first band representing a
frequency range of the wanted signal and the
second band representing a frequency range di-
rectly below or above that of the first band;
an analog to digital converter to convert the first
and second analog baseband signals to first and
second digital baseband signal comprising
bands representing the corresponding bands of
frequencies and
an interference detector,

characterized by

an analog band reject filter,
a processor adapted to

- identify and compare any interfering sig-
nals in the first and second digital baseband
signals and
- control the frequency of the band reject
filter in dependence on the comparison of
the interfering signals.

10. The wireless receiver of claim 9 further comprising:

a decimation filter and

wherein the interference detector comprises an FFT
and a spectral analyzer arranged to determine fre-
quencies of peaks.

11. The receiver of claim 9, the processor being ar-
ranged to compare to determine whether the inter-
fering signals occupy similar positions in their re-
spective bands.

12. The receiver of claim 11, the processor being ar-
ranged to determine whether the positions are in an
ambiguity region close to the edge of their bands.

13. The receiver of claim 12, the processor being ar-
ranged to determine the required frequency to cor-
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respond to the interferer found in the second digital
baseband signal if it is determined that the interfering
signals are in the ambiguity region and occupy sim-
ilar positions.
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