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Description

Technical field

[0001] The present disclosure relates to radio communication and in particular to a radio communication receiver for
configuring a Notch filter of the radio communication receiver.

Background

[0002] Narrowband interference, NBI, is an increasing problem for radio communication systems. In particular at low
frequency bands since everyone wants to leverage on good propagation properties. Examples of NBI sources include
e.g. TV transmitters, push-to-talk systems or unlicensed transmissions. NBI is also a problem in many other situations.
One example is when re-farming Global System for Mobile communication, GSM, spectrum to Wideband Code Division
Multiple Access, WCDMA. In this case the operator typically wants to keep some spectrum for GSM, while gradually
increasing the bandwidth for WCDMA. Since many operators have limited spectrum this is of course challenging. As an
example, assume that an operator has 6 MHz spectrum and wants to use 12 GSM carriers (2.4 MHz). Then there is 3.6
MHz left for WCDMA, which is significantly less than for a normal 5 MHz WCDMA carrier. Hence, even though WCDMA
may use reduced bandwidth Rx and/or Tx filters, it is likely that GSM will create strong narrowband interference towards
the WCDMA, and vice versa.
[0003] To mitigate narrowband interference, one approach is to filter out the interference by creating a narrow and
deep Notch in the frequency part affected by the interference. This will hopefully remove the harmful interference without
negatively affecting the desired signal spectrum too much.
[0004] The Narrowband Interference Rejection, NBIR, may be implemented in different ways and the implementation
may reside in radio, baseband or a combination thereof.
[0005] NBIR has been commercially available for WCDMA for a few years and has been a successful feature. Due to
the benefits with NBIR, it is of interest to enhance the NBIR capability. For example, it would be desired to cover more
diverse interference scenarios and remove potential problems with existing schemes. Examples of improvement areas
include adding support for handling very strong interference, and to enhance the robustness/stability of the NBIR func-
tionality.
[0006] Document US 2008/103535 A1 concerns selectable notch filter circuits comprising at least two different notch
filter capabilities, each of which is capable of filtering interference of a designated fundamental frequency and a second
harmonic of the designated fundamental frequency from an electrical signal. Each of the notch filters of the circuit is
specific for real time filtering of a different designated fundamental frequency and a second harmonic thereof from
digitized signal data input into the circuit. The filtering capability of each filter is dictated by control logic, which uses a
coefficient set specific for the designated fundamental frequency and harmonics thereof. By using different coefficient
sets, different designated fundamental frequencies and at least their second harmonic frequencies can be filtered from
digitized signal data input into the circuit. Because the control logic can utilize at a given time any one, or, if desired,
none, of the coefficient sets available to it, different interfering fundamental frequencies can be filtered, if and as necessary,
from digitized input signal data collected over time at a substantially equivalent sampling rate. Also described are devices
including one or more such selectable notch filter circuits, including implantable medical devices such as implantable
cardioverter/defibrillators, as well as methods of using such devices.

Summary

[0007] The object is to obviate at least some of the problems outlined above. In particular, it is an object to provide a
radio communication receiver and a method performed thereby for configuring a Notch filter of the radio communication
receiver for filtering out one or more frequencies. These objects and others may be obtained by providing a radio
communication receiver and a method performed by a radio communication receiver according to the independent claims
attached below.
[0008] According to an aspect, a method performed by a radio communication receiver for configuring a Notch filter
of the radio communication receiver for filtering out one or more frequencies is provided. The method comprises retrieving
stored and previously determined filter coefficients from a set of filter coefficients, where the retrieved filter coefficients
constitute a fraction of the total number of filter coefficients; and setting the rest of the filter coefficients to one. The
method further comprises normalising the retrieved filter coefficients; and transforming the filter coefficients such that
the Notch position ends up at the one or more frequencies to be filtered out.
[0009] According to an aspect, a radio communication receiver for configuring a Notch filter of the radio communication
receiver for filtering out one or more frequencies is provided. The radio communication receiver is configured for retrieving
stored and previously determined filter coefficients from a set of filter coefficients, where the retrieved filter coefficients
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constitute a fraction of the total number of filter coefficients; and setting the rest of the filter coefficients to one. The
method further comprises normalising the retrieved filter coefficients; and transforming the filter coefficients such that
the Notch position ends up at the one or more frequencies to be filtered out.
[0010] The radio communication receiver and the method performed thereby may have several possible advantages.
One possible advantage is that the computational complexity is reduced. A further possible advantage it may provide a
strong tool for handling NBIR. Yet a further possible advantage is that it may provide a strong tool also for efficiently co-
deploy two or more Radio Access Technologies, RATs in limited amount of spectrum, which may also be of significant
interest in the future for e.g. operators with limited spectrum wanting to re-farm e.g. GSM spectrum to WCDMA.

Brief description of drawings

[0011] Embodiments will now be described in more detail in relation to the accompanying drawings, in which:

Figure 1a is a flowchart of a method performed by a radio communication receiver for configuring a Notch filter
according to an exemplifying embodiment.

Figure 1b is a flowchart of a method performed by a radio communication receiver for configuring a Notch filter
according to yet an exemplifying embodiment.

Figure 1c is a flowchart of a method performed by a radio communication receiver for configuring a Notch filter
according to still an exemplifying embodiment.

Figure 1d is a flowchart of a method performed by a radio communication receiver for configuring a Notch filter
according to a further exemplifying embodiment.

Figure 2a is Table 1, which is an illustration a solution to equation (7) for different offsets ξ0.

Figure 2b is Table 2, which is an illustration a solution to equation (10) for ξ-1=-0.01+δ and ξ1 =0.01+δ.

Figure 2c is a block diagram of a possible implementation of NBIR.

Figure 2d is an illustration of three different fixed Notch designs with fo={0, 1.5M, -1.0M} and d=10^({10, 40, 60}/20).

Figure 2e is an illustration of an example of frequency, number of harmonics for a Notch filter.

Figure 3 is a block diagram of a radio communication receiver for configuring a Notch filter of the radio communication
receiver according to an exemplifying embodiment.

Figure 4 is a block diagram of a radio communication receiver for configuring a Notch filter of the radio communication
receiver according to yet an exemplifying embodiment.

Figure 5 is a block diagram of an arrangement in a radio communication receiver for configuring a Notch filter of the
radio communication receiver according to an exemplifying embodiment.

Detailed description

[0012] Briefly described, a radio communication receiver and a method performed thereby for configuring a Notch
filter of the radio communication receiver are disclosed. The radio communication receiver may make use of only some
filter coefficients instead of all filter coefficients for configuring the Notch filter.
[0013] Embodiments herein relate to a method performed by a radio communication receiver for configuring a Notch
filter of the radio communication receiver for filtering out one or more frequencies. Embodiments of such a method will
now be described with reference to figures 1a-1d.
[0014] Figure 1a illustrates the method comprising retrieving 120 stored and previously determined filter coefficients
from a set of filter coefficients, where the retrieved filter coefficients constitute a fraction of the total number of filter
coefficients; and setting 130 the rest of the filter coefficients to one. The method 100 further comprises normalising 140
the retrieved filter coefficients; and transforming 160 the filter coefficients such that the Notch position ends up at the
one or more frequencies to be filtered out.
[0015] Generally, a Notch filter is defined by, or associated with, a large number of filter coefficients, generally hundreds
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or even thousands in order to realise all combination of Notch depth, Notch position etc. Generally, the Notch filter is
determined or calculated based on the filter coefficients in e.g. MATLAB and then implemented in e.g. a radio receiver.
The computations are usually complex and resource demanding, which is a reason why they are generally performed
using e.g. MATLAB. The computational complexity is more or less proportional to the number of filter coefficients.
[0016] In the method performed by the radio communication receiver, only a few filter coefficients are retrieved by the
radio communication receiver. The retrieved filter coefficients constitute merely a fraction of the total number of filter
coefficients. As will be described below, the number of retrieved stored and previously determined filter coefficients is
quite small, e.g. only two when the total number of filter coefficients may be hundreds/thousands.
[0017] The radio communication receiver then sets the rest of the filter coefficients to one. The rest of the filter coef-
ficients are the total number of filter coefficients minus the retrieved filter coefficients. The rest of the filter coefficients
are initially set to one.
[0018] By retrieving only a few stored and previously determined filter coefficients and setting the rest of the filter
coefficients to one, the required memory consumption can be kept at a minimum.
[0019] The radio communication receiver then normalises the retrieved filter coefficients. Normalising the retrieved
filter coefficients is done by multiplying all coefficients by a constant determined such that the resulting filter gives unit
gain as response to a known input signal. Furthermore, a small constant is added to all coefficients resulting in a Notch
with a user-specified depth. Hence, by normalising the retrieved filter coefficients, it is possible to achieve a user-specified
Notch depth and unit gain as response to a known input signal. The known input signal may be Radio Resource Control,
RRC, filtered white noise. This may ensure that the normalisation step is straightforward and computationally simple.
Required information such as for example the shape of the known input signal could pre-calculated and stored. For
example, in the case of RRC filtered white noise, the RRC filter weights could pre-calculated and stored.
[0020] Once the retrieved filter coefficients are normalised, the radio communication receiver transforms the filter
coefficients such that the Notch position ends up at the one or more frequencies to be filtered out. By transforming the
filter coefficients the Notch filter centre position will be at the desired location.
[0021] The Notch filter may be of type Finite Impulse Response, FIR, filter. A FIR filter is a filter whose impulse response
is of finite duration, because it settles to zero in finite time. The designed Notch filter is inherently stable and linear phase.
[0022] The method performed by the radio communication receiver has a plurality of possible advantages. One possible
advantage is that the computational complexity is reduced. A further possible advantage it may provide a strong tool for
handling NBIR. Yet a further possible advantage is that it may provide a strong tool also for efficiently co-deploy two or
more Radio Access Technologies, RATs in limited amount of spectrum, which may also be of significant interest in the
future for e.g. operators with limited spectrum wanting to re-farm e.g. GSM spectrum to WCDMA.
[0023] Consider the example of the following symmetric Finite Impulse Response, FIR, notch filter with an odd number
of filter coefficients L = 2N + 1 and transfer function given by 

where q denotes the discrete-time shift operator and the set of time-domain filter coefficients {hn} is determined from
the inverse DFT 

where the frequency-domain filter coefficients {gk} are design parameters used to tune the Notch filter (1). The frequency
response of the filter H(q) is given by 

where fs denotes the sampling frequency (for example, fs=2x3.84 MHz for a WCDMA system with oversampling two).
By combining (2) and (3) we get 
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where ξ= fxL/fs and the Kernel is  
[0024] The properties of the filter (1) are determined by tuning the unknowns {gk}. In total there are L degrees of
freedom that can be used to impose desired constraints on the frequency response (4). Some examples of design
choices for a Notch filter comprise, but are not limited to:

• Passband ripple - that is to control the degree of ripple occurring in the part of the frequency response that typically
should be close to 1.

• Stopband ripple - that is to control the degree of ripple occurring in the part of the frequency response that typically
should be close to 0 (or the stopband attenuation).

• Stopband attenuation - that is to control the degree of signal attenuation occurring in the part of the spectrum that
should be reduced/removed.

[0025] By the method described above:

• Few user-parameters need to be pre-computed and stored. This may be particularly beneficial on older hardware
platforms with potentially limited available memory.

• The filter may be inherently stable and linear phase, something that is highly desirable.
• The Notch may be very smooth.
• The Notch depth may be set dynamically. Similarly, the Notch width may be controlled.
• The design may ensure correct scaling of the filter to get unit gain for the thermal noise. This is important to keep

a consistent view of the Rise over Thermal, RoT, which may affect many system aspects/algorithms, as will be
described in more detail below.

[0026] The method may further comprise comprising converting 150 the normalised filter coefficients from the frequency
domain to the time domain.
[0027] By converting the normalised filter coefficients from the frequency domain to the time domain, it is possible to
see how a signal to the Notch filter changes over time. A frequency-domain graph shows how much of the signal lies
within each given frequency band over a range of frequencies. There are different mathematical operators that may be
used for converting the normalised filter coefficients from the frequency domain to the time domain, e.g. the inverse
Fourier transform.
[0028] The hardware of the radio communication receiver may be designed to perform filtering of signals in the time
domain. Hence, the Notch filter then needs to be in time domain. In another alternative hardware implementation one
could consider to do the filtering in frequency domain, hence, the Notch filter needs to be in the frequency domain.
[0029] The actions or steps described above may be performed in various orders. In a first example, the actions are
performed in the order of (a) retrieving 120 stored and previously determined filter coefficients, wherein the filter coeffi-
cients have been stored in the frequency domain, setting 130 the rest of the filter coefficients to one, normalising 140
the retrieved filter coefficients, converting 150 the normalised filter coefficients from the frequency domain to the time
domain, and transforming 160 the filter coefficients in time domain. In a second example, the actions are performed in
the order of (b) retrieving 120 stored and previously determined filter coefficients, wherein the filter coefficients have
been stored in the frequency domain, setting 130 the rest of the filter coefficients to one, normalising 140 the retrieved
filter coefficients, transforming 160 the filter coefficients in frequency domain and converting 150 the normalised filter
coefficients from the frequency domain to the time domain. In a third example, the actions are performed in the order of
(c) retrieving 120 stored and previously determined filter coefficients, wherein the filter coefficients have been stored in



EP 3 472 940 B1

6

5

10

15

20

25

30

35

40

45

50

55

the time domain, setting 130 the rest of the filter coefficients to one, normalising 140 the retrieved filter coefficients, and
transforming 160 the filter coefficients.
[0030] Depending on e.g. whether the Notch filter is a fixed Notch filter or a dynamic Notch filter, the order in which
the action are performed may be different.
[0031] In the first example or alternative, (a) for a fixed Notch filter, the actions may be performed in the order of
retrieving 120 stored and previously determined filter coefficients, wherein the filter coefficients have been stored in the
frequency domain, setting 130 the rest of the filter coefficients to one, normalising 140 the retrieved filter coefficients,
converting 150 the normalised filter coefficients from the frequency domain to the time domain, and transforming 160
the filter coefficients in time domain. One major difference of the fixed Notch filter compared to the dynamic Notch filter
is that the filter is semi-static, i.e. the filter coefficients are determined once and then remain unchanged until a change
in any of the user-defined filter inputs is triggered, something that happens very infrequently. Hence, one can afford the
filter design to be a bit more computationally demanding. In one embodiment the fixed Notch filter design, sets the Notch
position in time-domain as compared to the frequency-domain for the dynamic Notch filter. This is done by multiplying
all time-domain filter coefficients by the corresponding FFT-shift weights. This is computationally more demanding than
applying frequency-domain shifting and mirroring operations, but has the benefit that an exact filter position can be chosen.
[0032] For the fixed Notch filter, it may be convenient to choose a precomputed filter associated with a centre Notch
position at zero frequency, since then it becomes easy to translate the position to the desired position in a later stage.
Nothing prevents that one uses a precomputed filter associated with any other centre frequency than zero though.
[0033] In the second example or alternative, (b) for a dynamic Notch filter, the actions may be performed in the order
of retrieving 120 stored and previously determined filter coefficients, wherein the filter coefficients have been stored in
the frequency domain, setting 130 the rest of the filter coefficients to one, normalising 140 the retrieved filter coefficients,
transforming 160 the filter coefficients in frequency domain and converting 150 the normalised filter coefficients from
the frequency domain to the time domain. One major objective with this approach is computational simplicity. Since the
filter coefficients may be updated with a new position and depth each processing iteration, this may be very important,
especially on older hardware where Million Instructions Per Second, MIPS, are valuable resources. Hence, various tricks
may be applied for setting the Notch position in order to keep the computational demand low. More specifically, let the
number of harmonics equal the ratio between the desired Notch centre position and the periodicity of the filter rounded
to the closest integer, where the periodicity of the filter is given as the sampling rate divided by the number of filter
coefficients. Also, the set of pre-calculated filters consists of a number of filters with centre frequencies ranging from
zero to half the filter periodicity. Then, in order to set the desired Notch position, retrieve the filter coefficients from the
set of pre-calculated filter coefficients corresponding to the centre frequency that is closest in frequency-distance to the
absolute value of the distance between the desired position and the periodicity of the filter times the number of harmonics.
If the distance between the desired position and the periodicity of the filter times the number of harmonics is negative,
then mirror the retrieved filter coefficients around the centre coefficient. Finally, circularly shift the filter coefficients
according to the number of harmonics. Note that if the number of harmonics is negative the circular shift is to the left,
whereas if the number of harmonics is positive the circular shift is to the right.
[0034] Merely as an illustrating example of the above, consider a system with sampling frequency fs= 2.5 MHz, L=5
filter coefficients in the Notch filter, and n=5 sets of stored filter coefficients G0, G1, G2, G3, G4, G5 with associated centre
frequencies 0, 0.05, 0.1, 0.15, 0.2, 0.25 (MHz). The desired filter position is fd=0.3 MHz. The periodicity of the filter is
then given by fp=fs/L=0.5 MHz, and the number of harmonics equals Nh=round (fdlfp) = round(0.3/0.5) = 1. To determine
the set of filter coefficients to retrieve, we calculate |fp - fiNh|=|0.3-0.5∗1|=0.2. Hence, the filter coefficients associated
with the set G4 are retrieved. Let us assume that two coefficients are retrieved, g0 and g1, and the rest are set to 1. The
total filter then looks like G4 = [1 1 g0 g1 1]. Since the quantity fp - fiNh = 0.3-0.5∗1 = -0.2 is negative, the filter coefficients
are mirrored around the centre coefficient g0, rendering G4=[1 g1 g0 1 1]. Finally, the filter coefficients are circularly
shifted according to the number of harmonics Nh=1, giving a filter with desired Notch position G4=[1 1 g1 g0 1]. Since
the number of harmonics Nh=1 is positive, the shifting was in the right direction. See also figure 2e.
[0035] In the third example or alternative, (c), the actions may be performed in the order of retrieving 120 stored and
previously determined filter coefficients, wherein the filter coefficients have been stored in the time domain, setting 130
the rest of the filter coefficients to one, normalising 140 the retrieved filter coefficients, and transforming 160 the filter
coefficients. In this example, there may not even be any other filter coefficients, hence there are no "rest of the filter
coefficients". In this embodiment, the Notch filter design is done solely in the time-domain. Hence, pre-computed nor-
malised time-domain filter coefficients for a fixed Notch position and Notch depth, and with the correct gain as response
to a known input signal are stored in memory, retrieved, manipulated to obtain the desired Notch depth and Notch
position. This embodiment avoids any conversion between time- and frequency domain, but requires all relevant filter
coefficients to be stored. Typically, for a length L>>2 Notch filter, all L coefficients need to be stored in memory. This
might be feasible in newer radio platforms with more memory. On the other hand, in this case only one filter needs to
be stored. In this embodiment, the step of ensuring the correct Notch position corresponds to adding the Notch depth
to the centre coefficient (DC coefficient), and the step of setting the Notch position corresponds to multiplying all time-
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domain filter coefficients by the corresponding FFT-shift weights. In one embodiment, the filter can be renormalized
again once the correct Notch position has been ensured, which might be required to guarantee the correct gain. The
time-domain normalisation consists of calculating a quadratic form of the time-domain coefficients with the raised cosine
function as the weighting matrix, and then obtain the normalised coefficients by dividing the original coefficients with the
square root of this number.
[0036] The method may further comprise storing 170 the set of previously determined filter coefficients in the time or
frequency domain respectively
[0037] After the above described actions have been performed, the result may be stored in the frequency domain or
the time domain. The actions may comprise one or more of normalising 140 the retrieved filter coefficients, transforming
160 the filter coefficients in frequency domain and converting 150 the normalised filter coefficients from the frequency
domain to the time domain. Thus, the result may be stored so that it is not necessary to perform the same calculations
or actions once again later. In this manner, initial or baseline filter coefficients are pre-computed and stored, which are
then later retrieved 120, processed and applied in the Notch filter as described above.
[0038] As briefly stated above, two exemplifying designs will be described, herein referred to as design 1 and design
2. Design 1 aims at a very narrow Notch at frequency f0. This is achieved by letting the frequency response and its
derivative in f0 equal zero, i.e.: 

 The latter constraint needs to be true for a local minimum, which is exactly what we want to achieve. There are two
equations, and thus there can only be two unknowns to get a unique solution. The unknowns will be g0 and g1. To further
control the shape of the Notch, the neighbours to the two unknowns are constrained according to 

while the rest of the L-4 gk coefficients are set to one.
By letting ξ0= f0 x L/fs, and imposing the constraints (5) and (6) on (4), the following system of equations is obtained: 

which, assuming that the left-hand matrix has full rank, gives a unique solution for g0 and g1, and hence for all gk. See
Table 1 in figure 2a for the solution of (7) for different ξ0.
[0039] The objective of design 2 is a notch filter with centre frequency at ξ0= fo x L / fs and a controllable width Δ = ξ1
- ξ-1. This can be achieved by designing a filter that minimises the energy passing in the frequency interval [ξ-1,ξ1], where
ξ0 = (ξ-1+ξ1)/2, which can be expressed as minimising the objective function: 

where  Again it is only allowed to vary g-1, g0, g1, g2 while all other gk are set to
one. The quadratic form has a unique minimum found by solving a set of linear equations: 
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 which can be written in matrix form as 

[0040] The solution for ξ-1 = -δfL/fs + δ and ξ1 = δfL/fs + δ with fs = 100Hz and different values of δ can be found in
table 2 in figure 2b, for ξ-1 = -0.01 + δ and ξ1 = 0.01 + δ.
[0041] Below a number of general properties for the filter (1) and its relation to the corresponding frequency repre-
sentations (2) and (3) are given:

• Assuming that all gk are real-valued, then the FIR filter (1) is linear phase and the time-domain coefficients satisfy

 
• The FIR filter (1) is stable by construction.
• Note that (2) states that hn and gk are related via DFT/IDFT transforms.
• Let g=[g-N, ..., gN] be associated with H(ξ0). Then it holds that a circular shift of the coefficients in the vector g

corresponds to a frequency shift by fs / L, and shifting right or left, respectively, corresponds to a positive or a negative
frequency shift. For example, a circular shift of g by one step to the left implies that

•

• Secondly, let g = [g-N, ..., gN] be associated with a design yielding a notch at ξ0. Then it holds that by mirroring the
coefficients around the centre tap g’ = [gN, ..., g-N] yields a filter with a notch at -ξ0.

[0042] The action of normalising the retrieved filter coefficients may comprise normalising with regards to the notch
depth and noise floor.
[0043] Normalising in the frequency domain is done by computing the multiplication of the squared modulus of the
filter frequency response and the squared modulus of the desired signal’s frequency response (e.g. root-raised cosine
filter); normalised by the squared modulus of the desired signals frequency response, and then divide all filter coefficients
by the square root of this number. The normalising may also be done in the time domain, then the multiplication of all
coefficients becomes a convolution and adding a constant to all coefficients becomes adding a small constant to the
DC component.
[0044] The normalising may be done with regards to various objects to achieve. For example, with regards to the
notch depth and noise floor.
[0045] For example, a received signal may be seen as a composed of different components: 

where yd denotes the desired WCDMA signal, yn represents the thermal noise component, and yl is the narrowband
interference signal. Evidently, most of, or all, these components may be affected by the Narrow Band Interference
Rejection, NBIR, filter. A general objective when enabling NBIR is to remove as much as possible of the narrowband
interference term yl, minimise the impact on yd, and preserve the power of the noise term yn. The latter is particularly
important in a WCDMA system since changing the noise power will affect the rise-over-thermal, RoT, which is a very
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important measure of stability.
[0046] The WCDMA signal, many users or on average, is modelled as Root Raised Cosine, RRC, filtered white noise,
the thermal noise is assumed to have uniform spectral density, and the distribution of the interferer is unknown. After
the NBIR equaliser filter H and the RRC filter the Power Spectral Density, PSD, of the received signal becomes 

where RC denotes RRC2. Thus the gains associated with the NBIR equaliser weights are: 

To preserve the noise power after NBIR, the associated gain needs to be one. Hence, it is needed to normalise the
frequency filter coefficients with the following normalising factor: 

[0047] That is, the frequency filter coefficients {gk} should be divided by the square root of this factor.
[0048] Simulations show that it works well just using the standard 3rd Generation Partnership Project, 3GPP, 5 MHz
Raised Cosine, RC, filter (sampled at the same points as H). In fact, it works well to use the standard 3GPP filter for RC
also for more narrow WCDMA filters (down to 3.8 MHz). Also the gain error for the WCDMA signal may be very small.
Hence, with this scaling the received power is generally never lower than the noise floor of the unfiltered signal. In fact,
the power measured from thermal noise and the WCDMA signals are usually almost unchanged.
[0049] A second objective related to filter normalisation is that it is desired to control the depth of the Notch filter. The
designs outlined above may make the notches very deep, i.e. close to zero. The fact that the filter value in the notch
position is close to zero is something that can be explored in order to set a desired notch depth. By adding a factor d
corresponding to the desired notch depth to all frequency filter weights, the filter frequency response is lifted by this
value, and since the value at the notch centre previously was ∼0, the new value will be d.
[0050] By combining the two objectives above, the following filter normalisation procedure is deduced:
Compute the normalised frequency filter coefficients gk as 
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where c is determined such that  under the constraint that cα = d,
which has the following solution 

[0051] It can be noted that the normalisation procedure may be done in the time-domain as well. To get the desired
notch depth, the time-domain centre tap (the Direct Current, DC,-component) is increased by the factor d. To determine
the noise power constraint normalisation in time-domain, the frequency domain equation needs to be converted into
time-domain. Essentially, the multiplications in frequency domain become convolutions in the time-domain. More spe-
cifically, compute the factor a according to 

and then the normalized filter coefficients are obtained by dividing them by the square root of a. Similarly, one can do
the noise power constraint normalisation in frequency domain and the notch depth normalisation in time-domain. The
benefit of this is that noise power normalisation is computationally easier to do in the frequency domain (multiplications
instead of convolutions), while the notch depth normalisation in time-domain only requires one addition operation com-
pared to L addition operations in the frequency domain.
[0052] The method may further comprise retrieving 110 one or more frequencies to be filtered out and the desired
Notch depth.
[0053] Different settings of the coefficients may result in different frequencies to be filtered out. Consequently, in order
to know how to pre-calculate and store the filter coefficients, previous to retrieving them, the one or more frequencies
to be filtered out and the desired Notch depth is retrieved. Then, the filter coefficients are calculated and stored based
on the retrieved one or more frequencies to be filtered out and the desired Notch depth.
[0054] Consequently, when the Notch filter is to be configured, the radio communication received retrieves the stored
and previously determined filter coefficients, where the retrieved filter coefficients constitute a fraction of the total number
of filter coefficients; and sets 130 the rest of the filter coefficients to one. The radio communication receiver may also
normalise 140 the retrieved filter coefficients; and transform 160 the filter coefficients such that the Notch position ends
up at the one or more frequencies to be filtered out.
[0055] The set of stored previously determined filter coefficients may have been determined by solving a set of linear
equations based on the conditions that the filter transfer function and its derivative are zero at a certain frequency, where
the frequency differs between the filters in the set.
[0056] There may be different ways to determine the set of stored previous determined filter coefficients. See above
and tables 1 and 2 in figures 2a and 2b respectively.
[0057] The set of stored previously determined filter coefficients may have been determined by minimising the amount
of energy passing through the Notch filter in a certain frequency range, and where the centre frequency of the frequency
range differs between the filters in the set.
[0058] By designing the Notch filters by means of minimising the amount of energy passing through the Notch filter
in a certain frequency range, and where the centre frequency of the frequency range differs between the filters in the
set, see equation (8) above, the radio communication receiver obtains filters with a specific width and different Notch
position.
[0059] In an example, the frequency range is determined with respect to width and centre position of the Notch filter.
[0060] The frequency range may be chosen to range from the centre position minus half the width to the centre position
plus half the width. This yields a filter with the Notch centred at the centre position and with a width covering a frequency
range equal to the desired width.
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[0061] The retrieved filter coefficients may correspond to a stored filter with one or more specific centre frequencies
equal to zero and where the size of the stored set of filters is one or larger.
[0062] The method described above may be used for configuration of both fixed and dynamic Notch filters. A dynamic
Notch filter may be seen as an adaptive Notch or FIR filter that dynamically adapts the Notch position and depth to
remove a varying interferer.
[0063] For a fixed Notch filter, it may comprise one centre frequency. However, for a dynamic Notch Filter, it may have
a plurality of centre frequencies corresponding to the number of individual frequencies that may be filtered using the
dynamic Notch filter. In other words, a dynamic Notch filter may be thought of as a plurality of individual filters being as
many as the number of individual frequencies that may be filtered using the dynamic Notch filter.
[0064] The transforming 160 of the filter coefficients may depend on the number of filter harmonics and the periodicity
of the Notch filter.
[0065] Then the filter coefficients are transformed, as described above.
[0066] The periodicity of the filter is given as the sampling rate divided by the number of filter coefficients.
[0067] The action of retrieving the filter coefficients may further comprise retrieving the filter coefficients from the set
of pre-calculated filter coefficients corresponding to the centre frequency that is closest in frequency-distance to the
absolute value of the distance between the desired position and the periodicity of the filter times the number of harmonics.
[0068] This means that the stored pre-calculated filter coefficients may not correspond completely to a desired Notch
filter with regard to frequency. However, the radio communication receiver may select those pre-calculated filter coeffi-
cients that may configure the Notch filter to be as close to or as similar as the desired notch filter with regard to the
frequency or frequencies that are to be filtered.
[0069] The action of transforming the filter coefficients to achieve the desired Notch position may further comprise
determining a shift index as the number of harmonics; mirroring the filter coefficients around the centre coefficient if the
distance between the desired position and the periodicity of the filter times the number of harmonics is negative; and
circularly shifting the filter coefficients according to the shift index, wherein when the number of harmonics is negative
the shift is to the left, whereas when the number of harmonics is positive the shift is to the right.
[0070] For the dynamic Notch filter, for achieving the desired Notch position for the dynamic notch algorithm the number
of harmonics are defined to be equal to the ratio between the desired Notch centre position and the periodicity of the
filter, where the periodicity of the filter is given as the sampling rate divided by the number of filter coefficients.
[0071] The set of pre-calculated filters consists of a number of filters with centre frequencies ranging from zero to half
the filter periodicity, where the size of the set (the number of filters) is a trade-off between frequency granularity and
storage memory consumption.
[0072] The action of transforming the filter coefficients to achieve the desired Notch position may further comprise
adjusting the phase of the time-domain filter coefficients corresponding to the desired centre frequency position.
[0073] When the filter coefficients are transformed from the frequency domain to the time domain, the phase may shift
a little. Thus in order for the Notch filter to operate properly, the phase shift of the time-domain may be adjusted accordingly.
[0074] The radio communication receiver may be comprised in a radio base station or in a wireless device.
[0075] There are different examples of nodes or devices in which the radio communication receiver may be imple-
mented. The radio communication receiver may communicate with a radio communication transmitter. The radio com-
munication receiver may be implemented in different contexts, e.g. a radio communication network. When implemented
in a radio communication network, the radio communication receiver may be implemented in any node or device receiving
radio transmissions. Thus, the radio communication receiver may be implemented or comprised in e.g. a radio base
station, wherein the radio communication receiver may receive radio transmissions from e.g. wireless devices. The radio
communication receiver may also be implemented or comprised in a wireless device, wherein the radio communication
receiver may receive radio transmissions from e.g. radio base stations and/or other wireless devices.
[0076] The number of retrieved stored and previously determined filter coefficients is at least two.
[0077] As described above, the set of filter coefficients of a Notch filter may be relatively large, e.g. hundreds or even
thousands. The number of retrieved stored and previously determined filter coefficients is at least two, wherein the
computational complexity is substantially reduced.
[0078] In an example, for a fixed Notch filter, the radio communication receiver performing the method described above
may then, for placing a fixed notch with centre position at f0 and with depth a [dB]:

• (Pre-)Calculate (and store) the frequency-domain filter coefficients {g-1, g0, g1, g2} for ξ=0 according to (6) and (7)
or (10). The remaining L-4 coefficients are set to 1.

• Normalise the filter coefficients to get desired filter gain and notch level d according to (18) and (19).
• Convert the frequency-domain coefficients {gk} to time-domain coefficients {hk} according to (2). Note that this may

be achieved by an IFT.
• Shift the notch position to the desired position fo according to 
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[0079] An illustration of the frequency response for three different filters derived according to above procedure can
be found in figure 2d. It should be noted that the RRC filter is not included in the filter normalisation in this illustration
(i.e. RC(n)=1 for all n).
[0080] In another example, for a dynamic Notch filter, the radio communication receiver performing the method de-
scribed above may, for dynamically updating the notch position:

• First pre-calculate and store the frequency domain filter coefficients {g-1, g0, g1, g2} for a number of ξ ∈ {0, δ, ...,
0.5} according to (6) and (7) or (10). The separation between the different pre-calculated notches will be δfi, and
this determines the maximum frequency ’resolution’. In what follows, fi=fs/L=3.84e6x2/L denotes the periodicity of
the filter, i.e. the frequency corresponding to a circular shift of the frequency taps.

• Second, Iterating and in each iteration, assuming that the new/updated notch position should be centred close to
f0, and that the notch depth value should be d, then

1. Determine

• num_harmonics = round(f0/fi)
• filter_index = round(({f0/fi -num_harmonics)/ δ)

2. Choose the pre-calculated filter coefficients {g-1, g0, g1, g2} corresponding to ξ= δ x |filter_index |. Set the
rest of the L-4 frequency coefficients to one. The filter vector is then g=[g-N, ..., gN].
3. If filter_index<0, then mirror the frequency coefficients around the centre tap g0.
4. Circularly shift the filter vector g according to num_harmonics (denoted by i below in (21)). This can be
expressed as 

5. Normalise the filter coefficients to get desired gain and notch level d according to (18) and (19).
6. Convert the frequency-domain coefficient {gk} to time-domain coefficients {hn} according to (2). Note that this
may be achieved by an IFT.

[0081] The examples and embodiments described above are description is based on a symmetric implementation of
the FIR Notch filter (1). Note that it is straightforward to extend this to an asymmetric implementation (which is more
practical) of the filter: 

[0082] Furthermore, the discussion has considered an uneven number of filter taps, i.e. L is odd. However, similar
approaches are equally applicable to the case when L is even. One benefit of having letting L =2x, for some integer x,
is that fast Fourier transform algorithms can be employed. However, today there exist modern tricks that make DFT/IDFT
calculations extremely fast anyway.
[0083] A first exemplifying embodiment of the method performed by the radio communication receiver, for a frequency
domain adaptive Notch filter, may comprise determining a set of filters, where each filter consists of few coefficients.
The filters in the set have a notch position ranging between 0 and 0.5 (in normalised frequency). Storing the filter(s) in
the frequency domain. The filter coefficients may, for example, be determined by as described above.
[0084] The method according to the first exemplifying embodiment may further comprise setting the correct Notch
position by applying shift and mirroring operations. Then normalising the filter in frequency domain by multiplying all
coefficients by a factor and adding a specific constant to all coefficients. Further the method according to the first
exemplifying embodiment may comprise converting the filter from frequency to time domain e.g. by applying Inverse
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Fast Fourier Transform, IFFT.
[0085] A second exemplifying embodiment of the method performed by the radio communication receiver, for a time
domain adaptive Notch filter, may comprise determining one complete (all coefficients) filter with notch position in e.g.
f=0. The one complete (all coefficients) filter may be determined as described above. The method in this embodiment
also comprises storing the filter in the time domain.
[0086] The method according to the second exemplifying embodiment may further comprise setting the correct Notch
position by multiplying all coefficients by the corresponding FFT-shift weights in the time domain. Then normalising the
filter in time domain by scaling all coefficients by the quadratic form and add the specific constant to the DC component.
[0087] A third exemplifying embodiment of the method performed by the radio communication receiver, for a fixed
Notch filter, may comprise determining a set of filters, where each filter consists of few coefficients. The filters in the set
have a notch position ranging between 0 and 0.5 (in normalised frequency). Storing the filter(s) in the frequency domain.
The filter coefficients may, for example, be determined by as described above. Then normalising the Notch filter in
frequency domain by multiplying all coefficients by a factor and adding a specific constant to all coefficients.
[0088] The method according to the third exemplifying embodiment may further comprise converting the filter from
frequency- to time-domain; and setting the correct Notch position by multiplying all coefficients by the corresponding
FFT-shift weights in time-domain.
[0089] Embodiments herein also relate to a radio communication receiver for configuring a Notch filter of the radio
communication receiver for filtering out one or more frequencies. The radio communication receiver has the same
technical features, objects and advantages as the method performed by the radio communication receiver described
above. The radio communication receiver will therefore be described only in brief in order to avoid unnecessary repetition.
The radio communication receiver will be described with reference to figures 3 and 4.
[0090] Figure 3 illustrates the radio communication receiver 300, 400 being configured for retrieving stored and pre-
viously determined filter coefficients from a set of filter coefficients, where the retrieved filter coefficients constitute a
fraction of the total number of filter coefficients; and setting the rest of the filter coefficients to one. The radio communication
receiver 300, 400 is further configured for normalising the retrieved filter coefficients; and transforming the filter coefficients
such that the Notch position ends up at the one or more frequencies to be filtered out.
[0091] The radio communication receiver 300, 400 may be realised or implemented in various different ways. A first
exemplifying implementation or realisation is illustrated in figure 3. Figure 3 illustrates the radio communication receiver
300 comprising a processor 321 and memory 322, the memory comprising instructions, e.g. by means of a computer
program 323, which when executed by the processor 321 causes the radio communication receiver 300 to retrieve
stored and previously determined filter coefficients from a set of filter coefficients, where the retrieved filter coefficients
constitute a fraction of the total number of filter coefficients; and to set the rest of the filter coefficients to one. The memory
further comprises instructions, which when executed by the processor 321 causes the radio communication receiver
300 to normalise the retrieved filter coefficients; and to transform the filter coefficients such that the Notch position ends
up at the one or more frequencies to be filtered out.
[0092] Figure 3 also illustrates the radio communication receiver 300 comprising a memory 310. It shall be pointed
out that figure 3 is merely an exemplifying illustration and memory 310 may be optional, be a part of the memory 322
or be a further memory of the radio communication receiver 300. The memory may for example comprise information
relating to the radio communication receiver 300, to statistics of operation of the radio communication receiver 300, just
to give a couple of illustrating examples. Figure 3 further illustrates the radio communication receiver 300 comprising
processing means 320, which comprises the memory 322 and the processor 321. Still further, figure 3 illustrates the
radio communication receiver 300 comprising a communication unit 330. The communication unit 330 may comprise
an interface through which the radio communication receiver 300 communicates with other nodes or entities of the
communication network as well as other communication units. Figure 3 also illustrates the radio communication receiver
300 comprising further functionality 340. The further functionality 340 may comprise hardware or software necessary
for the radio communication receiver 300 to perform different tasks that are not disclosed herein.
[0093] An alternative exemplifying implementation of the radio communication receiver 300, 400 is illustrated in figure
4. Figure 4 illustrates the radio communication receiver 400 comprising a retrieving unit 403 for retrieving stored and
previously determined filter coefficients from a set of filter coefficients, where the retrieved filter coefficients constitute
a fraction of the total number of filter coefficients; and a setting unit 404 for setting the rest of the filter coefficients to
one. The radio communication receiver 400 further comprises a normalising unit 405 for normalising the retrieved filter
coefficients; and a transforming unit 406 for transforming the filter coefficients such that the Notch position ends up at
the one or more frequencies to be filtered out.
[0094] In figure 4, the radio communication receiver 400 is also illustrated comprising a communication unit 401.
Through this unit, the radio communication receiver 400 is adapted to communicate with other nodes and/or entities in
the wireless communication network. The communication unit 401 may comprise more than one receiving arrangement.
For example, the communication unit 401 may be connected to both a wire and an antenna, by means of which radio
communication receiver 400 is enabled to communicate with other nodes and/or entities in the wireless communication
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network. Similarly, the communication unit 401 may comprise more than one transmitting arrangement, which in turn is
connected to both a wire and an antenna, by means of which the radio communication receiver 400 is enabled to
communicate with other nodes and/or entities in the wireless communication network. The radio communication receiver
400 is further illustrated comprising a memory 402 for storing data. Further, the radio communication receiver 400 may
comprise a control or processing unit (not shown) which in turn is connected to the different units 403-406. It shall be
pointed out that this is merely an illustrative example and the radio communication receiver 400 may comprise more,
less or other units or modules which execute the functions of the radio communication receiver 400 in the same manner
as the units illustrated in figure 4.
[0095] It should be noted that figure 4 merely illustrates various functional units in the radio communication receiver
400 in a logical sense. The functions in practice may be implemented using any suitable software and hardware means/cir-
cuits etc. Thus, the embodiments are generally not limited to the shown structures of the radio communication receiver
400 and the functional units. Hence, the previously described exemplary embodiments may be realised in many ways.
For example, one embodiment includes a computer-readable medium having instructions stored thereon that are exe-
cutable by the control or processing unit for executing the method actions or steps in the radio communication receiver
400. The instructions executable by the computing system and stored on the computer-readable medium perform the
method actions or steps of the radio communication receiver 400 as set forth in the claims.
[0096] The radio communication receiver has the same possible advantages as the method performed by the radio
communication receiver. One possible advantage is that the computational complexity is reduced. A further possible
advantage it may provide a strong tool for handling NBIR. Yet a further possible advantage is that it may provide a strong
tool also for efficiently co-deploy two or more Radio Access Technologies, RATs in limited amount of spectrum, which
may also be of significant interest in the future for e.g. operators with limited spectrum wanting to re-farm e.g. Global
System for Mobile communication, GSM, spectrum to Wideband Code Division Multiple Access, WCDMA.
[0097] According to an embodiment, the radio communication receiver 300, 400 is further configured for converting
the normalised filter coefficients from the frequency domain to the time domain.
[0098] According to yet an embodiment, the radio communication receiver 300, 400 is configured for performing the
actions in order of (a) retrieving stored and previously determined filter coefficients, wherein the filter coefficients have
been stored in the frequency domain, setting the rest of the filter coefficients to one, normalising the retrieved filter
coefficients, converting the normalised filter coefficients from the frequency domain to the time domain, and transforming
the filter coefficients in time domain; or (b) retrieving stored and previously determined filter coefficients, wherein the
filter coefficients have been stored in the frequency domain, setting the rest of the filter coefficients to one, normalising
the retrieved filter coefficients, transforming the filter coefficients in frequency domain and converting the normalised
filter coefficients from the frequency domain to the time domain; or (c) retrieving stored and previously determined filter
coefficients, wherein the filter coefficients have been stored in the time domain, setting the rest of the filter coefficients
to one, normalising the retrieved filter coefficients, and transforming the filter coefficients.
[0099] According to still an embodiment, the radio communication receiver 300, 400 is configured for storing the set
of previously determined filter coefficients in the time or frequency domain respectively.
[0100] According to a further embodiment, the radio communication receiver 300, 400 is configured for normalising
the retrieved filter coefficients by normalising with regards to the notch depth and noise floor.
[0101] According to another embodiment, the radio communication receiver 300, 400 is further configured for retrieving
one or more frequencies to be filtered out and the desired Notch depth.
[0102] According to an embodiment, the set of stored previously determined filter coefficients has been determined
by solving a set of linear equations based on the conditions that the filter transfer function and its derivative are zero at
a certain frequency, where the frequency differs between the filters in the set.
[0103] According to yet an embodiment, the set of stored previously determined filter coefficients have been determined
by minimising the amount of energy passing through the Notch filter in a certain frequency range, and where the centre
frequency of the frequency range differs between the filters in the set.
[0104] According to still an embodiment, the radio communication receiver 300, 400 is further configured for determining
the frequency range with respect to width and centre position of the Notch filter.
[0105] According to a further embodiment, the retrieved filter coefficients corresponds to a stored filter with one or
more specific centre frequencies equal to zero and where the size of the stored set of filters is one or larger.
[0106] According to another embodiment, the transforming of the filter coefficients depends on the number of filter
harmonics and the periodicity of the Notch filter.
[0107] According to an embodiment, the radio communication receiver 300, 400 is further configured for retrieving the
filter coefficients by also retrieving the filter coefficients from the set of pre-calculated filter coefficients corresponding to
the centre frequency that is closest in frequency-distance to the absolute value of the distance between the desired
position and the periodicity of the filter times the number of harmonics.
[0108] According to yet an embodiment, the radio communication receiver 300, 400 is configured for transforming the
filter coefficients to achieve the desired Notch position by: determining a shift index as the number of harmonics; mirroring
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the filter coefficients around the centre coefficient if the distance between the desired position and the periodicity of the
filter times the number of harmonics is negative; and circularly shifting the filter coefficients according to the shift index,
wherein when the number of harmonics is negative the shift is to the left, whereas when the number of harmonics is
positive the shift is to the right.
[0109] According to still an embodiment, the radio communication receiver 300, 400 is configured for transforming the
filter coefficients to achieve the desired Notch position by adjusting the phase of the time-domain filter coefficients
corresponding to the desired centre frequency position.
[0110] According to a further embodiment, the receiver is comprised in a radio base station or in a wireless device.
[0111] According to another embodiment, the number of retrieved stored and previously determined filter coefficients
is at least two.
[0112] Figure 5 schematically shows an embodiment of an arrangement 500 in a radio communication receiver 400.
Comprised in the arrangement 500 in the radio communication receiver 400 are here a processing unit 506, e.g. with a
Digital Signal Processor, DSP. The processing unit 506 may be a single unit or a plurality of units to perform different
actions of procedures described herein. The arrangement 500 of the radio communication receiver 400 may also comprise
an input unit 502 for receiving signals from other entities, and an output unit 504 for providing signal(s) to other entities.
The input unit and the output unit may be arranged as an integrated entity or as illustrated in the example of figure 4,
as one or more interfaces 401.
[0113] Furthermore, the arrangement 500 in the radio communication receiver 400 comprises at least one computer
program product 508 in the form of a nonvolatile memory, e.g. an Electrically Erasable Programmable Read-Only
Memory, EEPROM, a flash memory and a hard drive. The computer program product 508 comprises a computer program
510, which comprises code means, which when executed in the processing unit 506 in the arrangement 500 in the radio
communication receiver 400 causes the radio communication receiver to perform the actions e.g. of the procedure
described earlier in conjunction with figures 1a-1d.
[0114] The computer program 510 may be configured as a computer program code structured in computer program
modules 510a-510e. Hence, in an exemplifying embodiment, the code means in the computer program of the arrangement
500 in the radio communication receiver 400 comprises a retrieving unit, or module, for retrieving stored and previously
determined filter coefficients from a set of filter coefficients, where the retrieved filter coefficients constitute a fraction of
the total number of filter coefficients; and a setting unit, or module, for setting the rest of the filter coefficients to one.
The computer program further comprises an normalising unit, or module, for normalising the retrieved filter coefficients;
and a transforming unit, or module for transforming the filter coefficients such that the Notch position ends up at the one
or more frequencies to be filtered out.
[0115] The computer program modules could essentially perform the actions of the flow illustrated in figures 1a-1d,
to emulate the radio communication receiver 400. In other words, when the different computer program modules are
executed in the processing unit 506, they may correspond to the units 403-406 of figure 4.
[0116] Although the code means in the embodiments disclosed above in conjunction with figure 4 is implemented as
computer program modules which when executed in the respective processing unit causes the radio communication
receiver to perform the actions described above in the conjunction with figures mentioned above, at least one of the
code means may in alternative embodiments be implemented at least partly as hardware circuits.
[0117] The processor may be a single Central Processing Unit, CPU, but could also comprise two or more processing
units. For example, the processor may include general purpose microprocessors; instruction set processors and/or
related chips sets and/or special purpose microprocessors such as Application Specific Integrated Circuits, ASICs. The
processor may also comprise board memory for caching purposes. The computer program may be carried by a computer
program product connected to the processor. The computer program product may comprise a computer readable medium
on which the computer program is stored. For example, the computer program product may be a flash memory, a
Random-Access Memory RAM, Read-Only Memory, ROM, or an EEPROM, and the computer program modules de-
scribed above could in alternative embodiments be distributed on different computer program products in the form of
memories within the radio communication receiver.
[0118] It is to be understood that the choice of interacting units, as well as the naming of the units within this disclosure
are only for exemplifying purpose, and nodes suitable to execute any of the methods described above may be configured
in a plurality of alternative ways in order to be able to execute the suggested procedure actions.
[0119] It should also be noted that the units described in this disclosure are to be regarded as logical entities and not
with necessity as separate physical entities.
[0120] While the embodiments have been described in terms of several embodiments, it is contemplated that alter-
natives, modifications, permutations and equivalents thereof will become apparent upon reading of the specifications
and study of the drawings. It is therefore intended that the following appended claims include such alternatives, modi-
fications, permutations and equivalents as fall within the scope of the embodiments and defined by the pending claims.
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Claims

1. A method (100) performed by a radio communication receiver for configuring a Notch filter of the radio communication
receiver for filtering out one or more frequencies, the method comprising:

- retrieving (120) stored and previously determined filter coefficients from a set of filter coefficients, where the
retrieved filter coefficients constitute a fraction of the total number of filter coefficients;
- setting (130) the rest of the filter coefficients to one, wherein the rest of the filter coefficients are the total
number of filter coefficients minus the retrieved filter coefficients;
- normalising (140) the retrieved filter coefficients, with regards to the Notch depth and noise floor; transforming
(160) the filter coefficients such that the Notch position ends up at the one or more frequencies to be filtered
out, wherein the action of transforming the filter coefficients to achieve the desired Notch position further com-
prises:

- determining a shift index as the number of harmonics, wherein the number of harmonics are the number
of filter periods that are required to cover the desired position;
- mirroring the filter coefficients around the centre coefficient if the difference between the desired position
and the periodicity of the filter times the number of harmonics is negative, wherein the periodicity of the
filter is given as the sampling rate divided by the number of filter coefficients;
- circularly shifting the filter coefficients according to the shift index, wherein when the number of harmonics
is negative the shift is to the left, whereas when the number of harmonics is positive the shift is to the right.

2. The method (100) according to claim 1, wherein the actions of the method are performed in order of (a) retrieving
(120) stored and previously determined filter coefficients, wherein the filter coefficients have been stored in the
frequency domain, setting (130) the rest of the filter coefficients to one, normalising (140) the retrieved filter coeffi-
cients, converting (150) the normalised filter coefficients from the frequency domain to the time domain, and trans-
forming (160) the filter coefficients in time domain; or (b) retrieving (120) stored and previously determined filter
coefficients, wherein the filter coefficients have been stored in the frequency domain, setting (130) the rest of the
filter coefficients to one, normalising (140) the retrieved filter coefficients, transforming (160) the filter coefficients
in the frequency domain and converting (150) the normalised filter coefficients from the frequency domain to the
time domain; or (c) retrieving (120) stored and previously determined filter coefficients, wherein the filter coefficients
have been stored in the time domain, setting (130) the rest of the filter coefficients to one, normalising (140) the
retrieved filter coefficients, and transforming (160) the filter coefficients.

3. The method (100) according to any of claims 1-2, further comprising retrieving (110) one or more frequencies to be
filtered out and the desired Notch depth.

4. The method (100) according to any of claims 1-3, wherein the action of retrieving the filter coefficients further
comprises retrieving the filter coefficients from the set of pre-calculated filter coefficients corresponding to the centre
frequency that is closest in frequency-distance to the absolute value of the distance between the desired position
and the periodicity of the filter times the number of harmonics.

5. A radio communication receiver (300, 400) for configuring a Notch filter of the radio communication receiver for
filtering out one or more frequencies, the radio communication receiver (300, 400) being configured for:

- retrieving stored and previously determined filter coefficients from a set of filter coefficients, where the retrieved
filter coefficients constitute a fraction of the total number of filter coefficients;
- setting the rest of the filter coefficients to one, wherein the rest of the filter coefficients are the total number of
filter coefficients minus the retrieved filter coefficients;
- normalising the retrieved filter coefficients, with regards to the Notch depth and noise floor;
- transforming the filter coefficients such that the Notch position ends up at the one or more frequencies to be
filtered out, wherein transforming the filter coefficients is further configured to:
- 

- determining a shift index as the number of harmonics, wherein the number of harmonics are the number
of filter periods that are required to cover the desired position;
- mirroring the filter coefficients around the centre coefficient if the difference between the desired position
and the periodicity of the filter times the number of harmonics is negative, wherein the periodicity of the
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filter is given as the sampling rate divided by the number of filter coefficients; and
- circularly shifting the filter coefficients according to the shift index, wherein when the number of harmonics
is negative the shift is to the left, whereas when the number of harmonics is positive the shift is to the right.

6. The radio communication receiver (300, 400) according to claim 5, configured for performing the actions in order of
(a) retrieving stored and previously determined filter coefficients, wherein the filter coefficients have been stored in
the frequency domain, setting the rest of the filter coefficients to one, normalising the retrieved filter coefficients,
converting the normalised filter coefficients from the frequency domain to the time domain, and transforming the
filter coefficients in time domain; or (b) retrieving stored and previously determined filter coefficients, wherein the
filter coefficients have been stored in the frequency domain, setting the rest of the filter coefficients to one, normalising
the retrieved filter coefficients, transforming the filter coefficients in the frequency domain and converting the nor-
malised filter coefficients from the frequency domain to the time domain; or (c) retrieving stored and previously
determined filter coefficients, wherein the filter coefficients have been stored in the time domain, setting the rest of
the filter coefficients to one, normalising the retrieved filter coefficients, and transforming the filter coefficients.

7. The radio communication receiver (300, 400) according to any of claims 5-6, further being configured for retrieving
one or more frequencies to be filtered out and the desired Notch depth.

8. The radio communication receiver (300, 400) according to any of claims 5-7, configured for retrieving the filter
coefficients by also retrieving the filter coefficients from the set of pre-calculated filter coefficients corresponding to
the centre frequency that is closest in frequency-distance to the absolute value of the distance between the desired
position and the periodicity of the filter times the number of harmonic.

9. A Computer program (810), comprising computer readable code means, which when run in a processing unit (506)
comprised in an arrangement (500) in a radio communication receiver (400) according to claims 5-8 causes the
radio communication receiver (500) to perform the corresponding method according to any of claims 1-4.

10. A Computer program product (508) comprising the computer program (510) according to claim 9.

Patentansprüche

1. Verfahren (100), das durch einen Funkkommunikationsempfänger zum Konfigurieren eines Kerbfilters des Funk-
kommunikationsempfängers zum Herausfiltern einer oder mehrerer Frequenzen durchgeführt wird, wobei das Ver-
fahren umfasst:

- Abrufen (120) gespeicherter und zuvor bestimmter Filterkoeffizienten aus einem Satz von Filterkoeffizienten,
wobei die abgerufenen Filterkoeffizienten einen Bruchteil der Gesamtzahl der Filterkoeffizienten bilden;
- Setzen (130) der übrigen Filterkoeffizienten auf eins, wobei die übrigen Filterkoeffizienten die Gesamtzahl der
Filterkoeffizienten minus der abgerufenen Filterkoeffizienten ist;
- Normalisieren (140) der abgerufenen Filterkoeffizienten hinsichtlich der Kerbentiefe und des Grundrauschens;
Transformieren (160) der Filterkoeffizienten derart, dass die Kerbposition bei der einen oder den mehreren
herauszufilternden Frequenzen endet, wobei der Vorgang des Transformierens der Filterkoeffizienten zum
Erreichen der gewünschten Kerbposition weiter umfasst:

- Bestimmen eines Verschiebungsindex als die Anzahl von Oberschwingungen, wobei die Anzahl von
Oberschwingungen die Anzahl von Filterperioden ist, die erforderlich ist, um die gewünschte Position ab-
zudecken;
- Spiegeln der Filterkoeffizienten um den Mittenkoeffizienten, falls die Differenz zwischen der gewünschten
Position und der Periodizität des Filters mal der Anzahl der Harmonischen negativ ist, wobei die Periodizität
des Filters als Abtastrate dividiert durch die Anzahl der Filterkoeffizienten gegeben ist;
- zirkulares Verschieben der Filterkoeffizienten gemäß dem Verschiebungsindex, wobei die Verschiebung
nach links erfolgt, wenn die Anzahl der Oberschwingungen negativ ist, während die Verschiebung nach
rechts erfolgt, wenn die Anzahl der Oberschwingungen positiv ist.

2. Verfahren (100) nach Anspruch 1, wobei die Vorgänge des Verfahrens in der folgenden Reihenfolge ausgeführt
werden, (a) Abrufen (120) von gespeicherten und zuvor bestimmten Filterkoeffizienten, wobei die Filterkoeffizienten
in der Frequenzdomäne gespeichert wurden, Setzen (130) der übrigen Filterkoeffizienten auf eins, Normalisieren
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(140) der abgerufenen Filterkoeffizienten, Umwandeln (150) der normalisierten Filterkoeffizienten von der Frequenz-
domäne zur Zeitdomäne und Transformieren (160) der Filterkoeffizienten in die Zeitdomäne; oder (b) Abrufen (120)
von gespeicherten und zuvor bestimmten Filterkoeffizienten, wobei die Filterkoeffizienten in der Frequenzdomäne
gespeichert wurden, Setzen (130) der übrigen Filterkoeffizienten auf eins, Normalisieren (140) der abgerufenen
Filterkoeffizienten, Transformieren (160) der Filterkoeffizienten in der Frequenzdomäne und Umwandeln (150) der
normalisierten Filterkoeffizienten von der Frequenzdomäne in die Zeitdomäne; oder (c) Abrufen (120) gespeicherter
und zuvor bestimmter Filterkoeffizienten, wobei die Filterkoeffizienten in der Zeitdomäne gespeichert wurden, Setzen
(130) der übrigen Filterkoeffizienten auf eins, Normalisieren (140) der abgerufenen Filterkoeffizienten und Trans-
formieren (160) der Filterkoeffizienten.

3. Verfahren (100) nach einem der Ansprüche 1 bis 2, weiter umfassend das Abrufen (110) einer oder mehrerer
herauszufilternder Frequenzen und der gewünschten Kerbentiefe.

4. Verfahren (100) nach einem der Ansprüche 1 bis 3, wobei der Vorgang des Abrufens der Filterkoeffizienten weiter
das Abrufen der Filterkoeffizienten aus dem Satz vorberechneter Filterkoeffizienten umfasst, die der Mittenfrequenz
entsprechen, deren Frequenzabschnitt dem Absolutwert des Abstands zwischen der gewünschten Position und der
Periodizität des Filters am nächsten ist, der die Anzahl von Oberschwingungen taktet.

5. Funkkommunikationsempfänger (300, 400) zum Konfigurieren eines Kerbfilters des Funkkommunikationsempfän-
gers zum Herausfiltern einer oder mehrerer Frequenzen, wobei der Funkkommunikationsempfänger (300, 400)
konfiguriert ist zum:

- Abrufen gespeicherter und zuvor bestimmter Filterkoeffizienten aus einem Satz von Filterkoeffizienten, wobei
die abgerufenen Filterkoeffizienten einen Bruchteil der Gesamtzahl der Filterkoeffizienten bilden;
- Setzen der übrigen Filterkoeffizienten auf eins, wobei der Rest der Filterkoeffizienten die Gesamtzahl der
Filterkoeffizienten minus der abgerufenen Filterkoeffizienten ist;
- Normalisieren der abgerufenen Filterkoeffizienten hinsichtlich der Kerbentiefe und des Grundrauschens;
- Transformieren der Filterkoeffizienten derart, dass die Kerbposition bei der einen oder den mehreren heraus-
zufilternden Frequenzen endet, wobei das Transformieren der Filterkoeffizienten weiter konfiguriert ist zum:

- Bestimmen eines Verschiebungsindex als die Anzahl von Oberschwingungen, wobei die Anzahl von
Oberschwingungen die Anzahl von Filterperioden ist, die erforderlich ist, um die gewünschte Position ab-
zudecken;
- Spiegeln der Filterkoeffizienten um den Mittenkoeffizienten, falls die Differenz zwischen der gewünschten
Position und der Periodizität des Filters mal der Anzahl der Oberschwingungen negativ ist, wobei die
Periodizität des Filters als Abtastrate dividiert durch die Anzahl der Filterkoeffizienten gegeben ist; und
- zirkularen Verschieben der Filterkoeffizienten gemäß dem Verschiebungsindex, wobei die Verschiebung
nach links erfolgt, wenn die Anzahl der Oberschwingungen negativ ist, während die Verschiebung nach
rechts erfolgt, wenn die Anzahl der Oberschwingungen positiv ist.

6. Funkkommunikationsempfänger (300, 400) nach Anspruch 5, konfiguriert zum Durchführen der Vorgänge in der
Reihenfolge (a) Abrufen von gespeicherten und zuvor bestimmten Filterkoeffizienten, wobei die Filterkoeffizienten
in der Frequenzdomäne gespeichert wurden, Setzen der übrigen Filterkoeffizienten auf eins, Normalisieren der
abgerufenen Filterkoeffizienten, Umwandeln der normalisierten Filterkoeffizienten von der Frequenzdomäne zur
Zeitdomäne und Transformieren der Filterkoeffizienten in der Zeitdomäne; oder (b) Abrufen von gespeicherten und
zuvor bestimmten Filterkoeffizienten, wobei die Filterkoeffizienten in der Frequenzdomäne gespeichert wurden,
Setzen der übrigen Filterkoeffizienten auf eins, Normalisieren der abgerufenen Filterkoeffizienten, Transformieren
der Filterkoeffizienten in der Frequenzdomäne und Umwandeln der normalisierten Filterkoeffizienten von der Fre-
quenzdomäne in die Zeitdomäne; oder (c) Abrufen gespeicherter und zuvor bestimmter Filterkoeffizienten, wobei
die Filterkoeffizienten in der Zeitdomäne gespeichert wurden, Setzen der übrigen Filterkoeffizienten auf eins, Nor-
malisieren der abgerufenen Filterkoeffizienten und Transformieren der Filterkoeffizienten.

7. Funkkommunikationsempfänger (300, 400) nach einem der Ansprüche 5 bis 6, weiter konfiguriert zum Abrufen
einer oder mehrerer herauszufilternder Frequenzen und der gewünschten Kerbentiefe.

8. Funkkommunikationsempfänger (300, 400) nach einem der Ansprüche 5 bis 7, konfiguriert zum Abrufen der Filter-
koeffizienten durch auch Abrufen der Filterkoeffizienten aus dem Satz vorberechneter Filterkoeffizienten, die der
Mittenfrequenz entsprechen, deren Frequenzabstand dem Absolutwert des Abstands zwischen der gewünschten
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Position und der Periodizität des Filters mal der Anzahl von Oberschwingungen ist.

9. Computerprogramm (810) mit computerlesbaren Codemitteln, die, wenn sie in einer Verarbeitungseinheit (506)
ausgeführt werden, die in einer Anordnung (500) in einem Funkkommunikationsempfänger (400) nach einem der
Ansprüche 5 bis 8 umfasst ist, den Funkkommunikationsempfänger (500) dazu veranlasst, das entsprechende
Verfahren nach einem der Ansprüche 1 bis 4 durchzuführen.

10. Computerprogrammprodukt (508), umfassend das Computerprogramm (510) nach Anspruch 9.

Revendications

1. Procédé (100) réalisé par un récepteur de radiocommunication pour configurer un filtre à élimination de bande du
récepteur de radiocommunication afin d’éliminer par filtrage une ou plusieurs fréquences, le procédé comprenant :

- la récupération (120) de coefficients de filtre déterminés précédemment et stockés depuis un ensemble de
coefficients de filtre, où les coefficients de filtre récupérés constituent une fraction du nombre total de coefficients
de filtre ;
- le réglage (130) du reste des coefficients de filtre sur un, dans lequel le reste des coefficients de filtre est le
nombre total de coefficients de filtre moins les coefficients de filtre récupérés ;
- la normalisation (140) des coefficients de filtre récupérés, concernant la profondeur d’élimination de bande et
le plancher de bruit; la transformation (160) des coefficients de filtre de sorte que la position d’élimination de
bande se retrouve au niveau des une ou plusieurs fréquences à éliminer par filtrage, dans lequel l’action de
transformation des coefficients de filtre pour parvenir à la position d’élimination de bande souhaitée comprend
en outre :

- la détermination d’un indice de décalage en tant que nombre d’harmoniques, dans lequel le nombre
d’harmoniques est le nombre de périodes de filtre qui sont requises pour couvrir la position souhaitée ;
- la mise en miroir des coefficients de filtre autour du coefficient central si la différence entre la position
souhaitée et la périodicité du filtre fois le nombre d’harmoniques est négative, dans lequel la périodicité du
filtre est donnée comme le taux d’échantillonnage divisé par le nombre de coefficients de filtre ;
- le décalage circulaire des coefficients de filtre selon l’indice de décalage, dans lequel, lorsque le nombre
d’harmoniques est négatif, le décalage est à gauche, tandis que lorsque le nombre d’harmoniques est
positif, le décalage est à droite.

2. Procédé (100) selon la revendication 1, dans lequel les actions du procédé sont réalisées dans l’ordre de (a) la
récupération (120) de coefficients de filtre déterminés précédemment et stockés, dans lequel les coefficients de
filtre ont été stockés dans le domaine de fréquence, le réglage (130) du reste des coefficients de filtre sur un, la
normalisation (140) des coefficients de filtre récupérés, la conversion (150) des coefficients de filtre normalisés du
domaine de fréquence au domaine temporel, et la transformation (160) des coefficients de filtre dans le domaine
temporel ; ou (b) la récupération (120) de coefficients de filtre déterminés précédemment et stockés, dans lequel
les coefficients de filtre ont été stockés dans le domaine de fréquence, le réglage (130) du reste des coefficients
de filtre sur un, la normalisation (140) des coefficients de filtre récupérés, la transformation (160) des coefficients
de filtre dans le domaine de fréquence et la conversion (150) des coefficients de filtre normalisés du domaine de
fréquence au domaine temporel ; ou (c) la récupération (120) de coefficients de filtre déterminés précédemment et
stockés, dans lequel les coefficients de filtre ont été stockés dans le domaine temporel, le réglage (130) du reste
des coefficients de filtre sur un, la normalisation (140) des coefficients de filtre récupérés, et la transformation (160)
des coefficients de filtre.

3. Procédé (100) selon l’une quelconque des revendications 1 et 2, comprenant en outre la récupération (110) d’une
ou de plusieurs fréquences à éliminer par filtrage et de la profondeur d’élimination de bande souhaitée.

4. Procédé (100) selon l’une quelconque des revendications 1 à 3, dans lequel l’action de récupération des coefficients
de filtre comprend en outre la récupération des coefficients de filtre depuis l’ensemble de coefficients de filtre
précalculés correspondant à la fréquence centrale qui est la plus proche en fréquence-distance de la valeur absolue
de la distance entre la position souhaitée et la périodicité du filtre fois le nombre d’harmoniques.

5. Récepteur de radiocommunication (300, 400) pour configurer un filtre à élimination de bande du récepteur de
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radiocommunication afin d’éliminer par filtrage une ou plusieurs fréquences, le récepteur de radiocommunication
(300, 400) étant configuré pour :

- récupérer des coefficients de filtre déterminés précédemment et stockés depuis un ensemble de coefficients
de filtre, où les coefficients de filtre récupérés constituent une fraction du nombre total de coefficients de filtre ;
- le réglage du reste des coefficients de filtre sur un, dans lequel le reste des coefficients de filtre est le nombre
total de coefficients de filtre moins les coefficients de filtre récupérés ;
- la normalisation des coefficients de filtre récupérés, concernant la profondeur d’élimination de bande et le
plancher de bruit ;
- la transformation des coefficients de filtre de sorte que la position d’élimination de bande se retrouve au niveau
des une ou plusieurs fréquences à éliminer par filtrage, dans lequel la transformation des coefficients de filtre
est en outre configurée pour :

- déterminer un indice de décalage en tant que nombre d’harmoniques, dans lequel le nombre d’harmoniques
est le nombre de périodes de filtre qui sont requises pour couvrir la position souhaitée ;
- mettre en miroir les coefficients de filtre autour du coefficient central si la différence entre la position
souhaitée et la périodicité du filtre fois le nombre d’harmoniques est négative, dans lequel la périodicité du
filtre est donnée comme le taux d’échantillonnage divisé par le nombre de coefficients de filtre ; et
- décaler circulairement les coefficients de filtre selon l’indice de décalage, dans lequel, lorsque le nombre
d’harmoniques est négatif, le décalage est à gauche, tandis que lorsque le nombre d’harmoniques est
positif, le décalage est à droite.

6. Récepteur de radiocommunication (300, 400) selon la revendication 5, configuré pour réaliser les actions dans
l’ordre de (a) la récupération de coefficients de filtre déterminés précédemment et stockés, dans lequel les coefficients
de filtre ont été stockés dans le domaine de fréquence, le réglage du reste des coefficients de filtre sur un, la
normalisation des coefficients de filtre récupérés, la conversion des coefficients de filtre normalisés du domaine de
fréquence au domaine temporel, et la transformation des coefficients de filtre dans le domaine temporel ; ou (b) la
récupération de coefficients de filtre déterminés précédemment et stockés, dans lequel les coefficients de filtre ont
été stockés dans le domaine de fréquence, le réglage du reste des coefficients de filtre sur un, la normalisation des
coefficients de filtre récupérés, la transformation des coefficients de filtre dans le domaine de fréquence et la con-
version des coefficients de filtre normalisés du domaine de fréquence au domaine temporel ; ou (c) la récupération
de coefficients de filtre déterminés précédemment et stockés, dans lequel les coefficients de filtre ont été stockés
dans le domaine temporel, le réglage du reste des coefficients de filtre sur un, la normalisation des coefficients de
filtre récupérés, et la transformation des coefficients de filtre.

7. Récepteur de radiocommunication (300, 400) selon l’une quelconque des revendications 5 et 6, configuré en outre
pour récupérer une ou plusieurs fréquences à éliminer par filtrage et la profondeur d’élimination de bande souhaitée.

8. Récepteur de radiocommunication (300, 400) selon l’une quelconque des revendications 5 à 7, configuré pour
récupérer les coefficients de filtre en récupérant également les coefficients de filtre depuis l’ensemble de coefficients
de filtre précalculés correspondant à la fréquence centrale qui est la plus proche en fréquence-distance de la valeur
absolue de la distance entre la position souhaitée et la périodicité du filtre fois le nombre d’harmoniques.

9. Programme informatique (810), comprenant un moyen de code lisible par ordinateur qui, lorsqu’il est exécuté dans
une unité de traitement (506) comprise dans un agencement (500) dans un récepteur de radiocommunication (400)
selon les revendications 5 à 8, amène le récepteur de radiocommunication (500) à réaliser le procédé correspondant
selon l’une quelconque des revendications 1 à 4.

10. Produit de programme informatique (508) comprenant le programme informatique (510) selon la revendication 9.
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