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Abstract—Whereas previous architectures for spatial blocker
cancellation were hindered by their scalability with the number
of antennas leading to a high increase in the area and power
consumption with the increase in the number of antennas, we
propose a blocker cancellation technique that overcomes this by
having linear complexity with the number of antennas, making
it suitable for receivers with a large number of antennas. The
proposed cancellation technique attenuates the blocker signals
prior to the ADC relaxing its dynamic range requirement, while
preserving the field-of-view (FoV) in each antenna element for
subsequent digital beamforming/array signal processing.

Index Terms—spatial blockers, adaptive blocker cancellation,
beamforming, MIMO, field-of-view

I. INTRODUCTION

IRELESS communication is witnessing a rapid increase
W in the number of users and applications in recent years.
Although mm-wave communication offers the potential for high
bandwidth, it suffers from high spatial loss and its relatively
high carrier frequencies are likely to imply additional power
consumption. Alternatively, efficient reuse of lower-frequency
spectrum is enabled by beamforming, using multi-input-multi-
output (MIMO) receivers, including phased-array antennas.
Phased arrays also find application in the development of
sensors in self-driving vehicles.

Beamforming can be done in the analog front end of the
receivers using phased arrays, but the result is a multiple-
input-single-output (MISO) system that can focus the array
in one direction at a time. To handle multiple signals from
different directions, MIMO systems employ digital beamform-
ing techniques including space-time array signal processing.
These techniques can only be implemented digitally, thus
requiring digitization of each antenna’s signal. However, such
systems are vulnerable to large-amplitude blockers which
can saturate the receive signal paths prior to digitization.
In many wireless communication systems, one of the most
essential but demanding requirements is blocker cancellation.
Blocker signals impinge on a receiver from sources other than
the desired communication partner. To avoid saturation of
the receive signal paths, an analog/mixed-signal technique is
required to cancel the blockers while preserving all the other
signals. Extensive research has been done to cancel blockers at
frequencies different than that of the desired signals. This paper
presents the cancellation of blockers at the same frequency
as the desired signals but incident on the antenna array from
different directions.

A spatial blocker cancellation technique that preserves the
field of view (FoV), using beamformers and noise cancellation
LNAs is reported in [1]. The main drawback of this architecture
is its inability to handle more than one spatial blocker at a

time and the noise injected by the directional couplers used. A
baseband spatial notch filter was presented in [2], but was also
limited to cancelling only one blocker signal. A spatial filtering
technique for digital MIMO receiver arrays capable of handling
multiple blockers at the same time was presented in [3]. It
comprised a 2-D array of circuit elements performing spatial
filtering. Thus the number of elements increased with the square
of the number of antennas, making the complexity of the system
quadratic with the number of antennas. A technique to cancel
spatial blockers was proposed in [4] using analog beamformers
with frequency domain multiplexing, which enabled the receiver
to have only one ADC for any number of antennas. However,
the number of baseband elements required increased with the
square of the number of antennas making the system complexity
quadratic. An architecture to estimate the angle of arrival of
blockers on the fly and cancel it was published in [5]. A
cascaded array based higher order spatial filters (ASFs) was
used to cancel spatial blockers based on their power levels.
Each cascaded ASF element was capable of cancelling only
one blocker, so for the worst case scenario (consisting of
the maximum number of spatial blockers), a large number of
cascaded ASF elements are required, increasing the overall
power and area consumption of the system.

This paper introduces a technique to detect and cancel
multiple spatial blockers by creating a spatial notch filter in
the receiver front end response at specific angles of incidence
while otherwise preserving the FoV of the antennas to support
digital beamforming and digital array processing techniques.
This proposed technique uses digital signal processing to
detect the angles of incidence of the blocker signals. Then,
the Fourier relationship between the distance separating the
antennas and the sine of the angles of incidence of the
blockers is used to realize the desired spatial filter. In the
resulting architecture, the number of circuit elements increase
linearly with the antennas and no previous knowledge about
the maximum possible number of blocker signals is required,
making it suitable for MIMO receivers. The rest of this
paper is organized as follows. Section II introduces the
proposed technique and the architecture, Section III shows
some behavioral simulation results, demonstrating the proof of
concept. Section IV concludes the paper.

II. PROPOSED TECHNIQUE AND ARCHITECTURE

The proposed technique for spatial blocker cancellation
has three components: the determination of the angles of
incidence (Aol) of the blocker signals; setting the proper
filtering coefficients to extract the blocker signals; and finally
cancelling them. This section is divided into three subsections
which describe each of these components.
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Fig. 1: Detection of the angles of incidence and the cancellation of the blockers.

A. Detection of the angles of incidence of the blocker signals

The proposed method to detect spatial blocker signals is

similar to that used for frequency-domain blockers in [6]. When
a large blocker is present, the ADC gets saturated, and the
ADC outputs are at their maximum absolute values most of
the time. This criteria is used for detecting the presence of the
blocker signals in real time while the ADCs are operating.
If blocker signals are present and the ADCs are saturated, the
next step is to determine their angles of incidence. First the
gains of the analog front ends before the ADCs are reduced
so that the ADCs come out of saturation. We can then use
established digital signal processing algorithms such as the
Multiple Signal Classification (MUSIC) method [7] (which is
used in this paper) to determine the angles of incidence of
the blocker signals, #; and 6-. Fig. 1 shows a block diagram
where the signal of interest is green and the blocker signals
are in red. The signal plots labeled A show the signal and
the blockers for this phase of operation. Both the signals and
the blockers have been attenuated so that the ADC comes out
of saturation and the angles of incidence of the blockers are
determined by the established DSP algorithms.

B. Setting proper filtering coefficients

Fig. 2 shows details of the blocker extraction filter with
N antennas. The received baseband signal in antenna path
i is I; + jQ;. The complex-valued gains in each path, ¢; =
¢r,i + jcq,i> are chosen so that the output of the summer,

S = 51+ jSgq, in each path contains only the blocker signals.

The in-phase and quadrature components of S can be written
in terms of the inputs I; and Q); and gains cr; and cg ;,

N

Sr = Z(Cl,ilz' —¢q,iQi) (1
=1
N

S = (cqili +c1:Q:) ©)
i=1

The gain coefficients can be determined from the angles
of incidence of the blockers already determined, 6; and 6-.
Specifically, a spatial filtering profile is chosen to have a
passband at the angle of incidence of each blocker. The gain

coefficients are chosen according to the desired main lobe
width and side lobe attenuation properties of the spatial filter
[8]. This concept is demonstrated in Fig. 3, where a single
blocker with a wavelength A is present at an angle 6 from the
normal to the plane of the antenna array (distance separating
the antennas being A/2). The complex-valued gain in antenna
path ¢ is ¢;. This filter extracts only spatial blocker signals in
the baseband from the received signals.

C. Cancelling the blocker signals

After the blocker signals are extracted, they need to be
cancelled from the received signals of the main antenna paths.
The extracted signal S35 is passed through the cancellation
amplifiers with complex gains as shown in Fig. 2, which are
responsible for phase-aligning S and the blocker signals in each
antenna path. The resulting signal for cancelling the blockers
from the antenna path i is C;; + jCq i, and is given by (3)
and (4) where p; = pr; + jpg,; is the complex gain of the
cancellation amplifier for antenna path 3.

Cri= Sipri — Sqpq.: 3)
Cq,i = Srpq,i + SopI,i 4

After the blockers are cancelled, the resultant blocker-free
signals are digitized by the ADCs after proper amplification
by the VGAs. Thus, a notch spatial filtering profile is created
with notches at the angles of incidence of the blocker signals
while preserving the analog front end gain at other angles
of incidence. Fig. 1 shows the cancellation of the blockers
from the received signal while preserving the required signals.
The signal plots labeled B show the signals and blockers in
this phase of operation. The gain of the VGA is increased
to amplify the desired (green) signal. It can be seen that the
blockers are recreated in the filter and then subtracted from
the main path resulting in the blocker free signals. When no
blockers are present, the filter path is turned off to reduce the
power consumption of the system. Fig. 4 shows the flowchart
of the proposed technique.

IIT. SIMULATION RESULTS

A fully-differential implementation of the front end is
modeled as in Fig. 5 and simulated in Cadence Virtuoso. Ideal
transconductance amplifiers were used for this simulation and
eight antennas spaced A\/2 apart are included, where X is the
central wavelength of the received signals. Signals with a
bandwidth of 5% of the central frequency gave results with
less than 5% error compared to the single frequency signals
with wavelength A. Simulation was also performed with 5 bit
resolution transconductance cells and the results deviated from
that of the ideal ones by less than 1%, confirming its suitability
for this implementation. Fig. 6 shows the simulated blocker
extraction filter for blocker signals incident from different
angles and the resulting spatial filter with notches at the angles
of incidence of the blockers. Fig. 7 shows the resulting spatial
filters for two simultaneous blockers incident at -30° and 45°.
Different filtering profiles are shown, each designed for different
passband and notch width. The spatial filter with the lowest
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Fig. 2: Proposed filtering to extract and cancel the blocker signals.

1y IDFT

0 - f\ \/\ —_— )

7sin® Gc
Blocker extraction filter
(Electrical phase domain)

Cna Oy
Blocker extraction filter
(Angle of incidence
domain)

Calculated coefficients to
realize the filter

Extracted
blocker

AL LS

Blocker Signals

Fig. 3: Determination of filter coefficients for blocker extraction.

Low Power Mode Cancellation Mode

Blocker Filter
OFF NO

A

A4

@

Is blocker

YES

Gain of the VGA Set the filter
is reduced coefficients
i T Turn on the
Estimate the filter path and
coefficients of increase the
the filter gain of the VGA

L1

Determination of Aol of blockers
and setting the filter coefficients
of the blocker extraction filter.

ADC goes out
of saturation

Blocker signals DSP techniques
are detected used to find the
and digitized Aol

Fig. 4: Flowchart showing the proposed steps for the spatial blocker
cancellation.

—  _» FromLNAs and Mixers

MAIN PATH

Fig. 5: Circuit level filter implementation.

passband ripple (0.8dB) has the maximum notch width (22° at
10-dB attenuation for 45° Aol) and the one with the minimum
notch width (17.5° at 10-dB attenuation for 45° Aol) has the
highest passband ripple (3.5dB). Variability and mismatch in
the filter’s gain stages is a practical inevitability. Fig. 8 shows
20 blocker extraction and notch spatial filter responses in the
presence of random mismatch with a standard deviation of
5 percent in the gains of the filter’s internal amplifiers for a
blocker incident at an angle of 0°. The following simulation
illustrates the adaptive technique proposed in the paper. The
desired signal (QPSK modulated) is incident at an angle of
30° to the normal and a 20dB larger CW blocker is incident at
0°. An ideal 17-level ADC is incorporated into the model of
Fig. 1. Fig. 9(a) shows the output codes when the sinusoidal
blocker is present and the gain of the VGA is large, resulting in
saturation of the ADC. Then, in Fig. 9(b), the gain of the VGA
is reduced by 20dB so that the ADCs come out of saturation.
This ADC output signal, which is mostly the blocker signal (as
the amplitude of the desired signal is very low) is then processed
by the MUSIC algorithm in the digital domain to detect its
angle of incidence.! Fig. 10(a) is the output of the MUSIC
algorithm when the gain of the VGA is reduced by 20dB before
the blocker is cancelled. The largest peak is observed at the
blocker angle of incidence, and a second peak is present for the
desired signal. Fig. 10(b) is the MUSIC algorithm output after
the blocker is cancelled from the main path and the gain of
the analog front end is increased; it now shows only the angle
of incidence of the desired signal. The desired signal at a 30°
angle of incidence is correctly detected after the blocker signal
is cancelled. Fig. 11(a) shows the received demodulated signal
(of the first antenna) before the blocker signal is cancelled,
when the gain of the VGA is reduced by 20dB; and Fig. 11(b)
shows the demodulated signal after the blocker is cancelled and
the gain of the analog front end is increased. In the presence
of the blocker, the demodulated signal is dominated by the
CW blocker and after the blocker is cancelled, the required
QPSK signal is recovered.

! Although MUSIC algorithm has been used in this work, other DSP
algorithms for detecting the angles of incidence of signals such as [9] could
have been used.
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Fig. 6: Simulated blocker extraction filters and the resultant notch filters for
different angles of incidences of the blockers.

IV. CONCLUSION

An adaptive technique for cancelling multiple simultaneous
spatial blockers in the baseband of a multiple antenna receiver
system is introduced, and a suitable system-level architecture
is proposed, which scales linearly with the number of antennas,
making it a good choice for next-generation multiple-antenna
systems. The blocker cancelling circuits can be deactivated
in the absence of any spatial blockers to reduce power
consumption. The proposed architecture can also be integrated
with spectral blocker cancellation techniques like digital blocker
cancellation ADCs [6] for complete spectral and spatial blocker
cancellation.

System-level simulation results are presented which show
proper blocker cancellation by determining the angles of
incidence of the blocker signals, setting the proper filtering
coefficients to extract the blocker signals and finally cancelling
them, effectively forming notches at the angles of incidence of
the blockers. Simulated results for different blocker locations
and the resulting blocker cancellation filter responses are shown.
The same architecture can be used for other types of antenna
arrays by appropriately selecting the filtering coefficients.
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