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Abstract
The next generation of wireless communications has to deal
with the demand for higher data rates and the increase of sub-
scribers. A feasible approach to cope with these challenges is
to utilize millimeter waves (mmWaves). To provide at these
high frequencies a sufficient high signal to noise ratio (SNR)
narrow beam antenna systems can be used. These systems re-
quire knowledge about the direction of arrival (DoA) to steer
their beams towards the optimal direction. The determination
of the DoA can become time consuming for large areas where
a single narrow beam can cover only a small spot. Dealing
with this challenge, the single shot DoA enables to find the
optimal direction within an instant of time for multiple users.
This paper introduces the single shot DoA method and shows
its functionality based on conducted simulations.

1 Introduction
A feasible approach to deal with challenges of the next mo-
bile communications generation is to utilize mmWaves. This
means that larger spectra become available and the use of mas-
sive MIMO systems becomes applicable. However, to reach
far away users with a sufficiently high signal to noise ratio
(SNR) gets more challenging and in addition the hardware
complexity of a massive MIMO systems has to be handled.

To obtain a better SNR coverage narrow beam antenna systems
can be used to increase the effective isotropic radiated power
(EIRP) by increasing the antenna gain. This could be achieved
by using large phased-arrays or reflector antennas with fo-
cal plane arrays presented in [1]. For instance, the European
project SILIKA, [2], researches on potential use of reflectors
for novel base station systems in 5G. The main advantage of fo-
cal plane arrays is that the feeding system shrinks since a large
amount of EIRP is not provided by the active antenna elements.
Instead the improvement is achieved due to its narrow beam
that is mainly obtained by its reflector shield. Hence, also for
sub-array structures the beam is highly focused. Nevertheless,
narrow beam systems struggle to find the optimal direction of

arrival (DoA) since they are not able to cover the entire area of
interest simultaneously. Approaching this by scanning the area
of interest might be not feasible because of time urgency and
changing environment. More desirable is an instant solution
that provides instantly good estimates of optimal DoAs. Fo-
cusing on this, the single shot DoA makes use of large-arrays
that have sub-array structures. Where each sub-array is then
used to obverse a certain area and to estimate the optimal di-
rection. Besides this, the hardware complexity of large-arrays
is getting lowered by using sub-arrays like it is stated in [3].

In this paper a single shot DoA solution is proposed that will
help large-array base station systems, like in [2], to estimate in-
stantly the optimal DoAs of multiple users. Section 2 describes
the single shot DoA method. Section 3 presents the obtained
simulation results to show the functionality of this method. In
Section 4 a conclusion as well as an outlook are given.

2 Single shot direction of arrival method

Antenna systems with large-arrays have the possibility to di-
vide their array into sub-arrays to lower the system complex-
ity. For instance this is applied in the focal line/plane array
(FLA/FPA) approach of SILIKA [2]. Besides lowering com-
plexity the sub-array structure can be used to observe prior de-
fined spots within a cell. As illustrated in Fig. 1 the large array
base station consists of several sub-arrays where each uses only
one analog to digital converter (ADC). When the single shot
DoA is scheduled, all sub-arrays are steered so that they illu-
minate their prior defined spots, while user equipments (UEs)
can be located anywhere within the cell. The spot size depends
on the number of available sub-arrays and the entire cell size,
so that the whole area of interest is monitored. After the op-
timal directions are identified, the sub-arrays can be electrical
steered towards the optimal directions to transmit data.

2.1 Signal model

Each sub-array accumulates incoming signals arriving of their
corresponding spot due to their narrow beam. These signals are
individually distorted by a channel coefficient h and deferred
due to multipath by a channel delay of τ . This is represented
in Fig. 2 by the tapped delay line model. Based on this signal
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Fig. 1: Concept showing (a) sub-array structure (b) observa-
tion of prior defined spots. Each spot is observed by
one sub-array.

model the received signal at the n-th sub-array is

yn =

T∑
m=1

D∑
d=1

xm(τd) · hnm(τd) +N, (1)

where T is the total number of UEs, D is the total number of
delays, xm(τd) is the transmitted pseudo-random pilot signal
by UE m at a delay of τd, hnm(τd) is the channel coefficient
between UE m and sub-array n at a delay of τd, and N is
additive white Gaussian noise.

2.2 Method description

Based on the described scenario and signal model the trans-
mitted orthogonal pilot signals are received by sub-arrays. The
accumulated received signal can then be cross-correlated with
the reference signal of each pseudo-random pilot signal that is
assigned to this cell by calculating

ρyn,xm [i] =

S∑
t=0

yn[t]x
∗
m[t− i], (2)

where xm is the reference signal of UE m, S is the maximum
pilot length and (·)∗ denotes the complex conjugate. Based on
the cross-correlation, it can be identified if a signal of UE m
is received by sub-array n and this can be linked to its cor-
responding spot. Furthermore, incoming signals that are not
coming from this spot are highly suppressed by the narrow ra-
diation pattern. Therefore, multiple users can be treated simul-
taneously and at the same frequency. To evaluate the cross-
correlation output, the peak to average ratio (PAR) can be
taken. This helps to classify the received pilot signal strength
compared to noise and interference. The value is obtained by

RPAR,n,m =
max(ρ(yn, xm))

mean(ρ(yn, xm))
. (3)

h1

τ1 τ2 τ3 τn 

h0 h2 h3 hn

yn

xm

N

Fig. 2: Tapped delay line model applied to accumulate re-
ceived signals.

Afterwards, the obtained PAR values can be compared to find
the optimal DoA. Due to propagation phenomena like reflec-
tion and scattering it is likely that there are several directions
from which a strong signal is received. Hence, it is likely of
finding several directions for a single UE that can be utilized.

3 Simulation results

For a functionality test the 3D multi-cell channel model
QuaDRiGa, [4], is used to simulate the scenario including sub-
array radiation patterns and distributed UEs. The applied prop-
agation model is based on the result of the European project
mmMagic that is presented in [5]. The channel coefficients
and delays, obtained in QuaDRiGa, are then used to compute
the received signal based on Eq. (1). For testing purposes the
scenario is based on parameters given in Table 1. The area of
interest is divided into equally sized spots, where each spot is
illuminated by one sub-array. This means, for nearby spots the
beam size is broader compared to spots in far distance.

In Fig. 3 the case of having a single UE located near the base
station is shown. Each coloured circle pinpoints the centre
beam of a single sub-array where the size of these circles indi-
cate the degree of correlation. A small circle means no correla-
tion, while a large circle means high correlation. In this case a
line-of-sight (LOS) environment is chosen, therefore a strong
signal is detected from the spot of where the UE is located. In
addition, two minor reflections are detected that provide a good
link too. In Fig. 4 the environment is changed to non-line-of-
sight (NLOS). Hence, only a weak signal is received directly
from the position of where the UE is located. Instead several
reflections are detected. In Fig. 5 this is repeated for a UE that
is located further away. In this case a strong signal is received
from one spot around coordinates (42,14) due to reflection.
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Fig. 3: Near located UE in a LOS environment.

Fig. 4: Near located UE in a NLOS environment.

Fig. 5: Central located UE in a NLOS environment.

Parameter Value
Frequency [GHz]
Channel bandwidth [MHz]
Area size [m2]
Tx height [m]
Rx height [m]
Number of UEs
UE Tx power [dBm]
Propagation Model
Noise power [dBm]

30
20
150
10
1.5
1
23
LOS and NLOS [5]
-128

Table 1: Applied simulation parameters.

4 Conclusion
This paper proposed a single shot DoA method that can be
applied on large-arrays. Based on the mathematical description
it is implemented and simulated. The outcome shows that it is
possible to obtain the DoA by letting sub-arrays observing the
area while the pilot signals are transmitted. This direction can
be towards the position of the UE, or towards the strongest
reflection, depending in LOS or NLOS conditions. This gives
the advantage that not the entire area has to be scanned and the
DoA can be determined in an instant of time.

This paper has shown the functionality of single shot DoA in
a scenario of a single UE. In the next step the functionality
has to be shown if several UEs are dropped randomly that are
transmitting their pilot signal simultaneously. Furthermore,
advanced cases like moving UEs have to be investigated. In
addition since the simulations have shown that it is likely to
receive more than one feasible directions, a rule of thumb to
decide which directions are considered and which are used.
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