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Abstract — In this paper, the capacity of stratospheric
cellular communications is improved by optimizing the
amplitude feeding of the concentric rings array (CRA).
The weighting profile of this array is chosen to be a
cosine function raised to some power to control the beam
pattern used in the cellular coverage. The power of this
function is optimized to reduce the resulted sidelobe
levels which increase the carrier-to-interference ratio
(CIR) within the cells. It is found that increasing the
power of the cosine function will reduce the sidelobe
levels especially at lower number of elements in the
innermost ring with a minor increase in beamwidth. For
an innermost ring of 3 elements in a 10 rings CRA, a
sidelobe level of 45 dB can be obtained below the
mainlobe level. The simulation results show that a CIR
of up to 38dB can be achieved and a minimum of 28dB at
the cell borders is guaranteed with a 0.95 coverage ratio.

Index Terms — Array Processing, Concentric Ring
Arrays, Stratospheric Cellular Communications

I. INTRODUCTION

The demand for cellular mobile communications
services is growing at an explosive rate with the
anticipation to provide anyone, anywhere, and at anytime
with services at low cost and high quality services.
Therefore there is a challenge to find solutions for
increasing the system capacity and quality of service at an
affordable cost. Recently, an innovated communications
system based on utilizing high altitude stratospheric
platforms [1-3] has a great interest especially for mobile
and wireless data communications. The platforms are
known under different names as High-Altitude Platforms
(HAPs), High Altitude Aircraft and Airships (HAAS),
High Altitude Aeronautical Platforms (HAAPs), High
Altitude Long Endurance Platforms (HALE Platforms),
Stratospheric Platforms (SPs), etc. They are located at
17-22 km above the earth surface and the International
Telecommunications Union (ITU) has allocated the
spectrum of 600 MHz at 47/48 GHz (shared with
satellites) worldwide specifically for HAPs services.
HAPs are also authorized to be used in some 3G services
(around 2 GHz) and fixed services in 31/28 GHz in some
countries.

There is also a potential use of the bands in the range
3-18 GHz by HAPs in the fixed and mobile services.
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These standardization activities confirm the attention paid
all over the world to this technology. The quasi-stationary
aerial platforms operating in the stratosphere preserve
many advantages of both terrestrial and satellite systems
but also provide special advantages of their own [3].

One of the most important business sectors open for SP
applications is Telecommunications and Informatics and
specific services that could be provided are: very
wideband Internet, entertainment video and audio,
videoconferencing, cellular  telephony, broadband
services, access provision to digital network, etc.
Moreover, SPs can provide solutions for special
geographical regions or emergency applications (disasters,
earthquakes, etc.) supporting multimedia services at
satisfactory quality.

Despite the various optimistic features of SPs, there are
some challenging issues that must be explored and
require research and developments. At most importance
is the radio coverage and antenna used to form the ground
cells. Many studies dealt with the antenna configurations
and types used for best coverage [4-9] but still require
research and development. Spot-beam antennas or such
as lens antennas [10] suffer from the lack of flexibility in
design and once have designed cannot be reconfigured
again which is an important feature required for SPs. On
the other hand, in [11], the utilization of antenna arrays
with adaptive beamforming requires heavy processing
loads to obtain the required antenna pattern and make it
very hard for real application. Recently, some literatures
[12-17] dealt with the application of concentric rings
array (CRA) to develop the cellular coverage for SPs,
where it has many advantages over other array
configurations such as the independent azimuth
beamforming and ease of feeding. On increasing the
capacity of SPs networks we must reduce the sidelobe
levels in the radiation pattern of these arrays because it
interferes with the other cochannel cells. Therefore, this
paper is devoted to develop an array feeding function that
can be adjusted to reduce the sidelobe levels towards the
other cochannel cells and hence improve the carrier-to-
interference ratio (CIR). This function is chosen to be a
cosine function raised to some power which is optimized
to the desired response. The paper is arranged as follows;
section 2 introduces the theory and construction of CRA
and section 3 discusses the beamforming of CRA using
the cosine function profile and the resulted beamwidth
and sidelobe levels variation. In section 4, we introduce
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the design aspects of SP cellular system using CRA with
cosine feeding profile and in section 5 we discuss the
coverage performance using different cosine profiles.
Finally, section 6 concludes the paper.

1. CRA BEAMFORMER

In this section, we describe the geometry of the CRA
and state its related beamforming equations. The CRA as
shown in Fig. 1 is formed by a number of concentric ring
arrays. The arrangement of elements in CRA contains
multiple concentric circular rings which differ in radius
and number of elements and this gives arise to different
radiation patterns. In this Figure, there are M concentric
circular rings. The m™ ring has a radius rand a number

of elements N where m=1,2,..,M . Assuming that the

elements are uniformly spaced within the ring so it has an
element angular separation given by:

2
Vi N

m

1)

and the elements in this ring are therefore located with an
azimuth angle measured from the x-axis given by:
é.=Ny., n=12.., N, 2
Assuming an observation point P located at a distance r
form the origin, the measured far field at this point will
be:

— jkr N
% Zm W e jktim sin @cos(g—gm )
I m=tn=1 m

E(r.0.4)= 3)

where k:% is the wave number and w_ is the

excitation coefficient (amplitude and phase) of the mn*
element. From (3), we can deduce an expression for the
array steering matrix by first defining the array steering
vector for a single ring and extending the analysis for the
whole array. The array steering vector for the m™ ring
will be [16]:

S (6 ¢):[ejkrmsinb'cos(¢—m1) ejkrmsinecos(qﬁ—quz) ejk'mﬁn(’c“s(%%mm)]T
.

(4)

In Fig. 2, the beamformer proposed for CRA will

weight all elements in an individual ring with the same

value. This weighting value is denoted by w,, where
m=1:M and is proposed as:

w,, = cos“ (("21—;) n), m=12,..M (5)
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Figure 1: Geometry of concentric circular antenna array.
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Figure 2: Beamformer for CRA

where « is an exponent that controls the sidelobe
reduction. Fig. 3 shows the tapering function at different
values of o for an array of 20 concentric rings. This
factor as will be seen in the subsequent section can be
optimized to have lower sidelobe levels.

We can write the amplitude weight vector of the m™
ring subarray as follows:

Wn = (6)

Wi SCm
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Figure 3: The ring subarrays weights, w,, as a function of the
ring number at different values of the cosine power, a.

where (6,,4,) is the direction of the mainlobe and

S..(0,,4,) is the m" ring steering vector at this direction.

The array factor or gain in this case will be:
G@0,0) = %:1 WrrI;ISCm(B' ?) (7

or

G(6,0) = i cos® (("12;41) rc) SE (8, 0,)Scn(6,0)

m=1
©)
and the normalized array power pattern will be:
2
1G(6,9)]
A,(0,0) = ( = ) ©)
Z,A;Il:lcos“((z—Ml)n) Nm

The power pattern is preferred to be in dB, therefore it
will be:

A, (6,0)dB = 201log|G(6,0)|
M

— 20lo Z cos“* <m _ 1)7‘[ N,
g oM m
m=1

(10)

As depicted in the last two equations that the array
power gain depends on the array weighting, the total
number of rings in the array, the number of elements in
each ring subarray and finally the direction of observation.
The maximum gain of the CRA depends the cosine power,
the number of rings and number of elements in each ring.

The incremental number of elements in the outward
rings is chosen as 6 elements to provide almost half of the
wavelength separation between the neighboring elements
in a ring and between the neighbored rings [16].

The 3-dimensional power patterns shown in Fig. 4-a to
4-c are drawn at different values of o which are 1, 2 and
5 respectively.
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Figure 4-a: The normalized power pattern of CRA of N; =3
andM =10ata = 1.
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Figure 4-b: The normalized power pattern of CRA of N; = 3

andM =10at a = 2.
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Figure 4-c:The normalized power pattern of CRA of N; = 3
andM = 10ata = 5.
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An important notice from these figures is that the
power pattern is almost independent on the azimuth angle
(@) which is a desired property for the design of SP
cellular system. Another point worth noting is that the
sidelobe level will be reduced by increasing the value of
o especially the nearest sidelobes while it is slightly
raised in the directions close to & = 90 degrees.

A detailed analysis of the CRA parameters with cosine
weighting will be discussed in the next section in terms of
the variation of the beamwidth and sidelobe levels.

I11l. CRA PERFORMANCE STUDY

Under the proposed array feeding function, we will
explain the CRA performance in terms of the beamwidth
and the sidelobe levels.

3.1 Beamwidth Performance

Starting with the beamwidth analysis as shown in Fig.
5-a to 5-e, we found that increasing the value of « from
1 to 5 will increase the beamwidth at the same array
geometry, i.e. with the same number of elements of the
innermost ring and the total number of rings. This
increase in beamwidth is due to the increase in tapering
effect of the weights as « increases. On the other hand at
the same value of o, the beamwidth will decrease by
either increasing the number of rings in the array or
increasing the innermost ring size and both are due to the
increased array directivity. According to these figures, we
can design an array to form a beam of certain cross
section and hence determine the required number of
elements in innermost ring, the number of elements in
each ring and the cosine profile used (i.e. the value of ).

% : : :

Beamwidth in Degree

0 5 10 15 20
Number of Rings

Figure 5-a: Beamwidth variation with the number of rings at
different sizes of the innermost ring and at & = 1.
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Figure 5-b: Beamwidth variation with the number of rings at
different sizes of the innermost ring and at @ = 2.
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Figure 5-c: Beamwidth variation with the number of rings at
different sizes of the innermost ring and at @ = 3.
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Figure 5-d: Beamwidth variation with the number of rings at
different sizes of the innermost ring and at a = 4.
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Figure 5-e: Beamwidth variation with the number of rings at
different sizes of the innermost ring and at « = 5.

3.2 Sidelobe Level Performance

The other important array parameter is the sidelobe
level. The sidelobe level is considered as the level of the
nearest sidelobe to the mainlobe and actually the other
sidelobes are lower in levels. As shown in Fig. 6-a to 6-¢,
the sidelobe level varies with both the innermost ring size,
number of rings and the cosine power, « . Increasing the
size of the innermost ring has the effect of reducing the
sidelobe level with the other parameters kept constant.
Also the sidelobe level is reduced by increasing number
of rings (due to the increase in the array directivity) and
increasing the cosine power, « . Therefore in a cellular
design, we trade off the number of rings with the required
sidelobe level by adjusting the innermost ring size and the
value of « .

Sidelobe Level in B

-26
0 5 10 15 20
Mumber of Rings

Figure 6-a: Sidelobe level variation with the number of rings at
different sizes of the innermost ring and at « = 1.
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Figure 6-b: Sidelobe level variation with the number of rings at
different sizes of the innermost ring and at « = 2.
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Figure 6-c: Sidelobe level variation with the number of rings at

different sizes of the innermost ring and at « = 3.
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Figure 6-d: Sidelobe level variation with the number of rings at
different sizes of the innermost ring and at ¢ = 4.
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Sicelobe Lewvel in dB

Number of Rings

Figure 6-e: Sidelobe level variation with the number of rings at
different sizes of the innermost ring and at « = 5.

IV. SP CELL FOOTPRINT USING CRA

In this section we adopt the CRA for the coverage of
SP cellular system. As shown in Fig. 7, the SP cell is
formed using either spot-beam antennas or antenna arrays
onboard an airship Sp located at a height h from the
ground. In this paper we utilize the CRA which can be
reconfigured to provide flexibility in the cell design.

The received signal on the ground at a mobile station
(ms) of direction (6,5, @,,,5)is given by [17]:

Pr(ems' ®ms) =
AN\2
P (B B Ay Oy Orns) () €052(6,) (1)

4mh

Figure 7: SP cell formed using SP located at altitude of h km
from the ground.
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Where P, is the transmitted cell power, 4,(6,,s, @,,.5) iS
the transmitting CRA gain at the direction towards the
mobile, A, (0, D) is the mobile station receiving gain
and A is the carrier wavelength. From this equation, we
find that the received power at a specific frequency
depends on the transmitted power from the SP, the CRA
and MS gains and the SP height h. In determining the cell
footprint, we should find the received power on the
ground and in this case we should also normalize (11).

Assuming that the ms has a unity gain (i.e.
A (0,5, D) = 1), therefore the normalized received
power will be given by:

Pr(0ms.,9
Prn(Oms, Drs) = %At(ems' Bins)€05*(Bps)
\anh

(12)
or

B (Gms: wms) = KAt(gms' ¢ms) COSZ(HmS) (13)

where K is a constant.

From (13), it is found that the cell footprint depends on
both the transmitting array power gain and the user
location within the cell. The squared cosine factor in this
equation is due to the variable range from the SP to the
ms within the cell which in turn will vary the received
power also.

Figs. 8-a to 8-c depict a cell formed by a beam of
mainlobe direction 8, = 30° and ¢, = 45° using CRA
of 10 rings with an innermost ring size of 3 elements at
a = 1,2,5 respeitvely. The cell boundary may be defined
as the 3dB contour on the ground and any received power
outside this contour is called out-of-cell radiation. The
normalized power received in these figures has out-of-
cell peaks due to the different sidelobes of the CRAs used.
Of these figures the case where @ = 5 has the lowest
received out-of-cell power with a wider cell area due to
the increased tapering of the cosine function.

20

15

10

distance in km

-10

-15

-20
-20 -15 -10 -5 0 5 10 15 20
distance in km

Figure 8-a: Normalized power illumination for a beam of
mainlobe direction 6, = 30° and ¢, = 45° using CRA of 10
rings with an innermost ring size of 3 elementsat « = 1
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Figure 8-b: Normalized power illumination for a beam of
mainlobe direction 6, = 30° and ¢, = 45° using CRA of 10
rings with an innermost ring size of 3 elementsat a = 2
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Figure 8-c: Normalized power illumination for a beam of
mainlobe direction 6, = 30° and ¢, = 45° using CRA of 10
rings with an innermost ring size of 3 elements at « = 5

V. CIR PERFORMANCE USING CRA

On determining the coverage performance of SP
cellular system, we will build a cellular system consisting
of 121 cells and choose a reuse factor of 4. The first
group of cochannel cells shown in Fig. 9 will be
examined where the innermost cell is formed by a beam
of cross section beamwidth of 7.2 degrees to give
microcell coverage.

Copyright © 2013 MECS

Figure 9: Cellular SP system formed by 121 cells at frequency
reuse factor of 4.

The CIR can be defined (at the worst case) as the ratio
of the desired signal power to the sum of all cochannel
cells powers within the cell area. In [11] a general method
is used to calculate CIR as:

CIR = —fmax (14)

Ptotal—Pmax

Where P,,,,,; is the total received power (desired plus
cochannel signals) and P,,,, is the maximum received
signal. As expected, decreasing the sidelobe levels by
profiling the cosine feeding function will improve the
resulted CIR as shown in Figs. 10-a to 10-c. In these
figures, the illuminated out-cell-regions is resulted from
the higher sidelobe levels as in Fig. 10-a where the value
of « =1 and the array is constructed by N, =3 and
M = 11. In Figs. 10-b and 10-c the CIR will be improved
by choosing higher values of a at the expense of the
increased number of rings.

The CIR improvement can be clarified by discussing
the coverage ratio which is defined by the ratio of areas
within a cell that covered with at least a certain CIR value
to the total cell area. The coverage ratio at CRAs used in
Figs. 10-a to 10-c is shown in Fig. 11. The resulted
decrease in the sidelobe level will result in a more falling
curve as at @ = 5 with more ratios of higher CIR. At
a = 1a minimum of 17.5 dB and maximum of 32 dB for
the CIR lewvels are obtained while for « = 2, we have a
minimum of 22 dB and a maximum of 36 dB. For a = 5,
the minimum CIR is 21.5 dB while the maximum is 38.
Actually, the minimum and maximum values of CIR do
not give the complete view on the performance and the
coverage ratio profile must be taken into consideration.
For example at @ = 5, about 70% of the cell area has a
minimum CIR of 35 dB while at « = 2 only 2% of the
cell area is covered with the same value. In general a
good coverage and distribution of CIR can be obtained by
making the coverage curves of higher slopes and near the
higher maximum of CIR.
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Figure 10-a: CIR variation at @« = 1 and the array is constructed
by N; =3and M = 11.

20

15

10

distance in km
o

-10

-15

20
20 -10 0 10 20

distance in km
Figure 10-b: CIR variation at @ = 2 and the array is constructed
by N; =3and M = 12.
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Figure 10-c: CIR variation at @ = 5 and the array is constructed
by N, =3and M = 17.
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Figure 11: Coverage ratio and the CIR distribution for the three
CRAs designs in Figs. 10-a to 10-c.

VI. CONCLUSIONS

SP  Cellular communications is an emerging
technology that can provide many innovated solutions
compared to conventional systems. The radio coverage
from SPs is a paramount issue which has an impact on the
overall system performance. In this paper, the
improvement of the system capacity in terms of CIR was
discussed through an adaptive feeding for the concentric
ring arrays (CRAs). The feeding profile of this array was
discussed where a cosine function raised to some power
is proposed as an amplitude weighting and its power is
optimized for the lowest sidelobe level. It is found that
increasing the cosine power will reduce the sidelobe level
at the expense of beamwidth increase which can be
tailored by increasing the number of rings in the array.
The sidelobe levels obtained can be 47dB lower than the
mainlobe especially at lower sizes of the innermost ring.
The results show that a CIR of 38 dB can be obtained
within the cells with a minimum of 21.5 dB almost at the
cell edges.
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