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ABSTRACT network and the radiation needed from the antenna in order

A patt haoi thesi thod al ith idel to have reduced interference, optimum coverage or higher
pattern shaping Synthesis method along with a new SIA€1obg, nqoyer. Because of this difficulty, antenna optimization

shaping scheme are used to design antenna arrays capabl in’the past has been based in changes in the configuration

delivering a much better radiation pe_rformance in _terms %hnd placement of the antennas or in the more recently pro-
homogenou_s coverage and redu_c_e d |_nterfere_nc_e W't_h respetsed smart antenna systems, with beams individually aimed
to commercial antennas. For verification, radiation within al t each mobile station, whereas the antenna radiation pattern

urban scenario for the region inside and outside the cell he}?as only been marginally considered [3, 4] focusing mainly

been studied with the.al.d of a 3D .ray-trac|'ng simulator. Rebn the problem of sector beam synthesis or azimuth shaping.
sults show a 15% radiation reduction outside the cell for th(aAn exception is found in the work dflu et al[5], where an

synthesized antenna With y espect to commercial antennas "Wevation pattern synthesis was studied for a cosecant beam
der equal coverage conditions. shaped pattern, yet the adequacy of this pattern definition for
base station antennas was neither explained nor demonstrated.
1. INTRODUCTION More recently, in [6], however, a simplified cellular model
was proposed resulting in a similar radiation pattern, based
Antenna arrays are complex radiating structures capable oh the compensation of the free space propagation as given
producing flexible radiation patterns depending on the ampliby a propagation model, in the case of [6] the Okumura-Hata
tudes and phases used to feed each element. In this manme@del, and a set of evaluation criteria. These criteria come
it is possible to obtain a certain beam configuration througteriginally from [7], where it was shown that even neglecting
adequate tapering. This process is known as synthesis andtiaffic and topography as part of the propagation phenomena
the case of antenna arrays it can be used to obtain the ampfif cellular systems it is possible to adequately represent the
tude and phase of each radiating element required to reprsystem behavior with respect to changes in downtilt for high
duce a certain ideal pattern. For this purpose, several algsite antennas. Further in [6] similar comparisons were made
rithms have been proposed in the literature [1]. However, innaking use of a ray-tracing simulator [8], which resulted in
most of the cases in order to more accurately reproduce tttbe proposal of an ideal elevation pattern for base station an-
desired pattern a significant number of elements is requiredennas.
Otherwise the resulting pattern can be considerably different
in critical, but angular small areas, for example: the handover In this paper the same ray-tracing simulator of [8] will
region in a cellular system. To improve this issue a new sidebe used to show that by applying the ideal radiation pattern
lobe shaping synthesis scheme based on the original Orchamf[6] better performance as with commercial antennas can be
Elliott synthesis algorithm [2] is proposed. Here, a desiredachieved, with antenna arrays of 16 or less elements. Here,
radiation pattern is defined within a region of interest and thenly the elevation pattern will be synthesized while the az-
remaining sidelobes are increased in a manner so as to inflimuth pattern is considered equal to the one of commercial
ence the desired region and result in a better approximaticentennas for comparison purposes.
of the desired antenna pattern. Therefore, fewer antennas are
needed for the synthesis, once an ideal pattern has been de- The paper is structured as follows. In section Il it will be
fined. described how the antenna synthesis is done and the result-
In many antenna problems the definition of an ideal pating synthesized antennas will be presented. In section Il the
tern is straightforward and closely related to the applicatiorperformance of these antennas will be compared to the one
in mind. In current mobile networks and future ones, thoughpf commercial antennas, with help of a ray-tracing simulator.
because of the constantly changing environment it is quit&inally, in section IV all results will be summarized and the
difficult to accurately predict the performance of the mobilepaper conclusions will be presented.



2. ANTENNA SYNTHESIS Hata model reducing, therefore, the power required in achiev-
ing a certain coverage benchmark while additionally radiating
2.1. Desired Radiation Pattern very little energy into neighboring cells. It should be noted
Calculating an optimum antenna pattern is a difficult task tharthat the |Qeal pa“e”.‘ maximum corresponds to the cell border
: . - ~and that it was designed for the case where at cell border a
changes depending on the scenario and the users conflgugqéo look anale is seen
tion. The simplification adopted along this and a previous 9 ’
works [6, 7] is to consider the propagation phenomena with-
out traffic and topography. In this way the difficulties in the 2.2, Synthesis Algorithm
antenna performance evaluation of both commercial and syn-
thesized antennas can be reduced and a direct relationsAi9W that an ideal elevation pattern has been defined a suit-
between received power and radiation pattern can be estale synthesis method has to be chosen. In this work the
lished. Assuming this simplification is valid for high sites, Well-known Orchard-Elliott synthesis method [2] is chosen
as shown in [6, 7], once the radiation effects of the antenng@nd used for the array synthesis.
along the cell and beyond are known, an ideal radiation pat- The Orchard-Elliott technique is an iterative procedure
tern can be defined which will provide homogenous coveragBased on a linear first order approximation [2]. It is a power
and minimize interference; all of this by simply compensat-pattern synthesis method and it separates the radiation pattern
ing a free space propagation model. In this paper the modé&® be Synthesized in two regions: shaped-region and sidelobe
used is the Okumura-Hata model for an urban scenario with Egion. It is because of this property that it has been widely
1.9 GHz frequency. used for cosed ) x cos(#) shaped patterns with defined side-
An elevation pattern designed in this manner was introlObe levels and can thus be used for SynthESiZing the similar
duced in [6] and is shown in Fig. 1 in comparison with the ra-ideal elevation pattern of Fig. 1. However, in spite of its good-
diation of the commercial 742351 Kathrein antenna [9] withness it still imposes high demands on the array realization,
7° electrical downtilt. Here a corrected power pattern repreSince many elements are required to have an accurate repre-
sentation is chosen, which results from adjusting the anterfentation of the desired pattern at the borders of the shaped-
nas power |eve|s to provide an 80% Coverage Of -80 dBm irﬁegion. In mobile Communications SyStemS th|S iS a Very sen-
a sector of40° with antenna height of 50 m, cell radius of Sitive issue, since the end of the shaped region is the begin-
750 m and equal transmit power, assuming identical azimutfing of the neighboring cells and therefore highly influences
patterns for both antennas, namely the one of the Kathreithe interference. To improve this situation, sidelobe topogra-
antenna. Hence, the corrected power pattern of Fig. 1 is otithy effects on the shaped-region borders were investigated, in
tained, where the pattern influence on the system performanééder to find the most convenient sidelobe topography.
is intuitively shown, even though in the praxis not the antenna  The main idea behind the original Orchard-Elliott algo-
gain, but the transmit power is increased. rithm is to vary the zeros of an array factor polynomial to
The differences in Fig. 1 suggest that the here propose@btain a polynomial that satisfies the conditions of the shaped
elevation pattern, can not only provide the best system pepeam. For this purpose the power pattern is expressed as a
formance but also reduce exposure and energy costs sincePplynomial representation of N-1 roots. These roots deter-
properly compensates for propagation according to the Okunfiifze then the desired sidelobe peaks in the sidelobe region
and ripple maxima and minima in the ripple region. In the
original Orchard-Elliott paper the sidelobe region was defined
with a vector of values, most of which were set equal. Here,
e ideal these values are varied with help of an evolutionary algorithm
(\ Kathrein until optimum performance is achieved. In this way array re-
alizations of 16 or less elements can have an improved perfor-
mance at the shaped-region borders with respect to arrays of
; V\[\/\ higher order and can thus result in an improved performance

[\ /\[ as that of conventional antennas.
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In the case of the ideal elevation pattern of Fig. 1 the
shaped region is defined starting from approximat)s°©
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corrected power pattern (dB)

i il \f to 130°, while the sidelobe region constitutes the remaining

\ . ” pattern. A graphical representation of this is found in Fig. 2,
150 100 50 0 in which the shaped- and sidelobe region are defined as region

0 (deg) I and Il, respectively. It can be seen that if by applying the

Orchard-Elliott algorithm with sidelobe shaping the shaped-
Fig. 1. Ideal and Kathrein 742351 elevation pattern correctegliegion boundaries can be improved, the®&8°, where the
to obtain same power level coverage at 80% of the cell steep descent for reduced interference takes place, a better
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modified sidelobe shaping scheme will be compared so as to

agreement between synthesized pattern and ideal pattern ddderstand the impact of both an adequate pattern shaping
be found. and sidelobe shaping on the system performance.

2.3. Synthesized Elevation Patterns 3. ANTENNA PERFORMANCE

Based on the aforementioned synthesis method the ideal ahuture mobile networks are expected to deliver better service
tenna of Fig. 1 is synthesized. It was seen that the best perfoit & lesser cost. To insure this several figures of merit and
mance is obtained when a triangular-like sidelobe topographgimulator types have been developed. In the present work,
immediate to the pattern maxima is applied. To quantify thighe main goal is to demonstrate the improvement achievable
improvement the angular distand® between the beginning With adequate pattern and sidelobe shaping for high sites ur-
of Region |, i.e. the pattern maximum, and the occurrenc®an scenarios. For this purpose, in subsection A the perfor-
of the first null in Region Ilb was measured, resembling themance evaluation method will be described, whereas in sub-
commonly used First Null Beamwidth criterion for conven- section B a set of comparisons are shown in which the perfor-
tional antennas. For the sidelobe configuration of the origimance of the 742351 Kathrein antenna is matched up to that
nal Orchard-Elliott paper &6 = 10.3° is obtained, while ©f two 16 element synthesized antennas.

for the triangular-like sidelobe topographyf = 5.5° is

found, result.ing in a 4.3improvemen_t for the ge_cond case. 3 1. performance Evaluation Method

The synthesized elevation pattern using the original Orchard-

Elliott sidelobe topography and the triangular one obtainedf a simple propagation model is used to replace a complex
with help of the evolutionary algorithm are shown in Fig 3. cellular system the question raises as to whether it is possi-
These synthesized patterns show that, for 16 elements, a sigle to evaluate the performance of the system based on the
nificant improvement in reproducing the steep variations ofeceived power alone. The proposed approach also used and
the ideal pattern can be achieved if a different sidelobe shagproven in previous works [6, 7] consists in evaluating the area
ing scheme with higher sidelobes near the main beam is usepercentages in which a certain power level is surpassed inside
At first this may contradict the common practice among basand outside the cell. In this way a set of criteria for represent-
station antenna designers of setting all sidelobe levels as loing coverage, handover and interference can be obtained.

as possible because of gain and interference. However, since As with usual cellular systems, we first define our cov-
in this paper only the case of high site base station antennasage goal. In this case a -80 dBm coverage at 80% of the
is considered, where the antennas are placed above all sgell will be aimed. As result, we can measure the transmit
rounding mobile users inside as well as outside the cell, thpower needed to obtain the desired cell coverage and use this
increased sidelobes do not contribute to the interference. Cas our first benchmarking criterion for coverage. For interfer-
the contrary, the steep descent at cell edge results in a consighice and handover, on the other hand, the area outside the cell
erable interference improvement with a slight gain decreaséas to be considered. In doing so, in this work, the amount
as shown in the next section. There, both the original and thisf power radiated outside the cell will be compared with the



power radiated within the cell and will be expressed in cell 100

percentage. In this way it is possible to measure, relative to

cell size, the area being exposed to a predefined interfering 80

power level. Therefore, the criteria for evaluating both han-

dover and interference are the cell percentages for which the

radiated power is that of coverage minus a handover margin

and interference margin, respectively. However, since both

criteria are likely to have the same trends in the interest of

brevity only interference will be considered. For this purpose 20 b

an interference margin of -8 dB with respect to coverage level

will be used. 0 DN\
In this work, verification for a real urban scenario will be -100 -80 -60 -40 -20 0

done with the help of a ray-tracing simulator [8]. The sce- received power (dBm)

nario used is a digital model of a part of the city of Karlsruhe,

Germany. The antenna height is set to 27 m and rot&@tl  Fig. 5. In cell received power for 742351 Kathrein antenna

at 45° steps in order to account for 8 different scenarios andnd in elevation synthesized antennas with original Orchard-

thus obtain representative results. Afterwards, the differerilliott (OE) sidelobe topography and triangular-like sidelobe

criteria are obtained. In Fig. 4 an example of a Ray-tracindopography

simulation is shown, where in this case the relative power be-

tween the 742351 Kathrein and the in this paper synthesized

antenna under equal coverage conditions is displayed. It tdpography radiates slightly less energy into the cell, thus re-

easily seen, that a more homogenous coverage with less inteyuiring an additional increase in transmit power for same cov-
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ference for the synthesized antenna is obtained. erage. If now the transmit power of each antenna is adjusted
to assure equal coverage with all three antennas a compari-
3.2. Performance Comparison son of the received power outside the cell under equal cover-

age conditions can be done. This is shown in Fig. 6 for all
For the performance comparison three different antennas wilhree antennas. Here, a considerable reduction of the radiated
be used: the 742351 Kathrein antenna, an elevation synthgower with the synthesized antenna with modified topogra-
sized antenna according to the original Orchard-Elliott algophy is seen. Namely, for the interference margin assumed in
rithm and topography and a new synthesized antenna witthis paper it is observed that a 15% interference reduction can
triangular-like sidelobe configuration in elevation. For bothbe obtained. This means that the area receiving an interfer-
synthesized antennas the same azimuth pattern of the Kathreigy power level outside the cell of -88 dBm or more is 15%
antenna will be used for comparison ease. smaller in the case of the synthesized antenna with modified
In Fig. 5 the received power within the cell for all an- topography. For the antenna with conventional topography,
tennas is shown. In this plot no power correction has beesn the other hand, also a better performance with respect to

applied in order to explicitly show the similar coverage levelsthe Kathrein antenna is seen with almost identical transmit
of all three antennas with 2 W transmit power. However, itpower.

is seen that the synthesized antenna with modified sidelobe Fig. 5 and Fig. 6 aid in evaluating the previously dis-

cussed performance criteria, though, for only one configura-
tion. In Fig. 7 and 8, however, the comparison is extended and

10 the radiation performance of the three antennas with respect

EE to downtilt is presented for both coverage and interference

£ G criteria.

f % I Out of the transmit power needed for each antenna in Fig.
§ 0 g".’ 7 it is observed that the higher gain of the Kathrein antenna
% 5 = 5 results in a better power performance throughout all down-

T e tilt configurations. However, in Fig. 8 it is also seen that for
10 < all downtilt angles both synthesized antennas outperform the

02 04 . commercial antenna by radiating less energy into neighbor-

distance (km) ing cells, further extending the result of Fig. 6. At first, this

would suggest that the gain should not be compromised for
Fig. 4. Relative radiated power between 742351 Kathrein anpattern shape. Nevertheless, for small downtilt angles where
tenna and in elevation synthesized antenna with triangulathe transmit power is still comparable to the one needed for
like topography the Kathrein antenna for all downtilt configurations impor-
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2 4. CONCLUSIONS

In this paper it is shown that an additional degree of improve-
ment in future mobile networks can be attained by adequately
selecting the elevation pattern of a base station antenna. In
this manner it has been shown that for the synthesized anten-
_—— nas here presented, a considerable performance improvement
can be achieved. In the case of out-of-cell radiation of a sin-

-
(8]

transmitted power (dBm)

0.5 g?itgigrgémm gle cell, for example, a 15% radiated energy reduction was
Modified OE observed, mainly because of adequate pattern shaping which

0 was proven to be more significant that sidelobe shaping if
0 2 4 6 8 the antenna gain is sacrificed. Future work must thus focus

downtilt (deg) on validating these results in a multiple cell scenario. Fur-

. . it f hrei thermore, more general sidelobe topographies for the case of
Fig. 7. Transmit power vs downtilt for 742351 Kathrein |, site hase station antennas should also be investigated. In
antenna and in elevation synthesized antennas with originglyition, a gain based optimization to improve the required
Orchard-Elliott (OE) sidelobe topography and triangular-likey s nsmit power of the synthesized antennas should also be

sidelobe topography performed and new pattern design schemes for base station
antennas should be applied, since considerable improvement
can be achieved in this manner, independent of any algorithm

tant improvements in interference can be noticed, Specia”&sr optimization scheme of future cellular systems'
for the synthesized antenna with conventional sidelobe to-

pography, suggesting therefore that adequate pattern shaping
can indeed improve the system overall performance. Sidelobe 5. REFERENCES
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