IEEE Vehicular Technology Conference, Budapest, Hungary, May 2011

A Joint Optimization of

Antenna Parameters in a

Cellular Network Using Taguchi’'s Method

Ahmad Awada and Bernhard Wegmann
Nokia Siemens Networks
Munich, Germany

@nsn.com

Abstract—One of the primary aims of radio network planning
is to place and configure the transmit antennas of the base
stations such that the deployment achieves the required quality
of service. Long term evolution (LTE) systems are operated with
frequency reuse one and, therefore, a proper configuration of the
antenna azimuth orientations and tilts is essential to mitigate the
inter-cell interference. Various algorithms have been proposed
to adjust these two antenna parameters, but only a few are
exploiting the mutual dependencies that exist between them.
In this paper, we propose a new algorithm based on Taguchi's
method that jointly optimizes the antenna azimuth orientations
and tilts. LTE downlink simulations show that the joint optimiza-
tion of the two antenna parameters outperforms the independent
optimization methods. Moreover, the joint optimization reduces
the computational complexity by a factor of two.

Index Terms—LTE, Taguchi’s method, nearly orthogonal ar-
ray, antenna parameters, joint optimization method.
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results, a candidate solution is found and the process is
repeated until a desired criterion is fulfilled.

The major advantage of Taguchi's method over other opti-
mization algorithms is the ability to consider the interactions
existing among the configuration parameters. Moreover, it
explores the search space in a scientifically disciplined manner
unlike metaheuristic methods such as local search algorithms.
On the other hand, the main limitation of Taguchi's method
is the need of constructing an OA having humber of columns
equal to the number of configuration parameters which may
not be possible in practice if the number of parameters is quite
large.

In this paper, a nearly orthogonal array (NOA) is proposed
to be used in Taguchi's method for the first time instead of
OA. NOA is easier to construct and has statistical properties
comparable to those of OA. NOA does not only offer more
flexibility regarding the number of configuration parameters
and experiments, but also allows a joint optimization of the

Long term evolution (LTE) is a new broadband wirelesparameters which is the main focus in this work.
communication system which is based on orthogonal fre-The paper is organized as follows. The cellular network

quency division multiple access (OFDMA) and provides higbptimization problem is presented in section Il and the iterative

data rate services [1]. Moreover, LTE adopts a frequency reusstimization procedure based on Taguchi’s method using NOA

one where each cell utilizes the whole available bandwidié explained in section Ill. In section 1V, the LTE downlink

to serve its user equipments (UEs). In an OFDMA systemsystem model is discussed and the proposed optimization

UEs allocated to the same channel simultaneously receigproach is evaluated in section V. The paper is then concluded

co-channel interference (CCI) from neighboring cells whicim section VI.

causes degradation in the performance, especially for cell edge

users. A promising approach to increase the coverage and!l- CELLULAR NETWORK OPTIMIZATION PROBLEM

capacity in the network is the adjustment of the tilt of the In this section, the optimization problem is presented along

antennas and their azimuth orientations [2]. with the configuration parameters and optimization function.
Taguchi's method has been applied to radio network opfhe optimization is carried out offline in a network planning

timization in [3], however adjusting the tilts and azimuttenvironment.

orientations independently. Taguchi’s method is a well-known Consider a cellular LTE network where the antenna@ijt

optimization approach in manufacturing processes [4]. Hereamd azimuth orientatio®. of each sector =1,...,C need
orthogonal array (OA), which is not to be confused witho be optimized. Hence, the total humber of configuration
orthogonal antenna array, is used to select a reduced sepafameters i€ - C. Let the variabler; wheret =1,...,2-C

representative parameter combinations to be tested from thesignate one of the configuration parameters ante any
full search space. The number of parameter combinatigmsrformance measure for cell Without loss of generalityy.
determines the number of experiments being carried out asddefined in this work to be thé%-tile of the cumulative
evaluated against a performance measure to find the maximuimstribution function (CDF) of UE throughput in a cedl

In our case, an experiment corresponds to a simulation rundenoted byy, 5¢. This is a quite common criterion to evaluate
the network planning environment. Using all the experimentie cell edge user performance [1].
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Construct the proper TABLE |
NOA AN ILLUSTRATIVE NOA(8, 4, 3) WITH THE MEASURED RESPONSES AND
L THEIR CORRESPONDINGSN RATIOS.
Map each Level Experiment | @1 | @2 | @3 | @4 | Measured | SN
to a Parameter Value .
Response | Ratio
v T T 1123 m SN,
Apply Shrink the 2 1 2 1 1 Y2 SN,
Optimization 3 2 3 2 1 Y3 SN;
Taguchi’s Range 4 2 1 1 2 Y4 SNy
5 3 2 2 2 ys SNs
Method § 313 13 Yo SNe
¢ 7 1 1 3 1 y7 SNy
8 1 2 3 2 ys SNg
Te: Criterio No

i.e., levell is mapped to the first testing value of a parameter,
level 2 to the second value and so on (see subsection 111-B).
‘ S o _ Each parameter combination= 1,..., N is tested in an
rfwlgih%)'d u;?\% mgﬂf'ghﬁﬁg’ﬁ C‘)’Kt"m'zat'o” procedure basadTaguchi's experimenti where the functiony(v1,...,7c) is evaluated
resulting in a measured responge In an OA, each testing
value of a parameter; is tested at least once with every

To account for the interactions among the configuratigifher value of parameter;,. This property of the OA
parameters, the performance measures of all cells are bundiggounts for the interactions that might exist between the

into one optimization function(v1,. ..,~c). The optimiza- configuration parameters. However, constructing an OA with
tion problem is to find jointly the antenna tilt and azimutiihe latter property is challenging and might be computationally
orientation of each secter maximizingy(v1,...,vc) and is impossible if the number of configuration parameters™ is
formulated as large. For this reason, the OA is replaced by a NOA which
(ont) (ont) rela_xes this property in the _construction. In_ a NOA, e_ach
{a1, . wp0 b = argmax y(n, ... y0)- 1) testing value of a parametet is not necessarily tested with
Flomte every other value of parameter,. Hence, NOA considers
The definition of the function/(v1,...,7¢) has a prominent only partially the interactions among the parameters and is

role in achieving the desired network performance. The aigjsijer to construct. A NOA can be constructed for any number
of the optimization is to improve the performance measute. ¢ of parameters and numbe¥ of experiments at the
7e,5% for each celk while keeping fair user experience (outag@xpense of considering partially the interactions among the

probabilities) among cells. For this reasgjiy,...,7¢) IS configurations parameters.
defined as in [3] to be the harmonic mean (HM)Qfsy in The first step in the optimization procedure is to construct
a cell as a proper NOA. For this purpose, the number of configuration
C parameters has to be determined. In our network, the total
y(n,---,70) = HM(ve5%) = o 1 (@) humber of configuration parameterskis= 2-C. Thus, a NOA
PRy having2 - C' columns should be constructed with a predefined

1

e.5% number of experimentd’ and levelss. The firstC' columns
The choice of HM rather than arithmetic mean is becauggn be used for the azimuth orientation parameters and the
HM mitigates more the impact of outliers and provides a moggst for the antenna tilt parameters. For clarity, an example of
homogeneous user experience in the network. For more detajlsmall NOAR, 4, 3) having N = 8 which is approximately
the reader is referred to [3]. 9 times smaller thar8* = 81 possible experiments; = 4
parameters and = 3 levels is shown in Table I. In this
case, we have four configuration parameters represented by
. . ) . o xr1,...,04 Where each is tested at levél = 1,2,3. The
In this section, the iterative optimization procedure based ﬂhpact of the number of experimenté and levelss on the

Taguchi’'s method which is followed in [3], [6] is modified to h fth d algorithm is studied later in th
include NOA rather than OA. The new proposed optimizatioper;l?lgggrr:iigﬂone proposed aigoriinm 1S studied fater in the

?thrgigncls .cri]eplcted in Fig. 1 and will be discussed in detal SVarious algorithms exist for constructing NOA. In this work,
! wing. all NOAs are built using the algorithm described in [7].

Ill. THE OPTIMIZATION PROCEDURE BASED ON
TAGUCHI'S METHOD USING NOA

A. Construct the proper NOA

Originally, Taguchi’'s method uses a so-called OA which i
an array containing a reduced setfparameter combinations Let min, and max; be the minimum and the maximum
to be tested from the full search space [5]. Every paramefeasible values for parametes. In the first cyclem = 1,
x; has a set of testing values corresponding to a set of leveals center value of the optimization range for parametds

§- Map each level to a parameter value
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defined as E. Check the Termination Criterion

Vt(m) = o e 3) With every cycle, the optimization range is reduced and the
2 , possible values of a parameter are closer to each other. Hence,
In(a)ny cyclem, the levell = [s/2] is always ma(pp)ed 10 the set used to select a near-optimal value for a parameter
V;"™. The others — 1 levels are distributed arourid"™ by pecomes smaller. The optimization procedure terminates when
adding or subtracting a multiple integer of a step si&’. a| step sizes of the parameters are less than a predefined and

Form = 1, the step size is defined as parameter-specific threshotg, i.e.,
(m) _ mmax, —min, 4 (M) < ¢, vt 9

o = — (4) B < e (©)
In cycle m, the mapping functiont™ (¢) for a level ¢ to IV. LTE SYSTEM MODEL
a dedicated value of the parameter can be described as The LTE downlink system model is considered for evalu-
follows ation. A static system level simulator is used to generate the

V™ —([s/2]1 —0)- 8™ 1<0<[s/2] -1 results in the following.

) = L vl ¢ =[s/2] A. Layout and Parameters

VI (0= Ts/2])- ™ [s/21+1<0<s. The cellular network is composed 6f = 33 cells located
5) in an area of4 x 4 km, see Fig. 2. This network layout

For instance, consider an antenna tilt parametehaving a pas peen proposed in [8]. Every cellis served by one
minimum valuemin; = 0° and a maximumnax; = 15°. If ~ of the three sectors of an enhanced Node B (eNodeB). The
1 is tested with three levels, i.es,= 3, level 2 is mapped in maximum eNodeB transmission powerBW or equivalently
first cycle to (°+15°)/2 = 7.5%, level1 to 7.5°— 5" = 3.75° 29 dBm per physical resource block (PRB), i.¢) MHz
and level3 to 7.5° + ﬁp = 11.25°. The values of/\™ and system bandwidth witf50 PRBs. The path loss offset and
ﬁém) are updated at the end of each cycle if the terminati@xponent are set td28.1 dB and 3.76, respectively. The
criterion (see section IlI-E) is not met. penetration loss is assumed to2iedB and the thermal noise
C. Apply Taguchi's Method power is—114 dBm on a single PRB. The standard deviation

. . . of the shadowing is set ®dB and the de-correlation distance
To interpret the experimental results, Taguchi's metho[ 50 m. The transmit antennas of eNodeBs are mounted at

converts the measured responses to signal-to-noise (SN) raﬁg@htth — 30 m whereas a UE is assumed to be located
which are not to be confused with signal-to-noise rati ground, i.e., UE height is zero. Moreover, the number of
(SNRs) of the received signals. The SN ratio is computed ffj js assumed to i per cell irrespective of the cell size.

each experiment as The transmit antenna pattern of an eNodeB is modelett in

SN; = 10 - log,(y;) [dB]. (6)

Then, the average SN ratio is computed for each parameter 0 .
and level. In the example of Table I, the average SN ratio of 5008 };“ .
xo at level £ = 1 is computed by averaging in dB the SN 10001 }Ls }fﬁ
ratios of the experiments wherg is tested at level, i.e., 1500 S .

. — 2 5 3
SNl,SN4.and SN._ The best level of eagh parameter is the ézooo— zﬂo ?3 4%1 .
level having the highest average SN ratio. According to the 2500 / }H %7
mapping functiorf;" (¢), the best setting of a parameterin s00d. ) :

. m 0

cycle m is found and denoted by, > sl ZPQ };a
D' S‘]rink the Opt|m|za.t|0n Range 4000 560 1600 1500 2600 2500 3600 3500 4000

[m]

At the end of each cycle, the termination criterion is
checked. If it is not met, the best values found in cyele  f 5
are used as center values for the parameters in the next cycle

m+ 1. (mt1) (bestrm) dimensions §D). It is approximated using the model defined

Vi =V : (7) " in [9] by summing up the azimuth and vertical patterns. The
It may happen that the best value of a parametefound in antenna parameters are according to those recommended by
cyclem is close tomin, or max;. In this case, there is need for3GPP in [1] and summarized in Table II.
a procedure to consistently check if the mapped value of a Ie%el
is within the optimization range. Moreover, the optimization

range is reduced by multiplying the step size of each parametelV€ @ssume a resource fair scheduler where each UE is
2, by a reduction factog < 1: served using a single PRB. The signal-to-interference-noise

(mt1) (m) ratio (SINR) of a UE is computed assuming a full load system
By =6, (8) where a UE receives interference from every other neighboring

Heterogeneous network with cells of different cogerareas.

Calculation of UE throughput
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TABLE 1l
ANTENNA MODEL AND PARAMETERS. 1 T T e
——OA(512, 33, 16) -
NOA(512, 33, 16) j///
Parameter Model
0.8t 7
) ¢ — P\ ¢
Azimuth pattern By(¢) = —min q Bo,12- ( A, ) ’l
By = 25 dB, A, = 70° and ®: azimuth orientatign r.no.&
, 0 — 0\ a ]
Elevation patterf D¢ (¢) = —min § Bo, 12 ( Ay ) 0.4 o
By = 25 dB, Ay = 9° and ©: tilt
3D antenna pattefn B(¢, ) = — min{— [B¢(¢) + Be(e)] ,Bo} 0.2
Antenna gain 14 dBi A
—
120° 6120 % 50 60 70 8 90 100 110 120
5% [kbps]

Fig. 4. CDFs ofvse, obtained by optimizing the tilts of the sectors using
an OA and a NOA having same parameters.

influential than others. Thus, though a NOA considers partially
the interactions among parameters, it is expected to have
Fig. 3. Optimization range for each of the three transmitramas of a single Statistical properties that are good enough for the optimization
eNodeB. problem and comparable to those of OA. This is illustrated in
Fig. 4 which displays the CDFs of thgi-tile 54, of the UE
i _throughput distribution in a cell obtained by optimizing the
cell [3]. The throughpufz of a UE can be approximated using;is only ysing an OA and a NOA having the same number
Shannon’s equation as of experiments and levels, i.e., the azimuth orientations are
SINR kept to default settings as in Fig. 2. The HM{) achieved
R = Wett - B - log, (1 + S—> [kbps] (10) by using an OA and a NOA are3.83 kbps and73.33 kbps,

e respectively. Therefore, NOA and OA yield almost to the same
where Weg = 0.88 and Sexr = 1.25 are the bandwidth and performance. This is also seen in Fig. 4 that shows a slight
SINR efficiency factors [10], respectively, arigl = 180 kHz degradation in performance if NOA is used rather than OA.
is the bandwidth occupied by one PRB. The metiigy is
computed by taking th6%-tile of R distribution in cellc.

C. Performance Versus Complexity of the Algorithm

In the following, we will consider the joint optimization
V. SIMULATION RESULTS of both azimuth and tilt. The performance of the proposed

The joint optimization of the antenna azimuth orientatiog!gorithm depends on the NOA used. As the computational
and tilt is solved using the modified optimization proceduré@mplexity is proportional to the number of carried-out ex-
app|y|ng NOA. Moreover, the proposed solution is Compar&friments, we define the Complexity metric of the algorithm
to the one obtained by optimizing the azimuth orientatio® Pe the numbelV of experiments. In addition, we define an
and tilt independently in two subsequent runs using the sa@curacy metric to be the number of times that each level is

procedure. tested in one cycle for any parametgr Since the NOAs are
_ constructed using an algorithm that uses balanced columns [7],
A. Algorithm parameters i.e., each level is tested the same number of times in the

To cover the full range of the azimuth orientation of ongonsidered NOAs, the accuracy of the algorithm is computed
120° sector, i.e.,3 sector site, the maximum and minimunby taking the ratio betweeV and the number of levels
values of the azimuth orientatioh of an antenna are deter- Fig. 5 shows the HMY{_ 55) obtained by jointly optimizing
mined by adding and subtractirig°® from its default setting the antenna azimuth orientations and tilts as a function of the
as depicted in Fig. 3. For the ti®, the minimum value is set complexity of the algorithm. For fixed = 9, the performance
to 0° and the maximum value tt5°. Moreover, the reduction of the algorithm tends to improve as the complexity of the
factor¢ is set t00.85 as a trade-off between performance analgorithm increases. Interestingly, the HMgy) achieved
complexity, ande; is set to0.01 for each optimization which by the NOA@S88,66,9) is higher than those obtained by

is low enough to allow convergence of the results. NOA(522, 66,9) and NOA(044, 66, 9) though it has a lower
complexity metric. Moreover, to compare the performance
B. NOA Versus OA between NOAs having different number of levels, we pick

In principle, OA considers more than a NOA the interactionsp NOA(@288,66,9) and NOAH12,66,16) as they have the
existing among all parameters. However, in our optimizatisame accuracy metric equal #888/9 = 512/16 = 32. For
problem, it is enough to consider the interactions amoiige same accuracy metric, a slightly higher performance is
the sector of interest and its close neighbors that are maehieved using the NOA havir@glevels instead of 6.
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Fig. 5. Comparison between the performance of different N@Asging

various complexity and accuracy metrics. Fig. 6. CDFs ofy59, for various optimization methods.

D. Joint Versus Independent Optimization has statistical properties that are comparable to OA. Simulation

results in LTE downlink have shown that an additional user

The joint optimization of both antenna parameters and trtw}?roughput gain can be achieved if both antenna parameters

independent optimization of each of them have the same num- o - :
. : are optimized jointly rather than independently. Moreover, the
ber of experiments, and therefore, same complexity. However.

: . o . . : oint optimization reduces the computational complexity b
in case of joint optimization, the algorithm is running once ué— P P piextty oy

: . ) : a factor of two if compared to the independent optimization
Ing a NOA having2-C columns r_at_her thgn _twu_:e with a NOAmethods. As the proposed optimization algorithm allows any
havingC' columns. Hence, the joint optimization reduces th

. . .Kind of parameter combinations, it can easily be extended

computational complexity by a factor of two as the complexﬂy . . - .
S . 0 optimize different cell-specific radio network parameters
is binded to the number of experiments rather the number
ointly such as the power control parametéy used to

of configuration parameters. Moreover, the joint optimizatiojg trol the SNR target of a UE in uplink and the path loss
explores the dependencies among the antenna parameters,

visualize the gain achieved by the joint optimization, denotec(?rﬁpensatlon coefficient.
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