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Codebook Based Antenna Configuration: A New
Network Planning Paradigm for mmWave Mobile
Communication Systems

Linzhi Shen, Yifang Zhang, and Shaowei Wang

Abstract—To configure the azimuths and downtilts of massive
antennas optimally is of great importance for the mmWave mobile
communication systems to support diverse services, however, it
is always computationally forbidden due to the huge number of
possible combinations in real-world mobile networks. In this paper,
we develop an effective and efficient method to deal with this
intractable optimization task. First, we explore the most promis-
ing azimuth and downtilt configurations of each antenna with a
branch-and-bound procedure followed by a semi-definite relax-
ation algorithm, which finally generates a codebook with finite
elements to reduce the unnecessary searches for similar or un-
promising configurations during global search; second, a Monte
Carlo tree search method is introduced to iteratively optimize
the azimuths and downtilts of all antennas, aiming at alleviating
the mutual interference of adjacent antennas to maximize the
signal-to-interference ratio of the target service area, during which
the generated antenna configuration codebook guides the iterative
search process efficiently. Experiment results in real urban scenar-
ios show that our proposed method can produce the best signal-to-
interference ratio coverage as compared with state-of-the-art ones.
Moreover, the proposed algorithm can scale up straightforwardly,
making it a competitive choice for large-scale network optimiza-
tion.

Index Terms—Codebook, mmWave mobile communication
systems, Monte Carlo tree search, semi-definite relaxation.

I. INTRODUCTION

ITH the explosive growth in mobile data traffic and
W increasing number of user equipments in the fifth gener-
ation (5G) and beyond mobile communications, great demands
have been placed for operators to provide users with guaranteed
quality of service (QoS) in the service region [1], [2], [3]. Radio
network optimization (RNO) is a crucial step to improve network
performance, during which the tunable parameters associated
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with base stations are configured in an optimal manner to provide
both high power coverage and system throughput for the mobile
networks [4], [5], [6].

The RNO problem has been investigated extensively in the
literature, which generally involves site selection, frequency
planning and radio parameter configuration. Site selection is
usually implemented in the early design stage for the mobile
network, during which the locations of base stations (BSs)
are selected to fullfill coverage and capacity requirements [7],
[8], [9]. However, it is increasingly harder to obtain capacity
or QoS gains in this way as the deployment of BSs becomes
denser [10]. In the process of frequency planning, adjacent cells
are allocated different frequencies to avoid inter-cell interfer-
ence [11]. Nevertheless, cells can share the same frequency band
with the help of advanced signal processing techniques such as
coordinated multi-point communication and inter-cell interfer-
ence coordination from the fourth generation (4G) system [12].
Thus, frequency planning is no longer necessary for most of the
mobile communication systems. Radio parameter configuration
involves adjustments to transmit power and antenna parameters,
among which the angle setting of antenna plays an essential role
and continues to catch attention from industrial projects [13]. An
advantageous angle setting not only expands the power coverage
but also mitigates the interference to neighboring cells so as to
improve the system throughput [14].

In the 4G systems, angle tuning mainly focuses on downtilt
adjustments, while azimuth adjustments are neglected due to the
wide antenna beam [15]. With the evolution of cellular network,
the 5G and beyond systems introduce mmWave technology to
get more bandwidth resources [16], which results in further
challenges for the antenna tuning. Specifically, the large-scale
antenna arrays in mmWave systems synthesize highly direc-
tional beams to cope with the severe fading caused by the shorter
wavelength, which allows the antenna to be equipped with more
flexible pattern that varies with its azimuth and downtilt [17],
[18]. Therefore, in contrast to the 4G, adjusting the downtilt and
the azimuth jointly is more crucial for the mmWave systems.
Indeed, recent studies have shown that tuning the azimuths
and downtilts of directional antennas properly can improve the
spectrum utilization efficiency in the spatial domain [19], [20].

Despite its great significance, searching for the optimal con-
figuration of azimuths and downtilts for massive antennas is
always an intractable combinatorial optimization problem [21].
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In the existing literature, quite a few optimization methods
have been proposed to obtain promising antenna configurations.
In [22], the solution space is explored from a set of feasible
configurations, and a memory of previous exploration is main-
tained to avoid cycling around local optimal solutions. In [23], a
series of feasible antenna configurations are generated through
mutation and crossover, while poorly performing configurations
are eliminated according to the fitness function. In [24], the
antenna tilt angles are optimized by a primal-dual method. Sim-
ilarly, a stochastic gradient descent method is proposed in [25]
to accelerate the gradient calculation and produce near optimal
solutions. In [26], the antenna downtilts and the transmission
power are tuned by Bayesian method, where the power cover-
age and capacity objective are treated as black-box functions.
The mentioned methods are usually computationally efficient,
however, they are either restricted to handcrafted rules or easily
trapped in local optima.

Recently, reinforcement learning (RL) has attracted wide-
spread attention due to its high flexibility to different network
scenarios, and arises as a promising solution for antenna con-
figuration. In [27], antenna downtilts are adjusted successively
based on fuzzy Q-learning. The main limitation of this method
is that the remaining antennas are fixed when configuring the
given one, which leads to a short-sighted and suboptimal so-
lution. In [28], a mean field RL approach is utilized to learn
the cumulative interference from adjacent cells, where all the
neighboring cells are treated as a virtual one. However, such an
approximation is oversimplified and results in imprecise SINR
estimates. In [29], a deep Q-learning method is proposed to
jointly optimize the configuration of all antennas. This method
can be hardly applied in real-world scenarios due to its huge
cost of training a reliable deep neural network. In [30], a Monte
Carlo tree search (MCTS) method is proposed to overcome the
above mentioned limitations, where the effect of neighboring
cells on antenna configurations is averaged via multiple Monte
Carlo simulations.

Unfortunately, the MCTS method also suffers from the curse
of dimensionality brought by the vast combinations of antenna
configurations. Consider that a minor angle alteration of one
antenna affects little on its radiation pattern [31], one potential
way is to compress the number of candidate angle settings
of each antenna. In other words, only the most promising
angle settings are retained to constitute a codebook for the
antenna, which serves as a set of candidate settings for the
subsequent antenna configuration process. This approach sig-
nificantly reduces the number of configurations explored during
the optimization phase, thus enhancing search efficiency. It
should be noted that the selection of elements in the codebook
is crucial and aims to concurrently achieve two objectives:
Firstly, the power coverage range of the selected antenna set-
ting should be sufficiently expansive; secondly, a significant
disparity in power coverage between the selected antenna set-
tings is necessary to avoid redundant searches for analogous
configurations.

In this paper, we propose a codebook based Monte Carlo
tree search (CB-MCTS) scheme to configure the azimuths
and downtilts of massive antennas efficiently. The proposed
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scheme contains two parts: codebook generation and antenna
configuration. During codebook generation, a finite-size code-
book is constituted for each antenna by exploring the promis-
ing angle settings, and the formulated optimization problem
is solved by a branch-and-bound procedure followed by a
semi-definite relaxation algorithm. For antenna configuration,
a Monte Carlo tree search method is introduced to iteratively
optimize the angle settings of antennas under the guidance of
the generated codebook, aiming at maximizing both system
throughput and power coverage. The main contributions of this
paper are summarized as follows:

® We introduce an innovative method for selecting candidate
angle settings, designed to identify promising configura-
tions for each antenna. This approach forms a codebook
that, to the best of our knowledge, represents the first study
in the RNO focused on expediting antenna configuration
optimization by pre-filtering favorable angle settings. Our
proposed codebook strategy minimizes unnecessary explo-
ration within the solution space, significantly decreasing
search overhead.

® We cast the codebook creation process as a binary quadratic
programming problem, which we efficiently tackle using
a branch and bound method. Furthermore, we address the
challenge of determining the upper bound of the branch,
typically difficult to obtain due to its non-convex objective
function, by transforming the original problem into a semi-
definite programming problem.

e We present a Monte Carlo tree search technique, guided
by the generated codebooks, to configure the azimuths
and downtilts of all antennas within the target area. This
approach produces promising antenna configurations while
conserving computational resources.

® We assess the proposed CB-MCTS method through com-
prehensive experiments. Numerical results indicate that
the CB-MCTS approach surpasses existing state-of-the-art
solutions, striking a balance between system performance
and search load. In summary, our proposed strategy offers
valuable insights into optimally and efficiently configuring
antenna angle settings for practical mmWave communica-
tion systems.

The remainder of this paper is organized as follows. In
Section II, we give system model and optimization task.
In Section III, the CB-MCTS scheme is illustrated in detail.
Section IV provides numerical results and discussions. Section V
concludes this paper.

II. SYSTEM MODEL AND PROBLEM FORMULATION

Consider an urban area served by a set B = {1,..., B} of
base stations. Each base station of the network contains three
directional antennas. The set of antennas is represented by A,
where |A| = 3B. For each antenna a € A, its azimuth 0, can be
adjusted within [0°,360°) and its downtilt ¢, can be adjusted
within [-90°,90°]. Let @ = {0, }4ca and ¢ = {4 }4ca denote
the azimuth set and downtilt set of all antennas, respectively.
The target area is divided into 5 m x 5 m square grids [32],
as shown in Fig. 1. The center of each grid is termed as a
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Fig. 1. Illustration of the network scenario.

Fig. 2. Radiation pattern of the antenna.

traffic demand point (TDP) and the set of TDPs is represented
by U.

Let P, , denote the power of reference signal received by
TDP u € U from antenna a € A, which is given as follows:

Pa,u:PT+Ga7u+Gu_La,ua (1)

where PT is the transmit power, G, is the antenna transmit
gain, G, is the mobile terminal gain, and L, ,, is the path loss
between a and u. In addition, the radiation pattern of the antenna
is shown in Fig. 2. The transmit gain G, ,, varies with the angle
between the relative direction of u and the main lobe direction
of a. For given a and u, the relative direction of w is fixed,
while the main lobe direction of a can be determined by 6,
and ¢,. Therefore, G, ,, and P, ,, are functions of 6, and ¢,
respectively.

Note that each TDP is always associated with the antenna that
provides the strongest average reference signal. The valid signal
power received by w is defined as

Pu(eu d)) = max Pa,u(gaa (ba)u (2)
ac€A
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and the signal-to-interference ratio (SIR) at u can be expressed
as

Py(6.9)
ZaEA Pa’u(am ¢a) - Pu(07 ¢)
The power coverage, which refers to the ratio of the TDPs
with maximum signal strength exceeding a certain threshold 77
to the total number of TDPs, is calculated by

2 ucu L(Pu(8,¢) > T7)
U| ’

where |U]| is the cardinality of the set U, 1(z) is an indicator
denoted by

pu(0,¢) =

3

n"(0,¢) = “)

if x is true,
otherwise.

1(z) = { o )
The capacity coverage 1°, which refers to the ratio of the TDPs
with SIR exceeding a certain threshold 7 to the total number
of TDPs, is expressed as

EuEU ﬂ(pu(e’ ¢) > Tc)
U]

The aim is to provide both high n? and high n° in the target
area by adjusting @ and ¢. Therefore, a new indicator called
valid coverage ratio is introduced as the metric of network
performance, which is defined as

n°(0, d)

_ Sucy min((P(0.6) > T 1(pu(6.6) > T%)
U] '
The proposed indicator is designed to monitor the tradeoff
between signal strength and SIR, which represents the ratio of
TDPs whose signal quality meet the demand. More specifically,
the signal received by TDP w is considered to meet the require-
ment only if both the signal strength P, (6, ¢») and SIR p,, (0, ¢)
are above the thresholds, 77 and T°, respectively.
The optimization problem can be formulated as follows:

n°(0,¢) = (6)

e
max n°(8, ¢)
st. 6, € {0°,5°,10°...,355°} Ya € A

bo € {—90°,—89°,—88°,...,90°} Vac A, (8)

where the angle range of azimuths is discretized into 5° in-
tervals and the angle range of downtilts is discretized into 1°
intervals. The azimuth and downtilt configuration combinations
for antenna a is T'y, = {(07, ¢%)}2,, where D is the number of

combinations, i.e., 72 x 181 in this case.

III. CODEBOOK BASED RNO SCHEME

The optimization task (8) defines a combinatorial optimiza-
tion problem which is intractable even for medium-sized number
of antennas. Specifically, for a single antenna, 72 x 181 angle
settings need to be considered to find out the optimal one.
The number of configuration combinations for 30 antennas is
up to (72 x 181)* and cannot be enumerated even with huge
computing resources.
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We propose a codebook based antenna configuration scheme
to handle this problem efficiently. First, we present a codebook
generation algorithm to select a set of candidate angle settings
for each antenna and constitute the codebook. Next, we propose
a Monte Carlo tree search based antenna configuration method,
where the azimuths and downtilts of antennas are optimized
based on the predefined codebooks.

A. Codebook Generation

As mentioned above, the number of feasible azimuth and
downtilt configuration combinations for each antenna is D =
72 x 181 in our case, which is redundant in the process of
massive antenna configuration and requires considerably high
search overhead. Given that minor changes in the azimuth or
downtilt have negligible effects on the radiation pattern, a feasi-
ble solution to reduce the searching complexity is to select some
promising angle settings for each individual antenna. These
angle settings constitute a codebook which is then leveraged
to guide the configuration of massive antennas.

Due to the effect of the surrounding environment including
terrain and buildings, identical angle settings may yield diver-
gent power coverage outcomes for distinct antennas. Therefore,
a site-specific codebook design scheme should be conducted to
generate a unique codebook for each antenna. In other words,
instead of constructing a general codebook for all antennas,
each antenna is given its own specifically designed codebook,
where the elements are determined based on the surrounding
propagation environment of the antenna. Note that the antennas
in a BS share a common codebook since their surroundings are
the same.

The procedure of constructing a codebook for an antenna is
as follows. Consider antenna a with a set of all feasible angle
settings I', = {(0%, ¢%)}2 ,. Without loss of generality, let C
denote the matrix that indicates the discrepancies between the
elements of I',. The element c; ; in C, which represents the
discrepancy of power coverage between the two angle settings
(0L, ¢%) and (07, ¢7), is defined as

A
Cij =

2w (L(Pou(0s, 6) > T7) & 1(Pau(95, ¢1) > T7))

;9
U]
where & is the exclusive-or operator, i.e.,
_ 0, ifz=y,
TOY = { 1 , otherwise. (10)

To select typical angle settings for the codebook, it is essential to
maximize the disparity in power coverage among these settings.
Hence, the optimization objective in codebook generation is
given by

D D
max zTCx = E E Ci jTiT
* i=1 j=1
s.t. efle =K

z € {0,1}", (11
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where z; € {0, 1} is a decision variable for each angle setting
(z; = 1 if the i-th angle setting is included in the codebook,
and z; = 0 if is not), C is a D x D symmetric matrix, e is
a D-dimensional all one vector, K is the predefined size of
codebook. It is worth noting that the coverage of each setting is
relatively extensive although the objective in (11) is to maximize
the coverage discrepancy, since the difference between two
settings with small coverage range is usually smaller than the
difference between settings with large coverage.

Observe that (11) is a linearly constraint binary quadratic
programming (BQP) problem, which is known to be a non-
deterministic polynomial-time hard problem [33]. Branch-and-
bound (B&B) is an extension of brute-force and is typically used
to find out the optimal solution for the BQP problem. A B&B
procedure usually performs two main tasks namely branching
and bounding [34]. The branching step divides the solution space
into two or more subspaces to be investigated in the subsequent
iteration and dynamically generates a search tree. The bounding
step finds the upper bound for the subspace and compares it to
the current best solution. If the upper bound of a subspace is
lower than the best solution obtained so far, the whole subspace
is discarded. Otherwise it is checked whether a leaf node is
reached, and if so, the best solution is updated if the value of
this solution is greater than the current best one. This procedure
terminates until all the subspaces are visited or discarded.

One key of the B&B procedure is to obtain a tight upper
bound for each subspace so that it can be decided whether to
explore this subspace or not. However, the matrix C'in (11) is not
semi-definite since its diagonal elements equal to O, which makes
the objective function non-convex. As aresult, the upper bound is
hard to obtain by linear programming relaxation. Semi-definite
relaxation (SDR) is an efficient approximation technique for
host of non-convex optimization problems, which relaxes the
original problem to a semi-definite programming problem so
that polynomial methods can be utilized to solve it [35]. In this
work, the SDR technology is embedded in the B&B procedure
to solve the codebook generation problem.

Several transforms for (11) are formulated before SDR to
make the upper bound tight. Define z = 2x — e, the problem
(11) can be reformulated by

1

max — (zTC’z +2z7Ce + eTCe)
z 4
s.t. el'2z=2K-D
ze{-1,1}7, (12)
which is equal to the following optimization problem
max :TCz
z
st. 2TCoz =4K —2D
zZe{-1,1}Pt (13)
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- Z . . ~ -
where zZ = < 0) , and the symmetric matrices C' and C|, are
z

represented by

R T T _ T
C:% e'Ce eC" Co = 0 e ’
Ce C e O

The equivalence between (12) and (13) can be easily proved

1
as follows: On one hand, if z* is optimal in (12), then ( *)
z

-1
and ( *> are both feasible in (13) with the same objective

value. On the other hand, if Zi is optimal in (13), then zyz*
z

is feasible in (12) with the same objective value. Thus, (12) and
(13) share the same optimal objective value. g
A crucial step to derive an SDR is to observe that

27Cz =Tr(27Cz2) = Tr(Cz2Y),
27Coz = Tr(27Coz) = Tr(Cozz").

By introducing a new variable Z =%%" and noticing that Z
is a rank one symmetric positive semi-definite matrix whose
diagonal elements are all 1, we obtain the following equivalent
formulation of (13):

max Tr(CZ)

st. Tr(CoZ)=4K —2D

T (E;Z)=1 Vie{l,2,...,D}
Z=27"
Z=0
Rank(Z) = 1, (14)

where E; isa (D + 1) x (D + 1) matrix comprised of all zero
entries, except for a distinct value of 1 located at (¢, ¢). The only
difficult constraint in (14) is the rank one constraint, which is
non-convex. Thus, we may drop it to obtain a relaxed version:
T (CZ)

max
Z
st. Tr(CoZ) = 4K — 2D
Te(E;Z)=1 Vie{1,2,...,D}

=T

Z=7

Z = 0. s)

The problem (15) is known as an SDR of (14).
For the optimization problem of a subspace with some ele-
ments of x fixed, the formulation can be written by

max zTCx
x
s.t. efz=K
Ti = q; Vi el

IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 72, NO. 8, AUGUST 2023

Algorithm 1: Bound initialization.

1: Initialization: Codebook size K,
x=0.
fork=1:Kdo
if K == 1 then
i* < arg max; ZuEU Il(jt)a,u(qsa,i) > TP)
else
i* + argmax;(z + €;)TC(x + €;)
end if
T T+ e
end for
return x

VRN RN

[

Algorithm 2: DFS(x,i,x*, V*).

I: if|«||; > K then
2: return z*, V*
3: endif
4: forx; =0:1do
5: if i == D then
6: if2”Cx > V* then
7 ¥+ x
8: V¢ aTCx
9: end if
10: else
11: V' <« value of (17) using CVX
12: if V' < V* then
13: return x*, V*
14: else
15: x*, V* < DFS(zx,i+1,2*, V")
16: end if
17: end if
18: end for

19: return xz*,V*

xc{0,1}7, (16)

where I is the index set of fixed elements in x, and ¢; is a
constant with a value of O or 1. The corresponding SDR of (16)
is expressed as

T (CZ)

max
Z

st. Tr(CoZ)=4K —2D
Te(E;Z)=1 Vie{l,2,...,D}
Zit1j01 = (26, —1)(2¢; — 1) Vi,jel

I\

= ZT
0.

N\

A7)

This problem can be solved by using existing software such
as MATLAB with the convex optimization toolbox CVX [36].
Therefore, the upper bound of a subspace can be calculated
according to (17).
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Algorithm 3: Codebook generation.

1: Initialization: Root node ny,
The codebook ¥, = @.

2: x* < Bound initialization
3 Ve x*TCa*

4: x* V*+ DFS(z, 1, x*, V")
5. fori=1:Ddo

6: ifz; == 1 then

7 U, «— U, U{(62,00)}
8: end if

9: end for
10: return ¥,

With the above bounding strategy, the B&B procedure to
constitute the codebook for antenna a € A is then designed as
follows:

Bound initialization: Before performing the branching strat-
egy, an initial bound should be determined to guide the discard.
Therefore, we propose a heuristic algorithm to obtain an initial
solution for the B&B algorithm, which gives a tight upper bound.
The heuristic algorithm is based on greedy strategy. At the
beginning, the codebook is set to empty and the corresponding
x is a D-dimensional zero vector. Then, the antenna setting
with the largest coverage ratio is put into the codebook, while
the corresponding element of x is changed to 1. Subsequently,
the setting that differs the most from those in the codebook
is iteratively put into the codebook until the predefined size is
reached. The vector x is iteratively updated at the same time.
When the initialization process has been completed, the latest
version of x is the initialized codebook we need. The detailed
procedure of initialization is illustrated in Algorithm 1. Note
that e; in the algorithm is a D-dimensional vector where the
i-th element is 1 and the other elements are 0.

Codebook generation: The codebook generation procedure
is performed based on a depth-first search tree. Specifically,
the initial solution x* is obtained through Algorithm 1 and
the initialized bound V* is calculated by x*” Cz*. It starts
from the root node where no element in « is determined. Two
branches originate from the root node: In the firstbranch, x| = 1,
signifying that the first antenna setting in set I', is put into the
codebook; whereas, in the second branch, x; = 0, indicating
that the first setting is not selected. The upper bound of each
branch is calculated by solving the SDR of the corresponding
optimization problem. If the obtained upper bound is lower than
the initial bound V'*, the corresponding branch is discarded and
all the children branches of it are also removed. If the obtained
upper bound is higher than V*, the corresponding branch is
chosen to proceed in the next layer. This procedure is recursively
executed by the depth first search (DFS) function illustrated
in Algorithm 2. The value of «* and V* are updated when
reaching a leaf node where all elements of x are determined
and 7 Cx > V*. It terminates until all the nodes are visited or
discarded. Ultimately, the optimal solution x* is obtained, and
the codebook U, is constituted. The whole codebook generation
procedure is summarized in Algorithm 3.
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Fig. 3.

Search tree for RNO.

B. Antenna Configuration

The number of candidate settings for each antenna is reduced
from D to K with the help of the obtained codebooks. Con-
sequently, the number of setting combinations for all antennas
becomes KAl, which is considerably less than DAl However,
finding the optimal configuration for massive antennas from
these candidate settings still requires a high searching overhead
if exhaustive search is adopted.

Reinforcement learning methods have demonstrated excep-
tional ability in handling Markov decision process (MDP) [37].
Fortunately, the configuration of antennas can also be formulated
as an MDP, which provides a significant opportunity to solve
it using RL methods. To convert the antenna configuration
problem to an MDP, we define the agent, state, action and reward
accordingly:

Agent: Each antenna in set A is treated as an agent.

Action: Each action corresponds to one possible configuration
of an antenna based on its codebook.

State: The state is defined as the signal power distribution and
the SIR distribution in the target area, which is measured by all
TDPs.

Reward: The reward is the valid coverage ratio n° of the
network calculated by (7).

The MDP derived from the antenna configuration problem
is formed as a tree search process where the antennas are
configured successively, as shown in Fig. 3. The antenna to be
configured at step j is represented by a;, and the state with
antennas {ay, as, . . ., a;_ } already configured is represented by
s;. Note that s; refers to the initial state where no antennas have
been configured. For each step j, antenna a; can take K available
actions based on the corresponding codebook V¥, . Given the
current state s, action ¢; is selected by a; from ¥, ., which leads
to a new state s;41. Then it is the turn of the next antenna a
to choose its action. When all the antennas have been configured
step by step, the reward 7 can be worked out with the action
trajectory L = [tp1, 4, ..., 94 ]. Clearly, the trajectory with the
largest reward is the optimal antenna configuration we want to
find.

Enumerating all trajectories in the search tree is infeasible
in practical scenarios, however, the exploration can be more
efficient if the branches with lower rewards are visited as few
as possible. The Monte Carlo tree search (MCTS) provides a
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Fig. 4. Monte Carlo tree search procedure.

promising procedure to evaluate the rewards of branches in an
efficient way. It usually consists of the following four steps:

Selection: The selection starts at the root node, and the child
nodes are selected successively according to a predefined selec-
tion policy until a node with unexplored branches is reached.

Expansion: One random child node is expanded from the
node chosen in the selection step. A statistic set containing the
estimated reward and the number of visits of the child node is
initialized according to the feasible actions.

Simulation: Simulation is executed to evaluate the reward of
the node initialized in the expansion step. Monte Carlo method
can implement such a simulation, which determines the reward
repeatedly through random samplings.

Backup: The reward obtained in the simulation step is backed
up through the tree to update the statistic set of the branch with
regard to its corresponding ancestor nodes.

The MCTS is utilized to iteratively optimize the azimuths
and downtilts of all antennas with the guidance of the generated
antenna setting codebooks, which is called codebook based
MCTS (CB-MCTS). Denote {Q(s, 1), V(s,1)} as the statistic
set of the branch (s,v), where s is the current state, ¢ is
the action, Q(s,) is the evaluation reward and V(s, 1)) is
the visit count. The algorithm proceeds by iterating over the
above mentioned four phases (in Fig. 4).

The selection step begins at the root node s;, and finishes
when reaching a node s;, with unexplored branches in step ..
At each step [ < [, an action v; is chosen from the codebook
¥, , expressed as

Yy = argmax(Q(s1, V) + U(s1,9)),

VeV,

(18)

where Q(s, 1)) is the evaluation reward indicating the instance
reward for current state and action, while U (s, 1)) denotes the
upper confidence bound [38], which is given by

\/Zw’e\yal V(Sl, W)
I I v PT B

Ul(si,9)

19)

@D @

|} 1
) Gon) (e

)

!

-3
-3

!

R

where cis a parameter determining the preference on exploration
and V' (s, 1) is the number of times the action 1 has been visited
so far. The term U (s, ) here balances between exploiting the
antenna configuration that looks currently the best and the ex-
ploration of currently suboptimal configurations, so as to avoid
missing good alternatives due to early evaluation errors. It can be
seen that the selection policy proposed in (18) prefers the action
with low visit count V' (s;, ) in the early stage of exploration,
but asymptotically tends to select the action with high estimated
value Q)(s;,¢) when more evaluations are executed.

If the node is not fully expanded, the expansion step is
performed to obtain a successor state s;,, which is determined
by the previous state and the randomly chosen action %;, . The
statistic set of branch (s;,, 1y, ) is initialized to

{Q(s1,,%1,) =0,V (s1,,¢1.) = 0}.

Obviously, Q(s;,, ;. ) requires to be estimated as accurate as
possible so that a good decision can be made in the selection
step.

In the simulation step, the reward R of (s;_, ), which refers
to the valid coverage ratio n° worked out through (s;_, ), is
obtained by Monte Carlo method. Specifically, for those anten-
nas that need to be configured after step /., actions are selected
at random until reaching a leaf node. Multiple simulations are
executed in parallel, meanwhile, the valid coverage ratio n° of
each simulation is calculated and R values for the maximal 7°
of these simulated configurations.

After finishing the simulation step, the reward R will be
backed up to the previous branches. In each step [ < [, R is
fed back to (s;,1;) and the statistic set of the corresponding
branch is updated as follows:

Vs, 1) = V(si, i) + 1,
Q(s1,v1) = max(Q(s1, 1), R).

The iteration is running over selection, expansion, simulation
and backup steps until reaching a predefined computational

(20)
2y
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(a) (®)

Fig. 5.

Algorithm 4: Codebook based Monte Carlo tree search.
1: Initialization: root node s.
2: Counter h + 1
3: forh=1:|A|do
4 fory=1:Y do
5: S] < Sp,
6
7
8

while all children of s; are visited do
Select 1/; using (18)
Update s; < child of s; with 1;

9: end while
10: Expand s; by a random 1/,
11: Q(s1,11) =0,V (s1,¢) =0
12: R < simulation outcome of (s, ;)
13: do
14: Vs, ) < Vs, ) + 1
15: Q(s1, 1) « max(Q(s1, ¥), R)
16: 1y +— action connecting s; and its parent
17: s; < parent of s;
18: while s; # sy,
19: end for

20:  Generate policy 7(v)|sy,) using (22)
21: gy w(Ylsn)

22: Shy1 < (Sn,U3)
23: h+h+1
24: end for

25: return [Y7, 95, .. Py ]

budge, such as the maximum number of iterations Y in our
case. When the computational budge is reached, the search will
be halted and the antenna configuration 1) for the root state sy,
is determined based on the policy 7 (¢y,|sy, ), which is expressed
as:

B V(sh,¥n)"
m(nlsn) = 2oy emisn) V(sns 0h)T

where 7 denotes a temperature parameter that controls the level
of exploration, vy, is the available antenna configuration in code-
book M (sp,). Then the child node corresponding to (sp, ;)
becomes the new root node, and the subtree below this node is
retained along with its statistic set. This process terminates until
one of the leaf nodes becomes the root node [39]. By this time, all
the antennas have been configured and [}, 15, . . ., d’fk ‘] denotes

(22)
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Map information. (a) Terrain information. (b) Building layout. (c) BS locations and heights.

the final antenna configuration. The CB-MCTS procedure is
summarized in Algorithm 4.

IV. NUMERICAL RESULTS

Consider a 1 km x 1 km urban area whose terrain information
and building layout are shown in Fig. 5(a) and (b), respectively.
The network in this area is composed of 17 BSs, whose locations
and heights are depicted in Fig. 5(c). The transmit power P is
setto 15.4 dBm, and the mobile terminal gain GG, is set to 0 dBm.

We adopt the COST 231 model [40] as the path loss model to
validate our proposed method. Line-of-sight (LOS) and none-
line-of-sight (NLOS) cases are separately considered. The path
loss can be calculated by

11.85 +47.691g(da,) + 5.831g (ha)
+B, — 6.551g(da,u)1g (he), if LOS,
16.24 + 47.691g(dy.) + 5.831g (ha)
+B, — 6.551g(dy ) lg (hy), if NLOS,

La,u = (23)

where d,, ,, denotes the distance between antenna a and TDP w,
and h,, denotes the height of a. The building penetration loss B,
is simplified as a discrete variable, given by

14dB,
Bu= { 0dB,

if u is indoor,

if u is outdoor. (24)

The building layouts and the corresponding codebooks for
antenna 1 and 2 are depicted in Fig. 6. It is noteworthy that
the codebook of antenna 1 significantly differs from that of
antenna 2, primarily attributed to the distinct spatial distributions
of buildings surrounding the two antennas. Consequently, the
specifically designed codebook captures the characteristics of
the propagation environment in the vicinity of the respective
antenna. Also, only typical angle settings are retained while
analogous ones are eliminated.

Fig. 7 shows the complementary cumulative distribution func-
tion (CCDF) of the maximum signal strength received at TDPs
under different codebook sizes. The power threshold 77 is set to
—95 dBm and the SIR threshold 7% is set to O dB. Observe that
when the codebook size is set to 70, the proportion of TDPs with
signal strength exceeding the threshold is about 96%. Even when
the codebook size is 3, more than 85% of the TDPs can meet the
power threshold. It suggests that most of the TDPs can receive
strong enough signal in a densely deployed network scenario
even if the antenna parameters of BSs are not optimized.
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Fig. 6. Building layout and codebook of different antennas. (a) Buildings
around antenna 1. (b) Codebook of antenna 1. (c) Buildings around antenna 2.
(d) Codebook of antenna 2.
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Fig. 7.  Complementary cumulative distribution of maximum signal strength.

Similarly, the CCDF of SIR under different codebook sizes
is shown in Fig. 8. The power threshold 77 is —95 dBm and
the SIR threshold 77 is 0 dB. As depicted in Fig. 8, 90.47% of
the TDPs can meet 7 with codebook size 70, on the contrast,
the ratio is only 68.66% for codebook size 3. As the codebook
size expands, it encompasses an increased number of candidate
antenna configurations, thereby enhancing the likelihood of
containing an advantageous antenna configuration. It is observed
that the two curves corresponding to codebook size of 30 and
70 are close to each other. This arises since the elements in the
codebook are adequate enough for the antenna configuration
once the size of the codebook surpasses a threshold. In this case,
the discrepancy between different antenna configurations in the
codebook is too small to cause a significant difference in capacity
coverage. Thus, it is unnecessary to set the size of the codebook
too large considering the search cost.

Fig. 9 shows the valid coverage ratio as a function of SIR
threshold 7 under different codebook sizes, where the power
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Fig. 10.  Valid coverage ratio under different power thresholds and SIR thresh-
olds.

threshold 77 is fixed at —95 dBm. When the SIR threshold
is 0 dB and the codebook size is 70, the CB-MCTS scheme
achieves a valid coverage ratio of 86.71%. More specifically,
the valid coverage ratio is positively correlated with the SIR dis-
tribution, which results in the consist trend of the corresponding
curves in Figs. 8 and 9.
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The distribution of signal strength and SIR of the CB-MCTS scheme under different codebook sizes. (a) Distribution of maximum signal strength with

codebook size set to 3. (b) Distribution of maximum signal strength with codebook size set to 30. (c) Distribution of maximum signal strength with codebook size
set to 70. (d) Distribution of SIR with codebook size set to 3. (e) Distribution of SIR with codebook size set to 30. (f) Distribution of SIR with codebook size set

to 70.

Fig. 10 shows the valid coverage ratio under different power
thresholds and SIR thresholds, where the size of codebook
is 70. We can see that when the SIR threshold 7% is fixed,
the valid coverage ratio decreases as the power threshold 77
increases. Similarly, when the power threshold 77 is fixed, the
valid coverage ratio decreases as the SIR threshold 7 increases.
Besides, observe that the curve of higher SIR threshold declines
slower than that of the lower one. This can be explained as
follows: Under the same power threshold 77, the TDPs which
meet higher SIR threshold 7¢ are more likely to have higher
received signal strength. Therefore, when the power threshold
TP increases, for those TDPs meeting the high 7°¢, the number of
TDPs becoming invalid is smaller than that of the TDPs meeting
the low T°. Consequently, the higher the SIR threshold, the
slower the curve declines.

Further, the detailed performance of the CB-MCTS in terms
of the distribution of maximum signal strength is shown in
Fig. 11(a)—(c). It shows that the size of codebook has little
influence on the power coverage, since the demand on sig-
nal strength is easy to meet as long as the BSs are dense
enough. Observe that most TDPs with poor signal strength
are located inside buildings, which enlightens us to deploy
additional network support devices indoors to meet the coverage
requires. Contrast to the maximum signal strength distribu-
tion, the SIR distribution is more likely to be affected by the
codebook size especially when the size is small, which can
be seen from Fig. 11(d)—(f). It is because the small number
of candidate configurations restricts the flexibility of antenna

[ Power coverage ratio
[ Capacity coverage ratio
Valid coverage ratio

I

CB-MCTS FQL mQL

MCTS

Fig. 12.  Network performance of different algorithms.

patterns, which leads to a high probability of interference be-
tween antennas.

The coverage ratio of our proposed scheme CB-MCTS is com-
pared with the following ones: the fuzzy Q-learning (FQL) [27],
the mean field based Q-learning (MQL) [28] and the MCTS [30].
The performance of different methods are illustrated in Fig. 12.
The codebook size of the CB-MCTS is 70. The blue bar refers
to the power coverage ratio, the red bar refers to the capacity
coverage ratio, and the orange bar refers to the valid cover-
age ratio. The CB-MCTS scheme performs better than FQL
and MQL since the latter two algorithms address only one
antenna without considering the interference between adjacent
antennas. On the other hand, ineffective configurations are not
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Fig. 13.  CPU time of different algorithms.

filtered before exploration for the MCTS method, resulting
in a performance loss as compared to the CB-MCTS. Last,
we compare the CPU time of the algorithms in Fig. 13. The
computational overhead of the CB-MCTS is about 30% of
that of the MCTS due to the introduction of codebooks. From
Figs. 12 and 13, we can conclude that the CB-MCTS achieves a
good tradeoff between the valid coverage and the computational
complexity.

V. CONCLUSION

In this paper, we proposed a codebook-based antenna angle
optimization scheme for mmWave mobile communication sys-
tems, aiming to enhance system throughput and power coverage.
We designed a set of candidate azimuth and downtilt config-
urations, referred to as the codebook, for each antenna based
on its surrounding propagation environment, thereby avoid-
ing unnecessary exploration of poorly performing and similar
antenna configurations. Subsequently, we introduced a Monte
Carlo tree search method to iteratively optimize the azimuths and
downtilts of all antennas, guided by the generated codebooks.
Numerical results demonstrate that our proposed scheme can
produce promising antenna configurations with limited com-
puting resources, making it suitable for large-scale networks.

ACKNOWLEDGMENT

The authors would like to thank the editors and the anony-
mous reviewers, whose invaluable comments helped improve
the presentation of this paper substantially.

REFERENCES

[1] L. Shen and S. Wang, “An efficient codebook based radio parameter
optimization method for mobile networks,” in Proc. IEEE Glob. Commun.
Conf., 2022, pp. 2050-2055.

[2] M. Shafi et al., “5G: A tutorial overview of standards, trials, challenges,
deployment, and practice,” IEEE J. Sel. Areas Commun., vol. 35, no. 6,
pp. 1201-1221, Jun. 2017.

[3] Y. Heng etal., “Six key challenges for beam management in 5.5G and 6G
systems,” IEEE Commun. Mag., vol. 59, no. 7, pp. 7479, Jul. 2021.

[4] S.Wang and C. Ran, “Rethinking cellular network planning and optimiza-
tion,” IEEE Wireless Commun., vol. 23, no. 2, pp. 118-125, Apr. 2016.

[5S] W.Zhang,Z.Zhang, H. -C. Chao, and M. Guizani, “Toward intelligent net-
work optimization in wireless networking: An auto-learning framework,”
IEEE Wireless Commun., vol. 26, no. 3, pp. 76-82, Jun. 2019.

IEEE TRANSACTIONS ON VEHICULAR TECHNOLOGY, VOL. 72, NO. 8, AUGUST 2023

[6] L.Liu,Y.Cheng, X.Cao, S.Zhou, Z. Niu, and P. Wang, “Joint optimization
of scheduling and power control in wireless networks: Multi-dimensional
modeling and decomposition,” IEEE Trans. Mobile Comput., vol. 18,n0.7,
pp. 1585-1600, Jul. 2019.

[7]1 S. Wang, W. Zhao, and C. Wang, “Budgeted cell planning for cellular
networks with small cells,” IEEE Trans. Veh. Technol., vol. 64, no. 10,
pp. 4797-4806, Oct. 2015.

[8] W. Zhao, S. Wang, C. Wang, and X. Wu, “Approximation algorithms
for cell planning in heterogeneous networks,” IEEE Trans. Veh. Technol.,
vol. 66, no. 2, pp. 1561-1572, Feb. 2017.

[9] W. Zhao and S. Wang, “Traffic density-based RRH selection for power
saving in C-RAN,” IEEE J. Sel. Areas Commun., vol. 34, no. 12,
pp. 3157-3167, Dec. 2016.

[10] M. Kamel, W. Hamouda, and A. Youssef, “Ultra-dense networks: A sur-

vey,” IEEE Commun. Surv. Tut., vol. 18, no. 4, pp. 2522-2545, Fourthquar-

ter 2016.

S. Hurley, “Planning effective cellular mobile radio networks,” IEEE

Trans. Veh. Technol., vol. 51, no. 2, pp. 243-253, Mar. 2002.

[12] N.Himayat, S. Talwar, A. Rao, and R. Soni, “Interference management for
4G cellular standards [WIMAX/LTE UPDATE],” IEEE Commun. Mag.,
vol. 48, no. 8, pp. 86-92, Aug. 2010.

[13] A. Engels, M. Reyer, X. Xu, R. Mathar, J. Zhang, and H. Zhuang,

“Autonomous self-optimization of coverage and capacity in LTE cellular

networks,” IEEE Tran. Veh. Technol., vol. 62, no. 5, pp. 1989-2004,

Jun. 2013.

S. Berger, M. Simsek, A. Fehske, P. Zanier, 1. Viering, and G. Fettweis,

“Joint downlink and uplink tilt-based self-organization of coverage and

capacity under sparse system knowledge,” IEEE Trans. Veh. Technol.,

vol. 65, no. 4, pp. 2259-2273, Apr. 2016.

[15] A.Imran, M. A. Imran, A. Abu-Dayya, and R. Tafazolli, “Self organization
of tilts in relay enhanced networks: A distributed solution,” /EEE Trans.
Wireless Commun., vol. 13, no. 2, pp. 764779, Feb. 2014.

[16] Y. Niu et al., “A survey of millimeter wave communications (mmWave)

for 5G: Opportunities and challenges,” Wireless Netw., vol. 21,

pp. 26572676, Apr. 2015.

S.M. Razavizadeh, M. Ahn, and I. Lee, “Three-dimensional beamforming:

A new enabling technology for 5G wireless networks,” IEEE Signal

Process. Mag., vol. 31, no. 6, pp. 94-101, Nov. 2014.

Q. Li, J. -C. Sibel, M. Berbineau, I. Dayoub, and F. Galland H. Bonneville,

“Physical layer enhancement for next-generation railway communication

systems,” IEEE Access, vol. 10, pp. 83152-83175, 2022.

[19] M. Rebato, J. Park, P. Popovski, E. De Carvalho, and M. Zorzi, “Stochastic
geometric coverage analysis in mmWave cellular networks with realistic
channel and antenna radiation models,” IEEE Trans. Commun., vol. 67,
no. 5, pp. 3736-3752, May 2019.

[20] W. He, C. Zhang, Y. Huang, and X. You, “Intelligent optimization of base

station array orientations via scenario-specific modeling,” IEEE Trans.

Commun., vol. 70, no. 3, pp. 2117-2130, Mar. 2022.

K. Hassan, M. Masarra, M. Zwingelstein, and I. Dayoub, “Channel esti-

mation techniques for millimeter-wave communication systems: Achieve-

ments and challenges,” IEEE Open J. Commun. Soc., vol. 1, no. 8,

pp. 1336-1363, Aug. 2020.

S. Hurley et al., “Modelling and planning fixed wireless networks,” Wire-

less Netw., vol. 16, pp. 577-592, Apr. 2010.

[23] Y. Yoon and Y. H. Kim, “An efficient genetic algorithm for maximum
coverage deployment in wireless sensor networks,” IEEE Trans. Cybern.,
vol. 43, no. 5, pp. 1473-1483, Oct. 2013.

[24] B. Partov, D. Leith, and R. Razavi, “Utility fair optimization of antenna
tilt angles in LTE networks,” IEEE/ACM Trans. Netw., vol. 23, no. 1,
pp. 175-185, Feb. 2015.

[25] Y. Liu, W. Huangfu, H. Zhang, and K. Long, “An efficient stochastic
gradient descent algorithm to maximize the coverage of cellular networks,”
1EEE Trans. Wireless Commun., vol. 18, no. 7, pp. 3424-3436, Jul. 2019.

[26] R. M. Dreifuerst et al., “Optimizing coverage and capacity in cellular
networks using machine learning,” in Proc. IEEE Int. Conf. Acoust.,
Speech Signal Process., 2021, pp. 8138-8142.

[27] V. Buenestado, M. Toril, S. Luna-Ramz, J. M. Ruiz-Aviland, and A.
Mendo, “Self-tuning of remote electrical tilts based on call traces for
coverage and capacity optimization in LTE,” IEEE Trans. Veh. Technol.,
vol. 66, no. 5, pp. 4315-4326, May 2017.

[28] E.BaleviandJ. Andrews, “Online antenna tuning in heterogeneous cellular

networks with deep reinforcement learning,” IEEE Trans. Cogn. Commun.

Netw., vol. 5, no. 4, pp. 1113-1124, Dec. 2019.

S.Marcoet al., “Cellular network capacity and coverage enhancement with

MDT data and deep reinforcement learning,” Comput. Commun., vol. 195,

pp. 403415, Sep. 2022.

[11]

[14]

[17]

[18]

[21]

[22]

[29]

Authorized licensed use limited to: Nanjing University. Downloaded on January 04,2025 at 07:05:55 UTC from IEEE Xplore. Restrictions apply.



SHEN et al.: CODEBOOK BASED ANTENNA CONFIGURATION: A NEW NETWORK PLANNING PARADIGM FOR MMWAVE 10379

[30]

[31]

(32]

(33]

[34]

[35]

[36]

(371

[38]

[39]

[40]

L. Shen and S. Wang, “Monte Carlo tree search for network planning for
next generation mobile communication networks,” in Proc. IEEE Glob.
Commun. Conf., 2021, pp. 1-6.

S. Mabrouki, I. Dayoub, Q. Li, and M. Berbineau, “Codebook designs for
millimeter-wave communication systems in both low- and high-mobility:
Achievements and challenges,” IEEE Access, vol. 10, pp. 25786-25810,
2022.

Y. Zhang and S. Wang, “K-nearest neighbors Gaussian process regression
for urban radio map reconstruction,” IEEE Commun. Lett., vol. 26, no. 12,
pp. 3049-3053, Dec. 2022.

M. Garey and D. Johnson, Computers and Intractability: A Guide to the
Theory of NP-Completeness. New York, NY, USA: W. H. Freeman, 1979.
G. Kochenberger et al., “The unconstrained binary quadratic program-
ming problem: A survey,” J. Combinatorial Optim., vol. 28, pp. 58-81,
Apr. 2014.

Z. Q. Luo, W. K. Ma, A. M. -C. So, Y. Ye, and S. Zhang, “Semidefinite
relaxation of quadratic optimization problems,” IEEE Signal Process.
Mag., vol. 27, no. 3, pp. 20-34, May 2010.

M. Grant, S. Boyd, and Y. Ye, “CVX: Matlab software for disciplined
convex programming,” 2008. [Online]. Available: https://web.stanford.
edu/boyd/software.html

J. Chen, S. Chen, Y. Qi, and S. Fu, “Intelligent massive MIMO antenna
selection using Monte Carlo tree search,” IEEE Trans. Signal Process.,
vol. 67, no. 20, pp. 5380-5390, Oct. 2019.

C. Rosin, “Multi-armed bandits with episode context,” Ann. Math. Artif.
Intell., vol. 61, pp. 203-230, Aug. 2011.

D. Silver et al., “Mastering the game of Go with deep neural networks and
tree search,” Nature, vol. 529, pp. 484-489, Jan. 2016.

E. Damosso and L. Correia, COST Action 231: Digital Mobile Radio
Towards Future Generation Systems: Final Report. Brussels, Belgium:
Eur. Commission, 1999.

Linzhi Shen received the B.S. degree from Nanjing
University, Nanjing, China, in 2018, where he is
currently working toward the Ph.D. degree with the
School of Electronic Science and Engineering. His
research interests include wireless network optimiza-
tion, operations research, and machine learning.

Yifang Zhang received the B.S. degree from the
Huazhong University of Science and Technology,
Wauhan, China, in 2021. She is currently working
toward the M.S. degree with the School of Electronic
Science and Engineering, Nanjing University, Nan-
jing, China. Her research interests include wireless
network optimization and machine learning.

Shaowei Wang (Senior Member, IEEE) received the
Ph.D. degree from Wuhan University, Wuhan, China,
in 2006. He joined the School of Electronic Science
and Engineering, Nanjing University, Nanjing, China,
as a Faculty Member in 2006, where he is currently
a Full Professor. From 2012 to 2013, he was a Vis-
iting Scholar/ a Professor with Stanford University,
Stanford, CA, USA, and The University of British
Columbia, Vancouver, Canada. His research interests
include communications and networking, operations
research, and machine learning.

Authorized licensed use limited to: Nanjing University. Downloaded on January 04,2025 at 07:05:55 UTC from IEEE Xplore. Restrictions apply.


https://web.stanford.edu/boyd/software.html
https://web.stanford.edu/boyd/software.html


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


