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Multi-Beam Design for Near-Field Extremely
Large-Scale RIS-Aided Wireless Communications

Decai Shen , Linglong Dai , Fellow, IEEE, Xin Su, and Shiqiang Suo

Abstract—As the energy-saving array composed of passive ele-
ments, reconfigurable intelligent surface (RIS) will evolve to the
extremely large-scale RIS (XL-RIS) to overcome serious path
loss. This change leads to the near-field propagation becom-
ing dominant. There are some works to explore the near-field
beam design via beam training. Unfortunately, due to the con-
stant modulus constraint for XL-RIS, most of works in the
near-field scenario focus on single-beam design. For massive con-
nectivity requirement scenario, these works will face a serious
loss of beam gains, resulting in a decrease in transmission rate.
To solve this problem, we propose a block coordinate descent-
based scheme with majorization-minimization (MM) algorithm
for multi-beam design. The proposed scheme handles constant
modulus constraint from two aspects. Firstly, under this con-
straint, the multi-beam design is an intractable non-convex
quadratic programming problem. We utilize MM algorithm to
solve this problem as several iterative sub-problems which are
easily to be solved. Secondly, the solution space for multi-beam
optimization is confined to a limited space due to this constraint,
so we introduce the phases for beam gains as an extra optimiz-
able variable to enrich the degree of freedom for optimization.
Simulation results show that the proposed scheme could achieve
a superior rate 50% higher than the existing schemes.

Index Terms—Reconfigurable intelligent surface (RIS), con-
stant modulus constraint, multi-beam design.

I. INTRODUCTION

RECONFIGURABLE intelligent surface (RIS) has been
regarded as one of the most promising technologies

for future wireless communications [2], [3]. RIS is endowed
with the capability to manipulate the signal propagation envi-
ronment by creating a controllable reflecting link [4], [5].
Benefiting from this capability, RIS is expected to bring poten-
tial advantages of overcoming blockages [6], [7], ensuring the
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secure transmission [8], enhancing the coverage [9], [10], and
improving the spectrum efficiency [11], [12].

However, the desired performance of RIS will be heavily
restricted due to the multiplicative fading effect in practical
wireless systems [13], [14]. Since the serious path loss of
the transmitter-RIS-receiver reflecting link is the multiplication
(rather than the sum) of the path losses of the transmitter-RIS
link and the RIS-receiver link. Considering that the array gain
for RIS is proportion to the square of the number of RIS ele-
ments [14], [15], this serious multiplicative path loss can be
effectively compensated by enlarging the array aperture with a
massive number of low-cost RIS elements [6], [16]. As a con-
sequence, the evolution of RIS will perhaps develop towards
extremely large-scale RIS (XL-RIS) for the future wireless
networks [17].

To explore the potential performance for XL-RIS, it is
important to design RIS beamforming according to the accu-
rate channel state information (CSI). With the increase of
the number of RIS elements, it is pretty difficult to estimate
the perfect CSI due to the high computation complexity. As
another kind of scheme, many works design the beamform-
ing without the requirement for accurate CSI. Specifically, the
beam pointed to the desired spatial angle will be selected by
beam training from a pre-designed codebook. These works
are efficient for the existing RIS system. However, with the
increase of the array aperture of RIS, the electromagnetic radi-
ation feature will evolve from the existing far-field planar
wavefront to a near-field spherical wavefront. To ensure the
beamforming performance, the beam should be adjusted not
only in the angle domain but also in the distance domain, based
on which the existing works are no longer efficient. Hence, it
is crucial to explore the near-field beam design for XL-RIS
aided wireless communications.

A. Prior Works

Relying on the accurate CSI acquired by channel estima-
tion, the RIS beamforming can be formulated as a series
of optimization problems with different objective functions.
Numerous beamforming design schemes [18], [19], [20], [21]
have been studied in several scenarios for different performance
indicators (e.g., the transmission capacity, the energy efficiency,
the spectrum efficiency). However, due to the high computation
complexity, it is pretty difficult to estimate the perfect CSI in
practical XL-RIS aided wireless communications.

As another kind of effective scheme without the requirement
for channel estimation, the beamforming design is determined
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by beam training with utilizing a pre-designed codebook [22],
[23], [24], [25]. In other words, the RIS beamforming vec-
tor is selected from one of the limited amount codewords
of this codebook, instead of being calculated according to
the CSI. In [22], the alternative minimization method with
a closed-form expression (AMCF) is proposed to design a
hierarchical far-field codebook. In [23], a two-step code-
word design approach is presented based on which a fast
search based alternative minimization (FS-AltMin) algorithm
is proposed for beam training. In [24], a non-coherent demod-
ulation scheme (NCDS) is proposed for RIS beam training,
based on which the received differential data can be used
for the determination of the best spatial angle beam for the
RIS. As a result, the training overhead can be further reduced.
Besides, to improve the directivity of the RIS beams, some
cameras are employed at the RIS to correct beam direction
with the help of machine learning-based computer vision after
the classical beam training [25].

The above works are effective for the existing RIS-aided
wireless communications. However, in multi-user XL-RIS
aided wireless communications, these methods will face seri-
ous performance loss. The evolution from RIS to XL-RIS will
not simply bring the enlargement of the aperture, but also lead
to a critical change in the electromagnetic radiation feature.
Specifically, the region of the radiation field can be divided
into two parts (i.e., the far-field and the near-field region).
These two regions are divided via the boundary called the
Rayleigh distance [17], which is proportional to the square
of the array aperture. With the increase for array aperture,
the near-field region will expand rapidly and the near-field
transmission with the spherical wavefront model should be pri-
marily considered [17], based on which the beam will focus
on a small area instead of pointing to a spatial direction like
the far-field transmission.

Hence, in the near-field scenario, the XL-RIS beam design
should be restudied [26], [27], [28], [29]. In [26], a near-field
codebook for the RIS channel is designed and a hierarchical
training scheme is proposed for single-user RIS-aided systems.
Moreover, a variable-width codebook is devised in [27], which
is suitable for both the near- and far-field. In [28], to improve
the scanning efficiency in a large-size distance interval, a novel
spatial-chirp beam-aided codebook and corresponding hier-
archical update policy are proposed. Besides, to reduce the
overhead of the complicated distance search, a customized
polar-domain codebook is employed to find the best effective
distance in a shortlisted candidate angle [29].

Most of the existing works for the near-field beam design
are focused on the single-user scenario, i.e., the single-beam
design. The multi-beam design for the near-field XL-RIS
system is still an open problem to be further researched.
For the multi-user transmission, a straightforward scheme is
to extend these single-beam design schemes by superpos-
ing several single beams at RIS, i.e., we can simultaneously
superpose the single-beam codewords for all users as the
superposed RIS beamforming vector for the multi-user case.
Actually, this straightforward design has been studied for
current massive MIMO systems [30], [31] with satisfactory
performance.

Unfortunately, in multi-user XL-RIS aided wireless com-
munications, this extension will face serious performance loss.
The reason can be expressed as follows. For the superposed
beamforming vector, both the amplitudes and the phases have
been changed compared with the single-beam codewords for
individual users. In other words, to employ this beamforming
vector at RIS, it requires the element of RIS to have the ability
to simultaneously adjust amplitude and phase. Unfortunately,
for most all of the practical RIS, we can only adjust the
phase coefficient rather than the amplitude coefficient due to
the hardware limitations [32], which is called the constant
modulus constraint. Limited by this constraint, if we directly
migrate the existing single-beam design to a multi-user case
according to the above method by superposing codewords, the
effective directions of the superposed beam will seriously devi-
ate from the desired areas of users. As a result, the minimal
rate of all users will be rapidly decreased which results in
a large gap between expectant and practical performance for
XL-RIS aided wireless communications.

B. Our Contributions

In order to improve the minimal rate, we study the near-field
multi-beam design for XL-RIS to serve the multiple users.1

The specific contributions of this paper can be summarized as
follows.

• Firstly, different from the existing near-field single-beam
design works for the single-user scenario, we devise a
multi-beam design method for near-field XL-RIS beam-
forming in this paper, which is still an open problem
lacking exploration. Without other indirect objective
functions, the core aim of the method is to generate the
near-field multiple beams from the XL-RIS pointing to
the desired areas of users with the desired beam gains
under the constant modulus constraint. This method is
composed of a beam training procedure and a multi-beam
design procedure. The first procedure is executed by all
users independently to acquire the desired single-beam
direction of each user. Then, the multi-beam design pro-
cedure is formulated as a non-convex quadratic program-
ming to acquire the beamforming vector, for which the
programming objective, is acquired by the first procedure.

• Secondly, to solve the non-convex quadratic program-
ming, we propose a block coordinate descent (BCD)
based scheme with the majorization-minimization (MM)
algorithm to achieve the multi-beam design procedure.
The proposed scheme handles the influence of con-
stant modulus constraint from two aspects. At first, with
this constraint, the multi-beam design problem is an
intractable non-convex optimization. Hence, we tackle
the intractable problem by decomposing it into a series
of tractable sub-problems to be iteratively solved with
the help of the MM algorithm. Then, note that the solu-
tion space for the multi-beam design is incomplete due
to constant modulus constraint, we introduce the phase
information of the original optimization objective as the

1Simulation codes are provided to reproduce the results in this paper:
http://oa.ee.tsinghua.edu.cn/dailinglong/publications/publications.html.
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Fig. 1. The system model for XL-RIS aided wireless communications.

extra optimizable variables. Thus, the degree of freedom
of optimization can be enriched. Finally, we execute
the beams design procedure by alternately optimizing the
above two aspects with the BCD strategy. Besides, the
closed-form solution for every iteration is also provided.

• Simulation results verify that the proposed near-field
multi-beam design can achieve a minimal rate to all
users 50% higher than the existing near-field schemes.
Particularly, we also carry out the simulations for far-
field users, which illustrates that the proposed scheme
also has a performance gain compared with the existing
far-field single-beam design schemes.

C. Organization and Notation

Organization: For the rest of this paper, the signal model
and channel model are given in Section II. In Section III,
the proposed multi-beam design method for the XL-RIS is
proposed. The simulation results are discussed in Section IV.
Finally, we provide the conclusion of this paper in Section V.

Notation: ∇x f (x ) denotes the gradient of function f (x) with
respect to the variable x; a⊗b represents the Kronecker prod-
uct of a and b; a � b represents the Hadamard product of a
and b; A(k ,l) denotes the element of the matrix A in k-th row
and l-th column; a(k) denotes the kth element of the vector a;
IN denotes the N × N-dimensional unit matrix; [Rmin,Rmax]
represents the closed interval from Rmin to Rmax.

II. SYSTEM MODEL

In this section, the signal model of XL-RIS aided wireless
communications is given at first, based on which the channel
models for the far-field scenario and the near-field scenario
are presented, respectively.

A. Signal Model

We consider an XL-RIS aided wireless communications, as
illustrated in Fig. 1, where a base station (BS) with M anten-
nas assisted by an XL-RIS with N elements simultaneously
serves K single-antenna users. Let N = {1, 2, . . . ,N } and
K = {1, 2, . . . ,K} denote the index sets of XL-RIS elements

and users, respectively. The uniform linear array (ULA) of
antennas is employed at the BS, and the uniform planar array
(UPA) of elements is employed at the XL-RIS [33]. We con-
sider that the XL-RIS is deployed with N1 horizontal rows and
N2 vertical columns (N = N1 × N2). We adopt the assump-
tion that the direct BS-user transmission link is blocked by the
obstacles [26], [34]. For the kth user with k ∈ K, the received
signal yk can be expressed as

yk = hTr ,kΘGx+ nk , (1)

where x ∈ C
M×1 is the precoded transmitted signal at the BS;

hTr ,k ∈ C
1×N , and G ∈ C

N×M denote the RIS-user channel
from the XL-RIS to the kth user, and the BS-RIS channel from
the BS to the XL-RIS, respectively; Θ ∈ C

N×N represents the
beamforming matrix of the XL-RIS; nk ∼ CN (0, σ2n ) denotes
the additive white Gaussian noise (AWGN) received at the kth
user.

The XL-RIS composed of extremely large number of pas-
sive reflecting elements can adjust the phase of a incident
signal by designing Θ as

Θ � diag(θ) = diag(θ1, . . . , θn , . . . , θN ), (2)

where θ represents the RIS beamforming vector, θn = ejpn

(pn ∈ [0, 2π],n ∈ N ) represents the reflecting coefficient of
the nth XL-RIS element.

According to (2), the received signal model in (1) can be
rewritten as

yk = θTdiag
(
hTr ,k

)
Gx+ nk , (3)

where the reflecting channel for the kth user is defined as H =
diag(hTr ,k )G. Then, we will introduce the channel model in
the far-field scenario and the near-field scenario, respectively.

B. Far-Field Channel Model

Before giving the channel model for the XL-RIS aided
wireless communications in the near-field scenario, we first
introduce the existing far-field channel model, which has been
widely considered in the current research. Considering the geo-
metric channel model [35] for high-frequency transmission,
the BS-RIS channel GFF can be denoted as

GFF =

L1∑
i=1

αib
(
φin,i , ϕin,i

)
aH (γi ), (4)

where L1 is the number of dominant paths, αi is the complex
gain of the ith path; φin,i and ϕin,i represent the azimuth
and elevation incident spatial angles at the XL-RIS for the ith
path; γi denotes the spatial angle of departure for the ith path
at the BS. a(γ) and b(φ, ϕ) are the far-field array steering
vectors for the BS and the XL-RIS, respectively. Based on the
well-known planar wavefront assumption, these vectors can be
denoted as

a(γ) =
1√
M

[
ej2πmγ

]T
m∈I(M )

, (5a)

b(φ, ϕ) =
1√
N

[
ej2πn1φ

]T
n1∈I(N1)

⊗
[
ej2πn2ϕ

]T
n2∈I(N2)

,

(5b)
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where we have I(n) = {0, 1, . . . ,n − 1} representing as
the integer sequence. We have γ = dB sin(ψ)/λ, φ =
dR sin(ϑ) cos(ν)/λ, and ϕ = dR sin(ν)/λ. The element spac-
ing of XL-RIS, and the antenna spacing of BS are denoted as
dR , and dB , respectively. The wavelength of the transmission
carrier is denoted as λ. The physical angle in the BS is ψ,
and the physical angles for the XL-RIS in the azimuth and
elevation can be expressed as ϑ, and ν, respectively.

Similar to (4), the RIS-user channel in the far-field can be
denoted as [36]

hFFr ,k =

L2∑
l=1

βk ,lb
(
φre,k ,l , ϕre,k ,l

)
, (6)

where L2 and βk ,l represent the number of dominant paths and
the complex gain of the l-th path, φre,k ,l and ϕre,k ,l represent
the azimuth and elevation reflecting spatial angles for the lth
path.

Note that the BS and XL-RIS are usually located in the
high wall and tower, based on which there are few scatterers
in the propagation environment. Hence, we consider that there
is only the line-of-sight (LoS) path from the XL-RIS to the BS
or users (i.e., L1 = L2 = 1) [26], where the broadcast trans-
mission or frequency division transmission can be utilized to
serve multiple users. Meanwhile, since the deployment posi-
tions for the BS and XL-RIS are fixed, the beam direction of
the BS can be designed to point towards the XL-RIS [37],
based on which we focus on the RIS beamforming design in
this paper. Hence, we can denote the effective BS beamform-
ing as v = aH (γ), which means that the BS can be effectively
regarded as a single-antenna transmitter.

Hence, the effective reflecting channel for the far-field can
be rewritten as

h̄FF,k = ᾱkdiag
(
bT

(
φre,k , ϕre,k

))
b(φin, ϕin), (7)

where αk = ᾱβk is the effective gain. The subscript i and l
have been omitted for simplicity since i = l = 1.

C. Near-Field Channel Model

As mentioned in Section I, the far-field and near-field
regions are divided by the Rayleigh distance R. The Rayleigh
distance R for the transmission array can be defined as [17]

R =
2D2

λ
, (8)

where D is the array aperture. When the distance between this
array and receiver is smaller than R, the receiver locates in
the near-field region of this array and the channel has to be
modeled as near-field channel. Moreover, for a XL-RIS aided
system, when the distance rRA between the XL-RIS and the
BS and the distance rRD between the XL-RIS and the user
satisfy

rRArRD

rRA + rRD
< R =

2D2

λ
, (9)

the reflecting channel should be modeled as the near-field
channel [17]. From (9) we can find that, as long as any one of

Fig. 2. The near-field XL-RIS aided and the far-field RIS aided wireless
communications.

Fig. 3. A comparison figure for the far-field propagation and the near-field
propagation [17].

the BS or user is distributed in the region of near-field for XL-
RIS, the communication related to this reflecting link should
be formulated by considering the near-field feature [17].
Hence, for the XL-RIS aided wireless communications, the
near-field scenario is more universal.

It can be observed from (9) that the Rayleigh distance is pro-
portional to the square of the array aperture. For the array with
a fixed element spacing, with the increase of the array aper-
ture from RIS to XL-RIS, the Rayleigh distance will increase
quadratically. Hence, the region for near-field will be expanded
as illustrated in Fig. 2. As a result, the BS and users are more
likely to strew in the near-field region. For example, if the
carrier frequency is 10 GHz (i.e., λ = 3× 10−2 m), and the
array aperture for RIS is DRIS = 0.3 m, the Rayleigh dis-
tance is RRIS = 6 m. For an XL-RIS with array aperture
DXL−RIS = 1.2 m, the Rayleigh distance will increase to
RXL−RIS = 96 m.

In the far-field scenario, the channel is modeled under the
planar wavefront assumption, based on which the far-field
steering vector is described as (5) in mathematics. For this
scenario, a more intuitive explanation in physics can be illus-
trated in the right side of Fig. 3, i.e., the equiphase wavefront
of the electromagnetic wave can be approximatively treated as
coplanar. On the contrary, in the near-field scenario as illus-
trated in left side of Fig. 3, modeling the electromagnetic wave
under the spherical wavefront assumption is more accurate,
while following the planar wavefront assumption will bring a
serious phase error in the near-field region [17].

In the near-field scenario, the effective reflecting channel
h̄NF,k can be rewritten as [26]

h̄NF,k = ᾱkdiag
(
bT

(
rre,k

))
b(rin), (10)

where rre,k is the space coordinate vector from the XL-RIS
to the kth user, and rin is the space coordinate vector from
the BS to the XL-RIS. bT (rre,k ) and b(rin) in (10) can be
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Fig. 4. The process for multi-beam design method and data transmission
over time. During each small timescale, the channel remains unchanged.

denoted as

b
(
rre,k

)
=

[
e−j2πDre

k (1,1), . . . , e−j2πDre
k (1,N2), . . . ,

e−j2πDre
k (N1,1), . . . , e−j2πDre

k (N1,N2)
]T

, (11a)

b(rin) =
[
e−j2πD in(1,1), . . . , e−j2πD in(1,N2), . . . ,

e−j2πD in(N1,1), . . . , e−j2πD in(N1,N2)
]T

, (11b)

where Dre
k (n1,n2) and D in(n1,n2) denote the distance from

the (n1,n2)-th2 element of the XL-RIS to the kth user and the
BS, respectively.

We can find that the main difference between the near-field
channel h̄NF,k in (10) and the far-field channel h̄FF,k in (7) is
the steering vector b(·). Specifically, the far-field steering vec-
tor b(φ, ϕ) is derived under the planar wavefront assumption,
i.e., the steering vector is only related to the angles between
the XL-RIS and the users (or BS). However, the steering vector
b(rre,k ) (or b(rin)) in the near-field is related to not only the
angles but also the distances, since rre,k (or rin) is a directed
vector.

Considering the fundamental difference between (7)
and (10), the existing far-field codebooks (e.g., the discrete
Fourier transformation (DFT) codebook3) designed for far-
field beam training is no longer applicable. A hierarchical near-
field codebook and corresponding hierarchical near-field beam
training scheme have been proposed recently [26]. However,
it will involve a serious performance loss if we directly uti-
lize this codebook in the multi-user scenario because of the
presence of constant modulus constraint for XL-RIS. To solve
this problem, we propose a multi-beam design method, which
will be discussed in the next section.

III. PROPOSED MULTI-BEAM DESIGN METHOD

In this section, we devise the multi-beam design method
for the XL-RIS aided wireless communications to design the
passive beamforming vector. This method is composed of a
beam training procedure and a multi-beam design procedure.

Intuitively, we draw Fig. 4 to show this the process for
beam design with this method and data transmission over
time. Specifically, the first procedure is executed by all users
independently to acquire the desired single-beam direction of
each user with a desired beam gain. Then, according to these
beam parameters, the beamforming vector for XL-RIS will
be designed in the multi-beam design procedure. Finally, this
beamforming vector will be utilized for the data transmission.

2It means that this is the element located in the n1th line and n2th column
of XL-RIS.

3As a widely adopted codebook, the definition and design approach for the
DFT codebook can be studied as [38].

A. The Beam Training Procedure

As mentioned in Section I, by utilizing beam training, we
do not need to acquire the accurate CSI by channel estima-
tion [39] to design the RIS beamforming. Instead, we can
directly determine the RIS beamforming vector via the beam
training procedure. Firstly, the BS sends the training signals
to the user via the RIS. This stage consists of several frames.
During different frames, the RIS beamforming is configured
according to different codewords of a pre-designed codebook
C [26]. Secondly, the user will measure the power of received
signals of different frames. Then, the desired codeword will
be chosen according to the largest received power. Finally,
this choice will be fed back to the BS via the uplink trans-
mission, and the beamforming vector of the XL-RIS for data
transmission will be determined as this codeword. The beam
training procedure can be modeled as acquiring the desired
RIS beamforming θ satisfying

θ = argmax
ci∈C

∣∣∣h̄TNFci

∣∣∣, (12)

where h̄NF is the near-field reflecting channel, and ci is the
codeword4 for RIS beamforming selected from C.

For the multi-user case, this procedure can be performed
sequentially, based on which we can acquire the RIS beam-
forming for the kth user as θk . However, due to the constant
modulus constraint for XL-RIS, serious loss for quality of ser-
vice will be introduced if we can directly superpose these
beamforming vectors. Our work [26] can support the beam
training procedure in this paper. We focus on the challenging
multi-beam design procedure in the next subsection to handle
the influence of constant modulus constraint.

B. Multi-Beam Design Procedure

Considering that the near-field channel is related to angle
information as well as distance information, the near-field
codebook grids S is usually pretty large, based on which it
will bring higher computational complexity for the multi-beam
design. Note that compared with the beam gains in each grids
for the whole space, we care more about the beam gains
pointing to the K users’ positions. Hence, in the proposed
the near-field multi-beam design procedure, only the practical
performance of K beams pointing to the K users are consid-
ered. Specifically, the multi-beam optimization problem can
be expressed as

PNF : min
θ

l1 =
∥∥∥ḡ − ΞH θ

∥∥∥2
2

s.t. C : |θn | = 1, ∀n ∈ N , (13)

where the XL-RIS beamforming vector θ is the variable to be
optimized and Ξ ∈ C

N×K is a steering matrix. Ξ consists of K
columns, where the kth column is the codeword θk acquired
by beam training procedure. ḡ ∈ C

K×1 is the beam gains
vector, and the corresponding elementwise amplitudes of ḡ
are the desired beam gains for the K desired directions. This

4We can write a codebook C by a matrix form as C ∈ CN×S , where S
is the codebook size, and codeword ci is the ith column of this matrix.
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objective function of PNF can be rewritten as

l1 = ḡH ḡ + θHΞΞH θ − 2Re
{
ḡHΞH θ

}
. (14)

With the fact that the number of users is usually smaller than
the number of XL-RIS elements (K < N), the matrix ΞΞH

is an degenerate-rank matrix, i.e., we have ΞΞH 	= IN . As a
result, PNF is a non-convex quadratic programming problem,
which is difficult to be solved.

In this paper, we propose a block coordinate descent (BCD)
based scheme with majorization-minimization (MM) algo-
rithm to solve this problem. The basic idea of the proposed
scheme can be summarized as two aspects. Firstly, by utiliz-
ing the MM algorithm, we tackle the intractable problem by
decomposing it to a series of sub-problems, which are tractable
and can be iteratively solved to approach the optimal solution
of the original problem. Secondly, we introduce the phase
factors for multi-beam gains as extra optimizable variables.
Thus, the degree of freedom of optimization can be enriched.
Finally, the multiple beams can be designed by alternately
optimizing the above two aspects with the BCD strategy.

1) Optimization for the Beamforming Vector: We adopt
the MM algorithm to solve the problem P̃NF to acquire the
optimization of θ . The basic idea of the MM algorithm can be
expressed as follows. For a difficult non-convex problem, we
tackle it by dividing it to a series of approximate sub-problems,
which are more tractable [40]. To iteratively solve these sub-
problems in sequence, we can approach the optimal solution
of the original objective function. Each iterative optimization
is corresponding to a sub-problem.

Specifically, for a optimization problem minx f (x ) sub-
jecting to x ∈ X , a serious proxy functions {q(x |x t )},
(t = 1, 2, . . .) will be constructed according to the MM algo-
rithm. Each proxy function can be treated as the objective
function of the sub-problem. q(x |x t ) is objective function for
the t+1th iteration, and we denote x t+1 = argminx q(x |x t ).
To solve the original problem, it is important to appropriately
design the proxy functions {q(x |x t )}. Taking the t + 1th
iteration as an example, q(x |x t ) is fulfilled the following four
features as

f (x ) ≤ q
(
x | x t), ∀x ∈ X , (15a)

f (x ) = q
(
x | x t) ↔ x = x t , (15b)

∇x f (x )|x=x t = ∇x q
(
x | x t)∣∣

x=x t , (15c)

q
(
x t+1|x t

)
= min q

(
x |x t) ↔ x = x t+1. (15d)

The first feature in (15a) ensures that each proxy function
is the upper bound of the original objective function. The sec-
ond and third features in (15b) and (15c) mean that in the
unique intersection point, the first-order gradient should be
equal between the original objective function and the proxy
function. On this basis, it can be guaranteed with the last fea-
ture in (15d) that this upper bound is strictly decreasing from

the tth iteration to the t + 1th iteration, based on which we
have f (x t+1) = q(x t+1 | x t ) ≤ q(x t | x t ) = f (x t ).

By solving the sub-problems

Pt : min
x

q
(
x | x t)

s.t. C : x ∈ X , (16)

corresponding to the sequences of {q(x |x t )}, (t = 1, 2, . . .),
the optimal values of Pt is monotonically decreasing about t
and finally converges to the optimal value of original problem.

Hence, for the difficult original objective function in (13),
the core task is to design a suitable proxy function {q(x |x t )},
which is much easier to be tackled than (13) and meeting the
above four features. For convenience to discuss this issue,
the optimization problem can be re-formulated according
to (14) as

PNF : min
θ

l = θHΞΞH θ − 2Re
{
ḡHΞH θ

}
(17a)

s.t. C : |θn | = 1, ∀n ∈ N . (17b)

Then, we give the Lemma 1 as the effective strategy for
designing q(θ |θ t ) to optimize θ in the t + 1th iteration.

Lemma 1: The proxy function q(θ |θ t ) fulfilling the above
four features can be defined as (18) at the bottom of the page
for any given θ t and any available θ , where M � λmaxIN×N
with λmax denotes the maximum eigenvalue of ΞΞH .

Proof: See Appendix. �
With the guidance from Lemma 1, the RIS beamform-

ing θ can be optimized by a iterative procedure to solve
the minimization with a serious of {q(θ |θ t )}, (t = 1, 2, . . .)
according to (15) and (16). Specifically, for t + 1th iteration,
by substituting M as λmaxIN×N , the optimization can be
expressed as

θ t+1 = exp
(
j∠

(
Ξḡ − ΞΞH θ t + λmaxθ

t
))
. (19)

2) Optimization for the Phase Factor: The constant modu-
lus constraint results in the incomplete solution space of beam
optimization. Hence, we introduce the phases for multi-beam
gains an extra optimizable variables to enrich the degree of
freedom of optimization objective. Specifically, we introduce
the phase factor � = [ej ζ1 , ej ζ2 , . . . , ej ζK ] of desired beam
gains as the optimizable variable. This will not change the
optimization goal, since the desired beam gain is only corre-
sponding to the elementwise amplitude of ḡ, i.e., g̃ ∈ R

K×1.
By denoting ḡ = g̃ � � , (17) can be expressed as

P̃NF : min
θ ,�

l = θHΞΞH θ − 2Re
{
(g̃ � � )HΞH θ

}
(20a)

s.t. C1 : |θn | = 1, ∀n ∈ N , (20b)

C2 : �k = ej ζk , ∀k ∈ K, ζk ∈ [0, 2π]. (20c)

For a given θ t , the phase factor � can be optimized as

� = exp
(
j∠

(
ΞH θ t

))
. (21)

l = θHΞΞH θ − 2Re
{
ḡHΞH θ

} ≤ q
(
θ |θ t

)
� θHMθ + 2Re

{
θH

(
ΞΞH −M

)
θ t
}
+ θ tH

(
M− ΞΞH

)
θ t − 2Re

{
ḡHΞH θ

}
, (18)
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Algorithm 1 BCD-Based Multi-Beams Design Procedure
Input: Desired beam gain g̃, maximum eigenvalue λmax, desir-

able accuracy ε, allowable threshold μ, maximum iteration tmax,
steering matrix Ξ.

Output: Optimized beamforming vector θopt.
1: Init. initialized phase factor � (0), initialized beamforming vec-

tor θ(0), i = 0.

2: while
∥
∥
∥ḡ(i) − ΞH θ(i)

∥
∥
∥

2

2
≥ ε do

3: � (i+1) = exp(j∠(ΞH θ(i))).
4: ḡ(i+1) = g̃ � � (i+1).
5: θ t |t=1 = θ(i).
6: for t = 1 to t = tmax do
7: θ t+1 = exp(j∠(Ξ(g̃ � � (i+1))− ΞΞH θ t + λmaxθ t )).
8: if |θ t+1 − θ t | < μ then
9: θ(i+1) = θ t+1.

10: Break.
11: else if t = tmax then
12: θ(i+1) = θ tmax+1.
13: Break.
14: else
15: t = t + 1.
16: end if
17: end for
18: i = i + 1.
19: end while
20: θopt = θ(i).

According to the above two steps, the variable θ and � can
be alternately optimized with the BCD strategy. For clarity,
we summarize the whole process of this proposed BCD-based
multi-beam design in Algorithm 1, based on which we can
acquire the solution for RIS beamforming as θopt.

C. Complexity Analysis

The complexity for the proposed scheme can be expressed
as two parts. Firstly, considering that each step of optimization
procedure can be expressed as corresponding closed-form
solution, the calculation complexity for the closed-form solu-
tion for θ and � can be expressed as O(LKN 2), with L
as the iteration times. The second part is for calculating
the eigenvalue of ΞΞH , which can be expressed as O(N 3).
Since we usually have K � N , the complexity of the
proposed scheme is mainly depends on O(N 3), which seems
intractable. For this issue, we give Proposition 1 as a straight-
forward trick, based on which the complexity for acquir-
ing the λmax in our proposed scheme can be significantly
reduced to O(K 3) rather than O(N 3), where we usually
have K � N .

Proposition 1: The calculation for λmax is with the equiv-
alent to acquire the maximum eigenvalue of the K-dimension
square matrix T ∈ C

K×K , if we have T = ΞHΞ.
Proof: By utilizing the singular value decomposition (SVD),

we can expressed Ξ ∈ C
N×K as Ξ = UΣVH . U ∈ C

N×N ,
and V ∈ C

K×K are the unitary matrix. Σ ∈ C
N×K is the

singular value matrix which can be expressed as Σ = [Σ̃,O ]T ,
where O ∈ C

(N−K )×K is a null matrix, and the Σ̃ can be
expressed as a diagonal matrix with K singular values on its

Fig. 5. An illustration of the simulation scenario, where the XL-RIS center
locates at origin of coordinates. The BS and users are randomly distributed
in the space SAD.

diagonal, i.e.,

Σ̃ = diag(κmax, . . . , κi , . . . , κmin), (22)

where κmax is the maximum singular value of Ξ.
Note that ΞΞH = UΣΣHUH � UΛU−1. According to

the definition for eigenvalue, the maximum eigenvalue λmax

can be calculated as κ2max.
Similarly, the maximum eigenvalue for T = VΣHΣVH �

VΛTV−1 is equal to κ2max. Hence, we can calculate λmax

via the eigenvalue decomposition for K-dimension matrix T
with complexity as only O(K 3). �

With the method of Proposition 1, the computational
complexity for the proposed scheme can be expressed as
O(LKN 2) +O(K 3) rather than O(LKN 2) +O(N 3).

IV. SIMULATION RESULTS

We discuss the simulation results of the proposed multi-
beam design in the XL-RIS aided near-field wireless com-
munications in this section. Besides, the performance is
also discussed in the far-field scenario, based on which the
universality of the proposed scheme can be verified.

A. Simulation Setup

1) Simulation Scenario: We consider a three-dimensional
scenario with the topology in the Cartesian coordinate system
as shown in Fig. 5, where the XL-RIS is deployed on the
yOz-plane with its center located at the origin of coordinate
(0, 0, 0), i.e., the region for the XL-RIS in the coordinate
system can be expressed as

SR :=

{(
sx , sy , sz

)∣∣∣|sx | = 0, |sy | ≤ Ly

2
, |sz | ≤ Lz

2

}
, (23)

where Ly and Lz are the width and height of XL-RIS. For
the uniform array XL-RIS with dR = λ/2, we have Ly =
N1λ/2 and Lz = N2λ/2. Considering that the BS and users
are randomly distributed in the 3-D space, as the green region
in Fig. 5, where the region can be expressed as

SBU :=
{(

sx , sy , sz
)∣∣∣sx ∈ Rx , sy ∈ Ry , sz ∈ Rz

}
, (24)
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TABLE I
SIMULATION PARAMETERS SETUP FOR THE NEAR-FIELD SCENARIO

where Rx = [Rx ,min,Rx ,max], Ry = [Ry,min,Ry,max], and
Rz = [Rz ,min,Rz ,max], respectively. For the convenience to
flexibly change the density of the users distribution, we intro-
duce a density factor ρ to scale the available region for users
distribution as

SBU−scaled :=
{(
sx , sy , sz

)∣∣∣sx ∈ R′
x , sy ∈ R′

y , sz ∈ R′
z

}
,

(25)

where we denote

R′
x =

[
Rx ,min,Rx ,max − ρ

(
Rx ,max − Rx ,min

)]
, (26)

same goes for R′
y and R′

z . Hence, we can shrink the available
region for users distribution by increasing the factor ρ, based
on which users will be more closely distributed, as the red
region in Fig. 5.

2) Simulation Parameters: The simulation parameters for
the near-field scenario are determined following Table I. Note
that the Rayleigh distance in this scenario can be calculated as
R = 2D2

RIS/λ = 62.4 m, and the distance between the center
of XL-RIS and the user (or BS) is from 3 m to 44 m, i.e., all
users and the BS in SBU are located in the near-field region
of XL-RIS.

3) Simulation Baselines: We consider the existing near-
field codebook based single-beam design (NF-based single-
beam design) [26] and the far-field (DFT) codebook based
single-beam design (FF-based single-beam design). To serve
multiple users, these two single-beam design schemes super-
pose the beam design codewords for all users as the effective
beamforming vector.

B. Simulation Results

From Fig. 6 to Fig. 8, we discuss the performance gain for
the proposed scheme compared with the simulation baselines.
By considering the quality of service, we choose the minimal
rate as the performance indicator, which refers to the minimum
one for achievable rates of all users.

Fig. 6 illustrates the minimal rate against the number of
users. The received signal-to-noise ratio (SNR) is set as 5 dB,
and the density factor ρ is set as 0, i.e., users and BS are dis-
tributed in the whole region of SAD. From Fig. 6 we can find

Fig. 6. Minimal rate performance comparison against the number of users.

Fig. 7. Minimal rate performance comparison against the density factor ρ
of users distribution.

that the minimal rate of proposed beam design is superior
to the existing hierarchical near-field codebook based (NF-
based) single-beam design [26] and the far-field codebook
(i.e., DFT codebook) based (FF-based) single-beam design.
To serve multiple users, these single-beam design schemes
have to superpose the beam design codewords for each users
as effective beamforming vector. Note that with the increasing
number of users, despite the rates decreased due to the limi-
tation for transmitted power, the proposed scheme still has an
advantaged performance. For example, with K = 10, the mini-
mal rate for the proposed scheme is more than 80% compared
with the NF-based single-beam scheme.

In addition, we are also concerned about the performance
when users are located in a compact range (i.e., the
SAD−scaled region). The minimal rate performance with
respect to density factor ρ of users distribution is evaluated in
Fig. 7. With the increasing of ρ, the region of users distribution
will be shrunk from SAD to SAD−scaled according to Fig. 5
and (26), i.e., in this scenario users will be distributed more
narrowed. The SNR is set as 5 dB, and K is set as 8. From
Fig. 7 we can find that with the increase for density factor,
the minimal rate for the proposed multi-beam design scheme
is superior to the existing single-beam design. Besides, since
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Fig. 8. Minimal rate performance comparison against the SNR.

the orthogonality of the codeword for the adjacent users is
worse, the beam direction for the NF-based single-beam design
will deviate from the desired direction, as a consequence, the
performance will be limited.

Fig. 8 compares minimal rate performance against SNR.
The number of users K is set as 8, and the density factor
ρ is set as 0, i.e., users and BS are randomly distributed in
the whole near-field region SAD. Fig. 8 shows that the mini-
mal rate for the proposed scheme is better than the NF-based
or the FF-based single-beam design in different SNRs. For
example, in the scenario with SNR as 0 dB, the minimal
rate for the proposed scheme is 50% higher than the NF-
based single-beam scheme. Due to the fundamental difference
between the near-field propagation and far-field propagation,
this performance for the proposed scheme is 300% higher than
the far-field scheme.

C. An Extended Discussion in the Far-Field Scenario

To ensure that the proposed scheme is also feasible in the
far-field scenario, we also discuss our proposed scheme for
far-field channel, which has been studied extensively under
the Saleh-Valenzuela channel model [7] in (5).

In Fig. 9, we consider the far-field scenario with the RIS
deploying 16 elements (N = 16) to serve 6 users (K = 6)
simultaneously. The DFT codebook is adopted as the far-field
codebook. The result in Fig. 9 illustrates that in the far-field
scenario, the proposed scheme still has a performance advan-
tage compared with the existing single-beam design. Besides,
note that compared with the XL-RIS scenario, the minimal rate
of Fig. 9 is lower than the Fig. 8. For example, with SNR
as 0 dB, the minimal rate for the proposed scheme is 0.14
bits/s/Hz in Fig. 8 while it is only 0.05 bits/s/Hz in Fig. 9.
This is mainly because under the same condition (e.g., the
same transmitted power and the SNR) the XL-RIS with more
elements can provide higher RIS beamforming gain compared
with the RIS, which results in a significant performance gain.

Then, in the following part, we discuss the proposed scheme
from the perspective of beam gain. In Fig. 10, we consider that
the RIS still transmits 6 beams in different directions. For con-
venience, we discuss the azimuth spatial angle within the range

Fig. 9. Minimal rate performance comparison against the SNR in the far-field
scenario.

Fig. 10. The beam gains for equipower and unequal power multi-beam
design.

of [−1, 1].5 In every sub-figure of Fig. 10, the X-coordinates
for the six triangles represent the desired directions of the six
beams, while the Y-coordinates represent the desired beam
gains. We consider the equipower multi-beam design, and the
unequal power multi-beam design. Specifically, we consider
four conditions about the desired gains for the multiple beams
in the four sub-figures:

1) equipower scenario: P1,P2, . . . ,P6 = p, p, p, p, p, p,
2) unequal power: P1, . . . ,P6 = p, p, p, 2p, 2p, 2p,
3) unequal power: P1, . . . ,P6 = 3p, 3p, 2p, 2p, p, p,
4) unequal power: P1, . . . ,P6 = p, 2p, 3p, 4p, 5p, 6p.
Fig. 10 shows that both in the equipower multi-beam design,

and the unequal power multi-beam design, the proposed
scheme can provide multi-beams pointing to the desired direc-
tions with desired beam gain. As a contrast, the performance
of FF-based single-beam design is accompanied by the offset
in the direction and the error in the beam gain.

5Actually, the range of φre,k is [−1/2, 1/2] with considering dR/λ = 1/2,

and the range of ej2πφre,k is [−1, 1], which is the x-axis of Fig. 10.
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Fig. 11. The probability density function figure about the beam gains in
random directions.

Finally, we provide a probability density function (PDF)
figure as Fig. 11 after 500,000 times simulations. In every
simulation, the desired directions for spatial angles of the six
beams are randomly selected. Assuming the beam gain in the
single-beam scenario is 0 dB, then the equivalent beam gain
for the multi-beam scenario can be calculated as η = 10 ×
log10 1/6 = −7.8 dB in the equipower scenario, as shown
in Fig. 11. We can exploit that, compared with the single-
beam design, the PDF for the proposed scheme is significantly
better, based on which we can know that when we design the
beam pointing to different directions, the proposed scheme is
superior to the single-beam design with higher accuracy and
more ideal gain in a statistical sense.

V. CONCLUSION

In this paper, we have investigated the near-field multi-beam
design method for XL-RIS aided wireless communications to
serve multiple users. Most of the existing works for near-field
RIS systems focused on the single-beam design. However, a
serious performance loss will be brought if we directly uti-
lize these existing schemes in multi-user case, due to the
presence of constant modulus constraint. To overcome this
constraint, we have proposed a BCD-based scheme with the
MM algorithm for the multi-beam design. Simulation results
have shown that the proposed multi-beam design could achieve
a superior quality of service 50% higher than the conven-
tional schemes. Particularly, the proposed scheme also has a
performance gain in the far-field scenario. Finally, for mobile
users with high velocities, it is important to explore how to
timely adjust the beams according to the movement of users.
Hence, we leave the near-field beam tracking in RIS-aided
wireless communications for future work.

APPENDIX

PROOF OF LEMMA 1

To design q(θ |θ t ), it is important to acquire the upper bound
of the subjective function l. For this purpose, we exploit the
second-order Taylor expansion for the subjective function at

first. For a real-valued function f (z , z ∗) that takes complex
values (z , z ∗) as arguments, the second-order series approxi-
mation via the second-order Taylor expansion in (z 0, z

∗
0) can

be expressed as

f (z , z ∗) ≈ f (z 0, z
∗
0) + (∇f (z 0, z

∗
0))

TΔz̃ 0

+
1

2
(Δz̃ 0)

HH (f (z 0, z
∗
0))Δz̃ 0, (27)

where Δz̃ 0 =

[
Δz 0

Δz ∗
0

]
with Δz 0 = z − z 0 and Δz ∗

0 =

z ∗ − z ∗
0; ∇f (z 0, z

∗
0) is the gradient vector for f (z , z ∗),

and H (f (z 0, z
∗
0)) is the Hessian matrix. Then, (27) can be

rewritten as

f (z , z ∗) ≈ f (z 0, z
∗
0)

+

[
∂f

(
z 0, z

∗
0

)

∂zT
,
∂f

(
z 0, z

∗
0

)

∂zH

][
Δz 0

Δz ∗
0

]

+
1

2

[
ΔzH

0 ,ΔzT
0

][ ∂2f (z 0,z∗
0)

∂z∗∂zT

∂2f (z 0,z∗
0)

∂z∗∂zH

∂2f (z 0,z∗
0)

∂z∂zT

∂2f (z 0,z∗
0)

∂z∂zH

][
Δz 0

Δz ∗
0

]
.

(28)

We focus on the second-order Taylor expansion for
θHΞΞH θ . Lets denote ΞΞH as A, and θHΞΞH θ as
u(θ , θ∗) = θHAθ , based on which we calculate the first-order
partial derivative vector and second-order partial derivative
matrix of (28) as follows.

The first-order partial derivative vector ∂u(θ ,θ∗)
∂θ

can be
expressed as

∂u(θ , θ∗)
∂θ

=
∂

∂θ

n∑
k=1

n∑
l=1

θ∗kAklθl = (Aθ)∗, (29)

where Akl = A(k ,l), and θ = θ (k). Similarly, ∂u(θ ,θ∗)
∂θ∗ can be

calculated as

∂u(θ , θ∗)
∂θ∗ =

∂

∂θ∗
n∑

k=1

n∑
l=1

θ∗kAklθl = Aθ . (30)

The second-order partial derivative matrix can be
calculated as

∂2u(θ , θ∗)
∂θ∗∂θT

= A, (31a)

∂2u(θ , θ∗)
∂θ∂θH

= A∗, (31b)

∂2u(θ , θ∗)
∂θ∂θT

= O, (31c)

∂2u(θ , θ∗)
∂θ∗∂θH

= O. (31d)

Hence, the second-order Taylor expansion for u(θ , θ∗) in
(θ t , θ t∗) according to (28) can be rewritten as

u(θ , θ∗) = θ tHΞΞH θ t + 2Re
{(

θ − θ t
)H

ΞΞH θ t
}

+
(
θ − θ t

)H
ΞΞH (

θ − θ t
)
. (32)

Considering M � λmaxIN×N with λmax denoting the max-
imum eigenvalue of ΞΞH , we have M − ΞΞH � O. Thus,
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we can relax the third item of Taylor expansion in (32) as
(θ − θ t )HM(θ − θ t ), based on which the upper bound for
u(θ , θ∗) can be calculated as

u(θ , θ∗) ≤ θ tHΞΞH θ t + 2Re
{(

θ − θ t
)H

ΞΞH θ t
}

+
(
θ − θ t

)H
M
(
θ − θ t

)

= θ t
H
(
M− ΞΞH

)
θ t

+ 2Re
{

θH
(
ΞΞH −M

)
θ t
}
+ θHMθ . (33)

Then, for the objective function l = u(θ , θ∗) +
2Re{ḡHΞH θ}, the proxy function q(θ |θ t ) can be
represented as

q
(
θ |θ t) � θHMθ + 2Re

{
θH

(
ΞΞH −M

)
θ t
}

+ θ t
H
(
M− ΞΞH

)
θ t − 2Re

{
ḡHΞH θ

}
, (34)

which completes the proof of Lemma 1.
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ÂăDr. Dai has received five IEEE Best Paper Awards at the IEEE
ICC 2013, the IEEE ICC 2014, the IEEE ICC 2017, the IEEE VTC
2017-Fall, and the IEEE ICC 2018. He has also received the Tsinghua
University Outstanding Ph.D. Graduate Award in 2011, the Beijing Excellent
Doctoral Dissertation Award in 2012, the China National Excellent Doctoral
Dissertation Nomination Award in 2013, the URSI Young Scientist Award
in 2014, the IEEE TRANSACTIONS ON BROADCASTING Best Paper Award
in 2015, the Electronics Letters Best Paper Award in 2016, the National
Natural Science Foundation of China for Outstanding Young Scholars in
2017, the IEEE ComSoc Asia–Pacific Outstanding Young Researcher Award
in 2017, the IEEE ComSoc Asia–Pacific Outstanding Paper Award in
2018, the China Communications Best Paper Award in 2019, the IEEE
ACCESS Best Multimedia Award in 2020, the IEEE Communications Society
Leonard G. Abraham Prize in 2020, and the IEEE ComSoc Stephen O.
Rice Prize in 2022, and the IEEE ICC Outstanding Demo Award in 2022.
He was listed as a Highly Cited Researcher by Clarivate Analytics from
2020 to 2022. He is currently serving as an Area Editor for the IEEE
Communications Letters, and an Editor for the IEEE TRANSACTIONS ON

WIRELESS COMMUNICATIONS. He has also served as an Editor for the
IEEE TRANSACTIONS ON COMMUNICATIONS from 2017 to 2021, the IEEE
TRANSACTIONS ON VEHICULAR TECHNOLOGY from 2016 to 2020, and
the IEEE COMMUNICATIONS LETTERS from 2016 to 2020. He has also
served as a Guest Editor for the IEEE JOURNAL ON SELECTED AREAS

IN COMMUNICATIONS, IEEE JOURNAL OF SELECTED TOPICS IN SIGNAL

PROCESSING, and IEEE WIRELESS COMMUNICATIONS.

Xin Su received the B.S., M.S., and Ph.D. degrees
from Xidian University, Xi’an, China in 2000, 2003,
and 2006, respectively. From 2006 to 2007, he
was with the System and Standard Department,
Datang Mobile, CATT, Beijing, China. In 2007,
he joined the System Lab, Telecommunication
System Division, Samsung Electronics, Suwon,
South Korea. Since 2011, he has been with the
Datang Wireless Mobile Innovation Center, CATT.
He is currently a Senior Engineer with CICT
Mobile Communications Technology Company Ltd.,

Beijing. His research interests are multiantenna system and its standardization
in radio access networks.

Shiqiang Suo received the B.S. degree in automa-
tion from Tsinghua University, China, in 1999,
and the M.A. degree in communication and
information system from the China Academy of
Telecommunication Technology, China, in 2002. He
has long-term engaged in wireless mobile communi-
cation system (including 3G, 4G, 5G, and 6G) new
technology research, verification and standardization
(including 3GPP, ITU-R, and O-RAN alliance), and
has obtained more than 400 authorized invention
patents. He is currently a Vice General Manager of

Innovation Center with CICT Mobile Communication Technology Company
Ltd., and responsible for the research of 6G and future new technologies,
mainly focusing on massive MIMO, AI, integrated sensing and communica-
tion, and wireless network architecture.

Authorized licensed use limited to: Tsinghua University. Downloaded on October 15,2023 at 02:35:23 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


