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Abstract—Coordinated Multi-Point (CoMP) is considered as
one of the most important technique in 3GPP LTE/LTE-
Advanced. In CoMP, several base stations can be grouped
together to form the cooperating set, where the cooperating set is
used to improve the system throughput as well as the throughput
of cell edge users. Most of the studies discuss static cooperating
set, i.e., the size of the cooperating set is fixed, such as 3 or 7.
However, when big activities occur with gathered crowds, such as
gala parades and New Year’s Eve, the amount of wireless
communication demands in such areas is over the capacity of
serving base stations. In this case, the static cooperating set can
bring only limited help and fails to adapt to the actual conditions.
Moreover, additional communication overhead among cells is
introduced but futile. In this paper, we propose the dynamic
cooperating set to solve the problem. The proposed method takes
the actual traffic requirement and geographical area into
consideration to form dynamic cooperating set to offload the
wireless communication demand. Dynamic cooperating set can
not only enhance the system and cell edge throughput but also
utilize the radio resource in an efficient way. The latter avoids
unlimited expansion of the cooperating set. Simulation results
show that the throughput of our method is 1.23 and 1.36 times of
the static CoMP scheme and no CoMP scheme, respectively.

Keywords—CoMP, LTE, SFR (Soft Frequency Reuse),
resource management, OFDMA, DCS (Dynamic Cell Selection)

I. INTRODUCTION

With the appearance of smart devices, various kinds of
popular applications are developed, such as cloud computing,
Machine-to-Machine (M2M), communication, smart meter,
Vehicular Network and smart home. All smart devices are
unable to be supported simultaneously in current 3G networks.
The demand for high-speed access and broad bandwidth
accelerates the arrival of 4G networks to provide these smart
devices wireless Internet access at any time and any place. To
support large number of devices to access wireless networks at
the same time, Long-Term Evolution (LTE)/LTE-Advanced
(LTE-A) 4G networks [2] develop a variety of new
technologies, such as Coordinated Multi-Point (CoMP) [2][3],
relay networks, femtocells with collocation of 4G networks.
With these techniques, LTE/LTE-A can effectively increase the
system throughput and satisfy user’s QoS (Quality of Service).
This paper thus focuses on CoMP in the 4G LTE-A. CoMP can
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be used to enhance the throughput of the cell both in cell
average and the cell edge.

CoMP is considered as one of the most important technique
in 3GPP LTE/LTE-A. CoMP is classified into two categories.
The first is Coordinated Scheduling and/or Beamforming
(CS/CB), in which the data destined to each user is saved only
in his/her serving cell and the schedule of resource and
beamforming is co-decided by the Cooperating Set. The second
is Joint Processing (JP), in which the data destined to each user
is saved in every cell of the cooperating set and the resource
schedule is co-decided by the cooperating set. In terms of the
transmission mode, JP can be further assorted into two types:
Joint Transmission (JT) [5] and dynamic cell selection (DCS)
[6]. The former delivers the data of a mobile equipment by
scheduling a couple of base stations (BSs) to transmit at the
same time, which can improve the transmitting BS from the
member cells of the set for each the users receiving signal
quality. The latter allows the cooperating set to dynamically
select user, but the BS doesn’t have to be the user’s serving
cell. In the paper, we focus on the dynamic cell selection,
which as mentioned above can dynamically assign the
transmitting BSs for users. The cooperating set can thus share
free resource of member cells with the overloaded cells.
Exploiting this feature, we propose the concept of the dynamic
cooperating set. When cells have to serve gathered crowds in
the big activities, such as gala parades, the demands of wireless
communication in such areas is always over the capacity of
serving base stations. Many users are unable to communicate
through their mobile devices. At this moment, the system, can
dynamically through organize the BSs around the overloaded
base stations to compose cooperating set to meet the people’s
necessities and enhance system efficiency and throughput.

There are several researches discussing the dynamic cell
selection and cooperating set. In [7], the LDA-SFR (Load
Distribution Aware-Soft Frequency Reuse) scheme is
proposed, which partitions the cells into groups and each group
comprises seven base stations. For each group the center of
each base station uses the same frequency and transmit with
less power, while the cell edges of the seven cells use different
frequencies and transmit with larger power than the center.
Though LDA-SFR can avoid Inter channel Interference (ICI),
the frequency reuse of the cell edge is only 1/7. Reference [8]
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assumes each BS has 3 sectors and only considers static
cooperating set. Each cooperating set are comprised by the
dynamically selected sectors.

When big activities occur with gathered crowds, the
amount of wireless communication demands in such areas are
always over the capacity of serving BSs. In this case, the static
cooperating set can bring only limited help and fail to adapt to
the actual conditions. Moreover, additional communication
overhead among cells is introduced but futile. In this paper,
compared to the static cooperating set aforementioned, we
propose the dynamic cooperating set to solve above problem.
When the overloaded BS appears in the system, the overloaded
base station as the center of a cooperating set invites adjacent
cells (one-hop neighbors) with free resource to join and form
the cooperating set, so as to mitigate the load of the overloaded
BS and meet the QoS requirements of the users. If all adjacent
cells have joined the cooperating set but still cannot solve the
overload problem, the system will continue to invite the
neighbor cells of the cooperating set (two-hop neighbors) of the
overload cell to join the cooperating set. Considering the fact
that the size of the cooperating set will affect the complexity of
resource allocation and scheduling and the BSs which are
farther from the center of the cooperating set can improve
limited efficiency and throughput, our method will give
priorities to the neighbor cells as a reference when selecting
them to join the cooperating set. Also we will set a stop point.
When the condition of the stop is formed, the invitation to the
cooperating set will cease. This can avoid excessive growth of
the system complexity by adding helpless BSs to the
cooperating set.

The remainder of this article is as follows. Section II
describes our system model and formulates the problem. In
Section III, we present our proposed dynamic cooperating set
planning algorithm. Simulation results are shown in Section
IV. Finally, we conclude the paper in Sector V.

II.  SYSTEM MODEL AND PROBLEM FORMULATION

LTE-A wuses Orthogonal Frequency Division Multiple
Access (OFDMA) technology in downlink. OFDMA is a
combination of frequency and time division multiple access
techniques to use spectrum resource, which uses a large
number of orthogonal narrow-band subcarriers to load data
against multipath effect. Schedulers can exploit multi-user
diversity and choose suitable subchannels for users to enhance
spectral efficiency and throughput.

LTE-A Frequency Division Duplexing (FDD) frame
structure is as shown in Figure 1. The spectrum is divided into
frames. Each frame is comprised of 10 subframes. One
subframe is 1ms. In LTE-A, the minimum transmission unit is
a Physical Resource Block (PRB). A subframe is composed of
2 PRBs in the time domain. A PRB includes 7 symbols in the
time domain and 12 subcarriers in the frequency domain, so the
PRB has 84 symbols in total. In LTE-A, the minimum resource
assignment unit is a Transmission Time Interval (TTI), where a
TTI is comprised of 2 successive PRBs, with 168 symbols. The
Modulation and Coding Scheme (MCS) decides the capacity of
each symbol, i.e., one symbol can carry 4 and 6 bits by
employing 16QAM and 64QAM, respectively. In this paper,
we assume the bandwidth is 10MHz, thus each subframe has
50 PRBs in the frequency domain and can provide 50 TTIs for
resource assignment.
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In OFDMA systems, User Equipment (UEs) simultaneous
data transmission activities will interfere with each other if they
adopt the same frequency. To avoid this, we adopt traditional
SFR model [9][10][11][12] to mitigate interference and ICI and
enhance frequency efficiency. SFR model is as shown in
Figure 2, we can see that 3 cells consist of a frequency reuse
unit. Each cell contains center and edge areas. Frequency band
is partitioned into 3 subbands, F;, F, and F3, where each cell
edge in a frequency reuse unit allocates different frequency
subband, F, F, or F;, as shown in Figure 2, while the center of
each cell uses the frequency subbands other than that of its cell
edge, i.c., in Figure 2, the edge area of cell 1 allocates subband
F3 while the center area allocates F; and F,. To effectively
reduce the ICI, subbands of centers are allocated low power
while the subband of edges is allocated high power. So the
system can mitigate interference problem by SFR model. Other
spectrum allocation schemes can also be combined with our
proposed method (not limited to SFR), but this is not within the
scope of this article.
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The cell edge area is covered by multiple cells. When the
resource of a cell is not enough, transferring some UEs in the
cell edge to other adjacent cells by DCS can achieve the goal of
offload. Previous work usually use a fixed cooperating set [7]
[8]. Although these schemes work and are simple, they are
inflexible and cannot fit the cooperating set to the actual traffic
situation, which is actually changed time to time. This motivate
us to propose the concept of dynamic cooperating set combined
with DCS. According to the actual traffic situation, a dynamic
cooperating set based scheme can dynamically invite proper
adjacent cells to organize cooperating set, such that more users
can be served and the system resource can be efficiently
utilized.

In this paper, We are to solve the following problem. Each
cell in the system uses omni directional antenna, and the cell
edge share the 1/3 area of the total area. Initially, each cell is
responsible only for the users within its coverage area (for the
users covered by several cells, they choose the closest one as
the serving cell). If a cell or several adjacent cell overload,
these cells will become cluster head (or head of the cooperating
set) and start to invite adjacent cells with free resource to join
the cluster (cooperating set). The size of the cooperating set is
not fixed. Based on the actual traffic situation, the cooperating
set is dynamically regulated. Here we are to find suitable cells
to join the cooperating set. For a larger size cooperating set, the
overall resource can be more effectively used, but the
computing overhead is high, too. Our observation also shows
that in some cases, we can add more cells into the cluster to
alleviate the overload problem and satisfy more users but the
overload problem cannot be always solved.

TABLE 1. THE MCS WITH THE REQUIRED RECEIVED SINR

16QAM 1/2 7.9
2/3 11.3
3/4 12.2
4/5 12.8
64QAM 2/3 15.3
3/4 17.5
4/5 18.6

To evaluate the channel quality, we use the Signal to
Interference plus Noise Ratio (SINR) model. Based on the
received SINR, the system selects a suitable MCS for a UE.
TABLE I shows the MCS and its required received SINR. If
the SINR value of a UE is high (resp., low), it can use high
(resp., low) level MCS. Assume the transmission power of
sender i is P;, the receiving power P(i, j) of receiver j can be
derived as
B )=l (M

L, =T < >

P
where G; and G; are the antenna gains at transmitter i and
receiver j, L(i,j) is the path loss between i and j. The SINR of j
is as below:
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where B is the effective frequency band, Ny is the thermal
noise level and 1(i,j) is the interference from other transmitter,
which can be evaluated by:

HAD=§?UJ) 3)

III.  OUR PROPOSED ALGORITHM

In this section, we present how the proposed algorithm
dynamically organizes the cooperating set (or cluster) to
offload the traffic. First, we assume that every BS, in the very
beginning, operates independently, i.e., initially, every BS
itself is a cooperating set of size 1. Considering that
somewhere (or some BS) in the system may have a big
activity or event with gathered crowds, so traffic demand
increases. This induces much people cannot communicate to
the network. To solve this problem, we propose to
dynamically organize the cooperating set by inviting the BSs
around the overload area based on the actual traffic
distribution and the status of the neighbor BSs. Then the
cooperating set effectively disperses the overloading traffic
demand to the BSs with free resource via DCS, thus enhancing
the spectrum efficiency. Our method is composed of two
parts: In the first part, we consider the direct adjacent BSs to
the overload BS (C,), i.e., one-hop neighbors of C,, denoted
by ‘PICh:{NIi, i=1..6}, N, is the iy direct adjacent cell of Cy.
To alleviate the load of C,, the users, which are originally
serviced by C, and are also covered by any neighbor BS in
‘PICh, are dynamically scheduled to use the free resource of
cells in ‘PICh via DCS, i.e., transferring part of the edge users
from C;, to neighbor BSs, Nli, 1 = 1..6. If overload still exists
after all NliE‘Pl(;h, i=1..6, joining the cooperating set, our
method will continue the second part. In the second part, the
BSs which are adjacent to the cooperating set are considered;
note that they are not directly adjacent BSs of C;, but two-hop
neighbors of Cy,. Then, we continue select suitable BSs to join
the cooperating set. These BSs can relay their resource to N';,
i = 1..6, by serving N';’s edge users, thus increasing the free
resource of Nli which can be used to offload more users in C;,.
In TABLE II, we summarize all notations used in the paper.

TABLE II. SUMMARY OF NOTATIONS

Notation Meaning
Cy Overload cell or cluster head
V3 The set of one-hop neighbor BSs of Cy.. i.c.,
o V., =(N:.i=1.6}
Wj The set of two-hop neighbor BSs of Cy,. i.e.,
i Vo ={ N}.j=1..12}
T The capacity of a BS in one subframe (in PRB)
T The Total amount of overload traffic demand of C;, per
subframe
Oy The amount of demand which is served by cell m and
is also covered by cell n
Buy The amount of free resource in the cell edge of cell v
which can be provided to cell u
G The set of member cells in the cluster (or cooperating
set)
S The set of candidate cells for the cluster
W Weight of cell m
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A. Selecting One-hop Neighbors

This part selects suitable directly adjacent BS for the
cooperating set (in the rest of the article, we use cluster instead
of cooperating set, denoted by G). We select BSs to join
cluster G by considering the following three parameters, Oy,
Buyv and F(Nli, G), where a,,, is the amount of traffic demand
which is served by BS m and is also covered by BS n, B, is
the amount of free resource in the cell edge of BS v which can
be provided to BS u and F(N';, G) is to calculate the number
of adjacent edges between BS N'; and G. For each directly
adjacent BS i of G, we calculate its weight W; according to the
three parameters. The BSs with the greater W; are preferred to
join cluster G. W; are defined as follows:

Wi =Xxacp i+ YXBen+(1-X-Y)x F(N',G). )

Larger ocp; represents that Cp, has more potential to transfer its

cell edge demand to BS N';, while larger Bchi means that BS

N, has more free resource in the cell edge. F(N';, G) measures

the overlapping area between BS N'; and cluster G. The

greater the overlapping area is the more potential resource can
be borrowed to cluster G. Carefully observing the relationship
between ocpi, Beni and m (w is the total amount of overload
traffic demand of C,), three characteristics as below can be
found. I. When 7 < acp; and By, it means that N! ; has enough

resource (Bcp;) to solve the overload condition of C, and C,

has sufficient demand (ocp;) in the overlapping area between

C, and Nli. Transferring part of the demand in oc,; can solve

the overload problem. II. When Bcp; < ocp; and m, it represents

that N'; does not have enough free resource to solve the
overload condition, but it is still possible for N'; to relay
resources of sz to increase Pcp; to help offload the traffic of

Cp. III. When oy ; < Bep;and w, it means that, C;, does not have

enough demand (oc,;) in the overlapping area, so it is

impossible for N'; to help to solve the overload problem even

Bcni = m or relaying more resource from N In the following,

we illustrate how we select cells in set ¥ Ch to join G.

Stepl. If some cell C, overloads, our scheme starts
executing.

Step2. G={C.;}, A=0 and S=0 and calculate «, consider to
add directly adjacent cells of C,, into G first, i.e., S={
Nli, i=1..6}, and calculate ocnj, Bcni and W; for each
NLeSs.

Step3. Select the cell N';s in S with the greatest Wi« to join
cluster G. Update G=G+{N';x} and S=S-{N'.}.

Step4. If the relationship of w, ochi+ and Pcpi+ conforms
condition I, terminate the scheme and stop organizing
the cooperating set. G is the final cooperating set;
otherwise, go to next step.

Step5. If the relationship of m, och+ and Pepi+ conforms
characteristic II, means that N'i. can provide only
limited PRBs, but N';» still has the possibility to relay
free resource from the outer BSs (C’s two-hop
neighbors) to increase Pcpix to solve the overload
problem. Update A=A+{N"} (which will be used in the
2nd part of the proposed method and which is illustrated
in Sec. 3.B). If the relationship of =, ocp;+ and Pcp i
conforms characteristic III, this means that N';» cannot
solve the overload problem even relay free resource
from the outer BSs, so do not add N';» into A.

Step6. For each N';«€S, update Ochi> Peni and W;. Update m,
too.
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Step7. If S is empty, go to Step 8; otherwise, go back to

Step3.

Step8. If n#£0 and A#O, enter the procedure of relaying
external resources of two-hop neighbors in Sec. 3.B. The
procedure continues inviting the two-hop neighbors of
cluster head C; to solve the overload problem.
Otherwise, the algorithm is over. G is the final

cooperating set.

B. Relaying External Resource of Two-hop Neighbors

In this part, we consider to invite the two-hop neighbors
of C, to join cluster G. Two-hop neighbors are not directly
adjacent to Cy, so they cannot serve the demand of C;, directly.
But they can serve the demand of C,’s one-hop neighbors,
thus increasing Bcy; of NL€W¥'c,. This is what we call "relay
external resource". By this way, we can increase Bcy; such
that BS N1 is able to offload more C,’s overload demand.
Note that the amount of resource a BS N ey’ cn can transfer
is limited to min{a;j, B J} Also, for NL 0 the amount of demand
it can offload from Cy is limited to ocp;. In the following, we
illustrate how we add two-hop neighbors of C;, to G.

Stepl. For set A, we select the N'«€A which has the
greatest acpi+. Considering the adjacent BSs of N'« and
they need to be the two-hop neighbors of G, i.e.,
Nze(‘Pz WP ,*) =1 P eNy! ,*| update S= {N il

E(‘P aN®')} and A=A-{N'.}. For each N’ ES
calculate i« j, Pij and W;, where W; is defined as:

W =XX0x j +Y %Py jH(1-X- Y)><F(N ,G). (5)

Step2. Calculate m. Select the N # in S with the greatest

weight Wi« to join G, i.e., G= G+{N «} and update S=S-

N’}

If n < a,* # and Pix;+ (otherwise go to Step4), i
means that N has enough free resource which can be
relayed to N';» to alleviate the overload problem In this
way, if T < acpie set n=0 and G=G U {NJ}. The
algorithm is over. G is the final cooperating set;
otherwise ( ©> oy +), update = m-0cy i+ and S=0 and go
back to Stepl if A#O or else terminate the algorithm and
return G if A=0.

Bixj+ < o j+ and m (otherwise, go to Step5) N? i+ only
have llmrted free resource to relay to N'i«. In this case if
Bij+ 2 acn+ , update m=m-acp+ and S=@. If A#0, go
back to Stepl. If A=0, our algorithm is over and return
G. Otherwise, if B j+<ocn, update m=n-B;+ and S=S-
{N *}, TENEW Qixj, PBi= 7, Wy and acy i+ for each N% €S, If
S#@ go back to Step2. If S=@ and A#Q, go back to
Stepl. If S=0@ and A=0, return G and terminate the
scheme.

Step5.  If oyx j+<Pixj» and w and os j» = Ocp i+, Update T=T-0cp ;=
and S=0. If A#0, go back to Stepl. If A=0, our
algorithm is over and return G. On the other hand, if
Qix j»<Pixj+ and 7 and oy j=<olcp i+, update T=m-0lix jx, S=S-
{N%+}, o= j« and ocp i and renew O j, Pixj, Wy for each
N2 ES If S#@ go back to Step2. If S=0 and A#QD, go
back to Stepl. If S=0 and A=0, our method is over and
return G as the final cooperating set.

Step3.

Step4.
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Iv.

In this section, we evaluate the performance of the
proposed Dynamic Cooperating Set Planning (DCSP) method
in LTE/LTE-A networks. In the network, we consider 19 cells.
The bandwidth of the system is 10 MHz. The transmission
power of a BS and a UE are 46dBm and 23dBm. The inner
area of each cell occupies 2/3 of the total area. The data rate of
each user is 500kbps. The amount of TTI in a subframe is 50.
2 TTIs are for control signaling, while 48 TTIs are for data
transmission. To alleviate the interference problem, we adopt
SFR model. The bandwidth is partitioned into three equal
subbands. Two subbands, 32 TTIs, are used in inner area and
one subband, 16 TTTIs, is used in outer area. No adjacent cells
use the same subband for the outer area. The transmission
power of outer area is twice that of inner area. The system
parameters are summarized in TABLE III.

SIMULATION RESULTS

TABLE III. SYSTEM PARAMETERS

Parameters Values
Carrier frequency 2GHz
Bandwidth 10MHz
Cell radius 500m
UE distribution Uniform random distribution
eNode B/UE Tx power 46 dBm/23 dBm

eNode B/UE Tx gain 14 dBi/0 dBi

Distance-dependent distance 128.1437.6log;,d(dB) » d in km

Thermal noise -174 dBm/Hz
Number of users in the system 190
Number of users in C,, 300

180000 300

160000 pesp

250 | =m=scsp
140000

Single(Non CoMP)

120000 200

100000 gl
150
80000

60000

Throughput(kbps)

100
== DCSP

—=505P

40000

Number of unserviced users

20000 single(Nan ComP)

We compare our DCSP scheme with SCSP (Static
Cooperating Set Planning) and single (no CoMP). Every 3
BSs form a cooperating set in SCSP, while our DCSP
dynamically organize cells into the cooperating set depending
on the actual traffic situation.

Our simulation analyzes the effects of following four
parameters: number of users in the overload cell (Ncy),
number of users in the system (N), cell radius (R) and the
distance between cells. We observer the effects of these four
parameters on the system throughput, number of dropped
users and cluster size. All users are uniformly distributed in
the system unless otherwise started.

A. Effect of Ngy,

In this experiment, we uniformly distribute 190 users
over the network. Then, N¢, is gradually increased to see its
effect on the system throughput, number of drooped users and
cluster size. As we can see in Figure 3(a) As N¢y, increase, the
system throughput increases for all schemes. Our DCSP
scheme outperforms SCSP and single. This is because DCSP
will dynamically invite ambient cells to join the cluster to help
offload the overloading traffic according to the actual
situation. SCSP is better than single because the other two
cells in the cooperating set that C, resides can help offload
Cy’s traffic. When N¢y, is more than 240, Figure 3(a) shows
that the system throughput of DCSP converges. This is mainly
because the amount of free resource in the outer area of cells
other than C, is limited, i.e., B, limits the system throughput.
Figure 3(b) shows the effect of N¢;, on the number of dropped
users. As Ny, increases, number of dropped users increases. In

Cluster size

2
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0 30 60 90 120 150 180 210 240 270 300 0 30 60 90 120

Number of users in C,
Figure 3(a). Throughput vs. number
of users in C,,

as 350
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3 300
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25 Single(Non CoMP) 250
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Number of unserviced users
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Number of users in C,

Figure 3(b). Number of dropped
users vs. number of users in C,
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Figure 3(c). Cluster size vs. number
of users in Cy,
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Figure 4(a). Throughput vs. number
of users in the system
system

180000

160000 —t + —r

140000

Number of users in system
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Copyright2013IEICE

Cell radius

Figure 5(b). Number of dropped
users vs. cell radius

500 510 520 530 540 550 560 570 580 590 600 610 620 630 640 650

Cell radius
Figure 5(c). Cluster size vs. cell
radius


gabacho
タイプライターテキスト
Copyright 2013 IEICE


all three schemes, DCSP performs the best, SCSP the second
and single the third. In DCSP, when N¢, comes to 70, the
system starts to drop users. This is because Ng, users are
uniformly distributed in cell C;. For those users in the inner
area, they are dropped once the inner runs out of all the
resource because they are not in the overlapping area of cells.
Figure 3(c) shows the effect of Ny, on the cluster size. We can
see that DCSP adds surrounding BSs to the cluster according
to the actual traffic situation. Initially, DCSP invites only the
one-hop neighbors to help to offload traffic. As N¢;, overs a
point, two-hop neighbors start to join the cluster. The cluster
size converges at 12 cells because not all two-hop neighbors
help. If there no users located in the overlapping area between
Cy’s one-hop and two-hop neighbors (a;j), it is impossible for
a two-hop neighbor of C; to relay resource to the one-hop
neighbor of C,.

B. Effect of N

In this subsection, we gradually increase the number of
users in the system (N) to see the changes of normalized
throughput number of dropped users and cluster size. As we
can see from Figure 4(a), normalized throughput decreases
when N increases. This is because B, decreases as the number
of users in the system increases, i.e., the amount of free
resource in the cell edge decreases as N rises such that the
surrounding cells of C, can offload limited traffic for Ci.
Figure 4(b) illustrates the number of dropped users over
different N. Overall, DCSP schemes outperforms SCSP and
single. Figure 4(c) shows the impact of N on the cluster size.
Initially, cluster size increases as N increases. This is because
the B,y decreases as N increases, then C, has to invite more
cells to join the cluster to offload its overloading traffic. When
N is over 500, the cluster size starts decrease because more
and more cells run out of their resource and cannot join the
cluster to help to offload C,’s traffic.

C. Effects of R

In this subsection, we increase the cell radius to observe
its impact. Actually, fixing the locations of cells, increasing R
will increase the overlapping area between cells. This can
increase @, , which limits the amount of demand being able to
transfer to neighbor cell. As we can see from Figure 5(a), the
system throughput of DCSP and SCSP increases as R
increases Figure 5(b) shows that for both DCSP and SCSP,
number of dropped user degrades when R rises. In both Figure
5(a) and 5(b), our DCSP performs the best and enhances the
most when R increases. Figure 5(c) shows that as R increases,
the cluster size increases, too. This is because a larger R
increases 0., , such that more transferable demand exists in the
overlapping area between cells.

V. CONCLUSIONS

In this paper, we study how to form dynamic cooperating
set of CoMP in LTE/LTE-A networks. Combined with CoMP,
our proposed DCSP scheme can effectively alleviate the

Copyright2013IEICE

overloading condition in the system and improve the overall
system throughput. Compared to the previous schemes,
DCSP’s system throughput is 1.36 and 1.23 times that of
single and SCSP schemes, respectively DCSP forms
cooperating set in a dynamic and efficient way, i.e., it always
finds the least number of surrounding cells to organize the co-
operating set. This prevents the excessive growth of the
system complexity. Simulation results show that the
performance can be further improved by increasing the radius
of cells or reducing the distance between cells. This is because
more users or demand will be located in the overlapping area
such that the number of transferable users or demand
increases. In the future work, we will study how to adjust the
cell radius of BSs to enhance the system performance.

ACKNOWLEDGMENT

This research is co-sponsored by NSC grants 102-2218-E-
009-014-MY3 and 100-2218-E-024-001-MY3.

REFERENCES

[1] D. Astely et al., "LTE: The Evolution of Mobile Broadband," /[EEE
Commun. Mag.,vol. 47, no. 4, Apr. 2009, pp. 44-51.

[2] M. Sawahashi, Y. Kishiyama, A. Morimoto, D. Nishikawa, and M.
Tanno, "Coordinated multipoint transmission/reception techniques for
LTE-advanced," IEEE Wireless Communications, Vol. 17, Issue 3,
2010, pp 26 -34.

[3] R. Irmer, H. Droste, P. Marsch, M. Grieger, G. Fettweis, S. Brueck, H.-
P. Mayer, L. Thiele, and V. Jungnickel, "Coordinated multipoint:
Concepts, performance,and field trial results," IEEE Commun. Mag.,
vol. 49, no. 2, pp. 102-111, Feb. 2011.

[4] L. Qiang, Y. Yang, F. Shu, and W. Gang, "Coordinated beamforming in
downlink CoMP transmission system," in Proc. of ICST Conference on
Communications and Networking in China (CHINACOM), Aug. 2010.

[5]1 S. Brueck, L. Zhao, J. Giese, and M. Amin, "Centralized scheduling for
joint transmission coordinated multi-point in LTE-Advanced," in Proc.
of ITG Workshop on Smart Antennas(WSA) 2010, Feb. 2010, pp. 177 —
184.

[6] M. Feng, X. She, L. Chen, and Y. Kishiyama, "Enhanced Dynamic Cell
Selection with Muting Scheme for DL CoMP in LTE-A," in Proc. of
IEEE VTC 2010-Spring, May 2010.

[71 Y. Yu, E. Dutkiewicz, X. Huang, and M. Mueck, "Load distribution
aware soft frequency reuse for inter-cell interference mitigation and
throughput maximization in LTE networks," in Proc. of IEEE
International Conference on Communications (ICC) 2011, 2011, pp. 1-
6.

[8] P.Marsch and G. Fettweis, "Static clustering for cooperative multi-point
CoMP in mobile communications," in Proc. of IEEE International
Conference of Communications (ICC) 2011, Jun. 2011, pp. 1 —6.

[91 3GPP R1-050507, Soft frequency reuse scheme for UTRAN LTE, May
2005.

[10] W. Fu, Z. Tao, J. Zhang, and D. Agrawal, "Differentiable spectrum
partition for fractional frequency reuse in multi-cell OFDMA networks,"
in Proc. of WCNC 2010, 2010.

[11] J. Li, H. Zhang, X. Xu, X. Tao, T. Svensson, C. Botella, and B. Liu, "A
novel frequency reuse scheme for coordinated multi-point transmission,"
in Proc. of IEEE of VTC 2010, 2010.

[12] M. Qian, W. Hardjawana, Y. Li, V. Branka, J. Shi, and X. Yang, "Inter-
cell Interference Coordination Through Adaptive Soft Frequency Reuse
in LTE Networks," in Proc. of IEEE Communications and Networking
Conference (WCNC’12), Apr. 2012, pp.1618-1623.


gabacho
タイプライターテキスト
Copyright 2013 IEICE



<<
  /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 /Error
  /CompatibilityLevel 1.7
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




