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Abstract ' — Long-Term Evolution (LTE) networks comprising
conventional cellular macrocells plus user-installed femtocells offer an
economically viable solution to achieving high user capacity and
upgrading to future fourth-generation systems. With the growing
impetus for frequency reuse, the capacity of each user depends on not
only the power spectral density of its own, but also on those of others
in neighboring cells. Mitigating interference among macrocells and
femtocells requires allocating physical resource dynamically in
response to channel conditions. In this paper, we formulate the
resource allocation problem as a utility optimization and develop a
distributed algorithm for joint power control and user scheduling. The
algorithm makes novel use of a class of fairness measures for
determining user scheduling and is shown to be very efficient for
realistic network parameters. Additionally, using a practical model for
the LTE air interface that captures geographic distribution of users
and buildings, we provide for a framework that allows comparison of
different resource allocation algorithms. A variety of problem
formulations, including femtocell density, resource tradeoff, and
complexity-optimality tradeoff are derived and analyzed using a
geometry-based stochastic LTE air interface model. Our analysis also
offers useful guidelines for the planning and design of macrocells and
femtocells.
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I. INTRODUCTION

LTE defined by 3GPP is a highly flexible radio interface,
which aims for a smooth evolution from earlier Universal
Mobile Telecommunications System (UMTS) to future fourth
generation systems [1]-[6]. It is in the process of being
deployed to provide improvements in cellular capacity.
However, due to the large attenuation loss for indoor users
(especially at higher frequency) in LTE networks, femtocells
are proposed to serve as small range indoor access points,
which are installed by users and backhaul data through a
broadband gateway over the Internet. It is shown that more than
50% of all voice calls and more than 70% of data traffic
originates indoors [7]. Femtocells deployment amidst existing
macrocells can efficiently take indoor traffic off expensive
cellular networks, so that macrocell base-stations (BSs) can
direct their resource to truly mobile users. The capacity and
coverage of both macro- and femto-cells will benefit from the
off-loading of traffic. Since the femtocell radio range (5 - 50
meters) is normally much smaller than the macrocell radius
(300 — 2000 meters) [8], users served by femtocells experience
superior signal reception and can greatly lower their transmit
power to prolong battery life.

Macro- and femto-cell Base Stations (BSs) have to
dynamically allocate physical resource to users in a time-

frequency division manner, for varying channel conditions and
quality of service criteria. The degrees of freedom available to
the BSs to allocate, i.e. subcarriers, time slots, and transmit
power, allow for optimized resource allocation algorithms that
can decide which user to schedule in a time-frequency grid (i.e.
user scheduling) and what transmit power to use for the
scheduled user (i.e. power control). However, optimized
resource allocation algorithms come with a double-edged sword
— i.e., while they can provide for significantly improved
network performance, when not applied carefully, they can
cause high overheads and complexity thus rendering them both
difficult and impractical for use in realistic systems.

In this paper, we consider the important and challenging
problem of resource allocation in LTE network with femtocells
and study their performance trades. Our contributions, in
particular, are as follows: (i) We propose a novel fully
distributed low overhead resource allocation (RA) algorithm
that optimizes resource allocation on both the macro- and
femto-cells. Using the well researched decomposition
principles of power control and user scheduling [23]-[28], our
RA algorithm allocates resources dynamically and improves
LTE network capacity while also maintaining fairness among
different users. (i) We propose a new method of solving user
scheduling by relaxing the discrete scheduling problem into a
convex optimization problem and make use of a family of
fairness measures as in [9] to map continuous scheduling
decisions into binary decisions, interactively. Our method has
low computational complexity, since it only requires a
projected-gradient method and calculation of fairness measures.
(iii) We use a practical LTE air interface model based on the
WINNER 2 [29] project that employs stochastic geometry
framework for modeling the random spatial distribution of
users, femtocells, and buildings. Our simulation studies with
realistic channel models shows about 75% of capacity
improvement over round robin. (iv) We derive several problem
formulations, including the impact of increasing femtocell
density, physical resource tradeoff for network planning, and
benefits of off-loading traffic using femtocells.

The remainder of the paper is organized as follows. We
begin with an overview of related work in Section II. In Section
I, we introduce describe the system model. Section IV
contains the details of our resource allocation algorithm based
on fairness measures. Section V provides a description of the
LTE air interface model. Section VI wuses the resource
allocation algorithm and the LTE air interface model to
characterize several important tradeoffs and discuss their
implications to planning and designing LTE networks. Section
VII summarizes and concludes the paper.
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II. RELATED WORK

Prior research on femtocells has mainly focused on GSM and
CDMA networks with single carrier, where frequency reuse
structures among femtocells and macrocells have to be
predetermined and are fixed for all time. The authors in [10]
[11] have shown that it is more practical to split the radio
frequency spectrum between femtocells and macrocells, thus
negating any frequency reuse. The benefits of having a tilted
antenna radiation pattern and macrocell-femtocell power ratio
control is discussed [12]. Use of antenna sectoring and time-
hopped CDMA is shown in [13] to achieve a higher user
capacity for a shared spectrum network with femtocells.

In another line of work, for analytical tractability, femtocells
are assumed to be regularly placed in macrocells, and physical
channel attenuations are drawn from given distributions (e.g.
Gaussian and Log-normal). These assumptions, while allowing
closed-form solution, have limited applicability owing to the
inherent variability in femtocell locations, building structure,
and correlated fading in realistic scenarios. By approximating
cross-cell interference by its average and ignoring interference
among femtocells, the capacity of a CDMA network with
femto- and macro-cells is derived in [14]-[16] for different cell-
selection schemes. The analysis is accurate for up to eight
femtocells per macrocell. This result is then extended in [13] to
a large number of femtocells without approximating the
interference statistics.

From an optimization perspective for networks with
OFDMA, resource allocation formulated as an integer
programming problem is shown to be NP hard and have
exponential complexity [17]. For Digital Subscriber Line (DSL)
applications, the resource allocation problem can be formulated
either as non cooperative Nash games [18] [19] or as a utility
maximization problem [20] [21] [22]. Several algorithms have
been proposed to compute a Nash equilibrium solution using
iterative waterfilling method (IWFA) [18] [19] or a global
optimal solution using dual decomposition method [20] [21]
[22]) for the utility maximization. Due to the nonconvex nature
of the problem, these IWFA algorithms may be inefficient and
converge to a stationary point with poor capacity. Significant
effort has been made to establish conditions which can ensure
the existence and uniqueness of a Nash equilibrium solution as
well as the convergence of IWFA [18] [19]. In an attempt to
analyze the performance of the dual decomposition algorithms,
the duality gap of the resource allocation problem is studied in
[17].

For fixed user scheduling, per-user water filling [23] or fixed
point iteration with standard interference functions [24] can be
applied to optimize the transmit power levels. To solve the user
scheduling problem for fixed transmit power, several heuristic
algorithms have been developed in [23]-[28]. In a separate
work [25], a user scheduling algorithm that assigns subcarriers
and time slots based on the ranking of their potential
contribution to network utility is proposed. Similar work
include [26] and [27], where scheduling decisions are made
upon the group capacity and the ratio of signal to energy leaked
in to neighboring, respectively. In a recent work, it is shown in
[28] that the user scheduling problem can be solved optimally
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by formulating the problem as a maximal bipartite matching
and solving it using a modified version of the Hungarian
algorithm.

In summary, we note that the existing resource allocation
algorithms may not be directly applied to LTE macrocells and
femtocells due to several reasons as follows: (i) Instead of
scheduling each individual subcarrier and time slot to users,
user scheduling in LTE networks is decided in the unit of
Physical Resource Blocks (PRBs), which contain a group of
subcarriers and time slots, while power control is still
performed for each subcarrier and time slot. The difference in
granularity may cause large capacity loss when applying
existing resource allocation algorithms to LTE networks.
(ii)Unlike DSL applications where all subcarrier interfere with
each other, LTE network use orthogonal transmission within
each cell and universal frequency reuse at different cells.
(iii)Existing resource allocation algorithms normally try to
maximize the total network throughput or a linear utility
function of capacity. Since the notion of fairness is not captured
in the utility function, starvation may occur in network for users
with bad channels. Therefore, we need to solve resource
allocation for general utility functions capturing both notion of
fairness and efficiency as is done in this paper.

III. SYSTEM MODEL AND PROBLEM FORMULATION

Consider an LTE network with n (femtocell and macrocell)
base stations serving totally m mobile users. We use b; to
denote the BS serving mobile i for i = 1,...,m. Since users
within the same cell are assigned orthogonal resources, the set
of users who are possible to interfering with user i is given by

Ci = {j: bj # bi,Vj} (D)
Similarly, we define the set of users served by BS k as
Bk = {j: bj = kVj} )

Radio resources in an LTE network are allocated in units of
PRBs on a time-frequency grid. Each PRB has the size of
180kHz in the frequency domain and 0.5ms in the time domain.
Therefore, we assume that the physical channel is divided into
T x F blocks, such that (F - 180) kHz is the total system
bandwidth and (7 - 0.5) ms is the time scale of dynamic
resource allocations. Let fH(+) be the random physical channel
generation function which accepts set of network deployment
parameters D (e.g. femtocell density, macrocell radius, and
bandwidth) as input.

{Hbiie 1, V(t, )} = fu(D) 3
Where Hb,, i,t, £ is the channel attenuation from user i to its base
station b,, for PRB (¢,f). Let P;.r be the transmit power of user i
on PRB (tf) and S, = 1(p, 50y Vi,t,f is the binary
indicator of whether PRB (z,f) is assigned to user i. All channel
attenuations are stored in matrix A, all transmit power in matrix
P, and assignment decisions in S. The data rate of user 7 is
given by a function of channel and power, as follows:

HE . PitfSiy,
Ri=fa, (H, P, S)= X1y Xy log (1 +% - ——tes 2

), Vi (4)

T Tjec Hgivi”t’fpj,t,fsj,r,f +Np,
Where Np, is the thermal noise power at BS b; and I is an

SINR gap, reflecting the loss over modulation and error coding.
The problem now can be stated mathematically as follows:
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Maximize Y7~ U (R;),
Subject to R;=X7_, X, log( 1 +

)

)> Vi
PicrSits+ Nbi

2
1 Hby oo PitsSits

r Zjecl—Hgi'i”t,f
Z{ﬂ Z}::l Pi,t,f = Pmax,ia Vi
Sief €10, 1}, Vit f
Dien, Sitf =LYtk

Variables P 7, S,/

Where P, ; is a maximum transmit power constraint for user i
Yien, Sity = 1,V t f k ensures that each PRB is
assigned a single user within each cell, and
U (+) is the utility function.

The utility function, U (-), is used to capture various design
objectives, such as throughput efficient and allocation fairness.
In one embodiment the utility function, U (*), can be from the
family of widely applied « - fair utilities,

x1l-«@
- >

Y Uy (x), where Uy (x) =4 1-a ,a=20,a 1 ©
log(x); a = 1

The a - fair utilities model was chosen as a tradeoff between
throughput efficient and allocation fairness. A maximize of the
«a - fair utility function satisfies the definition of @ — fairness: a
maximization of the log utility function (@ = 1) is
proportionally fair, and a maximization of the a-fair utility
function with ¢ — oo is max-min fair.

IV. OUR OPTIMIZED RESOURCE ALLOCATION ALGORITHM

The resource allocation problem formulated in Section III is
NP-hard due to the integer constraints placed
on {S;;r,Vit f}. We therefore propose the following
decomposition.

Problem 1A is the power optimization over P for fixed
scheduling S and is represented mathematically as follows and
which is solved for all users jointly:

Maximize mU(Ry), (7
Subjectto R;= Y5, log (1 ++ Hbuiny Pits5is ), Vi
ubjectto R,=X%_,lo = , Vi
)] f=1 g r Zjeci Hgi,i,,t,fpj't’fsj't'f + Nbi
Yi-1Pip < Praxi Vi

Variables P, ¢

In LTE networks, since interference (in the denominator of
the rate function above) only comes from users in neighboring
cells, the problem can be further decomposed across cells that
reduce the amount of message-passing among different cells.
Thus minimizes the space Ci and the monotonicity property of
the « - fair utility is seen to apply. The problem then becomes
a standard (iterative) water-filling problem and maximizes rates
R, for all users i = 1,..., m independently and is as follows:

Maximize R;
1, Hgi,i,[:,f PitrSitf
T Yjec;Hp

Yiaa Py <

Vi

Subject to R, =XF_, log (1 + (8)

i'i”tvfpj,t,fsj,t,f + Nbi ’
P max,is Vi

Variables P; ¢

Where the utility function U(:) is omitted due to its

monotonicity over R,;. Let A; be the Lagrangian multiplier for
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the transmit power constraint of user i. Then the Lagrangian for

the power control problem of user i is as follows:
Hg. . P‘,t,fs',t,f

L(PiyA)=XF-1log (1 +1. Lot

K 2
r Z]ecl- Hbi,i,,t,f

Pj,t,fsj,t,f + Nbi (9)
This is a convex optimization whose solution can be given in
close form using the Karush-Kuhn-Tucker (KKT) conditions as
described below.

SOLUTION 1A

Therefore, the solution to Problem 1A is as follows:

1 F(ZjeCingi'i’f PifSif+Np, ) *
Py, =1 \a Wy (10)
OI

Where (x)" = max(x,0) is a projection to the set of non-negative

numbers, and % is the water level satisfying Y5_, P; (A;) <
L

Pmax,i

Thus, the solution to Problem 1A is equivalent to determining

the water-level for each user. Once water-levels are known, a

set of transmit power and potential data rates of assigning PRB

f'to different users can be computed as follows:
Hp . PiefSitf

rip () =log 1+ s—

- 2
r Z]GCi Hbi,i,,t,f

Rate 7, (A) is the potential data rate that user i can achieve on
PRB (%f) (independent of the scheduling), and only depends on

parameter (A).
PROBLEM 1B

)- an

Pj,t,fsj,t,f + Nbi

1
For a set of fixed water levels P Problem 1 can be reduced to
i

a scheduling problem of assigning PRBs to users as follows:
Maximize };/%, U (R;), (12)
SubjeCt to R,' = Z;:l Si,f' ri,f (/1)
Si;ef{0,1}, Vi, f
YieSif =LV f

Variables S,/
If the utility is linear in R;, Problem 1B becomes a maximal
weighted bipartite matching problem in graph theory and can
be solved by a modified version of the Hungarian algorithm
with polynomial complexity F?. Using a standard optimization
technique, the integer constraint S;, € {0, 1} is relaxed to a
continuous constant 0 < S;, < 1, so that each BS needs to
solve the following problem:
Maximize Y}; . B, U (Ry)
SubjeCt to R,' = Z;:l Si,f. T',:'f (/1)

0< Sif<LVLf

ZieBkSi,f =LVvf
Variables §; ¢
Next, the solution is projected to the space of binary scheduling
decisions, satisfying S; € {0, 1} and Zifsk Sip=1.

(13)

The following family of fairness measures developed through
1

\1-B18
axiomatic theory {F(x,  Xp) = [Zﬁl (Zx_;cl) ] }is applied to
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find the physical resource block with the most biased or unfair
scheduling vector f* = arg ming F ({ Sy ¢| i € By }), Vk.
Physical resource block (7 f) is then assigned to the user

with the largest element of {S;, | i€ B, }. To assign all
physical resource blocks, the above procedure is repeated. The
solution is summarized as follows:
SOLUTION 1B
While i <m {

e solve equation (x) to obtain S; = 1 (5; /% = max i si*}

¢ Find the most biased scheduling as

o f*=argming F ({S;fli€ B }), Vk

o AssignSip=1 (5 maxisif)

o =i+]
} repeat

V. LTE AIR INTERFACE MODEL

The LTE air interface model that we use is a geometry-based
stochastic radio channel model based on WINNER II [29]
project radio channel models.

The physical layout of the modeled radio network is created
as follows. The user can select one or more propagations
scenarios and construct a network environment including
houses or buildings, femtocell base stations (BS), macrocell
base stations, and mobile stations (MS or UE) which are
randomly placed in a hexagonal grid containing deployed
macrocells. A number of houses, Nj,.., €ach of a size w x w,
are uniformly distributed over the area. A femtocell base
station can be placed in each house with a uniform distribution
and serve a number of indoor mobile stations in the house, Ny
- A number of outdoor mobile stations, Nyg ..., are uniformly
placed over the area as well.

After the deployment, there are Nyg = Nyg i * Niouse T Nuk,
o Mmobile stations and Nzg = Njouse +Niie Dase stations in the
network which result in N = Nyg - Npsg communication
channels. The channels are denoted as i = ... Noaumer , Where
each channel i represents a base station — mobile station pair (s;
m,-) or (b,‘, l)

Next, the user parameters are generated. The WINNER II
models generate user parameters based on the physical layout
and propagation scenario created earlier. These parameters are
classified into two sets: large scale and small scale parameters.
The large scale parameters include the following: delay spread
and distribution; angle of departure spread and distribution;
angle of arrival spread and distribution; shadow fading standard
deviation; and Ricean K-factor. The large scale parameters are
drawn randomly from tabulated distribution functions. The
small scale parameters include the following:  scaling
parameters for delay distribution; cross-polarization power
ratios, number of clusters, cluster angle spread, and distribution,
cluster angle spread of arrival, etc. The small scale parameters
are drawn randomly from tabulated distribution functions and
random LS parameters.

In addition, location dependent parameters are generated.
The location dependent parameters can include d;, ¢;, d,,; ;, and
d;,;. For each channel i, d; denotes the distance from base
station s; to mobile station m; and ¢;denotes the departure or
arrival angle at base station s;. The distance d,,, ; is the distance
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from base station s; to the wall next to the mobile station
location when the mobile station location is placed outdoors.
The distance d;,; is the perpendicular distance from the wall to
the mobile station, and ¢ ; is the angle between the line-of-sight
(LOS) to the wall and a unit vector normal to the wall.

The channel impulse response (CIR) is computed for each
channel i and the channel attenuation for each subcarrier f; in
channel i. Figure 1 shows the steps used to make these
calculations.

In short, the CIR for each channel is computed as a function
of four components: antenna gain, Hag, ;; path loss, Hpr j
shadow fading, Hgr ;; and multi-fading, Hyr, (7). The CIR for
each channel i is represented mathematically as follows:

Hi(t) =Hag,i * Hperi - Hsri © Hur, i(7)
Where i represents (b;, i).

Once the CIR is known for a particular channel i, then the

channel attenuation is computed for each subcarrier.

Do for each channel i = 1...Ncpanner

‘ Calculate antenna gain, Hag ; ‘

v

‘ Calculate path loss, Her.: ‘

‘ Calculate shadow fading, Hsr ; ‘

v

| Calculate multi-path fading. Hur. i(T) |

Calculate channel impulse response for
channel i
Hi(T)=Hagi - Her; -

Hsei - Hue o((T)

Do for each subcarrier fi
k = 1...K of channel /
Calculate channel attenuation H;(fy)

Figure 1: Channel Impulse Response and Attenuation Calculations

VI. PERFORMANCE ANALYSIS

A. Performance improvement of Resource Allocation

Consider a network where 50 macro-users and 19 femto
users are uniformly random deployed over an area of 6
macrocells and 10 femtocells. Each macrocell has a radius of
1000 meters and each femtocells (house) has a size of 7 x 7
meters. For the uplink, the transmit power is chosen to be P ..
macro = 21dBm and P 4 fomio = 21dBm with an noise figure of F
» = 7dB at all base stations. The LTE network is operating over
band 2.3-2.5 GHz with a bandwidth of SMHz. We formulate
the LTE resource allocation problem (5) with the above
parameters and solve the problem using the proposed
distributed algorithm.

, 1
L U(RD) =~ X, log (Ry) (14)
We use a logarithm utility function such that the solution to

(6) maximizes a geometric mean of rates and therefore,
achieves a proportional fairness [31], [32] among all users.
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Figure 2 Distribution of data rates for LTE network with 50
macro users and 19 femto users
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Figure 2 compares the resulting distribution of rates to that of a
round-robin PRB allocation with iterative-waterfilling power
allocation. It shows that our algorithm not only improves
average rate by about 75%, but also balance rates of different
users. The fraction of users with rates higher than 200Kbps
increases from 81.1% to 91.3%, i.e. Prob {R ; > 200Kbpss }=
91.3%.

B. Cost and Resource Trades

For an allocation policy @(-) in the basic problem (5), we
can write the utility achieved by @(+) as a function of
deployment parameters D and transmit power budget P,

2, URD) = 32, U(fri (H,P,S))
= Y U(fri (fu(D), 8(fy (D), Pnax)))
é]CU((Z)'D'P‘max)

The function fy(.) that maps deployment parameters and
transmit power budget to achievable utility is more than an
intellectual curiosity, it leads to a quantitative understanding of
the engineering tradeoff among increasing power, changing
redeployment (e.g. cell size and antenna array), and utilizing
more bandwidth. Figure 3 illustrates an achievable (by allocation
algorithm @), equal-utility contour surface, defined by
(P,K,F):U = fy;(®,D,Pmax), for Pmax =1-P,(K,F) € D (16)

Where (K, F) € D denotes a deployment D satisfying resource
constraints K and F, U is a desired utility level and all BSs have
the same amount of resources: transmit power P, total
bandwidth F, and number of antennas K. Each axis in Figure 3
represents the value on one of the three resources, and each
point on the surface states that for this set of resources, the
resource allocation given by algorithm ¢ attains the same
utility value U as other points on the surface. A more optimal
resource allocation algorithm, which achieves utility U with
lower resource requirements, is able to push down the equal
utility surface in Figure 3.

Imposing a cost model on top of this Pareto-optimal surface
will further provide a cost-effectiveness analysis to the wireless
cellular operator. For example, since bandwidth is a scarce
resource in a wireless cellular network, a large cost function

(15)

should be associated with the total bandwidth usage, whereas
smaller costs are assigned to power and number of antennas.
This choice of costs would result in a resource bundle of (F =
IMHz; P =5dB,; K = 4), in which the total bandwidth usage has
been minimized. This is in contrast to a different resource
bundle of (F' = 4.37MHz; P = 1dB; K = 1) lying on the same
tradeoff surface, where number of antennas and transmit power
has been minimized.

Tctal Bandwidth (MHz)

Maxirnum Power (dB) 0 4

Number of antennas

Figure 3: Pareto-Optimal tradeoff surface among different
resource allocations that achieve the same utility. Each axis
represents the value of one resource

C. Optimality and Complexity Trades

LTE resource allocation can be performed on the time scale
of 1ms. A good resource allocation algorithm not only tends to
optimize performance (measured by utilities), but also
minimizes implementation complexity (measured by overhead
or execution time). Since achieving better optimality normally
requires more complicated resource allocation algorithms,
suboptimal algorithms with lower complexity are of interest for
practical implementation, especially in a dynamic scenario with
fast fading. We can formulate an optimality complexity tradeoff
for different resource allocation algorithms. Let C(@,H,P,,,) be
the number of CPU cycles for algorithm @ to converge for
deployment D and power constraint P. For algorithm @ the
optimality-complexity tradeoff is given by

{(T’ 8):7=C(@,D,Ppax), 6 = Uopt - fu(®@,D, Pmax)} (17)
Where U, is the optimal utility value over all feasible resource
allocations obtained by exhaustive search. This tradeoff
provides a unifying framework for comparing different resource
allocation algorithms in Section IV.

D. Femtocell Density

Finally, using the utility formulation in Equation 15 we can
study the behavior of network performance with respect to the
change of network deployment parameters. For instance, in
order to analyze how the benefits of using femtocells scale as
density of femtocells increases, we can formulate the following
problem

U(Z)(nfemto) = ED [fU(Q)'D:Pmax)lnfemto €D (18)
Where 7ng,, is the number of femtocells and Ep[.] is an
expectation over different deployment and channel realizations.
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The expected utility is modeled as a function of the femtocell
cell density. Intuitively, there should exist a threshold, above
which adding more femtocells would cause network
performance to saturate. Equation (18) gives a formulation for
studying LTE network performance over a variety of
deployment parameters and thus offers important guidelines
that network designers and deployment personal can use to
maximize their gains.

VII. CONCLUSION

LTE networks comprising macrocells plus femtocells are
beginning to offer economically viable solutions to achieving
high user capacity. The above coupled with the growing
impetus for frequency reuse, underscores the need for efficient
resource allocation mechanisms in such networks.  In this
paper, by formulating the resource allocation problem as an
optimization problem we develop a distributed algorithm that
makes use of a class of fairness measures for determining user
scheduling. As indicated by our results, our algorithm is shown
to be very efficient for realistic network parameters. We also
propose a realistic air interface model for LTE, Macro- and
Femto-cell networks. Additionally, we provide formulations
that can be used by network designers and engineers to
understand the impact of femtocell density, resource tradeoffs,
and complexity-optimality tradeoffs and thus assist them with
the planning and design of macrocells and femtocells for better
return of investment (ROI). As next steps, we propose to
analyze the impact of scale and varying mixes of traffic on the
overall quality of service.

REFERENCES

[1] D. Astly, E. Dahlman, A. Furuskr, Y. Jading, M. Lindstrm, and S. Parkvall,
”LTE: The Evolution of Mobile Broadband”, IEEE Communications Magazine,
April 2009.

[2] 3GPP TR 25.814, Physical layer aspect for evolved Universal Terrestrial
Radio Access (UTRA)”, 2008.

[3] 3GPP TS 36.101, ”Evolved Universal Terrestrial Radio Access (EUTRA);
User Equipment (UE) radio transmission and reception”, 2009.

[4] 3GPP TS 36.104, "Evolved Universal Terrestrial Radio Access (EUTRA);
Base Station (BS) radio transmission and reception”, 2009.

[5] 3GPP TS 36.201, ”Evolved Universal Terrestrial Radio Access (EUTRA);
Long Term Evolution (LTE) physical layer; General description”, 2009.

[6] Ericsson, ”LTE an introduction”, Ericsson Technical Report 284 23-3124
Uen Rev B, available at
www:ericsson:com=technology=whitepapers=iteoverview:pdf, June 2009,

[7] Analysys, "Picocells and Femtocells: Will indoor basestations

transform the telecoms industry?,” available online at research:analysys:com.
[8] V. Chandrasekhar, J. G. Andrews, A. Gatherer, “Femtocell Networks: A
Survey”, available online at attp arxiv : org = abs = 0803:0952, June 2008.

[9] T. Lan, M. Chiang, and D. Kao, ”An Axiomatic Theory to Fairness for
Resource Allocation”, Submitted to IEEE INFOCOM, 2010.

[10] J.S. Wu, J.K. Chung, and M.T. Sze, Analysis of uplink and downlink
capacities for two-tier cellular system, /EEE Proceedings on Communications,
vol. 144, no. 6, pp. 405411, Dec. 1997.

[I1] R. S. Karlsson, Radio resource sharing and capacity of some multiple
access methods in hierarchical cell structures, in Proc., IEEE Vehicular
Technology Conference, vol. 5, Amsterdam, Sept. 1999, pp. 28252829.

[12] D. H. Kim, D. D. Lee, H. J. Kim, and K. C. Whang, Capacity analysis of
macro/microcellular CDMA with power ratio control and tilted antenna, IEEE
Transactions on Vehicular Technology, vol. 49, no. 1, pp. 3442, Jan. 2000.

[13] V. Chandrasekhar and J. G. Andrews, “Uplink Capacity and Interference
Avoidance for Two-Tier Femtocell Networks”, To be published in the IEEE
Transactions on Wireless Communications, 2009.

This full text paper was peer reviewed at the direction of IEEE Communications Society subject matter experts for publication in the IEEE Globecom 2010 proceedings.

[14] S. Kishore, L. J. Greenstein, H. V. Poor, and S. C. Schwartz, Downlink
user capacity in a CDMA macrocell with a hotspot microcell, in Proc., [EEE
Global Telecommunications Conference, vol. 3, Dec. 2003, pp.15731577.

[15] S. Kishore, L. J. Greenstein, H. V. Poor, and S. C. Schwartz, Uplink user
capacity in a multicel CDMA system with hotspot microcells, /EEE
Transactions on Wireless Communications, vol. 5, no. 6, pp. 13331342, June
2006.

[16] S. Kishore, L. J. Greenstein, H. V. Poor, and S. C. Schwartz, Uplink user
capacity in a CDMA system with hotspot microcells: effects of Finite Transmit
power and Dispersion, /IEEE Transactions on Wireless Communications, vol. 5,
no. 2, pp. 417426, Feb. 2006.

[17] Z.Q. Luo and S. Zhang, Dynamic Spectrum Management: Complexity and
Duality,” IEEE Journal of Selected Topics in Signal Processing, Special Issue
on Signal Processing and Networking for Dynamic Spectrum Access, Vol. 2,
No. 1, pp. 57-73, February 2008.

[18] S. T. Chung, S. J. Kim, J. Lee, and J. M. Cioffi, A game-theoretic approach
to power allocation in frequency-selective Gaussian interference channels, in
Proc. 2003 IEEE Int. Symp. Information Theory, Yokohama, Japan, 2003.

[19] W.Yu,G. Ginis, and J. M. Cioffi, Distributed multi-user power control for
digital subscriber lines, /EEE J. Select. Areas Commun., vol. 20, pp. 11051115,
2002.

[20] R. Cendrillon, J. Huang, M. Chiang, and M. Moonen, Autonomous
spectrum balancing for digital subscriber lines, /EEE Trans. Signal Processing,
vol. 55, no. 8, pp. 42414257, Aug. 2007.

[21] R. Lui and W. Yu, Low complexity near optimal spectrum balancing for
digital subscriber lines, in Proc. IEEE Int. Conf. Communications (ICC), Seoul,
Korea, 2005.

[22] W. Yu and R. Lui, Dual methods for nonconvex spectrum optimization of
multicarrier systems, [EEE Trans. Commun., vol. 54, pp. 13101322, 2006.

[23] J. Huang, V.G.Subramanian, R.Agrawal, R.Berry, Joint scheduling and
resource allocation in uplink OFDM systems for broadband wireless access
networks, IEEE Journal on Selected Areas in Communications, vol. 27, pp.
226-234, February 2009.

[24] T. Thanabalasingham, S.V. Hanly, L.L.H. Andrew, J. Papandriopoulos,
Joint Allocation of Subcarriers and Transmit Powers in a Multiuser OFDM
Cellular Network, /EEE International Conference on Communications, 2006.
[25] V. Majjigi, R. Agarwal, R. Vannithamby, and J. Cioffi, Persistent
Resource Allocation in OFDMA Networks for Real-Time and Non- Real-Time
Traffic, Asilomar, 2007.

[26] T. F. Maciel and A. Klein, A resource allocation strategy for
SDMA/OFDMA systems, IST Mobile and Wireless Communications

Summit 2007, 1-5 July 2007.

[27] S. Khattak, G. Fettweis, P. Thanneeru, and R. Bhattacherjee, SIR based
Adaptive Subchannel Allocation in OFDMA Cellular System, Mobile and
Wireless Communications Summit, 2007

[28] Z. Zhang, Y. He, and E. K. P. Chong, "Opportunistic Scheduling

for OFDM Systems with Fairness Constraints,” EURASIP Journal on

Wireless Communications and Networking, Article ID 215939, 2008.

[29] IST-WINNER II Deliverable 1.1.2 v.1.2, "WINNER II Channel

Models”, IST-WINNER2, Technical Report, 2007 (http://www.istwinner.
org/deliverables.html).

[30] F. P. Kelly, A. Maulloo and D. Tan, “Rate Control in Communication
Networks: Shadow Prices, Proportional Fairness and Stability,” Journal of the
Operational Research Society, vol. 49, pp. 237-252, 1998.

[31] J. Mo and J.Walrand, “Fair End-to-end Window-based Congestion
Control,” IEEE/ACM Transactions Networking, vol. 8, no. 5, pp. 556- 567, Oct.
2000.

[32] T. Bonald and L. Massoulie, “Impact of Fairness on Internet
Performance,” in Proceedings of ACM Sigmetrics, 2001.

[33] Mung Chiang, Prashanth Hande, Tian Lan, and Chee Wei Tan. Power
Control in Cellular Networks Now Publishers Inc, 2008.

978-1-4244-5637-6/10/$26.00 ©2010 IEEE



	Select a link below
	Return to Proceedings
	Return to Main Menu



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo 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
    /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
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /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
    /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
    /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
    /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




