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Abstract—In this work we focus on the downlink direc-
tion of cellular multi-user MIMO systems based on OFDM
waveforms. Our target system is operated in the frequency
division duplex (FDD) mode, while all base stations (BSs) use
the same frequency spectrum for downlink transmission. State-
of-the-art literature proved that the system performance is
mainly limited by the existing co-channel interference. Hence,
mitigating these effects would improve the achievable system
throughput beyond current benchmarks of cellular systems.
Therefore, coordinated multi-point (CoMP) joint transmission
(JT) is currently studied in Third Generation Partnership Project
(3GPP). However, feedback demands due to massive channel
state information (CSI) feedback cause a significant problem.
By combining sub-clustering concepts for cooperative BSs with
linear channel prediction methods in a thorough time-variant
system-level analysis, we show that CSI feedback rates can be
scaled down to less than 200 kBit/s per user.

I. INTRODUCTION

Various methods to combat co-channel interference (CCI) in
cellular MIMO systems are summarized in [1], ranging from
interference canceling receivers over multi-user diversity to
closed-loop joint transmit beam-forming from multiple BSs.
The joint transmission approach falls in the group of CoMP
transmission, where multiple BSs transmit in a coordinated
manner so that multiple data streams can be delivered simul-
taneously to different users in adjacent cells with reduced CCI.
In the 3GPP standardization activities concerning Long Term
Evolution - Advanced (LTE-A) [2], CoMP is considered as a
tool to improve the coverage of high data rates and cell edge
throughput. For CoMP MIMO, channel state information at
the transmitter (CSIT) from multiple BSs and user equipments
(UEs) is required. This can be achieved by measuring the
channel in reverse direction and exploiting reciprocity of time
division duplex (TDD) systems. In FDD systems, which are in
the focus of this work, the channel is measured in the downlink
direction at the UE side and then CSI is fed back via the uplink
to the BSs.

Early concepts considered a huge centralized wireless dis-
tributed network (WDN), where all BS antenna are connected
via a fast backhaul link to a central unit (CU) [3]–[5]. This set-
ting corresponds to the MIMO broadcast channel (BC). Non-
linear signal pre-processing, known as dirty paper precoding
[6], was shown to achieve the BC capacity [7]–[9]. In [10]
authors relaxed the constraint of full data and CSI exchange
for the case of static and arbitrarily varying interference. They

focused on the case of two BSs, exchanging only partial
information about their messages. By employing the Willems’
conferencing protocol [11], authors proved that the single-user
sum capacity can already be achieved without full information
exchange. This study clearly motivates the development of
CoMP schemes involving partial CSI and data sharing among
cooperating BSs as e.g. discussed for coordinated scheduling
and beamforming concepts [12]–[15] as well as interference
alignment techniques [16]–[18].

For the use of JT CoMP in practice the overhead for pilots,
feedback and backhaul has to be kept within reasonable limits.
The most efficient way to reduce overhead is to limit the
cooperation area. Therefore, we consider a small sub-cluster
of BSs within a large cloud RAN (CRAN) area, where joint
processing is only allowed between BSs belonging to the
same CRAN entity. BSs outside the CRAN group are not
coordinated and thus cause residual inter-cluster interference.
Note, dynamic clustering reduces channel feedback as well as
backhaul data exchange. Finally, we compare our system study
with linear channel prediction in a quasi-static user regime.
By reducing feedback over time, we show that CSI feedback
rates can be reduced significantly at rather low costs in data
throughput.

II. TIME-VARIANT DOWNLINK SYSTEM MODEL

We consider a cellular OFDM downlink where a central
site is surrounded by multiple tiers of sites. We assume each
site to be partitioned into three 120◦ sectors, i.e. a set M
consisting of M = |M| sectors in total. Each sector constitutes
a cell, and frequency resources are fully reused in all M
cells. Mc represents the set of cells included in a given
cluster and Mc = |Mc| denotes its size. At this stage, we
assume disjoint clusters, i.e. a given BS cannot belong to more
than one cluster operated at the same time/frequency resource.
For OFDM systems, the overlap of multiple clusters can be
achieved conveniently in the frequency domain.

Each cluster selects a set of active users Kc following a
specific scheduling metric. In the c-th cluster, there are Mc

BSs, each one equipped with Nt transmit antennas, while the
Kc = |Kc| users are equipped each with Nr receive antennas.
The users inside the cluster are served by signals jointly emit-
ted from McNt transmit antennas, where Mc ·Nt ≥ Kc ·Nr.
The McNt ×McNt precoding matrix Bc = [Bc,1 · · · Bc,Kc

]
contains the precoders Bc,k designed for each of the users.
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Note, each UE might receive multiple spatial layers at the
same time, i.e. Bc,k is of dimension McNt × |Ts,k|, where
Ts,k denotes the set of spatial layers selected for instantaneous
downlink service at user k. The maximum number of entries
in this set is limited by the number of receive antennas, i.e.
|Ts,k| ≤ Nr. The set Ts combines all selected spatial layers for
spatial division multiple access (SDMA) service of the UEs
in Kc.

In order to describe the effect of outdated channel know-
ledge, we extend the general system model by a discrete time
index n. We define xc,t(n) as the data symbol to be transmitted
on the downlink and Hc,k(n) as the MIMO channel matrix at
time instance n. [Bc,k]:,t (n−τ) denotes the precoding matrix
used at time n but based on a τ -old estimate of the channel.
Let us assume the precoder to follow a zero-forcing (ZF)
constraint, which can be obtained using the Moore-Penrose
pseudo inverse in case of MISO CSI feedback

[Bc,k]:,t (n−τ) = HH
virt(n−τ)

[
Hvirt(n − τ)HH

virt(n − τ)
]−1

.
(1)

The total transmit power is equally distributed among all active
data streams, while we maintain a per antenna power constraint
(PAPC) by using a simplified solution from [19]. The transmit
power per antenna is chosen according to the row element in
Bc with highest norm.

For further analysis, we assume the c-th cluster is sur-
rounded by M−Mc BSs evoking non-coordinated CCI. Thus,
the received downlink signal yk,t(n) for t ∈ Ts,k ⊂ Ts at user
k in the cellular environment at the discrete time index n is
given by

yk,t(n) = Hc,k(n) [Bc,k]:,t (n − τ)
√

pc,txc,t(n)

+
∑

j∈Ts\{t}
Hc,k(n) [Bc]:,j (n − τ)

√
pc,jxc,j(n)

︸ ︷︷ ︸
ϑk,t

+zk(n)

(2)

[Bc,k]:,t denotes the t-th column element in the global precod-
ing matrix Bc, where Bc,k correspond to the column elements
designed for user k. The desired t-th data stream is distorted by
the intra-cluster and inter-cluster interference plus noise aggre-
gated in ϑk,t and zk, respectively. Hc,k spans the Nr ×McNt

channel matrix for user k formed by the c-th cluster and pc,t

is its power allocation valid for the t-th data stream. Thus,
ϑk,t denotes the interference generated within the cluster.1

The Nr × 1 vector n denotes the additive white Gaussian
noise (AWGN) samples with covariance E

{
nnH

}
= Iσ2

n.
The noise power consists of the receiver noise figure and the
thermal noise power.
The achievable signal-to-interference-and-noise ratio (SINR)

1Note, under ideal conditions and a ZF precoding constraint
∣∣∣wH

k,tϑk,t

∣∣∣ =

0.

is estimated at each UE, according to

SINRk,t(n) =

∣∣∣wH
k,t(n)Hc,k(n) [Bc,k]:,t (n)√pc,t

∣∣∣2∣∣∣wH
k,t(n) [ϑk,t(n) + zk(n)]

∣∣∣2 , (3)

with wk,t being the combining weights at the k-th receiver
and for data stream t.

The channel feedback is assumed as MISO CSI according
to our work in [20], in particular focusing on a so-called
multi-user eigenmode transmission (MET) strategy. The MET
strategy is an extension of the block diagonalization (BD)
concept, which was proposed in [21], [22] and uses a linear
transmission strategy based on zero-forcing beamforming for
maximizing the weighted sum rate. On a frame-by-frame basis,
MET distributes up to McNt spatially multiplexed streams for
one or multiple users. MET was initially proposed for multi-
user MIMO (MU-MIMO) transmission [21] and was later
utilized to cover the CoMP case [20]. According to the concept
in [21], [23], the UEs are assumed to use linear receive filters
υk to transform their MIMO channel into an effective MISO
channel. In essence, each user is assumed to multiply its chan-
nel matrix Hc,k = Uc,kΣc,kVH

c,k with a set Tk of Hermitian
left dominant eigenvectors (4), i.e. the column vectors [Uc,k]:,t
included in Uc,k which correspond to the |Tk| strongest

Eigenvalues in Σc,k, i.e. Υk =
[
[Uc,k]:,1 . . . [Uc,k]:,|Tk|

]
.

[
Ĥk

]
t,:

= [Uc,k]H:,t Hc,k

= [Uc,k]H:,t Uc,kΣc,kVH
c,k = [Σc,k]t,t [Vc,k]H:,t

(4)

For a reduction in feedback rate, we assume each user is
allowed to report its dominant eigenmode only, i.e. the first
row element in

[
Ĥk

]
t,:

.

In general, the scheme maximizes the signal power trans-
fered from the collaborative BSs to the specific UE by using
the dominant channel direction experienced by the receiver.
The maximum received power would be achieved, if the
precoder and receive filters are selected according to the
right and left hand side matrices containing the corresponding
eigenvectors [Vc,k]:,t and [Uc,k]H:,t, respectively. However, the
t-th precoder significantly depends on the selected set of active
users Kc. In practice, the performance for the k-th user will be
inferior. Thus, multiple UEs should be grouped preferably so
that their effective channels Ĥk show highest orthogonality.
In general, appropriate user grouping keeps the costs in terms
of a reduced received power after channel aware precoding as
small as possible [24].

III. MULTI-CELL SIMULATIONS

The radio channel traces are generated using the quasi-
deterministic radio channel generator (QuaDRiGa), recently
released by Fraunhofer Heinrich Hertz Institute [25]. Aiming
for channel models being able to emulate precise time evolving
for terrestrial cellular MIMO communications, QuaDRiGa



TABLE I
SIMULATION ASSUMPTIONS.

Parameter Value

Channel model QuaDRiGa
Simulation type Monte Carlo plus time evolution
Drops 500
Channel evolution 500 ms with 1 ms resolution
Scenario Urban-macro
Propagation NLOS
Large-scale fading Geo-correlated parameters maps
Traffic model Full buffer
fc 2.6 GHz
Velocity, fD , Tc 3 km/h, 7.5 Hz, 133 ms
Frequency reuse 1
Signal bandwidth 18 MHz, 100 PRBs
Inter-site distance 500m

Number of BSs 19 having 3 sectors each
Nt ; spacing 4 ; 4λ
Transmit power 46 dBm
Transmit antenna Azimuth: FWHM of 58◦

Elevation: FWHM of 6.2◦

10◦ electrical downtilt
BS height 32m
Beamforming Cluster-wide MET, ZF constraint
Clustering Network-centric
User grouping 3 user per sector, round-robin

Nr ; spacing 2 ; λ/2
UE height 2m
Link-2-System Shannon, SINRs �−10, 40� dB
CSI delay {0, 5, 10, 20, 40, 80, 120} ms
Channel prediction RLS with d = 1 ms and α set

to the considered feedback delay

follows the modeling principles of geometry based stochastic
channel models like SCME, WINNER+ and the COST 2100
channel model. Interested readers may refer to [26] for the
main features of the generator and channel models. For this
study, large-scale channel parameters are chosen according
to latest parametrization guidelines from WINNER+. A de-
tailed list of the properties of the multi-cell channel and
corresponding system-level simulation parameters are given
in Table I. The achievable data rates are determined from the
SINRs after equalization according to expression (3). These
post-equalization SINRs are mapped into data rates using a
Shannon’s formula. Note, input SINRs are mapped to a valid
range �−10, 40� dB.

IV. SUB-CLUSTERING AND GREEDY SUM RATE

MAXIMIZATION

According to our work in [27], we allow UEs belonging to
a certain CRAN cluster Mc to select their desired sub-set of
BSs for cooperative downlink transmission. We extend a static
and network-centric clustering towards a user-driven selection
of sub-clusters Mc,k ⊂ Mc. Each user can choose its desired
subset e.g. based on the given received power. This results
into an overlapping definition of sub-clusters within a static,
network-centric cluster Mc. As a result, the overall feedback
matrix is rather sparse, since non-reported CSI values are filled
up with zero entries. This sub-clustering approach reduces
channel estimation complexity at the UE side, i.e. only the set

of strongest BSs needs to estimated and simply saves feedback
overhead. Note, weaker signals, which typically yield higher
channel estimation errors, are ignored within this approach and
thus the overall CSIT representation is more robust.

In order to reduce the computational complexity at the
BS side, we combine a greedy user search [21] with a rate
approximation criteria described in [28]. Fuchs et al. suggest
a method replacing the singular value decomposition (SVD)
operations by an approximation using subsequent orthogonal
projections into the separate users’ null-spaces. Therefore, let
us define a matrix Ψ̃k which projects the channel matrix Ĥk

of user k into the null-space of H̃k. H̃k contains the others
users’ channel matrices and choosing any projection into its
null-space Ṽ0

k for downlink service of user k fulfills the ZF
condition. The projector of user k is based on the CSI feedback
of each user,

Ψk = I − ĤH
k

(
ĤkĤH

k

)
Ĥk︸ ︷︷ ︸

=Vc,kVH
c,k

in case of MET

(5)

The projection matrix Ψ̃k, which combines all users’ null-
space except the k-th UE, can be approximated by repeatedly
applying

Ψ̃k = [Ψ1 · . . . · Ψk−1Ψk+1 · . . . · ΨKc
]n , (6)

with n → ∞ as the projection order. Authors in [28] state, that
for small projection order, i.e. n ∈ {1, ..., 4} the user grouping
performance is already sufficient. As stated in [29], we use

Rk = log2

(
1 +

pc,k

σ2
n

‖ĤkΨ̃k‖2
F

)
(7)

as an estimate to assess the link rate for the k-th UE.2 It may
be considered as a lower bound for ZF capacity which may
be obtained by using BD. The scheduling entity collects the
projectors of already selected UEs and determines the tentative
next user by evaluating (7) for all residual users or receive
spaces. The UE with maximum link rate, i.e.

k : arg max
k∈Kc\Ts

‖ĤkΨ̃k‖2
F (8)

is added to the group of already scheduled users’ receive
spaces Ts. We found that this greedy rate approximation
(GRA) metric adaptively loads up to 0.75Nt data streams per
sector in the cluster. As an extension, we may change the
metric from maximum rate to a metric which ensures some
degree of fairness. By employing the score-based metric, we
may ensure that each UE is assigned an equal amount of
resources within a given time window.

Fig. 1 summarizes these findings for GRA in terms of the
median sum-rate per sector as a function of the sub-cluster size
Mc,k. The sum-rate per sector is increasing logarithmic with
increasing cluster size, while we observe an additional increase

2Note, the term does not incorporate inter-cluster interference in the user
selection process. This may lead to non-optimal selection of UEs with respect
to the resulting sum-rate.
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Fig. 1. Median achievable system rate as a function of sub-cluster size
Mc,k = Mc, green line. The results for a fixed sub-cluster size of Mc,k = 3
and an increasing cluster Mc = {6, 9, 12} are given as red cross, black
diamond and cyan triangle, respectively.

for Mc,k = 21 caused by the topology of the cluster definition
from [27]. On the other hand, the feedback data rate will scale
linearly, compare section VI. Furthermore, we consider the
case of Mc,k = 3 where the cluster size continuously grows
from Mc = {3, 6, 9, 12}, i.e. each user can select its desired
sub-cluster out of a growing, static cluster. It is obvious, that
with Mc = 12 there is significantly higher chance of finding
the globally strongest three sectors compared to Mc = 3. For
a specific pair of cluster size x and sub-cluster size y we will
use the following short notation 〈x, y〉. From 〈3, 3〉 to 〈6, 3〉
a gain of 7% is shown due to selection diversity of the sub-
cluster Mc,k. This is confirmed by a further increase of 3% for
〈9, 3〉 and 1% for 〈12, 3〉.

V. LINEAR ADAPTIVE CHANNEL PREDICTION

Adaptive algorithms, e.g. the well-known normalized least-
mean-squares (NLMS) and recursive least squares (RLS) fil-
ters [30], can be designed to converge towards the optimal
solution of WienerM→∞. However, they need to be trained
to adapt to the current channel statistics while a so-called
forgetting factor λ steers the impact of τ -old channel esti-
mates. An appropriate selection of λ is mandatory in order
to optimize the trade-off between excess mean square error
(EMSE) and convergence time. For the RLS filter, we chose
the QR-decomposition (QRD) based implementation since it
has superior numerical properties in finite precision. Note, that
there exists fast RLS algorithms with only O(p) operations
per iteration [30, Ch. 37-43], as opposed to O(p2) in case
of the classical implementation, which may be applied to this
problem. Since those variants are more difficult to implement
than QRD-RLS, and computational complexity is not an issue
in our work, we do not consider them further.

According to our initial studies in [27] for linear channel
prediction based on adaptive RLS method we configure the
parameters of the filter to ensure a small EMSE after a
system’s settling of 400 ms with a sampling resolution of
1 ms. In particular that means, the forgetting factor and the
regularization parameter are chosen to λ = 0.99 and ε = 0.01,
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Fig. 2. Simulation results for Mc = 1, i.e. single-cell ZF precoding, taking
precise channel evolution into account and specific channel feedback interval.
Where the coherence time is set to the inverse of the maximal Doppler shift,
i.e. Tc = 1/fD .

respectively. The prediction horizon is configured to cover the
selected feedback delay τ .

Figure 2 depicts the loss due to channel aging, while the
x-axis is scaled in intervals of the coherence time Tc. The y-
axis is normalized to the maximum achievable data rate for
τ = 0 ms feedback delay, i.e. the scheme which performs
best in the current study under ideal feedback conditions. In
general, we assume CSI feedback based on the MET metric,
while the UEs use minimum mean square error (MMSE) com-
bining weights based on ideal channel knowledge for receive
processing. For comparison, we also include the configuration
of single-antenna receivers, i.e. Nr = 1 without channel
prediction capabilities. At this point, we can conclude with
roughly 112% gain in median system throughput for advanced
receivers over baseline assumptions at 0.3Tc for the tested
range of cluster size Mc.

VI. REQUIRED FEEDBACK RATE

From Fig. 2 we conclude, a feedback interval of 20 ms
results in a loss in data rate of approximately 1% . With 40 ms
delay the overall loss in sum-rate increases to almost 11% .
Note, with increasing cluster size Mc,k the influence from
channel aging is getting more prominent since errors super-
impose. Let us assume a sub-cluster size of Mc,k = 3. Thus,
Hc,k consists of TkNtMc,k = 12 sub-channels.3 Considering
the coherence bandwidth of urban-macro channels, it should
be sufficient to report those sub-channels once per resource
block (RB), i.e. the feedback rate Rfb,k attributes to

Rfb,k = 12 · TkNtMc,k · 100/
(
20 · 10−3

)
bit/s

= 0.720 Mbit/s, (9)

assuming feedback for all 100 physical resource blocks (PRBs)
in 18 MHz bandwidth, 12 Bit quantization in amplitude and
phase information per sub-channel but with a time resolution
of 20 ms. We can further reduce the feedback rate by allowing
a higher loss in data rate due to feedback outdating or more
convenient by constraining the feedback to a sub-band only.

3Assuming Tk = 1, i.e. feedback for a single spatial layer per UE.



E.g. allowing each UE to report CSI for its best 25% of PRBs,
we simply scale down the feedback requirement to 180 kBit/s
at moderate cost in sum-rate reduction.

VII. CONCLUSION

In this work, we demonstrated the data rate scaling behavior
of clustered CoMP transmission. Since network backhaul
topology will significantly influence the capability of setting
up clusters for CoMP transmission, we assume network-centric
clustering as e.g. defined by a CRAN architecture. In order to
save precious uplink resources for CSI feedback, we suggest
to enable user-driven sub-clustering. We demonstrated that
MIMO processing at both ends of the link can improve system
as well as user performance in presence of outdated CSI
feedback. Finally, we conclude with the observation of a rather
small loss in data rate at a feedback delay of 15% of the
coherence time of the channel. In essence, by using simple
1-dimensional, adaptive channel prediction we can allow CSI
feedback once per 20 ms in the quasi-static user regime of
3 km/h velocity. Finally assuming, that each UE does not
provide CSI feedback over the whole range of PRBs, channel
feedback can be reduced to less than 200 kBit/s.
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multiple access channel with partially cooperating encoders,” IEEE
Transactions on Information Theory, vol. 57, no. 5, pp. 3045 –3066,
May 2011.

[11] F. Willems, “The discrete memoryless multiple access channel with par-
tially cooperating encoders,” IEEE Transactions on Information Theory,
vol. 29, no. 3, pp. 441 – 445, May 1983.

[12] D. Gesbert, S. Kiani, A. Gjendemsj, and G. ien, “Adaptation, coordina-
tion, and distributed resource allocation in interference-limited wireless
networks,” Proceedings of the IEEE, vol. 95, no. 12, pp. 2393 –2409,
dec. 2007.

[13] C.-B. Chae, D. Mazzarese, T. Inoue, and R. Heath, “Coordinated
beamforming for the multiuser MIMO broadcast channel with limited
feedforward,” IEEE Transactions on Signal Processing, vol. 56, no. 12,
pp. 6044 –6056, Dec. 2008.

[14] H. Huang, M. Trivellato, A. Hottinen, M. Shafi, P. Smith, and R. Valen-
zuela, “Increasing downlink cellular throughput with limited network
MIMO coordination,” IEEE Transactions on Wireless Communication,
vol. 8, no. 6, pp. 2983 –2989, Jun. 2009.

[15] J. Giese and M. Amin, “Performance upper bounds for coordinated beam
selection in LTE-Advanced,” in International ITG Workshop on Smart
Antennas (WSA), Feb. 2010, pp. 280 –285.

[16] J. Schreck and G. Wunder, “Interference alignment over limited dimen-
sions for cellular networks: Feasibility and algorithms,” in International
ITG Workshop on Smart Antennas (WSA), Mar. 2012, pp. 352 –358.

[17] D. Aziz, F. Boccardi, and A. Weber, “System-level performance study
of interference alignment in cellular systems with base-station coordina-
tion,” 23rd IEEE Intern. Symp. on Personal, Indoor and Mobile Radio
Communications (PIMRC 2012), Sep. 2012.

[18] O. E. Ayach, S. W. Peters, and R. W. H. Jr., “The practical challenges
of interference alignment,” CoRR, vol. abs/1206.4755, 2012.

[19] H. Zhang and H. Dai, “Cochannel interference mitigation and coop-
erative processing in downlink multicell multiuser MIMO networks,”
Eurasip Journal on Wireless Communications and Networking, vol.
2004, no. 2, pp. 222–235, 2004.

[20] L. Thiele, T. Wirth, T. Haustein, V. Jungnickel, E. Schulz, and W. Zirwas,
“A unified feedback scheme for distributed interference management in
cellular systems: Benefits and challenges for real-time implementation,”
17th Euopean Signal Processing Conference (EUSIPCO2009), Aug.
2009, invited.

[21] F. Boccardi and H. Huang, “A near-optimum technique using linear
precoding for the MIMO broadcast channel,” IEEE International Con-
ference on Acoustics, Speech and Signal Processing (ICASSP), vol. 3,
pp. III–17–III–20, Apr. 2007.

[22] M. Trivellato, F. Boccardi, and H. Huang, “On transceiver design and
channel quantization for downlink multiuser MIMO systems with limited
feedback,” IEEE Journal on Selected Areas in Communications, vol. 26,
no. 8, pp. 1494–1504, Oct. 2008.

[23] M. Noda, M. Muraguchi, T. G. Khanh, K. Sakaguchi, and K. Araki,
“Eigenmode tomlinson-harashima precoding for multi-antenna multi-
user mimo broadcast channel,” in 6th International Conference on
Information, Communications Signal Processing, 10-13 2007, pp. 1 –5.

[24] L. Thiele, M. Schellmann, T. Wirth, V. Jungnickel, F. Boccardi, and
H. Huang, “DFT-based vs. cooperative MET-based MU-MIMO in the
downlink of cellular OFDM systems,” International ITG Workshop on
Smart Antennas (WSA 2009), Feb. 2009.

[25] Fraunhofer-Gesellschaft, “Quasi-Deterministic Radio Channel Generator
(QuaDRiGa),” Oct. 2012. [Online]. Available: http://quadriga-channel-
model.de/

[26] K. Börner, J. Dommel, S. Jaeckel, and L. Thiele, “On the requirements
for quasi-deterministic radio channel models for heterogeneous net-
works,” in International Symposium on Signals, Systems and Electronics
(ISSSE’12), Oct. 2012, pp. 1–5.

[27] L. Thiele, M. Kurras, K. Borner, and T. Haustein, “User-aided sub-
clustering for CoMP transmission: Feedback overhead vs. data rate
trade-off,” 46th Asilomar Conference on Signals, Systems and Comput-
ers, Nov. 2012, accepted.

[28] M. Fuchs, G. D. Galdo, and M. Haardt, “Low complexity spatial
scheduling ProSched for MIMO systems with multiple base stations
and a central controller,” in International ITG/IEEE Workshop on Smart
Antennas (WSA), (Guenzburg, Germany), Mar. 2006.

[29] M. Fuchs, G. Del Galdo, and M. Haardt, “Low-complexity space-
time-frequency scheduling for MIMO systems with SDMA,” IEEE
Transactions on Vehicular Technology, vol. 56, no. 5, pp. 2775 –2784,
Sep. 2007.

[30] A. H. Sayed, Adaptive Filters. Wiley-Interscience, 2008.



<<
  /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


