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Abstract—Simultaneous bidirectional transmission and recep-
tion of signals on a single channel in a full duplex (FD) system
is gaining increased attention from both academia and industry.
Recent advances in radio transceiver design have been able to
minimize the self interference (SI) to a great extent making
realization of a FD transceiver possible. For FD deployment in
a multi-cell environment, minimizing SI is not sufficient due to
the presence of a complex array of network-wide interference.
This paper investigates the critical deployment challenges for
a dense urban FD multi-cell network and provides solutions
for successful deployment of FD cellular networks. Extensive
simulation results show that the proposed user selection and
power control algorithms are able to increase the FD performance
gain by more than 80% when compared to the traditional half
duplex (HD) counterpart.

I. INTRODUCTION

Wireless network data traffic is increasing in an exponential
manner. This can be largely attributed to the growing number
of smart phones, mobile computing devices, e.g., tablets,
laptops, etc. The surging popularity of video content delivery
services is further accelerating the increase in wireless data
traffic. Cellular data traffic is predicted to increase by as much
as 11 fold during the time period from 2013 to 2018 [1]. With
the already existing spectrum scarcity problem, the need for a
transmission solution with improved and sustainable spectrum
efficiency is greater than ever before. Full duplex (FD) wireless
systems can solve this problem to a great extent by using the
same frequency channel simultaneously for both uplink (UL)
and downlink (DL) transmissions. This can effectively almost
double the radio link capacity.

In current systems, a radio transceiver typically operates in
half duplex (HD) mode, i.e., it either transmits or receives at
any particular time epoch or frequency. Radio transmission is
done either using time division duplex (TDD) or frequency
division duplex (FDD) mode where transmission (Tx) and
reception (Rx) take place at separate time slots or frequencies.
In this paper, we have investigated the TDD mode of operation
and we will use the terms HD and TDD interchangeably. On
the contrary, in a FD system, transmission and reception take

place at the same time. One of the main problems for FD
communications is the interference from the transmitter to the
receiver which is known as the self interference (SI). The SI
is so high that it makes successful decoding of the received
signal almost impossible. Hence, for successful realization of
a FD system, the SI should be mitigated to such a level where
decoding of received signal is possible [2].

In recent time, employing a combination analog and digital
cancellation techniques, significant progress has been made to
mitigate the SI. The SI cancellation using multiple antennas
was studied in [3] and [4], where SI is cancelled by taking
advantage of antenna position and directionality. Studies on
single antenna systems [5], [6] show significant suppression
of SI, where [6] has reported the ability to cancel SI by as
much as 110 dB. Duarte et al. [7] have also reported to SI
cancellation from 70 dB to 100 dB for multi antenna systems.
To enable FD communication at the link-level, reducing SI
is sufficient but for FD communication in a cellular level,
measures must be taken to remove additional interference
components.

Research in FD multi-cell systems is gaining momentum
in recent time [8]. The DUPLO [9] project is investigating
the FD system for small cell deployments; a joint UL-DL
beamforming was designed for single cell deployment in [10].
In [11], a scheduling algorithm for multi-cell deployment is
proposed that selects user equipments (UEs) in UL and DL
directions. The algorithm assumes fixed transmission power
in the UL and the DL. It ignores the interferences among
base stations (BSs) and among the UEs. But not taking into
account the inter-BS interference does not give insight into
real deployment scenarios. In [12], a FD multi-cell system
has been analyzed employing UE selection and fixed UL
and DL transmission powers. They have proposed to handle
interference among BSs by null forming in the elevation angle
of the BS antennas. A user selection algorithm for a FD system
was proposed in [13] where total cancellation of interference
among BSs were assumed. While it would be ideal to totally
cancel inter-BS interference, in practice, it is not possible to
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have perfect inter-BS interference cancellation. Goyal et al.
[14] present a FD multi-cell system assuming full cancellation
of SI. But expecting full cancellation of SI is way beyond the
current state of the art which can provide a SI cancellation of
110 dB.

The aforementioned works give interesting insights on FD
multi-cell system performance. But the inference drawn from
them does not properly reflect the practical FD deployment
scenario due to various simplified assumptions regarding
SI and inter-BS interference. Interference dynamics of FD
multi-tier cellular networks are also not captured from such
simplified models. In this regard, in this paper, we take a
more practical approach to analyze FD multi-cell networks
considering all possible interference that might occur in such
networks. For this reason, we consider the well accepted
dense urban model of Madrid city proposed in METIS project
[15] for analyzing a multi-cell, multi-tier FD network that
consists of macro and pico BSs. We have identified the critical
challenges for real world deployment of multi-cell multi-tier
FD networks. We have analyzed the FD performance trade-
offs for a dense urban cellular network. We have also proposed
user selection and power control algorithms for a cloud-based
radio access network (C-RAN) deployment of a FD network
that is able to provide significant performance gain.

The rest of the paper is organized as follows: in Section II, a
FD multi-cell network has been discussed and compared with a
HD network. A user selection algorithm has been proposed in
Section III. Investigated system model and simulation results
have been presented in Section IV. Finally, concluding remarks
are made in Section V.

II. FD MULTI-CELL DEPLOYMENT

The interference pattern in a multi-cell scenario for a
HD and a FD deployment are shown in Fig. 1. In a HD
implementation, the transmission in the UL and the DL are
aligned. All the neighboring BSs transmit in the DL at the
same subframe and receive transmissions from their connected
users in the UL at the same subframe. Hence, the possible
sources of interference are: UL-to-UL interference and DL-
to-DL interference. This is illustrated in Fig. 1a where UE11
and UE12 are connected to BS1 and UE21 and UE22 are
connected to BS2. During the DL transmission, BS1 transmits
to UE12 and causes interference 𝐼𝐷𝐷 to the UE22. Similarly,
in the UL transmission subframe, the cell edge user UE21
sends its signal to BS2 and in doing so, it creates interfering
signal 𝐼𝑈𝑈 to the uplink transmission of the neighboring cell
user UE11.

The interference scenario becomes much more complicated
for the FD system. The possible source of interference in a
FD multi-cell deployment are (cf. Fig. 1b):

∙ SI between the Tx and Rx chain of a BS, 𝐼𝑆𝐼 ;
∙ Inter-cell UL-to-UL interference 𝐼𝑈𝑈 ;
∙ Inter-cell and intra-cell UL-to-DL interference 𝐼𝑈𝐷;
∙ DL-to-UL interference 𝐼𝐷𝑈 among neighboring BSs;
∙ Inter-cell DL-to-DL interference 𝐼𝐷𝐷.

Here, we can see that both BSs generate SI, 𝐼𝑆𝐼 between
their Tx and Rx chains. BS1 generates DL-to-DL interference,
𝐼𝐷𝐷 to UE22 and DL-to-UL interference, 𝐼𝐷𝑈 to BS2. UE21
generates inter-cell UL-to-UL interference, 𝐼𝑈𝑈 to the UL
transmission of UE11. It also generates intra-cell and inter-
cell UL-to-DL interferences 𝐼𝑈𝐷2 and 𝐼𝑈𝐷1 to UE22 and
UE12, respectively. Hence, it can be seen that a complex
array of interference occurs in a multi-cell FD deployment and
cancelling only the SI is not enough to harvest the promising
gain of a FD system [16]. This will be evident in our analysis
and obtained results in the subsequent sections.

III. USER SELECTION AND POWER CONTROL

The throughput gain in a FD system depends on different
network parameters, e.g., distance among BSs, user distri-
bution, mobility, channel propagation condition, DL & UL
transmission power levels, etc. For this reason, a FD system
should work opportunistically, i.e., when the network condition
is favorable, a BS should operate in FD mode and in case of
an unfavorable condition, the BS should switch back to HD
mode. Hence, the operating mode of the FD system can be
attributed a hybrid FD mode rather than a pure FD mode. In
our analysis, the BSs are assumed to be FD capable while the
user equipment (UE) operates in HD mode.

In this paper, we have used a proportional fair centralized
scheduler that maximize the sum log throughput of the sched-
uled users at any given time slot. The scheduler employs a
proportional fair schedule and pair mechanism for scheduling
users. First, it randomly selects a user, then it schedules a
second user such that the sum log throughput of the users’ rate
is higher than that of the single user in the previous scheduling
step. In a similar fashion, it continues to schedule the next user
and so on until the sum log throughput of users’ rate is higher
than the previous schedule. The scheduler objective function
can be defined as

𝑚𝑎𝑥
( 𝑁∑

𝑛=1

𝑈𝑛∑
𝑢=1

[log(𝑅𝐷𝐿
𝑛,𝑢)(𝑡) + log(𝑅𝑈𝐿

𝑛,𝑢)(𝑡)]
)

(1)

s.t.

⎧⎨
⎩

𝑃𝐷𝐿
𝑛,𝑢 (𝑡) = 𝑃𝐷𝐿,𝑚𝑎𝑥

𝑛 ,when a BS has user

𝑃𝐷𝐿
𝑛,𝑢 (𝑡) = 0,when a BS has no user

𝑃𝑈𝐿
𝑢,𝑛 (𝑡) = 𝑃𝑈𝐿,𝑚𝑎𝑥

𝑢 ,when a user is scheduled

𝑃𝑈𝐿
𝑢,𝑛 (𝑡) = 0,when a user is not scheduled

𝑅𝐷𝐿
𝑛,𝑢(𝑡)×𝑅𝑈𝐿

𝑛,𝑢(𝑡) = 0, 𝑛 = {1, 2, ..., 𝑁}
(2)

where 𝑁 is the number of BSs, 𝑈𝑛 is the number of scheduled
users in serving cell (i.e., BS) 𝑛, 𝑅𝐷𝐿

𝑛,𝑢(𝑡) and 𝑅𝑈𝐿
𝑛,𝑢 are the

average DL and UL data rates, respectively, for user 𝑢 at the
serving cell 𝑛 at time slot 𝑡 and 1 ≤ 𝑢 ≤ 𝑈𝑛. The first four
constraints enforce power control scheme for BSs and UEs.
A binary power control scheme has been employed where a
BS is active (and transmits at full power 𝑃𝐷𝐿,𝑚𝑎𝑥

𝑛 ) if it has
any user connected to it otherwise it is switched off. Similarly,
if a UE is scheduled at a certain time period it transmits at
full power 𝑃𝑈𝐿,𝑚𝑎𝑥

𝑢 otherwise it is switched off. The fifth



(a) HD scenario (b) FD scenario

Fig. 1: HD and FD multi-cell scenarios

constraint enforces the half-duplex mode of operation for the
UEs, i.e., at any given time slot 𝑡, they can either transmit to
the BS they are attached to or receive transmission from the
BS but not do the both simultaneously.

The instantaneous DL rate of a user can be expressed as

𝑅𝐷𝐿
𝑛,𝑢(𝑡) = log2

(
1 + 𝑆𝑁𝐼𝑅𝐷𝐿

𝑛,𝑢(𝑡)
)

= log2

(
1 +

𝑃𝐷𝐿
𝑛,𝑢 (𝑡)𝐻

𝐷𝐿
𝑛,𝑢 (𝑡)

𝜎2 +PDL
I +PUL

I

)
(3)

where the nominator of the signal to noise and interference
ratio (SNIR), 𝑆𝑁𝐼𝑅𝐷𝐿

𝑛,𝑢(𝑡) consists of the DL transmission
power of the BS 𝑛, 𝑃𝐷𝐿

𝑛,𝑢 (𝑡) and the DL channel gain 𝐻𝐷𝐿
𝑛,𝑢 (𝑡)

between the BS 𝑛 and the DL user 𝑢; the denominator
composes of the noise power 𝜎2, inter-cell interference from
the neighboring BSs, PDL

I and the interference from the other
users, PUL

I .
Similarly, the instantaneous UL rate of a user can be

expressed as

𝑅𝑈𝐿
𝑛,𝑢(𝑡) = log2

(
1 + 𝑆𝑁𝐼𝑅𝑈𝐿

𝑛,𝑢(𝑡)
)

= log2

(
1 +

𝑃𝑈𝐿
𝑛,𝑢 (𝑡)𝐻

𝑈𝐿
𝑛,𝑢(𝑡)

𝜎2 + 𝑃𝐷𝐿
𝑛 (𝑡)× 𝑔 +PDL

I +PUL
I

)

(4)

where the nominator of the SNIR, 𝑆𝑁𝐼𝑅𝑈𝐿
𝑛,𝑢(𝑡) consists of

the UL transmission power of the users and the channel gain
between the user 𝑢 and the BS 𝑛. In the denominator, the
first term is the noise power, the second term is the self
interference, i.e., the product of the BS’s DL power and the
self interference cancellation (SIC) gain 𝑔, the third term is
the inter-BS interference among the neighboring BSs and the
last term is the UL interference power from the neighboring
users.

The goal of the centralized scheduler is to select UEs in
the UL and the DL directions in a way such that the utility
in equation (1) is maximized. First, it schedules a user (either
in UL or in DL) that has the highest utility value. Then it
tries to schedule another user such that the achieved utility is
larger than it was in the previous step when the first user was
scheduled. And it continues to schedule more users until the

achieved system utility increases than that at the previous step.
The scheduler stops to schedule users once the system utility
decreases after scheduling a new user.

A. Selecting users

Selection of users for transmission is done in an optimal
manner such that it maximizes the system performance. In
the HD case, as the DL transmission nodes (i.e., the BSs)
have known locations, it is possible to accurately compute the
interference from neighboring BSs. Hence, it is convenient to
estimate the channel gains with respect to the neighboring BSs
for each DL UE. And this does not require the information
regarding the scheduling decision of the neighboring BSs. For
this reason, it is possible to make an optimal UE selection
decision in the DL. On the contrary, for the UL scheduling
case, it is not possible to calculate interference from the
neighboring cells unless the scheduling decisions of the cells
are available. For the FD case, as the DL and UL take place
simultaneously it is not possible to optimally compute the
channel gains in either directions without complete scheduling
information of the neighboring BSs. This will generate more
backhaul traffic than the HD deployment. We have imple-
mented a centralized scheduler that has global channel state
information. The scheduling algorithm is described in the
following subsection.

B. Centralized Scheduling

In a C-RAN case, a centralized scheduler can have a global
view of the system i.e., it has information about the user
distribution, BS power levels, channel information, etc. Thus
this centralized scheduler is able to schedule users intelligently
to favor FD modes for the BSs which will increase the overall
system throughput. Algorithm 1 shows the steps followed in
the user selection process by a centralized scheduler. In each
scheduling epoch, the vector 𝐵 contains all the active BSs in
the network, the vector 𝑊 is the weight vector having the
size of the number of active users which is initialized to 1.
A matrix 𝜙 is used that will contain the IDs of the scheduled
users in different scheduling epoch. The scheduler schedules
a user either in the UL or in the DL direction depending on
the weighted sum rate maximization of the scheduled users.



Algorithm 1 User Selection: Centralized Scheduling

1: 𝐵 ← {1, 2, 3, ..., 𝑁𝐵}
2: 𝑊 ← 1, weight vector initialized to 1
3: 𝜇← constant
4: 𝜈 ← constant
5: 𝜙← {𝜙(𝑡1), 𝜙(𝑡2), ....., 𝜙(𝑡𝑇 )}
6: 𝑀𝑚𝑎𝑥 ← 0
7: while 𝑊>𝜇 do
8: for 𝑏← 𝐵(1) to 𝐵(𝑁𝐵) do
9: for 𝑝← { 𝑢, 𝑑} do

10: for 𝑘 ← 1 to 𝐾𝑝 do
11: 𝑀(𝑘)← 𝐺𝑒𝑡𝑀𝑒𝑡𝑟𝑖𝑐(𝑘,𝑊 )

12: { 𝜙(𝑖),𝑀(𝑏)} ← { 𝑎𝑟𝑔 𝑚𝑎𝑥𝑑𝜖{𝑢,𝑑} 𝑀 }
13: if 𝑀(𝑏) ≤ 𝑀𝑚𝑎𝑥 then
14: break
15: if 𝑀(𝑏) >𝑀𝑚𝑎𝑥 then
16: 𝑀𝑚𝑎𝑥 ← 𝑀(𝑏)
17: 𝜙(𝑡𝑖)← 𝜙𝑘(𝑖)
18: 𝑊 (𝑘) ← 𝑊 (𝑘)/𝜈, update the weight so that the

user is not scheduled in the next iteration

The weight vector 𝑊 is updated in a way that make sure
all the active users are scheduled either in the UL or in the
DL direction (Line 7). For each BS, the algorithm finds a
DL/UL user (say 𝜙(𝑖)) that has the highest metric calculated
by 𝐺𝑒𝑡𝑀𝑒𝑡𝑟𝑖𝑐() (Line 11). The 𝐺𝑒𝑡𝑀𝑒𝑡𝑟𝑖𝑐() algorithm that
calculates the weighted sum throughput of the scheduled users
is not presented in this paper due to space limitations. In the
very first iteration the selected user is the first scheduled user,
hence, its metric is assigned as the maximum metric (Line
16). Then the user is added in the scheduled user list and its
associated weight is updated such that in the next scheduling
iteration it is not selected again (Line 17 and Line 18). In
the next iteration, the scheduler runs through all the BSs, and
for each unscheduled user, it calculate the metric for that user
and the user scheduled in the previous scheduling epoch. If
the new metric (𝑀(𝑏)) is higher than the highest metric in
the last run (𝑀𝑚𝑎𝑥), the new user is selected and included in
the schedule list 𝜙(𝑡𝑖). The corresponding weight of the newly
selected user is updated (Line 16 to Line 18) and the whole
process runs again until all the users are scheduled. This gives
a bunch of schedules of users where all the users are scheduled
at least once. An optimization is then run for the schedules
that determines the final user scheduling list based on sum log
throughput maximization.

IV. PERFORMANCE ANALYSIS

We have used the Madrid grid model proposed in the
METIS project [15] for the dense urban FD cellular network
deployment evaluation. The Madrid grid model is shown in
Fig. 2 [15]. The building layout of the grid can be seen in Fig.
2a. It consists of buildings (with entrances) that have different
dimensions and heights, roads, bus stops, park, side walk and
crossing lanes. This model captures the typical propagation
environment of a modern city. Fig. 2b shows the layout of the

TABLE I: Simulation parameters for Madrid grid model

Parameter Value Unit
Sector/Macro 3 -

Number of Picos/Macro BS 12 -
Maximum Macro BS power 43 dBm
Maximum Pico BS power 24 dBm

Maximum UE power 23 dBm
Thermal noise density -174 dBm/Hz

Transmission mode SISO -

buildings with BS placements. In this model each macro BS
has three sectors and there are 12 pico BSs per macro BS. The
red arrow shows the locations of the macro antennas and the
orange dots represents the pico BS locations. The simulation
parameters for the Madrid grid model is listed in Table I.
The propagation model for the Madrid grid considers channels
between BS to UE, BS to BS as well as the UE to UE. The
model also considers outdoor-to-indoor and indoor-to-outdoor
propagation. A fully indoor propagation model for indoor
UE-to-UE channel has been considered. In the simulation,
UEs were dropped in the considered simulation area on an
average 10 UEs/BS. The UEs connect to a BS depending on
the maximum received signal strength. The UEs were then
scheduled for transmission by the scheduler.

For the considered centralized scheduling case, the sched-
uler selected users belonging to the active cells (i.e., the BSs
that have connected users) based on their achievable data rate.
For the HD case, one user per active cell is selected. For the
FD case, for each active cell, the scheduler schedules a user for
transmission either in the UL or in the DL. Based on algorithm
1 it schedules another user in the opposite direction. It should
be noted that, if the inclusion of a user is not favorable to the
resulting system performance, the scheduler might schedule
only one user either in the UL or in the DL or it might not
schedule any user at all for that BS for a particular scheduling
epoch. Hence, some of the FD BSs might fall back to the
default HD operating mode. To investigate the impact of SIC
in FD system performance, a range of SIC value is used. Three
different interference cancellation modes have been studied:
a) the case when only SI is canceled by SIC value, b) the
case when in addition to the SIC an inter-BS interference
cancellation (𝐼𝐵𝐼𝐶) similar to the SIC is employed and c)
the case when a SIC and a fixed 𝐼𝐵𝐼𝐶 of 30 dB is used.
In the following subsections the impact of SIC and 𝐼𝐵𝐼𝐶 on
achievable user rate and network fairness are discussed.

A. User rate vs. SIC

Fig. 4 shows the geometric mean of user rate against various
SIC values for different interference cancellation schemes. It
can be seen that FD system has much better performance than
the TDD. When only SIC is applied (the green solid line), the
system performance is unaffected up until SIC = 82 dB, after
which it increases gradually with increasing SIC and saturates
when SIC = 160 dB. This shows that increasing the SIC after
a certain threshold value does not provide much performance
gain. In fact, when only SIC is applied, after SIC = 140 dB
no significant performance improvement is observed.



(a) Building layout (b) Grid layout

Fig. 2: Madrid grid model layout
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Fig. 3: Madrid grid model: CDF of user rate

It is interesting to note that applying a constant 𝐼𝐵𝐼𝐶 of
30 dB (the red solid line) gives a significant performance
boost of almost 50%. We have used 𝐼𝐵𝐼𝐶 = 30 dB because
this amount of interference cancellation is achievable in the
digital domain. Again until the SIC = 82 dB, the system
performance remains constant after which it starts to increase
and saturates at around 160 dB. Now, to observe the impact of
𝐼𝐵𝐼𝐶, the interference among BSs is canceled by the same
amount as the SIC (the solid blue line). It is interesting to note
that, for lower SIC, the system performance increases almost
linearly with the 𝐼𝐵𝐼𝐶 until 𝐼𝐵𝐼𝐶 = 48 dB, after that the
performance gain in independent of the 𝐼𝐵𝐼𝐶 and it picks up
again after SIC = 80 dB with increase in the SIC and saturates
at SIC = 160 dB. This shows that, 𝐼𝐵𝐼𝐶 is very significant
for performance improvement in a centralized (i.e., a C-RAN
based) FD system and applying a constant 𝐼𝐵𝐼𝐶 (e.g., 30
dB) is sufficient to achieve a considerable performance gain.

Fig. 3a shows the CDF of user rate when only SIC is applied.
Three different 𝑆𝐼𝐶 values (0, 80 and 120 dB) are used. It
can be observed that an 𝑆𝐼𝐶 = 80 dB does not give much
performance gain when compared to a 𝑆𝐼𝐶 = 0 dB. A gain
in user rate is observed when 𝑆𝐼𝐶 = 120 dB, this shows that
a certain threshold of 𝑆𝐼𝐶 is required to achieve FD gain.
Fig. 3b shows the CDF of user rate when an 𝐼𝐵𝐼𝐶 of 30 dB
is applied in addition to the 𝑆𝐼𝐶. It is clear from the figure
that the 𝐼𝐵𝐼𝐶 increases the performance by a considerable
margin. The 𝐼𝐵𝐼𝐶 boosts the system performance for higher
𝑆𝐼𝐶 values. A 44% gain in user rate can be achieved for 70%
of the users when an 𝑆𝐼𝐶 = 120 dB and 𝐼𝐵𝐼𝐶 = 30 dB is
applied compared to the case when only 𝑆𝐼𝐶 = 120 dB is
applied.

B. System throughput (ST) vs. fairness

Fig. 5 shows the ST vs. Jain’s fairness index (JFI) perfor-
mance. It can be seen that the FD baseline (i.e., when SIC = 0
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systems

TABLE II: Madrid grid: JFI vs. sum throughput

System Centralized scheduling
JFI ST [bps/Hz]

TDD 0.6024 33.9828

FD (SIC only)
0 0.6374 36.1019
80 0.6286 36.4626

120 0.5700 46.1049

FD (SIC + 𝐼𝐵𝐼𝐶 = 30 dB)
0 0.7312 47.4588
80 0.7293 47.5508

120 0.6619 61.4693

dB and 𝐼𝐵𝐼𝐶 = 0 dB) has 6% throughput gain over the TDD.
Applying a 𝐼𝐵𝐼𝐶 = 30 dB increases the throughput gain by
31.5% while increasing the JFI by a considerable amount. It is
to be noted that increasing the SIC to 80 dB does not provide
any significant throughput gain. But increasing the SIC to 120
dB provides a further throughput gain of 29.5% with a slight
increase in JFI. The FD system with SIC = 120 dB and 𝐼𝐵𝐼𝐶
= 30 dB provides a ST gain of 81% over the TDD.

V. CONCLUSION

In this paper, FD deployment in a dense-urban multi-cell
environment has been investigated. For a dense-urban scenario,
the deployment model of Madrid-grid proposed in the METIS
[15] project has been considered. Algorithms for user selection
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Fig. 5: Madrid grid model: centralized scheduling sum
throughput vs JFI

and power control have been proposed. The results obtained
through extensive system-level simulations suggest that for
successful deployment of a FD cellular network, BSs need
to be aware of the scheduling and power setup decisions
of their neighboring BSs. Also, in addition to mitigating SI,
minimization of inter-BS interference is critically important for
FD cellular systems. For the investigated FD C-RAN model, it
has been found out that only employing a SIC = 120 dB gives
a throughput gain of 28% whereas adding an additional 30
dB 𝐼𝐵𝐼𝐶 can give a throughput gain of 81%. The additional
critical challenges that need to be addressed are interference
mitigation among UEs and minimizing the backhaul control
traffic. Investigation of these issues are the subject of our on
going research.

ACKNOWLEDGMENT

We would like to thank Huan Wu and Eddy Hum of Huawei
Canada Research Center for their expert opinion and valuable
discussions.

REFERENCES

[1] Cisco, “Cisco visual networking index: Forecase and methodology 2013-
2018,” Cisco White Paper, 2014.

[2] S. Hong, J. Brand, J. I. Choi, M. Jain, J. Mehlman, S. Katti, and P. Levis,
“Applications of self-interference cancellation in 5g and beyond,” IEEE
Communicatoin Magazine, vol. 52, pp. 114–121, Feb. 2014.

[3] J. I. Choi, M. Jain, K. Srinivasan, P. Levis, and S. Katti, “Achieving
single channel, full duplex wireless communication,” in Proc. of the
MobiCom, Sept. 2010.

[4] A. K. Khandani, “Methods for spatial multiplexing of wireless two-way
channels,” US Patent No. 7,817,641, Oct. 2010.

[5] M. E. Knox, “Single antenna full duplex communications using a
common carrier,” in Proc. of the 13th Annual Wireless and Microwave
Tech. Conf., Apr. 2012.

[6] D. Bharadia, E. Mcmilin, and S. Katti, “Full duplex radios,” in Proc. of
the ACM SIGCOMM, Aug. 2013.

[7] M. Duarte and et al., “Design and characterization of a full duplex multi-
antenna system of wifi networks,” IEEE Trans. Vehic. Tech., vol. 63,
pp. 1160–1177, Mar. 2014.

[8] Huawei, “Full duplex technology for 5g,” Huawei Innovation Research
Program Journal, pp. 62–69, Jan. 2015.

[9] DUPLO, “The EU 7th project full-duplex radios for local access
(duplo),” Available at http://www.fp7-duplo.eu/.

[10] D. Nguyen, L.-N. Tran, P. Pirinen, and M. Latva-aho, “On the spectral
efficiency of full-duplex small cell wireless systems,” arXiv:1407.2628
[cs.IT], July 2014.

[11] X. Shen, X. Cheng, L. Yang, M. Ma, and B. Jiao, “On the design of the
scheduling algorithm for the full duplexing wireless cellular network,”
in Proc. of the IEEE GLOBECOM, Dec. 2013.

[12] Y.-S. Choi and H. Shirani-Mehr, “Simultaneous transmission and recep-
tion: algorithm, design and system level performance,” IEEE Transaction
on Wireless Communication, vol. 12, pp. 5992–6010, Dec. 2013.

[13] H.H.Choi, “On the design of user pairing algorithms in full duplexing
wireless cellular networks,” in Proc. of the International conference on
Information and Communication Technology Convergence (ICTC), Oct.
2014.

[14] S. Goyal, P. Liu, S. Hua, and S. Panwar, “Analyzing a full duplex cellular
system,” in Proc. of the 44th Annual Conference on Information Science
and Systems (CISS), Mar. 2013.

[15] P. A. et al., “Mobile and wireless communications enablers for the
twenty-twenty information society (metis),” Seventh Framework Pro-
gram, Deliverable D6.1, Oct. 2013.

[16] A. Sabharwal, P. Schniter, D. Guo, D. W. Bliss, S. Rangarajan, and
R. Wichman, “In-band full-duplex wireless: Challenges and opportuni-
ties,” IEEE Journal on Sel. Area in Comm., vol. 32, pp. 1637–1652,
Sept. 2014.



<<
  /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 true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


