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A novel method for improving the capacity in 5G
mobile networks combining NOMA and OMA
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anmarc@fotonik.dtu.dk; hiIch@fotonik.dtu.dk

Abstract — Non-Orthogonal Multiple Access (NOMA) has
been suggested as one of the technologies to be implemented in
the fifth generation - 5G - mobile networks. NOMA helps
increasing the capacity by offering a more effective use of the
available resources, but it also intentionally introduces
interference in the transmitted signal. This means that higher
signal-to-interference-plus-noise ratio (SINR) values are required
to decode the received signal, in comparison to orthogonal
multiple access (OMA). Since it is unrealistic to consider a system
working only with NOMA because not all the users (UEs) will
meet the requirements to use this multiple access (MA) method, a
hybrid MA system combining NOMA with OMA is expected. In
this paper we present the performance evaluation of a hybrid
MA system combined with a novel pairing algorithm based on
modulation and coding scheme (MCS) adjustment and extra
transmission power (Tx power) allocation. The purpose of such
pairing approach is to help the NOMA UEs reach the needed
SINR while improving the overall system capacity. Moreover, we
use mmWave for the signal propagation to further increase the
system capacity. The results show that such a system with an
extra Tx power between 14% and 19% of the total Tx power for
OMA, can offer the best tradeoff with a system capacity gain up
to 1.78-fold for a total of 6.7 Gbps, an average 3.31-fold increase
for the UEs bit rate, and a block error rate (BLER) below 10%.

Keywords—NOMA, hybrid MA, capacity, power allocation,
BLER, SINR, MCS, 5G

I. INTRODUCTION

Among the key capabilities expected for the fifth
generation of mobile networks — 5G networks —, higher system
capacity is one of the most important and challenging. 5G
networks must be able to cope with the continuously increasing
data demand that will be driven mainly by the Internet of
Things (IoT) and video streaming applications. The maximum
achievable bit rate per user/device in 5G networks should reach
values in the order of Gbits/s under ideal conditions, and
ubiquitous connection in the order of Mbits/s or Gbits/s should
be guaranteed across the coverage area of the network[1]. Non-
orthogonal multiple access (NOMA) is one of the radio access
technologies proposed so far as a possible option to satisfy the
future capacity demands[2].

NOMA, unlike the orthogonal multiple access (OMA)
methods, exploits the power domain by multiplexing the users
(UEs) and intentionally introducing interference by sharing the
same resources without spatial separation. This can be done by
implementing superposition techniques [4]. NOMA have been
considered as part of possible implementations for 5G
networks, the works in [2]-[4] are some examples. Our work
in [5] presents a performance analysis for a 5G NOMA system

combined with mmWave frequencies; the results showed that
although up to 70% of channel capacity gain can be achieved
by implementing NOMA instead of OMA, a penalty of about
12 dB in the minimum required signal-to-interference-plus-
noise ratio (SINR) is needed in order to maintain a block error
rate (BLER) below 10%. Furthermore, in [5] it is concluded
that a successful signal decoding with NOMA is possible only
when a QPSK modulation is assigned to one of the power
multiplexed UE. This means that not all the UEs within the cell
can be paired. Hence, it is sub-optimal to consider NOMA as
the only multiple access (MA) method; on the contrary, a
hybrid system combining NOMA with OMA is expected,
along with possible modulation and coding scheme (MCS)
adjustment to make up for the extra SINR, when needed.

The implementation of such hybrid system has also been
suggested by other authors. In [4], cooperative NOMA is
suggested as a technique to improve the signal decoding, but
due to the complexity of a NOMA only system, a hybrid MA
approach is suggested. In [6], the performance of a system
switching between three types of non-orthogonal transmissions
and OMA is evaluated.

Moreover, the work in [7] shows how the combinations of
NOMA and OMA offers the largest rate regions in a two-user
interference channel, following the Han-Kobayashi scheme [8],
which it its basic form implies NOMA. The works in [9] and
[10] focus on the improvement in spectral efficiency of
multicarrier (MC) NOMA. In [9] an optimal power and
subcarrier allocation algorithm for full-duplex MC-NOMA,
designed to maximized the weighted sum throughput in such,
is proposed. In [10] also an optimal power allocation is
proposed for MC-NOMA based on quality of service (QoS)
constrains under statistical channel state information (CSI) at
the transmitter. Both [9] and [10] compare the performance of
the proposed methods with OMA systems, showing that a
NOMA implementation outperforms OMA in terms of spectral
efficiency.

Up to date, no previous studies have evaluated the
performance of a hybrid MA system focusing on techniques
that help increasing the total system capacity while maintaining
desirable BLER values. The purpose of this paper is to evaluate
the UEs bit rate gain, system capacity gain, power
consumption, and BLER, of a system that implements hybrid
MA scheduling. We combine this system with a pairing
method for NOMA based on MCS adjustment and extra
transmission power (Tx power) allocation in order to reach the
needed SINR values and maintain a BLER below 10%.
Moreover, we combine this system with mmWave wireless
transmission to further increase the overall system capacity.



II. NOMA FUNDAMENTALS
A. NOMA Overview

MA techniques increase the network capacity by using the
resources in a more effective way than in single user
transmissions. Unlike orthogonal division multiple access
(OFDMA) used in the DL in Long Term Evolution (LTE)
networks, NOMA takes advantages of the channel rate
quantization, allowing an UE to access a portion of the power
resources allocated to another UE, and that do not help
improving the data rate of the latter. The principle behind
NOMA consists on pairing UEs with large channel gain
difference; this difference is then translated into multiplexing
gain [11]. In NOMA UEs are multiplexed in the same
time/frequency resources; this is possible by implementing
superposition transmission schemes and adaptive power
allocation in the transmitter. The power ratio assigned to an
allocated UE will depend on its channel conditions; the lower
the channel gain, the higher the power ratio. Fig. 1 shows a
resource allocation comparison between OMA and NOMA for
two UEs. In the receiver, interference cancellation (IC)
techniques are used.
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Fig. 1 Resource allocation comparison for OMA and NOMA for two UEs.

B. Superposition transmission

Superposition transmission is a physical layer technique
that allows the transmitter to simultaneously send independent
signals to different UEs. The number of UEs selected to be
allocated in the same time/frequency resources can vary
depending on the system configuration. However, the more
users are paired together, the more interference there will be in
the received signal, resulting in a higher BLER and hence in
an increased number of retransmissions. After implementing
superposition transmission for two UEs, the transmitted signal
would be as follows:

x = [Px; +[Pox, M

where x; and P; are the signal from UE; and its power ratio,
respectively;  the maximum  transmission power
Prx,... = Pi+P,. If no adaptive power is implemented in the
transmitter, P, = Prymax-

C. Receiver Schemes

The joint transmissions in NOMA cause a large amount of
interference in the received signal. To mitigate the interference
effect, IC methods can be applied. The received signal by UE;
will be of the form:

yi= hix +w; 2)

where x is the transmitted superposed signal, h; represents the
complex channel coefficient between the UE; and the base
station (BS), and w; represents the Gaussian noise plus
interference received by UE;. The optimal order for decoding
the received signal in NOMA, is in the order of increasing
channel gain normalized by the noise and inter-cell
interference power, |h;|2/Ny; [2]. Assuming that UE, has better
channel conditions than UE,, |h|?/Ny;> |hy|2/Ny,, then the
signal from the UE, would be the first in the decoding order.
Therefore, UE, can decode its message from the
superpositioned signal with a linear receiver, treating the
signal from UE, in y, as additional interference. For UE,, the
decoding process consists on first decoding and reconstructing
the UE, signal, and subtracting it from y;.

III. SYSTEM MODEL

In the model developed, a single cell was considered with
LTE as the wireless technology; only the DL transmission was
analyzed. The number of UEs was limited to 50, and they were
randomly located following a normal distribution with mean
u =25, and standard deviation ¢ = 10. For simplicity reasons,
no mobility was considered; the reason for this is that since the
channel can considerably vary when using mmWave, an
approach as the one proposed with these frequencies would be
limited to stationary or semi-stationary environments. The size
of the packet to be transmitted to the scheduled UEs was
chosen randomly, from 16 to 97880 bits. If the TBS assigned to
a UE was not enough to send the whole packet, a total of bits
equal to the TBS were sent and the rest of the bits were
buffered. For the PRBs allocation, the UEs were divided into
four groups according to the modulation order and the PRBs
assigned to each group were proportional to the number of
UEs; a minimum of two PRBs was set.

The MCS assignment and resources allocation in the model
is done in two steps. In the first step a preliminary assignment
is done and only the channel quality indicator (CQI) reported
by each UE is used as a reference; the UEs map the wideband
SINR calculated through simulations into a CQI value. The
minimum SINR for each CQI was estimated in the model
under constrains of a 10% BLER and assuming an OMA
transmission (without considering co-cahnnel interference). In
the second step the system evaluates which UEs, if any, are
candidates for NOMA. To determine this, a pairing method
based on MCS adjustment and extra Tx power allocation is
implemented. Such pairing guarantees that the throughput of
each UE using NOMA either remains the same as in OMA or
increases.

A. Proposed pairing algortihm with MCS adjustment and
extra Tx power allocation

The purpose of implementing a MCS adjustment when
pairing the UEs in NOMA, is to compensate for the higher
SINR needed, in comparison to OMA, to successfully decode
the received superposed signal [5]. In the proposed pairing
algorithm all possible pairs are tested, starting with those with
the highest channel gain difference, e.g., UE,; with 256QAM
and UE, with QPSK. The condition to determine whether two
UEs can be paired or not, is that the throughput of each UE
must not be degraded. To do this the transport block size (TBS)



must remain the same or be bigger than with OMA. If the MCS
is adjusted to a more robust value, the only way to guarantee
the same TBS is to assign more physical resource blocks
(PRBs). When in NOMA, more PRBs can be assigned to a UE
by pairing it with another UE. However, as the extra SINR
needed is on average 12 dB [5], if the MCS adjustment is not
enough to cover such difference while guaranteeing that the
throughput will not be degraded, there is the possibility that
only a few (i.e.,, 2 or 4) or none of the UEs can be paired.
Moreover, it is important to consider that at least one of the
paired UEs has to use QPSK as modulation [5]; otherwise the
superposed constellation becomes too complex to decode. This
only lowers the possibilities of finding suitable UEs to pair.

To overcome this limitation, extra Tx power allocation can
be considered. For example, let us assume that for OMA, the
BS is not transmitting at the maximum regulated power,
because lower Tx power is enough to guarantee the desired
BLER and to cover the desired area. Then, a Tx power
headroom can be considered in a hybrid MA system for the
subcarriers that are using NOMA, as long as the total Tx power
does not exceed the regulated maximum limit. By allocating
extra Tx power when needed in NOMA, it is then possible to
provide the extra dBs that cannot be provided with the MCS
adjustment to reach the desired SINR. Although allocating
extra Tx power to some UEs could be considered going against
the idea of having 5G networks that are more energy efficient,
if such extra power does not exceed the regulations, it could
help increasing the probabilities of having UEs paired which
impacts directly on the total channel capacity.

For the proposed pairing method to work effectively, extra
signaling information needs to be shared between the BS and
the UEs. Since the BS does not know the exact value of the
SINR that the UE experiences, the latter needs to inform the
BS if the MCS adjustment is enough or if extra Tx power needs
to be sent to cover the extra dBs needed in the SINR. Table 1
shows the grouping method used to classify the UEs during the
pairing process; this method aims at giving priority to the UEs
with the larger difference in channel gain. A total of six
iterations are run to test all the possible pairs as long as the
modulations of the UEs are different. In Fig. 2 the logical
process of the pairing algorithm is shown.

B. User bit rate

The rate of each UE depends on the MA method that was
used for their scheduling. Assuming that a UE occupies 8 of
the total bandwidth, B, during a subframe, then the bit rate for
that UE with OMA can be calculated as:

Roma = B * 8 xlog,(1 + SINR) 3)

With NOMA, the UE rate depends as well on the power
allocated, a, and can be calculated as [6]:

Ryoma = B * B *log,(1 + (a = SINR)) “4)

Table 1 Modulation of the UEs € Group X, with X=1,2 for each iteration i
of the proposed pairing method

i 1 2 3 4 5 6
Group 1 | 256QAM | 256QAM | 256QAM | 64QAM | 64QAM | 16QAM
Group 2 QPSK 16QAM | 64QAM QPSK 16QAM QPSK

Proposed pairing algorithm
Input:
Group 1 and group 2 for each iteration (Table 1)
Maximum allowed extra power (mep)
Preliminary PRBs, MCS and TBS for all UEs in each group
for iteration=1 to 6 do

Update groupl and group 2

M=number UEs in groupl, N= number UEs in group2, m=1, n=1

while m==M do

if UEr, not paired then
while n<=N do
if UE, not paired do
TPRBs = Sum preliminary PRBs for UEy, and UE,
if MCS adjustment is activated do
0: Find new MCS < preliminary MCS, new TBS>=preliminary TBS
for UEn, and UE, with TPRBs and throughput constraints

11: end if

[

SVXADN AW

12: if modulation for UE, equals QPSK do
13: Calculate extra transmission power needed
14: if extra transmission power <= mep do
15: Pair UE,, with UE,
Update MCS, TBS, PRBs, and extra transmission power for UE;,
and UE,
16: end if
17: end if
18: end if
19: n=n+1
20: end while
21: end if
22: m=m+1

23 end while

24:  end for

Output:  UEs paired and their new MCS, new TBS, and extra Tx power for each
pair

Fig. 2 Proposed pairing algorithm for NOMA based on MCS adjustment
and extra Tx power allocation

IV. PERFORMANCE EVALUATION

Table 2 shows the six study cases considered for the
evaluation of the hybrid MA system, where the percentage of
maximum extra Tx power is based on the Tx power for OMA.
In Table 3, the extra Tx power for case 6 is based only the
value reported by the UE to reach the extra 12 dB needed in the
SINR. The propagation parameters used for the simulations are
shown in Table 3; UE, is assumed to be the UE with highest
channel gain. The performance evaluation was based on four
system aspects: the UE’s bit rate, the overall system capacity,
the required extra Tx power, and the BLER. For all the results
shown in this paper, an OMA only system was used as
benchmark. The results are shown in Fig3 — Fig 6 and they
were averaged over different runs of the model, with 100
subframes being transmitted in each run.

If we focus on the UEs bit rate, we can see from Fig. 3 that
with the case 6 some of the UEs can experience up to a 30-fold
increase in their bit rate, with 90% of the UEs experiencing
increases up to 9.4-fold. The reason for the high increase in this
case is that there is no limit in the extra Tx power that can be
allocated to the NOMA UEs, therefore two UEs which require
a large amount of extra power can still be paired. Hence, their
bit rate will significantly increase since NOMA is more
effective as the difference in the channel gains is larger. Case 5
was the one that offered the lowest performance, with no UEs
paired. The reason for this is that the maximum 10% extra
power for this case was not enough to make up for the extra
dBs needed in the SINR. Cases 2 and 3 showed a similar
performance, and the same trend was shown for cases 1 and 4.
Table 4 summarizes the results shown in Fig. 3 for the 90",
80™ and 50™ percentile.



Table 2 Study cases

Case 1 2 3 4 5 6
MCS adjusment Yes Yes Yes Yes Yes No

Maximum extra

0% 75% | 50% 25% 10% [Unlimited
TX power

Table 3 Simulation parameters [12]

Carrier Frequency 73 GHz
Channel Bandwidth 800 MHz
Coding /Decoding Turbo coding
Modulation Scheme QPSK, 16QAM, 64QAM, 256QAM
Maximum DL Tx Power 30 dBm
DL Tx Power 15 dBm

. OMA: 1
Power allocation factor per UE NOMBA: 0.25 for UEL and 0.75 for UE2
Waveform OFDM
Transmission mode SISO
TX Antenna Gain 37 dBi
Path Loss Model P, =69.8dB+A log(d)+x, "
Channel estimation MMSE
RX Antenna Gain 0 dBi
Noise figure 6dB
Receiver type OMA: LMMSE

NOMA: SLIC for UE1 and LMMSE-IRC for UE2

' X represents the shadowing factor and it is a radom Gaussian variable with mean
zero and standard deviation 6 =5.2 dB for LOS and ¢ =57.6 dB for NLOS. For LOS
the constant A =20 and for NLOS A=33 [12]
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Fig. 3 Cumulative probability for the UEs bit rate fold increase for a
hybrid MA system, using an OMA only system as benchmark

Table 4 UEs bit rate fold increase for the 90, 80" and 50" percentile for
a hybrid MA system, using an OMA only system as benchmark

Case 1 2 3 4 5 6

90th 2.7 6.7 6.3 3.8 1 9.4
Percentile | 80th 2.1 4 3.7 2 1 5.3

50th 1.1 1.9 1.9 1 1 1

If we now analyze the overall system capacity, we can see
from Fig. 4 that case 2 is the one that offers the best
performance with a 1.78-fold increase, corresponding to a
channel capacity of approximately 6.7 Gbps. If we also look at
Fig. 5 which shows the UEs pairing probability, we can see
that case 2 is the one with the highest pairing probability, along

with case 1, with 0.4. For case 2 this is because when
combining the MCS adjustment with a high percentage of extra
Tx power (e.g., 75%) is more likely to reach the average extra
dBs needed in the SINR values, which also impacts on the UEs
bit rate (equations 3 and 4). For case 1, although it also showed
the highest pairing probability, as it does not implement extra
Tx power allocation, the UEs bit rate is lower than in case 2, as
confirmed in Fig. 4, with a 1.12-fold increase. Case 3, with
50% maximum extra Tx Power, offered a pairing probability
similar to cases 1 and 2, with 0.46 for a 1.72 fold increase in
the system. For case 5 there was no gain in the system capacity,
since no UEs met the requirements to be paired.
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Fig. 4 System capacity fold increase for a hybrid MA system, using an
OMA only system as benchmark

The performance for cases 4 and 6 was very similar with
1.33 and 1.55-fold increase in the system capacity, and pairing
probabilities of 0.24 and 0.28, respectively. The reason for this
behavior is that, although for case 6 the UEs bit rate was
superior than for case 4, there is no MCS adjustment in case 6.
As stated earlier, at least one of the paired UEs in NOMA has
to have QPSK as modulation. When MCS adjustment is
implemented, some of the UEs with higher order modulations
can be assigned a QPSK modulation, which increases the
probability of having candidates to be paired for NOMA.
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Fig. 5 UEs pairing probability for a hybrid MA system

From a power consumption point of view, the results are
shown in Fig. 6. For case 1 there is no extra Tx power
allocated, while for case 6 there is no limit in the amount of
extra power that can be assigned for the NOMA transmissions.
We can see that case 6 requires an average of 73% extra power.
For case 5 a higher power allocation should be considered if



the main concern relies on the overall system capacity. A
higher power allocation along with the CQI adjustment leads to
more NOMA UEs and a higher system capacity. Case 4
requires on average 14% of extra Tx power, 11% less that the
maximum allowable. This is an indication that this amount of
maximum extra power could offer a good tradeoff between
power consumption and system capacity. Cases 2 and 3,
require on average less power than the maximum allowable,
with 19% and 18%, respectively. These results confirm that no
more than 14-19% of extra Tx power would be necessary to
expect a significant performance improvement. Finally, from a
BLER perspective, all the cases except case 1 offered a BLER
below 10%, which is usually the maximum allowable. For case
1, the BLER could reach values up to 30%; this is because
since there is no extra power allocation for this case, some of
the paired UEs require extra dBs to reach the SINR values
needed to successfully decode the received superposed signal.
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Fig. 6 Extra Tx power for the NOMA UEs in a hybrid MA system

From the results analysis we can conclude that best
tradeoffs between the UEs bit rates, overall system capacity,
power consumption, and BLER, are achieved when a hybrid
MA system is implemented along with MCS adjustment and
extra Tx power allocation for the NOMA transmissions. In the
case of applying MCS adjustment but not extra Tx power
allocation, the BLER values might be higher than the
maximum desired, which eventually affects the QoS since the
number of HARQ retransmissions will increase. If on the
contrary, no MCS adjustment in performed, and all the needed
extra Tx power is allocated, there would be an improvement in
the system performance but not a significant one if compared
with other cases, at the expenses of using on average 73% extra
Tx power.

We therefore suggest an implementation of a hybrid MA
system with a pairing algorithm based on MCS adjustment and
an allowed extra Tx power allocation between 14% and 19%
(e.g., cases 2, 3 and 4), since with this configuration the UEs
bit rates average fold increase could be between 1.75-3.31, the
overall system capacity could also increase between 1.33 and
1.78-fold, corresponding to approximately 5.1-6.7 Gbps, and
the BLER will remain below 10%.

With this proposed method a significant gain can be
achieved in the overall system capacity when a Tx power

headroom is available. Moreover, the only additional signaling
needed, in comparison with any NOMA implementation, is to
verify whether the MCS adjustment was enough for the UE to
achieve the desired SINR with NOMA or if extra Tx power is
needed. Hence, the impact of this method in the signaling
overhead is expected to be low.

V. CONCLUSIONS

In this paper we presented the performance evaluation of a
hybrid MA system, combining OMA and NOMA, combined
with a proposed pairing algorithm based on MCS adjustment
and extra Tx power allocation techniques. The purpose of using
these techniques is to aid the UEs reaching the extra dBs
needed in the SINR when NOMA is implemented instead of
OMA. Moreover, we used mmWave for the signal propagation
to further increase the system capacity. We evaluated six cases
for the hybrid MA system: one with only MCS adjustment and
no extra Tx power allocation; one with unlimited extra Tx
power allocation and no MCS adjustment, and four combining
both proposed techniques for different percentages of
maximum extra Tx power. The results show that implementing
the proposed hybrid MA system jointly with the MCS and
power adjustment offers the best tradeoff in terms of UEs bit
rate, overall system capacity, power consumption and BLER.
Moreover, we show that allowing an extra Tx power allocation
between 14% and 19% can offer the best performance, with a
system capacity gain up to 1.78-fold for an approximate of 6.7
Gbps, an average UE bit rate increase up to 3.31-fold, and a
BLER below 10%.

REFERENCES

[1]  ITU, “IMT Vision — Framework and overall objectives of the future
development of IMT for 2020 and beyond, M Series, Recommendation
ITU-R M.2083-0 (09/2015),” vol. 0, 2015.

[2] Y. Saito, Y. Kishiyama, A. Benjebbour, T. Nakamura, A. Li, and K.
Higuchi, “Non-orthogonal multiple access (NOMA) for cellular future
radio access,” IEEE Veh. Technol. Conf., pp. 0—4, 2013.

[3]  “3GPP TR 36.859: Study on Downlink Multiuser SuperposItion
Transmission (MUST) for LTE (Release 13),” no. V13.0.0. 2016.

[4] Z.Ding, Y. Liu, J. Choi, Q. Sun, M. Elkashlan, C.-L. I, and H. V. Poor,
“Application of Non-orthogonal Multiple Access in LTE and 5G
Networks,” IEEE Commun. Mag., vol. 55, no. 2, pp. 185-191, 2017.

[5]  A.S.Marcano and H. L. Christiansen, ‘“Performance of Non-
Orthogonal Multiple Acess in mmWave wireless communications for
5G networks,” in IEEE ICNC, 2017.

[6] Y. Yuan, Z. Yuan, G. Yu, C. Hwang, P. Liao, A. Li, and K. Takeda,
“Non-Orthogonal Transmission Technology in LTE Evolution,” IEEE
Commun. Mag., no. July, pp. 68-74, 2016.

[7] W. Shin, M. Vaezi, B. Lee, D. J. Love, J. Lee, and H. V. Poor, “Non-
Orthogonal Multiple Access in Multi-Cell Networks: Theory,
Performance, and Practical Challenges,” IEEE Commun. Mag., 2016.

[8] M. Vaezi and H. V. Poor, “Simplified Han-Kobayashi region for one-
sided and mixed Gaussian interference channels,” in 2016 IEEE
International Conference on Communications (ICC), 2016.

[9] Y. Sun, D. W. K. Ng, Z. Ding, and R. Schober, “Optimal Joint Power
and Subcarrier Allocation for Full-Duplex Multicarrier Non-
Orthogonal Multiple Access Systems,” IEEE Trans. Commun., 2017.

[10] Z.Wei, D. W. K. Ng, and J. Yuan, “Power-Efficient Resource
Allocation for MC-NOMA with Statistical Channel State Information,”
in IEEE GLOBECOM, 2016.

[I1] NTT Docomo, “5G Radio Access: Requirements, Concept and
Technologies,” no. July, pp. 1-13, 2014.

[12] T.S. Rappaport, R. W. Heath Jr., C. R. Daniels, and N. J. Murdock,
Millimeter Wave - Wireless Communications. Prentice Hall, 2014.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


