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Opportunistic Non-Orthogonal Random Access With Optimal
Decoder for 6G Multi-Channel IoT Networks

Jeong Seon Yeom™, Member, IEEE, and Bang Chul Jung

Abstract—A novel opportunistic non-orthogonal random
access (O-NORA) technique is proposed for multi-channel
systems in sixth-generation (6G) massive connection scenarios,
such as Internet of Things (IoT) networks. In this letter, K IoT
devices (IDs) independently transmit their packets to a single
access point (AP) over one of M available channels. To meet the
low-complexity requirements of IoT applications, all nodes are
assumed to operate with a single antenna. Specifically, the optimal
simultaneous non-unique decoding (SND) technique is leveraged
at the AP to enhance network reliability. A rigorous mathematical
analysis of the outage probability and channel utilization for the
proposed O-NORA technique is provided. The accuracy of our
analytical results is validated through simulations. The proposed
O-NORA with SND demonstrates a significant performance gain
over conventional schemes in terms of outage probability and
throughput for 6G multi-channel uplink IoT networks.

Index Terms—6G mobile communications, massive IoT
networks, non-orthogonal random access, opportunistic trans-
mission, outage probability, simultaneous non-unique decoding.

I. INTRODUCTION

MONG the various applications of massive communi-

cation, Internet of Things (IoT) networks stand out as
a key enabler for achieving 6G’s massive connectivity goals,
connecting billions of devices across diverse domains [1].
In IoT networks, an access point (AP) suffers from accom-
modating many diverse communicating devices since IoT
devices (IDs) have unique characteristics with sporadic traffic
patterns in general [2]. New wireless transmission technologies
are increasingly required to meet the demands of industrial
and large-scale IoT systems [3]. Non-orthogonal random
access (NORA) has recently been proposed as an emerging
technology to satisfy such harsh performance requirements,
including low latency, high reliability, and low power con-
sumption [4], [5]. While NOMA also processes a fixed number
of superimposed signals, NORA is based on random access,
and therefore, the number of received signals is not fixed.
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As a result, NORA is more suitable for IoT networks
than NOMA, as it allows devices to transmit only when
necessary, reducing channel resource waste and improving
scalability in massive connection scenarios. Not only in IoT
networks but also in another large-scale network, the cell-free
massive MIMO system, an outage probability analysis was
conducted by adopting grant free-NOMA (GF-NOMA) similar
to NORA [6].

Performance analysis of the NORA technique has been
actively conducted for single or multiple channels, assum-
ing various encoding and decoding schemes. The traditional
interference as noise (IAN) decoding and successive
interference cancellation (SIC) decoding schemes have been
widely used in the literatures [7], [8], [9]. In [7], [8], the
authors showed that the maximum channel gain selection
yields significant performance improvement in throughput and
energy efficiency for multi-channel NORA systems with SIC
receivers. In addition, a truncated channel inversion with
opportunistic transmission was considered to enhance energy
efficiency further [8]. In [9], the NORA with space-time
line code was proposed for multi-channel uplink networks
and was mathematically analyzed in terms of the throughput,
distribution of received signal-to-noise ratio (SNR), and energy
efficiency. It is worth noting that all studies mentioned above
assume that the receiver exploits SIC-based decoding tech-
niques. However, significant performance degradation of the
SIC may occur due to error propagation, and the lack of power
control in NORA makes it difficult to maintain proper SNR
ordering among users. This leads to performance saturation
even at high SNRs.

Instead of SIC, joint decoding (JD) scheme has also
been considered for several uplink NOMA and NORA
systems [10], [11]. The JD scheme decodes all signals simul-
taneously without treating other signals as interference, and
thus there is no error propagation phenomenon. Although
JD’s performance significantly surpasses SIC’s, JD is also
not the optimal decoding scheme in uplink NORA systems.
The simultaneous non-unique decoding (SND) scheme was
initially proposed as the optimal decoding technique for
the general multi-transmitter and multi-receiver interference
channel [12]. Briefly, SND enables receivers to decode both
desired and interfering messages. It achieves the optimal rate
region R by unifying IAN decoding and JD schemes. Thus, R
is given as Rian URjp, where Rian and R jp represent the
respective rate regions. However, existing outage probability
analyses of SND have been limited to the case where only
two signals are simultaneously received [13].

In this letter, a novel opportunistic NORA (O-NORA)
technique is proposed, which exploits the optimal SND as
the decoding scheme in multi-channel uplink IoT networks.
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Fig. 1.  System model of non-orthogonal random access with multiple
channels in uplink 6G IoT networks.

Unlike non-opportunistic NORA, if its channel gain is larger
than a certain threshold, one channel is independently selected
for packet transmission at each ID. By leveraging this
threshold-based selection, O-NORA further enhances energy
efficiency by preventing unnecessary transmissions over poor
channel conditions, thereby reducing power consumption and
improving network longevity. To the best of our knowledge,
this is the first study that considers the optimal SND scheme at
the receiver in uplink NORA systems. The proposed technique
performs better than the SIC in terms of the outage probability.
We mathematically analyze the outage probability of the
proposed technique by considering a single-slot performance
analysis in a slotted-ALOHA environment, regardless of the
number of IDs in the network.

Notation: Sgyp Cyyy S for given set S containing an
element x is defined as the subset, which includes a certain
element x, of the set S.

II. SYSTEM MODEL

As illustrated in Fig. 1, the uplink IoT network consists
of one AP and K IDs, each equipped with a single antenna.
Each k-th ID generates a signal with a probability of pg ; and
employs a single-signal buffer to store the generated signal. In
this network, each ID is allowed to transmit packets through
one of the M channels, and it is assumed that K > M,
considering the practical conditions of massive IoT networks.
Data transmission to the AP is allowed only for IDs having one
or more channel gain values among M channels greater than
a certain threshold. Let us define the set of eligible channels
for the k-th (k € {1,2,...,K}) ID as

My = {m | A hylm)P > 7m € (1,2, MY}, (D)

where A, denotes the constant-valued large-scale fading loss
from the k-th ID to AP and hi[m] denotes small-scale fading
channel coefficient from the k-th ID to AP through the
m-th channel (m € {1,2,..., M}). In addition, 7}, represents
the channel gain threshold of the k-th ID for data transmis-
sion.! For convenience and without loss of generality, it is
assumed that all of the small-scale fading channel coefficients
follow identically and independently distributed (i.i.d.) com-
plex Gaussian distribution with zero mean and unit variance
for all k and m, ie., hy[m] ~ CN(0,1) (Vk,Vm). If the
set of eligible channels M}, is non-empty, the k-th (Vk) ID

I The threshold 7}, plays a key role in determining the opportunistic gain;
increasing 73, reduces the error probability but decreases the amount of
transmitted data due to fewer transmission opportunities.
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randomly selects one channel index from M with equal
probability, i.e., according to a discrete uniform distribution
over M., and transmits its packet over the selected channel.
Consequently, multiple IDs may independently select the same
channel, resulting in simultaneous transmissions. If a signal
is ready for transmission but the channel condition does not
satisfy the required threshold, the signal remains in the buffer
without being transmitted. Let us define another set of indices
of IDs transmitting packets through the m-th channel as D[m].
Then, the received signal at the AP is given by

> gulmlzy + n[m), (2)

u€D[m]

ylm] =

where y[m] (m € {1,2,... M}) denotes the received signal of
AP at the m-th channel. The AP is assumed to identify IDs in
D[m] by attaching an exclusive preamble in the packet at each
ID. The term g, [m] £ \/ PyAy thy[m] (m € M) represents
the product of the square root of the transmission power P,
at the u-th ID and the effective channel coefficient of the m-
th channel selected by the u-th ID for packet transmission.
The effective channel coefficient includes the constant-valued
large-scale fading loss A, and small-scale fading channel
hy[m]. Tt is worth noting that due to transmitter-specific
parameters, the channel-related term g,,[m] can be independent
but not necessarily identically distributed across different
transmitters. The signal of the u-th ID is represented as z,
with unit power, i.e., E[|z,|?] = 1, and the additive white
Gaussian noise at the AP via the m-th channel is represented
as n[m] ~ CN(0, Np).

The AP tries to decode the signal of IDs in D[m] by
the SND technique for all channels. The AP is assumed to
know the channel state information (CSI) for all IDs through
exclusive preamble insertion and detection procedure. With
the network information theory perspective [12], individual
successful decoding conditions of the SND technique for the
k-th ID in the m-th channel are given by

{ N 1°€2<1+ > %) > ¥ Ru}
S hlm] = vKC (1) Dim] uelC uelC 3)

U logo | 1+

‘91«["””2 >R
T leumlPHN, | =k
veD[m]\ {k}

where Rj denotes the target rate of the k-th ID, respectively.

III. PERFORMANCE ANALYSIS

In this section, the outage probability of the proposed O-
NORA is mathematically analyzed in uplink IoT networks.
Without loss of generality, it is assumed that the k-th ID
transmits the signal through the m-th (m € M}) channel.
With the total probability theorem, the outage probability of
the k-th ID of the proposed O-NORA technique is given by>

>

VDC (33{1,2,...K}

Po,k = P07k|D X PI‘{D‘D S k}, “4)

where P, jp denotes the conditional outage probability of
the k-th ID for given the set D including the element k.
Note that all possible D are mutually exclusive since all IDs

2For notational simplicity, the [m] index is omitted hereafter.
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have a binary state for each channel, and the indices of IDs
not included in D imply that they are not transmitting on
that channel. Thus, different D cannot coincide. Based on
the successful decoding conditions (3), the exact conditional
outage probability is given as follows:

U log <1+ )» —‘-‘};;‘2>
vKC iy D uek 7

2

< > Ru}

< Ry

PorD=Fr
N loga [ 1+ —= ng\.gv\uzvp
veD\{k}

It is worth noting that the independent outage events of
the proposed O-NORA technique are not mutually exclusive,
i.e., the entire outage event consists of non-partitioned outage
events. This makes it difficult to mathematically derive an
exact outage probability. Hence, a lower bound of the condi-
tional outage probability for the proposed O-NORA technique
is derived as follows:

2
o (145, 2 ) < 5
uweD uweD
P D> Pr

lgg 12
N logy | 1+ S w2y, | S Ry
veD\{k}
- Pr{ ST gul? < (2% - 1)Np}
UGD
Apl
7PoJc\D
« P lgx|? _N, < Z | |2 (6)
r o, 1 P Gv s
veD\ {k}

A

P2
o, k|D

where Rp £ Y, op Ru.

Since the opportunistic transmission based on the channel
gain is employed as in (1), the channel gain selected by the k-th
ID is greater than the threshold 73,. Thus, |g;[m]|? (m € M},)
follows a truncated exponential distribution with parameter
of Py7y. Let \j, £ AP ! Then, the probability density
function of |g;[m]|? (m € My,) is given by

foup (@) = Ak exp(=Agz)

In order to solve (6), it is necessary to characterize the
distribution of the sum of truncated exponential random
variables (RVs). If all \; are different, |gp|?> £ > keD 9|2
follows a shifted hypoexponential distribution:

f|9’D\2(Z) = Z ( )\u) Auexp(—)\u(z—TfD)>,

ueD
forz € (rp,00] , Tp £ ZueDPka' 3

Proof: Refer to Appendix . |

Then, Pg i1p 10 (6) is obtained through cumulative density
functions of (J7) and (8) according to the cardinality of the set
D as follows:

S (Pka,OO]. @)

exp(—A Pyp7y)’

Ay
m o

veD\{u}

1- exp(f)\'D {(2RD - 1) N, —7p }) for |D| =1
PLp=9 = T 2 {Mexp(ﬂ{ﬁ—flw }ﬂ
D keD <ueD\m . Ak) Nyt P
for |D| > 2.
)]
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Similarly, Pg k|D in (6) is derived according to the rela-
tionship between the threshold values of two random variables
following different truncated distributions.

2
2 _ 9| 2
Py kD= Pr{ 5, —1 NV < 19D\ iyl }

(TD\{k}’zR;71

f;: Tk fr::;x
P

k
= for smi—1 — NP <TD\(r}

(10)

f\9k|2(w)f\gD\{k} |2 (2)dzde,

7Np)

co oo
ka’Tk f2R1?71 —Np flgk‘z (z)f‘gD\{k} |2 (Z)dde’
for Lk

-1~ NP 2 TD\(k}:

The probability Pg k|D is further derived as (11), shown

at the bottom of the next page, for Py, /(27 — 1) — N, <
TD\{k} and (12), shown at the bottom of the next page, for
Py /(21 —1)—N, > Tp\{} in the next page, respectively,
where 7p\ (1 £ (Tp\ (&} + N,) (28 —1). In particular, (12)
is derived from a part of the derivation process of (11).
Consequently, the lower bound of the conditional outage
probability for the proposed O-NORA technique with the SND
scheme is obtained by substituting (9) and (11) or (12) into (6),
considering the relationship between the threshold values of
the channel gains.

Now, the probability of a successful decoding set,
PrD|D € k in (4), is derived from the transmission probability
of the IDs. If at least one channel has a greater gain than the
threshold in each ID, then the ID sends a packet to the AP via
the channel. Firstly, the probability that the channel condition
for transmission is satisfied at the k-th ID, pc ., can be easily
obtained from its non-transmission probability, g, as follows:

Pr
pc,kzlquzlf{/o f/\;l‘hk‘g(m)dﬁﬂ}

=1- {fOP“'TA A exp(—Apz)dzIM =1 — {1 — exp(—=\, Pr7i) }M.(13)

M

A packet is successfully transmitted only when it either
arrives at the current time slot or remains buffered from a
previous slot, and the instantaneous channel condition meets
the transmission criterion with probability p;. In other words,
a discrete-time queueing system with stochastic arrivals and
opportunistic transmissions is considered, where a packet is
transmitted only when the transmission condition is satisfied.
Consequently, the system is modeled as a Geo/Geo/l queue,
incorporating probabilistic packet arrivals and channel-aware
transmission opportunities.

Let mp and 71 denote the steady-state probabilities that the
buffer is empty and non-empty, respectively. The system can
be represented as a two-state Markov chain, where the states
correspond to the absence or presence of a packet in the buffer.
The state transition probabilities depend on the packet arrival
probability pg . and the transmission success probability pg .
The transition probability matrix for the k-th ID is given by:

L= pg i Pg,k

P =
Pek(1—pgk) 1— pes(l— i)

(14
The steady-state distribution [rg 71]7 satisfies the balance
equation [mg m1]7 = Plrg m1]”, along with the normal-
ization condition 7y 4+ w1 = 1. Solving the balance equations
yields the steady-state probability m1 = pg i/ (Pc,k + Pgk —
pc,kpg,k)'
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TABLE I
TOTAL DECODING COMPLEXITY OF AP FOR K IDS AT SINGLE CHANNEL

AN D
f: O(2nRr) (’)(2" T Rk)
k=1

SND
o (gn TR Rk)

Hence, the actual transmission probability of k-th ID at any
time slot is expressed as:

Pc,kPg k
De,k + Pg,k — Pe,kPg,k

As a results, the probability that a certain channel of the
k-th ID among M channels belongs to a set D is given by

Pk = D kTl = (15)

Pr{DID ek} ={ [[pe [] - »v) (p;’;)_l.(us)

ueD  veDe

Finally, substituting (6) and (16) into (4), the lower bound
of the outage probability for the proposed O-NORA with the
SND scheme is obtained as follows:

M
Pok 2 Z p{ H Pu H a p“)}(P;,kD x Pi,k|D)'
ng{k} tk ueD veDe
{1,2,...,K}

a7

Furthermore, the average channel utilization U, represent-
ing the expected number of channels used per time slot, can
be easily obtained from (15) as follows:

. Dtk
t
-2 8 18
(-5 o

Unh=M { 1-

The decoding complexity according to the decoding tech-
nique is shown in Table I. The big-O complexities for the
codeword length n at the AP are analyzed when K IDs
are transmitted on one channel. To mitigate the decoding
complexity of SND, a hybrid decoding strategy that first
applies SIC to strong signals and subsequently performs SND
on the remaining signals could be considered, even at the cost
of tolerating a small amount of residual errors.

I'V. NUMERICAL RESULTS

In this section, the performance of the proposed O-NORA
technique with the SND scheme is evaluated in uplink multi-
subcarrier IoT networks. The accuracy of the analytical results
is validated by comparing them with Monte Carlo simulation
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Fig. 2. Outage probability of the NORA and proposed O-NORA techniques
with SND and SIC for multi-subcarreir uplink IoT networks.

results. For the computer simulations in this section, the
parameters are set as follows: bandwidth BW = 15 kHz,
noise spectral density Ny = —174 dBm/Hz, noise figure
NF = 5 dB, i.e., noise power N, = 10log(BW) + (Ny —
30) + NF = —119 dB, and the constant-valued large scale
fading loss A = d,g’ - SW where dj, (meter) denotes the
distance between the k-th ID and the AP and SW represents
the shadowing and penetration losses, which is given as 30 dB.
This IoT network consists of 10 IDs (K = 10) and three
channels (M = 3). The distances between IDs and the AP are
set as (30, 30, 35, 35, 40, 40, 45, 45, 50, 50) meters.

Fig. 2 shows the outage probability of the O-NORA tech-
nique with TAN decoding, JD, and SND for varying SNR
values when R; = 4 bits/s/Hz for all k, the transmission
probability pc = 0.4, and pg , = 0.75, i.e., py j, ~ 0.353. For
given transmission probability, with (13), the channel threshold
is given by 7, = —In(1 — (1 — ka)l/ My /). And, the
analytical channel utilization is Uy, = 2.1419, while the
simulation result is 2.1448, showing a very close match and
validating the analysis. Fig. 2 shows that our analytical lower
bound on the outage probability of the proposed O-NORA
technique with the SND scheme is very tight to the actual
outage probability obtained by extensive computer simulations
for all transmission power region. The SIC based NORA
becomes ineffective at practical transmit power levels, and
the non-opportunistic NORA, labeled as ‘NORA’, exhibits
significantly higher outage probability than O-NORA due to
its lower average channel gain.

Fig. 3 shows the outage probability (grayscale) and effective
throughput (colored curves) of the O-NORA technique with

oo [e]

Ak exp(—Agxx) { ( Ay )
P? = _ Z H _ exps —Aulz—7 dzdzx
0,k|D z _ _ “ “ D\{k}
! Py J max (TD\{k}yﬁiilfNﬁ exp(—Ag, Pr7r) weDV{k} \oweD\ [k} Av = Ay { ( >}
Av Au/ (28 — 1)
= 2 < 11 Ao — A> [1 Tt /@B —1) TP {A’“ (P’“T’“ - ”D\{k})} ‘ an
u€D\{k} \veD\{k,u}
2 = Ay )\k 7>‘u77’D\{k}_)‘quTk
Po,k\D - ZueD\{k} (HvED\{k,u} >\1,—)\“> {)\k-i-)\u/(QRk—l) eXp{ oFr_1 . (12)
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Fig. 3. Outage probability and effective throughput of the O-NORA technique
with SND ans SIC for multi-subcarreir uplink IoT networks.

SND and SIC for varying P j when P =1 mW, R =5
bits/s/Hz for all k, and Dgk = 0.75 and 0.9. The effective
throughput is defined as T}, £ R, pe,k(1—P, 1) and the upper
bound of the effective throughput can be obtained by using the
analyzed lower bound of the outage probability in (17). The
outage probability decreases as the transmission probability
decreases since a lower transmission probability with a higher
channel threshold guarantees a higher received SNR in O-
NORA. On the other hand, as the transmission probability
increases, the effective throughput initially rises but begins to
decline beyond a certain point. For example, the maximum
throughput is achieved when p. j = 0.82 if pg ), = 0.75, while
the throughput is maximized when pc = 0.73 if pg ) =
0.9. Hence, the transmission probability must be carefully
adjusted according to system parameters in the proposed O-
NORA technique with the SND scheme. In terms of analytical
accuracy, the error tends to increase as pc y increases. This
is because our analysis ignores a larger number of outage-
causing events as the number of simultaneously transmitting
IDs increases.

V. CONCLUSION

In this letter, a novel opportunistic non-orthogonal random
access (O-NORA) technique employing the optimal simul-
taneous non-unique decoding (SND) scheme at the receiver
was proposed for 6G multi-channel uplink IoT networks. Each
IoT device (ID) independently transmits a packet over one of
multiple channels, provided that at least one channel exceeds a
predefined gain threshold. A mathematical analysis of the out-
age probability was conducted, and its accuracy was validated
through computer simulations. Our results demonstrated that
the proposed O-NORA technique significantly outperforms
conventional approaches in terms of outage probability and
throughput. Nonetheless, the SND method is more complex
than the interference as noise (IAN) decoding and joint
decoding (JD) due to its synthetic decoding structure, so care
must be taken when designing actual systems. The analytical
results derived in this letter can also serve as useful tools
for guiding practical optimization of system parameters in
dynamic random access networks.
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APPENDIX

The characteristic function of truncated exponential RV is

oo
q>|(1k‘2(t) = / e
Py

The characteristic function of the sum of independent RVs
is equal to the product of characteristic functions of the
independent RVs. Then,

; A
. _ atT u
(I)\QDlQ(t) - HUED(I)|%|2(t) = HuED Ay — it

By Heaviside cover-up method for partial fraction, the product
term in (19) is given as follows:

A Ay Au
HuED Ay — it ZUED (HUED\{U} Ay — )\u> Ay — it

Therefore, the p.d.f. of RV |gp|? is derived as follows:

itz >\k exp(—)\kx) = )\k
exp(—Ag Pr7y) Ak —

— exp(itPyTk).
it

19)

1 oo "
fion2(2) = —/ e "o 12(t)dt
lapl or | lapl

weD \weD\fuy

If 7p = 0 in (20), it is known as the hypoexponential distri-
bution and then if 7p > 0, it is the shifted hypoexponential
distribution by 7p.

REFERENCES

[1] L. Mohjazi et al., “The journey toward 6G: A digital and societal
revolution in the making,” IEEE Internet Things Mag., vol. 7, no. 2,
pp. 119-128, Mar. 2024.

[2] Z. Gao et al., “Compressive-sensing-based grant-free massive access for
6G massive communication,” IEEE Internet Things J., vol. 11, no. 5,
pp. 7411-7435, Mar. 2024.

[3] H. Wang et al., “Low-complexity MIMO-FBMC sparse channel parame-
ter estimation for industrial big data communications,” IEEE Trans. Ind.
Informat., vol. 17, no. 5, pp. 3422-3430, May 2021.

[4] Y. Liu et al., “Evolution of NOMA toward next generation multiple
access (NGMA) for 6G,” IEEE J. Sel. Areas Commun., vol. 40, no. 4,
pp. 1037-1071, Apr. 2022.

[5] E. A. Jorswieck, “Next-generation multiple access: From basic principles
to modern architectures,” Proc. IEEE, vol. 112, no. 9, pp. 1149-1178,
Sep. 2024.

[6] J.Li, C. Zhang et al., “HARQ-assisted grant-free access scheme in cell-
free massive MIMO system,” IEEE Internet Things J., vol. 12, no. 1,
pp- 739-749, Jan. 2025.

[71 J. Choi, “NOMA-based random access with multichannel ALOHA,”
IEEE J. Sel. Areas Commun., vol. 35, no. 12, pp. 2736-2743, Dec. 2017.

[8] J.-B. Seo et al., “Multichannel uplink NOMA random access: Selection
diversity and bistability,” IEEE Commun. Lett., vol. 23, no. 9,
pp. 1515-1519, Sep. 2019.

[9] J.-B. Seo et al., “Uplink NOMA random access systems with space—time

line code,” IEEE Trans. Veh. Technol., vol. 69, no. 4, pp. 4522-4526,

Apr. 2020.

J. S. Yeom et al., “Spectrally efficient uplink cooperative NOMA with

joint decoding for relay-assisted 10T networks,” IEEE Internet Things

J., vol. 10, no. 1, pp. 210-223, Jan. 2023.

S. A. Tegos et al., “Slotted ALOHA with NOMA for the next generation

10T,” IEEE Trans. Commun., vol. 68, no. 10, pp. 6289-6301, Oct. 2020.

B. Bandemer et al., “Optimal achievable rates for interference networks

with random codes,” [IEEE Trans. Inf. Theory, vol. 61, no. 12,

pp. 6536-6549, Dec. 2015.

F. R. Ghadi et al., “Fluid antenna multiple access with simultane-

ous non-unique decoding in strong interference channel,” Oct. 2024,

arXiv:2410.20930.

[10]

(11]
[12]

[13]

Authorized licensed use limited to: AJOU UNIVERSITY. Downloaded on July 14,2025 at 04:19:14 UTC from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


