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Abstract Fifth generation (5G) wireless networks are 

expected to support very diverse applications and terminals. 
Massive connectivity with a large number of devices is an 
important requirement for 5G networks. Current LTE system is 
not able to efficiently support massive connectivity, especially on 
the uplink (UL). Among the issues that arise due to massive 
connectivity is the cost of signaling overhead and latency. In this 
paper, an uplink contention-based sparse code multiple access 
(SCMA) design is proposed as a solution. First, the system design 
aspects of the proposed multiple-access scheme are described. 
The SCMA parameters can be adjusted to provide different 
levels of overloading, thus suitable to meet the diverse traffic 
connectivity requirements. In addition, the system-level 
evaluations of a small packet application scenario are provided 
for contention-based UL SCMA. SCMA is compared to OFDMA 
in terms of connectivity and drop rate under a tight latency 
requirement. The simulation results demonstrate that 
contention-based SCMA can provide around 2.8 times gain over 
contention-based OFDMA in terms of supported active users. 
The uplink contention-based SCMA scheme can be a promising 
technology for 5G wireless networks for data transmission with 
low signaling overhead, low delay, and support of massive 
connectivity. 

Keywords SCMA; OFDMA; contention access; 5G; multiple 
access scheme 

I. INTRODUCTION 
The advent of smartphones and tablets over the past several 

years has resulted in an explosive growth of data traffic over 
the cellular network not seen in previous generations. With the 
proliferation of more smart terminals communicating with 
servers and each other via broadband wireless networks, new 
applications emerge to take advantage of wireless connectivity. 
Fifth generation (5G) wireless networks are expected to 
support very diverse services  from very low latency to very 
high delay tolerant, and from very small to very large packets 
in different applications [1]. An important 5G requirement is 
that it should support massive connectivity [1] with a large 
number of devices such as smart-phones, tablets and machines. 
As a result, multiple access schemes play a critical role in 
providing the increasing demand in services for future 
terminals and applications. The current Long Term Evolution 
(LTE) [2] system is not able to efficiently support massive 
connectivity, especially in the uplink. Among the issues that 
arise due to massive connectivity is the cost of signaling 
overhead and latency. 

Sparse code multiple access (SCMA) is introduced in [3] as 
a new multiple access scheme. SCMA is a codebook-based 
non-orthogonal access mode allowing overloading of the 
system with a large number of SCMA layers to enable massive 
connectivity. Sparsity of SCMA codewords makes the near-
optimal detection of over-laid SCMA layers practically 
feasible. In this paper, we employ SCMA with a contention 
based mechanism to address the problems described in terms of 
massive connectivity. Section II overviews the problems in 
current LTE systems to support uplink massive connectivity 
and describes the benefits of applying SCMA as a solution to 
existing issues. The system model for contention-based 
transmission is provided in Section III. Uplink contention 
based SCMA PHY and MAC layer designs are discussed in 
Section IV. Numerical results and analysis for a small packet 
transmission scenario are presented in Section V. The 
conclusion is given in Section VI. 

II. MOTIVATION AND OVERVIEW OF UL SCMA 
CONTENTION ACCESS 

A. Limitations of Existing LTE Technology 
In LTE, uplink transmission is scheduled by a serving 

basestation with a request-grant procedure. A UE sends a 
scheduling request (SR) to the network in UL dedicated 
resources that occur periodically. The periodicity of such 
opportunity is typically every 5 or 10 ms. In the best case 
scenario, if data arrive at the UE right before the SR 
opportunity, it needs to wait for 7 ms between the request and 
uplink data transmission [2]. The delay is even larger if data 
arrive in between SR opportunities or the periodicity of SR is 
configured to be longer. This is disadvantageous for delay 
sensitive traffic of future applications. 

The basestation, upon receiving an SR, performs 
scheduling for uplink data transmission. An uplink grant is 
then sent in the downlink control channel (PDCCH) [4]. The 
uplink grants, together with downlink resource assignments, 
occupy the downlink control region. The cost of such dynamic 
signalling for uplink is higher for small packets since the ratio 
of signalling overhead to useful payload is high. As an 
example, if the average number of control channel elements 
(CCEs) used for an uplink grant is 2, this is equivalent to 72 
resource elements (REs) [5]. To transmit a small amount of 
data (e.g. 20 bytes of data using QPSK ½ occupying 160 REs), 
the UL grant signalling overhead (i.e. 72 REs) to the total 
resources occupied by the UL grant and UL payload (i.e. 72 



REs + 160 REs) can be around 30%. Semi-persistent 
scheduling can be an option in order to reduce the dynamic 
signalling overhead [2]. However, such mechanism is more 
suitable for traffic arrival that exhibits some form of periodicity 
such as VoIP. Hence, it cannot efficiently support bursty 
traffic. 

Conventional contention-based transmission mechanism, 
such as the schemes used in IEEE 802.11 standard [6], allows 
terminals to attempt to transmit data immediately after packet 
arrival without the need to wait for a transmission grant. 
However, it can only support one user data transmission in the 
wireless medium at any given time in the non-MIMO scenario. 
The adoption of multi-user MIMO schemes in 802.11 increases 
the simultaneous data connections in the network. However, 
more work is needed to support massive connectivity of 5G 
wireless networks. 

To combat the problems described above, a new multiple-
access technology is desired with the following features: 

 removal or reduction of the resource allocation and 
control signalling overhead, 

 reduction of transmission latency, and 
 support of large amount of users to enable massive 

connectivity. 

B.  UL Contention Based Data Transmission Overview 
Physical random access channel (PRACH) [4] of LTE is 

used to setup a connection with the serving basestation and 
prepare for data transmission. Once the connection is 
established, the data transmission is carried out through a 
request and grant procedure described previously. 

To reduce the latency and signaling overhead in UL, 
contention based data transmission can be used. UEs transmit 
data in such a way that they can contend for one or more 
resources without the need to go through the request and grant 
procedure. Such a scheme is a solution to some future 
applications with very stringent latency requirements. 

Orthogonal frequency division multiple access (OFDMA) 
or single-carrier frequency division multiple access 
(SC-FDMA) can be used for either grant or grant-free UL data 
transmission. In the case of grant transmission mode, 
OFDMA/SC-FDMA resources are orthogonally split among 
the scheduled users. Users are informed about the scheduling 
decision through the control signaling at the cost of the extra 
overhead. In the case of the grant-less transmission mode, one 
or more predefined regions within the time-frequency plane of 
OFDMA or SC-FDMA is assigned to contention based 
transmission. The assigned time-frequency resources are 
shared among a pool of users which are allowed to use a 
specific region for contention transmission. Upon the arrival of 
a packet, a user attempts to transmit the data through a portion 
of the resources that exist within a contention region. As 
multiple users share the same time-frequency resources, it 
might lead to non-orthogonal collision upon arrivals of two or 
more users at the receiver. As a result, the contention based 
OFDMA/SC-FDMA data transmissions incur significant 
performance degradations once the load of the system 
increases with a large number of active users. 

The above problem is addressed by the proposed contention 
based SCMA which takes the overloading and non-
orthogonality into account. The properties of an uplink 
contention based SCMA system are listed as follows: 

 Same as OFDMA/SC-FDMA, one or a few 
predefined time-frequency regions are defined for the 
SCMA contention based transmission mode. 

 Multiple-access is achievable through multiplexing of 
SCMA layers within a contention region. A layer is 
spread across the entire resources of a contention 
region. 

 Every layer represents a user. A layer or user is 
characterized by a specific SCMA codebook. 
Furthermore, a user is represented with its 
corresponding contention region, SCMA codebook, 
and pilot sequence. 

 SCMA codewords are sparse (in the sense of number 
of non-zero elements) such that a moderate-
complexity multi-user detection based on the idea of 
message passing algorithm (MPA) is made possible 
[7][8]. MPA provides a near-optimal joint detection 
and cross-layer interference cancellation for SCMA. 

 The system can be overloaded where the number of 
multiplexed layers is more than the length of 
codewords. The overloading feature of SCMA can 
provide massive connectivity with a limited 
complexity of detection thanks to the sparsity of 
SCMA codewords. 

III. SYSTEM MODEL 

A. SCMA Multiple Access Transmission and Detection 
An SCMA encoder is defined as a map from  bits 

to a -dimensional complex codebook of size [3]. The 
-dimensional complex codewords of a codebook are sparse 

vectors with  non-zero entries. In the uplink contention 
based multiple access, a user is configured with a codebook. 

-dimensional codeword 
selected from the codebook and transmitted on  radio 
resources (e.g. OFDMA subcarriers).  is the length of an 
SCMA codeword, or equivalently it represents the spreading 
factor of the system. Every SCMA block is carried over  
OFDMA subcarriers. Depending on the size of a contention 
region, multiple non-overlapped SCMA blocks may fit within 
the assigned time-frequency resources. 

Multiple access is achieved through the sharing of the same 
time-frequency resources among SCMA layers of multiple 
active users. Upon the reception of signals, multiple SCMA 
layers may collide with the same SCMA block. The number of 
simultaneous layers/users within a time slot varies depending 
on the traffic loading and possible packet retransmissions. 
Assume a time slot in which the signals of  users arrive 
through different channels. Within an SCMA block, user 

 transmits codeword  selected from a 
codebook. The received signal after the synchronous layer 
multiplexing can be expressed as [3] 

  (1) 



where  is the  received vector over an SCMA block, 
 is the vector of SCMA codeword of 

user ,  is the received signal power of user , 
 is the channel vector of user  over  

OFDMA subcarriers of an SCMA block,  is a 
diagonal matrix where its -th diagonal element is , and  is 
the ambient AWGN noise plus out-of-cell interference. 

Due to the sparsity feature of SCMA codewords, the 
number of non-zero elements colliding at a give subcarrier of  
is effectively less than the total number of active layers ( . To 
take advantage of the sparsity and limit the complexity of 
detection, a MAP multi-user detection scheme is employed. In 
a typical scenario of UL transmission with 2 receive antennas, 
the complexity of MPA detection of 6 SCMA layers with 
150% overloading is less than 4 times of a linear MMSE 
receiver. The details of the MPA detection can be found in [3] 
and the references within. 

B. SCMA Scalability for Massive Connectivity 
The maximum number of codebooks, J, that can be 

generated is a function of N (non-zero entries in a codeword) 
and K (codeword length). Selection of N non-zero positions 
within K elements is simply a combination problem. The 
maximum number of such combinations is given by the 
binomial coefficient as follows 

 . (2) 

By multiplexing  codewords (each from the  codebooks) 
over  resources, the overloading factor (OF) is defined as: 

 .  (3) 

By adjusting the spreading factor, K, and the number of 
non-zero entries, N, different levels of overloading can be 
achieved with different number of codebooks. In order to 
support massive connectivity, it is desired to have an 
overloading factor much greater than 1. 

As an example, for a 4-dimensional complex codebook 
( ) with 2 non-zero entries ( ), a set of  
codebooks can be generated from (2). An illustration is 
provided in Fig. 1. Two bits (b1, b2) from a data stream are 
mapped to one codeword. The data are then spread over 4 
subcarriers. As expressed in (1), data streams of multiple users 
are overlaid with codewords from different codebooks.  

 
Fig. 1. SCMA codebooks, encoding, and multiplexing. 

IV. PHY AND MAC LAYER DESIGN 

A. UL SCMA Resource Definition 
In order to support UL SCMA with contention based 

access, radio resources are defined for the proposed multiple 
access scheme. The basic resource for contention transmission 
is called a contention transmission unit (CTU). A combination 
of time, frequency, SCMA codebook, and pilot sequence 
defines a CTU as shown in Fig. 2. There are J unique 
codebooks defined over a time-frequency resource. For each 
codebook, L pilot sequences are associated with it. A total of 

 unique pilot sequences are defined. There are a total of 
 CTUs in the given time-frequency region. 

Several terminals may share the same codebook, and due to 
the random access nature, those terminals may actively 
transmit at the same time. As codebooks go through different 
wireless channels, the MPA receiver is still able to detect the 
data streams even if they are carried over identical codebook as 
long as different pilot sequences are used. The receiver can 
estimate the channels of different terminals with the different 
pilots. Therefore, in a practical scenario, the number of active 
users ( ) at a specific time slot can be potentially more than . 
Codebook reuse can help to increase the effective overloading 
factor and the number of connections to realize the massive 
connectivity. 

Consequently, user collision happens only if two or more 
users pick the same CTU.  The user collisions need to be 
resolved via the random back-off mechanism as described in 
the next sub-section. 

 
Fig. 2. Definition of a contention transmission unit (CTU). 

 

The time-frequency resources on which the codebooks are 
overlaid form a contention region. This is shown in the 
designated time-frequency resources in Fig. 3. The size and the 
number of access regions depend on many factors such as the 
expected number of terminals and/or applications that are 
suitable for UL SCMA. Moreover, only a portion of all UL 
bandwidth resources is configured as contention regions for 
SCMA, while the other portion can be used for regular 
scheduled UL data transmissions.  

CodeBK1 CodeBK2 CodeBK3 CodeBK4 CodeBK5 CodeBK6

(1,0) (0,0) (1,1)(0,1)(b1,b2) (1,0)(1,1)



 
Fig. 3. Uplink contention-based regions within an OFDMA time-frequency 
plane. 

B. Transmission Mechanism 
The proposed UL contention-based SCMA solution 

consists of the following two major components: i) a 
contention based multiple access mechanism with the 
possibility of multiple UEs contending for the same resource, 
and ii) non-adaptive transmission with predefined set(s) of 
coding and modulation levels.  

Each UE transmits data in the predefined contention region 
with a CTU. The determination of the access region and CTU 
can be assigned explicitly by the network via semi-static 
signaling or implicitly derived from the UE ID. An example of 
a simple UE-to-CTU mapping rule can be CTU_index = 
UE_ID mod , where the CTU index that a UE transmits its 
data over is a function of the UE ID and the total number of 
resources ( ). This mapping rule can be changed in a 
predefined manner from time to time in order to provide 
collision diversity. 

The multiple access mechanism allows contention to occur 
as multiple UEs may be assigned the same resource (CTU) as 
shown in Fig. 3. The network detects the uplink packets by 
attempting reception using all possible access codes assigned 
to the predefined contention region. Some blind detection and 
compressive sensing techniques can be used to perform joint 
data and activity detections [9]. In addition, cyclic redundancy 
check masked with UE ID or header identification may be used 
as detection criteria and enablers for HARQ retransmissions. 

Uplink synchronization can be maintained with a timing 
advance procedure similar to existing LTE systems [2]. In the 
case where uplink timing alignment is lost and only traffic 
carried over contention-based SCMA is available, the timing 
advance procedure precedes actual data transmission. In a 
mixed traffic scenario, a UE can maintain uplink timing 
alignment by relying on traffic exchange in regular scheduled 
transmissions. 

Since multiple UEs can be mapped to the same CTU for 
data transmission, collision can occur when more than one UE 
has data to transmit at the same time. Collision resolution can 
employ the random back-off procedure. Each UE picks a 
random back-off time (in units of transmission time interval 

(TTI)) from a back-off window and retransmit on the 
predefined CTU as the original transmission. 

With the pre-defined contention regions and CTU 
assignments to UEs, and the blind detection techniques, the 
dynamic UL grant is no longer necessary for contention based 
SCMA. Since UL grants occupy DL control channel resources, 
elimination of grant signaling for traffic with UL contention 
based SCMA means that DL signaling overhead can be 
reduced. 

V. NUMERICAL RESULTS AND ANALYSIS  
In this section, we present some analysis on the scalability 

of SCMA and system-level simulation of the potential gain of 
SCMA over OFDMA contention-based access on the uplink. 

A. Scalability Analysis 
A plot of the maximum number of codebooks   that can be 

generated as a function of the spreading factor  and the 
number of non-zero entries  is shown in Fig. 4.  

 
Fig. 4. Number of codebooks, J, as a function of N and K. 

It can be seen that by varying the spreading factor and the 
number of non-zero entries, the number of codebooks can be 
increased dramatically. As an example, when  
70 codebooks can be generated. When more codebooks are 
generated, the number of C contention region 
increases.  

B. Simulation Setup and Assumptions 
System-level simulation for a small packet application 

scenario is performed on a 19-cell 3-sector network. Evaluation 
is done on the 2GHz carrier frequency. It should be noted that 
existing cellular bands can be part of the 5G system that 
includes licensed, unlicensed and high frequency spectrum. 
Different numbers of users are dropped randomly in the 
network and statistics are collected for a sector in the centre 
cell. Uplink traffic for each user follows a Poisson distribution 
with a mean packet inter-arrival time of 160 ms per user. A 
specific traffic load in each sector is obtained by configuring a 
different number of active users in the sector. A contention 
region with a size of 4 LTE resource block (RB) pairs are 
simulated and flat Rayleigh fading channels are modeled. An 
RB pair is equivalent to 12 subcarriers in frequency and 14 
OFDM symbols in time [2]. As conventional LTE request and 
grant mechanism (Section II.A) is not applicable to the 



applications in our case here with  low latency constraints, we 
employ grant-less detection scheme and contention based 
access for OFDMA data transmission as  a performance 
baseline and for  fair comparison with the proposed contention 
based SCMA.  Two schemes transmit a small packet with same 
data size that can fit into the equivalent of one RB pair with a 
fixed spectral efficiency of 1 bit/s/Hz. The data transmitted in 
SCMA is spread over the 4 RB pairs; for OFDMA, it is 
transmitted in one of the 4 RB pairs. Open-loop power control 
for LTE [4] is applied to determine the transmission power at 
the user terminal with fixed MCS. Average traffic loading in 
each cell is kept the same across the network. As a result, the 
interference from the neighboring sectors to the center sector 
can be captured, which varies in time due to random user 
arrivals. The MPA receiver is employed for SCMA [3] to 
handle non-orthogonal signal processing. A linear MMSE 
receiver is employed for OFDMA.  

We consider an application scenario for small packet 
transmission with low latency of less than 5 ms. Given a 
latency constraint, a packet is dropped when the waiting and 
transmission time is beyond the latency requirement.  Perfect 
channel estimation is assumed in the simulation. The detailed 
simulation assumptions are described in Table I. 

TABLE I.  SIMULATION ASSUMPTIONS 
Parameters Settings 
Network 
layout 

19 cells with 3 sectors per cell 

Inter-site 
distance 

500 m 

Channel Flat Rayleigh fading 
Antenna 
configuration 

SIMO 1x2, uncorrelated antennas 

Modulation 
and coding 

Fixed. 
QPSK ½ for OFDMA; 
Codebook with K = 4, N = 2, J = 6, code rate ½ for 
SCMA 

Channel 
estimation 

Perfect 

Traffic pattern Poisson packet arrival with a mean of  160 ms 
configurable number of active users in each sector 

UE max Tx 
power 

23 dBm 

Power control 
[4]  

= 1.0 (full pathloss compensation),   = -95 dBm 

Receiver 
model 

MPA receiver for SCMA; linear MMSE receiver for 
OFDMA 

 

C. Performance and analysis  
The UL contention based OFDMA and SCMA schemes are 

evaluated for transmission of small packets with low latency 
requirements such that the delay is within 5 ms interval. Due to 
the tight latency requirement, no retransmission opportunity is 
allowed. 

Fig. 5 demonstrates the distribution of user packet drop rate 
(or loss) as a function of traffic loading for contention based 
SCMA and contention based OFDMA. By definition, a packet 
is lost if its transmission fails at the first attempt. It is shown 
clearly that the OFDMA packet drop rate performance 
degrades much faster with load increasing than SCMA. SCMA 

has a lower user packet drop rate distributions than OFDMA 
for various traffic loadings. 

In the following, the system performance is evaluated based 
on outage criteria. The system operates in a traffic load to 
satisfy the QoS conditions defined by both UE outage and 
network outage. A UE is in outage if its packet drop rate is 
more than 2%, and the system outage is defined by the 
percentage of the users in outage. 

 
Fig. 5. CDF of user packet drop rate as a function of traffic loading for 
SCMA and OFDMA. 

It is found that SCMA and OFDMA perform in different 
operating points in terms of traffic load to achieve the same 
QoS. Specifically, SCMA demonstrates a large advantage over 
OFDMA in terms of supported number of active users to 
achieve the same system outage. For example, to achieve a 
system outage of 2%, SCMA can support 119 users while 
OFDM support 42 users. Fig. 6 shows the system capacity per 
sector for SCMA and OFDMA when they achieve the system 
outage of 2% and 5%, respectively. As shown in Fig. 7, the 
simulated SCMA gains over OFDMA are 2.83 and 2.74 in 
terms of number of supported users for given system outages 
of 2% and 5%, respectively. The better performance of SCMA 
can be explained by the fact that SCMA is able to allow for 
more signal overlapping or user collisions due to the sparsity of 
the SCMA codewords and the better blind multiuser detection 
with MPA algorithm [9]. 

 

 
Fig. 6. Capacity supported based on different system outages. 



 
Fig. 7. Outage capacity gain of SCMA over OFDMA. 

D. PAPR Reduction for SCMA 
One issue related to OFDMA signal is its high range of 

peak-to-average power ratio (PAPR). SC-FDMA is an 
alternative solution adopted by UL LTE to reduce PAPR which 
is more suitable for low cost terminals. As mentioned before, 
SCMA codewords are carried over OFDMA subcarriers. 
Hence, the problem of high PAPR can inherently pass to 
SCMA-OFDM transmission mode as well. As opposed to 
original OFDM, in SCMA-OFDM there is an extra degree of 
freedom in which the issue of PAPR can be addressed during 
the process of the SCMA codebook design. The general 
method for SCMA codebook design is introduced in [10]. 
Following this method, low projection codebooks are designed 
such that the outcome guarantees low PAPR (<5 dB) for 
SCMA-OFDM transmission in certain narrow band scenarios. 
This is comparable with current low PAPR SC-FDMA 
waveform. 

 

VI. CONCLUSION 
In this paper, an uplink contention-based SCMA scheme is 

proposed. The SCMA parameters can be adjusted to provide 
different levels of overloading, thus suitable to meet a diverse 
traffic connectivity requirement of 5G wireless networks. We 
describe the system design aspects of the new multiple access 
scheme. System-level evaluations of a small packet application 
scenario are provided for contention-based UL SCMA. SCMA 

is compared to OFDMA in terms of connectivity and drop rate 
under a tight latency requirement. The simulation results 
demonstrate the potential gain of contention-based SCMA over 
OFDMA scheme for small packet transmission. SCMA can 
provide around 2.8 times gain over OFDMA in terms of 
supported active users in a contention based system with low 
latency traffic.  

Therefore, the uplink contention-based SCMA scheme can 
be a promising technology for 5G wireless networks for data 
transmission with low signaling overhead, low delay, and 
support of massive connectivity. 

ACKNOWLEDGEMENT 
Part of this work has been performed in the framework of 

the FP7 project ICT-317669 METIS. The authors would like to 
acknowledge the contributions of their colleagues in METIS 
for the discussions and the comments. 

REFERENCES 
[1] 

http://www.huawei.com/ilink/en/download/HW_314849. 
[2] Erik Dahlman, Stefan Parkvall, and Johan Skold, 4G: LTE/LTE-

Advanced for Mobile Broadband, 2nd ed. Waltham, MA, USA: 
Elsevier, 2014. 

[3] Hosein Sparse Code Multiple Access
PIMRC, 2013,  pp. 332  336. 

[4] 3GPP TS 36.213, 3GPP Technical Specification Group Radio Access 
Network; E-UTRA; Physical Layer Procedures. 

[5] 3GPP TS 36.211, 3GPP Technical Specification Group Radio Access 
Network; E-UTRA; Physical Channels and Modulation. 

[6] IEEE Standard for Information technology--Telecommunications and 
information exchange between systems Local and metropolitan area 
networks--Specific requirements Part 11: Wireless LAN Medium 
Access Control (MAC) and Physical Layer (PHY) Specifications, 2012. 

[7] -Density Signature 

On Signal Processing, vol. 56, No. 4, pp. 1616  1626, April 2008. 
[8] D. Guo and C.-

ultiuser 
Detection for Advanced Communication Systems and Networks, vol. 
26, pp. 421  431, April 2008. 

[9] Alireza Bayesteh, Eric Yi, Hosein Nikopour, and Hadi Baligh, Blind 
Detection of SCMA for Uplink Grant-Free Multiple-Access
for IEEE ISWCS 2014. 

[10] Mahmoud Taherzadeh, Hosein Nikopour, Alireza Bayesteh, and Hadi 
Baligh, SCMA Codebook Design ; 
http://arxiv.org/abs/1408.3653. 

 
 



<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


