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Abstract—A configurable, channel-adaptive K-best MIMO 
detector for multi-mode wireless communications that adapts 
computation to varying channel conditions to achieve high 
energy-efficiency is presented. An 8-stage configurable MIMO 
detector supporting up to a 4x4 MIMO array and BPSK to 16-
QAM modulation schemes has been implemented and 
simulated in 0.80V, 22nm Tri-gate CMOS process.  Dynamic 
clock gating and power gating enable on-the-fly configuration 
and adaptive tuning of search radius K to channel response 
which results in 10% to 51% energy-efficiency improvement 
over non-adaptive K-best MIMO detectors.  During 
unfavorable channel conditions, the MIMO detector satisfies 
target BER by setting K=5.  For favorable channel conditions, 
K is reduced to 1, where 22nm circuit simulations show 68% 
energy reduction. At 1.0GHz target frequency, the total power 
consumption is 15mW (K=1) to 35mW (K=5), resulting in 
energy-efficiency of 14.2pJ/bit (K=1) to 44.7pJ/bit (K=5) and 
3.2Gbps throughput. 
 

Keywords—Multiple Input, Multiple Output (MIMO) 
detector; channel-adaptive; LTE systems; IEEE 802.11n/ac; K-
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I. INTRODUCTION 
New advanced wireless communication standards such as 

IEEE 802.11n/ac and 3GPP LTE Advanced Release 10/11 
take advantage of a multiple-input, multiple-output (MIMO) 
communication schemes to enable increased spectral 
efficiency and high throughput data rates. For example, 
IEEE 802.11n allows for up to 4x4 antenna array (up to 4 
streams with 4 transmit and 4 receive antennas); IEEE 
802.11ac calls for up to an 8x4 array (8 AP and 4 STA 
antennas) and 3GPP LTE Advanced release 10 [1] specifies 
up to an 8x8 antenna array. The enhancement in spectral 
efficiency and higher throughput comes at significant 
computational cost: work load profiling indicates that MIMO 
detection at the receiver can consume up to 42% of the 
compute cycles in the physical layer baseband processing.  
The goal of this work is to present a configurable MIMO 
detector that can support multiple standards and adapt its 
computation to different channel conditions to improve 
energy-efficiency and reduce computational complexity. 

A MIMO detector is used to determine the most likely 
data sequence transmitted by combining the multiple input 
streams at the receiver (see Fig. 1).  There are a number of 
different algorithms used for MIMO detection as 
summarized in Table 1. Optimal Maximum Likelihood (ML) 

detection theoretically achieves the minimum bit-error rate 
(BER) but it is also the most expensive to implement since 
its complexity grows exponentially with increasing number 
of antennas, resulting in large area and power requirements.   

In order to achieve high BER at reduced computational 
complexity, the sphere decoding (SD) algorithm [2] is used 
to achieve near-ML detection performance by examining 
only a subset of solutions within a specified search radius 
[3]. Theoretically, the SD algorithm has cubic computational 
complexity with respect to the number of antennas.  Two 
types of algorithms are used to traverse the search space: 
depth-first search [9] and K-best breadth-first search [2].  In 
this work, we focus on K-best breadth-first search which 
enables regularized datapath interconnect and parallelism. 
The rest of this paper is organized as follows.  Section II 
reviews different MIMO detection algorithms, the SD 
algorithm, and advantages/disadvantages of different search 
criteria.  Section III presents a summary of prior publications 
in this area.  Section IV and Section V detail the design and 
implementation of the channel-adaptive reconfigurable K-
best MIMO detector.  Section VI presents simulation results 
in 22nm CMOS and Section VII concludes the paper. 

II. MIMO SYSTEMS AND DESIGN CHALLENGES 
Figure 1 shows the system architecture for a generic 

MIMO system.  At the transmitter, a coded data stream is de-
multiplexed onto  antennas.  The data streams may be 
modulated using different constellation sets of quadrature 
amplitude modulation (QAM) symbols.  The use of multiple 
transmit channels allows the MIMO system to maximally 
use limited spectrum and deliver data at very high rates.  At 
the receiver, the signals are processed by the analog front-
end into I and Q streams for each received signal at each 
antenna.  The digital front-end (DFE) performs carrier 
frequency offset compensation, synchronization, and 
equalization.  The MIMO detector combines each of the 

Figure 1.  MIMO system overview 
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complex received signals at the receiver before further 
processing in the channel decoder.   

As antenna arrays increase to 8x8 and higher to meet 
increasing performance requirements, the complexity of 
MIMO detection in the physical downlink baseband 
processing grows exponentially, taking up to 42% of 
compute cycles which results in large area and power.  The 
ideal MIMO detector has low area/power costs but is able to 
provide consistent required BER performance based on 
application needs in different types of channel conditions 
and for different wireless standards. 
A. MIMO System Model 

A MIMO system with  transmit antennas and  
receive antennas, operating in a symmetric M-QAM scheme, 
with  bits per symbol is modeled by: 
  (1)

where ,  is the -dimensional 
complex information symbol vector transmitted. The set  is 
the constellation set of the QAM symbols, and 

 is the -dimensional complex information 
symbol vector received. The equivalent baseband model of 
the Rayleigh fading channel between the transmitter and 
receiver is described by a complex valued  channel 
matrix . The vector  represents the 

-dimensional complex zero-mean Gaussian noise vector 
with variance  [4]. 

The ML detector estimates the transmitted signal by 
solving: 
  (2)

where  represents the candidate complex information 
symbol vector and  is the estimated transmitted symbol 
vector.  Eq. (2) is generally non-deterministic polynomial 
hard (NP-hard) and represents the closest point problem [5] 
which is a search through the set of all possible lattice points 
for the global best in terms of distance between the received 
signal  and .  Effectively, Eq. (2) describes a tree search 
problem where each of the constellation points in are 
evaluated to find the path through the tree that minimizes the 
global error. The goal is to find the closest vector  to the 
original transmitted symbol vector  given vector .   

The channel matrix  can be factored into two simpler 
matrices using QR factorization, where  is a 

 orthonormal unitary matrix and  is a  upper 
triangular matrix such that . Eq. (2) is then 
reformulated as: 
  (3)

where . The diagonal elements of  are real and 
since it is upper triangular, symbol detection begins from the 
last row (i.e. top node in the tree) and moves up through the 
matrix in several steps until the unknowns in the first row 
(i.e. last level in the tree) are determined [3].  Several non-

optimal and near-optimal algorithms have been proposed in 
the literature to traverse the search space to determine  such 
that the total error is minimized.  They are summarized in the 
next section and in Table 1. 

Table 1.  MIMO detection algorithm tradeoffs 
 

Detector Type BER 
Performance 

Computational 
Complexity 

In a Large 
MIMO System 

Optimal Detectors 
• Maximum Likelihood (ML) 
• Sphere decoder (SD)  

Optimal Exponential Heavy 
computation 
(prohibitively 

high 
area/power) 

Sub-optimal detectors 
• Zero Forcing (ZF) 
• Minimum Mean Square 

Error (MMSE) 
• V-BLAST 
• Successive Interference 

Cancellation (SIC) 

Poor Linear, 
Polynomial 

Inaccurate  
(error 

propagation) 

Near-ML detectors 
• SD with termination 

criteria 
• K-best SD, LR-aided 
• Markov Chain Monte 

Carlo 

Near optimal Polynomial Feasible  
(potentially high 

power/area) 

B. MIMO Detection Algorithms 
Several algorithms have been proposed to address the 

complexity of MIMO detection in the receiver, offering 
different tradeoffs between power and performance.  Table 1 
gives an overview of MIMO detection techniques and 
qualitative tradeoffs.  Among the MIMO detection 
techniques listed in Table 1 and shown in Fig. 2, the ML 
detector minimizes the BER performance through exhaustive 
search, but complexity grows exponentially with increasing 
number of antennas [3].  In contrast, linear detectors (LDs) – 
such as zero-forcing and MMSE detectors – and successive 
interference cancellation (SIC) detectors that have 
polynomial complexity suffer from significantly higher BER 
for the same signal-to-noise ratio (SNR).  Markov Chain 
Monte Carlo methods [6] perform well in low SNR channel 
conditions but exhibit poor performance in high SNR 
channels.  The SD detector using depth-first search without 
termination criteria results in optimal BER as in the case of a 
ML detector but requires prohibitively large area and power, 
and may never reach its solution in bounded time.  Sphere 
decoding using breadth-first search with termination criteria 
can achieve near-optimal performance with polynomial 
computational complexity; however, such detectors may still 
require high area/power as antenna arrays increase.  In this 
work, we focus our implementation on SD detection with 
breadth-first search and limit the number of candidates 
evaluated in each step to  candidates with minimum partial 
distance from .  The next section details the -Best SD 
detection algorithm with termination criteria.  

C. -Best Sphere Decoding with Termination Criteria 
The main advantage of depth-first search is that ML 

performance can be achieved and radius shrinking can be 
used to prune the search. The advantages of the -Best 
breadth-first search over the depth-first search is the regular 



 

 

datapath interconnect and potential for parallelization to 
improve throughput.  The -Best tree search for MIMO [2] 
is a particular subset of breadth-first tree search algorithms.   

It represents a middle ground between the complexity of 
the ML detector and linear detectors, finding a better sub-
optimal solution to the closest point search than the linear 
detectors, with less complexity than the ML detector as 
shown in Fig. 2.  The -Best SD solution can span the BER 
vs. SNR tradeoff space by adjusting  based on application 
BER requirements and channel conditions.  In this work, we 
take advantage of this property to enable a configurable 
detector that behaves as a linear detector when channel SNR 
is high by setting  and when SNR is low,  is 
increased to a predetermined maximum value.  The -Best 
SD algorithm is summarized as follows. 

Since complex signals (i.e. I and Q) are being processed, 
a real domain realization of the tree search results in a 
single -dimensional search (i.e. one for real and one for 
imaginary). The breadth first search begins with the th 
layer. For each th layer, the algorithm computes the  best 
partial candidates , where a partial 
candidate  represents the th path through the tree from 
the root node to level , and is given by 

. The error at each step is measured by 
the partial Euclidean distance (PED), e.g. the accrued error at 
a given level of the tree, for a given path through the tree.  
Clearly, the  candidates at level  represent the  partial 
candidates with the minimum PED among all the children of 
the  candidates of the ( -st level, where the distance 
is calculated via: 
   (4)

For an arbitrary level of the tree, the best nodes are 
collected, and passed to the next level for consideration.  In 
the last step the paths through the tree are evaluated to 
determine the path with the minimum total error.  

III. PRIOR ART 
Previous published work describes both -best and depth-

first search SD algorithms for MIMO detection.  In [7], 
authors present a 192Mbps 4x4 MIMO for IEEE 802.11n 
supporting 16-QAM OFDM using the V-BLAST algorithm.  

The work in [9] presents a 4x4 depth-first search SD detector 
that achieves 73Mbps and a slightly altered implementation 
using a modified Schnorr-Euchner (SE) enumeration scheme 
[8] which results in 170Mbps throughput.  In [2], authors 
implement a -best SD detector also using SE enumeration 
and modify it to support soft outputs, consuming 626mW at 
100MHz, at 2.8V supply with throughput of 100Mbps.  The 
most energy-efficient results published to date relating to SD 
detection are presented in [10] and [11] where a 16-core 
architecture using a hybrid K-best breadth-first, depth-first 
search approach results in a scalable MIMO detector 
supporting 2x2 to 8x8 configurations and BPSK to 64-QAM 
modulation schemes in 0.97mW for the hard-output SD 
kernel at a supply voltage of 0.42V and 10MHz frequency.  
More recent work published in [12] presents a non-
deterministic depth-first SD decoder supporting up to 4x4 
64-QAM MIMO, resulting in 335Mbps throughput. 

The work presented in this paper distinguishes itself from 
previously published work in that our MIMO detector adapts 
its computation based on channel SNR conditions and 
application BER targets to reduce total energy and 
computational complexity.  In our work, we implement a 
single detector that can approximate a linear detector when 
channel conditions are very good and a near-ML detector 
when channel conditions are poor. 
IV. CHANNEL-ADAPTIVE K-BEST SPHERE DECODER 

This section details the new MIMO detecting approach 
based on adaptation to channel conditions to achieve high 
energy-efficiency. Channel-adaptive -best SD detection 
automatically adjusts computation to fluctuating factors in 
the MIMO channel, such as wide dynamic SNR range, 
different fading paths, and varying BER target requirements 
driven by applications or user experience. In contrast to 
previous solutions, we implement feedback from channel 
and CQI estimation (see Fig. 3) to adapt the -best SD 
MIMO detector to reduce computation and power during 
favorable channel conditions and application BER targets.  
In previous publications, the number of search paths are 
fixed throughout the entire lifetime of the -best SD 
detection.   

In the LTE standard, the channel quality indicator CQI is 
a 4-bit value that the user equipment must estimate which 
indicates channel quality which is sent to the transmitter to 
adapt the modulation scheme to channel conditions to 

Figure 3.  CQI feedback to channel-adaptive MIMO detector 
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maximize channel efficiency [1]. Reference [1] provides 
more details on how the 4-bit CQI value is determined and 
how often it must be relayed to the transmitter.  In this work 
we leverage the CQI so that we can dynamically vary  
depending on channel quality as shown in Fig. 3. If  is 
arbitrarily large (e.g. to positive infinity), the search becomes 
exhaustive as in ML detection. If , the detector 
reduces its computation to linear MMSE detection. Tuning 

between these two extreme limits allows traversal of the 
BER vs. SNR vs. computational complexity tradeoff space 
as shown in Fig. 2.   

The control algorithm adjusts the search radius  based 
on whether channel SNR meets certain threshold 
requirements.  For example in a 4x4 16-QAM MIMO 
system, when the channel has high SNR (>25dB), then the 
search radius is set to  and additional compute 
elements are power-gated off. In low SNR conditions 
(<10dB), the search radius is set to  and all compute 
elements are active. The adaptive MIMO detector targets a 
maximum  (i.e., ) based on the worst-case channel 
response. Figure 4 shows the Matlab model for the -best 
MIMO detector which is used to evaluate performance as 
shown in Fig. 5.  The model allows users to change design 
parameters including size of the antenna array (e.g. 2x2, 2x4, 
4x4, 8x8, and so on), the modulation scheme from BPSK to 
256-QAM, and the search radius .  Simulation results for a 
4x4 MIMO system with 16-QAM modulation under a 
standard Rayleigh fading channel with white Gaussian noise 
(see Fig. 5) show that when , the -Best algorithm 
provides better performance than other common sub-
optimum detectors, such as zero-forcing algorithm and 

MMSE estimation.  As shown in Fig. 6, when , the 
incremental error reduction rate becomes marginal (<5%) for 
the -best SD detector supporting up to 4x4, 16-QAM, 
indicating that near-optimum results are possible without 
exhaustive search. Hence, for the detector presented in this 
work, maximum  is chosen to be 5.  The implementation is 
presented next. 

V. ADAPTIVE K-BEST SD DETECTOR IMPLEMENTATION 
-best SD MIMO detection is typically realized as a 

multi-stage pipeline since no trace-back is required.  paths 
through the search tree can be processed in parallel using a 
parallel architecture [10] and is typically fixed at some 
predetermined maximum . In contrast to other work, the 
MIMO detector presented here can vary  from 1 to 5 
depending on channel SNR or CQI.  This 8-stage channel-
adaptive -best SD detector is implemented in System 
Verilog and supports up to 4x4 antenna configuration and 
BPSK to 16-QAM modulation.  The design is implemented 
in 22nm CMOS [13] and simulated for different 
configurations.  An overview block diagram of the channel-
adaptive -best MIMO detector is shown in Fig. 7.  The CQI 
indicates when to power-gate and clock-gate compute 
elements.   

A single stage of the design consists of four main blocks: 
branch interference (BI) cancelation unit, a sorting circuit, 
storage of -best candidates, and a merge unit.  The details 
of these blocks are shown in Figure 8. The BI unit calculates 
the interference from detected signals on the symbol 
candidate and mitigates the interference.  The sorting circuit 
sorts the potential symbol candidates based on an SE 
enumeration scheme and PED. The -entry storage block 
stores the -best candidates that have been found so far and 
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updates the PEDs for each of the candidate paths through the 
tree.  The Merge Unit selects the -best symbol candidates 
for each cycle based on the PEDs for the path traversed 
through the tree and propagates them to the next stage. 

An adaptive-  control unit uses a simple look-up-table 
(LUT) based on the 4-bit CQI value to output power-gating 
and clock-gating scheduling signals such as clk_gate to turn 
off the -entry storage blocks that are not required in good 
channel conditions.  For example, if the CQI is between 
1101 and 1111 (indicating good channel conditions), then 
clk_gate signal is 00001 indicating that  and all but 
one of the -entry storage blocks is required. The BI unit, 
the sorting circuit, the Merge Unit in each stage remain 
inactive for ( ) cycles when .  These 
units are clock-gated off during inactive cycles.    Using the 
same CQI signal as input to the MIMO detector creates 
closed-loop feedback inside the MIMO receiver as shown 
earlier in Figure 3. 

Pipeline scheduling and time interleaving are implemented 
to eliminate stalls and improve throughput.  Analysis shows 
that the -entry block can introduce stalls and reduce the 
utilization of other three blocks if implemented without time-
interleaving.  To prevent the stalls, the -entry block is 
doubled in size to accommodate time-interleaving. 
VI. SIMULATION RESULTS IN 22NM CMOS 
The configurable, channel-adaptive K-best SD MIMO 

detector, supporting up to 4x4 array configuration and 
modulation schemes up to 16-QAM, was simulated in 22nm 
Tri-gate CMOS [13] for area and power estimates at 1.0GHz 
target frequency and 0.80V supply voltage.  The total power 
varies from 15mW ( ) to 35mW ( ) with energy-
efficiency of 14.2pJ/bit ( ) to 44.7pJ/bit ( ).  The 
latency per process array is dependent on  given by 

: 42 cycles when  and 70 cycles when 
.  At 1.0GHz, the simulated throughput is 3.2Gbps. 

The area distribution across stages and compute blocks is 
given in Fig. 9.  The -entry blocks across all stages 
consume 78% of the total area whereas the BI unit, sorting 
circuits, and merge units make up the rest of the area.  A 
summary of the simulation results using default activity and 
input toggle factors is given in Table 2. 
The effect of adapting  to channel conditions is shown in 

Figure 10.  As  is reduced from 5 to 1, there is a 68% 
reduction in energy per bit and 58% reduction in total power.  
This simulation includes the reduced activity of blocks that 
are inactive when . When  is dynamically 
adjusted to provide a constant BER over a varying SNR 
conditions, gains in energy-efficiency are realized by tuning 

 to channel conditions as outlined in the next section. 
 

Table 2.  Summary of 22nm CMOS synthesis results 

Detecting Method Channel-Adaptive K-best SD

Technology 22nm CMOS, 0.80V 

Clock frequency 1.0GHz 

Latency (K=1 to K=5) 42 – 70 cycles 

Total power (K=1 to K=5) 15.1 – 35.5 mW 

Energy per bit (K=1 to K=5) 14.2 – 44.7 pJ/bit 

Throughput 3.2Gbps 

A. High BER Case Study 
Consider a high BER application where the target BER is 

set to 10-1.  Assuming typical range of wireless received 
signal power is -70dBm to -90dBm and the thermal noise 
floor is set to -111dBm, we consider the 10dB to 30dB SNR  
range as shown in Fig. 11 which displays BER curves for the 
channel adaptive -best MIMO detector operating with 

 and .  At an SNR 15dB, we are forced to 
operate the detector with , dissipating 44.7pJ/bit.  
When channel SNR is greater than15dB,  is adapted to one 
and energy dissipation reduces to 14.2pJ/bit, resulting in 
51% energy savings assuming that channel SNR varies 
uniformly from 10dB to 30dB. 
B. Low BER Case Study 
Figure 12 shows an application with a target BER lower 

than 10-2. In this case, when channel SNR is less than 21dB, 

Figure 10.  Effect of adapting  on power and energy efficiency
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the MIMO detector must operate with  to achieve the 
desired BER target. When channel conditions improve 
slightly (21dB < SNR 26dB) then  can be reduced to 3, 
resulting in 28.2pJ/bit energy dissipation. If the channel SNR 
improves such that SNR>26dB, then  can be reduced to 1. 
The total energy reduction in this case is 23% assuming 
channel SNR varies uniformly from 10dB to 30dB.  Over a 
range of different target BER and channel conditions, an 
average of 10% to 51% energy reduction can be achieved 
using channel-adaptive -best MIMO detection. 
VII. CONCLUSIONS AND FUTURE WORK 

We have presented a unique approach to MIMO detection 
that uses channel information to adapt the search radius of a 

-best SD detector, thereby enabling linear complexity in 
high SNR channel conditions, while maintaining BER 
performance during low SNR channel conditions. The 
estimated energy-reduction through simulations ranges from 
10% to 51%, depending on target BER and channel SNR. 
During unfavorable SNR channel conditions, the MIMO 
detector satisfies the target BER by operating at .  
When channel SNR is high, 22nm circuit simulations 
demonstrate 68% reduction in energy-per-bit by setting 

, while maintaining target BER. The channel-adaptive 
MIMO detector achieves 3.2Gbps throughput at a target 
frequency of 1.0GHz at 0.80V supply and dissipates 
maximum 44.7pJ/bit when all compute elements are active. 

In future, we plan to extend and optimize the channel-
adaptive MIMO detector to support up to 8x8 array 
configurations and 64-QAM modulation schemes. We also 
plan to modify this architecture to support soft-output MIMO 
detection.  In [14] the authors develop a method to modify a 

hard-output SD MIMO detector to include soft-outputs at an 
area overhead of 58%.  In our proposed architecture we 
would also need to modify the number of times that a node is 
visited and the leaf enumeration procedure.  As in [14] the 
PED calculation would remain the same and some small 
amount of additional memory would be required to track soft 
output metrics. 
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Figure 11.  High BER application channel adaptation case study 

Figure 12.  Low BER application channel adaptation case study 



<<
  /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 false
  /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
    /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
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /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 true
  /GrayImageDownsampleType /Bicubic
  /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 true
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


