Chen et al. / J Zhejiang Univ Sci A 2009 10(2):271-278 271

Journal of Zhejiang University SCIENCE A

ISSN 1673-565X (Print); ISSN 1862-1775 (Online)
www.zju.edu.cn/jzus; www.springerlink.com
E-mail: jzus@zju.edu.cn

JZUS

A cross-layer approach to enable multipacket transmission in
MIMO-SDMA based WLAN"

Sheng-bo CHEN™, Wei CHEN'?, Wei-lan HUANG?, Li-jun ZHAI*, Xu-ming LIU*

(*Department of Electronic Engineering, Tsinghua University, Beijing 100084, China)
(°Nokia Research Center, Beijing 100176, China)
"E-mail: ccb02kingdom@gmail.com; wchen@tsinghua.edu.cn
Received May 10, 2008; Revision accepted Sept. 5, 2008; Crosschecked Dec. 26, 2008

Abstract: ~ We propose a medium access control (MAC) protocol for uplink transmissions in wireless local area networks
(WLANSs), where both stations and access points (APs) are equipped with multiple antennas. The protocol solves some common
problems in utilizing multiple input multiple output (MIMO) under the 802.11 protocol, e.g., how to deploy preamble (training
sequence) used for channel estimation and how to enable simultaneous data transmissions, and facilitates two simultaneous uplink
data transmissions via a cross-layer approach. Furthermore, we develop a 3D discrete-time Markov model to analyze the per-
formance of the proposed WLAN scheme. The analytical results are verified by simulation, and numerical results show that the

system throughput can be significantly improved by our proposed scheme as compared with conventional schemes.
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INTRODUCTION

With the rapid development of wireless local
area networks (WLANS), it is of great interest to in-
crease the data rate between stations and access points
(APs). Among many solutions, multiple input multi-
ple output (MIMO), as an important technology to
enhance the physical layer (PHY) capability, can
achieve this target via spatial reuse. Specifically, both
stations and APs equipped with multiple antennas
allow simultaneous multipacket transmissions. Re-
cently a new standard IEEE 802.11n, where multiple
antennas are deployed, has received extensive atten-
tion. However, the medium access control (MAC)
protocol has not changed substantially as compared
with the conventional 802.11 MAC, which has not
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fully exploited the benefits provided by the advanced
PHY techniques. The MIMO technology thus has the
potential to increase the throughput substantially.

In the conventional 802.11 protocol, once a sta-
tion is transmitting data or a request-to-send (RTS)
frame to an AP, all the other stations in the carrier
sensing range should detect a busy channel and defer
the channel access, which means that there cannot be
simultaneous data transmissions. This motivates us to
use the concept of multiuser detection (MUD) (Ghez
et al., 1988), which can be realized through multiple
antennas. A scheme was proposed in (Zheng et al.,
2006) to facilitate MUD in WLAN. However, it did
not take into consideration the bit error rate (BER),
which has a great effect on the system performance.
An amended policy was proposed based on the av-
erage frame error rate (FER) by Huang and Letaief
(2007) and Ke et al.(2007), in which the transmission
is controlled by the channel state information (CSI).
However, they did not present how to get the CSl in
the protocol. Recently a cross-layer approach, which
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combines the issues in PHY layer and MAC layer
based on MIMO, has received much attention (Dimic
et al., 2004; Realp and Perez-Neira, 2004). Some
algorithms were proposed to maximize the through-
put by allowing multiple simultaneous data trans-
missions. However, in the literature, some questions
in utilizing MIMO in WLAN are not addressed. For
example, how to deploy preamble used for channel
estimation and how to enable simultaneous data
transmissions are still open issues.

In this paper, the primary goal of our proposed
protocol is to exploit multipacket transmission in the
MIMO-SDMA based WLAN. Our protocol resolves
the problems in utilizing MIMO in WLAN via a
cross-layer approach. A signal processing technique
is adopted at the PHY layer to resolve packet colli-
sions at the MAC layer. Specifically, the packet col-
lision can be treated as a signal-mixing problem,
which can be resolved using MUD techniques. CSI
has been taken into account in the simulation. In
(Bianchi, 2000) a Markov chain model was used to
analyze the performance of WLAN; in this paper, we
further develop a 3D discrete-time Markov model to
verify the performance of our scheme.

The rest of this paper is organized as follows. We
first provide the MIMO system model and our pro-
tocol for uplink MAC in Section 2. Then we present
the 3D Markov model to evaluate the performance of
WLAN in Section 3. Section 4 contains numerical
results and Section 5 finally concludes the paper.

SYSTEM MODEL

MIMO system model
We consider the uplink transmission of a MIMO
based WLAN system, where stations are equipped
with K antennas, and AP is equipped with N antennas.
The following is a model for M simultaneous
data transmitted in the system,

M
y=> HOXx" +w. (1)

i=1
InEq.(1), xV =[x, x0,--,
denotes the transmitted symbol vector of station i,
where x© represents the transmitted symbol of the

mth antenna. H® =[HO H{P ..., HP] is the

x0T (i=1, 2, ..., M)

flat-fading channel matrix, where HY (i=1, 2, ..., M)
denotes an N-element column vector representing the
channel gain from station i to the set of receive an-
tennas of AP. Supposing that both the transmit an-
tennas and the receive antennas are spaced suffi-
ciently far apart, the entries in H” can be assumed to
be independent and identically distributed (i.i.d.). The
vector w is a complex-valued background Gaussian
noise with zero mean and variance ¢°.

Eq.(1) can be rewritten when the channel matrix
H®Y is decomposed through singular value decompo-
sition (SVD) as

y=HOXx® 4.4 HMWxM 4w ?

= UWsOyYO x@ 4Ly DMy M)y (M)

where u® and v (i=1, 2, ..., M) are the left and right
singular vectors, respectively, corresponding to the
maximum singular value s® of H® for the ith user.

By pre-filtering input X® =v@x® at the
transmitter and matching output y© = (u®)"y at the
receiver with vector u®, Eq.(2) can be rewritten as

M
7O = sOg0 4 z UO)TUOsOF® 4 DYy,
k=1, k=i
i=1,2, ..., M.
Defining W" = (u”)"w and correlation components

P = (UP)Tu?, we have

Y =RSX +W, 3)
where
Y = [—(1) v@ ,,,,V(M)], )?:[Y(l),i(z),---,Y(M)],
W = [W(l), W(Z), e V_\I(M)], S = diag{s(l’, 3(2), e S(M)},
1 p,

R=|p, 1

A zero forcing (ZF) detector is adopted at the
receiver terminal (Kim and Cioffi, 2000) and we can
decode the input signal by

STRY =X +STRW. (4)
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Proposed MAC protocol

In the conventional 802.11 protocol, if both
STAL and STA2 have data to transmit, the one who
loses the contention for channel has to wait until the
winner finishes the transmission.

In our proposed MAC protocol, the normal car-
rier sense multiple access (CSMA) objective of iso-
lating a single active station is not desirable. Instead,
we would like to solve the problem of simultaneous
transmissions. We maodify the protocol as follows
(Fig.1):

Step 1: All stations will contend for channel, and
then the winner, e.g., STAL, will send an RTS frame
to AP. Note that, the RTS is no longer the original
RTS, but preambles are added behind it instead.

Step 2: After a SIFS, AP will reply a CTS with a
feedback containing channel information to ac-
knowledge the RTS, as the period of SIFS is long
enough to calculate the channel gain. Thus, it is en-
tirely possible for both transmitter terminal and re-
ceiver terminal to be aware of channel information.
After this successful handshake, STAL will enter a
waiting state rather than send data immediately.

Step 3: After another SIFS, all stations except
STAL will continue contention for the channel until
someone (e.g., STA2) wins out. Then STA2 will send
the RTS frame including preamble to AP, which in
consequence responds to CTS with feedback after
SIFS.

Step 4: After Steps 1~3, there are already two
successful RTS/CTS handshakes in the system. Since
STAL, STA2 and AP are all aware of the channel
information, STAL and STA2 can send data frames to
AP simultaneously. Based on the discussion in sub-
section “MIMO system model”, we can infer that the
data from different stations can be distinguished via
signal processing if the channel matrices of the two
stations are not seriously overlapped. At last, AP will
reply with an ACK to confirm data.

sTALRTS . i—{Data . s
i | | i | | | Time
| R fstes | |

STA2 ! I IRTS | |‘—'| Data ! ! 5
i i i iSlFS : SIFS i i Time

po__crst | T3 R
Tir;e

Fig.1 Operation of the proposed protocol

Step 5: If a station remains in the waiting state
more than A ms, during which the CSI is considered
constant, the waiting station will send the data solely.

Step 6: If there is only one station in the system,
the original protocol should be adopted instead.

Discussion

From the protocol described above, we notice
that two simultaneous data transmissions are allowed.
Nevertheless, the preambles for the channel estima-
tion cannot overlap. Otherwise, the channel matrix
cannot be calculated out exactly.

Attention should be paid when the stations have
similar channel matrices. In such cases, the signal to
interference plus noise ratio (SINR) of the detector
output is very low and the data from the different
stations cannot be correctly decoded. Also, AP will
give up the packet. However, this is a rare situation—
the simulation results in Section 4 will show that the
average SINR increases when multiple antennas are
adopted and the BER decreases as a result. Besides,
the Markov model cannot reflect the timeout in the
protocol. The simulation result of the distribution of
wait slots will show that it is a reasonable approxi-
mation.

Our scheme can be easily extended for more
simultaneous data transmissions by simply adding
another contention after the two successful RTS/CTS
handshakes.

PERFORMANCE ANALYSIS

Revised Markov chain

Considering the situation in our protocol, a 3D
discrete-time Markov chain can be represented as
Fig.2. In this model, the three dimensions {a(t), A(t),
y(t)} are system state, backoff stage, and slot counter,
respectively. a(t) denotes the number of successful
RTS handshakes in one successful data frame trans-
mission at time t, and its value is either O or 1 ac-
cording to the discussion above. f(t) is the stochastic
process on behalf of the backoff stage (0, 1, ..., m),
while y(t) represents the backoff time counter for a
given station at time t. The backoff time counter of
each station decreases at the beginning of each slot.
Besides the common states, there is a special
state—waiting.
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Fig.2 Three-dimensional discrete-time Markov model

This 3D Markov chain can be viewed as two
layers of a 2D Markov chain, called layer 0 (when
a(t)=0) and layer 1 (when «(t)=1). As depicted in
Fig.2, the non-null one-step transition probabilities
can be represented as

P{0,i,[0,ik+1}=p, k=0, 1, ..., Wi=2; i=0, 1, ..., m,

(52)
P{1,i,k|0,i,k+1}=1-p, k=0, 1, ..., W;=2; i=0, 1, ..., m,
(5b)
P{waiting|0,i,0}=1-b, i=0,1, ..., m, (5¢)
P{0,i,k|0,i-1,0}=b/W;, k=0, 1, ..., W;—1;i=1,2, ..., m,
(5d)
P{0,m k|0,m,0}=b/Wy,, k=0, 1, ..., Wy—1, (5e)
P{0,0,k|waiting}=c/Wo, k=0, 1, ..., Wp—1, (57)
P{waiting|waiting}=1-c, (59)

P{Likd1,ik+1}=s, k=0, 1, ..., Wi~2; i=0, 1, ..., m,(5h)
P{0,ik|1,ik+1}=1-s, k=0, 1, ..., Wi=2; i=0, 1, ..., m,

(51)
P{1,iK|1,i-1,0}=a/W;, k=0, 1, ..., Wi-1; i=1, 2, ..., m,
(5))
P{1,m,k|1,m,0}=a/Wy, k=0, 1, ..., Wp—1, (5K)

P{0,0,k[1,i,0}=(1-a)/Wo, k=0, 1, ..., Wo—1; i=0, 1, ..., m,
(51

where a, b, ¢, p, s are the parameters of the transfer
probability in the Markov chain.

Eq.(5a) accounts for the fact that at the begin-
ning of each time slot, the backoff time counter de-
creases with the probability of p. The other cases
model the system after a successful RTS transmission;
in particular, as considered in Eq.(5b), when a suc-
cessful RTS transmission occurs at slot j—1, the state
of all stations, except the one that sends the RTS, will
transfer from layer O to layer 1 while keeping de-
creasing the time slot account at slot j. On the other
hand, the station successfully sending the first RTS
transfers its state to the waiting state as depicted in
Eq.(5c). Consider the situation in Eq.(5d), when a
collision of RTS frames occurs at backoff stage i—1,
the backoff stage increases, and the new initial back-
off value is uniformly chosen from {0, 1, ..., Wi}.
Furthermore, Eq.(5e) models the fact that once the
backoff stage reaches the value m, it does not increase
in consecutive time slot. If the second RTS frame is
successfully sent, the waiting station will revive and
randomly choose a backoff value from {0, 1, ..., W},
as depicted in Eq.(5f). Otherwise, the waiting station
keeps waiting as Eq.(5g). The meaning of
Egs.(5h)~(5k) is alike to Egs.(5a), (5b), (5d) and (5e),
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respectively; the only differences are the layer where
the state locates and the transfer probability. Finally,
Eq.(51) presents the fact that the station that success-
fully sends the second RTS returns to the initial state;
that is, it uniformly chooses a backoff slot in the set {0,
1, ..., Wo}.

Theoretical analysis
Let B, =lim P{a(t)=i,A(1=],7 )=k} (i=0, 1;

j=0, 1, ..., m; k=0, 1, ..., W;-1), Py, the stationary
distribution of the chain, and n the number of stations.
Assume m=0 so that we can analyze the Markov chain
more conveniently. We can enumerate the state
equations based on the Markov chain.

From Eq.(5), we can easily deduce that

PO,O,Wo—l =PR,c/W, + Po,o,ob TW, + Pl,O,O (1-a)/W,, (6)
Pl,O,WD—l = IDl,o,oa Wy, (7
Po,0,i=Poow;1+(1-S)P10i+1+PPog,+1,1=0, 1, ..., Wo—2,
_ (8)

P10i=P1ow,-1+(1-p)Pog,i+1+SP10,i+1, 1=0, 1, ..., Wo—2,
)

Puw=(1-b)Pgo0+(1-C)Py. (10)

From Eq.(10), we can also easily infer that

PW:PO,O,O(l_b)/C- (11)

Obviously, all state probabilities can be written
as functions of Poow,1, P1ow,1, P, S, b, ¢, which
depend on the stationary distribution.

To find the value of p, it should be noted that the
probability 1—p represents a successful RTS sent at a
specific slot when all stations locate at layer 0. Spe-
cifically, there is no other station in the n—1 remaining
stations locating at state (0, 0, 0) while all stations
locate at layer 0. Thus,

pzl_npconl(l_Pconl)niz, (12)

where P, = Po,o,o/zillpo,o,i :

However, from another angle, the parameter b
can also be viewed as the conditional collision prob-
ability, which means that, when a station transmits a
packet, at least one of the n—1 remaining stations

transmits a packet as well. At the stationary state,
each remaining station transmits a packet with a
conditional probability P, Thus, we can deduce
that

b=1~(1-Pcon I)nil- (13)

In the same way, s and a can be expressed as
follows:

$=1-NPcon2 (1-Pcon Z)n—3,
a=1~(1-Peon2)" .

(14)
(15)

where P

con2 — Pl,O,O/Zin:l I:)1,0,i .

Note that the exponential index decreases by 1
due to the waiting station.

Another important fact involved in the situation
is that, because the two stations send data simulta-
neously, the transition probabilities from either
waiting state or layer 1 to layer O are equal. Therefore,
c and s yield

c=1-s. (16)
Finally, the sum of stationary probabilities
should be equal to 1,

W1
Pi,O,j +P, =1 a7
0

1
i=0 j=

Egs.(12)~(17) are complements to Egs.(6)~(11),
which include only six independent unknown vari-
ables, that is, Poow,-1, P1ow,-1, P, S, b, c. Obviously
this nonlinear equation group can be solved using
numerical techniques.

Let S be the normalized system throughput. We
can express S as the ratio

S=E/E,, (18)
where E; is the payload transmitted in a slot time and
E. is the length of a slot time.

Let Py, be the probability that there are successful
simultaneous data transmissions. If one station
transfers its state from layer 1 to layer O, it means a
successful data transmission, i.e.,

Pu=nP100(1-a). (19)
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Let P be the probability of occurrence for a
collision. Specifically, the system has more than two
RTS sent in a slot. Since this collision may be located
on either layer 0 or layer 1, we can deduce Py, on
conditional probability.

Pcoi=P(layer O)P(col|layer 0)

+P(layer 1)P(col|layer 1), (20)

where
P(layer 0)=>"P,,.,
i=1

P(CO”Iayer 0) =1- (Pconl)n - nPconl[l_ (Pconl)nil]’

P(layer 1) => "R,
i=1

P(colllayer 1) =1—(P_,)" " = (n=1)P,,[L - (P,.,)" 1.

Here Pgon and Peon2 are the same as in Eq.(12) and
Eq.(14), respectively.

Being E(P) the average packet payload size, the
average amount of payload information successfully
transmitted in a time slot is 2PyE(P). Hence, Eq.(18)
becomes

___ 2RE(P)
o+PT.+P,T’

tr's col ‘¢

(21)

where Ts is the average time when the channel is
sensed busy due to a successful transmission, T¢ is the
average time when the channel is sensed busy during
a collision, and o denotes the length of a time slot.
And we have

Ts = tRTS + tSIFS + 5 + tCTS + 1:SIFS + 5
+EP) +tges + 0 +tace +ioes +0,  (22)

Tc =trs +lops + o,

where ¢ is the propagation delay.

Based on the stationary distribution of the
Markov chain and Egs.(21)~(22), we can obtain the
analytical results of S.

SIMULATION AND DISCUSSION

We considered a WLAN in which all nodes are
in a saturated state, i.e., the stations always have

packets to send. All traffic goes from nodes to AP.
The values of the parameters used to obtain numerical
results, for both the analytical model and the nu-
merical simulation, are summarized in Table 1.

Table 1 Parameters used to obtain numerical
results for the analytical model and the numerical

simulation

Parameter Value
Packet payload (bit) 8184
MAC header (bit) 272
PHY header (bit) 128
ACK (bit) 240
RTS (bit) 288
CTS (bit) 240
Preamble (bit) 160
Channel bit rate (Mb/s) 1
Propagation delay (us) 1
Slot time (us) 50
SIFS (us) 28
DIFS (us) 128

First we investigated the BER performance vs
different numbers of antennas compared with the
single input single output (SISO) performance. As
illustrated in Fig.3, when the number of antennas is
large, the BER performance using the MUD tech-
nology is better than that using the conventional SISO
scheme. However, the performance gap between
MUD and the conventional scheme becomes narrow
when the number of antennas decreases. And the
conventional scheme even outperforms MUD espe-
cially when a small antenna array is adopted, e.g., a
1x2 antenna array.

10°

10§

102

& 107
[a8]
4
10 .................. SISO
— 1x2 antenna array
10%F - 1x3 antenna array N\
—=—== 1x4 antenna array
1076 L L L L L
0 2 4 6 8 10 12
SNR

Fig.3 BER vs SNR in different antenna arrays
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According to (Huang and Letaief, 2007),
FER=1—(1-BER)",

where L is the length of a packet. We can reach the
conclusion that the FER performance of MUD is
better than that of the conventional scheme when the
number of antennas is large enough, e.g., a 1x4 an-
tenna array.

Fig.4 illustrates the average number of wait slots
between the two successful RTS-CTS handshakes in
our protocol vs different network sizes. We can notice
that the average number of wait slots is no more than
20 when the number of nodes is below 70. Fig.5 il-
lustrates the probability that the number of wait slots
is equal to 1 when the number of nodes varies from 10
to 100, while Fig.6 demonstrates the probability of
different numbers of wait slots when the number of
nodes is 50. Fig.6 shows that the probability that the
number of wait slots exceeds 30 is be low 0.01, while
the length of a packet transmission takes 180 slots
during which the CSl is viewed as constant. Thus, the

80
[ Analysis
60 | —Simulation

50}
40t
30t
20}
10

Average number of wait slots

O I L n n 1L 1L L L L
0 10 20 30 40 50 60 70 80 90 100
Number of nodes

Fig.4 Average number of wait slots vs different network
sizes

0.40
0357
0.30 |
0.25¢
0.20 1
015
0.10 1
0.05r

Probability

10 20 30 40 50 60 70 80 90 100
Number of nodes

Fig.5 The probability that there is only one wait slot

assumption that the channel remains constant during
the wait slots is reasonable.

Fig.7 illustrates the system throughput when
m=0, W,=32 and a 1x4 antenna array is adopted. It
can be noticed that the analytical results coincide
approximately with the simulation results. The dif-
ference between the analytical results and the simu-
lation results is due to an important approximation in
the analytical model; that is, when a collision occurs
in a slot, the collided stations begin to contend for the
channel in the next slot. However, in the simulation
model, the stations will revive after a T, period (Bi-
anchi, 2000). Fig.7 shows that the system throughput
in our scheme outperforms that in the conventional
802.11 scheme when the number of nodes is below
100. When the number of nodes increases, the per-
formance of our protocol decreases however. The
reason of this phenomenon involves that the time to
obtain two successful RTS in our system is much
longer due to the heavy traffic as demonstrated in
Fig.4.

0.16
0.14

0.12
0.10
0.08

Probabiltiy

0.06
0.04
0.02

0

0 10 20 30 40 50 60
Number of wait slots

Fig.6 The distribution of wait slots when the number
of nodes is 50

2.0

I —©— Proposed scheme (simulation)
0.4 r —*— Proposed scheme (analysis)
0.2 + —— Conventional 802.11

0 1
10 20 30

40 50 60 70
Number of nodes

80 90 100

Fig.7 System performance when m=0 and W,=32 (1x4
antenna array and SNR=12 dB)
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CONCLUSION

In this paper, we present a CSMA/CA based
uplink MAC protocol to exploit SDMA in WLAN via
a cross-layer approach. Spatial reuse has been facili-
tated by allowing two simultaneous uplink data
transmissions. Our proposed protocol solves the
problems existing in utilizing MIMO, such as how to
deploy preamble data used for channel estimation and
how to enable simultaneous data transmission.
Simulation results show that our scheme outperforms
the conventional 802.11 protocol when the number of
nodes is below 100. The enhancement of the proposed
MAC protocol by allowing more simultaneous data
transmissions as possible will be our future work.

References

Bianchi, G., 2000. Performance analysis of the IEEE 802.11
distributed coordination function. IEEE J. Sel. Areas
Commun., 18(3):535-547. [doi:10.1109/49.840210]

Dimic, C., Nicholas, D.S., Zhang, R., 2004. Medium access
control—physical cross-layer design. IEEE Signal Proc-
ess. Mag., 21(5):40-50. [doi:10.1109/MSP.2004.1328087]

Ghez, S., Verdu, S., Schwartz, S.C., 1988. Stability properties
of slotted Aloha with multipacket reception capability.
IEEE Trans. Automatic Control, 33(7):640-649. [doi:10.
1109/9.1272]

Huang, W.L., Letaief, K.B., 2007. Channel State Adaptive
Random Access for SDMA Based Wireless LANSs. Proc.
IEEE GLOBECOM, p.3651-3655. [d0i:10.1109/GLO-
COM.2007.693]

Ke, B.W., Zhang, Y.J., Liew, S.C., 2007. Media Access Con-
trol with Spatial Correlation for MIMO Ad Hoc Networks.
IEEE Int. Conf. on Communications, p.3660-3665.
[doi:10.1109/1CC.2007.603]

Kim, J., Cioffi, J.M., 2000. Spatial Multiuser Access OFDM
with Antenna Diversity and Power Control. IEEE 52nd
Vehicular Technology Conf., p.273-279. [doi:10.1109/
VETECF.2000.886664]

Realp, D.M., Perez-Neira, A., 2004. Multipacket MAC for
Multiple Antenna Systems: A Cross-layer Approach.
Proc. 3rd IEEE Sensor Array and Multichannel Signal
Processing Workshop, p.168-172. [doi:10.1109/SAM.
2004.1502930]

Zheng, P.X., Zhang, Y.J., Liew, S., 2006. Multipacket Recep-
tion in Wireless Local Area Networks. IEEE Int. Conf. on
Communications, p.3670-3675. [doi:10.1109/ICC.2006.
255642]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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

  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


