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ABSTRACT

We investigate round-robin scheduling for time-varying chan-

nels with a strict SINR constraint and limited feedback. The

presented algorithm aims at scheduling the users at identi-

cal slots over different blocks. The algorithm allocates the

users using orthogonal beamforming based on the quantized

feedback provided by the users. The feedback consists of the

estimated energy that is necessary to fulfill the SINR con-

straint. In order to fulfill the SINR constraint, the available

transmit energy is distributed between the users based on their

feedback. The performance of the algorithm is demonstrated

through simulations.

1. INTRODUCTION

One of the challenging problems of multi-user schemes is

scheduling. The scheduling algorithm should have a low com-

plexity, but the transmissions to the users must still fulfill

strict Quality-of-Service (QoS) constraints. An important QoS

constraint is the minimum Signal-to-Interference-plus-Noise

Ratio (SINR). The minimum SINR constraint requires that

every scheduled user in the cell has an SINR larger than a

predefined threshold. We further try to schedule the users in a

round-robin fashion, i.e., the delay between two transmissions

to the same user should remain constant. Especially modern

voice and video communication systems have strict delay re-

quirements. Another advantage of round-robin scheduling is

the reduced overhead caused by the scheduling. The base sta-

tion does not need to sacrifice transmission time to inform the

users in every block about their allocated slot positions. How-

ever, due to the stochastic nature of the wireless channel, it is

not possible to provide hard QoS guarantees.

An algorithm that takes the time-varying nature of the

channel into account, but still provides strong bounds on the

maximum delay, is the Channel Aware Round Robin (CARR)

scheduling algorithm [1]. It schedules every user once in-

side each block, but it does not implement true round-robin

scheduling, since the position of the users inside the block

might change. The CARR algorithm chooses the positions

depending on the channel state of the different users in the
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different slots. A similar scheduling algorithm for SDMA is

the Best Fit algorithm [2], i.e., the Best Fit algorithm also

tries to assign all the users in every block. However, it uses

SDMA to dynamically assign multiple users to the same slot

depending on the resulting SINR. It further considers a SINR

constraint. A low-complexity variant is the partial Best Fit

(PBF) algorithm [3]. It just adds new users according to the

Best Fit strategy and removes the expired users, i.e., the users

that have no more packets to transmit. An overview of other

algorithms that consider scheduling under the exploitation of

the spatial diversity can be found in [4].

Our proposed algorithm tries to schedule all the users in

the cell in a round-robin fashion as long as possible. The

application of orthogonal beamforming allows to reduce the

necessary feedback to the base station. We propose a cor-

responding feedback metric, and we consider the necessary

quantization due to the data-rate limited feedback link. The

feedback is used by the base station to dynamically divide

the available transmit power among the users. This allows

the weakest users, i.e., the users with the worst channel con-

ditions, to fulfill the SINR constraint longer than with equal

power distribution. A user is rescheduled if he is no longer

able to fulfill the SINR constraint despite receiving additional

power, i.e., the user is scheduled at a different slot and with

a different beamformer in the next block. The performance

of the algorithm is depicted through simulations for a time-

varying channel.

Notation: We use capital boldface letters to denote matri-

ces, e.g., A, and small boldface letters to denote vectors, e.g.,

a. E(·) denotes expectation, and P (·) probability. �x� rounds

x up the next largest integer.

2. SYSTEM MODEL

We assume a narrowband single-cell scenario where a base

station with M antennas transmits data to N single-antenna

users. At a given time user i receives the symbol

yi =
∑
j∈S

hiwg(j)

√
Ejsj + ni (1)

where S contains the indices of the users scheduled at that

time instant, hi ∈ C
1×M is the channel of user i, and wg(j) ∈
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C
M×1 is the beamforming vector assigned to user j. The

mapping g(j) maps a beamforming vector from the beam-

former codebook W to every user. The energy assigned to

user j is denoted Ej , and the data symbol sj , that is trans-

mitted to user j, is selected from a constellation with average

unit energy. The noise ni is complex Gaussian distributed

with zero mean and variance N0, i.e., ni ∼ CN (0, N0). The

SNR for user i is ρi = Ei

N0
, and the total allocated transmit

energy is limited to ET =
∑

i∈S Ei.

The users have the possibility to feed back information

to the base station at the start of every block. The feedback

link itself is instantaneous, error-free, and data-rate limited to

B bits. All the users have to fulfill a strict SINR constraint

denoted SINRcut.

We assume that the individual users acquire perfect chan-

nel state information (CSI) at the start of each block through

training. Every block consists of K slots. We assume that the

channel is block-fading, i.e., the channel is constant through-

out the K slots of a block. The block index k starts at k = 0,

and the slot index l restarts at the beginning of each new block

at l = 0. Thus, the relation between the current time instant t
and the current block/slot index is t = kK + l.

We are using a set of orthogonal beamforming vectors

from a codebook W to simultaneously transmit to maximally

M users [5]. The codebook W contains M orthogonal beam-

forming vectors wm. The M beamformers in the codebook

all have unit norm, i.e., ‖wm‖2 = 1, m ∈ M = {1, . . . , M}.

The codebook W is known to the users and to the base station.

3. PROBLEM DESCRIPTION

The main objective is to schedule the users in a round-robin

fashion. If a user i has been scheduled at time instant t = (k−
1)K + l using the beamformer wm, then we want to schedule

him also at time instant t = kK+l using the beamformer wm.

Further, all the scheduled users have to fulfill a strict SINR

constraint, i.e., they need to have a SINR higher than SINRcut.

Serving the users in a round-robin fashion should result in

a packet delay variation of zero. However, due to the time-

varying nature of the wireless channel, there is a non-zero

probability that the channel is in a deep fade, i.e., reliable

communication is not possible. Thus, it is not possible to

guarantee the QoS constraints, i.e., to have hard QoS guaran-

tees.

The problem is now to exploit the available feedback link

to schedule the users as long as possible in a round-robin fash-

ion while still fulfilling the SINR constraint.

4. ALGORITHM OVERVIEW

We assume that the different users are able to acquire per-

fect CSI at the beginning of each block, i.e., t = kK,∀k.

Due to the block-fading nature of the channel the individual

user thus has perfect channel knowledge for every slot in the

block. Using this channel knowledge the user then calculates

how much energy he needs in order to reach the SINR con-

straint. Next, this minimum energy is quantized and fed back

to the base station. Once the base station receives all the feed-

back from the users, it checks for every time slot if the sum of

the fed back quantized minimum energies exceeds the max-

imally allocatable transmit energy ET at the base station. If

the sum is lower, then every user is assigned its fed back min-

imum energy. The remaining transmit energy is equally dis-

tributed over all the scheduled users. However, if the sum is

higher then it is not possible to schedule all the users. The

users with the highest energy demands are dropped and the

transmit energy is distributed over the remaining users. The

dropped users are assigned to new time slots and are assigned

new beamforming vectors according to Section 4.4. The case

where a new user enters the cell is treated identical.

4.1. Feeding Back the Required Energy

The SINR for user i is calculated as

SINRi =
|hiwg(i)|2Ei∑

j∈S\{i} |hiwg(j)|2Ej + N0
. (2)

We see that the SINR of a user i depends on the individual

transmit energies of the users in the set S.

In order to determine the minimum amount of energy that

is required by a user i to reach SINRcut, it is necessary to

know the amount of energy that is assigned to the other users

scheduled in the same slot. However, the individual energy

levels assigned to the other users in the set are not known to

the individual users. A solution is to feedback the full CSI

to the base station and to balance the SINR between the dif-

ferent users using the algorithm in [6]. The drawback is that

it requires full channel knowledge or at least knowledge of

the composite channel energies |hiwg(j)|2, j ∈ S at the base

station and thus incorporates a lot of feedback.

In this paper, we try to find an estimate of the energy that

has to be assigned to a user i so that the SINR constraint is

fulfilled, and that does not depend on the energy levels as-

signed to the other users in the set S. This minimum energy

will be denoted Êi. We start by defining an estimate of the

true SINR, denoted ˆSINRi, that does not depend on how the

total transmit energy is distributed over the users in S, but is

guaranteed to be smaller than the true SINR

ˆSINRi ≤ SINRi. (3)

Due to (3), it is certain that if the estimated SINR fulfills the

SINR constraint, so does the true SINR, i.e., if SINRcut ≤
ˆSINRi ⇒ SINRcut ≤ SINRi. We propose to use

ˆSINRi =
|hiwg(i)|2Ei

maxj∈M\{g(i)} |hiwj |2(ET − Ei) + N0
. (4)
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The proposed estimate ˆSINRi is lower than or equal to the

real SINR since inserting (4) and (2) into (3) results in

∑
j∈S\{i}

|hiwg(j)|2Ej ≤ max
j∈M\{g(i)}

|hiwj |2(ET − Ei) (5)

which is always true. The minimum energy assigned to a user

i that is sufficient to fulfill the SINR constraint can thus be

calculated as

Êi =
maxj∈M\{g(i)} |hiwj |2ET + N0

1
ˆSINRi,cut

|hiwg(i)|2 + maxj∈M\{g(i)} |hiwj |2
. (6)

Finally, the energy Êi is quantized and fed back to the base

station.

4.2. Quantizing the Feedback

The data rate limitation on the feedback link makes a quanti-

zation of the minimum energy necessary before it can be fed

back to the base station. The quantization Q maps the min-

imum energy Êi to an element cq of a predefined codebook

C = {c1, . . . , cb}, i.e., Q : R → C. We assume that the

codebook size is limited to b = 2B entries in order to ful-

fill the data-rate limitation of the feedback link. It is impor-

tant that the quantized minimum energy is as close as possi-

ble to the unquantized minimum energy in order to minimize

the quantization error. However, the quantized minimum en-

ergy also has to be larger than the unquantized minimum en-

ergy. If the quantized minimum energy would be smaller than

the unquantized minimum energy, then the base station would

wrongly underestimate the required energy of that user. Thus,

the codebook must contain an element that is higher than all

possible unquantized minimum energy levels, i.e., cb = +∞.

The minimum energy is quantized using

Q(Êi) = arg min
cq∈C

cq − Êi s.t. Êi ≤ cq (7)

and the index q of the element cq = Q(Êi) of the codebook

C is fed back to the base station. The quantized minimum

energy of user i is denoted ÊQ,i = Q(Êi).
The necessary feedback can be reduced by using entropy

coding [7]. In entropy coding, short codewords are used to

feed back the highly probable indices, in order to reduce the

required average feedback.

We can also exploit the time-correlation of the channel

to better use the data-rate limited feedback link. A simple

approach is predictive quantization [7] where we simply use

the last quantized minimum energy at time instant t − K as

the predicted current minimum energy at time instant t

Q(Êi[t]) = arg min
cq∈C

cq − Êi[t] + ÊQ,i[t − K] (8)

s.t. Êi[t] ≤ ÊQ,i[t − K] + cq. (9)

Predictive quantization requires the use of two quantization

codebooks. The first codebook Cinit is used to quantize the

initial minimum energy when no prediction is possible, i.e.,

the user is scheduled for the first time or the user is resched-

uled. The second codebook C is used afterwards to quantize

the prediction difference (8).

The codebooks for both approaches can be designed using

simple Monte-Carlo codebook generation [7].

4.3. Scheduling

We assume that the base station receives the feedback from

all the users instantaneously. For every slot in the block the

base station calculates the sum of the minimum energies. If

the sum is negative then it is not possible to schedule the users

so that they all fulfill the SINR constraint while still using the

same slot and the same beamformer as in the last block. The

straightforward approach is to remove the user from the set

S that has the highest minimum energy, i.e., the highest en-

ergy demand. This is repeated until the sum of the minimum

energies of the remaining users is smaller than the available

transmit energy ET . Every user is assigned its required mini-

mum energy, and the remaining transmit energy is uniformly

distributed over the remaining users. This scheduling algo-

rithm is denoted Algorithm 1. Note that this approach tries

to balance the SINRs of the different users in the same slot.

However, due to the quantization, and due to the unknown in-

terference between the users in the set S, it is not possible to

truly balance the SINRs as it is possible with full CSI at the

base station [6].

Algorithm 1 Scheduling algorithm for a random block k

1: for l = 0 to K − 1 do
2: t := kK + l
3: S[t] := S[t − K]
4: while

∑
i∈S[t] ÊQ,i[t] > ET do

5: i := arg maxi∈S[t] ÊQ,i[t]
6: S[t] := S[t] \ {i}
7: Uresched := Uresched ∪ {i}
8: end while
9: Ei[t] := ÊQ,i[t] +

ET −P
i∈S[t] ÊQ,i[t]

|S[t]|
10: end for

4.4. Rescheduling

The users in the set Uresched have not yet been scheduled. They

are either new users, i.e., users who just entered the cell, or

users that have not been able to reach the SINR constraint in

the previous block and are now getting rescheduled. Those

users have to feed back their preferred beamforming vector to

the base station besides their minimum energy. The base sta-

tion then tries to successively schedule all the users in Uresched

according to their fed back minimum energy, i.e., the users
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with a large energy requirement are scheduled first. The base

station then looks for a slot that has not yet a user assigned

for the preferred beamformer of the considered user. For ev-

ery one of these free slots the base station calculates the sum

of the minimum energy levels of the users in the slot, assum-

ing the considered user is added, and finally chooses the slot

that results in the lowest sum. If the base station does not find

a valid slot, i.e., the resulting sum of the minimum energies is

smaller than the overall allocatable energy ET , then the user

is skipped for the current block. However, if the base station

finds a slot then the user is scheduled for transmission.

5. SIMULATIONS

The simulation depicted in Fig. 1 shows how long M = 3
users can be scheduled together in a slot until one of them

violates the SINR constraint as a function of the product of

the Doppler frequency fD and the block length Tf. We assume

a homogenous cell where all the users experience SNR =
15 dB. The SINR constraint is fixed to SINRcut = 5 dB.

The time-correlation between the blocks is modeled ac-

cording to Jakes’ model [8]. At time instant t the pth element

from the channel hi[t] is modelled as

[hi[t]]p =
1√
Q

Q∑
q=1

ap,q exp[j 2πfDTf

⌈
t

K

⌉
cos αp,q] (10)

where Q is the number of scatterers, ap,q is i.i.d. complex

Gaussian distributed with zero mean and variance 1, and αp,q

is uniformly distributed over [0, 2π].
The influence of quantizing the fed back minimum en-

ergy is depicted for a codebook with 2 entries, for a code-

book with 24 elements, and for no quantization. If the feed-

back link is limited to 1 bit, then the users can just feed back

whether they can fulfill the SINR constraint or not, i.e., the

codebook consists of the elements C = {ET

M ,+∞}. Power

adaptation is not possible in this case. The 4-bit codebook

is created using Monte-Carlo codebook design. We see that

for slowly changing channels, i.e., channels with a low prod-

uct of Doppler frequency fD and block length duration Tf, the

average number of consecutive blocks increases. Assuming

no limit, the number of blocks would increase as fDTf de-

creases. When fDTf = 0, then the channel is constant over

time. However, if fDTf increases, then the channel becomes

more volatile. When fDTf ≥ 10−3, the channel becomes

highly uncorrelated between different blocks. This increases

P (
∑

i∈S[t−K] Êi[t] > ET | ∑
i∈S[t−K] Êi[t − K] ≤ ET ),

i.e., the probability that the users from the set S[t − K] can-

not fulfill the SINR constraint in a slot of the current block,

assuming they were able to fulfill the SINR constraint in the

same slot of the previous block.
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Fig. 1. Average number of transmissions that a slot is oc-

cupied by the same set of users. (M = 3, Q = 30,

SNR = 15 dB, SINRcut = 5 dB)

6. CONCLUSIONS

We presented a scheme to implement round-robin schedul-

ing using orthogonal beamforming and data-rate limited feed-

back. The scheme uses scalar feedback from the users to di-

vide the transmit energy amongst the users so that they all

fulfill a given SINR constraint. The simulations show that

the presented algorithm is attractive to implement round-robin

scheduling for time-varying channels.

7. REFERENCES

[1] H.-Y. Wei and R. Izmailov, “Channel-aware soft bandwidth

guarantee scheduling for wireless packet access,” in Proc. IEEE
WCNC, Atlanta, GA, USA, Mar. 2004, pp. 1276–1281.

[2] F. Shad, T. D. Tod, V. Kezys, and J. Litva, “Dynamic slot al-

location (DSA) in indoor SDMA/TDMA using a smart antenna

basestation,” IEEE/ACM Trans. Networking, vol. 9, no. 1, pp.

69–81, Feb. 2001.

[3] H. Yin and H. Liu, “Performance of space-division multiple-

access (SDMA) with scheduling,” IEEE Trans. Wireless Com-
mun., vol. 1, no. 4, pp. 611–618, Oct. 2002.

[4] W. Ajib and D. Haccoun, “An overview of scheduling algo-

rithms in MIMO-based fourth-generation wireless systems,”

IEEE Network, vol. 19, no. 5, pp. 43–48, Sept. 2005.

[5] M. Sharif and B. Hassibi, “On the capacity of MIMO broad-

cast channels with partial side information,” IEEE Trans. In-
form. Theory, vol. 51, no. 2, pp. 506–522, Feb. 2005.

[6] W. Yang and G. Xu, “Optimal downlink power assignment for

smart antenna systems,” in Proc. IEEE ICASSP, vol. 6, Seattle,

WA, USA, Apr. 1998, pp. 3337–3340.

[7] A. Gersho and R. M. Gray, Vector Quantization and Signal
Compressing. Kluwer Academic Publishers, 1995.

[8] W. C. Jakes, Jr., Microwave Mobile Communications. John

Wiley & Sons, 1974.

234



<<
  /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 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 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 "Suggested"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


