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OUTLINE

SISO Temporal Processing with interference pre-cancelling and
“STBC” option

MISO Space-Time Beamforming with interference pre-cancelling and
STBC option

MIMO Space-Only Beamforming with interference pre-cancelling &
STBC option

MIMO Space-Time Beamforming with interference pre-cancelling and
STBC option
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OUTLINE
SISO Temporal Processing with interference
pre-cancelling & “STBC” option

— development considers single Tx antenna with a single Rx antenna

and temporal-only processing at both ends

— correlation matrices in the development that immediately follows

are temporal correlation matrices

MISO Space-Time Beamforming with interference pre-cancelling and
STBC option

MIMO Space-Only Beamforming with interference pre-cancelling and
STBC option

MIMO Space-Time Beamforming with interference pre-cancelling and
STBC option



e SISO data model with temporal-only processing:

K

x[n] = " se[n]ce + Vn

(=1
— c¢y: N x 1 code vector “carrying” ¢-th symbol stream
— sp|n]: n-th symbol of /-th information symbol stream
— x[n|: N x 1 block of received data

— V|n]: N x 1 block of interference plus noise

e N x N interference (plus noise) correlation matrix at receiver:
Riin = E{V[V T [n]}

e N x N signal plus interference (plus noise) correlation matrix,

assuming independent symbols with E{sy[n]s}[n]} = 020k

K
R = E{x[n]x"[n]} =) olcicy’ + Ripn
/=1



MMSE weight vector employed at receiver to extract k-th information
symbol at time n:
Wi = osz_lck

— where o, = 1/011{;HR_1C;C so that W/{jc;C =1

Applying MMSE weight for k-th code to n-th data block

wy, x[n] selnlwy o + wi' V[n] (1)
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Designing the codes such that
CkHR_lcg X Oy

remarkably eliminates “cross-talk” amongst codes while effecting an
MMSE receiver

Conventional Walsh-Hadamard codes do not satisfy this constraint =
suffer from “cross-talk” amongst codes as well as interference



For code-words, use eigenvectors of interference plus noise correlation
matrix Ryin
Riiner = Agck

Since Ry, n is Hermitian symmetric, it follows that cj is also an

eigenvector of Rl_i N

1
Rl . c.=—"c
I+N%k k
+ >\k

Further, since Ry and R;i n are both Hermitian symmetric, their
eigenvectors are orthonormal (conjugate in the conventional sense)

H
Ci Cp = Ok

It follows that
1
CkH{R;iNCg} = )\—CkHCg =0 for k#/4
¢
Thus, the eigenvectors of Rl_i ~ (same as eigenvectors of Ry ) are
conjugate in the conventional sense and are Rl_i y-conjugate as well

Hp—1
CrL RI—|—NC£ X 5kg



e Here we show that selecting codes as eigenvectors of Ry implies they
are R-conjugate and R~ !-conjugate, as well as R;, y-conjugate,
R;i ny-conjugate, and I-conjugate (last one means orthogonal in

conventional sense)

e Recalling structure of R, we have

K
Rc, = {Z JECng + R[_|_N}Ck; (3)
/=1
K
= Z O‘?Cg(cglck) -+ R[_|_ch (4)
/=1
— agck + ApCk (5)
= VkCk (6)

— implies c; is an eigenvector of R

e since R is Hermitian symmetric = c;, is an eigenvector of R™!

1
R_lck = —Ci
Vk



VIP Result: selecting the k-th code as an eigenvector of Ry, it
follows that the MMSE weight vector for extracting the k-th symbol is
equal to the code itself:

—1 1
R ¢ R Ck

Hp -1 - 1 .H
c; R™'¢cy ~-C, Ck

Wi = = CL

since cj, is an eigenvector of R™! with unit length

directly analogous to using Walsh-Hadamard codes in white noise: the
MMSE receiver for the k-th Walsh-Hadamard code is the code itself

Applying ¢, to n-th data block

wi'x[n] = c'x[n] (7)
K

— seln](cy’ co)ey’ + il Vn] (8)
/=1

= sp[n] + ¢ V[n] (9)

— since cg is also I-conjugate as well



e Summarizing: selecting code c; as an eigenvector of interference plus

noise correlation matrix Ry n, we have shown that
— ¢k, k=1, ..., K are I-conjugate = CkHCg — Oy
— ¢k, k=1,..., K are R; y-conjugate = CkHR]_H\ng X Oy
—ci, k=1,..., K are Rl_iN—conjugate = CkHRI__iNCg X Opyp
— ¢, k=1,..., K are R-conjugate = CkHRCg X Ofyp
— ¢k, k=1,..., K are R™!-conjugate = ¢’ R~ ¢, o< gy
e VIP Result: selecting code c; as an eigenvector of interference plus
noise correlation matrix Ry n:

— MMSE weight for extracting symbol carried by k-th code is equal to
the code itself AND

— guarantees no “cross-talk” amongst codes when applying MMSE
weight vector to extract symbol carried by k-th code

e In contrast: MMSE weight for extracting k-th Walsh-Hadamard code

in “colored noise”, where R,y # I, causes “cross-talk” amongst codes



SISO with Temporal-Only Processing

WLOG constrain “code” words to have unit energy: cilcy =1

choosing c; as an eigenvector of Ry, it follows from previous
development that SNR at receiver at output of k-th matched filter cy:
x ci R;i NCk

motivates choosing code “words” as “largest” eigenvectors of R;i N

implies choosing code “words” as “smallest” eigenvectors of Ry n
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OUTLINE

SISO Temporal Processing with interference pre-cancelling and
“STBC” option

MISO Space-Time Beamforming with
interference pre-cancelling & STBC option

— development: multiple Tx antenna with single Rx antenna =

space-time spreading at Tx, temporal-only processing at Rx

— temporal correlation matrix of interference fed back from Rx to Tx

along with channel gains OR correlation matrix of channel gains

— joint work with Giannakis & D. Cai at UMN

MIMO Space-Only Beamforming with interference pre-cancelling and
STBC option

MIMO Space-Time Beamforming with interference pre-cancelling and
STBC option



s(4) xz(n) 5(4)
= - 8 =
L CJA; t
transmitter receiver

when transmitting only a single symbol per slot: choose code word at
each antenna as “smallest” eigenvector of temporal interference plus

noise correlation Ry, n fed back from receiver

at each “chip” instant, Tx beamforming based on channel gains



with N; Tx antennas and single Rx antenna at k-th symbol slot:
y =1 &sChs +w
given channel knowledge h, optimal linear receiver is g = R, 'Ch

yielding the output SINR:

E
v =--2h"C"R_'Ch.
Ny
more realistic to assume knowledge of channel correlation matrix Ry at

transmitter as well as Rx interference plus noise correlation matrix R,

7 := E[y] = éE[Tr(CHR;UlChhH)] _ 5 Tr(C"R'CRy,),
No No

under energy constraint Tr(CC™) = 1, STS matrix: Copt = uw,luz:f1

= up,1 is “largest” eigenvector of Ry,
= U, is “smallest” eigenvector of R,



instead: choose C to improve SER = power loading

for tractability, use PEP = if h is normally distributed, Chernoft
bound on unconditional PEP P(s — §) := FE[P(s — 5|h)]:

Ed?. —1
min CHR;l CRh ‘

P 3 I
(s = §) < [In, + N,

= Pbound7

with C = UwDUZL{, criterion for diagonal matrix D:

N...
min ngQ . )\ i D 2
maximize — log(Ppround) = Z log (1 + 4]\I;(l)m h’)\ij”)

1=1

Nmin
subject to Z D)% = 1.

11
1=1

17

N
Solution: D)7, = [ ! + Exluin ( : Z M - )\wz)] :



MISO Simulation Parameters
N; = 4 Tx antennas equi-spaced by d; A = multipath angular spread
ring channel model: [Rp]pm.n ~ 5= fo% exp|—j2m(m —n)dAsin§/\|d0

channel 1: d = 0.5\ & A = 5°; highly correlated with eigenvalues:
Ay, = diag(3.81849,0.18079,0.00071, 0.00001)

channel 2: d = 0.5\ & A = 25°; less correlated with eigenvalues:
Ay, = diag(1.790,1.741,0.454, 0.015)

simulated partial band interference with PSD S(f) = sin(#W f)/(7W f)

interference scenario 1: W = 0.1/T = eigenvalues of R;:
A;, = diag(3.8412,0.1579, 0.0009, 0.0000)

interference scenario 2: W = 0.4/T = eigenvalues of R;:
A;, = diag(2.391,1.394,0.210, 0.005)

QPSK data/information symbols



BER of STS transmissions, Channel 1, INR=10dB
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BER of STS transmissions, Channel 2, INR=10dB
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BER of STS transmissions versus INR, £;/N,=16dB, Channel 2.
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MISO STBF/STBC w/ Interference Mitigation
as an illustrative example, consider the rate 3/4 orthogonal STBC:

(33 0 S9 S1 \

* *
0 s3 s1 —S8s5
s5 s1 —s3 0

\3’1“ —s2 0 —s}';)

an orthogonal space-time block codeword constructed from complex

symbols {sx = s7° + jsi }+_, may be represented as:
K
S =) (Pusy +j¥ps),
k=1
where matrices {®;}5_ | and {¥;}5 | have entries taken from {+1,0}

without channel knowledge, each column of S is transmitted across the

N; antennas over N symbol periods



MISO STBF/STBC w/ Interference Mitigation

with Tx knowledge of Ry, and R,,, STBF/STBC hybrid transmits
signal block:

X =+/&U,PSDU}!

received block may be expressed as below, where w contains both
interference and AWGN

y =Xh+w
ML receiver may be expressed as below, where y = Uty

S = argg min |[A,Y2(y — VE,PSDUMh)|?

use exhaustive search or low-complexity search developed by Giannakis



consider single error PEP P;, := P(S — S) with S — S = <I>kekR —l—j\Ilkeé
and |eif + jel|? = d?

2 ins since overall error probability is strongly

affected by these signal error PEPs

—1

Es . _ .
Pibouna = |In, + D(®el+ iU e TPTA ' P(®rel+j¥ el )DA,,
0
permutation matrix P and diagonal power loading matrix D chosen to

minimize sum of Py pound’s

Choose P so that large diagonal entries of Aj, coincide with large
diagonal entries of Q, Vk

sequential quadratic programming may be used to solve below for the
optimal D

K

Dopt — argp min Z Pk,bound
=1 (10)

subject to Tr(D?) =1



Simulated BER of STBC, INR=10dB, Channel 1, WT = 0.1.
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Simulated BER of STBC, INR=10dB, Channel 1, WT = 0.4.
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Simulated BER of STBC, INR=10dB, Channel 2, WT = 0.1.
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Simulated BER of STBC, INR=10dB, Channel 2, WT = 0.4.
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channel estimator for Rx: transmit training matrix C w/o info. symbol
= y = Ch + w. LSE channel estimate:

h=(C"C)"'C"y =h + (C"C)"'C"w

MMSE of LSE channel estimator achieved with C = U, DVt where

V. is arbitrary unitary matrix and D is diagonal with:

D2 = Y
Z;\; V Aw,j

linear MMSE channel estimate using knowledge of R, as well as R.,:

h=,/NER,C(NE,CR,LC + NoRoy,) "y

MMSE of “MMSE” channel estimator achieved with C = UwDVZf,
where D is diagonal with:

No Aw,j
5 1+ NE, ZjeI Nh.s No A

[D]m‘ — w,t
2 jer VAw,g NEY Ani | 4




Mean square error of channel estimators, INR=10dB, Channel 1, WT = 0.1.
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Mean square error of channel estimators, INR=10dB, Channel 2, WT = 0.1.
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STBF WITH INTERFERENCE: SINGLE RECEIVE ANTENNA

exploited second-order spatial stats of channel & temporal statistics of
interference to design transceivers for multi-antenna wireless
communication systems

space-time spreading via transmitting signals along strongest
eigen-direction of channel and weakest eigen-direction of interference
maximizes average SINR

derived optimally power loaded space-time beam-forming (STBF)
schemes — if strong channels coincide with weak interference, error

probability reduces substantially

to increase transmission rates, combined STBC with STBF, derive
dpower loading schemes & low-complexity receivers

investigated optimal training for LSE channel estimation and STBF for
MMSE channel estimation

STBF with optimal power loading substantially reduces error
probability & channel estimator errors



OUTLINE

SISO Temporal Processing with interference pre-cancelling and
“STBC” option

MISO Space-Time Beamforming with interference pre-cancelling and
STBC option

MIMO Space-Only Beamforming with
interference pre-cancelling & STBC option

— next development considers more general case of N Tx antennae

and M Rx antennae but space-only processing at both ends
— gspatial correlation matrix of inteference fed back from Rx to Tx

along with channel gains

MIMO Space-Time Beamforming with interference pre-cancelling and
STBC option



STBF/STBC Hybrid with Interference Mitigation: Spatial Processing

PROBLEM ADDRESSED: cross-talk amongst eigen-beams at receiver with
transmit eigen-beamforming based on imperfect channel knowledge

soLUuTION: STBF/STBC hybrid providing robustness to mismatch
between true channel matrix and channel matrix estimate employed at

transmitter to compute transmit beamforming weights

STBF /STBC hybrid facilitates sharing of common eigen-beams (over

time) averting need for power loading

STBF /STBC hybrid incorporates pre-interference cancellation based
on imperfect knowledge of (spatial) interference correlation matrix at

receiver (obtained thru feedback similar to channel)



STBF/STBC Hybrid with Interference Mitigation: Spatial Processing

e Let H denote the M x N channel matrix, with H,;; equal to the
channel gain from the j-th transmit antenna, : = 1, ..., N, to the i-th

receive antenna, j = 1,...., M (N Tx antennas - M Rx antennas)
e (onsider space-only beamforming at both transmitter and receiver

e at time n, we use N x 1 beamforming weight vector wi to transmit

symbol s[n]

e The M x 1 signal vector at the receiver is then Hwy, such that the
(spatial) white noise matched filter is wg, = Hwy,

e next consider multiple symbols transmitted simultaneously using

distinct transmit beamforming weight vectors

e For simplicity and ease of illustration, consider case of only two

transmit beams



STBF/STBC Hybrid w/ Interference Mitigation: Spatial Processing
e consider Alamouti space-time coding at the beam level according to:
x\n] = s[njwg + s[n+1]wy
x[n+1] = s*[n+1ljw, — s*[n|wy
e note: transmit beamforming weight vectors are not conjugated at time
n+1 relative to time n, even though the symbols are conjugated

e Let y[n] & y[n+1] denote M x 1 received signal vectors at time n and
n+1, respectively:

yln] = s[n|Hwy + s[n+1]Hw, + v[n]
y*[n+1] = sh+l]H wi — s[n|H w; + v*[n+1]

e noise is assumed both temporally and spatially white
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STBF/STBC Hybrid w/ Interference Mitigation: Spatial Processing

e applying spatial matched filters, Hw; and Hwy, at time n to y[n|:

zkln] = W,IjHHy[n]
= s[n]WfHHHWk + s[n—l—l]w,leHHWg + W,?HHI/[n]
aln] = wi Myl

= s[n]waHHWk + s[n+1]waHHWg + waHl/[n]

e applying spatial matched filters, H*WZ and H*wz, at time n+1 to

y*[n+1]:
an+l] = wiH y*[n+1]

= s[n—H]wZHTH*WZ — s[n]wZHTH*wZ + WZHTV*[nJrl]
alntl] = wiH y ]

= s[n—l—l]WgHTH*w}z — s[n]ngTH*wif + WZHTV*[TL—I—H



STBF/STBC Hybrid w/ Interference Mitigation: Spatial Processing

e WLOG constrain Tx beamforming weights to have unit energy:

W,ijkzl&wagzl

e for Rx noise to be uncorrelated in beamspace, require Rx beamforming

vectors Hwj, & Hw, to be orthogonal: W,?HHHWg =0

e SNR at receiver at output of k-th spatial matched filter is then:
x wHH" Hw,

e motivates choosing Tx beamforming weight vectors equal to “largest”
: H
eigenvectors of H"™H

e development generalizes for combining orthogonal space-time block
codes with larger number of beams, but desire to reserve DOF’s for

pre-interference mitigation (will incorporate shortly)

e note: numerous researchers, e.g., Eko O., have done excellent work on

transmitting information thru eigen-channels



o collecting spatial matched filter outputs to Hw;, and Hw, at time n
with spatial matched filter outputs to H*WZ and 7'[szk at time n+1:

z|n] = s\njbn + s[n+1lb, 4+, + Vp(n| (4 x1)
o wHH"Hw, - wHH Hw,
b HHHHWk by, — wf’)—tH’HWg
wWIHH " wliH H w;
| —w] THTH W, | I WETHTH*WZ
e employing eigen-beams with perfect channel knowledge:
_ \ _ o
b= | b, 4, = A
0 Ak
- _)\E . - O .

e bfiz[n] and b}, z[n| yield same SNR gain per symbol: A + \7




important: STBF /STBC hybrid provides robustness to mismatch

between true channel matrix, H, and estimated channel matrix, H,

used to compute Tx beamforming weight vectors w; and wy

with mismatch due to estimation error, quantization, and/or mobility:

- ~ H - - ~ H -
wii'H Hwy wiiH Hw,
~ H ~ H
w,'H vak Af?-t Hw,
bn: - . bn+1: - .
kH H W kH H W
—wIH ’H*A* wIH ’H*A*

~ H
cross-terms like wi! H Hw, are no longer zero, and “auto-terms” like

wil 7:[ ‘H+ ;. are no longer real-valued
bpn and by, 1 still orthogonal AND yield same SNR gain per symbol!!

despite channel feedback, Rx must estimate 4 values comprising by



STBF/STBC Hybrid w/ Interference Mitigation: Spatial Processing
e consider Alamouti space-time coding at the beam level according to:
x[n] = s[n|wg + sn+1]wy
x[n+1] = s"[n+1l]wg — s"[n]wy

e note: transmit beamforming weight vectors are not conjugated at time

n+1 relative to time n, even though the symbols are conjugated
e Let y[n] & y[n+1] denote M x 1 received signal vectors at time n and

n+1, respectively:

yln] = snHwy + s[n+1Hwe + Vipnn]
v [n+1] = st H wi - sinfH w; + v, yn+1]

e U, n|n|: represents interference plus noise contribution with spatial

covariance matrix Ry n



e applying optimum spatial MMSE filters, RI_iNHWk and RI_iNHWg,

2k In—+1]

ze|n+1]

at time n to y[n|:

Ha/Hpp -1

wi H RI+Ny['n]

s[n]W,IjHHR;iNHWk + S[n+1]W;IjHHR[_iNHWe + W;?HHRLiNVIJFN[‘
H H

w, H  yn]

s[n]WfHHR;iNHWk + S[n+1]WfHHR[_iNHWe + WEHHRLiNVIJFN[‘

applying spatial matched filters, RHNH wi and RI+NH wy, at
time n+1 to y*[n+1]:

— H RI+Ny n+1]
= sln+1wiH' R NH Wi, — s[n]w iH R, vH w; +wiH' R VT
— H RI+Ny n+1]
= s[n+1]wy TH" R vH wi — s[n]wy TH" R VH W, +w] TH" R vVI.



STBF/STBC Hybrid w/ Interference Mitigation: Spatial Processing

e WLOG constrain Tx beamforming weights to have unit energy:

W,ijkzl&wagzl

e for Rx interference plus noise to be uncorrelated in beamspace, require
Rx MMSE beamforming vectors vy = Rf_iNHWk & vy = RI_iNHWg
to be “orthogonal” in Hilbert space with inner product V,Ij R nyve =

Ho, _
e SINR at receiver at output of k-th spatial matched filter is then:
Ho, _
X W,Ij H'R 7 i NHwk
e motivates choosing Tx beamforming weight vectors equal to “largest”
eigenvectors of HHR;i ~vH



STBF/STBC Hybrid w/ Interference Mitigation: Spatial Processing

e Recall: 'H,; is channel gain from j-th Tx antenna to i-th Rx antenna —

N transmit antennas, M receive antennas
H: [hlihgi...ih]\r

e h;: M x 1 vector of channel gains from j-th transmit antenna to all M

receive antennas

e 'I'x beamforming wt. vectors: “largest” eigenvectors of HHRI_i ~vH

(MR HY =33 Ryl £l



e collecting spatial MMSE filter outputs to RI_iNHWk and RI_iNHWg
at time n with spatial MMSE filter outputs to RI+NH*WZ and
I+N7‘( w, at time n+1:

z|n] = sinlbn + s[n+1lb,4 +Vvp[n] (4 x1)

- - i H _
WI?HHR;_&NHW]C W]?H R[.&NHWE
Ho o H
_ HH RI—&NHWk o HH RI_&NHWg
bn = bn+1 —
_WeH RvH W, | 'H R, NvH wi |

e using eigen-beams with perfect channel & interference knowledge:

e o
b= | © b, 4, = A
0 A\

n _)\E a n O -




important: STBF /STBC hybrid provides robustness to mismatch
between true channel matrix, H, and estimated channel matrix, H,
AND to mismatch between true Ry and estimated R, + N> used to

compute Tx beamforming weight vectors w; and wy

_ - H . - _ - H . -
W -1 A ~ -1 ~
H . ~ H .
H —1 A A H -1 A
by, = We I+NHWI<: b, = H RI+NHWe
* W n T —1x
T * W ~ T * W

cross-terms like W H R, I v N?'(Wg are no longer zero, and

“auto-terms” like wy 7‘( I_+ NHWk are no longer real-valued
bn and by, 1 still orthogonal AND yield same SINR gain per symbol!!

despite channel feedback, Rx must estimate 4 values comprising by



OUTLINE

SISO Temporal Processing with interference pre-cancelling and
“STBC” option

MISO Space-Time Beamforming with interference pre-cancelling and
STBC option

MIMO Space-Only Beamforming with interference pre-cancelling and
STBC option

MIMO Space-Time Beamforming with
interference pre-cancelling & STBC option

- work in progress!




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


