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* modern communication systems include multiple antennas, e.g. IEEE 802.11n
* investigation of performance gain due to antenna selection
* influence of real antennas on the system performance

* placing and design of antennas becomes more important

[Source: www.cisco.com] antenna design antenna placing
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2. Basics of MIMO channel simulator
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HFT Real Pattern
* commercial FEM-Solver
Pattern
*Real Pattern i pattern by Ansoft HFSS

Channel modeling

*3- dimensional

*Fix SNR per eigen-path
*Cluster & Taps

«802.11 TGn

Effects

*No Doppler
*No interferers

Excitation 1 & 2 Excitation 1 & 3 Excitation 1 & 4

Visualization
CDF
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Correlation Coefficient

* envelope correlation described by antenna correlation P, =

2T

pﬂ(pzﬁ‘go). sin(e%) ddde

* cross polarization ratio XPR=F, /P, * Pattern diversity
* statistical channel modeling * Polarization diversity
. Cﬁ,qo(ﬁ’ (0) radiation pattern of antenna * Space diversity
E(%,9)
5 o) [E&9)
C(8,0)= .
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Stochastic model for AoA environment, envelope fading

Common channel parameters my = 90°, my, = 60°, oy = 20°, o, = 60°

P (0,0) =py (V,0) = py, (¥, ) = py,, (V,9) assumed

Azimuth spectrum - Laplace DY, (90)

Elevation spectrum - GauB Py, (79)

Channel Models IEEE 802.11n (e.g.)

* Channel model A * Channel model F
* 1taps * 18 taps
* 1 clusters * 6 clusters
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Basics of MIMO channel simulator

MIMO: Channel Capacity Used MIMO Channel Modell

. 2 /
* no interferers, AWGN (O'N) — j/ ~egzzmooe il,,,_t::?;%' \ , PR
* equally distributed transmit power P, 1 i Mgt 1
. . Y T_}’Q‘;.'...._._._.....-:.‘ .
ncluding | oy J - L RX
signal correlation : By y#® g™ :
M l 0= essot O . [ N
C - By
MIM \\ / \ /;
_ g _
hy Ry
Eigenvalue problem gl
Subchannel capacity ~ ~
By e Dy
p Mobile Channel
C, =log,| 1+—=—4
M * narrow band
min{M ,N}
¢, e * Stochastic model for AoA environment, envelope fading
i=1
* channel coefficients uncorrelated
* including antenna correlation
Leibniz Universitat Hannover I I I_I
D. Kornek, 2 October, 2007 f= I u

Institut fur Hochfrequenztechnik und Funksysteme



CMCS 2007

outline Duisburg

3. Investigation of simple antenna arrays

Leibniz Universitat Hannover

Institut fir Hochfrequenztechnik und Funksysteme D. Kornek, 2 October, 2007 I. I -I- I



Investigation of simple antenna arrays

CMCS 2007

Duisburg 1 0
Dipole-Array Power Correlation Coefficient

. * scenario 1: weak scattering, 0, =10°
(I * scenario 2: rich scattering, o, =60°
Antenne 1
1,0 .
\ Verkoppelt Szenario
1 — — -Verkoppelt Szenario2
1 Unverkoppelt Szenario1
AN 0’8 : = = =Unverkoppelt Szenario2
4 ;|
a 06/
2— 0 L ] !‘ 'I.‘
a LA
v Y 0,411
X ! :
l ‘
: A
0,2- : 5
4 3 \
SR S B
0,0 T s E ==
0,0 0,3 0,6 0,9
Topology d/n
* optimal reference Effects

* simulations in free space

* decorrelation by coupling
* coupled and decoupled * decorrelation by scattering

* variation of inter element distance * decorrelation by distance
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Spherical Cut, 9=90°

— Dipel Anregung Port]

90 == Dipol Anregung Pon2
120 T &0

Effects

0,=10° p.~ 0.5

o =60°% p. = 0.025

¥
0,=10°: p, = 0.34

— Dipal Anregung Port|
—-—- Dipel Anrcgung PortZ

"I.:I. ! |
...................................... ; .!_ 0

II I} II
i L i
ok . . .-'.' Eny _Ir !
A L

20, jmn

270

* radiation pattern changes due to mutual coupling
* resulting in a better decorrelation

* performance gain due to diverse patterns
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* real antenna pattern, element spacing d=A/2 @ 5.6 GHz
* channel model A, one tap m; =90° 0,=0°m,=45° 0, =4(F

* selection of 4 out of 8 antennas (in correspondence to 4 RF-chains)

Simulation Model Outage Rate for Antenna Selection (4/8)

choice of 4 antennas out of 8 (channel model A)

0
best 3 : (1357;1368;1468)
worst 3: (1234;4567;2345)
-0,5
d d d d d d
- hEh T b b o X ) (1357;1368;1468) -
worst 3 : (1234;4567;2345)
)
N N\ \ N\ N N\ \ N\ S 45
AN AN \ AN AN \ \ \ % ’
AN AN \ AN AN N AN N\ S
AN N AN AN AN AN AN AS 8
\ \ AN N\ N AN AN \ - 2
\ N N N AN N N AN 45 8
\ AN AN N\ \ AN N\
4 4 4 4 4 A 4 4 o5
y+—— @ 0 0 0 0 0 @ z
8 7 6 5 4 3 2 1
-3
_3’5 | M A i
12 14 16 18 20 22 24 26 28

channel capacity in bit/ s/ Hz @SNR = 20 dB
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choice of 4 antennas out of 8 (channel model A)
Analysis Method 3 best
] 05

N
3 || || || N 0,2

0,1

Xy

* select antenna
combination
(abscissa)

Y

» determine 6 correla-
tion coefficients
(left index)

l

* sort resulting 6
coefficients
(right index)

o

N

Antenna correlation index
absolute value of correlation coefficient p

3 worst .
index of antenna ensemble
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0,0
-0,5 4
104
g% -1,5
2 2.
8
_215_
Simulation setup 0.
* TX: 4 dipoles spaced A2 @ 5.6 GHz Y IS Y S S S S S S N

10 12 I 14 16 18 20 22 24 26 28 [ 30
*CMA: m; =90 0,=0°m, =450, =40

channel capacity in bit/s/Hz
* all RX antenna combinations

e SNR = 20dB * C_min for antenna combination (3,4,7,8)

« Size of PEC Box (190mm x 115 mm x 30mm) * C_max for antenna combination (1,3,6,8)
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0,0 1 T
-0,5 -
1,0
_Q
©
Q15
5
% 20
B -2,5 1
_3,0_
* TX: 4 dipoles spaced N2 @ 5.6 GHz -3,5- N S . ¢ M SN SIS SN S T
10 12 14 16 18 20 22 24 26 28 30
*CMA: ni, =9(F 0'19 =0° m¢ =45° O'¢ =40° channel capacity in bit/s/Hz
* all RX antenna combinations
« SNR = 20dB * C_min for antenna combination (1,5,6,7)

* C_max for antenna combination (3,4,6,8)

> polarization diversity increases C_min
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4. Conclusions
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Conclusions

* Higher accuracy due to 3D-modeling including real patterns of antennas

* Performance estimation for a given antenna setup and channel model (including switching)

Future Work
* Gain of antenna needs to be included for real system modeling (no fix SNR)

* Mean effective gain

L1 XPR

WG = || || —m—m G, e ———no G B ) o
M[HXPR A%9) 1+ XPR o q))}
.. Py, (8, 9)-sin(8)d¥d g

XPR=P,/P,

* Goal: General antenna design criterions
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Thanks for your attention
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