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Agenda

B Aim of today

Describe spatial channel model
& evaluate its effect on MIMO channel capacity

B Contents

* Path loss model

 |ID Ricean fading channel
« Correlated fading channel
« Antenna model
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Warming Up

B Question
Fill out the following table with appropriate channel parameters
Correlation Profile
Time > ?
Space (antenna) - ?
Frequency > ?

B Auto correlation & power profile (spectrum)
Time variant channel h(’[) & its Fourier transform h (f )

Auto-correlation Power profile (spectrum)

R, (r) = E[n*(t + 0)h(t)] p.(f)=Eh"(f)h()|

Kt Kt
R.(7) = Lo P, (Feldf (=> R(f)= Lo R, (r)e 17 d 7
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MIMO Propagation Channel

MIMO Channel Matrix H(t.1)

Spatial R
t
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Channel Model

Deterministic model

e Channel is generated by solving
electromagnetic field in the given Y > Y
geometry of scatterers (ex. FEM, PO)

For fixed environment with small scatterers

Stochastic model

* Channel is generated by stochastic process Y Y
* PDF of that process is derived empirically
(ex. Rayleigh fading, Delay profile)

For mobile environment with large scatterers

Hybrid model Y >>§: Y Y

* EX. path loss from deterministic model X

» EX. fading from stochastic model
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Free space path loss
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Path Loss Model

Okumura-Hata model
¢y =—09.5-22.16log,, f +13.82log,, h, +a(h,)—(44.9-6.55log,, h,)log,, d,

a(h,) = (L.1log,, f —0.7)h. —(1.56l0g,, f —0.8)
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lID Rayleigh Channel

IID Rayleigh channel matrix ™~ Tx
Y\
H(t): \/ZHiid (t)

/'
/ .
Random field
Joint PDF of 7; =\Hij\2 / //g/ s

f(7/ij):?1/eXp(_Zijj y=¢ ™~ \?X\/
f(7/ij’7/k|): f(Vij)f(Vkl) yd N

Receive spatial correlation

1 rij . .
R, =—E[H(t)H"(t)|= — py=7=———==0 1#]
r Mt [ () ()] aMr J Rl‘iiRI‘jj
Transmit spatial correlation

R.
Y -0 i#]

'\jr e[ Ry = a,, — A JRaRy

R, =
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ID Ricean Channel

IID Ricean channel matrix

o7 F +JK§

LOS component Ricean K factor
H, =a,(6" a7 (6")
Array mode vector d,
/’ ey "

a(d) = [l pikdocosd o jk2d,c050 ejk(M—l)dacosé?J

LOS component

K r r . K
—C(KH K+1ar(5' k(0 )j — \Pr\—\Pt\—m
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Power [dB]

CDF of Ricean Channel

Time variation CDF of power
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Spatial correlation coefficient p

Capacity of Ricean Channel

Spatial correlation Channel capacity
| — 25
E —MIMO 4x4
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]
)

Capacity of Eigenmodes

Average channel capacity [bits/s/Hz]
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Correlated Rayleigh Channel

Correlated Rayleigh channel matrix Tx Rx

H=.\¢ devec(d) Y A Y
\% % Y

hiid — VeC(H iid) _
Normalized
correlation matrix Channe_l
Correlation matrix correlation
R = E[vec(H)vec(H)"] a |
_ —n b|=vecla b c]
=4 VRI, R =GR ,
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Correlated Rayleigh Fading

=09
*
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Kronecker Model

Correlation matrix

TX RX
R = E[vec(H)vec(H)"] Y Pu Pis P \%
=g T, ptRf} L 37% Y
_pt I:\)r Rr 11 v
_ _ h Qe >
=R, ®R, vec(H)=| * d,
h12
Kronecker model _
h,, Assumption  dy >>d,

H=.¢ devec(\/ﬁ hiid)
_ \/Zdevec(\/ﬁt ®R, hiid) (A®B)vec(C)= VGC(BCAT )

:\EﬁHiid(ﬁ)T
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Capacity of Correlated Channel

Channel capacity in exponentially correlated channel

R, = teopliz[l,p,pz,m,,oMr_l] R, = t90p|i2[1,,0,P2,"',PMt_l]

25 .
Ny — MIMO 4x4
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Double Directional Channel

Multi-path model

H=\C> 56,68 (6)

Uncorrelated scattering
E[50,6))5 (0;,6))]=0 i#]
E[5(6,6,)8 (6,0))]=0 i#]

P R Ry

Spatial correlation

R, =¢[E|]8(0)

]

R, = [E[|@)] Ja(0ar @40 — oy =]
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Angular Profile & Spatial Correlation

Spatial correlation

Anaular profile
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Spatial correlation
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Antenna Model

n

H;
Scalar function channel matrix . : / £
L A '
H :\/ZIZﬂ( .r,9|t)ir(6’|r)af(6’|t) ! % 5
=1 T
v

: . Polarization model
Vector function channel matrix PN N

gl sl o) e sl

r _(pr A4r t_(pt At
Vi = (‘9‘ I/ ) d (9' 9 ) Directivity of dipole antenna
Antenna directivity .

6.(0".9")=0'(0".0 0 + 0t (0" 4" I
Array manifold with element directivity

B) aw =’l) ol loa )

-2 -2
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Mutual Coupling

Circuit equation
~ 1 ¥ X
S=Z,(Z,+2Z,)"S vV Vv
Y= ZL(ZA + ZL)_1)~/ <d ...... 3
ZL:diag[ZL,...,ZL] ? a ?
Mutual coupling matrix - T
Antenna impedance matrix

Qr :ZA(ZA+ZL)_1 ~ ~
1 S 2 S y y
Q. :ZL(ZA+ZL)_ ° ?Z
) ) ) A ) /7\\ I -
Array manifold with mutual coupling Z ZAj;g % (Z A
~—— ~——1 ZL
—O0 |

3,(0)=Q,a,(0)

at (‘9) =Q.a, (‘9)
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Effect of Mutual Coupling

Directivity of each antenna element

Antenna #1 Antenna #2 Antenna #3 Antenna #4

Antenna spacing: 0.25A
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Correlation coefficient
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Ciimmaryy
UL ITIT111CAI y

« Spatial channel model for MIMO system
— Deterministic model of path loss
— Stochastic model of correlated fading channels via angular profiles
— Stochastic parameters are given by empirical studies

~

Design and assessment of MIMO system & MIMO antenna

~

How about with practical transmission schemes?

[ Linear & non-linear MIMO receivers }
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Time Varing Channel
Double directional channel TX
H=.¢ .Z B(6r,6))a, (61)al (6))

Doppler shift
,B((gr : Qlt,t) = ,3(6” ’ elt)ejkvtcose{

//V'

Uncorrelated scattering
E[ejkvtcosgife—jkvtcosé’}] —0 i - J

Time correlation Doppler profile

RX  Doppler shift

o ¢ vcosd' P(T)= mY
J — — > 2
e df l - lj - f
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Doppler Profile & Time Correlation

Doppler profile Time correlation
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Wide Band Channel

Time domain expression

y(t) = [H(z)s(t—z)dz +n(t)
y(t) =Y H(nA7)s(t—nAz)+n(t)

Frequency domain expression

y(f)=H(f)S(f)+n(f)
V(KAF) = H(KAF)S (KAF ) + A (KAF )

May 24, 2011 MIMO Commun. Systems (Double Directional Channel Model)

29



Tapped Delay Line (TDL)

Output #1
Y1

Input #1
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Delay Profile & Freqguency Correlation

Frequency domain signal

_ ~ - TX
y(1)=h(1)s(f)+n(T) Y Y  Delay dispersion
Frequency response &
~ L, ot T ]
N(F) =+ [ 86, .7 f " de \
|.=1 z-1 \/ \/

Uncorrelated scattering
E[B(z)B (r)]=0 =]
Frequency correlation

E[R(F)R"(F +AF) = [ E|(c ) b2 de

RXx

Delay profile
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Delay Profile & Frequency Correlation

Power [dB]

IEEE802.11a channel model A

Power delay profile Frequency correlation

PDP of IEEE 802.11a channel model A Frequency correlation of IEEE802.11a channel model A
T T T 1

Frequency correlation coetticient

‘ ‘ 1 1 I ] 0 : : ! L |
-50 0 50 100 150 200 250 300 350 400 0 20 40 60 80 100
Relative delay time [ns] Frequency difference [MHz]
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IEEE802.11n Spatial Channel Model

Doppler PAP  PAP #1 .
Profile (DOA) (DOD) PDP LOS o
l l l l . #18
Gaussian Doppler R | 11 ’
Seed Filter
Spatial d7)
° . Correlation . .
(] ° ° o
o YR e
Gaussian Doppler : | e ()
Seed Filter |
(17)
®e Seed Filter T~ X >
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