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Schedule (2"9 half)

Date Text Contents
#H7 Dec. 1 A-5 MIMO receiver
Dec. 8 No class
#8 Dec. 15 A-3, 4 MIMO transmitter
#9 Dec. 22 B-9 Adaptive commun. system
#10 Jan. 12 A-6, B-14 | Multi-user MIMO
#11 Jan. 19 B-15, 16 | Distributed MIMO networks
#12 Jan. 26 Standardization of MIMO
Feb. 2 Examination
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Agenda

B Aim of today

Derive throughput performances
of wireless networks with MIMO technology

B Contents

» Classification of wireless networks
 Wide zone
e Cellular networks

— Base station cooperation MIMO
e Multi-hop networks

— Two-way MIMO multi-hop relay
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Warming Up
B Question

Consider a scenario where speakers A&B are speaking to listeners A&B.
Classify the scenario into four cases & give features of each case.

Listener A Listener B
Speaker A Q n ' Cl Speaker B

S~ A S~ D P PN P P N
odse A oase b oadase o odadse U

Speakers A&B speak Speakers A&B speak Listeners A&B have Speakers A&B

indipendent contents  indipendent contents special ears to cooperatively speak
at the same time. alternately. perform MIMO-MA. to perform MIMO-BC.
? ife ? ?
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Classification of Wireless Networks

Wireless networks to achieve wide area coverage

Architecture SHEIE Drawbacks
throughput
BS |ihi

Wide zone Cl i Low High power

4 i Bs Cost of

Wl . e - osto

Cellular ““"Q% High o ations &

ek - g ase stations

backbone networks

Multi-hop "“”’-*%i : Cost of
¢ ) Medium :
network C‘“‘ > relay stations
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Wide Zone

SISO capacity

h 2 Psz (]
C=10g2(1-|—7/) 7/:| |62 dé
Path loss model Path loss decay Small zone
N\
L = 101ogm(E[|h|2])= —34.5-35log,, d ~

I

L(\E/)z — —345 — 35 10g10 d — 35 1Og10 a <—4I ":LIE

Required power _
Wide zone

Pie =Py +35log,,

{Ex. a=10 P =1[W] — P._=3[kW] }
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Wide Zone with MIMO

MIMO capacity
CMIMO = MCSISO if Y >> 1 I

|
\ pi Q
Rank of MIMO channel C 2\ \

= log2(1 + 7/)M = log, (7/M ) Wide zone with MIMO

Required power
y® =P%® -345-35log,,d-10log,, &

y o =M (Pvf ~34.5-35log,,d —35log,, a —10log,, 02)
=M (7/dB)—35|\/I log,, a0 +MP® «— P® =pP®+p®

Sz

=10 M=2
P® =35log,, a - y&(1- | T
L 08y & 7/sz( A/]) |3SZ:1[W]—>PWZ=317[W]
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Cellular Network

System capacity

CSyS ~ NBSC Wireless Cellular network

/N

Number of BSs Single cell capacity

Required cost

L NBSYSZ +Ybb — T

cell — / \

Cost of single BS Cost of backbone
< > High speed backbone network

Problem of co-channel interference
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Co-channel Interference &
Frequency Reuse

Signal model

Y, = hlsl + hzsz + N

Single frequency network

2 20 T T T T T
Pl ‘hl ‘ o SISO SEN (ideal)
CS :10g2 1+ 2 > = ) SISO SFN 4
Pz‘hz‘ +O0 = 7% SISO DFN /]
3 14 MIMO 2x2 DFN
Dual frequency network % 120 o i
5 10 " o
Frequency reuse factor = 2 2. .
S sl
2 QD
P |h| £ ¢
C og,| 1+—— £ 4
D gz 2 @
2_
o % 200 400 600 800 1000
Loss of channelization BS#1 MS position [m] BS#2
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Cellular Network with MIMO

Signal model
Y, = Hl(fl)sl +n
Y2:H2(f2)52+n2 20

--------- SISO SFN (ideal)
SISO SFN
SISO DFN
MIMO 2x2 DEN

MIMO capacity

y
C, =llog2 det(l + PHIHIA )
2 Mgso™ )

/

Number of BS antennas

~_-

Ideal SISO SFN — MIMO DFN 00_ 260 460 660 860 10’00—
BS#1 MS position [m] BS#2

MIMO 2x2 DFN

SISO DFN

SISO SFN

Channel capacity [bits/s/Hz]
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Eigenmode Analysis of Cellular MIMO

Eigenmode decomposition
H=UAV"

A:diag[\/z,---,m] ;

1
6Ly 0 mmmmemes MIMO 2x2 total
A MIMO 2x2 1st EM

MIMO 2x2 2nd EM

MIMO capacity

M
C = Z Ciem
i=1

I
)
1
I
I

1 P i Ist EM
Ciem = —10g2 1+ '2 2nd EM
2 Mo i
4_
2nd EM vanishes at cell edge 0-- ' l , ' ,
0 200 400 600 800 1000
BS#1 MS position [m] BS#2
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Cellular Network with

Signal model

Y, = h151 + hzsz +N,
/
Interference from BS2

2
=

SIMO 1x2 SFN
SIMO 1x2 DFN
- SIMO 1x2 TAA SFN
SIMO 1x2 BSC SFN

[e—
oo
T

Terminal adaptive array
W, = (hz)La W, = (hl)L
Interfer\ence cancellation
Y, = (W{))ﬁ =h's, +1,
~_-

Almost same with MIMO DFN

+ (=)}
T .

—
2
T
=

TAA SFN
\ / SIMO DFN

Channel capacity [bits/s/Hz]
© >

=

2

0 L 1 L 1 ) 2
0 200 400 600 800 1000

BS#1 MS position [m] BS#2
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Cellular
Base Station
Signal model

y=hs +h,s,+n

etwork with
operation MIMO

N
Ce

—I_ nl 20

SIMO 1x2 SFN
SIMO 1x2 DFN
SIMO 1x2 TAA SFN
SIMO 1x2 BSC SFN

Cooperative MIMO channel
H= [hl hz]
M =min[N M, M <]

=
T

2

BSC SFN
TAA SFN
SIMO DFN

=
T

Channel capacity [bits/s/Hz]

i SIMO SFN
| ]
BSC MIMO capacity al __
N PHH" ) 2 e
M. .o 0 200 400 600 800 1000
MS i
BS#1 MS position [m] BS#2
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Eigenmode decomposition

H=[h, h,|]=uUzVv"

A= dlag[ﬂa T \/m] "’ | | swllo X2 BS(,L total

161
SIMO 1x2 BSC 1st EM
14+ SIMO 1x2 BSC 2nd EM

MIMO capacity
M
C=>Cm
i=1

1 PA
C™ =—log,| 1+——
= tog 1)

~_=

2nd EM is effective at cell edge 0, 506 #0050 1000
BS#1 MS position [m] BS#2

2
T

[

oo

(=2}

Channel capacity [bits/s/Hz]
I

2
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Hybrid

Base Station Cooperation

Signal model
y=H;s +H,S,+n
S,
:[Hl Hz] +N
S

2

BSC MIMO capacity
N, ,PHH i

2
MO

Cise =log, det[l +

~_=

 Normal MIMO at cell center
e Cooperation MIMO at cell edge
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Ln
T

Channel capacity [bits/s/Hz]
—_ )
= =

h
T

SIMO 1x2 SFN
MIMO 2x2 SFN
SIMO 1x2 BSC SFN
MIMO 2x2 BSC SFN

- = = -

BSC SFN

%

BS#1

Wireless Commun. Eng Il (Distributed MIMO Networks)

1000
BS#2

400 6(I)0 860
MS position [m]

200

15




Multi-hop Relay Network

End-to-end capacity

C

Half duplex multi-hop network

mh Sz TX
11 RX Tx

Loss of half duplex
Required cost

Ymh = (N RS + 1)Ysz
\ IFH R Rx Ty

. B8]
Number of relay stations e

~_-

Problem of co-channel interference

1st phase

2nd phase
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Technology In multi-hop network

1-dimensional 6-node wireless multi-hop network

Source Destination
o P YN oy oy Y

TX TX RX Tx RX

Destinati Forward link Source

Time #2 | T Y —_— T - Y Y Packward T

RX TX a RX TX RX
i [ Backward/l>1m
. - e

Time #3 T
Interference from adjacent node Multiple access ]

Tlme#4iT' Y —Y—Y
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Multi-hop Relay with Frequency Reuse

Single channel multi-hop network
Interference from adjacent node is severe

Desired signal Interference signal

Multi channel multi-hop network
Channelization loss of 1/2

Channel A Channel B
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End-to-end capacity

End-to-end capacity for decode, spool, and forward network

TX RX TX ZLinkﬂgapacity ] TX RX
(Y. == T - - B X

— i

L phases

A
Y
X
_|
X
2y
X

+
_|
X
2
X
_|
X

* Link capacity » End-to-end capacity

I:)ig(i+l)i
D PGy +0°

J#i ]
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E2E throughput performance

* Negligible throughput of single channel multi-hop network due to strong
Interference from adjacent node

* Introduction of multi-channel strategy improves the throughput performance

. 25 : .
N SISO
:‘@: SISO dual channel
Tl 0 R Smart antenna
0 —===Link MIMO dual channel
> ——Proposed MIMO linear
g 15+F Proposed MIMO nonlinear
o]}
3
(D ]0 FE
O
O
()
> 5¢ i
O
=
)
w) O = L I I 1 L
0 S 10 15 20 25 30

SNR per antenna per link [dB]
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Multi-hop Relay with MIMO

* Increase spectral efficiency by spatial multiplexing within a link
* Recover the disadvantage of multi-channel networks

RX TX RXx

Channel A

tF1
W5 f V 6
‘:‘:

S |

Channel A
tFl rFl

Stream #1 (1) 4 2)

Stream #2 @ @

tF2 rF 2
W 1

rF1

©

méc—r
@é@

MIMO spatial multiplexing
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Multi-hop Relay with Adaptive Array

* Achieve transmit & receive interference cancellation and diversity
 Realize single channel multi-hop network

TX RX Tx RX Tx RX

i i i Ty i i

@@@ @ @4@ @-@@
T \

Maximal ratio combining Interference cancellation
by matched weight by orthogonal weight
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E2E throughput performance

» Throughput performance of link-by-link MIMO scales linearly with respect to
the number of antennas per node

* Introduction of adaptive antenna compensates the channelization loss

_, 25 . .
N SISO
W SISO dual channel
E 20H === * Smart antenna
0o —===Link MIMO dual channel
> —=—Proposed MIMOQO linear
g 15¢L Proposed MIMO nonlinear
Q. _-
O [
@) ,»1;’_,-&
% ]O ”‘f:.f .
9 /dd”’" X 3
G>3 5 .;J"'" X 2
O “”-;:f" |
E letiie™
D L Ly
w O e 1 | 1 | |
0 5 10 15 20 25 30

SNR per antenna per link [dB]
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Two-way MIMO Relay (Two-hop)

» Two-way streams (forward & backward) are multiplexed in a relay network

* Recover the loss of half duplex by two-way multiplexing

Forward

Backward

Jan. 19,

Phase 1 (multiple access)

/Tx RX
fy

VVtF

® — @\
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@ —"@
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Phase 2 (broadcast)
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y
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@
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N
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Two-way MIMO Multi-hop Relay

» Two-way transmission by spatial multiplexing of forward & backward streams

» Network oriented interference cancellation by a combination of transmit &
receive weights

 Simultaneous realization of diversity, transmit & receive interference
cancellation, and spatial multiplexing

& o W W W W
. @{ﬁ@ 07@4@ 07@ —@@
Backward @ \@rB «%@ & : @
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E2E throughput performance

» Throughput performance of two-way MIMO multi-hop network is the best

 2-times improvement due to realization of single channel network and
further 2-times improvement due to two-way streams multiplexing

25 :
e SISO
SISO dual channel
20H === * Smart antenna
====Link MIMO dual channel
—=—Proposed MIMO linear
154 Proposed MIMO nonlinear i

Sum average capacity [bits/s/Hz]

10+ 2 /’—:h s
1 X 3
X 2
5l |
it N
% 5 10 5 20 25 30

SNR per antenna per link [dB]
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Multi-flow Multi-hop Relay Network

Network capacity

C

~N. C Co-existence of
mfinh = 7 ¥ flow ™ twmh several flows of multi-hop network

/ 0\

multi-hop network

Required cost

Y . =N

mfmh — flow

~_

Effective for local networks

( N RS + 1)Ysz

Power reduced multi-hop networks
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Summary

e Distributed MIMO networks
— Wireless networks to achieve wide area coverage
* Wide zone, cellular networks, multi-hop networks
— Link-by-link application of single user MIMO is not efficient
— Base station cooperation MIMO cellular network
» Cooperative MIMO to achieve better performance at cell edge
— Two-way MIMO multi-hop relay
* Network MIMO to achieve single channel two-way relay

~_~

Application of MIMO technology to commercial products

[ Standardization of MIMO In IEEE & 3GPP J
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