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What is MIMO ?

AWhat? / Why? / When?
AWhere?
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What? / Why? / When? %
? / Why? / When? “3
What? / W Y: en:
A What? 45
A MIMO = Multiple Input Multiple Output %;%
A Multiple antennas at both input and output = E%
A Input = transmitter side, Output = receiver side o %%
AWhy ? ?ii%
A Increased bandwidth efficiency (bit/s/Hz) 5253
A Increased capacity (bits/s) in the same bandwidth (Hz) Og .
Higherdataratesfor users 23
More users % g
More $$$ fortelcos 53
AWhen ? =

Al KFEFyy St KFa wt2dga 2F aoOl G§3SNRA
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What? / Why? / When? Where? =
%
? °
Where *. :
5
Category Sub | Standard MIMO | QAM Max | Bandwidth | Bandwidth %E
Category Datarate Efficiency B §
(Mbit/s) (bit/s/Hz) o £5
S o
SISO Generic - : 1x1 64 : - 6 i 6%
c8g¢
a a - - 256 - - 8 §§§§
WLAN - 802.11n 2009  4x4 64 600 40 15 SE2E
G - 802.1lac 2013? 8x4 256 6770 160 42® S=u=
Cellular 3G HSPA+ 2008 4x4 64 84 5 17 S5
Q9
a 3.5G LTE 2009  4x4 64 300 20 15 22
> 5
4 4G LTEA 2014? 8x8 64 3,000 100 30 og
20
Wi-Max 4G 802.16m 2011 4x4 64 365 20 18®@ 5 2
NOTES:

(0]

(1) Achieved with 2 x MukUser 4x4 MIMO.
(2) Can aggregate up to 3 x 20 MHz channels to achieve 1,095 Mbit/s in 60MHz.
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AMIMO
A Multi-User MIMO
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Channel Gain: h
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A SISO = Single Input Single Output

A Classical radio link beginning with Marconi (c 190
A Single input (transmitter)

A Single output (receiver)

A No receive diversity
Fades in propagation path cause outages

Countermeasure

Increase transmitter powet> Fade Margin
hdzi 3Sa Oly adAtf 200dzNJ Ay GRSSLX TFI R

GuglielmoMarconi
c. 1908
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SISO SIMO MISO MIMO Multi-User MIMO

Thales, Sydney

E: Boyd.Murray@murraywireless.com.au 06-Jun2013

SII\/IO

—————— 3

=

In \\\ \\\ ] 9 &j

— Transmitter 1 VN, Receiver 1 — 8 ES

| \\\ \\\ (E%)%J ?

A SIMO =SngleInput Multiple Output =53 E
. . . \ g -

A Receivaliversity \Z out EEEE

A Used since 1959 g Receiver 2~ —— |3l

A Improves link reliability \
A Multiple paths used
A Selection diversity

A Combining diversity ReceiveNg
MaximalRatio Combining
OptimalRatio Combining Channel Vector:

A Typical usage i
A Microwave point to point =iy !
A Cellular uplink

A 4

5
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SISO SIMO MISO MIMO Multi-User MIMO g <
R
— o
MISO «%.
5
;L;L___ 3
\ / o £
/ / 58
' 7/ Out o £8
P — Transmitter 1 QQV / Receiver 1— g 239
/ ® =
< A MISO =Multiple Input Sngle Qutput 3£3¢2
c . ST 2
In / A Transmitdiversity gE3E
— » Transmitter 2 A Described byAlamouti[1] 1998 SFiis
. / A Space Time Block Code 5 _
. . o))
_ A Multiple paths used g é
S _ A Improves link reliability g5
TransmitterN; A No bandwidth efficiency % 5
improvement @ -

A Good for cellular telephone systems

=[h ,h hy i’ Multiple transmitters atbasestation
S b n Only 1 receiver at handset

A Cheaper, less complex, londsattery-
life

Channel Vector:

()




. Spatial Theoretical Australian

SISO SIMO MISO MIMO Multi-User MIMO

I\/III\/IO

>
&
=
S
>
%)
5
@
@
e
|_

™
—
o
N
¢
=
=
©
o
=]
5
£
S}
<
2}
0
Q&
=
2
©
=
S
®
>
o
S
=
XS,
>
<)
m
L

\\
\ \)/ /
— Transmitter 1E YN Z Receiver 1
P VARFA S
T a
é _____ o
AN />—\ / n )
/ \«/ (E\ 8
In / ¥\ Out 5o
—{ | = Transmitter 2 AN Receiver 2— | — S S
7N Gerard J. Fosch| e
_____ m &
Y Y c.1998  HEE
0
S \ls TransmitterN, ReceiveN, [ P T
o O
. L S5
A MIMO = Multiple Input Multiple Output A~ Spatial multiplexing g £
A~ Single User is allocated multipteE & E Q JSHR
A Firstdescribed circa 1995 Channel Mat”X A Users data is split betweeh E Q& 20
A Foschini &Gang2] . hy A Huge increase in bandwidth efficiency g %
A Teletar[4] h h hz Nt Units: bit/s/Hz
. = [No1 Npo v Th - -
A Locations H : Do A (:Aapsa}ggf:oAnsﬂpanson (10/30
A Transmitters cdocated N Do - D éQbiUs/Hz
A Receivergo-located A MIMO, 16 Tx *16RX4QAM

32 bit/s/Hz
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MIMO

Multi-User MIMO

Multi -User MIMO

In #2
—>

Precoder

In #Nu

—>

—»

Transmitter 1E

—>

Transmitter 2E

—>

TransmitterNt E

A MU-MIMO = MultiUser MIMO

A Locations

A Transmitters cdocated
A Receivers inlifferent locations

A Each receiver corresponds talidferent User

\\

A Each User uses the same spectrum
at the same time as dihe other Users

A Precoding

A C20dzaSa

At dzi a

AW LI GAL €
A SDMA = Space Division Multiglecess

Out #1
—>

Out #2
—

Out #Nu

It

Channel Matrix:
1,1 h1,2 hl,Nt
2.1 hz_,z e hZLNt
erth2 th,NI

LI GG SNy W

LI 0GSNY Wydz f aQ

FACOSNAY3IQ

A Hugeincrease in bandwidtlefficiency
A Units: aggregate bits/s/Hz
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SpatialMultiplexing

A Model
A Maths
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Model Maths

Maths

Ay=Hx+n
Ax =Wy
=WHx+Wn
A ZeroForcing Detector
AW = HAH)THH
AR = HH)L(HH)X + Wn
=Ix+Wn
=x+N « noise is enhanced by zeforcing
A Other Detectors

A MMSEC Minimum Mean Squared Error
Optimizes combined enhanced noise and cistssam interference

A Maximum Likelihood
A BLAST
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Multi-User MIMO (SDMA

A Model
A Maths
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Model Maths

Maths
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Az=Px :

AX=Hz+n . %
=HPx+n 2%%

A P = HH(HHH) ! -

Ax= HH) (HH) X +n s£3°
=IX+n ©
=X +N
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MIMO Multi-User MIMO
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A SISO Theoretical Capacity (Shannon)
A C/B =log(1 + SNR) bit/s/Hz
A MIMO Theoretical Capacity (Foschini [2])

A Channel MatritHA &8 RS O2YLI2A4SR Ayd2 W9OA3
singular value decomposition (SVD)

A The Sum Capacity is the sum of all of the individual Eigen Channel
capacities ...
C/B =S_{R log,(1+SNRs?(H) bit/s/Hz,
wheres; are the singular values éf & R is the rank of channil
A Uncorrelated channdH (e.g. NLOS)
All singular values; are roughly equal
C rises linearly with the rank R = niNib(Nu)
A i.e. Crises linearly with number of antennas
A Correlated Channel H (e.g. near LOS)

Some singulavaluess; are near zero
A For full LOS, onlgne non-zerosingular values; -> SISO capacity
Generally, C rises less than linearly with number of antennas
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MIMO Multi-User MIMO

Sum Capacity (bit/s/Hz) / HDR Sum Capacity (bit/s/Hz)

MU-MIMO

Singlecell, 20 users, 1 Bxntennaper User SNR = 5dB,

| 2YLX SE DI dzaaAly [/ KFEyySts WS5ANLGE t | LISN

5

Optimal MUMIMO Sum Capacity Relative to HDR

| |
10 158 20 25 30 38
Number of Transmitter Antennas Basestation

Source: [9]
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A CSIRO Offine MIMOTestbed
A CSIRO Red@ime MIMO Demonstrator
A CSIRO Ngara Access Field Trial
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CSIRO Offine MIMQOTestbed CSIRO Red@ime MIMO Demonstrator CSIRO Ngara Access Fikidl

CSIRO OiLine MIMOTestbed

A CSIRO Wireless Technologies Laboraditassfield

A First CSIRO foray inkdIMO
A Instigated by : Dr Boyd Murray
A Started : 2002
A Completed : 2004
A Strategy - Build up CSIRO expertise in MIMO
Practical equipment design
Academic papers based on reabrid experience & measurements
A Specs

Nonreaktime
A Off-line processing in Matlab

MIMO: 8x8
Bandwidth: 20MHz
RF: 2.4GHz
A Outcomes
Near realtime channel measurements
MIMO algorithm testing
Confidence
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CSIR(Real Time MIMO Demonstrator (1)
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MIMO Transmltter (8 Channels) I\/III\/IO Receiver (8 Channels) O o
: 20
Source: [7] 29
CSIRO Wireless Technologies Laboratory Marsfield in 2007 Dr Hajime Suzuki =
REALTIMEdigital signal processing using FPGAs Project Leader
Up to 8x8 MIMO Dr Boyd Murray
Wide Bandwidth: 40MHz

RF System Design
FPGA DSP Firmwadaieamleader
Project team size: 8

RF: 5.2GHz
2 2 NI R QA& -tinfe MMNMIMIMO KaBWLAN 802.11n
Several worldecord bandwidth efficiencies
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CSIRO Offine MIMOTestbed CSIRO Redime MIMO Demonstrator CSIRO Ngara Access Figidl
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Source: [7]
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CSIR(Real Time MIMO Demonstrator(3)
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MIMO Digital Module (Uses Xilinx FPGAS)
Source: [7]




