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Motivations

Capacity of MIMO links  (Telatar, 1995; Foschini & Gansi1995)

Capacity of the multiplexed 260
channels sums up: = = =
—— Shannon (1x1 case)
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Capacity increases linearly
e.g. 40 dBor 80 b/s/HZ!!!
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MIMO Measurements — Setup

Wideband indoor MIMO measure

d Customised Medav RUSK BRI vecto

1 5.2 GHz operating frequency
d 120 MHz bandwidth

4 up to 8 Tx elements by 8 Rx element

[ complete MIMO snapshot of the cha
within coherence time of the channel)

Measurements were taken in large
approximate dimensions 30L x 20
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MIMO Measurements — Access Point
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MIMO Measurements — Mobile Terminal
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MIMO - OFDM: A General Schematic

Space-time transmission in MIMO — (
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MIMO —OFDM: Approaches

|. Space Time Coding (Frequency-S

(Tarohk, Seshadli & Calderbank: 1998)
PROS

** Channel coding (error correction)
**» Transmit diversity

*** Modulation mapping

** Receive diversity

+» All of the above optimised jointly “* No

Improves mainly |i
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MIMO —OFDM: Approaches

ll. Spatial Multiplexing (BLAST)
(Foschini 1996, Paulr aj\&\’( allatn 1994)

PROS

*» Directly exploits MIMO channel
capacity to improve the data throughput

** poor |

Improves mainly c
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Spatial Multiplexing — BLAST OFDM

Cyclic prefix OFDM signal model ¢

SIMO case revisited:

ith transmitted block of data
— -1

received signal block pertaining to

X; =Hyu; + Hu_; +n

input—output relationship

X, =FTgH, T ,F"u;, +F
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Spatial Multiplexing — BLAST OFDM

TRH OTcp Is circulant, and thus is diag
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Spatial Multiplexing — BLAST OFDM

Extension to MIMO CP-OFDM configurat
M received antennas

Define; _
w =g o e g
MO LN

%[jl,l 61,2 EI,N g

H = 21 H2,2 H2,N L]

[ JE _ o

B’I M1 H M,2 H M,N E

Fundamental M H L
model: Li = M
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Spatial Multi plexing— BLAST OFDM

The Maximum Likelihood (ML) de

v, —argmlnﬁ‘ 7 -H V.

SinceH is built up of diagonal matrices, it is
into K independent but lower dimensional line
treated separately)

Define: X = )Txi and

Finally ML V-BLAST:

Xk~

Vi = argming

Vi k
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Spatial Multiplexing — BLAST OFDM

Linear Detection — Zero Forcing (

Vi =Gk X

Representseast Squaresoluti

Ordered Successive Interferenc
(G. Go
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Spatial Multiplexing — BLAST OFDM

Maximum Likelihood Zero Forci

Step 1:Perform ZF and identify shortli
antenna

Step 2:Perform ML search on shortlis

Antenna 1
,/; \3\\ e °
Shortlist 1 _%
\\. [ )] [ ] [ ]
ZF solution

~
~~ s
____________________
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Numerical Results (1/4)

96 Mb/s, 2 Tx by 2 & 4 RX,
MIMO channel estimated via sequential

96 Mb/s, Medav, H—estim, 16QAM

[ e~ 0sIC 2x2
| —%— MLZF 2x2
A ML 2x2
H e ZF 2x2
| —0- 0SIC 2x4
; MLZF 2x4
| A~ ML 2x4

P i ZF  2x4

10 15

SNR per receive antenna
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Numerical Results (2/4)

96 Mb/s, 2Txby4Rx, 160Q

96 Mb/s, estim, 16QAM, 2Tx by 4Rx

10 B N SRR r..-..-.--° ]
i o OSIG, meas |
IR 7% MLZF, meas )

.............................................. | A= ML, meas

ZF, meas
OSIC, simul
MLZF, simul
; ML, simul
M- : ZF, simul
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SNR per receive antenna
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Numerical Results (3/4)

96 Mbl/s, 4Txby6 Rx, QPS

96 Mb/s, Medav, QPSK, 4Tx by 6Rx

10 ........... T - | I | . - .. .- ... . . - .. . -]
i 6= O8IG, ideal
LI n T 7 ML, deal
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Numerical Results (4/4)

192 Mb/s, 4Txby6Rx, 16-Q

192 Mb/s, Medav, 16QAM, 4Tx x 6Rx

10 ................. e R T s, T s ]
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Conclusions

 Possibility of 192 Mb/s (uncoded Iin
real setting has been demonstrated

[ Difference between an ideal settinc )
iIs 12 dB (@ BER 18, 2x4, 16-QAM)

[ Difference in the performance bet
algorithms tightens as the number of

 Future research into MIMO-OFDM

1 Flexible blend of spatial multiple

1 Advanced detection algorithms
I Antenna configurations/strategie
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