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Objectives Space-Time Block Codes

(1) To understand principles of MIMO and STBCs STBCs' idea is to send redundant copies of s by multiple
(2) To study detection methods of MIMO antennas. It does not gain in transmission rate and may

(3) To learn performance evaluation methods ((:i‘;SZi‘aSr‘::\(/)Vd:;/VECI)ﬂdECt.
(4) To analyze STBCs performance u

5) T hei . : Alamouti Code encodes symbols
( ) O aChCive a4 good pertormance s, and s, in an order-2 form:
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Channel Model: Y+ Y | Received vector vy is obtained over the t|me for one block transmission.
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- ' ' . . Higher order STBCs were induced as inspired by Alamouti Code. While

: orthogonality 1s maintained, code rate I1s traded off:
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At the receiver side, the problem i1s how to extract 0 —si si s

the original symbol back. ZF and ML are the ways. To compare this class of code with other schemes, special symbols are
generated to ensure bits/code is fair:

(3) Quasi-OSTBC

The idea of QSTBC is simply extending Alamouti code into order 2*:
CAlamouti (Sl: 52) CAlamouti (53: 54)

CAlamauti (53: 54)* CAlamouti (51: 52)*

IS the order-4 codeword. And the order-8 codeword Is then:

Figure 2: Alamouti Code System Model
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Which can be simplified: N
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(2) Zero-Forcing Detector

/F detector objects to reduce channel effect by
multiplying the inverse of the channel to ¥:
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H'y=H'Hs+v)=Is+H lv=1Is
as If noise 1s small enough.
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ML detector compares the sum-square value of which can always acheive full rate!
potential noise term v, and get the "best guess” of s, (4) DAST
where 1n 4x4 case: 01 1071 01 10 1 Diagonal-Algebraic Space-Time encoc hols to each signal to be

transmitted, so that channel attenuati not ruins the performance.
The DAST codeword X 1Is:

f1(51,52,83 .. 5y) 0 0

= - 0 f2(S1, 82,83 ... Sy) - 0
ML detector computes 16 values of sum-squares: k= dag V) = s T s
4 | 0 | 0 "t fn(51,82,83 ... SN)
ly — Hs ;.|| = z‘y Hs_,.. ‘2 . Where rotation matrix U is defined as:
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as If v I1s small enough the above term approaches 0 Uy = Uy(@;,0; - 0y) = | . :
when s, Is the original transmitted symbol. 1 ov of Tyt
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Simulation Results Conclusion

,Performance evaluation of ZF detector VS ML detection, with different constellatlon:s (g0 __Petformance evaluation of STBC VS MIMO using different constellations (1) MIMO and 4 typeS of STBCs examined
=== AL — i (2) ML performs better than ZF detector
e || el T —— Mo | (3) Monte-Carlo method is used in simulations
' | ‘ (4) Alamouti’s code is of the best performance
(5) STBCs are always better than MIMO
(6) OSTBC peforms the best in error rate, but cannot
acheive full rate
(7) QSTBC acheives full rate, but not full diversity even at
nigh SNR range
(8) DAST demonstrates a “sharp-cut” at high SNR range,
| | | | | | | more obvious with higher order
T svRem o 2 Y R (9) Code rate, diversity, performance and complexity are the
Figure 3: Performance evaluation of ZF and ML detector Figure 4: Performance evaluation of Alamouti Code and 2x2 MIMO 4 mOSt eSSGHtIa| Dal’ameters -tO evaluate ST BCS
pefomance avluaon of iferent spae-im codes VS WG | petormance svluaton o 83 IO V5 Q0STEG VS DAST (10) Not about the best, but the most suitable
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