1895 — Marconi — telegraf

1933 — Armstrong — FM modulacia

1946 — Personal Correspondence System — 150MHz (120kHz/kanal)
Improved Mobile Telephone Service (mobilné
prepojenie s verejnou tel. sietou)

1947 — koncept bunkového systemu

1970 — Advanced Mobile Phone Service
(GSM, 1S-136, 1S-95)

1990 — Vyvoj UMTS

Dizajn antény | Estimacia uhlu dopadu | Vyuzitie linky

zisk minimalizacia chyby pokrytie

Sirka pasma rozliSenie kvalita

efektivita redukcia interferencie
velkost priestorova efektivita

smerovost’
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Figure 2.7: ST channel impulse response as a vector valued ST random field. Note that p(r, ¢, d) is

complex.
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Stanford University Interim (SUI) channel models

Terrain Type SUI channels
hilly terrain SuUl-1, SUI-2
Intermediate SUl-3, SUI-4
flat terrain SUl-5, SUI-6

K-Factor: Low

Doppler | Low delay spread | Moderate delay spread | delay spread
Low SUI-3 SUI-5
High SUl-4 SUI-6

K-Factor: High

Doppler | Low delay spread | Moderate delay spread | delay spread

Low SUI-1,2

High

SUI - 3 Channel
Tap 1 Tap 2 Tap 3 Units
Delay 0 0.4 0.9 s
Power (omni ant.) 0 -5 -10 dB
90% K-fact. (omni) 1 0 0
75% K-fact. (omni) |7 0 0
Power (30° ant.) 0 11 222 dB
90% K-fact. (30°) 3 0 0
75% K-fact. (30°) 19 0 0
Doppler 0.4 0.3 0.5 Hz
Antenna Correlation: penv = 0.4 Terrain Type: B
Gain Reduction Factor: GRF=3dB Omni antenna:  Tpys = 0.264 s,
Normalization Factor: Formi =-1.5113 dB , : ,
omit ] e . — 5 00y e 0/
Fup = -0.3573 dB overall K: K=10.5(90%); K= 1.6 (75%)

30° antenna:

TRMS — 0.123 s,

overall K: K =2.2 (90%); K=7.0 (75%)




Maximal-Ratio Receive Combining Scheme
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MIMO —2 x Tx, 2 X Rx
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THE ENCODING AND TRANSMISSION SEQUENCE FOR
THE TwO-BRANCH TRANSMIT DIVERSITY SCHEME

antenna 0 antenna 1
time ¢ 59 53
timet+T -5 ¥ sg¥

THE DEFINITION OF CHANNELS BETWEEN THE TRANSMIT AND RECEIVE ANTENNAS

rx antenna rx antenna 1
tx antenna 0 hy hy
tx antenna 1 hy hs

THE NOTATION FOR THE RECEIVED SIGNALS AT THE TwoO RECEIVE ANTENNAS
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Typy space-time kodov

MRRC - tradi¢ny spdsob kombinovania prijatych signalov z réznych antén
vyuzivany aj v GSM bazovych staniciach.

Alamoutiho schéma (1998) — najjednoduchsia s dvoma vysielacimi a
jednou alebo viacerymi prijimacimi anténami.

STBC (1998-99) — blokové ¢asovo-priestorové kody. Kodovanie pomocou
matice kddu. Dekddovanie je vyberom symbolov, ktoré boli vyslané s
najvacsou pravdepodobnostou porovnanim s linearnou kombinaciou
prijatych signalov v priestore a Case.

STTC (1998) — Mriezkové Casovo-priestorové kddy. Mapovanie vstupu do
prechodov medzi stavmi v prechodovom diagrame. Princip je podobny
konvolu¢nému kédu, avSak jeden stav je definovany cez viacero vysielacich
antén. Dekddovanie je mozné aj vyberom najpravdepodobnejSej moznosti,
alebo Viterbiho dekoderom.

Cayleyho koédy (2000) — diferenéné Casovo-priestorové kody, nevyzaduju
uplnu znalost kanala na strane prijimaca. Vyuziva Cayleyho transformaciu
a Specialne Hermitove matice, ktoré kéd definuju.

BLAST — ,Bell Labs Layered Space-Time*®, diagonalna BLAST schéma (D-
BLAST), vertikalna BLAST schéma (V-BLAST). Kédovanie nie je potrebné,
kazda anténa vysiela vlastné data, avSak dekoder je o to naroCnejsi.
Vyuziva Statistické nulovanie signalov.

Space-Time Block codes

X X, X3 X, |
-
-X, —X X x, )
X, X X, X, Xs
-X, X X, —X; X
X | | -X; —X, X X X
N N T X, —X; —X, X Xg
—X; X X —X; —X, —X, Xg X
-X, —X X — _ _
R 3 ] Xg X Xg X5 X
—-X Xg Xs o —Xg X5



Data rate (Mbps)

0 5 10 15 20 25
SNR (dB)

Figure 1.4: Data rate (at 95% reliability) vs SNR for different antenna configurations. Channel
bandwidth 1s 200 KHz.
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Figure 4.5; Ergodic capacity for different antenna configurations. Note that the SIMO channel has a
higher ergodic capacity than the MISO channel.
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Transmitter

Data
a;q| Qs> A1 11912
® F H-2Y
Trellis QPSK Constellation
Ouj[put Input Data  State
x'x aa a a_ Im+4 1
00,10,20,30 00
2 0
01,11,21,31 &= 10
Re
02,12,22,32 4 01
3
03,13,23,33 £ 11
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Obr. 33: 2-ST kad, 4-PSK,

4 stavy, 2 b/s/Hz
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Obr. 34: 2-ST kod, 4-PSK,
8 stavov, 2 b/s/Hz
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Obr. 35: 2-ST kod, 8-PSK,

8 stavov, 3

b/s/Hz
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Obr. 36: 2-5T kad, 8-PSK,
16 stavov, 3 b/s/Hz




