= EA 314-S 93 MIMO-OFDM A 2~ A7)

6]-%74* . :5;] H] %% . ;g-7§§]*** . tlﬂixé_‘o‘i:**** . 71:1[}\]_54**** . %}%{L*****

Design Philosophy of MIMO OFDM system for Underwater Communication

DongKeol Han* - Bing Hui** - KyungHi Chang*** - Sung-Hun Byun**** - Sea-Moon Kim**** - Yong-Kon Lim*****

O] =22 =EMAFT =7IATHEAIY od78| Ko 25to] =Y

ro
Ijo

(] ok
£ =

B =FdAM e 5 541 8794 2] Orthogonal Frequency Division Multiplexing (OFDM) A] 2~ ¥l 3} %] /o] 4] 2]
YuA <l OFDM Al =8l 3}9] zto]H-& A8t 3, AA S4 9 A2 dolEE AHee 5 Ad Zd& 7|uko =
OFDM I H &5 A A3t 3, A3 HIHS o] 83 least square (LS) A'd F4 71 S o] &3} 2d <]
e A 12 539t} Alamouti codeS ©] &3t space-time block code (STBC) & space-frequency blcok code (SFBC)
2 Agslo] 1 A%S W2 24 519 o, 52 ol 1x2 maximum ratio combining (MRC)S 2| -&-3}o] Al '5-S- H] L
A gk A3, SFBCO] A5 % Ad e Aze kg AeA 54402 Qlato] 23 BER 545 HolA| X:3k%
S}, STBCY 7 4-column # Y 3l T2& 4 -§-31%1S w, SISO Al =517} vl wate] ¢k 7dB J L] &dH 458
YER I 955 el

ABSTRACT

In this paper, we first analyze the differences of underwater acoustic (UWA) orthogonal frequency division multiplexing (OFDM) systems
and conventional terrestrial OFDM system, and give a simple introduction of the backgrounds. By considering the real UWA channel
environments, the measured channel data is used to generate the UWA channel model and calculate the relative parameters for underwater
OFDM systems. Practical least square (LS) based channel estimation with linear interpolation are adopted to obtain the channel state
information (CSI) at receiver side. As multi-input multi-output (MIMO) processing techniques, Alamouti code is implemented and evaluated
to perform for space time block coding (STBC) and space frequency block coding (SFBC) for UWA OFDM systems with the MIMO
configuration of 2x1, at the same time, 1x2 maximum ratio combining (MRC) is performed for the purpose of comparison. The simulation
results show that, with perfect channel estimation, SFBC failed to work duo to the serious frequency selectivity of UWA channel
environments. When the practical channel estimation is applied, in the case of STBC, the proposed 4-column pilot pattern gives better
performance about 7dB than SISO system.
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Table 1. Comparison of underwater SISO-OFDM system parameters and performance
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Table 2. Comparison of underwater MIMO-OFDM system parameters and performance
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Table 3. Channel Delay Profile
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Tap Relative Delay (yis) Average Power (dB)
1 0 -9.3
2 400 0.0
3 1000 3.6
4 1600 -89
5 2700 -12.3
6 4800 -19.7

26

3-2 OFDM -2} 1] E]

I 33 ¥ 39 FAES 7o g I Q30FDM
veul e &S Aakel ol 0111 ALt 24 & ohg o 2k
[13].

E 39 AnE Hu, EHE AdY JHE A SHel
[0,04,1,1.6,2.7, 48]rns-/] AAE zt= A Ao e

A
7 9e ¢S glek whebA o) 4
7, RMS A & Tt 2} (1)l w2} o}

o},

A T 4.8ms©]
S o] Aitd

2 2 2
£ = R E N 38 085 =2.38ms ()
n

Toax B Trms = ©]-8-8}9] guard interval To= 2] (2)9F &
[e]

o] Alxke 5= gl

TG > 7 max = 4.8ms

T =2 Trms ~ 4 Trms
=2-(2.38ms) ~4-(2.38ms) 2)
=5.76ms ~ 9.52ms

TG =6ms

UNEA © 2 guard interval 2 Timax©] 7, TmsS] 200 0l A1
ARsted, 77 A Al 2dY A9 At

=
Aoy Mz 7S AFE-3#] ¢ 0 1, guard interval
A& FH A3}l flste], 2 =l e

F T3 Tymin®] 20l 2] (3)0 whet 7
Zbakd, Ba gl o LAY sk SNR =4 Lo 1dB

T > T9 386276 =23.17ms

d,min L
[1 010 — 1} &)

FFT AFo] 2= NFFT 9] 3%, 2} 3)°ll Wt 73 Tymins
ol-&-3ato] A (4)9F 2ol Artdth

Nrrr 2 Ta, minx BW
=23.17msx10kHz=231 4
Nrrr =256



T EA 875 93 MIMO-OFDM 4] 28] A A

E 4. OFDM A|AEl m2jo|E
Table. 4 OFDM System Parameters

E 5. Ultra-wide band Al2&2| H 2|
Table 5. Definition of Ultra-wide band system

Parameter Value
Water Depth 20m
Carrier Frequency 25kHz
Bandwidth 10 kHz
RMS Delay 2.38 ms
Guard Interval 6 ms
Symbol Duration 32 ms
FFT Size 256
Sieapas
Subcarrier Bandwidth 39
Modulation Type (U?lfjdli A (Ilji(c)(iile\:([i)
Data Rate 14 kbps 28 kbps

2310149 29 AFFE F HAEE H4el7] 9

sfol FFT®] 45 25602 4435,

S, I A T L A A
2

Al
o} ol 714 4 g,

Ti= Ns/ BW =256/10kHz = 26ms

)
Ts=Ta+Tc =32ms

fo= =39H:z ©)

(T.-To) (32-6)

99} 7ol A Tekr S
2 7abele ohe 3 2,

g g e HeolHE

QPSK : 2bil/symbol X Ndata-se / TS
=2x224x1/32ms = 14kbps .
16QAM . 4bi!/symbo] X Ndata-se / TS ( )

=2x%x224x1/32ms = 14kbps

99} 7o) A4tEl OFDM A1~ S| HES ¥ 4
o AglstdTh

Frequency Band Bandwidth /
quency Center Frequency
Narrowband < 0.01
Wideband 0.01 < BW/CF < 0.25

> 025 %%

Ulira-wide band Bandwidth > S00MHz

S, AubE o 2 A Aj el T A FEuld ]
v B U HE ARt uhet Fol o Al
e Al gl g Al gl o BRe S glom, o
o gt o & 3 50 YeERAATE 2 =2 B T4
T34 25kHz, ™9 % 10kHz & Ao 24 F4] 9}
T o] Al 2F o g o] 042 2 Al Ao R g
°g 4= At
3-3A0d 33 719
Ls Ad 4 7|2 8l F4€ Ad e
HEngog Ay HIPEE ol &ate] YA &
A9 A AH ARE FAG = 7o R, Fhdet
B AN BFET uE A o] vk A Byl
copy, average, interpolation, extrapolation *'H} -5-°] At}

[14].
= v, 999 g A5
oA o] gk A= o

il

<
=
R
of
2]
“
O
>Ei
o ?01‘
N

A @l A 49 srelgl 10149 A g kg
o A WIS o §5tel A AAGE the
o] %4k,

H(k)=H[mL+I]

A 1/ _
:Hp(m)+z(Hp(m+l)—Hp(m)), 1=0.1,-,L—1

27



28

Subearriers

a8 4. 3GPP LTE 4823 w3t 7=

Subcarriers

Subcarriers

diz

dizz

dizy

a3

dizz

dise

di2s

diss

diag

dizs

disr

dizg

disa

diz7

d1sg

dizs

d1ag

diat

dign

digz

di3q

d1ay

11 12 13

Even-numbered slots

Pilot SC

‘Odd-numbered slots.

Fig 4. Pilot pattern for 3GPP LTE uplink

0 | dg |diz |dag diz |diz
4 | dy |da3 |das diz1 |dis
2 [ dz |dis |dzs ERoi das | dso | dez [d7e | dss | dos ERoE{ dio [dizz |dass
3 | dy |dis [dzr [RiY d | dst | des | d7s | da7 | doo FR 445 |23 [dyss
4 | dy |dg | dag R0 dag | dsz | des | s | des [daso R 112 |dize [dize.
5 [ds [dir |daa [ Ry day | dss | des [drr | deo Aot | Ry fdes [dias|dyar
6 [ de |dis | dso ERo ez | dsa | des | drs | doo |daoz (R0 d11a [di2s |diss
7 | d7 |dis | da [R1 das | dss | der | 7o | doq [dsoa [ R Jd1es |dizz daze
8 [ da |do |daz (R dag | dsg | dea | deo | oz |doa R0 e [drzs |dran
9 | dg |d2q |dss | R4 das | ds7 | dea [ dai | dos [digs | R Jdii7 |dia [diat
10 [dqo |daz | day [ERo3] dag | dsg | dig [ dez | dos [dags R3] A1 D30 [dae
11 [ [0 [ s [l er [ s [ tr [ o [ s [arr [t [t [

8 9 10 11 12

Even-numbered slots

Pilot SC for Antenna 0

Odd-numbered slots

Pilot SC for Antenna 1

O&l 5. M ekEl 2-column LA 7=
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