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Commission F : Wave Propagation and Remote Sensing
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Past and present of radiowave propagation research
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BEB{E-HEEEHE(E: Satellite communication, Radio-relay system,

Radio Science (Atmosphere, Rain, Terrain, Ocean waves, * *
+ Radio Engineering (Attenuation, Scattering, Diffraction, == *)

\ 4

I T4 2ILEENBIE: Wideband Mobile Wireless System

Antennas (A)*Propagation (P) Q Adanti
aptive array

*System (S) "’ CDMA
L o OFDM, OFDMA
A*P*S Z={L—1K Trinity ﬁ' MIMO )
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On Physical Limit of Wireless Data Transmission
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Radiowave propagation controls communication systems.

BRI ATLOEILDERIL
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History of evolution of a radio system 1s
history of overcoming propagation problems.

[Th BX B LEDRTOBNTHS
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They're only fighting in the sumo ring where 1t's possible to fight.
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Shannon’s Channel Capacity Theorem

(bps)

Y/ UDBEREERE:
ZTHNIEESZ, [BHIE ¥0)¢% HERZ5ZTL\S
4 P \
C=Wlog,|1+—=
. Dy

C (bps): Upper limit of transmittable bit rate

without transmission errors
W (Hz): Signal bandwidth
Pg: Average signal power

P, Average noise power
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Shannon’s channel capacity theorem
1s giving the physical limit of the digital transmission.
U/ oDBEERAEETEIFRIEEDMERFAZTED D

For this theorem to be satisfied, infinite time 1s needed
for coding and signal processing.

(in order to utilize statistical multiplexing effect)
COXMNE-SND-OICITERD FSILERCESLERFADE
(MET 2B RDIEWIER)

I HbHb . BRI ZEFH LIRS ( Time-invariant environment) 48 E

LAL. T4 VLABIETIIREMNERTXEICHFLET D,
B2, RERICIPERFIISOISHEES

In the case of mobile radio systems, temporal variations of EM field
always exists. The physical limit becomes narrower.

By what is that decided?
ENIEATNZE>TRFEDMN?
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3 main characters 1n the today’s discussion

From the system side

Symbol period 7

S

From the propagation side

*Doppler spread o
"Delay spread o

T
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Occurrence of bit errors due to multipath delay spread
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Sample timing is
just in the center

of each symbol
Ap=0 |,

Relative amplitude

AT

Relative amplitude

Time scale normalized by symbol period O
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The eye pattern

Ap=r ‘I: I is distorted and
! sample timing is
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Time scale normalized by symbol period
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BER floor characteristics
in a two-wave model CAPSK  At=0.2T,

2FETIVIZEITS

RYUDREL

ET7

CQPSK At/Ts=0.2 > amd A
240_"'!"'5"'5"""'!"' 2:{
R ' -

Phase difference ¢ (deg)

|

140 | ——— SeSmttn SR AL ] e B f e mosimason fesssimecsumess -
- H : : 3 : H .
[ ; : : i : i

1'-)0 AAAIAIAIAIA‘AAA AAAlAAAlAAAlAAA
—

e A el e B3 4
Amplitude ratio x (dB) 9



4 Awcc IS BREEXS
m%ﬁ@%ﬁﬁmiﬁ:o ‘ o \
AN AGERBIETOD7AIL-BIERT L YR

, [ Statistical expression]
[Instantaneous expression] Delay profile

Impulse response

Delay spread: o,

p(9) = (h'(1) h())
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BER 1n multipath-rich environment
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Is this the essential condition for realizing error-free transmission
in multipath environment with delay spread?

lal-FOD'Uf)\ BT B EEZEEHIT A0 D EBAILEEHEMN?
o /T <<l

e )
The answer is  /VO , because

EELNYEY  + R RVDERZNNFT-0IBICES>TRIRTES
It 1s possible to overcome this problem
by using sufficiently long time 1n signal processing.

- Equalizer (using sufficiently long signal processing time
at the receiver site. Z{S{I T, EFLNEFRZ T 7 K<T HLHHA)
-OFDM (which lengthens the symbol period effectively at the trans-
mission site. IX{E/I T, VURILEZEDHIRCT S H)

12
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Occurrence of bit errors due to Doppler frequency spread

Ny T S—ILMYICKDIEERYDFE
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Fast fading environment: SR 7z —I U7 IR1E
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Error-free condition due to Doppler spread
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Angular profile
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BER Floor
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BER floor due to fast fading
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For realizing error-free communication,

Is the following condition truly necessary?
UTOXD., @R IT—IUT FICEWTRIFGEER
RIRT D=-ODRBAIEEMSM ?

oI, <<1
The answer is “N 0 ”.

BIZIE, SoRIILVERZRLTEET A ETRYBZOND
For example, shorter symbol transmission
such as spectrum spreading

(LGFEIE . AR MIVIRERE)

18
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Error-free condition against delay spread

o /T <<l

However, this condition can be overcome

if the following condition 1s maintained.
EREDEH IO THREMTE SN, =L LT OEHNBE

o, T, <<lI (BFRZE M T TRET DD T, ZTOM.
IRIBICHRREMEE N HOTIIED)

Error-free condition against Doppler spread

o, T, <<I

However, this condition can be overcome

if the following condition i1s maintained.
EREDEH IO THREMTE O, =L LT OEHINBE

(L CILET B0 C. 2O,
0, /T, <<l  me munEsmn-c2E2) 10
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Summary
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Example of extremely severe multipath environment

R——T) 7AWV ERGRIRESIE?

o0, =0.001

for example

o,=lkHz m)
X
o, =1us

IHEIZ(Z. ZD3YI(Z
[BRARNHDDTIEIENEASH -

Is the limit here? 73
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OFDMIL E Rtz mikRL=m, 7

Does OFDM overcome propagation 1ssue?

24
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Relation between propagation parameters and system ones

OFDMMBIFIZENMET HIaiRIRIE R4

Belay spread Necessary Condition for OFDM

Factor 1

Spreading ¢ 1
delay 0, <<Ig <Ippppry <<—

—1 GI 0 1, OFDM > |
GI OFDM symbol

fading
(time-varying)
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Delay spread Normalized Doppler
(1usec) spread ( 1/f;
(v=30m/s))
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IR, N
OFDMP 5L If this )
1 condition 1s
o, << T ooy << satisfied, then
3 ! <
NT,
J {B ~1/ To}
N/B
ﬁ%y controlling the "\
3 B value of N
o appropriately, any
Bo, << N<< o wideband signal
. f transmission without
v limit can be done
3§ ﬁ?ﬁéﬁ%ﬂ fE D EEA LKL
\
N o B J
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Did OFDM conquer wave the propagation problem?

YeS Under the condition of o 10, <<1

any wideband signal transmission without
limit can be done

No However, the physical limit condition itself
c,0, <<l

cannot be overcome.

28
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Use of a directivity antenna
and/or use of array antenna
can ease the physical limit
of the data transmission.

=
o
=
a

For example

Multibeam reception
can reduece each

OO0O0O0O0O0O00 =

Doppler spread. [ .
e
v ®
The physical Array antenna
limit can be 4
loosened. Multi-beam former

o, =>0,/N WW ce e .
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Absolute condition for error-free data transmission

c,0, << ] <€Error free transmission-condition
N/ [ System matter]

Propagation parameters

!

Antenna characteristics dependent

APS ZN—RDRARNDE

Trinity research concerning A=P*S

C OIS N BRI
CCTIEERLEA B DECAIZEBN TN

There 1s another case for appearing the same condition. 30
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