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SUMMARY

A study on the propagation channel and the prediction
channel models for the next generation wireless

communication service

In this work, the theory of MIMO channel characteristics and
MIMO  channel model for the next generation wireless
communication service are studied. In addition, the channel
extraction algorithm with less error i1s proposed to extract the more
exact channel impulse response from the channel sounder. For this
algorithm, zero forcing and clean algorithm are compared and used
together.

For the next generation wireless communication service, the
multimedia content service i1s required so that new communication
technique with higher data rate i1s needed. And various techniques
like as Cognitive Radio are proposed to utilize the frequency
resources effectively. Because of the change of communication
methods, a possibility of the interference between the same kinds of
systems or the different kinds of systems becomes serious.
However, the methods to predict and restrict the problems
previously are very few. Also, if the interference problem is
occurred, a world of costs are wasted. Thus the channel model is
needed to predict this problem and prevent. In this work, the
non-physical channel model and physical channel model i1s studied
and Winner generic channel model which is one of physical channel
model is studied. Also, the impulse response of Winner generic

channel model 1s compared with measured data.



The measurement data i1s acquired from the MIMO channel
sounder and path loss measurement system. And the channel
impulse response, which has channel information, is extracted from
the measured data. At this time, the measured data has the effect
of measurement system so that channel impulse response 1is
distorted. Therefore the algorithm to decrease the error is studied.
For this object, Clean algorithm and Zero forcing algorithm is
compared. Zero forcing algorithm 1s better when the SNR of system
1S higher than 5 dB because the zero forcing algorithm don’t
consider the SNR of system. Thus in this work the algorithm
which uses Clean algorithm and Zero forcing algorithm together is
proposed to get more accurate channel information. From this
algorithm, the MIMO channel parameter is extracted.

For the MIMO channel characteristics, the path loss, delay
parameter, and channel capacity corresponding to spatial correlation
1s analyzed. The path loss is measured at various outdoor
environments at 2.1 GHz and 5.3 GHz because the path loss is
important parameter for cell planing at outdoor environments and is
influenced by a local characteristic. Also, the higher the frequency
1S, the higher attenuation of free space is. Therefore 2.1 GHz and
5.3 GHz for path loss are selected. On the other hands, for the
indoor MIMO channel characteristics at 8 GHz, the delay parameter
and channel capacity corresponding to the spatial correlation and
scatterer type are measured and compared.

These proposed algorithm and channel parameters can be applied
for exact channel modeling. Also, this channel model can be used to

predict and prevent the interference problems.
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AOA

elevation | LN | LN

spread ;.

(N : Normal, LN : Log-normal, Gumb : Log-Gumbel, Logist : Log-Logistic)
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5= a(s) = @' (F guua(log 1(9), 1, 9) (3-28)
s=g '("s) =exp(log(10)F Gyl X —"5), 1,0)

}:;g( $) == @ '(F g (log 10(8), v, ) (3-29)
s=g (9 =exp(10g 1) F L i X — 9,1, 9)

ol W, g Gumbel( X, V, o% F Logistic X» Vs p< Gumbel?} Logistic &3¢ CDFe]iL,
010 Gaussian ¢J2] W<ol W3 CDFY 9ot}
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(3-30)

stepulEl o} ¢ Abele] Am FREE AV AR gD ppEA A G830

a7 4 vk

R, 0 (3-31)

Ag 7IHAE Feked F A e, § A9 AN 2FE" gt
ZDSC Ald Azke pdf gp7F Basteh sk gt gp7F A b,
ZDSCe] A9 7lhAl= sy 9F RDS ol o A=, Ad Azt

vith aEla Ad Fiebth Wiske ZDSCO Wt 97 34 Aol vl
st st 24 ZDSCel Widk 59 detuiE e o] REE s ofop Jirt

auA 7 Ald gk ZDSCY AE YA tew 2o
Pn'=E{|042z}ocexp(—f“_1)-1o 0 (3-32)

m, 2 At @oF Hgk 02 2t iid Gaussian o] WEolal, = F
=

P, =E{|d *docexp(—7/c)-10 " (3-33)
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ZDSCe] #Hitr Age BE ZDSCO F AEE 19 HA oz A f3hA
Z 4 Aok nHA ZDSCe Atstd AEe o33 2o
P,— el (3-34)

o] 714 Q& ZDSCe] 7ot} wref LOS 4ot o] odt d&H&
astr] A8l A uke} kgt o gk dEn|Ql K factorg sk Ao
T Hofof g},
R — (3-35)
(K+D 2P,/
__ K _
Po="(K+D) (3-36)
ZF Alvdgl 2o tidk K factores 3% 3-69A Folzl Aoz 3 4 9t}

¥ 3-6 LOS Alvg] o9 thagk K factor &2

e & Al B1 B3 C1 D1

K [dB] |8.7+0.051%d|3+0.0142xd| 6-0.26%d [17.1-0.021%d|3.7+ 0.019+*d

7z} 7DSCe Wak 2 ¥ = PAS (Power Azimuth Spectrum)@t ASe] <] 3|
Jug]l ol tiaj A ZDSCel PAS #3X+= Wrapped Gaussian,
% Laplacian ®X & wWEv 7Fgstt. a8 ZF Ay e mE FH4l
Zoll o] AS ok FAl FolAel AS ol melk PAS Fae] tig nld st
u| B 7} A7

Aol mdolgtyl 3 HW AolA o A% derlgy et H AR
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it}
=
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Ded
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F 3-TlM = AW Al o] AlolM el 4 dwel td 4= devHE
o] ET

Al
el LOS NLOS
US—dB) 0.88 1.06
o «S—dB) 0.2 0.21
A ) 1.3 3.2
US— dB) 0.94 1.1
os «S—dB) 0.22 0.17
A S(m) 3.9 2.6
1% AOD &3 Wrapped Gaussian
AOD Hl & w}e}r] 1.9 1.4
I% AOA ¥ Wrapped Gaussian
AS ((deg) 3
AS  deg) 3
o VS o, 0.46 -0.61
s os VS o, 0.74 -0.05
. o, VS LNS -0.05 0.25
g, VS LNS -0.44 0.11
oy VS g, 0.44 0.45

WINNER generic g RdoA Az £228 A3 7|E o] 2o 2]

Ue nds ugagon, 1 A8 2 (3-37)3 7%

o

PL=Alog(d) + B (3-37)



E AR &4 rdy 59 dold BAFS HoFH, 19 3-6& Lo wE
AR EH e 4 AYEe HE2 A et agzeE RoFEo)

3-8 7 Alyg e e Ar &4 ndi o ojy Bz
Ava e A2 &4 (dB) &9 Holdg A A8 WY
N LOS 18.7log yy(dlm))+46.8 0=3.1dB 3m < d<100m

NLOS 36.8log yy(dm])+38.8 0=3.5dB 3m<d<100m
LOS 22.7log 1o(d ml)+41.0 0=2.3dB 10m< d< 650m
Bl
NLOS| o0 ot Lo E:(ﬂdjf% o=3.1dB | o
- LOS 13.4log () +36.9 s=1.4dB 5m< d<29m
NLOS 3.2log o(dl m))+55.5 s=2.1dB 5m< d<29m
LOS 40.(2)?621;%5}7%51 ]JZHL(I;E s=4.0dB 30m<d<d pp
C1 23.8l0g 11(d ) $=6.0aB 4 zpl d<km
NLOS 40.2log 1o(dl ) +27.7 o=8dB 50m< d<5km
C2 |NLOS 35.0log 1o(dm])+38.4 6=8dB 50m < d<5km
LOS m.g%aglﬁé}z%g]lﬁf o=3.5d8 | JUm< At
. .Slog 1)(d gp)
NLOS 25.1log y(dlm])+55.8 6=8dB 30m < d< 10km

w: LOS =2 F d T8 T2 g A, d: A T2 tigk A
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Distanca{m)

a8 3-6 7+ Avhg] 9 WINNER GENERIC 299 A=z &2
24 (5 GHz)

A %20 qhelg sek 441 bl u Aol A nul Al ZDSCl fl@ AY A4S
= oew 2o
(3-38)

_59_



/G (9 )ej[kdssin(ﬁ,ig)+d7,_05]
s BS.

K Tk sin(0 s ; _
WD =Y o hnnt 8= D) | T (VG0 1] (3739
e] Ccos\U ys— 0,

where

® m.n 1S the azimuth £ of departure of mth ray within the nth ZDSC

G om.n 1S the azimuth 2 of arrival of mth ray within the nth ZDSC

G (¢ .. ) is the antenna gain of Tx(BS) for the mth ray within the nth ZDSC
G (¢ ... is the antenna gain of Rx(MS) for the mth ray within the nth ZDSC

d, is the distance between antenna elements of the | ar array at Tx
d, is the distance between antenna elements of the | av array at Rx
k is the wave vmber

D .. 1S the phase of the mth rvay within the nth ZDSC

[ s the speed of the MS
g, is the angle of the MS velocity vector

4 3-72 WINNER generic g 229 3749 443 e B
3-8l A4 YElH A o] 19 3-7 (a)& S AU AFA E

3-7 (o)< olesAls S =4 mMimzAd el 9 3-7 (de Als A

b sk cEl Al QB s 242 1670, 800, 2070, 1R @

AME gus A5 Ad Az S4e] gebde ¥ & ok duHow
A wre] A25%, em AdAel @ &t Ae5F A Aztel &
ME EHL BYS ¢ & glom, o AY JB2 SRS B3 A P
W oAd gRe 25 4+ AT
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Channel Impulse [H|
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1
H Index U delay(us)
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H Index 0 delay(us)
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