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Abstract: Aimed at the problem that the channel of wide-range Air-to-Ground communication is hard to be
exactly described by adoting traditional model of channel, according to the height of flight platform, the
Markov Process is utilized as exactly as possible to describe Air-to-Ground fading channel from the switch
of the improved Rice model and LLoo model. In the meantime, every model is divided into slight and heavy
occlusion states, and the Markov Process is used to switch for the two different environment states accord-
ing to special local environment. Getting rid of the ideal assumption that incident angles of arrival wave
from multi-path are submitted to uniform distribution in , then two relevant and real Gaussian models are
constructed as a Rice process, the Rice model and LLoo model are modified and optimized, the Doppler
power spectrum and Amplitude-phase Probability Density Function of the two models after modification

are deduced. The simulation results show that the curve of Doppler power spectrum should be the unsym-
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metrical form after modification, the degree of freedom (DOF) and adaptability of the model are en-

hanced, the different influence to signal transmission in different channel states is distinctly depicted, and

this can reflect the real conditions well.

Key words: Markov process; Rice model; Loo model; Doppler power spectral density; amplitude and phase
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model based on markov process

2 Rice drit Al

MR Rice B UL 2, ATAE W, 2, ()
B2 T Rice 132 . Rayleigh 33 & Fl 8 3 i3 W #2 3
e f51] , Bz A A0 5 R Ve . 2 A4 S e B Bl B o
B2 () Al ey () AR,

m,=pcosd,

v, (1) /T (1)

w,(1)

vz(t) yany
' N>

sind, m,=psind,
Kl 2 Rice ittt BERIAE &
Fig.2 The block diagram of modified Rice model

B 2o, () G=1,2) {0FEAH @R, 1L

XF B Hilbert 288l 0, () F£ax. 2%00, € [0,

1) FASAES g0 () F g, G BIHR M RN, 2 0, =

0° Rt B E M 524 0, =90°/ . P& IE 2L,

2.1 Rice XHEA S EHINRILEZE
SCHRCOTIN A gy (o) FI oy (2) HASHH S B AS

JE DR FAR A R 1 2 Aok I A A E [0,20) |

Y150 43 A o 1 S B s 23 58 15 b, 23 [ B A 4 300t 10 A



%13

&5 T Markov 33 2 09 728 417 b 25 {5 8 & AR 5 05 & 31

AR HAEL— i 2 R A8 1) 5K 26k 4 = {5 R
B R, 0 () A gy () S SE BB BE 451 2
AWERE . 2 n @) =p () +jp ) W () B A
P LG EA R RS S T E
P (T) = 2070, (2) 7y, (2 ]+

120700 (2) — 1oy, () Ising,
S,.(f) =2[1+sgn(f)sind, 1S, () +

2[1 —sgn(f)sind, ]S.,,., (f)
K sgnC o) FRMFSHREG S, () Ho ()W
2 WD RE R R A R Ak R IR

Q)

2

Kf:of RoR v, (O BT s e HEKZE R
Hik, € [0,1] NEWE B (5 25850535k ME
FlA Q) e 235 iy i
2.2 Rice B EBEBEMEZE

' Rice BB RIIEE () = |p, (1) | A
B9 =arglp, (O GEiTFEMER & SR TE

] ¢ PR — 2T (o e .0.0) HITEARE R 5

BE (BB (2.0 Fm bR F OB AR T A (2.0
NHFHO . 2 AT LUE B R AN AR
TR pe SKAWIA L AT B0 AT AR 5 SCHRL 10 %S

o'T . .
: ‘f‘<l€ifmax 5. (2 ' Z 9076) E‘J*&Ejﬁéﬂ: ‘ XT;H; //T?#E
S ) = o TG im0 P i
e
O ‘f‘>l€ifmax
pg(z):Jx f J P (2 r2.0,0)d0d0ds =
2| sind, | g Jﬂev G0 e2posnzd g, ==0
w (o (o . .. (3)
ps (@) :J J j peioy(z,2,0,0)d0dzdz =
0 © o
(9 2 (1—cos 0sin20p )
[sindo | comtpmin Ly @01+ eSO — <0<
2n (1l — cosﬁosm&?)
Go =T (0) =7, (0) =1y, (0) + 74, (0) = LI ey RGN N 10
m, (1)
z (4) cos(2nf,t+0,) ¥0) '1
i E otarcsin(k;) &)@M
T i sin(nf1+0,)
. m, (1)
A, o Eo YN w1 () F s () MR (5 wonkel ) el Hilbert nin K
SCHRLO T B 5E AR 5 erfC e ) 378 1% 22 oK 8 \r‘(z) ? P NI ON e 100
VAC)E -2V F i

F00) = p[cos(ﬁ 0,) —cosﬁosin(ﬁJr(?P)] (5)
| sind, /2, (1 — cosf,sin26)
3 BIF Loo Al
BIER Loo AR LKl 3. ELGT 40 & W & J2 Fifi i)

] 22 A A A2 8 o (2) ,,\§i%$ﬁ%§jﬂ fo B R
0, T Loo {5 iH A BN SR IR ARG 12 /9 H
SR T TR RO Y A AR B AU g () A

o () BAT RN M IEH 51T RG] 00 () A
o (O MRMER/DIS B 0, B 3 P HESHE X
51 2 #HIE .

HIE 3 AT LVE B IERY Loo BIAIGL 7 2 Fii g
PRI : DY 67 =03 =00,k =k, =1 Fl f, =00},
& IE Loo £ AI 0] LA &) R 28 $8 Loo BRI ;@2 of
=0} =0,k .k, € [0,1] Fl ol =00}, EIF Loo &
RUAT DL AR T A FEAS 5 W Bl AL A R ey () T pen () AH
KB JE Rice iF A2,

€3 Loo & 1EAE RIAE &

Fig.3 The block diagram of correction Loo model
3.1 f8IE Loo BB EEHINRILZE
o (1) = pp (1) i, () F A A bR AT H
oy () T e, (o) 18 A AH SC N B AH G R ER RN
Froin (T =1y () 7 (0
O CO R CD)) (6)
HE 3 T4 .
r (r) =

#p1 1l

(r) =

02 1p2

m(r)Jrrvm(r)Jr (t)cos(2nf )

2 T oo
i nny (T =7 (—T) =

1p1 1p2 02 1101

D

w2 )(z')+ ()sin(2n f,7)

Fopsy (T) —

2 PP
XHECE &SR o) 1Y F A DG bR
BIEERE S, (f) A[RRA .

B or, (o) A



32 2R TR CHARBE O

2016 4

7 oo (r) = ez’”3+0§[1+m5us (o]
S 3<}> (8
S, () =t 777]
Jn
/e N )
K S, () = ———exp(— ) W N H
210, 20

W (o =1/ V2In2 , £ 3 dB B L H
M A, () =exp(— 2 (no.2)?) 50()
jﬁﬁmﬂ#ﬁ%ﬁﬁlﬁlo

HF ro. (o) Ci=1,2)Fr,, (o) 53 52 5L A fl
oA R, PR 6 AT R4 -

W () =20, (O F 07, (T)) =
2(ry0 () +ir,., (©)) + (9

207 4yuy (T) — irays, (2)) + 1, () er

Xf 2 C9) AT A8 B A 8 W A 22 5 0 ) 8 0k %
&

S (f) =21+ sgn(f))S,,,, (f)+

2X (1—=sgn(f NSy, (0) +S, (f—f,)
Kr: S, () Ci=1.2)HS, () 4l A
ﬁ(s)énHJ.c
3.2 BIE Loo BHEEMBHEMREE

BT o (o) AR DRt AT A% 10 A0 30 2 BE 1Y
B %k kS BIE Loo B IEE 5 ()
L g, (O | FAAL 9 (2) = arglp, (1)) BG4
e o) HHEEBWFMT 1, () AP B Rice i
R LR R RUAR A 5% 71 MR 3 285 ol BT 3RO
oL ED) L >0

¢

0 0

(10)

b, 2 lpt)=p) =
efz%

2n

/2¢ pcos(d — 2nf b —(9P)ep2m2w‘—:¢;zowwo )[1 +
0

peos(@ —2nf £ —0,)
V200
Lrs o 8 LM 1 o) RRFE—-REH
BIENZE/RES., AXADTUER. Y f, #0
AF o A AL B 25 A4 AR 58 %85 R KO 2 O T [R] ¢ 1Y pR AR,
XFFCHOG TR ) ¢ 973, T A 5]
P st |p(t) =p) =

by Gt |p(t) = p) = {1+

(1D

erf(

i< (12)

e
hm 7J by (Bt [p(t) = p)dt = 7

2T

BT o) X BOE A& &, WE IE Loo #E7Y
o (e PO B RN AH o7 HE 46 25 B hy

by = | pyeady =

| pi Lo = p, 005 =
0

)2

o ] a2y -
< ZJ)e 2a§3 dy. =20 (O3

—e 290 Io(

msﬁo% oy ¢o

po(0) = Jw])g/p(ﬂqy)dy =

Jw[)y(@ o) =)p,(y)dy = 1 v —r< i<
0 ' 2n

MDA IR, py () WIRT ¢o. 05
m,3 2 E, WREHSENZE B S, 70,
W 9" (o) #6 [— mom ] X [A)_1Z35) 40 A 1

4 fFESHT

41 MEAZEPHXREREFE

M fox =91 Hz , ¥k, =0.8, k, =0.3, 0, =15° ,
o7 =0.25, 65 =1 B, Rice MHEALAL S, () JEAR UL
4y foax =91 Hz y 6, =0.8, k, =0.3, 61 =05 =1, m,
=0, 02 =0.01, f,=22.5 Hz , o =100 i} ,4& 1E Loo
B S, () AR LI 5.,

HE 4TI, S, () MZIERZAEXT TR, Y
0,=90°, 6l =65 =1,k =k, =10, S, (f) py & 7
NI Jakes JEAR o o1 DRSE 2 B S 5E, &, 6’%
FERARBOT 98, 0, P th 2 py AR 28 AL X AT A 4
"ﬁféﬂljEﬁﬁ?%ﬁﬁﬁﬂ%ﬁﬁﬁﬁ%Qﬁfﬁqﬁﬂ@iﬁﬁ
o BISH S, . (f) MZIBAREAE B 4 R ] 1k
fitt (0, =90° , 61 =03 —l)jlﬂ/\ S, (f—f,) ity
B BT R AT £ Al R LA O 2 )
ARGER

0.0301

0 0.025

2
ﬁn 0.020

M-0015

375#
s 0.001

N 0.005F
oY — ey S

-80 -60 -40 -20 O 20 40 60 80
fIHz

4 Rice BEHIAL S, (1) M
Fig.4  Shape of the S, (/) curve of modified Rice model




%1 T BT Markov i 8 102 Al %S (R A S 5 & 33

0.0151

i

W

(=]
o
f=
—_
(=
T

0.0051

ESLEURIES

0.000 L L L )
-100 -50 0 50 100

JIHz
KI5 fEIE Loo #H4 S, ., (f) Mk
Fig.5 Shape of the S,,,,,

(f) curve of correction Loo model

42 AEAEAREERE

FHRG iy 2230 W 4™ JR 32 010 ] AR 7 3 B ML o
v, () AT BT AT & 00 1 5K A N, =N,
=N, =15 KL EMHH [ ...=91 Hz , HLEAFHE
BAISHOLER 1~2,

x1 FEEMREERXIEMN Rice M EEEEELRSH
Tab.1 The parameters of modified Rice channel model in severe shadowing area and slight shadowing area
SHE i X 3R o, o, K1 K> o 0, o3 ms Swax/ [«
v 0.089 4  0.746 8 1 0.1651  0.3988  0.262 6 30.3° 0.090 5 0.043 9 119.9
L35t 0.1030  0.9159 1 0.262 4 0.349 2 1.057 53.1° 0.006 2 —0.386 1 1.735

x2 FPEVREEHRREBMNEE Loo FERBEERSH

Tab.2 The parameters of correction LLoo channel model in severe shadowing area and slight shadowing area

HE Al X35 o1 oy K Ko o3 ms f, Lo/ [ Smax/ [ e
o i 0.000 0.3856  0.000 1 0.499 05349  —1.593 30° 0.185 7 20
% g 0.404 0.4785  0.6223 04007  0.2628  —0.058 4 30° 0.079 5 20
X AR L 2 R IR BDIRAS T L Rice Bt SR BN B YERAE — 5 dB 224, HRE I Sl

FERIFME IE Loo #5078 114 i & 5 V& #ff o 1k 5 L 245 R

LK 6.E 7,
or \
20M\MwuwmwmWWUW\MWMMWM
% —a0F
m; ~60 T ) 3 4 5
g o T SRR
%720_ I W‘W VW““W” " WNWW
= —40f
-60 L l l 1 é
?‘J# JEVE
s} 18)/s

¥l 6 Rice Bi k5% 50 g & 5 9% ) 5 Pk &
Fig.6 Deterministic simulation results of amplitude

fading of modified Rice model

10
5 0
3
@ _10 UL
2 20fd
£ 30 oo
mg ----- R O i
AOT =ome o o FL 9 57
m SO —— SRS o
_gol T B ) . . .
0 1 2 3 4 5
s} 18)/s

7 ABIE Loo # RN & 5 9% i i 105 B
Fig.7 Deterministic simulation results of amplitude

fading of correction LLoo model

MIEL 6 Hpal LUA H 70 0 R G e X 3, £ 1 R 32

FELAN K 5 7 7™ 0 308 e DX 388, 5 3 W0 B8 28 D3 K1 o ¥
PIEA R — 17 dB A4, HiR & LT ¥ szl
PRl 7 A ™ EOR R R B i X 3 N AR B A S5 ie S 6 36
oL, HOAS 3 %k /] — XR A& 18 1E Loo A %2 11
Rice PACHERERY Xl 25 58 15 1 52 ) T8 K — 28, X J2 iy
THEIE Loo 1A = B AR 1Y 2 = 25 F /5 L 15 I
ﬁ‘fcﬂ@%‘%éﬁz & 7 v R 2R T Ay B M R 1

SN AR Ak, A B T SIS DX 3 R AR AR AN | T A
Eﬁﬁi&itiﬂiﬂﬁmmr“ﬂt@j: XA 5 A O A s
A 1 2 B I A 7

Xif e EE R B A 2 R A RS R Rice Btk

BRI R IE Loo 5 A (1 A0 47 % h i 22 1 {7 B 45
LK 8~9.

200

|

A 171 WWW WW
&
m ~200 T 5
E rmiL_vlﬁt
_}g 200
z or

2005 i ) 3 4 5

VF’“JEEEE
B a)/s

%1 8  Rice 2l kA5 70 A 057 i1k 3h i 5 1 {5 L
Fig.8 Deterministic simulation results of phase

fluctuating of modified Rice model



34 2R TR CHARBE O

2016 4

m

E=

i Wi WUWM I

I M’|,A\.ﬁ“|ﬂﬂr‘wmd“m

|
- TN
% 200 “, 1 ‘ | ‘TE%WWW {[Mf
£ A

B9 AEIE Loo B RYAR A i 8l o e P 15 1L
Fig.9 Deterministic simulation results of phase
fluctuating of correction Loo model
MNIEL 8 ] LA Y 75 4% B2 S0 i X 48k, £ 18 A A2
BEACRFEAE 5 43 5 AR 53.1° B I 5 76 ™ B ik

X 3, 5 3 AH AV ™ i 25 30.3° B LS A A, B
W KR ah . e KJLF W 7 180°, K 9 hig

JEE 0 7 R DX PR B AR S B IE Loo #5 7 f5 3E
FHASE B 52 M ASCASC AR B A AR 57 1L 20 2l PR b 1 352 30
E’Jfﬂmf“f’ijﬁ'ﬂfjt KRN 9 () 7 [~ non] X

S A

LRI 6~9 B0 HAr AT 4518 vl DL AR IX
ST Ak B 5 AR A RN S B s S R AR R R
Markov i i X 458 780 1 2 B0 LA 8 71 0] e sl m] iz
FHT 8 3R AN )15 B0 il 12 R DX M 2 3 £ % £ 3 A8
BB oK

5 Qn I75;

FKH 2 /I\*Fljﬁlﬁggk”%%ﬁ%mtﬁ*@ﬁ%ﬁﬁtﬁ
f975 13 % Rice M2 8L Loo fi 18 5580 3k 47 el iff A0 45
IE L BIRUEAR Y [ R BEAR R R ﬁﬂﬂ&ﬁ?ﬁ%%m
FA) SO R T 1% 7 A AR 2 ) ) A3 4% AR
MR R AP R E S8 W32 %0
Jakes 223 81 ) 2 3% %5 B AR MY € Rice 1 #2 L —
M Rice i3 2. Rayleigh @ . o mid i E— &
GVRRF . A 52 BR v o W 7S S B AR BRI
I IR IR B R A, ) Markov i3 2 X} o ¥ & 1F 5
A5 TR AN BRI AR P LA B S R UT) d E  5E E A BE Z
B, AT 5 A B e — B B R T8 X b 7S 58 A T Y
S R BE S DA 4R 3 15 0%

2 % ik (References) :

[1] C Pimentel, T H Falk, L Lisboa. Finite-state Markov
Modeling of Correlated Rician- Fading Channels [ ] ].
IEEE Trans Veh Technol, 2004, 53(5):1491-1501.

(2] RFAT. BB TR TG EEN RS DR
RAGHEARI[] ] W@ FEH A, 2009, 42(6): 174-176.

ZHU Zihang, LIANG Jun. Three-State Markov Chan-
nel Model Based on High Altitude Platform Stations
[J]. Communications Technology, 2009, 42(6): 174~
176.(in Chinese)

(3] ML, =, M3, . V2 EEEHREENS
IR, B 280l KA 254, 2002, 36(3): 331-336.
YANG Hongwei, HE Chen. ZHU Hongwen, et al.
Statistical Model for the Fading Channel of the Strato-
spheric Communication[ J]. Journal of Shanghai Jiao-
tong University, 2002, 36 (3):331-336.(in Chinese)

[4] C Loo. A Statistical Model for a Land Mobile Satellite
Link[J]. IEEE Trans Veh Technol, 1985, 34(3):122-
127.

[5] C Loo ,J S. Butterworth. Land Mobile Satellite Chan-
nel Measurements and Modeling [ ] ]. Proceedings of
1IEEE, 1998, 86(7) . 1442-1463.

(6] #BWIN, 22, K, FARMMIEHET &= T

BB R R AR () ] A B TR 4 H
RBFER, 2009, 31(1): 27-32.
YANG Mingchuan, JIANG Yicheng, GUO Qing, et
al. Fading Characteristics of HAPS Communication
Channel in Dynamic Environment with Low Elevation
Angle[J]. Journal of South China University of Tech-
nology: Natural Science Edition, 2009, 31(1). 27-32.
(in Chinese)

[7] M Pitzold, U Killat, F Laue. An Extended Suzuki
Model for Land Mobile Satellite Channel and Its Sta-
tistical Properties [ J ]. IEEE Trans Veh Technol,
1998, 47(2): 617-630.

[8] P Sadeghi, R A Kennedy, P B Rapajic, et al. Finite-
State Markov Modeling of Fading Channels-asurvey of
Principles and Applications[J]. IEEE Signal Process-
ing, 2008, 25(5): 57-80.

[9] Erik Haas. Aeronautical Channel Modeling[ ]J]. IEEE
Trans Veh Technol,2002,51(2) :254-264.

[10] M Patzold, U Killat, Y Liset al. Laue. Modeling, A-
nalysis, and Simulation of Non - frequency - selective
Mobile Radio Channels with Asymmetrical Doppler
Power Spectral Density Shapes[]J]. IEEE Trans Veh
Technol, 1997, 46(2): 494-507.

(11] ZME B EFEEGBEESELD]. L. 1E
K, 2008:26-48.

LI Yingchun. Modeling and Simulation of Mobile Fa-
ding Channels [ D]. Shanghai: Shanghai University,
2008:26-48.(in Chinese)

[12] M Patzold, U Killat, F Laue,et al. A New and Opti-
mal Method for the Derivation of Deterministic Simu-
lation Models for Mobile Radio Channel[ C]// Proc of
IEEE 46th Veh Technol Conf, 1996 1423-1427.

(% 4 . P itie)



