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Transmission characteristics of air-ground channel in
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Abstract: Satellite communication can solve the problem of global communication, at the same time, it follows the
problems of difficult deploy and limited satellite resources. Aerial communication platform is consisted of aircraft
with payload communication and not more than 10 km from ground. The platform communicating with ground nodes
can solve the weakness of traditional satellite communication. The loss of air-to-ground channel was analyzed to
model the air-to-ground wideband channel in Ku and Ka band. The consequence of theory and simulation demon-
strates that the fading of the model has serious influence on transmission performance. In low elevation transmission,
the value of K-factor is small because of multipath reception. Simulation results show that orthogonal frequency divi-
sion multiplexing (OFDM) can be a good candidate for wideband communications to transmit payload data from
aerial platform to ground station.

Key words: aerial communication platform, channel model, multipath effect

U A T 7 H TR R R
AT, ARG S . b

DT AR E CTRB B TR, 5 T AR
R kA, TSI 00 B A T AR 10 k, B2

El

it

Z >

T

Ui BEA: 2017-09-07; 1&[E BHEA: 2017-12-10

2018023-1



iﬂm HRE5F%

28
KIBEE A, SAERAEE, BE8 EomEaRAERn, MAE kY. Y%
7 W SE LA S DA AEAR S PRI ) Py A A PRI AR A HET, BARBER SRR T W AT S o UE A&

XS ERE P BRI . ASGEIL A AN
R M ZEAE S TR R v A, A M T R
TR R LT Ku/Ka $A5 1 G (518 AT A8,
DI HAR R IFR A OFDM BRI TAR 4 PERE
NG

2 RHFERERE

TR 1 VR A AT K R VR R/ R
JEREVEP, ST 6 B IR T T AL
WP S A URE AT LE AR B S TR, R
J5E S8 2 B2 B AIRAU Ay I (1) 22 A2 350, 53 | A 1) B

PR 21 B A0 o
21 KREZ%E
HAG VS AAE AR 1) B 2 AL RR A FE, 1%
A (D HEH:
L,{%?I:F%ﬁf (D

Hrr, d AR S (km) , fo 2 8BH% (GH2) .
F 23 e S A RN LER R, PR AT
10 km (R, AFEADATE B s SR A
O 1 s

160

155} !
PR
150} RPTE L
" %
1451 ax poof
® ooOo
140} . poof® s
g * po® 00009°°
g13sp /o= of% so0
ESS * of ,00?
130} g9 o0°
L« o o
spx 9 -
120p . 00
| o o 30°
115
o 60°
1oL2 -
0 5 10 15 20 25
f/GHz

K1 ARFEATT B S R A

F 3 FL S B AL 3R AR (W B I, B
W) e T 2 TR B B K B2, 7 R IX A i

GE(F
PL(dB)::ﬁf(do)+10nlg(§?j+uX? (2)
0

Horp, dy it ANSHEE, n R BREREL X,
FEBIEN 04 ARUEZEN o IR TBEHLAR o n 22
e AR BEIOE 1, RARE LR 1. AN
ML IR I B o B E G S i d, .

% 1 REEME T BRI

B2 HASARFET L
SRRl ] 2

i X g sy 2.7~3.5

T LR AL A 1.6~1.8

TG P RGP B 4~6

A SEVFLEAR R B2 d AR A A
[l R R A4, W1 2 o, OF LB AR X,
AT AR AL, o

135

x B
TEER
130+ o
H o W ?
" ]
[
PCO,125. L]
2 0 *
120t .
o
[+
115} & * gEAel
o g2
o I3
nol—& L L L N h 1
0 1 2 3 4 5 6 7 8
PEBI/km

2 BIESBE AR

22 hNREZE%

I JRURE SEVR ST TR A5 5 1 e AR AR ST Jo P
B I (] Py PR AL . X TR P RIS,
/N RUBESEVR S 1 22 AR RN 5 L 1) 22 AR I S N 22 3
B o AR BIGZe At F A5 20 L 95 AR AN AH DG 1K
S (WSUSS) Big, fFIERATI ], S (A HUky
P, G BRE P NI P I S T 5 0 R 223 4 1)

2018023-2



¢« 20

misRls 2018 % 1 41

AR A T (I A AT R, T
KA G )P S pR L h(e,0) A S ¢ )
SCPFRERELERE, A AR -
R, (7,,7,,a)=E{h (z,,0)h(r,,t + )} (3)
7E WSUSS #8H, I R, (7,0) F7n FAH G B
., WA
R, (z,a) = E{h' (z,,0)h(z + @)} @))
X AH G BR BT B AR e, 45 B3V
T PRI, DR B R 7R N
S(r, f)=F{R,, (r,a)exp(—j2nfa)d a} (5)
Hrb, S(z, f) 72 HIN AR B ¢ 7022 35 3 0iks A8 &
f R SRR B, T8 IO e T DL A
P(r) CIHED) 35 Fl P, (f) (2% 8Dy 0%)
I3 A
P(z)= " S(z.f)df (6)
P (f) =] S(, f)de (7

RRAE SN, I SE T 438 55 B2 — RO M PRI 4
oA, Bl

T

—eT0<r<w

T (8)

0, F: At

Hp, T REE, RN ERFEE.
i T2 4 i) R S, I HLA FBLR S A A 1)

Aoy, RS 2 W AR K H R

o Sy o ST RNZ

xxxxx

Z TR L (R Jakes 1. U B83%) .

1
f_fb fg.fb Sgtfﬁmx

/o 2 h
P (fp)= Y e e
fo (f ) TEf m\/ { fDm J

0, 1L At

P(r)=

9
b R R [ RGN, M Tt R AT
MU 5 (¥ 23 5 1) 29l A BRAIAE 52 A1

W, FURM LY G I AN ] 3 B0 3 ) D R0
AR FEAT T ANIR], 24 1 1 ol R A 2 fh— R AR
EMIBORA R, HRPII], WGREAR 126 #)
DhZREA Dy U B o i) — 54

1

o S Iy fo
P, )= 0 ~0. ). Jl _(f%)z
0,3t

10)

Hrt, g o g, SRR N AT 7 1
2 05 5 40 BB A B o M6 R D 0.5 )
AR, 2 MRS fo A T T, F

P (1D
167f,
A5 AR T IS ) R TS o g fal i, £
N REEEIE: 2, WNREEEIE.

3 HEFAEEREIMFED
HAG V& 2 ] DU — /N AR G
bR U UV
h@ﬂzi@m&hq) (12)

Hrpy oy g RELZZAMBENRE S, L
EZRHH, WHE LOS f77E, HEEAR a,(0) 1
R S Wk

a,(t)=a- e’ (13)

Horb, flos R EM AR Z MRS, T REA5EAFE
16, a 2R 73 A0 IR L AR 5. AT AR 1
AEE > 2N -

N . ..
a)=) ae" " g (iT-7,) (14
n=1

Horb, NAREM RSS20 n FEARR
MEGH o AT, o, FE 2 n 25 B4R KT BEALAR (i »
So R n KRR Z WIS, o, T, g, 2

2018023-3



iﬂm HRE5F%

.30
RS BLATEEWOHL 22 18 BT A 8 I8 i 1 e i g 3 22 o B DRI A
Bl SENTER 5 X P 4 B S PO AT R 43 L TR g
BT AR . r’ X - ) =0.08ps> (17)
SN AL TS e
A2
Ry (s S5 I A -

I RO, 2R, {5 q:wﬁy{aido%humﬁzmm%m
T Ans MK FEUNN, 20 ERZ, (18
TR0,

FEAR P 1F Ku/Ka AEE TAE, MR R 0.5 m
SEFMRLEIN, T BWs=2.8%/1.1°, 5%
P FSLL=—13.5 dBY. Hiyjj K4k 5 ) PR 4r
B, BT A RS RN, ST A

TE A K H—4% LOS f2F—1R 28 i« BN LA AL
I ZE () 52 A AR, MR 22 AR I 4 T LA T
T VR AR T R R I B VR (50
W45 0 5 R A A R, Hurx T
TG TG 1 v A RGN D, ez sk
IESCH e ST AR R, AR S A b T 5 A R e A

P Al AR SN R TR R AN S A e, AT (R IE

TR, D BAR 6N A i A 20 P R A T A
M, (U] a5 2% 30k, HESEAETE A
AUFIERY, AT D

31 BiMAEE

MEEAS AN 10 km B, 22 SCER[11]
¥ CAUM AT 100 FR A ACAD A B B, A £
B, HA MR DR O, RS
e SCHRLLL], w0 AR B IR A 2 o, SR M
HFAMET 20 dB. BRI I B, £

A3 I S AR A A, — S g SRR K
W4 7, =5ps, ME T LOS 12 [ & i% %

Ad=2100m .

izl (9 wIEn, WAz =5usi, X
FARM T Z K25 dB, THESEI B I ey -

_ e

o _0x1+5x(107)

Mpz)  1+107°

=0.016 us (16)

e SRS fo A— R ARG, 7E1%
() I P A5 T (1) 500 5% A 3288 B 0 1R AFH D% 3R 40 2|
051, A:

=200 MHz QL))

1
fo_Sa

T

W%A=%%LM%% R P

S

TX LR AE G 4 HUME 5 A i 2R B S
W, MR RRAE Sl SN T O, (FIE
PIAEVR . AR GBIy 440 k/h I, B
KEZ WS 2 757 Hz, B THAETFEFM
Ku/Ka $B, Asie, B ©AT a2
KNG % . ([FIEBA WA 3 iR,

i - ()—— ()

EA DS AWGN

3 PSR AE TR

32 KMAKEE

ARAD A 1, TR Sl RS P FSCS R S S 43 B A
%2, SR T8N, MRS 2% SO 1]
K E SN

k=20 _6oun 20)
0.41°
AT, AU RG H S FE K

W ZE A=, MMHAN 10° B, h=57 km,
r..=190us, B (9 WA, MHXFFERM )
HN-6.9 dB, FHMIMINET =32.22ps , —F
BN 4E 2 = 6.12 ms , B IEY e o = 6ms

2018023-4



31

misRls 2018 % 1 41

FHF 98 f0=33 Hzo X THART- 6 NRSEa e,
RAPA N AT 58N A5 S 98, fRIE MR
EFNEIERARIE, 2R S e A R AR,
Doy e v i

AP A b 3 fE - 6 5 T8 U BRI fl Sk I
IELORB,  thTHE 5 LB R &
s REAS GRS 2 B ST B A A, R
Fefi-r e &, WEAAAE A3 A0 R 42,
DR ] U ST FEA TR B AR I P e v i . Skl
Bt A AA T PRS2V AT AT (K 0] 7 4570 31 et
S R A AR RS, W 4 R

S

a(t)

Eopiibug i

*.

o

X

Eopilbug i

;

| Y \ T o

4 M MR PR S A T )y TR Y

3.3 OFDM {FELN

OFDM H A7 St M I # a1 « PLEARRET) AT
T REVESR . S TR 4 0 R AR AL ARAR
GF S RARAD 1 R AR S I 2 AR08, 7R3
AL S G EE R P ET OFDM A& 41

—o— E N FA{EIE(30°)
—o— (%A T IOFDMA& i

—— IR 1538 (10°)
1072
D10
107¢
10°8 L L . N
0 5 10 15 20 25
E,
W, /dB

(a) ﬁzi&ﬁ%&b 13.75 GHz

B, srirfeimtiae, A% {56~ OFDM £ &
GRS % .

w5 pros, AMMAEERN, REZECH
128 M. QPSK il #apdixh 13.75 GHz
H1200 MHz 77 & [¥] OFDM 7E 45 R 1 M 22 7% (5 18
NHHTREL, QPSK {EIRFGE Ny 107 MHEMELL 5
I EIE R A2 13 dB, OFDM fiAR#AEZ A5 IE
AN, AT LD AR RN S

BB VA (5 1E T 1Y) OFDM AR % iz in %
ek w6 Fron. B 6 T4, ERMAIRET,
FEAS -6 (1341 %) OFDM 1L HiPERE S mis K, 8
FERE R 4 230 4085 £ 5 | AR AT 2 T4t
500 OFDM R IEAS T, AHRAD 2 R R, A 1) L
B N=128 F N=256 ] %il: 7EARAD A I RIE &
AT, I RERORIN 1) DL /A 280 R 41 22 3 4
W, R PERE.
34 Ziv5a9H

G5 T 2 A A TR M T 58 1 2 48 110 S %
i, XEAS SR AT R, TR IE R
IN S0E T 48 33 K1 22 B D 30 %, > 1R B A A1 82
K CRT15°) B, MBS EE D HE ST EE, o
AT DA B R AR, SR R R AR e A
By AN ONT 100 I, HUASEIE ik
PMEAFIE, KM OFDM BABEAT (5 B Ak, S2ol

—o— I
—o— ZRMEH
—— %2 FHYOFDM{EH
10—2 L
& 10+
m
10k i
i . . . .
10 0 5 10 5 15 20 25 30
V:/dB
(b) i 453 54200 MHz

K5 QPSK 7EANFMEIE T 1A 2 ih £k

2018023-5



«32

—— v=20
—8— v=200
—— v=400
107 L
O 5 10 i5

E,
VU/dB
(a) BRI HNV=128

LAREE N A BUE"Y, A AE 10°0~15°1, il
TSR 7 KK/ IN R AE A 108 0 & T U SRR
K {E—M# KT 20 dB.

4

HERE

ASCHEH T Ku/Ka FUBL N AR & fFE L5

R, TR S AR, G
AR TEANM 50 R GE, AL THAS B NS
ER, BRI S ERTBLRETY, AR A A
MME S A BNEFE OO AR A,
FEA - Al £ 08 O BRAERE A, m R v i i)
S A A ARIA R, OFDM BR¥G— A
R ICHE R IAE B P F 0 N A oG, AR
RS ICE S G AR AR, 4 N A5 AT T 58
I, 24 RIFE BN, 9 FAE 1 B A b
KB ERMSE

B2 3R

(1

T, ARSCHE. WU (R AR s M L BORMT (D). ek
i, 2012, 42(2): 10-13.

GAO Z X, XU W J. Analysis on transmission characteristics
and technologies of ground-to-air channel[J]. Radio Engineer-

ing, 2014, 42(2): 10-13.

BER

[2]

[3]

(4]

[3]

(6]

(7]

(8]

9]

2018023-6

(b) e Huv=256
K6 BUIFRLFNETERATIE T ) OFDM A il = 2k

T, Shoewl, XA, —PhET R 8w i =l S RS
F[). W RS2, 2008, 35(3): 403-408.

FEIM F, YI K C, LIU Z J. Novel scheme for the wide band
ground-air communication system[J]. Journal of Xidian Univer-
sity, 2008, 35(3): 403-408.

WaR. L&l —R B S M M. deat: AR
HL AR AL, 2008.

XIE Y X. Radio propagation—theory and application[M]. Bei-
jing: Posts & Telecom Press, 2008.

FKIpe . BRSBTS T [D]. RIS NS R,
2014.

ZHANG X J. Modeling and analysis of shadow fading[D].
Hohhot: Inner Mongolia University, 2014.

HOEHER P. A statistical discrete-time model for the WSSUS
multipath channel[J]. IEEE Transactions on Vehicular Technol-
ogy, 1992, 41(4): 461-468.

BELLO P. Characterization of randomly time-variant linear
channels[J]. IEEE Transactions on Communications Systems,
1963, 11(4): 360-393.

DAVID W M, RUOYU 8. Air-ground channel characterization
for unmanned aircraft systems—part iii: the suburban and
near-urban environments[J]. IEEE Transactions on Vehicular
Technology, 2017, PP(99): 1.

HAAS E. Aeronautical channel modeling[J]. IEEE Transactions
on Vehicular Technology, 2002, 51(2): 254-264.

WK, B, 5. LTE 2 REHARREAD. BFE
Rl 2014, 30(10): 1-7.

BI Q, XIE W L, CHEN P, et al. Progress and trends of multiple

75
BBy,



+33- misRls 2018 % 1 41

antennas technology in LTE network[J]. Telecommunications [{E&E N
Science, 2014, 30(10): 1-7.

[10] Brilif. KJE 5G M5 W ). REREE, 2016, 32(7):
1-10.

TN (1991-) , 55, HEA TR
AT WUHT AT LREm, ST
NE S AL
CHEN S Z. Analysis and suggestion of future 5G directions[J].
Telecommunications Science, 2016, 32(7): 1-10.

[11] YI G, GE J, GANG L. Simulation implementation of the
aeronautical channel in dynamic environment with low ele-
vation angle[J]. Nature Medicine, 2010, 18(7): 1014-1016.

[12] VAHIDI V, SABERINIA E. Orthogonal frequency division

MEHE (1964—) , 5, L, PHEETH
B2 w8 T DURFS ORI ol, 20T
multiplexing and channel models for payload communications S5 ) Ky IS RS
of unmanned aerial systems[C]//International Conference on

Unmanned Aircraft Systems, June 7-10, 2016, Arlington, USA.

Piscataway: IEEE Press, 2016: 1156-1161.

2018023-7



	4-17331-Ø�l

