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An Enhanced EHlliptical Scattering Model for Space Time Wireless Channels

LUO Fei, DU Ming-hui
(School  Elearonic and Information Engineering, South China University of Technology, Guangzhou, Guangdong 510640, China )

Abstract:  Spatiat temporal modeling of radio channels is the key for space time wireless channel study . The widely used ge-
omeirically based single bounce elliptical model( GBSBEM) has the limitations in the description of Time Of Awival(TOA) . By ir
troducing two physical concepis of effective scatterer and reflecting probability to GBSBEM, an enhanced elliptical scattering model
is presented, while the probability density functions of TOA and Angle Of Arrival( AOA) are also derived. The detailed analysis
proves that the enhanced model not only overcomes the limitations of G BSBEM, but also has an advantage of broad application ex

tent.
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1 r= J3/2 ,
filr) (1, J372]
, [ J372, ru). GBSBEM
ra> 372
’ TOA %7
) , GBSBEM « ,
- , TOA  AOA
2
' ( ) GBSBEM
(GBSBEM )/>7 13
45 GBSBEM - 2
- (TOA) .
(AOA) . 21
GBSBEM  TOA filr) do,

12005 12 04 : 2006 07- 07



12 - 2201
. , To _;Ll
Am= Nn/P= I R 6
=dyc(c ). s T (r ) ,/ -1 (©
23 AOA TOA
[2], 1 :x= acosh, TE[’[; ri+ Ar],GE(—JT, 0/
y= bsind, a= ct/2,, b= a’- fz f=dy2. s
s r= cU/do= T/ Ty, 1< r< rp, n= pJ" []HR(r)' Jdbdr (7)
'm= Tm/TO ‘
, r€[r, ri+ Ar],0€ (=T ]
a= /2, b= Jr= 172, f=1/2
/2] GBSBEM .
no= p‘r’ JTRR(r)' JdOdr (8)
> r€[r, ri+ Ar] 0
’ B 1 A Fa (01 riSr<ri+ Ar)= n/ no (9)
: hicky 42 é 0 .
e: arctan[ M] (10)
) roosP- 1
> rE[rl, ri+ Ar] ¢
dFo, (01 r <r<nt A
For( Pl Sr<ri+ Ar)= o (01 ;er\r+ r)j% (11)
r ArT0 =T ¢
R(r), !
. Jour(Plri)= Timfor (P r<r<r+ or)
2 32 2
2 2 9o d
_ (ri 1)2 (1+ rj 2r,co§ ) (12)
, , N(2ri- 1)(ri— cos®)
) D,(D>1). D (5) (12), 4 r
=et A0, r :
for( b r)=fa,(Plr)fi(r)
R(r )_ (VD)™ S e ) G K L 0 e M 1) (P 2rcosta 1) (13)
(1) 4A ,,(r— oos‘i’)3
11 . 24 AOA
ri= W7
’ <r< ¢
=\ T, (13) r nSNrSNm ,
a8 (-"*')( 1 (r*= 2rcos®+ 1)
(1) m C T - r — T C0S P+
22 TOA o #)= .[ Mo(r- con)’ dr
E = G(rn)- G(r1) (14)
’ , G(x) (15). ., LT0
N(ri)= pH“ R(r)* Jdodr= pIiR(r)Mdr (2)  rn=1 ,fs®) GBSBEM AOA
i " 4 J_rz—_l
p J , )
Lot r ) o b L2 .
J= ‘a(x y) _ mc(ﬁ26+ r2sin’0 (3) G(x)= 16A (e"f=2¢ VLEI(L (cos?— x) ) sin”®(4cos®
a(r,0) 4 4 [rz_ 1 + Lsin® P)+ e Llx=ry)
r; : & 404 Lewd) _2in'e i ddostr Lsin’d)] s
= . — . L L? * (x— cosd))z_ x— cos®P J 1 (15
Firi)= N(ri)/N(rm)= N(ri)/ Nn (4) o
Nw= N(rm) cEi(x)= - J. et—dt.
Fo(r) r; '

e M 20 1)
4, Jri-1

fo(ri)= F . (r)=

(5) TOA



2006

2202
e Mot 207 3174 3r4 L)
(r)= 1
fl (r) 4A,n(r2— 1)3/2 (16)
f(r) , r>min(r;)=1 L>0
. fAr)=0
2t~ 2r°= 3L+ 3r+ L= 0 .
r>1,L>0 (17)
(17) r :
Ci= k- ks 8
Co= ki+ k» ( )
ki ko (19a) (19b).
11 9 6x 376+ 11L7) . 6x3"a
k1= It 1T 36+ L2+ T + 7 (19a)
ko= "
o L
1 ez’ 1,3

o
L
6+ lL) 6x3"
In L

b _ _
w4 2x3 304 2x 37/3
_2+

a= (72L+ 6317+ J6 - 4L% 4231%+ 2701>- 108)"°.

(19b)

(18)  (19) Lo & L
LE(0,0.527886) , ¢ &

. ) 0P ) <0, ST
fe(r) . L (0,
0. 527886) 2 ¢, 2 L€ (0,0. 527886)

S L ., & &

_lim &= _lim %= 1.61268 (20a)
L Q52786 L Q52786
lin,= J372, 1'méf + o (20b)
ri (ri= D, rm 20/
L —4
) 4 i 51
Sfe(r) . et |
= 10
(a)LE (0, 0. 527886) L &
& 2, sl A
5 0.25 0.52
Lips
(¢ " (Cs).
S Jr(%2) B2 iR MB N
a) . LR
(b)L € (0,0527886) L
;L , <y L , (S5
T'm ’ fr(CZ) 3
(b) . . LT0 r=1 .f(r) GBS
BEM  TOA )
(¢) L 20. 527886: L&€(0,0.527886), &, Gy

’ 7ff(r)

3(c)

L= X, fi(r) A

, A To
, , To
1 AT
, AT
AT , B
L= Xy 0 GBSBEM
,  TOA
A0
1 ATy
TOA
(A ) (M ) (A )
(To ) 3(a) 3(c)¥
(%) 3(b) 3(a)Y
T, ) 3 )01
, filr) [T, Tm],
r (flz 1), I'm
fr(r) 3
[rl, rm]
4
GBSBEM TOA
( ), GBSBEM
- s TOA  AOA
GBSBEM s
(a)
A”
(b
T()a
(c)
GBSBEM
s GBSBEM R
GBSBEM  TOA
[2] GBSBEM  TOA
2r/—1
folr)= = —=——=,1< r<r, (21)
B ,Irz— 1
r= cU/dy= T/TO, B= 'm ’r%n— 1> 0,
I'm= Tm/TO~
fr(r) (19 rm] 5 (2])



12

- 2203

F o= —2— 01

(@
2/2- 1
_ W 1< r<r,
B 0.05
(2) ¥
f(r)=0, r= 0, T
12 5 0

B— A IE »

r= J3/2 ,f(r) 8 () F £ KBk (2=0.2)
: r€ o ®)
(L J32) .f.(r)<0
;€ Jyv2, =
3 005
rm) 7f ,( r)> 0, ® /
2 _ 3 oy 15 30
S (r)= B(r2— 1)5/2 H— A $R I 5E ~

(23) 8% (b)) F fi(r) KBUER (L=0.02)

0.5
1< r <1y s (©
| 12./2 E
Fe = B g
(24
0

r= 32 fi(r) 1 5 0
H— A RIS EE -
W () F £ KB (L=2)
) A 3
B :fr(")
(L :
J372]
[ij3/27 rm]- 4 I'm= 5 f,@
¥ 05
(r) . =
GBSBEM
00 ‘; j 3 4 5
/ H— LB 1R I 3E »
o> A3 . B 4 GBSBEM i1 £,(r) i
Toa T £ (r=5)

[ 1] Ertel R B, Cardieri P, et al. Overview of spatial channel models
for antenna array communication systems| J|. IEEE Personal
Communications, 1998, 5(1) : 10— 22.

[2] Liberti J C, Rappaport T S. A geometrically based model for
line of sight mukipath radio channels[ A]. IEEE 46th V ehicular
T echnolo gy Conference[ C] . Atlanta: [EEE, 1996. 844— 848.

[ 3] Frtel R B, Reed J H. Angle and time of arrival statistics for cir
cular and elliptical scattering models[J] . IEEE Jounal on Se
lected Areas in Communications, 1999, 17(11): 1829- 1840.

[ 4] Zha Mingyue, Li Hua. New space time wireless channel model
and its computer simulation method[ A]. IEEE 60th V ehicular

Technology Conference[ C|. Los Angeles: [IEEE, 2004. 1- 5.

[5] Janaswamy R. Angle and time of amival statistics for the Gaus
sian scatter density model| J]. IEEE Transactions on Wireless
Communications, 2002, 1( 3) : 488— 497.

[ 6] Pedersen K I, Mogensen P E, Fleury B H. A stochastic model of
the temporal and azimuthal dispersion seen at the base station in
outdoor propagation environments| J|. [EEE Trmansactions on
Vehicular Technology, 2000, 49(2) : 437- 447.

[7] WeiJu chang, Tarng J H. A novel TOA estimation method of
broadband signal propagation in outdoor environment| A]. IEEE
59th Vehicular Technology Conference | C |. Milan: IEEE,
2004. 280 283.

[ 8] Olenko A Y, Wong K T, Abdulla M. Analytically derived TOA-
DOA digdributions of uplink/ downlink wireless cellular mulr
paths arisen frlom scatterers with an inverted— parabolic spatial
distribution around the mobile[ J]. IEEE Signal Processing Let
ters, 2005, 12( 7): 516- 519.

[9] Jiang L, Tan S Y. Geometrical— based popagation model for
mobile communication systems| A].ICMMT 4th International
Conference on Microwave and Millimeter Wave Technology
[C]. Beijing: IEEE Press, 2004. 834— 837.

[10] Saleh A, Valenzuela R. A statistical model for indoor multipath
propagation| J] . IEEE Journal on Selected Areas in Communr
cations, 1987, 5( 2) : 128- 137.

[11] Ganesh R, Pahlavan K. Statisical modelling and computer

simulation of indoor radio channel[ J]. IEE Proceedings I:
Communications, Speech and Vision, 1991, 138 (3): 153 -
161.

, 1979 s

E mail: eefluo@ 163. com

, 1964 R

E mail: eemhdu@ scut. edu. cn




