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K-Factor of Nakagami-Rice Distribution estimated by Moment-Method
in analyzing Received Power Data Measured in Wireless LAN in an Indoor
Office Based on Computer Experiment to find the optimum number of data for
the Moment-Method
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Abstract To estimate K-factor of Nakagami-Rice distribution in analyzing received power data measured in wireless
LAN(WLAN) in an indoor office, we confirmed that moment-method estimation described in [1] was useful. We also confirmed
that the optimum number of data for the moment-method was more than 500 and greater than or equal to 1000 preferably by
running computer experiment. The knowledge is useful for usin order to operate WLAN in the indoor Office adequately.

Keyword Nakagami-Rice fading, Nakagami-Rice distribution K-factor, Moment-method, Wireless LAN LOS Dua

5GHz operations



2013

IEEE802.11ac
5GHz LAN AP
LAN
LAN LAN
LAN
(
)
LAN 1
LAN
PC
1 AP
5GHz 1
AP
1 AP 5GHz 1
LAN
1 AP 5GHz
1
1 AP
5GHz 1
(2]
1 AP 5GHz
2
Dual5GHz AP
[3]
Dual5GHz AP
AP 1
AP 2 5GHz LAN
[4] Dual5GHz
1 AP
( )
LAN
2
AP
2
Dual5GHz
AP
AP
AP

(5]
AP

AP
of-sight:LOS)

LAN

LAN

AP
Dual5GHz
[1]

4
K

AP

Dual5GHz

Dual5GHz

LAN
(line-
AP

(6] [7] [8]

AP

LAN

(6]



(6]

LAN AP
(LOS)

LOS LAN
AP

(CL)

1 LOS LAN
(r0)
ri,r2, ,rn
AP
(CL)
AP r
AP
ro
(ri,r2, rn)
r
ro (r1,r2, rn)
r
r ®
X y
2

o
)

: . > 0
vor0 | ;X
= 2
@“N@lg)
2 -
r ro
rs roox y
fx [y [6]
6.2
r=r0+rs (1)
rs=rl+r2+ +1rn 2
fe=r X T = 10
NGQaﬂ 3)
fy=ry Ty = 0
o N(O,O'Z) (4)
i Sy
@ = N(r0,0%) = = exp (- £} (51
2
L) = N(O,O'Z) = zlm exp (— %) (5-2)
r=lrl= 5t +n (6)



ﬁ
3h
)
=
N—r

O'Z
I, 1 0
r
z =12
fz (2) (8)
1+K (1+K)z
= e J—
£ == p{ -
1+K)Kz
_ K} )2 /;
mZ
m,=12 =10?% + 202
K= =r0?%/20?
(10) K K
ro o K
K
K
Dual5GHz
K
K

©)
K
(7)
[1]
1
[9] 2
[9]
K
[1] K
[10] VHF
K
(8)
K [1]
[1]
(9) K
(10) g(t)
(11)
gt) =V +v(t) (11)
74
AP v(t) 0
0 g(t) G (12)
G =|g®|? (12)
G 1
Ga (13)
Gy = |VI* + (D)2 (13)
[1]
G
G, 2
(14)
Gv = 1,(6 - Ga)z
= JWOPzr2vEROr s
AP
(13) (14 Ga G,,
K Ga Gv |V|2 (15)
[v(t)]? (16)
VI = [G,* - G,? (15)



4.1.

4.2.

|17(t)|2 = Ga - Ga2 - sz (16)
K
K
(17)
K =|V]*/v@®)I? (17) (Step1) (9) m,=1
(Step2) m, =1 (9) (10) ro
K o (18)
G
1 G, o o=,/05/(K+1) (18)
(Step3) K =20 (18) o
(9) r0?
(Step4) n =50
K (Step5)  (3) n
n T
(Stepb) (4) n
3 n Ty
(Step7) (6) - n r
K
[1] (Step8) n r 3
K
(Step9) (Step5) (Step8) 10
K K
(Step10) (Step4) n = 100, 500, 1000, 5000,
10000 n
(Step5 (Step9)
K 1 (Stepll) K
n
(Stepl2) (Step3) K =10, 5, 25
K (Step4) (Stepll)
K
4.3.
3 K=20
K +
+
2 r
4 K=10 5 K=5 6 K=25
(3) X
(4) y K
(3
f4) 4 K
K (10)



K772 4&

K772 4

_______________

_______________

______________

_______________

I+

100
Tt dy

1000

10000

I+

10000

_______________

_______________

_______________

I+

10000

4 :
T3 4l ES j."..."- -
CN L T
%@E 1 1
I‘\ 2 il E— - ,““ SO SR ko 5 5 AU
= |
1 | |
10 100 1000 10000
T S
6 10
K °
+ +
K=2.5
4.4,
K
1 K
K
1/10 500
1000
5. LAN
K
4
K
500
1000
4
LAN
5.1. LAN
K LAN
[11]
LAN
[11]
LAN
5GHz



60( 5300MHz 20MHz ) o 1dB
TX AP1242AG 3.5dBi
1 0.72m) K
11.7m (RX LAP1242AG( 4dBi
1 1.04m) 7 50% 0.1%
(LOS) 10dB
(RX) 50% 10dB
(RX) 0.1%
(TX) (RX) 7 K
1 2.28m 10 6.0
1 1 LAN
489
0.0047m =2.28m/489 1 50%
5300MHz 10dB
0.0566m 0.0047m 1/12 LAN
5.2. (TX) (RX)
Maximal Ratio Combining:MRC
) K (6]
[11] [12]
(TX) (RX)
(TX- RX- ) 5.3. (TX) (RX)
2
978 -
K K
(dBm) (%) 7 (TX)
(dBm) (RX) (TX-
RX- )
K=6.0 2 976
100 K
(dBm) (%)
= 4 8 (dBm)
& 10 3
it 3 _
= 1 3 K=4.4
- 3 100
_@ ah
01 & 10
-60 5% -50 45 &
Z{E8E7] (dBm) %i .
7 o ?f‘/’ :
=978 K=6.0 0.1 i . .
TX-, RX- LOS 65 60 55 .51
5300MHz CH-60) 58S (dBm)
7 8 ©
° =976 K=4.4
(TX- , RX- LOS
o 5300MHz CH-60)



10%
O
1.5dB o
8
K
8 K=4.4 7
K=6.0 1 8
8
7
6.
LAN
- K
[1]
K
500
1000
LAN
Dual5GHz
AP
LAN
500
- K

(6] -

(IEEE Fellow) LAN

SDN

[1] L.J.Greenstein, D.G.Michelson and V.Erceg,
"Moment-Method Estimation of the Ricean -Factor",
|EEE Communications letters, vol.3, No.6, June, 1999,
https://www.researchgate.net/publication/3416286_
Moment-method_estimation_of the Ricean_K-factor,

May 3, 2017.

[2] "2 LAN VDI
http://www.netone.co.j p’/report/col umn/20150525_3.
html 2015 5 25 May 3, 2017.

[3] "Cisco |[EEE802.11ac wave2
Flexible Radio Assignment
http://wvx;w.netone.co.jp/report/column/20160805-
2.html 2016 8 5 May 3, 2017.

[4] Cisco systems, "Cisco Aironet 3800 Series Access
Points Data Sheet",
http://www.cisco.com/c/en/us/products/collateral /wir
el ess/aironet-3800-series-access-points/datasheet-
€78-736498.html, Mar.28, 2017, May 3, 2017.

[5] Cisco systems, "Radio Resource Management White
Paper, FRA and Dual 5 GHz Operations"”,
http://www.cisco.com/c/en/us/td/docs/wireless/contr
oller/technotes/8-
3/b_RRM_White_Paper/b_RRM_White_Paper_chapt
er_01000.html#concept_7817C865B286409E99E18C

34E45B953, May 3, 2017.
(6]
" 2016 3 3
[7] " i
el H27.12.10:A P
http://www.radi’03.ee.uec.ac.jp/ronbun/AP_ken_karas
awa H271210.pdf 2015 12 10 May
3, 2017.

[8] Rec. ITU-R P.1057-4:"Probability distributions
relevant to radiowave propagation modelling" , ITU-
R Recommendations P Series,
https://www.itu.int/rec/R-REC-P.1057-4-201507-
I/en, 2015, May 3, 2017.

[9] " 1983 6
1 .
[10] ,"VHF
(B), vol.J88-B, no.6,
pp.1112-1118, 2005 6

[11]

LAN CAP3602E
Maximal Ratio Combining:MRC


https://www.researchgate.net/publication/3416286_
http://www.netone.co.jp/report/column/20150525_3.
http://www.netone.co.jp/report/column/20160805-
http://www.cisco.com/c/en/us/products/collateral/wir
http://www.cisco.com/c/en/us/td/docs/wireless/contr
http://www.radio3.ee.uec.ac.jp/ronbun/AP_ken_karas
https://www.itu.int/rec/R-REC-P.1057-4-201507-

LAN " 1

http://www.netone.co.jp/report/press.html

http://www.netone.co.jp/wp-
content/uploads/2012/04/matsudo_et_all.pdf 2013
7 12

Cisco systems
http://www.cisco.com/web/JP/partners/ronbun/1st/in
dex.html#2

[12] "6
Maximal Ratio Combining: MRC

LAN
6
h’ttp://WWW.netone.co.jp/report/column/20160307.ht
m 2016 3 7 May 3, 2017.


http://www.netone.co.jp/report/press.html
http://www.netone.co.jp/wp-
http://www.cisco.com/web/JP/partners/ronbun/1st/in
http://www.netone.co.jp/report/column/20160307.ht

