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4.2 HONTIANTIN 1

Haniama
Location 1: Near LOS Note: unit is degree
. wi ' :
Time 1 mn | 1 2 3 4 W s 6 7

1 26.9 27100 18 23.1 31.2 19.8 42.5
2 375 29.4 4. 27.3 43.1 238 20.1
] 35.4 11.9 60.5 47.8 10.2 30.7
4 46.5 268 _ JB7] | E30.8 24.1 45.6 18.2

Mean = 26.3°

Time 2 1 ‘é \ 6 7
1 32.3 0.3 6 32 20.5 39.5
2 3% 9] 35.8] Jzm 25.7 28.3
3 30° Ml 7 36.6]  43.2[a ” 2.9 28.2
4 53. ,) 29.5 20277 157 2‘15 MY 16.5
-
Mean = 24.83/7a7aﬂmn[u‘aa’c\,
Time 3 1 2 3 4 5 6 7
L 36.1 29.8 18.5 22.7 30.4 23.1 36.2
2 40.1 20 6.4 27.9 28.8, 19.2 27.6
A 28.7 7.9 6.8 18.6 41.6 16.8 26.9
4 50.2 30.2 213 8.3 4.3 36.9] 19

Mean = 23.8°



Location 2: Far LOS

Note: unit is degree

34

il i 1 2 3 4 5 6
1 Column 7
Tlme 1 12.6 28.5 45.6 38.1 26 29 25.1
2 225 6.9 13.7 17.5 -1.1 14.2 38.2
3 19.6 10.4 23.9 76.5 313 53.2 15.8
4 21.3 21.3 34.8 15.3 7.1 49.2 46.7
o
Mean = 25.6
: T Row/
Time 2 : 1 2 3 a 5 6 7
1 4.5 20.6 36.6 10.5 30.3 4.7, 22.8
2 33.1 19.2 12.6 26.1 2.3 1112 33.6
3 29.6 15 29.4 66.2 29.2 40.9 57.4
4 19.8 13.5 38.2 25.8 3 51.2 56.2
o]
Mean = 26.2
. ~ Row/
Time 3 ; 1 2 3 4 5 6 7
1 10.2 22.8 30.4 10.3 23.9 1.8 16.8
2 32.2 38.1 209 21.5 5.7 23.7 43.6
3 37.9 25.8 31.8 60.9 33.6 18.8 50.7
4 7.9 14.1 38.6 26.8 13.5 49.6 48.7
o
Mean =27.5
Location 3: Near NLOS Note: unit is degree
Time 1 ~Rowi -
Column | 1 ¢ [ 3. | .4 5
1 10 12.5| 722 13.8 357 15.8 4.7
2 .24.3 7.9 i5.3 185 Jaes 4.9 2.2
3 419 7 9.3 22.3]  ads 3.6 11.8
4 “Zn8l. 289 15.7, 37.6] \ 4.2 15.1 5.4
[ 4 »
Mean = 14 8815 9d?
ean = 14.591agnalulao®s
i ==
Time 2 Rl
- 1 1 2 3 4 S [ 7
1 12.2 20.4 10.9 15.9 46.9 22.4 2.8
2 22.5 65 11.7 22.8 16.9 6.6 2.9
3 7.6 4.8 15.3 26.4 36.6 5.5 12.9
4 24.5 21.7 30.9 33.5 13.2 229 1.8
Mean =17.1°
Time 3
1 2 3 4 S 6 7
1 13.8] 9.8 8.7 3.4 40.2 17.7, =
2 17.9 7.5 52 14.1 13.3 6.2 -2.4
3 10.2 79 14.7 20.1 40.9 2.8 13.5
4 23.8 19.2 35.7] 30.5 24.1 24.2 =1.2
Mean = 15.2°



_Lp_c_a_t_i_o_r_m_é_l: Far NLOS

Note: unit is degree

Time 1 c?:w 1 2 3 4 5 6 7
5 umn
I | 74 38.6 22.5 23.2 5.6 19.7 16.4
2 15.5 2.3 P g 31.9 2.5 11.9 29.5
3 8.5 -17.5 14.9 9.8 7.1 2:3 24.3
4 22.3 2 3.2 -2.7] 20 12.6 28.1
Mean = 13.5°
. - Row/
Time 2 | colmn 1 2 3 a 5 6 7
1 21.7 40.9 14 LS 14.6 24.8 12.6
2 20 4.5 35.1 35.9 6.7 16.8 34.8
3 7.6 -17.3 12.8 23.6 9.7 6.6 29.1
4 18.9 8.2 3.6 7.5 9.8 16.7 5.9
Mean = 14°
2 Row/
Time 3 e 1 2 3 a s & 7
1 5.8 39.6 27.4 18.7 7.1 22.3 20.3
2 8.9 4.8 35.1 41.2 4.7 8.7 27.7
3 19.2 9.8 18.7 4.5 3 3.4 34.3
4 23.8 1.7 7.8 6.4 17.4 19.2 23.8
Mean = 15.9°
Location 1: Near LOS
Location 1: Phase
80
Test 1
Test2
60 C;j- ]\(0 Test 3
}500 y 639\)
P 1aginafula®dc
)
e
(=)}
D
T 20
@
@
(1] 1
2 .x
0
20
40
0 2 4 B8 8 10 12 14 16 18 20 22 24 26 28 30
Test Point

a 9 ; '
31N 4. niwuaaaranisSamans 28 Tua 3 AN1SNAABINAAIHIIL Location 1
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Location 2: Far LOS
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Location 2: Phase
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517 4.2 nmluaaanans Tawlan @8 Ma 3 AIN1InaaeidmMLg Location 2

Location 3: Near NLOS

Phase (degree)
8

10

Location 3: Phase
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Test 2
Test 3

6 8 10 92 14 16 18 20 22 24 26 28 30
Test Point

p -':; ar g U | o X i
cgl]"ﬂ 43 nsmluaaanams iamlans 28 Tua 3 AMTNAADINAYLI Location 3
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Location 4: Far NLOS

Location 4: Phase
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Phase: Comparison of 4 |ocations
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1) LOS case

Location 1: Phase Location 2: P
g0 80
Joud Test1
Test2 70 Test2
Test3 Testd

» Location 1 O Location 2

10
0
0
49 ., 4 & 8 10 12 14 16 18 20 22 24 26 28 W 0 2 4 6 & 10 12 14 @ B 20 22 24 26 28 3N
Test Point Test Paint

517 4.6 nlugaamsn/Foumeusanmsnszaeaveara lunsal LOS

QG

2) NLOS case

= Location 3: Phase Location 4: Phase
a Tost1
. Location 3 Location 4 e
w u
o 10
C . o
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RS K A oo
Nengyinalufad®

517 4.7 nswluaasmisnlGeuheuranisnazaiearveua lunsal NLOS
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3) Average phase

Avrage Phase of all test point

Timel | Time2 | Time 3
LOS Location 1 near LOS 26.3° 24.8° 23.8°
Location 2 far LOS 25.6° 26.2° 27.5°
NLOS Location 3 near NLOS | 14.5° 17.1° 15.2°
Location 4 far LOS 13.5° 14° 15.9°

¥
VINHANIINAADINITIANITATEIEB U AN 4 location 3 AINITNAADI WL AT
wadinsuasuulasTlaue g locationf® 1ungal near LOS aulenmin 26.3 °, 24.8 °,

23.8° Tunsal far LOS AMWanInNG 25.6 °, 26.2 °.27.5 * lun3fl near NLOS anulaiiiniy

14.5° 17.1°, 15.2 ° uazlunial far NLOS A #lainny 13.5°, 14 °, 15.9° 91ud 191 FIHan1s

YW (- e‘x' q o ar A il
nanoens ol lunenansenuos 15U aaevinsaa uianmily location a2 100 A5

nanod IamwiEndumuaTuan 11
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197197 4.1 taAaran1sIAA NN Location 1

Location 1 (point 11)

Time Phase Time Phase Time Phase Time Phase
1 45.1 26 53 51 49.2 76 49.5
2 51.6 27 54.6 52 52.9 77 53.2
3 56.1 28 51.2 53 50 78 53.5
4 22.3 29 57.4 54 51.2 79 51.5
5 14.6 30 58.2 55 50.3 80 53.6
6 38.9 31 58.5 56 492 81 55.5
7 452 32 57.4 57 48.6 82 54.3
8 45.1 33 57.8 58 48.1 83 52.1

9 46.3 34 54 1359 47.8 84 53.5
10 46.6 35 55.4 .60 48.4 85 54

11 45.1 36 558 " M6l 50.7 86 55.6
12 47.7 37 541 | 62 49.3 87 54.

13 51.5 38 534 gob63 48.8 88 46.9
14 52.7 39 5391 | 64 49.6 89 52.5
15 53.3 40 515 65 50.1 90 53.2
16 54.1 41 54.3 66 50.4 9] 53.4
17 53.7 42 333 67 495 92 52.6
18 53.1 43 52.6 68 48 8 93 53.5
19 54.4 44 53.6 69 491 94 53.7
20 54.8 45 f13 ]~ 70 451.2 95 54.2
21 56.7 46 52.4 A= 1502 96 53.8
22 56.2 47 47.6 72 49.9 97 54.5
23 55.5 48 48.5 73 49.4 98 54.2
24 54.7 49 48.1 74 50.3 99 53.6
25 52.6 50 50.9 75 49.2 100 54.7




15197 4.2 naaapan s Iaaunan Location 2

Location 2 (point 11)

Time Phase Time Phase Time Phase Time Phase
I 14.9 26 16.3 51 99 76 1'5.5
2 15.4 27 17.1 52 9.2 77 16.8
3 18.6 28 11.2 53 8.5 78 17.4
4 16.8 29 14.3 54 9.1 79 17.9
5 17.3 30 10.7 55 10.9 80 17.2
6 16.6 31 12.9 56 11.8 81 16.6
¥ 16.4 32 12.3 57 12.6 82 17.8
8 16.5 33 11.9 58 13.9 83 17.3
9 17.5 34 11.7 59 14.4 84 17.2
10 18.3 35 9.8 | 60 14.6 85 177
11 19.9 36 13.9 61 14.4 86 18.1
12 19.3 37 12.5 62 13.9 87 15.8
13 18.9 38 12.9 63 15.8 88 16.4
14 19.5 39 13.4 64 13.7 89 172
15 17.2 40 142 65 1.1 90 15.6
16 17.5 41 13.6 66 11.7 9] 16.2
17 17.6 42 139 67 12.1 92 15.8
18 18.2 43 11.7 68 =129 93 14.3
19 18.3 44 11.9 69 13.1 04 175
20 175 45 e 4 70 14.2 95 177
21 16.4 46 12.3 71 ka3 96 16.1
22 18.6 47 9.9 72 \}6.5 97 17.6
23 15.2 48 8.3 7% 20175 98 16.8
24 17:2 49 9.1 4 16.6 99 17.1
25 17T 50 7.3 75 16.2 100 17.7




@1919% 4.3 aaanansJaauvah Location 3

Location 3 (point 11)

Time Phase Time Phase Time Phase Time Phase
I 110.4 26 91.2 51 77.1 76 78.8
2 126.8 27 87.4 59 78.4 77 83.8
3 121.7 28 80.2 53 77.9 78 85.4
4 124.3 29 82.8 54 80.2 79 87
5 118.5 30 81.4 55 76.4 80 88.6
6 122.8 3 79.5 56 74.6 81 87.3
7 110.5 32 81.9 57 75.7 82 85.1
8 116.9 33 87.7 58 82.7 83 87.5
9 120.2 34 90.4 59 83.2 84 82.9
10 1927 35 83.1 60 86.9 85 84.8
11 120.8 36 89.3 61 873 86 82.2
12 124.3 37 91.5 62 87 87 76.6
13 120.6 38 93.8 63 843 88 81.3
14 115.2 39 927" Ff64 85.6 89 $23
15 77.9 40 92,3 65 82.2 90 T2
16 80.4 41 90.4 66 84.6 9] 80.3
17 110.5 42 91.3 67 83 92 82.7
18 90.2 43 90.6 68 g2a 93 82.8
19 87.4 44 9].1 69 80.2 94 79.2
20 88.2 45 906 70 81.6 95 90.5
21 90.2 46 ¢ 86.6 71 81,6 96 70.1
22 96.7 47 | 83.6 72 82.6 97 74.6
23 90.4 48 1784~ | BraciaPsl2 98 78.5
24 83.2 49 76. 7TOITIFHMTE 81.5 99 723
25 83.1 50 76.2 75 83.7 100 73.5




197197 4.4 tAaInan1s IAA AN Location 4

Location 4 (point 11)

Time Phase Time Phase Time Phase Time Phase
] -137.7 26 1357 51 -142.4 76 -136.5
2 -137.4 27 -142:8 52 -141.3 77 -142.6
3 -133.1 28 -144.6 53 -141.8 78 -141.5
4 1352 29 -143.8 54 -141.6 79 -1413
5 -135.3 30 -143.5 55 -142.6 80 -140.7
6 -136.3 31 1422 56 -141.9 81 -138.6
7 -131.3 32 -142.6 57 21403 82 -139
8 -130.1 33 -140.8 58 -140.5 83 -135.4
9 -131.7 34 -139.7 59 -139.2 84 -135.3
10 -133.3 35 -140.8 60 -137.6 85 -134.1
11 -131.5 36 -141.4 61 -138.5 86 1303
12 -132.8 37 -138.2 62 -140.5 87 -131.2
13 -136.8 38 -138.9 3 -138.8 88 -133.4
14 -138.2 39 1394 4 -138.5 89 -132.2
15 -139.9 40 1402 5 _139.4 90 -127.6
16 -140.1 41 14122 -137.4 9] -133.2
17 -139.8 42 “139:2 1379 92 -132.9
18 1373 43 1 iz 68 -139.1 3 -131.4
19 -139.5 44 1393 69 -140.2 94 -130.7
2 -138.4 45 1587 70 -140.7 95 <132.3
21 -137.3 46 » |-1412 71 1415 96 -132.4
22 -137.8 47 %, ] -14037°2 96 |97 -130.8
23 -136.6 48 51398 | B add-1384 |98 -132.8
24 1372 49 T4 1 1395 99 -131.4
25 -136.8 50 -141.2 75 -140.1 100 -130.6
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Location 2: far LOS

25

8 10 12 4 186 18
Phase

Mean = 14.9°
Standard deviation = 2.9°
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Location 3: near NLOS (group of main distribution)
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MINUEAIN IR AIAZA N BADUINATI Y

Mean STD
LOS Location 1 near LOS =5 W 0
Location 2 far LOS 14.9° 2 Qo
Location 3 near NLOS 88.9° 13.9°
Location 3 near NLOS a 5

NLOS i e A 83.5 5.5
Location 4 far LOS -137.7 3.8°

i 3 1] 1 :
IINHANITNAADINITIANITNTLDI0RIVDUNA N34 location WU ANTBILY
UIATFIUVDIAA Location 10831N A0 location] near LOS 711 Std 111111 5.8° Location2 far
LOS 71 Std 11711 2.9° location3 near NLOS A1 Std 11171 5.5° 118% Location] far NLOS f1 Std

[ 2 A (-~ " A | ol
N 3.8° WGQ@'J'IL?JH‘F]1WEIQ1Ulﬂﬂl%‘%’lﬂlﬂﬂ

Location 1: near LOS [Me 51.2°, Standard deviation = 5.8°
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Location 2: far LOS Mean = 14.9°, Standard deviation = 2.9°
1-bit feedback steady phase 1-bit feedback phase variation
; Steady phase : Vanational phase
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A 2.9 degree dawalidnyana laadit

Location 3: near NLOS - | Mean=283.5° Standard deviation = 5.5°

1-bit feedback steadyphase 1-bit feediback phase variation
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Location 4: far NLOS |Mean =-137.7°, Standard deviation = 3.8°

1-bit feedback steady phase 1-bit feedback phase variation
’ Steady phase : Vanational phase
1.5 15
g g
§ 5
E E
5 3
é’ 05 E 0.5
0 1]
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o 50 100 150 200 250 300 350 400 450 500 0 10 20 30 40 50 Go 70 80 20 100
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~ @ = S =1 @
711 4.11 nswiaaIdns1v1EVe9TT 1-bit feedback UAY y 1TUSAT IV TAY
' o o i ¥ ad . 3 =
Agaga = 1 unu x 1y WIToUMITIEIAIRITNITVOL 1-bit feedback N 1HIMId T
: : j . 2 = :
nsfiwansinnsounsaean nalniauamageumsdesurlanlaen e phase variation
{ o = v ees e o " = =3
model 15130 14 vzfiuIMIAoIns MIANHGUIE 00 T80 MSIEA1 std Bvnaanun

Ao 3.8 degree dana i dnyann hidg

Mean = 26.3°, Standard deviation = 100°

e < Ita

. P } - il G’{I
Mg~ S

Tenaginaluie®

e
-]

o
n
&

Nomalize Beamforming Gain
2 &
(L) o

o
a

Steady phase

0.3
Variational phase

=

w

2]
—_—

0.25
0 10 20 30 40 50 60 70 80 90 100

lteration

A s A A1 A w A & i o g 3
Eﬂﬂ 4.12 ﬂ‘i‘]ﬂllﬁﬂ\‘laﬂ‘jﬁifﬂEnEW]l,WiJﬂ’llﬂﬂﬁLuuN1ﬁﬁ§1u1ﬁﬂJ1ﬂ¢] Ao 100° WQWU?TﬂgﬂWIﬂ

U5 @NTNINVOITEUUAARY



50

Std =5.8°

5td =3.8°

50

40 45
¥ oA
IV DI UVUUVYUUINTTIU

35
3

30
viation
a

.

F42IPPE 1

20
Standa

10 15
ANTNINUDITEY
2
TR

5
413 nluermgal 32

&
N

apnydwy pswwng

31

FANTNINYBITSDUAADY

qllsea

o
&N

.
=

]
A
A\

[ufa®?d

L

¢
6}0\
Nengenn



=
unns

v
u‘nagﬂamwmﬁummz

5.1 unagy

IINHANITNARBIUDINIS ST AT I Iod v a lufufvuadawud fins
waeumlaslamduniaveausas Location An Aurlaly Locationfi 1 i 51.2°, Location
# 2 (M1 14.9°, Locationfi 3 A1 83.5° 1A% Locationf 4 1A -137.7°

s AnS N IAus 20895211 1-bit feedback liTimsnlasumlas iiasnina
doanmmasguiimdoonin AeluLocationii 1, 2, 3 uaz 4 Wiy 5.8%, 2.9° 5.5° 1Az 3.8°

o o o o ~ o Ay hl\1 4 A =1 é:‘ Y1y
AR AU UTINITDNIEUINTSUIUNITU hﬂ“ﬁ .MTHJ'WWI"IJW}Lﬂﬂﬁqﬂﬁﬂ 51

5.2 Fanlaanmsanelasaay

o

vy &
1. lateyamsnsznioavoana ¥4 1@

a

W e

o I = o 1 o A
i 113w szvnansgnuvoanisnegildman

1 @
HUUNTE0 1A

2. laGouimslfnseaiiodn Netwolk Andlyzer Tdgnaas

5.3 Jayrimezeiassn
1. anaanuaunylums 19aTeeiia in Network Analyizer

1 d o' g9 w1 : ¥ A
2. anaadenlums Taan uedi linisTaanpladuie

5.4 dodnAuadlas 1Y

@

apwiimanaasdlunanaeau mazilunanidygusuniuiooiga

5.5 Yola UMY
= 8 g E; as dAg 9 v
1. lumsnaaoandsanuianud luneduginsainldlumsnaasineu
w ~ o W | g Y w
2.#an1InaandnIsnizaeavounamiuIsonazih s g lsnunsguaums

Falas ludoua 14



(2]

[3]

[4]

(8]

(9]

1PNA1391999

R. Mudumbai et al., “Distributed Transmit Beamforming Using Feedback Control,”
IEEE Trans. Information Theory, Vol. 56 No. 1 Jan 2010.

R. Mudumbai et al., “A Scalable Architecture for Distributed Transmit Beamforming
with Commodity Radios: Design and Proof of Concept” IEEE Trans. Wireless Comm.,
Vol. 12 pp. 1418 — 1428, March 2013.

H. Xuling. “Study on wireless local area network technology..” IEEE Conf. Consumer
Electronics, Communications and Networks (CECNet) 2012, April 2012, pp. 609-612.

J. C. Liberti Jr., T. S. Rappaport (1999). Smart Antennas for Wireless
Communications:IS-95 and Third Generation CDMA Applications, Printice Hall PTR,

NI, 1999.

C. A. Balanis (1997). Antenna Theory: Analysis and Design 2nd edition. John Wiley&

Sons, Inc. 1997.

B.Allen, M. Ghavami. Adaptive Arra m: Fundamentals and Apllications, John
Wiley & Sons LTd, 2005.

F. Gross. Smart Antennas for Wireless Communieation, Mc Graw Hill, 2005.

M. Rivas, “A Review of edapﬁve Beamforming Tedmiﬂ_}l)es for Wideband Smart
Antennas” IEEE WiCOMP2040, pp. 1-5, 23-25 Sept. 2000°

E. Klumperink, “Beamformin;,,r7 g&dﬂ»ﬂﬂﬂ{hﬁ&??ﬁmsceiver design™ I[EEE ISSCC

2012, pp. 198-199, 19-23 Feb. 2012.

[10] T.W. Nuteson, “Smart antenna systems for wireless applications” IEEE con. Ant. and

Prop. Socicty International Symposium., pp. 2804-2807, 20-23 June 2004,



53

[11] T.Mack, “A digital mm-wave smart antenna receiver based on six-port technology for
near range radar applications” Microwave Conference, 2004. 34th European, pp. 1481-
1484, 14 Oct. 2004.

[12] T.K. Sarkar, M. C. Wicks, M. Salazar-Palma. and R. Bonneau, Smart Antennas, New
York, Wiley/IEEE Press, 2003.

[13] Y.T.Lo,“A mathematical theory of antenna arrays with randomly spaced elements.”
IRE Trans. Antennas Propagat., vol. 12, pp. 257-268, May 1964

[14] R. Mudumbai, D.R. Brown. U. Madhow, H.V. Poor, “Distributed transmit
beamforming: challenges and recent progress,” IEEE Comm. Mag., Vol. 47, issue 2, pp.

102-110, Feb. 2009.

<, .
’S

.. - 2 46
NN gginalulad®



