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Experimental Validation of Location-Aware Beam Alignment
Using Beamforming Testbed
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ABSTRACT

In this paper, we validate the usefulness of location-aware based beam alignment in the two aspects of
reduction of beam aligning time and improvement of beam aligning reliability through experiments using 13.8
GHz transmitter and receiver testbed. Transceivers which are used in the experiment consist of the uniform
linear array antenna and analog beamformer boards. Baseband signal generation and reception are performed by
universal software radio peripheral (USRP). Control of the beamformer boards and USRPs is performed via NI
LabVIEW and C#-based application. Two testbeds collect the location information using commercial indoor
positioning modules. The experiment results show that location-aware based beam alignment can reduce the
aligning time by decreasing the number of beam candidates to be searched. Additionally, the number of beam
aligning per unit time increases due to the reduced beam aligning time. We experimentally confirm that frequent

beam aligning reflects a change of beam steering angle driven by movement of receiver more accurately.

A AT B 2 Sl ofd) A9 AlsAn ST AL o} Fauge,
¢ First Author : Hanyang University Department of Electronics and Computer Engineering, ftsh610@hanyang.ac.kr, (44D,
s
Corresponding Author : Hanyang University Department of Electronics and Computer Engineering, remero@hanyang.ac.kr, 325,
FAls]9
Hanyang University Department of Electronics and Computer Engineering, hyeonjingo@hanyang.ac.kr, &3(2HAp
** Agency for Defense Development Electronic Warfare PMO, ympark@add.re.kr, %171
T & 202008-186-D-RE, Received August 6, 2020; Revised September 16, 2020; Accepted October 14, 2020

2171

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-12 Vol.45 No.12

I. M

rh

Wl Qreis) o ol 48k Wl WA 714E Al
ol EEAlel} AlEARE Ea & A el |
A 7142 FEm Qe ool we) W WA,
49, 99 daelE5e AL B A7) 1%
¥ W4 HEmse] TR} o) % o] g3k AgA 7]

Zol I Fasick

e sk el PEEe) ARkl 1 %
AZA W 2919 WP APHelt 541 W WE
o B 41 ALE A7) MSHE o] 83 W] o] T

4

HE G o] 5L FEA0R AR ol 1l 4
o] AR A7) 2ol 5 o]gate] ¥l Mol F gk
Wl 23 3155 Fol Wlelrh

o] w=rollA] ZHFstaat sz $1x171ME 1l HE 7]
W 9AME FAEAL AL sl T4
(line-ofsight) AF&ell4] ¥l FHE thF 24 & 3l
7ol =7k vl A 7L ket
A Falete] MRe] 9% ARE g 9=
olla] 912 AHE o]-83te] Akl Al 7

=L

Yoot Htoox

ARE ¥ AHHo] Fgsl= uhyolr) o] =4

SIH7ME ) A= 7 Ak s W A"
28 AZHS vlagkc). o] % F-A]o)= fAlvdel] digh
AA 7 W] AHES AT} FAlke] o] F Lo )
2 ox|7|aF ¥l Al o= whaksla SAlcke] o]
T ol ] AY 23 gk wAS AAg

II. HAEHE=

2.1 sf=2lof 74

o] AT+= [5]9] F55 AT-EA YT Hl~EHE
5 AMsigich "laEmss a3 13 o] 138
GHz®| Falpellr] sl BAlS x|dsh 27|
1x8 A&vidtellE s 7l A el~Ew=o]
th AR HlaEnE S oF 20 vehldly,
FAIRE oo} Zho] FAST) 7} Hl~EW =2 7]
AdGell= AZESY] e W8 sleseial
USRP(Universal Software Radio Peripheral)E ©]-$-
sfoltk USRP= 72 SAlddelr] o HlES

2178

Transmitter Receiver

>y Y
USRP __D_g_l L_g_b__ USRP
2.8 GHz ——D—ﬁ—g %—Q—D—— 2.8 GHz
13.8 13.8
GHz > —F—{>—H cHe
LIS 517 Yo o Qe
11 GHz L L 11 GHz
A ¢ Yo
VCO -—D—@—J L_g_p__ VCO
__|>_g_! L_g_b__
Analog beamformer ~ Propagation  Apajoe beamformer

1> : RF amplifier ) : Phase shifter

J8 1. "HxERE A RAE
Fig. 1. A diagram for testbed configuration.

Analog Beamformer

ADAR-1000 Evaluation Board, ADI.

1 SAM-1431430695-SF-L1-8C

Sage Millimeter, Inc.

National Inst.
| NIUSRP-2922

ezl

2 2. A% HaEE AL
19

2. FA4
. 2. A picture of a testbed for transmitter.

OFDM/QAM "oz wExgic) §] R3de 7t
g B =] AuRS- 0° R sfo] ez -30° vl
B +30° WFEbA] 5° w9 R PAdE L, Al |
A e A3 F S o83l = 13719
W 5 AS mhEgice],

SIA718E 9 AL 98] 554l HaENE o
o] &2l $1x] ARE F-Halof gt SFo|A] =
FAleke] 9xE HTA AR AlrRA] Sl F
AR 3, gAlke] HuE AAzker =xJ3) 915

el

I,
E
=
I

o ghAlslel A ST 5 oA 3

22 AZESQo] 7N

o] AdFellMe Al FFe AZEE A83lc)
FAlety} Algt AFFE o)A NIAKS] LabVIEW S} C#
ofZgjAlo)xdo] Ztzk USRP Aloje} ¥ 37| » o

www.dbpia.co.kr



Estimate I&* using
positioning modules
l T C# application

Python application

Find {wy, 3.}

LabVIEW

Calculate ¢y, 0y
and derive Py, Q.

l f

Set Wy, Fi. Sequentially steer
based on Py, Q. beam using Wy, Fj,

| )

a3 3. 97 A Y g s g
Fig. 3. A flowchart for location-aware beam alignment.

Measure RSS of
every beam pair

AlotE gaieh Python oHEeiAlelde 1Rt %
TN Aol 9] 1 ol 34e) 4
we) 91218 43| 98] ARgHITh 2zl
3 58wE a9 339 o, 7o) TAHel 54t
& olgs} e,

Python oHEe7olde Alnte] 31l 29] 7]
719} A A6l EASE WA Ao]] Ae] An.
91 71712 Sk o] Aegng mdz
Z2Fg ol sl Al $1AF Akt Ak *1
A% SAlE C# ol Fe)Alo] el ALY,

C# HEeiAle] e ohd2 T W A7) nES A
ojslo] WS z3sl= ke shﬂr C# oﬂ__ﬂgﬂolxﬂ

l"_,l:Lt_.

>

A Alkste] 7 Wss é ?‘ﬂﬂ‘r 1 Eﬂ
Evl= 2 HHe) gl g o 1 é% APt A
71 A7 fA13e

SISt 4] LabVIEW= F-219] n|ED-S A}
%‘7—1‘ 7 o) 7197 A Tk vgskE S
= 4 g3k 3& s USRPel A=t
15 LabVIEW= 41 Ales S338ka 2w 4
A AE A7E A

—1> r“ R
haf

714 B3] thesle thEEe Alageld
ARk 2% A9 H, £
4 gek

H, =« a(@,ﬁ) a(gbk)n , @)

H eC™ Yoln o, 4, ¢ 22 A o) 5,

Ne» Ny 22E STkt AT wjed chele] 24}
Meolek, Aol AHgaE wjed keluhz 87)e) gl

Ve = Wi Hy fis, +win,., @)

ANA 3, £CT, sk 1= At 4l W 84

Eoh Al W @A HEE ol =271 A <

&
2
N

—_

Ny x1 ®Ejo]n, g 9} n, = FAIAE e} A WA =}
695 omsh= 77] 1x 7 etk 7 & A% TR

ehdick
o] AFL 7HA] ASelx] o] Fox B £]%]
5 BEUE AR ¢} 0,3 7P 7}771—% Zfﬂ: 7=
ES93| aﬂ]g} hl_/\] tﬂo] ];G_,] 1 Mlo]
1 HEA F, woollA 91 ﬂi~ o]
ol Z‘Hi%f% Fack 714, 1A ARE o

N
X
fr
of
r

o A SAT W FRTH A W FuTe
P Wiz @k B, Weol 2713 917 4 0
vlElglc} vk YA R} AssE ‘f)kQ]' ek'ﬂ]—

{VAVkv fk} = WA:‘%%I?}?QE |S;A}Yk|' 3

o}, ety Aesh o154 wel o A 7]

He PAskT 1 AnkE 2aslle,

> 32 ¥%

4.1 7Helof| mE FAAME AP
o] Alge- 3] 4ol bl A 2 waje) 2
o] Auje] Aol A3 = 7HA Wéoﬂﬁ #‘36}
gk ¥ 1 A wWeE e 7, w2 137)
o] Wl FHFoR FAE 59] gAe %ﬁl 4 &

2179

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-12 Vol.45 No.12

I 9m 1
Room i e
Positioning Area Iy = 185, 53]
I = [, 125 r Ty
o - e slo
2,k by ke 9}»,—‘
Tx N e 6m
Maximum steerable range:
—30° ~ +30°
Rx at the
(k-1)-th time slot
; o llﬁ{xl:[[ Allvhl] v
I
: Indoor positioning module (Pozyx)
a7l 4. 43 ¥ BAE
Fig. 4. Experiment environment.
1. 49 W
Table 1. Experiment parameters
W AE 7
Ao 917 7
W
WAl AR 10 (ms)
H A2 s
13 3
=7]
3750~3900
q A 5] 250~300 (ms)
(ms)
g A 24 15 (cm)

Az weEfste] By, WoE AR ) Rl s

£ 7h7 302 ke % 3] Age Ay
o), 3 WA AR SRR T AAEE
b AR U B o) ARl mE A AYE 5
sk ol w7k Aelviel W A ol me 5
AR ZE A719) W3S shelsleic)k 23 5= 3 WA
A1 A2 e 1] Aelo] ebsl we] 241 Al
£ A1 M ) B9 ofd A S A
b o] des molFek o wl, 4l AlE AN
ARRE, 2 W ML Aolrk 2545 Yol
At e W) 53] H19] 3 Ael tsted 39]
W s AolE 1Al w4l *Ji *ﬂ717} °f 10 dB

£ FAlse] AR vk B&i A HohE 9
Fglee ok 5 gk webd 4]
wl, 917 Anel 4 23} sl
ool slEkshs W FREHE SHlshs o] Hhe

-=-Misaligned by 1 sector
—2-Misaligned by 2 sectors

-+ Misaligned by 3 sectors|]

—e-Perfectly Aligned
-20

|
™
S
N

4

Average RSS [dBm]
,.‘g

Distance [m]

T3 5. A=let ¥ AE offel wE HF FAIAE A
Fig. 5. Average RSS depending on the whether the beam
is aligned or not.

42 4 My Ao Y MY 9}

o A FAE ElsER =) Sl
Qe ERYE 6 m Weldl A4l 915 3 km/he]
SEw A W AN W RS FYstek ol
o), Aledekal ek 9171710k ) g e Bd
Aol a] Seaala Wl A A7 2w oz

al
wlzslelet 19 6] 49 Aol dod
83 Y Azke of
2 o]83F Wl AY A7k ok 03}_0]1;],' H
o] Holi= 3} 6ol vhehdeh 1% 62 917 7]
¥l e 7|lF el 7S o] gs) e W W
2 Jelma ehlle] 22 v MEe) vl Te)=
ofch 1§ 6ellx] $1A7IME Wl A 7oz 42 W
HE g9zt AGehd o g e v W3 g#)
ol vlal HA Well o A S F1F 5 St o]
= $A 7 A 7ol o wiEAl R HeE Ay
Agkezs AR R A™del B A3RkE ofvldich

138

11+

Beam index

=

L-©-Exhaustive search
-8 Location-aware beam alignment
—True beam index
2000 4000 6000 8000 1 000
Time [ms]

w

38l 6. Salste] o5 w4 A WAl @ 54 )
ik

Fig. 6. Beam indices according to beam align method
when the receiver moves.

www.dbpia.co.kr



o] dFellx= 7HA] AdgellA] 91| 7]k W A=)
He F8l W A ARk el €

Beam Index

2000 4000 6000 8000 10000 12000 =
Time [ms;
ime [ms] 1:/_}_0
o

4
© & vl A3 2 am ag% spalaklck, s b
A}3]

o

=
>
7

AnE olgale] B ARIAE A8 5 4
a4 Y R e A7 ARl

|
w
|

0 I I I I I & I
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

Time [ms]

) References

[1] S. A. Hamza and M. G. Amin, “Optimum
sparse array receive beamforming for
wideband signal model,” in Proc. 2018 52
Asilomar Conf. Signal, Syst, Comput., pp.

Beam Index

. . . . . . I
0 1000 2000 3000 4000 5000 6000 7000 8000

Time [ms] 89-93, Pacific Grove, CA, USA, 2018.
© [2] J. Zhang, Y. Huang, Q. Shi, J. Wang, and L.
Yang, “Codebook design for beam alignment
< in millimeter wave communication systems,”
g IEEE Trans. Commun., vol. 65, no. 11, pp.
. | 4980-4995, Nov. 2017.
% W00 2000 S0 400 5000 600 70w [3] T. Kadur, H. Chiang, and G. Fettweis,
Time [ms]
@ “Experimental validation of robust beam
8l 7. sme] ME W MEEieRsh A W ot tracking mh a NLoS indoor environment,” in
v M7 %q), oA FE] = HZ (@) 0.5 (mys), (b) 0.6 Proc. 25" Int Conf Telecommun., pp.
(mIS), () 0.8 (m/s), (d) 1 (m/s). .
Fig. 7. Beam index about velocity(blue) and Beam index 644 6.48’ S_t' Malo, France, 2018.
along the real direction(black), (a) 0.5 (m/s), (b) 0.6 (m/s), [4] L Orikumhi, J. Kang, C. Park, J. Yang, and S.

(© 08 (mfs), (&) 1 (m/fs) in order from the top. Kim, “Location-aware coordinated beam

= alignment in mmWave communication,” in
43 ols&zof me Y gisl £ :

h
Al A ARl = wa) AlE Alue] o el|A] 4 Proc. 56" Annu. Allerton Conf Commun.,

AlEke] o) ELm 2 npite] Fhu 93] |at W] e 7] Coutr.ol, and Comput, pp. 386-390,

WMo AFEl T o] Bl whE 1) W W Monticello, IL, USA, 2018.

Slein). 18 72 ko] o ELm) ok o) o4 [51 J. Hong, Y. Song, H. Chung, J. Kang, and S.

25)alo] Qe W] WMEel HA Kim, “Implementation of beamformer and
gain validation for beam alignment in
MIMO,” J. KICS, vol. 44, no. 10, pp. 1975-
1978, Oct. 2019.

H. Krim and M. Viberg, “Two decades of

array  signal  processing research: the

&) a9 7-(a)= & P o] %
5705 mis o) o) 4 2% o] AlRe] $4
= wh, 29 7-(b), (0), (d)
& Eal pAR o5t AN W g O
A~

& Zophedl ofEes Ae A

ffote
n
au
®
o
i
o

parametric approach,” IEEE Signal Process.
Mag., vol. 13, no. 4, pp. 67-94, Jul. 1996.
[71 D. Yang, L. Yang, and L. Hanzo, “DFT-based

2181

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-12 Vol.45 No.12

beamforming weight-vector codebook design
for spatially correlated channels in the unitary
precoding aided multiuser downlink,” in Proc.
IEEE Int. Conf. Commun., pp. 1-5, Cape
Town, South Africa, 2010.

[81 Y. Wang, M. Narasimha, and R. Heath,
“MmWave beam prediction with situational
awareness: a machine learning approach,” in
Proc. 2018 19" IEEE Int. Workshop Signal
Process. Adv. Wireless Commun., pp. 1-5,
Kalamata, Greece, 2018.

£ & 9 (Junyeol Hong)

20191 2 : Fefistar 3
x—]x]..-«?ﬂ—‘ﬂ ‘l—/k].

2019 3Y~A) : gkt
SRR Al

<Fliolk Beamforming,
mmWave  communication,

Anti-jamming
[ORCID:0000-0002-2323-450X]

A 8 Zl (Hyeonjin Chung)

2018 29 : efosta g7
A3 shat

2018 29~&A) : gkt
FEAEE ek

<)ol mmWave
communication, DoA

estimation, MIMO
[ORCID:0000-0001-6681-6334]

2182

Ht 4 0| (Youngmi Park)

19919 : =Gt A4k} &
A}

20054 : st AFE F
stk Aat

19913~ ; Fupahatel -
QAT

<34 H-ok> Signal processing,
Communication system

1999 : ghefegtar  Adulgst
Pt

20024 : "= University of
California, Santa Barbara,
W\ AFE B A

20051 : v]=;  University of
California, Santa Barbara,
717578k At

20053~ A : FreFetal g3 ase

<Al Hol> Wireless positioning system, GNSS
system, 5G Communication system

[ORCID:0000-0002-7055-6587]

www.dbpia.co.kr



	빔 형성 테스트베드를 이용한 위치기반 빔 정렬 기법의 실험적 검증
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 테스트베드
	Ⅲ. 빔 정렬 절차
	Ⅳ. 실험 구성 및 결과
	Ⅴ. 결론
	References


