{hwo0oijin97, acg8857, hyj99, csyong} @yonsei.ac.kr

DNN based Two Stage Hierarchical Beam Search Method

Woojin Hwang, Cheolkyun An, Youngjune Ha, Sooyong Choi

School of Electrical and Electronic Engineering, Yonsei University.

o o
71E9] 2 9A ASA W A (Hierarchical beam search) 7] Wl B4 Az k4S8 9|3 deep neural network (DNN) 7]1k
29 AsA W " ZIEE ARk 1 @Al R g el = 1 @A =5 o] He W(Wide beam)E S B A ST
FAGE 1 A WEY FA JEES FAPeR Fuwsia AT o] DNN 9 = o= AdAgith DNN &
2 oA W gA I A AlEStE F2 W (Narrow beam) £9 &S &7 ©4) (Exhaustive search) A& EJAO R
gt S5E F2 HEY 2 % S FE 5 22 FES A F2 UER 2 9AGA AT F2 § IEES
T 2 ©A B g oAM= 1 dA g AAHel M A FE W ZER U9 F2 HES g9
AlRFEl DNN 7|8k 2 @A A4 7 g4 7S ghd 24 71 ] 18.75%°] W A SIS btk B9 Aljkd
e g W BA E 25 1% ASH W B4 /1% 0] success rate 80% 7% °F 6dB Aol S-S sHn,
e Faske] A1E 2 WA AZA W A 1 o] Y g
oA s Adstng d.
Fo =% " B ; i o
71E9] AFA uo = (H?erarchlcal Eeam sea_rch) 7] b I, Axd md
28] GAll A H2 W (Wide beam)S A3 T 519 : s
GANA F2 ¥ (Narrow beam)S A3k} [1]. 2 =T A= multiple-input  single-output  (MISO)
2 =S 7EY 2 @A ASH W g 7He o Al2=gE gt FAge] F41 StV F8 N2
@G g5 FE 98l deep neural network (DNN) 7|4k NpN, oW, Ny & =8 9gke] $41 otHy 5= N, 53
2 9A AFA W EA 7PHE AlRbgT AlQsE DNN Wakel Al QbHL Folth FAIde 1 sHe] Al
719k 2 GHA AFE W ' 7IHE 71EY] 29 Al EIVE AT FANS x & YAYE Wxd AW
WoEd s ol 1 wAelA We WS BA ¥ Auolm g9 441 g vl xi Zoay
2 AN F& We gAgt WA 1 gA W A fechVlo o3 xE)3Y ¥ % A9 he Mg F3
HAgell e 71EY] 1 A ZEE Ue HE WES FAFEERZ A AE y=hfx+n ot o7]A
gAgth At B 1 O R A AEES n~CN(0,02) & H7F 9 TReARE Fhgoln
SHAdew  dedsa, FAEe =8 gke CN (0,612 Hit 0, +4F 02 ZHe 54 A FXoth
EaY NP E==EeX o]ﬁg}oq DNN _04 oly %}:_O_E }Hxh‘shj-
TR E=E 5] H 270 YT = _ [NevoL
DNN 2 o 0 A AR g ge nre AL h= T A@ (gn) 1 SdhValenl
FE5S ¢d ¥4 (Exhaustive search) Z3E ElJoR A 2de w3t 2] q71M L& AE FRe S
8t5%Th DNN ©] A A4 ZEBS Abgats 49, Ao [HA AE ZARe Ald o5, ()7 = Hermitian
A gA 3ge Edle] de Hy £ AEHE zle= operation, a((ph'l,qov'l)E(CNtXL + transmit steering vector,
Fo Holt}, sy F& HE9Y IFE F L FES o =1HA Ad =9 azimuth angle-of-departure (AoD),
Zte= o W57 2uhA W 388 FASCH 2 A W v 1A D HE9] elevation AoD ©|T}. Transmit
A g E 1 BA W B A gt steering vector @(@n 1, @y;) = w(Np, @) @ u(Ny, @y;) ©13L
T% F& W ZERE AMESte] W] gAS it ® < Kronecker product, u(Np, p) =
weba 2 gA W B el A= 1 v A W g 3y L[eiﬂo'(ﬂh,l_ejﬂl'wh,l, ___,e]'(Nh_l)n‘Ph,l]T, u(Nv,<Pv1)=
T, ARe] FAE 2 @A FL2 W IE=E U9 F& N T ’
ty’%% FE’]_}\_]';?J_E} \/;lv_v[ejﬂo'(ﬂv,l‘ef"l'(ﬂv,l‘___‘ej(Nv—l)Tf(Pv,l] O]T;]—
N 2w ABA W EAe we W AW -
el A Fe W wAg s 49 T8 Ay oy TLDNN 7R 2%A ASAH W B 7Y
ol ddEn whd Ajksls DNN ZIwk 2 ¢ Aorsk= DNN 719t 2w A=A W 2l 7] o)A
AZA W %“—'-4 71HE A9 dAY He W AR 1419 Y2 W % B,, 2949 F2 ® &+ B,°lth
el DNN Shsgoll olste] Al AWe]#] e E=  DNN 9o 4832 B, /19 »==% 7kxth DNN 9
HNE SolA 71 & g5 2 2 ¥ Z=5S 2HSS 474 g dAaFoety 4 24F &3



Accuracy

~Training Accuracy
i —-Validation Accuracy

0
0 0.5 1 1.5 2 2.5 3 35
Iteration %107
(a)
5 . .
~Training Loss
4 —-Validation Loss
5

4% Tanh ©]t}. DNN o] &332 N9 ==& 7ok
=959 243 e Softmax oW, =Y oA
N F2 HES FEo] 0~1 Alo]9] oz FgHTh
DNN 58 $38), &4%8as 289 N 52 HEY
853} DNN 9] B}l ZF cross-entropy ©|tF. DNN 2] BRI
AA W Z=H digh bd @A fAS Bt d&
Hd 2 JESs 2E N F2 HE

N
(o
)
In
o
(o

Folo] grow Feuch N o)
% we B8 g% 2t Bl FO
e L= =Y
A Spgel A Serstel AR
g Faa. web
A Sgel e | owA W B g T,

| 2 W m=% e gAY Fe

rlo ob i rlo ]

aY)
([
i
(o3
>~
>,
oo d
ol
9
o

tlo O
o
o

o = ™ o & g of o
=

o o

o

e Hu

(==
<
i,
ot
X

2
82
i

DNN 7|8F AFA &2 7189 success
rate A2 <13t} Success rate & W HA HXZE F
success ot BFE AA § A HRE 352 YE
Zkoltl. Success & argmfaxlhfl =argmfax|y|2°]E} [1]. &4
el Ne= 128 7M, FAIQMEIVEE 1N, 3 <FElY My
32 A, =4 ¢telv NE 4, & W = B, = 8 I,
F& W F B 16 etk W& W ZERy F2 4
F =& RS discrete Fourier transform ZE=5-0|t) 2], Al
AR L& 3, 7 AEY o5& p~CN(0,1),
Bo~CN'(0,0.01), B3~CN(0,0.01) ©]t}. Azimuth, elevation
AoD gy, gy & [-35] A FAREOIT DN €]

ut

2’2

AHT =5 7o 87, 29T =B 256 7, =8
=E FE 128 Jfolt} olm & 7 7], DNN 3}<5
Al Adam optimizer, 7] learning rate = 10~*, minibatch
size & 500, H ] epoch rate & 100 ©]t}. kG5 & 109,
A% FE 105, HAE FE 1050t

a% 1. (= DNN g Agwo A HAI=E
YER oL, #HF iteration ol A 93.1%2] HATE=E 2t

¥
s

N

o

N

N
rlr
i)

=

Success Rate
s o o
(93] N h

=
=]

—+-Exhaustive Search
| —=—Proposed DNN based Two Stage Hierarchical Beam Search |
—-Conventioanl Two Stage Hicrarchical Beam Search

e

l’] [ I
0 5 10 15 20

SNR
% 2. Alekd DNN 78k 2 &A AFH W g3
71 2] SNR o] u}E success rate 5.

a% 1. (b= DNN 5 &4 #3 AF: &4 %S
YERN AL, HF iteration oA 2.15 9] &4 32 AT
a9 2 = ARk DNN 7Iwb A R g 7
signal-to-noise ratio (SNR)° W& success rate 5o
Yebdth AljtE DNN ZIwE A W w3 7

of
o,

jus

g f5E Yo ) B g3, oo B 163 %
24 slojth. A|qkEl DNN 79k 2 & ATH W g
7IME 128 2o W BA SleE Zte ekl =24 7Y
ol 18.75%°] W ¥ ewWd =g Zteth ER AljkE
DNN 7|9 2 Al AZ4 W g 7ie 2w w
eHIAEE e V1E 2 9A ASA W B 7 i)

v. 48

B =T 7IEY 2 9 ATE W gy q g
ds A4S 9 DNN 7|EE 2 oA AFAE W A
7S Actdith AlgkE DNN 7[wk 2 oA ASH W
gGA 7o 1 g B g BANANE 1| 9A ZEs
el &S gAste ¥ 41 d¥ES DNN 9 ¢F
ghom Atk DNN 2 2 A ¥ g4 Ao A
ARgShE Fe WEY GBS dusd Fe $ES
Zt= Fe WER 294 ¥ IE5S P 1 9A W
g Ao A shEste] S 2 9 W ZER U9
F2 WES gAgt. AckE DNN 7|8k 2 &@A AT
ok e bd g 7 bl A2 g
eHFES zton, 7|E 2 v ASH W g 7Y
H] EE SNR ZFolA  success rate AT o5
g gt

ACKNOWLEDGMENT
o] =2 2025 U%E A (FI7EAREANT)Y] AdoR
HEA7)E 79 A9 (No. 2021-0-00973, ZHAIT) 41
B2 7]% (Post-OFDM) 71¥h)3} 2024 A=

B eA BEAY Ados dadTAGe] A
uho} 423 E Al (No. 2022-R1A2B5B02002226)

23189

[1] Z. Xiao, T. He, P. Xia and X. -G. Xia, "Hierarchical Codebook
Design for Beamforming Training in Millimeter-Wave
Communication," in IEEE Transactions on Wireless
Communications, vol. 15, no. 5, pp. 3380-3392, May 2016.

[2] El Ayach, Omar, et al. "Spatially sparse precoding in millimeter
wave MIMO systems." [EEE Transactions on Wireless
Communications, vol. 13, no. 3, pp. 1499-1513, March 2014.



