AR = B2 5 S

WAVE &4l A|lZ="d A PER A&
$18 AE-LSTM-MLP Ad 54 7|3

AE-LSTM-MLP Channel Estimation Techniques for PER

Performance Enhancement in WAVE Communication Systems
B SR NER KR
2Ol U A ml & R MR E HIX
Rk FOE

20234 12H




2 <
g
W T ]
T
ql’
X A
[Salfa
%0 Jo
oo
o
TR </m
-0
==
|ML
P =
"
e N
N TR

UK

pLil




ik
+
1B
F
%lpll
e

Sk

WAVE E41 A]2H oA PER A% AL
% AE-LSTM-MLP Ad =4 719

AE-LSTM-MLP Channel Estimation Techniques for PER

Performance Enhancement in WAVE Communication Systems
BEHEZ 4 3 5

20234 12H

L RTINS

238 ol U X gl A B2 R

R F R




WAVE EA4 A|2H A PER A% AL
91 AE-LSTM-MLP 2 =74 7|9

AE-LSTM-MLP Channel Estimation Techniques for PER

Performance Enhancement in WAVE Communication Systems

FE#EBE 4 4 =

o] MIXE TE WHEEMHNOZE BHT
2023d 129

BB KNER KEEE
2 ol U X £ B R
k F K




kFERERS T HEBMHR S

202341 121

diiasly

BEHEZTEE 1 T H @
2B FTEHE dAHEF W
Z#2HFTH F£F Y mw

B E KRR KR




ra_.

A E : WAVE EA x| 2®d4 PER A% AL 93
AE-LSTM-MLP g9 A 7|¥

Sl 2] VoxX EALS A5 S16

AeslA 4
AE 7|9F LSTM-MLP #g 4 7S AUl

fo b w
DX
oy
ot
O
oyl
u
)
o
fr
rlr
_>|’I_'4
ot
© )
. T %
(03
n H =
é [-40 Ot'm HO O}‘J-f
T
ol & X MO 2L

O:ldl:“,
o
N
=
olr
ol
ol
)
ol

Ir
)

Ir
ol
El
o
2

e
e e

L
(e mo o

(ITS:Intelligent Transport Systems)7}
g} a1d o]F SHAol A w2 WItsl= Al
sh7loll ofelzol Sl kA Aol AIE A

F A Al2=El (V2Xivehicle-to-everything) ol ~
2% AgA4s BAste Ad 4 7wl 944
i Qlvk Hwisg ® Data Symbols 8 #4845 A%

7Fd Piloto.2 AF&-3t= DPA (Data Pilot-Aided)S

SO

fass

.

al




g 5 4 : %

ojuf Wiz WAl AT ol AlFAela, Fiks

F EAT gLt BAF] o] At 99 &

A7A sHEekE LSTM-MLP7F AlStE ek, 28,
o

LSTME] unitsS 7FA o2 ALE317] wli&ol Frame
W REo N AE¥E OFDM Symbold ¥ FH
Alelli= LSTM units =7F W& #po} A7H5 54 & &
w3l g5 4 oglitte wAEe] k. ¥k of
Frame U] JF-&A A%%+= OFDM Symbole] |
d F4 AdE ¥F @2 LSTM units®] AF-¥7] o

o de 4 v H3E7F sobAaL, viEe] At

0

HomRo| M o]de] LSTM-MLP2] #AHS &2

37] 918l Z7]l AE (Autoencoder)E &3}

O

= Ads WA =4 A whe

L
g3to] FAStaL, o] 7|wro® LSTM units® ¢

a8 g @

_ii_




© OF cteieeee e 1
TEOEL A} et v
j_]?‘)jli!'-;(]- ................................................... vi
I. A & 1
0. WAVE Al&"l &9 ... 9
. DPA 7|9k g =4 ... 13
3.1 STA
3.2 TRFI
3.3 E-TRFI

4.2 STA-DNN
4.3 E-TRFI-DNN
4.4 LSTM-MLP

- 1l -




V. A<t 71 LSTM-MLP ...
5.1 AE &#
5.2 LSTM-MLP &#
5.3 271 AMd 4 74
5.4 LSTM-MLP 7%t st5 34

% HE A9 F47

_iV_




£ 2 %

<GE 2-1> WAVE A28 Shepu] g e 10
<_;:‘JL_ 4_1> AE —E_Yé _qu—fﬂ-U]Ei .................. 28
< 4-2> LSTM-MLP & ztetvlg - 38
<& 5-1> Aljksh= Ald +4 7IWe] AE &

B TFEFO]E] e 4D
<GE 5-2> Aljbeh= Ad 4 7R LSTM-MLP
AlZ FEFIE] oo 48
¥ 6-1> 2y 37 ;4,‘1}1:]1:4 T ¢




<19
<19
<19
<19
units
<1¥
A

2-1> WAVE A]Z=Hlo|A xgQ] =z
............................................................ 9
2-2> OFDM A|2=Hlo| A F217] 2 S
11

2-3> OFDM ZH) 59 A28} e 12
3-1> STA AE =4 7|9 -eeeeeee 13
3-2> STA Ad 4 79l AAstE - 17
3-3> TRFI Ad F4 7% oo 18
3-4> TRFI A# % HAE 3}H - 22
3-5> E-TRFI Y FA 7]W - 22
4-1> AE A9 =A 7]H e 27
4-2> STA-DNN 49 =4 7|9 ... 31
4-3> E-TRFI-DNN 449 34 719 ... 33
4-4> LSTM-MLP A9 A 7|9 - 35
4-5> LSTM-MLP AJF -woeeoeveeeeees 38
5-1> Aljksk= Ad +4 7Y 34 - 41
5-2> <5 Data dA-8 IA 2 LSTM
................................................... 43
5-3> ARksl= Ad 4 7] LSTVM-MLP
5-4> ARKR= Ad 54 7IHe] A o5 A

_Vi_




6-1> Rural, QPSK, 1/2 PER -
6-2> Rural, QPSK, 1/2 BER :-----
6-3> Rural, 16QAM, 1/2 PER -
6-4> Rural, 16QAM, 1/2 BER -
6-5> Urban, QPSK, 1/2 PER -+
6-6> Urban, QPSK, 1/2 BER -
6-7> Urban, 16QAM, 1/2 PER --
6-8> Urban, 16QAM, 1/2 BER --
6-9> Crossing, QPSK, 1/2 PER:---
6-10> Crossing, QPSK, 1/2 BER -
6-11> Crossing, 16QAM, 1/2 PER ---
6-12> Crossing, 16QAM, 1/2 BER ---
6-13> Highway LOS, QPSK, 1/2 PER -
6-14> Hghway LOS, QPSK 1/2 BER ---
6-15> Highway LOS, 16QAM 1/2 PER -
6-16> Highway LOS, 16QAM, 1/2 BER -
6-17> Hghway NLOS, QPSK, 1/2 PER -+
6-18> Highway NLOS, QPSK, 1/2 BER -
6-19> Hghway NLOS, 16QAM] 1/2 PER -+
6-20> Hghway NLOS, 16QAM, 1/2 BER -+
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_ _ 1.6 +64 1.6+64 16+64 16+ 64
10x1.6=16ps  [2x16+2x64=16ps| 8.0 Za0us Z 6.0us Z80us
2R N \ N N ' ' ' N
......... | | |
Litatatatatatitaa ol CP2 Ty 1 Ty JerisiGNaL|GIiDATA 1|61,DATA 2| + =« |GIIDATAR
UEEEEREY U U : L
Short Training Symbol| Long Training Symbol{  Signal Data Field
Field

J

<I¥ 2-1> WAVE Alz=Bloj|x] 2] -z

IEEE 802.11pw A% 1+ &4l Al2=®l (V2X:Vehicle-to-
Everything)S 93] AEH = EFo|v. <a¥ 2-1>&

WAVE Al 2=®le|A] Q] et =, ZedE
(Preamble), Signal Field ¥ Data Field2 J-A %t} o]
% Preamble2 t©A], Short Training Symbol®} Long
Training Symbol® Wt} Short Training Symbol<
16us 4dolel Alg2= 10702 A% ™, dA Frameol A
7 %718 A% u AM853, Long Training Symbol
< Short Training Symbol¥} & 16us dol& A5
of glom, 27| Ad F4 AM&¥r}. Signal Field=
BPSK, QPSK, 16QAM, 64QAM & WxAFe} I &,
g F2d # FRE 71X Ay}, Data Field
Signal Field9} #e] % 8.0us AolZ F4=H, V2X
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<3 2-1> WAVE A"l shg}a]E

Parameter Values
FFT size 64
FFT period 6.4us
Symbol duration 8.0us
GI duration 1.64s
Total subcarriers 52
Pilot subcarriers 4
Data subcarriers 48
Code rate 1/2,2/3,3/4
) BPSK,QPSK,
Modulation Schemes
16QAM,64QAM
Bit Rate 34.56912,1824,27
Frequency spacing of subcarriers 156 KHz
Error correction coding K.7
convolution code
CBandwidth 10MHz

A A2RE B AFsug s w@sE 44 gn
1

£ X33t} Data FieldE 743 2 OFDM Symbol<
4870¢] Data &3} 470¢] Pilot F-¥keu 170¢] DC,

1170¢] Virtual ¥ut&s+2 743 gick. 4709 Pilot

U= 21HA, -7HA, 7HA, 21HA

)
9 3

Z

a dEEH, A 71 a2 OA
¥+ wE9 Data Fieldg& T4
(OFDM:Orthogonal Frequency Division Multiplexing)
Symbol & 7PHAo 2 HAo] 715sly, dulx oz
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np mpsx
16QAM.54QAM]

5071 &< 100719 OFDM Symbol® 3+ Z#¢e FA3k

t}. B =& A += Data Fieldi= 100702l OFDM Symbol
2 gAET 7pgeth w3 <E 2-1>& [EEE802.11p
oA geld zt setw e e ghs UErdTh

<Z1¥ 2-2>= OFDM AJ=8e] $417] 3 541718 yef
ok A7l e &3S oy J8ES 9 dEFA <l
FAEE 7|RFCR Data 225 Ad ZYg F burst error
a2 98 218 #H (interleaver)E E3] DataZs Auid

g o] Wz WA wel NS E WEstar, s F
of W3l (IFFT:Inverse Fast Fourier Transform)& A&
T H35 7 (Gl:Guard Interva)S A¢ste] =l w¢
2 AZE AE3t}, A7)+ Short Training Symbol
=

Yl Qg 7] AZF 7] 4 2 Long Training

b

-1J
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°

Pilot 7

Pilot 21

SC 26

5C 31

1 2 e e e e 12 13 14 e e i—1

Symbols(D)

<1¥ 2-3> OFDM Zd9) %9 A3}

Symbol& AH&Ste] 27] MY FAHE g, ol E 7]
Hro 2 424l Data Symbol?] GI AA 2 ¢
(FFT:Fast Fourier Transform)& %3] W3k
Fd A3 E $3F HFx 3 tadsto] Data HIEES
Eass

<y 2-3>& 3 719 OFDMelA Data fielde] -31
HAEE 2604, 0AA, 26 A 55 31 A= Virtual
TRkl 21 A, -7THA, THA, 21H A= Pilot F-RF
& 7HA AL A= A& WAVE Al2=H)
g 9oz e Blo|t),

o

=l
v
=
N
rlr
mlm

NN A7t oaah *

[
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. DPA 7% Mg =<

WAVE (Wirelss Access for Vehicle Environment) A]Z~€!
oA Pilote] AY Wst A9 @S s A o
tf3 ¥ Data Symbols Ad F485 9% Virtual Pilote=
AH8-3H= DPA (Data Pilot-Aided) ¥ 45 7|9ro= ¢
2 18]E& = STA (Spectrum Temporal Averaging), TRFI (Time
domain Reliahility test Frequency domain Interpolation), E-TRFI
(Enhanced-Time dommin Reliability test Frequency donain
Interpolation)S A7) 3t}

LS Channet Spectral Tem oral
—,—4 D Equal P P
Ht~1 (k) Estimation )-( emappmg)—( dualiztion )—( Averagmg Averaging Ht(k)

<19 3-1> STA MY =4 719

3.1 STA

STA= & F3 4o A Ad SAS gt A
g A 7IHegA EA (WA Data Symbole] FHZS
of-&3alo] A &AM AN FAHS Aulo]Est= Data 7]
HE g 7Igolth <9 3-1>2 STAC] Ad 4 %
HJulo|E FAH ol

3.1.1 LS(Least Square) 2g 4 719

WA IEEE 802.11p =zl F+x¢ Long Training
Symbol F-#o| A4 %= Symbolel &4Aldo] % <&
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A st 2

A Fakgule] A LS A

(3.1)
long

Y, (k)+ Y, (k)
2X (k)

ol wl v,(k),Y,(k)

)l

preamble %o, X(k

Pilot Symbolo]t}. X(k)7F 5

}o] 7z} LS 7|Ho =z A

5|

!

gayl

o},

Ad 3k H,_, (k) &2 Data Field®l Al

OFDM Symbol®] k¥HA| F-ukgs}

1

9
p8A

oA kA Tt

Br

jgace]

4

N
I

3}

1714 Y, (k)

dE AL

=
T

& tol| A
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B3 kHA Hukgulbo] o] Symbolo]
i= 3 Ty o] ¥3t¥ = OFDM Symbol 7§~

3.1.2 ¥ % Symbol F+4
Ad F=4 7o R kA FarEsie] 4 Adite
2 T3 #4S e kAR g stel A9l Symbol

7} o] tlmjgste] WMz Symbol X,(k)S

[E]

)
=
T
aui
oo
O

B Yt(k) Demapping =
’f(k)_Ht_l(k) X,(k) (3.3

3.1.3 iAA Symbolel that 149 7k ddlo]E

W% Symbol )?t(k)ﬂr A FAE A

1‘:'1 7%]] Xg
H,(k)

Y,(k)E AH&3te] A Symbolel wigk g 3k
2 g3 go] fuolEdit)
Y, (k)
(3.4)
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3 tjufsd @ xH(Demapping Error)7} @Aste] Agd A4
A7y A}, weba] dufsg et ot Ad =4 o
22 &3lslr] 98 v 22 Jst JAS Frsi
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sc-32 T

SC -26

H(k)

Pilot 21

Pilot =7

b 314417099 st kg

: o
s¢ 0 )
31450149 Y75 2

Subcarricrs(k)

Pilot 7

Pilot 21

SC 26

O i e T T o o o e e 0 o el e
11
11
B o o [ e o

s

0 1 2 e ei=l

Symbals()

<™ 3-2> STA Ad 54 7IHe| AlZtst

7y G Ad FAH A FAS S Ad
FAol o= FAAZIY. =3I BE OFDM Data

Z44ke dujol =g,
<1d 3-2>+ (3.1.1)-(3.1.
A9 Aolth. STAE Fu5

™
—
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>
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> 9
L
o,
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™ H(k)

( LS Channel Relia blty
Del Eq liztio:
fia petmation }( - }( - ){ - ’
interpotation

= A

<% 3-3> TRFI AY 34 7|9

3.2 TRFI

TRFI AY 4 7IHLS CDP Ad F4 71HI A%
HAEZE Z]gtelt}, A =7F flvkar fds = 45 AF
=71 9= Fubkeylol € R interpolations A3
574 FRkEaelA nYxl AdE FASE 7IWelth
<1¥ 3-3>& TRFI9 A9 4 2 interpolation ¥7
ojaL, th&53 3t

K

3.2.1 LS(Least Square) ¥ F4 7|9

WA IEEE 802.11p x# < Fx9 Long Training
Symbol F-i#o] AE=E= Symboldd $5Aldke] 25 ¢
31 9% Pilot Symbol ©]th. AzF Oé%dow -2 Pilot
H R EE FRo]lBR o]F o] &5ty
e 2E S g

Long Training Symbol®] GIE A7 Fo A|ZF 49 Al

sequence’} F+
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52 747
34 99 AEE 47 Y, Y, olx, kA st
Aae FAsehs skl kA kg skl A

e )
LS AY FAge A4@.D% 2ok oF 53 Bge 4

3.2.2 M % Symbol F+4
LS Ald =4 7I'Ho = kWA Fukdule] =4 AQdate

=

2 539 kHA FrEsle]l Symbol 7,(k)E Uvlgs)
o Mz

o},

Symbol ),(\,(k)% FAs= AL 2(3.3)F &

3.2.3 i"A Symbolel] thdt Y 7k o E

A
=
o, i
[

91_5
o
fru
B3
_)u‘
rE
=2
ifley
rigt
oM.
=
o
-1
il
—&N« [UT‘
N

Aol Ad F4 xpet sl g gufsd A
(Demapping Error)7} @Aste] Ald F4 x17F kAl

gt
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3.2.4 AF L HAE

o143k A9 7t correlation®] il
= 4709 pilotell thgk Ad FAGS
2E glo] Agsithe 7HA st A HA2EE g3

th. olddl A" AT Yy, (k)E iHA OFDM

Nl
o
=

Symbololl thet ddlolEd Ad g H(k)2 UH 53
3t A4S AA i-1 HA OFDM A% SymbolS thS
3} o] tju)=g 3y,

7 = 2t W) Demapping,
H,(k)

(k) (3D

E3 t-1 HA OFDM Symbolol A QdelEH AQd F
Ak H,_ (k)5 AHg3le] o] 28 Az v, (

Z &=3lstx t-1 WA OFDM A4 Symbole th&3 %

o
N

N _ Yi1(k) Demapping X, (k) (3.8
t—1 ’

ojdel e NEE H (k)% H (k)2 S3tet Hv

3 A4HE =28 X, (ke X, (k)5 vas),
T oH3sk Y 7t correlationo] Etha JpAHgPon =
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X, e X (07 2e A% BHkE raA
Symbol®] kA FurEnie] Y FAZPOE HUoE
Ao e Aol gy weE AU AR A7)
shar, thal S1F =

o] Fat Ao A interpolation 7|HES E3 Hpd F
Ae QdolEd. ARdon AB.9H L& W
AE A

gk X, =X, G
Ht(k):{' oo (k) ) 1 (k) (3.9)
interpolation, X ,_, (k)= X ,_,(k

ddlx o 2= H]MEH A interpolation 7|HS ®o| AR
3tal, TREIA AHg® AHE H2E 34 <2y
3-4>¢} Zt}. interpolation 7S AFg3SFo

o] EAHolE Error propagation®] WAIsFA] oo}
CDPEUY Aso] e, eyt Mz A5 3l 2=k
ol &b wopdas AwAQ Ad F4 Ast=rt

Hojx| 31, PER 5] 43ty = TAHES Bl

_21_




SC =32

§C —26

Pilot — 21

Pilot =7

SC 0

Subcarriers(k)

Pilot 7

Pilot 21

SC 26
5C 31

<% 3-4> TRFI A1# = HAE 34

U, (k) TDLS-based Euclidean distance-
-1 channel estimation based reliability tes

Interpolation

Hy(k)

= (k)

<% 3-5> E-TRFI AgE F4 7149

_22_




3.3 E-TRFI

E-TRFI:= TRFEI} th2A] 73 FRkgato] 97+ 3
A3t interpolations GO ZA Y2 SNR < 9o
A Qs dstet A @kl FAEs e 9
d Aets At E-TRFIE 41 Ao 4% AH A
ol9] Euclidean A#E 7|vtoz ZH

WAES Fol7l S dASA AHEAES ddsta
DFT(Discrete Fourier Transform) 7%+ 24g F4 7]
HE AREste] ool old dFS FHasshs

7F AekE ek, <™ 3-5>% E-TRFIC A F4 2

HulolE s olal vy g

3.3.1 DFT7I®F AE 4 7|33 TDLS Ad +4 71H
®A IEEE 802.11p =#Y %9 Long Training
Symbol Fito] HEEE Symbold &52ld 25 &
A+ Pilot Symbol o]t} AlZF d oA 2 Pilot
sequence’} 7 W HHEEE= Fxolmz o]E o] &35}
e 22 S FAT

Long Training Symbol®] GIE A|A Fo| A|7F 94 4l
35 A7 1,7, 2 3k o]E FET Wdksio] y2

Fikg 49 AsE 247 ¥, vela, ki Rt
A Ade FAstth skl kA Fugstol A
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LS Ad F472 AG.DH 2k o)F FAH% Ad 3%
H_ (k)2 64x645 64x(CP—1) DFT7|¥ & F,,
2 Wity Fol4 WAVE Al2®1¢] Virtual F-1k59}
o sigstE FEs AYsta Fag dHelA Data
Symbol® FA43%F 52x (CP—1), Fy= Aol3t}h. Fy, 9
F,,& A83le] Long Training Symbol® Virtual F-1b
Fupe] AdS T Fukg Gl 64-pointZ F4

¥ full-size CFR ¥ A, 2 2
ho Sull — F64(FHF52) 11:151:12502 Qoﬁo (3.10)

3.3.2 Euclidean Ag 7|4t 218 % HAE

i-1 WA OFDM SymbololA & kH#A Fukdsto]

CFR H,_,(k) 2 &4 23 v,(k)E Uy 53 44S
T,

o

At pilot F-ESE AQ)E 4871 FukETE g0l
A 55 g NE T(k)E 23.2)3 @k =g pilot F
Rk aks ALl 48709 FurEst SpelA Th(k)

& AArwol w=g3le] Data Pilots FASta, wjdH >
§ s 4GB.3)3 2 olF 53 A4S SR A
FAE AE Ald ALE T o] St
b AlEAg B AEE AFS
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4" = 1T,(k) — X" (k) 2, form = 1,2,3,---,M (3.11)

A7IA ME WE AFE YER AL, {dk ,d?), ’CAZ](CM)}
o gukygo] &2 glo] e EAso R widyra spA S

o} olst 1A Foan HAaAZS T oHA FHAA
2]

L forke S, (3.12)

233l wigd 4 Az S NS Xt(k) 54
& TheAdo] FopA R Aol mopxith v 7 1
of 791845 Data Pilots A1#E 4 vkl sk
towgh AFEA HEEE f3 dAR ¢, Btk
2 A7t 7 AR Hargro A = gow 4l
e HAES T38tes (¢, 0.5= o3

3.3.3 Fu4= Ao A] interpolation 7]
AFA HAE dA7 dEEE S g4 interpolation
M s

& ato] Data Piloto] A4 EHl=EA F3}a}
CFRE& F74 ¢t 71| TRFI9 @& 4%
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S5 FAA7I7] 98 o] OFDM Symbolol A F4 %
Virtual CFRS Ag3it} A e HAEE 233 3A
¥ CFR, Pilot FREEaoA] F4 ¥ CFR, Virtual §87F
%vto] A% CFRS th&3} 7t}

=
—

=~
N

, for ke S,

o)
==

H (k) = cforke 5, (3.13)

>
—
ol
=

H (k) forkEsy
interpolation , for I', > 8

E-TRFI= 94 9F3 71 DPA 71w Ad 4 719
v 7b¢ & PER 4%S Howrh 28y Wx A5
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A

3% 7|4k DPA

]
!

Jo

Ao A= DPA 7]Rk

=

o

4
ofp

)—( Prediction )—} Ht (k)

Deep Neural
Network

LS Channel
Estimation

He1 (k) —;( AE training )—(

<% 4-1> AE 7|%

4.1 AE 7]¥

BK

Bo

N

A el Al

ke
R

A 71

N
gt

(0

e

f

=)

=]

71 DPA7]

W
e

(!

—_
0
HH

K

o
0

X

0

NF

g
03

IRl

SCE:

S

o) %

At

e 4 7ol A¢HAT. AE

el

Eodgel JiAl =9

Fdd= S,

o]

i

Ul
=

2

AE 7]4F

ke
T

YELIo, <18 4-1>

dd A4
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<3} 4-1> AE ¥4 vgivg

Parameter Values
Input size 104
Output size 104

Hidden layer 40-20-40
Activation function ReLU
Epoch 400
Loss function MSE
Optimizer Adam

Qxgelo A AT
X AEg ARgske] AT AZE o)A

2" = [Re([H™]), In([H"™])] (4.1)
WA g e ghel 29 Al fFer Sz o
¢ A oY Az AL g2 Ao oy oY 7




= . . d, < d,_ .
=9  weight matrix W,eR" "' bias vector

bheRY'2 Aowr) o]F 249 AZ9] Hidden state
AE 8 E4st Fre t= LY B9 RelU Ee=
t =LY 7% Lineargs A}&3tt}.

h, =& (W,h,_+b,)
_ maX(Wtht_1+bt ao) ,for t = L (42)
W.h, +b, Jfort =1L

I
i)
e
it
o

A7 Loss functiong 7FAL <)
of d=ut AAF Abele] zeolE AT Loss
functions #HA3tst7] 98 HAH3} T4+ 5 s
AdamS A3l weight matrix® bias vectorE U]
o]E3gtt}. Epochmlt} AdamS AF&3}e] weight matrix
I bias vector® GHo|EstHA, AATLL  oss
functione HAglste HFoz stG5S 3t} v

A A4S T8 2 99 DataZF-E SHIE &

LU

N Fdol & ol A((B.1-(3.4)9 A4S

Fastel A Al AEe 27 AY W% B(k)S =4
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4.1.3 Data set
LS A +4 7IHoz tdA FAl 4Alse %7] A4
4 3 Hk)E 255 ser Besle] 44.3)3 2
o] TA#. o]7]14 ki Data HwH3hel Pilot FwHET}
& vepdr,

2) = [Re (7, (k). In((H,K))]" (4.3)

set

A

o
o
-~
—
—_
o
e
=
ol
o
of A
e
ne
flo
=
@,
0Q
=
8
aQ
=
b
=
o
=2
w
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l( STA Channel Deep Neural )
Ht-i Ck} Estimation )"( Network }C Prediction Ht (k)

<1¥ 4-2> STA-DNN A4 54 719

4.2 STA-DNN

STA-DNN 7] STA°l DNN& ZAga Qg F4 7
WHo g oFAAW A= Datall FE FFTS =0
71 98l Ak 7otk <18 4-2>% STA-DNN9J
Ad F4 9 gF Fgolal vh5It Aok

4.2.1 STA-DNN &#

STA-DNN F#Datat SNR 9 <o] 30dB2l 274
DPA Ad 7IuF 2do] STA Ad F4 73y go], 4
(3.1)-(3.6) #AHS Z3l ALS FAHUG olF FHH
AES 2457 Zo] AFyFe} FFHE Uy PP
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= S
AeAdge] Tl 2 ol 2(3.1)-(3.6)

H4e

gate] tAA A NEe 27 Ad @ H(k)S FA

=4 7k H(k)E A5ye d5nz Baste 2(4.3)7

o
o
o
—
—
Hor
re
B
ol
[o
of A
o
ne

2 weight matrix¥} bias

=
vectorgs 2(4.2)9} £ AxS F3l gFol AR

_32_




E-TRFI Channel Deep Neural e 55
H‘{Al(k) ( Estimation }( Network }( Prediction ) Ht (k)

<71¥ 4-3> E-TRFI-DNN 4 =4 7|9

4.3 E-TRFI-DNN

E-TRFI-DNN 7|®& E-TRFI¢] DNN<& ZA33 x4
F4 Mo AFAA T Y= Datad] FE I

S Zo]7] Y& Aoty 7ol
1% 4-3>2 E-TRFI-DNN¢| 149 =4 2 st 314
|3 o2 2o

N\

[

4.3.1 E-TRFI-DNN &#

E-TRFI-DNN F#Datat= SNR g <o] 30dB¢l 74
A DPA Y 7wt mdo] E-TRFI g 4 7|H3} 2
o], 21(3.10)-(3.13) #A4& T3 AL FAHIY o] F
FAE AEES AU5)H FZo] AFHe FFFE

FHZ W3 o] F <F 4-1>9 mEwE e} o] A

Aate] ApAAT Py Felo] Pold 4w
FAHT, E-TRFI-DNNo| Edlal: 74L AE #9
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132 27 AqY =7
ANFT2AH Fdo]l B Fol 2(3.10-(3.13) A
Fgato] 1A 2l Az 27 AY % H(k)S F4
shet,

4.3.3 Data set

E-TRFI ;Y F4 7|Ho=z

9 34 g AT 8T e Bestel 44.3)
3} o] AT

4.3.4 DNN 3} 2L
o]% 4.1.1 THHHS T3 IS weight matrixZ} bias

vectors A(4.2)¢F 22 AMNES Faf Shgol AREET

7IMEL 7]E DPA v
‘do] FEE om*ﬂ 2 SNR oA STA-DNN#
| g3t Ha, geld 7d Ag 54
AelA EAT agste] AlZF 99




LS Channel . 5
He, (k) '—" Eetmation }(LSTM-MLP )—( Prediction ’—* H (k)

<% 4-4> LSTM-MLP A9 34 714

4.4 LSTM-MLP
LSTM-MLP% ©]#e] 7] DPA°| DNN

Ao FAIES Atz LSTM ASS

g9 Wl ol AIZF oMol EAE aHIth <1
¥ 4-4>% LSTM-MLP] Ad +4 2 g5 Aolal v
=3 Zoh

4.4.1 LSTM-MLP &#
LSTM-MLP &#Datat= LS Ad 4 7|H3} o] 24
(8.1)-(3.4) #AHE& &3 g

ol k, o] Data F-WkETkel Pilot F-ukE9td 749 o]
A FAFS AR w23 LS A FAGNA k, 7}
Pilot Fuk&atd A9 dA AY FAHzS ARk 7%
Ad FARS AFEel J5EE vre] LSTM-MLP 7
59 3% Data £, 5 7%th o 4L 2(4.16)7 Zrt.

2, = [Re([H, (k) Re ([#, (k). (4.8)
Im([H L (kD m ([H, (k)]
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°|F LSTM-MLP A<l g oz Fofiitt.
LSTME =% 214" 7'M stu=E, Cell state®t
Forgetgate, Input gate, Output gates F7}3le] 7]&
T3 A GA dHR I FH g Atele] Al o] Hold
5 ol Data® &R WA= V&7 &Y ZAE
A3ttt LSTM unitsoll+= Forget gate, Input gate,
Candidate cell, Output gate, Hidden state, Cell state
2 FAFEY, HA Forget gater I7] HEZE 9l7]
23t gateo]t}. Cell stateZHE oW ARE 98 A
A Aol AR A|ZLEo|= Share] o3 A g
ORolE = 0 EE 19 @S WERY ARt B
Agsfof st=Alo] dgk HE=E yErdt B
HE 9li, 18 HyH BE JRE HESA
Input gate®, A|LEo|= 7} oo =x
= AKX F oH 7S Cell stateo] A%
7@404 Hulo]Egttt. o] #AHolA AA w7 7]
d A5 A7 1S drbg FrteteA AA g
th Input gateoll A e 2 stolH =8 SAE &
AFE-3F Candidate cell®} whi 3A 9] Datags dvpuf 9
Auprt 7]elsh=A 2-sh= 98-S gl o] A
A BA AR Al AH¥E g A Cell state7d
=¥t o5 Output gate=® @A ©7] 719 43
of &7 719<& F7He § ol& A oSl Ay o

> o

T

3

mlo
rE

rin
ol
)

¢

H
il

2 oW e 9
o, Po )
RN [—
Uo
:é rlo
ruO*'

o
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e

Rl

_36_




Eat=AE AAgth o] B A sto]lHEY BAE
& AH8El the @A Hidden state?7} =3 #th

U5 7} gate$t stateol A Tt AHE FHOE Y

Ebdl Zlolth

fi=oc(Wz,+ Ush,_, +b;) (4.9)

i, = oWz, + Uh, ,+b,) (4.10)

¢, = tanh(W,z, + Uh,_, +b,) (4.11)

o,=oc(W,z,+ U,h,_,+b,) (4.12)

e =f, ¢ ti e (4.13)

h, =0, o tanh(c,) (4.14)

w3 LSTM units 5 p= AYstn 3+ sjjZloA OFDM
Symbol ¢} Zt} LSTM-MLPeA] 3k szl OFDM
Symbol = 5070= AAsicl webd 92 weight matrix
Wf#,.,‘c’oe]R(Q‘S”HMA)X” olal, &Y  weight matrix
UsicoERPPOIE B bias vector b, ., ER?“ o]
Cell state ¢, ¢} Hidden state h, 2] 7] R?*'olt}

hy =&, (W,h,_,+b,)
_ [max(W,h,_+b,,0) fort = L (4.15)
Wih, +b, sfort =1
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I

Vi

MLP %
Layer f_/_mﬁ == h
e e only
Ciy X + >
@ Celi state
LSTM p : . X
unit A A Gl A
l\all O-I' ‘\tanhll l\O"l
b it 1t > i
Fmgt:t Cﬂﬂi'll:am I;:«Zt 0:;:“ Hidden state
X
<19 4-5> LSTM-MLP A=
<HE 4-2> LSTM-MLP &# s}g}n g
Parameter Values
LSTM-MLP
) (2, 128-40)
(hidden layers, neurons per layer)
Number of epochs 200
Number of training samples, 12000,
validating samples 4000
Number of testing samples 2000
Batch size 128
Optimizer Adam
Learning rate, drop period, factor 0.01,20,0.8
Number of OFDM symbols per packet 50
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o]% LSTM unitsellA 9] &<l A7} MLP AlT<] ¢
o7 Soj7bA @tk MLPAA ¢+ WA 249 AZ9 =
S 4,2 Aoy, olu] 24 AF9 weight matrix

)

o

WtE]Rd’Xd“, bias vector th]Rd"Xli Aojert, Egh
<% 4-5>% LSTM-MLP AlZo]iL, <& 4-2>¢ g}
el R Agste] skt

4.4.3 Data set

LS Ald 34 7IHez tHA 41 25 x7] Ald F
A 3t H(k)Z k o] Data 58539} Pilot F-4k5 5
14 Y FAHS ARSI, k, 7} Pilot Fuk5

G @A Ad FEuke AREske] A4.3)9k ol 7

o
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4.4.4 DNN 85 34
o]|%F 4.4.1 THAAARES
ko

[e)
vectorg AFE3te] g5& st ol 249 -

goll
= AIRE 49 545 aEste Aol dEEAT e
t, LSTM® unitss 7FRAS®E ARgsty]  w&o
Frame W F-Eo|A H4%¥E= OFDM Symbole A4
F4 Alelli= LSTM units =7} UF Zfo} A7 9o &
AL FE3 g5 5 s FAlde] Aok By oy
2}, Frame W A7l AF %= OFDM Symbol®] Al
g 34 Aos YF %S LSTM unitso] AFEY 7] wj&

oA 4% P4 diul BPEs wobm, Wmel FALge
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V. Alet 718 : LSTM-MLP

AE Channel input data . v
Hy(k) '( Estimation }(prepmcessing}( LSTM-MLP ){ Prediction ) Hewn (K)

[¢]
SAEE Zlwkel Ad =4 7Y
O

LSTM-MLP 7]'}-& 3} Frame | OFDM A1 &9] =4
w2} LSTM units® time step 5 7PHA oz AFE3)
7] Wizl Ao AlE 4 Sl gk shgol A A
o7 o]FAA Earh= EAAE A AT oE
sAsty] flate] Aok ZIWelA= AL AE 54

o

Aoz Aot 7|HE AE 7|Hto =z Ade]l Fuly
B

de 54< WA }53 ¥ LSTM-MLP 34 & 3

g9 Azt 99 54%& shestAl dv. AE-LSTM-MLP
o A9 F4 AL <1f5-1>el e gl
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<E 5-1> Aoksl= Ad

F4 7Pgel AR £4 e

Parameter Values
Input size 104
Output size 104
Hidden layer 40-20-40
Activation function ReLLU
Epoch 400
Loss function MSE
Optimizer Adam
5.1 AE &%

LSTM-MLP Training Datav <3

5-1>¢] FHeprE =

AE A9 F4 7IW3 o] A(4.2) A4S T8 £
t}. Loss functiong 7}A|aL ey oSkt
AAGE Akl ztelE HA3)t sh7] s A3 d F
3ol AdamS AFE3Fe] weight matrix¥} bias vector
Z ¢Ho]E3dt}t. Epochmltl AdamS AFg3te] weight
matrix?} bias vectorg QHlo]EsIHA], A4 E2 Loss
functions HA3sles WFoz st5S s}
A2l A Sl 2d2 949 Datazb-H i‘j}%
©

EEEETEIZEREE

ole:qu, geﬂ

i
8 _l}n:

2
|\
ol
o
N

o
o
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ISTMunit’cl P & A.,']M hym

ol | o e e | | B | (e e | | o |
ERENEN Xy Pu
x3 | % | x5 a1 Fnr+z
3
)|
B~
Fere ag berosei e X7 |x

<9 5-2> 45 Data dA 2 #d 2 LSTM units

5.2 LSTM-MLP &#
o] SNR 9%o] 30dBSl &7elA st A4S =3
AE 71 gk ¢i S 2613 2ol LSTM-MLP A%
o] iMA OFDM SymbolollA k¥A FrkEsie] &
Data «,(k)E& T-d3tch

z, (k)= [Re(y; (&), i (ly;(R))]" (5.1

:c;E ]R(80><frame)><M'><(2(|SD|+\5}J)) (5.2)

<I1F 5-2>0| A9} o] Algte] Ao 23] LSTM-MLP
o] &% Datag Left shift 3 FE|Z Fdgt} o] Time
step 7] Mol 93] Left shiftdlal, g5 Data A I}
4s T3 Ade A7iE 26.2)% 2.
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L DI OC i
B
MLP h"
Layer
Y n,'
e he
...... A
Ceoy X >
Cell state
LSTM
. fe lr C. 0t 8
unit A~ s, L\
l\ﬂ"l l\a ] (tanhl ‘\U,l
Ry i h g > i,
. +
[ F;arf:t Can ddate In) pllt omput idden sate
X pt

<1y 5-3> 11]‘-"?5‘% Ad 4

7ol LSTM-MLP A%

AARE 2(5.2)° 4% WE 2,7} LSTM units®] ¢

Data® Ab&¥t}.

ft:J(wat+ Ufhffl_i_bf)

i,=oc(Wx,+Uh,_,+b;)

¢, = tanh(W,z, + U.h,_, +b,)

o,=c(W,z,+U,h,_,+b,)

e, =fre e 1 ti 0

h, = o, ° tanh(c,)
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LSTMS =8 AAd% 71 sz, Cell state$t
Forget gate, Input gate, Output gateE F7}sle] 7]&
&8 Aol Az FA7 Abele] AHol Hol
5 oA Data®] 4Ad=E A= V&7 A BAE

| Adstt. LSTM unitsoll= Forget gate, Input gate,
Candidate cell, Output gate, Hidden state, Cell state
2 FA¥h WA Forget gatet® A WEIE 97
2% gateo]t}. Cell stateZHE oW AHE oS Al
A sk GAIR A Rol= el old] AAT A

OEolE 4t 0 EE 19 Ge u dvht AR
Agsor el hd H=E et 02 Ry
BE ARE 93, 12 WY BE JRE REs) 1

o} U2 Input gate®, A|Z1Eo|= g7) go= &
oo AMER FH F of" s Cell stateol A3
AJNA Azto] JHo|Edtt. o] AAelA AR &7 7]
o AFd A5 A7 719s duid FrketeA A4
t}. Input gateollA L& 2 dlo]lHEE BAE S4-E
AH&3E Candidate cell®t T ¥pA 9] Datas Evrb 9l
i gt 7 oet=A] 2deeE 98-S gk o] #AA
A BAe Are dAl A3E vs] dAl Cell statet

ek o2 Output gatei aAAel @] 71 At
of &7 71els F71sk § ol AA oSl

[eS]
=
§3H=AE AABh o] FAoNA Sl RY BAE F

E
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T& AH&s) the AA Hidden state7} &= ¥ th &g
LSTM units % p= 423t Y8 Data 7)<} #r}.

kA 48 weight matrix Wf.’i’C’OEB?(ISDH\SA)XP

o]
al, &4 weight matrix U,,;.,ER?*7e]tk. B3}, bias
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Parameter Values
LSTM-MLP
. (3, 40-20-40)
(hidden layers, neurons per layer)
Number of epochs 200
Number of training samples, 11200,
validating samples 2800
Input size 104
Output size 104
Number of OFDM symbols per packet 100
Time step 20
Batch size 128
Learning rate, drop period, factor 0.01,20,0.8
Activation function ReLU
Loss function MSE
Optimizer Adam
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Abstract

In this paper, we propose a deep learning based
channel estimation technique for the IEEE 802.11p
Vehicle to Everything (V2X) WAVE communication
system. V2X aims to mitigate Error flow by estimating
the vehicle's high mobility and fast—-changing channels.
Data-Pilot Aided (DPA) channel estimation techniques
have been developed to solve this problem, but the
correlation of channels due to road surrounding factors
such as actual driving speed or road environment
changes, resulting in deterioration of performance.

Therefore, recently, an artificial neural
network—-based DPA technique channel estimation has
been proposed. However, since this technique only
considers the characteristics of the frequency domain
of the received signal, there is a problem that it does
not take into account the characteristics of the
channel that changes rapidly in the time domain.

In addition, to solve this problem, an LSTM-MLP
technique that combines Long Short—-Term Memory
(LSTM) and Multilayer Perceptron (MLP) has been
proposed. However, there is a problem of poor
channel estimation accuracy by generating LSTM-MLP
training Data wusing LS (Least Square) channel
estimated Data, previous channels in pilot subcarriers,
and four pilots of LS channel estimated current
channels.

Therefore, in this paper, to solve this problem, the
learning Data of the LSTM units is used as the input
Data in the frequency domain as the AE. In addition,
the time step for delaying the training Data in the
time domain is determined to be 20, so that more
training Data enters the input Data of the LSTM units.
Since the amount of Data has increased by performing
a training Data preprocessing process to solve the
problems of the previous technique, the MLP layer is
increased to three for stable learning.

Through the simulation results, the proposed
technique improves performance, especially in Highway
NLOS, compared to the technique that combines DNN
with the DPA technique.
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