= ﬁx}%’d od?%
{jungjy, jw_lee, slee, ylhwang}@etri.re.kr

A Study on the effect of phase noise on the received signal

Joon-Young Jung, Jae-Won Lee, Sang-Uk Lee, Yoola Hwang

Electronics and Telecommunications Research Institute

& i 918 Ahgol Al Al NS FalE s AT VA GEE wAgoRN FA7I% 51719
ek 1 el FAA A Aol 283 ¢ g A e 2AY R 2o A s AN olE S8 dF
Aol A5 el wheh 914 gl £l A5 g 9IS vA=AF Akl 53] A A= PLLY 914
Ay 2B npag G4 o Rddle] ofF A% A5 Ao Aot JrE Fgshe WHoR AEc]
AE st o AnE AR,

I.AE wofEth g Ay ~AEH vhade & 13 2ol

= 22X
= T

271 4 ?AM o 1% EH 3 ZHLU ‘ﬂ%ﬂr 342 AA5}= PLL(Phase
1% Z

A
17|25 7)E

o
AERIOE B SSB(Single Side Band) 94 #g9 z7|2 %d¥ D]’

|

Locked Loop)< g A5E 4l # LAY A 2AES vhad e

3t Fagh Fue] "Ji ARG FAAMA FE 3|ZolH FoF Offset from Carrier (Hz) [SSB Phase Noise (dBc/Hz)
A % Sk 4 28olth PLLOIA A% ol 44l A5t s 10 ~ 5.0

o AR AP AR 90, o] A9 Foe SAEDAE 2 o = 18

B 342 588 Aotk sKw 44K PLL £ A5e] te 2E 10K - 95.0

e AR e Fo5g FH0R oy Fu o] 2A A% 100k - 100.0

ARG AP H3, st 2oeE AR o] NE A 94 7 1000k - 1100

Solet @

A el o by oloRE TN $4, %, exst pe gy E IV AN A G AHAEG vpRAF o8] A4 Has ve
2 873} flicker noise(1/f noise) 2 FIH WEA B o2 olg axyh o HEL T A

7R= Aol EAJo] Q). o)A Boo] aakae] whet dlps me n WA, QI kel o] 1 5 A71E 1 50l HE AfEYe
ofollA] Tholz] gtom, B3] FH B4l Ropol A B A7} ofFojzick 7ML el AAE A EH ol s MAHe] b % vheth 1
[1, 21. 3HARE 24 A2glol A $207] s $20719) TR s PLLe) Bl A7l MK 52 QB djs) A AAEdS 20 2R
A e 2THAS AT W 2 71ES Ashe Aol 44 gtk el

BRGNS o 7o) AA] LA BAA A SAFE A n] TR e® M 1k ZIES] wikd A s ~HEY A
A= ke BAglo g A A 74 Ao Ags A% Byw g (Spectral Coefficients), Xom) =sqrt(Pm)dFm))E 311 H e ®
gtk o2 Slsh AAl A% Ade) 2 dtel wek 1 Feo] gl A W U BRI FAF FUS ek oA7IA Plmy milA EL1EAA
o ogA FFE VLA BASALk Sal AA ALgse PLLY o o B AR dim)E SUALE R T e,

Ao ~AEY nlams 94 ooz ndsle o2 A4 Asd] Ae LA TG FeellM ¥ 19] AWGN(Additive White Gaussian
gomn 98 AwS 2R Yoz ABYo|AS ety 1 Axne  Noise)& A48t o8 ellM 77t Fobg Frdol] AEER wto] 9178
A o8 AAE)

el

mhsos A4E Fa 999 9

&0 thafl IFFT(Inverse Fast

H
I 94 &S zdy Fourier Transform)& 43319 x()E A3, o5 B3l 213} o] AT

99 A% Res A Ed

AL AIHOE W Rl 9 Fo(emA) Hol7
FolAS) A% dHgst Aol B 18 A AAEYREe] g v phasenoise = exp (j x real(z))
BRI § 12 PLLY) 29 450 U8 4 8 AfE vlad oB o4, wh e S IS A4 APEt 40

(o))

)9k o] A 4



Atk
phasenoise = 1+ j < real(z) 2)
a9 12 Yo AT A e 29EY rhaas RAE A4 3
o Hlagtk A1) 2) R9E 2T AR A3E BolA|Nk 4(2)9] 2
2 c}

A Bdlo] g Farold o A4 gl QAR AL o 5 9)

\ —a=—Input SSB phase noise power

g0k N <— Interpolated SSB phase noise power i
% Positive spectrum of the generated phase noise exp(j“x)

Positive spectrum of the approximation ( 1+jx )

dBetHz

10" 107 10° 10* 10°
Frequency [HZ]

a9 1L 9 g e vhaash RAFE o vl

H ANz Y #E&S st AWGN #ide] SNR(Signal-to-Noise

I g
Ratio)& W8pA7]H A Aeo] F48 SAsk= JAoR o Fofxinh

Modulated (o) Add Phase ] Add AWGN Received
Signal, Tx Noise Signal, Rx
[y )
()= x(rrmlr) l
Phase Noise | x(f) = exp(;j *reai(x) } M=EE &F
Generation |
X = I+ j *real(x)

!

Phase Noise Mask

o

a9 2. 9 #5 AEdeld 34

I 3, 39 4, 2855 47 AWNGS] SNRo] 60dB, 40dB, 30dBY )
N FEel gl A@e A 5ol A A5(h)E vl HolE
o 329 3%EH a9 571K A9 R SNRo| Sopdd wat 94 89
ol Fojuve AL A & F Uk & 29 FA AHE BAE BY
SNR 60dBell M= 944 7] ko= 20dB A= EVM 9sts 1.9
FA9F SNR 30dBellM & oF 05dBe] At uhsi= gheldt 4= glo)

(a) (b)

2% 3. SNR=60dBAIA 41 A1, ()91 3 8, ()18 &5 A

(a) (B)

3 I

(a) (b)

% 5. SNR=30dBoll A 41 A5, ()91 e 8l (D9d &5 o=

F 2. SNRell w2 94 59 A5 43} A3} (PN: Phase Noise)
@SNR=60dB || @SNR=40dB || @SNR=30dB
no PN |add PN|[no PN Jadd PN||no PN |add PN

RMS EVM(%) || 0.10 1.08 1.00 1.43 3.18 3.35

93 EVM(%) || 0.33 464 || 3.11 5.16 || 10.01 | 10.56

A+ EVM(dB) || -59.98 | -39.26 || -40.00 | -36.87 |[ -29.96 | -29.50

¥)= EVM(dB) || -49.69 | -26.67 || -30.13 | -25.75(-19.99 | -19.53

Het MER(dB) || 59.98 | 39.26 || 40.00 | 36.87 || 29.96 | 29.50

m4ae

B E=roAE S Aol AAl A SN ZE A FATEE Alge] v

Az 92 RYSG 55 AR PLLY S W 2MET vhes 74
2 9 HgoR BUYET o) Wx 450 48ale] A S AR
RERCE RN I EPLE T LR PR
gilo] F715tol me} 91 el Fe] FolEthe AS IS &
A Ao Qs 4241 Al e 4= 9lE SNR Aol ukel 94 el
e 1A A 5 Slrks Aotk o]9} o] AAE 9 5 RdE 2
RO WL A BAAARE FEaA & ) A deel] o 7
AR 7 84 Ego] @ Ao slrak

ACKNOWLEDGMENT

[1] Isabel K., Herbert K., Nils P., "VCO Design With Uniformly
Low Phase Noise Versus Frequency and Temperature for D
-Band Applications,” IEEE Trans. on Microwave Theory and
Techniques, 2024.

[2] J. Martens, "On downconverter noise characterization for LO
waveform sensitivities,” 102nd ARFTG Microwave Measurement
Conference (ARFTG), 2024



