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Low-Complexity 5SG NR PSS Detection Algorithm

Minseok So®, Wangrok Oh’
2 o

5G NR (new radio) Al2~8le 27| A< A olX SSB (synchronization signal block)E ©]83fe] A A=}
A1ZE 8 FEle w13k gk olEd wIst AW = P WA gelEoor sk= 71> PSS (primary
synchronization signal) ZZe|™ AN OR Falg F7I7) E5HA] o2 Aeelx] F=ch Adsakt 7iat
PSS A& 7IHe 7% T LS E QIg Aedspt WAEhH olglgt A d3tE HAstsl] $Iske] )
4 234 7Md (frequency offset hypothesis) 71"H2} 7 A4 4= 9lovt BExler) Svtskes A7) Ak =
oA AIZE o9 PSSe] B4 Fol FAIA (complex conjugate centrally symmetric) 5435 83 274t
T 7|4k PSS AE 7S Aldg) Aljdehs 7S T 2o R QR Asdsp)t WAskA] @on U

wakwe el sbsstek
Key Words : 5G NR, Primary Synchronization Signal, Synchronization

ABSTRACT

In 5G NR system, mobile stations should achieve cell identification and initial synchronization before being
served by exploiting synchronization signal block transmitted periodically from base stations. To successfully
achieve initial synchronization and cell identification, primary synchronization signal (PSS) detection must be
preceded. Cross-correlation based PSS detection algorithm was proposed but its performance degradation due to
frequency offset is severe. To remedy the performance degradation problem, cross-correlation based PSS detection
algorithm combined with frequency offset hypothesis scheme was proposed but its computational complexity
increases drastically. In this paper, we propose an auto-correlation based PSS detection algorithm which utilizes
time-domain complex conjugate centrally symmetric property of the PSS. Unlike to the cross-correlation based
PSS detection scheme, the performance of the proposed scheme is not affected by the frequency offset and thus,

the PSS can be detected with relatively low computational complexity.
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Fig. 2. Cross-correlation output versus frequency offsets

654

S 934 7P TP Al ALBE Thee] Fu
j,],zr_ /u] 71—_& E/‘J':}
ol thal tellx] 7]=3k PSS
OUARATA RE&]
FHof ol ez} o] F-

o oY, o -
N
ny
o
f
o
it
2
}O‘l

ol N

H = b 54~’F—L¢‘}1—4 JFH 383 52 JJ’—%’G}
of e}, e} T Fo 2l b Sk
FE I BRer) 34 Zee A4 9ok

II. mMeksk= 718

5G NR A|=Hle] Tl o PSS+ F717F 127
3l m-A|BAR o]Folx gltl m-AlRAE Al
(real) A|Fo]m2 A)7F oJ] PSS+= 4] (5)¢} 7|
4 FAHA 5A4S 7L

_ N_
p;[n] = p; [N—n], {n_l’Z’ g L 5)

2] (5)8F 72 A7 99 PSse] B4 o] 431e] 7}
71243k 714k PSS 71E7)5 A 4= glom 2P|k
714k PSS HZE719] 24 A% d,[1]& 4 (6)3F 2tk

n=1

d,[1]=1| Y] yli+nlyll+N—n] @)

n=1

T N
2rA @+ N) 2
N Z sj[l—l—n]s]-[l-!—N*n]

n=1

Il
)

Il
M
kym -
+
3

]sj[l+N*n] ,

ofu Fshg oAl efgpLe Ainr] gIshel
ool e FASGEL A (Ml ¥ 5 ek

s} gl d,[1]€ Fobr eme] gk WA el

www.dbpia.co.kr



e BAE ] 5G NR PSS A& 7|

E 1. A7) oF A 2 aEe At S3=
Table 1. Requeired computational complexity per input
sample

Detection Comp%ex Complex Relative
multi- i :
scheme .. addition complexity
plication
Cross
correlation
1 —1)X
based Nx § (N=1)x 8 100%
scheme
Cross
correlation
with CFo | VX$xC (N—1)x8x(C  300%
Hypothesis
Auto
correlation N N
—— —— 16.54
based 2 ! 2 2 6.54%
scheme

A7V L AEARE 7] PSS A% 7ol B
AU A AL FUR Ak 3 152
= [e)

tl & 164 S= A oleolr] A
ok S 2 Pl I T o 5
zAe] Jh-E vEbdith 5G NR A 2=Hlef|x] §=39]
v 7| A= )] eAldele] SHd%E +5ppm,
wkedl FuE 4 GHz, ST S 744
(subcarrier spacing)<- 30 kHz, $H F3l4 924
B} F Ak Fa e Ao Y FHEAE FHRE

s ke Asl T2 KR A% O=30] Wr

X 1914 B 5 ol A3} 2o] Aljkshs 712 A%
A3 7] PSS A% 71 Fos 23 Al )y
S o] &3l Al AN 7k PSS A= 7| diB] 22k
16.54% 2} 5.51%°] A BA=E ZHerh

V. FAMIE Za}

PSS A% 7MES] e wlash] §iak A
o 23lsjgl 0w olu) ALaat JJra}u HE> %2
CP

AR

o)

=2 (cyclic prefix)2] W= 755 Lolg} &
= A& 7Sl Hste jﬂéﬁ& PSS A1 A&

do ml
Nﬂ o, _&‘L

b

- L
2~ 9] le{zopf(gﬂ) Opt] o] wj PSS 7
AEAe g agiviy 7P Sl o
A8 —20 kHzell4] 20 kHz WellA] o-531A 2%

2
o)
ﬂﬂN‘

|6 o

B 2. AAE gliele
Table 2. Simulation parameters
Parameters Value
Carrier frequency 4 GHz
Subcarrier spacing 30 kHz

Maximum frequency offset 20 kHz

Channel model AWGN channel

PR S Y

Conventional El
Conventional with CFO Hypothesis
Proposed

Probability

N

a8 3. PSS AE /HES 4R ¥ AE A
(SNR=—3 dB)

Fig. 3. False alarm and missing probabilities of the PSS
detection schemes (SNR=—3 dB)

£
ok
o0

e A A BN A
r-7

Conventional
Conventional with CFO Hypothesis
Pmpnsed

-

5]
[
T

Probability

-
5]
4
T

-

o
b
T

] 10 20 30 40 50 60 70 80 90 100
Threshold

J8 4. PSS A= 7WEe 4R 2 AHE: A #E
(SNR=0 dB)

Fig. 4. False alarm and missing probabilities of the PSS
detection schemes (SNR=0 dB)

alarm  probability) PFfﬁr ZHAZA NS (missing
probability) P,/ vlebH Aolck —3 dB SNRefl4]
P 10718 A5e ASES AR 44T
A% Ak % s A A 3% 2

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-04 Vol.45 No.04

1.5 71x] AQkele
1% oim] <F 10wl

e At 7k 73%
PR AE s 2T 5 ook P F2 AT
& Hole 2 Fula ezl 7P 7} o] AR
i

107 %9] A8 SAslEE QAZRe A

£ 7199 Pl 10770187} =] *ﬂ 7
3] T2 A5 Halr) o] 7
> A 7HE E Tl 2 Mi 7V* 719

g+ AFsAM 714 PSS A& 719 o] 2 16.54%
9} 5.51%<] %LL EREE 7P F2 532 PSS

=
L
1
f

o

}‘Y
510
4 3
o2,
mo‘
=
¥o 4
T

B =ellds A7k o4 PSSO B4 3 Al
J 5AE o]-8st A |Akat 71k PSS AAE 7S Al
atalgicl #1714k 714k PSS A% 71 Absaka
714k PSS A% 71} €] ol exAlo R IRt
PSS 742 /K—] 0ﬂ§].7]_ al-ggs};q %;u‘: A ‘3‘_}*}*‘5 7(}
71442 718k PSS 7E 7]H-& AbsAl 7ul o S
T =AM 7 ]'ﬂd 2 0|83t A5 AT 7|
W ti¥] 16.54% 2} 5.51%2] &
= Aol gk

J
F

References

[1] S. Parkvall, E. Dahlman, A. Furuskar, and M.
Frenne, “NR: The new 5G radio access
technology,” IEEE Commun. Standards Mag.,
vol. 1, pp. 24-30, Dec. 2017.

[21 3GPP TS 38.104 v15.6.0,
station(BS) radio
reception(release 15),” Jun. 2019.

[31 Z. Lin, J. Li, Y. Zheng, N. Irukulapati, H.
Wang, and H. Sahlin, “SS/PBCH Block design
in 5G new radio(NR),” 2018 IEEE Globecom
Workshops, Abu Dhabi, United Arab Emirates,
Dec. 2018.

[4] Z. Zhang, J. Liu, and K. Long, “Low-complexity
cell search with fast PSS identification in
LTE,” IEEE Trans. Veh. Technol, vol. 61, no.

“NR Base

transmission and

656

4, pp. 1719-1729, Feb. 2012.

[5S1 3GPP TS 38211 v15.5.0, “NR Physical
channels and modulation(release 15),” Mar.
2019.

[6] Y. Jeon, H. Park, and E. Choi, “Synchronization
and cell search procedure in 3GPP 5G NR
systems,” 2019 2Iith Int. Conf Advanced
Commun. Technol., pp. 475-478 Feb. 2019.

[71 C. Kim, “A synchronization parameter
detection scheme using the time-domain PSS
signal for 5G-NR initial cell search,” J. KICS,
vol. 44, no. 2, pp. 244-251, Feb. 2019.

[81 3GPP TSG RAN WGI Meeting #8389
R1-1708160,
synchronization signals,” May 2017.

[91 3GPP TS 38.101-1 v15.5.0, “NR User
Equipment (UE) radio transmission and

“Remaining  details  for

reception Part 1: Range 1 Standalone(release
15),” Mar. 2019.

A 01 M (Minseok So)

‘ 20199 2% =gt

%/‘\_]_ .:_tﬂ—jr,]. a‘]—/\].

o

A

.

2019 3L-EA : FdeEtaL
AN REA T A
AR

<A Hol> EAIXAHE AHA

0 7, A A

2 & & (Wangrok Oh)

199443 24 : FE}yaEly shAL
1997 291 : EFFFITIAL A
20031 89 : F3FFIp sk upal

199713~20004 : Z3-g-3}e st
A REAATA AYATL
200313~2006% : F3}-g}o) st
LA RBARTA AT
2006%3~2010 : el AR EAFTE T 2us
2010%~201541 : Fdoi st A w5433k —’?—JT’-‘F
2015 d~A) : Fdesha A BgAlgst)
<FHAlFol BAIAHE A 2, S5 o‘-ﬂri
MIMO A]2=H]
[ORCID:0000-0001-8205-5432]

(

www.dbpia.co.kr



	낮은 복잡도의 5G NR PSS 검출 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 제안하는 기법
	Ⅳ. 전산실험 결과
	Ⅴ. 결론
	References


