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B =R AZ7 Hk(cellular broadcast)S ¢]3F LTE (long term evolution) 714+ 5G (fifth-generation) MBMS (multimedia
broadcast and multicast services)9} 5G NR (new radio)?] PBCH (physical broadcast channel) Z& A%< #7181 5G NRY
PBCH A% 5% A7 Wi AXGh A7 GYollA A e BE 7F5e PSS (primary synchronization signal)®] 73
FHcorrelation) S A4+, A3 7+ A3 (combining)dte] SS/PBCH E29] Azt 9x)¢} 2y £718 §Est}. k8 PBCH A%
A5 S S8 Zad ol EAlsks EE SS/PBCH £59] 25HE PBCH A8 E At WS AAS £ =2dA 44
PBCH Z% Wid g 4%5& 7ksta 71¥ LTE 7|8k 5G MBMS®] PBCH A& A5 vlwdth A4 43 Aaes 7HE 8y
7}9-A19F F-S-(additive white Gaussian noise: AWGN) 373 74 g o]F 7oA 5G NR9] PBCHE A% zH HE 450l
43 71E LTE 74 5G MBMS Bt} §-53 53 BolFErh

Abstract

This paper presents an improved scheme for detection of the physical broadcast channel (PBCH) in long-term evolution
(LTE)-based fifth-generation (5G) multimedia broadcast and multicast services (MBMS) and 5G new radio (NR) for cellular
broadcast. In the time domain, by combining the correlations between the received signal and primary synchronization signal (PSS)
within all SS/PBCH blocks, the frame synchronization and the start position of the SS/PBCH blocks can be obtained. In this
paper, to improve the detection performance of PBCH for 5G NR, a combining scheme of PBCH signals within a frame is
proposed. In addition, the performance of the proposed detection scheme is evaluated and the performance is compared with the
conventional scheme for PBCH detection of LTE-based 5G MBMS. The simulation results show that the detection performance of
PBCH for 5G NR is improved by combining the PBCH signals and outperforms LTE-based 5SG MBMS under the additive white
Gaussian noise (AWGN), fixed, and mobile environments.

Keyword : 5G new radio, combining, correlation, detection, multimedia broadcast and multicast services, physical
broadcast channel
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% SITk of7)A, 4171 Ehol H(timing) 1% 85371
$&) AlZF el A PSS (primary synchronization signal)
g olgaled A 7o ke AEAT. olojxl, A% H PSS
o A 79 ke olgste] k5 ool S8 A 7]
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A5 2ol ts) 71k 3o ARk
9 PSS9l 4 oliel 249 571 %
o1 A 912 BRI Wil el 2

Ao A] A1 A1
SS/PBCH =

w3}, SS/ PBCH

2o &3 PBCH 235 ZAsh= WS AA 3t
4%11/\1 A2 A8 A7Z LTE 74 5G MBMS$} 5G NR
ol41¢] PBCH 45& H7eta, 53olA A2 Pt

. AJAH ol

1. LTE 7|8} 5G MBMS Z£A17| 2 A7 £
19 1(a)= LTE 7]¥ 5G MBMS®] PBCHo| t] 3+ %4
7] 5 tholo] 13 veRdth LTE 714 5G MBMSel| 4]
PBCH9J| tfj gt £=417]+= CRC (cyclic redundancy check) at-
tachment, x]'d 3% (channel coding), #|°]E v} % (rate mat-
ching), 232 E-2(scrambling), *Z(modulation), &3
(extension), 2]42~ %3 (resource mapping), OFDM 7| #]
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AEF YL tail-biting convolutional codingo] 4=3) ¥ =, &)
o= WA HAAN AL $5 &(code rate) S BE FGo] A
AR AR e 2398 BHo) FaEy Aw
744 o] ¥HZ(quadrature phase shift keying: QPSK) 12
& Apgste] AE(symbo)Z WA Wz AET W
Fof 2 Wl el = vk 9714, &7 PBCHE
HHE(repetition)sh= 2 oJvulahH, FHORE ALE o FE
Aeg 5 gtk 123 #7194 A FA4ES 9 As
©] CRS (cell-specific reference signal generation)”} A8 A&
O BAE NE5E Foe g9 A WPstL IFFT
(inverse fast Fourier transform)& 8 &0 24 A]7+4 Y
’\19_7} AR v e o2 CP (cyclic prefix)& 4AFYs

T HE AT E AE A3 (parallel to serial)Z W3O 2

W A% $2 A57F A4B.

19 1(b)= LTE 7]4+ 5G MBMS$] PBCHo] tj &+
7] 22 tolol 78S Yehith AUe Brke ¥ A9
CP/} AAS T MEE Nae F FFTS 58] 73

bt

)& A5 A A (baseband signal generation)o] x}#| = 3] e —,-4 Ao 2 HEETh 242 v (demapping) 7
Hu} $A17100 4 $218F32AF 8= BCH (broadcast chan- AL sl Ad AL 93 CRS 2159} glo)g 257}t
nel) ¥ 0] 2= (payload):= 16 HIE(bit)e] CRC7} F#71HY,  FEHth F2¥ CRSE A8t H217] 749 €S
BCH CRC Channel Rate s : CRS
Payload Attachment Coding Matching | Seembling -4 Modulation Generation
OFDM
E . Resource Baseband
xtension — .
apping Signal
Generation
(a)
Channel
Demoofi?:l\:tion DZ::urci: [*| FEstimaticn
pping (CRS)
LLR L+ Descrambling b Rate Channel CRC BCH
Calculation 9 Recovery Decoding Removal Payload

T2l 1. LTE 7|8k 5G MBMSQ| PBCH £4:A17| £2 C}o|o{a2, (a) £A17| 7%, (b) $A17| 7=

(b)

Fig. 1. Block diagrams of transmitter and receiver for PBCH of LTE-based 5G MBMS, (a) Transmitter structure, (b) Receiver structure



Qrald o 791 A5

u=S 93k LTE 7]9F 5G MBMS$} 5G NRe| PBCH A% A% %7} 769

(Haesung Ahn et al.: Performance Evaluation of PBCH Detection of LTE-Based 5G MBMS and 5G NR for Cellular Broadcast)

349 248 A9 0|53 £4% ASE LLR A%
(log-likelihood ratio calculation) 5502 UHEHIT ¢~
A E-F(descrambling), #|°]E B]FHE(rate recovery), |
9 )7 "(channel decoding), CRC #|#(CRC removal) 3}
ol FeiEw, HFHOE BCH Fo|ZEE 4L 5 Utk

2. 5G NR &AM7| & AM7| 1

o

5G NR2 LTE H.t} t}ofFsl numerology ] | ¥o] 715
w, Bkt 747 (subcarrier spacing)ol] whe} Fzd|
&% 7ir9t OFDM A& 7H7F E2pxict. Fakgst 7H4
Af=2"« 15kHz, p{0,1,2,3,4} 9 7o] Aojgrt. Fuk
0 A g Rl ol &% 7i2 OFDM A& 74
SE E 13 P T s 343 54 Fuse
(carrier frequency)oll w2} SS/PBCH £Z9] A HA| A&
Q18 2~9} SYPBCH 2] Hrj 7153t j4= 3 29} 7tk

1% 2(a)&= 5G NRej|A4] PBCHO| $417] B5 tholo] L

],

fo &

a9

B 1. Pukaml 220 M2 Szael o 5% Ji5 % OFDM 42 Jis
Table 1. Number of slots and OFDM symbols per subframe corre-
sponding subcarrier spacing

Subcarrier Number of slots per | Number of OFDM symbols
Spacing subframe per subframe
15 kHz 1 14
30 kHz 2 28
60 kHz 4 56
120 kHz 8 112
240 kHz 16 224

22 Jepdth 5G NRej| A PBCHe| th 3l +417|&= PBCH
Ho|Z= A 2 olE g (interleaving), Ho|Z =] ot
237 E-8, CRC attachment, 2§ €75, #o|E A #H}H
< ZHdE gt o] W), Adxy WS 2t 7Y
(polar coding)e] AHH T #lol= vy £2) A5E 23
WY o) £, QPSK B4 AHgdle] HEE
WgHek LTE 7|9 5G MBMSellA Ad +45 9l
CRS7} AF2¥ 43 5G NRoj| A= PBCH DM-RS (demo-
dulation reference signal)7} AM2E i LTE 79t 5G
MBMS¢] CRS 413 ¢} 5G NRe| PBCH DM-RS X35+
cell IDE o]-&ste] A o]F AYH Mo+ LTE 7]
1k 5G MBMS¢| PBCHol| gt 54171 229t Fd7k W
O Fug g Aol W E L IFFT 3 CP7F AF = of
A% $4 N5/ YA

712 2(b)= 5G NR] PBCH6| 63k 5:417] 22 rho)o]
9 etk 44 FEURRE £28 A5
o)A PSS AEFH Bloly QAL FHeT A7)
1, $48 A5 PSSE o] ol DL
SSPBCH 250 )5 4% k& 242
& #9583 SSPBCH 252 A2 914
o} % glth PSSE o] 8 SSPBCH 259 A
A%e 3gelq AWeth B¢, 54 A5E LTE 7)
5G MBMSS} 5 25}7] CP7h Al 5o} FFTE ] 731
S o) AEE WA 2as WYL B4 oy
A5 57) A%, Y $42 §I% PBCH DMRS7F 32
g5, §7] 504 4%H cell IDE o §3ja PBCH

DMRSE #2¥ + 9tk ¥ =FoAE Zag $7] 2

v

y of

¥ 2. EHET 73 S Foof tiet JHse SS/PBCH £52| A B ME QluAet A0f ISt I
Table 2. First symbol index and maximum number of candidate SS/PBCH blocks corresponding subcarrier spacing and carrier frequency

Subcarrier

Pattern S
Spacing

Carrier frequency, f

f<3GHz
Case A 15 kHz

First symbol index for SS/PBCH blocks

Maximum number
of SS/PBCH blocks

{2, 8}+14-{0, 1} 4

3GHz < f< 3 GHz {2, 8}+14-{0, 1, 2, 3} 8
f<3GHz {4, 8, 16, 20} 4

Case B 30 kHz
3GHz < f< 6 GHz {4, 8, 16, 20}+28-{0, 1} 8
f=3GHz {2, 8}+14-{0, 1} 4

Case C 30 kHz
3GHz < f< 6 GHz {2, 8}+14-{0, 1, 2, 3} 8
Case D 120 kHz 6 GHz < f {4, 8,16, 20}+28-{0, 1, 2, 3, 5,6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18} 64
Case E 240 kHz 6 GHz < f {8, 12, 16, 20, 32, 36, 40, 44}+56-{0, 1, 2, 3, 5, 6, 7, 8} 64



770 WS

3=

BCH
Payload

T2l 2. 5G NRe| PBCHo| Cist &5417| 25 Cio|of
Fig. 2. Block diagrams of transmitter and receiver for PBCH of 5G N

A A26d A6s, 2021 11€

(JBE Vol.26, No.6, November 2021)

PBCH payload
Generation
&
Interleaving

Scrambling
(Payload)

CRC

Attachment

Channel
Coding

DM-RS
for PBCH
Generation

l

.

OFDM
Rate o . Resource Baseband
Matching I Scrambling  Modulation | Mapping Signal
Generation
(@)
OFDM Resource DMRS
Demodulation Demapping Extraction
1 v
PBCH Channel
: Estimation
Extraction (DM-RS)
LLR . Rate Channel
Calculation | | Descrambling | = Recovery 1 Decoding
]
‘
CRC |_,| Descrambling Payload BCH
Removing (Payload) Deinterleaving Payload

24

—c

cell ID AZBPLe ol s}y 7145w PBCH DM-RSE

ol &ate] £5417] 7he]
S5} 548 A5
Z LLR A4 E52
HL

E 79,

T = I

#% BCH #o|Z

Ads Fggt F48 A o]

LTE 7)3} 5G MBMSQ} 23 vPH o
TR EH, Hol
0349, CRC A A, dlo]ZEq] gt ¢
a9 EY, Ho]lZE t]elE 2] (deinterleaving) 374 0|

COEE R

3. il A 2

5G NR

217164 FFT o] % 441

o] 24 (modeling)2 4

Ak

=4 O 2=
—= ?:"ET

Ao

Y,(k) = H (k) X,(k) + N, (k)

o 7)A, 13} k& ZHZF OFDM 4]

)=}
E g 2y

= T

vebd et =3 H(k) = 1A g tE &

A
(9

AT

H

[e]
R

A

Hr 12

2] (1)} 2

—~
~

[

rn‘.
ofy il

®)

(a) &t

M| 7=, (b) 7] 72
R

, (a) Transmitter structure, (b) Receiver structure

gte] A o] 55 ¢Jm|sta,
o 3t k HA Fukdylo)
b &S veERdTh 189,
Yours (k) & $521717F 2

T zpyps (k) E o], PBC

G A 015 Ty (k)

=

SE,

7{

z

> orr
1=
)

o>

e

_0

r> ol

o
Z
-2
rot
N
a3
4

o



Qrald o 791 A5

WS 918 LTE 7|9k 5G MBMS$} 5G NR¢] PBCH A% A% %7F 771

(Haesung Ahn et al.: Performance Evaluation of PBCH Detection of LTE-Based 5G MBMS and 5G NR for Cellular Broadcast)

FEhiE A S 54 @9 o) B

APV, Ny Nymar Nyl 25050 SSPBCH 45
3 1ui7] 37]¢] SSPBCH 25 Alole] 412 A2 % v}
Stk 4 @) 43 A4S E9) SSPBCH 25 A%}
JAs zade] 5% A5 4 vk

ErS 2. PBCH Zg aie
5G NR 7]k WA 2g 93] $2071E =9 vl S27190 4 thse] SSPBCH 250l £4)5H= PBCHE
AHg 7Fs A lSl SSPBCH B ddsie g GHUSEN PR AT 3¢ P42 4 Utk PBCH
N A A = AEet les g pss AT WS LR AN B5S F9¢ F t2aded ;+
NE o ABS AME T, Ao AYps A 4 33t TBEHEP W7, %% SS/PBCH E20)4] 3
WA, A7 el A —’F*J% i WA AZ(sample) r(;) o} & & PBCHol thak LLR A 52} ()9} 2o L}E}%
A M\:]'.

Sl €{0,1,2} 25 AAH PSS A
Aol thek AI7F 4 S ﬂi pﬁgi;(i)«l Aae 2 (3)3

Npss —1

;l(-_))
Corrpiis(m) = ), r(i+m)pﬁm(z’), 3)
i=0 m

A7VA, p (i) A 79 3k np9l AZE QS PSS AE

o i WA AES ovlahH, CorrZ’gg( )& dE AAE m
WA AES Ve I8 Moss S Mymes 47 P
Az ek Az Y 250 AE Holok AT 49
A Zg el AE Aols ekt

B =RoXE 3 204 Case AQl A2 714 sh =
3l Yjol] SS/PBCH 22 47 &A]35l22 SS/PBCH E&

4714, y,; (k)& j ¥# SSPBCH £-59] | W5 OFDM
AE] tigk kWA Fakgat 918 ~8] PBCH 41 295
Uebli® A, (k)& j HA SSPBCH £59] | WA 4
e & HA Fukda) Qe o] g o] 5 ojv]gth £

fOM FA719 A o5 F4L sttt 7g gt
AK(variance) & 9w 5,
xi”oﬂr x’r"w BE7Fss A "R AE 29 m A H|
EVF 77 03 190 AEEY] M-S vepdth I8y
LLR} (k)& j WAl SS/PBCH 52 | WA 4l&o tjst
kA Fakgute] et HE A EoA m HA HE
o] A%¥ LLR A)%F 3 on|gich

=22, LIR A4t § t2ad 59 #4o] =,
PBCH A% 2 2] (6)3 7ol ALtdth
714, Nysp= SS/PBCH £58] 7HE v, 44

=
.?L
Ql\?
rlo
N
N,
—lo
>,
s
Y
o
1o
r—ln:

AN

’6(21 " 2) ;L(z) ;L(z) ; 2)
Corrg/pes(m) = {Corrp’é’g( )+Corrpf§5(m+NSym])+CorrP§’5(m+NSym2)+Corrpf5(m+1\7svm3)} (4)
(B)— (2| (-, (Kz|
LLR}Z(/@)_ln{ 3 eap [— v, S | ~1In{ ¥ eap|— i . | (5)
' TEXT, g XY g
Nssp —1
LLR™ v (K Z {LLRYK) » (1—2 « Bpps(k+oL))} (6)



772 s EEA AH2648 A6, 20211 112 (JBE Vol.26, No.6, November 2021)

(0)] Bps e T2AHEY AFS Fstr] 91 A &l
% A]9 2 (pseudo-random sequence) 'S VER 1, 42417
o] 2AYET HAA AT PRSS}F Fdsirh E v
o} L& 747} 1 SS/PBCH &5 Q4] 2of st 271 9]
3}9] "] E(least significant bits: LSB)<} PBCHo| A A4 x|
EHES F5 uaT 4] (6)0) sl AlatE A
QA LLR G, (k)= 1 WA Aol tigh k A Fukgsto]
sl ME AEdA m WA HES] ZAgd LLRE U
ERfi], U2 EF] #go] 3¢ § SS/PBCH £59
PBCHE A3 s ovgith

V. Hib AE Aot

£ ZollA= 5G NR 7]uk WA 2" oA 2] 57
95 9 SS/PBCH £5¢] A2 93] AEE flste] AlZH
Aol Al =a1E 4159} PSSO A3 7he Ao ZH o
33 FES Afshe I tig [t AY ARE
Algteh AlZE oA Al AlE e} PSS 2159} A3 A
ARHE YR 3 5] Aol AE5A %
< guiskE 71E R B =EdA e AlAse U
A AES Aol A48 AL vt B3, v
SS/PBCH E-Z9] %35 PBCH A13& A5 24 5G
NRoJ A WEA RIS 918t 3% PBCH HE Wi d

*

d

A

2 Q9 o2 o

—

flo . ¢

i (e
nip=0

Value of Correlation

sample index x10*

@)

H7}stal LTE 7% 5G MBMS¢e| PBCH &
gty & =7oAE PBCH A& 4% HlXs
tal slom o] 98 F7] % cell ID 852

E 7139 5G MBMS$} 5G NR
g€ PBCH AZ 455 Hlasty] fls) A28 gl
5 OFDM ste}ule] 3h& Qb AFEsHiTh 5 MHz A
28] 3} 15 kHzo| Fukgal 7145 Agstl om,
RB (resource block) 7] 4= 25718 Al&st o', Ak 2
s 98 sy g2 &% 33 2k

E 3. F MBS 93 st
Table 3. Parameter for computer simulation

LTE-based 5G MBMS & 5G NR
Parameter Value
System Bandwidth 5 MHz
Effective Bandwidth 4.5 MHz
Carrier frequency 3 GHz
Subcarrier Spacing 15 kHz
FFT Size 512
Number of RB 25
CP Length 36

Value of Correlation

sample index x10%

(b)

T2 3 Al ZolM A AlS e PSS ASo| ARRk AL Anfe] APAL AR ghSo| A 0|XE, AWGN iHE. (a) SNR=-10 dB, (b) SNR=-18 dB
Fig. 3. Snapshot of correlation outputs of the received signal and PSS signals in the time domain, without correlation combining, AWGN channel,

(a) SNR=-10 dB, (b) SNR=-18 dB
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2500

— — — (@)=
nID—D
@)=
, nID—1
000 ).

n®=2

1500

1000

Value of Correlation

sample index

(b)
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Fig. 4. Snapshot of combined correlation outputs of the received signal and PSS signals for 4 SS/PBCH blocks, with correlation combining,

AWGN channel, (a) SNR=-10 dB, (b) SNR=-18 dB

3 HE ARE AEHA Eorh 11 3(a)dlA B
A 5o] A5 o) %-S-H](signal-to-noise ratio: SNR)7} -10 dB
o W 471 2] SS/PBCH E5of tfgt 44 9=7t 2 #ad
= ¢ 7 AUtk v, 1" 3(b)ollA & F S1%e] SNR=
-18dBol M= A Ayt AA FstES ¢ & AUtk

¥ 4. RL20 Y ==m
Table 4. RL20 channel profile

718 4= 47)) SS/PBCH B-59] PSS Aol o3t Abh
A ke AT A% 2WAS UehlE, 4w gEe
A%S 4839k 19 d@E I8 3@ FU
SNR= -10 dBZ 4431901, 47]1¢] SS/PBCH E-Zo|| T
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Fig. 5. Comparison of BLER for PBCH of LTE-based 5G MBMS, 5G
NR (1 SS/PBCH block), and 5G NR for broadcast system (4 SS/PBCH
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Fig. 6. Comparison of BLER for PBCH of LTE-based 5G MBMS, 5G
NR (1 SS/PBCH block), and 5G NR for broadcast system (4 SS/PBCH
blocks) under RL20
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