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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 5G 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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. 

3GPP (3rd Generation Part- 

nership Project) LTE (long term 

evolution) MBMS (multimedia broadcast 

and multicast services) 5G 

release 16 [1]. Release 6

MBMS release 9 eMBMS (evolved MBMS)

, release 14 FeMBMS (further 

eMBMS) , eMBMS

(coverage)

(orthogonal frequency division multi-

plexing: OFDM) [2]. release 16

LTE 5G MBMS 5G 

FeMBMS

OFDM . LTE 5G 

MBMS (synchronization) (control 

information) (subframe) 

CAS (cell acquisition subframe) [3], 

numerology OFDM 

numerology . LTE 

5G MBMS PBCH (physical broadcast channel)

release 16 PBCH 

(repetition)

. , 5 5G 

NR (fifth-generation new radio) LTE 5G 

MBMS

, NR MBS (multimedia broad-

cast services) release17 [4]. 

5G NR 

SS/PBCH (synchronization signal/PBCH) 

, 

(timing and frequency offset)

. , (timing) 

PSS (primary synchronization signal)
[5]. , PSS

SSS

cell ID (cell identity)

. cell ID PBCH (decoding)

, PBCH (demodulation)

PBCH 

.

5G NR PBCH 

LTE 5G MBMS
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SS/PBCH 
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SS/PBCH PSS 
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SS/PBCH 
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PBCH SS/PBCH 
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PSS SS/PBCH 

, SS/ PBCH 

PBCH . 

4 LTE 5G MBMS 5G NR

PBCH , 5 .

. 

1. LTE 5G MBMS 

1(a) LTE 5G MBMS PBCH

. LTE 5G MBMS

PBCH CRC (cyclic redundancy check) at-

tachment, (channel coding), (rate mat- 

ching), (scrambling), (modulation), 

(extension), (resource mapping), OFDM 

(baseband signal generation)

. BCH (broadcast chan-

nel) (payload) 16 (bit) CRC , 

tail-biting convolutional coding , 

(code rate)

. 

(quadrature phase shift keying: QPSK) 

(symbol) . 

. , PBCH

(repetition) , 

. 

CRS (cell-specific reference signal generation)
[6]. IFFT 

(inverse fast Fourier transform)

. CP (cyclic prefix)

(parallel to serial)

.

1(b) LTE 5G MBMS PBCH

. 

CP FFT

. (demapping) 

CRS 

. CRS

(a)

(b)

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

(log-likelihood ratio calculation) 

(descrambling), (rate recovery), 

(channel decoding), CRC (CRC removal) 

, BCH .

2. 5G NR 

5G NR LTE numerology

, (subcarrier spacing)

OFDM . 

∆∙kHz, ∈ . 

OFDM 

1 . 

(carrier frequency) SS/PBCH 

SS/PBCH 2 . 

2(a) 5G NR PBCH

1. OFDM 
Table 1. Number of slots and OFDM symbols per subframe corre-
sponding subcarrier spacing

. 5G NR PBCH PBCH 

(interleaving), 

, CRC attachment, , 

. , 

(polar coding) . 

, QPSK 

. LTE 5G MBMS

CRS 5G NR PBCH DM-RS (demo- 

dulation reference signal) [7]. LTE 5G 

MBMS CRS 5G NR PBCH DM-RS 

cell ID . LTE 

5G MBMS PBCH

IFFT CP

.

2(b) 5G NR PBCH

. 

PSS . 

, PSS , 

SS/PBCH 

SS/PBCH 

. PSS SS/PBCH 

3 . , LTE 

5G MBMS CP FFT

. 

, PBCH DM-RS

, cell ID PBCH 

DM-RS . 

2. SS/PBCH 
Table 2. First symbol index and maximum number of candidate SS/PBCH blocks corresponding subcarrier spacing and carrier frequency



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

cell ID [8][9] PBCH DM-RS

. 

LTE 5G MBMS

LLR . , 

, , CRC , 

, (deinterleaving) 

BCH . 

3. 

5G NR FFT (1)

(modeling) .

 

,   OFDM 

. ,     

,      

 

. , PBCH DM-RS 

DMRS PBCH DM-RS 

DMRS , PBCH DM-RS 

DMRS (2)

. 

DMRS DMRS

DMRS
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DMRS

. SS/PBCH 

5G NR 

SS/PBCH 

(a)

(b) 

2. 5G NR PBCH , (a) , (b) 
Fig. 2. Block diagrams of transmitter and receiver for PBCH of 5G NR, (a) Transmitter structure, (b) Receiver structure
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(6) PRS

(pseudo-random sequence)[7] , 

PRS . , 

 SS/PBCH 2

(least significant bits: LSB) PBCH
[10]. (6)

LLRcomb
     

  LLR

, SS/PBCH 

PBCH .

. 

5G NR 

SS/PBCH 

PSS

. PSS 

. , 

SS/PBCH PBCH 5G 

NR PBCH 

LTE 5G MBMS PBCH 

. PBCH 

cell ID 

. LTE 5G MBMS 5G NR 

PBCH 

OFDM . 5 MHz 

15 kHz , 

RB (resource block) 25 [11]. 

3 .

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

3. 
Table 3. Parameter for computer simulation

3 4 PSS

PSS

. 3 AWGN 

PSS 

3. PSS , , AWGN . (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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. 3(a)

(signal-to-noise ratio: SNR) -10 dB 

4 SS/PBCH 

. , 3(b) SNR= 

-18dB .

     

1 0.057662 1.003019 4.855121

2 0.176809 5.422091 3.419109

3 0.407163 0.518650 5.864470

4 0.303585 2.751772 2.215894

5 0.258782 0.602895 3.758058

6 0.061831 1.016585 5.430202

7 0.150340 0.143556 3.952093

8 0.051534 0.153832 1.093586

9 0.185074 3.324866 5.775198

10 0.400967 1.935570 0.154459

11 0.295723 0.429948 5.928383

12 0.350825 3.228872 3.053023

13 0.2627909 0.848831 0.628578

14 0.225894 0.073883 2.128544

15 0.170996 0.203952 1.099463

16 0.149723 0.194207 3.462951

17 0.240140 0.924450 3.664773

18 0.116587 1.381320 2.833799

19 0.221155 0.640512 3.334290

20 0.259730 1.368671 0.393889

4. RL20 

Table 4. RL20 channel profile

4 4 SS/PBCH PSS 

, 

. 4(a) 3(a)

SNR= -10 dB , 4 SS/PBCH 

. 4(b) SNR= -18 

dB , 3(b)

. , 

SS/PBCH 

. 

5G NR PBCH

PBCH 

, LTE 5G MBMS PBCH 

AWGN 

RL20 TU-6 . 4 5

RL20 TU-6 [12][13].

Tap Delay [ ] Power [dB] Fading distribution

1 0.0 -3 Rayleigh

2 0.2  0 Rayleigh

3 0.5 -2 Rayleigh

4 1.6 -6 Rayleigh

5 2.3 -8 Rayleigh

6 5.0 -10 Rayleigh

5. TU-6 
Table 5. TU-6 channel profile

4. 4 SS/PBCH PSS , AWGN . (a) SNR=-10 dB, (b) SNR=-18 dB
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
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5. AWGN LTE 5G MBMS, 5G NR (1 SS/PBCH 

block), 5G NR (4 SS/PBCH blocks) PBCH 

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 
blocks) under AWGN

5 AWGN LTE 

5G MBMS 5G NR PBCH

(block error rate: BLER) . 5G NR

PBCH 1 SS/PBCH 

, 5G NR 4

SS/PBCH . 

PBCH 5G NR PBCH

BLER LTE 5G MBMS PBCH BLER

BLER= 3.5 dB

. 5G NR PBCH 

PBCH , 

5G NR PBCH BLER PBCH 

5G NR PBCH BLER

BLER= 6.0 dB SNR 

, LTE 5G MBMS PBCH BLER

BLER= 2.5 dB SNR 

. 

6 RL20 LTE 

5G MBMS 5G NR PBCH BLER 

. 5G NR PBCH 

1 SS/PBCH , 

6. RL20 LTE 5G MBMS, 5G NR (1 SS/PBCH 
block), 5G NR (4 SS/PBCH blocks) PBCH 

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

5G NR 4 SS/PBCH 

. PBCH 

5G NR PBCH BLER LTE 

5G MBMS PBCH BLER BLER=

0.9 dB . 

5G NR PBCH BLER PBCH 

5G NR PBCH BLER

BLER= 6.0 dB SNR 

, LTE 5G MBMS PBCH BLER

BLER= 5.1 dB SNR .

7 TU-6 LTE 

5G MBMS 5G NR PBCH BLER 

. 5G NR PBCH 

1 SS/PBCH , 

5G NR 4 SS/PBCH 

. 

, TU-6 120 km/h . 

5G NR PBCH BLER LTE 5G MBMS

PBCH BLER BLER= 3.4 dB

, 

. PBCH 
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7. TU-6 LTE 5G MBMS, 5G NR (1 SS/PBCH 
block), 5G NR (4 SS/PBCH blocks) PBCH 

(speed=120 km/h)
Fig. 7. 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 TU-6 (speed=120 km/h)

5G NR PBCH BLER 5G 

NR PBCH BLER BLER= 8.8 

dB SNR , LTE 5G 

MBMS PBCH BLER BLER=

5.4 dB SNR .

5-7 , PBCH 

LTE 5G MBMS

. 5G NR

PBCH LTE 5G MBMS

SNR LTE 5G MBMS

PBCH 

. PBCH 

5G NR LTE 5G MBMS 

.

. 

LTE 5G MBMS

5G NR PBCH 5G NR 

PBCH 

. 5G NR

PSS , 

SS/PBCH 

. , 5G NR

PBCH 

SS/PBCH PBCH 

. PSS

PSS

, PSS

SNR

SS/PBCH 

. , 

SS/PBCH PBCH 

. AWGN 

RL20 , TU-6 PBCH 

SS/PBCH 1 LTE 5G 

MBMS .
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