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Abstract

This paper presents cell ID (cell identity) detection schemes using PSS/SSS (primary synchronization signal/secondary
synchronization signal) for 5G NR (new radio) system and evaluates the detection performance. In this paper, we consider two cell
ID detection schemes, i.e. two-stage detection and joint detection schemes. The two-stage detection scheme consists of two stages
which estimate a channel gain between a transmitter and receiver and detect the PSS and SSS sequences. The joint detection
scheme jointly detects the PSS and SSS sequences. In addition, this paper presents coherent and non-coherent combining schemes.
The coherent scheme calculates the correlation value for the total length of the given PSS and SSS sequences, and the
non-coherent combining scheme calculates the correlation within each group by dividing the total length of the sequence into
several groups and then combines them non-coherently. For the detection schemes considered in this paper, the detection error rates
of PSS, SSS and overall cell ID are evaluated and compared through computer simulations. The simulation results show that the
joint detection scheme outperforms the two-stage detection scheme for both coherent and non-coherent combining schemes, but the
two-stage detection scheme can greatly reduce the computational complexity compared to the joint detection scheme. In addition,
the non-coherent combining detection scheme shows better performance under the additive white Gaussian noise (AWGN), fixed,
and mobile environments.
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Table 1. Resource allocation of SS/PBCH block
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Signal number [
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Set to 0
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PBCH ) 0,1, -, 47,
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1,3 0+v, 4+v, 8+v, -, 236+V
DMRS for
PBCH > 0+v, 4+v, 8+v, -, 44+0v
192+v, 196+v, -, 236+v
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Fig. 2. Block diagram of transmitter for PSS and SSS in 5G NR system
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Table 2. Subcarrier spacing and number of slots and OFDM symbols
per subframe in 5G NR

Subcarrier Number of slots Number of OFDM
spacing per subframe symbols per subframe
15 kHz 1 14
30 kHz 2 28
60 kHz 4 56
120 kHz 8 112
240 kHz 16 224
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Table 3. Maximum number and first symbol index of candidate SS/PBCH blocks corresponding subcarrier spacing and carrier frequency

Subcarrier Carrier ) ) Maximum number of
Pattern spacing frequency, f First symbol index for SS/PBCH blocks SS/PBCH blocks
< 2,8}+14 +{0,1 4
Case A | 15 kHz =3 CHz {28414 - {0.1}
3 GHz<f< 6 GHz {2,8}+14 +{0,1,2,3} 8
< 4.8,16,20 4
Case B | 30 kHz = 3 CHz ¢ ;
3 GHz<f< 6 GHz {4,8,16,20}+28 +{0,1} 8
< . 2,8}+14 +{0,1 4
Case C 30 kHz = 3 Ghiz(or 1.88) 28 o1
3 GHz(or 1.88)<<f< 6 GHz {2,8}+14 +{0,1,2,3} 8
Case D | 120 kHz >6 GHz {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 {8,12,16,20,32,36,40,44}+56 + {0,1,2,3,5,6,7,8} 64
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Table 5. TDL-A channel profile

Tt |y | PN | e
1 0.0000 -13.4 Rayleigh
2 0.3819 0.0 Rayleigh
3 0.4025 -2.2 Rayleigh
4 0.5868 -4.0 Rayleigh
5 0.4610 -6.0 Rayleigh
6 0.5375 -8.2 Rayleigh
7 0.6708 -9.9 Rayleigh
8 0.5750 -10.5 Rayleigh
9 0.7618 -75 Rayleigh
10 1.5375 -15.9 Rayleigh
11 1.8978 -6.6 Rayleigh
12 22242 -16.7 Rayleigh
13 2.1718 -12.4 Rayleigh
14 2.4942 -15.2 Rayleigh
15 25119 -10.8 Rayleigh
16 3.0582 -11.3 Rayleigh
17 4.0810 -12.7 Rayleigh
18 4.4579 -16.2 Rayleigh
19 4.5695 -18.3 Rayleigh
20 4.7966 -18.9 Rayleigh
21 5.0066 -16.6 Rayleigh
22 5.3043 -19.9 Rayleigh
23 9.6586 -29.7 Rayleigh
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¥ 6. TU-6 Aid =20
Table 6. TU-6 channel profile

Tap # Delay [us] Power [dB] di;?imigon
1 0.0 -3 Rayleigh
2 0.2 0 Rayleigh
3 0.5 -2 Rayleigh
4 1.6 -6 Rayleigh
5 23 -8 Rayleigh
6 5.0 -10 Rayleigh
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Fig. 5. Detection error rate of non-coherent combining 2-stage de-
tection for various under TDL-A channel
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