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1 Introduction
RRM for NR has been discussed for several RAN4 meetings. For the RRM performances, RAN4 have conducted initial simulation campaign for cell detection and RRM measurement based on SSB. In RAN4#84, simulation assumption for PBCH has been agreed and initial results were provided by some companies. 
In RAN4-NR-AH#3, it was agreed that PBCH reading time will be part of cell identification time when UE is required to read SSB index and the measured carrier is above 24GHz. The PBCH simulation assumption was also updated and agreed in [1]. The simulation results were summarized in [2]. 
RAN1#90bis meeting has agreed a re-design of PBCH. In this paper, we will provide our updated simulation results for NR PBCH.
2 Discussion 
The agreed simulation assumptions for NR PBCH are copied in Table 1 from [1], with parameter selection as follows.
· We only simulated 2Rx and without Rx beamforming modelled

· We only simulated number of SSB per burst (K) as 1

· We only simulated EPA5 and ETU70 for below 6GHz and TDL-C (100ns, 3km/h) for above 24GHz

· One-shot detection (no soft-combining)

· DMRS scrambling is ideally known (no blind detection for DMRS modelled)
· PBCH payload size is 56 bits

· PBCH BW: 20, 4+4, 20, following latest RAN1 agreement

Our simulation results are shown in Table 2-4 for EPA5, ETU70 and TDL-C, respectively. From the results, we observed 

· The PBCH decoding delay at low (-6dB) SNR can be up to 10 samples in slow fading channel (EPA5).

· The PBCH decoding delay at low (-6dB) SNR can be up to 3 samples in fast fading channel (ETU70, TDL-C with 3km/h).

· The PBCH decoding delay at high (0dB) SNR can be up to 3 samples in slow fading channel (EPA5).
· The PBCH decoding delay at high (0dB) SNR can be 1 sample in fast fading channel (ETU70, TDL-C with 3km/h).

One possible reason of the not-so-good results for EPA5 is the slow fading channel and small SSB burst period, as the 99% detection delay may be determined by the period of a deep fading which covers multiple SSB burst periods. PBCH decoding with soft combining may be needed to improve the performance in low SNR and slow fading channel.

Another aspect to be noted is that in our results there are some differences between different SCSes, and that may come from the fact that the number of statistic samples is different for different SCSes. 
Comparing the results in this paper with our previous paper [3] with old PBCH design, it can be found that the PBCH performance does not change much due to the re-design.

Observation: PBCH performance the PBCH performance does not change much due to the re-design. 
3 Conclusions 
In this paper, we provided our updated simulation results for PBCH decoding performance. 
Observation: the PBCH performance does not change much due to the re-design. 
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Table 1: General parameters
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	4GHz; 30GHz

	Subcarrier spacing
	KHz
	15 kHz; 30 kHz for 4GHz;

120 kHz; 240 kHz for 30GHz 

	Number of Tx antennas
	-
	1
Assuming only 1Tx port is used 

	Number of Rx antennas
	-
	2, 4 (uncorrelated.

Option 1: With receiver beamforming

Option 2: Without receiver beamforming)

	CP Length
	-
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 

	SS burst set periodicity
	ms
	20

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	0

	PBCH symbols within the SS block
	
	PSS-PBCH-SSS-PBCH

	Data and Control Power offset with respect to PSS and SSS
	dB
	0

	PBCH power offset with respect to PBCH-DMRS
	dB
	0

	PBCH-DMRS power offset with respect to PSS and SSS
	dB
	To be indicated

	PSS and SSS sequences
	-
	According to the RAN1 agreements

	PBCH-DMRS sequences
	-
	According to the RAN1 agreements

	PBCH-DMRS RE positions within the PBCH resource
	-
	According to the RAN1 agreements

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit (Range: 40 ~ 72 bits)

	PBCH SNR
	dB
	-12 : 0 dB, at least including -6dB,-8 dB

	Propagation Condition
	-
	EPA5, ETU70 for 4GHz
CDL/TDL-C with desired RMS delay spread 100ns Note1 for 30GHz

	UE speed and Doppler Shift
	-
	3km/h speed with 83Hz Doppler at 30GHz

	Detection Method
	
	Baseline: on one shot detection (No combination for different PBCHs,)

Soft- combining across PBCHs in different SS burst sets (2,4 combining)

	NOTE 1:
The channel models of CDL and TDL are used for simplified link level evaluations, which are defined in TR 38.900.


Table 2: Number of SSBs to achieve 99% PBCH decoding for EPA5
	Channel model
	Rx
	SNR
	15kHz
	30kHz

	EPA5
	2Rx
	-10
	32
	42

	
	
	-8
	13
	14

	
	
	-6
	9
	10

	
	
	-4
	6
	6

	
	
	-2
	4
	4

	
	
	0
	2
	3


Table 3: Number of SSBs to achieve 99% PBCH decoding for ETU70

	Channel model
	Rx
	SNR
	15kHz
	30kHz

	ETU70
	2Rx
	-10
	11
	14

	
	
	-8
	5
	5

	
	
	-6
	3
	3

	
	
	-4
	3
	2

	
	
	-2
	1
	1

	
	
	0
	1
	1


Table 4: Number of SSBs to achieve 99% PBCH decoding for TDL-C

	Channel model
	Rx
	SNR
	15kHz
	30kHz
	120kHz
	240kHz

	TDL-C
	2Rx
	-10
	47
	47
	37
	39

	
	
	-8
	23
	13
	15
	22

	
	
	-6
	6
	6
	6
	9

	
	
	-4
	5
	6
	2
	2

	
	
	-2
	4
	3
	1
	2

	
	
	0
	2
	1
	1
	1


