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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 [1].  
In this paper, we will provide our initial simulation results for NR PBCH based on agreed assumption in [1].
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 simulated PBCH payload size 48

· In addition to 5ms SSB burst period, we also simulated 80ms.

In addition, we think there are several issues to be clarified in the agreed assumption, in order to allow companies to better calibrate the results.

· Precoding assumption for PBCH. In [1] it is agreed to use 1Tx, and we understand it means 1Tx at baseband. However, RAN1 has agreed that precoding cycling in time domain is used for NR PBCH, so how many Tx ports should be modelled at baseband and how they are virtualized to 1Tx should be clarified. 

· Delay spread for TDL/CDL channels. In [1] it is agreed to use 300ns delay spread for all TDL/CDL channels. However, different channels are used for different deployment scenarios, e.g. CDL-D channel is for indoor scenario with LOS, so it may not be reasonable to use the same delay spread for indoor scenario as for outdoor NLOS. We think RAN4 may need to agree on a more reasonable assumption on delay spread for each channel.

· UE speed and Doppler spread. In [1] the UE speed is not defined, but for EPA5 and ETU30 the UE speed can be derived from the Doppler spread and the centre frequency. In our understanding, however, UE speed may be a better parameter than Doppler spread to describe the channel characteristic. In NR the centre frequency can be quite different e.g. 4GHz and 30GHz, so quite different UE speed would be mapped from the same Doppler spread, but in practice UE speed should not vary depending on the centre frequency of its serving carrier. Therefore, we suggest to use UE speed rather than Doppler spread as a parameter in link level simulation in NR.
Proposal 1: RAN4 to discuss PBCH precoding, delay spread for TDL/CDL channels and UE speed assumption for NR PBCH simulations.

Our simulation results with 5ms are shown in Table 2-7 for different propagation channels. From the initial results, we observed 

· The overall PBCH decoding delay at low (-6dB) SNR can be more than 10 samples and up to 52 samples in the worst case.

· There are clear performance difference among propagation conditions, e.g. EAP5 and CDL-D are more challenging than others.

· There are clear performance difference due to SCS, in particular 240kHz SCS gives worst performance.   
One possible reason of the not-so-good results 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. Therefore, we also simulated 80ms SSB burst period, and the results are shown in Table 8-13. It can be seen that 

· There are clear performance improvements with 80ms compared to 5ms SSB burst period.
3 Conclusions 
In this paper, we provided our views on simulation assumptions and our initial simulation results for SSS based RSRP. 
On the simulation assumption we have the following proposal. 

Proposal 1: RAN4 to discuss PBCH precoding, delay spread for TDL/CDL channels and UE speed assumption for NR PBCH simulations.
We have the following observations from the initial simulation results. 

-
With 5ms SSB burst period, the overall PBCH decoding delay at low (-6dB) SNR can be more than 10 samples and up to 52 samples in the worst case.

-
There are clear performance improvements with 80ms compared to 5ms SSB burst period.
-
There are clear performance difference among propagation conditions, e.g. EAP5 and CDL-D are more challenging than others.

-
There are clear performance difference due to SCS, in particular 240kHz SCS gives worst performance.  
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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

	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 (baseline)

FFS: 4

	SS burst set periodicity
	ms
	5

	Relative Delay of 1st Path (synchronous)
	μs
	0

	Relative Delay of 1st Path (asynchronous)
	ms
	0

	Frequency Offset relative to UE frequency reference
	Hz
	0

	RB Utilization
	%
	100

	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
	-
	Gold code

Sequence related parameters to be indicated by companies

	PBCH-DMRS RE positions within the PBCH resource
	-
	Equal DMRS density across NR-PBCH with 3 RE/PRB/Symbol
DMRS have the same RE position in all NR-PBCH symbols

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	To be indicated

	PBCH SNR
	dB
	-6 : 6 dB

	Propagation Condition
	-
	AWGN, EPA5, ETU30

TDL-A/B/C/D with 300ns delay spread Note1

CDL-A/B/C/D with 300ns delay spread Note1 (secondary priority)



	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
	120kHz
	240kHz

	EPA5
	2Rx
	-6
	13
	12
	11
	17

	
	
	-5
	10
	6
	5
	4

	
	
	-4
	4
	6
	2
	4

	
	
	-3
	4
	5
	2
	3

	
	
	-2
	3
	3
	2
	2

	
	
	-1
	2
	2
	2
	2

	
	
	0
	2
	2
	1
	1

	
	
	1
	2
	2
	1
	1

	
	
	2
	2
	2
	1
	1

	
	
	3
	2
	2
	1
	2

	
	
	4
	2
	1
	1
	1

	
	
	5
	1
	1
	1
	1

	
	
	6
	1
	1
	1
	1


Table 3: Number of SSBs to achieve 99% PBCH decoding for ETU30
	Channel model
	Rx
	SNR
	15kHz
	30kHz
	120kHz
	240kHz

	ETU30
	2Rx
	-6
	3
	3
	8
	10

	
	
	-5
	3
	2
	4
	8

	
	
	-4
	2
	2
	3
	4

	
	
	-3
	2
	2
	2
	3

	
	
	-2
	1
	2
	2
	2

	
	
	-1
	1
	1
	2
	2

	
	
	0
	1
	1
	1
	1

	
	
	1
	1
	1
	1
	1

	
	
	2
	1
	1
	1
	1

	
	
	3
	1
	1
	1
	1

	
	
	4
	1
	1
	1
	1

	
	
	5
	1
	1
	1
	1

	
	
	6
	1
	1
	1
	1


Table 4: Number of SSBs to achieve 99% PBCH decoding for CDL-A
	Channel model
	Rx
	SNR
	15kHz
	30kHz
	120kHz
	240kHz

	CDL-A
	2Rx
	-6
	13
	3
	6
	26

	
	
	-5
	7
	3
	4
	8

	
	
	-4
	3
	3
	5
	6

	
	
	-3
	2
	2
	2
	3

	
	
	-2
	2
	1
	2
	2

	
	
	-1
	2
	1
	1
	2

	
	
	0
	2
	1
	1
	1

	
	
	1
	1
	1
	1
	1

	
	
	2
	1
	1
	1
	1

	
	
	3
	1
	1
	1
	1

	
	
	4
	1
	1
	1
	1

	
	
	5
	1
	1
	1
	1

	
	
	6
	1
	1
	1
	1


Table 5: Number of SSBs to achieve 99% PBCH decoding for CDL-B
	Channel model
	Rx
	SNR
	15kHz
	30kHz
	120kHz
	240kHz

	CDL-B
	2Rx
	-6
	4
	4
	3
	12

	
	
	-5
	3
	3
	3
	5

	
	
	-4
	2
	2
	2
	3

	
	
	-3
	2
	1
	1
	2

	
	
	-2
	2
	1
	1
	2

	
	
	-1
	2
	1
	1
	1

	
	
	0
	1
	1
	1
	1

	
	
	1
	1
	1
	1
	1

	
	
	2
	1
	1
	1
	1

	
	
	3
	1
	1
	1
	1

	
	
	4
	1
	1
	1
	1

	
	
	5
	1
	1
	1
	1

	
	
	6
	1
	1
	1
	1


Table 6: Number of SSBs to achieve 99% PBCH decoding for CDL-C
	Channel model
	Rx
	SNR
	15kHz
	30kHz
	120kHz
	240kHz

	CDL-C
	2Rx
	-6
	6
	3
	7
	18

	
	
	-5
	3
	2
	9
	4

	
	
	-4
	2
	2
	2
	3

	
	
	-3
	2
	1
	2
	2

	
	
	-2
	2
	1
	2
	2

	
	
	-1
	2
	1
	1
	1

	
	
	0
	1
	1
	1
	1

	
	
	1
	1
	1
	1
	1

	
	
	2
	1
	1
	1
	1

	
	
	3
	1
	1
	1
	1

	
	
	4
	1
	1
	1
	1

	
	
	5
	1
	1
	1
	1

	
	
	6
	1
	1
	1
	1


Table 7: Number of SSBs to achieve 99% PBCH decoding for CDL-D
	Channel model
	Rx
	SNR
	15kHz
	30kHz
	120kHz
	240kHz

	CDL-D
	2Rx
	-6
	3
	5
	12
	52

	
	
	-5
	2
	2
	7
	20

	
	
	-4
	2
	2
	2
	11

	
	
	-3
	2
	2
	2
	6

	
	
	-2
	2
	2
	2
	6

	
	
	-1
	1
	1
	1
	2

	
	
	0
	1
	1
	1
	2

	
	
	1
	1
	1
	1
	2

	
	
	2
	1
	1
	1
	1

	
	
	3
	1
	1
	1
	1

	
	
	4
	1
	1
	1
	1

	
	
	5
	1
	1
	1
	1

	
	
	6
	1
	1
	1
	1


Table 8: Number of SSBs to achieve 99% PBCH decoding for EPA5 with 80ms SSB burst period
	Channel model
	Rx
	SNR
	15kHz
	30kHz
	120kHz
	240kHz

	EPA5
	2Rx
	-6
	4
	5
	
	

	
	
	-5
	4
	4
	
	

	
	
	-4
	3
	4
	
	

	
	
	-3
	3
	3
	
	

	
	
	-2
	3
	3
	
	

	
	
	-1
	2
	2
	
	

	
	
	0
	2
	3
	
	

	
	
	1
	2
	2
	
	

	
	
	2
	2
	2
	
	

	
	
	3
	2
	2
	
	

	
	
	4
	2
	1
	
	

	
	
	5
	2
	1
	
	

	
	
	6
	1
	1
	
	


Table 9: Number of SSBs to achieve 99% PBCH decoding for ETU30 with 80ms SSB burst period

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

	ETU30
	2Rx
	-6
	3
	3
	
	

	
	
	-5
	2
	2
	
	

	
	
	-4
	2
	2
	
	

	
	
	-3
	2
	2
	
	

	
	
	-2
	2
	2
	
	

	
	
	-1
	1
	1
	
	

	
	
	0
	1
	1
	
	

	
	
	1
	1
	1
	
	

	
	
	2
	1
	1
	
	

	
	
	3
	1
	1
	
	

	
	
	4
	1
	1
	
	

	
	
	5
	1
	1
	
	

	
	
	6
	1
	1
	
	


Table 10: Number of SSBs to achieve 99% PBCH decoding for CDL-A with 80ms SSB burst period

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

	CDL-A
	2Rx
	-6
	8
	5
	
	

	
	
	-5
	3
	3
	
	

	
	
	-4
	3
	3
	
	

	
	
	-3
	2
	2
	
	

	
	
	-2
	2
	2
	
	

	
	
	-1
	2
	2
	
	

	
	
	0
	2
	2
	
	

	
	
	1
	1
	1
	
	

	
	
	2
	1
	1
	
	

	
	
	3
	1
	1
	
	

	
	
	4
	1
	1
	
	

	
	
	5
	1
	1
	
	

	
	
	6
	1
	1
	
	


Table 11: Number of SSBs to achieve 99% PBCH decoding for CDL-B with 80ms SSB burst period

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

	CDL-B
	2Rx
	-6
	4
	4
	
	

	
	
	-5
	3
	3
	
	

	
	
	-4
	2
	3
	
	

	
	
	-3
	2
	2
	
	

	
	
	-2
	2
	2
	
	

	
	
	-1
	2
	2
	
	

	
	
	0
	1
	1
	
	

	
	
	1
	1
	1
	
	

	
	
	2
	1
	1
	
	

	
	
	3
	1
	1
	
	

	
	
	4
	1
	1
	
	

	
	
	5
	1
	1
	
	

	
	
	6
	1
	1
	
	


Table 12: Number of SSBs to achieve 99% PBCH decoding for CDL-C with 80ms SSB burst period

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

	CDL-C
	2Rx
	-6
	5
	6
	
	

	
	
	-5
	3
	7
	
	

	
	
	-4
	3
	3
	
	

	
	
	-3
	2
	2
	
	

	
	
	-2
	2
	2
	
	

	
	
	-1
	2
	2
	
	

	
	
	0
	2
	1
	
	

	
	
	1
	1
	1
	
	

	
	
	2
	1
	1
	
	

	
	
	3
	1
	1
	
	

	
	
	4
	1
	1
	
	

	
	
	5
	1
	1
	
	

	
	
	6
	1
	1
	
	


Table 13: Number of SSBs to achieve 99% PBCH decoding for CDL-D with 80ms SSB burst period

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

	CDL-D
	2Rx
	-6
	3
	4
	
	

	
	
	-5
	2
	4
	
	

	
	
	-4
	2
	2
	
	

	
	
	-3
	2
	2
	
	

	
	
	-2
	1
	1
	
	

	
	
	-1
	1
	1
	
	

	
	
	0
	1
	2
	
	

	
	
	1
	1
	1
	
	

	
	
	2
	1
	1
	
	

	
	
	3
	1
	1
	
	

	
	
	4
	1
	1
	
	

	
	
	5
	1
	1
	
	

	
	
	6
	1
	1
	
	


