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1. Introduction

Thanks to the past few RAN1 meetings, we now can refer to the agreements on the SS/PBCH design for SS/PBCH time index acquisition requirements. 

In RAN4, we have reached the below agreements on the SS/PBCH time index acquisition time in [1] at RAN4 #85 and also an updated simulation assumption is agreed in [2].
	· RAN4 observed the need of further study on NR SS/PBCH time index acquisition time TSSB_time_index based on the link level simulations because of the further update of SSB design after RAN1#91
· For FR1, only DMRS acquisition is needed for SSB time index acquisition. Simulation results show that [TBD] attempt are needed at -6dB.
· For FR2, both PBCH-DMRS acquisition and PBCH NR-MIB decoding are needed for SSB time index acquisition. Simulation results show that [TBD] attempts are needed at -6dB.
· PBCH Soft-combining is not mandatory and shall be up to implementation. 
· Companies are encouraged to provide further link simulation results based on the simulation assumption R4-1713437 in order to derive the required attempts to acquire SSB index.


In this contribution, we provide link level simulation results for SSB index acquisition time. Requirements need to rely on such results for both FR1 and FR2. Especially for FR2, cascade detection of PB-DMRS and PBCH is considered for finer-grained results on SS/PBCH index acquisition time. Proposal is that [6] attempts are needed for FR1 and [10] attempts are needed for FR2 to correctly decode SS/PBCH index.
2. Discussion
2.1. NR-PBCH BLER and acquisition time
In this section we display link level simulation results for PBCH acquisition BLER. Utilized simulation assumptions are according to the agreed paper [2]. As discussed in [3], we examine FR2 SS/PBCH index detection considering cascade detection of PB-DMRS and PBCH, so that finer-grained results can be derived for time required by SS/PBCH index acquisition. The results are shown in the table below.
	Payload length (including CRC)
56 bits
	Propagation condition
	Subcarrier spacing
	SNR [dB]
	Number of acquisition attempts

	
	4GHz EPA5
	15KHz
	-10
	6

	
	
	
	-8
	3

	
	
	
	-6
	2

	
	
	
	-4
	2

	
	
	
	-2
	1

	
	
	
	0
	1

	
	4GHz ETU70
	15KHz
	-10
	8

	
	
	
	-8
	3

	
	
	
	-6
	2

	
	
	
	-4
	2

	
	
	
	-2
	1

	
	
	
	0
	1

	
	30GHz TDL-C

100ns
	120KHz
	-10
	8

	
	
	
	-8
	4

	
	
	
	-6
	2

	
	
	
	-4
	1

	
	
	
	-2
	1

	
	
	
	0
	1


According to the results, we can conclude as follows for SS/PBCH time index acquisition. Also, additional impact must be take into consideration that margin should be added to the below numbers.
Observation 1: Simulation results show that at -6dB or above SNR [2] attempts are needed for correct SS/PBCH time index acquisition without the additional margin.  

Observation 2: Simulation results show that at -8dB SNR [4] attempts are needed for correct SS/PBCH time index acquisition without considering additional margin.  

Observation 3: Simulation results show that at -10dB SNR [8] attempts are needed for correct SS/PBCH time index acquisition without considering additional margin.  
3. Conclusion
This contribution provides link level simulation results for NR-PBCH acquisition time. Based on the above discussion, further evaluations are suggested for other scenarios. 

Observation 1: Simulation results show that at -6dB or above SNR [2] attempts are needed for correct SS/PBCH time index acquisition without the additional margin.  

Observation 2: Simulation results show that at -8dB SNR [4] attempts are needed for correct SS/PBCH time index acquisition without considering additional margin.  

Observation 3: Simulation results show that at -10dB SNR [8] attempts are needed for correct SS/PBCH time index acquisition without considering additional margin.  
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5. Appendix 1
Table 1: Parameters for basic SI reading (PBCH acquisition)
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	2GHz; 30GHz

	Subcarrier spacing
	KHz
	15 kHz; 30 kHz for 2GHz;

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
	
	According to the RAN1 agreements

	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
	0

	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 Channel coding
	
	Polar code with 512 length and 24bit DCRC

	PBCH Modulation
	-
	QPSK

	PBCH Payload (including the CRC)
	bits
	56bit  (CRC 24bit)

	PBCH SNR
	dB
	-10 : 0 dB, at least including -6dB,-8 dB

	Propagation Condition
	-
	EPA5, ETU70 for 2GHz
CDL/TDL-C with desired RMS delay spread 100ns Note1 for 30GHz

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

FFS Soft- combining

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


6. Appendix 2

With the results in the above, the figures of the curves formed by the above results are shown in Figure 1.
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Figure 1 PBCH acquisition BLER
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