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1 	Introduction
In the RAN4 #NR3 meeting the link level simulation assumptions for SBI acquisition time were updated [1]. The proposed simulation assumptions are used to derive the basic SBI acquisition time. 
	· Case1: PBCH-DMRS time index reading (Without decode PBCH data)
DMRS time index reading time = the number of SS-blocks required for 99% to successfully reading DMRS time index.
· Case2: PBCH reading
Basic SI reading time = the number of SS-blocks required for 99% to successfully decode the PBCH.



In last RAN1 #90bis meeting, a new working assumption [2] was agreed on the NR-PBCH design are stated as follows:
	· For both sub-6 and above-6, reduce the PBCH to X PRB per symbol and add Y PBCH PRBs to SSS symbol with no other redesign
· Working assumption: 
i. X=20 
ii. Y=2*(24-X) 
· Same mapping rule(frequency-first, time-second) for data and DMRS is applied
· Working assumption: The same DMRS density in the PBCH PRB in the SSS symbols is assumed
· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)
· For PBCH 2nd scrambling initialization:
· initialization based on both cell ID and 3 LSB of SS/PBCH block index
· The initialization for PBCH DMRS is:


· For max L=4,  where HF=0 in the first half frame of a radio frame and HF=1 in the second half frame of a radio frame
· For max L=8, and max L=64  



In this paper, we discuss the reference UE behaviors, update our simulation results based on RAN1 working assumptions and propose the requirements for SBI acquisition.
2 Reference UE Behaviour in PBCH-DMRS time index reading
According to RAN1 agreements, PBCH-DMRS sequence initialization is based on Cell ID and 3 LSB of SS/PBCH block time index. Since the number of SS/PBCH blocks per SS burst can be set up to 8 in FR1, 3 bits for PBCH-DMRS sequence initialization can be used to identify the SSB time index. In the case of FR2, the number of SS/PBCH blocks per SS burst is up to 64. This means 3 more bits are needed to identify the time index and this information is included in the NR-MIB. According to the simulation assumption, PBCH-DMRS time index reading evaluation does not include PBCH decoding.
PBCH-DMRS time index reading is targeting to detect one out of 8 candidate DMRS sequences. Coherent-combining across SS bursts can’t work well when SMTC period is large because SS/PBCH block’s channel profile will become uncorrelated between SS burst. Coherent-combining will be even more challenging than non-coherent combing for UE to achieve the better performance in HST scenario. Therefore, when discussing minimum requirements in RAN4, it’s better to assume non-coherent combing which is applicable for the most cases and/or typical scenarios. Then it can be up to UE implementation using coherent combining for optimization in some cases.
Proposal 1: The requirements for PBCH-DMRS time index reading is defined based on non-coherent combing across SS bursts. Coherent combing is optional up to UE implementation.  
3 Reference UE Behaviour in PBCH reading above 6GHz
Performance of 3 MSB bits SS/PBCH block index based on PBCH reading is used to derive the SBI acquisition time requirements in FR2. Simulation needs the detailed design for PBCH structure and PBCH-DMRS sequence. Currently, RAN1 is finalizing PBCH design with 20PRBs and 3 symbols for evaluation and confirmation. Another aspect is the channel coding for PBCH. RAN1 has agreed to adopt the same polar code construction as control channel with 24 bits CRC polynomial length for PBCH. Therefore our results are provided based on the latest working assumption and agreements in RAN1.
For FR2, Considering in RAN1 latest agreement, 2nd and 3rd SFN bits are explicitly indicated in the PBCH payload, so it’s difficult for UE to soft-combine up to 4 hypothesises of PBCH’s LLR with changed SFN bits in payload. Besides, for SMTC period=5ms, it has to further consider the change of half frame indication (C0) carried in PBCH payload explicitly, which will further double the number of hypothesis for soft-combing. This will make UE receiver more complex compared to legacy LTE UE. Furthermore, UE can’t use soft-combing across SS bursts when SMTC period is larger than 80ms PBCH TTI length due to potential change of MIB content. Thus, it’s better to leave soft-combing up to UE implementation. 
Proposal 2: The requirement for PBCH reading is defined based on the assumption of non-soft combing across SS bursts. Soft-combing is optional up to UE implementation. 
   
In this contribution, we provide the simulation results with up to N times detection/reading for SBI acquisition targeting 1% BLER for given SNR.
4 Simulation Results
The scenario for no Tx/Rx beamforming and no combination for multiple PBCHs were evaluated.
Table 1 is the the number of attempts for SBI acquisition time in frequency range FR1 with 99% success rate.
Table 2 is the the number of attempts for SBI acquisition time in frequency range FR2 with 99% success rate.
The number of acquisition attempts calculation is based on majority vote solution (such as selection 3 from 5 attempts).
Table 1: SBI acquisition time in frequency range FR1 
	Case
	SCS(KHz)

	
	15
	30

	Propagation condition
	SNR [dB]
	Number of acquisition attempts
	Number of acquisition attempts

	
	
	
	

	EPA5
	-10
	3
	5

	
	-8
	2
	4

	
	-6
	2
	3

	
	-4
	1
	2

	
	-2
	1
	1

	ETU70
	-10
	6
	NA

	
	-8
	4
	NA

	
	-6
	3
	NA

	
	-4
	2
	NA

	
	-2
	2
	NA

	TDL-C
	-10
	3
	4

	100ns
	-8
	2
	3

	3km/h
	-6
	2
	3

	 
	-4
	1
	2

	 
	-2
	1
	1


 
Table 2: SBI acquisition time in frequency range FR2 
	Case
	SCS(KHz)

	
	120
	240

	Propagation condition
	SNR [dB]
	Number of acquisition attempts
	Number of acquisition attempts

	
	
	
	

	EPA5
	-10
	40
	137

	
	-8
	12
	64

	
	-6
	2
	25

	
	-4
	1
	2

	
	-2
	1
	1

	TDL-C
	-10
	32
	139

	100ns
	-8
	12
	55

	3km/h
	-6
	5
	18

	 
	-4
	2
	8

	 
	-2
	1
	1



Note 1: In ETU channel with large RMS delay spread, the CP will be not enough for larger subcarrier spacing. SCS = 30/120/240 kHz simulation results will be not suitable for performance evaluation.

Observation 1: PBCH-DMRS time index reading should be at least 5 attempts for SS block index acquisition targeting 1% mis-detection probability in frequency range FR1.
Observation 2: PBCH reading should be at least 25 attempts for SS block index acquisition targeting 1% BLER in frequency range FR2.
5 Intra-frequency SSB time index requirement without measurement gaps
In RAN1’s agreement, SMTC periodicities should be {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. The typical scenario of SBI acquisition requirement is for UE handover. In general, if UE is at the boundary of cells, all handover related actions may be prioritized in order to maintain communication with network. This means UE may want to decode SSB time index quickly. 
However, in RRM, UE is not required to perform measurement frequently when SMTC period is small. The wireless channels between two samples are strongly correlated in a short period of time. Detecting SBI for every SMTC occasion does not guarantee performance gain in return, but consumes additional UE power. To trade-off the measurement timing and power consumption, it’s better to add a lower bound on SMTC periodicity in the requirement. It will also provide UE flexibility to allocate baseband resources for RRM measurement. So that the RRM measurement performance for intra and inter-frequency is not impacted by this time index acquisition task. In our opinion, 40ms is a reasonable value to be chosen as a lower bound on SMTC periodicity in the delay requirement.
Proposal 3: In the delay requirements of intra-frequency SS/PBCH block time index acquisition without measurement gaps, a lower bound, e.g., 40 ms, should be applied to SMTC periodicity. 

In the following, we provide the potential performance requirements. When the UE can perform intra-frequency SS block identification without measurement gaps, the UE shall be able to identify a new SS block within TSSB_time_index for frequency range FR1, FR2 as shown in Table 1, and 2. 
Table 1. SS block identification requirement without measurement gaps for frequency range FR1
	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	[6] x max{ SMTC period Note 1, 40 ms}

	DRX1 < DRX cycle≤ DRX2
	[6] x DRX period

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 2. SS block identification requirement without measurement gaps for frequency range FR2
	DRX cycle
	TSSB_time_index

	No DRX, or DRX cycle < SMTC periodicity
	[30] x max{ SMTC period Note 1, 40 ms}

	DRX1 < DRX cycle≤ DRX2
	[30] x DRX period

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Proposal 4: For frequency range FR1, TSSB_time_index without measurement gap requirement is defined based on TSSB_time_index = [6]*max{ SMTC period, 40 ms } when no DRX or DRX cycle < SMTC periodicity.
Proposal 5: For frequency range FR2, TSSB_time_index without measurement gap requirement is defined based on TSSB_time_index = [30]*max{ SMTC period, 40 ms } when no DRX or DRX cycle < SMTC periodicity.

6 Summary
In this paper, we provided simulation results for SBI acquisition time in NR, for a number of parameter combinations according to the simulation assumptions agreed in [1]. At the same time, we also propose the intra-frequency SBI acquisition requirement w/o measurement gap.
Observation 1: PBCH-DMRS time index reading should be at least 5 attempts for SS block index acquisition targeting 1% detection probability in FR1.
Observation 2: PBCH reading should be at least 25 attempts for SS block index acquisition targeting 1% BLER in FR2.
Proposal 1: The requirements for PBCH-DMRS time index reading is defined based on non-coherent combing across SS bursts. Coherent combing is optional up to UE implementation. 
Proposal 2: The requirement for PBCH reading id defined based on the assumption of non-soft combing across SS bursts. Soft-combing is optional up to UE implementation. 
Proposal 3: In the delay requirements of intra-frequency SS/PBCH block time index acquisition without measurement gaps, a lower bound, e.g., 40 ms, should be applied to SMTC periodicity. 
Proposal 4: For frequency range FR1, TSSB_time_index without measurement gap requirement is defined based on TSSB_time_index = [6]*max{ SMTC period, 40 ms } when no DRX or DRX cycle < SMTC periodicity.
Proposal 5: For frequency range FR2, TSSB_time_index without measurement gap requirement is defined based on TSSB_time_index = [30]*max{ SMTC period, 40 ms } when no DRX or DRX cycle < SMTC periodicity.  
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8 Annex A: Simulation Assumptions
Table 1: Parameters for basic SI reading (PBCH acquisition)
	Parameter
	Unit
	Value

	Carrier frequency 
	GHz
	4GHz; 30GHz

	Subcarrier spacing
	KHz
	15 kHz, 30KHz; 120KHz, 240KHz

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

	Number of Rx antennas
	-
	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 and PBCH-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(CRC=24bit)

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

	Propagation Condition
	-
	EPA5, ETU70,
TDL-C with desired RMS delay spread 100ns Note1 

	UE speed and Doppler Shift
	-
	3km/h speed

	Detection Method
	
	one shot detection 

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