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1	Introduction
RAN plenary #87 approved the first version of NR RRM requirements [1] but the SSB index acquisition time for intra-frequency measurement, TSSB_time_index, is still TBD. 
RAN4#85 also agreed with the way forward on the SS/PBCH block time index acquisition time [2], and in the way forward, RAN4 observed that: 
· For FR1, only DMRS acquisition is needed for SSB time index acquisition. Simulation results show that [TBD] attempts 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. 
Since RAN1 complete the SS/PBCH block design, we show the simulation results based on the latest RAN1 agreements in order to derive the number of attempts for SSB index acquisition time. We also discuss the required measurement time for SSB index acquisition. 
2	Simulation results
Table 1 lists the parameters we used for evaluation. On receiver side, we don’t assume RX beamforming. 
[bookmark: _Ref494737051]Table 1	Simulation parameters for SSB index acquisition requirements.
	Parameters
	Values

	Carrier frequency 
	4GHz
	30GHz

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

	Number of Tx antennas
	1

	Number of Rx antennas
	2 (w/o receiver beam-forming)

	Number of transmitted SS/PBCH blocks within an SS burst set period (K)
	1

	SS burst set periodicity
	20ms

	PBCH-DMRS power offset with respect to PSS/SSS
	0dB

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

	PBCH SNR
	-10dB, -8dB, -6dB, -4dB, -2dB, 0dB

	Propagation condition
	EPA5, ETU70
	TDL-C
RMS delay spread = 100ns

	Doppler frequency
	See above
	83Hz (3km/h@30GHz)

	Detection method
	One shot detection (No combination for different PBCHs)
Soft-combining across PBCHs in different SS burst sets within the same TTI (2 combining or 4 combining)



[bookmark: _Ref352176984]2.1	PBCH-DMRS time index acquisition
According to the RAN1 agreement, PBCH-DMRS sequence initialization is based on Cell ID, 3 LSB of SS/PBCH block time index, and half-frame indication bit. Table 2 shows the relation between the frequency band and the initialization of PBCH-DMRS sequences [3][4]. 
[bookmark: _Ref498090698]Table 2	Maximum number of SS/PBCH blocks and initialization of PBCH-DMRS sequence.
	Frequency band 
	Maximum of SS/PBCH blocks (L)
	Initialization of PBCH-DMRS sequence

	Below 3GHz
	4
	2LSBs of SSB time index, half-frame indication

	Between 3GHz and 6GHz
	8
	3LSBs of SSB time index

	Above 6GHz
	64
	3LSBs of SSB time index



As observed in the way forward, UE can acquire the SS/PBCH time index with the PBCH-DMRS sequence identification for sub-6GHz (FR1). For FR2, the time index is given by 6 bits but 3 LSBs can be identified from the PBCH-DMRS sequence. The rest of bits (3 MSBs) are signalled in NR-MIB as ssb-IndexExplicit. This means UE need to decode PBCH for SSB index acquisition for FR2. 
Table 3 shows the simulation results for PBCH-DMRS time index acquisition for FR1. For this simulation, we assume UE knows the Cell ID.
[bookmark: _Ref494732590]Table 3	Number of attempts for PBCH-DMRS time index acquisition to achieve 99% decoding success rate (4GHz, 2Rx)
	[bookmark: _Hlk494459868]SCS
	Fading channel
	SNR=-10dB
	SNR=-8dB
	SNR=-6dB
	SNR=-4dB
	SNR=-2dB
	SNR=0dB

	15kHz
	EPA5
	2
	2
	1
	1
	1
	1

	
	ETU70
	2
	2
	1
	1
	1
	1

	30kHz
	EPA5
	2
	2
	1
	1
	1
	1

	
	ETU70
	2
	2
	1
	1
	1
	1



2.2	NR-MIB acquisition time
In RAN4#85, we discussed the possibility of PBCH soft-combining [5] according to the RAN1 PBCH design. The detailed idea for PBCH soft-combining is explained in [5]. 
Table 4 and Table 5 show the simulation results of the number of PBCH decoding attempts for NR-MIB acquisition with 99% success rate with the single-shot PBCH decoder. Note these results also include the PBCH-DMRS sequence acquisition success rate.
Table 6 and Table 7 show the simulation results of the number of PBCH decoding attempts for NB-MIB acquisition with 99% success rate with the soft-combining PBCH decoder (2 consecutive PBCH combining). 

[bookmark: _Ref494737841]Table 4	Number of PBCH decoding attempts to achieve 99% decoding success rate (Single shot, 4GHz, 2Rx).
	SCS
	Fading channel
	SNR=-10dB
	SNR=-8dB
	SNR=-6dB
	SNR=-4dB
	SNR=-2dB
	SNR=0dB

	15kHz
	EPA5
	9
	5
	3
	2
	2
	1

	
	ETU70
	7
	3
	2
	2
	2
	1

	30kHz
	EPA5
	12
	6
	3
	2
	2
	1

	
	ETU70
	6
	3
	2
	2
	2
	1



[bookmark: _Ref494737842]Table 5	Number of PBCH decoding attempts to achieve 99% decoding success rate (Single shot, 30GHz, 2Rx).
	SCS
	Fading channel
	SNR=-10dB
	SNR=-8dB
	SNR=-6dB
	SNR=-4dB
	SNR=-2dB
	SNR=0dB

	120kHz
	TDL-C, 100ns, Doppler=83Hz
	10
	4
	2
	2
	2
	1

	240kHz
	TDL-C, 100ns, Doppler=83Hz
	14
	4
	3
	2
	2
	1



[bookmark: _Ref498446590]Table 6	Number of PBCH decoding attempts to achieve 99% decoding success rate (2 soft-combining, 4GHz, 2Rx).
	SCS
	Fading channel
	SNR=-10dB
	SNR=-8dB
	SNR=-6dB
	SNR=-4dB
	SNR=-2dB
	SNR=0dB

	15kHz
	EPA5
	5
	3
	2
	1
	1
	1

	
	ETU70
	4
	2
	1
	1
	1
	1

	30kHz
	EPA5
	5
	4
	3
	1
	1
	1

	
	ETU70
	4
	2
	1
	1
	1
	1



[bookmark: _Ref498446591]Table 7	Number of PBCH decoding attempts to achieve 99% decoding success rate (2 soft-combining, 30GHz, 2Rx).
	SCS
	Fading channel
	SNR=-10dB
	SNR=-8dB
	SNR=-6dB
	SNR=-4dB
	SNR=-2dB
	SNR=0dB

	120kHz
	TDL-C, 100ns, Doppler=83Hz
	4
	2
	2
	1
	1
	1

	240kHz
	TDL-C, 100ns, Doppler=83Hz
	5
	3
	2
	1
	1
	1




3	SSB time index acquisition time
Table 8 summarizes our simulation result for the number of SS/PBCH attempts with 99% of time index acquisition success rate at SNR=-6dB. Our simulation result shows FR1 scenario needs 1 attempt but FR2 scenario 2-3 attempts for single shot.
[bookmark: _Ref498448472]Table 8	Simulation summary of the number of SS/PBCH attempts with 99% of time index acquisition success rate at SNR=-6dB. 
	
	
	
	SNR = -6dB

	Carrier frequency
	SCS
	Fading channel
	Single shot
	2 PBCH Soft-combing

	4GHz (BPCH-DMRS sequence)
	15kHz
	EPA5
	1
	

	
	
	ETU70
	1
	

	
	30kHz
	EPA5
	1
	

	
	
	ETU70
	1
	

	30GHz (PBCH decoding)
	120kHz
	TDL-C
	2
	2

	
	240kHz
	TDL-C
	3
	2



The purpose of this study is to derive the SSB index acquisition time, TSSB_time_index. According to RAN1 decision, there are several SSB transmission periodicity (or SMTC period) options: 5ms, 10ms, 20ms, 40ms, 80ms, and 160ms. In our understanding, PBCH soft-combing is possible during within MIB-NR TTI (80ms). This means the SSB acquisition time derived from 2 PBCH soft-combining is applicable the periodicity of 40ms or less. For simplicity, if we consider the single shot based results, we propose to set the SSB time index acquisition time to SMTC period x Nattempts [ms] without gap and no DRX, where Nattempts is the number of SS/PBCH attempts to acquire the configured SSB time index.  
RAN4 should consider the case DRX is enabled and measurement gap is configured. Based on the ‘On duration’ period and measurement gap period, we propose to set TSSB_time_index for FR1 as follows:
	
	Without measurement gap
	With measurement gap

	Non-DRX or DRX cycle < SMTC periodicity
	Nattempts × (SMTC period)
	Nattempts × max(SMTC period, MGRP)

	DRX >= SMTC periodicity
	Nattempts × (DRX cycle)
	Nattempts × max(DRX cycle, MGRP)


We propose to set to Nattempts=1 based on our simulation result. 
[bookmark: _GoBack]We also propose TSSB_time_index for FR2 is also same or close to this table, however we may need consider some scaling factor due to e.g., Rx beam sweeping. This is what RAN4 is discussing and we would like to wait for the conclusion for FR2 measurement time. Regarding the number of attempts, based on our simulation results, we propose to set Nattempts=2 for SCS=120kHz and Nattempts=3 for SCS=240kHz.
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Appendix 
A.1	Simulation assumption [1]
	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.



A.2	Method to derive the decoding success rate with multiple attempts.
The figure below illustrates our method to derive the decoding success rate with multiple attempts. First we log the decoding result for each single attempt where we set ‘1’ for the decoding success and ‘0’ for the decoding failure. In the figure below, the decoding success rate becomes 0.46 (11/24) with single attempts. For 2 attempts, we count the result every 2 attempts. If at least one of attempts in the window become ‘1’, we consider it is successful and the success rate is 0.75 (=9/12).
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