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1	Introduction
RAN4#84bis discussed the PBCH-DMRS sequence acquisition and PBCH demodulation performance to derive the SS/PBCH index acquisition requirement, and the simulation results are summarized in [1]. Since RAN1 has completed the SS/PBCH design (e.g., [2]), we show the simulation results based on the latest RAN1 agreements. 
2	Simulation results
Table 1 lists the parameters we used for evaluation. One of the difference from the last meeting is the CRC bits added to MIB sequence; RAN1 agreed to use 24bits CRC for NR-MIB. 
[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)



[bookmark: _Ref352176984]2.1	PBCH-DMRS time index acquisition
According to RAN1 agreements, 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 [2]. 
[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



The table implies that the SS/PBCH time index can be identified with the PBCH-DMRS sequence identification for sub-6GHz. For mmWave, the time index is given by 6 bits and even if UE can identify the PBCH-DMRS sequence (3 LSBs), there are still 8 possible time index candidates because this information, i.e., 3 MSBs, is included in NR-MIB. Therefore, we show the PBCH-DMRS time index acquisition performance for sub 6GHz only. 
Table 3 shows the simulation results for PBCH-DMRS time index acquisition. 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
	2
	1
	1
	1

	30kHz
	EPA5
	2
	2
	1
	1
	1
	1

	
	ETU70
	3
	3
	2
	2
	1
	1



2.2	PBCH decoding
2.2.1	Decoder assumption
PBCH decoding performance is used to derive the time index acquisition time for mmWave scenario.
RAN1 has agreed that NR-MIB contains 10bits of SFN, half frame indication, and 3MSBs of SS/PBCH block time index. If we focus on the time index acquisition requirements, UE will try to receive PBCH symbol with the same time index every 20ms. This means all the MIB information except for the 2nd/3rd LSBs of SFN are same during the MIB TTI (=80ms).
Figure 1 illustrates the procedure of transport channel processing for BCH. RAN1 designed the PBCH with the assumption UE can perform the soft-combining across SS burst within the TTI. For example, RAN1 have introduced the 1st and 2nd scrambling during the transport channel processing. The 2nd scrambling sequence is initialized with the cell ID and 2 or 3 LSBs of SS/PBCH time index, and it is applicable to the BCH sequence before mapping to PBCH resource elements. This means the 2nd scrambling sequence depends on the 3LSBs of the SS/PBCH time index, and it does not change across SS burst during MIB TTI (80ms). The 1st scrambling sequence is initialized with the cell ID and 2nd/3rd LSBs of SFN, and it is applied to NR-MIB sequence before adding CRC, except for SS/PBCH block time index (3MSBs), half-radio frame, and 2nd/3rd LSBs of SFN. This means the 1st scrambling sequence changes every 20ms.
When UE perform the soft-combining of PBCH soft-bits, UE needs some pre-processing before the combing considering the different 1st scrambling and 2nd/3rd LSBs of SFN in NB-MIB information bits. After receiving the PBCH symbols, UE first perform the descrambling of the 2nd scrambling code. Since it is based on the 3 LSBs of SS/PBCH time index, UE can generate the scrambling code from the time index estimated from PBCH-DMRS sequence acquisition. After the descrambling and de-mapping, UE generate the soft-bits with length 864. Since the coded and rate-matched bits in the transport channel processing are generated based on the different 2nd/3rd LSBs of SFN, UE should flip the soft-bit signs according to hypothesis. The different SFN bits affects the value of the 24 CRC bits and resulting Polar coded bits. Since the position of the 2nd/3rd LSBs of SFN is fixed in MIB, UE can derive the corresponding Polar code word and knows which position of coded bits should be flipped, for example, if the 2nd LSB of SFN is 0 to 1. This prediction is possible because PBCH uses Polar coding and Polar coding is a linear code.
Observation: RAN1 designed PBCH assuming UE can perform soft-combining across SS-burst with the same time index.  
[image: ]
[bookmark: _Ref498096800]Figure 1	Transport channel processing for NR BCH.

2.2.2	Simulation results
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 the 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
	8
	5
	3
	2
	1
	1

	
	ETU70
	13
	4
	2
	2
	1
	1

	30kHz
	EPA5
	11
	4
	3
	2
	1
	1

	
	ETU70
	20
	9
	4
	3
	2
	2



[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
	4
	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
	6
	4
	2
	1
	1
	1

	
	ETU70
	6
	3
	2
	1
	1
	1

	30kHz
	EPA5
	6
	3
	2
	1
	1
	1

	
	ETU70
	11
	5
	3
	2
	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
	1
	1
	1
	1

	240kHz
	TDL-C, 100ns, Doppler=83Hz
	5
	4
	2
	1
	1
	1




2.2.3	NR-MIB acquisition time
This section discusses the MIB acquisition time form the simulation results. For single short decoding, UE try decoding PBCH every SS burst (20ms) and the expected acquisition time is derived by (20ms * number of decoding attempts). 
For soft-combing receiver, on the other hand, since UE can combine and decode every SS burst within the MIB TTI but UE cannot combine PBCH across the MIB TTI boundary, the expected decoding time depends on the TTI boundary as shown in Figure 2. For example, 2 decoding attempts corresponds to 60ms, but 4 attempts correspond to 80ms. 
Table 8 summarizes the estimated MIB acquisition time for SNR=-6dB assuming 99% decoding success rate. In this contribution, we are discussing the SS/PBCH time index acquisition and therefore we focus on the mmWave scenario. For mmWave case it is observed that the SSB index acquisition time with soft-combing receiver is equal or shorter than the single-shot receiver. We propose RAN4 also consider soft-combining receiver when we specify the requirement related to MIB acquisition. 
Proposal: RAN4 consider the soft-combining receiver when we specify the requirement related to MIB acquisition as well as single-shot receiver. 

[image: ]
[bookmark: _Ref498446933]Figure 2	Difference of PBCH decoding timing between single shot and 2 soft-combing.
[bookmark: _Ref498448472]Table 8	Expected NR-MIB acquisition time at SNR=-6dB assuming 99% success rate.
	
	
	
	SNR = -6dB

	Carrier frequency
	SCS
	Fading channel
	Single shot
	Soft-combing

	4GHz
	15kHz
	EPA5
	40ms
	60ms

	
	
	ETU70
	40ms
	60ms

	
	30kHz
	EPA5
	40ms
	60ms

	
	
	ETU70
	60ms
	80ms

	30GHz
	120kHz
	TDL-C
	80ms
	40ms

	
	240kHz
	TDL-C
	60ms
	60ms




3	Summary
Observation: RAN1 designed PBCH assuming UE can perform soft-combining across SS-burst with the same time index. 
[bookmark: _GoBack]Proposal: RAN4 consider the soft-combining receiver when we specify the requirement related to MIB acquisition as well as single-shot receiver. 
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Appendix 
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.
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