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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. Below is the copy of corresponding agreements of RAN1 with a range covering NR_AH #3, RAN1 #90bis and RAN1 #90 where design of PBCH scrambling, payloads and arrangements are listed. 
	NR_AH #3:

Agreements:
· The 1st PBCH scrambling is a Gold sequence initialized by cell ID. The 2nd and 3rd LSBs of SFN are used for determining a sequential non-overlapping portion of the sequence.

· Generate a Gold sequence of length 4M where M is the number of bits to be scrambled

· Partition the generated sequence into 4 non-overlapping portions

· The 2nd and 3rd LSBs uniquely identify indices of each of the non-overlapping portion of the sequence
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	RAN1 #90bis: 
Agreements:

· The 2nd PBCH scrambling is a Gold sequence initialized by cell ID. 

· C_init = [NCell_ID]

· The X LSB bits of SS block index are used to determine a sequential non-overlapping portion of the sequence.

· Generate a Gold sequence of length (2^X)*M where M is the number of bits to be scrambled

· Partition the generated sequence into 2^X non-overlapping portions

· X LSB bits of SS block index uniquely identify indices of each of the non-overlapping portion of the sequence

· X = 2 for max L=4, i.e., 1st and 2nd LSB bits of SS block index.

· X = 3 for max L=8 or 64, i.e., 1st, 2nd and 3rd LSB bits of SS block index
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Agreements:

· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)

· 10-bit SFN is carried by NR-PBCH

Agreements:

· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
For 3GHz and below, half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4

	RAN1 #91:

Agreements:
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process

· The part of SFN is one the following, (to be selected by NR AH3)

· 3 LSB bits of SFN

· 2nd and 3rd LSB bits of SFN

· FFS: half radio frame index as part of the initialization of the 1st scrambling

· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block

Agreements:
· SS block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition

· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}

· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 

· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID




In RAN4, we have reached the below agreements on the SS/PBCH time index acquisition time in [1] at RAN4 #85.

	· 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.


This contribution provides discussion on the consideration of cascade detection of PB-DMRS and PBCH for the delay requirement on SS/PBCH index acquisition for both FR1 and FR2. It is our opinion that requirements for SS/PBCH time index acquisition should be carefully derived after thorough investigations on both FR1 and FR2 scenarios.
2. Discussion
2.1. FR2
2.1.1. Cascade acquisitions of PB-DMRS and PBCH

For mmWave scenarios, cascade acquisition of PB-DMRS and PBCH needs to be considered for SSB index acquisition. In order to derive precise results for SSB index acquisition time for mmWave scenarios, it is essential to consider the time requirements according to PB-DMRS and PBCH joint acquisition results. 

The reason that we take cascade acquisition into consideration instead of separately evaluate PB-DMRS or PBCH is because the UE wouldn’t be aware of the DMRS error before PBCH CRC which means that UE has no idea whether the error in SS/PBCH detection is due to DMRS error or PBCH error or both.
Table 1 Correct or not? – the relation between DMRS and PBCH
	DMRS
	PBCH
	SSB index
	Combine with the next shot

	×
	×
	×
	×

	√
	×
	×
	√

	√
	√
	√
	N/A


Additionally, combining of the consecutive SS/PBCH block with same index could be implemented for better performance under the condition that DMRS is correctly acquired. 
Proposal 1: Cascade detection of PB-DMRS and PBCH should be considered for the delay requirements for NR FR2 SS/PBCH index acquisition. 
2.1.2. Deriving SS/PBCH index acquisition time
According to the results provided in [3], we can derive the expected attempt number for above-6GHz scenarios and further acquisition time needed for successful PBCH acquisition by hypothesizing the SS block detection periodicity to be 20ms. It is important to note that, although multiple SS blocks can be configured within one single SS burst set periodicity, a blind UE may not assume hearing from another SS block until the same SSB index after 20ms. Thus we can define the mapping between worst PBCH acquisition time t and expected number n of needed PBCH acquisition attempts as 
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 stands for the time spent until the first PBCH is acquired and 
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 stands for SS burst set periodicity (hypothesizing 20ms).  Note that we assume only 1 SSB can be used for a certain UE with SMTC configured by the network for it, during which in the worst case only 1 SSB beam can be seen by such UE with adequate SNR. 

When considering soft-combining, it is important for us to look at the bits arrangement of MIB payloads and we can observe that performance of the combining depends much on the channel condition. Under such circumstances, soft-combining of SS/PBCH blocks should be left to implementation.
For receiver beam-forming, FFS the impact of different beam sweeping scheme.

Additionally, we have to take additional impact into account when deciding delay requirement for SS/PBCH index acquisition, for example residual frequency offset from cell selection should be considered.
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Figure 2 PBCH reading time
2.2. FR1

For FR1, although only PB-DMRS acquisition is needed for SS/PBCH time index acquisition, we still need to take into consideration the cascade detection of PB-DMRS and PBCH when deciding the delay requirement. The reason is that UE is not able to make sure that the acquired index is correct until the PBCH CRC is successfully processed. Or, the UE may confirm its correct acquisition of the index by checking the DMRS sequence of the same index SS/PBCH block in the next period (eg., 20ms hypothesis). Under such circumstances, we should take cascade detection of PB-DMRS and PBCH in order not to underestimate the delay needed by correct SS/PBCH index acquisition under FR1.

Proposal 2: For FR1, cascade detection of PB-DMRS and PBCH also need to be considered for SS/PBCH index acquisition delay requirement.
According to the simulation results in [3], for FR1 we also use observation 1 and 2 in attempts of SS/PBCH detections that are needed. Additionally, we also have to take additional impact into account when deciding delay requirement for SS/PBCH index acquisition.
Proposal 3: For FR1 SS/PBCH index acquisition delay requirement, [6] attempts of SS/PBCH detection are needed for correct time index acquisition with margin taken into consideration. 

3. Conclusion
This contribution provides discussion on the consideration of cascade detection of PB-DMRS and PBCH for the delay requirement on SS/PBCH index acquisition for both FR1 and FR2. Below observations and proposals are concluded for requirements for SS/PBCH index acquisition time derivation.
Proposal 1: Cascade detection of PB-DMRS and PBCH should be considered for the delay requirements for NR FR2 SS/PBCH index acquisition. 
Proposal 2: For FR1, cascade detection of PB-DMRS and PBCH also need to be considered for SS/PBCH index acquisition delay requirement.
Proposal 3: For FR1 SS/PBCH index acquisition delay requirement, [6] attempts of SS/PBCH detection are needed for correct time index acquisition with margin taken into consideration. 
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