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Introduction
In the RAN1 #89 meeting [1] the following were agreed:
Agreements:
· RAN1 has agreed to include the following information in the NR-PBCH:
· (Part of) SFN: [7 - 10] bits
· Information for remaining minimum system information scheduling: [x] bits
· Bits reserved for future use: [x] bits
· CRC: [16+y] bits

In the RAN1 #90 meeting [3] the following were agreed:
Agreements:
· NR strive to support same payload size between below-6 and above-6 GHz
· SS block time index:
· 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz
· b5, …, b3 for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz
· 3 bits in NR-PBCH payload in below 6 GHz case may be used for other purpose(s)
Agreements:
· SS burst set periodicity is not carried in NR-PBCH payload
Agreements:
· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, 
· CORESET for RMSI scheduling and NR-PDSCH for RMSI does not have to be confined within the same BW of corresponding NR-PBCH
· Bandwidth for CORESET and NR-PDSCH for RMSI is confined within the UE minimum bandwidth for the given frequency band
Agreements:
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload
· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI
Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH
· CORESET is designed at least for TDM
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
Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS

Furthermore, in the RAN1 NR AH#3 meeting the following were agreed:
Agreement:
· Support 2nd scrambling based on cell ID for PBCH. To conclude one of the following alterantives next meeting:
· Alt 1: initialization based on cell ID only and is identical in SS/PBCH blocks
· Alt 2: initialization based on both cell ID and 3 LSB of SS/PBCH block index

Agreement:
· For power offset SSS to PBCH DMRS, to down-select between:
· Alt 1: 0 dB offset
· Alt 2: 3 dB offset 
· FFS whether the same or different offsets are selected for sub-6 GHz vs. mmw

In this contribution, we discussed some design principles for multi-beam based NR-PBCH transmission and related observations for NR-PBCH for single and multi-beam initial access. Particularly, we discussed the remaining issues for NR-PBCH designs.

NR Half Radio Frame Indication 
For 5 ms SS/PBCH block periodicity, the half-frame may be indicated by an explicit bit in the NR-PBCH payload or implicitly. For 10 ms and higher SS/PBCH block periodicity, the SS/PBCH blocks can be transmitted in the first half-frame of a frame and the half-frame indication may not be needed.
In LTE, half radio frame is indicated by SSS sequence. In NR, it has not been agreed that the half radio frame indication should be done implcitely or explicitly using NR-PBCH. If UE can obtain the indication of half radio frame, UE can perform measurement and soft combining and decoding.
As a method for half frame indication, we can consider three alternatives below: 
· Alt1: Using NR-PBCH Phase
· Alt2: Using NR-SSS Phase
· Alt3: Indicate explicitly in NR-PBCH (e.g., polar coded)
In case of Alt1, phase of both two OFDM symbols for PBCH is changed every 5ms. In the 0mS half radio frame, the phase is not rotated. However, in the 5mS half radio frame the phase is rotated by 180 degrees as shown in Figure 1. UE can detect half radio frame indication by comparing the phase between estimated channels between NR-PSS/NR-SSS and NR-PBCH DMRS. As phase of both PBCH data and PBCH DMRS are same, it doesn’t affect the NR-PNCH demodulation or the STBI detection using NR-PBCH DMRS 
In case of Alt2, phase of NR-SSS is changed every 5ms. In the 0mS half radio frame, the phase is not rotated. However, in the 5mS half radio frame the phase is rotated by 180 degrees as shown in Figure 2. UE can detect half radio frame indication by comparing phase between NR-PSS and NR-SSS.   
In case of Alt3, the half radio frame is indicated explicitly using the payload of NR-PBCH.   




[bookmark: _Ref494637564]Figure 1 Block diagram of Half Frame indication using Phase of NR-PBCH





[bookmark: _Ref494637616]Figure 2 Block diagram of Half Frame indication using Phase of NR-SSS
Alt1, Alt2 and Alt3 were simulated in CDL-C channel. In the simulations, perfect knowledge of SSB Time Index was assumed in Alt1. Same way, perfect knowledge of cell ID was assumed in Alt2. For Alt1 2D-MMSE channel estimation was used for NR-PBCH using the NR-PBCH DMRS. 1D MMSE channel estimation was used for the NR-PSS/NR-SSS followed by smoothing using simple moving average. The phase of channel estimates of NR-PSS/NR-SSS and the central 127 sub-carriers using NR-PBCH were compared for the half radio frame detection. For Alt2 1D MMSE channel estimation was used for the NR-PSS/NR-SSS followed by smoothing using simple moving average and the phase of channel estimates using both were compared for half-radio frame indication. 
It was observed that Alt1 performed better, however the performance of Alt2 is comparable. It may be explained as Alt1 uses phase comparison of 2 OFDM symbols, whereas Alt2 uses phase comparison of 1 OFDM symbol. In Alt2, channel estimation is performed using all the sub-carriers (of NR-PSS and NR-SSS), however in Alt1 the channel estimation is performed using only the DMRS sub-carriers of NR-PBCH. 
[image: ]
Figure 4 Comparing half radio frame detection performance 
Alt1 and Alt2 were also simulated in different delay-spread scenario as shown in Figure 5 with Alt1 outperforming Alt2. 

[image: ]
[bookmark: _Ref494639642]Figure 5 Performance of half radio frame detection in channel with different delay spreads
In the following simulations, imperfect knowledge of SSB Time Index was assumed in Alt1 and imperfect knowledge of cell ID was assumed in Alt2. Local sequences for DMRS were generated using these imperfect SBTI. As before, 2D-MMSE channel estimation was used for NR-PBCH using the NR-PBCH DMRS. 1D MMSE channel estimation was used for the NR-PSS/NR-SSS followed by smoothing using simple moving average. The phase of channel estimates of NR-PSS/NR-SSS and the central 127 sub-carriers using NR-PBCH were compared for the half radio frame detection. For performance of payload based indication, polar codes with payload of 64 bits was used. The results comparing Alt1 and Alt3 are shown in Figure 6.
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[bookmark: _Ref494723008]Figure 6 Half Radio Frame: Implicit vs Explicit Detection
It was possible that Alt1 may perform slightly better than Alt2. It could be explained in two folds. Firstly, the performance for cell ID detection using NR-SSS (which used simple correlators based detector with 336 hypothesis and sequence length 127) is worse than performance for detection SSB Time Index using NR-PBCH DMRS (which used GLRT based detector with 8 hypothesis and sequence length 144). Secondly, Alt1 used two OFDM symbols for phase comparison, whereas Alt2 used one OFDM symbol for phase comparison.
Observation: Performance of half radio frame detection based on NR-PBCH DMRS is slightly better than detection based on NR-SSS based approach.
Proposal 1: Half radio frame can be indicated explicitly and/or implicitly. 
Proposal 2: Half radio frame indication can be either: Alt. 1 explicit in payload or Alt. 2 explicit in payload and implicit in e.g., DMRS or SS.
Proposal 3: The 2nd scrambling initiation can be based on cell ID only or both cell ID and 3 LSB of SS/PBCH block index since performance is similar.
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Conclusions
In this contribution, we discussed some design principles for multi-beam based NR-PBCH transmission and related observations for NR-PBCH for single and multi-beam initial access. Particularly, we discussed the remaining issues for NR-PBCH designs. We have the following proposals:
Proposal 1: Half radio frame can be indicated explicitly and/or implicitly. 
Proposal 2: Half radio frame indication can be either: Alt. 1 explicit in payload or Alt. 2 explicit in payload and implicit in e.g., DMRS or SS.
Proposal 3: The 2nd scrambling initiation can be based on cell ID only or both cell ID and 3 LSB of SS/PBCH block index since performance is similar.
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Appendix: Evaluation Assumptions


[bookmark: _Ref465929413]Table 1. Link Level Simulation Assumptions

	Parameter
	Values for Above 6GHz

	Carrier Frequency
	30 GHz

	Channel Model
	CDL-C 

	Delay Spread
	30nS, 100nS, 300nS

	Doppler
	3kmph

	Subcarrier Spacing(s)
	120KHz 

	Antenna Configuration at the TRP
	(4,8,2), with directional antenna element (HPBW=65 degrees, directivity 8dB)

	Antenna Configuration at the UE
	(2,4,2), with directional antenna element (HPBW=90 degrees, directivity 5dB)

	NR-DMRS
	As agreed in NR-AH-3[1] (with phase rotation)

	Number of NR-PBCH OFDM Symbols
	2

	DMRS Density
	¼

	Transmit Port
	Single Port Transmission

	SNR
	Receiver SNR

	Residual CFO
	10% Of SCS, 12KHz,
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