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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

Furthermore, in the RAN1 #90 meeting [2] 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
Working assumption:
· Regarding the number of sequences and sequence mapping rule:
· Single long sequence is mapped to all PBCH-DMRS REs within a SS block
· LTE PN generator is reused for PBCH DMRS sequence generation, and related parameters are
· Gold Code LFSR size: 31
· Gold Code Polynomials: x31 + x3 + 1, x31 +x3 + x2 + x + 1
· Note that RAN1 may revisit the PN generator for PBCH DMRS if NR supports different PN generator for other usages
· Regarding EPRE offset between PBCH-DMRS and NR-PBCH data:
· FFS: UE may assume that same EPRE between NR-PBCH DMRS and NR-PBCH data is applied
· Note that power boosting is up to NW implementation
· Regarding Cell-ID-based frequency shift for PBCH-DMRS RE locations:
· vshift = NIDcell mod 4
· Regarding PBCH-DMRS sequence generation:
· PBCH-DMRS sequence is based on long Gold sequence (e.g., polynomial order >= 30)
· Sequence modulation is QPSK
Agreements:
· Sequence initialization is based on cell ID and SS block time index carried by PBCH-DMRS

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.
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Some of the remaining issues for NR-PBCH designs needed to be addressed are the following:
· The part of SFN is down-selected from the following:
· 3 LSB bits of SFN
· [bookmark: _GoBack]2nd and 3rd LSB bits of SFN
· SSB time index indication using DMRS. Half radio frame index as part of the initialization of the 1st scrambling. Whether or not half radio frame index is a part of NR-PBCH payload

In this section, we discussed the options for the part of SFN bits and SSB time index indication using DMRS.

Timing Information Carried by NR-PBCH
A scrambling sequence may be applied to NR-PBCH payload. This scrambling sequence may be a function of synchronization information and timing information. For example, the initialization of scrambling sequence may be based on Cell ID and a part of system frame number (SFN). When scrambling is used to scramble data in NR-PBCH, the data payload to be scrambled may exclude SS block index, half radio frame if radio frame indication is included in NR-PBCH payload and the part of SFN. This scrambling sequence may be applied prior to CRC attachment and encoding process.
The part of SFN may be two options:
· Option 1: 3 LSB bits of SFN
· Option 2: 2nd and 3rd LSB bits of SFN

In case of 3 LSB bits of SFN, eight blind decoding attempts may be needed to achieve 10ms granularity. This can enable better coherent combining gain when periodicity is smaller than 20ms, e.g., 10ms. This however may be at the cost of higher blind decoding complexity due to scrambling operations in NR-PBCH. In case of 2nd and 3rd LSB bits of SFN, four blind decoding attempts may be needed to achieve 20ms granularity. 
In the case of one-shot detection for NR-PBCH without soft combining, either option, namely, 3 LSB bits of SFN or 2nd and 3rd LSB bits of SFN may not increase blind decoding complexity if the scrambling sequence is applied to NR-PBCH data payload and used to scramble the data before channel encoding. 
It seems that the difference between two options is in the case of multi-shot detection with soft combining. Since either option may require the part of SFN to be also included in payload that is not scrambled, therefore there is no significant difference between these two options in one-shot detection. Option 1 may have slighly higher blind detection complexity in case of multi-shot detection. On the other hand, unlike option 2 in which there is one bit difference across multiple copies of NR-PBCH payload which may require additional designs and perhaps complexity for Polar encoding processing, option 1 has the same payload for multi-shot detection which can achieve soft combining gain. Therefore option 1 seems a simple design.
In addition, half radio frame may be carried by scrambing as well. If half radio frame is carried by scrambing sequence, then the half radio frame index may also be part of the initialization of the 1st scrambling sequence. In this case, the half radio frame index may be included as a part of NR-PBCH payload but may not be scrambled. The 2nd scrambling sequence with initialization based on cell ID only may be applied to the encoded NR-PBCH bits in a SS block. The 2nd scrambling sequence can be applied after channel encoder.

Proposal 1: The 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to NR-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 may be the 3 LSB bits of SFN or 2nd and 3rd LSB bits of SFN.

NR-PBCH DMRS for SSB Time Index Indication and Simulations Results 
A single long sequence is mapped to NR-PBCH-DMRS REs within a SS block which was agreed as working assumption. This is illustrated in DMRS RE Mapping 1 in the Figure 1. As discussed in [4], a single long sequence may not be able to enable a low complexity coherent detector. As a result, the detection performance of SS Block Time index indication using a single long sequence may suffer if low complexity coherent detector is used. Advanced receiver is thus required for a single long sequence approach which results in higher detection complexity. As compared to two sequence approach in which only simple coherent detector is needed, the detection complexity of a single long sequence approach could be multi-folds e.g., eight times higher than two sequence approach due to eight hypotheses tests for unknwon sequences and channel.  



[bookmark: _Ref490232690]Figure 1: Two different Designs for DMRS Mapping for NR-PBCH


In our simulations two different receivers were implemented for RE-Mapping 1. In the first receiver option, we estimate channel for each sequence, smooth the channel frequency response with simple moving average, pre-equalize DMRS sub-carriers and perform sequence detection using correlator. We pick the sequence with largest correlation value of all sequences. This receiver requires 8 times more operations than the design where the channel estimation doesn’t have to be hypothesis based. 
In the second receiver option, instead of simple moving average, we take the estimated channel response to time domain, and based on a threshold, truncate channel impulse response. We convert this CIR back to frequency domain to perform the pre-equalization of DMRS sub-carriers. This is followed by correlator detector. In this case the complexity increases by 16 FFT and 16 IFFT (considering two receive antennae and 8 hypothesis). 
For two sequence case (or RE mapping 2), we estimate the channel for the DMRS sub-carriers which overlap with SS block using NR-PSS and NR-SSS and the DMRS sub-carriers in the first NR-PBCH OFDM symbol which is not dependent on STBI. This receiver requires only 108 equalization operation, moving average operations and eight length-108 correlation operations. 
The performance for these three cases is shown in Figure 2. It was observed that two sequence based approach outperforms more complex approachs single sequence with hypothesis based channel estimator
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[bookmark: _Ref492893428]Figure 2 STBI Detection performance dof different sequence and receiver

Observation 1: Performance of two short sequence approach is observed to outperform a single long sequence or has lower detection complexity. 

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: The 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to NR-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 may be the 3 LSB bits of SFN or 2nd and 3rd LSB bits of SFN.
Observation 1: Performance of two short sequence approach is observed to outperform a single long sequence or has lower detection complexity. 
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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, 100kmph

	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)

	Number of RBs Used 
	24

	Number of REs used for STBI indication
	108, 144

	Modulation for DMRS
	QPSK

	Number of OFDM Symbols
	2

	DMRS Density
	¼

	Channel Estimation for DMRS pre-equalization
	Zero Forcing channel estimation

	Transmit Port
	Single Port Transmission

	DMRS pre-equalization
	Receive Diversity with 2 Ports, MRC combining 

	SNR
	Receiver SNR

	Residual CFO
	10% Of SCS, 12KHz,
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