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1 Introduction
In the last RAN1 meeting, some agreements on NR-PBCH have been achieved as following [1]:

Agreements:
· RAN1 considers following parameter sets with associated default subcarrier spacing and possible maximum transmission bandwidth for NR-PBCH design
· Parameter set #W associated with 15 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 5 MHz
· Parameter set #X associated with 30 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 10 MHz
· Parameter set #Y associated with 120 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 40 MHz
· Parameter set #Z associated with 240 kHz subcarrier spacing and NR-PBCH transmission bandwidth no larger than 80 MHz
· For each parameter set, study whether transmission bandwidth for NR-PBCH is same or wider than that of NR-SS.
Agreements:
· For NR-PBCH transmission, NR supports a single transmission schemes selected from following schemes:
· A single antenna port based transmission scheme 
· Two antenna port based SFBC.
Agreements:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.

· This simply provide guidance for potential minimum and maximum value.
In this contribution, we provide further considerations on NR-PBCH design, including transmission scheme, MIB content and time-frequency domain allocation.
2 Discussion
2.1 NR-PBCH transmission scheme
For the transmission scheme based on a single antenna port, one method is to apply precoder cycling to achieve transmitter diversity gain, wherein both data and RS are precoded with the same precoder. However, PRB-level precoder cycling may not be suitable for the case that SSS is used for demodulation RS of NR-PBCH since PRB-level precoder cycling of SSS may impact synchronization performance. Except 1 port precoder cycling with SSS as DMRS, other possible transmission schemes are summarized in table 1, and corresponding performance evaluations are showed in Appendix.
Table 1. Summary of possible NR-PBCH transmission schemes
	Demodulation RS
	Self-contained DMRS
	SSS

	Transmission scheme
	1 port
	1 port precoder cycling
	2 port SFBC
	1 port
	2 port SFBC

	Transmitter diversity gain
	No
	High (Physical TX> 2)
	Medium
	No
	Medium

	Coding rate of PBCH
	Medium
	High
	Low

	TFO tracking
	Self-contained DMRS can be used for CFO tracking
	No additional RS for CFO tracking

	PBCH bandwidth
	No limitation on PBCH bandwidth
	PBCH bandwidth needs to be same as SSS

	Others 
	Orthogonality of SFBC may be impacted by a higher degree of frequency selectivity (a larger delay spread) and a larger subcarrier spacing


In theory, 2 port SFBC can achieve at most the level of TX=2 transmitter diversity. For precoder cycling, transmitter diversity gain can be increased by increasing the number of physical transmitter antennas. When TX>2, precoder cycling can achieve higher transmitter diversity gain than SFBC, and the simulation results in Figure 1 verify the phenomenon. Since RS overhead of 1 port precoder cycling is less than 2 port SFBC, low coding rate can bring a better performance. In addition, orthogonality of SFBC is based on the assumption that the wireless channel in the paired REs is almost similar. Thus, orthogonality of SFBC may be impacted by a higher degree of frequency selectivity caused by a larger delay spread, e.g. 100ns delay spread, and by a larger subcarrier spacing, e.g. 120kHz or 240kHz for the case of above 6GHz. Considering transmitter diversity gain, RS overhead, and robustness to delay spread and subcarrier spacing, 1 port precoder cycling is preferred for NR-PBCH transmission scheme.     
Proposal 1: 1 port precoder cycling is preferred for NR-PBCH transmission scheme.
Comparing with SSS as demodulation RS of NR-PBCH, self-contained DMRS has more advantages. One aspect is that there is no limitation on PBCH bandwidth, and PBCH bandwidth can be larger than SS-block bandwidth. Another aspect, self-contained DMRS can be used for carrier frequency offset (CFO) tracking if at least 2 OFDM symbols contains DMRS. In addition, precoder cycling can be applied for self-contained DMRS to achieve higher transmitter diversity gain without other impact. Our simulation results in Figure 2 also show that DMRS-based 1 port precoder cycling (TX=4) can achieve similar performance as SSS-based 2 port SFBC and better performance than SSS-based 1 port transmission (TX=1). Based on above analysis, we propose self-contained DMRS is preferred for demodulation RS of NR-PBCH.
Proposal 2: Self-contained DMRS is preferred for demodulation RS of NR-PBCH
2.2 NR-PBCH content
Similar to MIB in LTE, NR-MIB may include the essential system configuration such as anchor carrier bandwidth and/or the overall (aggregated) system bandwidth. However, the legacy PHICH configuration may not be needed. Besides, it is also questionable whether SFN should be included in NR-MIB. For example, it could be considered to include SFN in NR_ESI, which may depend on the further discussion in RAN1/RAN2 on the usage and the SFN size. Considering the large size of SFN bits, MIB may not need to include all SFN bits. The most of SFN bits can be carried in ESI later on. 

Another potential NR-MIB content is the configuration of control resource set of UE-common (or E-group-common) NR-PDCCH, which is discussed in detail in another companion contribution [2]. Control resource set is to configure time-frequency domain resource of NR-PDCCH and may be dependent on beam ID.
Similar to the operation in eMTC/NB-IoT, NR-MIB may also carry scheduling information for NR_ESI such as MCS, resource allocation and transmission time. To reduce the overhead, the MCS and resource allocation can be restricted for NR-ESI.
To help UE to identify OFDM symbol index, slot index in a radio frame and radio frame number from an SS block, NR-PBCH should carry the information of SS block index which determines the time location of a SS block within one SS burst set. Considering the NR-PBCH payload size can be up to 100bits (including CRC bits), SS block index can be directly indicated in NR-MIB and needn’t be implicitly indicated by using some special design with more specification effort.    

Proposal 3: NR-PBCH should include at least following contents:
· Part of SFN

· Anchor carrier bandwidth

· Control resource set 
· Scheduling information of ESI

· SS block index

3 Conclusion
In this contribution, we provided more discussion on NR-PBCH design. Based on the discussion, the following proposals are given for consideration.

Proposal 1: 1 port precoder cycling is preferred for NR-PBCH transmission scheme.

Proposal 2: Self-contained DMRS is preferred for demodulation RS of NR-PBCH
Proposal 3: NR-PBCH should include at least following contents:

· Part of SFN

· Anchor carrier bandwidth

· Control resource set 

· Scheduling information of ESI

· SS block index
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5 Appendix
Table 2. Simulation assumptions for NR-PBCH evaluation
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	5 MHz

	Beam configuration
	Single-beam

	Transmission scheme
	1 port precoder cycling; 2 port SFBC; Single transmitter antenna

	Data Res per PRB per symbol
	10

	DMRS Res per PRE per symbol
	2

	Time domain allocation
	2, 4 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15 kHz

	Channel model
	EPA

	UE speed
	3km/h

	Channel coding
	Tail-biting convolutional code

	Modulation order
	QPSK

	Payload size
	24 bits

	CRC length
	16 bits

	Channel estimation
	Ideal, 2D-MMSE

	Receiver algorithm
	2 RX MRC
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Figure 1. NR-PBCH performance comparison under different transmission schemes (NR-PBCH occupies two consecutive OFDM symbols)
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Figure 2. NR-PBCH performance comparison under different transmission schemes (NR-PBCH occupies 4 OFDM symbols, [1 0 1 0 1 0 1])
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