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1. Introduction
At RAN1 #86b, it is agreed on broadcast channel NR-PBCH design [1].
· PSS, SSS and/or PBCH can be transmitted within a ‘SS block’

· FFS: details how to compose PSS, SSS and/or PBCH

· Multiplexing other signals are not precluded within a ‘SS block’

· One or multiple ‘SS block(s)’ compose an ‘SS burst’

· FFS: Number of ‘SS block(s)’ (defined as duration of ‘SS burst’)

· FFS: whether or not ‘SS block(s)’ are consecutive
· FFS: whether or not ‘SS block(s)’ within a ‘SS burst’ are the same
· One or multiple ‘SS burst(s)’ compose a ‘SS burst set’

· FFS: Periodicity and the number of ‘SS burst’ within a SS burst set

· Number of SS bursts within a SS burst set is finite.
· FFS: Transmission instances of ‘SS burst set’ 
· E.g., periodic/aperiodic transmission of SS burst sets.
· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing

· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded
In this contribution, we discuss NR-PBCH signal design for beamforming operation.  
2. Beam Forming Operation for NR-PBCH options
As shown in Figure 1, a NR-SS beam sweeping burst may contain several SS beam sweeping blocks. Each SS block may be either composite of a single or multiple CP-OFDM symbols [2].
Observation 1: The NR-PBCH has two design options either dependent on a single or multiple CP-OFMD symbols in a SS block. 
In the following, we discuss the NR-PBCH design consideration for both options:     
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Figure 1 SS burst and SS block for synchronization channels and/or PBCH
Option 1: A single CP-OFDM symbol for a SS block.

In this option, the NR-PBCH may be FDM with both NR-PSS and NR-SSS in a single CP-OFDM symbol. This option has the shortest duration for a SS burst, since the NR-PBCH coexists with the NR-SS within a same CP-OFDM symbol.  In the beamforming case, this may not be optimal for performance that NR-PBCH use NR-SSS as the demodulation reference because the NR-SSS and the NR-PBCH might be placed at the different frequency resources, as illustrated in Figure 2 (b). Hence, it may require introducing another demodulation reference signal design to support NR-PBCH demodulation. This demodulation reference signal for NR-PBCH may also be served for both beam sweeping training sequence (BTRS) and for mobility measurement as well.  
Proposal 1: In a single CP-OFDM symbol for a SS block case, a beam training reference may be introduced for NR-PBCH demodulation.   
Option 2: Multiple CP-OFDM symbol for a SS block.
In this option, the NR-PBCH may be placed at different symbol location from NR-SS and use the same frequency resource as NR-SS. In [3], it calls this as TDM approach as illustrated in Figure 2 (a). In addition, the NR-PBCH may have repletion symbols design if there is a necessary. In this case, the NR-SSS might be feasible for serving demodulation reference signal purpose for NR-PBCH. Hence, in the option, an extra demodulation reference for NR-PBCH may not be needed. However, this option results in a longer duration for a SS burst because a SS block may contain multiple symbols for beam sweeping. In addition, it may require to associate with multiple beams for each SS block to reduce the SS burst duration. 
Observation 2: To reduce the duration of a SS burst when a SS block is composite of multiple CP-OFDM symbols, a SS block may be associated with multiple beams to reduce the time for beam sweeping in the initial access. 
Proposal 2: In multiple CP-OFDM symbols for a SS block case, NR-SSS can be design for serving the demodulation of NR-PBCH.
In [3], the TDM and FDM approaches for initial access channels and NR-PBCH has been proposed. In [3], it compares both approaches performance base on the same bandwidth allocation. Hence, it results in TDM can have wider subcarrier spacing than FDM approach. Wider subcarrier spacing can have better CFO immunity than narrow subcarrier spacing for SS signal design. Therefore, in [3], it concludes TDM approach can be more robust with frequency offset/phase noise in higher frequency (HF) NR systems. If the NR-SS is designed based on a specific subcarrier spacing, the bandwidth of NR-SS may be varied dependent on different frequency range then the performance comparison between TDM and FDM may not differ much in terms of frequency offset/phase noise.    
Proposal 3: The subcarrier spacing for NR-SS and NR-PBCH may be further studied based on different frequency bands or ranges for both TDM and FDM approaches.  
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Figure 2 NR-PBCH channel is (a) FDM (b) TDM with SS
3. Conclusion

In this contribution, the PBCH Design for NR has been addressed based on the structure of SS block and SS burst. Here is the summary of proposals: 
Observation 1: The NR-PBCH has two design options either dependent on a single or multiple CP-OFMD symbols in a SS block. 
Proposal 1: In a single CP-OFDM symbol for a SS block case, a beam training reference may be introduced for NR-PBCH demodulation.   

Observation 2: To reduce the duration of a SS burst when a SS block is composite of multiple CP-OFDM symbols, a SS block may be associated with multiple beams to reduce the time for beam sweeping in the initial access. 

Proposal 2: In multiple CP-OFDM symbols for a SS block case, NR-SSS may be design for serving the demodulation of NR-PBCH

Proposal 3: The subcarrier spacing for NR-SS and NR-PBCH may be further studied based on different frequency bands or ranges for both TDM and FDM approaches.  
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