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1 Introduction

In RAN1#88 meeting, the following were agreed [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 provides guidance for potential minimum and maximum value.
In this contribution, the physical channel design of PBCH including demodulation RS and transmission scheme for PBCH, the transmission bandwidth for NR-PBCH are discussed. Some evaluations are also provided. 
2 PBCH Design
In this section, the physical channel design of PBCH, e.g., transmission scheme, demodulation RS and the transmission bandwidth for NR-PBCH are discussed. 
2.1 PBCH transmission scheme
At last meeting, the following two transmission schemes need to be down selected.  

· A single antenna port based transmission scheme 

· Two antenna port based SFBC.

In this part, we compare the BLER performance of different transmission schemes for broadcast channel with the assumptions given in Table 1 in the appendix, where perfect channel knowledge is assumed at UE side. Alt. 1: Two antenna port based SFBC (two polarizations). Alt. 2: Precoder cycling based on single antenna port. The precoder cycling with 2x1 vectors is RB based. The comparisons of BLER performance are given in Figure. 1. The corresponding physical resource mapping is given in the appendix. 
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Figure 1 BLER performance comparisions
It can be observed that Alt.1 outperforms Alt.2. Although Alt. 2 will reduce the number of antenna ports with potential improvement of the channel estimation, by considering the same overhead as Alt. 1. However, Alt. 1 could apply better noise reduction scheme at Rx side by channel filtering, whereas Alt. 2 has totally different effective channel in different RB. As a result, we have following proposal.
Proposal 1: SFBC used as the transmission scheme for broadcast channel should be supported in NR. 
2.2 Discussion on payload of PBCH
2.2.1 Transmission bandwidth for NR-PBCH 

Same transmission bandwidth assumption for NR-PBCH and NR-SS can significantly reduce UE’s detection complexity for initial cell selection for NR-cell.  In addition, it is also beneficial for the assisted detection of beamformed NR-PBCH according to NR-SS with same beam. Therefore, no necessity can be seen for the assumption of transmission bandwidth of NR-PBCH different from that of NR-SS.
Proposal 2:  The same transmission bandwidth for NR-PBCH and NR-SS should be supported in NR. 
2.2.2 Payload of NR-PBCH 

In LTE, the contents of MIB include the following fields:

· System bandwidth field (4 bits)

· SFN field(8 bits)

· PHICH resource indication field(3 bits)  
· Padding fields (9 bits)

· CRC (16 bits)

Total 40bits for MIB including CRC are needed in LTE. In NR, PHICH resource indication may be not needed due to the scheduled uplink data transmission.  As discussed in above section, the updated periodicity values of NR-SS can be indicated to UE by NR-PBCH. Thereby, the PHICH resource indication field can be replaced by a NR-SS periodicity indication field [up to 3 bits].
In addition to NR-SS periodicity indication field, the other information fields can also be newly indicated in NR-MIB, e.g. the indication to derive measurement duration and the indication to derive the combination of system information from multiple beams [2]. Thereby, the contents of NR-MIB can include the following fields:

· System bandwidth field (4 bits)

· SFN field(8 bits)

· NR-SS periodicity indication field(3 bits)  

· Measurement duration indication field(2~3 bits) 
· Combination information indication field for SIB(1bits) 

· Padding fields (9 bits)

· CRC (16 bits)

When NR operates at both lower frequency (e.g. sub-6 GHz) and higher frequency, the TRPs in lower frequency of NR can assist a higher frequency TRP to finish the access procedure. Or NR TRP can be assisted by LTE TRP irrespective of carrier frequency range of NR-TRP. This deployment is referred to as multiple connectivity operation. In this case, it is assumed that the UE has already achieved coarse synchronization to the LF-TRPs or LTE-TRP and been connected to the lower frequency/LTE network. While considering that the time granularity on NR-TRP may be tinier, a refined synchronization on NR-TRP is needed to finish the symbol/subframe timing of NR-TRPs. Based on the above discussion, it can be seen that NR-PBCH in assisted TRP is not needed in this scenario.  
Proposal 3: NR-PBCH is not needed in non-standalone scenario. 
2.3 Demodulation reference signal of PBCH 

In an ‘SS block’, PBCH and SS can be multiplexed in TDM manner as agreed at last meeting. Same beam association can be assumed between SS and broadcast channel in a SS block. As discussed in above subsection, SFBC with two ports is proposed to PBCH to enhance the robustness especially for beam based transmission. At RAN1 AH meeting, the following three alternatives were agreed as the alternatives of reference signal of NR-PBCH demodulation.
· Alt.1: Synchronization Signal (e.g. NR-SSS)

· Alt.2: Self-contained DMRS 

· NOTE: It does not preclude additional channel estimation aid from synchronization signal.

· Alt.3: MRS multiplexed in an SS block, if MRS is supported in an SS block.

 In order to simplify RS design and reduce the resource overhead especially for the case of beam based transmission with huge beam number, reusing beamformed synchronization signal as the demodulation reference signal of broadcast channel (i.e. Alt.1) should be considered in NR. Compared to Alt.2 and Alt.3, no new added signal needs to be introduced. Thereby, it will benefit the design of NR-PBCH. For example, to speed up the beam sweeping, if the PBCH with one beam is only on very few OFDM symbols and an additional DMRS (e.g. Alt.2) overhead would result in high code rates of PBCH. 
Alternatively, SSS with two ports can be repurposed to provide demodulation reference for PBCH.  Or SSS with single port and additional RS with another port can jointly be used to provide demodulation reference for PBCH.  The actual port number of SSS can be determined according to the overhead and detection performance of SSS. Further study is needed based on the other SSS design assumptions, e.g. SSS sequence length and type etc. 
In LTE, CRS is used as the demodulation reference signal of PBCH and CRS signal corresponding to different ports can be multiplexed with FDM or TDM manner. While for DMRS used as the demodulation reference signal of PDSCH, signals from different antenna ports can be multiplexed with FDM, TDM or CDM manner. In NR, SSS signal of each beam can be mapped in one or two OFDM symbol, thereby FDM, TDM or CDM can be considered for SSS signal from different antenna ports if two ports are defined for SSS sequence.
Based on the above discussions, we have the following proposal: 

Proposal 4: Synchronization signal used for the demodulation RS of broadcast channel should be supported in NR
3 Summary of proposals
In this contribution, the physical channel design of PBCH and corresponding evaluation are given and analyzed. The proposals in this paper are summarized as follows:
Proposal 1: SFBC used as the transmission scheme for broadcast channel should be supported in NR. 

Proposal 2:  The same transmission bandwidth for NR-PBCH and NR-SS should be supported in NR. 
Proposal 3: NR-PBCH is not needed in non-standalone scenario. 
Proposal 4: Synchronization signal used for the demodulation RS of broadcast channel should be supported in NR.
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5 Appendix

The evaluation assumptions are given in following table.

Table 1 Evaluation assumptions for link-level simulation 
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Subcarrier spacing
	120 kHz

	PBCH payload
	24 bits

	CRC
	16 bits

	PBCH bandwidth
	240 REs

	Modulation 
	QPSK

	Channel coding
	Polar 

	TRP antenna config.
	(M, N, P) = (4, 8, 2); With directional antenna element (HPBW=650, directivity 8dB

	UE antenna config.
	(M, N, P) = (2, 4, 2); With directional antenna element (HPBW=900, directivity 5dB). 



	Antenna port virtualization
	DFT codebook, TRP with 32 beams in two polarizations, UE 8 beams in two polarizations

	Frequency / time offset
	0 at TRP and UE

	Phase noise
	Follow the PN models of [4]

	Precoding scheme
	SFBC

Precoder cycling over RB: 
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	Channel model
	CDL-C with delay scaling values of 30 ns 

ASA = 60 degree,  and ASD = 25 degree, ZSA = 5 degree, ZSD = 1 degree 

The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	UE speed (km/h)
	3

	UE movement
	Static
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Figure 2.  Physical resource mapping of PBCH for tranmission scheme comparissons
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