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1. 
Introduction
The Physical Broadcast Channel (PBCH) carries the master information block (MIB) which contains essential system information and configurations for UE to obtain the minimum system information block (MSIB) required for initial access. This contribution discusses some design considerations for single beam PBCH in NR. In particular,
· PBCH bandwidth and numerology
· PBCH multiplexing with synchronization signals
· PBCH transmission (e.g., periodicity, the number of antenna ports, transmit diversity scheme)
· DMRS for PBCH demodulation
2. 
NR PBCH Design Considerations
2.1 Numerology and bandwidth
The cells transmit PBCH to provide UE with the master information block (MIB) which contains essential information and configurations for UE to obtain the minimum information block (MSIB) for initial acquisition procedures. In an initial acquisition procedure, UE first searches for the synchronization signals [1] to synchronize with the cell and then decode PBCH. Since UE has no knowledge on system bandwidth after decoding synchronization signals, similar to legacy LTE PBCH, it is preferred to transmit PBCH at the same frequency band used to transmit the synchronization signals. Furthermore, PBCH could have the same numerology as the synchronization signals. However, the numerology for the PBCH can be further studied together with the reference signals for PBCH demodulation.
Proposal 1: PBCH has the same channel bandwidth as synchronization signals. In particular, use 30kHz NCP as the only numerology for PBCH.
2.2 Multiplexing with synchronization signals

In the transmission with TDD self-contained subframe, both PBCH and synchronization signals could be carefully mapped into the same downlink centric subframe. More specifically, the PBCH could be multiplexed with the synchronization signals in either TDM or FDM manner. Having time multiplexing of PBCH and synchronization signals as illustrated in Figure 1 could allow to exploit the synchronization signal (e.g. SSS) as RS for PBCH demodulation. In addition, the PBCH and synchronization signals should not be mapped into the symbols reserved for DMRS for data.
Proposal 2: Transmit PBCH and synchronization signals in the same self-contained subframe.
Proposal 3: PBCH and the synchronization signals should be time-multiplexed.
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Figure 1. PBCH and synchronization signal multiplexing in the downlink-centric SF
2.3 PBCH Transmission 

The encoding and modulation of PBCH payload (e.g., MIB) could follow the same techniques used in LTE PBCH. In particular, the tail biting convolutional code could be used for MIB encoding while QPSK could be used for MIB modulation. From transmission perspective, the PBCH could be transmitted over multiple antenna ports for transmit diversity and coverage enhancement. In LTE, PBCH could be transmitted over single port or multiple antenna ports (e.g., 2 ports and 4 ports). At the UE side, UE performs blind detection on the number of antenna ports, which could cause unnecessary PBCH decoding latency and complexity. For NR, it is preferred to have the information on the antenna ports to be transparent to UE for reduction in PBCH decoding latency and complexity. For example, the PBCH could be transmitted over two antenna ports only. In addition, for high reliability, PBCH could be repeated over multiple synchronization periodicity and some transmit diversity scheme such as SFBC could be used.
Proposal 4: Use tail biting convolutional code (TBCC) and QPSK for encoding and modulating PBCH payload.
Proposal 5: For PBCH transmission, two-port SFBC should be supported only.
2.4 DMRS for PBCH demodulation
In LTE, cell-specific reference signal (CRS) is broadcast and works as DMRS for demodulating PBCH. However, in NR, CRS might not be broadcast for network power saving. The key question is what signal could be utilized as demodulation RS for decoding NR PBCH. There are two possible approaches:

1) Use the secondary synchronization signal (SSS) as DMRS for PBCH demodulation. Although SSS and PBCH are always transmitted in the same synchronization subframe, they should be sent over the same antenna ports so that SSS could be used as demodulation RS for PBCH. Due to the limited sync bandwidth, having SSS support dual port PBCH transmission could be reducing the dimension for physical cell ID signaling. For example, if we have 64 tones for SSS and dual port PBCH transmission, this means that we only have half of tones for signaling physical cell ID. 
2) Use an additional reference signal for demodulating PBCH. Such reference signal could be anchored in the synchronization subframe and transmitted over the same antenna ports with the PBCH. 
a) This measurement reference signal could be used for downlink measurement in downlink based mobility procedure. 
Proposal 6: For PBCH decoding, consider introducing additional DMRS for PBCH demodulation. Furthermore, this additional DMRS could be reused for downlink measurement.
3. Conclusion

This contribution has discussed single beam design aspects of PBCH for NR. More specifically, we have the following proposals:

Proposal 1: PBCH has the same channel bandwidth as synchronization signals. In particular, use 30kHz NCP as the only numerology for PBCH for < 6 GHz.
Proposal 2: Transmit PBCH and synchronization signals in the same self-contained subframe.

Proposal 3: PBCH and the synchronization signals should be time-multiplexed.

Proposal 4: Use tail biting convolutional code (TBCC) and QPSK for encoding and modulating PBCH payload.

Proposal 5: For PBCH transmission, two-port SFBC should be supported only.

Proposal 6: For PBCH decoding, consider introducing additional DMRS for PBCH demodulation. Furthermore, this additional DMRS could be reused for downlink measurement.
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