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Introduction
In this contribution we address the following topics related to NR-PBCH design:
· Number of antenna ports and transmission scheme
· Reference signal for demodulation
· Numerology
· NR-PBCH mapping in SS block
· NR-PBCH content
· Soft combining of NR-PBCH within an SS burst
[bookmark: _Ref471729558]NR-PBCH design
Transmission scheme
The following agreements were made on the number of antenna ports and transmission schemes were at the RAN1 NR adhoc:
· For NR-PBCH transmission, a single fixed number of antenna port(s) is supported
· For NR-PBCH transmission, a single one of the following transmission schemes is supported; down-selection will be done in RAN1#88 to one of the following transmission schemes:
· Alt.1: Two antenna port based SFBC
· Alt.2: Two antenna port based precoder cycling
· Alt.3: Single antenna port based transmission scheme 

Note that the decision to have a single fixed number of antenna ports should not be taken as a decision not to support a varying number of physical antennas. Implementing single antenna base stations should be possible, while NR should exploit the omnipresence of dual polarized antenna configurations. This means that a transmission scheme that supports two antenna ports and does not incur any penalty compared to if single antenna port operation was specified. In [1] and [2], the transmit diversity schemes for the control channel with UE specific and common search spaces are discussed. The NR-PBCH, having a low code rate, is similar to the common search space control channel, meaning that most of the diversity gain can be harvested from the frequency selective channel, but this should be verified with evaluations.
NR should be designed to allow implementation of single antenna base stations
Two antenna ports transmission scheme can be considered for NR-PBCH transmissions



Reference signal for demodulation
For reference signal of NR-PBCH demodulation, it was agreed at the at the RAN1 NR adhoc to down select at RAN1#88 to one of the following alternatives:
· 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.

Using the NR-SSS means that no additional overhead is needed for the demodulation reference signals. Also, if going to a single NR-PSS is agreed and adding more PCIs than in LTE, the NR-SSS reuse will be the same as for the PCI. As discussed in [3], the NR-SSS can be designed to support two-port antenna mapping.
 Synchronization Signal (e.g. NR-SSS) is used for demodulation of NR-PBCH
Numerology
As discussed in [4], supporting mixed numerologies for idle mode UEs potentially leads to duplication of system information, random access and paging resources. Therefore, it is proposed that mixed numerologies on a single carrier are only supported in connected mode with idle mode procedures (system information broadcast, paging and random access) always use default numerology. For the numerology of NR-PBCH, we then propose:
The numerology for NR-PBCH is the same as for NR-SSS/NR-PSS.
NR-PBCH mapping in SS block
As discussed in [5], long network DTX should be possible in NR and low periodicity for PSS/SSS should be used. The NR-PBCH cannot be transmitted at a higher periodicity than PSS/SSS and in order to allow checking of system information at the same periodicity it is proposed that every SS block contains a NR-PBCH.
The transmission periodicity of NR-PBCH is the same as for PSS/SSS
Due to the inclusion of at least part of the SFN in the NR-PBCH, the information will change between transmission occasions. Any further discussion on the TTI of the NR-PBCH can be handled by RAN2. 
NR-PBCH content
System frame number
As discussed in [5], for the purpose of establishing frame timing, the main part of the SFN can be included in the secondary PBCH(NR-SPBCH) that carriers the remaining system information. The only part needed in the PBCH is the radio frame timing relative to the NR-SPBCH.
The NR-PBCH carrier the part of the SFN needed to inform the relative timing of the NR-PBCH to the NR-SPBCH.
Value tag
In order to allow UEs waking up from DRX to check the system information with minimal effort, there is clear benefit in including the values tag that informs the UE of changes in the system information already in the NR-SPBCH since it allows UEs to go back to sleep if the value tag has not changed and to start a random access procedure without having to read additional system information.
The value tag is included in the NR-PBCH 
Scheduling of NR-SPBCH
As discussed in [7], in order to support various deployments, the NR-SPBCH will have variable payload and needs to be scheduled with MCS and resource assignment. We consider two possible alternatives for scheduling the NR-SPBCH:
1. The scheduling assignment for the NR-SPBCH is included in the NR-PBCH
2. The NR-SPBCH is scheduled with a PDCCH where the information on how to receive the PDCCH is included in the NR-PBCH(e.g. location of common search space)
The benefits and drawbacks of the two should be further discussed where the trade-off being the added overhead and delay of the additional PDCCH to the information needed in the NR-PBCH.
[bookmark: _GoBack]The NR-PBCH contains the scheduling information for the NR-SPBCH
In [8] we showed the benefit of transmitting the NR-SPBCH in single frequency network manner. In order to allow this, the scrambling of DMRS and data cannot be tied to the physical cell ID. Therefore, it should be possible to inform the UE of the scrambling of data and DMRS for NR-SPBCH independently of the physical cell ID and this information should be included in the NR-PBCH.
The NR-PBCH contains information on the scrambling of the DMRS and data for NR-SPBCH
Soft combining of NR-PBCH
In [7] we discussed the benefit of allowing soft combining of the NR-PBCH within the SS burst to provide a general framework to allow repetition of the SS block both for beam sweeping and temporal repetition purposes. Advanced UE processing can allow soft combining of NR-PBCH even if the content changes between instances[10], but otherwise the content within the SS burst should be fixed within the SS burst.
The design of NR-PBCH should allow soft combining of NR-PBCH repetitions within an SS burst.
Conclusion
In this contribution we discussed the NR-PBCH and make the following proposals:
1. [bookmark: _Ref474189717]NR should be designed to allow implementation of single antenna base stations
Two antenna ports transmission scheme can be considered for NR-PBCH transmissions
Synchronization Signal (e.g. NR-SSS) is used for demodulation of NR-PBCH
The numerology for NR-PBCH is the same as for NR-SSS/NR-PSS.
The transmission periodicity of NR-PBCH is the same as for PSS/SSS
The NR-PBCH carrier the part of the SFN needed to inform the relative timing of the NR-PBCH to the NR-SPBCH.
The value tag is included in the NR-PBCH 
The NR-PBCH contains the scheduling information for the NR-SPBCH
The NR-PBCH contains information on the scrambling of the DMRS and data for NR-SPBCH
The design of NR-PBCH should allow soft combining of NR-PBCH repetitions within an SS burst.
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