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1 Introduction
The study item on ‘New Radio’ (NR) Access Technology has been initiated by 3GPP to evaluate potential technologies targeted to enable future cellular network deployment scenarios and applications [1]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC, and mMTC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. The broadcast channel design is critical for NR initial access to ensure forward compatibility and to avoid unnecessarily complex or restricted operation of different features/services when they are introduced.    

This document provides an overview of the NR PBCH design.

2 PBCH Design 
During the RAN1 January NR adhoc meeting the following agreements were reached regarding the NR-PBCH design:
‘Agreement:

· No blind detection of NR-PBCH transmission scheme or number of antenna ports is required by the UE
· 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 
· For reference signal of NR-PBCH demodulation, down selection will be done in RAN1#88 to one of the following: 
· 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.
· Numerology: FFS whether NR-PBCH is the same as NR-SSS – decision to be taken at RAN1#88
The NR PBCH is one of the critical channels providing at least some of essential information required to complete the initial access procedure (e.g. SFN timing and RACH configuration). The NR PBCH when transmitted will be multiplexed in the SS block along with the NR PSS and SSS. 

Since the current working assumption in RAN1 is that PSS and SSS are time multiplexed, a similar consideration can be made for the PBCH. In addition the bandwidth of the PBCH could be assumed to not exceed that of the other synchronization signals. This has the benefit of both confining the SS block in frequency which reduces the minimum bandwidth required for a NR carrier and also can allow the PBCH be used to assist the initial time/frequency synchronization at the UE (even before PBCH decoding is complete). Also, keeping the numerology the same for the PBCH and PSS/SSS enables the initial access procedure to be completed without the need for multiple FFTs at the UE.
Proposal 1: NR PBCH is time multiplexed in the SS block with the same numerology and bandwidth as the PSS/SSS.
To improve the coverage and reliability of the broadcast channel, combining multiple PBCH transmissions from different SS blocks should be possible at the UE. This should be possible in either single or multi-beam operation (e.g. multiple PBCH transmissions within a given SS burst set). Similar to the transmission of synchronization signals, the network should have flexibility in configuring the number of beams within a burst set, as well as whether those beams are repeated within the burst. 
Proposal 2: The PBCH design should support combining multiple PBCH transmissions from different SS blocks at the UE.

Depending on the deployment scenario (e.g. standalone/non-standalone) the periodicity of the PBCH may be different than the periodicity of the sync signals which are transmitted every SS block. As a result the periodicity of the NR PBCH should be independently configured from the sync signal periodicity (e.g. SS burst set periodicity). 
Proposal 3: The NR PBCH periodicity should be independently configured from the NR SS periodicity.
3 Conclusion
This contribution analyzed the NR PBCH design requirements and made the following proposals:

Proposal 1: NR PBCH is time multiplexed in the SS block with the same numerology and bandwidth as the PSS/SSS.
Proposal 2: The PBCH design should support combining multiple PBCH transmissions from different SS blocks at the UE.
Proposal 3: The NR PBCH periodicity should be independently configured from the NR SS periodicity.
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