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Introduction
In RAN1#88bis, the following related NR-PBCH were agreed [1],
Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification

Agreements:
· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.

In RAN1 NR ad-hoc meeting, NR-PBCH contents were specified as follows [2],
Agreement:
· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuration of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters

In this contribution, we discuss NR physical channel carried system information.

NR physical channel carried system information
Structure of NR-PBCH
In LTE, PBCH is usually a non-scheduled broadcast channel with fixed time/frequency resources and periodicity. Hence, the payload of minimum system information (e.g. MIB) carried in PBCH is also fixed. Furthermore, PBCH has to be designed to satisfy the requirements of extend coverage in a cell. Therefore, the payload size of PBCH should be as small as possible to ensure the robust detection of PBCH at the cell edge. .
In RAN2#95, RAN2 decided to split the system information (SI) into “minimum system information” which is always broadcasted and “other system information” which can be configured to be either broadcasted or delivered to UEs on-demand. The minimum system information was agreed to “at least include information to support cell selection, for acquiring other SI, for accessing the cell”. In RAN1#87, NR-PBCH has been agreed to be “a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range”. In RAN2 replied LS [3], it states that “Note that the minimum SI should accommodate at least around 250 bits for L2/L3 operation based on the current agreements”. Carrying all 250-bit minimum-SI might not function properly for beam sweeping case due to its limited capacity on the number of symbols for beam-sweeping and the overhead concern. Thus, NR-PBCH should carry selected cell-specific minimum system information for the UE cell selection in the IDLE state. In RAN1#88bis, it was agreed that NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH. NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information.

 
[bookmark: _Ref471671279]Figure 1: An example of NR-PBCH 

A part of minimum SI such as NR-MIB, the most frequent SI is carried by NR-PBCH in Figure 1. 

Proposal 1: NR-PBCH should be supported to carry NR MIB.
Minimum SI transmitted via NR-PBCH
The content and the payload size of minimum system information carried by NR-PBCH were analyzed in [4].  We have the following proposal on the content and the payload size of minimum system information on NR-PBCH. 
· SFN/HSFN [12]
· System bandwidth [5]
· Value tag or Validity fields [1]
· Time index of SS block [15]
· Frequency Location of SS Block [9]
· Configuration Information of CCRS [9]
· Indication of TDD/FDD mode [1]
· Access/cell barring information [1]
· Spare [11]
· CRC [16]
On Remaining Minimum System Information Delivery 
In RAN1#88bis meeting, it was agreed that the remaining minimum SI is transmitted in shared downlink channel via NR-PDSCH. And NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information. The remaining minimum SI is transmitted via NR PDSCH scheduled by NR-PDCCH. NR-PDCCH resource would be indicated by NR-PBCH. 
The configuration information of the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information such as resource allocation in time/frequency is included in the NR-PBCH payload. The common search of NR-PDCCH for resource allocation of NR-PDSCH carrying the remaining system information would be in the same symbols of SS-block in order to support multi-beam sweeping.  NR-PDSCH carrying the remainng system information needs to be transmitted in the same symbols of SS-block to cover all UEs in the cell.  Since the remaining system information is carried by NR-PDSCH scheduled by NR-PDCCH with configuration information provided by NR-PBCH, the duty cycle of system information blocks (SIBs) carrying remaining minimum system information should be equal to or longer than that of NR-PBCH and determined by RAN2.   
Proposal 2: The duty cycle of system information blocks (SIBs) carrying remaining minimum system information should be equal to or longer than that of NR-PBCH and determined by RAN2.  

Delivery of Other System Information
Other System information is defined as those system information other than the minimum SI.  RAN2 agreed that the other System Information may either be broadcasted, or provisioned in a dedicated manner, either triggered by the network or upon request from the UE.  It was agreed in RAN1#88bis the delivery of other system information as follows,

· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.

For broadcast delivery of other system information carried by NR-PDSCH, the resource allocation of NR-PDSCH should be scheduled by NR-PDCCH for flexibility in resource allocation and system configuration.   The transmission scheme of NR-PDCCH could be either analog beam-sweeping along with SS-block at different sub-band or digital beam-forming.
a) NR-PDCCH is analog beam-sweeping. The resources for analog beam-swept NR-PDCCH are in the same symbols as those SS-block but different subband. Since NR-PDSCH is analog beam sweeping, the number of SIBs via analog beam swept NR-PDSCH would be limited.
b) NR-PDCCH is digital beam-formed. The resources for digital beam-formed NR-PDCCH are in the different OFDM symbols outside SS burst set. In that case NR-PDSCH is also digital beam-forming. The gNB needs to know the beam index where UEs are associated with.  This will work only when the system information is on-demand with request by UE.   

Proposal 3:  The scheduling information of broadcast NR-PDSCH carrying other system information should be carried by NR-PDCCH.

Proposal 4: NR-PDSCH and NR-PDCCH supporting the broadcast delivery of other system information should be beam-swept in multi-beam configuration. 

 The on-demand access of other system information would be possible when UE has established DL/UL beam correspondence.   It is feasible and flexible to schedule other System Information transmission on dedicated NR-PDSCH scheduled by DCI from UE-specific search space of NR-PDCCH.  On-demand access of other system information is transmitted with beam-specific NR-PDSCH scheduled by beam-specific NR-PDCCH.  

Proposal 5: On-demand access of other system information is transmitted with beam-specific NR-PDSCH scheduled by beam-specific NR-PDCCH.  

Conclusion
This paper discusses the structure of NR-PBCH and delivery of minimum system information and other system information.  We have the following proposals,
Proposal 1: NR-PBCH should be supported to carry NR MIB.

Proposal 2: The duty cycle of system information blocks (SIBs) carrying remaining minimum system information should be equal to or longer than that of NR-PBCH and determined by RAN2.  

Proposal 3:  The scheduling information of broadcast NR-PDSCH carrying other system information should be carried by NR-PDCCH.

Proposal 4: NR-PDSCH and NR-PDCCH supporting the broadcast delivery of other system information should be beam-swept in multi-beam configuration. 

Proposal 5: On-demand access of other system information is transmitted with beam-specific NR-PDSCH scheduled by beam-specific NR-PDCCH.  
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