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1 Introduction
During RAN1#89 meeting, RAN1 discussed the content of the NR-PBCH in order to determine the NR-PBCH payload size. The following agreements regarding potential NR-MIB contents, a target NR-PBCH payload size, and RMSI transmission were made [1]. In addition, LS to RAN2 [2] were sent to obtain further clarifications on the necessity of including some higher layer information in the NR-PBCH: 
Agreements:

· Following contents are carried in NR-MIB

· (Part of) SFN: [7 - 10] bits

· At least 80 ms granularity

· FFS: indication within 80 ms

· [H-SFN: 10 bits]

· RAN1 will ask RAN2

· Timing information within radio frame: [0 - 7] bits

· E.g., SS block time index: [0 - 6] bits

· E.g., half radio frame timing: [0 - 1] bit

· RMSI scheduling information: [x] bits

· CORESET(s) information: [x] bits

· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered

· E.g., Time/frequency resource configuration of CORESET(s)

· [Numerology of RMSI: [0 - 2] bits]

· [Information regarding frequency resources for PDSCH scheduling: [x] bits]

· [Information regarding bandwidth part: [x] bits]

· [Information for quick identification that there is no corresponding RMSI to the PBCH: [0 - 1] bit]
· [Information for quick identification that UE cannot camp on the cell: [0-1] bit]

· RAN1 will ask RAN2

· [SS burst set periodicity: [0 - 3] bits]

· [Information on actual transmitted SS block(s): [0 - x] bits]

· [Area ID: x bits]

· RAN1 will ask RAN2

· [Value tag: x bits]

· RAN1 will ask RAN2

· [cell ID extension: x bits]

· RAN1 will ask RAN2

· [Information on tracking RS: x bits]

· Reserved bits: [x > 0] bits

· CRC size for NR-MIB is [16 + y] bits
· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.

· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits

· For frequency location of CORESET for RMSI scheduling and NR-PDSCH for RMSI, RAN1 will select one or more alternative(s) from followings in the next meeting
· Alt. 1: CORESET for RMSI scheduling and NR-PDSCH for RMSI are confined within the BW of one NR-PBCH

· Alt. 2: CORESET for RMSI scheduling is confined within the BW of one NR-PBCH and NR-PDSCH for RMSI is not confined within the BW of one NR-PBCH

· Alt. 3: CORESET for RMSI scheduling and NR-PDSCH for RMSI are not confined within the BW of one NR-PBCH

In this document, we discuss NR-PBCH contents, required number of bits for each field, and the corresponding PBCH payload size.
2 Discussion
Considering possibility of multiple SS block transmissions per SS burst set periodicity and PBCH transmission in every SS block, minimizing the PBCH payload size is critical to avoid high PBCH resource overhead in a NR system. 
RAN1 has agreed to include the following information in the NR-PBCH, and we provide an estimated bit width for each field as follows:
· (Part of) SFN: 7 bits

· Radio frame timing within 80ms can be implicitly indicated via scrambling sequences similar to LTE. 
· Information for remaining minimum system information (RMSI) scheduling: approximately up to [13] bits 

· Time/frequency distance from a SS block to a corresponding common CORESET needs to be indicated. 
· If an NR channel raster is aligned with an RB bandwidth per frequency range (i.e. either a multiple of RB or a divisor of RB) and if a synchronization signal raster is defined as a multiple of the NR channel raster, the distance from the SS block to the common CORESET can be indicated with a lower signalling overhead compared to subcarrier level signalling.   
· Bits reserved for future use: [13] bits

· CRC: [16+3] bits

· Increased CRC bits for Polar codes can be considered.
Also, a few bits for cell ID extension can be included in PBCH. This may be useful for wideband operation with multiple SS block transmissions in frequency within a wideband carrier. The bit field can indicate a SS block index in frequency within the wideband carrier. UEs operated with carrier aggregation within the wideband carrier can differentiate component carriers within the wideband carrier by using this field. We think that inclusion of this information element is more up to RAN1 discussions, since it is related to the number of hypotheses that PSS/SSS can provide without physical cell ID confusion. 
· Cell ID extension: [2] bits

As for the following additional L1 related information, only essential information in our view is a SS block index.Detailed analysis is given below: 
· Information regarding bandwidth part: 0 bit 

· This information is not essential for UE to decode RMSI. The bandwidth part information can be transmitted in RMSI.

· Information for quick identification that there is no corresponding RMSI to the PBCH: 0 bit

· Information for RMSI scheduling can implicitly indicate association between a SS block and RMSI.
· SS burst set periodicity: 0 bit 

· It can be transmitted in RMSI, if needed. Otherwise, it can be signalled as a part of measurement configuration via dedicated RRC signalling.

· Information on actual transmitted SS block(s): 0 bit 

· This information does not have to be transmitted in PBCH, as long as a common CORESET for RMSI scheduling is orthogonal to time/frequency resources of SS block(s). This can be achieved by TDM or FDM of the common CORESET with SS blocks.
· If applicable, rate matching of PDSCH carrying RMSI due to SS block or other signals/channels can be indicated in DL scheduling DCI.  

· The number of actual transmitted SS blocks can be transmitted in RMSI.

· Information on tracking RS: 0 bit 

· PSS/SSS and DMRS of PBCH can be jointly used for fine time and frequency tracking, at least for RMSI decoding.

· Timing information within radio frame: 6 bits for SS block index  

· Half-frame timing information can be indicated by SSS sequences.
· In case of separate encoding from the rest of PBCH contents, additional CRC bits (e.g. 8 bits) can be added [3]. 
The following higher-layer information elements may not be essential to idle mode measurement and RMSI reception, and reserved bits can be used if necessity is clarified later. In any case, detailed analysis is up to RAN2 discussions. 
· Hyper-SFN
· Information for quick identification that UE cannot camp on the cell
· Area ID
· Value tag
Proposal 1: RAN1 strive to minimize the PBCH payload size by including information only essential to idle mode measurement and RMSI reception. 
Proposal 2: Consider PBCH payload size of approximately 60 bits. 
3 Conclusion
In summary, we propose the followings for the NR-PBCH content:

Proposal 1: RAN1 strive to minimize the PBCH payload size by including information only essential to idle mode measurement and RMSI reception. 
Proposal 2: Consider PBCH payload size of approximately 60 bits.  
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