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Introduction
3GPP RAN1 #89 meeting made the following agreements about the NR-PBCH design:
Agreements:
· Following contents are carried in NR-PBCH
· (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 can not 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-PBCH is [16 + y] bits

[bookmark: _Ref178064866]Additionally, RAN2 gave the following input on the NR-PBCH content in R1-1711892:

· SFN
· RAN2 assumes that the SFN that can be derived from the PBCH (including explicit and implicit bits) would be same as in LTE.
· For Hyper SFN, it is not needed in PBCH.

· Information for quick identification that UE cannot camp on the cell
· [bookmark: OLE_LINK81][bookmark: OLE_LINK82]RAN2’s view is to have some information in MIB indicating that a cell is not campable (at least to address the NSA cell case). It is under discussion in RAN2 if additional information is needed for this purpose. If additional information is needed then this information would be at most 2 bits. 

· Area ID
· Value tag
· RAN2 has agreed that no value tag/area related information will be included in MIB.

· Cell ID extension
· For cell ID extension, RAN2 understands this refers to physical cell ID extension (i.e. not related to global Cell ID) and RAN2 has not identified a RAN2 need for physical Cell ID extension. Hence, RAN2 would like to leave the discussion and final decision to RAN1. RAN2 would like to indicate to RAN1 that in LTE, the UE can acquire global Cell ID via reading SIB1 when PCI confusion occurs. For NR, we will also have GCI in SIB1. Additionally, it would be possible to add such an extension (to the Physical Cell Identity) in future releases but it would not be understood by legacy UEs.
· 


In this contribution, we continue discussing and propose the NR-PBCH content and payload size. 
NR-PBCH content
SS Block Index (SSBI)
In addition to the higher layer payload in NR-MIB the NR-PBCH also provides the UE with up to 6 bits SS Block Index (SSBI) information, see [1].
System frame number
To establishing system frame timing, part of the system frame number (SFN) can be derived from the NR-PBCH payload, like 8 bits SFN information bits in LTE MIB. The remaining SFN information, e.g., 2 bits in LTE, can be implicitly delivered by the scrambling sequences of the four possible radio frame offsets in one TTI.
It is not yet fully decided how the SS Block Index will be encoded and how much of that information that can be used to derive time information that would reduce the number of additional SFN bits in NR-PBCH. Preferably the SS Block Index should have a limited association to the transmission time of the SS Block since that would allow for more flexible configuration of beams in e.g. digital beamforming scenarios when analogue beam-sweeping is not the only available option. Some of the SSBI bits, but preferably not all the SSBI bits, may perhaps be used to reduce the number of SFN-bits that the NR-PBCH needs to carry.  
[bookmark: _Toc484163481][bookmark: _Toc484165949][bookmark: _Toc481696917][bookmark: _Toc481745109][bookmark: _Toc481745331][bookmark: _Toc481745493][bookmark: _Toc481877411][bookmark: _Toc478053703][bookmark: _Toc478061750][bookmark: _Toc478061779][bookmark: _Toc478061815][bookmark: _Toc478064738][bookmark: _Toc478147802][bookmark: _Toc478148338][bookmark: _Toc478150008][bookmark: _Toc478163400][bookmark: _Toc481063470][bookmark: _Toc481071802][bookmark: _Toc481077294][bookmark: _Toc481520285][bookmark: _Toc481669997][bookmark: _Toc481670916][bookmark: _Toc481680169]The NR-PBCH contain a SFN field in the range of 7-10 bits.
NR-PDCCH configuration for reception of RMSI (NR-SIB1)
The NR-PDSCH carrying the remaining system information will have variable payload and has been agreed to be scheduled using the NR-PDCCH. The configuration of the field nrPdcchSib1 in NR-PBCH is proposed to contain at least the following information:
QCL-indication (1 bits): In some deployments, the transmission of RMSI may not be spatially QCL with the transmission of the SS Block. For example, we may transmit the RMSI in a wide sector beam while the SS Blocks are transmitted in more narrow beams. We may also provide the RMSI from a micro node while micro nodes within the coverage area of the macro node only transmit the SS Block. 
If the RMSI transmission is QCL with the SS Block then the UE can assume that the RX beamforming weights, AGC settings, and synchronization used for reception of the SS Block is also suitable for reception of the RMSI.
When the RMSI is not QCL with the SS Block, the UE can assume that the NR-PDCCH transmission providing the RMSI (NR-SIB1) is assisted by an additional synchronization signal, see [2] for more details.
[bookmark: _Toc484175364][bookmark: _Toc484176049][bookmark: _Toc484176073][bookmark: _Toc484420021][bookmark: _Toc484422445][bookmark: _Toc484684812][bookmark: _Toc484685640][bookmark: _Toc485383141][bookmark: _Toc490215126]The RMSI configuration in NR-PBCH contains 1 QCL-indication bit indicating if the NR-PDCCH providing RMSI is spatially QCL with the SS Block or not.
Numerology indication (2 bits): Indicates the numerology of the RMSI transmission.
[bookmark: _Toc484175366][bookmark: _Toc484176051][bookmark: _Toc484176075][bookmark: _Toc484420023][bookmark: _Toc484422447][bookmark: _Toc484684814][bookmark: _Toc484685642][bookmark: _Toc485383143][bookmark: _Toc490215127]The RMSI configuration in NR-PBCH contains 2 bits used to configure the numerology for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
CORESET configuration (3 bits): Indicates the time and frequency resources used for the NR-PDCCH. This allows for providing some assistance for the UE to guide it where it should search for the NR-PDCCH that will schedule the RMSI (NR-SIB1). With 3 bits CORESET configuration we can e.g. configure 1 out of 7 pre-defined CORESET alternatives and reserve the last code-point to a NULL configuration to be used when no RMSI is transmitted. 
[bookmark: _Toc484175368][bookmark: _Toc484176053][bookmark: _Toc484176077][bookmark: _Toc484420025][bookmark: _Toc484422449][bookmark: _Toc484684816][bookmark: _Toc484685644][bookmark: _Toc485383145][bookmark: _Toc490215128]The RMSI configuration in NR-PBCH contains 3 bit used to configure the physical resources used for the NR-PDCCH scheduling the transmission of NR-SIB1.
Discussion on additional bits proposed for the NR-PBCH
In RAN1#89, several additional information elements were proposed included in the NR-PBCH. In the following, we discuss why these fields do not need to be included in the NR-PBCH
H-SFN: RAN2 agreed that this information is not needed.
Timing information: Timing information for the SS Block within the radio frame or the SS Block index within the SS Burst Set is assumed to be implicitly encoded in other ways, see [1] for details.
No-RMSI indication: It has also been proposed to include information for quick identification that there is no corresponding RMSI to the PBCH. The CORESET configuration (see above) can be used for this purpose (e.g. one of the CORESET configurations is a NULL value indicating that no NR-SIB1 is being transmitted).
Bandwidth: Depending on the definition of the DMRS for the NR-PDCCH providing the RMSI this information may not be required. If e.g. the DMRS look the same regardless if the RMSI is scheduled within a large or small bandwidth then all the UE need is to find the NR-PDCCH within the common search space. It does not really have to know if there is additional system bandwidth at this stage.

Camping allowed indication: RAN2 stated UEs need to be able to determine if a cell is campable or not. The “No-RMSI indication” can be used to indicate that in most relevant situations and the additional benefit of including a separate bit for this in NR-PBCH is very limited. See [2] for further details.

SS Burst Set configuration: We don’t think this is required in the NR-PBCH. Once the UE has acquired the SS Block it can determine the SS Burst Set periodicity blindly. The UE does not need to know if SS Bursts it cannot detect are transmitted or not. Alternatively, additional bits providing this information could be included in the RMSI.

[bookmark: _GoBack]Cell ID extension: The RMSI should contain the cell global ID. Hence there is no need to provide any cell ID extension in the NR-PBCH.

Information on tracking RS: We consider the proposed QCL bit to provide this functionality, at least for the reception of the NR-PDCCH providing the RMSI (see discussion above).

Spare bits versus extension bit
In LTE there are 10 spare bits defined in the NR MIB. Lessons from how these bits have been used (or rather not used) indicates that spare-bits are not really a useful way to provide future compatibility. It is much more efficient to leave as much un-defined space as possible in the time-frequency grid. Since 5G-NR is based on ultra-lean design we can easily extend the system in the future by adding additional signals. For this purpose, we propose that NR-PBCH contains only one single “extension bit” that can be defined in a future release.
[bookmark: _Toc484165955][bookmark: _Toc484175369][bookmark: _Toc484176054][bookmark: _Toc484176078][bookmark: _Toc484420026][bookmark: _Toc484422450][bookmark: _Toc484684817][bookmark: _Toc484685645][bookmark: _Toc485383146][bookmark: _Toc490215129]The NR-PBCH does not need to contain multiple spare bits.
[bookmark: _Toc484165956][bookmark: _Toc484175370][bookmark: _Toc484176055][bookmark: _Toc484176079][bookmark: _Toc484420027][bookmark: _Toc484422451][bookmark: _Toc484684818][bookmark: _Toc484685646][bookmark: _Toc485383147][bookmark: _Toc490215130]The NR-PBCH contains at least one extension bit that may or may not be defined in a future release.
PBCH Payload estimate
The exact number of the payload bits of the NR-PBCH should be further decided by RAN2, but based on the discussion above the size of the proposed NR-PBCH payload is summarized and estimated in Table 1. 
[bookmark: _Ref481681706]Table 1 Estimation on the number of system information bits
	[bookmark: _Hlk481766563]Information
	Number of bits

	SFN
	10

	NR-PDCCH configuration
	6
(3 CORESET + 
1 QCL + 
2 numerology bits)

	SS Block Index
	6 
(3 implicit + 
3 explicit bits)

	Extension 
	1

	Total information bits
	23

	CRC
	16

	Total including CRC
	39


 
With 1 extension bits there is room for including a pointer to additional information in future releases. Based on this we propose:
[bookmark: _Toc481696920][bookmark: _Toc481745112][bookmark: _Toc481745334][bookmark: _Toc481745496][bookmark: _Toc481877414][bookmark: _Toc484175371][bookmark: _Toc484176056][bookmark: _Toc484176080][bookmark: _Toc484420028][bookmark: _Toc484422452][bookmark: _Toc484684819][bookmark: _Toc484685647][bookmark: _Toc485383148][bookmark: _Toc490215131]The number of system information bits delivered in NR-PBCH is 23 and the total code block size is 39 bits including 16-bit CRC.
Conclusion
[bookmark: _Hlk484422495]Based on the discussion in this contribution we propose the following:
Proposal 1	The RMSI configuration in NR-PBCH contains 1 QCL-indication bit indicating if the NR-PDCCH providing RMSI is spatially QCL with the SS Block or not.
Proposal 2	The RMSI configuration in NR-PBCH contains 2 bits used to configure the numerology for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
Proposal 3	The RMSI configuration in NR-PBCH contains 3 bit used to configure the physical resources used for the NR-PDCCH scheduling the transmission of NR-SIB1.
Proposal 4	The NR-PBCH does not need to contain multiple spare bits.
Proposal 5	The NR-PBCH contains at least one extension bit that may or may not be defined in a future release.
Proposal 6	The number of system information bits delivered in NR-PBCH is 23 and the total code block size is 39 bits including 16-bit CRC.
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