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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]In this contribution, we continue discussing and propose the NR-PBCH content and payload size. 
NR-PBCH content
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 offset in one TTI.
[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.
[bookmark: _Ref478147298]ValueTag, system information configuration index (SICI), and SI Area ID
To allow UEs waking up from DRX to check the system information with minimal effort, there is clear benefit in including the ValueTag that informs the UE of changes in the system information already in the NR-PBCH. This allows UEs to go back to sleep if the ValueTag has not changed or to start a random access procedure without having to read additional system information. In addition, as discussed in [3], it is also useful for the UE to know if part of the system information is the same in the new cell as in previous cells and the UE is informed of this with an area identifier.
RAN2 has discussed indexing of both minimum and other system information. It has e.g. been discussed if the ValueTag in NR-PBCH can be used as an index of system information configurations. In [3] we argue that it is beneficial to have a separate field for the system information ValueTag and the system information configuration index. The reason is that in case we have defined a set of system information configuration indexes for one or more SIBs to be valid in a system information area or in a cell then whenever another SIB change, that may be unrelated to the indexing, we don’t want to be forced to throw away all indexes that we have defined. If the ValueTag is used for indexing of system information configurations then we need a new mapping of ValueTags to SI configurations even when the change did not affect the SIBs that were indexed. Therefore, when we mix the functions provided by a ValueTag (indicating that the stored system information is valid) and a configuration index (indicating which pre-define configuration of a particular SIB that currently applies) create unwanted dependencies that are easy to avoid if we instead the ValueTag and the system information index as separate fields. For this reason, we propose in [3] that the NR-PBCH contains a separate SI configuration index. 
The number of bits in the ValueTag field is proposed to be 4 bits and the number of configuration indexes is also proposed to be 4 bits in [3]. This would allow for e.g. up to 16 pre-defined access barring configurations in case the SICI is used only for this purpose. Note that in the case the SICI field is not fully used to specify pre-defined SI configurations the remaining configuration can be used to trigger the UE to read the NR-SIB1 in case the system information is updated.
[bookmark: _Toc484163482][bookmark: _Toc484165950]RAN2 has agreed that the minimum SI will contain an System Information Area ID (SID). By including this Area ID in the NR-PBCH we can support (e.g. non-standalone) deployments where some gNBs only transmit the SS Block and don’t transmit any NR-SIB1. The SI Area ID (SID) need to be locally unique, just as the PCI, and we propose that the Area ID has the same address space as the PCI e.g. 10 bits. This also enables (should RAN1 decide so) to use the SID to define the DMRS and scrambling for the physical channels (NR-PDCCH/NR-PDSCH) used to provide NR-SIB1 [2].
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 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. The RMSI may also be transmitted in a single frequency modulation transmission format. 
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 determined by the DMRS and scrambling configuration bit (see below).
[bookmark: _Toc484175364][bookmark: _Toc484176049][bookmark: _Toc484176073][bookmark: _Toc484420021][bookmark: _Toc484422445][bookmark: _Toc484684812][bookmark: _Toc484685640][bookmark: _Toc485383141][bookmark: _Toc485425858]The RMSI configuration in NR-PBCH contains 1 QCL-indication bit indicating if the NR-PDCCH providing RMSI is QCL with the SS Block or not.
DMRS and scrambling configuration (1 bit): When the RMSI is transmitted jointly over a larger area in single frequency network (SFN) modulation format the PCI cannot be used to derive the DMRS and scrambling sequences used to define the NR-PDCCH and NR-PDSCH physical channels. Instead the SI Area ID can be used for this purpose and this bit can then indicate to the UE if the NR-PDCCH/NR-PDSCH providing NR-SIB1 is PCI-based or SID-based (i.e. if the PCI or SID is used to derive the associated DMRS and scrambling sequences).
[bookmark: _Toc484175365][bookmark: _Toc484176050][bookmark: _Toc484176074][bookmark: _Toc484420022][bookmark: _Toc484422446][bookmark: _Toc484684813][bookmark: _Toc484685641][bookmark: _Toc485383142][bookmark: _Toc485425859]The RMSI configuration in NR-PBCH contains 1 bit used to configure the sequence generation for DMRS and scrambling (PCI or SID) for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
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: _Toc485425860]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.
Cyclic prefix configuration (1 bit): Indicates the cyclic prefix configuration of the RMSI transmission (normal or extended). 
[bookmark: _Toc484175367][bookmark: _Toc484176052][bookmark: _Toc484176076][bookmark: _Toc484420024][bookmark: _Toc484422448][bookmark: _Toc484684815][bookmark: _Toc484685643][bookmark: _Toc485383144][bookmark: _Toc485425861]The RMSI configuration in NR-PBCH contains 1 bit used to configure the cyclic prefix (normal or extended) for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
CORESET configuration (2 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). For example, one bit could indicate time or frequency multiplexing of the SS Block and the NR-PDCCH. Another bit could indicate if the UE should search in this time window of size [20-80] ms or not (the exact number if FFS). For example, if the NR-PBCH is transmitted more often than the NR-PDCCH scheduling the RMSI the UE can be informed whether it should “look now” or not.
[bookmark: _Toc484175368][bookmark: _Toc484176053][bookmark: _Toc484176077][bookmark: _Toc484420025][bookmark: _Toc484422449][bookmark: _Toc484684816][bookmark: _Toc484685644][bookmark: _Toc485383145][bookmark: _Toc485425862]The RMSI configuration in NR-PBCH contains 2 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: Any additional extension bits to the SFN (H-SFN) can be provided in the RMSI (in NR-SIB1). Most UEs do not need these extension bits and the once that do only need them very seldom, which is why it is not necessary to include them in the NR-PBCH.
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, i.e. it is not explicitly signalled in the NR-PBCH. See [4]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. If this is required or not is still FFS. One alternative is to simply not transmit any NR-PDCCH in that case. Another option is to send an indicator that there is no RMSI on the NR-PDCCH.

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: A single bit here would not be very helpful. And we already have the 4 SI configuration indication bits that may also be used to indicate that the UE is not allowed to camp (the definition of the SICI bits are provided in the RMSI).

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.

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: _Toc485425863]The NR-PBCH does not contain multiple spare bits.
[bookmark: _Toc484165956][bookmark: _Toc484175370][bookmark: _Toc484176055][bookmark: _Toc484176079][bookmark: _Toc484420027][bookmark: _Toc484422451][bookmark: _Toc484684818][bookmark: _Toc484685646][bookmark: _Toc485383147][bookmark: _Toc485425864]The NR-PBCH contains one extension bit that may or may not be defined in a future release.
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
	8

	Value tag
	4

	SI Configuration Index
	4

	SI area code
	10

	NR-PDCCH configuration
	7

	Extension 
	1

	Total information bits
	34

	CRC
	16

	Total including CRC
	50


 
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: _Toc485425865]The number of system information bits delivered in NR-PBCH is 34 and the total code block size is 50 bits including 16-bit CRC.
Conclusion
[bookmark: _Hlk484422495]Based on the discussion in section 2 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 QCL with the SS Block or not.
Proposal 2	The RMSI configuration in NR-PBCH contains 1 bit used to configure the sequence generation for DMRS and scrambling (PCI or SID) for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
Proposal 3	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 4	The RMSI configuration in NR-PBCH contains 1 bit used to configure the cyclic prefix (normal or extended) for the NR-PDCCH/NR-PDSCH used to receive NR-SIB1.
Proposal 5	The RMSI configuration in NR-PBCH contains 2 bit used to configure the physical resources used for the NR-PDCCH scheduling the transmission of NR-SIB1.
Proposal 6	The NR-PBCH does not contain multiple spare bits.
Proposal 7	The NR-PBCH contains one extension bit that may or may not be defined in a future release.
Proposal 8	The number of system information bits delivered in NR-PBCH is 34 and the total code block size is 50 bits including 16-bit CRC.
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