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Introduction
In RAN1#90bis meeting, the following agreements on NR-PBCH have been achieved [1],

Agreements:
· (working assumption) NR-PBCH has a payload size of 56 bits (including CRC)
· 10-bit SFN is carried by NR-PBCH
· (working assumption) 4-bit PRB grid offset is carried by NR-PBCH

Agreements:
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· For sub-6GHz
· 0: 15kHz
· 1: 30kHz
· For >6GHz
· 0: 60kHz
· 1: 120kHz
Agreements:
· One-bit half frame indication is part of PBCH payload, and when CSI-RS for measurement has a periodicity of 20ms or larger, the UE assumes the network is “synchronous” for the purpose of measurement
· For 3GHz and below, half frame indication is further implicitly signaled as part of PBCH DMRS for max L=4

Agreement from RAN1#89:
· Polar coding is adopted for NR-PBCH
· Using same polar code construction as for the control channel
· Nmax = 512

Clarification of the above agreement: 
· Reuse Polar code design of PDCCH, i.e., 24-bit D-CRC with the associated interleaver.

In RAN1#90 meeting, the following related NR-PBCH contents and payload were agreed [2]

Agreements:
· NR strive to support same payload size between below-6 and above-6 GHz
· SS block time index:
· 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz
· b5, …, b3 for SS block time index are not carried in NR-PBCH payload in case of below 6 GHz
· 3 bits in NR-PBCH payload in below 6 GHz case may be used for other purpose(s)

Agreements:
· SS burst set periodicity is not carried in NR-PBCH payload


Working assumptions:
· For slot-based scheduling, the first DMRS position either on 3rd symbol or 4th symbol is configured by [PBCH].
· Maximum time duration of a CORESET is 2 symbols if the first DMRS position of a PDSCH with slot-based scheduling is on 3rd symbol, and is 3 symbols otherwise
· This replaces the past working assumption linking DMRS position to bandwidth X

In RAN1#89 meeting regarding NR PBCH payload size and contents, the following agreement was reached [3]
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

In this contribution, we will discuss remaining contents of NR-PBCH and provide our proposals.
Discussion
Payload size
In RAN1#88bis, PBCH with 576 REs (288 REs on two symbols) was agreed to have compatible coding gain as that in LTE. 576 REs for NR-PBCH is about twice the capacity of that in LTE. However, it was agreed in RAN#1 90bis meeting as working assumption that NR-PBCH has a payload size of 56 bits (including CRC),which is smaller than twice of that in LTE to ensure the reliable delivery of NR-PBCH. In addition, 56 bits are enough to cover possible NR-MIB parameters total bit width.
Proposal 1: Confirm the working assumption that NR-PBCH has a payload size of 56 bits (including CRC).

PRB offset grid
In LS [4] from RAN4 #84 meeting, some tentative agreements have been made on the channel raster [3] that require the “floating sync” in NR. RAN4 has identified that “a ‘floating sync’ design would enable a finer channel raster granularity, a sync channel raster with minimum number of entries and possibly better spectrum utilization”. From RAN1 perspective, it is beneficial of indicating the offset via NR-PBCH. According to Annex in the LS, sync block is not PRB aligned with the data PRBs and there is an arbitrary offset between the edge of the SS block PRBs and the edge of the data RBs, the offset can be up to 11 subcarriers. Thus, 4 bits are needed. 
Proposal 2: Confirm the working assumption that 4-bit PRB grid offset is carried by NR-PBCH.

[bookmark: _Hlk495600535]Information for quick identification that UE cannot camp on the cell
In LS [5] from RAN2 #99bis meeting, RAN2 informed RAN1 that “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”. Thus, 2bits are reserved for no camping indicator.
Now after RAN#190bis meeting, majority of parameters included in NR-PBCH have already been agreed as follow,
· 10-bit SFN is carried by NR-PBCH
· 4-bit PRB grid offset is carried by NR-PBCH
· A single bit is used in NR-PBCH for indicating the numerology for RMSI, Msg.2/4 for initial access and broadcasted OSI
· One-bit half frame indication is part of PBCH payload
· 3 bits (b5, …, b3) for SS block time index in NR-PBCH payload only in case of above 6 GHz
· One bit is to indicate the first DMRS position either on 3rd symbol or 4th symbol for slot-based scheduling
· 2 bits are for no camping indicator
· 1bit is reserved for forward compatible of RAN2 [5]
· 24-bit D-CRC 

The size of all above parameters is total 47 bits.  Thus, the rest of NR-PBCH payload is 9 bits for above 6 GHz and 12bits for sub 6 GHz. We discuss and give our view towards remaining contents and payload size of NR PBCH as follows.

Configuration information of RMSI CORESET
RAN1 has decided that NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH and NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information. In our companion contribution [6], a detail solution of CORESET for RMSI is designed. In summary, a table of pre-defined CORESET configuration parameters for RMSI is defined in the specification. An information field in NR-PBCH indicates an entry in this table. We propose that 8 bits for total indexes {0-204} should be sufficient to cover the various RMSI CORESET configurations required for NR deployment scenarios.  
Proposal 3: A table of pre-defined CORESET configuration parameters for RMSI should be supported, which needs 8 bits included in NR-PBCH for total indexes {0-204} to cover the various RMSI CORESET configurations required for NR deployment scenarios.

RMSI change indicator
1-bit indicator is needed to quick identify that there is no change corresponding RMSI to save UE power.  
Proposal 4: It is beneficial of including 1-bit information for quick identification that there is no change corresponding RMSI to the PBCH to save UE power.

Spare
NR need reserved filed not only for forward compatibility but also for octet aligned of the total bits. 
Proposal 5: NR need reserved filed not only for forward compatibility but also for octet aligned of the total bits. The size of 0 and 3 bits are for above 6 GHz and sub 6 GHz, respectively.

From above discussion and analysis, Table I shows the potential contents of NR-PBCH. 

Table I: The potential contents and payload size of NR-PBCH

	NR-PBCH IEs
	Above 6 GHz (bits)
	Sub 6 GHz (bits)

	SFN
	[10]
	[10]

	Information for quick identification that UE cannot camp on the cell
	[2]
	[2]

	SS block time index 
	[3]
	[0]

	Half radio frame timing
	[1]
	[1]

	Indication of the first DMRS position
	[1]
	[1]

	SCS indicator of RMSI/OSI/Msg.2/Msg.4
	[1]
	[1]

	PRB grid offset
	[4]
	[4]

	Information for quick identification that there is no change corresponding RMSI to the PBCH
	[1]
	[1]

	Configuration information of CORESET
	[8]
	[8]

	Reserved (RAN2)
	[1]
	[1]

	Spare
	[0]
	[3]

	CRC
	[24]
	[24]

	Total
	[56]
	[56]



Conclusion
In this contribution, we propose the remaining NR-PBCH contents and the corresponding to size other than that had been agreed. Some proposals are as follow,
Proposal 1: Confirm the working assumption that NR-PBCH has a payload size of 56 bits (including CRC).
Proposal 2: Confirm the working assumption that 4-bit PRB grid offset is carried by NR-PBCH.
Proposal 3: A table of pre-defined CORESET configuration parameters for RMSI should  be supported, which needs 8 bits included in NR-PBCH for total indexes {0-204} to cover the various RMSI CORESET configurations required for NR deployment scenarios.
Proposal 4: It is beneficial of including 1-bit information for quick identification that there is no change corresponding RMSI to the PBCH to save UE power.
Proposal 5: NR need reserved filed not only for forward compatibility but also for octet aligned of the total bits. The size of 0 and 3 bits are for above 6 GHz and sub 6 GHz, respectively.
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