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Introduction
In RAN1#90 meeting, the following related NR-PBCH contents and payload were agreed [1]

Agreements:
· 1st scrambling, initialization based on Cell ID and a part of SFN, is applied to PBCH payload excluding SS block index, half radio frame (if present) and the part of SFN prior to CRC attachment and encoding process
· The part of SFN is one the following, (to be  selected by NR AH3)
· 3 LSB bits of SFN
· 2nd and 3rd LSB bits of SFN
· FFS: half radio frame index as part of the initialization of the 1st scrambling
· FFS: whether or not half radio frame index is a part of PBCH payload
· FFS: whether or not 2nd scrambling, initialization based on cell ID only, is applied to encoded PBCH bits in a SS block

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 block time locations are indexed from 0 to L-1 in increasing order within a half radio frame according to the agreed SS burst set composition
· For the case of L = 8 or L = 64, 3 LSBs of SS block time index are indicated by 8 different PBCH-DMRS sequences {a_0,…, a_7}
· For the case of L = 4, 2 LSBs of SS block time index are indicated by 4 different PBCH-DMRS sequences {b_0,…, b_3} 
· One remaining bit out of 3 LSBs is set to 0 and not transmitted by PBCH
· {a_0,…,a_3} are same with {b_0, …, b_3} for a given cell ID

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

Agreements:
· The single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload
· FFS: numerology to be used for paging, Msg.2/4 for other purposes and on-demand OSI

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 [2]
Agreements:
· 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.

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 payload size and contents of NR-PBCH and provide our proposals.
Discussion
It was agreed that part of minimum system information is transmitted in NR-PBCH, at least including SFN and CRC. The remaining minimum system information is transmitted on NR-PDSCH scheduled by NR-PDCCH.  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, the contents in NR-PBCH might be more than twice of that in LTE. In RAN1#89, several parameters included in NR PBCH are discussed.  In RAN1#90, SS burst set periodicity is excluded from NR-PBCH.  We discuss and give our view towards contents and payload size of NR PBCH as follows,
SFN/HSFN
In RAN1#89, the 7-10 bits of SFN has been agreed to be included in NR PBCH. As the similar to SFN in LTE, 2 bits can be implicitly indicated by four possible radio frame boundaries with default SS block burst set periodicity of 20ms in NR PBCH TTI 80ms. And the remaining 8bits can be explicitly delivery in NR PBCH.
In RAN1#90, scrambling initial with cell ID and part of SFN prior to CRC attachment and encoding process was agreed.  To align with the design philosophy, there are two alternatives could be considered,

· Alt.1: The 2/3 SFN bits are not scrambled and included in the NR-PBCH payload.  In this case no blind detection of SFN is needed for the first decoding.  It would be challenged for NR-PBCH HARQ combining between different RVs since it is necessary to detect SFN in the payload. According to our analysis in companion contribution [3], the blind detection will result in performance loss.   
· Alt.2: The 2/3 SFN bits are scrambled on NR-PBCH payload or placed on frozen bits.  In this way, blind detection is needed with hypothesis testing of 2/3-bit SFN value before each decoding in order to determine the RVs for soft combining of NR-PBCH.  Similar to Alt.1, the blind detection will result in performance loss.

Therefore, we propose that total 10 bits of SFN in NR are explicitly indicated in NR-PBCH contents without blind detection.
As to HSFN, it is used to support the extended DRX as in LTE. Hence, considering the limited payload size of NR PBCH, we propose that HSFN is needed in the Minimum SI, which are included in the RMSI not in the NR-PBCH.

RMSI change indicator and camping indicator
In [4], the 1-bit indicator is used quick identification that there is no change corresponding RMSI.  The 1-bit indicator included in the PBCH could be used to indicate no change of minimum system information.  
According to RAN#2 agreements, 1 bit is included in NR MIB to indicate that a cell cannot be camped on.

SS block time index and half radio frame timing
It was agreed that the maximum transmission number of SS blocks in a SS burst set is 4 – 64 for low frequency and high frequency.  In addition, RAN#1 has also agreed to support same payload size between below-6 and above-6 GHz. Therefore, total of 6 bits is enough to cover the nominal SS block transmission. Furthermore, it was agreed RAN1 NR Ad-hoc#2 that 3 bits of SS block time index are carried by the DMRS sequence.  The remaining bits of the time index information are carried explicitly in the NR-PBCH payload. 
For 1 bit of half frame indication with implicitly expressed in the 1st scrambling, it will further decrease Polar FRA due to blind detection of the first or second half of the radio frame. Therefore, we propose that one additional bit for half frame indication is included explicitly in NR-PBCH payload. .


Frequency Location of SS Block
As the frequency location of SS Block may not be in the center of bandwidth, UE need to blindly detect it. The Frequency Location of SS Block is up to pre-configuration granularity. And the minimal granularity can be the Sync Raster that would be decided by RAN4. However, the common view of Sync Raster is k*12*SCS, which is multiple of PRBs. Since we agree to have maximum number of PRBs around 3300 or 6600, the number of bits for Sync Raster should be at least 9 bits (k=6 with 512 frequency location off central frequency). In order to reduce NR-PBCH payload size, some pre-defined subsets of the frequency location for SS Block can be specified in the specification. Furthermore, when inter-cell inference from neighbor-cells is considered, only 3bits that indicating  subsets of the frequency location for SS Block are enough to relieve inter-cell inference (At most 6-8 strong interference neighbor-cells are considered in tolerable network plan deployment scenarios).

Configuration information of 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 [5], two solutions of CORESET for RMSI are designed. Furthermore, the manner that index association with tables which include a pre-defined subset of CORESET configuration parameters for RMSI in NR-PBCH is introduced.  Therefore, we propose that 3 bits for total 8 indexes {000-111} are enough to cover various CORESET configuration schemes for RMSI in different deployment scenarios.  In addition, according to RAN1#90 agreement, 1 bit is needed in NR-PBCH to indicate the first DMRS position either on 3rd symbol or 4th symbol for slot-based scheduling operation. 
 
SCS indicator of RMSI/paging/Msg.2/Msg.4
In RAN1#90, it was agreed that single DL numerology to be used at least for RMSI, Msg.2/4 for initial access and broadcasted OSI is informed in NR-PBCH payload. As SCS sets is {15, 30, 60, 120, 240}KHz, only 3bits are enough to cover it.

Spare
NR may need to keep this not only for forward compatibility but also for octet aligned of the total bits. 

CRC
The CRC length is determined by the payload size with target missed detection and false alarm probabilities required for NR. It was agreed that polar code is adopted as channel coding scheme for NR PBCH with 19 CRC bits.
 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
	Size(bits)

	SFN
	[10]

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

	Information for quick identification that UE cannot camp on the cell
	[1]

	SS block time index and half radio frame timing
	[4]

	Frequency Location of SS Block
	[3]

	Configuration information of CORESET
	[4]

	SCS indicator of RMSI/paging/Msg.2/Msg.4
	[3]

	Spare
	[11]

	CRC
	[19]

	Total
	[56]



Therefore, we can provide our proposal toward the contents and payload size of NR-PBCH.
Proposal 1: The NR-PBCH payload size is total 56 bits, its contents should at least include follow parameters,
· SFN [10]
· Information for quick identification that there is no change corresponding RMSI to the PBCH [1] 
· Information for quick identification that UE cannot camp on the cell [1]
· SS block time index and half radio frame timing [4]
· Frequency Location of SS Block [3]
· Configuration information of CORESET [4]
· SCS indicator of RMSI/paging/Msg.2/Msg.4 [3]
· Spare [11]
· CRC [19]

Conclusion
In this contribution, we propose the contents and payload size included in NR-PBCH. Some proposals are as follow,

Proposal 1: The NR-PBCH payload size is total 56 bits, its contents should at least include follow parameters,
· SFN [10]
· Information for quick identification that there is no change corresponding RMSI to the PBCH [1] 
· Information for quick identification that UE cannot camp on the cell [1]
· SS block time index and half radio frame timing [4]
· Frequency Location of SS Block [3]
· Configuration information of CORESET [4]
· SCS indicator of RMSI/paging/Msg.2/Msg.4 [3]
· Spare [11]
· CRC [19]
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