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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57]Introduction
In RAN1 #89 meeting [1], the following agreements on NR-PBCH contents have been made.
	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 the NR-PBCH contents, and provide the recommended payload for NR-PBCH. 
2. Contents of NR-PBCH
SFN
For the indication for SFN, there are at least two possible schemes. For the first scheme, 8 bits of SFN are carried in NR-PBCH, which include highest 7 bits and least bit of SFN. As for the second scheme, highest 7 bits of SFN are carried in NR-PBCH. In the first scheme, when the burst set period is less than 20ms, it is difficult for one UE to combine all RV versions for NR-PBCH. Therefore, we suggest that highest 7 bits of SFN are carried in NR-PBCH.
Proposal 1: We suggest that highest 7 bits of SFN are carried in NR-PBCH.
Cell ID extension
According to LS from RAN2 in [2], 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. 
The motivation introducing Cell ID extension is to avoid PCI confusion and collision and ease the cell planning given the smaller cell size at high frequency. However, we don't think that it is necessary to introduce physical Cell ID extension. Firstly，NR physical Cell ID is up to 1008, and PCI confusion and collision is not so serious. Secondly, one UE can acquire global Cell ID via reading SIB1 when PCI confusion occurs. 
Timing information within radio frame
According to the simulation results in our companion contribution [3],PBCH DMRS sequences can indicate 4 bit timing information. Therefore, we suggest that at most 8 SBI and half frame timing are indicated by PBCH DMRS sequences.
According to reference[3], for frequency range from 6 GHz to 52.6 GHz, L=64, 3 we prefer that LSBs of SBI is indicated by PBCH DMRS, and MSBs of SBI is indicated by 3 bits in PBCH payload. As described in reference [3], the neighboring SS blocks employ the same PBCH payload when MSBs of SBI is indicated by 3 bits in PBCH payload. When the carrier frequency is less than 6GHz, SBI can be indicated only by PBCH DMRS sequences, and no PBCH payload is needed to indicate SBI. For the indication for timing information within radio frame, more detailed description can be found in our companion contribution [3].
Proposal 2: MSBs of SBI is indicated by 3 bits in PBCH payload for the frequency range from 6 GHz to 52.6 GHz, and no PBCH payload is needed to indicate SBI for the frequency range below 6 GHz.
CORESET(s) information
According to our companion contribution [4], some configuration information about CORESET can be found in table 1.In order to support scheduling flexibility for RMSI delivery, a group of RMSI blocks including M RMSI blocks will be associated to one SS block. Therefore, number of CORESET within a group is used to configure the value of M, and offset between Neighboring CORESET groups is used to configure the time offset N between two adjacent RMSI block groups.
In addition, according to our companion contribution [5], CORESET frequency offset is also carried in NR-PBCH. More specifically, E-UTRA Absolute Radio Frequency Channel Number (EARFCN) may be used to indicate the frequency-domain position of CORESET. However, in NR scenario, system bandwidth may be wider. Therefore, signaling overhead is very large if EARFCN is used directly. So we suggest that relative frequency offset may be used to indicate the frequency-domain position of CORESET. And this offset may be relative channel number or the other relative quantity.
As discussed in reference [4], multiple multiplexing modes for RMSI should be supported, and which multiplexing mode is selected should be decided by the gNB. Considering the above several possible multiplexing mode, there are several possible time domain position for the CORESET. For example, CORESET may be located in SS blocks of 4 different SS burst sets in PBCH TTI, or another round of beam sweeping is adopted for CORESET. Therefore, at least 3 bits is needed to indicate the time domain position of the start position for CORESET or RMSI pattern.
According to our companion contribution [4], to reduce the complexity of PDCCH blind detection, association between RMSI and SS blocks should be supported for delivery of RMSI. Moreover, to support scheduling flexibility for RMSI associated with SS blocks, one group RMSI blocks will be associated to one SS block. In order to support configuration flexibility, we suggest that number of CORESET or RMSI blocks within each group of RMSI blocks and offset between Neighboring RMSI groups should be configurable by NR-PBCH.
Table 1: Configuration information about CORESET
	Configuration information about CORESET
	size

	CORESET bandwidth
	1 bit

	CORESET duration
	1 bit

	CORESET frequency offset
	X bits

	CORESET time domain boundary
	4 bits

	number of CORESET within a group
	1bits

	Offset between Neighboring CORESET groups
	1bits

	Total
	8+X bits


Proposal 3: For the configuration of CORESET, the configuration information in table 1 should be indicated to UEs by NR-PBCH.
Information regarding bandwidth part
In order to avoid retuning, the delivery for SS block, RMSI and paging should be limited within common BWP. Nevertheless, it is unnecessary for the gNB to indicate the common BWP configuration to UEs before UEs receive RMSI, and limiting the SS block and RMSI within common BWP may be achieved by scheduling. More specifically, the gNB send SS block and RMSI within the common BWP, and information regarding bandwidth part is not carried in NR-PBCH. At the side of UEs, UE can know the frequency-domain position of CORESET by reading the CORESET frequency offset indicated in NR-PBCH. Frequency-domain position of RMSI PDSCH is informed by PDCCH in the form of frequency offset relative to PDCCH. Therefore, after decoding PDCCH, UEs can know the frequency-domain position of RMSI PDSCH. Based on the above discussion, for the reception of RMSI, it is unnecessary for the gNB to indicate the common BWP configuration to UEs. Therefore, information regarding bandwidth part may not be contained in NR-PBCH.
Information for quick identification that there is no corresponding RMSI to the PBCH
According to the conclusion from RAN1 #89 meeting, NR-PBCH is present in every SS block. Therefore, according to our understanding, when multiple SS blocks are transmitted in wider bandwidth, each SS block is used not only for synchronization/tracking or RRM measurement, but also for the traffic offloading. Thus, there is no case where no RMSI is associated with a SS block. Therefore，it is unnecessary for NR-PBCH to carry the information for quick identification that there is no corresponding RMSI to the PBCH
SS burst set periodicity
In this section, we will discuss whether SS burst set periodicity need be carried in the NR-PBCH. When SS burst set periodicity is indicated by NR-PBCH, UEs may obtain the SS burst set periodicity of each measured cell, and thus perform RSRP measurement according to the actual SS burst set periodicity of each measured cell. However, the acquisition for the actual SS burst set periodicity of each measured cell is at the expense of the decoding complexity caused by decoding NR-PBCH of each measured cell. In addition, carrying SS burst set periodicity in the NR-PBCH will lead to the larger payload of NR-PBCH. Therefore, we suggest that SS burst set periodicity is not carried in NR-PBCH.
Information on actual transmitted SS block
[bookmark: OLE_LINK23][bookmark: OLE_LINK22][bookmark: OLE_LINK21][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Information on actual transmitted SS block need be informed to UEs in order to help UEs to receive DL data/control on unused SS block. According to the discussion in reference [4], one UE can receive remaining minimum system information without knowing the information on actual transmitted SS block. Therefore, the reception of RMSI does not depend on the information on actual transmitted SS block, and thus at least the information on actual transmitted SS block may be carried in RMSI instead of NR-PBCH in order to reduce the overhead of NR-PBCH. So it is not unnecessary to carry information on actual transmitted SS block in NR-PBCH.
Information on tracking RS
[bookmark: OLE_LINK12][bookmark: OLE_LINK11]It is not necessary to contain information on tracking RS in NR-PBCH. If information on tracking RS need be configured in NR, it may be contained in remaining minimum system information whose payload is not so limited compared to that of NR-PBCH. Considering the payload carried by NR-PBCH is limited, we suggest that number of bits carried in NR-PBCH should be as small as possible. Therefore, we suggest that information on tracking RS should be not contained in NR-PBCH.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Reserved bits
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Reserved bits need be contained in NR-PBCH in order to support forward compatibility of NR-PBCH. However, if reserved bits are not used to indicate any information in lower version of NR-PBCH, the PBCH overhead caused by these reserved bits will be a great waste. On the basis of supporting forward compatibility of NR-PBCH, how to use reserved bits in initial version of NR-PBCH needs to be studied further.
CRC
So far, polar coding and CRC size under discussion, and here we assume that CRC size is 19 bits. 
Table 2: PBCH payload
	Contents
	Size

	SFN
	7 bits

	Timing information within radio frame
	0 or 3 bits

	CORESET configuration
	8+X bits

	Spare bits
	22-X or 19-X bits

	CRC
	19 bits

	Total
	56bits


Proposal 4: We suggest that 56 bits content shown in table 2 should be contained in NR-PBCH.
3. Conclusions
In this contribution, we discussed the NR-PBCH contents, and provided the recommended the payload for NR-PBCH. Based on the discussion, we have the following observation and proposals. 
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 1: We suggest that highest 7 bits of SFN are carried in NR-PBCH
Proposal 2: MSBs of SBI is indicated by 3 bits in PBCH payload for the frequency range from 6 GHz to 52.6 GHz, and no PBCH payload is needed to indicate SBI for the frequency range below 6 GHz.
Proposal 3: For the configuration of CORESET, the configuration information in table 1 should be indicated to UEs by NR-PBCH.
Proposal 4: We suggest that 56 bits content shown in table 2 should be contained in NR-PBCH.
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