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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]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
80 ms boundaries may be indicated by part of SFN in NR-PBCH. Therefore, 7 bits SFN may be carried in NR-PBCH. 
Timing information within radio frame
According to our companion contribution [2], timing information within radio frame can be indicated by different sequences and mapping order of DMRS. Therefore, to reduce PBCH payload, we suggest that there will be not bits indicating Timing information within radio frame in NR-PBCH.
RMSI scheduling information:
Some configuration information about CORESET can be found in table 1. To save the overhead for NR-PBCH, we assume that bandwidth and frequency domain zone for PDSCH carrying RMSI is same as that of CORESET bandwidth.
Table 1: Configuration information about CORESET
	Configuration information about CORESET
	size

	CORESET bandwidth
	1 bit

	CORESET duration
	1 bit

	CORESET time location
	1 bit

	CORESET frequency offset
	4 bits

	CORESET subcarrier spacing
	1 bit

	CORESET existence indicator
	1 bit

	Total
	9 bits


To support both option 3 and option 4 in reference [3], the PBCH needs to indicate whether the CORESET is simultaneous with the SS block or separate in time. This is at least one bit, which is called as CORESET time location in this section.
In addition, we need consider the case that multiple SS block transmitted simultaneously in different frequencies on a wideband CC. To reduce the overhead for RMSI delivery, single RMSI is preferred for CA UE and Wideband UE. 
For narrowband Non-CA UE, if only single RMSI is transmitted in the whole wideband CC, the operation bandwidth for the narrowband Non-CA UE may not include the single RMSI. Therefore, it is necessary for the Non-CA UE to retune to frequency zone including RMSI. The time gap for frequency switching will exist, and thus communication for the Non-CA UE can be affected. Conversely, if multiple RMSIs are transmitted in the whole wideband CC, the gap for frequency switching for narrowband Non-CA UEs will be avoided at the expense of more resource overhead of RMSIs. Based the discussion for narrowband Non-CA UE, whether multiple RMSIs are transmitted in the whole wideband CC need be studied further.
When only single RMSI is transmitted in the whole wideband CC, it is nature that existence of corresponding RMSI to one PBCH should be indicated to UEs. When multiple RMSIs are transmitted for narrowband Non-CA UEs, there may be some bandwidth parts in which only CA UEs and Wideband UEs are accessed. For this case, existence of corresponding RMSI to one PBCH should also be indicated to UEs. 
According to above discussion, whether there is corresponding RMSI to one PBCH should be indicated to UEs.  As seen in table 1, CORESET existence indicator is used to indicate the existence of corresponding RMSI to one PBCH.
Information regarding bandwidth part
Assuming that bandwidth and frequency domain zone for PDSCH carrying RMSI is same as that of CORESET bandwidth, one UE will be able to receive RMSI after knowing the configuration of CORESET. 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 discussion on CORESET, one UE will know there is no corresponding RMSI to the PBCH after knowing the CORESET existence indicator. Therefore, CORESET existence indicator can be used as the information for quick identification that there is no corresponding RMSI to the PBCH.
SS burst set periodicity
If configured periodicity is different from default periodicity in standalone NR cell, UE in initial may misunderstand frame timing. To solve this problem, some companies suggest that SS burst set periodicity should be contained in NR-PBCH. However, some implicit indication methods may also avoid misunderstanding frame timing. For example, in our companion contribution [3], different DMRS may be used to distinguish both frame timing and half-frame timing when configured periodicity is different from default periodicity. Therefore, to reduce the payload of NR-PBCH, it is not necessary to include SS burst set periodicity in NR-PBCH. 
Information on actual transmitted SS block
[bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][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 [3], 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_LINK11][bookmark: OLE_LINK12]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 need be studied further.
CRC
So far, polar coding and CRC size under discussion, and here we assume that CRC size is 19bit. 
Based on the above discussion, without considering the contents determined by RAN2, PBCH payload is recommended as table 2.
Table 2: PBCH payload
	Contents
	Size

	SFN
	7 bits

	CORESET configuration
	9 bits

	Spare bits
	13 bits

	CRC
	19 bits

	Total
	48 bits


Proposal 1: We suggest that 48 bits content shown in table 2 should be contained in NR-PBCH.
3. Minimum PBCH bandwidth under different payload size
In this section, we will provide some LLS simulation results to estimate required PRB number for NR-PBCH. In our simulation, detailed simulation assumptions can be seen in the appendix. Simulation results are showed in figure 1.
[image: ][image: ]
Figure 1: LLS simulation results of NR-PBCH in different bandwidth
As seen in figure 1, when bandwidth of NR-PBCH is assumed as 12 PRBs, single-shot BLER of NR-PBCH is larger than  under -6 dB SNR. 
Observation: BLER of NR-PBCH is larger than  under -6 dB SNR if the bandwidth of the PBCH is assumed to be equal to bandwidth of SSS.
4. 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 proposal. 
Observation: BLER of NR-PBCH is larger than  under -6 dB SNR if the bandwidth of the PBCH is assumed to be equal to bandwidth of SSS.
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 1: We suggest that 48 bits content shown in table 2 should be contained in NR-PBCH.
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6. Appendix
Appendix: Link-level evaluation assumptions
	 Parameter
	Assumptions

	Carrier Frequency
	4GHz

	Channel Model
	CDL-C

	Subcarrier Spacing
	30 KHz

	Delay spread
	100/300 ns

	Channel coding
	Polar

	CRC size
	19 bit

	Multiplexing between SS and NR-PBCH 
	PSS->PBCH->SSS-> PBCH

	DMRS density
	1/3 density out of SSS bandwidth

	UE speed
	3 km/h

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm 
UE: uniform distribution +/- 0.1 ppm

	Phase Rotation Model
	Follow the PN model of [R1-165005]

	Number of interfering TRPs 
	0 TRP
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