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1. Introduction
In this contribution, we discuss design aspects of physical broadcast channel (PBCH) including aspects of PBCH payload size, and potential content for PBCH.
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2. Payload Size and Content
Time Information Field (SFN, Half Radio Frame Index, SS Block Index)
System frame number (SFN) is used in several aspects of PHY/MAC layer in LTE. Most notable uses are to derive the timing relationship of additional system information (including SIB1), HARQ process, DRX, SPS, and measurement gap. So PBCH design should take into account the potential bitwidth of SFN. As mentioned in our companion contribution [1], inclusion of all SFN bits can provide effect of PBCH scrambling for each transmission instance without increasing the extra UE blind decodes. Furthermore, the half radio frame index and SS block index also should be conveyed in PBCH payload. This is to avoid potential blind detection involved with implicit mapping of time related information. 
Overall this would result in inclusion of 10 bits for SFN, 1 bit for half radio frame index, and up to 3 bits for SS block index. Resulting in total of 14 bits for the time information field.
Proposal 1:
· NR PBCH carries all 10 bits of SFN
· NR PBCH carries 1 bit of half radio frame index
· NR PBCH carries up to 3 bits of SS block index within SS burst set

Subcarrier Spacing of RMSI/Paging/RAR
In general the subcarrier spacing of control and data may be different from that of SS blocks. The main issue is that simultaneous decoding of signals with different subcarrier spacing results in significant increase in receiver complexity. However, there will be cases where connected UEs is required to read the MSI, or other SI. In such case, UE may need to simultaneously receive regular control and data, while also receiving SI. herefore, it may be important to align subcarrier spacing of RMSI/Paging/RAR with regular control and data transmission. This allows efficient multiplexing of signals between regular control and data and RMSI, paging, and RAR.
For indicating the subcarrier spacing, 2 to 3 bits may be needed. The mapping of subcarrier spacing information can be dependent on carrier frequency or SS block subcarrier spacing to further compress the required number of bits.
Proposal 2:
· NR PBCH carries subcarrier spacing information of RMSI/Paging/RAR.

Configuration Information for the Remaining Minimum System Information (RMSI)
	It was agreed that PBCH carries the allocation of PDCCH or some form of information on how to find the PDCCH, which carries the scheduling information for the PDSCH (two step approach). 	Because the PBCH carries the information of the control channel that scheduled the PDSCH containing RMSI, the PBCH must provide two information, control resource set (CORESET) and control monitoring occasions. The CORESET information provide the information about the time/frequency search space in which the PDCCH can be found for a given control monitoring occasion. The following was agreed for PBCH contents:
		Agreements:
· Following contents are carried in NR-MIB
· 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]


Our companion contribution [1] contain some details on the CORESET definition and its relationship to control search space. As mentioned the CORESET information provided by PBCH should be able to carry various common channels such as paging, RAR. PDCCH scheduling retransmission of Msg 3, and (re)transmission of Msg 4. It should be noted that user specific search space could be defined within the common CORESET resources using temporary C-RNTI values.
Exact bits required for the common CORESET depends on the decision and progress on CORESET definitions, and therefore left for further study.

CRC
Additional aspect that impacts PBCH payload size is CRC. The CRC bitwidth is determined to meets the miss-detection, and false alarm probabilities required for the system. Overloading of information on top of CRC, such as number of antenna port indication scrambling in LTE, may cause the miss-detection and false alarm probabilities of the CRC to change. Therefore, careful analysis and comparison of different CRC bit widths and required miss-detection and false alarm probabilities should be conducted for NR. If we consider similar miss-detection and false alarm probability as LTE, it would mean NR would require 16 bits of CRC. 
Since Polar code is to be used for PBCH, the agreements on Polar code CRC should also apply to PBCH design as well. The following is the agreement on Polar code from NR Adhoc #2 meeting in Qingdao.
	Agreement: 
· All companies work together to design for the DL a Single CRC polynomial + Interleaver scheme to deliver early termination benefits while achieving the FAR (in presence of AWGN, and in presence of random QPSK, and undetected errors in intended user’s codeword), and BLER targets with acceptable complexity and latency. 
· Working assumption that the CRC length is 19 bits, to be finalised as part of the design, taking into account the number of blind decodes or hypotheses to be tested. 
· Longer CRCs will be considered if required to meet the FAR target
· For DL for K+nFAR>=12, and for UL where K+nFAR>22, J+J’ = nFAR + 3
· For UL, where 12<=K+nFAR<=22, J+J’ = nFAR + 6, comprising 3 parity bits and nFAR + 3 additional CRC bits
Note: K is the number of payload information bits without CRC or parity bits
Note: nFAR may be zero in some circumstances. 
Note: UE specific scrambling is not precluded and will be considered separately


	Based on the agreements made, the CRC for PBCH should also be set to 19 bits. This would allow the keep the same channel coding structure between downlink control channel and PBCH.
Proposal 3:
· CRC for NR PBCH is identical to CRC of downlink control channel.

Information Field to be excluded from PBCH content
· Hyper SFN
LTE UEs using eDRX was able to operate correctly without Hyper SFN in PBCH with proper support from the upper layers. For NR we could take similar approach, and avoid inclusion of extra bits in PBCH which is expected to be quite costly in terms of performance and PBCH coverage.
· System Bandwidth
It was agreed in RAN1 #88 that the NR PBCH will contain only a part of the minimum system information and the remaining system information will be carried in NR PDSCH. Because the frequency location of the SS block within the system bandwidth can be anywhere, in order to receive the NR PDSCH, the UE may need to be aware of the system bandwidth and the frequency location of the SS block within the system bandwidth. Of course, the frequency allocation of the remaining minimum system information can be indicated relative to the frequency location of the SS blocks, in such alternative, the exact system bandwidth the frequency location of the SS block is not strictly needed in PBCH.
According to the agreements made in RAN1 #88, the system bandwidth for NR can span between 5 MHz to 400 MHz. To be more flexible in terms of bandwidth usage, the number of supports bands for NR may be larger compared with LTE, although it will be up to RAN4 to determine exact the number of supported bandwidths for NR. If the supported bandwidths are defined in roughly 10 or 20 MHz increments for bandwidths between 5 and 400 MHz, we may end up with between 20 to 40 different bandwidth configurations. This would require 5 ~ 6 bits of information. 
It should be noted that system bandwidth indication may be omitted entirely, if remaining minimum system information scheduling information is provide is relatively manner from the SS block. The UE may not need to be aware of the entire system bandwidth in this case. This option may provide much more flexibility in defining new NR system bandwidths in later releases.
· Frequency Location of the SS Block within the System Bandwidth
The number of bits required to indicate the frequency location indication of the SS block within the system bandwidth depends on the number of potential candidate positions of SS block. If the potential SS block location can be flexibly signaled in units of PRB, the maximum number of positions could be around 500. This is computed using the maximum FFT size limitation for NR which is expected to be either 4k or 8k. PRB level granularity of SS block position will require 9 bits of information. With sub PRB level granularity, such as candidate position only every 24 PRBs (roughly 5 MHz with 15 kHz subcarrier spacing), the number of bits for SS block frequency position may be able to be compressed to 5 bits. 
However, it is not clear if this information is essential to be included in the PBCH. It should be still feasible for the UE to receive RMSI without this information. Therefore, this information could be carried in RMSI or other SI, if needed.
· Configuration Information for PRACH transmission
	The number of bits required to indicate the resource for PRACH is much more than any of the bit fields. NR has agree that the network signals the time/frequency/code resources for the PRACH preamble. Furthermore, there may be more than one subcarrier spacing for the PRACH supported for a given carrier frequency. The beam sweeping operation also may impose multiple resource allocation for PRACH, and provide further information about the control resources the UE needs to know for receiving the RAR in the downlink. Even with optimized signaling, all the necessary information needed to indicate PRACH preamble and resource allocation seems to be very large.
	In addition to the large signaling overhead for PRACH preamble and resource allocation, UE will need to read list of PLMNs, value tags, and cell camping parameters before sending PRACH transmission. Therefore, having the PRACH preamble and resources in the PBCH does not help the UE to start transmitting PRACH only after NR PBCH reception.
Proposal 4:
· NR PBCH does not carry the following information
· Hyper SFN
· System Bandwidth
· Frequency Location of the SS Block within the System Bandwidth
· PRACH related signaling

Information Field for further study 
	Value tags or validity fields can aid UEs performing DRX cycles in to determine whether SI has changed in the system or not. Inclusion of such information should be RAN2 decision. As the number of bits required for such information is expected to be limited, we may wait for RAN2 to provide guidance on inclusion of such parameter to PBCH.

3. Conclusions
In this contribution, we discussed the various aspects on physical broadcast channel. Our proposals are summarized as below:
Proposal 1:
· NR PBCH carries all 10 bits of SFN
· NR PBCH carries 1 bit of half radio frame index
· NR PBCH carries up to 3 bits of SS block index within SS burst set

Proposal 2:
· NR PBCH carries subcarrier spacing information of RMSI/Paging/RAR.

Proposal 3:
· CRC for NR PBCH is identical to CRC of downlink control channel.

Proposal 4:
· NR PBCH does not carry the following information
· Hyper SFN
· System Bandwidth
· Frequency Location of the SS Block within the System Bandwidth
· PRACH related signaling
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