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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. RAN1#89 discussed made several agreements related to the NR-PBCH design [1], some of the agreements summarized in Appendix at the end of this document. In this contribution we present some results for the NR-PBCH, based on observations and proposals in companion contributions [2,3] and discuss about NR-PBCH content.

2	Discussion
2.1	Payload and detection performance
In this section we analyse relationship between NR-PBCH payload and demodulation performance. Since 80 ms SS burst set periodicity is supported together with 80 ms NR-PBCH TTI we consider one-shot performance should be high enough and thus we focus on one-shot detection. Link simulation assumptions for the analysis are provided in Appendix A. Based on analysis provided in [3] we consider DMRS density 4/12 in all PRBs in each PBCH symbol. In addition, based on analysis and conclusions made in [2] we assume SS block composition PSS-PBCH-SSS-PBCH. 
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Figure 1 48, 64 and 72 bits payload (including CRC) and 15 kHz SCS. 
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Figure 2 48, 64 and 72 bits payload (including CRC) and 30 kHz SCS. 

It can be observed that in this particular scenario, 1% BLER at -6 dB cannot be achieved even with lowest possible payload size including CRC. Based on that we make a conclusion that NB-PBCH payload size shall not be greater than around 48 bits including CRC. 
Observation: Using minimum payload size including CRC, i.e. 48, it’s possible get close to -6 dB SNR with one shot needed in 80 ms SS burst set periodicity. 
Proposal: NR-PBCH payload size is not greater than around 48 bits including CRC. 
2.2	NR-PBCH RE mapping
Current alternatives are for the RE mapping of NR-PBCH: 
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block

In Figure 3 we provide a demodulation performance evaluation for the RE mapping options using simulations assumptions provided in Appendix A. From payload options we have used 48 bits and focus is on one-shot detection performance. Looking at 1 % BLER we can observe around 1 dB better performance for the Alt. 1 RE mapping. 
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[bookmark: _Ref486235347]Figure 3 Comparison between Alt. 1 and Alt. 2 NR-PBCH RE mapping options.

Based on the above analysis we prefer Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block.
Proposal: Adopt Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in an NR-SS block.

2.3	NR-PBCH content
In this section we go through potential physical layer parameters signalled via NR-PBCH based on the considerations discussed in last meeting.
SFN
· We consider 7 bits explicitly and 3 LSB bits via scrambling of NR-PBCH codeword to indicate radio frame within NR-PBCH TTI

Proposal: 7 MSBs of SFN signalled explicitly and 3 LSBs via scrambling of NR-PBCH codeword.

Timing information within radio frame
· As analysed in 2.1 the PBCH payload should be minimized and preferably being 48 bits. Assuming CRC size between 19-22, the available info bits range from 26-29 (Note that part of this needs to be octet aligned as per ASN.1). 7-bit timing information is would be large portion of the bits and thus it is seen logical to move at least part of the timing information within radio frame to be signalled through other means than explicitly in PBCH. 

Proposal: Consider signalling SS block location index via other means than explicitly in NR-PBCH in case the payload size would increase including CRC above around 48 bits.

RMSI scheduling info
· This has dependency on the common bandwidth (on which RMSI, and other information like OSI, paging and Msg2/Msg4 could be assumed to be transmitted) which has not been agreed yet. Common bandwidth is assumed to be bandwidth that NR UE’s will support at in minimum. E.g. in LTE UE supports 20 MHz bandwidth. For the sake of discussion we assume operation below 3.5 GHz and minimum supported UE bandwidth being 20 MHz (same as in LTE). Related to common bandwidth being assumption being 20 MHz and assuming that below 5 GHz there can be for example system bandwidth options 5, 10 and 20 MHz, similarly common bandwidth would have 5, 10 and 20 MHz options. Then given assumption that SS block can be located within common bandwidth in flexible manner in frequency domain, the UE needs to be informed whether common bandwidth is 5, 10 or 20 MHz, i.e. 3 bits are needed. Then, the UE should be informed how SS block/NR-PBCH is located within common bandwidth. Assuming PRB level granularity to place SS block within common bandwidth the following table indicates the number of required bits assuming 15 kHz SCS for SS block and PRB:

Table 1 Required number of bits to signal SS block location within common bandwidth assuming PRB granularity and 15 kHz SCS.
	Common BW
	5 MHz
	10 MHz
	20 MHz

	Number of bits
	1
	5
	9



It’s observed that 9 bits only for SS block location within common bandwidth in frequency is seen quite a high overhead to be carried in NR-PBCH. Thus, either granularity should be more sparse than PRB or even fixed location of SS block in frequency within common bandwidth could be considered. Furthermore, it’s thought that SS blocks on the same carrier should be in the same frequency position in order to minimize intra-frequency measurement complexity.

Proposal: Consider limiting frequency domain locations of SS block within common bandwidth. 
Time domain allocation of CORESET is expected to take 1-2 bits depending on the number of OFDM symbols to be allocated for CORESET as described in current working assumption in RAN1#89: 

	Working assumptions:
· For a time-duration of a CORESET:
· Support 1-3 OFDM symbol as time duration for a CORESET on the NR carrier with less than or equal to X PRBs
· Support 1-2 OFDM symbol as time duration for a CORESET on the NR carrier with wider than X PRBs
· FFS: X values
· FFS: Other time duration
· FFS: Relationship of a first PDSCH DMRS symbol with one or more symbols of a CORESET for slot-based scheduling
· FFS: restriction in the certain conditions



Proposal: 1-2 bits for time domain allocation of CORESET is needed in NR-PBCH.

Numerology for RMSI scheduling is to be signalled as well. Depending on RAN4 decisions on the number of supported numerologies per carrier frequency band there is need for 1-2 bits.

Proposal: 1-2 bits for numerology of CORESET and PDSCH for RMSI delivery.
The periodicity of the RMSI window would need to be provided. It is considered that three possible values could be used {80,160,320}ms. This would require 2 bits if delivered independently and the 4th index could be used to convey indication that no RMSI is delivered if needed. It is assumed that the window duration and position could be fixed in specification.
Proposal: 2 bits for numerology RMSI periodicity.
SS burst set periodicity
· SS burst set periodicity can be indicated in RMSI. If need to be delivered it could be provided jointly with RMSI periodicity. 

Proposal: SS burst set periodicity is indicated in RMSI. 
Information regarding bandwidth part
· Information regarding bandwidth part should relate to above mentioned common bandwidth which in above example was taking 3 different values. The actual system bandwidth and bandwidth part information can be provided in RMSI as well as how common bandwidth is located within the system bandwidth.

Proposal: Common bandwidth is signalled via NR-PBCH.

Information on actual transmitted SS block(s)
· Information on actual transmitted SS block(s) can be transmitted in RMSI. UE needs the information for RACH configuration.

Proposal: Information on actual transmitted SS block(s) is provided in RMSI. 

Information on tracking RS
· If there were some RSs agreed for t-f tracking, the UE would perform such operation using RSs of the selected cell/serving cell. To perform cell (re-)selection, UE is expected to read RMSI. Thus, possible configuration of tracking RS is not needed in NR-PBCH.

Proposal: No information on tracking RS needed in NR-PBCH. 
3	Conclusions
Observation: Using minimum payload size including CRC, i.e. 48, it’s possible get close to -6 dB SNR with one shot needed in 80 ms SS burst set periodicity. 
Proposal: NR-PBCH payload size is not greater than around 48 bits including CRC. 
Proposal: Adopt Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in an NR-SS block.
Proposal: 7 MSBs of SFN signalled explicitly and 3 LSBs via scrambling of NR-PBCH codeword.
Proposal: Consider signalling SS block location index via other means than explicitly in NR-PBCH in case the payload size would increase including CRC above around 48 bits.
Proposal: Consider limiting frequency domain locations of SS block within common bandwidth. 
Proposal: 1-2 bits for time domain allocation of CORESET is needed in NR-PBCH.
Proposal: 1-2 bits for numerology of CORESET and PDSCH for RMSI delivery is needed in NR-PBCH.
Proposal: 2 bits for numerology RMSI periodicity.
Proposal: SS burst set periodicity is indicated in RMSI.
Proposal: Common bandwidth is signalled via NR-PBCH.
Proposal: Information on actual transmitted SS block(s) is provided in RMSI.
Proposal: No information on tracking RS needed in NR-PBCH. 
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Appendix A Simulation parameters
	Parameter
	Value

	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	Single-port precoder cycling (2Tx, time direction)

	Time domain allocation
	2 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15/30 kHz

	Channel model
	TDL-C-1000n

	UE speed
	120 kmph

	Channel coding
	Polar code

	Payload size
	48 bits (32 data bits + 16 CRC bits)
64 bits (48 data bits + 16 CRC bits)
72 bits (56 data bits + 16 CRC bits)

	Channel estimation
	Concatenated freq and time 1D Wiener filter

	SNR estimation
	Realistic, based on DMRS for NR-PBCH

	Receiver algorithm
	2 RX MRC

	CFO
	600 Hz

	Soft-combining
	One-shot / Two-shot 



Appendix B RAN1#89 agreements.


Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs
· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol
· Note: frequency domain RE density for DMRS is FFS
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval
· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)
· DMRS sequence depends on at least cell IDs

Agreements:
· Down select from following alternatives based on further evaluation/analysis in the next meeting
· Alt. 1: NR-PBCH coded bits are mapped across REs in N PBCH symbols, where N is the number of PBCH symbols in a NR-SS block
· Alt. 2: NR-PBCH coded bits are mapped across REs in a PBCH symbol, the NR-PBCH symbol is copied to N-1 NR-PBCH symbol in a NR-SS block
· Alt. 3: NR-PBCH coded bits are mapped across REs in a PBCH symbol, and the different coded bits are mapped to each NR-PBCH symbol in a NR-SS block
· Note that Intel will clarify more about Alt. 3 in the reflector until Friday
· Other Alternatives are not precluded
· Note that all proponents need to provide their own proposal until May 26th 

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 can not 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
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