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1. Introduction

At the RAN1 #89 meeting, NR-PBCH contents and payload size were discussed and RAN1 made following agreements [1].
	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
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


In this contribution, we discuss further on NR-PBCH contents and payload size.
2. Discussion on NR-PBCH contents and payload size
In LTE, PBCH has 40 bits payload size and following information is carried.

· 3 bits for system bandwidth information

· 3 bits for PHICH configuration information

· 8 bits for part of SFN information

· 10 reserved bits

· 16 bits for CRC

In addition, PBCH provides following information to UE.

· eNB antenna configuration (i.e., number of antenna ports) information by using CRC mask
· Remaining part of SFN information (2 bits) by using four times repetition structure

Information provided by PBCH is minimum necessary information to decode PDCCH which schedules PDSCH carrying system information (SI). Even in NR, this principle should be held so that NR-PBCH transmitted by using limited amount of resource can be robust enough.

For NR-PBCH contents, we think that following information should be carried in NR-PBCH in addition to CRC and reserved bits.
· SFN/H-SFN: 7 or 17 bits
In both RAN1 and RAN2, it was agreed that at least part of SFN information is carried by NR-PBCH. Considering H-SFN for eDRX functionality, total number of bits required for SFN/H-SFN would be 20. Since agreed PBCH TTI is 80 ms, part of SFN information (i.e., 3 bits to identify radio frame within 80 ms) can be implicitly carried by NR-PBCH repetition structure and possibly some mechanism such as CRC mask, PBCH scrambling phase or DMRS sequence. Therefore, 7 or 17 bits would be required for this information.
· Half radio frame timing indication: 1 bits
RAN1 agreed that the transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity. So, SS block index can provide a timing identification within 5 ms, i.e., half radio frame. Additional 1 bit for half radio frame timing indication within a radio frame is necessary to identify radio frame boundary.
· SS block index indication: 3 bits for above 6 GHz frequency range.
RAN1 agreed that UE shall be able to identify at least OFDM symbol index, slot index in a radio frame and radio frame number from an SS block, and a single set of possible SS block time locations is specified per frequency band. RAN1 also agreed that NR-PBCH is used for SS block time index indication. Explicit indication of SS block time index in NR-PBCH payload is a straightforward option. However, required number of bits for SS block time index indication is greatly different between different frequency ranges due to different maximum number of SS blocks within SS burst set. In particular, 2 or 3 bits for below 6 GHz range and 6 bits for above 6 GHz range are required. 6 bits in NR-PBCH payload may be too much and at least unnecessary in lower frequency range. So following is possible proposal.

· For below 6 GHz frequency range, 2 or 3 bits of SS block index is implicitly indicated by using PBCH-DMRS.

· For 6-52.6 GHz frequency range, 3 bits of SS block index is implicitly indicated by using PBCH-DMRS, and remaining 3 bits of SS block index is explicitly indicated in NR-PBCH.

This proposal can save an increase of NR-PBCH payload size and can also save an increase of blind detection effort for implicit bits in PBCH-DMRS. Further details are discussed in our companion contribution [2].
· SS burst set periodicity: 3 bits
RAN1 agreed a set of configuration values for SS burst set periodicity; {5, 10, 20, 40, 80, (160)} ms, and different cells on the same carrier frequency can apply different SS burst set periodicity values. However, although RAN1 also agreed to support an indication of SS burst set periodicity/timing/duration for helping UE RRM measurement, the number of such measurement timing configuration per carrier frequency would be limited considering UE complexity. In order to enable UE to identify SS burst set periodicity of each measured cell, actual SS burst set periodicity should be indicated in NR-PBCH. In such case, UE can perform efficient averaging to derive accurate RSRP according to actual SS burst set periodicity of each cell. It does not mean that UE is mandated to identify SS burst set periodicity of each measured cell during RRM measurement. According to agreed set of configuration values, 3 bits would be sufficient.
· Information of control resource set (CORESET) for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI: [x] bits
Different from LTE, UE would not need to know system bandwidth of the NR carrier from PBCH since CORESET (search space) for UE-common (or UE-group-common) NR-PDCCH can be smaller than carrier bandwidth in NR. In addition, indication of frequency offset between SS block and CORESET can be used so that UE does not need to be aware of central and edge positions of the carrier. Number of bits for the CORESET information (e.g., bandwidth and frequency offset) can be defined per frequency range since wide carrier in higher frequency would allow more candidate of CORESET configuration compared with carrier in lower frequency. Time domain information of CORESET for system information delivery also needs to be known by UE. As argued in our companion contribution [3], since NR-PBCH payload size would be limited, it may be necessary to limit flexibility on CORESET configuration for remaining minimum SI delivery so that part of configuration information of CORESET for UE-common (or UE-group-common) NR-PDCCH can be derived by specification. Actual number of bits for this information for each frequency range may also depend on minimum UE bandwidth, SS frequency raster and so on.
· Numerology of NR-PDCCH/NR-PDSCH for remaining minimum system information (RMSI) delivery and paging: 2 bits
In addition to time/frequency resource configuration of CORESET for UE-common (or UE-group-common) NR-PDCCH, numerology used for remaining minimum SI delivery and possibly for paging should also be carried by NR-PBCH [3]. A few bits would be sufficient for this numerology information since candidate numerology can be defined per frequency range.
· Information for quick identification that UE cannot camp on the cell: 1 bit
During NR study item, RAN2 agreed that it is desirable for UE to learn very quickly that cell cannot be camped on e.g., if the cell is non-standalone NR cell and does not broadcast the minimum SI. So, it may be beneficial to include 1 bit in NR-PBCH to indicate whether the cell is non-standalone or not. This issue would also be discussed in RAN2, but RAN1 should also take this into account for designing PBCH payload size.
In summary, we have identified that required number of bits for some information in NR-PBCH can be different in different frequency range. Defining optimized payload size and contents for each frequency range and corresponding usage scenarios is beneficial to minimize payload size and to design NR-PBCH appropriately. Detailed payload size, frequency range categorization, bit size for each of NR-PBCH contents should be further studied. Based on above discussion, we think NR-PBCH payload size (including reserved bits and CRC) for low frequency range may be 48 or 56 bits and that for high frequency range may be 56 or 64 bits. We evaluated NR-PBCH BLER with link-level simulations. We observed that NR-PBCH contained in two symbols with 64 bits payload size can achieve below 1 % BLER at -6 dB SNR condition by using 3 shots combining. NR-PBCH contained in three symbols with 64 bits payload size can achieve below 1 % BLER at -6 dB SNR condition by using 2 shots combining. Further information about evaluation including evaluation assumption is shown in ANNEX. Based on such evaluation results, it would be beneficial to use three symbols for NR-PBCH in higher frequency range while two symbols for NR-PBCH are used in lower frequency range. As in RAN2 LS [4], there is a concern on possible delay due to PBCH reading during RRM measurement and handover. Improving one-shot NR-PBCH decoding performance by using three symbols can reduce the delay. In addition, in our proposal, PBCH reading for SS block index identification is necessary only in case of above 6 GHz frequency range and hence increasing number of NR-PBCH symbols for above 6 GHz case is aligned with the usage scenario. Detailed SS block composition and SS burst set composition are described in our companion contributions [5-6].
Proposal 1: NR-PBCH carries following information in addition to reserved bits and CRC.
· A part of SFN/H-SFN: 7 or 17 bits 
· Remaining 3 bits are implicitly carried
· Half radio frame timing indication: 1 bit

· A part of SS block index: 3 bits only for above 6 GHz frequency range
· Remaining 3 bits in case of above 6 GHz frequency range and all bits in case of below 6 GHz frequency range are implicitly carried by PBCH-DMRS

· SS burst set periodicity: 3 bits
· Information of CORESET for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI: [x] bits
· Numerology of NR-PDCCH/NR-PDSCH for remaining minimum system information (RMSI) delivery and paging: 2 bits

· Information for quick identification that UE cannot camp on the cell: 1 bit
Proposal 2: NR-PBCH payload size and bit size for some contents are defined per frequency range.

· Candidate values for NR-PBCH payload size including CRC are {48, 56, 64} bits.

· Number of NR-PBCH symbols within a SS block can be three for above 6 GHz frequency range.

3. Conclusion 

In this contribution, we discussed further on NR-PBCH contents and payload size. We made the following proposals. 
Proposal 1: NR-PBCH carries following information in addition to reserved bits and CRC.

· A part of SFN/H-SFN: 7 or 17 bits 

· Remaining 3 bits are implicitly carried
· Half radio frame timing indication: 1 bit

· A part of SS block index: 3 bits only for above 6 GHz frequency range
· Remaining 3 bits in case of above 6 GHz frequency range and all bits in case of below 6 GHz frequency range are implicitly carried by PBCH-DMRS

· SS burst set periodicity: 3 bits
· Information of CORESET for UE-common (or UE-group-common) NR-PDCCH which schedules PDSCH carrying remaining minimum SI: [x] bits
· Numerology of NR-PDCCH/NR-PDSCH for remaining minimum system information (RMSI) delivery and paging: 2 bits

· Information for quick identification that UE cannot camp on the cell: 1 bit
Proposal 2: NR-PBCH payload size and bit size for some contents are defined per frequency range.

· Candidate values for NR-PBCH payload size including CRC are {48, 56, 64} bits.

· Number of NR-PBCH symbols within a SS block can be three for above 6 GHz frequency range.
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Annex: Link-level simulation on NR-PBCH design 
Table 1 shows simulation assumptions for NR-PBCH evaluation, and Figure 1 shows BLER performance results for NR-PBCH. 

Figure 1(a) shows BLER performances with different payload sizes in case without PC. NR-PBCH even with 64 bits payload size can achieve below 1 % BLER at -6 dB SNR condition by using 3 shots combining when the number of NR-PBCH symbols within a SS block is two. 

Figure 1(b) shows BLER performances with different number of symbols for NR-PBCH in case without PC. It is observed that NR-PBCH contained in three symbols with 64 bits payload size can achieve below 1 % BLER at -6 dB SNR condition by using 2 shots combining.
Table 1: Simulation assumptions for NR-PBCH evaluation

[image: image1.emf]Parameter Value

Carrier frequency 4 GHz

Transmission method 1-port based transmission

Data REs per PRB per symbol 9

DMRS REs per PRB per symbol 3 (Uniform spread)

Time domain allocation 2, 3 OFDM symbol

Frequency domain allocation 24 PRBs

Sub-carrier spacing 30 kHz

Channel model CDL-C 100 ns scaling

UE speed 3 km/h

Channel coding Polar code

Payload size 48, 56, 64 bits

Referrence signal transmission SSS + Self-contained DMRS

Channel estimation 2D-MMSE

Receiver algorithm 2 RX MRC

Reputition 1, 2, 3, 4 times

SS block composition Option 2

CFO 0.48 ppm (Gaussian distribution)
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Figure 1: BLER performance of NR-PBCH
