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1. Introduction
In RAN1#86bis, NR initial access signals/channel related issues were discussed and NR-PBCH related agreements were made as following [1]: 
	Agreements:
· NR defines at least one broadcast channel: NR-PBCH

· NR-PBCH decoding is based on the fixed relationship with NR-PSS and/or NR-SSS resource position irrespective of duplex mode and beam operation type at least within a given frequency range and CP overhead
· FFS: Unlicensed spectrum case
· FFS relationship between NR-PBCH subcarrier spacing and NR-PSS and/or SSS subcarrier spacing
· Following broadcasting schemes to carry essential system information can be considered

· Option 1: NR-PBCH carries a part of essential system information for initial access including information necessary for UE to receive channel carrying remaining essential system information

· Option 2: NR-PBCH carries minimum information necessary for UE to perform initial UL transmission (not limited to NR-PRACH) in addition to information in Option 1

· Option 3: NR-PBCH carries all essential system information for initial access
· Other options are not precluded

	Working assumption:
· Wider transmission bandwidth for NR-PSS/SSS and/or PBCH than that for LTE-PSS/SSS/PBCH is supported at least for a subcarrier spacing larger than 15kHz

· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [5 or 20] MHz
· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than [40 or 80] MHz


In this contribution, we discuss NR PBCH design.
2. Discussion
LTE PBCH
In LTE, PBCH is designed to satisfy both the needs of UEs on the edge of coverage as well as good environment. PBCH transmission is spread over four 10ms frames to span a 40ms period. UE would soft-combining multiple transmission until the PBCH is decoded. Also, to provide decoding latency reduction and UE battery saving, it is applied that each subframe is self-decodable. Other details of LTE PBCH are listed as follows:
· Bit size: 40bits (information 14bits + Reserved 10bits + CRC 16bits)

· Coded bits: 1960 bits 

· Coding Scheme: TBCC

· Modulation scheme: QPSK

· Occupied Resource Elements (REs): 240REs (= 72 x 4 – 48)
· Periodicity: 10ms

· LTE PBCH position: First 4 OFDM symbols of 2nd slot of every 10ms radio frame

· Transmission Scheme: Single Antenna (1Tx), SFBC (2Tx), SFBC-FSTD (4Tx)

· Reference Signal: CRS (1Tx, 2Tx, 4Tx)

· Carrier spacing: 15kHz

· Multiplexing with Synchronization Signal: TDM

NR PBCH Design Target and Approach
NR system should be designed to operate on extremely different environment (e.g. extremely large coverage, very high speed, wide range of frequency band, etc.). Also, essential information to access network should be delivered to any UEs. If it is desired for NR system to meet at least LTE coverage, we can design NR-PBCH based on the assumptions, which is to provide similar coding rate with LTE PBCH and to follow similar design way (e.g. Self decoderable, Spread over multiple subframe, Similar RS overhead). Different with LTE system, NR system is operated by single-beam and multi-beam operation. In the multi-beam operation, beam sweeping is considering for initial access related channel/signal delivery. On the other hand, it is desirable to limit beam sweeping instances. So, NR could approach to use less resource elements based on assumption of less information bit size for MIB. In the aspects above, we provide a possible list for NR-PBCH design as follows:
· MIB bit size: less than 40bits (e.g. 40bits = 12bits (information) + 8bits (CRS))

· Coded bits: 980bits (in order to provide similar coverage with LTE)
· Channel Coding Scheme: TBCC

· Modulation Scheme: QPSK

· Occupied Resource Elements (REs): 120REs (= 72 x 2 – 24)
· Periodicity: 10ms 

· Transmission scheme: 

· Option 1: Single antenna transmission scheme

· Option 2: Transmit diversity scheme (e.g. SFBC)

· Reference Signal: 

· Option 1: Self-contained DMRS 
· Option 2: Secondary Synchronization Signal

· Note: Assume to use Cell-ID based scrambling

NR-PBCH Design Example
As shown in above design guide, we assumption that NR-PBCH provides 120RE, which means 24RE can be used for DMRS within 6RB and 2 OFDM symbols. Based on the assumption that adjacent two REs are used for DMRS in order to facilitate RE pairing for two antenna port based transmit diversity, we illustrate a design example for NR-PBCH as below:
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Figure 1. Design Example for NR-PBCH
Multiplexing of NR-SS and NR-PBCH 

In RAN1#86bis, it was agreed that NR-PSS, NR-SSS and/or NR-PBCH can be transmitted within a ‘SS block’. TDMed SS can be provide a benefit in terms of lower complexity of timing detection and faster acquisition for Cell-ID compare with FDMed SS. Based on the assumption that NR-PSS and NR-SSS are TDMed, we can consider three alternatives for composition of NR-SS and NR-PBCH as follows: 
· Option 1: NR-SS and NR-PBCH are TDMed. (NR-SS and NR-PBCH have same bandwidth.)
· Option 2: NR-SS and NR-PBCH are TDMed. (NR-PBCH has wider bandwidth.)
· Option 3: NR-SS and NR-PBCH are FDMed. 

For option 1, same bandwidth is assumed for NR-PSS, NR-SSS and NR-PBCH, where longer time duration is required for NR-PBCH transmission. For option 2, it is assumed that NR-PBCH has wider bandwidth than NR-SS, where NR-PBCH can obtain frequency diversity gain. For option 3, two OFDM symbols are assigned for ‘SS block’, where NR-PBCH is located at adjacent subbands. Figure 2 depicts three options of composition of NR-SS and NR-PBCH.
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(a) TDM with SS (Same bandwidth)  (b) TDM with SS (Different bandwidth)  (c) FDM with SS
Figure 2. Composition of NR-SS and NR-PBCH
Proposal 1: Based on the assumption of TDMed SS, following three options can be considered for composition of ‘SS block’ 

· Option 1: NR-SS and NR-PBCH are TDMed. (NR-SS and NR-PBCH have same bandwidth.)

· Option 2: NR-SS and NR-PBCH are TDMed. (NR-PBCH has wider bandwidth.)

· Option 3: NR-SS and NR-PBCH are FDMed. 

Considering on the assumption to use 15kHz or 30kHz subcarrier spacing for below 6GHz, three options shows that transmission bandwidth containing NR-SS/NR-PBCH is not exceed 5MHz. For design commonality, these options could be applied to below 40GHz. If 120kHz or 240kHz subcarrier spacing of ‘SS block’ is assumed for below 40GHz, three options shows that transmission bandwidth containing NR-SS/NR-PBCH is not exceed 40MHz.
Proposal 2: When it is assumed to introduce max 30kHz subcarrier spacing of ‘SS Block’ for below 6GHz and max 240kHz subcarrier spacing of ‘SS block’ for below 40GHz,
· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 40MHz
In order to keep detection complexity for NR-PSS and provide robustness against frequency offset in initial detection step, it can be assumed that NR-PSS and NR-SSS have same bandwidth, but NR-PSS subcarrier spacing is wider than NR-SSS [2]. Also, in order to facilitate same FFT size for NR-SSS and NR-PBCH, it can be assumed that NR-PBCH subcarrier spacing is same with NR-SSS subcarrier spacing.
Proposal 3: For multiplexing of NR-SS and NR-PBCH, it can be assumed that NR-PBCH subcarrier spacing is same with NR-SSS subcarrier spacing.
3. Conclusion
In this contribution, we discussed on NR-PBCH design and multiplexing of NR-SS and NR-PBCH. From the discussion, we propose as follow:

Proposal 1: Based on the assumption of TDMed SS, following three options can be considered for composition of ‘SS block’ 

· Option 1: NR-SS and NR-PBCH are TDMed. (NR-SS and NR-PBCH have same bandwidth.)

· Option 2: NR-SS and NR-PBCH are TDMed. (NR-PBCH has wider bandwidth.)

· Option 3: NR-SS and NR-PBCH are FDMed. 

Proposal 2: When it is assumed to introduce max 30kHz subcarrier spacing of ‘SS Block’ for below 6GHz and max 240kHz subcarrier spacing of ‘SS block’ for below 40GHz,
· Below 6 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 5MHz

· Below 40 GHz, transmission bandwidth containing NR-PSS/SSS/PBCH is not more than 40MHz
Proposal 3: For multiplexing of NR-SS and NR-PBCH, it can be assumed that NR-PBCH subcarrier spacing is same with NR-SSS subcarrier spacing.
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