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1. Introduction
This contribution provides our NR-PBCH design. More specifically, we shall first discuss the contents of the minimum system information (MSIB) carried in NR-PBCH payload. Then we shall discuss the NR-PBCH design aspects. 
2. [bookmark: _Ref481753149]NR-PBCH Payload
Table 1 summarizes our views on information elements in the MSIB carried in NR-PBCH payload as well as the corresponding number of bits.
[bookmark: _Ref470461782]Table 1: Information elements in MSIB
	Information element
	# of bits

	SFN
	10

	CSS PDCCH configuration
	8

	SSB time index
	6

	MSIB presence flag
	1

	Reserved
	7

	CRC
	16

	Total
	48



Below we discuss the functionalities of each information elements:
· Common search space (CSS) PDCCH configuration is to signal CSS PDCCH allocation e.g., PDCCH/PDSCH numerology and location for delivering RMSI. The CSS PDCCH configuration design is explicitly discussed in [1].  
· SFN and time index are explicitly signaled in PBCH payload. The further discussion on time index is in [2].
· MSIB presence flag is to indicate whether UE should read the minimum system information or not. This bit provides multiple benefits. From the NW perspective, it is similar concept as access/cell barring, where NW can prevent the new UEs from accessing the system for various reasons such as cell is overloaded. From UE perspective, this improves the UE power consumption as UE is not required to read the minimum system information to figure out the baring information. Note that it is especially helpful for above 6GHz deployment with large number of beam sweeps. Since minimum system information needs to be broadcasted by sweeping many beams, informing UE in MSIB that decoding minimum system information is not needed can offer power consumption benefit
Proposal 1: RAN1 adopts the information elements provided in Table 1 for MSIB which is carried by NR-PBCH payload. Furthermore, MSIB size is 48 bits (including 16 CRC bits and 9 reserved bits).
3. [bookmark: _Ref462751328]NR-PBCH Design Considerations
RAN1 had made the following agreements for NR-PBCH:
Table 2: NR-PBCH RAN1 agreements
	Design parameters
	Agreements

	# of OFDM symbols
	2

	# of REs per OFDM symbols
	288

	Numerology
	Same as NR-PSS/NR-SSS numerology

	Multiplexing 
	TDM’ed with NR-PSS and NR-SSS within a SSB

	Phase reference
	Dedicated DMRS



In this section, we discuss NR-PBCH design aspects on bandwidth, phase reference, transmission scheme and self-decodability.
3.1 NR-PBCH Bandwidth
RAN1 agreed that one PBCH symbol occupies 288 resource elements. As the result, the PBCH bandwidth is twice SS (e.g., PSS, SSS) bandwidth. The bandwidth mismatch between PBCH and SS might have the following implications:


Figure 1 NR SS Block Composition

1. RAN4 defines a minimum channel bandwidth of 5MHz for Sub-6 and 50MHz for mmW. Even though it is still possible for RAN4 to define a larger min BW (e.g., 10MHz or 20MHz) than 5MHz for sub-6, there will still be many, if not all, sub-6 bands with 5MHz min BW in which only 15kHz can be used.  Note that theoretically we can have different numerology between control/data and SS/PBCH. However, given practical deployment consideration, 15kHz SS/PBCH may imply a high chance for the control/data to be deployed in 15kHz as well which makes NR look very similar to LTE. Our view is that 30kHz SCS for control/data is important enhancement from LTE to NR by allowing many benefits such as low latency, fast link adaptation, etc.
2. 288-tone PBCH can also negatively impact the sync raster design. When determining the sync raster, we need to work with the min BW for each band. With 288-tone PBCH, the SS block can occupy almost the full min BW. As the result, the sync raster is as fine as channel raster and hence 288-tone PBCH significantly impacts the UE initial access performance.
3. The bandwidth mismatch between PBCH and SS shall introduce unused REs in SS symbols within SS block. NR might have deployments in which SS block might have different numerology from the data/control sent in the same slot with SS. This shall make difficult for the using of unused REs within SS block for data/control. 
One of the main motivations to have 288-tone PBCH might come from an assumption that PBCH payload is much larger than LTE PBCH payload e.g., 40 bits. From our analysis in Section 2, NR-PBCH payload is only 48 bits which is 8 bits more than LTE PBCH payload. Based on our analysis on the impacts of 288-tone PBCH design, we make the following proposal:
Proposal 2: Revisit the agreement on 288 tones of PBCH, while keep the other agreement unchanged
3.2 DMRS for PBCH demodulation
RAN1 had made the following agreements:
· Working assumption: NR-PBCH has a single antenna port transmission, 
· NR-SSS has a single port antenna transmission,
· And NR-PBCH always sends together with NR-PSS and NR-SSS in a SS block.
As the result, it is more efficient to use NR-SSS for PBCH phase reference. Together with our PBCH bandwidth proposal, there is no need to introduce additional DMRS for PBCH. On the other hand, if NR supports bandwidth mismatch between PBCH and SS as the current agreements, additional DMRS could be introduced in the sub-bands outside of PSS/SSS bandwidth. By this way, SSS can also be used for PBCH phase reference and no DMRS is required within PSS/SSS bandwidth. Hence, we can have more REs within SS bandwidth for sending PBCH. More specifically, DMRS is FDMed with PBCH as illustrated in Figure 1a. Note that DMRS can be staggered across PBCH symbols for frequency diversity.

            
[bookmark: _Ref481757628]Figure 2: PBCH, DMRS and SSS within a SS block

Proposal 3: The antenna port used for transmitting the physical broadcast channel shall be identical to the antenna port used for transmitting the secondary synchronization signal in a synchronization signal block.
Proposal 4: If NR supports bandwidth mismatch between PBCH and SS as the current agreements, DMRS is FDMed with PBCH. Furthermore, no DMRS is introduced within SSS bandwidth.
4. Conclusion
This contribution has discussed NR-PBCH payload as well as NR-PBCH design. More specifically, the following proposals have been made:
Proposal 1: RAN1 adopts the information elements provided in Table 1 for MSIB which is carried by NR-PBCH payload. Furthermore, MSIB size is 48 bits (including 16 CRC bits and 9 reserved bits).
Proposal 2: Revisit the agreement on 288 tones of PBCH, while keep the other agreement unchanged
Proposal 3: The antenna port used for transmitting the physical broadcast channel shall be identical to the antenna port used for transmitting the secondary synchronization signal in a synchronization signal block.
Proposal 4: If NR supports bandwidth mismatch between PBCH and SS as the current agreements, DMRS is FDMed with PBCH. Furthermore, no DMRS is introduced within SSS bandwidth.
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