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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. 
In this contribution we discuss about NR-PBCH design. RAN1#88bis made the following agreements working assumption [1]:
	Agreements:
· …
· Time index indication: PBCH conditioned that mobility and HO related requirements can be met
· Note: RAN1 assumes that RAN2 will check against to RAN2 requirements
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed)
· PBCH phase reference: DMRS
· PBCH TTI: 80 msec


Working assumption:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 
· FFS: Same or different antenna port(s) are defined for NR-PSS, NR-SSS and NR-PBCH within an SS block
· Companies are encouraged to further evaluate NR-PBCH performance



Furthermore, the following work plan was concluded for NR-PBCH in [1]:
	Conclusions:
· For NR-PBCH,
· Following remaining issues need to be finalized in the next meeting
· Transmission scheme 
· Including antenna port relationship to NR-PSS and NR-SSS
· DMRS design
· Time index indication signaling 
· Content and corresponding payload
· Estimate
· Channel coding
· Mapping of NR-PBCH to SS blocks within NR-PBCH TTI
· Followings remaining issues need to be finalized by Nov. meeting
· Delivery of remaining system information
· Note that all RRC related aspects need to be finalized by Oct. meeting



In this contribution we focus on
· Transmission scheme 
· Including antenna port relationship to NR-PSS and NR-SSS
· DMRS design
· Content and corresponding payload
· Estimate

2	Discussion
2.1	Transmission scheme
We consider that current working assumption can be confirmed and NR can adopt a single port transmission scheme and dedicated DMRS for NR-PBCH.
Proposal: Confirm that a single antenna port transmission scheme and dedicated DMRS are adopted for NR-PBCH.
2.2	DMRS design
Assuming 1-port time domain precoder cycling transmission scheme and dedicated DMRS, the next question is the DMRS pattern and RE density. We evaluate the following DMRS overheads: 1/12, 2/12 and 4/12. The simulation assumptions are found from Appendix A, and assumed throughout the document unless otherwise noted. Figure 1 and Figure 2 illustrate performance with one-shot and combining of two transmissions using 15 kHz and 30 kHz SCS, respectively, in TDL-C 1000 ns channel.
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[bookmark: _Ref481702653]Figure 1 15 kHz case.
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[bookmark: _Ref481702655]Figure 2 30 kHz case.
Results show that 4/12 RE density for DMRS provides the best performance in frequency selective channel. Clear benefit from higher density can be seen both in one-shot case and in case of combining two transmissions. Thus, it’s considered that 4/12 overhead should be selected. 4/12 DMRS density would share also the same design as applicable considered for NR-PDCCH in [2]. 
Proposal: Adopt 4/12 DMRS density per PRB for NR-PBCH.
Given 4/12 DMRS density provides large number of RE’s, it would seem possible to provide some additional information as a part of the DMRS sequence e.g. like in LTE, where slot index is provided. One rather relevant option would be to use the PBCH DMRS sequence to convey SS block location index indication [3], at least partly. Like noted in [4] it would seem beneficial to allow certain level of flexibility when assigning the SS-blocks e.g. for multiplexing, ICIC for SS block and self-backhauling, thus set of possible SS block locations would be large. 
Next we provide a preliminary analysis on detection performance of SS block location index using a NR-PBCH DMRS. We assume the following sequence design:
· A length-192 pseudo-random sequence initialized using a PCID based on NR-PSS and NR-SSS
· SS block location index or part of the SS block location index, in case signalling is divided between RN-SSS and DMRS, determines frequency domain cyclic shift

Furthermore, we assume that signalling space is 64 and two detection strategies:
· Based on wideband signal, i.e. UE uses full DMRS sequence allocated upon 24 PRBs and 2 symbols mapped on 4 REs per PRB
· Based on narrowband signal where UE uses DMRS sequence allocated upon bandwidth overlapping with NR-PSS and NR-SSS bandwidth and 2 symbols mapped on 4 REs per PRB

Figure 3 illustrates the initial analysis on miss-detection performance assuming the above design. We can observe that NR-PBCH DMRS can be used to signal SS block location index. It should be further studied that whether DMRS could signal only part of the SS block location index together e.g. with NR-SSS or DMRS could signal fully the SS block location index.
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[bookmark: _Ref481772342]Figure 3 SS block index detection performance.

Observation: NR-PBCH DMRS can be used as SS block location index indication signaling. It should be further studied whether DMRS could signal only part of the SS block location index together e.g. with NR-SSS or DMRS could signal fully the SS block location index.
2.3	On NR-PBCH/MIB content
The NR-PBCH being part of SS block should have a compact size in order to support efficient multi-beam operation. That is achieved if SS block length in time is short. Further, target is to have a comparable reception performance compared to LTE. In the following we provide our view on possible NR MIB parameters. 
	Parameter:
	Estimated number of bits
	Note

	SFN
	7
	NR-PBCH TTI 80 ms, 3 LSBs needs to be signalled otherwise

	minimumSIValidity
	5
	Validity information for stored minimum system information

	Extended cell ID
	6
	Extension of Physical cell ID [5] 

	SS block location in carrier bandwidth
	TBD
	Number of bits required will depend on RAN4 agreements e.g. channel raster and SS raster.

	CSS for common PDCCH
	TBD
	Time-frequency allocation

	Numerology for common PDCCH and PDSCH
	2
	RAN4 to decide on supported SCSs per carrier frequency range. E.g. 1 bit for both if two SCS options per range.

	Carrier bandwidth
	TBD
	

	Spare
	2
	Future extensions



In general we consider that MIB content size would be around 32 bits. Given the results in Figure 1 and Figure 2 assuming 32 information bits we conclude that 2-symbol time allocation and 24 PRB allocation is providing desired performance results, already with one-shot detection. Conducted simulation results assume TBCC, which should have worse performance than the channel coding schemes considered for NR-PBCH, Polar or LDPC. Also from that perspective 2-symbol long time domain together with 24 PRB frequency domain allocation should be adopted for NR-PBCH at the same time providing support for more efficient beam sweeping than would design options with larger number of NR-PBCH symbols. 
Proposal: NR-PBCH time-frequency allocation is 2 symbols and 24 PRBs.

3	Conclusions 
In this contribution we addressed NR-PBCH related design like DMRS design, SS block location index indication signaling and NR-PBCH payload and content.

Proposal: Confirm that a single antenna port transmission scheme and dedicated DMRS are adopted for NR-PBCH.
Proposal: Adopt 4/12 DMRS density per PRB for NR-PBCH.
Observation: NR-PBCH DMRS can be used as SS block location index indication signaling. It should be further studied whether DMRS could signal only part of the SS block location index together e.g. with NR-SSS or DMRS could signal fully the SS block location index.
Proposal: NR-PBCH time-frequency allocation is 2 symbols and 24 PRBs.


Proposal: NR-PBCH time-frequency allocation is 2 symbols and 24 PRBs.
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Appendix A Simulation parameters for NR-PBCH
Evaluation assumptions
Evaluation assumptions are provided in Table 1.
[bookmark: _Ref477939530]Table 1 Evaluation assumptions
	Parameter	
	Value

	Carrier frequency
	4 GHz

	Beam configuration
	Single-beam

	Transmission method
	Single antenna port precoder cycling (time)

	Time domain allocation
	2 OFDM symbols

	Frequency domain allocation
	24 PRBs

	Sub-carrier spacing
	15/30 kHz

	Channel model
	CDL-B 100ns scaling and CDL-C 1000ns scaling

	UE speed
	3 km/h

	Channel coding
	Tail-biting convolutional code

	Payload size
	48 bits (32 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
	0/600 Hz

	Soft-combining
	Used
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