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Introduction
In RAN1 #89 meeting, design of DMRS for NR-PBCH was discussed and the following agreements were made:
	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



In this contribution, design of DMRS including frequency domain density and time/frequency position is discussed.
Frequency domain density
High DMRS density in frequency domain can benefit channel estimation performance. However the REs used for DMRS transmission occupy NR-PBCH resource, therefore the tradeoff between channel estimation accuracy and PBCH coding rate should be evaluated. The comparison of NR-PBCH decoding performance with different DMRS frequency domain density is shown in Figure 1. In this simulation, 2/3/4/6 REs per RB per NR-PBCH symbol is assigned for DMRS. 
In our simulation, NR-PBCH payload size is 64 bits, DMRS REs are mapped on PBCH symbols with equal interval and DMRS is used to estimate residual CFO after SS detection. All four options for mapping order within a SS block agreed in last meeting are simulated. Detailed simulation parameters are listed in Appendix.
According to the simulation result, with 100ns time delay spread, NR-PBCH with DMRS density of 2 or 3 REs/OS/PRB have best BLER performance. With delay spread increased to 1000ns, NR-PBCH with DMRS density of 3 or 4 REs/OS/PRB have best BLER performance. Therefore we consider 3 REs per PRB per NR-PBCH symbol as the most appropriate DMRS density.
Proposal 1: DMRS density is 3 REs per PRB per NR-PBCH symbol.
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(a) 100ns delay spread                         (b) 1000ns delay spread
Figure 1 PBCH decoding performance with different DMRS density 

Time domain position
RAN1 agreed that DMRS is mapped on every NR-PBCH symbol. Therefore, in this contribution the solution of DMRS mapped on NR-SSS symbol is not discussed, and the time domain position of DMRS sequence is decided by the position of NR-PBCH symbols. 
Consider that large distance between NR-PBCH symbols is beneficial to frequency tracking performance, and adjacent PSS and SSS symbols benefits coherent SSS detection performance, we prefer a largest distance between NR-PBCH symbols i.e. Option 3: PBCH-PSS-SSS-PBCH. Our simulation result is shown in Figure 2 and detailed analysis is provided in our companion contribution [1].
Proposal 2: DMRS is mapped on NR-PBCH symbols using the 1st and 4th symbols within a SS block.
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Figure 2 PBCH decoding performance with different order of DMRS symbols
Frequency domain position
The RE mapping scheme for DMRS was discussed in last meeting with agreed two type of options: mapping with equal interval, or with unequal interval e.g. less or no mapping within NR-SSS transmission bandwidth. In this contribution, three mapping schemes are evaluated:
· Option 1: For both NR-PBCH symbols, DMRS sequence mapping with equal interval in frequency domain (3 REs per RB per symbol)
· Option 2: For NR-PBCH symbol not adjacent to NR-SSS symbol, DMRS sequence mapping with equal interval in frequency domain (3 REs per RB per symbol); For NR-PBCH symbol adjacent to NR-SSS symbol, DMRS sequence mapping with non-equal interval in frequency domain as the following:
· Option 2-1: DMRS mapping with equal interval within non-NR-SSS transmission bandwidth (3 REs per RB per symbol), and no DMRS mapping within NR-SSS transmission bandwidth
· Option 2-2: DMRS mapping with equal interval within non-NR-SSS transmission bandwidth (3 REs per RB per symbol), and DMRS mapping with equal interval but different density (1 RE per RB per symbol) within NR-SSS transmission bandwidth 



Figure 3 DMRS sequence mapping schemes
However our simulation result shows that the performance of DMRS mapping with unequal interval only have marginal gain compared with DMRS mapping with equal interval. Consider the complexity for both SS block generation and detection using unequal interval mapping, we prefer choosing DMRS mapping with equal interval i.e. Option 1. 
Proposal 3: DMRS sequence is mapped on subcarriers with equal interval on NR-PBCH symbols.
Conclusion
This contribution discusses details of DMRS design for NR-PBCH and the following proposals are provided:
Proposal 1: DMRS density is 3 REs per PRB per NR-PBCH symbol.
Proposal 2: DMRS is mapped on NR-PBCH symbols using the 1st and 4th symbols within a SS block.
Proposal 3: DMRS sequence is mapped on subcarriers with equal interval on NR-PBCH symbols.
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Appendix
Simulation parameters:
	Parameter
	Value

	Carrier Frequency
	4GHz

	Default subcarrier spacing
	15kHz

	Channel Model
	CDL-C 
· Delay scaling values of 100 ns and 1000 ns 
· ASA = 30 degree, ASD = 5 degree, ZSA = 5 degree, ZSD = 1 degree 
The CDL table is translated so that the strongest cluster’s AoD and AoA occur at a random angle for both the antenna panels of TRP and UE in the local coordinate. The value of the random angle is selected to be uniformly distributed from +30 to -30 degree. The random value is chosen independently for both AoD and AoA

	Antenna Configuration
	(1,1,2) with omni-directional antenna element at TRP and UE

	UE speed
	3km/h, 120km/h

	Target received baseband SNR 
	-6dB

	NR-PSS/SSS detection
	One-short detection
Coherent/non-coherent for SSS detection

	PBCH detection
	One-short detection

	PBCH payload size
	64 bit (including CRC)

	Channel coding
	TBCC

	Frequency Offset
	· For initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 5
· Non-initial acquisition
TRP: uniform distribution +/- 0.05 ppm
UE: uniform distribution +/- 0.1 ppm
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