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Introduction
In RAN1#89, the related NR PBCH DMRS scheme was specified as follows [1],
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 RAN1#88bis meeting regarding transmission schemes for NR PBCH, the following agreement was reached [2]
Agreements:
· PBCH BW: 288 subcarriers, 2 OFDM symbols (additional symbols if MIB size larger than assumed).
· PBCH phase reference: DMRS.
· PBCH TTI: 80 msec.

In this contribution, we will discussion NR PBCH DMRS sequence design and RE mapping and provide our observations and proposals based on the performance evaluation.

Discussion
NR PBCH DMRS sequence design
In RAN1#88bis meeting, self-contained DMRS has been agreed as demodulation reference for NR-PBCH.
To enhance channel estimation accuracy, self-contained RS are embedded in the NR-PBCH block. In addition, DMRS with different orthogonal cover could be used as the identifier of each copy of the PBCH transmission in 80 ms PBCH TTI. Zadoff-Chu sequence has the orthogonal cover by different cyclic shift. The receiver could obtain different cyclic shift through energy detection without multiple hypothesis testing. Thus, we propose Zadoff-Chu sequence as NR PBCH DMRS sequence. ZC sequence based NR PBCH DMRS can be generated as Formula 1 shown.

                                                                (1)




Where, is DMRS sequence, is root base of ZC sequence, is the length of DMRS sequence, is index of DMRS sequence.
Among serving cell and neighboring cells, there are two options to meet the NR PBCH DMRS design requirement.

· NR PBCH DMRS could be generated by the same root based ZC sequence with different set of cyclic shift order (e.g., cell 1, CS=1,4,7,10, cell 2 CS=2,5,8,11, cell 3, CS=3,6,9,12,….). This design will have minimum inter-cell interference for channel estimation. 
· NR PBCH DMRS could be generated by the different root based ZC sequence (e.g., cell 1, q=25, cell 2, q=29, cell 3, 9=34….) with same or different set of cyclic shift order.

With two options, NR PBCH DMRS among serving cell and neighboring cells could be assigned with same or different location.

In the other hand, different NR PBCH versions with PBCH block size of 80 ms TTI can be identified by different root based ZC sequences or different cyclic shifts of same root based ZC sequence. UE can decode the PBCH DMRS if it would know the first, 2nd, 3rd or 4th copy of PBCH within 80 ms TTI. Thus, UE can combine PBCH with same information based on the DMRS cyclic shift. Therefore, Zadoff-Chu can be used as NR PBCH DMRS sequence.

Proposal 1: Zadoff-Chu sequence can be used as NR PBCH DMRS sequence.

 NR PBCH DMRS RE mapping and performance evaluation
 The transmission scheme of NR-PBCH was agreed in RAN1#89.  NR supports a single antenna port based transmission scheme only and the same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block.  Furthermore, DMRS for NR-PBCH is mapped on every NR-PBCH symbol.  At the low SNR work region, channel estimation accuracy is the dominant factor of the PBCH demodulation performance. While the resources of NR-PBCH are fixed at 576 REs, it is a trade-off between self-contained RS density and effective coding rate of NR-PBCH.  In order to evaluate the trade-off between channel estimation performance and channel coding gain, we compare the PBCH decoding performance with different DMRS density. In this simulation, the design pattern of self-contained DMRS is shown in Figure 1 based on single port transmission scheme and the principle of multiple/sub-multiple of 6-RE distance between DMRS REs. The simulation assumption is shown in Appendix.



(a) 1RE-DMRS                   (b) 2RE-DMRS                 (c) 4RE-DMRS                   (d) 6RE-DMRS
Figure 1 An example of self-contained RS as DMRS of NR-PBCH demodulation

As seen in Figure 2, the PBCH BLER performance of 4RE-DMRS per symbol per RB is better than that of 2RE-DMRS due to better accuracy in channel estimation. The performance of 6RE-DMRS per symbol per RB is worse than that of 4RE-DMRS because the performance loss from the increasing coding rate outweighs the performance gain from the improved channel estimation accuracy. Therefore, the performance of 4RE-DMRS per symbol per RB is better than that of other DMRS densities.

[image: ] 

Figure 2 Performance of comparison on different self-contained RS density of NR-PBCH 

Observation 1: The performance of 4RE-DMRS per symbol per RB is better than that of other densities.
Conclusion
In this contribution, we propose Zadoff-Chu sequence as NR-PBCH DMRS sequence. We further provide some analysis and performance evaluation of NR PBCH DMRS mapping and density. We have the following proposals and observations,

Proposal 1: Zadoff-Chu sequence can be used as NR PBCH DMRS sequence.

Observation 1: The performance of 4RE-DMRS per symbol per RB is better than that of other densities.
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Appendix

Table I: Simulation assumptions for NR-PBCH
	Attributes
	Value or assumptions

	Carrier Frequency
	4 GHz

	Channel Model
	TDL-C, 100ns

	Subcarrier Spacing(s)
	15kHz

	Frequency resource
	24PRB

	Time resource
	2 OFDM symbols

	UE speed
	3 km/h 

	Antenna Configuration
	2Tx2Rx

	DMRS
	ZC based Self-contained DMRS

	Channel coding scheme
	Polar code

	Periodicity
	20ms with PBCH block size of 80 ms

	Payload size
	72bits (including CRC)

	Channel estimation
	MMSE2D

	Performance Target
	1% BLER @ -6dB (average received SNR)
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