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Introduction
To improve the spectrum efficiency, MU-MIMO using non-orthogonal DMRS was agreed to be supported in NR-PDCCH. and in RAN1 #90bis meeting, the conclusion of DM RS for PDCCH are shown as below:
· Confirm the following working assumption:
· DM-RS density per REG is 1/4 at least for normal CP.
· FFS: orthogonal DMRS for MU-MIMO at RAN1 NR AH#3.
· FFS: URLLC
· DMRS density per REG for extended CP is same as that for normal CP

In this contribution, we give our evaluation results and consideration of orthogonal DM RS and non-orthogonal DM RS of PDCCH for MU-MIMO.
Discussion
The agreed DM RS pattern of PDCCH as shown below is used in our simulation for PDCCH MU-MIMO, to evaluate the performance, three configurations are considered in link level simulation with the simulation assumptions as shown in Appendix:
Configuration 1 (Orthogonal): MU-MIMO with orthogonal DMRS.
Configuration 2 (Non-orthogonal option 1): Non-orthogonal MU-MIMO with one configured scrambling ID as the initialization of DMRS sequence, which means the users don't know the detailed DM RS sequence information of the other paired users.
Configuration 3 (Non-orthogonal option 2): Non-orthogonal MU-MIMO with one of paired scrambling IDs as the initialization of DMRS sequence, which means the users can know the detailed DM RS sequence information of the other paired users.
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Figure 1 candidate DM RS pattern
The orthogonal DM RS is realized by orthogonal cover code, the non-orthogonal DM RS sequence is realized similar as LTE DM RS sequence of enhanced PDCCH, the different scrambling ID is used for different paired users. 
Figure 2 give the simulation results of three configurations with different aggregation levels (1,2,4,8). 
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Figure 2 the BLER performance of PDCCH based on different DM RS pattern(DS =300 ns)
From the simulation results we can see that
(1) The performance with orthogonal DM RS is better than non-orthogonal DM RS, which is because the orthogonal DM RS can cancel the interference between users and increase the accuracy of channel estimation. 
(2) The performance difference between orthogonal DM RS and non-orthogonal DM RS is smaller when the aggregation level increased.
(3)If the paired users can know the information of each other, the performance is better than transparent multi user MIMO.
To summarize, compared with non-orthogonal DM RS, the orthogonal DM RS can get better performance of MU-MIMO PDCCH, the performance gain is larger with lower aggregation level. and with higher aggregation level, the non-orthogonal DM RS can get similar performance with orthogonal DM RS.

Conclusion
In this contribution, we give our analysis and evaluation results of MU-MIMO for PDCCH with orthogonal DM RS and non-orthogonal DM RS, from the simulation results, we can see that compared with non-orthogonal DM RS, the orthogonal DM RS can get better performance of MU-MIMO PDCCH, the performance gain is larger with lower aggregation level. and with higher aggregation level, the non-orthogonal DM RS can get similar performance with orthogonal DM RS.
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Appendix

	Parameters
	Values

	Carrier frequency 
	4GHz

	Channel model
	TDL-C

	Speed
	3km/h

	Delay spread
	300ns

	Subcarrier spacing
	15KHz

	Bandwidth
	10MHz（50PRB）

	Modulation
	QPSK

	Antenna configuration
	2*2

	CCE size
	6REG

	REG bundle size
	6REG

	Aggregation level
	1,2,4,8

	Number of symbols for PDCCH
	1

	Transmission mode
	Precoder cycling


Simulation assumptions
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