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Introduction
DMRS pattern for NR-PDCCH is under discussion. In this contribution, we present some simulation results on potential DMRS patterns for multi-symbol CORESET configuration.

Agreements:
· Confirm working assumption:
· One-port transmit diversity scheme with REG bundling per CCE is used for NR-PDCCH
· FFS: DMRS RE overhead for the REG transmitting DMRS is 1/3
· FFS on DMRS pattern

RS Study
In the next two sections, we present our views on DMRS pattern. For single symbol CORESET we propose 1/3 RS density with uniform density [3]. For multi-symbol CORESET, we compare two options namely front-loaded RS pattern and the uniform pattern. We provide simulation results for each case with 2 symbol CORESET configuration. 
Front Loaded vs Uniform
We compared two front loaded DMRS patterns (33% DMRS density on the 1st symbol and 50% DMRS density on the 1st symbol) and one uniform DMRS patterns with 33% DMRS density on both symbols). Candidate DMRS mappings are shown in Figure 1. 


Figure 1: Potential DMRS Pilot Patterns for NR-PDCCH

· Front loaded DMRS pattern: The channel estimation from the first symbol can be applied for the second symbol, assuming the same precoder is applied to both OFDM symbols. Front Loaded pattern can help in reducing the processing timeline at the UE, as channel estimation can be triggered immediately after reception of the first symbol.
· Uniform:  Uniform pattern can provide higher processing gain for channel estimation. Uniform pattern also provides a unified design where each REG bundle has the same structure, leading to simpler implementation. 
Comparison for the above-mentioned patterns over different channel models are provided in Figure 2 below. FrntLd refers to front loaded 33% density, FrntLd_Hlf refers to front loaded 50% density and Uniform refers to uniform case. Simulation assumptions are provided in Appendix. 
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Figure 2: Performance comparison w.r.t. different DMRS patterns. Hlf denotes 50% Front loaded pilot density.

The following observations are made from the simulation results above. 
Observations:
· At AL 8, 4 for both small and large Payload sizes of 20,60+CRC front loaded with 50% density and uniform pattern show comparable performance and exhibit better performance than front loaded pattern with 33% due to better channel estimation.
· At AL2 front loaded patterns with 33% and 50% are comparable and show better performance than uniform pattern.
· At AL 1 front loaded 33% has the best performance followed by front loaded 50% and uniform pattern due to better coding gain.
We observe that there is a trade-off between channel estimation performance and coding gain. This is reflected in the performance differences between high and low coding rate. Based on the simulation results we have the following proposals
Proposal 1: We propose equally distributed 1/3 pilot density for 1 symbol CORESET.
Proposal 2: We propose equally distributed front-loaded 1/2 pilot density for multi-symbol CORESET. 1/2 density is for a symbol with RS present.
Wideband RS and Narrowband RS
[bookmark: _GoBack]It was shown in [4] that wideband RS that spans the entire CORESET leads to 1-2 dB gain compared to narrowband RS. This was shown to be essential for the transmission of common control messages for initial access and paging. Otherwise we may need to find out other means to achieve the typical target link budget requirement (@ -6 dB). Therefore, at least it is proposed to have the option to configure wideband RS for a CORESET.
Proposal 3: CORESET can be configured with either wideband RS, or narrowband RS.
· Wideband RS refers to the case when DMRS for PDCCH span the entire CORESET BW with the same precoding whenever there is PDCCH transmission.

Conclusions
The following proposals have been made
Proposal 1: We propose uniform 1/3 pilot density for 1 symbol CORESET.
Proposal 2: We propose equally distributed front-loaded 1/2 pilot density for multi-symbol CORESET. 1/2 density is for a symbol with RS present.
Proposal 3: CORESET can be configured with either wideband RS, or narrowband RS.
· Wideband RS refers to the case when DMRS for PDCCH span the entire CORESET BW with the same precoding whenever there is PDCCH transmission.
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Appendix – Simulation Assumptions   

Table 1: Evaluation assumptions for Front Loaded vs Uniiform
	Parameter
	Value

	Channel profile
	TDL-C 30ns, 300ns and 1000 nsec

	Number of BTS antennas
	2

	Number of UE antennas
	2

	beamforming scheme
	no beamforming

	Number of REGs(containing RS) for each CCE
	6 REGs (1 REG = 1PRB in a single OFDM symbol)

	Number of symbols
	2

	subcarrier spacing
	15KHz

	Control resource set (CORESET) BW
	17.28MHz
2304 REs = 12*6*8*2*2 REs (can accommodate 4 AL8)

	DCI Size
	20,60 (+ 16 bit CRC)

	RS overhead
	 1/3 

	Coding
	TBCC list=1

	Channel Estimation
	One shot MMSE Channel Estimation 

	Channel estimation bundle-size == minimum resource allocation unit
	6 REGs (1REG = 1PRB in a single OFDM symbol)

	Search Space
	Distributed search space (the minimum resource allocation units for each aggregation level are equally spread within the entire 17.28MHz CORESET)

	Precoders used for Precoder Cycling
	Chosen randomly from the set {[1,1],[1,j],[1,-1],[1,-j]} 
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