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1 Introduction
In RAN1#89 meeting, the following working assumption for both time and frequency domain multiplexing for front-loaded DMRS has been made [1]:
· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol (To be down selected to 1 Alt):

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols (To be down selected to 2 Alts):

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol (To be down selected to 1 Alt):

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1
In this contribution, we provide the performance of DMRS for NR by link-level simulation (LLS) in order to discuss multiple DMRS patterns as described in above working assumption.
2 Front-loaded DMRS configurations
In RAN1#89 meeting, two front-loaded DMRS configurations on time and frequency domain multiplexing of antenna ports were decided as the working assumption both for UL and DL CP-OFDM. In each front-loaded DMRS configuration, there will be down selection into one pattern for one symbol front-loaded DMRS and two patterns for two symbol front-loaded DMRS, respectively. In the following subsection, we describe each front-loaded DMRS configuration in more details and provide evaluation results for down selecting alternative patterns on each configuration. 
2.1 Configuration 1
The front-loaded DMRS configuration 1 is IFDM based pattern with cyclic shifts and supports up to 8 orthogonal DMRS ports. For one symbol front-loaded DMRS, one pattern will be down selected among following two alternatives:
· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

In Figure 1, an example of above alternatives is demonstrated where P1, P2, and so on indicate the DMRS port number. In addition, for two symbols front-loaded DMRS, two patterns will be down selected among following three alternatives:
· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

An example of above alternatives is also plotted in Figure 2. Based on the described alternatives in Figure 2 and 3, we provide evaluation results for front-loaded DMRS configuration 1. The detailed simulation parameters are given in Appendix A and throughput performances are given in Figure 3 and 4.
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(a) Alt 1 (up to 4 port)
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(b) Alt2 (up to 8 port)


Figure 1 An example of front-loaded configuration 1 with one symbol patterns
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(a) Alt 1 (up to 8 port)
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(b) Alt 2 (up to 8 port)
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(c) Alt 2 (up to 8 port)


Figure 2 An example of Front-loaded configuration 1 with two symbol patterns
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(a) Rank 1
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(b) Rank 2
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(c) Rank 4


Figure 3 Performance of front-loaded configuration 1 with one symbol patterns (for low rank transmissions)
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Figure 4 Performance of front-loaded configuration 1 with two symbol patterns (for rank 8 transmissions)
In Figure 3, throughput performances with transmission rank of 1, 2, and 4 are plotted for front-loaded configuration 1 with one symbol patterns. From Figure 3, we can observe that in the most of scenarios Alt 1 (Comb 2 + 2 CS) shows higher throughput performance than Alt 2 (Comb 4 + 2 CS). We can easily expect that Alt 1 will provide higher channel estimation performance than Alt 2 since Alt 1 has more dense DMRS density per port. In Figure 4, throughput performances with transmission rank of 8 are plotted for front-loaded configuration 1 with two symbol patterns. From Figure 4, we can observe that Alt 1 (Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1})) shows higher throughput performance than Alt 2 (Comb 2 + 4 CS + TD-OCC ({1 1})) and Alt 3 (Comb 4 + 2 CS + TD-OCC ({1 1})). Compared to Alt 1, the frequency domain DMRS samples of Alt 2 and Alt3 are reduced because larger length CDM or Comb pattern is applied over frequency domain. The reduced frequency domain DMRS samples will result in performance degradation especially in channels with high delay spread. In addition, in Figure 4 we also plotted Alt 2 (Comb 4 + 2 CS) with one symbol pattern. We can see that two symbol multiplexing for supporting 8 orthogonal DMRS ports yields higher throughput performance than one symbol multiplexing. In this aspect, we propose:
Proposal1: Support Alt 1 for front-loaded configuration 1.
2.2 Configuration 2

The front-loaded DMRS configuration 2 is FD-OCC pattern with adjacent REs in frequency domain and supports up to 12 orthogonal DMRS ports. For one symbol front-loaded DMRS, one pattern will be down selected among following three alternatives:
· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

In Figure 5, an example of above alternatives is demonstrated where P1, P2, and so on indicate the DMRS port number. Plus, for two symbols front-loaded DMRS, following two patterns will be supported based on current working assumption:
· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

An example of above alternatives is also plotted in Figure 6. Since down selection is considered only for front-loaded DMRS configuration 2 with one symbol patterns, in Figure 7 we provide evaluation results for alternative patterns described in Figure 5. The detailed simulation parameters are given in Appendix.
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(a) Alt 1(up to 6 port)
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(b) Alt 2 (up to 4 port)
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(c) Alt 3 (up to 2 port)


Figure 5 An example of front-loaded configuration 2 with one symbol patterns
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(a) TDM (up to 12 port)
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(b) TD-OCC (up to 12 port)


Figure 6 An example of Front-loaded configuration 2 with two symbol patterns
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Figure 7 Performance of front-loaded configuration 2 with one symbol patterns (for row rank transmissions)
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(b) Rank 2


Figure 8 Comparison of front-loaded configuration 1 (Alt 1) and front-loaded configuration 2 (Alt 3) with one symbol patterns
In Figure 7, throughput performances with transmission rank of 1, 2, and 4 are plotted for front-loaded configuration 2 with one symbol patterns. From Figure 7(a) and (b), we can observe that Alt 3 (2-FD-OCC up to 2 ports) shows higher throughput performance than Alt 1 (2-FD-OCC up to 6 ports) in transmission rank of 1 and 2. The Alt 3 was proposed in our companion contribution [2][3] in order to provide robust channel estimation performance especially in lower rank transmissions. Specifically, in Figure 8, relative performance gain over Alt 1 in front-loaded DMRS configuration 1 is calculated. We can observe that Alt 3 (in front-loaded DMRS configuration 2) shows clear performance benefits over Alt 1 (in front-loaded DMRS configuration 1). In addition, Alt 1 (2-FD-OCC up to 6 ports) and Alt 2 (2-FD-OCC up to 4 ports) was compared in Figure 7(b) which shows similar throughput performance. Therefore, in the performance aspect, Alt 3 can be considered for front-loaded DMRS with one symbol pattern. However, if Alt 3 is supported then one symbol and two symbols front-loaded DMRS will have very different DMRS pattern design in configuration 2. This may require an additional signalling in order to indicate different DMRS pattern. In this regard, we propose to support Alt 1 for front-loaded configuration 2 and front-loaded configuration 1 can be configured instead of configuration 2 for robust channel estimation, especially in low rank transmissions. Therefore, we propose:
Proposal2: Support Alt 1 for front-loaded configuration 2.

3 Conclusions
This contribution provides evaluation results for DL DMRS and proposes the followings based on observations:
Proposal1: Support Alt 1 for front-loaded configuration 1.
Proposal2: Support Alt 1 for front-loaded configuration 2.
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Appendix A: LLS evaluation assumptions
Table 2 LLS evaluation assumptions

	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz

	Number of TXRUs
	TRP = 8, UE = 8

	Transmission layers for data channel
	SU-MIMO with rank=1,2,4, and 8

	Transmission scheme
	Codebook based precoding (LTE rel-11 codebook)

	CSI feedback 
	LTE CSI feedback (CQI/PMI feedback with 10 msec periodicity of CSI-RS and 2 msec feedback delay)

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	· 4 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel, Error free PDCCH decoding is assumed.

	PRB bundling
	No PRB Bundling

	Modulation order, Coding rate
	LTE CQI based link adaptation (Target BLER of 0.1)

	Channel coding scheme
	LTE turbo coding 

	Channel estimation
	Real estimation

	Performance metric
	Throughput

	UE speed
	3km/h

	Channel model
	TDL-A with DS value=300ns
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