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Introduction
In RAN1 #89 meeting, the following agreements on the DM RS have been made:
Working assumption:
· 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 give our analysis and evaluation results of the two configurations for DM RS design.
Discussion
In this section, we firstly give the different patterns of the DM RS, then we give our simulation results of different patterns.
Patterns of DM RS
· Configuration 1
The front-load DMRS Configuration1 with 1 symbol is shown in figure 1, the four antenna ports are multiplexed with two combs and two cyclic shifts(CS).
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Figure 1. DM RS configuration 1 with 1 OFDM symbol
The front loaded DM RS configuration 1 with 2 OFDM symbols of alt 1 is shown in figure 2, the eight antenna ports are multiplexed with 2 combs and 2 CSs, and multiplexed on two OFDM symbols using orthogonal cover code, which corresponds with alt 1 of configuration 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports.
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Figure 2. configuration 1 with 2 OFDM symbols -Alt1
The front loaded DM RS configuration 1 with 2 OFDM symbols of alt 2 is shown in Figure 3, the eight antenna ports are multiplexed with 2 combs and 4 CSs, which corresponds with alt 2 of configuration 1: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports.
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Figure 3. configuration 1 with 2OFDM symbols-Alt.2
The front loaded DM RS configuration 1 with 2 OFDM symbols of alt 3 is shown in Figure 4, the eight antenna ports are multiplexed with 4 combs and 2 CSs, which corresponds with alt 3 of configuration 1: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports.
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Figure 4. configuration 1 with 2OFDM symbols -Alt. 3
· Configuration 2
	The front-load DMRS Configuration 2 with 1 OFDM symbol is shown in Figure 5. the four antenna ports are multiplexed by FD-OCC.
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Figure 5 configuration 2 with 1 OFDM symbol
	The front loaded DM RS configuration 2 with 2 OFDM symbols is shown in figure 6, the 12 antenna ports are multiplexed with FD-OCC and TDM, which is corresponds to alt 1: 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports.
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Figure 6 configuration 2 with 2 OFDM symbols -Alt.1
The front loaded DM RS configuration 2 with 2 OFDM symbols is shown in figure 7, the 12 antenna ports are multiplexed with FD-OCC and TD-OCC, which is corresponds to Alt. 2:2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports.
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Figure 7. configuration 2 with 2 OFDM symbols -Alt.2
Evaluation of front loaded DM RS
	In this section, we give our initial evaluation results of front loaded DM RS with two configurations, and the detailed simulation assumptions are given in the appendix.
	Here we give the rank 4 simulation results with pattern 1 of comb 2+ 2 CS and pattern 2 of FD-OCC, From the simulation results ,we can see that with TDL-A channel model with the delay spread of both 100ns and 300ns, the FD-OCC pattern can get better performance compared with comb2+2CS. with larger delay spread of 300ns, the performance of FD-OCC is much better than comb2+CS, because with frequency selectivity of channel, the same channel feature of non-adjacent REs cannot be guaranteed .
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Figure 8. simulation results of two patterns with 100ns delay spread
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Figure 9. simulation results of two patterns with 300ns delay spread
Conclusion
In this contribution, we give our simulation results of two DM RS configurations, and from the results, we can see that the FD-OCC can get better performance than IFDM based pattern.
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Appendix simulation assumptions
Table 1: Simulation Assumption for DM RS
	Parameters
	Values or assumptions

	Carrier frequency
	4GHz

	Channel model
	TDL-A 100ns/300ns

	Subcarrier Spacing
	15kHz

	Allocated bandwidth
	8RB

	UE speed
	3km/h

	Ant. Config.
	8Tx 4Rx

	Total port number
	4

	Coding scheme
	Turbo

	Channel estimation
	Practical filter based

	Receiver
	MMSE-IRC

	Modulation/Coderate
	16QAM; 3/4CR
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