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Introduction
In the previous RAN1 #88 meeting, there were agreements on DL DMRS design for data channel as follows [1]:
	Agreements:
· For DL DMRS port multiplexing, FDM (including comb), CDM (including OCC and Cyclic shift) and TDM should be considered
· For the CDM of DMRS ports in time and/or frequency domain
· FFS for OCC based or cycling based
· FFS: supporting CDM across adjacent REs 
· FFS: supporting cyclic shift across non-adjacent REs
· FFS OCC size
· Support PN sequence for CP-OFDM
· FFS: ZC-sequence for CP-OFDM
· FFS: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol is supported
· FFS: For the case of front-loaded DMRS pattern with 8 ports, two adjacent OFDM symbols are supported
· For high Doppler scenario, down selects from the followings
· Additional DMRS with reduced density in frequency domain compared to front loaded DMRS
· Additional DMRS with same density in frequency domain compared to front loaded DMRS
· Note that: Front loaded DMRS can be configured with low density
· Note: the complementary use of PT-RS for high Doppler channel estimation can be considered when determining the number of the additional DMRS.
· Other option is not precluded
· Support DMRS bundling in time domain
· At least time domain bundling with slot aggregation of DL-only slots is supported
· DMRS pattern within the first slot is not impacted by the time domain DMRS bundling
· FFS: Consider further overhead reduction of DMRS in case of bundling in time domain
· Consider whether to use mechanism of UE-assisted DMRS configuration. 
· Consider  whether to use UE-assisted configuration of PRG size



In this contribution, we discuss about the number of OFDM symbols and port multiplexing for the case front-loaded DMRS pattern. And, we show some evaluation results on spectral efficiency performance.

Discussion
Front-loaded DMRS pattern with 4 ports
When we consider the front-loaded DMRS pattern with 4 ports, there are many possible patterns. Several patterns are listed below according to the number of DMRS symbols and port multiplexing: 
1 OFDM symbol:
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(a) Pattern 1 (CDMF-2 & FDM-2)     (b) Pattern 2 (CDMF-2 & FDM-2)            (c) Pattern 3 (FDM-4)
Figure 1. DMRS patterns with 1 OFDM symbol
2 OFDM symbols:
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(a) Pattern 4 (CDMT-2 & FDM-2)
Figure 2. DMRS patterns with 2 OFDM symbols
Figure 3 shows SE performance for different DMRS patterns listed in Figure 1 and Figure 2 in 300ns delay spread channel model. The detailed simulation assumptions are provided in Appendix. All simulation results follow that unless otherwise stated.
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Figure 3. SE performance for different DMRS patterns
From Figure 3, we can observe that there is no noticeable difference with respect to SE performance between the patterns. The patterns using 1 OFDM symbol and 2 OFDM symbols with 4 ports achieves almost same SE performance. 
Observation #1: The patterns using 1 OFDM symbol and 2 OFDM symbols for 4 port DMRS achieves almost same SE performance.
Based on above observation, the patterns using 1 OFDM symbol is preferred because they are beneficial for early decoding. 
Proposal #1: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol based pattern should be supported.

Front-loaded DMRS pattern with 8 ports
When we consider the front-loaded DMRS pattern with 8 ports, there are many possible patterns. Several patterns are listed below according to the number of DMRS symbols and port multiplexing:
1 OFDM symbol:
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(a) Pattern 5 (CDMF-4 & FDM-2)     (b) Pattern 6 (CDMF-4 & FDM-2)    (c) Pattern 7 (CDMF-2 & FDM-4)
Figure 4. DMRS patterns with 1 OFDM symbol
2 OFDM symbols:

[image: ]           
(a) Pattern 8 (CDMT-2 & FDM-4)     (b) Pattern 9 (CDMF-2 & F/TDM-2)


(c) Pattern 10 (CDMF-4 & FDM-2 with repetition)
Figure 5. DMRS patterns with 2 OFDM symbols
Figure 6 shows SE performance for different DMRS patterns listed in Figure 4 and Figure 5 in 300ns delay spread channel model.
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Figure 6. SE performance for different DMRS patterns
From Figure 6, we can observe the pattern using 2 OFDM symbols has better SE than the pattern using 1 OFDM symbol. This is due to the fact that the pattern using 2 OFDM symbols can obtain more RS energy that can improve channel estimation performance. And this can reduce inter-layer interference. As a result, SE is increased in spite of more RS overhead.
Observation #2: For 8 port, DMRS pattern with 2 OFDM symbols achieves better SE than that with 1 OFDM symbol.
Proposal #2: For more than 4 port, 2 OFDM symbols based DMRS pattern should be supported for the case of front-loaded DMRS pattern.
As mentioned above, the pattern using 2 OFDM symbols has better SE than the pattern using 1 OFDM symbol. Among the patterns, pattern 10 using repetition of 1 OFDM symbol DMRS is especially good for mmW applications because phase noise effect can be compensated by using repeated DMRS sequence.
Also, Pattern 8 and pattern 9 can induce performance degradation because of some drawbacks. Pattern 8 using CDM in time domain is not good for mmW applications because of phase noise effect that causes different CPE in each OFDM symbol. And transmit power sharing between TDMed ports is not possible. So, pattern 9 using TDM leads to DMRS boosting power limitation.
[bookmark: _GoBack]Proposal #3: For more than 4 ports, repetition of 1 OFDM symbol DMRS pattern should be supported at least for mmW applications.

Conclusion
In this contribution, we discuss about the number of OFDM symbols and port multiplexing for the case front-loaded DMRS pattern. From the discussion, we observed as follows:
Observation #1: The patterns using 1 OFDM symbol and 2 OFDM symbols for 4 port DMRS achieves almost same SE performance.
Observation #2: For 8 port, DMRS pattern with 2 OFDM symbols achieves better SE than that with 1 OFDM symbol.

Based on the observations, we propose as follows:
Proposal #1: For the case front-loaded DMRS pattern with 4 ports, 1 OFDM symbol based pattern should be supported.
Proposal #2: For more than 4 port, 2 OFDM symbols based DMRS pattern should be supported for the case of front-loaded DMRS pattern.
Proposal #3: For more than 4 ports, repetition of 1 OFDM symbol DMRS pattern should be supported at least for mmW applications.
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Appendix
	Assumptions
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	Transmission layers for data channel
	SU-MIMO: 4/ 8 layers

	Transmission scheme
	· Multi-antenna port transmission schemes
· Identity matrix is used for precoding matrix

	Data allocation
	8 PRBs

	PRB bundling
	2

	Modulation order, Coding rate
	QPSK(1/6), QPSK(1/3), QPSK(1/2),
16QAM(1/3), 16QAM(5/12), 16QAM(1/2)

	Channel coding scheme
	LTE turbo coding

	Channel estimation
	Real estimation

	UE speed
	3 km/h

	Channel model
	CDL-B with 300 ns DS values.

	TRP antenna configuration
	4/8 with per antenna element pattern in 3GPP TR36.873

	UE antenna configuration
	4/8 with omni-directional antenna element
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