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1. Introduction
In RAN1 #85 meeting, several agreements including reference signal position [1] and RS design consideration [2] were made as following:
	· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded

	· The following techniques are studied for NR UL MIMO

· UL RS design considering the below functions

· Sounding

· Demodulation

· Phase noise compensation


Based on these agreements, we discuss candidate multiplexing methods of multiple antenna ports (AP) for NR DMRS, and provide performance result on DMRS design.

2. Discussion 
According to the agreement regarding the RS position, we assume one or two OFDM symbols at the beginning of the time interval are used for DMRS. Also, according to our companion contribution [3], we assume maximum 8 APs for NR SU-MIMO. Based on these two assumptions, we discuss how to multiplex multiple APs within the DMRS position. 
When we design DMRS pattern and antenna port mapping, it is important to consider NR channel conditions including required maximum channel delay spread and maximum Doppler frequency [4]. However, since we assume to one or consecutive two OFDM symbols for DMRS, condition regarding to maximum Doppler frequency becomes less important. Therefore, when we discuss how to multiplex multiple APs within frequency resource element, it is necessity to consider the sensitivity to frequency selectivity between reference signals assigned for same AP. 
The candidate types for AP multiplexing are as follows:
· Frequency Division Multiplexing (FDM) : separate different layers by allocating DMRS of each AP to distinct non-overlapping REs in the frequency direction

· Orthogonal Cover Code (OCC) : separate different layers by applying orthogonal code (e.g. Hadamard code) to the REs allocated to DMRS in the frequency direction 

· Code Division Multiplexing (CDM) : separate different layers by spreading sequences (e.g. Zadoff-Chu (ZC) sequence, Cyclic shift (CS))
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Figure 1. AP multiplexing method of DMRS pattern according to Dx separation of REs
where, Dx means the interval of REs which are allocated for same AP in frequency domain. 

We summarize the influence from the frequency selectivity according to multiplexing schemes for DMRS as follows:
(a) FDM type: There is no inter-layer interference because of ensuring perfect orthogonality for each AP. Only frequency selectivity of the channel is affected in each layer.
(b) OCC type: The inter-layer interference is provoked due to the frequency selectivity. Also, inter-layer interference due to frequency selectivity is increasing when more layers are considered.  
(c) CDM type: Potentially, CDM type of multiplexing has a possibility to experience inter-layer interference between different layers which share same DMRS resource.
3.  Performance Evaluation 
In this section, we provide BLER performance according to AP multiplexing type and distance of separated RS for same AP. In this simulation, we assume IFFT based channel estimation method. Detailed simulation assumptions are provided in Annex.
In order to see the effect of inter-layer interference, we show link level performance under frequency selective channel (i.e. eTU channel model). Figure 2 shows BLER performance of QPSK modulation.
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Figure 2. BLER performance (2Tx-2Rx, Rank-2, eTU channel)
As shown in figure 2, we can observe that OCC type multiplexing experiences more performance degradation at frequency selectivity channel when frequency separation is increased. In case of OCC (Dx=4), it is observed that performance degradation is severe even in low MCS level.
Figure 3 shows BLER performance of higher moduation (i.e. 16QAM, 64QAM) and codig rate (i.e. 3/5, 3/4) which are more sensitive to channel estimation error.
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(a) MCS (16QAM, 3/5)
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(b) MCS (64QAM, 3/5)                      (c) MCS (64QAM, 3/4)
Figure 3. BLER performance (2Tx-2Rx, Rank-2, eTU channel)
From Figure 3, we observe as follows:
· The performance of FDM type multiplexing has outperformed regardless of MCS level (i.e. higher either modulation or coding rate) because there is no inter-layer interference. Also, in case of FDM (Dx=8), it is shown that there is no the performance degradation because of superior frequency domain interpolation by IFFT based channel estimation method.
· The CDM type multiplexing shows more performance degradation under higher MCS levels except in case of CDM (Dx=1) because residual interference between layers which share same DMRS resource is increased in accordance with Dx (=2 and 4).
· The OCC type multiplexing shows severe performance degradation due to the influence of channel estimation error from frequency seletivity.
4. Conclusion
In this contribution, we discussed AP multiplexing methods for NR DMRS, and provided performance results as a starting point of discussion regarding NR DMRS design. Since there is a possibility that the observation tendency could be different according to the evaluation assumption, it is necessity to discuss NR DMRS design based on the aligned assumption.
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6. Annex
Table 1. Simulation assumptions
	Parameter
	Value

	Carrier Frequency
	2GHz

	Doppler Frequency
	5.67Hz (3Km/h)

	Channel Model
	eTU channel

	System Bandwidth
	1.44MHz

	Data Allocation
	96 REs (= 8 x 12), 11 OFDM Symbols

	Subcarrier Spacing
	15 kHz

	# of OFDM symbol per TTI
	14 with Normal CP

	DMRS position
	3rd OFDM symbol in a subframe

	Antenna Configuration
	2Tx, 2Rx

	Transmission Scheme
	Open-loop (Rank-2, Unitary matrix)

	Channel Estimation
	IFFT based Real Channel Estimation

	MCS
	QPSK 1/3, 16QAM (1/3, 3/5), 64QAM (3/5, 3/4)

	Coding Scheme
	Turbo Coding
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