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Introduction
 In the RAN1 AH meeting, the following agreement was made [1]. To achieve 16-layer multiplexing for MU-MIMO, 16 orthogonal DMRS ports and 16 quasi-orhtogonal ports based on the 8-orthogonal DMRS ports were proposed as possible options.

	R1-1701294	WF on DL DM-RS	Huawei, HiSilicon, IITH, CEWIT, IITM, Tejas Networks, Ericsson, Nokia, NTT DOCOMO, Mitsubishi, Softbank, Fujitsu, Xinwei, CATT
Agreements:
· Study the following options: 
· Option1: with 16 orthogonal DMRS ports or 
· Option2: with non-orthogonal  DMRS ports in addition to 8 orthogonal ports
· Other options are not precluded.



In addition, the following conclusion was drawn. As the result of the agreement on the traffic model, the simulation parameters in [2] were agreed as the SU/MU-MIMO evaluation parameters.

	R1-1701461	Observation of DMRS evaluation	Huawei, HiSilicon, MediaTek Inc., Mitsubishi Electric, vivo, CATT, Xinwei, Ericsson, AT&T, CMCC
Conclusion:
· Companies are encouraged to provide additional evaluation results in next meeting. 
· Observations are to be drawn based on additional evaluation results with further aligned simulation assumptions
· FTP traffic model is baseline, full-buffer traffic model is optional
· Each company is to report assumption of the traffic model



In this contribution, we have compared the performance of 16-orthogonal DMRS ports and 16-quasi orthogonal DMRS ports to achieve 16-layer multiplexing for MU-MIMO. Firstly, LLS MU-MIMO simulation using the parameters in [2] is conducted.

Simulation setup and results – MU-MIMO LLS simulation
The simulation parameters used in link level simulation (LLS) are shown in the following table. 

[bookmark: _Ref474170227]Table 1 LLS Simulation assumptions
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	TDD

	Subcarrier spacing
	60kHz

	Number of TXRUs
	TRP = 16
UE = {2, 4, 8}

	Transmission layers for data channel
	MU-MIMO: 16 layers
Follow Table A.1.2-2 in 3GPP TR 38.802 V0.2.1 (2016-10)

	Transmission scheme
	Closed loop, block diagonal SVD

	CSI feedback / Beam management scheme
	ideal, nonideal: noisy CSI feedback with AWGN noise power at -30dB

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	100 RBs
· FDD: First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel
· TDD: First 2 OFDM symbols for PDCCH, 10 OFDM symbols for data channel, last 2 OFDM symbols for guard and UL symbol.
Note: Error free PDCCH decoding is assumed.

	PRB bundling
	1

	Modulation order, Coding rate
	QPSK (3/4), 16QAM (3/4, 5/6), 64QAM (5/6, 11/12), 256QAM (5/6, 11/12)

	Channel coding scheme
	Turbo coding

	Link adaptation / HARQ
	No link adaptation and no HARQ 

	Channel estimation
	Real estimation, least square estimation

	Performance metric
	Spectral efficiency

	UE speed
	3 km/h

	Channel model
	CDL-B, DS=30ns

	TRP antenna configuration
	The number of antenna: Tx=16
Per antenna element pattern is in [3]

	UE antenna configuration
	The number of antenna: Rx={2,4,8}
(M,N,P)={(1,1,2), (1,2,2), (1,4,2)} with 0.5λ spacing with omni-directional antenna element



The DMRS placement shown in Figure 1 is used in the simulation. In the configuration shown in Figure 1, 16 DMRS sequences are placed in an orthogonal manner; 8 layers are multiplexed in the first half of the slot, while the rest of 8 layers are multiplexed using the DMRS sequences placed in the second half of the slot. Orthogonal DMRS sequences in the same time-frequency resources are separated by 8-bit orthogonal cover codes (OCC). Note that due to mobility, the performance difference between the configuration in Figure 1 and front-loaded DMRS configuration (i.e., two sets of DMRS symbols over two consecutive OFDM symbols) is not expected.


[bookmark: _Ref469319914]Figure 1 : 16 orthogonal DMRS placements



[bookmark: _Ref473824274]Figure 2 : 16 quasi-orthogonal DMRS placements

For quasi orthogonal placement shown in Figure 2, 8 DMRS symbols in the same time-frequency resource is used to multiplex 16 layers using quasi-orthogonal PN sequences. Using the quasi-orthogonal DMRS sequences, channel estimates are averaged over two temporal locations. It should be noted that at vehicular speed of 3km/h, CSI remained nearly static during the 14-symbol duration. Thus, degradation of CSI estimation quality from averaging is not expected in the current simulation.
LLS MU-MIMO evaluation results with the parameters shown in Table 1 are shown in Figure 3 and Figure 4. It is clear from the figures that the throughput gain can be achieved by using 16 orthogonal sequences to support 16-layer multiplexing for 8 UEs, compared to 16 quasi-orthogonal DMRS sequences. It is clear from Figure 4 that even with imperfect CSI feedback, contaminated with AWGN with noise power 30dB less than signal power, 16 orthogonal DMRS sequences yield performance gain compared to multiplexing with 16 quasi orthogonal DMRS sequences. 
It is also clear from the figures that increasing the number of antennas at UE contribute to performance gain by using 16 orthogonal DMRS sequences due to increased diversity gain and interference cancellation at the receiver, thanks to orthogonal sequences. On the other hand, using quasi-orthogonal sequences, throughput performance does not benefit from increasing the number of reception antennas due to inter-layer interference from quasi orthogonality among the DMRS sequences.
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[bookmark: _Ref474170240]Figure 3 16 orthogonal ports vs. 16 quasi orthogonal ports with ideal CSI feedback at 4GHz
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[bookmark: _Ref474170242]Figure 4 16 orthogonal ports vs. 16 quasi orthogonal ports with noisy CSI feedback at 4GHz

Based on the simulation results, we make the following observation.

Observation 1: 16 orthogonal DMRS ports provide throughput gain

Based on the above observation, we make the following proposal:

Proposal 1: Support 16 orthogonal DMRS ports for DL MU-MIMO

Conclusion 
 
 From the results presented above, we make the following proposals related to DMRS designs for MU-MIMO:

[bookmark: _GoBack]Observation 1: 16 orthogonal DMRS ports provide throughput gain


Proposal 1: Support 16 orthogonal DMRS ports for DL MU-MIMO
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