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Introduction
 In the RAN1#88, the following working assumption was made [1]. 

	R1-1704057 	WF on the maximum number of orthogonal DL DMRS ports Mitsubishi Electric, Nokia, Huawei, HiSilicon, NTT DOCOMO, AT&T, CATT, Ericsson, Deutsche Telekom, China Unicom, Xinwei, Fujitsu, MediaTek, IITH, Orange, CeWiT, CATR, CMCC, IITM, Telecom Italia, Tejas Networks 
Also supported by Softbank
Working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations



In addition, the following agreement was made.

	R1-1703780	DL and UL DMRS structure	Samsung, ZTE, ZTE Microelectronics, AT&T, Xinwei, CATT, Nokia, Alcatel-Lucent Shanghai Bell, Cohere Technologies
Agreements:
· At least for CP-OFDM, NR supports a common DMRS structure for DL and UL
· DMRS for same or different links can be configured to be orthogonal to each other. 
· FFS exact DMRS location, DMRS pattern, and, scrambling sequence for the common DMRS structure.



In this contribution, we have compared the performance of 16-orthogonal DMRS ports against 12 and 8 orthogonal DMRS ports to achieve 16-layer multiplexing for MU-MIMO. We have conducted SLS evaluations to achieve 16-layer multiplexing using 16, 12 and 8 orthogonal DMRS ports. The link level MU-MIMO evaluation results are shown in [2].

Simulation setup and results – MU-MIMO SLS simulation
SLS with full buffer traffic model
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 low mobility assumed in the simulation, 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
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[bookmark: _Ref476335516]Figure 3 : SLS performance results: relative performance gain of using 16 orthogonal ports compared against 8 orthogonal ports

In Figure 3, relative throughput performance improvement from 16 orthogonal DMRS ports compared to the performance obtained from 8 orthogonal DMRS ports is shown. 16 quasi orthogonal DMRS ports are realized using the 8 orthogonal DMRS ports. The simulation setup used in the evaluation is shown in Table 1 in Appendix. From Figure 3, it is clear that 16 orthogonal DMRS ports yield significant throughput gain compared to 8-orthogonal DMRS ports for average, 5% and 50% throughput performance. The difference in performance mainly comes from degraded channel estimation quality by using quasi-orthogonal DMRS sequences. In a scenario in which UEs are located close to each other and inter-UE interference cannot be eliminated by transmitter-side beamforming, performance gain can be achieved by using orthogonal sequences and IRC. In the simulation, the maximum of 8 UEs are chosen to send 2 streams per UE.


SLS with FTP traffic model
 In this subsection, performance of various DMRS configurations are simulated with SLS. The objective here is to realize 16-layer multiplexing and compare the performance of DMRS designs. In the simulation, we consider configurations for 8, 12 and 16 orthogonal DMRS ports. Thus, to realize 16 layer multiplexing, additional 8, 4, and no quasi-orthogonal sequences are needed for 8, 12 and 16 orthogonal DMRS ports, respectively. The configuration shown in Figure 1 is used for layout of the 16 orthogonal DMRS ports. The DMRS configuration to realize 8 and 12 orthogonal ports are shown in Figure 4 and Figure 5, respectively. 4-bit OCC are used in the configurations for 8 or 12 orthogonal DMRS port. 
The SLS simulation result is shown in Figure 6 and simulation setup used in the evaluation is shown in Table 2 in Appendix. In Figure 6, relative performance gain compared to 8 orthogonal ports with 8 RX is shown. It is clear from the figure that nearly 20% to 30% gain can be obtained for the average throughput with 12 or 16 orthogonal DMRS ports. In addition, 20% gain can be obtained for the 50% throughput.
In Figure 7, relative performance gain compared to 8 orthogonal ports by using 12 or 16 orthogonal ports with 4 RX is shown. Form the result 3% and 11% gain in mean throughput can be achieved by using 12 or 16 orthogonal ports, respectively, to realize 16-layer multiplexing.
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[bookmark: _Ref479077106]	Figure 4　DMRS configuraiton for 8 orthogonal DMRS ports	
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[bookmark: _Ref479077107]Figure 5 DMRS configuration for 12 orthogonal DMRS ports
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[bookmark: _Ref479077291]Figure 6 : Relative performance gain of 16 and 12 orthogonal ports compared to 8 orthogonal ports, 8 RX
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[bookmark: _Ref479200898]Figure 7: Relative performance gain of 16 and 12 orthogonal ports compared to 8 orthogonal ports, 4RX

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 proposals:

Proposal 1: Confirm the working assumption to support 12 orthogonal DMRS ports

Proposal 2: Support up to 16 orthogonal DMRS ports for DL MU-MIMO

Considerations for practical interference estimation and cancellation
 Interference estimation becomes critical to obtain performance improvement with orthogonal DMRS sequences. Since port numbers are known by UEs, inter-UE interference can be estimated easily by using DMRS sequences assigned to ports designated for other UEs.
IRC based interference cancellation methods requires more computations for matrix inversion compared to the MMSE based methods. The amount of computation required for IRC increases linearly with the number of multiplexed layers.

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

Observation 1: 16 orthogonal DMRS ports provide throughput gain

Proposal 1: Confirm the working assumption to support 12 orthogonal DMRS ports

Proposal 2: Support up to 16 orthogonal DMRS ports for DL MU-MIMO
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Appendix

[bookmark: _Ref479077386]Table 1 Simulation parameters, full buffer mode
	Parameters
	Dense urban

	Layout
	Single layer: Macro layer: Hex. Grid

	Inter-BS distance
	Macro layer: 200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	80MHz

	Channel model
	3D UMa

	BS Tx power
	44dBm

	BS antenna height 
	25m

	BS antenna
	(M,N,P,Mg,Ng) = (1,8,2,1,1), 
(dH,dV) = (0.5, 0.5)λ

	UE antenna configuration
	(M,N,P,Mg,Ng) = (1,2,2,1,1), dH=0.5λ

	UE antenna gain
	Follow the modelling of TR36.873

	UE receiver noise figure
	9dB

	UE antenna height
	Follow TR36.873 

	Traffic model
	Full Buffer model

	UE receiver
	MMSE-IRC (16 orthogonal DMRS ports), MMSE (16 quasi orthogonal DMRS ports)

	Feedback assumption
	Ideal

	Channel estimation
	Realistic

	Error model of quasi-orthogonal DMRS
	Realistic

	Mobility
	3km/h (indoor)



[bookmark: _Ref479077331]Table 2 Simulation parameters, FTP mode
	Parameters
	Dense urban

	Layout
	Single layer: Macro layer: Hex. Grid

	Inter-BS distance
	Macro layer: 200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	80MHz

	Channel model
	3D UMa

	BS Tx power
	44dBm

	BS antenna height 
	25m

	BS antenna
	(M,N,P,Mg,Ng) = (8,8,2,1,1), 
(dH,dV) = (0.5, 0.5)λ

	UE antenna configuration
	(M,N,P,Mg,Ng) = (1,4,2,1,1), dH=0.5λ
(M,N,P,Mg,Ng) = (1,2,2,1,1), dH=0.5λ

	UE antenna gain
	Follow the modelling of TR36.873

	UE receiver noise figure
	9dB

	UE antenna height
	Follow TR36.873 

	Traffic model
	FTP model 1 with packet size 2 Mbytes, 50% traffic load 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Ideal

	Channel estimation
	Realistic estimation

	Error model of quasi-orthogonal DMRS
	Realistic

	Mobility
	30km/h (outdoor), 3km/h (indoor)
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