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Introduction
 In the RAN1#87 meeting, the following agreement was made [1]:

	R1-1613660	WF on number of orthogonal DMRS ports Mitsubishi Mitsubishi Electric, Huawei, Samsung, Ericsson, CATT, Softbank, KDDI
Also supported by Fujitsu
Conclusions:
· Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL



In this contribution, we have compared the throughput performance of various DMRS patterns in MU-MIMO and high speed train scenario. System level and link level evaluations are conducted for DMRS configurations for MU-MIMO and high speed train scenario, respectively.
Simulation setup and results – MU-MIMO, 16 orthogonal DMRS ports
The simulation parameters used in system level simulation (SLS) are shown in the following table. We assume a crowded scenario, i.e., 20 UEs per TRP.

Table 1 SLS parameters
	Parameter
	Value

	Scenarios
	NR Dense Urban

	Carrier frequency
	30 GHz

	Bandwidth
	80 MHz (DL)

	Channel model
	3GPP 3D-UMi

	BS Tx power
	33 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 4, 2), (dH, dV) = (0.5, 0.5)

	BS antenna pattern
	According to Table A.2.1-6 and A.2.1-7 [3]

	BS TXRU mapping
	One-to-one panel mapping

	UE antenna configurations
	(M, N, P) = (2, 1, 2)

	UE distribution 
	80% indoor, 20% outdoor

	UE antenna pattern
	According to Table A.2.1-8 [3]

	UE velocity
	3km/hr

	Traffic model
	Full buffer

	UE number per TRP
	20

	UE receiver
	MMSE-IRC

	CSI acquisition
	Ideal based on channel reciprocity, update period 1ms

	Scheduler
	Multi-user PF user scheduler



The DMRS placements shown in Figure 1 are used in the simulation. In the configuration shown in Figure 1, 16 DMRS sequences are placed in a orthogonal manner; 8 layers are multiplexed orthogonally in the upper resource block, while the rest of 8 layers are multiplexed orthogonally using the DMRS in the bottom resource block. Orthogonal DMRS in the same time-frequency resources are separated by orthogonal cover codes (OCC).

[image: ]
[bookmark: _Ref469319914]Figure 1 : 16 orthogonal/quasi-orthogonal DMRS placements

[bookmark: _GoBack]For the quasi orthogonal DMRS placement, 8 DMRS symbols in 1 RB are used to multiplex 16 layers using OCC and different PN sequences and 2RBs are used in the simulation. In Figure 2 and Figure 3, CDF of system level spectra efficiency and UE level spectral efficiency are shown. For the UE-level spectral efficiency, CDF of spectral efficiencies achieved by UEs in the system is derived. In terms of spectral efficiency, it is clear from the results shown in Figure 2 and Figure 3 that 16 orthogonal DMRS ports provide overall and UE-level performance gain. The achieved gain is approximately 6%.

Observation 1: From SLS results, 16 orthogonal DMRS ports provide both system-level and UE-level spectral efficiency gain

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

Proposal 1: Support 16 orthogonal DMRS ports for DL

[image: ]
[bookmark: _Ref471812778]Figure 2 : CDF of system level spectral efficiency
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[bookmark: _Ref471812779]Figure 3 : CDF of UE level spectral efficiency





Simulation setup and results, high speed train at 30GHz

 In the email discussion [2], high speed train scenario at 30GHz is considered as an optional scenario for evaluation of DMRS. The parameters used in the link-level evaluation are shown below.

Table 2 : Simulation setup for high speed train scenario at 30GHz
	Parameter
	Value

	Carrier frequency
	30 GHz

	Duplex
	TDD

	Subcarrier spacing
	60kHz

	Number of TXRUs
	TRP = 2, UE=2

	Transmission layer for data channel
	SU-MIMO, 2 layers

	Transmission Scheme
	Open loop transmission

	CSI feedback / Beam management scheme
	

	CW to layer mapping
	LTE CW to layer mapping (baseline)

	Data Allocation
	32 RBs, and other option for maximum throughput
· First 2 OFDM symbols for PDCCH, 10 OFDM symbols for DL 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 (1/2), 16QAM (3/4), 64QAM (2/3, 5/6), 256QAM (3/4, 5/6)

	Channel coding scheme
	LTE turbo coding (baseline) 

	Link adaptation / HARQ
	No link adaptation and no HARQ

	Channel estimation
	Real estimation, CSI averaged over frequency domain, linearly interpolated over time domain

	Performance Metric
	Spectral efficiency

	Phase noise and frequency offset model (Optional)
	Phase noise model for BS in R1-164041
AFC with CP in OFDM

	Interference limited scenario (Optional)
	

	UE speed
	3 km/h,30km/h,120km/h, 500km/h

	Channel model
	· CDL-D for 30 GHz (optional for high speed train [2])
· 10ns DS and K-factor 13.3dB, 
· Parameter set # 1: 5(ASD), 5(ASA), 1(ZSA), 1(ZSD)
· ZoD and ZoA for cluster #1 are fixed at 90 degrees

	TRP antenna configuration
	See Table A.2.1-5 [2]

	UE antenna configuration
	See Table A.2.1-5 [2]



The DMRS distributions considered in the evaluation are shown in Figure 4 through Figure 9. Note that notations from our contribution on DMRS design are used to indicate characteristics of each DMRS pattern [4].
	

[bookmark: _Ref471669118]Figure 4: Distr. 1, (T1, TR1)
	

Figure 5: Distr. 2 (T1, TR2)

	

Figure 6: Distr. 3 (T1-FG3-TR2)
	

Figure 7: Distr. 4 (T1-FG3-TR4)

	

Figure 8: Distr. 5 (T2-FG3-TR2)
	

[bookmark: _Ref471669119]Figure 9: Distr. 6 (T2-FG3-TR3)



The simulated spectral efficiency are shown through Figure 10 to Figure 13. In Figure 10, CP based AFC was implemented. It is clear that performance differences among different DMRS distributions are caused by spectral efficiency of the distribution. A small performance degradation is observed for Distribution 1 (T1, TR1). In Figure 11 through Figure 13, spectral efficiencies without AFC are shown for various values of vehicular speeds. When AFC is not used, the results for 500km/hr are not shown in this contribution due to poor spectral efficiency performance. It is clear from the figures that Distribution 4 (T1-FG3-TR4) yields robust performance, thanks to frequent insertion of DMRS. The results presented in Figure 10 suggest that DMRS placed across two OFDM symbols yield reasonable performance in the high speed train scenario.
[image: ]
[bookmark: _Ref471669600]Figure 10 Spectral efficiency, CP-based AFC, 500km/hr

[image: ]
[bookmark: _Ref471669779]Figure 11 Spectral efficiency, no AFC, 120km/hr


[image: ]
Figure 12 Spectral efficiency, no AFC, 30km/hr

[image: ]
[bookmark: _Ref471669601]Figure 13 Spectral efficiency, no AFC, 3km/hr



The following observations are made from the results in Figure 14.

Observation 2: Slight degradation in performance for frontloaded DMRS pattern

Observation 3: Differences in performance among different DMRS patterns are mainly due to the number of DMRS symbols inserted

Observation 4: In the 30GHz high speed train scenario, when AFC is used, DMRS placed across two symbols yield satisfactory performance

Proposal 2: Recommend Distr. 3 and Distr. 5 for high speed train scenario at 30GHz in the presence of AFC

Conclusion 
 
 From the results presented above, we make the following proposals related to DMRS designs for MU-MIMO and high speed train (HST):

Observation 1 (MU-MIMO): 16 orthogonal DMRS ports provide overall and UE-level spectral efficiency gain.

Proposal 1 (MU-MIMO): Support 16 orthogonal DMRS ports for DL
 
Observation 2 (HST): Slight degradation in performance for frontloaded DMRS pattern

Observation 3 (HST): Differences in performance among different DMRS patterns are mainly due to the number of DMRS symbols inserted

Observation 4 (HST): In the 30GHz high speed train scenario, when AFC is used, DMRS placed across two symbols yield satisfactory performance

Proposal 2 (HST): Recommend Distr. 3 and Distr. 5 for high speed train scenario at 30GHz
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