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Introduction
In RAN1 #88b, the following agreements regarding the downlink demodulation reference signal (DMRS) for data were made [1]:
Conclusion:
· Continue discussions/evaluations until the next meeting about following DMRS port multiplexing schemes for 2 adjacent front-loaded DMRS symbols in the time domain, and RAN1 will definitely conclude this down selection in the next meeting
· Alt. 1: OCC
· Alt. 2: TDM
· Alt. 3: Frequency domain multiplexing only with the time domain repetition/ with a pattern shift
· Alt. 4: Configure between Alt. 1 and Alt. 2
· Consider phase noise impact in the high frequency band
· Alt. 5: Configure between Alt. 1 and Alt. 3
Agreements:
· Companies are encouraged to perform further evaluations on additional DM-RS symbols, using same or lower density compared with front loaded DM-RS, and also identifying use cases associated with the operation
· Aim to decide in the next meeting whether to support same density only, or lower density only, or both
· FFS at least CP-OFDM, frequency domain density of front loaded DMRS is configurable.
Agreements:
· For CP-OFDM, if one additional DMRS exists
· At least for non-self-contained ACK/NAK slot, the time distance between the additional DMRS and front loaded DMRS for 14-symbol slot is larger than that for 7-symbol slot. 
· FFS additional DMRS position for 14-symbol slot
· Consider symbol 12th, 11th, 10th, 9th
· Study the location of additional DMRS for self-contained ACK/NAK slots 
· Evaluations are encouraged for next meeting
In this contribution, we provided our simulation results on the following evaluations for DL DMRS patterns.
· Performance comparison of DMRS patterns for IFDM on non-adjacent REs and FD-CDM on adjacent REs
· Performance comparison of DMRS patterns with TDM and TD-CDM
· Additional DMRS position for 14-symbol slot 
Discussion
DMRS port multiplexing with IFDM and FD-CDM
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]DMRS design in frequency domain should consider channel frequency selective fading, the number of orthogonal ports, channel estimation performance, overhead, etc.  IFDMA based pattern and FD-CDM based pattern with 12 ports are shown in Fig 2.1.1
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Fig 2.1.1.a. IFDM based DMRS pattern			Fig 2.1.1.b FD-CDM based DMRS pattern	
In the simulation, CDL-A channel is assumed with 3km/h UE speed. More detailed simulation assumptions can be found in Appendix Table 1. 
As shown in Fig 2.1.2, FD-CDM based DMRS pattern achieves better performance than IFDMA based DMRS pattern, which is more obvious when delay spread is increased from 30ns to 300ns because CDM in frequency domain is implemented on non-adjacent REs for IFDM based pattern.
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Fig 2.1.2.a Simulation results for IFDM-based and FD-CDM based pattern, 30 ns delay spread
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Fig 2.1.2.b Simulation results for IFDM-based and FD-CDM based pattern, 300 ns delay spread
Observation 1:  FD-CDM based DMRS pattern achieves better performance than IFDMA based pattern in frequency selective fading scenario. 
DMRS port multiplexing with TDM and TD-CDM
As described in section 1, there are five options for multiplexing schemes in time domain. In our view, DMRS repetition and pattern shift (Alt.3) also belongs to TDM (Alt.2) because some DMRS ports are actually multiplexed by TDM. Therefore，we provide performance comparison between TDM based DMRS pattern and TD-CDM based DMRS pattern for 2 ports. Since the motivation of Alt.4 and Alt.5 is to propose configurable schemes for scenarios with phase noise or without phase noise, our simulations are based on high frequency band with phase noise and without phase noise as well. When phase noise enabled, PTRS and DMRS appear simultaneously. In this simulation, we assumed two DMRS ports and TDM is used for Figure 2.2.1.a and 2.2.1.c, but TD-CDM is used for Figure 2.2.1.b and 2.2.1.d. More simulation assumptions can be found in appendix in table 2. 
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Fig 2.2.1.a TDM without PTRS  	                     Fig 2.2.1.b TD-CDM without PTRS
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Fig 2.2.1.c TDM with PTRS	                                      Fig 2.2.1.d TD-CDM with PTRS
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Fig 2.2.2.a Simulation results of DMRS comparison, without Phase noise and PTRS
[image: ] 
Fig 2.2.2.b Simulation results of DMRS comparison, with Phase noise and PTRS
As shown in Fig 2.2.2.a, compared TDM based DMRS pattern, TD-CDM based pattern shows better performance in non phase noise effect situation, which can increase channel estimation accuracy and has also been verified in LTE system. But in Fig 2.2.2.b, TD-CDM based pattern shows lower system efficiency than TDM based pattern because of random phase noise destroy the orthogonality of different layers. 
Observation 2: TD-CDM has better performance than TDM when no phase noise and PTRS exist and TDM shows better performance than TD-CDM when phase noise and PTRS exist. 
Additional DMRS position
In high Doppler scenarios, for good channel estimation, additional DMRS ports should be configured and small gap in time domain between additional DMRS and front loaded DMRS should be avoided. In the following, we evaluated the position of additional DMRS for 14-symbol slot in different Doppler scenarios. Here basic FD-CDM based pattern is used as the front loaded DMRS and additional DMRS pattern. 
We provide results for comparing the position of additional DMRS on symbol 7 ~ 13 as Fig 2.3.1 shows for 4 GHz, 30 KHz, 30/60/120 Kmh.
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Fig 2.3.1 additional DMRS
From the simulation results in Fig 2.3.2, it can observed that additional DMRS on symbol 11 can provide the best performance in any case of 30, 60, 120 km/h UE speed. 
[image: ]
[image: ]
[image: ]
Fig 2.3.2 Simulation results of time position of additional DMRS, at 30/60/120 km/h UE speed
Observation3: Additional DMRS on symbol 11 can provide the best performance in any case of 30, 60, 120 km/h UE speed if only one additional DMRS is configured.

Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provided our simulation results for different DMRS patterns, and we observed 
Observation 1: FD-CDM based DMRS pattern achieves better performance than IFDMA based pattern in frequency selective fading scenario. 
Observation 2: TD-CDM has better performance than TDM while no phase noise and PTRS exist. TDM shows better performance than TD-CDM with phase noise and PTRS exist. 
Observation3: Additional DMRS on symbol 11 can provide the best performance in any case of 30, 60, 120 km/h UE speed if only one additional DMRS is configured.
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Appendix
Table 1. Evaluation assumptions for DMRS for data channel (4 GHz)
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	FDD

	Subcarrier spacing
	15kHz,

	Number of TXRUs
	· TRP = 32
· UE = 2

	Transmission rank for data channel
	· Rank 1

	SU/MU
	· SU

	Transmission scheme
	· Close loop

	CSI feedback / Beam management scheme
	· Idea CSI feedback, i.e. eigenvector of SVD of channel
· 0 slots delay for 500km/h scenario
· 4 slots delay for others
· Beam selection 1 in phase 1 calibration 

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

	Data allocation
	· 8 RBs 
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 4RBs 

	Modulation order, Coding rate
	· Link adaptation 

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· Evaluation link adaptation, and 256QAM is not used

	Channel estimation
	· 2D MMSE 

	Performance metric
	· Spectral efficiency

	UE speed
	· 3 km/h, 120 km/h

	Channel model
	· CDL-A models
· Possible DS values = {30, 300} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900

	TRP antenna configuration
	· The number of antenna: Tx= 32
(M,N,P,Mg,Ng) = (4,1,2,4,4). (dV,dH) = (0.5, 0.5)λ, (dg,V,dg,H) = (2.0, 0.5)

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




Table 2. Evaluation assumptions for DMRS for data channel (30 GHz)
	Assumptions
	Value

	Carrier frequency
	30 GHz

	Duplex
	FDD

	Subcarrier spacing
	· 60kHz 

	Number of TXRUs
	· TRP = 8
· UE = 2

	Transmission rank for data channel
	· Rank 2

	SU/MU
	· SU

	Transmission Scheme
	· Close loop

	CSI feedback / Beam management scheme
	· Idea CSI feedback, i.e. eigenvector of SVD of channel
· 4 slots delay
· Beam selection 1 in phase 1 calibration

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

	Data Allocation
	· 8 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PRB bundling
	· 4RBs

	Modulation order, Coding rate
	· 64QAM (5/6) for phase noise tracking
· Link adaptation for others and 256QAM is not used

	Channel coding scheme
	· LTE turbo coding 

	Link adaptation / HARQ
	· No link adaptation and no HARQ
· Evaluation with HARQ and/or link adaptation

	Channel estimation
	· 2D MMSE for others
· LS for phase noise tracking

	Performance Metric
	· Spectral efficiency

	Phase noise and frequency offset model 
	· Evaluate with and without phase tracking with the model in table 1 in R1-1612335

	UE speed
	· 3 km/h,30km/h 

	Channel model
	· CDL-A  for 30GHz
· Possible DS values = {30, 300} ns. 
· ASA, ASD, ZSA, ZSD follow the values in sec 7.7.1 in 38.900

	TRP antenna configuration
	· (M,N,P,Mg,Ng) = (4,8,2,2,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ 

	UE antenna configuration
	·  (M, N, P, Mg, Ng) = (2,4,2,1,1) ; (dV,dH) = (0.5, 0.5)λ, with directional antenna element (HPBW=900, directivity 5dB)
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