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Introduction
In RAN1 NR Ad-Hoc#2, the following agreements regarding the downlink demodulation reference signal (DMRS) for data were made [1]:
Agreements:
· The working assumption made in RAN1#89 for DM-RS is updated and agreed as follows for CP-OFDM:
· A UE is configured by higher layers with DMRS pattern either from the front-loaded DMRS Configuration type 1 or from the front-loaded DMRS Configuration type 2 for DL/UL:
· Configuration type 1:
· One symbol:
· Comb 2 + 2 CS, up to 4 ports
· Two symbols:
· Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports
· Note: It should be possible to schedule up to 4 ports without using both {1,1} and {1,-1}.
· Configuration type 2:
· One symbol:
· 2-FD-OCC across adjacent REs in the frequency domain, up to 6 ports
· Two symbols:
· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports
· Note: It should be possible to schedule up to 6 ports without using both {1,1} and {1,-1}.
· From UE perspective, frequency domain CDMed DMRS ports are QCLed.
· FFS: Whether the front-load DMRS configuration type for a UE for UL and DL can be different or not.
· Note: If there are significant complexity/performance issues involved in the above agreements, down-selection can still be discussed
Agreements:
· Study further aspects related to DMRS and data multiplexing in DL and UL considering 14 and 7 symbol slots/mini-slots, 1 vs. 2 front loaded DM-RS symbols, additional DM-RS, etc.
· Study further aspects related to possibly power boosting DM-RS (performance, complexity, spec impact)

In this contribution, we provide our simulation results on the following issues for DL DMRS.
· Multiplexing between DMRS and data in DMRS symbol
· DMRS position for high speed scenarios
Simulation results of DL DMRS
Multiplexing between DMRS and data in DMRS symbol
[bookmark: _GoBack]Data can be multiplexed with DMRS REs or not in DMRS symbols. If data is multiplexed with DMRS, throughput will be increased due to more physical resource involved for data transmission. Otherwise, it could bring additional signaling and interference when MU-MIMO is implemented.  Furthermore, for no data multiplexed with DMRS situation, DMRS could implement power boosting to increase channel estimation gain for better performance. 
Based on above consideration, we evaluate the performance of below 5 alternatives. In this simulation, we use rank 2 and CDL channel model with 30ns delay spread and 3kmh UE speed. More detailed simulation assumption could be found in Appendix Table 1.
· Alt 1: no data multiplexed with DMRS, no power boosting for DMRS 
· Alt 2: no data multiplexed with DMRS, 3 dB power boosting for DMRS 
· Alt 3: no data multiplexed with DMRS, 4.7 power boosting for DMRS
· Alt 4: data multiplexed with DMRS in port2/5,  3 dB power boosting for DMRS 
· Alt 5: data multiplexed with DMRS in port2/5 and port 1/4,  no power boosting for DMRS 
According to our companion contribution [2], we assume the pattern as illustrated in Fig 2‑1.  
[image: ]
[bookmark: _Ref490044295]Fig 2‑1 Front loaded DMRS patterns based on FD-OCC for 1 symbol and 2 symbol cases
From the simulation results in Fig  2‑2, we can see Alt-3 and Alt-2 could bring obvious performance gain than Alt-1 in low SNR region corresponding to cell edge UEs, where the channel estimation need more DMRS power to get performance improvement.  But in middle and high SNR region the performance gain is degrading and to be close to Alt-1.  Generally, the large performance gap is not found among these alternatives even in high SINR region. 
[image: ][image: ]
[bookmark: _Ref490071298]Fig  2‑2 Simulation results for DMRS power boosting, 14-symbol slot
Observation:
· No data in DMRS symbol does not introduce obvious performance degradation. 
DMRS position for high speed scenarios 
For high speed scenarios, we proposed 2 patterns for GP/UL symbols are less than 3 and more than 3 respectively as shown in Fig 2‑3. In this simulation, we compare the performance of DMRS located in symbol [4 11] and symbol [4 7]. The simulation is under assumptions of UE speed of 120kmh and 300kmh. More details can be found in Appendix Table 1. 
[image: ]
[bookmark: _Ref488138742][bookmark: _Ref488138738]Fig 2‑3 DMRS patterns for high speed scenario
[image: ][image: ]
[bookmark: _Ref490044450]Fig  2‑4 Simulation results for DMRS located at symbol [4 7] and [4 11] in high speed scenario 
From results in Fig 2‑4, front loaded DMRS in the 4th symbol with one additional DMRS in the 11th symbol can introduce better performance in high speed scenario...
Observation: DMRS located in symbol [4 11] achieves better performance in high speed scenario than [4 7].
Conclusions
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In this contribution, we provided our simulation results for different consideration of DL DMRS design, and we observed:
Observation 1: No data in DMRS symbol does not introduce obvious performance degradation.. 
Observation 2: DMRS located in symbol [4 11] achieves better performance in high speed scenario than [4 7].
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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/RANK 2

	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, including 256QAM

	Channel estimation
	· 2D MMSE 

	Performance metric
	· Spectral efficiency

	UE speed
	· 3 km/h, 120 km/h，200km/h

	Channel model
	· CDL-A models
· Possible DS values = {30} 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
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