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Introduction
In RAN1 email discussion [87-28] and [87-29], companies provided their DMRS design and views on DMRS simulation assumption respectively [1]. Based on agreed simulation assumptions by email discussion, we provided some simulation results in this contribution. More details of DMRS design can be found in our companion’s contribution [2].
Discussion
Front loaded patterns 
For front loaded DMRS, we propose single symbol transmission which is shown in Figure 1a and 1b.  In our pattern 1a, CDM2 can be used on two adjacent REs for up to 2 layers.  To support more orthogonal layers, higher density should be introduced as shown in Figure 1b.  In this case, CDM2, CDM4 and CDM8 can be used for maximum 2, 4 and 8 orthogonal layers respectively. To compare performance for different patterns, some other patterns are shown in Figure 1c and 1d, where up to 2 layers with CDM2 in time domain is used in pattern 1c, but up to 8 layers with FDM and CDM2 which has 6dB power boosting is used in pattern 1d. 
[image: ]                     [image: ]
(1a)                                                                                           (1b)
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(1c)                                                                            (1d)
Figure 1 Front loaded DMRS patterns 
To provide a baseline, we also present performance of LTE pattern in our simulation results.
 In Figure 2, we compare the performance of pattern 1a, 1b, 1c and LTE pattern based on OCC=2. From simulation results, LTE pattern and pattern 1b have similar performance; pattern 1a and pattern 1c have similar performance. In low SNR condition, more DMRS REs are preferred for better channel estimation by filtering. Then LTE pattern and pattern 1b have better performance than pattern 1a and pattern 1c. However, lower RS overhead is preferred in high SNR condition. Since pattern 1a and pattern 1c have similar performance, we prefer to use one symbol DMRS design which is more useful for fast demodulation.
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(2a) 30ns                                                                 (2b) 300ns
Figure 2 Performance comparisons for 32TxRU, 4GHz centre frequency, 3km/h UE speed
Observation 1: Pattern 1a and pattern 1c have similar performance in 4GHz centre frequency, 15 KHz subcarrier space, 3km/h UE speed.
In order to multiplex up to 8 layers, pattern 1b and pattern 1d can be used.  Then we provide the performance comparison in Figure 3. In pattern 1b, OCC=8 based on adjacent 8 REs in frequency domain is used, and in pattern 1d, OCC=2 combined with FDM is used in frequency domain where 6dB power boosting can be achieved.  From the simulation results both in Figure 3a and 3b, we can find better performance derived from pattern 1b compared with pattern 1d.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK4](3a) 32TxRU, 4GHz centre frequency, 3km/h UE speed, 300ns delay spread
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(3b) 8TxRU, 30GHz centre frequency, 3km/h UE speed, 300ns delay spread
Figure 3 Performance comparisons for large delay spread 
Although LTE pattern have better performance in 30GHz scenario, it is not front loaded and only supports up to 4 orthogonal mu-layers.
Observation 2: Pattern 1b with OCC8 can introduce better performance than pattern 1d with CDM2 and FDM.
Middle loaded DMRS 
Middle loaded DMRS pattern can be used for co-scheduling with some UEs with front loaded DMRS pattern by TDM.  For MU scheduling where some MU-users need front loaded DMRS but others do not need, middle loaded DMRS can be used for these UEs do not need front loaded DMRS. This can release the requirements of orthogonal DMRS ports for front loaded DMRS design. 
Middle loaded DMRS patterns are shown in Figure 4, where Figure 4a can support up to 2 layers by CDM2 in frequency domain and Figure 4b can support up to 8 orthogonal layers by CDM2, CDM4 or CDM8. 
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(4a)                                                                     (4b)
Figure 4 middle loaded DMRS patterns
As described in Figure 5, middle loaded DMRS has similar performance with front loaded DMRS in low speed scenario, but has better performance in high speed scenario.
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(5a) 3km/h                                                           (5b) 120km/h
Figure 5 Performance comparisons for 4GHz centre frequency, 30 ns delay spread
Observation 3: Middle loaded DMRS introduces better performance than front loaded in high speed scenarios, and introduces similar performance in low speed scenarios.
DMRS for high speed  
For high speed scenario, we propose following patterns as shown in Figure 6 and Figure 7 which can be consistent with uplink DMRS design. In Figure 6a, up to 2 layers can be supported by CDM2 in frequency domain. But pattern 6b can support up to 8 layers by CDM2, CDM4 or CDM8 in frequency domain. In order to achieve accuracy channel estimation in high speed scenarios, TDM or CDM in time domain should be avoided.
For patterns in Figure 7, additional DMRS set which are marked by green colour can be used for high Doppler estimation or phase noise compensation. Usually, small frequency selectivity exists in high speed scenarios, and then lower density in frequency domain is configured for additional DMRS set. 
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(6a)                                                                     (6b)
Figure 6 Illustration of the second DMRS set
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(7a)                                                                           (7b)
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(7c)                                                                           (7d)
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(7e)                                                                           (7f)
Figure 7 Illustration of the additional DMRS set
It is noted that RS density of these additional DMRS set in time domain and frequency domain can be configured based on UE’s channel conditions. For supper high speed scenario, e.g. 500 km/h, the density of the additional DMRS set should be large enough in time domain, like patterns in Figure 7 or pattern 14b in Figure 14. However, lower density can be configured for normal high speed scenario, e.g. 120 km/h. like patterns in Figure 8. And for pedestrian scenarios, the additional DMRS can be turned off. 
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(8a)                                          (8b)                                                         (8c)
Figure 8 DMRS patterns for normal high speed scenario
In order to verify the Doppler estimation effect by above DMRS patterns, we use LTE pattern and pattern 9 as baseline patterns. 
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Figure 9 Pattern 9 as baseline pattern for high speed scenarios
Figure 10 shows the simulation results for 120 km/h speed scenario. We can see that the performance by additional DMRS set is better than pattern 9 because of small overhead in frequency domain. In this simulation, the additional DMRS set is configured in every PRB.
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Figure 10 Comparisons for scenario with 4GHz centre frequency, 120km/h UE speed, 30ns delay spread
The density of additional DMRS set in frequency domain can also be configured, e.g. for SU MIMO case with up to 2 layers and small channel delay spread, the additional DMRS set can be configured per every N PRBs, which is described in pattern 11b.  As shown in Figure 12, pattern 11b and pattern 11a have similar performance even the additional DMRS set is configured per each 2 PRBs.
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(11a)                                                              (11b)
Figure 11 Additional DMRS set with different density
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Figure 12 Comparisons for scenario with 4GHz centre frequency, 120km/h UE speed, 30ns delay spread
For scenario with super high UE speed, e.g. 500km/h, the additional DMRS set should be configured with large density in time domain. Usually, in this case, UE channel is quite flat in frequency domain because of small delay spread. Therefore, the additional DMRS set can introduce performance gain because this DMRS set has lower density in frequency domain compared with pattern 9. Figure 13 shows the simulation results for 500 km/h speed scenario. We can see that the performance by pattern 7a, 7c, 7e is better than four column DMRS pattern 9 because of small overhead and better channel estimation in time domain.
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Figure 13 Performance comparisons for 500km/h, 4GHz centre frequency 
Observation 4: The proposed additional DMRS set provides good performance for high speed scenarios. 
DMRS for phase noise 
For patterns in section 2.3, the additional DMRS set can also be used for phase noise compensation in high frequency bands. In this case, the density of the additional DMRS set should be large enough to estimate phase error.  As shown in Figure 14 which provides DMRS patterns with and without additional DMRS set for PN compensation. 
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                   (14a) Without additional DMRS set                 (14b) Additional DMRS set is configured in each 2PRBs                                                       
Figure 14 DMRS patterns for phase noise compensation
In order to verify the frequency density of the additional DMRS set, we did some simulation for pattern 14b with different frequency granularity. In Figure 15, pattern 14c means additional DMRS set is configured in each 4 PRBs and pattern 14d means additional DMRS set is configured in each 8 PRBs. 
From the simulation results, we can see the performance is worse when additional DMRS set is configured with lower density in frequency domain for lower SNR condition. Furthermore, to use unified DMRS structue which can use the additional DMRS set for high Doppler shift estimation, additional DMRS set should not be configured with too large granularity in frequency domain. 
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Figure 15 Performance comparisons for phase noise compensation
Observation 5: The proposed additional DMRS set can be used for phase noise compensation, and frequency granularity should not be too large.
DMRS for more MU-users
[bookmark: _GoBack]CDM in time domain can be used for co-scheduling large number of MU-users. This is similar to LTE DMRS design. Since one scheduling unit can be aggregated by several slots in NR, more than 2 column DMRS may exist in one scheduling unit as described in Figure 16. Taking one scheduling unit with two slots as an example, where one slot has two column DMRS, then CDM4 can be used in time domain for multiplexing more users. 
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Figure 16 Illustration of CDM4 in time domain
As shown of simulation results in Figure 17, CDM4 in time domain does not impact channel estimation compared with non-CDM(OCC=1) and CDM2 in time domain for low Doppler shift scenarios. 
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Figure 17 Comparisons for 30GHz centre frequency, 3km/h UE speed  
Observation 6: Time domain OCC has negligible impact on the channel estimation in low speed scenarios. 
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provided our simulation results for different DMRS patterns, and we observed 
Observation 1: Pattern 1a and pattern 1c have similar performance in 4GHz centre frequency, 15 KHz subcarrier space, 3km/h UE speed.
Observation 2: Pattern 1b with OCC8 can introduce better performance than pattern 1d with CDM2 and FDM.
Observation 3: Middle loaded DMRS introduces better performance than front loaded in high speed scenarios, and introduces similar performance in low speed scenarios.
Observation 4: The proposed additional DMRS set is very suitable for high speed scenarios.
Observation 5: The proposed additional DMRS set can be used for phase noise compensation, and frequency granularity should not be too large.
Observation 6: Time domain OCC has neglected impact on the channel estimation in low speed scenarios. 
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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
	· Rank1

	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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1st DIRS set for 0,1 port 1st DIRS set for 0 = 7 port
2nd DIRS set for PN conpensation and high doppler 2nd DIRS set for PN compensation and high doppler
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Pattern B-3: 0CC=2 in F domain Pattern B-4: 0CC=2,4,8 in F domain

1st DIRS set for 0,1 port 1st DIRS set for 0 = 7 port
2nd DIRS set for PN conpensation and high doppler 2nd DIRS set for PN compensation and high doppler
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