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[bookmark: _Toc490231582]Introduction
In this contribution, we focus on the following evaluations for UL DMRS patterns: 
· Additional DMRS positions for normal slot transmission, (symbol index starts from 1)
· [bookmark: _GoBack]Symbol 3 and 9
· Symbol 3 and 10
· Symbol 3 and 11
· Additional DMRS positions for UL heavy slot transmission, (symbol index starts from 1)
· Symbol 5 and 11
· Symbol 5 and 12
· Symbol 5 and 13
· Symbol 5 and 14
[bookmark: _Toc490231583]DMRS link-level evaluations: The position of the additional DMRS for normal slot
In this section, we will investigate the additional DMRS position for high Doppler scenarios. We consider normal slot transmission in which the control information occupies the first 2 symbols. The DMRS for evaluations are illustrated in the following figure.  
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Figure 1 Additional DMRS positions for UL normal slot transmission
CDL-A channel model with 300ns RMS delay spread is used in the simulations. The number of Tx and Rx antennas are 2 and 4, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speeds are 30, 60, and 120km/h. Data is multiplexed with the DMRS at the unused subcarriers. Detailed simulation assumptions are in Appendix 6.1. 
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Figure 2 BLER comparison of additional DMRS positions, 30km/h
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Figure 3 BLER comparison of additional DMRS positions, 60km/h
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Figure 4 BLER comparison of additional DMRS positions, 120km/h

[bookmark: _Toc490231584][bookmark: _Toc490232107]For normal slot transmission, the DMRS pattern at symbol 3 and 11 offers the best BLER performance compared with other 2 patterns, in particular for high speed such as 120km/h. 
[bookmark: _Toc490231585]DMRS link level evaluations: The position of the additional DMRS for UL heavy slot
In this section, we focus on the investigation of additional DMRS positions for UL heavy slot, in which the first 2 symbols are DL control and the 3rd symbol is used as guard interval. The DMRS for evaluations are illustrated in the following figure. 
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[bookmark: _Ref477868837]Figure 5 Additional DMRS positions for UL heavy slot
As discussed in [1], we put the front loaded DMRS at the 2nd symbol (i.e., the 5th indexing from symbol 1) after the guard interval for better handling power handling effect. 
CDL-A channel model with 300ns RMS delay spread is used in the simulations. The number of Tx and Rx antennas are 2 and 4, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speeds are 30, 60, and 120km/h. Data is multiplexed with the DMRS at the unused subcarriers. Detailed simulation assumptions are in Appendix 6.2.
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[bookmark: _Ref477874289]Figure 6 BLER comparison based on different additional DMRS positions, 30km/h
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[bookmark: _Ref477876123]Figure 7 BLER comparison based on different additional DMRS positions, 60km/h
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[bookmark: _Ref477879695]Figure 8 BLER comparison based on different additional DMRS positions, 120km/h
[bookmark: _Toc490231586][bookmark: _Toc490232108]For UL heavy transmission, the DMRS at symbol 5 and 13, and the DMRS at symbol 5 and 14 have similar performance, and both offer slightly better BLER performance compared with the other 2 patterns. 
[bookmark: _Toc477954514][bookmark: _Toc477956649][bookmark: _Toc477976844][bookmark: _Toc478029851][bookmark: _Toc478030382][bookmark: _Toc478030390][bookmark: _Toc478110773][bookmark: _Toc478112646][bookmark: _Toc490231587][bookmark: _Toc490232109]For high Doppler scenarios, the additional DMRS tending to the end of the data transmission in the slot has advantages of better channel estimation performance. 
[bookmark: _Toc490231588]Conclusions
We have made the following observations in the paper: 
Observation 1	For normal slot transmission, the DMRS pattern at symbol 3 and 11 offers the best BLER performance compared with other 2 patterns, in particular for high speed such as 120km/h.	
Observation 2	For UL heavy transmission, the DMRS at symbol 5 and 13, and the DMRS at symbol 5 and 14 have similar performance, and both offer slightly better BLER performance compared with the other 2 patterns.	
Observation 3	For high Doppler scenarios, the additional DMRS tending to the end of the data transmission in the slot has advantages of better channel estimation performance.	
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0. [bookmark: _Ref485288571]Simulation Parameters:
	Parameter
	Value

	Channel Model
	CDL-A

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for PUCCH

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	30, 60, 120km/h

	Delay spread
	300ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	2Tx, 4Rx

	MIMO Layers
	1

	Channel estimator
	LMMSE 

	PRB bundled size
	4 PRBs



[bookmark: _Ref485301847]Simulation Parameters: 
	Parameter
	Value

	Channel Model
	CDL-A

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols, with first 2 symbols reserved for DL control, and the 3rd symbol for guard interval 

	Transmission mode
	FDD

	Number of UE
	1

	UE speed 
	30, 60, 120 km/h

	Delay spread
	300ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	2Tx, 4Rx

	MIMO Layers
	1

	Channel estimator
	Practical LMMSE

	PRB bundled size
	4 PRBs
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