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Introduction
In RAN1#89 [1], the following issues are still open for further evaluations:
· 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


In this contribution, we focus on the down selection of configuration-1. We will focus on the comparison of the following patterns: 
· The position of additional DMRS position for configuration-1 and 2, (symbol index starts from 1)
· Symbol 3 and 9
· Symbol 3 and 10
· Symbol 3 and 11
· Comparison of configuration 1 and 2 in high Doppler and low SNR for broadcast
· Rank-1 transmission with non-precoded DMRS: config-1 vs. config-2
DMRS link level evaluations: The position of the additional DMRS
In this section, we will investigate the additional DMRS position for high Doppler scenarios. 
Candidates of DMRS patterns for configuration-1
The candidate patterns for evaluations are shown in Figure 1. 
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[bookmark: _Ref485218931][bookmark: _Ref485218926]Figure 1 Additional DMRS positions for configuration-1
Simulation results: Configuration-1
The following simulations show the BLER for different MCS (QPSK, 0.5), (QAM16, 0.5), (QAM16, 3/4) and (QAM64, 5/6). 
TDL-C channel model with different RMS delay spread 300ns delay spread assumed. The number of Tx and Rx antennas are 4 and 4, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speeds are 30, 60, and 120km/h. There is data multiplexed with the DMRS in the same symbols. Detailed simulation parameters can be found in Appendix 5.1.  
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[bookmark: _Ref477948612]Figure 2 BLER performance comparison of DMRS patterns, TDL-C, Ds = 300ns, 30km/h
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[bookmark: _Ref477948615]Figure 3 BLER performance comparison of DMRS patterns. TDL-C, Ds = 300ns, 60km/h
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[bookmark: _Ref477953294]Figure 4 BLER performance comparison of DMRS patterns 1-4. TDL-C, Ds = 300ns, 120km/h
For configuration-1, front loaded DMRS at symbol 3 and back loaded DMRS at symbol 11 offers the best BLER performance due to interpolation in the time domain. 

Candidates of DMRS patterns for configuration-2
The candidate patterns for evaluations are shown in Figure 5.
[image: ]
[bookmark: _Ref490134720][bookmark: _Ref490134679]Figure 5 Additional DMRS positions for configuration-2
Simulation results: Configuration-2
The following simulations show the BLER for different MCS (QPSK, 0.5), (QAM16, 0.5), (QAM16, 3/4) and (QAM64, 5/6). 
TDL-C channel model with different RMS delay spread 300ns delay spread assumed. The number of Tx and Rx antennas are 4 and 4, respectively. The sub-carrier spacing is 15kHz. The carrier frequency is 4GHz. UE speeds are 30, 60, and 120km/h. There is data multiplexed with the DMRS in the same symbols. Detailed simulation parameters can be found in Appendix 5.1.
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Figure 6 BLER comparison of additional DMRS position for configuration-2, TDL-C 300ns, 30km/h
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Figure 7 BLER comparison of additional DMRS position for configuration-2, TDL-C 300ns, 60km/h
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Figure 8 BLER comparison of additional DMRS position for configuration-2: TDL-C 300ns, 120km/h
For configuration-2, front loaded DMRS at symbol 3 and back loaded DMRS at symbol 11 offers the best BLER performance due to interpolation in the time domain. 
Based on the above evaluations, we propose the following: 
[bookmark: _Toc477954641][bookmark: _Toc477955356][bookmark: _Toc477956658][bookmark: _Toc477956744][bookmark: _Toc477956748][bookmark: _Toc478132978][bookmark: _Toc481669970][bookmark: _Toc481670249][bookmark: _Toc481670316][bookmark: _Toc481749518][bookmark: _Toc481759019][bookmark: _Toc481760074][bookmark: _Toc485289298][bookmark: _Toc485289380][bookmark: _Toc485289483][bookmark: _Toc485374006][bookmark: _Toc490139674][bookmark: _Toc490152349][bookmark: _Toc490152361][bookmark: _Toc490153441]Additional DMRS should be placed at symbol 11 (symbol index starts from 1) for high Doppler scenarios.
DMRS link level simulation: DMRS configuration for broadcast
In this section, we compare the DMRS configurations for broadcast, which are not pre-coded. Because the DMRS for aiding system information blocks need to be rather robust against SNR, Doppler and frequency selectivity, we will compare the front-and-additional loaded DMRS patterns based on configuration-1 and 2 as shown below. 
[image: ]
Figure 9 Configurations of DMRS for broadcast
TDL-C channel model with 300ns RMS delay spread is used in the simulations. The number of Tx and Rx antennas are 4 and 4, respectively. The sub-carrier spacing is 60kHz. The carrier frequency is 4GHz. UE speeds are 30, 60, and 120 km/h. (QPSK, cr=0.5) is used in the simulation. Data and DMRS are multiplexed at symbol 3 and 11. Detailed simulation assumptions are in Appendix 9.2. 
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Figure 10 BLER comparison of configuration-1 and 2 for broadcast, TDL-C 300ns, 30km/h
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Figure 11 BLER comparison of configuration-1 and 2 for broadcast, TDL-C 300ns, 60km/h
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Figure 12 BLER comparison of configuration-1 and 2 for broadcast, TDL-C 300ns, 120km/h

	
Configuration-1 based pattern is more robust compared to configuration-2 based pattern to be used for broadcast because of higher density. 
[bookmark: _Toc485289299][bookmark: _Toc485289381][bookmark: _Toc485289484][bookmark: _Toc485374007][bookmark: _Toc490139675][bookmark: _Toc490152350][bookmark: _Toc490152362][bookmark: _Toc490153442]Configuration-1 should be used as the DMRS pattern for broadcast.  
Conclusions
Based on the discussion in this contribution we propose the following:
Proposal 1	Additional DMRS should be placed at symbol 11 (symbol index starts from 1) for high Doppler scenarios.
Proposal 2	Configuration-1 should be used as the DMRS pattern for broadcast.
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[bookmark: _Ref481758992]Simulation Parameters: 
	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	4GHz

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

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	30km/h, 60km/h, and 120km/h

	Delay spread
	300ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	4Tx, 4Rx

	MIMO Layers
	1

	Channel estimator
	LMMSE

	PRB bundled size
	4 PRBs

	Interpolation
	Enabled between 2 DMRS symbols


[bookmark: _Ref485288571]Simulation Parameters:
	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	60KHz

	Carrier frequency
	4GHz

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

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	30km/h, 60km/h, and 120km/h

	Delay spread
	300ns

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled

	Antenna configuration
	4Tx, 4Rx

	MIMO Layers
	1

	Channel estimator
	LMMSE

	PRB bundled size
	4 PRBs

	Precoding for DMRS
	Disabled







	6/9	
image3.emf
-10 -5 0 5 10 15 20

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6027, ln6030}; TDL

C

; tx ports: 4; rx ports: 4; 

(QPSK, 0.5), Config-1: Symbol 3 and 9

(QPSK, 0.5), Config-1: Symbol 3 and 11

(QAM16, 0.5), Config-1: Symbol 3 and 9

(QAM16, 0.5), Config-1: Symbol 3 and 11

(QAM16, 0.75), Config-1: Symbol 3 and 9

(QAM16, 0.75), Config-1: Symbol 3 and 11

(QAM64, 5/6), Config-1: Symbol 3 and 9

(QAM64, 5/6), Config-1: Symbol 3 and 11

(QPSK, 0.5), Config-1: Symbol 3 and 10

(QAM16, 0.5), Config-1: Symbol 3 and 10

(QAM16, 0.75), Config-1: Symbol 3 and 10

(QAM64, 5/6), Config-1: Symbol 3 and 10


image4.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6028, ln6031}; TDL

C

; tx ports: 4; rx ports: 4; 

(QPSK, 0.5), Config-1: Symbol 3 and 9

(QPSK, 0.5), Config-1: Symbol 3 and 11

(QAM16, 0.5), Config-1: Symbol 3 and 9

(QAM16, 0.5), Config-1: Symbol 3 and 11

(QAM16, 0.75), Config-1: Symbol 3 and 9

(QAM16, 0.75), Config-1: Symbol 3 and 11

(QPSK, 0.5), Config-1: Symbol 3 and 10

(QAM16, 0.5), Config-1: Symbol 3 and 10

(QAM16, 5/6), Config-1: Symbol 3 and 10


image5.png
Config-2: symbol 3 and 9 Config-2: symbol 3 and 10 Config-2: symbol 3 and 11





image6.emf
-10 -5 0 5 10 15 20

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6033, ln6036, ln6061}; TDL

C

; tx ports: 4; rx ports: 4; 

(QPSK, 0.5), Config-2: Symbol 3 and 9

(QAM16, 0.5), Config-2: Symbol 3 and 9

(QAM16, 0.75), Config-2: Symbol 3 and 9

(QAM64, 5/6), Config-2: Symbol 3 and 9

(QPSK, 0.5), Config-2: Symbol 3 and 10

(QAM16, 0.5), Config-2: Symbol 3 and 10

(QAM16, 0.75), Config-2: Symbol 3 and 10

(QAM64, 5/6), Config-2: Symbol 3 and 10

(QPSK, 0.5), Config-2: Symbol 3 and 11

(QAM16, 0.5), Config-2: Symbol 3 and 11

(QAM16, 0.75), Config-2: Symbol 3 and 11

(QAM64, 5/6), Config-2: Symbol 3 and 11


image7.emf
-10 -5 0 5 10 15 20

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6034, ln6037, ln6062}; TDL

C

; tx ports: 4; rx ports: 4; 

(QPSK, 0.5), Config-2: Symbol 3 and 9

(QAM16, 0.5), Config-2: Symbol 3 and 9

(QAM16, 0.75), Config-2: Symbol 3 and 9

(QAM64, 5/6), Config-2: Symbol 3 and 9

(QPSK, 0.5), Config-2: Symbol 3 and 10

(QAM16, 0.5), Config-2: Symbol 3 and 10

(QAM16, 0.75), Config-2: Symbol 3 and 10

(QAM64, 5/6), Config-2: Symbol 3 and 10

(QPSK, 0.5), Config-2: Symbol 3 and 11

(QAM16, 0.5), Config-2: Symbol 3 and 11

(QAM16, 0.75), Config-2: Symbol 3 and 11

(QAM64, 5/6), Config-2: Symbol 3 and 11


image8.emf
-10 -8 -6 -4 -2 0 2 4 6 8 10

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6063, ln6035, ln6038}; TDL

C

; tx ports: 4; rx ports: 4; 

(QPSK, 0.5), Config-2: Symbol 3 and 11

(QAM16, 0.5), Config-2: Symbol 3 and 11

(QAM16, 0.75), Config-2: Symbol 3 and 11

(QPSK, 0.5), Config-2: Symbol 3 and 9

(QAM16, 0.5), Config-2: Symbol 3 and 9

(QAM16, 0.75), Config-2: Symbol 3 and 9

(QPSK, 0.5), Config-2: Symbol 3 and 10

(QAM16, 0.5), Config-2: Symbol 3 and 10

(QAM16, 0.75), Config-2: Symbol 3 and 10


image9.png
Config-1: symbol 3 and 11 Config-2: symbol 3 and 11




image10.emf
-9 -8 -7 -6 -5 -4 -3 -2 -1 0 1

SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6064, ln6069}; TDL

C

; tx ports: 4; rx ports: 4; QPSK; code rate: [0.5]

Config-2: Symbol 3 and 11

Config-1: Symbol 3 and 11


image11.emf
-9 -8 -7 -6 -5 -4 -3 -2 -1 0

SNR [dB]

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6065, ln6068}; TDL

C

; tx ports: 4; rx ports: 4; QPSK; code rate: [0.5]

Config-2: Symbol 3 and 11

Config-2: Symbol 3 and 11


image12.emf
-9 -8 -7 -6 -5 -4 -3 -2 -1 0

SNR [dB]

10

-3

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6066, ln6067}; TDL

C

; tx ports: 4; rx ports: 4; QPSK; code rate: [0.5]

Config-2: Symbol 3 and 11

Config-1: Symbol 3 and 11


image1.png
Config-1: symbol 3 and 9 Config-1: symbol 3 and 10 Config-1: symbol 3 and 11





image2.emf
-10 -5 0 5 10 15 20

SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

Sim nr: {ln6029, ln6026}; TDL

C

; tx ports: 4; rx ports: 4; 

(QPSK, 0.5), Config-1: symb 3 and 10

(QAM16, 0.5), Config-1: symb 3 and 10

(QAM16, 0.75), Config-1: symb 3 and 10

(QAM64, 5/6), Config-1: symb 3 and 10

(QPSK, 0.5), Config-1: symb 3 and 9

(QPSK, 0.5), Config-1: symb 3 and 11

(QAM16, 0.5), Config-1: symb 3 and 9

(QAM16, 0.5), Config-1: symb 3 and 11

(QAM16, 0.75), Config-1: symb 3 and 9

(QAM16, 0.75), Config-1: symb 3 and 11

(QAM64, 5/6), Config-1: symb 3 and 9

(QAM64, 5/6), Config-1: symb 3 and 11


