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1 Introduction

In this contribution, we provide UL DMRS evaluations for: 
· UL 4 layers transmission with 4 orthogonal DMRS ports

We primarily target on the low to mediate Doppler case, where UE speed is 3 and 30 km/h. Proposed NR DMRS patterns with different time and frequency density will be compared with the LTE-like DL DMRS pattern.  
2 UL DMRS evaluations 
2.1 Low Doppler case
In this section, we will evaluate the following four DMRS patterns for 4 layers uplink transmission in an scenario with very low Doppler (3 km/h):
· Pattern-1: single-symbol front-loaded at symbol 3 and FDM4.
· Pattern-2: two-symbol front-loaded at symbol 3 and 4, FDM2, time CDM2 and frequency CDM2 for 8 layers

· Pattern-3: LTE DL-resembling pattern, FDM2 and time CDM2. The only difference of this pattern with the LTE-legacy downlink pattern is the regular comb structure within one PRB.   

· Pattern-4: two-symbol front-loaded at symbol 3 and 4, FDM2 and time CDM2.
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Figure 1 shows the simulation results for the BLER and throughput for different MCS, i.e., (QPSK, ½), (QAM16, 3/4), and (QAM64, 5/6). Figure 2 shows the simulation results for throughput while enabling link adaptation.  The TDL-A channel is assumed with 10ns delay spread for the simulations. The number of Tx and Rx antenna are 4 and 16, respectively. The sub-carrier spacing is 15kHz. The detailed simulation parameters can be found in Appendix 5.1. 
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Figure 1: BLER and throughput for different MCS with TDL-A (10ns) and 3km/h.
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Figure 2: Throughput using link adaptation with TDL-A (10ns) and 3km/h.
In Figure 3 and Figure 4 we show the same results than in Figure 1 and Figure 2 respectively, with a TDL-C (300 ns) channel.
[image: image5.png]BLER

{In134, In311}; TDLC; tx ports: 4; rx ports: 16;

—&S— Pattern 1- QAM64(5/6)
—#— Pattern 2 - QAM64(5/6)
—~£—— Pattern 3 - QAM64(5/6)

-
k-
A
Lo

O

*
A
*

Pattern 1 - QAM16(3/4)
Pattern 2 - QAM16(3/4)
Pattern 3 - QAM16(3/4)
Pattern 4 - QAM16(3/4)
Pattern 1 - QPSK(1/2)
Pattern 2 - QPSK(1/2)
Pattern 3 - QPSK(1/2)
Pattern 4 - QPSK(1/2)

(

(

(
—*— Pattern 4 - QAM64(5/6)

(

(

(

Sim nr:
1008 ¥ PN _ *
Yo
10 £
102F
10'3 1 1
-5 0 5

SNR [dB]

15

20




[image: image6.png]Throughput [Mbits/s]

Sim nr: {In134, In311}; TDLC; tx ports: 4; rx ports: 16;
25 T T T T
—S— Pattern 1- QAM64(5/6)
—— Pattern 2 - QAM64(5/6)
—~£—— Pattern 3 - QAM64(5/6)
—— Pattern 4 - QAM64(5/6)

(

(

(

20| | —-C-— Pattern 1- QAM16(3/4)
——% — Pattern 2- QAM16(3/4)
— ~/~— Pattern 3- QAM16(3/4)
— =% — Pattern 4 - QAM16(3/4)

© Pattern 1 - QPSK(1/2)

- Pattern 2 - QPSK(1/2)
15 4. Pattern 3 - QPSK(1/2)

- Pattern 4 - QPSK(1/2)
10

SNR [dB]




Figure 3: BLER and throughput for different MCS with TDL-C (300ns) and 3km/h.
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Figure 4: Throughput using link adaptation with TDL-C (300ns) and 3km/h.

Observation 1 For UL transmission one symbol and two symbol front loaded patterns provide similar BLER performance for low delay spread and low Doppler channels.

Observation 2 For UL transmission one symbol front loaded patterns offer better throughput performance for low delay spread and low Doppler channels.

Observation 3 F-CDM pattern provides a significant worst performance than FDM/T-CDM patterns for high delay spread scenarios.

Observation 4 Proposed single symbol front-loaded NR pattern with FDM4 provides better throughput performance than LTE DL-like patterns for low Doppler regimes.
2.2 Medium Doppler case

In this section we focus on uplink transmission in scenario with medium Doppler (30 km/h). We will evaluate the four patterns presented in the previous section and the two following patterns:

· Pattern-5: Same as Pattern 1 but with a second DMRS instance in the 10th OFDM symbol.

· Pattern-6: Same as Pattern 1 but with a second DMRS instance in the 6th OFDM symbol.
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The main motivations to analyse the performance of the previous two patterns are:
· To study if a second DMRS instance is needed for medium Doppler scenarios.

· To study which is the optimal distance between the two DMRS symbols.
Figure 5 shows the simulation results for the BLER and throughput for different MCS, i.e., (QPSK, ½), (QAM16, 3/4), and (QAM64, 5/6). Figure 6 shows the simulation results for throughput while enabling link adaptation.  The TDL-A channel is assumed with 10ns delay spread for the simulations. The number of Tx and Rx antenna are 4 and 16, respectively. The sub-carrier spacing is 15kHz. The detailed simulation parameters can be found in Appendix 5.1. 
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Figure 5: BLER and throughput for different MCS with TDL-A (10ns) and 30km/h.
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Figure 6: Throughput using link adaptation with TDL-A (10ns) and 30km/h.

In Figure 7 and Figure 8 we show the same results than in Figure 5 and Figure 6 respectively, with a TDL-C (300 ns) channel.
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Figure 7: BLER and throughput for different MCS with TDL-C (300ns) and 30 km/h.
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Figure 8: Throughput using link adaptation with TDL-C (300ns) and 30 km/h.

Observation 5 For UL transmission with UE speed 30km/h, additional DMRS instance in the time domain provide throughput improvement compared with only front-loaded patterns.

Observation 6 For UE speed 30km/h, the DMRS pattern at symbol 3 and 10 provides better throughput and BLER performance compared with the pattern located at symbol 3 and 6. 

Observation 7 With an additional DMRS instance, the FDM4 NR pattern provides on par performance as the LTE DL-like pattern for medium Doppler regimes, while guaranteeing low latency for decoding in UL transmission.

3 Conclusion

In this paper it is observed that for the 14-symbol transmission slot:
Observation 1
For UL transmission one symbol and two symbol front loaded patterns provide similar BLER performance for low delay spread and low Doppler channels.

Observation 2
For UL transmission one symbol front loaded patterns offer better throughput performance for low delay spread and low Doppler channels.

Observation 3
F-CDM pattern provides a significant worst performance than FDM/T-CDM patterns for high delay spread scenarios.

Observation 4
Proposed single symbol front-loaded NR pattern with FDM4 provides better throughput performance than LTE DL-like patterns for low Doppler regimes.
Observation 5
For UL transmission with UE speed 30km/h, additional DMRS instance in the time domain provide throughput improvement compared with only front-loaded patterns.

Observation 6
For UE speed 30km/h, the DMRS pattern at symbol 3 and 10 provides better throughput and BLER performance compared with the pattern located at symbol 3 and 6. 

Observation 7
With an additional DMRS instance, the FDM4 NR pattern provides on par performance as the LTE DL-like pattern for medium Doppler regimes, while guaranteeing low latency for decoding in UL transmission.

From the discussion we propose the following:
Proposal 1 
Single-symbol front-loaded DMRS pattern with FDM4 should be considered for NR to support up to four layers transmission.

Proposal 2
An additional DMRS pattern located in the last 7-symbols of the transmission time should be supported for medium Doppler cases.
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5 Appendix

5.1 Simulation Parameters: 
	Parameter
	Value

	Channel Model
	TDL-A/TDL-C

	Numerology
	15 KHz

	Carrier frequency
	4 GHz

	Transmission Slot Length
	14 symbols

	UE speed 
	3, 30 km/h

	Delay spread
	10 ns / 300 ns 

	Allocated bandwidth
	8 PRBs

	Antenna configuration
	4Tx, 16Rx

	Channel estimator
	Practical LMMSE
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