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1 Introduction

In the previous RAN1 NR AH meeting in January, the following was agreed. 


[image: image1]
In this contribution, we provide DL DMRS evaluations for a number of DMRS patterns. In our simulations we also address the concern that in NR proposed patterns would not be competitive with the DMRS used in LTE.
2 DL DMRS evaluations 
In this contribution, we provide DL DMRS evaluations for the following cases: 

· DL 8 layers transmission with 8 orthogonal DMRS ports for low Doppler channels, e.g., UE speed 3km/h

· DL 4 layers transmission with 4 orthogonal DMRS ports for mobility scenarios, e.g., UE speed 30km/h,

· DL single layer transmission for low SNR regime and low Doppler channels.  

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 an LTE-like DMRS pattern.  
2.1 DL 8 layers transmission with 8 DMRS orthogonal ports
In this section, we will evaluate the following three DMRS patterns for 8 layers downlink transmission. 
· Pattern-1: single-symbol front-loaded at symbol 3, FDM4 and frequency CDM2 for 8 layers
· Pattern-2: two-symbol front-loaded at symbol 3 and 4, FDM2, time CDM2 and frequency CDM2 for 8 layers
· Pattern-3: LTE-like pattern, FDM2 and time CDM4 for 8 layers. The only difference of this pattern with the LTE-legacy pattern is the regular comb structure within one PRB.   

[image: image2.png]FDM4 & CDM2

FDM2, T-CDM2, F-CDM2

FDM2 & TDM4

Pattern-1

Pattern-2

Pattern-3





Figure 1: DMRS baseline and spread pattern in evaluation

Because the LTE-like pattern is multiplexed by time domain OCC-4, which spans symbol 3, 4, 10, and 11, it will bring longer latency in the channel estimation. Therefore, pattern-3 serves as a reference pattern for NR DMRS design. Below, we compare the performance of the proposed NR patterns with the LTE-like pattern. 
2.1.1 Simulation Results

The following simulation shows the BLER for different MCS, i.e., (QPSK, ½), (QAM16, 3/4), and (QAM64, 5/6), and the throughput while enabling link adaptation.  

The TDL-A channel is assumed with 10ns delay spread. The number of Tx and Rx antenna are 16 and 8, respectively. The sub-carrier spacing is 30kHz. The detailed simulation parameters can be found in Appendix 5.1. 
Observation 1 Two-symbol front loaded pattern with time and frequency domain CDM provides similar BLER performance as the LTE-like pattern. 
Observation 2 Single-symbol front loaded pattern provides better throughput in the low to medium SNR region, because of the low overhead. 
Observation 3 The throughput with Ack/Nack based link adaptation depends on the SNR regime. There is no single pattern providing uniformly better throughput. 
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Figure 2: BLER of different multiplexing schemes
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Figure 3: Throughput comparison with Link adaptation
Proposal 1
NR DL should support both single- and double-symbol front loaded DMRS pattern up to 8 layers to adapt to various transmission scenarios.

2.2 DL single layer transmission at low SNR regime 
In this section, we will focus on the DL single layer transmission for low SNR regime, which targets the power-limited transmission scenarios. The DMRS evaluations in the consider scenario are interesting for the following reasons: 

· In this scenario, the primary obstacle of channel estimation is noise and channel fading, therefore, the evaluation of reference signal density is important to guide the DMRS pattern design. 

· From the throughput perspective, in the low SNR regime, lower-order MCS are foreseen to be transmitted, which on the other hand have high tolerance for channel estimation quality. Therefore, the actual throughput will be a compromise of channel estimation quality and MCS.   
The candidate patterns for evaluations are shown in Figure 4. Pattern 1, 2, and 3 have doubled pilot resources, respectively, whereas the Pattern-4 (LTE-like) serves as a bench mark. 
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Figure 4: DMRS Patterns for single layer transmission 
2.2.1 Simulation results

The following simulations show the BLER for different MCS (QAM16, 3/4) and (QAM64, 5/6), as well as the throughput while enabling link adaptation. 

TDL-C channel model with an RMS delay spread of 300ns is assumed. The number of Tx and Rx antennas are 16 and 8, respectively. The sub-carrier spacing is 15kHz. UE speed is 3km/h. Detailed simulation parameters can be found in Appendix 5.2.  
Observation 4 Two-symbol front-loaded DMRS pattern offers similar BLER performance as the LTE-like pattern, which is only slightly better than the single-symbol front-loaded pattern.  

Observation 5 Single-symbol front-loaded DMRS pattern provides better throughput compared with the two-symbol pattern and the LTE-like pattern.  
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Figure 5: BLER comparison of different patterns
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Figure 6: Throughput comparison of different patterns

Proposal 2
Single-symbol front-loaded DMRS should be considered for NR to support single-layer transmission.
2.3 DL 4 layer transmission with additional DMRS pattern

In this section, we will focus on the DMRS pattern evaluation of mobility scenario. It has been evaluated in [1-3] that for higher mobility scenarios, e.g., 120km/h, an additional DMRS instance should be inserted in the last 7-symbols to provide better robustness against Doppler. In this contribution, we provide evaluations for 30km/h. We intend to settle the following doubt:

· Is it necessary to introduce an additional DMRS for the UE speed 30km/h?

· Where to insert the additional DMRS instance such that it has better BLER and throughput performance?

We focus on a 4-layer DL transmission. The candidate DMRS patterns are shown below. Pattern-1, 2 and 3 represent the single DMRS instance which are front-loaded with different multiplex methods. Pattern-4, 5 and 6 are the patterns with an additional (non-consecutive in the time domain) DMRS instance. Among these patterns, Pattern-1, 4, and 6 have the same multiplex method, however with different time domain allocation. Pattern-5 (LTE-like) serves as a benchmark.     
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Figure 7. DMRS candidate patterns for evaluation

2.3.1 DMRS Pattern evaluations 

The following simulations show the BLER for different MCS (QAM16, 3/4) and (QAM64, 5/6), as well as the throughput while enabling link adaptation. 

TDL-C channel model with an RMS delay spread of 300ns is assumed. The number of Tx and Rx antennas are 16 and 8, respectively. The sub-carrier spacing is 15kHz, and  UE speed is 30km/h. In order to support early decoding, the channel estimation for a given OFDM symbol only depends on the received RS symbols up until that OFDM symbol. 

Detailed simulation parameters can be found in Appendix 5.3.  
Observation 6 For UE speed of 30km/h, adding an additional DMRS instance will significantly improve the BLER performance of high-order MCS.  

Observation 7 With an additional DMRS instance, the throughput can be significantly improved while using ACK/Nack based link adaptation.

Observation 8 For UE speed of 30km/h, the DMRS pattern with FDM4 at the symbol 3 and 10 provides better BLER and throughput performance, compared with the pattern with FDM4 at symbol 3 and 6.   
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Figure 8. BLER performance of candidate patterns
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Figure 9. Throughput performance of candidate patterns
Proposal 3
An additional DMRS pattern located in the last 7-symbols of the transmission time should be supported for high Doppler cases. 
3 Conclusion

In this paper we provide the DL DMRS pattern evaluations. We observe the following:

Observation 1 
Two-symbol front loaded pattern with time and frequency domain CDM provides on par BLER as the LTE-like pattern. 

Observation 2    
Single-symbol front loaded pattern provides better throughput in the low to medium SNR region, because of the low overhead. 

Observation 3    The throughput with Ack/Nack based link adaptation depends on the SNR regime. There is no single pattern providing uniformly better throughput. 

Observation 4
Two-symbol front-loaded DMRS pattern offers similar BLER performance as the LTE-like pattern, which is only slightly better than the single-symbol front-loaded pattern.  

Observation 5
Single-symbol front-loaded DMRS pattern provides better throughput compared with the two-symbol pattern and the LTE-like pattern.  

Observation 6
For UE speed 30km/h, adding an additional DMRS instance will significantly increase the BLER performance of high-order MCS.  

Observation 7
With an additional DMRS instance, the throughput can be significantly improved while using ACK/Nack based link adaptation.

Observation 8
For UE speed 30km/h, the DMRS pattern with FDM4 at the symbol 3 and 10 provides better BLER and throughput performance, compared with the pattern with FDM4 at symbol 3 and 6.   

From the discussion we propose the following:

Proposal 1:

NR DL should support both single- and double-symbol front loaded DMRS pattern up to 8 layers to adapt various transmission scenarios.
Proposal 2: 
Single-symbol front-loaded DMRS should be considered for NR to support single-layer transmission.
Proposal 3:
An additional DMRS pattern located in the last 7-symbols of the transmission time should be supported for high Doppler cases.

4 
References

[1]
R1-1612325, “DMRS design principles,” Ericsson 

[2]
R1-1612341, “DMRS density configurations in the time domain,” Ericsson

[3]
R1-1612342, “DMRS placement configurations,” Ericsson
5 Appendix

5.1 Simulation Parameters: 
	Parameter
	Value

	Channel Model
	TDL-A

	Numerology
	30KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols

	Transmission mode
	FDD

	Number of UE
	1

	UE speed 
	3 km/h

	Delay spread
	10ns 

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled/Enable

	Antenna configuration
	16Tx, 8Rx

	Channel estimator
	DCT based practical LMMSE

	PRB bundled size
	4 PRBs


5.2 Simulation Parameters:
	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	3km/h

	Delay spread
	300ns 

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled/Enable

	Antenna configuration
	16Tx, 8Rx

	Channel estimator
	DCT based practical LMMSE

	PRB bundled size
	4 PRBs


5.3 Simulation Parameters: 

	Parameter
	Value

	Channel Model
	TDL-C

	Numerology
	15KHz

	Carrier frequency
	4GHz

	Transmission Slot Length
	14 symbols

	Transmission mode
	FDD

	Number of UE
	1

	UE speed
	30km/h

	Delay spread
	300ns 

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Disabled/Enable

	Antenna configuration
	16Tx, 8Rx

	Channel estimator
	DCT based practical LMMSE

	PRB bundled size
	4 PRBs


Agreements:


For the design of front-loaded DMRS, Alt. 1 is agreed as a working assumption.


Alt. 1: Front-loaded DMRS is mapped over 1 or 2 adjacent OFDM symbols.


FFS: Further down-selection between 1 and 2, if necessary


Companies are encouraged to propose further details


Companies are encouraged to provide comparison between Alt. 1 and Alt. 2.


Alt. 2: Design in R1-1700352 (Front-loaded DMRS is mapped over 3 or 4 adjacent OFDM symbols).


Additional DMRS can be configured for the later part of the slot.


FFS: Density reduction compared to front-loaded DMRS


DMRS configuration can be up to the max. number of DMRS ports.


Note: DMRS design should take into account channel estimation accuracy for low-to-high SINR scenario, throughput performance for SU and MU-MIMO, DMRS overhead, receiver complexity, receiver implementation, support of the use cases/features, UL/DL symmetry, etc.


FFS: Relative timing relationship between front-loaded DMRS and NR-PDSCH


Option 1: The first symbol of front-loaded DM-RS is fixed regardless of the first symbol of NR-PDSCH.


Option 2: The first symbol of front-loaded DM-RS is no later than the first symbol of NR-PDSCH.
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