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1 Introduction

One of the design principles for NR is to guarantee low-latency data transmission. In order to facilitate early decoding of the physical data channel, 7-symbol transmission has been studied for demodulation reference signal (DMRS) in our paper, [1-3]. Based on the simulation result in [2] and [3], the followings are proposed for the DMRS design in the 7-symbol transmission slot:

· Early DMRS allocation in the transmission should be considered as the baseline in order to support early decoding.

· Additional DMRS instance needs to be allocated in the middle of the transmission for high speed/Doppler scenarios.

In this paper, we consider the DMRS design in the 14-symbol transmission, i.e., two transmission slots aggregation. Because the actual transmission duration is increased by a multiple of 2, the robustness of channel estimation to time varying channels will be different compared to our previous study for the 7-symbol transmission slot. Link level simulations result are presented as guidelines for DMRS pattern placement design in the considered slot aggregation scenario. 

2 DMRS placement study in transmission slots aggregation
2.1.1 DMRS pattern comparison with the same overhead

According to the agreement for DMRS design, the front loaded DMRS in the transmission should be the baseline in NR. According to the study in [3], in order to handle high Doppler, it is better to spread DMRS instances over the time domain for high speed scenarios. At the same time, to guarantee low latency of data decoding, the channel estimation performance will be compromised, because only the instantaneous and earlier reference signal information can be used for interpolation. 

Figure 1 illustrates two DMRS patterns with the same overhead, which will be evaluated in the paper. The baseline pattern consists of DMRS instances at the symbol 2 and 9. The spread pattern consists of DMRS instances at the symbol 2, 5, 9 and 12. Our evaluation will focus on the following two perspectives: 

1. The spread pattern certainly offers better characteristics to combat time varying channels. It is still a question that for which speed scenarios, the Doppler effect will degrade the baseline pattern’s performance visually from the system throughput such that switching to the spread pattern is necessary?

2. Considering early decoding requirement, if we restrict that the channel estimator can only use the current and the earlier reference signal information in the transmission slot, will the spread pattern still offer better performance?    



Figure 1: DMRS baseline and spread pattern in evaluation

2.1.1.1 Simulation Results

With sub-carrier spacing 30kHz and carrier frequency 2GHz, delay spreads 100ns and multiple UE speeds 60km/h and 120km/h are considered in the following simulation. Channel estimates interpolation between reference signal positions is enabled after receiving all reference symbols in a transmission slot. Therefore, we name it as “delayed estimation” because early decoding cannot be supported.  

Figure 2 shows the system throughput with 2 Tx/Rx antennas and link adaptation. For UE speed 60km/h, the considered patterns have on par performance. For UE speed 120km/h, the spread pattern offers 1dB gain compared with the baseline pattern in the high SNR regime. 

Observation 1 For high speed scenarios and latency tolerant use cases, spreading DMRS symbols over the time domain is preferred.
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Figure 2: Throughput comparison DMRS baseline pattern vs. spread pattern. Delayed channel estimation.

Figure 3 shows the performance comparison when early decoding is considered. The channel estimator can only use the current and previous reference symbols to offer an “early estimate”. It is shown that when UE speed is 120km/h, the spread DMRS pattern will also provide slightly better performance compared with the baseline pattern.  

                    [image: image3.emf]-5 0 5 10 15 20 25 30

SNR [dB]

0

10

20

30

40

50

60

70

80

90

T

h

r

o

u

g

h

p

u

t

 

[

M

b

i

t

s

/

s

]

TDLA; tx ports: 2; rx ports: 2; Used Ack/Nack based LA

Baseline DMRS ,early-est ,speed = 60km/h,

Baseline DMRS ,early-est ,speed = 120km/h,

Spread DMRS ,early-est ,speed = 60km/h,

Spread DMRS ,early-est ,speed = 120km/h,


Figure 3: Throughput comparison DMRS baseline pattern vs. spread pattern. Early channel estimation. 

Observation 2 For high speed scenarios and latency sensitive use cases, spreading DMRS symbols over the time domain is preferred.

Based on the above two evaluation results, we can propose the following: 

Proposal 1
In the 14-symbol transmission slot, spreading DMRS over time domain should be considered as the guideline for high speed/Doppler scenarios.


2.1.2 DMRS overhead reduction in slots aggregation

In this section, we study the possibility of DMRS overhead reduction for the 14-symbol transmission, in particular for latency tolerant scenarios. Based on our study in [2], for the 7-symbol transmission slot, it is shown that when the UE speed is higher than 60km/h, an additional DMRS instance should be introduced in order to better handle channel variation in the time domain. By an analogous design, for a 14-symbol transmission slot, there will be 4 DMRS instances in total to duplicate the design from 7-symbol scenario directly. However, when the transmission duration is longer, there exist a possibility to fully exploit the information of reference symbols. In particular, the correlation of multiple instances can be calculated more accurately in a longer transmission duration, in such a case, the DMRS overhead can be reduced. For example, considering latency tolerant scenarios, the DMRS pattern in the first 7 symbols can be used also for the channel estimation in the later 7 symbols to provide channel correlation information. It is clear that for static channels, reference signal density in the time domain can be reduced when aggregating slots, e.g., keeping one instance of DMRS would be sufficient for reliable estimates. In this section, we evaluate the following DMRS patterns in high speed scenarios: 



Figure 4: Regular and density-reduced DMRS pattern in evaluation

The density-reduced pattern clearly has a half of the time domain density compared to the regular pattern (from the proposed pattern for high Doppler scenarios in the 7-symbol transmission). 

2.1.2.1 Simulation results

With sub-carrier spacing 30kHz and carrier frequency 2GHz, delay spreads 100ns, multiple UE speeds 60km/h and 120km/h are considered in the following simulation. 

Figure 5 shows the system throughput with 2 Tx/Rx antennas and link adaptation. Channel estimates interpolation between reference signal positions is enabled after receiving all reference symbols in a transmission slot. Therefore, the evaluation in Figure 5 is focused on the latency tolerant applications.
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    Figure 5: Throughput evaluation: Regular pattern vs. Density-reduced pattern. Delayed channel estimation. 
Observation 3 For latency tolerant scenarios, reducing the DMRS pattern density in time (from the guideline pattern for the 7-symbol transmission slot) can bring throughput gain when the 14-symbol transmission slot is used.

Figure 6 shows the system throughput with 2 Tx/Rx antennas and link adaptation. Channel estimation is carrier out based on current and previous reference symbols in the transmission slot. Therefore, the evaluation in Figure 6 is focused on low latency applications. 
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Figure 6: Throughput evaluation: Regular pattern vs. Density-reduced pattern. Early channel estimation.

Observation 4 For low latency applications, reducing the DMRS pattern density in time (from the guideline pattern for the 7-symbol transmission slot) can bring throughput gain when the 14-symbol transmission slot is used.

Therefore, we propose the following: 

Proposal 2
DMRS density reduction in the time domain and the optimization should be considered in NR for transmission slots aggregations.


3 Conclusion

In this paper it is observed that for the 14-symbol transmission slot:

Observation 1: 
For high speed scenarios and latency tolerant use cases, spreading DMRS symbols over the time domain is preferred.

Observation 2:
For high speed scenarios and latency sensitive use cases, spreading DMRS symbols over the time domain is preferred.

Observation 3:
For latency tolerant scenarios, reducing the DMRS pattern density in time (from the guideline pattern for the 7-symbol transmission slot) can bring throughput gain when the 14-symbol transmission slot is used.
Observation 4:
For low latency applications, reducing the DMRS pattern density in time (from the guideline pattern for the 7-symbol transmission slot) can bring throughput gain when the 14-symbol transmission slot is used.

From the discussion we propose the following:

Proposal 1:

In the 14-symbol transmission slot, spreading DMRS over time domain should be considered as the guideline for high speed/Doppler scenarios.
Proposal 2: 
DMRS density reduction in the time domain and the optimization should be considered in NR for transmission slots aggregations.
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5 Appendix

5.1 Simulation Parameters: 
	Parameter
	Value

	Channel Model
	TDL-A

	Numerology
	30KHz

	Carrier frequency
	2GHz

	Transmission Slot Length
	14 symbols

	UE speed 
	60, 120 km/h

	Delay spread
	100ns 

	Allocated bandwidth
	8 PRBs

	Link Adaptation
	Enabled

	Antenna configuration
	2Tx, 2Rx

	Channel estimator
	Practical LMMSE


Agreements:


Study variable/configurable DL/UL RS pattern for demodulation 


For data channel and control channel


At least density can be configurable


FFS: other configurability


The applicable scenarios need to be studied


Study multi-set DL/UL RS for control and/or data demodulation 


The first set is front-loaded (i.e. loaded in the front of RB) 


Other set(s) can be configured for different purposes


Details FFS (e.g. higher frequency/time density, Rx beam detection, RSRP/CSI-reporting, phase noise compensation)





Agreements:


Study design of demodulation RS for broadcast channel, control channel and data channel


Separate vs. joint design


Study on design of demodulation RS for data channel 


Whether or not the same principle for UL and DL RS pattern design 


How to map DM RS in symbols of a slot


Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling








Spread Pattern





Baseline Pattern





Density-reduced DMRS Pattern





Regular DMRS Pattern
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