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1 Introduction
In RAN1#86bis, the followings were agreed with respect to the demodulation RS (DMRS) for new radio (NR) [1]:
· 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)

· 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
This contribution focuses on the study of variable/configurable DL RS pattern for demodulation and provides link level simulation (LLS) results to investigate the need for multiple DMRS patterns by considering the wide range of scenarios considered in NR. The other issues on DMRS are discussed in a companion contributions [2][3].
2 DMRS pattern design
For low latency support in NR, DMRS needs to be located at the beginning of the transmission slot as agreed in RAN1#85. In addition, the study of extended/additional RS structures for NR was agreed in RAN1#86 because the NR interface need to support operation with high mobility and in high frequency bands. For example, for high Doppler operation, DMRS transmission instances can be provided to UE in addition to the DMRS in the beginning of the transmission slot in order to compensate the channel variation during the remaining of the transmission slot. However, only with DMRS located at the beginning of the transmission slot, high Doppler can be supported if it is operate with larger subcarrier spacing (SCS) since time duration is scaled down by increasing the SCS. Therefore, we can consider both single DMRS pattern with larger SCS and additional DMRS pattern with larger time density for supporting high Doppler.
Observation 1: For high Doppler operation, following two alternatives can be considered for DMRS pattern design. 
· Alternative 1:Larger subcarrier spacing with single DMRS pattern
· Alternative 2: Additional DMRS pattern with larger time density 

In order to compare these two alternatives, we evaluate BLER performance in the mobility of 240km/h. Figure1 illustrates three PRB-based DMRS patterns where DMRS are mapped to the blue REs. DMRS pattern 1 offers only one DMRS contained OFDM symbol which is located at the beginning time of PRB. On the other hand, DMRS pattern 2 and 3 have two and four DMRS contained OFDM symbols which is located over the remaining time of PRB. DMRS pattern 1 is evaluated in SCS of 60kHz for Alternative 1 while DMRS pattern 1, 2 and 3 are evaluated in SCS of 15kHz for Alternative 2. More details on evaluation assumptions are given in Appendix.
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	(a) Alternative1: SCS=60kHz
	(b) Alternative2: SCS=15kHz


Figure 1 DMRS patterns with different application of subcarrier spacing
Figure 2 shows the BLER performance for Alternative 1 and 2. It can be observed that Alternative 2 provides more robust BLER performance than Alternative 1 when DMRS pattern 2 and 3 are applied. The performance degradation for Alternative 1 is due to large delay spread. As shown in Appendix, we have evaluated the performance in TDL-A channel model with delay scaling of 300ns. Note that the scaling parameters for TDL channel model can be up to 1000ns when very long delay spread is considered [4]. With delay scaling of 300ns, the maximum delay value of TDL-A model becomes about 2.9 μs which is larger than CP duration of Alternative 1 and this will create inter-symbol interference (ISI). On the other hand, this maximum delay value is within the CP duration of Alternative 2. For Alternative 2, DMRS pattern 3 achieves additional performance gain over DMRS pattern 2 because DMRS pattern 3 can provide more accurate time-domain channel estimation using more dense DMRS time density over DMRS pattern 2. However, DMRS pattern 1 shows severe performance degradation for Alternative 1 since it fails to compensate the channel variation during the remaining time of PRB. Therefore, the following observation and proposal can be drawn:
[image: image5.emf]0.01

0.10

1.00

0 1 2 3 4 5 6 7 8 9 101112131415161718

BLER

SNR [dB]

Alt1(P1, R=0.468, SCS=60kHz)

Alt2(P1, R=0.457, SCS=15kHz)

Alt2(P2, R=0.486, SCS=15kHz)

Alt2(P3, R=0.486, SCS=15kHz)


Figure 3 BLER performance for different alternatives on high Doppler support
Observation 2: Larger subcarrier spacing will have small CP duration and this has a problem for channel with long delay spread. 
Proposal 1: In addition to front-loaded DMRS structure, NR should support additional DMRS structures in order to support both high Doppler and large delay.
3 Conclusions
In conclusion, we have following observations and proposals:
Observation 1: For high Doppler operation, following two alternatives can be considered for DMRS pattern design. 

· Alternative 1:Larger subcarrier spacing with single DMRS pattern
· Alternative 2: Additional DMRS pattern with larger time density 
Observation 2: Larger subcarrier spacing will have small CP duration and this has a problem for channel with long delay spread. 
Proposal 1: In addition to front-loaded DMRS structure, NR should support additional DMRS structures in order to support both high Doppler and large delay.
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Appendix: LLS simulation assumptions
Table 1 Evaluation assumptions.

	Parameters
	Alternative 1
	Alternative 2

	Subcarrier spacing (SCS)
	60 kHz
	15 kHz

	Carrier frequency
	2 GHz
	2 GHz

	Bandwidth
	20 MHz
	20 MHz

	# of allocated RBs
	25
	100

	OFDM symbol duration
	16.67 μs
	66.67 μs

	CP duration
	1.30/1.17 μs
	5.2/4.7 μs

	Symbols per TTI
	14
	14

	TTI duration
	0.25 ms
	1 ms

	Size of control region
	2 OFDM symbol
	2 OFDM symbol

	Transmit mode
	SISO
	SISO

	Channel
	TDL-A with delay scaling of 300ns
	TDL-A with delay scaling of 300ns

	Mobility
	240 km/h
	240 km/h

	DMRS estimation
	Non-ideal
	Non-ideal

	Modulation
	QPSK
	QPSK

	Simulation length
	2500 ms
	10000 ms
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