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Discussion
1
Introduction
An objective of the NR study item [1] is to identify and develop technology components needed for NR systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
In this contribution we consider demodulation reference signal (DMRS) design to support different numerologies. The following working assumptions and agreements were made in RAN1#85:
Working assumptions:
· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology

· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology

Agreements:
· At least the following is studied for NR in order to reduce decoding latency
· RS used to start to demodulate a data transmission is located at the beginning of the time interval to which the data and associated RS for demodulation is physically mapped
· Other additional RS design associated with data demodulation is not precluded
Table 1 below provides an exemplary set of numerologies as a function of carrier frequency for non-MTC services. The time domain parameters such as symbol length and CP length are scaled down (compared to LTE) by parameter N, whereas subcarrier spacing are scaled up by parameter N.

Table 1 Example numerologies as a function of carrier frequency.

	
	< 6 GHz
	6-40 GHz

	Subcarrier spacing [kHz]
	15
	30
	60
	60
	120
	240

	Cyclic prefix
 [us]
	4.8
	2.4
	1.2
	1.2
	0.6
	0.3


2. Discussion 
The complexity of channel estimation needs to be considered in DMRS design.   In order to minimize the complexity impact of multiple numerologies, the DMRS patterns should enable usage of the similar channel estimator at the UE independently from the selected numerology option.  Therefore, it is beneficial to aim at scalable numerology, where dimensions of the physical resource block (PRB) in terms of number of OFDM symbols and the number of subcarriers remain unchanged regardless of the selected numerology. This is required  to allow the same PRB based DMRS patterns. 

Observation #1: In order to minimize the complexity impact of multiple numerologies, the DMRS patterns should enable usage of the similar channel estimator at the UE independently from the selected numerology option.
Observation #2: in order to allow the same PRB based DMRS patterns, the size of one physical resource block (PRB) in the terms of number of resource elements need to be common for all numerologies.
Proposal #1:  Common PRB -based DMRS patterns are used for all numerologies. 
Figure 1 illustrates examples of the front-loaded pilot patterns for different subcarrier spacing.  The absolute time domain density of DMRS are scaled down and frequency domain scaled up by parameter N when the subcarrier spacing is scaled up by parameter N.  In this particular example 4 DMRS layers are assumed.  Higher number of layers can be supported by means of additional cover code in time or frequency.  The approximate values for supported Doppler- and delay spread as shown in Table 2. The calculation is based on Nyqvist sampling rate and 50% coherence bandwidth.  
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Figure 1 Examples of   the front loaded pilot patterns for different subcarrier spacing.  Different colors present different DMRS layers. 
One data allocation can consist of multiple resource units (PRB) in time. This allows to improve the accuracy of channel estimation by means of interpolation between consecutive DMRSs in time.  On the other hand, the DMRS overhead of consecutive resource units (PRB) in time can be reduced by including DMRS only for a subset of the resource units (PRB) in time.  For extended CP more dense DMRS in frequency needs to defined.
Table 2. Approximated Doppler and Delay spreads of scalable DMRS patterns

	Subcarrier spacing [kHz]
	15
	30
	60
	120
	240

	DMRS minimum  period [us]
	500
	250
	125
	   62,5
	31.25

	Max Doppler Spread [kHz]
	1
	2
	4
	8
	16

	Max  RMS delay Spread  [ns]
	1000
	500
	250
	120
	60


3
Conclusion
In this contribution we discussed about DMRS design to support different numerologies. Based on the discussion we make the following observations and a proposal: 
Observation #1: In order to minimize the complexity impact of multiple numerologies, the DMRS patterns should enable usage of the similar channel estimator at the UE independently from the selected numerology option.

Observation #2: in order to allow the same PRB based DMRS patterns, the size of one physical resource block (PRB) in the terms of number of resource elements need to be common for all numerologies.

Proposal #1:  Common PRB -based DMRS patterns are used for all numerologies. 
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� These are just approximate values. The other values may scale accordingly.





