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1 Introduction
In RAN1#84b, the need for reference signal (RS) design together with design of numerology and frame structure was raised for new radio (NR) interface. NR interface would potentially operate with multiple numerologies in order to support different frequency bands, UE speeds, and/or different service requirements. The use of multiple numerologies implies that frame structure can be different for numerology sets and RS structure can be optimized for each numerology. In this contribution, we first observe required RS functionalities in NR and propose basic RS design principles for NR.
2 Required RS functionalities in NR
In the early stage of LTE (Rel.8), CRS had to perform various roles from initial access, time/frequency synchronization, CSI generation, to PDSCH decoding. Since RS should be designed to cover the worst case among possible operation scenarios, various usage of CRS induced “always on CRS with dense RE density”. Although CSI-RS and DMRS had been introduced for more accurate and efficient CSI generation/PDSCH decoding in the past releases, CRS has to keep its own properties, i.e. ‘always on’ and ‘dense RE density’ for backward compatibility. Therefore, RSs in LTE/LTE-A have overlapped functionalities and suffer from higher RS transmission overhead than required practically. In NR, however, strict backward compatibility with LTE is not an issue. As discussed in RAN1#84bis [1], 3GPP will focus on design of future proof RAT that can just ‘co-exist’ with LTE/LTE-A. Therefore, supporting all-purpose RSs such as CRS, which can cause large overhead and low design flexibility, can be relaxed in NR. 
Observation 1: In NR, RS design can be streamlined by reducing transmission overhead and overlapped functionalities of RSs in LTE/LTE-A.
On top of streamlining of legacy RS functionalities, additional functionalities to meet 5G KPIs in the extended operation scenarios also should be considered. For instance, RSs for NR might require new functionalities according to the higher carrier frequency. Since the path loss proportionally increase according to the carrier frequency, beamforming is essential for RS with purpose of access/synchronization as well as data transmission. Furthermore, phase noise seems not to be negligible under the high carrier frequency. More details on RS design for beamforming based access and phase noise estimation are provided by our companion contributions [2], [3]. High mobility and low latency KPIs are another important factors those might induce additional features for RSs in NR. Although numerology based approaches, e.g. wider subcarrier spacing, are natural ways to support high mobility and low latency KPIs, it is obvious that configurable subcarrier spacing cannot be a sole solution to support high mobility and/or low latency requirements for NR. For instance, if a UE with high mobility should be configured with large subcarrier spacing, then the eNB and UE might suffer from potential issues such as dynamic change of subcarrier spacing, co-existence of different numerologies, and so on. Therefore, RS design that can support both high mobility and low latency should be considered from the first stage of NR.
Proposal 1: In NR, RS should be able to cover following functionalities in addition to those of RS in LTE/LTE-A
· Beamforming based access

· Phase noise estimation
· Support of high mobility
· Support of low latency 

3 Basic RS design principles for NR
In this section, we provide LLS results on legacy RS design according to various operation scenarios in NR. Specifically, as an initial stage for RS design, current DMRS and CSI-RS structures in LTE/LTE-A are taken into account and those legacy RS structures are applied to various operation scenarios. Here, the various operation scenarios come from different carrier frequency, subcarrier spacing, and mobility support. Table 1 shows the operation scenarios and assumptions for evaluations. LTE like operation scenarios are considered in Case A where 2 GHz of carrier frequency and 15 kHz of subcarrier spacing are selected. On the other hand, different operation scenarios with current LTE system are considered in Case B where 28 GHz of carrier frequency and 75 kHz of subcarrier spacing are selected. In both Case A and B, high mobility evaluation up to 500 km/h is assumed. In this case, depending on the mobility, different 5G channel models [5] are applied with different scaling factor for corresponding carrier frequency. More details on evaluation assumptions are given in Appendix.
Table 1. Operation scenarios and evaluation assumptions

	Parameters
	Carrier frequency

(GHz)
	Subcarrier spacing (kHz)
	Mobility (km/h)
	Channel model [5]

	Case A-1
	2
	15
	3/15
	TDL-A with scaling factor 30ns

	Case A-2
	2
	15
	60/120/350/500
	TDL-C with scaling factor 300ns

	Case B-1
	28
	75
	3/15
	TDL-A with scaling factor 10ns

	Case B-2
	28
	75
	60/120
	TDL-C with scaling factor 30ns
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Figure 1. Throughput performance of legacy RS structure (for 3~15km/h, TDL-A)
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Figure 2. Throughput performance of legacy RS structure (for 60~500km/h, TDL-C)
Figure 1 and Figure 2 depict the throughput performances with legacy CSI-RS and DMRS RE patterns according to various UE mobility with TDL-A and TDL-C channel model, respectively. In Figure 1 and Figure 2, it can be observed that RS RE structures in LTE/LTE-A are still efficient for some NR operation scenarios but appear not so for the other cases. For instance, Figure 1shows that at a moderate level of UE mobility (e.g. 15km/h), severe performance degradation is observed at high carrier frequency (e.g. 28 GHz) when legacy RS RE structures are used. Also, it should be considered whether the throughput performances in Figure 2 are enough for NR or not. Therefore, the following observation and proposal can be drawn:
Observation 2: RS RE structures in LTE/LTE-A are not efficient to support high carrier frequency and high mobility for NR.
    Proposal 2: In NR, more than one CSI-RS/DMRS RE structures can be considered.
4 Conclusions
In this contribution, the RS design with NR frame structure was discussed and we made following observations and proposals:
Observation 1: In NR, RS design can be streamlined by reducing transmission overhead and overlapped functionalities of RSs in LTE/LTE-A.
Proposal 1: In NR, RS should be able to cover following functionalities in addition to those of RS in LTE/LTE-A

· Beamforming based access

· Phase noise estimation
· Support of high mobility
· Support of low latency 
Observation 2: RS RE structures in LTE/LTE-A are not efficient to support high carrier frequency and high mobility for NR.
    Proposal 2: In NR, more than one CSI-RS/DMRS RE structures can be considered.
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Appendix: LLS simulation assumptions
Table 2 Evaluation assumptions.

	Parameters
	Case A
	Case B

	Subcarrier spacing
	15 kHz
	75 kHz

	Carrier frequency
	2 GHz
	28 GHz

	Bandwidth
	20 MHz
	20 MHz

	# of allocated RBs
	100
	20

	OFDM symbol duration
	66.67 μs
	13.33 μs

	CP duration
	5.2/4.7 μs
	0.95 μs

	Symbols per TTI
	14
	14

	TTI duration
	1 ms
	0.2 ms

	Size of control region
	2 OFDM symbol
	2 OFDM symbol

	Transmit mode
	SISO
	SISO

	Channel
	TDL-A/C
	TDL-A/C

	DMRS estimation
	Non-ideal
	Non-ideal

	CSI-RS estimation
	Non-ideal
	Non-ideal

	Feedback
	Wideband CQI
	Wideband CQI

	Simulation length
	1000 ms
	200 ms


