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Introduction
In the RAN1#85 meeting, the following working assumptions were made regarding the scaling of subcarrier spacing in NR [1]:
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
Among the various deployment scenarios, some basic evaluation assumptions to the high speed scenario for Option 2 (30GHz, Macro + relay nodes) were agreed at the RAN1#85 meeting [2][3][4]. The remaining details were also agreed during the email discussion “[85-14] Evaluation assumptions for high speed train scenario around 30GHz (macro+relay) for NR”.
In this contribution, we discuss possible numerology parameter sets suitable for the NR high speed scenario Option 2 (30GHz, Macro + relay nodes) and provide a link-level performance comparison among them.
Numerology candidates details
The following parameters in Table 1 were used in the numerology evaluation of the NR high speed scenario.
[bookmark: _Ref458781805]Table 1. Possible numerology parameter sets for the carrier frequency of 30 GHz
	
	Set 1
	Set 2
	Set 3
	Set 4

	Subcarrier spacing (kHz)
	15
	30
	60
	120

	System bandwidth (MHz)
	80
	80
	80
	80

	FFT size
	8192
	4096
	2048
	1024

	Sampling rate (MHz)
	122.88
	122.88
	122.88
	122.88

	Number of used subcarriers 
	4800
	2400
	1200
	600

	OFDM symbol length (us)
	66.67
	33.33
	16.67
	8.33

	CP length of the 1st symbol (us)
	6.05
	3.08
	1.54
	0.82

	CP length of the remaining symbols (us)
	4.66
	2.33
	1.16
	0.58

	Number of symbols per subframe
	14
	14
	14
	14

	Subframe length (ms)
	1
	0.5
	0.25
	0.125



Performance evaluation
Simulation parameters
The link-level simulation parameters are summarized in Table 2. For the phase noise model, PN model 3 for 30 GHz is used [5]. In the simulation, common phase errors are compensated as in [6].
[bookmark: _Ref458782256]Table 2. Link-level simulation parameters
	Parameter
	Value

	Carrier frequency
	30 GHz

	System bandwidth
	80 MHz

	Channel coding
	LTE Turbo

	MCS
	QPSK 1/2, 16QAM 2/3, 64QAM 3/4, 256QAM 3/4

	Number of layers
	1

	Control channel
	None

	Channel estimation
	Ideal

	Equalizer
	LMMSE

	Channel model
	TDL-D (DS = 10ns, K-factor = 13.3 dB)

	UE speed
	{100, 300, 500} km/h



Simulation results
The metric used for evaluating NR numerology is the spectrum efficiency as defined in [7]. The spectrum efficiency is plotted for different subcarrier spacing () and MCS combinations. Figure 1, Figure 2, and Figure 3 show the spectrum efficiency as a function of SNR, each of which assumes different train speeds: 100, 300, and 500 km/h, respectively. From the figures, we can see that the spectrum efficiency is more improved as the subcarrier spacing becomes larger and the train speed becomes slower. This is because larger subcarrier spacing is robust to the phase noise and high mobility. In addition, the employed TDL-D channel with 10ns delay scaling and 13.3dB K-factor has quite large coherence bandwidth so that smaller subcarrier spacing is not required. Note also that the higher modulation schemes such as 64QAM and 256QAM are more sensitive to the phase noise and high mobility. From the simulation results, we have the following observations and proposals.
Observation 1: In the high speed scenario with 30 GHz carrier frequency, large subcarrier spacing values such as 60 kHz and 120 kHz are advantageous in improving spectrum efficiency.
Observation 2: In the high speed scenario with 30 GHz carrier frequency, higher modulation schemes such as 64QAM and 256QAM are more sensitive to the phase noise and the train speed.

Proposal 1: In the NR numerology design, large subcarrier spacing values such as 60 kHz and 120 kHz should be considered for the support of the high mobility.
Proposal 2: In the NR numerology design, the use of higher modulation schemes such as 64QAM and 256QAM should be avoided when the subcarrier spacing is small, i.e., 15 kHz or 30 kHz.
[image: ]
[bookmark: _Ref458815965]Figure 1. Spectrum efficiency vs. SNR for different subcarrier spacing and MCSs (Speed: 100 km/h)
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[bookmark: _Ref458816821]Figure 2. Spectrum efficiency vs. SNR for different subcarrier spacing and MCSs (Speed: 300 km/h)
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[bookmark: _Ref458815989]Figure 3. Spectrum efficiency vs. SNR for different subcarrier spacing and MCSs (Speed: 500 km/h)
Conclusion
In this contribution, we provided possible NR numerology candidates which were based on the working assumption made during the RAN1#85 meeting, and compared their link-level performances through extensive simulations in high speed deployment scenario with carrier frequency of 30 GHz. We found the following observations.

Observation 1: In the high speed scenario with 30 GHz carrier frequency, large subcarrier spacing values such as 60 kHz and 120 kHz are advantageous in improving spectrum efficiency.
[bookmark: _GoBack]Observation 2: In the high speed scenario with 30 GHz carrier frequency, higher modulation schemes such as 64QAM and 256QAM are more sensitive to the phase noise and the train speed.

Proposal 1: In the NR numerology design, large subcarrier spacing values such as 60 kHz and 120 kHz should be considered for the support of the high mobility.
Proposal 2: In the NR numerology design, the use of higher modulation schemes such as 64QAM and 256QAM should be avoided when the subcarrier spacing is small, i.e., 15 kHz or 30 kHz.
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