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1 Introduction

In the previous RAN1#85 meeting, there were agreements on the numerology and frame structure for new radio interface as follows [1][2]:
Agreements:

· For the numerology with 15 kHz and larger subcarrier spacing, 1 msec alignment is supported.
Agreements:

· Phase noise model for UE should be considered for the evaluation by default.

· Implementation cost, complexity and power consumption at the UE should be taken into account.

· The PN modelling in TRP is FFS.

· Realistic PN model should consider total oscillator PSD including the impact of reference clock, loop filter noise and VCO sub-components. (e.g. PLL-based model, multi-pole/zero model)

· Each company should provide the model and the parameters used for the evaluation.

· The oscillator PSD level increases by 20dB per decade of increase of the carrier frequency as a baseline to scale PSD level

· A different parameter set of phase noise model can be defined for specific target frequency.

· Companies are encouraged to provide link level evaluation result with the phase noise model. Following phase noise models are provided as examples which are captured in R1-165685 (in page 5 – 8) 

· UE model in R1-164041

· Proposed WF in R1-165005 

· Model A in R1-163984

· mmMAGIC high and low model

· Other phase noise model is not precluded.

· Companies should provide which phase noise model is applied for the evaluation.
This contribution discusses about different numerology and the provided phase noise models. And we show some evaluation results about the impact of different numerology and each phase noise model. 
2 Discussion
 In our companion contribution [3], our view on the minimum supported numerology set is provided. There are a lot of numerology candidates according to carrier frequency and usage scenarios. Multiplexing between URLLC and eMBB in a NR carrier is being considered. The required numerologies for URLLC can further clarify the scenarios/design of inband multiplexing between URLLC and eMBB. One consideration in URLLC design is to increase subcarrier spacing to reduce the transmission latency, and round-trip-time. To allow efficient multiplexing, it is being considered whether CP duration for URLLC numerology can be linearly scaled compared to CP of multiplexed eMBB numerology. To investigate whether linearly scaled NCP is sufficient or not, we evaluate 30 kHz and 60 kHz both NCP and ECP with different MCS assuming RANK = 1 for below 6 GHz.
2.1 Evaluation Results on Different Numerology
In evaluation, both 30 kHz and 60 kHz numerology are considered. In this subsection, we discuss about impact of different numerology according to channel delay spread and some MCS levels. In Table 1, the parameters for evaluation are illustrated. We assume LTE based frame structure. All simulation results in this subsection follow parameters in Table 1 unless otherwise stated.
Table 1. Parameters for evaluation of subcarrier spacing
	Parameter
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	30kHz, 60kHz

	Channel model
	TDL-C

	Channel delay spread
	100ns, 300ns, 1000ns

	CP configuration
	Normal CP, Extended CP

	Bandwidth for data transmission
	14.4MHz

	MCS level
	#16, #22, #26

	Antenna configuration
	4TX-2RX (Rank1)

	Channel estimation
	Perfect channel estimation


· Evaluation result on different subcarrier spacing
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(a) 100ns channe delay spread
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(b) 300ns channe delay spread
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(c) 1000ns channe delay spread
Figure 1. BLER performance according to subcarrier spacing
Figure 1 shows BLER performance according to subcarrier spacing. In this figure, we can observe the impact of ISI caused by channel delay spread. In case of 100ns channel delay, 30 kHz and 60 kHz numerology have almost same BLER performance. But ISI is caused when channel has large delay spread (e.g. >=300ns) and this ISI causes performance degradation especially in high MCS level. This ISI causes performance gap between different numerology. We can observe noticeable performance degradation of 60 kHz numerology in 1000ns channel delay spread. As a result, 60 kHz numerology can reduce latency comparing with 30kHz numerology but reliability can be degraded when channel has large delay spread.
Observation 1: 60kHz numerology is more sensitive to channel delay spread.

Proposal 1:  Appropriate numerology among 30kHz and 60kHz numerology can be selected according to channel delay spread, MCS level, latency requirement and multiplexing with different usage scenarios/numerologies.
· Evaluation result on different CP length
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(a) 30kHz subcarrier spacing
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(b) 60kHz subcarrier spacing
Figure 2. BLER performance according to CP length
Figure 2 shows BLER performance according to CP length. In this figure, we can observe BLER performance enhancement by extended CP with 60 kHz using high MCS. There is loss of throughput or code rate when extended CP is used because the effective number of OFDM symbols in the given frequency/time (or RB) resource decreases. But extended CP can endure more large channel delay spread. So, reliability can be enhanced by extended CP especially channel has large delay spread (e.g. >=1000ns). 
Observation 2: In large channel delay spread(e.g. >=1000ns), high reliability can be obtained when extended CP is used although use of extended CP causes loss of code rate.
When 60 kHz subcarrier spacing is chosen, for example, to meet low latency requirement, to enhance the reliability in large delay spread case and also in high code rate/high rank case, NR design should allow employing extended CP with 60 kHz for URLLC applications. 
Proposal 2: Extended CP is supported in NR design even for URLLC.
2.2 Evaluation Results on Phase Noise

2.2.1 Phase Noise Model

In the RAN1#85 meeting, some example models of phase noise were provided for evaluation of NR for above 6GHz [2]. There were four example phase noise models. Characteristic of each model is briefly described as follows. Model 1 and Model 3 were generated by PLL-based model. But the parameters that define each model are different. For example, loop bandwidth of Model 1 is 187 kHz and Model 2 is 30 kHz. Also, Model 3 was generated by multi-pole/zero model, and mmMagic model consists of high and low model. So, different evaluation results according to each phase noise model can be observed. Figure 3 and Figure 4 show the PSDs of the four example phase noise models and SIRs according to subcarrier spacing at 30GHz and 70GHz carrier frequency. In these figures, Model 4 means phase noise model of mmMagic.
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(a) Power spectral density of each phase noise model
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(b) SIR of each phase noise model
Figure 3. PSD and SIR @30GHz carrier frequency
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(a) Power spectral density of each phase noise model
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(b) SIR of each phase noise model
Figure 4. PSD and SIR @70GHz carrier frequency
PSDs of each model show different shape according to parameters and base model (e.g. PLL-based model, multi-pole/zero model). Also SIR performances show that each phase noise model has noticeable different performance. For example, maximum difference between SIR performances is 15.1 dB at 30 GHz carrier frequency and 15 kHz subcarrier spacing. And tendencies of each SIR performance according to subcarrier spacing are very different. For example, Model 1and Model 2 are generated from same base model (PLL-based model), but they show very different SIR performance according to subcarrier spacing because of different parameters. From Figure 3 and Figure 4, we can observe the followings:
Observation 3: In case of using same model such as PLL-based model, SIR performances of each model are different according to parameters that define each model.
Observation 4: The subcarrier spacing value that satisfies SIR requirement at each carrier frequency is different according to phase noise model.
2.2.2 Performance Evaluation 
We considered subcarrier spacing for the evaluation 15*2m kHz and applied phase noise impairment only at receiver. The detailed parameters for link-level simulations are illustrated in Table 2.
Table 2. Parameters for link-level simulations

	Parameter
	Value

	Carrier frequency
	30GHz, 70GHz

	Subcarrier spacing
	15kHz, 30kHz, 60kHz, 120kHz, 240kHz, 480kHz, 960kHz

	Channel model
	AWGN

	Antenna configuration
	SISO

	MCS level
	#26

	# of RBs for data transmission
	20RBs

	Channel estimation
	Ideal channel estimation

(include both channel coefficient and common phase error)


Figure 5 and Figure 6 show BLER performance according to subcarrier spacing at 30 GHz and 70 GHz carrier frequency.
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                                   (a) Model I                                                                    (b) Model II
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                                  (c) Model III                                                              (d) Model IV-Low
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(e) Model IV-High
Figure 5. BLER performance @30GHz carrier frequency
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(c) Model III                                                             (d) Model IV-Low
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(e) Model IV-High
Figure 6. BLER performance @70GHz carrier frequency
BLER performances show very different result according to phase noise model. Although large subcarrier spacing can help to enhance BLER performance, required subcarrier spacing is different according to phase noise model. For example, minimum subcarrier spacing that shows performance loss from phase noise lower than 1 dB based on 10% BLER at 70 GHz carrier frequency is 120 kHz, 480kHz and 60kHz for model 2, model 3 and model 4-low. But even 960 kHz subcarrier spacing is not enough for model 1 and model 4-high. From Figure 5 and Figure 6, we can observe the followings:

Observation 5: The tendency of BLER performance according to subcarrier spacing depends on phase noise model and each model gives different evaluation result.
Proposal 3: Phase noise model and parameters should be defined carefully in order to reflect realistic phase noise and obtain reasonable evaluation results on NR numerology.
3 Conclusion
In this contribution, we discussed about different numerology and the provided phase noise models. And some evaluation results about the impact of different numerology and each phase noise model were shown. The proposals and observations are as follows:
Observation 1: 60kHz numerology is more sensitive to channel delay spread.

Proposal 1:  Appropriate numerology among 30kHz and 60kHz numerology can be selected according to channel delay spread, MCS level, latency requirement and multiplexing with different usage scenarios/numerologies.
Observation 2: In large channel delay spread(e.g. >=1000ns), high reliability can be obtained when extended CP is used although use of extended CP causes loss of code rate.

Proposal 2: Extended CP is supported in NR design even for URLLC.
Observation 3: In case of using same model such as PLL-based model, SIR performances of each model are different according to parameters that define each model.

Observation 4: The subcarrier spacing value that satisfies SIR requirement at each carrier frequency is different according to phase noise model.
Observation 5: The tendency of BLER performance according to subcarrier spacing depends on phase noise model and each model gives different evaluation result.

Proposal 3: Phase noise model and parameters should be defined carefully in order to reflect realistic phase noise and obtain reasonable evaluation results on NR numerology.
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