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Introduction 
During RAN1#84b, a scalable numerology had been discussed for supporting diverse use cases and deployment scenarios for NR. There are two agreed way forwards on numerology: 
Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology)
· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length
· Alt.4: Subcarrier-spacing values 21.33 kHz
· Note: other alternatives are not precluded
· FFS: exact value of a particular value and possible values of N
· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85
· Companies are encouraged to provide detailed analysis and input the views in the following table.

Agreements:
· RAN1 will continue further study and conclude between following alternatives in the next meeting
- Alt. 1:
· The subcarrier spacing for the NR scalable numerology should scale as
· fsc = f0 * 2m
· where
· f0 is FFS
· m is an integer chosen from a set of possible values
- Alt. 2:
· The subcarrier spacing for the NR scalable numerology should scale as
· fsc = f0 * M
· where
· f0 is FFS
· M is an integer chosen from a set of possible positive values
· All companies are requested to analyze/evaluate following aspects
· Realistic phase noise
· How each alternative allows mixing different numerologies
· All companies are requested to propose exact values of 
· 
· f0, m, and M
In this contribution, we provide our numerology analysis and performance simulation results for further discussions on the scalable numerology for NR.
Discussions
During RAN1#84b, several issues related to the numerology base values and scaling methods were brought into discussions and it was called that further analysis with more details from companies for RAN1#85 numerology discussions and decision making [1]. 
Numerology Design
The following parameters of a scalable numerology need to be properly designed for supporting different use cases and deployment scenarios (as shown in Table 1).
Subcarrier Spacing
· Influence of Doppler Spread: for example, a subcarrier spacing in each deployment scenario may be chosen to be at least 20 times of the Doppler spread
· Influence of phase noise: as described in [3], the phase noise power increases with increasing carrier frequency, and therefore subcarrier spacing selection needs also consider phase noise with high frequency band. 
CP Length
· Delay spread: to mitigate ISI, the value of 10 times of delay spreading may be used as reference for deciding the total symbol length (symbol + CP). 
TTI Length 
· Various latency: if the number of symbols per TTI is kept the same, the TTI length may be scaled accordingly with scalable subcarrier spacing scaling to meet different latency requirements.

[bookmark: _Ref450944723]Table 1 Doppler and Delay Spreading for eMBB and URLL Use Cases
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Numerology Comparison 
In Table 2, we compare the scalable numerology designs with different base values and 2^n scaling method. 

[bookmark: _Ref450945224]Table 2 Numerology Comparison
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Performance results
In this section, we provide our initial BLER (Figure 1) and throughput (Figure 2) simulation results with the parameters listed in Table 3 for comparing performance of the 15kHz numerology and 17.5kHz numerology. As shown in the figures, the performances of different numerologies are very close to each other.

[bookmark: _Ref450947638]Table 3 Simulation Parameters
	Parameter
	Assumed values

	Bandwidth
	10 MHz

	FFT size 
	1024

	Numerology (NR)
	1:   (LTE 14 symbols, 15 KHz)
2:   (NR 16 symbols, 17.5 KHz)

	Cyclic prefix length (samples)
	1: [80 72 72 72 72 72 72 80 72 72 72 72 72 72]
2:[96 96 96 96 96 96 96 96 96 96 96 96 96 96 96 96]

	Sampling rate
	1: 15.36 MHz, 
2: 17.92 MHz

	Physical data channel
	PDSCH
Number of codewords: 1
Transmission layers: 1
Transport block sizes codeword:  14112 bits/TTI
Code rate codeword : 0.46102
Channel  coding: Turbo
Modulation order: 16QAM

	HARQ processor 
	8

	Number of downlink resource allocation
	1: 600 REs
2: 525 REs 

	Tx-Rx antenna configuration
	

	Channel model
	EPA5, ETU70, ETU300, TDL-A  Uma  Long-delay profile [TR38.900] with Doppler 70 Hz

	SNR (dB)
	[6 8 10 12] 

	Channel estimation method
	Ideal

	Noise estimation method
	Ideal

	Demodulation method
	MMSE (equivalent to MRC in  antenna setup) 
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[bookmark: _Ref450948027]Figure 1 BLER performance
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[bookmark: _Ref450948041]Figure 2 Throughput performance



Conclusion
In this contribution, we provide the analysis and performance simulation results and discuss some implementation pros and cons that may have an impact on the scalable numerology design for NR, and we have the following observations.
Observation 1: Generally 2^n scaling with low n values produces good numerology values.
Observation 2: Performance of f0 = 15KHz and f0 = 17.5KHz are very close.
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Use Case

Carrier 

Frequency

(GHz)

Speed

(km/h)

Doppler

(KHz)

20*Doplar

(KHz)

Cell

Delay 

Spreading

(us)

10* Delay 

Spread

 (us)

eMBB 

– Indoor Hotspots

70.00 3.00 0.19 3.89

Indoor office 

long delay

0.37

3.67

eMBB 

– Dense Urban

30.00 60.00 1.67 33.36 UMi long delay 2.94

29.36

eMBB 

- Rural

4.00 120.00 0.44 8.90

UMa Normal 

delay

3.52

35.16

eMBB 

– High Speed Train 

4.00 500.00 1.85 37.06

UMa Normal 

delay

3.52 35.16

URLL 

– Unmanned Aerial Vehicles 

4.00 200.00 0.74 14.83

UMa normal 

delay

3.52 35.16
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Bandwidth 

(MHz)

FFT Size

REs Used 

per 

Symbol

Subcarrier 

Spacing (KHz)

TTI 

Duration 

(ms)

Symbols 

per TTI

Sampling 

Rate 

(MHz)

Symbol 

Length 

(µs)

CP 

Length 

(µs)

CP/Symbol 

Ratio

REs Used 

per TTI

20 2048 1200 15.00 1.00 14 30.72 66.67 4.76 0.07 16800

20 1024 600 30.00 0.50 14 30.72 33.33 2.38 0.07 8400

20 512 300 60.00 0.25 14 30.72 16.67 1.19 0.07 4200

20 256 150 120.00 0.13 14 30.72 8.33 0.60 0.07 2100

20 2048 1050 17.50 1.00 16 35.84 57.14 5.36 0.09 16800

20 1024 525 35.00 0.50 16 35.84 28.57 2.68 0.09 8400

20 512 263 70.00 0.25 16 35.84 14.29 1.34 0.09 4200

20 256 131 140.00 0.13 16 35.84 7.14 0.67 0.09 2100

20 1800 1050 17.06 1.00 16 30.71 58.62 3.88 0.07 16800

20 900 525 34.12 0.50 16 30.71 29.31 1.94 0.07 8400

20 450 263 68.24 0.25 16 30.71 14.65 0.97 0.07 4200

20 225 131 136.48 0.13 16 30.71 7.33 0.49 0.07 2100

15KHz and 2^n 

scaling

17.5KHz and 2^n 

scaling

17.06 KHz and 

2^n scaling


