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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#84b, two way forwards (WFs) on numerology have been agreed. One is to decide the parameters
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
Another is about the scaling of the subcarrier spacing.
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
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]This contribution analyzes the carrier spacing and the related parameters for numerology.
2 Subcarrier spacing
Firstly, the NR subframe structure should support various traffics and applications, higher frequency and lower frequency. Though it is assumed that dual connectivity between LTE and new radio is one potential mode of operation, it is possible that operators may have the requirement to deploy LTE and NR in adjacent spectrum or even in the same frequency band. Then the co-existence between LTE and NR should be taken into consideration. It would be desirable if the numerology is scalable or designed based on the same principle of LTE.
Equation (1) shows how the subcarrier spacing affects the data rate. If the CP is not scaled with subcarrier spacing, the increase of the spacing means less subcarrier and less the data rate. So the CP should be scaled with the subcarrier spacing. This means in the high frequency, CP length should be smaller and subcarrier spacing should be bigger. For low frequency, the CP length should be bigger and the subcarrier spacing should be smaller.
                         (1)
On the other hand, according to the evaluation result in [2], the phase noise increases when the carrier frequency is higher for the same subcarrier spacing. SNR degradation is about 2.5 dB in 60 GHz than that in 20 GHz for 15 KHz. Increasing the subcarrier spacing can reduce the phase noise. When the subcarrier spacing is increased from 15 KHz to 60 KHz, the required SNR is reduced about 1 dB. 
Another factor to consider when we discuss the subcarrier spacing is the user plane latency. For URLLC in [3], the target latency is 0.5 ms for both uplink and downlink. The average delay is modelled in [4],
UP latency = eNB processing (1.5 TTI) + frame alignment (0.5 TTI) + data transmission via air (1 TTI) + UE processing (1.5 TTI) + average retransmission delay (0.8 TTI) = total 5.3 TTIs
But with the introduction of self-contained frame structure, the HARQ can feedback from the receiver in the same subframe or the next subframe. So the UP latency can be reduced to 3 subframes. To meet the requirement of URLLC, the numerology design should support TTI length less than 0.16 ms. 
Table 1 shows the number of supporters for subcarrier spacing in the last meeting. It seems that 15, 60, 75 KHz have been considered by most of companies. Considering mixing different numerologies, we prefer 60 KHz. Table 2 gives the proposed parameters for Numerology. Set 4 is for URLLC for scenarios that requires longer CP length.
Table 1, Number of supporters for each subcarrier spacing
	
	15KHz
	30KHz
	60KHz
	75KHz
	120KHz
	150KHz
	240KHz
	300KHz
	375KHz

	Supporters
	11
	3
	11
	7
	2
	2
	2
	3
	1



Table 2, Proposals on subcarrier spacing
	　Proponent name
	NEC

	
	Set 1
	Set 2
	Set 3
	Set 4

	Subcarrier spacing (kHz)
	15
	60
	120
	120

	CC bandwidth (MHz)
	20
	80
	160
	160

	OFDM symbol length (usec)
	66.67
	16.67
	8.33
	8.33

	CP-length (usec)
	4.7
	1.175
	0.05875
	4.17

	No. of symbols/subframe
	14
	14
	14
	10

	subframe length (ms)
	1
	0.25
	0.125
	0.125

	Frame length (ms)
	10
	2.5
	1.25
	1.25

	Note
	
	
	
	



3 Scaling of subcarrier spacing
[bookmark: _GoBack]Firstly, we need to decide f0. We think 15 KHz is a good candidate considering we have so much experience in designing the LTE system. The system design is expected simpler than other subcarrier spacing for f0.
For scaling rule, considering the two alternatives, the difference is to scale it using 2m or M.  For Alt.1, the larger subcarrier spacing is even times of smaller ones. So it guarantees the mixing of different numerologies because the subframe boundary can be aligned. And m can be chosen from {0, 2, 3, 3}.
[bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK62]Proposal 1: Consider 15 KHz for f0
[bookmark: OLE_LINK72][bookmark: OLE_LINK73]Proposal 2: Consider Alt.1 as the scaling of subcarrier spacing and M is chosen from {0, 2, 3, 3}
4 Conclusion
In this contribution, we propose our view on subcarrier spacing in Table 2, and propose
Proposal 1: Consider 15 KHz for f0
Proposal 2: Consider Alt.1 as the scaling of subcarrier spacing and m is chosen from {0, 2, 3, 3}
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