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1 Introduction
RAN1 has made a first step for NR numerology at last Busan meeting. The relevant agreements are captured as following for reference. This contribution proposes the numerology sets for NR based on those agreements:
Agreements (RAN1#84bis):
	· Largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported
· Waveform is based on OFDM 
· Multiple numerologies are supported
· Additional functionality on top of OFDM such as DFT-S-OFDM, and/or variants of DFT-S-OFDM, and/or filtering/windowing, and/or OTFS is further considered
· Complementary non-OFDM based waveform is not precluded for some specific usecases (e.g., mMTC use case)
· …


Agreements (RAN1#84bis):
	· 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#84bis):
	· 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


Agreements (RAN1#84bis):
	· For the study of NR, RAN1 assumes that multiple (but not necessarily all) OFDM numerologies can apply to the same frequency range
· Note: RAN1 does not assume to apply very low value of subcarrier spacing to very high carrier frequency


2 Numerology sets for NR
1 
2 
Subcarrier spacing
Among the alternatives of subcarrier spacing value (15, 17.5, 17.06, 21.33 kHz), we support Alt.1, i.e., subcarrier spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology). Alt.1 is advantageous in terms of co-existence and/or interworking between LTE and NR. On the other hand, for subcarrier spacing scalability, Alt.2 (i.e., fsc = f0 * M) is preferred due to its flexibility. The detailed analyses can be found in the companion contributions [1][2], respectively.
Taking 15 kHz subcarrier spacing (LTE based numerology) as a baseline, the next question is what other values should be included for the scalable numerology. The answer would depend on use case, operating frequency band, deployment scenario, etc.
First, a subcarrier spacing wider than 15 kHz would be motivated to combat larger Doppler spread due to high speed UE. Further, short symbol duration from wider subcarrier spacing would be one way to achieve low latency requirement, i.e. via retaining the number of symbols within a shortened TTI. (Alternatively, the number of symbols can be reduced within a shortened TTI as being considered in LTE Rel-14 latency reduction.)
In view of Doppler aspect, according to the evaluation assumptions for high speed train (HST) scenario [3], the ratios of maximum Doppler frequency and subcarrier spacing become 12.35% and 6.17% for 15 kHz and 30 kHz subcarrier spacing, respectively (4 GHz carrier frequency and 500 km/h mobile speed). Note that the ratio is 8.93% in case of LTE HST scenario with LTE subcarrier spacing (15 kHz). In this regard, 30 kHz subcarrier spacing seems reasonable choice by keeping scalable numerology and without compromising performance.
Second, a subcarrier spacing much wider than 15 kHz would be required to support higher frequency band operation, e.g., to address the phase noise as well as Doppler spread which are severe in higher frequency band. The phase noise aspects are analyzed in [4] where 75 kHz subcarrier spacing is desirable for around 30 GHz frequency band. As the frequency ranges for NR are too broad (up to 100 GHz), it would be also desirable to divide and optimize specific frequency range, e.g., 4 GHz, 30 GHz and 70 GHz.
Third, a subcarrier spacing narrower than 15 kHz may be required to support mMTC for massive connection and/or eMBMS with longer CP for larger ISD. The candidate subcarrier spacing value for mMTC would be 3.75 kHz which is already introduced for NB-IoT. For eMBMS, subcarrier spacing of 7.5 kHz  can be considered as well (and this option is already available in LTE L1 specification).
Proposal 1: Subcarrier spacing values for NR include 15 kHz, 30 kHz, and 75 kHz where f0 = 15 kHz and M = 1, 2, 5.
Component carrier bandwidth
For eMBB, higher data rates can be supported with a large amount of resource provisioning. In order to meet the target peak data rate, 20 Gbps for downlink and 10 Gbps for uplink, support for large enough bandwidth should be ensured. According to the RAN1#84bis agreement, the largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported. It is also possible to extend the bandwidth by carrier aggregation. Although higher frequency bands are more favourable in terms of spectrum availability than lower frequency bands, there still remains opportunity to have large spectrum allocations in lower frequency bands by means of spectrum re-farming and new spectrum allocation. Therefore, maximum component carrier bandwidth larger than 20 MHz needs to be considered and not limited to higher frequency band. Considering both scalability and spectrum availability, the candidate maximum component carrier bandwidth would include 40, 80, and 100 MHz.
Proposal 2: Consider maximum component carrier bandwidth of 40, 80, and 100 MHz for each numerology set. 
CP length
The CP length is scaled from that of 15 kHz subcarrier-spacing (i.e., LTE based numerology). Extend CP is also supported e.g., to enable MBSFN transmission from multiple cells. Each numerology set supports both normal CP and extended CP as in LTE in order to cope with various deployment scenarios, i.e. subcarrier spacing per numerology set remains unchanged regardless of normal CP or extended CP.
Proposal 3: Each numerology set supports both normal CP and extended CP as in LTE.
Subframe length
A low latency requirement is a key feature for URLLC - the target for user plane latency is 0.5 ms for uplink and 0.5 ms for downlink. For eMBB, the target for user plane latency is 4 ms for UL, and 4 ms for DL. These motivate introduction of a short TTI, i.e. less than 1 ms. With the understanding that subframe defines resource mapping of physical channel/signal, 1 ms subframe length for 15 kHz subcarrier spacing can be considered as in LTE. Then, the subframe length scales down with increasing scaling factor M while maintaining the number of symbols constant within the subframe. 
Proposal 4: The subframe length scales down with increasing scaling factor M while maintaining the number of symbols constant within the subframe.

[bookmark: _GoBack]Based on the above discussion, Table 1 summarises proposed numerology sets including both normal CP and extended CP. As said, narrower subcarrier spacing (<15 kHz) and wider subcarrier spacing (>75 kHz) can be additionally considered for specific use case and operating frequency band, e.g., 3.75 kHz (M=1/4) and 150 kHz (M=10).
Table 1: Proposed numerology sets (normal CP and extended CP)
	
	Set 1 (M=1)
	Set 2 (M=2)
	Set 3 (M=5)

	Subcarrier spacing (kHz)
	15 (=f0)
	30
	75

	Component carrier bandwidth (MHz)
	40
	80
	100

	OFDM symbol length (usec)
	66.67
	33.33
	13.33

	CP length (usec)
	4.69 (16.67*)
	2.34 (8.33*)
	0.94 (3.33*)

	No. of symbols/subframe
	14(12*)
	14(12*)
	14(12*)

	Subframe length (ms)
	1.0
	0.5
	0.2

	NOTE: CP overhead
	6.57% (20%*)
	6.57% (20%*)
	6.57% (20%*)


* extended CP
3 Conclusions
This contribution discussed the numerology for NR and proposed the following. The proposed numerology sets are provided in above Table 1:
Proposal 1: Subcarrier spacing values for NR include 15 kHz, 30 kHz, and 75 kHz where f0 = 15 kHz and M = 1, 2, 5.
Proposal 2: Consider maximum component carrier bandwidth of 40, 80, and 100 MHz for each numerology set.
Proposal 3: Each numerology set supports both normal CP and extended CP as in LTE.
Proposal 4: The subframe length scales down with increasing scaling factor M while maintaining the number of symbols constant within the subframe.
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