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1 Introduction
In the Study Item on Scenarios and Requirements for Next Generation Access Technologies, the following deployment scenarios have been (preliminarily) identified for the next generation radio access technology (NR) [1]:
· Indoor hotspot, Dense urban, Rural, Urban macro, High speed, Extreme rural, Highway .etc.
And for each deployment scenario, there are a number of targeted carrier frequencies, as well as a series of KPI including bandwidth, latency, mobility, coverage and others. 
In contrast to the “original” LTE technology, which focused on MBB, NR targets to address three usage scenarios: eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications), and the targeted carrier frequencies and KPIs of NR are rather diversified. Physical layer design will need to take this diversity into consideration from day one to meet the requirements of NR.
In this document we will try to address some design considerations of the numerology and frame structure of NR.
2 Discussion
2.1 Deployment Scenarios of NR and associated requirements
From the deployment scenarios we can see that there are a number of factors which will have (potential) impacts on the selection of numerology and design of frame structure(s).
Some key attributes of example scenarios [1] are listed in Table.1. Even they are noted as “for evaluation purpose”, they can still provide good hints for actual system design.
	Attributes\Scenarios
	Indoor hotspot
	Dense urban
	Rural
	Extreme rural with extreme Long Range

	Carrier frequency
	~30 GHz, ~70 GHz, ~4GHz
	~4GHz + ~ 30GHz (two layers)
	~ 700MHz or  ~ 4GHz (for ISD 1)

 ~ 700 MHz and ~ 2 GHz combined (for ISD 2)
	Below 3 GHz

	Aggregated bandwidth (DL+UL)
	Up to 1GHz: ~30 GHz, ~70 GHz;
Up to 200MHz: ~4GHz
	Up to 1GHz: ~30 GHz;

Up to 200MHz: ~4GHz
	Up to 20MHz: ~700MHz;
Up to 200MHz: ~4GHz
	[40] MHz

	Layout
	Single layer
	Two layers: macro+micro
	Single layer
	Single layer:

Isolated Macro cells

ad hoc / isolated

	ISD
	20m
	Macro layer: 200m

Micro layer: 3micro TRPs per macro TRP
	ISD 1: 1732m

ISD 2: 5000m
	Cell Range
[150]km to [400]km

	BS Tx and Rx antenna elements
	Up to 256 for all frequencies
	Up to 256 for all frequencies
	Up to 256: ~ 4GHz;

Up to 64: ~ 700 MHz
	N.A.

	UE Tx and Rx antenna elements
	Up to 32: ~30 GHz, ~70 GHz;
Up to 8: ~4GHz
	Up to 32: ~30 GHz;

Up to 8: ~4GHz
	Up to 8: ~4 GHz;

Up to 4: ~700 MHz
	N.A.


Table.1 Key attributes of example scenarios
From Table.1 it can be seen that carrier frequency ranges from as low as ~700MHz to as high as ~70GHz, which is an 100 times difference; also other key attributes vary strongly e.g. bandwidth, ISD/cell range and number of antenna elements. 
A number of KPIs for the three usage scenarios (eMBB, mMTC and URLLC) are listed in Table.2, some of which are yet to be defined.
	KPI\Usage Scenario
	eMBB
	mMTC
	URLLC

	Peak Spectral efficiency
	30bps/Hz for downlink and 15bps/Hz for uplink
	TBD
	TBD

	Control plane latency
	10ms

	User plane latency
	4ms for UL and DL
	TBD
	0.5ms for UL and DL

	Reliability
	1-10-5  within 1ms

	UE battery life
	TBD
	[15 years]
	TBD


Table.2 example KPIs for the three usage scenarios
From Table.2 it can also be seen that the performance requirements for different usage scenarios are (inherently) different. Although some KPIs requirements do not distinguish among the three usage scenarios, e.g. peak spectral efficiency and reliability, the applicability of these KPIs to these usage scenarios may need further discussion.
From the discussion above it can be observed that the scenarios and relevant KPIs for next generation radio access technology (NR) are quite diverse compared with traditional MBB systems.
Observation：NR radio access technologies need to support wide varieties of usage/deployment scenarios and relevant KPIs. 
2.2 Design considerations of numerology and frame structure for NR
Numerology and frame structure are two of the cornerstones of system design, and they are also highly correlated.  
Because of the wide-apart carrier frequencies and different radio propagation conditions of various deployment scenarios, the numerology may need to “adapt” to the scenarios to ensure proper working of the system and sufficiently high efficiency. Considering OFDM based waveform, numerology may include subcarrier spacing, cyclic prefix, sampling rate and other aspects.
Similarly,  the design of frame structure need to fulfill the KPI requirements e.g. latency and coverage. The frame structure should also be flexible enough to accommodate a wide variety of deployment scenarios by setting e.g. TTI, RB size and other parameters. 
Proposal 1: The numerology and frame structure for NR should provide sufficient flexibility to support a wide variety of deployment scenarios.

However, maintaining a reasonable implementation complexity, at all times, should always be considered as one of the design principles. Consider a handheld NR UE supporting carrier frequencies of ~4GHz, ~30GHz and ~70GHz simultaneously, the implementation complexity may become massive if there is little commonality considered for possible radio access technology design options supporting these carrier frequencies.
Proposal 2: Sufficient commonality among NR design options (if any) to reduce implementation complexity.
3 Conclusions
In this contribution, we show our views on numerology and frame structure design considerations for NR with the following observation and proposals:
Observation：NR radio access technologies need to support wide varieties of usage/deployment scenarios and relevant KPIs. 

Proposal 1: The numerology and frame structure for NR should provide sufficient flexibility to support a wide variety of deployment scenarios. .

Proposal 2: Sufficient commonality among NR design options (if any) to reduce implementation complexity.
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