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1 Introduction

New Radio Access Technology Study Item has been approved in the RAN #71 plenary meeting [1].  Main objectives of the study item are: (1) Target a single technical framework addressing all usage scenarios defined in TR38.913 including: Enhanced mobile broadband, Massive machine-type-communications and Ultra reliable and low latency communications, (2) The new RAT shall be inherently forward compatible.
A requirement for the new radio is the support for wide range of services, which means that “the system shall be inherently flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable on a single continuous block of spectrum in an efficient manner” [2, Section 10.2].
It is a challenge to design the new radio air interface to meet the diverse requirements together. In order to address the variety of requirements more efficiently, a unified air interface framework for the new radio has been proposed, for which flexibility is a key enabler [3]. The ability to flexibly configure the air interface components under a unified framework provides agility to adapt to diverse scenarios. This, in turn, will enhance spectral efficiency as the new radio air interface can be optimized for multiple diverse scenarios with minimal overhead using typical antenna configurations. In this contribution, the motivations and introduction of a flexible air interface for the new radio are discussed to address the above objectives. 
2 Motivations
A broad range of deployment scenarios are identified for the three families of usage scenarios (eMBB, mMTC and URLLC) [2]. The eMBB deployment scenarios include indoor hotspot, urban macro, dense urban, rural, extreme rural with long range and high speed coverage along track in high speed trains. Similar or additional deployment scenarios may be defined for mMTC and URLLC. 
The deployment scenarios and KPIs lead to a number of observations (Table 1):
Table 1: Diverse scenarios and requirements for the new radio.

	Observations
	KPIs & Characteristics

	Diverse services with diverse QoS requirements
	· User plane latency is as low as 0.5 ms for URLLC and 4 ms for eMBB [2, Section 7.5]

· Reliability should be 1-10-5 within 1 ms [2, Section 7.9]

	Diverse deployment scenarios
	· From indoor hotspot, dense urban to rural (with diverse channel models)

· From stationary device to mobility of up to 500km/h

	Diverse spectrum range
	· From sub-6GHz to 100GHz, also including unlicensed spectrum

· Channel characteristics and antenna dimensions can be very different across this range

	Diverse device capabilities
	· From low cost (e.g. mMTC devices) to high-end devices

	High spectral efficiency
	· Spectral efficiency improvement, in particular for sub-6GHz
· The spectral efficiency target should strive to be met with typical antenna configurations


3 Flexible Air Interface  
The flexible air interface consists of a number of components such as waveforms and multiple access schemes, frame structures and numerology, channel coding/modulation schemes, and transmission protocols as shown in Figure 1. 
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Figure 1: Components of a flexible air interface.

By contrast to defining interworking operation among multiple RATs individually optimized for different requirements, the flexible air interface design should be modular and adaptive such that it offers forward compatibility for future enhancements, supports new services/use cases (e.g. new vertical applications) and allows co-existence between the new radio and LTE (e.g. to support smooth migration from LTE to the new radio). Forward compatibility of the new radio will be “key to phase-in the different features in different releases in an optimal way” [4]. One way to accomplish forward compatibility [12] is to design physical layer functions such as signals, channel structures and signaling mechanisms to be confined within a time/frequency partition flexibly configured for a particular service/usage scenario as shown in Figure 2. On-going data communications for a service can occur within its partition. Potential sharing of some common physical layer functions among some services should be supported also.
Proposal 1: To ensure forward compatibility for the new radio, physical layer functionalities (such as signals, channels and signaling mechanisms) specific to a service/usage scenario should be confined within its flexibly-configured time/frequency partition. Sharing of some common physical layer functionalities among some services should be supported. UEs should be able to operate properly once a new service is added and occupies subcarriers (e.g. PRBs) within the UE’s system bandwidth. Therefore the new radio should not require the transmission of wideband signals and channels.
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Figure 2: Forward compatibility with a self-contained new radio interface design. 
The new radio air interface should define mechanisms to provide flexibility in the following:
Table 2: Flexibility required for the new radio interface.
	Air interface components
	Remarks

	Waveforms & multiple access (e.g. filtered OFDM, SCMA)
	· Flexibility to support waveforms to facilitate different numerology co-existence, diverse device capabilities (e.g. low cost) and spectrum range (e.g. mmW). Frequency localized OFDM-based waveform is proposed [6] to enable numerology co-existence on a single continuous block of spectrum with minimized or no guard band to enhance spectrum efficiency.
· Flexibility to support different multiple access mechanisms (orthogonal and non-orthogonal) to address diverse connectivity, latency, reliability and spectral efficiency requirements [7].

	Numerology & frame structure
	· Flexibility to support different OFDM numerologies (sub-carrier spacing, cyclic prefix length, TTI length) for wide-ranging spectrum bands, speeds, deployment scenarios and services [5].
· Flexible frame structure to support multiple numerologies, diverse latency requirements with flexible TTI length and HARQ timing, configurable duration and position of guard periods in TDD, duplexing flexibility in paired and unpaired frequency bands [8].

	Transmission protocols
	· Flexibility to support different transmission protocols for different traffic characteristics (e.g. packet size, arrival rate). Efficient transmission protocols for small packets and conventional scheduled transmission protocol can be configured based on scenarios [9].

	Channel coding/modulation schemes
	· Flexibility to support multiple channel coding schemes such as Polar Code (in addition or as alternatives to Turbo Code and Convolutional Code) for different packet sizes and reliability requirements [10].
· Flexibility to support multiple modulation schemes such as multi-dimensional modulation in addition to one-dimensional QAM for spectral efficiency enhancement and massive connectivity [11].


Proposal 2:  The new radio interface should be designed to support being configurable to meet the diverse requirements. This includes flexibility to configure waveforms and multiple access schemes, OFDM numerologies and frame structure, transmission protocols and channel coding/modulation schemes.

Proposal 3: The new radio interface should be designed to support the coexistence of different numerologies on a single continuous block of spectrum (with minimized or no guard band). Frequency localized OFDM-based waveform is one candidate technique to be studied.
4 Conclusion
To support a flexible and forward compatible new radio such that: “the system shall be inherently flexible enough to meet the connectivity requirements of a range of existing and future (as yet unknown) services to be deployable on a single continuous block of spectrum in an efficient manner”, the following are proposed:
Proposal 1: To ensure forward compatibility for the new radio, physical layer functionalities (such as signals, channels and signaling mechanisms) specific to a service/usage scenario should be confined within its flexibly-configured time/frequency partition. Sharing of some common physical layer functionalities among some services should be supported. UEs should be able to operate properly once a new service is added and occupies subcarriers (e.g. PRBs) within the UE’s system bandwidth. Therefore the new radio should not require the transmission of wideband signals and channels.
Proposal 2:  The new radio interface should be designed to support being configurable to meet the diverse requirements. This includes flexibility to configure waveforms and multiple access schemes, OFDM numerologies and frame structure, transmission protocols and channel coding/modulation schemes.
Proposal 3: The new radio interface should be designed to support the coexistence of different numerologies on a single continuous block of spectrum (with minimized or no guard band). Frequency localized OFDM-based waveform is one candidate technique to be studied.
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