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1. Introduction

At the 3GPP TSG RAN #70 meeting, the Study Item description on "Scenarios and Requirements for Next Generation Access Technologies" was approved [1]. The objective of the study item is to identify the typical deployment scenarios associated with attributes such as carrier frequency, inter-site distance, user density, maximum mobility speed, etc, and to develop requirements for next generation access technologies for the identified deployment scenarios taking into account, but not limited to, the ITU-R discussion on IMT-2020 requirements [2]. There are totally 10 deployment scenarios specified for next generation radio access in RAN #71 meeting in March 2016 [4], for eMBB, mMTC and URLLC. 19 KPIs including peak data rate, user plane latency, Cell/Transmission Point/TRP spectral efficiency, etc. together with their values or requirements are defined for next generation radio access. Besides, requirements for architecture and migration, supplementary-service related requirements, operational requirements and testing and conformance requirements are also given in the latest TR. 
At the 3GPP TSG RAN #71 meeting, the Study Item description on New Radio Access Technology was approved [3]. In this contribution, we present high-level design principles for new radio.
2. Design principles for new radio interface
The objective of "Scenarios and Requirements for Next Generation Access Technologies" SI is to identify the typical deployment scenarios and to develop requirements for next generation access technologies, so the contents in the related TR should be the basic principle for new radio interface design.
Proposal 1: The deployment scenarios and requirements in RAN SI "Scenarios and Requirements for Next Generation Access Technologies" should be the basic principle for new radio interface design.
It seems widely agreed that, while the normative work can be phased to initially specify support for only a subset of the identified use cases & requirements, the design of the new radio should be forward compatible so it can optimally support the remaining use cases & requirements that will be added in a later phase [5].
Proposal 2: Forward compatibility should be supported for Phase 1 (R15) design of new radio.
Since there are huge amount of use cases emerging or to emerge in future for next generation radio, it is very important and beneficial for operators to deploy one network to support all use scenarios and use cases. To implement this, it is critical to adopt one unified and flexible air interface framework to meet diverse requirements of all three usage scenarios (Enhanced Mobile Broadband, Ultra-reliable and low latency communications and Massive machine type communications). One unified framework of software defined air interface [6] is shown in Fig.1. For each (group of) deployment scenario, the air interface is configured based on a profile including multiple building blocks, e.g., frame structure, waveform, duplex mode, multiple access, MIMO, coding and modulation, and corresponding layer 2 and layer 3 signaling. Each AI (air interface) profile is tailored for specific service requirements and network/UE capabilities, while the coexistence of multiple AI profiles in one carrier needs to be well studied in RAN1.
In detail, each AI profile may include the following aspects:
· Frame structure: different DL and UL configurations and numerologies, variable subframe length to support different use cases.
· Waveform: Various waveforms including OFDM, f-OFDM (filter-based OFDM), UFMC (universal filter multiple carrier), FBMC(filer bank multiple carrier), GFDM(generalized frequency division multiplexing,), and OTFS (orthogonal time frequency spacing).etc [7].
· Multiple access schemes: various orthogonal schemes and non-orthogonal schemes, such as MUSA (multi-user shared access), NOMA (non-orthogonal multiple access), SCMA (sparse code multiple access), and PDMA (pattern division multiple access), etc [8]. 
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Duplex: TDD, FDD, flexible duplex, full duplex, etc. 
· MIMO: various single user and multiple user MIMO modes.
· Coding and Modulation: various coding and modulation schemes.
· Layer 2 and layer 3 signaling.
Proposal 3: A software defined air interface including multiple air interface profiles is required to meet diverse requirements of all three usage scenarios. The AI profile should be tailored for specific service requirements and network/UE capabilities.
Figure 1: Unified framework of software defined air interface
3. Suggestions on the AI in eMBB, mMTC, and uRLLC
For low frequency band (below 6GHz) eMBB, OFDM based waveform is suggested. Also, the frame structure needs to consider TDD/FDD convergence, with interference mitigation capability if using self-contained structure. For high mobility (500km/h UE velocity) scenario, optimized design of reference signals, numerology or waveform could be considered. For eMBB in frequency band above 6GHz, OFDM or Single carrier waveform are perferred, and new numerology is necessary due to larger bandwidth. Advanced coding & modulation scheme fitting for large transmission block needs to be investigated.
For eMBB, avoiding transmission of unnecessary reference signals or system information should be considered for new radio design. Also high and low frequency coordination is the essential element to improve the efficiency of new radio.
For mMTC, lower frequency band (e.g. below 1 GHz) should have high priority. Both in-band & out-of-band capability to support eMBB and mMTC are required. Frame structure with long symbol, and multiple access for uplink supporting massive access are also required. Low-complexity coding & modulation scheme is preferred to enable low-power and low-cost transmission.
For URLLC (preferably below 6GHz), both in-band & out-of-band capability to support eMBB and URLLC are required. Frame structure with short TTI and fast access scheme with grant-free scheduling could be considered.
4. Conclusions
In this contribution, we give some principles on new radio design.
Proposal 1: The deployment scenarios and requirements in RAN SI "Scenarios and Requirements for Next Generation Access Technologies" should be the basic principle for new radio interface design.
Proposal 2: Forward compatibility should be supported for Phase 1 (R15) design of new radio.
Proposal 3: A software defined air interface including multiple air interface profiles is required to meet diverse requirements of all three usage scenarios. The AI profile should be tailored for specific service requirements and network/UE capabilities.
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