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1 Introduction
In RAN#71, a new SI “Study on New Radio Access Technology” was approved [1]. The study aims to develop a new radio access technology to meet a broad range of use cases, requirements and deployment scenarios as defined in [2]. In this contribution, we provide an overview of general design aspects for the new radio interface. 
2 General discussion
LTE has been a great success to support IP based mobile broadband (MBB) services and it continues to evolve to further enhance the ever increasing traffic demand in data rate, coverage, latency and capacity. Meanwhile, a new radio (NR) access technology has been discussed targeting to support more use cases including enhanced MBB, massive machine-type-communications (M-MTC) and ultra reliable and low latency communications (URLLC). The pioneer study on scenarios and requirements to support these new use cases started in RAN and was summarized in [2]. In this contribution, we discuss several high level design principles for NR, including waveform, numerologies, frame structure, lean carrier design and forward compatibility, ultra-dense deployments and RAN functional split.
2.1 Waveform

Cyclic Prefix Orthogonal Frequency Division Multiplexing (CP-OFDM) was used as the basic modulation scheme in LTE for DL transmission while DFT-Spread OFDM was used for UL transmission. CP-OFDM provides high spectrum efficiency and has high tolerance against multipath propagation. DFT-S-OFDM has a desirable property of low PAPR which is essential for UE PA power efficiency. 
In general OFDM based waveforms such as CP-OFDM and DFT-S-OFDM are still good candidates for NR while some further enhancements can also be considered. For instance, CP-OFDM has high out-of-band (OOB) sidelobes, causing higher OOB emission. Large guard band is needed to suppress the OOB emission which consequently lowers spectrum efficiency. Filtering techniques combined with CP-OFDM can be considered on either per subcarrier basis, e.g. Filter-bank based multi-carrier (FBMC), or per subband basis, e.g. filtered OFDM (f-OFDM) or Universal Filtered Multi Carrier (UFMC). However, it should be noted that a comprehensive study and comparison between the candidates is needed taking into account other aspects such as implementation complexity, easy integration with MIMO techniques, etc. 
NR targets to support a wide frequency range up to 100 GHz. For frequency band above 6GHz, it is more suitable for indoor coverage and small cell deployment due to the propagation property at high frequency. Therefore, it is preferred that symmetric DL/UL waveforms can be considered. This will simplify the system design and implementation. It is also favorable considering the potential easy support of sidelink transmissions. In addition, a symmetric design provides the possibility of interference cancellation even for cross-link interference, which may become dominant in TDD if flexible spectrum usage is adopted.
Proposal 1: Consider common/symmetric DL/UL waveform design at least for above 6GHz.
2.2 Numerologies
The performance of OFDM based system is determined by certain key parameters including CP length and subcarrier spacing. In principle, the CP length shall cover the maximum length of the time dispersion. Considering that NR will support various deployment scenarios, it is straightforward that different CP lengths need to be defined similar as LTE. For subcarrier spacing, theoretically, it should be selected as small as possible to keep the CP overhead low but at the same time wide enough to provide sufficient robustness towards Doppler and phase noise. Since the effect of both Doppler and phase noise increase with carrier frequency, the required subcarrier bandwidth in an OFDM system increases with higher carrier frequency. 
In order to support the wide frequency range and diverse deployment scenarios, multiple numerologies including different subcarrier spacings and CP lengths should be supported. Moreover, it is preferred that these numerologies are scalable so that system design can be simplified. 
Proposal 2: Support multiple/scalable numerologies in NR to support frequency bands up to 100GHz.
2.3 Frame structure
The frame structure should be flexible enough to support the diverse requirements of different use cases in NR. For latency sensitive applications with small packet, short TTI can be adopted and preferably with fast HARQ-ACK feedback. For latency insensitive applications with large packet, several shorter TTIs can be aggregated together to constitute a longer TTI so that the spectrum efficiency is improved by reducing the overhead. Besides, it is also possible to use different numerologies on different frequency region in one carrier which would then require subband filtering techniques in order to overcome the non-orthogonality between adjacent carriers.
In addition, there is a need of flexible spectrum usage especially at high frequency band where the target scenario is local coverage and typically the traffic variation is very dynamic. In order to support this case, a flexible TDD subframe structure is preferred. 
More detailed discussions on frame structure can be found in the companion paper [3].
Proposal 3: Frame structure should flexibly support eMBB/mMTC/URLLC in the carrier.
2.4 Lean design and forward compatibility
Many LTE functionalities and implementations have been built based on the assumption that cell-specific reference signals are always transmitted.  In NR, it is preferred the always-on signals should be kept as minimum as possible, i.e. a lean design is preferred from the beginning. A lean design is important to achieve high transmission and power efficiency which is especially important for dense deployments with a large number of network nodes and highly variable traffic conditions. 
In detail, CRS should not be present in every subframe and across the entire system bandwidth. One could consider using one time-concentrated signal for the purpose of coarse/fine time/frequency sync and RRM measurements. The lean design may also be good for forward compatibility since the always-on signals are minimized and it would be easier to introduce advanced features by using “MBSFN-like” subframes.
Proposal 4: NR should keep the always-on signals as minimum as possible to achieve higher efficiency and better forward compatibility.
2.5 Ultra-dense deployment
NR is required to support a wide range of deployment scenarios and one important scenario is ultra-dense deployment, e.g. indoor hotspot and dense urban deployment. As described in [2], the indoor hotspot deployment scenario focuses on small coverage per site/TRP (transmission and reception point) and high user throughput or user density in buildings. The key characteristics of this deployment scenario are high capacity, high user density and consistent user experience indoor. The dense urban deployment scenario focuses on macro TRPs with or without micro TRPs and high user densities and traffic loads in city centers and dense urban areas. The key characteristics of this deployment scenario are high traffic loads, outdoor and outdoor-to-indoor coverage. 
In ultra-dense deployment scenario, high TRP density, high user density and high traffic load pose great challenges to system design including TRP association, coordinate/joint TRP transmission/reception and mobility management. In particular, TRP coordination becomes crucial to ensure better network efficiency and user experience. Hence studies should be emphasized focusing on inter-TRP interference management, resource coordination, joint scheduling, mobility management, etc.
Proposal 5: Ultra-dense deployments should be emphasized in the NR design and TRP coordination should be studied including inter-TRP interference management, resource coordination, joint scheduling, mobility management, etc.
2.6 RAN functional split and interface
One important objective in this SI is to study the radio interface protocol architecture and procedures and Radio Access Network architecture, interface protocols and procedures for NR. According to [1], the scope covers feasibility study of different options of splitting the architecture, with potential interface in between, including transport, configuration and other required functional interactions between different functional nodes. Besides, the basic structure and operation of realization of RAN Networks functions (NFs) should be studied and indentified. Based on the study it is possible to conclude to what extent it is feasible to standardize RAN NFs, the interfaces of RAN NFs and their interdependency.
Among all the function split options, some of the design options, e.g. split between MAC and PHY or split at PHY layer, will have direct impact on PHY layer design which should also be studied in RAN1 rather than in other working groups. It is clear that RAN1 should study this further and provide feedback to RAN2/3 if there is a need to standardize the interfaces. 
Proposal 6: Study RAN functional split and interface in different deployments and carrier frequencies considering RAN virtualization and its impact on PHY.
Proposal 7: Provide RAN1 feedback on the RAN functional split to RAN2/3.
3 Conclusions
In this contribution, we discuss some high level design aspects of new radio interface. The following proposals are provided:
Proposal 1: Consider common/symmetric DL/UL waveform design at least for above 6GHz.
Proposal 2: Support multiple/scalable numerologies in NR to support frequency bands up to 100GHz.
Proposal 3: Frame structure should flexibly support eMBB/mMTC/URLLC in the carrier.
Proposal 4: NR should keep the always-on signals as minimum as possible to achieve higher efficiency and better forward compatibility.
Proposal 5: Ultra-dense deployments should be emphasized in the NR design and TRP coordination should be studied including inter-TRP interference management, resource coordination, joint scheduling, mobility management, etc.
Proposal 6: Study RAN functional split and interface in different deployments and carrier frequencies considering RAN virtualization and its impact on PHY.
Proposal 7: Provide RAN1 feedback on the RAN functional split to RAN2/3.
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