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Introduction
[bookmark: _GoBack]In RAN #71, the SI RP-160671 on new radio (NR) systems has been approved, which aims to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, URLLC, and additional requirements defined during the RAN requirements study  [1]. 
In this contribution, we put forward some considerations on enabling radio technologies for 5G NR for RAN-1 discussion. Diverse requirements of eMBB, mMTC and URLLC defined in the draft of TR38.913 [2] and ITU-R M.2083-0 [3] are taken into account and a unified radio interface is preferred.

Enabling Technologies for eMBB
New numerologies for eMBB 
Current MBB numerology with 15 KHz subcarrier spacing is a solution optimized for transmission over ~2GHz carrier frequency with maximum 20 MHz carrier bandwidth and mobility up to 350 km/h. 
In eMBB, new frequency resources at higher frequencies with larger bandwidth will be key factors to boost data rate and capacity, and the supported mobility will be up to 500 km/h. For high-frequency and/or high-mobility cases, the performance gap between using the current MBB numerology and the optimal option would be large. Hence, new numerologies for eMBB needs to be studied, e.g., larger sub-carrier spacing and more bandwidth options [6]. 
Multiple numerologies for eMBB can coexist in one system. For adopting the best numerology option for specific scenario, adaptive configuration of numerologies can be enabled. 
Network MIMO and Massive MIMO
Network MIMO and Massive MIMO as MIMO enhancement in 5G will be two of key technologies to improve spectral efficiency.  
As the starting point of network MIMO in 5G new RAT, FeCoMP as a new SID approved by RAN #71 [4] is already on the way. In the future work of network MIMO, large-scale coordination or cooperation needs to be studied. 
For massive MIMO, since up to 256 and 32 antenna elements would be equipped at BS and UE respectively [5], computational complexity, hardware capability and reasonable cost need to be taken into account in future normative works. Adaptive analog beamforming and hybrid precoding for MU-MIMO are two promising technologies for massive MIMO, which may require new reference signals and reporting procedures for adapting phase shifters. 
Ultra dense networking
Cell size can be reduced to provide larger area traffic capacity in dense areas [3]. Ultra dense networking refers to the deployment scenario that the number of serving BSs is in the same or higher order of the number of served UEs. 
User centric network (UCN) would be a revolutionary concept to 3GPP to introduce for solving the mobility issue for UDN. It requires study on new access procedures, virtual cell, multi-connectivity, data-only transmission over specific carriers, etc. 
New channel coding schemes
Some new channel coding schemes, e.g., LDPC (Low-Density Parity-Check) code and polar code, have the advantages such as error-floor free, higher decoding efficiency and better performance in some cases over current 3GPP channel coding schemes including Turbo and TBCC. 
LDPC has been adopted in some standards, e.g., ESTI DVB-S2, IEEE 802.11n (WiFi)802.16e (Mobile WiMAX), as early as in 2005. The performance gain of LDPC over Turbo would be more significant in eMBB deployment scenarios. 
Polar code is a relatively new channel coding scheme which emerges from academic to industry recently.  
In order to improve the performance and efficiency of channel coding, the study on new channel coding schemes other than Turbo is needed. 
Non-orthogonal multiple access schemes
Non-orthogonal multiple access schemes can help a cellular system further improve spectral efficiency, latency and the number of simultaneous transmission links. 
So far, as a typical non-orthogonal multiple access scheme, MUST (Multi-User Superposition Transmission) has been studied and its benefit on cell throughput and user experienced data rate has been proved by performance evaluation results. 
Other than MUST, more sophisticated non-orthogonal multiple access schemes, such as SCMA (Sparse Code Multiple Access), PDMA (Pattern Division Multiple Access) and MUSA (Multi-User Shared Access), have been proposed, which may outperform MUST in some aspects. Performance evaluation for new non-orthogonal multiple access schemes in eMBB deployment scenarios are needed.
Transmission over non-conventional interfaces
With more unlicensed bands and new-type communications such as high data rate D2D via sidelink and wireless backhaul, transmission over non-conventional interfaces are to be studied. 

Enabling Technologies for massive MTC
New numerology for massive MTC
Considering the characteristics of MTC communications, there is need to design new numerologies specifically for massive MTC, wherein the subcarrier spacing is relatively small on the purpose of improving connection density, expanding coverage and improving energy efficiency. Multiple numerology and bandwidth options can be adopted for diverse MTC use cases and a flexible configuration mechanism needs to be studied.
New waveforms
For signaling overhead reduction, asynchronous uplink transmission may be applied to MTC transmission. In such case, sparse transmission for one MTC UE requires the bearing waveform to be robust to time/frequency offset to which OFDM is sensitive. 
New waveforms, e.g., F-OFDM and FBMC, have the advantages of low out-of-band interference and orthorgonality. It may be more suitable for asynchronous uplink transmission in MTC than OFDM. Systematic design with new waveforms for MTC needs to be studied and their performance needs to be evaluated [7]. 
Uplink non-orthogonal multiple access schemes
Non-orthogonal multiple access schemes aforementioned in eMBB enabling technologies could be studied specifically for MTC scenarios  as well because they may be able to enable grant-free small packet uplink transmission. 
Signaling overhead reduction 
Considering massive connections and low data-rate transmission, signaling overhead needs to be carefully treated in MTC transmissions. Some signaling overhead reduction technologies such as CSMA can be revisited. Service-aware cross-layer design, e.g. different signaling mechanisms for periodic and aperiodic application-layer data transmissions, can be studied. 

Enabling Technologies for URLLC
Mini frame
On the purpose of latency and mobility boosting, mini frame with ultra-short TTI, e.g. 0.1 ms, is to be studied.
Error-floor-free channel coding schemes
For URLLC, considering the requirement on ultra-high reliability with small packages, error-floor-free channel coding schemes need to be studied. 
Low MCS only transmission w/o HARQ 
The reliability requirement of URLLC can be realized by low-MCS-only transmission without HARQ. The systematic mechanism of such non-HARQ transmission can be studied. 

Unified radio interface for diverse use cases
From the above discussion, we see that for different deployment and service groups, it would be better to use different technology combinations and thus the enabling technologies for coexistence of multiple technology combinations is to be studied.  
Unified framework 
A unified framework is to be defined to enable flexible configuration which can be service orientated and configurable for traffic adaptation. 
New waveform with low OOB for service multiplexing
For OFDM systems, multiplexing of different numerologies corresponding to different services may cause serious out-of-band interference. New waveforms which can effectively suppress out-of-band interference need to be studied to enable numerology multiplexing. 
Flexible duplex
Flexible configuration of uplink and downlink over time and frequency resources can enable the system to be adaptive to different services. 
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