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1. Introduction
In RAN#71, the study of 5G new radio interface was approved [1].  The new RAT will consider frequency ranges up to 100 GHz with the objective of a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2]  including
· Enhanced mobile broadband
· Massive machine-type-communications
· Ultra reliable and low latency communications 

Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)

The new RAT shall be inherently forward compatible
· It is assumed that the normative specification would occur in two phases:
· Phase I specification of the new RAT must be forward compatible (in terms of efficient co-cell/site/carrier operation) with Phase II specification and beyond, and backward compatibility to LTE is not required
· Phase II specification of the new RAT builds on the foundation of Phase I specification, and meets all the set requirements for the new RAT. 
· Smooth future evolution beyond Phase II needs to be ensured to support later advanced features and to enable support of service requirements identified later than Phase II specification.
This paper analyses the system design of 5G air interface to satisfy the usages and requirements in all deployment scenarios.  
2. The Physical Layer Design of 5G Air Interface  
The physical layer design of the air interface for 5G new radio access technology (RAT) needs to consider diverse carrier frequency from hundreds of MHz to 100 GHz and wide range of system bandwidth.  The 5G new radio interface should support TDD and  FDD  duplex modes.  The new radio access should operate in licensed and unlicensed bands with same efficiency.   The 5G new RAT would extend the dimension of multi-antenna technologies to optimize for carrier frequency with different scatter effects and propagation loss.   The 5G new radio interface should renovate from LTE air interface with prospective to consider in the following,
· Wide range of system bandwidth–  The 5G new radio interface should support wide range of system bandwidth ranged from 180 kHz to 160 MHz for applications, such as eMBB, mMTC, and URLLC, with different performance requirements of quality of service, access speed, mobility, coverage, and power saving.   The system bandwidth demanded for these three applications are different.  For eMBB, large system bandwidth allows higher peak data rate and efficiently multiplexing large number of users.   For mMTC, small system bandwidth would enable extended coverage with less power.   For standalone operation of different features in the 5G system, the system bandwidth could be extremely wide for eMBB or extremely narrow for mMTC feature.   Thus, the system bandwidth of 180 kHz, 1.4 MHz, 5 MHz, 10MHz, 20 MHz, 40 MHz, 80 MHz, 160 MHz would be adequate for all applications.

· Further enhancement of link adaptation– One of the design target of 5G system design is to improve the spectrum efficiency multi-fold over that of LTE-A   LTE/LTE-A had ultimately progressed in the signal processing and multi-antenna technologies for improving the system throughput and spectrum efficiency.   The advanced receivers in LTE/LTE-A had improved the received signal quality with adaptation to the fading radio channel.   However, the interference management scheme is only static and semi-static.  To further improve the spectrum efficiency, the link adaptation should be enhanced.  The 5G system should be designed not only to further enhance the adaptation of fast and slow fading channel and received signal processing but also the interference estimation.  Interference was modeled as the second order long term statistic in the LTE/LTE-A signal processing.  The received SINR would not be optimized without improving the accuracy of interference estimation.  Further enhancement in the accuracy of the interference estimation would enhance the link adaptation in adjusting to the combination of the fading channel and the short-term interference.  To improve the accuracy of the interference estimation for link adaptation enhancement,  the 5G air interface should be designed to support accurate short-term interference measurement and identification of interference sources.   

· Dynamic multi-antenna technologies – Multi-antenna technologies have evolved from SU-MIMO, MU-MIMO, CoMP to FD-MIMO to increase the system capacity.  Multi-antenna technologies were designed based on specific antenna pattern and spacing.   The evolution of the multi-antenna technologies is the enhancement of inter-antenna interference signal processing, such as precoding, beamforming, interference minimization through separation through precoding or super-positioned coding  for MU-MIMO, interference nulling, cancellation, and coordination, and coordination transmission/reception.  For further evolution of multi-antenna technologies in 5G, the air interface should be designed to adapt to different antenna pattern and spacing with dynamic and aggressive inter-antenna interference signal processing to further improve the system capacity.   

· Efficient support of large packets and small packets with extended coverage and power saving –   The 5G physical channel design needs to support efficient transport of large packets for high data rate and small packet for specific applications.   The design of the control channel, reference signals, and channel coding  needs to be efficient for small packets and effective for large packets.   In particular, the channel coding scheme should be selected based on performance optimization independently for small packets and large packets.   

· Minimized RS overhead – Reference signals are design for different functions, such as TRP search, TRP identification, reference time tuning, channel tracking, channel estimation, interference measurements, RRM measurements, and RLM measurements.  Some functions might require continuous measurements with long term average, such as RLM and RRM.  Some functions need periodic update, such as TRP search, and channel tracking.    To minimize the RS overhead, the RS should not be designed specifically for each function or functional group.   A set of RS should be designed with commonality in property and dynamic in configuration to satisfy the requirements of different functions.   

· Opportunistic radio access – The 5G radio interface should support opportunistic radio access to improve the efficiency of the resource utilization.    The opportunistic radio access has the advantage of transmission on demand and minimizing the interference to neighborhood by discontinuous transmission during inactive state.   The opportunistic radio access principle had been implemented in Rel-13 LAA based on LTE system design.    However, the constraints of LTE system do not provide the full efficiency of opportunistic radio access in the operation of both licensed and unlicensed bands.   

· Variable length of TTI with self content control information –  The TTI in 5G air interface should be flexible in length for different performance requirements, such as latency, coverage, and energy saving.    The target performance of mMTC is low energy consumption and extended coverage.  The air interface design for mMTC would have low power spectrum density for energy saving and long TTI for coverage extension.   To satisfy the latency requirements of 0.5 ms end-to-end delay and low block error rate for URLCC, the TTI length should be extremely short (less than 0.1 ms) and the power spectrum density should be high.   

· Support central and distributed network control – The wireless networks are centrally controlled by the operator in tradition.    With introduce of direct communication, such as D2D and V2V, the distributed network control mechanisms are launched.  Distributed network control would enable device to direct access the radio resource and communication with other device or network with preconfigured control algorithm.  When UEs are in proximity, direct communication with distributed resource allocation improves the resource utilization and the system performance by reducing the interference to the network.   

· Universal frame structure design for downlink, uplink and sidelink – The 5G air interface should consider both infrastructure access and direct communication modes in both dedicated and shared spectrum.  The radio access should also support frequency division duplex for a paired spectrum and time division duplex for an unpaired spectrum.   The DL/UL/SL access for infrastructure access or direct communication could be configured semi-statically or dynamically.   The semi-static and dynamic access configuration would provide flexibility of resource utilization for the access link on demand during the instance.  However, the flexibility of DL/UL/SL configuration in any instance implies the inter-TRP interference from neighboring area could be either the interference from neighboring TRP or UEs.   Thus, the commonality of frame structure and reference signal design would enable coordination in transmission and interference management among DL/UL/SL access.   

· New waveform for asynchronous multi-subcarrier reception – The OFDM waveform and multiple access schemes suffers performance degradation with asynchronous reception of multi-user signals.   The new waveform of 5G system should be robust to the asynchronous reception of multi-user signals and with minimal  inter-channel interference

· Efficient Broadcast and multicast – Rich broadcast and multicast applications, such as wireless TV service, multimedia advertising, and group communication are envisioned.   The 5G air interface should be designed with sophistication and flexibility in resource allocation and access control for efficient broadcast and multicast services.   

· Non-NR carrier embedded in the 5G NR carrier – The 5G technologies might be deployed in the legacy spectrums coexisting with legacy technologies, such as LTE, HSPA, or GSM, through re-farming part of the spectrum.   The re-farming of the spectrum also considers some leftover legacy devices in the field.  The reserved legacy spectrum for leftover legacy devices is difficult to manage.   In particular, the legacy spectrum could not be re-farmed even with a single legacy device in the field.   The 5G air interface should support a legacy carrier embedded in the 5G carrier.  The legacy carrier would be fraction of bandwidth embedded in the 5G carrier.  The bandwidth reserved for legacy carrier in the 5G carrier could be used by 5G radio access when the legacy carrier is detected to be in idle state.   
3. Conclusion
This paper provides the system analysis of 5G air interface design.   We have the following proposals as the potential guideline of 5G interface design 
· Wide range of system bandwidth
· Further enhancement of link adaptation
· Dynamic multi-antenna technologies
· Efficient support of large packets and small packets with extended coverage and power saving 
· Minimized RS overhead
· Opportunistic radio access
· Variable length of TTI with self content control information
· Support central and distributed network control
· Universal frame structure for downlink, uplink and sidelink air interface design
· New waveform for asynchronous multi-subcarrier reception
· Efficient Broadcast and multicast
· Non-NR carrier embedded in the 5G carrier
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