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Introduction
In RAN#71, the study of NR system was approved [1].  The NR 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 discusses the aspects of NR system design by taking forward compatibility into consideration.  
System Design Consideration of Future Applications
The NR system design with forward compatibility in the consideration is to incorporate the envisioned future applications in the current system design.  Phase 1 of the NR system design focuses on the eMBB applications.  The features envisioned for later phase in the near future are the mMTC applications, URLLC applications, direct communications, and shared access communication.     In RAN1#84bis, the basic principle of forward compatibility in the NR system design was agreed as follows,

· Phase 1 and later phases of NR should be designed with the following principles to ensure forward compatibility and compatibility of different features:
· Strive for
· Maximizing the amount of time and freq. resources that can be flexibly utilized or that can be left blanked without causing backward compatibility issues in the future 
· Blank resources can be used for future use
· Minimizing transmission of always-on signals
· Confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time/freq. resource

The agreements in RAN1#84bis provide a high level guideline of flexible system design for the features and applications of later NR releases.  It is necessary to have detail analysis of the features in the later release in order to identify the system design aspects for the forward compatibility. 
Considerations of Massive MTC in NR System Design
The massive machine type communication (mMTC) in the NR system design targets to support huge number of devices deployed in a area.  Another requirement of mMTC is to have battery power last for 10-15 years.   The machine type communication has been implemented as the automotive recording devices, such as parking meters, utility meters, and connected car.  Going forward, it is envisioned to have more applications of machine type communication, such as internet of things (IoT), sensors network, automatic home control system, location tracking devices, wearable device, biomedical sensors, and electronic identification system.    The NR system design for mMTC needs to consider the cost of the device, device’s energy consumption, and the compensation of large attenuation but also the variable data rate, the accessibility and the reliability.    The NR design for mMTC should consider the following aspects for forward compatibility,
· Device cost control –  To minimize the MTC device cost, the top priority is to control the cost of RF circuits and the transceiver chains.  The cost of narrow band RF circuit is relatively lower than the cost of wideband RF circuit.  It is important the NR system support narrow band system bandwidth in standalone or embedded into a wideband carrier.  The other cost control is to minimize the number of transceivers.   Half duplex device with single transceiver chain has relatively low cost comparing to the full duplex devices.  The passive device with limited capability provides another dimension of cost reduction for MTC device.  Thus, the 5G air interface needs to support the operations of half duplex and passive device.

Proposal 1:  For forward compatibility of support low cost mMTC, the NR system needs to support the operations of narrowband carrier standalone or embedded in a wideband carrier, single transceiver chain and communication with passive devices.  

· Energy efficiency– The other requirement of  massive MTC device is the low energy consumptions with target battery life 10-15 years.   The energy saving features in LTE, such as long DRX, would not meet the battery life requirements.    

· Enhancement of device sleeping mode – Current device power saving feature is for the network to configure the device with the cycle of sleeping mode.   The device wakes up when there is data to transmit.  If no data to transmit, the device wakes up periodically and listens to the network for any paging or scheduling reception.     The configured length of sleeping cycle has the tradeoff between the amount of energy saving and latency.   If the length of sleeping cycle is long, the MTC device will have less energy consumption but high latency in communication.   The most energy efficiency mechanism for the MTC device is the on-demand wakeup by the network.  The device would stay in sleeping mode and will only wake up when the device has data to send or to receive without periodic wakeup.   The NR system design should support the capability of waking up the sleeping MTC devices and provides access channel on demand when the MTC devices have data to transmit.   


· Support passive device without battery  -  The passive device is a simple transponder, which receives the transmitted signals from one channel and re-transmit them through the other channel.   The transponder usually uses the energy of the received signal for the retransmission of the response signals without the power supply.  The passive device supports short range radio communication.  An example of the passive device is the RFIC type of electrical toll collection system (ETC) for collecting the toll of vehicles traveling on the toll road.  The ETC device on the vehicle receives the query signals from transmitter in the toll booth and retransmit the responses with the vehicle identification without any power supply in the passive device.  The 5G air interface needs to support the capability to transmit narrow band signals to the passive device and receives multiple responses from passive devices in different channels.   

Proposal 2: For forward compatibility of massive MTC power efficiency, the NR system should support on-demand wakeup for the sleeping device and communication with passive devices.  

URLLC Applications
The URLLC applications target to have communication with high reliability and low latency.  The physical layer requirement for high reliability communication is the BLER around 10-4 to 10-6.  The BLER of 10-6 at the physical layer is the performance target when no further error protection at higher layer, such as RLC retransmission, TCP retransmission, or application layer FEC.   The BLER of 10-4 at the physical layer requires higher layer error protection in order to have error-free reception.
The end-to-end latency requirement of URLLC applications is 0.5 ms.  The end-to-end 0.5 ms latency of URLLC applications leaves no room for retransmission of data at any protocol layers.    In order to achieve BLER of 10-4 -10-6 in physical layer and end-to-end latency of 0.5 ms, the channel coding scheme with extremely high coding gain should be supported without any HARQ operation.   
Proposal 3: The channel coding scheme with extremely high coding gain should be supported for URLLC applications. 
Direct Communications
The direct communication between devices or between vehicles would be supported in the later release of NR system.  The D2D and V2V direct communication is characterized by distributed resource allocation and control.  The frame structure design should consider sidelink frame structure.  The NR system design should target common design of control channels and reference signals in the frame structure for downlink, uplink and sidelink.  The control channel design should support both central and distributed resource allocation and coordination.  
Proposal 4: The NR system design should target common design of control channels and reference signals in the frame structure for downlink, uplink and sidelink.  The control channel design should support both central and distributed resource allocation and coordination.  
Operation on Dedicated and Shared Spectrum
The NR system should support the operation in dedicated spectrum (licensed spectrum) or shared spectrum (unlicensed or shared licensed spectrum).  It is expected the initial deployment of the NR system on the dedicated spectrum in phase 1.  The operation of the NR system on shared spectrum with assistance or standalone would be realized in later releases.  The opportunistic radio access is for the UE to have communication with the network based on the availability.  The opportunistic radio access is the access technology to improve the efficiency of the resource utilization and to operate in either dedicated or shared spectrum.    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 dedicated and shared spectrum.   
Proposal 5: The NR system should support opportunistic access for the operation on dedicated and shared spectrum.  

Conclusion
This paper analyzes the NR system design of supporting features and applications of later releases.  The envisioned future applications and features are the massive machine type communication applications, URLLC applications, direct communication, and operations in dedicated and shared spectrum.   We have the following proposals as the potential guideline of NR system design for forward compatibility,  
· Proposal 1:   For forward compatibility of support low cost mMTC, the NR system needs to support the operations of narrowband carrier standalone or embedded in a wideband carrier, single transceiver chain and communication with passive devices.  
· Proposal 2: For forward compatibility of massive MTC power efficiency, the NR system should support on-demand wakeup for the sleeping device and communication with passive devices.    
· Proposal 3:  The channel coding scheme with extremely high coding gain should be supported for URLLC applications. .  
· Proposal 4: The NR system design should target common design of control channels and reference signals in the frame structure for downlink, uplink and sidelink.  The control channel design should support both central and distributed resource allocation and coordination.  
· Proposal 5: The NR system should support opportunistic access for the operation on dedicated and shared spectrum.     
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