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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 analyzes the frame structure design of 5G air interface to satisfy the usages and requirements in all deployment scenarios.  
NR Frame Structure Design Target
The design targets of NR frame structure are to optimize the radio resources in meeting all the performance and service requirements in the given deployment scenarios and to have the flexibility for the future applications.  The frame structure of the NR system consists of the physical channels and the reference signals. The physical channels contains the shared channel, the control channels/broadcast channel, and the random access channel.   The reference signals are used by the receiver for the initial acquisition, reference time tuning and identification of the transmitter identity, channel tracking, channel estimation, interference measurements, RRM measurements, and RLM measurements.   
In order to optimize the radio resource for all target applications, such as eMBB, mMTC, and URLLC, the radio resources should be flexibly partitioned for different applications in time and frequency with statistical multiplexing of varied types of traffic, such as MTC data, unicast, group communication, TV broadcast, and system information.  The statistical multiplexing of different type of traffic maximizes the resource utilization and minimizes the latency.   The NR frame structure design should avoid customizing the radio resource for a physical channel or an application.  For examples in LTE system design, the dedicated resource for PDCCH limits the flexibility of resource utilization.   The MBSFN subframes would not allow the multiplexing of MBMS traffic and unicast data traffic in a same subframe.  

Aspects in NR Frame Structure Design 

The NR system should support both FDD and TDD with same frame structure.  The NR frame structure should operate in licensed and unlicensed spectrum with same efficiency.  The new frame structure should be designed to be effective for UE-to-network access and UE-to-UE direct communication.  With the addition of UE-to-UE direct communication, the 5G new radio interface is moving away from traditional client and server network central control style frame structure design.   The access links, such as downlink, uplink, and sidelink, have a lot of functions with similarity.  The frame structures should be universal to all access links.   A universal frame structure design gives the flexibility of radio resource allocation and interference management when UE-to-network communication and UE-to-UE direct communication are in the same cluster.  
Proposal 1: The NR frame structure should be universal for FDD and TDD as well as all access links (DL/UL/SL)
The NR frame structure consists of resource grid in both time interval and frequency domain.  The NR frame structure is composed of resource with the basic units of OFDM symbol and subcarrier in time and frequency domain respectively.  The total resources in time and frequency domain are partitioned to a reference unit for the physical channel mapping and scheduled transmission.   The reference unit is the small unit for resource allocation.   
Frequency Resource Partition of NR Frame Structure
The frequency domain resource is allocated based on the system bandwidth.   The frequency domain resources are composed by the number of subcarriers.  Numbers of subcarriers are grouped as the smallest unit in frequency for resource allocation.   In RAN1#84bis, large component carrier system bandwidth and multiple numerologies would be supported for NR system as follows,
· Largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported
· Waveform is based on OFDM 
· Multiple numerologies are supported

Multiple numerologies of subcarrier spacing are supported in order to support wide range of component carrier bandwidth as discussed in [4].  Large subcarrier spacing is used mainly for large component carrier bandwidth.  In [4], the subcarrier spacing is paired with the system bandwidth with same scalability to simplify the implementation.   Thus, the number of subcarriers grouped as the basic unit for the resource allocation in frequency domain should be the same for all subcarrier spacing.   
Proposal 2;  The number of subcarriers grouped as the basic unit for the resource allocation in frequency domain should be the same for all subcarrier spacing.   
Time Interval of NR Frame Structure
The NR frame structure consists of the subframe type as the basic unit in the time interval for the counting and timing reference for the system access. The “mini-frame” is defined as the reference time interval of NR frame structure.   The properties of the mini-frame are as follows,  
· The mini-frame is the basic unit in time domain for the resource allocation and transmission.  
· The mini-frame is the resource grid for the mapping of the physical channel in the time domain.  
· The transport channel maps to one or multiple mini-frames resource grids in time, which is defined as the transmission time interval (TTI).  
· The mini-frame should be specified for DL, UL and SL.
· The design of mini-frame should strive to be common for operating in TDD and FDD mode


The length of mini-frame should be specified based on the following considerations,
· The length of mini-frame should be integer multiple of OFDM symbol with smallest subcarrier spacing and much shorter than 0.5 ms in length in order to meet the 0.5 ms end-to-end latency requirements of URLLC.
· The mini-frame length should be sub-multiple of 10 ms for the use of system frame counter (SFN).
· The length of mini-frame should be sub-multiple of 1 ms for adjacent channel interference management with LTE.   
· The length of mini-frame should support the scalability in the time interval.  The number of mini-frames should be able to scale with power of 2 for a TTI.  
· The time interval is not necessary to be scalable within 1 ms.  

The TTI in NR system 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 for URLCC, the TTI length should be extremely short (less than 0.1 ms) . Figure 1 is an illustration of the mini-frame and the time interval of NR system for TDD transmission.  The TTI length is variable and the DL and UL transmission interval are dynamically allocated.  The number of min-frame is scalable.   


[bookmark: _Ref450708901]Figure 1:Mini-frame and the time interval of NR frame structure

Proposal 2:  The TTI length should be variable and configured dynamically.   The length of TTI should range from one mini-frame to hundreds of mini-frames.  

NR Frame Structure with Self-Contained TTI
The NR frame structure would carry traffics, such as unicast, multi-cast, and broadcast, with different characteristics with higher target system performance requirement.    The physical layer control information is for fast access control, such as scheduling, HARQ feedback, and CSI feedback.   The access control information is traditionally carried by customized control channel with dedicated resource or shared by multiple users in 2G/3G/4G systems.  The drawbacks of the dedicated control channel are the inflexibility of the resource utilization and capacity limitation.    The configuration of control channels, such as PDCCH in LTE, would be semi-static.  The PDCCH resource could not be used by other physical channels.   The PDCCH capacity is also limited by the specification.   
Self-contained TTI is the physical channel carrying both data traffic and access control information.   The access control information is coupled with the data and considered as the header of the packet.  The access control information will only present when there is a data transmission.  The advantages of self-contained TTI are as follows,
· No dedicated resource reserved  
· No capacity limitation 
· Support control information for multiple users when the radio resource is to use by multiple users, such as MU-MIMO, Non-orthogonal multiple access.  
· Support opportunistic radio access by having access control and data in the same packet when there is an opportunity for transmission.  

Proposal 4: The NR frame structure should support self-contained TTI with control signalling

Figure 2: An example of DL self-contained TTI

5G New Radio Reference Signals Design
The NR frame structure includes the design of reference signals 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.   The considerations of reference signal design in the NR frame structure are as follows,
· Reference signal design for link adaptation enhancement- One of 5G system requirements is to improve the spectrum efficiency multi-fold over that of LTE-A    The reference signal is designed to allow more precise channel measurement and better estimate in channel quality estimation.  A better estimate of the channel state information will allow the system to allocate proper radio resource with accurate MCS.  The result will be less error packets and then thus reduce the radio resource used for retransmission.  

· Reference signals for interference source identification - Interference was modeled as the second order long term statistic in the LTE/LTE-A signal processing.  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 NR frame structure should be designed to support accurate short-term interference measurement and identification of interference sources.  Identification of interference sources would provide the interference management function to mitigate the inter-cell interference.   The reference signal design could also help to identify the interference caused by neighboring frequency bands by the same or different operators.  
 
· Reference signals design for Dynamic multi-antenna technologies –Reference signals design is critical for multi-antenna technologies.  Each antenna element needs to allocate dedicated reference signal resource for channel measurement and estimation for multi-antenna technologies.  The reference signals need to be designed effectively to support large number of antenna elements but with minimal RS overhead. 
.   
Proposal 5:  The reference signals design in the NR frame structure should consider enhancement of the channel measurements for link adaption, sophisticate interference estimation, identification of interference sources, identification of interference from neighboring bands belong to same or different operators, and multi-antenna technologies with large number of antenna elements.  
Conclusion
This paper provides the system analysis of 5G new radio frame structure design.   We have the following proposals for the physical channel and reference signal design for 5G  new radio frame structure,
· Proposal 1: The NR frame structure should be universal for FDD and TDD as well as all access links (DL/UL/SL)
· Proposal 2;  The number of subcarriers grouped as the basic unit for the resource allocation in frequency domain should be the same for all subcarrier spacing
· Proposal 3:  The TTI length of NR frame structure should be variable and configured dynamically.   The length of TTI should range from one mini-frame to hundreds of mini-frames.  
· Proposal 4: The NR frame structure should support self-contained TTI with control signaling
· Proposal 5:  The reference signals design in the NR frame structure should consider enhancement of the channel measurements for link adaption, sophisticate interference estimation, identification of interference sources, identification of interference from neighboring bands belong to same or different operators, and multi-antenna technologies with large number of antenna elements.  
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