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1. Introduction

In [1], study on scenarios and requirements for Next Generation Access Technologies has been made, and it is required to support wide range of services to be deployable on a single continuous block of spectrum in an efficient manner. In this contribution, we will provide some considerations on the design of frame structure for NR, so as to support the requirements of NR and provide sufficient flexibility and efficiency for the following design of NR.
2. Discussion on frame structure design for NR
2.1 Design principles on frame structure of NR

Regarding to the FS design of new radio, it is suggested to consider all the possible requirements and application use cases at the starting point, so as to optimize the design. In the following, four design principles are provided for further discussion.
· The frame structure of new radio is suggested to be able to serve multiple services flexibly.
To satisfy the diverse requirements of different services, i.e., eMBB, URLLC and mMTC, it is necessary to consider the multiplexing of different services on the same carrier. To achieve such purpose, two alternatives can be considered, which are: 
1) Serve different services using different numerologies on the same carrier with FDM manner, while minimizing the mutual interferences by advanced waveform schemes. In this way, the parameters of frame structure for different numerologies can be designed the same or different. One aspect needs to be considered is, for TDD, the interference between uplink and downlink needs to be minimized, when considering the multiplexing of different services with possible different numerologies and parameters of frame structure.
2) Serve different services on carrier with common numerology, while multiplexing the services with diverse requirement by smart design of multiplexing schemes, including both TDM manner and FDM manner. Accordingly, the frame structure needs to be carefully studied to be able to serve different services simultaneously. One example of multiplexing different services with TDM and FDM manners is shown in Fig. 1.
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Fig.1 Time and frequency multiplexing of different services
· The frame structure of NR is suggested to be designed common for application on both paired and unpaired, licensed and unlicensed spectrums.
The newly designed frame structure is suggested to be able to be flexibly applied on paired or unpaired spectrum, licensed and unlicensed spectrum. In addition, the frame structure design needs to be designed to satisfying the 5G requirement no matter operating on paired and unpaired spectrums. 
· The frame structure of new radio is recommended to be designed aiming at supporting dynamic TDD, i.e., with flexibility of dynamic DL and UL switching.
In order to flexibly support DL and UL traffic fluctuation, and to support various traffics with different performance requirement, the new frame structure is suggested to support flexible switching of DL and UL transmission. To apply such dynamic TDD in the practical network, one important aspect needs to be carefully studied is how to handle the interference between the DL and UL among neighboring cells.   
· The frame structure of new radio should consider high efficiency
The design of frame structure needs to allow efficient operation aiming for high efficiency. For example, the guard time or guard band is suggested be minimized while satisfying the requirements, when considering DL and UL switching. In addition, frame structure needs to be designed to support for efficient operation of technical enhancements to provide high efficiency, e.g., MIMO, advanced UL/DL interference cancelation/coordination, etc.  

Proposal 1: The new frame structure is suggested to be able to serve multiple services flexibly, to be designed common for application on both paired and unpaired, licensed and unlicensed spectrum, to support dynamic TDD, and support high efficiency operation.
2.2 Discussion on frame structure design for NR
In general, a smallest time unit for NR may need to be defined. The functionalities of such time unit may include but not limited to timing reference, accounting for the smallest time domain block for resource allocation and transmission/reception, etc. The length of the time unit requires to be carefully studied, and the value can be dependent on the requirements and the design principles. For example, the length of the time unit can be designed aiming for satisfying the requirement of URLLC requirement. 
Considering the different use cases and requirements, i.e., eMBB, mMTC and URLLC, the time unit can be indicated in semi-static or dynamical ways that whether it is a self-decodable block or not. For example, for the DL transmission of URLLC, the DL time unit may include both DL assignment, DL data and the corresponding RS for demodulation. By contrast, for the DL transmission of eMBB, the DL time unit may only be a time-domain block purely for data transmission without the corresponding DL assignment, or even no RS for demodulation.    
Proposal 2: It is suggested to define a smallest time unit for NR, so as to help for at least the timing reference, the resource allocation and transmission/reception, etc. The defined time unit can be indicated in semi-static or dynamical ways that whether it is a self-decodable block or not.
Regarding to the subframe types, it may helpful to introduce three subframe types, which are DL subframe type, UL subframe type and bi-directional subframe type. Regarding to the bi-directional subframe type, the ratio between DL and UL, and the overhead of GP can be designed with flexibility to apply for different scenarios, and to cater for different use cases and requirements. In addition, it is suggested to keep as many commonalities as possible for operating these subframe types on paired and unpaired spectrums, and licensed and unlicensed spectrums. For different use cases, the flexible combination of the three subframe types can be considered.
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Fig.2 Illustration of different subframe types
Proposal 3: It is suggested to introduce three subframe types for NR, which are DL subframe type, UL subframe type and bi-directional subframe type. It is preferred to keep as many commonalities as possible for operating these subframe types on paired and unpaired spectrums, and licensed and unlicensed spectrums.
3. Conclusions
In this contribution, we give our consideration on the frame structure design, the following proposals are made:
Proposal 1: The new frame structure is suggested to be able to serve multiple services flexibly, to be designed common for application on both paired and unpaired, licensed and unlicensed spectrum, to support dynamic TDD, and support high efficiency operation.
Proposal 2: It is suggested to define a smallest time unit for NR, so as to help for at least the timing reference, the resource allocation and transmission/reception, etc. The defined time unit can be indicated in semi-static or dynamical ways that whether it is a self-decodable block or not.

Proposal 3: It is suggested to introduce three subframe types for NR, which are DL subframe type, UL subframe type and bi-directional subframe type. It is preferred to keep as many commonalities as possible for operating these subframe types on paired and unpaired spectrums, and licensed and unlicensed spectrums.
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