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1. Introduction

In [1], study on scenarios and requirements for Next Generation Access Technologies has been made, and the requirement of support for wide range of services to be deployable on a single continuous block of spectrum in an efficient manner bring some restrictions on numerology and frame structure parameters selection. In this contribution, we give our consideration on the numerology and frame structure design.
2. Discussion on flexible numerology design
Compared with 4G, wider range of services needs to be supported by the new radio in more diversified deployment scenarios, which requires the numerology of new radio be flexible enough to enable an efficient and powerful new communication system. As defined in [1], the deployment scenarios include indoor hotspot, dense urban, rural, urban macro, high speed, extreme rural for the provision of minimal services over long distances, extreme rural with extreme long range, high way scenario, and urban grid for connected car. In addition, different carrier frequencies with various bandwidths will be used in these scenarios, with different coverage and signal propagation features. 
For example, in the outdoor scenario, the delay spread will be very large in case of long coverage and rich scatters. In such scenario, the CP should be designed to be long enough to cover the multipath, in order to avoid the inter-symbol interference. By contrast, in the indoor scenario, the delay spreads will be smaller, since the cell range is limited, and environment are more closed. The CP could be shortened and the transmission will be more efficient. In the high frequency transmission, due to the large propagation loss and utilization of beam forming, the CP could be designed even smaller. In some extreme cases, cyclic prefix may not be needed. Nonetheless, it is not necessary to design numerologies with one-to-one mapping to all the 9 scenarios defined in [1], since some scenarios are of similar characteristics. 
Besides, to satisfy the target peak data rate of 20Gbps for downlink and 10Gbps for uplink of the new radio, more frequency resources are required, which can be in form of wider bandwidth for a carrier, and aggregation of multiple carriers with same or different bandwidth. Consider that the spectrum allocation in different regions may be different, and there is uncertainty for the newly allocated spectrum for new radio, numerology design with scalable bandwidth candidates is suggested for the new radio.
Considering the above mentioned aspects, it is proposed to categorize the deployment scenarios into several groups, with the number of groups being as small as possible, and design corresponding numerology for each group by considering different bandwidths and carrier frequencies. 
Proposal 1: The design of numerologies is suggested to be categorized into limited candidates, by considering the deployment scenarios groups, scalable bandwidths, and the low and high carrier frequencies. 
To support wide range of services with diversified service characteristics, the following performance requirements  are suggested to be considered in numerology design,
· Low latency of URLLC: For URLLC services, the target user plane latency is 0.5ms for both DL and UL, which inevitably requires a short TTI for fast scheduling and transmission of corresponding services.
· Large coverage of mMTC: For massive MTC services, such as metering services, etc., the coverage requirement is ~20dB higher than the normal coverage. In order to make the decoding more reliable, a longer OFDM symbol duration is desired.
· High mobility of eMBB high-speed scenario: Considering that the high-speed train is possible to run at the  speed up to 500km/h, which leads to quite high Doppler shift, a large subcarrier spacing design may be necessary to overcome inter-carrier interference.
Proposal 2: When design the detailed numerology parameters, the requirements of different and diverse usage scenarios are suggested to be considered. 
3. Discussion on frame structure design 
In this section, we will discuss on the design principles of the frame structure (FS) for new radio. 
Before going into the discussion of FS of new radio, the design of FS of LTE is briefly revisited. For the LTE in Rel-8, two FS structures are supported, which are: Type 1, applicable to FDD, and Type 2, applicable to TDD. FS type 1 is applicable to both full duplex and half duplex FDD, and FS type 2 is applicable to TDD, both the two FS are initially designed for operation on licensed carriers, with subframe length and TTI length as 1ms. With the evolution of LTE, the operation of LTE on unlicensed carriers is introduced in LAA WI in Rel-13, in which a new FS, i.e., FS Type 3 was introduced to satisfy the characteristic of LBT that required on unlicensed carriers. In addition, a new SI is under conducting in Rel-14, which aims to reduce the TTI length to support low-latency requirement.   
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 provide a more optimized design. In the following, three design principles are provided for further discussion.
· The frame structure of new radio is suggested to be able to serve multiple services flexibly.
For the cases that UEs scheduled in different network or frequency band, no attention need to be paid for services multiplexing. But, for the cases that UEs with different services scheduled in the same band and same network, flexible frame structure with variable numerologies is suggested to be considered and applied, so as to satisfy the requirements of different services simultaneously.
Specifically, different services may require different numerologies. How to support multiplexing of different numerologies in the same frame structure needs be analyzed. One example is shown in Fig. 2. For time domain multiplexing, schemes to guarantee latency performance of URLLC services is suggested to be designed. For frequency domain multiplexing, the interference of both uplink to downlink, and downlink to uplink when considering the multiplexing of different services needs to be addressed. 
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Fig.2 Time and frequency multiplexing of different services
· The frame structure of new radio can be designed to be duplex-agnostic, i.e., a common duplex can be considered as the starting point for a unified frame structure.
The newly designed frame structure is suggested to be flexibly applied on paired or unpaired spectrum, licensed and unlicensed spectrum. And the feedback latency, which is one drawback of TDD compared to FDD in LTE systems, is suggested to be optimized in the new frame structure when operating on unpaired spectrum.
· The frame structure of new radio is recommended to be designed aiming at supporting for flexible DL and UL transmission.
In order to support flexibly DL and UL traffic fluctuation, and to support various traffics with different performance requirement, the new FS is suggested to support flexible switching of DL and UL transmission. 
· The frame structure of new radio should consider high efficiency
Guard time or guard band are needed between downlink and uplink transmission switching of intra-TTI or inter-TTI. On the other hand, multiplexing of different numerologies may also require a separation between each other. As a basic requirement of new radio system, spectrum efficiency should be kept in mind, and a trade off between flexibility and efficiency is needed.
Proposal 3: The new frame structure is suggested to be able to serve multiple services flexibly, to be duplex-agnostic, efficient and support for flexible DL and UL transmission.
4. Conclusions
In this contribution, we give our consideration on the numerology and frame structure design, the following proposals are made:
Proposal 1: The design of numerologies is suggested to be categorized into limited candidates, by considering the deployment scenarios groups, scalable bandwidths, and the low and high carrier frequencies. 

Proposal 2: When design the detailed numerology parameters, the requirements of different and diverse usage scenarios are suggested to be considered. 

Proposal 3: The new frame structure is suggested to be able to serve multiple services flexibly, to be duplex-agnostic, efficient and support for flexible DL and UL transmission.
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