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1 Introduction
In RAN#71, a new SI “Study on New Radio Access Technology” was approved [1]. The study aims to develop a new radio access technology to meet a broad range of use cases, requirements and deployment scenarios as defined in [2]. An overview of the new radio interface is provided in [3]. In this contribution, we discuss the frame structure design for the new radio interface.
2 Discussion
NR targets to support a broad range of use cases including enhanced mobile broadband (eMBB), massive machine-type-communications (M-MTC) and ultra reliable and low latency communications (URLLC). These applications have very different characteristics and performance requirements in terms of data rate, latency and reliability. Besides, NR aims to support these use cases in various deployment scenarios using a wide range of frequency band. 

To fulfill the diverse requirements under different deployment scenarios, the frame structure for NR needs to be flexible enough and preferably with scalability to simplify the system design. As discussed in [3], OFDM based waveforms are still good candidates for NR. In the following, we assume OFDM based waveform is used and discuss several aspects related to frame structure design including TTI length, basic subframe type and flexible frame structure for TDD.  
2.1 Multiple TTI lengths
As pointed out in [2], the user plane latency requirement for URLLC is 0.5ms, hence it is clear that TTI length with less than 1ms should be defined. A fast HARQ-ACK feedback can also be envisioned given the short transmission and potentially reduced processing time. Meanwhile NR also needs to support latency insensitive applications such as eMBB. In this case, it is more suitable to use longer TTIs to improve the spectrum efficiency. This can be realized by aggregating several consecutive short TTIs, i.e. longer TTIs are integer multiples of short TTIs. To ensure tight interworking between LTE and NR, it is also preferred that there are integer multiples of NR TTIs within 1ms. 
The problem of multiplexing UEs with different TTI lengths on the same carrier is similar to the discussion in the latency reduction SI for LTE, where FDM can be applied. UEs with different TTI lengths can be assigned to different frequency regions as shown in Figure 1. It is also possible to use different numerologies, i.e. subcarrier spacing and CP length, in different frequency regions which would require subband filtering techniques, e.g. filtered OFDM, in order to overcome the non-orthogonality between adjacent subcarriers. However, the necessity of supporting different numerologies on the same carrier should also be studied further.
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Figure 1: Multiplexing UEs with different TTI lengths on the same carrier: (left) same numerologies; different numerologies (right)
Proposal 1: Multiple TTI lengths with scalability should be supported in NR.
2.2 Subframe types 
NR should be designed to support different duplex schemes including both FDD and TDD. For FDD, the basic subframe types are unidirectional, either DL or UL. For TDD, there are three basic subframe types: DL subframe, UL subframe and special subframe. The special subframe contains a DL part (DwPTS), a Guard Period (GP) and an UL part (UpPTS). In LTE, the DwPTS is a shortened DL subframe which carries DL control signaling and possible PDSCH transmission. UpPTS spans up to 2 SC-FDMA symbols and can only used for SRS or short PRACH. 
In NR, the three subframe types will still exist but for TDD there may be a need to utilize the special subframe in a more flexible way. As one example, a self-contained subframe can be considered to support low latency applications. As shown in Figure 2, a fast ACK/NACK feedback can be reported within the same subframe. In addition to ACK/NACK, SRS transmission and CSI feedback can also be considered in UpPTS. Fast SRS and CSI feedback could provide better channel reciprocity and accurate channel quality measurement to improve DL beamforming and link adaptation in both DL and UL.
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Figure 2: Subframe types in TDD for NR
Proposal 2: For NR, the following subframe types are supported

· Special subframe containing DL(data and/or control), GP, and UL (data and/or control)

· DL only subframe 

· UL only subframe 
2.3 Flexible TDD frame structure
NR should support a flexible spectrum usage to efficiently support the dynamic traffic in all different kinds of deployment scenarios. For TDD, this implies the subframe should be dynamically allocated as DL or UL according to the instantaneously traffic demand (referred as dynamic TDD in LTE and hereafter). However, dynamic TDD may cause severe cross-link inference, i.e. eNB-to-eNB and UE-to-UE interference, which may not be proper for all the scenarios. 
For macro deployment, there is usually no need to change the TDD UL/DL configuration very dynamically since the traffic variation will not be large due to large number of UEs and also the eNB-to-eNB interference will be strong due to high output power. In this case the TDD subframe configuration can be semi-statically signaled, e.g. in MIB or SIB. In contrast, flexible TDD can be applicable for small cell deployment at high frequency band. The target deployment scenario for high frequency band is usually local coverage and typically the traffic variation will be very dynamic. With similar Tx power at both eNB and UE, the cross-link interference becomes similar to normal inter-cell interference. It is also possible to perform interference mitigation/cancellation if symmetric UL/DL waveform is adopted [3]. 
On a carrier enabled with dynamic TDD, there will be a need to keep a set of subframes fixed as DL subframes, preferably sparse in time. In these fixed DL subframes, a time-concentrated signal for the purpose of coarse/fine time/frequency sync and RRM measurements can be transmitted. The remaining subframe types can then dynamically be determined via either implicit or explicit signaling. 
Proposal 3: Dynamic TDD should be supported and how to signal the flexible TDD frame structure should be studied.
3 Conclusions
In this contribution, we discuss the frame structure design for the radio interface. The following proposals are provided
Proposal 1: Multiple TTI lengths with scalability should be supported in NR.
Proposal 2: For NR, the following subframe types are supported

· Special subframe containing DL(data and/or control), GP, and UL (data and/or control)

· DL only subframe 

· UL only subframe 
Proposal 3: Dynamic TDD should be supported and how to signal the flexible TDD frame structure should be studied.
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