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1. Introduction

IMT 2020 and beyond [1] is envisaged to expand and support various usage scenarios and applications/services for the near future society with fully mobile and connected. As the IMT 2020 and beyond includes three usage scenarios, namely eMBB, mMTC and URLLC and NR system in 3GPP also is expected to support these three usage scenarios. Based on the usage scenarios, corresponding KPIs, deployment scenarios and requirements are described in [2]. 
NR system should be designed to meet the KPIs e.g. ultra-low latency, high reliability, high spectral efficiency and etc., and requirement according to each usage scenarios defined in the TR[2] and we describe our high level views on design principles for new RAT system having the KPIs and requirements in mind. 

2. Design Principles
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Figure 1. Design Principles of NR system.
In this document, we describe our views on the high level design principles for new RAT design. Overall design principle is depicted in the Figure 1. As mentioned in [1], there are multiple use cases that new RAT design should consider. Extensive studies on all use cases targeting specification in Phase I may not be easily possible, thus, overall study should focus on use cases/issues which can be potentially specified in Phase I. Generally, we consider that the requirements of eMBB are relatively well understood. Furthermore, there are demands on early trials/deployments of eMBB by many operators. In this sense, it seems reasonable to give good priority on eMBB aspects while keeping the investigation on other use cases for single framework and forward compatibility. At the same time, we consider work on eV2X should not be deprioritized as there are also increasing demands on new applications of eV2X requiring challenging KPIs. 
It is expected that the new RAT will consider frequency ranges up to 100GHz[2] and it will cover very large range of frequencies from hundreds of megahertz up to 100GHz, where the characteristics of the frequency band is very different. Due to this different frequency characteristic, unified design over all frequencies to cover is quite challenging. Therefore, frequency-band specific design should be considered for NR system. First of all, numerology for NR should not be the same for all frequency band hence multiple set of scalable numerologies is required. We consider three of subcarrier spacing for NR, 30KHz, 75KHz and 300KHz. Large subcarrier spacing candidates, e.g.75KHz and 300KHz are appropriate for above 6GHz band. Details on the numerologies are enumerated in our companion document [3]. 
Initial access scheme should also be designed considering different frequency characteristics per band, namely below 6GHz and above 6GHz. Similar initial access scheme to LTE for below 6GHz band can be applicable while it seems not appropriate for above 6GHz band. In other words, it is expected that the cell coverage becomes quite smaller in the above 6GHz, especially in the so-called mmWave, due to mainly very short wave length, large propagation loss and more blockages. In order to cope with the poor cell coverage while utilizing large range of frequencies above 6GHz, hybrid of analogue and digital beamforming at the eNB side seems a natural choice, this affects transmission/reception scheme from the initial access. 
We think new RAT design should minimize always-on signalling, e.g. CRS-less. This will allow full flexibility of dynamic turn on/off of time/frequency resources and of multiplexing of different TTIs, subcarrier spacing and CP lengths to support various applications and provide forward compatibility. Furthermore, this will also reduce the unnecessarily inter-cell interference and energy consumption. Also, semi-statically configured signals should also be minimized and most of signals are preferably configured aperiodically. In other words, conventionally periodically configured signals/channels in LTE system such as CSI-RS, PUCCH with CSI reports, SRS and etc. should be configured aperiodically. Similarly, asynchronous HARQ is applied for both DL and UL, no PHICH is transmitted and UL retransmission is based on UL grant, consequently.  Due to this dynamic nature of HARQ operation, HARQ timing is also dynamic and it is also indicated via DL/UL grant.  
Basic frame structure for NR should support both FDM and TDM control/data multiplexing structure depending on the target value. Multiplexing method of control and data has been discussed in RAN1 with a long history: TDM of DL control and data is the conventional LTE frame structure but for the sake of the control channel protection from other cell interference, FDM of DL control and data is introduced. Recently, due to the latency requirement of URLLC usage scenario, decoding latency has been emphasized and now TDM seems promising method of data and control multiplexing. On the other hand, in designing of UL control in LTE system, the performance of UL control channel has been a key design factor in LTE: utilizing frequency diversity, meeting the coverage with FDM multiplexing with data and etc. Still, FDM of data and control may not easily meet the latency requirement. Therefore, at least for the latency critical use case/application/services TDM of data and control should be considered. At the same time, it should not be ignored that uplink UE transmission power is so limited that the uplink control transmission with very short symbol duration may not meet the coverage. In addition, other cell interference to DL control channel and interference randomization of DL control channel should also be considered. Details on the frame structure we have in mind are well described in our companion contribution [4].
Flexible resource utilization to provide the ability to adapt downlink and uplink resources dynamically is important for new RAT as mentioned by [2]. This requirement is important in both below and above 6GHz frequency cases, and particularly important for eMBB use cases. In TDD, dynamic adaption of ratio between downlink and uplink as mentioned in our companion contribution [4] could support flexible resource utilization. In FDD, similar mechanism is also necessary to adapt the ratio between downlink and uplink. Particularly, utilizing uplink spectrum to downlink transmission and downlink spectrum to uplink transmission should be considered in new RAT designs. At least in cases where the network has much higher transmission power compared to UEs and higher antenna heights and fixed deployments, it seems more natural to focus on the case of dynamic utilization of uplink spectrum for downlink transmission. Flexible resource utilization would benefit even further if the adaptation can be done in a UE-specific manner depending on UE’s traffic pattern or resource requirements in downlink and uplink. With recent developments in self-interference cancellation, it is our view that (semi-)full duplex capable eNBs would be feasible in a very near future. If the network can support full duplex capability, in TDD or FDD uplink spectrum, further flexible resource utilization by dynamic TDD operation which allows dynamic DL/UL configuration switching including UE-specific adaptation can be considered. Eventually, the full duplex capability can be also applicable to high-end UEs such as vehicles, which will allow simultaneous reception and transmission in the same frequency.

To enable flexible duplex, dynamic TDD and full duplex, the followings are key aspects to consider: (1) self-interference cancellation, (2) coexistence mechanisms including inter-cell interference handling, (3) UE-to-UE interference mitigation and measurement, and (4) feedback mechanisms and power control.

3. Conclusions

In this contribution, described our views on our views on the high level design principles for the new RAT system. Our views on NR system design are as follows: 

· Frequency-band specific design should be considered 
· Multiple set of numerologies to cover very wide range of frequencies should be supported

· Band-specific transmission scheme should be considered. 
· The new RAT system should be very flexible and dynamic 
· Always-on or periodic signaling/channel should be minimized 
· Flexible HARQ timing should be supported

· Flexible duplex should be enabled 
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