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1 Introduction

At the last RAN #71 plenary meeting a new study item was approved with the goal to establish the foundation for a new radio access technology for next generation mobile communications standards [4]. We have submitted contributions on waveform, multiple access, numerology, channel coding and frame structure design as well as antenna technology and forward compatibility for the new radio (NR) design in [5]
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[11]. In this contribution, we give a high level overview on some of these design aspects and present our high level view on some other aspects that have not yet been dedicated a separate agenda item at this meeting. 
2 Key new radio requirements and designs
Non-orthogonal grant-free multiple access for small data
Non-orthogonal grant-less access, mainly for uplink transmission, will be an important feature for the new RAT, considering that the new RAT would be designed from the beginning to allow optimization of each connection according to various service requirements. In the fifth generation of mobile technology (5G), the number of connected devices is expected to be much larger than the number of devices in the current LTE-A network, for example, up to 2500 connections/km2 for broadband access in dense areas and up to 200,000 connections/km2 for massive low-cost MTC [2]. Allowing simultaneous transmissions from multiple UEs on a common set of resources along with the use of advanced receiver technologies such as successive interference cancellation (SIC) can significantly improve the uplink system capacity [3]. 

In addition to the potential increase in system capacity, non-orthogonal multi-user multiplexing makes grant-less uplink transmission possible because of the absence of the need to orthogonalize transmissions. That is, UE can autonomously transmit data without an explicit scheduling grant from the network. The grant-less uplink access may provide a great advantage for a large number of small packet transmissions, as it can greatly reduce the control signaling overhead, and can potentially lower the access latency and allow more power efficient operation for low cost devices. Given that both licensed and unlicensed frequency bands are expected to be utilized flexibly, the grant-free uplink access can provide more transmission opportunity for uplink operation in the unlicensed bands. Note that support of asynchronous grant-free multiple access may require a new waveform robust to time and frequency offsets. At this point, the need to support the asynchronous multiple access seems to be unclear with very limited use cases (e.g. some URLLC services [1]). Hence, we propose that RAN1 starts to evaluate potential system level gains for simple spreading based synchronous non-orthogonal multi-user multiplexing schemes.

Finally, we propose that the new RAT incorporates a flexible multiple access framework built upon the baseline orthogonal multiple access (e.g. OFDMA), which can select and/or adjust a multiple access scheme depending on contexts of communications such as device type, application, buffer status, network condition, and/or deployment scenario, in order to easily accommodate new types of services and applications in the future.  
Special subframe type
In addition to an ever increasing demand for high peak and sustainable data rates, low end-to-end latency is a key requirement for the new radio access technology. Low end-to-end latency necessitates a frame structure design that supports Layer 1 latencies well below 1ms. Such a low latency design is enabled by fast HARQ ACK/NACK feedback which can be ensured through a special subframe design that enables downlink and uplink control in every subframe. In addition, each subframe contains a flexible data region in which either uplink or downlink data can be dynamically scheduled. Such flexible data duplexing allows for dynamic UL/DL switching for traffic adaptation beyond what is possible in LTE-A. Moreover, The possibility to have uplink control in every subframe allows the eNodeB scheduler to tailor the HARQ ACK/NACK feedback to a UE’s processing capability in addition to alleviating any complicated timing relationships for HARQ feedback as in LTE-A. Furthermore, in addition to maintaining a simple HARQ ACK/NACK timeline such a frame structure design allows the eNodeB scheduler to dynamically schedule downlink and uplink transmissions of data without restrictions. The new radio access technology thus has to provision powerful cross-link interference mitigation techniques right from the beginning rather than an afterthought.
Low-overhead system information acquisition
Low overhead reference signal designs have previously been proposed and studied for LTE-A, however, have only been standardized for SCell deployments. For the next generation radio access technology, the same design principles have to be carried forward to also include the common channels for paging, random access, and system information acquisition. In particular, new radio common channels should be provisioned with low overhead and support all new radio deployments and use cases such as dynamic TDD [10], flexible bandwidth for support of all carrier frequency regimes (low band, mid band, and high band), as well as the various use cases the new radio access technology is targeting such as mobile broadband, massive MTC and ultra-reliable low latency communications (URLLC) [10]. Especially the standalone operation of the new radio access technology in mmWave spectrum poses special challenges due to the propagation characteristics at such carrier frequencies which necessitate beamformed transmissions of common channels in a sweeping manner to guarantee sufficient coverage at all locations. To cater to the myriad of use cases, requirements and operating regimes of the new radio access technology, at least in some cases an “on demand” transmission of system information may be desirable to minimize the constant overhead of periodic system information transmissions to a bare minimum. This allows tailoring the transmission of system information to the particular use case, service, application, deployment or operating regime to guarantee utmost energy efficiency, spectral efficiency, and overhead reduction in a vast departure of the broadcasted system information in LTE.
Waveform
Cyclic prefix (CP) based OFDM adopted in LTE has been very efficient in supporting the mobile broadband services in terms of effectively dealing with multi-path fading with a simple single-tap equalizer and easy adoption of high order MIMO schemes. Considering that massive MIMO and beamforming is one of key technology components for the new RAT, CP-OFDM can be re-used for eMBB use cases. For the DL massive MTC scenario, a simple receiver is desired for extremely low cost connected objects, and transmit beamforming along with spatial multiplexing can increase the coverage and accommodate a higher number of UEs. Thus, OFDM may be a suitable solution for the DL massive MTC scenario. Similarly, OFDM is suitable for the DL URLLC scenario, as the simple transmitter and receiver structures would greatly reduce the processing time. In the new RAT, employing a common waveform in DL and UL is desired to avoid the need of additional receiver implementation for side-link communication, and to make it easier to cancel the side-link and/or dynamic TDD interference. Furthermore, the common UL and DL waveform would naturally support backhaul and access links convergence for a network relay or a UE relay. 
If support of asynchronous multiple access is desired, a potential new waveform whose performance is robust to time and frequency offsets may need to be introduced only to devices supporting relevant URLLC applications. For the UL massive MTC scenario, synchronous multiple access is feasible without frequent uplink synchronization procedures thanks to limited mobility of devices and potential long symbol and CP durations. However, some uplink URLLC scenarios such as mission critical communication may require asynchronous grant-free multiple access. Given that there are stringent requirements on allowed transmit/receive processing delay in URLLC applications, a waveform with simple modification on OFDM such as sub-band filtered OFDM may be further investigated for suitability on support of asynchronous multiple access.  

In frequency bands above 40 GHz, an energy efficient waveform with low PAPR property may be of great importance due to high analog-to-digital converter (ADC) power consumption and low power amplifier (PA) efficiency. DFT-spread OFDM based waveforms are good candidates considering trade-off between PAPR and spectral efficiency and FDM & UL power spectral density boosting capabilities, compared to a pure single-carrier transmission schemes [12]. Additionally, guard interval adaptation to channel delay spread instead of using a fixed CP length may be beneficial for overhead reduction. These aspects become more relevant with beamforming, as effective delay spread for beamformed channels may be affected by both propagation environments and transmit/receive beamforming architectures.
Coexistence of different numerology and structure
It is desirable for the new RAT to concurrently and flexibly support different types of services and applications such as intermittent small data communication for a massive number of low power, low cost devices, ultra-reliable low-latency services, and enhanced mobile broadband services in a given system bandwidth. Owing to the wide variety of applications and the wide range of operating frequency bands (spectrum up to 100GHz), fixed numerology like in LTE-A may not be the most efficient design option, but rather the new RAT may need to support multiple sets of numerology. Some examples when having different subcarrier spacings for different applications are given below:

•
High data rate: A subcarrier spacing of 75KHz may be considered to support very high data rates, with trade-offs among coverage, latency, and robustness to Doppler spread, etc. compared to 15KHz subcarrier spacing of LTE-A 

•
Machine-type Communication (MTC) or Internet of Things (IoT): Using a small subcarrier spacing (for e.g., 1.5 kHz) would suit such applications because the long symbol duration would simplify or eliminate uplink synchronization procedure, i.e. no need for timing advance, and provide coverage extension.

•
Low latency communications: A subcarrier spacing of 75 kHz with 0.2 ms TTI can satisfy newer and stringent latency requirements.

•
Support of high frequencies: For high frequency bands e.g. above 40 GHz, much higher subcarrier spacing than 75 kHz (e.g., 375 kHz) can be considered to make the system robust to higher phase noise power (which increases with increasing carrier frequency).

The different sets of numerology can be multiplexed with time-division multiplexing (TDM), frequency-division multiplexing (FDM), spatial multiplexing and/or other orthogonal/non-orthogonal multiplexing. Depending on deployment scenarios and network conditions, the network may flexibly configure resources for different numerology sets and inform UE of the configuration, or UE may blindly detect transmissions of a certain numerology set. For better coexistence of different TTIs, frame structure design may consider subframe and frame boundary alignment among different TTIs, e.g. one TTI is an integer multiple of another TTI.
Channel coding

New channel coding schemes (e.g. LDPC or Polar codes) can be considered for the new radio interface and key factors to consider include efficient support of very high data rate implementations with reasonable implementation complexity and power consumption, low-latency decoding, and flexible support of block sizes, MCS, and HARQ schemes [8].
3 Conclusion

In this contribution we presented our high level views on some of the important design aspects for a next generation new radio access technology including non-orthogonal multiple access, frame structure, waveform, low overhead system information acquisition, coexistence of different numerologies and services as well as channel coding. 
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