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1 Introduction
In RAN #71, a new Study Item, Study on New Radio Access Technology (RAT), was approved [1] and the following objective was captured.

The detailed objectives include:
(1)
Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including

· Enhanced mobile broadband

· Massive machine-type-communications

· Ultra reliable and low latency communications
(2)
The new RAT shall be inherently forward compatible
(3)
Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 

· Fundamental physical layer signal structure for new RAT

· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
In this contribution, we discuss the non-orthogonal multiple access (NOMA) technology for the New RAT.
2 Discussion
2.1 Requirement of New Usage Scenarios
The families of usage scenarios for IMT for 2020 and beyond [2] include “Massive machine-type-communications (mMTC)” and “Ultra reliable and low latency communications (URLLC)” in addition to “Enhanced mobile broadband (eMBB)”. According to [2], mMTC is characterized by a very large number of connected devices typically transmitting a relatively low volume of non-delay-sensitive data, and devices are required to be low cost and have very long battery life. If a massive number of devices densely deployed in small area want to transmit at the same time, there are may be a shortage of the resources for transmission, therefore the waiting time until resources are available for transmission will be long, thereby affecting the device battery life because the device will be activated for a longer time. On the other hand, URLLC has stringent requirements for capabilities such as throughput, latency and availability according to [2]. In order to enable safety critical applications, the low latency capability is especially important. To satisfy these requirements, it is necessary to have a dedicated channel for URLLC. However, if many devices require emergency communication at the same time, there be shortage of transmission resources, rendering it difficult to achieve the latency requirements. 
Observation 1: There may be shortages in the resources to transmit in new usage scenarios because these scenarios are characterized by a simultaneously massive number of device connections, low latency, and high reliability capabilities.
2.2 Non-Orthogonal Multiple Access Technologies
Given the foregoing, we need to consider high efficiency multiple access technologies. As technology to improve spectral efficiency, some Non-Orthogonal Multiple Access (NOMA) technologies are well known. In LTE standardization, Downlink Multiuser Superposition Transmission (MuST) [3], which is one of the NOMA technologies and superposes some UE signals in the power domain on the same frequency/time resources, is being discussed. NOMA characteristically needs the cancellation of interfering signals to decode the desired signal at the receiver. We think that the NOMA technologies are suitable to mMTC and URLLC usage scenarios because NOMA increases the available resources by multiplexing on non-orthogonal resources and can be applied for not only the downlink but also the uplink. mMTC devices can also use non-orthogonal resources, to reduce the waiting time for transmission. If the waiting time reduces, mMTC device can transit to standby status earlier, thereby extending the device battery life. If URLLC devices can also use non-orthogonal resources, it can improve the low latency capability because the likelihood of shortage of transmission resources could probably be alleviated. Although the MuST WI focuses on downlink transmission, NOMA can also be applied to uplink transmission. For example, Interleave Division Multiple Access (IDMA) [4] is well known as a non-orthogonal uplink transmission. Devices transmit on shared transmission resources using different interleaver patterns and the eNodeB (eNB) cancels the interfering signals to decode the desired signal. Since the cancellation is needed at the eNB in uplink NOMA transmission, it is effective for mMTC especially in respect of complexity.
Proposal 1
: NOMA technology should be considered to improve the spectral efficiency for New RAT.
Proposal 2
: Not only downlink NOMA but also Uplink NOMA should be a target candidate technology.
In MuST WI for LTE, how to deal with the assistance information is discussed as an important topic. In NOMA, there is need to cancel the non-orthogonal interfering signals at the receiver. The receiver has to know some information about the interfering transmitters, e.g. Radio Network Temporary Identifier (RNTI), Modulation Cording Scheme (MCS), Resource allocation and so on in LTE, to cancel the interfering signals. This information has to be delivered to the receiver via signaling. If this signaling is required, operation becomes complicated, large amounts of control information resource are used and it becomes harder to use NOMA, especially for low cost devices and for environments where there is a shortage of control information resources. For this reason, a simpler signaling framework is desirable for NOMA implementation. We specifically consider this point below. If any transmission function block such as channel coding, modulation and others, use user or transmitter specific information, the NOMA receiver would need much signaling information to effect cancellation. As one example of LTE [5], the scrambling function block uses the Cell-RNTI (C-RNTI) for initialization of scrambling at the transmitter, therefore knowledge of the C-RNTI is needed at the receiver when the receiver implements codeword interference cancellation. Since C-RNTI is a user specific value, it requires signaling the C-RNTI to NOMA receiver for cancellation. However, the C-RNTI is a 16 bit value, so it consumes a large amount of control information resources. It may be difficult to send too much control information for interference cancellation because of a shortage of transmission resources in the new usage scenarios. For the above reason, it may be necessary to consider reduction of the use of user specific information in each transmit functional block in order to be able to easily apply NOMA technologies.
Proposal 3
: RAN1 should consider reducing the use of user specific information in each transmit functional block to be able to easily apply NOMA technologies.
3 Conclusions
In this contribution, we have discussed the NOMA technology for New RAT multiple access technology. The following observations and proposals are made.
Observation 1: There may be shortages in the resources to transmit in new usage scenarios because these scenarios are characterized by a simultaneously massive number of device connections, low latency, and high reliability capabilities.
Proposal 1
: NOMA technology should be considered to improve the spectral efficiency for New RAT.
Proposal 2
: Not only downlink NOMA but also Uplink NOMA should be a target candidate technology.

Proposal 3
: RAN1 should consider reducing the use of user specific information in each transmit functional block to be able to easily apply NOMA technologies.
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