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1 Introduction
In RAN #71, a new Study Item, Study on New Radio (NR) Access Technology, was approved [1] and 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
In RAN1 #84BIS, multiple access scheme section has two agreements as below;
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases

· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied
In this contribution, we discuss the non-orthogonal multiple access (NOMA) technologies for NR multiple access.
2 Discussion
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 need to simultaneously transmit their own data, there may be a shortage of resources for transmission. In this situation, 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 will be shortage of transmission resources, rendering it difficult to achieve the latency requirements.
Given the foregoing, we need to consider highly efficient 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 that superposes some UE signals in the power domain on the same frequency/time resources, is being discussed. The received power difference between the superposed UEs is exploited in MUST to cancel the intra-interference signals. In particular, path loss affects the received power difference. Therefore, power domain NOMA is useful in distributed UE environments because path loss difference among these UEs is larger than for dense UE environments. In addition to power domain NOMA, code domain NOMA utilizes the “Spreading”, “Scrambling” and/or “Interleaving” functions. The idea of code domain NOMA can be shown in Sparse Code Multiple Access (SCMA) [4], Resource Spread Multiple Access (RSMA) [5], Interleave Division Multiple Access (IDMA) [6], etc. The code domain NOMA can be applied to not only distributed UE environments but also dense UE environments because it does not depend on path loss difference. When possible, the use of both power and code domain NOMA can improve spectral efficiency because more UEs can share the same frequency/time resources. As mentioned above, we should consider both power domain NOMA and code domain NOMA for NR multiple access.
Proposal 1
:  The power domain NOMA and the code domain NOMA, which includes the “Spreading”, “Scrambling” and/or “Interleaving” functions, should be considered.
In MUST WI for LTE Rel-14, dealing with the assistance information is being discussed. 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. As one example in LTE [7], scrambling function block uses the Cell-Radio Network Temporary Identifier (C-RNTI) for scrambling initialization value at transmitter, therefore C-RNTI of interfering UE is needed by code word interference canceller in the desired UE. Since C-RNTI is a user specific value, it requires signaling C-RNTI to the NOMA receiver for cancellation. However, C-RNTI has 16bits data size, so it consumes significant control information resources. It may be difficult to send too much control information for interference cancellation in shortage of transmission resources environment. As we mentioned in above, candidate NOMA technologies have not only scrambling but also spreading and/or interleaving functions. These also need the “seed” to make the spreading and interleaving patterns. We can use the C-RNTI for this seed as well as scrambling, but above mentioned assistance information problem will arise if we use user specific values for such seeds. For these reasons, we should consider new specific information which all superposed UEs can know without assistance information to ease the use of NOMA technologies.
Proposal 2
: RAN1 should consider new specific information which all superposed UEs can know without assistance information to ease the use of NOMA technologies.
3 Conclusions
In this contribution, we have discussed the NOMA technology for NR multiple access technology. The following proposals are made.
Proposal 1
:  The power domain NOMA and the code domain NOMA, which includes the “Spreading”, “Scrambling” and/or “Interleaving” functions, should be considered.
Proposal 2
: RAN1 should consider new specific information which all superposed UEs can know without assistance information to ease the use of NOMA technologies.
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