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1 Introduction
In RAN1 #86 and #86bis, the following was agreed on NR Waveform and Multiple Access Schemes [1,2]:

· At least up to 40 GHz for eMBB and URLLC services, NR supports CP-OFDM based waveform with Y greater than that of LTE (assuming Y=90% for LTE) for DL and UL, possibly with additional low PAPR/CM technique(s) (e.g., DFT-S-OFDM, etc.) 

· Additional waveforms may be supported by NR for e.g. other services (e.g. mMTC) 
· NR Support DFT-S-OFDM based waveform complementary to CP-OFDM waveform, at least for eMBB uplink for up to 40GHz
· Capture the following observations in the TR

· All proposed non-orthogonal MA schemes for UL transmission share the following common features:

· At the transmitter side: using MA signature(s) 

· At the receiver side: allowing multi-user detector
· All proposed non-orthogonal MA schemes for UL transmission on a high level follow the following basic diagram. Note that the basic diagram is not intended to capture all the details or to be a complete diagram.
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Figure 1. Basic diagram of non-orthogonal MA schemes for UL transmission 
In this contribution, we discuss Non-orthogonal multiple access (NOMA) for the NR uplink.
2 Discussion
In NR multiple access (MA) discussion so far, many companies mainly discussed about autonomous/grant-free/contention based NOMA for massive Machine Type Communication (mMTC) use case. mMTC has stringent requirements for massive connection and low energy consumption. In order to satisfy the massive connection, it is necessary to improve spectral efficiency. NOMA is well known as technology to improve spectral efficiency, therefore NOMA technologies are considered as one of NR MA key discussion. In order to satisfy the low energy consumption, it is useful to be short the active time period of UE. One possible way is to reduce the signaling exchanges involved in such procedures as physical resource grant, RACH procedure and so on. However, grant-free access and RACH-less access would cause packet drop possibility increasing because of collision in frequency and/or time physical resources, and interference of asynchronous transmission. Therefore, low energy consumption is important discussion point for NOMA schemes. Not only mMTC but Ultra Reliability and Low Latency Communication (URLLC) is also an important use case when considering NOMA technology as we have already discussed in past RAN1 meeting [3]. URLLC has stringent requirements for reliability and latency. In order to satisfy the reliability requirement, it is necessary to have a dedicated channel for each UE. However, for this to happen it is necessary for the radio access network to grant physical resources to each UE. The exchange of signaling that accompanies an access grant procedure however degrades the latency. Therefore, in order to satisfy the latency requirement, as well as mMTC, it is useful to consider reducing the signaling exchanges involved in such procedures as physical resource grant, RACH procedure and so on. However, grant-free access and RACH-less access would cause a degradation of reliability because of collision in frequency and/or time physical resources, and interference of asynchronous transmission. Given the foregoing, it could be better to consider effective MA technology to satisfy these requirements for not only mMTC use case but also URLLC use case.
Observation 1
: NOMA scheme is also useful for URLLC use case both from reliability and latency points of view.

From above discussion, autonomous/grant-free/contention based and asynchronous transmission are important for NR uplink MA discussion. We consider NOMA techniques that are useful for these cases. NOMA can share the same physical resources between more than one UE by using MA signatures and interference cancellation at the receiver. This means it is possible to increase the reliability using non-orthogonal resources if we assume the grant-free transmission to reduce the signaling exchange and minimize latency. In addition, for a single tone waveform transmission system, some NOMA schemes also have ability to support asynchronous transmission [4]. This ability is also useful for low energy consumption and low latency. We note that waveforms for mMTC and over 40GHz have not yet been decided. Therefore, we think NOMA scheme is an efficient technique for not only autonomous/grant-free/contention based transmission but also asynchronous transmission. A NOMA scheme that satisfies these points well is interleave-domain NOMA well known types of which are Interleave Division Multiple Access (IDMA) [5], Interleave-Grid Multiple Access (IGMA) [6] and so on. Interleave-domain NOMA uses the interleaver pattern as a MA signature. So, Interleave-domain NOMA needs a mechanism to configure the interleaver pattern for each UE. In NR MA discussions so far, companies proposed many NOMA schemes. Amongst the proposed NOMA schemes, some schemes have similar features. In the last RAN1 #86bis meeting, Fig.1 basic diagram of non-orthogonal MA schemes for UL transmission was agreed as an observation. This figure includes the bit level interleaver as one of the bit level operations, so we propose to consider using the bit level interleaver as one of the MA signatures to support autonomous/grant-free/contention based transmission and asynchronous transmission for mMTC and URLLC use case requirements.
Proposal 1
: RAN1 should consider using an uplink NOMA scheme for asynchronous transmission to satisfy the low energy consumption requirement of the mMTC use case and the low latency requirement of the URLLC use case.
Proposal 2
: RAN1 should consider supporting the bit level interleaver as one of the MA signatures to achieve the autonomous/grant-free/contention based transmission and asynchronous transmission.
3 Conclusions
In this contribution, we have discussed the uplink NOMA schemes. The following observation and proposals are made.
Observation 1
: NOMA scheme is also useful for URLLC use case both from reliability and latency points of view.
Proposal 1
: RAN1 should consider using an uplink NOMA scheme for asynchronous transmission to satisfy the low energy consumption requirement of the mMTC use case and the low latency requirement of the URLLC use case.

Proposal 2
: RAN1 should consider supporting the bit level interleaver as one of the MA signatures to achieve the autonomous/grant-free/contention based transmission and asynchronous transmission.
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