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1 [bookmark: _Ref298777854]Introduction
In 3GPP RAN #75, it was agreed that the work on non-orthogonal multiple access (NOMA) for NR will start again with RAN1 #90 [1]. As a preview, this document describes a new scheme, called Asynchronous Scrambled Coded Multiple Access (A-SCMA), which allows true asynchronous multiple access with an unprecedented spectral efficiency, on the order of 4 bits/symbol, at a modest SNR.

2 Discussion
NOMA is expected to be an important technology enabler for 5G NR, especially for mMTC where a massive number of devices are envisioned to share a limited amount of resources instantaneously but sporadically. A-SCMA, with its grant-free and asynchronous random access capability, ideally fits this use case. A generic, block diagram is shown in Figure 1.
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Figure 1. Block diagram of A-SCMA
Each user encodes its data with a low rate encoder. Optional, additional spreading can also be used. Each encoded bit stream is then scrambled, where essentially the same PN sequence with different seeds can be used for different users. Single carrier with QPSK modulation is used, even though other waveforms can easily be adopted as well. Each user transmits its encoded data asynchronously, without any need to cooperate with other users. 
At the receiver, a simplified multi-user detector is used iteratively with FEC decoder. An exemplary performance result is shown in Figure 2 over AWGN channel. To simulate the random arrivals, Poisson distribution is assumed with mean arrival rate of λ users/burst duration. Each user is assumed to have uniformly distributed SNR in the interval (0 dB, 6 dB). Figure 2 shows the performance results both with x4 spreading (SA-SCMA S=4) and also without spreading (A-SCMA). Combined with a code rate of R=1/9, average aggregate spectral efficiency on the order of 4 bits/symbol is demonstrated, which far exceeds any random multiple access technique reported in literature.
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                                                   Figure 2. Exemplary A-SCMA simulation results

3 Summary
This contribution describes asynchronous scrambled coded multiple access (A-SCMA), a new non-orthogonal multiple access technique. 
Observation 1: A-SCMA is an ideally suited NOMA technique for 5G NR with its simple transmission protocol, simplified multi-user detector, and very high spectral efficiency.
Proposal 1: NR considers A-SCMA for NR NOMA.
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