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1. Introduction
In RAN1 #86, it was agreed that NR should target to support UL NOMA access for at least mMTC [1]. Our earlier contribution at RAN1#88bis [2] described A-SCMA.[footnoteRef:1]  Here, we elaborate on application of this waveform to terrestrial multipath channels using CP-OFDM waveform. [1: 		We have changed the name from ASCMA to ACMA to prevent confusion with another NOMA design called SCMA.] 

2. Design Description
[bookmark: _GoBack]Figure 1 shows a block diagram of the Asynchronous Coded Multiple Access (ACMA) transmitter and receiver.  Although not further discussed here, an optional DFT pre-coding block can be added at the transmitter for reduced PAPR.
When ACMA is applied in an OFDM context, the signals can be symbol-synchronous, but not codeblock synchronous. Symbol synchronization is necessary for OFDM operation.  However, in ACMA the codeblocks are not aligned with subframe timing boundaries; codeblocks may begin at any symbol and so they are asynchronous to the subframes.  This is in contrast to existing OFDM designs, for example LTE cellular standard.  In that case codeblocks are aligned to subframe time boundaries.  In ACMA-OFDM codeblocks start on any OFDM symbol.
An alternative design in which symbols between simultaneous users are not constrained to be synchronous is also possible but is not discussed further here.  Based on our previous experience, it would be expected to produce similar results.
Besides the enhancement of spectral density provided by asynchronous operation, a further important benefit is provided.  In order to perform the SIC, it is first necessary to detect the individual RA burst arrivals and be able to distinguish them. Typically some type of preamble code is added to the burst for this purpose.  To prevent collision between bursts from different users it is necessary to have a large enough pool of preamble codes to select from. Typically in synchronous designs this pool is limited, and this sets the upper limit on the number of simultaneous users supported, independent of any limits set by FEC/SIC design. (FEC design may include low-rate coding and/or spreading). Since the bursts are free to arrive at any symbol boundary in asynchronous operation, rather than being constrained to start on frames, the pool of preamble codes that can be distinguished is drastically expanded.  This allows reliable operation at much higher values of simultaneous users, achieving the promise of the FEC/SIC design.
[image: ]
Figure 1. ACMA-OFDM Block Diagram



3. Example Results
Here are presented some example results of ACMA-OFDM. Test conditions are summarized in Table 1.
Test results are presented first as BLER vs. arrival rate, which is a useful performance metric for Random Access (RA) channels.  BLER performance vs. Es/No is also provided.  Note that these 2 sets of charts are the same data merely plotted on different x-axis.
Performance is characterized both with constant arrival rate, and with a more realistic Poisson random arrival process.

Table 1. Test Conditions
	Channel
	TDLA

	RMS Delay Spread
	30ns

	Freq
	2GHz

	Speed
	3km/hr

	Code Rate
	1/8

	Information Block Size
	160 bit

	Modulation
	QPSK

	Antenna
	1 Tx, 2 Rx

	Channel State Estimation
	Perfect

	Synchronization
	Perfect

	Subcarrier Spacing
	15kHz

	Δf
	1 (subcarrier spacing rel. to sym rate Rs)

	Total Subcarriers Used
	72






[image: ]
Figure 2. ACMA-OFDM BLER vs. arrival rate, constant arrivals
[image: ]Figure 3. ACMA-OFDM BLER vs. arrival rate, Poisson arrivals

[image: ]Figure 4. ACMA-OFDM BLER vs. Es/No, constant arrivals
[image: ]Figure 5. ACMA-OFDM BLER vs. Es/No, Poisson arrivals

4. Conclusions
The ACMA family of waveforms has been shown to provide high spectral efficiency for Random Access applications and is well suited to mMTC usage.
5. Proposal
ACMA should be considered for U/L NOMA applications, especially for mMTC.
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