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1 Summary
An approach to accommodate Asynchronous ACMA in a time-limited frequency resource assignment, including Time-Division Duplexing (TDD), and an option to use multi-layer transmission to increase the multiple access capacity of ACMA for transmission with large TBS are described.  Link level simulation of both results are also presented.
2 Partially Asynchronous ACMA
[bookmark: _GoBack]The fully asynchronous access scheme proposed originally [1,2] allows transmissions to begin and end at any time, without limits. This works well when NOMA is assigned a dedicated 1.08 MHz channel.  To integrate the asynchronous access scheme into a Time-Frequency plan with only a few contiguous subframes (SF) in time, we propose to disallow any ACMA user terminals to initiate their transmission in the last SF of the contiguous time assigned, thereby forcing all the ACMA transmission to complete by the end of the last SF.  Figure 1 is a graphical SF2
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Figure 1. Timing relationship of the NOMA channel assignment and partially asynchronous ACMA transmission
illustration of the n subframes assigned for ACMA application.  A user checks its message buffer at the beginning of the n subframes.  If a message is waiting to be transmitted, it selects a uniformly distributed random number within the time interval between the beginning of the SF1 and the end of SFn-1 assigned for NOMA, and transmits its message at the time indicated by the random number.
It can be seen that except for the SF1 and SFn, the number of simultaneous users supportable by each subframes is exactly the same as ACMA, whereas it is about ½ of that at SF1 and SFn while the transmission is ramping up and ramping down respectively.  Therefore, the average number of users per subframe in n contiguous subframes is (n-1)/n times the average number of users supportable by ACMA in an open-ended case.  Since ACMA supports 2 times of the number of users than a synchronized case, this approach provides greater capacity than the synchronous case for n = 3 or greater.
We simulated cases with n=5 contiguous subframes, and obtained results for each TBS value considered using CP-OFDM modulation. This is summarized in Table 1 for TDL-C channel with 300 nsec delay spread, perfect channel state information and two receive antennas.  For reference, the average number of users per subframe for synchronous and fully asynchronouse cases are also included.  Figures 2 (a) through (e) show the BLER vs Es/No for several average number of users per subframe for the TBS values included in the table.  Figure 3 (a) through (e) show the same for synchronous transmission as a subset of [3] are reproduced here for references.  The same cases have been simulated for TDL-A channel, with very similar results.  Similar results are also obtained for DFT-S-OFDM.
 
	TBS (bytes)
	10
	20
	40
	60
	75

	Capacity
Synchronous
	30
	15
	 7
	 4
	3

	Capacity Fully Asynchrous
	60
	30
	14
	 8
	6

	Capacity Async 
n = 5 subfames
	48
	24
	11
	6
	4



Table 1. The average number of users per subframe of partially-asynchronous ACMA for 5 contiguous subframe as a function of TBS contained in a subframe, for TDL-C channel, in comparison with synchronous and asynchronous results.
Observation 1. Significant capacity gain of ACMA over synchronous NOMA can be preserved with partially asynchronous transmission over several contiguous subframes.

(a) TBS = 10 bytes					(b) TBS = 20 bytes


(c) TBS = 40 bytes					(d) TBS = 60 bytes
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(e)TBS = 75 bytes

Figure 2. The BLER as a function of Es/No per antenna for different average numbers of users per subframes at (a) TBS = 10 bytes, (b) TBS = 20 bytes, (c) TBS = 40 bytes, (d) TBS = 60 bytes, and (e) TBS = 75 bytes.
(a) TBS = 10 bytes					(b) TBS = 20 bytes

[image: ](c)TBS = 40 bytes			(d) TBS = 60 bytes
(e)TBS = 75bytes
Figure 3.  BLER vs. Es/No for different number of constant users per subframe for ACMA transmitted in a synchronous manner using CP-OFDM in TDL-C channel with perfect CSI, for TBS values of (a) 10 bytes, (b) 20 bytes, (c) 40 bytes, (d) 60 bytes, and (e) 75 bytes.

3 Multi-Layer Transmission of ACMA
Table 1 has shown that the amount of information carried by each subframe, (i.e. the product of average number of users per subframe times the TBS size) stays approximately constant for smaller values of TBS, and decrease for larger values of TBS gradually.  This can be explained by the fact that effectiveness of the higher rate FEC codes used for larger TBS is less effective to support multiple access.  This effect can be compensated by multi-layer transmission.  A general multi-layer block diagram is shown in Figure 4.  Note that symbol-level scrambling/spreading can be used as an alternative to bit-level scrambling.
[image: ]
Figure 4. A general multi-stream (i.e. multi-layer) NOMA scheme
For this set of simulation results, 60 bytes of information are demultiplexed into two layers of 30 bytes each, and 75 bytes of information are demultiplexed into two layers of 37.5 bytes each, and transmitted accordingly.  We have simulated these two cases, with one layer at 3 dB lower power than the other.  The results with otherwise the same conditions are summarized in Table 2.
	TBS (bytes)/Layer
	60/2
	60/1
	75/2
	75/1

	Capacity
Synchronous
	4
	4
	 3
	 3

	Capacity Fully Asynchrous
	9
	8
	7
	 6

	Capacity Async 
n = 5 subfames
	8
	6
	5
	4



Table 2.  The average number of users per subframe for TBS values of 60 bytes and 75 bytes, using two-layers with the second layer transmitted at 3 dB lower power, the results using single layer also included.
Figure 5 shows the BLER vs. Average number of users per subframe for (a) 60 bytes 2-layers, (b) 60 bytes single layer, (c) 75 bytes 2-layers, and (d) 75 bytes, single layer for the partially asynchronous transmission with n = 5.   Figure 6 is the same simulation results with 2-layer transmission plotted in BLER vs Es/No for (a) 60 bytes and (b) 75 byte for completeness.  Here, the Es/No is the sum of the two layers, 3 dB different from each other. 
For example, in Figure 2(d) Showing 60-byte single stream we see that at Es/No = 4dB, we cross 10-1 at 6 users, while in Figure 6(a) Showing 30-byte 2 streams, we see that at Es/No = 4.25dB we cross 10-1 at 8 users. We thereby demonstrated that multi-layer transmission not only increase the per user throughput as needed, but can also increase the overall capacity of the network.
Observation 2: Multi-layer transmission can be applied to increase capacity gain of ACMA for larger values of TBS.  




(a) TBS = 60 bytes, 2 layers			(b) TBS = 60 bytes, single layer


(c)TBS = 75 bytes, 2 layers			(d) TBS = 75 bytes, single layer

Figure 5.  Number of average users per subframe comparisons between 2-layers and single layer transmission for (a) 60 bytes, 2 layer, (b) 60 bytes, single layer, (c) 75 bytes, 2 layer, and (d) 75 bytes, single layer.



(a) TBS = 60 bytes, 2 layers	 			(b) TBS = 75 bytes, 2 layers

Figure 6.  BLER vs. Es/No for 2-layer transmission, (a) 60 bytes, and (b) 75 bytes.



4 Conclusions
Even though the results we presented is based on the ACMA scheme, it is clear that the techniques can be used for many NOMA schemes being considered in the study.  We propose:
Proposal 1. Partially asynchronous NOMA transmission to be considered when multiple contiguous subframes can be assigned for NOMA operation, including TDD operation.
Proposal 2. Multi-layer NOMA transmission can be considered to increase the overall spectral efficiency as well as per user spectral efficiency.
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