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1. Introduction
In RAN 1 meeting #92 Hughes presented results for grant-free NOMA using a NOMA-optimized rate 1/8 LDPC code which showed significant improvement in spectral efficiency compared with LTE turbo code, motivating the search for NOMA-optimized coding for use with NOMA [1].  In RAN1 meeting #92bis, we presented our proposed ACMA with rate 1/8 NR LDPC codes [2].  Here we present results for link-level simulation of ACMA-OFDM using NR LDPC code with BG2.
2. Design Description
Figure 1 shows a block diagram of the Asynchronous Coded Multiple Access (ACMA) transmitter and receiver.  By asynchronous, we mean that code blocks of different users are not aligned, and timing advance between different users can be arbitrary. This not only allows a truly grant-free access to UEs, which is an attractive feature for mMTC applications, but it also improves the total loading capability as we show in our companion paper [3].  As shown in Figure 1, ACMA employs low rate coding for each user followed by user-specific scramblers. The receiver employs simple ESE multi-user detector iteratively exchanging soft information with SISO FEC decoders. Since the user code blocks are not aligned, a sliding window receiver is employed.
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Figure 1: ACMA-OFDM Block Diagram
[bookmark: _GoBack]The simulation parameters are summarized in Table 1. For each simulation run, the number of input and output bits for the LDPC encoder is made clear in the definition of the effective code rate marked on the figures.  The legend arr=c(U) means constant U users are interfering with each other.


Table 1. Common Test Conditions
	Channel
	TDLA,TDLC,AWGN

	RMS Delay Spread
	30ns,300ns

	Freq
	2GHz

	Speed
	3km/hr

	Number of Resource Blocks
	6

	Information Block Size
	10 byte +CRC, 20 byte+CRC

	Modulation
	QPSK

	Antenna
	1 Tx, 2 Rx

	Channel State Estimation
	Perfect and Realistic

	User Detection
	Perfect and Realistic



3. One User Calibration Results
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Figure 2: AWGN, Single User Results
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Figure 3: TDLA, Single User Results
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Figure 4: TDLC, Single User Results
4. Perfect CSI Results
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Figure 5: TDLA, 10 byte+CRC, Perfect CSI, Equal Power
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Figure 6: TDLA, 10 byte+CRC, Perfect CSI, Unequal Power (+/- 3dB)
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Figure 7: TDLC, 10 byte+CRC, Perfect CSI, Unequal Power (+/- 3dB)
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Figure 8: TDLA, 20 byte+CRC, Perfect CSI, Unequal Power (+/- 3dB)
[image: C:\Users\meroz\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\everything_esno.pub-20.emf]
Figure 9: TDLC, 20 byte+CRC, Perfect CSI, Unequal Power (+/- 3dB)

Observation 1: With +/- 3 dB power variation, ACMA with 10 bytes information size is capable to support at least 30 users with NR LDPC codes.  More number of users can be supported with smaller power variation.



5. Realistic CSI Results with Perfect User Detection Assumption
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Figure 10: TDLA, 10 byte+CRC, Realistic CSI, Unequal Power (+/- 3dB)
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Figure 11: TDLC, 10 byte+CRC, Realistic CSI, Unequal Power (+/- 3dB)
[image: C:\Users\meroz\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\everything_esno.pub-17.emf]
Figure 12: TDLA, 20 byte+CRC, Realistic CSI, Unequal Power (+/- 3dB)
   
[image: C:\Users\meroz\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\everything_esno.pub-19.emf]
Figure 13: TDLC, 20 byte+CRC, Realistic CSI, Unequal Power (+/- 3dB)

Based on the above simulation results, rough number of supported users are given in Table 2.

Table 2. Rough Number of Supported Users
	
	Perfect CSI TDL-A
	Perfect CSI TDL-C
	Realistic CSI TDL-A
	Realistic CSI TDL-C

	TBS=10 bytes
	40
	30
	30
	30

	TBS=20 bytes
	25
	20
	20
	20



6. NOMA Optimized LDPC Codes
As discussed in [1], it is possible to improve the NOMA performance (in terms of higher number of simultaneous users) by using optimized LDPC codes. An attractive feature of these codes is that they can be decoded using the same NR LDPC decoder hardware by simply loading a small code specific table.
Observation 2: NOMA overloading capability can be significantly increased by using NOMA optimized LDPC codes that can be decoded using NR LDPC decoder hardware.
Observation 3: Overloading capacity is especially crucial for successful deployment of NOMA techniques within mMTC applications.


7. Conclusions
We provide ACMA performance with agreed upon simulation conditions, and reach the following observations:
Observation 1: With +/- 3 dB power variation, ACMA with 10 bytes information size is capable to support around 40 users with NR LDPC codes.
Observation 2: NOMA overloading capability can be significantly increased by using NOMA optimized LDPC codes that can be decoded using NR LDPC decoder hardware.
Observation 3: Overloading capacity is especially crucial for successful deployment of NOMA techniques within mMTC applications.
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