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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]. Subsequently, following the NOMA workshop #3 conducted during RAN1 #90, offline discussions were conducted on proposed LLS assumptions for NOMA evaluation and baseline calibration.    One topic of those discussions was the type of code that would be used for NOMA evaluation.
Hughes position is that the choice of coding for NOMA mMTC application should be up to each proponent because coding optimized for NOMA can vastly outperform coding designed for single user application, as are all the currently used codes in NR.
This document provides BLER versus spectral efficiency results for LTE standard Turbo code with rate matching for  R=1/8 160-bit code, compared with a NOMA-optimized LDPC, R=1/8 160-bit code developed by Hughes.   As will be seen the NOMA-optimized code delivers about a factor of 2 increase in spectral efficiency under identical test conditions.
2. Link Level Simulation Assumptions and Performance Results
2.1. Simulation Assumptions
The waveform used for the following evaluations is Hughes ACMA-OFDM which is described in R1-1801889.  This waveform is based on our earlier contribution at RAN1#88bis [2], adapted for OFDM usage. Briefly, the design is similar to IDMA, using a simple receiver based on SIC, where no matrix operations are required.
In these LLS SCS is 15kHz with 72 consecutive subcarriers used. QPSK modulation is assumed, with 1 Tx and 2 Rx antennas.  The channel is TR38.901 TDLA with rms delay spread 30ns, assumed speed of 3km/hr.  The turbo decoder uses a maximum of 10 iterations, with exact log-sum-exp. Results presented here assume ideal channel estimation. In addition to the random fading channel each UE has a random power variation uniform ±2dB.  The stated Es/No is mean, per user, per antenna (for the nominal power not including the U(±2dB)). Since the code rates and sizes are identical for the two FEC schemes, the arrangement of RB is identical.  The receivers are identical, with only the code being changed.
Common test conditions are summarized in Table 1.



Table 1. Common 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

	Subcarrier Spacing (SCS)
	15kHz

	Total Subcarriers Used
	72

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

	Channel State Estimation
	Perfect

	Synchronization
	Perfect



2.2. Performance Results
In the following figures the same simulation data is presented in two different forms. Unlike the preassigned access channel traditionally considered, uplink NOMA (particularly for mMTC) is designed for Random Access (RA).  Accordingly, it is most useful to present BLER vs. average arrival rate (or spectral efficiency) and these comparisons are shown first.  Later the same data is also presented as BLER vs. SNR. Spectral efficiency (G) is stated in info_bit/s/Hz, including all reference symbol overhead.
In addition, 2 different sets of data are presented. One set of data shows performance with a constant arrival rate (constant number of simultaneous users).  As this design is intended for a RA channel, it is more useful to show performance under RA conditions and a second set of data shows performance with Poisson arrival.
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Figure 1. BLER vs. arrival rate Turbo with Constant arrivals
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Figure 2. BLER vs arrival rate NOMA-Optimized LDPC with constant arrivals
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Figure 3. BLER vs. arrival rate Turbo with Poisson arrivals
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Figure 4. BLER vs arrival rate NOMA-Optimized LDPC with Poisson arrivals
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Figure 5. BLER vs Es/No Turbo with constant arrivals
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Figure 6. BLER vs Es/No NOMA-Optimized LDPC with constant arrivals
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Figure 7. BLER vs Es/No Turbo with Poisson arrivals
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Figure 8. BLER vs Es/No NOMA-Optimized LDPC with Poisson arrivals
3. Observations
Simulations demonstrate that the NOMA-optimized LDPC code outperforms the LTE turbo code by a factor of about 2 in spectral efficiency under identical test conditions. This large difference strongly urges the consideration of NOMA-optimized code for the NOMA uplink mMTC design.
4. [bookmark: _GoBack]Proposal
[bookmark: _Ref228947482]The choice of FEC for uplink NOMA (esp. mMTC) applications shall be up to the proponents to specify.
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