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1	Introduction
A fundamental requirement of the NOMA study [1] is to compare NOMA enhancements to existing Rel-15 multiple access schemes. One Rel-15 multiple access scheme is MU-MIMO. Therefore, it makes sense consider it as a baseline in evaluation of NoMA. 
While system level evaluation is needed to determine the net performance of multiple access schemes, link level results can provide some insights into basic behaviors, the impacts of impairments, etc. Therefore, in this contribution, we present idealized link level evaluations comparing MU-MIMO and NOMA as well as with realistic channel estimation.
[bookmark: _Ref178064866]2	Discussion
MU-MIMO has been discussed as a baseline for NOMA evaluations since NOMA can be seen as an extension of MU-MIMO. Both MU-MIMO and NOMA spatially suppress interference, possibly with an advanced receiver. However, NOMA targets enhanced advanced receiver performance by transmitting PUSCH with a ‘signature’. In NOMA-WSMA, each user’s symbols are modulated by a signature vector. A number of these pre-designed low-correlation signature vectors exist in the system and are being simultaneously used, one each for a user is assumed here. In designs considered herein, each user’s symbol is spread over contiguous REs within an OFDM symbol. 
MU-MIMO users sharing the same set of REs (or PRBs) can be seen as a group that relies on spatial separation at the receiver while decoding. If in MU-MIMO all the users occupy the entire OFDM symbol, then the total number of REs per user available for data transmission is higher by a factor of spread length (L) when compared to the NOMA-WSMA, since there is no spreading in the former case. What this implies is that the code rate for the channel encoder in MU-MIMO setup is lower by a factor L when compared to the NOMA-WSMA. For a given number of receive antennas (Nrx), it will be interesting to see the performance comparison of NOMA (with its more controlled mutual interference properties) and MU-MIMO (providing a better robustness with lower code rate).
Figure 1 below compares various MU-MIMO and NOMA-WSMA cases with 6 UEs, 12 UEs and 18 UEs. The simulation assumptions are TBS 20 bytes + 2 CRC bytes, QPSK modulation, spread length (L) 4, ideal channel estimation, equal average SINR, 4 receive antennas, and 6 consecutive PRBs (NPRB) transmission. Further details are in the Appendix. For the MU-MIMO setup, the total number of users (K) are divided into a number of groups (G) such that each group is scheduled over orthogonal set of PRBs. With increasing number of users, there will be more users per PRB for the same number of groups (G). MU-MIMO UEs can be orthogonal with K=6 and G=6 since a total of 6 PRBs are used. 
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Figure 1: BLER results for MU-MIMO with different number of groups (G) and different number of users (K). NOMA-WSMA is also shown for comparison.
We first observe from the figures that the MU-MIMO performance depends heavily on how it is configured. The 6 UE per PRB cases all exhibit flooring, as would be expected since 4 antennas cannot linearly separate 6 UEs. However, some separability is still possible through the use of the MMSE-SIC receiver. With 4 UEs per PRB, there is no evidence of flooring, although the curves are flatter than other cases, and for 1-3 UEs/PRB they are pretty steep.
Then comparing the best NOMA configuration to the best MU-MIMO configuration, we see that for 6 or 12 UEs, NOMA is about 0.5 dB better at 10% BLER, and 1.3 or 1.0 dB, respectively better at 1% BLER. Therefore, we here see the benefit of the NOMA signature to improve interference suppression. On the other hand, with 18 UEs, we see MU-MIMO outperforming NOMA by 1.3 dB at 10% BLER, and 3.0 dB at 1% BLER. The reason for MU-MIMO’s better performance is that it has only 3 UEs per PRB, whereas NOMA has a pretty high overloading factor of 18/6PRBs = 3x. 
Results for non-ideal channel estimation are shown in Figure 2.  QPSK with 20 Bytes TBS is used, with 2 receive antennas and 6 or 12 UEs in a TDL-C channel.  Here we observe for 6 UEs that when 1  UE occupies a PRB in MU-MIMO (which is arguably OMA since there no inter-UE interference) is 1.0 dB better than NOMA.  However, MU-MIMO with 2 UEs per PRB is worse than NOMA by 2.3 dB, and MU-MIMO with 3 UEs per PRB has an error floor just above 10% BLER.  For 12 UEs, only MU-MIMO with 2 UEs/PRB goes below 10% BLER.  NOMA has an error floor a little below 20% BLER, while MU-MIMO with 3 UEs/PRB has an error floor just below 40%.
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[bookmark: _Ref528964195]Figure 2: NOMA and MU-MIMO with realistic channel estimation, 2 Rx, and TDL-C

Observations:
· The relative performance of MU-MIMO and NOMA heavily depends on how MU-MIMO is configured. UEs should in general be split into groups among PRBs to reduce the spatial degrees of freedom required for reception.
· NOMA is not strictly better or worse than MU-MIMO under the ideal conditions studied, and its relative performance is a function of BLER and overloading.
· NOMA appears sensitive to realistic channel estimation in difficult conditions such as 2 receive antennas and multipath channels, tending to perform worse than MU-MIMO under these conditions studied.

3	Conclusion
In this contribution, we presented link level evaluations comparing MU-MIMO and NOMA in various configurations with both real and ideal channel estimation. Some general observations are:
Observations:
· The relative performance of MU-MIMO and NOMA heavily depends on how MU-MIMO is configured. UEs should in general be split into groups among PRBs to reduce the spatial degrees of freedom required for reception.
· NOMA is not strictly better or worse than MU-MIMO under the ideal conditions studied, and its relative performance is a function of BLER and overloading.
· NOMA appears sensitive to realistic channel estimation in difficult conditions such as 2 receive antennas and multipath channels, tending to perform worse than MU-MIMO under these conditions studied.
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Appendix Simulation Assumptions
	Channel model
	TDL-C, 700MHz carrier frequency, 300ns RMS delay spread

	Antennas
	1 Tx, 2 or 4 Rx

	Modulation
	QPSK 

	Channel coding/decoding
	Rate matched LDPC encoder, Layered normalized min-sum 25 iterations

	SNR Variation per UE
	0 dB (Equal average SNR)

	Channel Estimation
	Ideal

	Total TBS
	20 bytes + 2 bytes CRC

	Carrier Bandwidth
	10MHz

	#OFDM symbols
	CP-OFDM with 12 data OFDM symbols + 2 DMRS symbols

	Subcarrier spacing
	15KHz 

	#PRBs 
	6 PRBs with 12 subcarriers per PRB

	Receiver Structure
	joint space-frequency symbol level MMSE-SIC 

	WSMA spread Length N
	4
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NOMA & MU-MIMO: 18 UEs, 4 Rx, 20 Bytes, QPSK, Equal SNR, ICE

G=6, 3UEs/PRB, MU-MIMO

G=3, 6UEs/PRB, MU-MIMO

18 UEs/PRB, WSMA
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NOMA & MU-MIMO: 6 UEs, 2 Rx, 20 Bytes, QPSK, Equal SNR, RCE

G = 6, 1UE/PRB, MU-MIMO

G = 3, 2UEs/PRB, MU-MIMO

G = 2, 3UEs/PRB, MU-MIMO

6 UEs, NOMA
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NOMA & MU-MIMO: 12 UEs, 2 Rx, 20 Bytes, QPSK, Equal SNR, RCE G = 6, 2UEs/PRB, MU-MIMO

G = 3, 4UEsPRB, MU-MIMO:

12 UEs, WSMA
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NOMA & MU-MIMO: 6 UEs, 4 Rx, 20 Bytes, QPSK, Equal SNR, ICE

G=6, 1UE/PRB, MU-MIMO

G=3, 2UEs/PRB, MU-MIMO

G=2, 3UEs/PRB, MU-MIMO

G=1, 6UEs/PRB, MU-MIMO

6UEs/PRB, WSMA
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NOMA & MU-MIMO: 12 UEs, 4 Rx, 20 Bytes, QPSK, Equal SNR, ICE

G=6, 2UEs/PRB, MU-MIMO

G=3, 4UEs/PRB, MU-MIMO

G=2, 6UEs/PRB, MU-MIMO

12UEs/PRB, WSMA


