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1. Introduction
This contribution provides initial simulation results on the relative performance of  symbol level superposition schemes (MuST categories 1 and 2) and bit level superposition schemes (MuST category 3) when ideal conditions are assumed, including ideal interference cancellation.  The results provide upper bounds on performance gains from these schemes over Rel-12 LTE that may be used as a basis for further study.
2. MuST scheme modeling 

In this contribution, we consider a generic non-orthogonal multiple access (NOMA) approach based on [1], as well as a generic version of the REMA scheme [4]

 REF _Ref427263381 \r \h 
[5].   More details on the generic NOMA model are in [2].  The REMA scheme is modeled as a simplified version of NOMA where a REMA transmission is constrained to use both a) a power ratio between the near and far UE and b) modulation states for the near and far UE that correspond to a valid combination of near and far modulation states supported by REMA.  The difference between NOMA and REMA then for the purpose of system level modeling is the choice of power levels allowed for the two schemes, and that the scheduler assigns valid combinations of MCS for the near and far UEs.
Since these simulations target initial evaluation of the upper bound of MuST in 3GPP scenarios, we assume ideal interference cancellation.  However, realistic system simulations of MuST schemes are not possible without proper modeling of IC receiver types, and so models such as [3] or more advanced models will be used in later contributions.
3. System Level Performance of NOMA and REMA
In these simulations we use 6 far UE power ratios to model NOMA: [0.95 0.90 0.85 0.8 0.75 0.7].  The REMA power ratios are selected assuming that the (near UE, far UE) modulation pairing is (QPSK QPSK), (16QAM, QPSK), (QPSK, 16QAM), (16QAM, 16QAM).  These combinations correspond to far UE power ratios  0.8, 0.762, 0.952, and 0.941.
Two transmit antennas are used with 2 receive antennas and a 500 kB FTP model.  The near UE uses an MMSE-IRC receiver to suppress inter-cell interference, and ideal interference cancellation is used to remove the superposed PDSCH transmitted to the far UE.  The far UE uses an MMSE-IRC receiver that is unaware of the PDSCH transmitted to the near UE.  Wideband scheduling is used.  Only rank1 UEs with the same PMI are allowed in the pairing for possible NOMA and REMA transmissions.
The results are shown in Table 1.  First comparing the OMA and NOMA performance, we see that NOMA has some modest gain at very high load: 9% and 12% mean and cell edge throughput at 70% RU.  The performance is similar to OMA at 20% and 50% RU.  Since it is not likely that an LTE network will be designed to frequently operate at 70% RU, these gains may not be too relevant.  Then comparing the performance of REMA with OMA, we find that the modest gain at 70% RU is effectively gone, dropping to 2% and 6% for mean and cell edge, respectively.  
We also observe from the table that there are some small losses over OMA.  This is unexpected, since the scheduler dynamically switches between the best transmission mode of MuST or OMA. However, it is not feasible for the scheduler to predict the interference condition at the time of transmission, so the link adaptation can’t be perfect, which can result in some loss of performance for both MuST and OMA.  If MuST is particularly sensitive to link adaptation, there may be some room to improve its performance.   However, since the losses are relatively small, they can at least in part be due to finite simulation run time.  
Table 1: OMA, NOMA, and REMA Performance 
with 2x2 Antenna Configuration and 500 kB FTP in MuST Scenario 1

	Method
	Resource Utilization
	Throughput (bps/Hz/UE)
	Gain 

	
	
	Mean
	Cell edge
	Mean
	Cell edge

	OMA
	20%
	2.7391
	0.684
	0%

	
	50%
	1.6653
	0.2574
	

	
	70%
	1.0766
	0.1311
	

	NOMA
	20%
	2.7113
	0.6495
	-1%
	-5%

	
	50%
	1.7019
	0.2689
	2%
	4%

	
	70%
	1.171
	0.1464
	9%
	12%

	REMA
	20%
	2.7254
	0.658
	0%
	-4%

	
	50%
	1.6127
	0.2549
	-3%
	-1%

	
	70%
	1.0981
	0.1387
	2%
	6%


Observations:

In MuST scenario 1 with ideal simulation assumptions and a 2x2 antenna setup, initial results on NOMA and REMA show:

· NOMA has a slight gain over OMA with wideband scheduling at very high loads
· The additional constraints of REMA limit it to essentially no gain over OMA even at very high load
4. Conclusion
This contribution has provided initial simulation results on the relative performance of  symbol level superposition schemes (MuST categories 1 and 2, a.k.a ‘NOMA/SOMA’) and bit level superposition schemes (MuST category 3 a.k.a ‘REMA’) when ideal conditions are assumed, including ideal interference cancellation.  The results provide upper bounds on performance gains from these schemes over Rel-12 LTE that may be used as a basis for further study.
Observations:

In MuST scenario 1 with ideal simulation assumptions and a 2x2 antenna setup and an FTP traffic model, initial results on the gains of NOMA and REMA over Rel-12 LTE (‘OMA’) show:

· NOMA has a slight gain over OMA with wideband scheduling at very high loads
· The additional constraints of REMA limit it to essentially no gain over OMA even at very high load
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6. Appendix A: Simulation Assumptions

	Carrier frequency 
	2 GHz 

	Bandwidth 
	10 MHz 

	Scenarios 
	3GPP MuST homogeneous scenario

	Cell layout 
	19 sites, 3 sectors per site 

	Wrapping 
	Geographical distance based 

	BS antenna
	2Tx cross-polarized, 17dBi, 12deg downtilt

	UE antenna
	2Rx, cross-polarized, omni

	UE receiver 
	Far UE: MMSE-IRC 
Near UE: MMSE-IRC, with ideal IC for MuST interference

	OMA Scheduling 
	Wideband (i.e. proportional fair in time) and FSS, SU-MIMO

	NOMA Scheduling
	· Wideband
· Limited to two UEs in pairing
· Rank1, same PMI
· Scheduling metric: multi-user proportional fair
· Power ratios: [0.95 0.90 0.85 0.8 0.75 0.7]  for far UE

	REMA Scheduling

	Same as NOMA except:
· [ near UE, far UE ] = { [QPSK QPSK], [16QAM, QPSK], [QPSK, 16QAM], [16QAM, 16QAM]} with corresponding
 power ratios  {0.8000    0.7620    0.9520    0.9410]}  for the far UE

	PMI/CQI  feedback mode 
	Mode 3-1 for OMA wideband and NOMA

	Link adaptation
	Ideal

	Traffic model 
	FTP: 500kB packet size

	UE speed 
	3 km/h 



