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1. Introduction
As this is the last meeting of the SI, conclusions should be drawn based on the results provided by the participating companies and following the agreed simulation assumptions [1]. Hence, this contribution provides system level simulation results on the performance of NOMA (MuST category 1) and REMA (MuST category 3) under practical conditions with receiver impairments and with outer loop link adaptation (OLLA) on. Additionally, we provide results for ideal conditions (including ideal interference cancellation and ideal link adaptation) as a reference in the Appendix.  
Also, the system behavior with extremely high loads (i.e. >80%) is further investigated beyond that of [8]. Finally, text proposals for the TR are included. 
2. Results of wideband NOMA and REMA with impairments 
Here we present results following the agreed simulation assumptions of this SI. 

2.1. Assumptions

We consider a generic non-orthogonal multiple access (NOMA) approach based on [2], as well as a generic version of the REMA scheme [5]

 REF _Ref427263381 \r \h 
[6].   More details on the generic NOMA model are in [3].  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.
For receiver impairments, the receiver impairment model of [4] is used in the simulations. 
In these simulations we use a set of six 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 of  0.8, 0.762, 0.952, and 0.941,  respectively.
Two transmit antennas are used with two receive antennas, which is the most common configuration for LTE networks today. The FTP model-1 is assumed and packet sizes of both 100kB and 500 kB are used. The near UE uses an MMSE-IRC receiver to suppress inter-cell interference, and either CWIC or SLIC receiver 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, as the single CQI feedback assumed here limits the benefit of rank 2 at the near UE.
2.2. Results with 500kB packet size

The results under practical conditions (including receiver impairments and OLLA turned on) with 500kB packet size are shown in Table 1. REF _Ref434576280 \h 
 The corresponding results under ideal conditions (ideal IC and ideal LA) are given in Table 6 of Appendix 2. 

Table 1:  Results of NOMA with CWIC and SLIC at 60% RU: 2x2, wideband, 500kB packet size

	Methods
	OMA (baseline)
	NOMA (CWIC)
	NOMA (SLIC)

	Baseline RU = 60 %
	 
	 
	 

	Mean user throughput
	0%
	2%
	1%

	Cell-edge user throughput
	0%
	9%
	3%

	50% user throughput
	0%
	4%
	-1%

	95% user throughput
	0%
	1%
	2%


Observations:  For FTP simulations with 500kB packet size, we observe:
· With receiver impairments, small gains are observed with NOMA CWIC and no gains are observed with NOMA SLIC at 60% RU,

· Under ideal conditions, small gains are observed with NOMA at 60% RU.  

2.3. Results with 100kB packet size

The results with 100kB packet size are shown in Table 2 under practical conditions (including receiver impairments and OLLA turned on). The corresponding results under ideal conditions (ideal IC and ideal LA) are given in Table 7 of Appendix 2. 

Table 2:  Results of NOMA and REMA with CWIC and SLIC at 60% RU:  2x2, wideband, 100kB packet size

	Methods
	OMA (baseline)
	NOMA (CWIC)
	NOMA (SLIC)
	REMA (CWIC)
	REMA (SLIC)

	Baseline RU = 60 %
	 
	 
	 
	 
	 

	Mean user throughput
	0%
	-3%
	-3%
	-4%
	-3%

	Cell-edge user throughput
	0%
	3%
	-5%
	-3%
	-2%

	50% user throughput
	0%
	-6%
	-5%
	-7%
	-6%

	95% user throughput
	0%
	-3%
	-2%
	-1%
	-3%


Observations:  For FTP simulations with 100kB packet size, we observe:
· With receiver impairments, no gains (and generally losses) are observed with both NOMA and REMA at 60% RU,
· Under the ideal conditions of Table 7, small gains are observed with NOMA and no gains are observed with REMA at 60% RU.  

3. System behaviour at extremely high loads above stability point
We have investigated the system behaviour at extremely high loads (i.e. >80% of RU) with 100kB packet size, both using wideband and frequency selective scheduling.   Figure 1 shows the number of active UEs over time at about 90% of RU with wideband scheduling and 100kB packet size. After 35 seconds, the number of UEs in the system is still increasing for OMA and REMA. Clearly, the baseline OMA with wideband scheduling is not stable.   Figure 2 shows the cell edge throughputs across different cells after dropping UEs with delays exceeding 1.6 seconds. It can be seen that in most of the cells, the cell edge throughputs are well below the 0.07 bps/Hz cell edge throughput target for an LTE advanced system [7]. Although this threshold was set for full buffer simulation assumptions, the threshold is an indicator for the lower bound performance of a LTE system. Furthermore, it is expected that a higher cell edge throughput should be achieved with FTP traffic, so cell edge throughput for FTP should generally be well above this bound. More importantly, a large number of cells have zero cell edge throughputs. This is clearly not a typical operating point of an LTE system and the network admission control would handle this to ensure stability at a lower load operating point before running into these kinds of problems. Hence, results cannot be drawn based on these extremely high loads simply because these situations do not occur in reality.  
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Figure 1: The number of active UEs over time at about 90% of RU extreme load with wideband scheduling and 100kB packet size.
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Figure 2: cell edge throughput across different cells at about 90% of mean RU extreme load with wideband scheduling
Figure 3 shows the number of active UEs at about 90% of RU with frequency selective scheduling.  In this case, the number of active UEs seems to be reaching ‘steady state’ after 10 seconds or so. But when looking at the cell edge throughput across different cells as shown in Figure 4, a large number of cells have cell edge throughput below the 0.07bps/Hz threshold set for a LTE advanced system.  Some cells have even zero cell edge throughput.   
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Figure 3: The number of active UEs over time at about 90% of mean RU with frequency selective  scheduling and 100kB packet size.
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Figure 4: cell edge throughput across different cells at average about  90% of mean RU with frequency selective  scheduling

Observations:

· With wideband scheduling, the baseline OMA system is unstable at about 90% of RU 

· With frequency selective scheduling, the baseline OMA system seems to be converged after 10 seconds or so, but the cell edge throughput is below 0.07bps/Hz over a large number of cells.
· It needs to be discussed whether such low cell edge spectral efficiency is a desirable performance marker for a LTE Advanced Pro (Rel.13) system 
4. Text proposal for TR 36.859
Table 3:  Results of NOMA with CWIC and SLIC at 60% RU: 2x2, wideband, 500kB packet size

	Throughput (Mbps)
	OMA (Baseline)
	MUST Category 1

	
	
	NOMA with CWIC
	Gain
	NOMA with SLIC
	Gain

	Mean UPT
	12.233
	12.524
	2%
	12.339
	1%

	5%ile UPT
	1.435
	1.566
	9%
	1.481
	3%

	50%ile UPT
	8.616
	8.962
	4%
	8.550
	-1%

	95%ile UPT
	36.413
	36.881
	1%
	37.312
	2%

	RU
	61%
	59%
	
	60%
	

	Served/Offered
(# of subframes simulated)
	98%
	98%
	
	98%
	

	λ / packet size
	1.573/500kB

	Note
	Practical OLLA with receiver impairments


Table 4:  Results of NOMA with CWIC and SLIC at 60% RU: 2x2, wideband, 100kB packet size

	Throughput (Mbps)
	OMA (Baseline)
	MUST Category 1

	
	
	NOMA with CWIC
	Gain
	NOMA with SLIC
	Gain

	Mean UPT
	9.862
	9.528
	-3%
	9.546
	-3%

	5%ile UPT
	1.348
	1.394
	3%
	1.282
	-5%

	50%ile UPT
	7.903
	7.439
	-6%
	7.469
	-5%

	95%ile UPT
	25.902
	25.168
	-3%
	25.468
	-2%

	RU
	61%
	62%
	
	62%
	

	Served/Offered
(# of subframes simulated)
	100% (56000)
	100% (56000)
	
	100% (56000)
	

	λ / packet size
	7.85/100kB

	Note
	Practical OLLA with receiver impairments


Table 5:  Results of REMA with CWIC and SLIC at 60% RU: 2x2, wideband, 100kB packet size

	Throughput (Mbps)
	OMA (Baseline)
	MUST Category 3

	
	
	REMA with CWIC
	Gain
	REMA with SLIC
	Gain

	Mean UPT
	9.862
	9.509
	-4%
	9.532
	-3%

	5%ile UPT
	1.348
	1.302
	-3%
	1.328
	-2%

	50%ile UPT
	7.903
	7.384
	-7%
	7.447
	-6%

	95%ile UPT
	25.902
	25.548
	-1%
	25.232
	-3%

	RU
	61%
	62%
	
	62%
	

	Served/Offered
(# of subframes simulated)
	100% (56000)
	100% (56000)
	
	100% (56000)
	

	λ / packet size
	7.85/100kB

	Note
	Practical OLLA with receiver impairments


5. Conclusion
This contribution has provided system simulation results on performance of MuST categories 1, a.k.a ‘NOMA’) and MuST category 3 a.k.a ‘REMA’ under practical conditions, including CWIC and SLIC receivers with impairments and practical OLLA.
Observations:

· Given MuST evaluations so far, we haven’t found much gain in the presence of impairments

· NOMA with ideal IC shows some modest gain at high load

· However, small or no gain observed with realistic link adaptation and impairments
Based on our results, following the agreed simulation assumptions, we recommend the following conclusion of the study item:

· The SI has evaluated a wide range of aspects of MuST. No significant performance benefit was found with realistic evaluation assumptions, receiver impairments and system operating points.
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7. 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, CWIC and SLIC with impairments

	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, NOMA and REMA

	Link adaptation
	Practical with OLLA

	Traffic model 
	FTP: 500kB and 100kB  packet size

	UE speed 
	3 km/h 


8. Appendix B: Simulation Results with Ideal Conditions

Table 6: Results of NOMA with Ideal IC and ideal LA at 60% RU: 2x2, wideband, 500kB packet size

	Methods
	OMA (baseline)
	NOMA

	Baseline RU = 60 %
	
	

	Mean user throughput
	0%
	6%

	Cell-edge user throughput
	0%
	9%

	50% user throughput
	0%
	7%

	95% user throughput
	0%
	8%


Table 7: Results of NOMA and REMA with ideal IC and ideal LA: 2x2, wideband, 100kB packet size

	Methods
	OMA (baseline)
	NOMA
	REMA

	Baseline RU = 60 %
	
	
	

	Mean user throughput
	0%
	3%
	-1%

	Cell-edge user throughput
	0%
	4%
	0%

	50% user throughput
	0%
	5%
	0%

	95% user throughput
	0%
	1%
	-2%



