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1. Introduction
Initial system simulation results [1]

 REF _Ref427263237 \r \h 
[2]

 REF _Ref427263241 \r \h 
[3] were provided by multiple companies in RAN1#81.  These results had substantial variability in the benefit of MuST.  Furthermore, since the ability to coschedule frequency selectively scheduled UEs may vary with the reference receiver types assumed for MuST and the corresponding signaling design, it is important to understand the performance of frequency selective scheduling (FSS) when used with MuST and how it compares to baseline schemes.  This contribution therefore presents initial system simulation results for MuST, using simple simulation assumptions and providing some basic results that may lead to better convergence of results and relative performance with important LTE features such as FSS.  
2. NOMA scheme 

In this contribution, we consider a generic non-orthogonal multiple access (NOMA) approach based on [4]. 

Transmissions to a ‘near’ UE and a ‘far’ UE are multiplexed in the same resources, but at different power levels and MCSs.  The total transmit power is split between the two UEs, with more power allocated to the far UE.  The far UE MCS is also typically lower than the near UE.  Because the transmission to the far UE is at higher power and generally at lower MCS, the near UE can often cancel the far UE’s PDSCH, maintaining much of the throughput it would have had in the absence of interference.  Furthermore, the interference from the near UE to the far UE is reduced due to the lower power allocation of the near UE, limiting the throughput loss to the far UE, and generally avoiding the need for interference cancellation for the far UE’s PDSCH.  As a result, the total throughput with NOMA transmission can be higher than if the two UEs had been served in orthogonal resources, and only the near UE tends to benefit from interference cancelation.  
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Because the far UE’s PDSCH generally strongly interferes with the near UE’s PDSCH, interference cancellation at the near UE is essential in this scheme. 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 [5] or more advanced models will be used in later contributions.
3. System Level Performance of MuST and Frequency Selective Scheduling
MuST has somewhat different behaviors than typical LTE system level simulations even with MU-MIMO.  Multi-user pairing can be more difficult, since there are fewer pairing candidates than for MU-MIMO.  This is because there are fewer same-PMI candidates than orthogonal PMI candidates (especially for 4 or more Tx antennas).  Furthermore, as discussed in [3]

 REF _Ref427263395 \r \h 
[6]

 REF _Ref427263381 \r \h 
[7], proportional fair metrics and scheduler methodologies may be somewhat different than SU/MU-MIMO.  These differences are even before the impairments for non-linear receivers (essential for MuST operation) are applied.  In order to maximize the chances for simulation result alignment, results from simple simulations should first be compared.

Depending on the reference receiver and how MuST signaling is architected, frequency selective scheduling for UEs paired in MuST may or may not be limited.  Since FSS is a key aspect of LTE since Rel-8, its use is essential for baseline schemes, and its use with MuST should be carefully studied.
Observations:
· MuST system simulations are not simple to align.

· MuST has a number of new behaviors, including those with respect to multi-user pairing, proportional fair scheduling, interference cancellation receiver modeling, and frequency selective scheduling.
· FSS is an essential LTE feature, and its use in MuST and baseline schemes should be carefully studied.
Given these observations, we present some initial ideal system simulation results for the basic NOMA approach described in section 2 for MuST scenario 1 below. The simulation assumptions are summarized in Appendix A. The full buffer geometry curve is provided in Appendix B, which matches the full buffer geometry calibration results for NAICS scenario 1 [8].
3.1. Antenna configuration: 1x2

 A single transmit antenna is 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 for NOMA, while both FSS and wideband scheduling results are given for OMA.  Only rank1 UEs with the same PMI are allowed in the pairing for possible NOMA transmission.
The results are shown in Table 1.  First comparing the OMA and NOMA performance for wideband scheduling with up to moderate load, we see that NOMA has some gain: 5/17% and 16/38% mean and cell edge throughput at 20/50% RU.  At very high RU, NOMA has more gain: 31% and 43% mean and cell edge gain, respectively.  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 OMA with FSS to (wideband) NOMA, we find a small gain or a loss in performance.  At 20/50% RU, NOMA has +3/+3% and +6/-5% more gain than OMA with FSS in mean and cell edge throughput.  At 70% RU, NOMA has 7% and -25% more gain than OMA with FSS at mean and cell edge throughput.
Table 1: OMA and NOMA Performance with 1x2 Antenna Configuration in MuST Scenario 1

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

	
	
	
	Mean
	Cell edge
	Mean
	Cell edge

	OMA
	1x2
	20%
	1.885
	0.593
	baseline

	
	
	50%
	1.256
	0.238
	

	
	
	70%
	0.865
	0.115
	

	OMA
	1x2, freq. selective scheduling
	20%
	1.923
	0.655
	2%
	10%

	
	
	50%
	1.430
	0.341
	14%
	43%

	
	
	70%
	1.070
	0.194
	24%
	68%

	NOMA
	1x2 
	20%
	1.986
	0.689
	5%
	16%

	
	
	50%
	1.474
	0.328
	17%
	38%

	
	
	70%
	1.133
	0.165
	31%
	43%


Observations:

In MuST scenario 1 with ideal simulation assumptions and a 1x2 antenna setup, NOMA with wideband scheduling has:

· Significant gain over OMA with wideband scheduling at moderate and high loads
· Cell edge loss over OMA with FSS at moderate and high loads
· Small mean throughput gain over OMA with FSS
3.2. Antenna configuration: 2x2

Preliminary simulation has also been done with 2 transmit antennas at the eNB and 2 receive antennas at UE. Again, a 500 kB FTP model was used.  Only rank1 UEs with the same PMI are allowed in the pairing for possible NOMA transmission. 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 for NOMA, while both FSS and wideband scheduling results are given for OMA

The results are summarized in Table 2 below.  At low to medium load points (20% and 50% RU),  NOMA does not seem to provide much gain  compared to wideband OMA, i.e. 2% mean and 4% cell edge gain at 50% load point.  At 70% load point, NOMA does provide some moderate gain over wideband OMA, i.e. 9% mean and 12% cell edge gain.   When compared to OMA with FSS, NOMA actually has a performance loss, particularly at 50% and 70% RUs.  There is about 17% loss in mean and 58% loss in cell edge throughput at 50% RU. NOMA suffers further performance loss when compared to OMA (FSS) at 70% RU.
Table 2: OMA and NOMA Performance with 2x2 Antenna Configurations in MuST Scenario 1
	Method
	Description
	Resource Utilization
	Throughput (bps/Hz/UE)
	Gain

	
	
	
	Mean
	Cell edge
	Mean
	Cell edge

	OMA
	2x2, ftp
	20%
	2.739
	0.684
	Baseline

	
	
	50%
	1.665
	0.257
	

	
	
	70%
	1.077
	0.131
	

	OMA
	2x2, ftp,  freq selective scheduling
	20%
	2.824
	0.757
	3%
	11%

	
	
	50%
	1.979
	0.418
	19%
	62%

	
	
	70%
	1.673
	0.321
	55%
	145%

	NOMA
	2x2, ftp
	20%
	2.711
	0.650
	-1%
	-5%

	
	
	50%
	1.702
	0.269
	2%
	4%

	
	
	70%
	1.171
	0.146
	9%
	12%


Observations:

In MuST scenario 1 with ideal simulation assumptions and a 2x2 antenna setup, NOMA with wideband scheduling has:

· Moderate gain over OMA with wideband scheduling at high load

· Large performance loss over OMA with FSS  at medium to high loads
4. Conclusion
This contribution considered some basic system simulations and features to simulate for MuST and baseline schemes.  Some simple idealized system simulation results targeting better alignment among companies and providing some insight on frequency selective scheduling (FSS) in the context of MuST were shown.   Our observations can be summarized:

Observations:

· MuST has new behaviors that complicate simulator alignment, as can be seen in the differing results provided by companies so far.

· Comparing simple simulation setups may help to align simulators

· MuST gains over OMA may depend on its use of FSS:

· In MuST scenario 1 with ideal simulation assumptions and a 1x2 antenna setup, NOMA with wideband scheduling has:

· Significant gain over OMA with wideband scheduling at moderate and high loads
· Cell edge loss over OMA with FSS at moderate and high loads
· Small mean throughput gain over OMA with FSS
· For 2x2 antenna setup, preliminary simulation results show moderate NOMA performance gains over OMA with wideband scheduling at high load, and significant loss comparing to OMA with FSS scheduling
· This scenario represents an upper bound on MuST gains; the impact of effects such as precoder pairing and realistic receiver impairments, etc., are FFS.
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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
	1Tx, 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

	PMI/CQI  feedback mode 
	Mode 3-1 for OMA wideband and NOMA, Model 3-2 for OMA FSS

	Link adaptation
	Ideal

	Traffic model 
	FTP: 500kB packet size

	UE speed 
	3 km/h 


7. Appendix B:  Geometry 
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Figure 2: Full buffer geomery calibraion with NAICS scenario 1 (TR 36.866)
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