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At the RAN#81 and 82 meeting, the evaluation assumptions regarding to downlink multiuser superposition transmission were agreed [1][2][3][4]. In this contribution, we present the simulation results for MUST schemes of MUST category 1, 2 and 3 [5] with different UE receiver assumptions according to evaluation assumption agreements of the MUST deployment scenario 1.
System-Level simulation assumptions
UE receiver assumptions 
The assumptions for the inter-cell interference and inter spatial layer interference receiver are kept the same for different MUST schemes and the baseline scheme. Hard CW-IC receiver could be applied to all MUST category 1, 2 and 3. For MUST category 2 and 3, since the multiple users are superposed with gray mapping, it is also possible to directly apply the R-ML receiver to superposition layer interference suppression with minor performance loss to CW-IC receiver. In this contribution, MUST category 2 performances with R-ML receiver and hard CW-IC receivers are both presented.
Specific system settings for the simulation 
More detailed simulation assumptions are provided in the appendix according to [2, 3], and some of the parameters are highlighted in this section. In the following sections, the simulation results of MUST scenario 1 is presented for 2 TX and 2 RX antenna configurations for transmission mode 4. For the CSI feedback, the existing channel state information (CSI) feedback including RI, PMI, and CQI is used where wideband PMI/RI and subband CQI are reported to the eNB by the UE. 3km/h UE velocity is assumed for the simulations. For traffic model, both full buffer and burst buffer are assumed; and for the burst buffer traffic, FTP traffic model I is applied where the file size is 100KB and the packet expiration time is 1.6 seconds.  The channel estimation error is also considered. In the simulation, 30000 subframes are simulated for the burst buffer traffic. 
High level criteria for UE selection and scheduling
MUST category 1 & 2
Preparation and assumptions
UE proportional fair weighting factor calculation is , where  is the historic average throughput for user  in the past  subframes up to the current TTI. For the scheduling of the current TTI, it is assumed that there are  users in the queue ready to be scheduled and there are  subbands available. For each user , the wideband PMI is  and the corresponding reported CQI on subband  is . 
Superposition PF metric calculation
For user  and  pairing, and power allocation factor  for subband , the metric is calculated as  if the PMI of the two users are the same, where  and  are the payload could be carried in the subband  for user  and  after pairing with power allocation factor . And for each subband and for each user , the single user scheduling metric is also calculated as , where  is the payload that only user  is scheduled in the subband . 

Users candidates and power allocation selection
For each subband, the largest PF value over all the PF values ( and ) is selected as well as the corresponding user candidate(s) and the power allocation candidate. An example of the selection results for one TTI may be given as the following. (Example: user #2 could be far user in subband #1 and single user in subband #2.)
[image: ]
Fig.1 example of the user pairing status
User/power reselection 
When the optimum pairing is done, user reselection and power reallocation will be performed according the LTE specification limitations, where the power and near-far status of one UE should be the same for all of its allocated resource blocks. The final scheduling results for the example in Fig.1 are shown in Fig.2.

[image: ]
Fig.2. the final scheduling results for the example above
MUST category 3
In each TTI, the scheduler selects the composite constellations to be used in each sub-band and the assignments of the constellation label bits to UEs. The PF weighting factor for the  user is , where  is the historic average throughput for user  in the past  subframes up to the current TTI.
In each subband , for each pair of users , the scheduler evaluates the metric
	
	
	(1)


where  is a candidate composite constellation in the set {16QAM, 64QAM, 256QAM} and  is a candidate label bit assignment, defined as  if the  bit of the composite constellation  is assigned to the  UE and  otherwise.  denotes the complementary label bit assignment of , which is obtained inverting the bits in . The  UE rate in the  sub-band is computed as
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where  is the number of label bits of  and  is the SINR experienced by the  UE in subband . Moreover,  is the bit-level capacity [8] of the  bit of composite constellation for user  in subband .
For each pair of UEs, the composite constellations  and label bit assignments   that maximize the sum rate (1) are found and the corresponding rate is computed as 
	
	.
	(3)


For each subband , the highest among the rates  is found and the corresponding pair of UEs  are selected for transmission in the  subband. The corresponding composite constellation and bit label assignment are used.
Wideband scheduling is obtained with  subbands.
After the optimal constellations and bit label assignments have been computed and UE pairs have been selected, constellation reselection and label bit reassignment are performed across all subbands in order to obtain a constant number of assigned bits in all subbands for each UE.
System level simulation results 
In this section, the performances of NOMA of MUST category 1, SOMA of MUST category 2 [6] and REMA of MUST category 3 [6] are provided, where CW-IC receiver is employed to all three MUST categories, R-ML receiver is employed to MUST category 2, and MMSE-IRC is employed to detect the composite constellation for MUST category 3.  Both wideband scheduling and subband scheduling (i.e. frequency selective scheduling) are employed to MUST category 1 and 2, while only wideband scheduling to MUST category 3.
 MUST category 1&2
The simulation results are in the following tables. The difference between category 1 and 2 is with or without gray mapping, so when the hard CW-IC receiver is applied both scheme categories experience very almost the same performance. Thus, in this contribution, the same system modeling of hard CW-IC receiver is applied to both scheme categories, MUST category 1 and 2 show the same performance for hard CW-IC receiver, i.e. the simulation results of MUST category 2 using hard CW-IC receiver are also applicable for MUST category 1 scheme. 
Full buffer traffic
Table 1 Simulation results for MUST category 1&2 of full buffer
	Throughput (Mbps)
	Baseline
	MUST Category 1&2

	
	
	Hard CW-IC
	Gain
	
	

	Cell average
	17.3
	19.6
	13.4%
	
	

	Cell edge
	0.45
	0.52
	16.6%
	
	

	Note
	Rx Scheme #1: Hard CW-IC. Subband scheduling.

	Cell average
	13.65
	16.22
	18.8%
	
	

	Cell edge
	0.35
	0.44
	24.8%
	
	

	Note
	Rx Scheme #1: Hard CW-IC. Wideband scheduling. 



Table 2 simulation results for MUST category 2 of full buffer
	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	Hard CW-IC
	Gain
	R-ML
	Gain

	Cell average
	17.3
	19.6
	13.4%
	19.5
	12.7%

	Cell edge
	0.45
	0.52
	16.6%
	0.52
	16.1%

	Note
	Rx Scheme #1: Hard CW-IC, Rx Scheme #2 is R-ML receiver. Subband scheduling.

	Cell average
	13.65
	16.22
	18.8%
	16.02
	17.3%

	Cell edge
	0.35
	0.44
	24.8%
	0.43
	23.4%

	Note
	Rx Scheme #1: Hard CW-IC, Rx Scheme #2 is R-ML receiver. Wideband scheduling. 



Observation 1: With MUST category 1&2 and hard CW-IC receiver used at the near UE, ~14% cell average and ~17% cell edge throughput gain are achieved for full buffer traffic with subband scheduling. And ~19% cell average gain and ~25% cell edge throughput gain are achieved for wideband scheduling. 
Observation 2: With MUST category 2 and R-ML receiver used at the near UE, ~13% cell average and ~16% cell edge throughput gain are achieved for full buffer traffic with subband scheduling. And ~17% cell average gain and ~23% cell edge throughput gain are achieved for wideband scheduling. 
FTP Burst traffic
Similar to the full buffer case, all of the following simulation results for MUST category 2 with hard CW-IC receiver are the same for MUST category 1 with hard CW-IC, because the same system modeling is applied to both scheme categories.
Table 3 simulation results for MUST category 1&2 with hard CW-IC receiver and MUST category 2 with R-ML receiver for wideband scheduling
	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	Hard CW-IC
	Gain
	R-ML
	Gain

	Mean UPT
	7.90
	8.53
	7.97%
	8.50 
	7.64%

	5%ile UPT
	1.43
	1.64
	14.69%
	1.63 
	14.24%

	50%ile UPT
	6.06
	6.78
	11.88%
	6.74 
	11.19%

	95%ile UPT
	21.05
	21.05
	0.00%
	21.05 
	0.00%

	Mean UPT of 5% smallest  UPT
	1.07
	1.24
	15.89%
	1.24 
	15.80%

	RU
	0.63
	0.59
	
	0.60
	

	Served/Offered (# of subframes simulated)
	>0.99
	>0.99
	
	>0.99
	

	λ / packet size
	8.0/100KB

	Note
	Rx Scheme #1: Hard CW-IC, whose results are also applicable to MUST category 1; Rx Scheme #2 is R-ML receiver. Wideband scheduling 

	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	Hard CW-IC
	Gain
	R-ML
	Gain

	Mean UPT
	5.23
	5.81
	11.09%
	5.79
	10.69%

	5%ile UPT
	0.76
	0.94
	23.68%
	0.94
	23.49%

	50%ile UPT
	3.52
	4.12
	17.05%
	4.10
	16.51%

	95%ile UPT
	16.0
	17.02
	6.38%
	16.90
	5.63%

	Mean UPT of 5% smallest  UPT
	0.52
	0.66
	26.92%
	0.66
	26.79%

	RU
	0.812
	0.80
	
	0.806
	

	Served/Offered (# of subframes simulated)
	0.987
	>0.99
	
	>0.99
	

	λ / packet size
	10.0/100KB

	Note
	Rx Scheme #1: Hard CW-IC, whose results are also applicable to MUST category 1; Rx Scheme #2 is R-ML receiver. Wideband scheduling 

	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	Hard CW-IC
	Gain
	R-ML
	Gain

	Mean UPT
	4.63
	5.33
	15.12%
	5.31 
	14.60%

	5%ile UPT
	0.67
	0.84
	25.37%
	0.83 
	24.63%

	50%ile UPT
	3.09
	3.72
	20.39%
	3.72 
	20.34%

	95%ile UPT
	14.55
	15.68
	7.77%
	15.58 
	7.08%

	Mean UPT of 5% smallest  UPT
	0.36
	0.57
	58.33%
	0.57 
	57.85%

	RU
	0.86
	0.82
	
	0.83
	

	Served/Offered (# of subframes simulated)
	0.975
	0.987
	
	0.985
	

	λ / packet size
	10.8/100KB

	Note
	Rx Scheme #1: Hard CW-IC, whose results are also applicable to MUST category 1; Rx Scheme #2 is R-ML receiver. Wideband scheduling



Observation 3: For burst buffer traffic model with wideband scheduling, the gain varies according to the traffic load. For around 80% resource utilization (RU) case, around 15% average user perceived throughput (UPT) gain and around 24% cell edge UPT gain are achieved when hard CW-IC or R-ML receiver is applied. For around 60% resource utilization case, around 8% average UPT gain and around 15% cell edge UPT gain are achieved when hard CW-IC or R-ML receiver is applied.
Observation 4: Maximal packet dropping rate emerged at RU 86%, where the packet dropping rate is no more than 2.5% for OMA, and MUST reduces the dropping rate to less than 1.5%.
Observation 5: The average throughput of the 5% packets with smallest UPT is dramatically improved, due to that MUST schemes are helping to reduce the number of dropped packets even the dropping rate is no more than 2.5%.
Table 4 simulation results for MUST category 1&2 with hard CW-IC receiver and MUST category 2 with R-ML receiver for subband scheduling
	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	Hard CW-IC
	Gain
	R-ML
	Gain

	Mean UPT
	8.5
	8.74 
	2.82%
	8.71 
	2.51%

	5%ile UPT
	1.8
	1.87 
	3.89%
	1.86 
	3.16%

	50%ile UPT
	6.8
	7.12 
	4.71%
	7.10 
	4.48%

	95%ile UPT
	20.5
	20.50 
	0.00%
	20.50 
	0.00%

	Mean UPT of 5% smallest  UPT
	1.34
	1.58 
	17.91%
	1.57 
	17.13%

	RU
	0.63
	0.60
	
	0.61
	

	Served/Offered (# of subframes simulated)
	>0.99
	>0.99
	
	>0.99
	

	λ / packet size
	9.0/100KB

	
	Rx Scheme #1: Hard CW-IC, whose results are also applicable to MUST category 1; Rx Scheme #2 is R-ML receiver. Subband scheduling.

	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	Hard CW-IC
	Gain
	R-ML
	Gain

	Mean UPT
	6.13
	6.79 
	10.77%
	6.78 
	10.64%

	5%ile UPT
	1.18
	1.35 
	14.41%
	1.34 
	13.77%

	50%ile UPT
	4.57
	5.27 
	15.32%
	5.26 
	15.01%

	95%ile UPT
	16.66
	17.71 
	6.30%
	17.64 
	5.91%

	Mean UPT of 5% smallest  UPT
	0.90
	1.09 
	21.11%
	1.08 
	20.33%

	RU
	0.802
	0.77
	
	0.78
	

	Served/Offered (# of subframes simulated)
	>0.99
	>0.99
	
	>0.99
	

	λ / packet size
	10.8/100KB

	
	Rx Scheme #1: Hard CW-IC, whose results are also applicable to MUST category 1; Rx Scheme #2 is R-ML receiver. Subband scheduling.

	Throughput (Mbps)
	Baseline
	MUST Category 2

	
	
	Hard CW-IC
	Gain
	R-ML
	Gain

	Mean UPT
	4.96
	5.51 
	11.09%
	5.48 
	10.40%

	5%ile UPT
	0.89
	1.04 
	16.85%
	1.04 
	16.65%

	50%ile UPT
	3.54
	4.05 
	14.41%
	4.04 
	14.03%

	95%ile UPT
	14.04
	15.23 
	8.48%
	15.14 
	7.83%

	Mean UPT of 5% smallest  UPT
	0.59
	0.69 
	16.95%
	0.69 
	16.33%

	RU
	0.882
	0.862
	
	0.870
	

	Served/Offered (# of subframes simulated)
	>0.99
	>0.99
	
	>0.99
	

	λ / packet size
	12.2/100KB

	Note
	Rx Scheme #1: Hard CW-IC, whose results are also applicable to MUST category 1; Rx Scheme #2 is R-ML receiver. Subband scheduling.



Observation 6: The SCT to OCT ratio for the simulated cases are very close to 1, which implies that there are almost no dropped packets in the simulations for subband scheduling cases at up to 88.2% RU in all the simulation cases. 
Observation 7: For burst buffer traffic model, the gain varies according to the traffic load. Maximally ~11% average user throughput gain and ~17% for cell edge user throughput gain can be achieved for subband scheduling. The gain increases note worthily as the resource utilization increases. 
Observation 8: For MUST category 2, with the R-ML receiver at the near UE for superposition coding, the performance is slightly degraded compared with hard CW-IC receiver applied at near UE. But overall the R-ML and the hard CW-IC receivers lead to very similar performance for MUST category 2.
MUST category 3 with wideband scheduling (To be updated)
In this section, SLS results of MUST category 3 with wideband scheduling are presented. The parameters used for system-level simulation of MUST category 3 are summarized in Table 5. For parameters not listed in Table 5, the values reported in Appendix have been used. 
[bookmark: _Ref434585998]Table 5. Simulation parameters
	Parameter 
	Value 

	Traffic model 
	Full-buffer 

	Number of macro sites
	7

	N. users UEs/per cell
	10, 20

	Maximum TX rank
	1

	Scheduling algorithm 
	PF, wide-band

	UE pairing
	Same rank, same PMI

	CSI feedback 
	Wide-band CQI/PMI/RI 

	PMI/RI feedback period 
	40ms

	RX EVM 
	0%



In Table 6, preliminary SLS results for MUST category 3 [6] are shown. The cell-average throughput gain over baseline is obtained for rank-1 transmission. The considered UE receivers are MMSE-IRC and CW-IC.
[bookmark: _Ref430161988]
[bookmark: _Ref434610907]Table 6. Simulation results for MUST category 3 of full buffer
	Throughput (Mbps)
	Baseline
	MUST Category 3

	
	
	Hard CW-IC
	Gain
	MMSE-IRC
	Gain

	Cell average
	10.21
	11.41
	11.8%
	11.02
	8.01%

	Notes:
	7 Macro sites, rank 1,  40ms PMI/RI feedback, RX EVM 0%



System robustness 
The benefits of MUST schemes are not only throughput gain as shown in the previous sections, but also other aspects like helping to reduce the packet dropping rate and reduce the resource utilizations so that the robustness of the network system is improved and the rate of user complaint for network experience is reduced. In this section, the dropping rate and resource utilization for MUST category 1&2 using hard CW-IC receiver are presented below. 
As it can be seen above that the packets dropping rate for subband scheduling is very low, then we focus this analysis on the wideband scheduling cases.
[image: ]
Fig.3 comparison of the dropping rate for various packets arriving rate
[image: ]
Fig.4 comparison of the resource utilization for various packets arriving rate
It can be seen in the simulation results that for all the cases of medium to high cell traffic load, the MUST can help to reduce the packet dropping rate, even the resource utilization is only about 65%. For higher cell traffic load the packet dropping rate is reduced by about 50% at resource utilizations beyond 70%. And the MUST technologies are also beneficial to improving the system robustness.
Observation 9: MUST schemes can help to improve the system robustness by reducing the system packet dropping rate especially at medium to high cell traffic load.
Statistics of the modulation order of far UE
In this section, the modulation order combinations are analyzed for MUST category 2 using hard CW-IC receivers. Fig. 5 and Fig. 6 show the statistics of the modulation order of far UE. Those results are extracted from the above simulations for wideband scheduling and subband scheduling, and RU values in figures are for MUST category 2 instead of the baseline. We can see that QPSK is frequently used by far UE with a very high probability. And the very similar results are also observed for MUST category 2 using R-ML receiver. 
[image: ] [image: ] [image: ]
Fig.5 modulation order selection for the far UE of wideband scheduling
[image: ][image: ][image: ]
Fig.6 modulation order selection for the far UE of subband scheduling

Observation 10: For the modulation order combination of the paired near and far UE in system simulation, QPSK are selected for the far UE with very high probability from medium to high cell traffic load.  16 QAM is selected with probability of around 6%, and 64QAM is selected with probability of less than 1%.
Conclusions 
In this contribution, the system evaluation results on MUST schemes MUST category 1, 2 and 3 are provided. The followings are observed:
Observation 1: With MUST category 1&2 and hard CW-IC receiver used at the near UE, ~14% cell average and ~17% cell edge throughput gain are achieved for full buffer traffic with subband scheduling. And ~19% cell average gain and ~25% cell edge throughput gain are achieved for wideband scheduling. 
Observation 2: With MUST category 2 and R-ML receiver used at the near UE, ~13% cell average and ~16% cell edge throughput gain are achieved for full buffer traffic with subband scheduling. And ~17% cell average gain and ~23% cell edge throughput gain are achieved for wideband scheduling. 
Observation 3: For burst buffer traffic model with wideband scheduling, the gain varies according to the traffic load. For around 80% resource utilization (RU) case, around 15% average user perceived throughput (UPT) gain and around 24% cell edge UPT gain are achieved when hard CW-IC or R-ML receiver is applied. For around 60% resource utilization case, around 8% average UPT gain and around 15% cell edge UPT gain are achieved when hard CW-IC or R-ML receiver is applied.
Observation 4: Maximal packet dropping rate emerged at RU 86%, where the packet dropping rate is no more than 2.5% for OMA, and MUST reduces the dropping rate to less than 1.5%.
Observation 5: The average throughput of the 5% packets with smallest UPT is dramatically improved, due to that MUST schemes are helping to reduce the number of dropped packets even the dropping rate is no more than 2.5%.
Observation 6: The SCT to OCT ratio for the simulated cases are very close to 1, which implies that there are almost no dropped packets in the simulations for subband scheduling cases at up to 88.2% RU in all the simulation cases. 
Observation 7: For burst buffer traffic model, the gain varies according to the traffic load. Maximally ~11% average user throughput gain and ~17% for cell edge user throughput gain can be achieved for subband scheduling. The gain increases note worthily as the resource utilization increases. 
Observation 8: For MUST category 2, with the R-ML receiver at the near UE for superposition coding, the performance is slightly degraded compared with hard CW-IC receiver applied at near UE. But overall the R-ML and the hard CW-IC receivers lead to very similar performance for MUST category 2.
Observation 9: MUST schemes can help to improve the system robustness by reducing the system packet dropping rate especially at medium to high cell traffic load.
Observation 10: For the modulation order combination of the paired near and far UE in system simulation, QPSK are selected for the far UE with very high probability from medium to high cell traffic load.  16 QAM is selected with probability of around 6%, and 64QAM is selected with probability of less than 1%.

Proposal: 
Capture the above simulation results into the TR.
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Appendix: detailed simulation parameters
	Parameters
	Values

	Scenario
	MUST Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	2.0GHz

	Total BS TX power
	46dBm

	Distance-dependent path loss
	ITU UMa

	Penetration loss
	For outdoor UEs:0dB
For indoor UEs: 20dB+0.5din (din : independent uniform random value between [ 0, min(25,d) ] for each link)

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna pattern
	3D

	Antenna Height: 
	25m

	Antenna gain + connector loss
	17 dBi

	UE antenna Height
	1.5m

	Antenna gain of UE
	0 dBi

	Antenna configuration
	2x2, cross-polarized, 0.5-wave length between antenna groups

	Transmission mode
	TM4

	Traffic model 
	Full buffer (10 UE/Cell) and burst buffer (FTP mode I of 100KB file size)
Packet drop will happen if the packet consumes more than 1.6 seconds

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	UE receiver
	In baseline, 
MMSE-IRC for inter-cell interference suppression
MMSE for inter-spatial layer interference suppression for SU-MIMO
In MUST, for all users, MMSE-IRC is assumed for inter-cell interference suppression
For MUST near users, CW-IC is assumed for intra spatial layer interference cancellation for both MUST category 1&2, R-ML is also applied for MUST2 for comparison, and MMSE is assumed for inter spatial layer interference suppression for SU-MIMO
For other users, MMSE-IRC is assumed for inter spatial layer interference suppression.

	UE noise figure
	9dB

	UE speed
	3km/h

	Unified handover margin
	3dB

	Overhead 
	3 symbols for DL CCHs

	Network synchronization
	Synchronized

	Performance metrics
	Average cell throughput, 5% cell edge throughput

	Scheduling assumptions
	No MU-MIMO is considered for 2X2 antenna configuration

	Feedback assumptions
	Non-ideal CRS channel/interference estimation
Release 12 CSI feedback schemes
Feedback delay 5ms
Feedback periodicity 5ms

	Receiver impairment modeling for demodulation
	Non-ideal CRS channel estimation

	EVM
	TX EVM: 8%, UE RX EVM: 4%
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