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1. Introduction
In RAN1-85 meeting, RAN1 reached the following agreements [1]:

 Agreement:
· For Case 1 and 2 described in MUST WID, Far UE’s modulation order is limited to QPSK when it is co-scheduled with near UE in a given subframe.

· For MUST Case 1 and Case 2, multiple power ratios are supported at least for some combinations of MUST-near UE and MUST-far UE modulation orders 

· For case 3, FFS
· For Case 1 and 2, and for each combination of modulation order,  

· The number of power ratios generating non-uniform composite constellation should be chosen from 0 (for some combinations, if any), 1, 2 or 3.

· The details are FFS.

· Power ratios generating non-uniform composite constellation should be selected from the range [0.7, 0.95].

· The values of power ratio is FFS.

· 0.7 should be excluded in case of 64QAM (for near UE) + QPSK (for far UE).

Based on the agreements, at most 4 values could be specified for MUST Case 1 and Case 2. This contribution evaluates the system performance with multiple sets of power ratios in order to determine a suitable set of power-ratio values. 
2. Selection of power ratios

First we aim to reduce the number of candidates for power-ratio selections. Because the range for selecting power ratio is limited to [0.7, 0.95], we simply set six equally spaced values, 0.7, 0.75, …, 0.95, as allowable values and then check if some values are seldom selected in order to further reduce the number of candidates. The power-ratio values generating uniform composite constellation 0.7619 and 0.7529 for (MODN, MODF) = (16QAM+QPSK) and (MODN, MODF) = (16QAM+QPSK) are very close to 0.75, so impact due to the slight difference of power-ratio value is negligible. The ratio 0.7 is excluded in case of 64QAM (for near UE) + QPSK (for far UE) as stated in agreement. The following figure shows the statistics of adopted power-ratio values for each (MODN, MODF) combination, under FTP traffic model 1 with arrival rate =10.0 users/cell/sec. 
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Figure 1 Scheduling PDF of power-ratios (Number of power ratios = 6. Left: EVM=8%, right: EVM=3.5%)
Three or four power ratios for each (MODN, MODF=QPSK) combination are then selected according to the results in Figure 1, while the power-ratio value generating uniform composite constellation is always selected: 

Three power ratios:
· Q+Q: {0.8, 0.9, 0.95};
· 16+Q: {0.7619, 0.8, 0.9};
· 64+Q: {0.7529, 0.8, 0.9}.
Four ratios:

· Q+Q ratios = {0.8, 0.85, 0.9, 0.95};
· 16+Q ratios = {0.7, 0.7619, 0.8, 0.95} (alt. 0) or
   {0.7619, 0.8, 0.85, 0.9} (alt. 1) or 
   {0.7619, 0.8, 0.9, 0.95} (alt. 2);
· 64+Q ratios = {0.7529, 0.8, 0.85, 0.9}.
	
	OMA
	Three ratios
	gain
	Four ratios (alt.0)
	gain
	Four ratios (alt.1)
	gain
	Four ratios (alt.2)
	gain

	Average UPT
	0.696
	0.854
	22.70%
	0.794
	14.08%
	0.846
	21.55%
	0.794
	14.08%

	50% UPT
	0.38
	0.468
	23.21%
	0.467
	22.93%
	0.480
	26.39%
	0.447
	17.73%

	5% UPT
	0.078
	0.095
	22.20%
	0.101
	30.27%
	0.103
	33.23%
	0.090
	15.60%

	RU
	78.50%
	73.2%
	
	75.5%
	
	74.1%
	
	75.4%
	


Table 1 Performance with 3 or 4 power-ratios (EVM = 8%)
	
	OMA
	Three ratios
	gain
	Four ratios (alt.0)
	gain
	Four ratios (alt.1)
	gain
	Four ratios (alt.2)
	gain

	Average UPT
	0.761
	0.95
	24.84%
	0.907
	19.19%
	1.064
	39.82%
	0.969
	27.33%

	50% UPT
	0.41
	0.556
	35.61%
	0.529
	29.02%
	0.641
	56.34%
	0.571
	39.27%

	5% UPT
	0.0818
	0.113
	38.14%
	0.107
	30.81%
	0.13
	58.92%
	0.118
	44.25%

	RU
	77.18%
	71.67%
	
	73.17%
	
	67.96%
	
	70.98%
	


Table 2 Performance with 3 or 4 power-ratios (EVM = 3.5%)
The results for EVM=8% in Table 1 show that either adopting three ratios or four ratios (alt. 1) leads to similar performance in term of average UPT; adopting four ratios with alt.1 leads to best 5%ile UPT. 
The results for EVM=3.5% in Table 2 show that the four power-ratios (alt. 1) lead to the best performance among all candidates, and such setting with four power ratios leads to significant gain over the one with three power ratios. 
Distribution of adopted power ratio values for 4-ratio alt. 1 is shown in Table 3 and Table 4 for EVM=8% and EVM=3.5%, respectively:

	Q+Q
	0.8
	0.85
	0.9
	0.95

	
	15.44%
	2.27%
	27.66%
	12.52%

	16+Q
	0.7619
	0.8
	0.85
	0.9

	
	3.96%
	17.57%
	3.04%
	12.58%

	64+Q
	0.7529
	0.8
	0.85
	0.9

	
	2.59%
	1.81%
	0.17%
	0.33%





Table 3 Distribution of power ratios for each (MODN, MODF) combination (EVM=8%)
	Q+Q
	0.8
	0.85
	0.9
	0.95

	
	13.15%
	1.9363%
	23.32%
	12.30%

	16+Q
	0.7619
	0.8
	0.85
	0.9

	
	3.30%
	15.77%
	3.15%
	13.82%

	64+Q
	0.7529
	0.8
	0.85
	0.9

	
	4.25%
	5.38%
	1.37%
	2.26%





Table 4 Distribution of power ratios for each (MODN, MODF) combination (EVM=3.5%)
Thus we suggest the best sets of power ratios are:

· Q+Q ratios = {0.8, 0.85, 0.9, 0.95};
· 16+Q ratios = {0.7619, 0.8, 0.85, 0.9};
· 64+Q ratios = {0.7529, 0.8, 0.85, 0.9}.
Proposal 1: Agree to specify 4 power ratios for each (MODN, MODF) combination.
Proposal 2: Agree to specify power ratios for each (MODN, MODF) combination as follows:

· Q+Q ratios = {0.8, 0.85, 0.9, 0.95};
· 16+Q ratios = {0.7619, 0.8, 0.85, 0.9};
· 64+Q ratios = {0.7529, 0.8, 0.85, 0.9}.
3. Conclusion

This contribution presented the system performance with multiple power ratios in order to determine a suitable set of power-ratio values. Based on the system-level simulation results, we have the following proposals:
Proposal 1: Agree to specify 4 power ratios for each (MODN, MODF) combination.
Proposal 2: Agree to specify power ratios for each (MODN, MODF) combination as follows:

· Q+Q ratios = {0.8, 0.85, 0.9, 0.95};
· 16+Q ratios = {0.7619, 0.8, 0.85, 0.9};
· 64+Q ratios = {0.7529, 0.8, 0.85, 0.9}.
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Appendix

	Parameters
	MUST Scenario 1

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

	Inter-macro-eNB distance
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency
	2.0 GHz

	Total eNB TX power
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

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

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna height
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 
· 2 Tx, cross-polarized

UE: 
· 2 Rx, cross-polarized

	Traffic model
	FTP traffic model 1 with packet size = 100 Kbytes

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	For all users, MMSE-IRC is assumed for inter-cell interference suppression

For MUST near-users the following is assumed

· RML for intra-spatial-layer interference cancellation

· MMSE-IRC is assumed for inter-spatial-layer interference 
For other users, MMSE-IRC is assumed for inter/intra-spatial-layer interference suppression

	UE noise figure
	9 dB

	UE speed
	Outdoor UEs: 3 km/hr

Indoor UEs: 3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, 2 CRS ports 

	Transmission schemes
	SU-MIMO and MUST

	Feedback assumption
	Realistic CRS channel/interference estimation
RI/PMI/CQI feedback period = 5ms
SU-MIMO CSI feedback with 5ms feedback delay

	Receiver impairment modeling for demodulation
	Modeled

	EVM
	Tx EVM = 8%; Rx EVM = 4%

	HARQ
	No HARQ


