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Introduction
In RAN1# 85, the following items were agreed [1].
For Case 1 and 2, and for each combination of modulation order 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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).

In this contribution, we provide the values of power ratio and the number of power ratios generating non-uniform composite constellation. Comprehensive system simulations are carried out for different power ratio sets and different number of power ratios.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Selection of power ratios
In this section, the number of power ratios is discussed. It is shown in [2] that compared with multiple power ratios, the edge spectral efficiency of single power ratio endures about 8% loss. Hence, adopting single power ratio cannot satisfy the requirement of performance. Also,
· [bookmark: OLE_LINK13][bookmark: OLE_LINK16]If the number of power ratios generating non-uniform composite constellation is 1, the scheduler is difficult to conduct power optimization. 
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK20][bookmark: OLE_LINK21]If the number of power ratios generating non-uniform composite constellation is 3, compared with the case that the number is 2, the performance of blind detection is worse [3]. In addition, for signalling, it needs 2 bits signalling to indicate transmission power ratios and needs 1 bit signalling to indicate transmission mode switching.
· [bookmark: OLE_LINK11][bookmark: OLE_LINK12] If the number of power ratios generating non-uniform composite constellation is 2, compared with the case that the number is 3, the performance of blind detection is better [3]. In addition, for signalling, it only needs 2 bits signalling overhead, in which three-state signalling is used to indicate transmission power ratios and one state is used to indicate transmission mode switching. 
In view of the performance, implementation complexity, and signalling overhead, we suggest the number of power ratios generating non-uniform composite constellation is 2, shown in Table 1.
Table 1 Selection of power ratios
	MOD_F + MOD_N
	QPSK + QPSK 
	QPSK + 16QAM
	QPSK + 64QAM

	Power ratio


	a1
	b1
	c1

	
	a2
	b2
	c2

	
	a3
	b3
	c3



      Power ratio in Table 1 should have some restrictions with certain considerations as follows:
· [bookmark: OLE_LINK24][bookmark: OLE_LINK25]a1 = 0.8, b1 = 0.762, c1 = 0.753, to ensure uniform composite constellation
· a2, a3, b2, b3 are selected from [0.8 0.95], so that cell edge users can see significant performance gain.
· c2, c3 are selected from [0.75 0.95]. The range is a little different from that QPSK+QPSK and QPSK+16QAM combinations, due to 64QAM for near UE
· a2, a3, b2, b3, c2, c3 to ensure uniform distribution between 0.75 and 0.95 for non-uniform composite constellations.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]There is at least an intersection among transmission power ratio sets of different modulation combination and the intersection is not null set, for example, set of {a1 a2 a3} and set of {b1 b2 b3} have a intersection , a2 = b2. This is to make it feasible for UE pairing when modulation combinations in two superposition layers are different.

One example is that a1, b1, c1, are selected from set of {0.753 0.762 0.8} and a2, a3, b2, b3, c2, c3 are selected from set of {0.8 0.85 0.875 0.9 0.95}.
Simulation results
Detailed simulation assumptions are described in Table A1. Far UE’s modulation order is limited to QPSK. Near UEs use RML receiver to cancel the interference from far UEs. Note that interference to far UEs can hardly be eliminated [2]. 
Different power ratio sets
There is a comparison of different power ratio sets based on full buffer traffic model. 
Scheme 1: based on power ratios in [4], power ratio set is {0.7488 0.8005 0.8415 0.8741}.
Scheme 2: based on power ratios in [5], power ratio set is {0.71 0.762 0.8 0.802 0.826 0.862 0.878 0.928 0.941}.
Scheme 3: based on power ratios in [6], power ratio set is {0.8 0.85 0.9}.
Scheme 4: based on power ratios in [7], power ratio set is {0.753 0.762 0.77 0.8 0.86}.
Scheme 5: the number of power ratios is 3, power ratio set is shown in Table 2.
Table 2   Scheme 5
	MOD_F + MOD_N
	QPSK + QPSK 
	QPSK + 16QAM
	QPSK + 64QAM

	Power ratio


	0.8
	0.762
	0.753

	
	0.875
	0.875
	0.85

	
	0.95
	0.9
	0.875



Table 3 Performance for full buffer model, wideband scheduling
	Power ratio sets
	
	Cell spectral efficiency (bps/Hz/cell)
	Cell edge user spectral efficiency(bps/Hz/cell/user)

	Baseline(SU-MIMO)
	SE value
	1.3350
	0.0186

	Scheme 1
	SE value
	1.4479 
	0.0222 

	
	Gain
	8.46%
	19.41%

	Scheme 2
	SE value
	1.4534 
	0.0225 

	
	Gain
	8.87%
	21.02%

	Scheme 3
	SE value
	1.4410 
	0.0232 

	
	Gain
	7.94%
	24.80%

	Scheme 4
	SE value
	1.4526 
	0.0223 

	
	Gain
	8.81%
	20.22%

	Scheme 5
	SE value
	1.4455 
	0.0238 

	
	Gain
	8.28%
	28.03%




Figure 1 Cell throughput gains of different power ratio sets compared to SU-MIMO.

The system level evaluation results are shown in table 3/Figure 1. The number of power ratios of Scheme 5 is 3, power ratio set of Scheme 5 is {0.753 0.762 0.8 0.85 0.875 0.9 0.95}. An intersection among power ratio sets of different modulation combination of Scheme 5 is {0.875}.

Observations: 
· The average spectral efficiency of all schemes is close to each other.
· Compared with Scheme 1/2/3/4 with different power ratio sets, the edge spectral efficiency of Scheme 5 is noticeably better.
Proposal:
· Power ratios generating non-uniform composite constellation satisfy uniform distribution between 0.75 and 0.95.

Different numbers of power ratios
Scheme 6: the number of power ratios generating non-uniform composite constellation is 0.
Scheme 7: the number of power ratios generating non-uniform composite constellation is 1, shown in Table 4.
Scheme 8: the number of power ratios generating non-uniform composite constellation is 2, shown in Table 5.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Scheme 9: the number of power ratios generating non-uniform composite constellation is 3, shown in Table 6.
Scheme 10: the range of power ratios is [0.7, 0.95], step of simulation is 0.025.

Table 4 Scheme 7
	MOD_F + MOD_N
	QPSK + QPSK 
	QPSK + 16QAM
	QPSK + 64QAM

	Power ratio


	0.8
	0.762
	0.753

	
	a
	b
	c






In which，，

Table 5 Scheme 8
	MOD_F + MOD_N
	QPSK + QPSK 
	QPSK + 16QAM
	QPSK + 64QAM

	Power ratio


	0.8
	0.762
	0.753

	
	0.9
	0.875
	0.8

	
	0.95
	0.9
	0.875



Table 6 Scheme 9
	MOD_F + MOD_N
	QPSK + QPSK 
	QPSK + 16QAM
	QPSK + 64QAM

	Power ratio


	0.8
	0.762
	0.753

	
	0.875
	0.8
	0.8

	
	0.9
	0.875
	0.875

	
	0.95
	0.9
	0.9



Table 7 Performance for full buffer model, wideband scheduling
	Number of power ratios
	
	Cell spectral efficiency (bps/Hz/cell)
	Cell edge user spectral efficiency(bps/Hz/cell/user)

	Baseline(SU-MIMO)
	SE value
	1.3350
	0.0186

	Scheme 5
	SE value
	1.4455
	0.0238

	
	Gain
	8.28%
	28.03%

	Scheme 6
	SE value
	1.4666
	0.0213

	
	Gain
	9.85%
	14.56%

	Scheme 7
	SE value
	1.4431
	0.0232

	
	Gain
	8.10%
	24.94%

	Scheme 8
	SE value
	1.4444
	0.0238

	
	Gain
	8.19%
	28.03%

	Scheme 9
	SE value
	1.4465
	0.0237

	
	Gain
	8.35%
	27.76%

	Scheme 10
	SE value
	1.4513
	0.0229

	
	Gain
	8.71%
	23.18%




Figure 2 Cell throughput gains of different numbers of power ratios compared to SU-MIMO.
Simulation results of different number of power ratio are shown in Table 7/Figure 2. Power ratio set of Scheme 8 is {0.753 0.762 0.8 0.85 0.875 0.9 0.95}. The number of power ratios of Scheme 8 is 3. 
There is an intersection among transmission power ratio sets of different modulation combination of Scheme 8. The intersection among power ratio sets of QPSK+QPSK and QPSK+16QAM is {0.9}. The intersection among power ratio sets of QPSK+QPSK and QPSK+64QAM is {0.8}. The intersection among power ratio sets of QPSK+16QQAM and QPSK+64QAM is {0.875}.

Observations: 
· Scheme 5/8 with 3 power ratios and Scheme 9 with 4 power ratios have obviously better edge spectral efficiency than others.
· Scheme 5/8 with 3 power ratios and Scheme 9 with 4 power ratios have similar performance.
· Compared with Scheme 10 with full power ratios, the average spectral efficiency of Scheme 5/8 with 3 power ratios decline slightly, but the edge spectral efficiency is better.
Proposal:
· The number of power ratios generating non-uniform composite constellation should be 2.
· There is at least an intersection among transmission power ratio sets of different modulation combination, and the intersection is not null set.

Conclusions  
[bookmark: OLE_LINK17]In this contribution, the number of power ratios generating non-uniform composite constellation is discussed and simulation results of multiple transmission power ratios are provided. From the simulation results, we have the following proposal.

Proposal:
· Power ratios generating non-uniform composite constellation satisfy uniform distribution between 0.75 and 0.95.
· The number of power ratios generating non-uniform composite constellation should be 2.
· There is at least an intersection among transmission power ratio sets of different modulation combination, and the intersection is not null set.
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[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Annex
Table A1:  System-level simulation assumptions of MUST 
	Cellular Layout
	Hexagonal grid, 3 sectors per site, 7 macro sites

	Inter-site distance
	500 m

	Minimum distance between BS and UE
	25m

	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 gain + connector loss
	17 dBi

	UE antenna gain
	0 dBi

	Channel Estimation
	Realistic

	Channel Measurement
	Realistic

	UE speed
	3 km/h

	Carrier Frequency
	2.0 GHz

	System bandwidth
	10 MHz

	Antenna configuration
	eNB: 2Tx, 0.5 lambda, cross-polarized
UE: 2Rx, 0.5 lambda, cross-polarized

	Number of UEs per cell
	10

	Maximum number of multiplexed UE
	2, up to 2 layers per UE

	Delay time of scheduling
	5 ms

	Traffic model
	Full buffer, wideband scheduling

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

	Total BS TX power (total per carrier)
	46 dBm

	BS noise figure
	5 dB

	UE noise figure
	9 dB

	Antenna Height
	25 m

	UE antenna Height
	1.5 m

	Codebook
	LTE Rel. 8

	OLLA
	Yes

	Receiver
	MMSE with IRC and RML

	EVM
	EVM is modeled, 8% TX, 4% RX

	Duration of the simulation 
	5s for full buffer
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