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1 Introduction

In RAN WG1 meeting #86, the following agreement along with the conclusion was made [1]:

Agreement:

· For Case 1/2, numbers of power ratios should be decided based on system level simulation and analysis:

· For QPSK + QPSK, number of power ratios is to be selected from 2/3/4 

· For QPSK + 16 QAM, number of power ratios is to be selected from 2/3/4

· For QPSK + 64 QAM, number of power ratios is to be selected from 1/2/3/4

Conclusion:

Companies are encouraged to provide principle of generating power ratio, examples are:

· Super-constellation/grid coordinates

· Evenly spaced

In this contribution, we discuss the number of power ratios for each constellation combination and provide principle of generating power ratios for MUST Case 1&2.   
2 Discussion
2.1 On number of power ratios
It has been agreed in the last RAN1 meeting that the number of power ratios for QPSK (for MUST-far UE) +QPSK (for MUST-near UE) and QPSK+16QAM is not less than 2, and the power ratio would be signaled to MUST UEs. However the QPSK+64QAM is not yet decided for single power or multiple power ratios. And the single or multiple power ratios are analyzed as follows.

· From the signaling aspects: the signaling overhead for indicating power ratio mainly depends on the maximum number of supported power ratios among all the three constellation combinations, thus at least 1 bit overhead is needed for power ratio indication. In this case, limiting only 1 power ratio for QPSK+64QAM would not reduce signaling overhead. 
· From the UE implementation complexity point of view: it is noted that R-ML receiver is used by MUST-near UE for intra spatial layer interference handling, whose complexity is only related to the size of composite constellation. Increasing the number of supported power ratios would not result in complexity increment.
· From the performance aspects: In our previous contribution [2], system-level simulation results were provided to compare the performance between 2-level and 4-level power ratios, which have shown that the case of 4-level power ratios can obtain notable performance gain compared to the case of 2-level power ratios. It can verify that increasing the number of supported power ratios can enlarge the MUST gain. And in this contribution, the performance using 2 power ratios for 64QAM+QPSK is compared with that of using only default power ratios in Table 1. It can be seen that the two options are with almost the same cell average gain, but for cell edge users, about 3.66% is difference. From the performance perspective 3.66% MUST gain is significant difference.
Table 1 Simulation results for MUST case 1 of full buffer
	Throughput (Mbps)
	Baseline
	MUST Case 1

	
	
	Only 1 default power for 64QAM+QPSK
	Gain
	2 power ratios for 64QAM+QPSK
	Gain 

	Cell average
	13.65
	15.58 
	14.6%
	15.71 
	15.0%

	Cell edge
	0.35
	0.412 
	17.9%
	0.425 
	21.56%

	Note:  Rx Scheme: R-ML. Wideband scheduling. 


Observation: Multiple power ratios for 64QAM+QPSK has noticeable throughput gain for the cell edge users compared with single power ratio for 64QAM+QPSK. 

Then we have the following proposal:
Proposal 1: For QPSK+64QAM, the number of power ratios is not less than 2.
2.2 On power ratio values
It is noted that R-ML receiver is recommended for a MUST-near UE whose implementation complexity depends on the bit width for quantizing the values of I/Q component of each composite constellation point to some extent. As discussed in [3], when the values of I/Q component of each composite constellation point is an integer, where the constellations are on grid coordinate, the corresponding bit width would be much less than that for quantizing non-integer I/Q values. Thus, to maintain a low implementation complexity of R-ML receiver, the power ratios shall be carefully selected. 
Proposal 2: The selected power ratios shall maintain low implementation complexity for R-ML receiver.
In [3], we have proposed to generate the power ratios by placing the composite constellation points on grid coordinates. The bit width for quantizing I/Q values can be reduced. As observed in [2] that the power ratios in Table A.1 in the appendix can obtain notable performance gain, and thus for each constellation combination, the supported power ratios can be selected from the corresponding 8 values in Table A.1. In this way, the MUST performance gain can be maintained. The selected power ratios are shown in Table 2, which corresponds to high selection probability.
Table 2. 4-level power ratios 

	(MOD_N, MOD_F)
	Power ratio of MUST-far UE

	Index
	1
	2
	3
	4

	(QPSK, QPSK)
	0.71
	0.8
	0.9
	0.95

	(16QAM, QPSK)
	0.7619
	0.81
	0.9
	0.95

	(64QAM, QPSK)
	0.7529
	0.85
	-
	-


Note that, some power ratios in above table may result in extremely large bit width when quantized. Thus, taking into account both performance and complexity, the selected power ratios in Table 2 can be further adjusted according to the integer I/Q component as shown in Table 3. The values of power ratios listed in Table 3 are good tradeoff between performance and complexity. In particular, 5 bits are enough to quantize the values for all the constellations points.

Table 3. Power ratios for different modulation order of MUST-near UE

	Modulation order of MUST-near UE
	Bit width
	I/Q component
	Power ratio of a MUST-far UE

	QPSK
	4
	{±2, ±5}
	0.8448

	QPSK
	4
	{±1, ±3}
	0.8000

	QPSK
	5
	{±6, ±13}
	0.8805

	QPSK
	5
	{±5, ±8}
	0.9494

	16QAM
	4
	{±1, ±3, ±5, ±7}
	0.7619

	16QAM
	5
	{±3, ±7, ±11, ±15}
	0.8020

	16QAM
	5
	{±3, ±5, ±7 ±9}
	0.8780

	16QAM
	5
	{±5, ±7, ±9, ±11}
	0.9280

	64QAM
	5
	{±1, ±3, ±5, ±7, ±9, ±11, ±13, ±15}
	0.7529

	64QAM
	5
	{±2, ±3, ±4, ±5, ±6, ±7, ±8, ±9}
	0.8521


Proposal 3: Following power ratios are preferred,
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratios for MUST-far UE can be {0.8000, 0.8448, 0.8805, 0.9494}
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratios for MUST-far UE can be {0.7619, 0.8020, 0.8780, 0.9280}
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratios for MUST-far UE can be {0.7529, 0.8521}
3 Conclusions
In this contribution, the number and values of power ratios for each constellation combination in MUST Case 1&2 is discussed. The following observation and proposals are given.
Observation: Multiple power ratios for 64QAM+QPSK has noticeable throughput gain for the cell edge users compared with single power ratio for 64QAM+QPSK. 

Proposal 1: For QPSK+64QAM, the number of power ratios is not less than 2.
Proposal 2: The selected power ratios shall maintain low implementation complexity for R-ML receiver.
Proposal 3: Following power ratios are preferred,
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratios for MUST-far UE can be {0.8000, 0.8448, 0.8805, 0.9494}
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratios for MUST-far UE can be {0.7619, 0.8020, 0.8780, 0.9280}
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratios for MUST-far UE can be {0.7529, 0.8521}
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Appendix

Table 1. Proposed power ratios in [2]

	(MOD_N, MOD_F)
	Power ratio of MUST-far UE

	Index
	1
	2
	3
	4
	5
	6
	7
	8

	(QPSK, QPSK)
	0.6
	0.65
	0.71
	0.7529
	0.8
	0.86
	0.9
	0.95

	(16QAM, QPSK)
	0.6
	0.68
	0.72
	0.7619
	0.81
	0.86
	0.9
	0.95

	(64QAM, QPSK)
	0.6
	0.65
	0.68
	0.7529
	0.79
	0.85
	0.9
	0.95


