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1 Introduction

In RAN WG1 meeting #85, the following agreement was made [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).

In this contribution, we discuss the power ratio values for each constellation combination in MUST Case 1&2.   
2 Discussion
In our previous contribution [3], we proposed the following power ratio values which is shown in Table 1 in the appendix, and system-level simulation results have shown that the power ratios in the following table can obtain obvious performance gain compared to 2-level power ratios. Thus, it can be implied that increasing the number of supported power ratios can enlarge the MUST gain. In order to fully obtain the MUST gain, the number of supported power ratios is preferred to be as large as possible. According to the agreements in last meeting, the maximum number of power ratios for each constellation combination can be 4 including the legacy constellation. Thus, we give the following proposal.

Proposal 1: It is preferred to support 4 power ratios for all different modulation orders of a MUST-near UE. 
It is necessary to mention that the power ratios in Table 1 can obtain a good performance. Thus, for each modulation order of MUST-near UE, the supported 4 power ratios can be selected from the corresponding 8 values in Table 1. In this way, the MUST performance gain can be maintained. The selected 4 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
	0.9
	0.95


In order to reduce the implementation complexity of the R-ML receiver, the bit width for quantizing I/Q values of the composite constellation point is preferred to be minimized. Note that, some power ratios in Table 2 would result in a large bit width for quantizing I/Q values. As mentioned in [2] that if the I/Q component of each composite constellation point is an integer, the bit width for quantizing I/Q values can be minimized. The power ratios shown in Table 2 can be adjusted to make the I/Q component of each composite constellation point be an integer. 

An example is shown in Figure 1. In the following figure, the composite constellation points are of near UE with 64QAM and far UE with QPSK, and only the first quadrant is shown due to the space limitation. Focusing on the first example in Figure 1, the I/Q components are {±1, ±2, ±3, ±4, ±5, ±6, ±7, ±8} and the resulting power ratio of MUST-far UE is 0.7941. And for example 2, the power ratios is 0.9618. Note that totally 9 different power ratios for 64QAM+QPSK can be generated using the following example, and the bit width for quantizing the I/Q values are 5. While for the method proposed in [2], only one power ratio for 64QAM+QPSK can be supported when the bit width is limited to be 5. Thus, the proposed method here is more flexible than that in [2].
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Figure 1. Example of composite constelation over an extended unit grid.
The adjusted power ratio values for each modulation order of MUST-near UE are shown in Table 3. Note that, 4 bits are sufficient to quantize the values for both OPSK and 16QAM while 5 bits is enough for 64QAM. 
Taking into account both the performance and complexity, the selected 4 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.
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
	3
	{±1, ±2}
	0.9000

	QPSK
	4
	{±1, ±3}
	0.8000

	QPSK
	4
	{±1, ±4}
	0.7353

	QPSK
	4
	{±3, ±5}
	0.9412

	16QAM
	4
	{±1, ±3, ±5, ±7}
	0.7619

	16QAM
	4
	{±1, ±2, ±3, ±4}
	0.8333

	16QAM
	4
	{±2, ±3, ±4, ±5}
	0.9074

	16QAM
	4
	{±3, ±4, ±5, ±6}
	0.9419

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

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

	64QAM
	5
	{±4, ±5, ±6, ±7, ±8, ±9, ±10, ±11}
	0.9146

	64QAM
	5
	{±6, ±7, ±8, ±9, ±10, ±11, ±12, ±13}
	0.9450


Proposal 2: Following power ratios are preferred,
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratios for MUST-far UE can be {0.7353, 0.8000, 0.9000, 0.9412}
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratios for MUST-far UE can be {0.7619, 0.8333, 0.9074, 0.9419}
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratios for MUST-far UE can be {0.7529, 0.8521, 0.9146, 0.9450}
3 Conclusions
In this contribution, the issue on determining power ratio values for each constellation combination in MUST Case 1&2 is discussed. The following proposal is given.

Proposal 1: It is preferred to support 4 power ratios for all different modulation orders of MUST-near UE. 
Proposal 2: Following power ratios are preferred,
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratios for MUST-far UE can be {0.7353, 0.8000, 0.9000, 0.9412}
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratios for MUST-far UE can be {0.7619, 0.8333, 0.9074, 0.9419}
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratios for MUST-far UE can be {0.7529, 0.8521, 0.9146, 0.9450}
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Appendix

Table 1. Proposed power ratios in [3]

	(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


