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1	Introduction
In RAN1 #84b, it was agreed that
· One or more transmission power ratios for each constellation combination are supported
· FFS: The number of multiple power ratios is down-selected from 1 to 8
In RAN1 #86, it was agreed that
· 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
The following conclusion was drawn:
Companies are encouraged to provide principle of generating power ratio, examples are:
· Super-constellation/grid coordinates
· Evenly spaced
Note that final selection of power ratios can be a combination of the above examples.
In this paper, we further compare the two principles listed above. 
2	Discussion
Two principles have been proposed to generate the set of power ratios used for MUST case 1 and case 2.
· Super-constellation/grid coordinates
· Evenly spaced
The super-constellation/grid coordinates based principle was proposed in [1] and [2], while evenly spaced power ratios are typical initial values used for system simulator performance study. Between [1] and [2], the constellation points of the combined constellation will fall on a grid. In [1], the grid is restricted to a legacy uniform constellation, while in [2], the grid is generalized to be an integer point grid, so more power ratio can be generated.
From various system simulations, it is observed that the performance gain (median and edge throughputs) typically are not sensitive to the exact value of the power ratios, as long as a certain number of power ratios are picked for each modulation order pair within a certain range.
[bookmark: a]Observation 1: The system performance is not sensitive to exact power ratio values, given a power ratio set with certain size is picked out of a certain range.
Given this observation, the selection of the power ratio sets needs to be based on other non-performance related criteria. Here we focus on implementation complexity of the demapper.
In the hardware implementation of R-ML demapper, a typical operation is , where  is a constellation point, and  is estimated channel, both complex numbers. When the constellation is 256QAM, the I and Q components of  take value from {-15, -13,…,-1,1,…,13,15}. The representation of I and Q of  is a 5 bit signed value. In the case that an arbitrary power ratio is chosen, the bitwidth of  will increase accordingly, and the chip area to implement the multiplier increases proportionally with respect to the bitwidth. 
For linearly spaced power ratio set, it turns out many more bits are needed to represent , and will lead to higher complexity demapper design. On the other hand, the power ratio set defined with the grid principle will limit the bitwidth of constellation points and is more implementation friendly.
[bookmark: b]Proposal 1. Use super-constellation/grid coordinates principle for power ratio set design.
In [1], a set of power ratios can be generated using a super legacy constellation grid. The set is repeated in Table 1
By selecting different subsets of points in the underlying uniform constellation, different power ratios can be achieved. Some possible choices are listed in Table 1. For QPSK enhancement layer, 5 power ratios are provided. For 16QAM enhancement layer, 7 power ratios are provided. Since the RAN1 #86 agreement is to pick 2/3/4 entries for the power ratio set for these enhancement layer modulation orders, the legacy uniform constellation grid can already provide enough choices
[bookmark: c]Proposal 2. Down-select from Table 1 for power ratios for enhancement layer modulation order QPSK and 16QAM cases.
[bookmark: _Ref450143909]Table 1. Example of power ratios with different underlying uniform constellation and combined constellation 
	Modulation order pair (BL+EL)
	Underlying uniform constellation
	Subset selection (I/Q in Figure 1)
	Power ratio

	QPSK+QPSK
	16QAM
	{±1, ±3}
	4/5=0.8 (uniform case)

	QPSK+QPSK
	64QAM
	{±1, ±5}
	9/13=0.692

	QPSK+QPSK
	64QAM
	{±3, ±7}
	25/29=0.862

	QPSK+QPSK
	64QAM
	{±3, ±5}
	16/17=0.941

	QPSK+QPSK
	64QAM
	{±5, ±7}
	36/37=0.973

	QPSK+16QAM
	64QAM
	{±1, ±3, ±5, ±7}
	16/21=0.762 (uniform case)

	QPSK+16QAM
	256QAM
	{±1, ±5, ±9, ±13}
	49/69=0.71

	QPSK+16QAM
	256QAM
	{±3, ±7, ±11, ±15}
	81/101=0.802

	QPSK+16QAM
	256QAM
	{±3, ±5, ±7, ±9}
	36/41=0.878

	QPSK+16QAM
	256QAM
	{±5, ±7, ±9, ±11}
	64/69=0.928

	QPSK+16QAM
	256QAM
	{±7, ±9, ±11, ±13}
	100/105=0.952

	QPSK+16QAM
	256QAM
	{±9, ±11, ±13, ±15}
	144/149=0.966

	QPSK+64QAM
	256QAM
	{±1, ±3, ±5, ±7, ±9, ±11, ±13, ±15}
	64/85=0.753 (uniform case)



For enhancement layer modulation 64QAM, the Table 1 only provides one power ratio, if we limit the underlying grid to be up to uniform 256QAM constellation. The design in [2] can provide more power ratios. However, it is observed from some system simulations that having more power rations for QPSK+64QAM case does not provide obvious system performance gain.
[bookmark: d]Proposal 3. Support more than 1 power ratios for QPSK+64QAM case only if obvious performance gain observed.
3	Conclusions 
Based on the discussion presented in the paper, we have the following observations and proposals.
Observation 1: The system performance is not sensitive to exact power ratio values, given a power ratio set with certain size is picked out of a certain range.
Proposal 1. Use super-constellation/grid coordinates principle for power ratio set design.
[bookmark: _GoBack]Proposal 2. Down-select from Table 1 for power ratios for enhancement layer modulation order QPSK and 16QAM cases.
Proposal 3. Support more than 1 power ratios for QPSK+64QAM case only if obvious performance gain observed.
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