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1	Introduction
In RAN1 #84b, it is 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 this contribution, we study this problem from receiver complexity perspective.
2	Discussion
In the HW 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. 
[bookmark: prop_1]Proposal 1. Unless there is reasonable performance loss compared to the case with multiple power ratios, stay with single power ratio from uniform combined constellation.
Some system simulation results show gain with more than one power ratio. However, as we described above, arbitrary power ratio implies higher implementation complexity in the demapper and translate to larger chip area and/or higher power consumption. To resolve this dilemma, we propose to generate the combined non-uniform constellation using an extended underlying uniform constellation. 


[bookmark: _Ref450142292]Figure 1. Example of non-uniform combined constellation design using an extended underlying uniform constellation (Selecting QPSK BL + 16QAM EL within 256QAM underlying constellation)
An example is given is Figure 1. In this example, we define a combined constellation with QPSK base layer and 16QAM enhancement layer. If the combined constellation is uniform 64QAM, the power ratio will be fixed to be 0.762. In order to have a different power ratio, we can start with a 256QAM constellation (only one quadrant shown in Figure 1). Out of the 64 points in the quadrant, we pick 16 uniform points form a 16QAM constellation. Here in the example, out of I/Q={±1, ±3, ±5, ±7, ±9, ±11, ±13, ±15}, we pick I/Q={±7, ±9, ±11, ±13}. Across all 4 quadrants, 64 points are selected to form a non-uniform 64QAM combined constellation, and Gray mapping is used. The 2 MSB are assigned to base layer and the 4 LSB are assigned to enhancement layer. The resulting power ratio is 0.928. In the near-UE receiver, the demapper can operate as if the combined constellation is the underlying uniform constellation, restricted to the selected constellation points. 
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.
[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}
	100/121=0.826 (uniform case)



Note that the Table 1 contains entries with up to 256QAM underlying uniform constellation. If 1024QAM underlying constellation is supported by the demapper, more power ratios for QPSK+64QAM can be generate as well. For QPSK+QPSK, Table 1 contains entries with 64QAM as underlying uniform constellation. If we start with 256QAM underlying uniform constellation, more power ratios can be generation, though it may not be necessary to have so many choices.
[bookmark: prop_2]Proposal 2. If more than one power ratio is absolutely necessary, the set of power ratios should be down-selected from Table 1 or its extensions for each modulation order combination.
Since supporting multiple power ratios has hardware design implications, a UE capability should be added to indicate the list of modulation order combination and power ratios it supports to allow different complexity and performance tradeoff.
[bookmark: prop_3]Proposal 3. UE capability should be defined to indicate the list of modulation order combinations and power ratios it can support.

3	Conclusions 
Based on the discussion presented in the paper, we have the following proposals.
Proposal 1. Unless there is reasonable performance loss compared to the case with multiple power ratios, stay with single power ratio from uniform combined constellation.
Proposal 2. If more than one power ratio is absolutely necessary, the set of power ratios should be down-selected from Table 1 or its extensions for each modulation order combination.
Proposal 3. UE capability should be defined to indicate the list of modulation order combinations and power ratios it can support.
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