3GPP TSG RAN WG1 Meeting #86
                                                      R1-167408
Gothenburg, Sweden, 22th - 26th August 2016
Agenda Item: 7.2.5.1
Source: ITRI
Title: Discussion on Power Ratios for MUST Case 1&2
Document for: Discussion and Decision
1. Introduction
At RAN1 #85 meeting, the following agreements and conclusion about transmission power ratios of Downlink Multiuser Superposition Transmission (MUST) had been supported for MUST WI [1].
Agreement:

· 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

Agreement:

· 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).
Conclusion:

· Companies are encouraged to perform more evaluations especially regarding the detailed set of power ratio(s) for each combination (e.g., refer to the WFs in R1-165763, R1-165797 as an example)

In this contribution, we introduce our views on the number of transmission power ratios for MUST case 1 and case 2. Besides, the suggested values of transmission power ratios are also invested in this contribution. 
2. Discussion
Several schemes had been proposed to be multiuser superposition transmission scheme candidates, such as Non-Orthogonal Multiple Access (NOMA),  Semi-Orthogonal Multiple Access (SOMA) and Rate-adaptive constellation Expansion Multiple Access (REMA). NOMA performs amplitude-weighted superposition of coded and modulated signals. Signals, which are transmitted to different UEs, are combined with different power in the same time-frequency resources.  SOMA can be view as NOMA with gray labelling, and many methods to fulfill gray labelling for NOMA had been proposed [2][3][4][5]. In order to reduce the so-called error vector magnitude (EVM), or sometimes called receive constellation error (RCE), REMA was proposed by performing codeword-level superposition using conventional equal distance modulation (e.g., QPSK, 16QAM).  These schemes above are also recognized as MUST Cat.1, MUST Cat.2 and MUST Cat. 3 in TR 36.859. However, the composite constellation of NOMA may have unequal distance constellation points because of unbalanced power allocation. The combined signal x from the BS to the two UEs is described by the following model: 
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  and  are the informational signals respectively to be conveyed to MUST-near UE and MUST-far UE, and 
[image: image5.wmf]a

is the power ratio.
Multiple power ratios have been agreed to support different combinations of MUST-near UE and MUST-far UE modulation. But the exact values of power ratios are still under discussion and not determined yet in addition to the values in the Table 1. Table 1 lists the specific power ratios, which have been agreed in RAN1 meeting, to make the composite constellation be the LTE existing constellation, e.g., 16QAM, 64QAM and 256QAM. And these power ratios also make each composite constellation have the maximum minimum distance of any two points in constellation points. 
Table 1: Power ratios resulting in the LTE existing constellation after superposition
	MUST-near
	MUST-far
	Composite constellation

	Modulation
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	Modulation

	QPSK
	0.2
	QPSK
	0.8
	16QAM

	16QAM
	0.2381
	QPSK
	0.7619
	16QAM

	64QAM
	0.2471
	QPSK
	0.7529
	256QAM


Table 2: Mutual Information of the composited constellation 
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with selected power ratio and fixed power ratio
	Tx SNR
	0
	1
	2
	3
	4
	5
	6
	7

	Fixed  
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	0.800
	0.800
	0.800
	0.800
	0.800
	0.800
	0.800
	0.800

	MI
	0.99
	1.158
	1.341
	1.54
	1.752
	1.972
	2.204
	2.441

	Selected 
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	0.700
	0.700
	0.700
	0.700
	0.700
	0.700
	0.725
	0.735

	MI
	0.995
	1.164
	1.354
	1.555
	1.773
	1.998
	2.232
	2.466


Table 3: Mutual Information of the composited constellation 
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	0.7619
	0.7619
	0.7619
	0.7619
	0.7619
	0.7619
	0.7619
	0.7619

	MI
	2.735
	2.998
	3.268
	3.545
	3.826
	4.109
	4.396
	4.682

	Selected 
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	0.700
	0.700
	0.700
	0.700
	0.700
	0.700
	0.705
	0.730

	MI
	2.768
	3.035
	3.308
	3.584
	3.865
	4.146
	4.426
	4.702


The range of power ratios to generate non-uniform composite constellation 
The minimum distance of any two points in a composite constellation points is one way to determine the power ratios. However, the mutual information (MI) of a composite constellation also can be considered to determine the feasible power ratios. In Table 2 and Table 3, the selected power ratio is picked up between 0.7~0.95 with step size of 0.005 to find the best MI of the corresponding composite constellation. The results show that the MI of a composite constellation with selected power ratio is larger than the MI of a uniform composite constellation. And the range of the power ratios at the effective SNR region is located at the set [0.7, 0.75].
Proposal#1: The power ratios of different combinations of MUST-near UE and MUST-far UE modulation orders could be selected from the range [0.7, 0.75] and 0.7 will be excluded in case of 
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The number of power ratios
Besides the values of the power ratio of different combinations of MUST-near UE and MUST-far UE modulation orders, the number of power ratios is also not determined yet. According to the recent literature [6], it shows that the uniform composite constellation is good enough and it means that we do not need to select too much power ratios. So the number of power ratios could be limited to be 3 or 4.
Proposal#2: Limit the number of power ratios to be 3 or 4.
3. Conclusion
In this contribution, we introduce the range of power ratios and the number of power ratios. The proposals are given as following:
Proposal#1: The power ratios of different combinations of MUST-near UE and MUST-far UE modulation orders could be selected from the range [0.7, 0.75] and 0.7 will be excluded in case of 
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Proposal#2: Limit the number of power ratios to be 3 or 4.
References
[1] Chairman notes of 3GPP RAN1#85 Meeting.

[2] R1-151848, “Candidate schemes for superposition transmission,” Huawei, HiSilicon.
[3] R1-154454, “Multiuser Superposition Transmission Scheme for LTE,” MediaTek Inc.
[4] R1-151546, “Discussion on Multiuser Superposition Schemes,” LG Electronoics.
[5] R1-151722, “Enhanced superposition schemes for MUST,” ZTE.
[6] S. L. Shieh and Y. C. Huang, "A Simple Scheme for Realizing the Promised Gains of Downlink Nonorthogonal Multiple Access," in IEEE Transactions on Communications, vol.
64, no. 4, pp. 1624-1635, April 2016.
[image: image16.png]


[image: image17.png]



_1531989129.unknown

_1532006864.unknown

_1532266326.unknown

_1532266423.unknown

_1532061459.unknown

_1531989153.unknown

_1508257484.unknown

_1508257531.unknown

_1531988999.unknown

_1508257470.unknown

