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1. [bookmark: _GoBack]Introduction
In RAN1#84bis[1], it is proposed that for Case 1 & 2, up to two co-scheduled UEs per spatial layer are supported, and MUST category 2 with one or more transmission power ratios for co-scheduled MUST UEs in each constellation combination is supported.
As a starting point, the value range of power ratios in each constellation combination is set as [0.6, 0.95] which includes the special set {0.8, 0.762, 0.753}. With these three values, the composite constellation would be legacy constellations. And further down-selection on the set of transmission power ratios is FFS.
At this stage, it may be difficult to decide on the exact values of power ratios. In this contribution, we propose the range of power ratio and candidate ratio values based on the scheduling PDF of power ratios of the system level simulation.
2. Power ratios per constellation combination
[bookmark: OLE_LINK17]It is observed that MUST can provide 3.71% ~ 20.2% performance gain in average UPT and 10.7% ~ 30.7% performance gain in 5%-tile UPT when RU is between 70% and 80% [2]. Multiple power ratios bring 7%~10% more gain [3-6], which is comparable with the whole performance gain we can achieve so far. The averaged result is showed in Figure 1.



Figure 1 Performance gain of single power ratio vs. multiple power ratios. 

These results indicate that it is unnecessary to maintain the composite constellation to be a legacy constellation and such restriction would hurt the performance of MUST. The reasons are as follows. Since there is only one choice in single power ratio alternative, the scheduler cannot ensure that single value would be optimal at each instant. In addition, to improve the cell edge performance, it is desirable to have clustered composite constellation, i.e., the center of each cluster is far away from the origin. In legacy QAM constellations, grids are uniform spaced, rather than clustered. 

3. Capacity and power ratios 
To conceptually show the MUST performance gain over OMA, let us look at an example of two UEs shown in Fig. 2, assuming proportional fairness scheduling. As the power ratio increases, the throughput of far UE is improved significantly. Decreased power allocation to near UE would have certain negative impact on its performance. However, as long as near UE operates in degree of freedom limited, i.e., very high SNR, its throughput loss would not be significant. As the power ratio keeps increasing beyond 0.75~0.8, near UE enters power limited region and its throughput starts to drop rapidly. Hence, under the proportional fairness scheduling, far UE and near UE have the equal probability to be scheduled and paired. At each instant, the scheduler can allocate more power to near UE, for example, operating in the region of [0.4, 0.6]. While this would benefit near UE, the throughput loss to far UE is huge. In all, the power ratio should not be too small to ensure good average capacity and cell-edge capacity.
[image: ] [image: ]
(a)AWGN, SNR difference is 20dB                                     (b) AWGN, SNR difference is 10dB

Figure 2 Rate regions for MUST_Near UE and MUST_Far UE 

Setting the power ratio too small would have negative impact on the composite constellation, as shown in Figure 3. When less power is allocated to the MUST_Far UE, the Euclidean distance of the edge points between different clusters of constellations becomes smaller. This would in general make it harder for MUST_Far UE to decode its data.

(a)                                              (b)
Figure 3 Composite constellation comparison.

Observation 1：Low power ratio would not benefit the performance of MUST. 

4. Power ratios range
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]From the above analysis, it is observed that some values of power ratio within [0.6, 0.95] are not suitable. More detailed simulations can be found in our companion paper [7]. The value range of power ratios in each constellation combination as [0.6, 0.95] can be further divided, as shown in Table 1, assuming MUST_Far UE is QPSK. 
Table 1 Ranges of the power ratio for each combination
	[bookmark: OLE_LINK25][bookmark: OLE_LINK26]MUST_Near UE
	Range 1
	Range 2

	QPSK 
	0.6 ~ 0.8
	[bookmark: OLE_LINK11]0.8  ~ 0.95

	16QAM 
	0.6~ 0.762
	[bookmark: OLE_LINK12][bookmark: OLE_LINK14]0.762~ 0.95

	64QAM 
	0.6~ 0.753
	[bookmark: OLE_LINK13][bookmark: OLE_LINK15][bookmark: OLE_LINK16]0.753~ 0.95



For the purpose of balanced throughput between cell average and cell edge throughput, range 2 is preferred. 

Proposal 1：Power ratio range 2 can be considered. 



5. Conclusion
In this contribution, suitable range of power ratios was discussed. We have the following observation and proposal: 
Observation 1：Low power ratio would not benefit the performance of MUST. 
Proposal 1：Power ratio range 2 can be considered, i.e.,
                     	0.8~0.95 for QPSK, 
0.762~0.95 for 16QAM, 
0.753~0.95 for 64QAM.
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