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1 Introduction

In RAN #71 meeting, a new work item, i.e., downlink multiuser superposition transmission (MUST) for LTE was approved. One of its objectives is to specify downlink multiuser superposition transmission scheme(s) for MUST category 2 with  multiple transmission power ratios or MUST category 2 with single transmission power ratio & legacy constellation for co-scheduled MUST users in each constellation combination for Case 1 and 2 using up to 2 Tx CRS-based transmission schemes [1]. Down-selection between single and multiple transmission power ratios is required.
In this contribution, consideration on power allocation is discussed and system-level evaluations are provided.
2 Discussion
For simplicity, we make the following notations in this paper as:

· Alt 1: MUST category 2 with single transmission power ratio & legacy constellation.

· Alt 2: MUST category 2 with multiple power ratios.

In general, Alt 2 is more flexible than Alt 1 since the power ratios corresponding to legacy constellations can be also included in Alt 2. If Alt 1 is adopted, the superimposed constellation would be uniquely determined after the MCSs of the two paired MUST UEs are selected. In most cases, legacy constellation would not coincide with the optimal power ratio to obtain the highest potential link-level throughput or to achieve the lowest BLER. With Alt 2, the eNBs can enhance the scheduling and pairing algorithm by performing joint optimization of power allocation and MCS selection, leading to system throughput improvement. In addition, an increment in the probability for MUST transmission can be foreseen. 
To compare the performance between Alt 1 and Alt 2, simulation results are provided in the following table with optimized power levels. The simulation assumptions can be found in TR36.859. The same scheduler is used for all the cases. 
Table 1. Simulation results for MUST category 2 with Alt 1 and Alt 2 using wideband scheduling
	Throughput
(Mbps)
	Baseline
	MUST Category 2

	
	
	MUST-Alt1
	MUST-Alt2

(8values)

	
	
	UPT
	Gain
	UPT
	Gain

	Mean UPT
	7.62
	8.08
	5.97%
	8.24
	8.08%

	5%ile UPT
	1.29
	1.49
	15.42%
	1.57
	21.52%

	50%ile UPT
	5.88
	6.25
	6.24%
	6.45
	9.67%

	95%ile UPT
	20.00
	20.51
	2.56%
	21.05
	5.26%

	RU
	65.09%
	63.86%
	
	61.24%
	

	Served/Offered

(# of subframes simulated)
	99.86%
(60000)
	99.90%
(60000)
	
	99.98%

(60000)
	

	λ / packet size
	8.2

	Note
	

	Mean UPT
	6.07
	6.45
	6.26%
	6.67
	9.85%

	5%ile UPT
	0.94
	1.04
	10.14%
	1.13
	19.29%

	50%ile UPT
	4.28
	4.71
	9.99%
	4.94
	15.43%

	95%ile UPT
	17.78
	17.78
	0%
	18.18
	2.27%

	RU
	76.96%
	75.01%
	
	73.29%
	

	Served/Offered

(# of subframes simulated)
	99.31%
(60000)
	99.60%
(60000)
	
	99.67%

(60000)
	

	λ / packet size
	9.4

	Note
	

	Mean UPT
	5.52
	6.12
	10.85%
	6.41
	16.11%

	5%ile UPT
	0.85
	0.92
	9%
	1.01
	19.64%

	50%ile UPT
	3.81
	4.37
	14.75%
	4.57
	20%

	95%ile UPT
	16.33
	17.39
	6.52%
	18.18
	11.36%

	RU
	80.15%
	77.75%
	
	76.47%
	

	Served/Offered

(# of subframes simulated)
	99.13%
(60000)
	99.33%
(60000)
	
	99.51%

(60000)
	

	λ / packet size
	9.6

	Note
	

	Mean UPT
	4.64
	5.13
	10.56%
	5.46
	17.74%

	5%ile UPT
	0.68
	0.78
	16.06%
	0.84
	24.08%

	50%ile UPT
	3.09
	3.51
	13.59%
	3.79
	22.74%

	95%ile UPT
	14.55
	15.38
	5.76%
	16.33
	12.24%

	RU
	86.15%
	84.88%
	
	81.92%
	

	Served/Offered

(# of subframes simulated)
	98.02%
(60000)
	98.73%
(60000)
	
	99.11%

(60000)
	

	λ / packet size
	10.4

	Note
	


It can be observed from Table 1 that Alt 2 obtains higher throughput gain than Alt 1, and the performance gain can be further improved by supporting a larger number of different power ratios.

Observation 1:  MUST category 2 with both multiple transmission power ratios and single transmission power ratio & legacy constellation can obtain good gain.
Observation 2: MUST category 2 with multiple transmission power ratios can obtain potential performance improvement compared with MUST category 2 with single transmission power ratio & legacy constellation.
Proposal 1: Support multiple transmission power ratios for MUST category 2.
3 Considerations on multiple transmission power ratios

It is a common sense that the performance improvement obtained by supporting multiple transmission power ratios is mainly determined by the number of different power ratios and the specific values, and larger number of different power ratios would further improve the performance since the power allocation can be optimized within a larger set. 
However, the MUST-near UE requires the information of the specific power ratio in order to perform R-ML receiver, and such information can be either signaled from eNB in a dynamic manner or blindly detected at UE. It is mentioned that if the power ratio information is signaled from eNB, the extra signaling overhead is mainly determined by the number of candidate power ratios. For example, if 8-level power ratio is applied, 3 extra bits are needed for indication. 
If blind detection is implemented to obtain such information, UE implementation complexity also depends on the number of different power ratios. Symbol-likelihood-ratio (SLR) based blind detection algorithm can be employed to estimate the power ratios with a small number of symbol samples, which may not lead to a significant increment in computational complexity at the receiver since NAICS blind detection functions has already been accepted in Rel-12. The modulation order and the power ratios of MUST-far UE can be jointly blindly detected at MUST-near UE also through a small number of symbol samples. And since at most 2 different modulations, i.e., QPSK and 16QAM, may be supported for MUST-far UE, the overall computational complexity for blind detection is acceptable. 
When the number of supported power ratios is not large, the signaling overhead is negligible and the receiver complexity is acceptable. Therefore, the number of supported power ratios should be limited to be an acceptable value and performance evaluation is needed to determine the specific values. 

Proposal 2: Performance, signaling overhead and/or receiver complexity should be taken into consideration when determining the specific power ratios. 

4 Conclusions
In this contribution, consideration on the power allocation issue is provided. The following proposals are given.

Observation 1:  MUST category 2 with both multiple transmission power ratios and single transmission power ratio & legacy constellation can obtain good gain.
Observation 2: MUST category 2 with multiple transmission power ratios can obtain potential performance improvement compared with MUST category 2 with single transmission power ratio & legacy constellation.
Proposal 1: Support multiple transmission power ratios for MUST category 2.
Proposal 2: Performance, signaling overhead and/or receiver complexity should be taken into consideration when determining the specific power ratios.
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