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1 Introduction

In RAN WG1 meeting #84bis, the following agreement for the down-selection between multiple power ratios and single power ratio was made [1]
Agreement:
· For Case 1 & 2, up to two co-scheduled UEs per spatial layer are supported

· For Case 1 & 2, MUST category 2 with one or more transmission power ratios for co-scheduled MUST UEs in each constellation combination is supported

· 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

· The superposed constellation corresponding to one of transmission power ratios in each constellation combination is a legacy constellation

· For (MOD_N, MOD_F) = (QPSK, QPSK), 16QAM legacy constellation

· For (MOD_N, MOD_F) = (16QAM, QPSK), 64QAM legacy constellation

· For (MOD_N, MOD_F) = (64QAM, QPSK), 256QAM legacy constellation

· If 2 or more power ratios are supported, the other multiple transmission power ratios for a MUST-far UE in each constellation combination can be selected from the following value ranges:

· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratio range as a starting point is [0.6, 0.95]

· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]

· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratio range as a starting point is [0.6, 0.95]

· FFS the impact if 16QAM for MUST-Far UE is supported 

· For further down-selection on the set of transmission power ratios, companies are encouraged to provide the scheduling PDF of power ratios and the corresponding performance for different sets of power ratios

In this contribution, the down-selection for the number of multiple power ratios is discussed and system-level evaluations are provided.   
2 Discussion on the number of multiple power ratios
To compare the performance for different number of multiple power ratios, system-level evaluation results are provided in Table 1. The simulation assumptions can be found in Appendix-Table 5 which follows the simulation assumptions in TR36.859.
Table 1. Simulation results for MUST category 2 with different levels of power ratios
	Throughput
(Mbps)
	Baseline
	Single level

(legacy constellation)
	2 levels
	8 levels

	
	
	UPT
	Gain
	UPT
	Gain
	UPT
	Gain

	Mean UPT
	5.52
	5.96
	7.85%
	6.07
	9.86%
	6.29
	13.86%

	5%ile UPT
	0.85
	0.92
	8.13%
	0.96
	12.91%
	1.01
	18.74%

	50%ile UPT
	3.81
	4.21
	10.52%
	4.28
	12.29%
	4.52
	18.64%

	95%ile UPT
	16.33
	17.02
	4.25%
	17.78
	8.88%
	17.78
	8.88%

	RU
	80.15%
	78.05%
	
	77.86%
	
	77.72%
	

	Served/Offered

(# of subframes simulated)
	99.12%
(60000)
	99.22%

(60000)
	
	99.32%
(60000)
	
	99.53%

(60000)
	

	λ / packet size
	9.6

	Note
	


The values for 8-level power ratios are given as follows,

Table 2. Power ratios for 8 levels
	(MOD_N, MOD_F)
	Power ratio of MUST-far UE

	Index
	1
	2
	3
	4
	5
	6
	7
	8

	(QPSK, QPSK)
	0.6
	0.65
	0.71
	0.7529
	0.8
	0.86
	0.9
	0.95

	(16QAM, QPSK)
	0.6
	0.68
	0.72
	0.7619
	0.81
	0.86
	0.9
	0.95

	(64QAM, QPSK)
	0.6
	0.65
	0.68
	0.7527
	0.79
	0.85
	0.9
	0.95

	If 16QAM is adopted for MUST-far UEs

	(QPSK, 16QAM)
	0.6
	0.65
	0.7
	0.75
	0.80
	0.85
	0.9
	0.9524

	(16QAM, 16QAM)
	0.6
	0.65
	0.7
	0.75
	0.80
	0.85
	0.9
	0.9412


In addition the schedule probability can be found in Appendix-Table 4 and the values of 2-level power ratios are given in the appendix-Table 3. The power values for legacy constellations in [2] are a subset of the power ratios in table 2. 
According to the simulation results in Table 1, it can be observed that MUST with 2-level and 8-level power ratios perform better than MUST with single & legacy power ratio. Compared to single power ratio, MUST gain for cell edge is from 8.13% to 18.74% with 8-level power ratios. And MUST with 8-level power ratios can obtain significant performance gain compared with MUST with 2-level power ratios. Especially, MUST gain for cell edge is from 12.91% to 18.74% with 8-level power ratio. Then, we can have the following observation:

Observation 1:  Compared to single power ratio, significant performance gain can be obtained in multiple power ratios, e.g., MUST gain for cell edge is from 8.13% to 18.74% with 8-level power ratios in λ=9.6.
Observation 2: Compared to the 2-level power ratios, additional performance gain can be obtained with 8-level power ratios in higher traffic load case, e.g., MUST gain for cell edge is from 12.91% to 18.74% in λ=9.6.
Proposal 1: Multiple power ratios should be supported in MUST, and 8-level power ratios for each constellation combination are preferred.
For the values of 8-level power ratios for each constellation combination, the values in Table-2 is preferred, i.e., 
Proposal 2: Following power ratios are preferred,
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratios for MUST-far UE can be {0.6, 0.71, 0.75, 0.8, 0.86, 0.9, 0.95}
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratios for MUST-far UE can be {0.68, 0.72, 0.7619, 0.81, 0.86, 0.9 0.95}
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratios for MUST-far UE can be {0.7529, 0.81, 0.86}
If 16QAM is supported for MUST-far UEs
· For (MOD_N, MOD_F) = (QPSK, 16QAM) if supported, the power ratios for MUST-far UE can be {0.9 0.9524}
· For (MOD_N, MOD_F) = (16QAM, 16QAM) if supported, the power ratios for MUST-far UE can be {0.9 0.9412}
3 Conclusions
In this contribution, the power allocation issue is discussed. The following proposals are given.

Observation 1:  Compared to single power ratio, significant performance gain can be obtained in multiple power ratios, e.g., MUST gain for cell edge is from 8.13% to 18.74% with 8-level power ratios in λ=9.6.

Observation 2: Compared to the 2-level power ratios, additional performance gain can be obtained with 8-level power ratios in higher traffic load case, e.g., MUST gain for cell edge is from 12.91% to 18.74% in λ=9.6.
Proposal 1: Multiple power ratios should be supported in MUST, and 8-level power ratios for each constellation combination are preferred.
Proposal 2: Following power ratios are preferred,
· For (MOD_N, MOD_F) = (QPSK, QPSK), the power ratios for MUST-far UE can be {0.6, 0.71, 0.75, 0.8, 0.86, 0.9, 0.95}
· For (MOD_N, MOD_F) = (16QAM, QPSK), the power ratios for MUST-far UE can be {0.68, 0.72, 0.7619, 0.81, 0.86, 0.9 0.95}
· For (MOD_N, MOD_F) = (64QAM, QPSK), the power ratios for MUST-far UE can be {0.7529, 0.81, 0.86}
If 16QAM is supported for MUST-far UEs
· For (MOD_N, MOD_F) = (QPSK, 16QAM) if supported, the power ratios for MUST-far UE can be {0.9 0.9524}
· For (MOD_N, MOD_F) = (16QAM, 16QAM) if supported, the power ratios for MUST-far UE can be {0.9 0.9412}
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Appendix
The values for multiple power ratios: 
Table 3. Power ratios for 2 levels
	(MOD_N, MOD_F)
	Power ratio of MUST-far UE

	(QPSK, QPSK)
	0.6
	0.8

	(16QAM, QPSK)
	0.7619
	0.86

	(64QAM, QPSK)
	0.7529
	0.85

	(QPSK, 16QAM)
	0.9
	0.9524

	(16QAM, 16QAM)
	0.9
	0.9412


The scheduling probability of different power ratios: 
Table 4. Scheduling probability of different power ratios

	(MOD_N, MOD_F)
	Probability of different power ratios

	Index
	1
	2
	3
	4
	5
	6
	7
	8

	(QPSK, QPSK)
	0.0252
	0.0001 
	0.0478
	0.2730
	0.1708
	0.0638
	0.0527
	0.0915

	(16QAM, QPSK)
	0.0000
	0.0773
	0.0753
	0.0204
	0.0082
	0.0263
	0.0039
	0.0031

	(64QAM, QPSK)
	0.0000
	0.0000
	0.0000
	0.0050
	0.0037
	0.0003
	0.0000
	0.0000

	(QPSK, 16QAM)
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0044
	0.0439

	(16QAM, 16QAM)
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0000
	0.0005
	0.0028

	λ / packet size
	9.6


The evaluation assumptions: 

Table 5. Simulation assumptions
	Parameters
	Value

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites

	Inter-macro-eNB distance 
	500 m

	System bandwidth per carrier
	10 MHz 

	Carrier frequency 
	2.0 GHz

	Total eNB TX power 
	46 dBm

	Distance-dependent path loss
	ITU UMa, with 3D distance between an eNB and a UE applied

	Penetration loss
	For outdoor UEs: 0 dB
For indoor UEs: (20+0.5din) dB (din: independent uniform random value between [0, 25] for each link)

	Shadowing
	ITU UMa

	Fast fading channel between eNB and UE
	ITU UMa 

	eNB antenna pattern
	3D 

	eNB antenna height 
	25 m

	eNB antenna gain + connector loss
	17 dBi

	UE antenna height
	1.5 m

	UE antenna gain
	0 dBi

	Antenna configuration
	eNB: 2 Tx, cross-polarized

UE: 2 Rx, cross-polarized

	Traffic model
	FTP traffic model 1 with

Packet size of 0.1 Mbytes for resource utilization of 80% 

	UE dropping
	20% UEs are outdoor; 80% UEs are indoor

	Minimum distance (2D distance)
	Macro – UE : > 35m

	Number of superposed signals in superposition transmission
	2

	UE receiver
	R-ML

	UE noise figure
	9 dB

	UE speed
	Outdoor UEs: 3 km/hr, 60 km/hr;

Indoor UEs: 3 km/hr

	Cell selection criteria
	RSRP for intra-frequency

	Unified handover margin
	3 dB

	Overheard
	3 symbols for DL CCHs, CRS ports and DM-RS with 12/24 REs per PRB depending on the assumed number of MIMO layers and TM

	Performance metrics
	For MUST Scenario 1: 5/50/95%ile and mean user perceived throughput (UPT);
For MUST Scenario 2: 5/50/95%ile and mean user perceived throughput (UPT) of small cells;
For MUST Scenario 3: 5/50/95%ile and mean user perceived throughput (UPT) of both macro cells and small cells;

Ratio of served cell throughput over offered cell throughput

	Transmission schemes 
	Single point transmission schemes, i.e. SU-MIMO, MU-MIMO, and MU superposition transmission

	Scheduling assumption
	Dynamic switching among the considered transmission schemes. MU pairing together with the assumed enhancements should be described by companies in details

	Feedback assumption
	Non-ideal CRS or CSI-RS channel/interference estimation
Release 12 CSI feedback schemes

Feedback periodicity: 5 ms

Feedback delay: 5 ms

Any feedback enhancements assumed in the evaluation should be described by companies in details.

	Receiver impairment modeling for demodulation
	Non-ideal CRS or DM-RS channel estimation

	EVM
	Tx EVM: 8%, 

UE Rx EVM: 4%


