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Introduction
At the RAN1#84bis meeting, the following agreement was made for power ratio for MUST [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, we show our evaluation results of PDF of the selected power ratio in each number of transmission power ratios by system level evaluation, and share our views on the design of the transmission power ratio.

Discussions
Considerations on down-selection of power ratios
At the RAN1#84bis meeting, it was agreed that legacy constellations are supported. Table 1 shows power ratios in which the superpose constellations are the legacy constellations [2]. However, only 4 legacy constellations can be used for MUST since the range of far UE is limited to [0.6, 0.95] at the RAN1#84bis meeting.
Table 1: power ratios for legacy constellation
	Legacy constellation
	Far UE
	Near UE

	16QAM
	0.800 (QPSK)
	0.200 (QPSK)

	64QAM
	0.762 (QPSK)
	0.238 (16QAM)

	256QAM
	0.753 (QPSK)
	0.247 (64QAM)

	64QAM
	0.952 (16QAM)
	0.048 (QPSK)

	256QAM
	0.941 (16QAM)
	0.059 (16QAM)

	256QAM
	0.988 (64QAM)
	0.012 (QPSK)



In addition, the maximum number of transmission power ratios is 8 and the range of far UE is limited to [0.6, 0.95]. This means 7 other power ratios other than the power ratios for legacy constellation can be supported with the agreed range at maximum.

Evaluation results of scheduling PDF
We evaluate the scheduling PDF by system level evaluation. In our evaluation, we assume that non-full buffer traffic model with packet size of 100 kB, packet arrival rate  = 10, maximum transfer time = 1.6 sec. We apply MUST category 2 as MUST scheme and R-ML as a near UE receiver. Moreover, the same precoder for co-scheduled UEs and wideband scheduling are assumed, and modulation orders for far UEs are restricted to QPSK in our evaluation. Other evaluation assumptions are listed in Annex.
In addition, in our evaluation, we use 36 candidates of power ratios with [0.6, 0.95] with 0.01 step for down selection of power ratios to 8 candidates at maximum.
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	(a) QPSK (Far UE), QPSK (Near UE)
	(b) QPSK (Far UE), 16QAM (Near UE)
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	(c) QPSK (Far UE), 64QAM (Near UE)

	Fig.1: PDF of selected power ratio


The scheduling PDF of power ratios are shown in Fig.1. Fig.1 (a), (b), and (c) shows each modulation combination of far UE and near UE. Dashed lines mean the power ratio to generate legacy constellation. As we can see these figures, we can observe the power ratio to realize legacy constellation is not the most frequently applied. On the other hand, the PDFs may change depending on transmission conditions, e.g., eNB scheduler, transmission mode, antenna configuration. In other words, optimum power ratios may depend on each cell.
Observation:
· One or more power ratio(s) in addition to the legacy constellation is needed.
· The PDF may depend on transmission conditions.
Regarding the power ratios for each modulation order of MUST near UE, the following observations can be made from Fig. 1:
Observation 2:
· The selected power ratio ranges and its distributions are different depending to the combination of modulation orders of MUST co-scheduled UE.
· If modulation order of a MUST near UE is QPSK, the power ratios range is [0.6, 0.95], and power ratio of around 0.85 is tend to be selected.
· If modulation order of a MUST near UE is 16QAM, the power ratios range is [0.65, 0.9], and power ratio of [0.75, 0.85] is tend to be selected.
· If modulation order of a MUST near UE is 64QAM, the power ratios range is [0.7, 0.85], and power ratio of around 0.8 is tend to be selected.
Based on this consideration, we propose:
Proposal:
· At least one additional power ratio is needed.
· The set of possible power ratios can be different depending on the combination of modulation orders of MUST co-scheduled UEs.

Conclusion
In this contribution, we made the following observations and proposals:
Observation 1:
· One or more power ratio(s) in addition to the legacy constellation is needed.
· The PDF may depend on transmission conditions.
Observation 2:
· The selected power ratio ranges and its distributions are different depending to the combination of modulation orders of MUST co-scheduled UE.
· If modulation order of a MUST near UE is QPSK, the power ratios range is [0.6, 0.95], and power ratio of around 0.85 is tend to be selected.
· If modulation order of a MUST near UE is 16QAM, the power ratios range is [0.65, 0.9], and power ratio of [0.75, 0.85] is tend to be selected.
· If modulation order of a MUST near UE is 64QAM, the power ratios range is [0.7, 0.85], and power ratio of around 0.8 is tend to be selected.
Proposal:
· At least one additional power ratio is needed.
· The set of possible power ratios can be different depending on the combination of modulation orders of MUST co-scheduled UEs.
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Annex
Table 2 shows the evaluation assumptions.
Table 2: system level simulation assumptions
	Parameters
	Assumptions / Values

	Scenario
	MUST Scenario 1

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites (ISD = 500 m)

	Traffic model
	FTP model 1, 100KB

	System bandwidth per carrier
	10 MHz

	Carrier frequency 
	2.0 GHz

	Total BS TX power (Ptotal per carrier)
	46 dBm

	Distance-dependent path loss
	ITU UMa

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

	Antenna pattern
	3D (referring to TR36.819)

	Antenna Height: 
	25 m

	UE antenna Height
	1.5 m

	Antenna gain + connector loss
	17 dBi

	Antenna gain of UE
	0 dBi

	Fast fading channel between eNB and UE
	ITU UMa

	Antenna configuration
	BS: 2 Tx, cross-polarized (+45 degree / -45 degree)
UE: 2 Rx, cross-polarized (0 degree / 90 degree)

	UE dropping
	20% UEs are outdoor and 80% UEs are indoor.

	minimum distance from macro-cell to UEs
	35 m

	UE receiver
	For inter-cell and inter-spatial-layer interference
· MMSE-IRC
· Non-ideal covariance matrix estimation modelled by Wishart distribution (degree of freedom: 16)

	Transmission mode 
	TM4 (Fixed to rank-1)

	UE noise figure
	9 dB

	UE speed
	3 km/h

	Handover margin
	3 dB

	Overhead
	3 symbols for DL CCHs

	Receiver impairment modelling for demodulation
	Non-ideal CRS based channel estimation

	CSI estimation
	Non-ideal CRS based CSI calculation

	Feedback
	CSI reporting mode 1-1
Feedback periodicity: 5ms
Feedback delay: 5ms

	EVM
	Tx: 8 %, Rx: 4 %
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