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1. Introduction

In RAN #71, the WID for MUST [1] has been approved with objectives shown in the followings.
	The work item is to specify necessary mechanisms to enable LTE to support downlink intra-cell multiuser superposition transmission for PDSCH with assistance information from serving eNB to a UE regarding its experienced intra-cell interference. A MUST UE receiver is assumed to be capable to cancel or suppress intra-cell interference between co-scheduled MUST users for the following cases.
Case 1: Superposed PDSCHs are transmitted using the same transmission scheme and the same spatial precoding vector 

Case 2: Superposed PDSCHs are transmitted using the same transmit diversity scheme.
Case 3: Superposed PDSCHs are transmitted using the same transmission scheme, but their spatial precoding vectors are different. 
The detailed objectives include:

1. (RAN4) For Case 1, 2 and 3, identify and agree on the parameter combinations that could be blindly detected jointly for MUST based on TR36.859 and RAN1’s recommendation.
2. (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, 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.
· Down-selection should be further discussed in RAN1.
3. (RAN1) For Case 1 and 2 using up to 2 Tx CRS-based transmission schemes, specify necessary mechanisms to enable efficient MUST operation.
· The configuration of downlink multiuser superposition transmission.

· Starting from the candidate parameters of assistance information identified in TR 36.859 and based on the RAN4 identified parameter combinations which could be jointly blindly detected, specify the mechanism to provide MUST assistance information to a UE using R-ML receiver, which may include assistance signalling and blind detection.
4. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, evaluate the system-level performance based on the evaluation methodology and assumptions in TR36.859.
5. (RAN1) For all three Cases using up to 4 Tx CRS-based or up to 8 Tx DMRS-based transmission schemes, identify and, if needed, specify necessary enhancements for MUST operation, following the outcomes of objective 1 to 4.

6. (RAN2) Specify necessary higher-layer signalling to support the objectives listed above.


Category 2 supports flexible power allocation so that the scheduler can conduct dynamic power optimization. In addition, the scheduler has flexibility to choose the combination of modulation orders of near and far UE. As a result, power allocation is considered potential assistance information for MUST. In this contribution, we focus on power allocation parameters and evaluate performance impact of power optimization through system level simulation. 
2. Discussion
2.1. Superposition coding scheme and Rx Type
In this contribution, we consider Category 1 or 2 MUST scheme for evaluation. In this scheme, the eNB may co-schedule two UEs with different geometry, i.e., UE1 is located near to eNB and the other UE, UE2, is located far from the eNB, and each UE pair is separated by the power allocation factor
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. For example, assuming 2 by 2 MIMO and a single layer transmission, the received signal at each user can be expressed as
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where 
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is a precoding vector for UE
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is transmit power, and
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is data symbol with a unit power. Note that we have 
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 since the same beam restriction is imposed in simulation. 
For far UE2, MMSE-IRC receiver is used to mitigate inter-cell and inter-layer interference. For near UE1, Ideal CWIC without channel estimation error is considered to cancel signal from UE2, and MMSE-IRC receiver can be used to mitigate inter-cell and inter-layer interference. 
2.2. Evaluation results

Note that for evaluation exhaustive scheduling algorithm described in [2] is used and simulation assumptions are presented in Appendix of this paper. 
For far UE2, MMSE-IRC receiver is used to mitigate inter-cell and inter-layer interference. For near UE1, Ideal CWIC without channel estimation error is considered to cancel signal from UE2, and MMSE-IRC receiver can be used to mitigate inter-cell and inter-layer interference. Within agreed power range 0.7 to 0.95 and far QPSK restriction, we observed that the performance gap between Ideal-CWIC and non-ideal ML receiver is negligible in [3].
Based on the agreement, we limit far UE’ modulation order to QPSK and use power fraction range 0.7 to 0.95 in the evaluation. To be specific, the following two power sets are considered for evaluation
Power Set 1: (note that this set is the union of the power sets in [4] and [5], and the values are rounded up to the nearest hundredths)

· QPSK + QPSK: 0.95, 0.94, 0.9, 0.87, 0.86, 0.85, 0.8, 0.76, 0.75

· 16QAM + QPSK: 0.95, 0.92, 0.9, 0.87, 0.85, 0.8, 0.76, 0.75, 0.71

· 64QAM + QPSK: 0.95, 0.94, 0.9, 0.87, 0.86, 0.85, 0.8, 0.76, 0.75

Power Set 2:

· QPSK + QPSK: 0.95, 0.94, 0.9, 0.87, 0.86, 0.85, 0.8, 0.76, 0.75

· 16QAM + QPSK: 0.95, 0.92, 0.9, 0.87, 0.85, 0.8, 0.76, 0.75, 0.71

· 64QAM + QPSK: 0.75 (uniform only)

Table 1. System level evaluation results of MUST depending on power different power sets
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Table 2. Modulation order statistics for MUST w/ power set 1
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From Table 1 and 2, we have the following observations:
Observation 1: MUST with uniform power limitation for 64QAM + QPSK achieves similar performance to MUST without the limitation.
Observation 2: The probability of 64QAM + QPSK scheduled is 4.5%.

Based on the observation, we propose to limit power fraction for 64QAM + QPSK to be 0.7529, corresponding uniform power. In addition, considering that 64QAM EVM can cause performance degradation for 64QAM + QPSK, it is reasonable to only allow uniform power for that case, which maximizes minimum distance between constellation points in 256 QAM composite constellation.
Proposal 1: Limit power fraction for 64QAM + QPSK to be 0.7529, corresponding uniform power.

Next, Figure 1 and 2 show power allocation factor statistics for QPSK+QPSK and 16QAM+QPSK for power set 2. According to the statistics, we have the following observations and proposal:

Observation 3: 0.9 and 0.85 is selected the most often for QPSK + QPSK and 16QAM +QPSK, respectively.
Proposal 2: Introduce 0.9 for QPSK + QPSK and 0.85 for 16QAM +QPSK.
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Fig. 1 Power allocation factor statistics for QPSK+QPSK
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Fig. 2 Power allocation factor statistics for 16QAM+QPSK

3. Conclusion
In this contribution, we evaluate MUST performance based on different power sets and show statistics on modulation order and power allocation factor. Based on the evaluation results, we have the following observations and proposals:

Observation 1: MUST with uniform power limitation for 64QAM + QPSK achieves similar performance to MUST without the limitation.
Observation 2: The probability of 64QAM + QPSK scheduled is 4.5%.

Observation 3: 0.9 and 0.85 is selected the most often for QPSK + QPSK and 16QAM +QPSK, respectively.

Proposal 1: Limit power fraction for 64QAM + QPSK to be 0.7529, corresponding uniform power.
Proposal 2: Introduce 0.9 for QPSK + QPSK and 0.85 for 16QAM +QPSK.
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Appendix A: Detailed evaluation assumptions

Table A-1. System-level simulation parameters
	Parameters
	Values

	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 0.5-wavelength spacing between antenna
UE: 2 Rx, cross-polarized 0.5-wavelength spacing between antenna

	Traffic model
	Full buffer (10UE/Cell)

	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
	Baseline : MMSE-IRC for inter-cell and inter-layer interference suppression
MUST : MMSE-IRC for inter-cell interference suppression

· For MUST near UE 
Ideal CWIC for intra-layer interference is assumed

MMSE-IRC for inter-cell and inter-layer interference is assumed

· For MUST far UE, 
MMSE-IRC is assumed

	UE noise figure
	9 dB

	UE speed
	3 km/hr

	Cell selection criteria
	RSRP

	Unified handover margin
	3 dB

	Performance metrics
	5/50/95%ile and mean user throughput

	Transmission schemes 
	SU-MIMO and MU superposition transmission based on TM4 
(Dynamic SU/MUST switching)

	Beam restriction
	Same beam for MUST paired UEs

	MUST rank
	Rank 1(near UE) + Rank 1(far UE),

Rank 2 + Rank 1,

or Rank 2 + Rank 2

	Feedback assumption
	CRS channel/interference estimation
Release 8 CSI feedback schemes

Feedback periodicity: 5 ms

Feedback delay: 5 ms
Feedback granularity: wideband 

	Receiver impairment modeling for demodulation
	Ideal CRS channel estimation

	EVM
	Tx EVM: 8%
UE Rx EVM: 4%
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