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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. According to the WID [1], one of the objectives is to specify the MUST category 2. In RAN WG1 meeting #85, the following agreement was made [2]:

Agreement:

· For Case 1 and 2 described in MUST WID, Far UE’s modulation order is limited to QPSK when it is co-scheduled with near UE in a given subframe.
· For MUST case 1/case 2/case 3, dynamic switching between MUST and non-MUST operation is supported

In this contribution, we discuss the power allocation issue for MUST Case 1&2 in CRS-based transmission modes.   
2 Discussion
2.1 PDSCH EPRE configuration
For a UE in non-MUST transmission mode, eNB would allocate PDSCH EPRE for this UE by taking into account its location within the cell by a higher layer parameter PA. Correct total power calculation at the near UE side is a pre-condition for correct demodulation. The following three options can be considered except blind detections. 

· Option 1: The UEs in the cell are configured with the same PA value.

· Option 2: The total power is calculated using the PA value of the near UE in the near UE side. 

· Option 3: An additional PA value is configured; the additional PA is used for the power calculation in MUST pairing.
The three options are analyzed in the following. 
· Option 1: The UEs in the cell are configured with the same PA value. In this situation, power boosting and performance optimization cannot be done. The MUST feature in LTE will be incompatible with the performance optimization for a cell especially for a macro cell with poor cell edge performance. Such limitations in MUST feature will result in limited deployment especially in a macro cell. 

Observation 1: Configuring the same PA value for both MUST-far and MUST-near UE will result in incompatible between MUST and cell performance optimization as well as configuration limitations. 
· Option 2: The total power is calculated using the PA value of the near UE in the near UE side, which is shown in Figure 1(b). The higher layer parameter PA is UE specifically configured. In particular, the corresponding PDSCH EPRE for a cell-center UE is usually smaller than that for a cell-edge UE. Thus, for a pair of MUST UEs in Case 1 or 2, the MUST-near UE may have smaller PDSCH EPRE, than that of the paired MUST-far UE. In real deployment, the PA can be selected from {-6.00, -4.77, -3.00, -1.77, 0.00, 1.00, 2.00, 3.00} dB [3], the largest difference can be 9dB. One example is that if the near UE is configured with PA-N=-6dB, and the far UE is configured with PA-F=3dB, then in the pairing, for correct power calculation and demodulation of the near UE, the total power to the CRS should be set to -6dB. In this case, in the pairing, the far UE’s PDSCH power to CRS power will be less than -6dB.

In a more general case, when the cell edge UEs are configured with larger PA value, and the cell center/middle UEs are configured with smaller PA value, then in MUST pairing, the total power will be always smaller than the cell edge UE, and the MUST gain will be vanished, because the gain of MUST comes from the pairing of UEs in cell center/middle and cell edge. 

The configuration in the above example will result in significant performance degradation of the far UE and the MUST pairing because the PDSCH power to CRS power of the far UE is greatly reduced from 3dB to less than -6dB. 

Observation 2: MUST-far UE’s performance is always poor in case MUST-near UE’s PA value is used for the downlink power allocation in MUST operation. 
· Option 3: An additional PA value is configured; the additional PA is used for the power calculation in MUST pairing, which is shown in Figure 1(c). For this option, when two UEs are paired, the total power is calculated using the additional PA value. By setting this additional PA value closer to the PA values for the cell edge UE, the performance of the MUST feature is guaranteed. And MUST feature will be compatible to the power boosting and cell performance optimization. Moreover, the additional PA value can be configured semi-statistically by higher layers, and then no noticeable signaling overhead. When a MUST capable UE is scheduled in MUST transmission mode, it obtains the allocated PDSCH EPRE according to the additional PA (denoted by PA-MUST) and CRS EPRE. And when it is scheduled in non-MUST transmission mode, it obtains the allocated PDSCH EPRE according to legacy PA and CRS_EPRE.
Observation 3: MUST operation benefits from the additional PA value, as well as is compatible to the cell performance optimization without noticeable signaling overhead and configuration limitations. 
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(a) Non MUST mode              (b) MUST with Option 2            (c) MUST with Option 3

Figure 1. Illustration of power allocation of per RB
2.2 Power sensitivity of demodulation for MUST-far UE

Since a MUST-far UE is always with QPSK modulation, the exact power is no longer needed for signal demodulation in MUST Case 1 when MMSE receiver is utilized. So that the additional PA value in option 3 for MUST operation can be transparent to the MUST-far UE. 

To testify this demonstration, the demodulation performance for MUST-far UE with rank-2 transmission is evaluated where the following two scenarios are compared:

· Scenario 1: MUST-far UE knows PDSCH EPRE.

· Scenario 2: MUST-far UE knows its exact power.

In Figure 2, the demodulation performance for MUST-far UE using MMSE receiver are provided. The simulation assumptions are in Table 1 which is placed in the appendix. Block error rate (BLER) is selected as evaluation metric. The SNR in each figure represents the total SNR of both MUST-near and MUST-far UEs. 
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(a) Two layers with equal power ratio                              (b) Two layers with different power ratios
Figure 2. BLER vs SNR for far UE using MMSE receiver
It can be observed in both Figure 2(a) and 2(b) that the curves for the two scenarios are overlap with each other for all modulation conbinations with equal/different power ratios. Then we can obtain the following observation:
Observation 4: MUST-far UE knowing the total PDSCH EPRE would not endure performance degradation compared to that MUST-far UE acquiring its exact power when MMSE receiver is utilized. 
When RML receiver is used, a MUST-far UE requires to know the power information for signal detection with rank-2 transmission. In Figure 3, the demodulation performance for MUST-far UE using RML receiver are provided. 
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(a) Two layers with equal power ratio                              (b) Two layers with different power ratios
Figure 3. BLER vs SNR for far UE using RML receiver
It can be observed in both Figure 3(a) and 3(b) that the two scenarios obtain almost the same performance for all modulation conbinations with equal/different power ratios. Then we can obtain the following observation:

Observation 5: MUST-far UE knowing the total PDSCH EPRE would not endure performance degradation compared to that MUST-far UE acquiring its exact power when MUST-far UE is with rank-2 transmission using RML receiver.
Considering that MUST operation can benefit from an additional PA without noticeable signaling overhead and configuration limitations and MUST-far UE would not endure performance degradation knowing the total PDSCH EPRE compared to acquiring the exact power, we give the following proposal:

Proposal: Introduce new higher layer parameters to assist MUST UE obtain the total PDSCH EPRE in CRS-based transmission modes.
3 Conclusions
In this contribution, the power allocation issue for MUST Case 1&2 in CRS-based transmission modes is discussed. And the following proposal and observations are given.
Observation 1: Configuring the same PA value for both MUST-far and MUST-near UE will result in incompatible between MUST and cell performance optimization as well as configuration limitations. 
Observation 2: MUST-far UE’s performance is always poor in case MUST-near UE’s PA value is used for the downlink power allocation in MUST operation. 
Observation 3: MUST operation benefits from the additional PA value, as well as is compatible to the cell performance optimization without noticeable signaling overhead and configuration limitations. 
Observation 4: MUST-far UE knowing the total PDSCH EPRE would not endure performance degradation compared to that MUST-far UE acquiring its exact power when MMSE receiver is utilized. 
Observation 5: MUST-far UE knowing the total PDSCH EPRE would not endure performance degradation compared to that MUST-far UE acquiring its exact power when MUST-far UE is with rank-2 transmission using RML receiver.
Proposal: Introduce new higher layer parameters to assist MUST UE obtain the total PDSCH EPRE in CRS-based transmission modes.
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Appendix

Table 1. Simulation assumptions
	Parameter 
	Value

	Bandwidth
	10MHz

	Carrier frequency
	2GHz

	Frame structure
	FDD

	Cyclic prefix
	Normal

	Antenna configuration
	2*2 ULA low correlation

	Cell-specific reference signals
	Antenna ports 0,1

	Propagation channel
	EVA5

	Number of OFDM symbol for control region
	3

	Subframes with PDSCH
	#1, 2, 3, 4, 6, 7, 8 and 9

	Number of PRBs of PDSCH
	12

	Transmission mode
	TM4

	Rank
	2 (for both near and far UEs)

	HARQ
	Disable

	Channel/noise estimation
	Non-ideal

	MCS of far UE
	MCS 0

	Tx EVM
	6%


