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1. Introduction

In RAN4 #79 meeting, two Way forward on MUST blind detection issues and simulation assumptions were approved [1]. Regarding the power ratio, the feasibility of blind detection is still FFS, some additional information was provided below:

· For MUST cases 1 and 2, study blind detection feasibility of power ratio for MUST-near UE

· CRS TM : TM2, TM3, TM4 rank 1, TM4 rank 2

· DMRS TM : TM9 rank 1, TM9 rank 2

· Power ratio examples can be referenced in

· R1-165763, R1-165797 

In this contribution, we provide the simulation results for power ratio blind detection in CRS-based transmission mode for case 1.
2. Simulation assumptions and results
2.1 Power ratio configuration
In [3], the proposals for power ratio are: 
· If QPSK is used for MUST-far user and there are multiple power ratios, the power ratios are selected from the union of the sets A and B

· Set A is a finite subset of {x: 0.6 <= x <= 0.75}. FFS on its elements

· B={0.7529, 0.7619, 0.8, 0.85, 0.875, 0.9, 0.95}

· 0.7529, 0.7619 and 0.8 correspond to 256QAM, 64QAM and 16QAM composite constellations, respectively

· The following numbers of power ratios are considered for further down-selection 

· 3, 4, 7 and 8 

Since the set A is excluded in principle, this contribution select power ratio from set B. The power ratio subsets for different composite constellations are listed below:
1. When {MODN, MODF} = {QPSK, QPSK} , the power ratio subset is {0.8, 0.85, 0.9, 0.95}
2. When {MODN, MODF} = {16QAM, QPSK}, the power ratio subset is {0.7619, 0.85, 0.9, 0.95}
3. When {MODN, MODF} = {64QAM, QPSK}, the power ratio subset is {0.7529, 0.85, 0.9, 0.95}
Regarding the number of power ratios, this contribution use 3 and 4. Note that the common detection algorithms is discussed in [4], this contribution follows the algorithm to evaluate the feasibility of power ratio. 
2.1 Simulation results
The simulation assumptions for CRS-based transmission are listed below: 
Table 1 Simulation assumptions for case 1
	Parameter for target (near) UE 
	Value 

	Frame structure
	FDD

	Bandwidth
	10MHz

	Antenna 
	2x2 ULA low correlation

	Propagation channel 
	EVA5

	Transmission mode
	TM4

	Rank
	1

	Number of OFDM symbol for control region 
	3 

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

	Precoding 
	Random with Granularity of 50 PRBs 

	CSI reporting 
	Disabled 

	MCS of near UE 
	QPSK: 0

16QAM: 10 

64QAM: 17

	Modulation of far UE 
	QPSK 

	Power ratio subset 
	QPSK, QPSK: {0.8, 0.85, 0.9, 0.95}
16QAM,QPSK: {0.7619, 0.85, 0.9, 0.95}
64QAM,QPSK: {0.7529, 0.85, 0.9, 0.95}

	Number of power ratio
	3, 4

	TX EVM 
	6% 

	Number of PRBs of PDSCH 
	Baseline: 50 

	Rank 
	Baseline: 1 

	HARQ 
	Disabled 


At transmitter and receiver, we simulated two kinds of power ratios and subsets, separately. The combination of simulations are shown in Table 2. Figure 1~ Figure 3 shows the evaluation results for the near UE, where the performance of throughput and the of detection probability are presented.
Table 2 The combination of simulations
	
	Power ratio at transmitter
	Power ratio subset for blind detection at receiver

	{QPSK, QPSK}
	
[image: image1.wmf]0.8

a

=


	{0.8, 0.85, 0.95}

	
	
[image: image2.wmf]0.8

a

=


	{0.8, 0.85, 0.9, 0.95}

	
	
[image: image3.wmf]0.85

a

=


	{0.8, 0.85, 0.95}

	
	
[image: image4.wmf]0.85

a

=


	{0.8, 0.85, 0.9, 0.95}

	{16QAM, QPSK}
	
[image: image5.wmf]0.7619

a

=


	{0. 7619, 0.85, 0.95}

	
	
[image: image6.wmf]0.7619

a

=


	{0.7619, 0.85, 0.9, 0.95}

	
	
[image: image7.wmf]0.85

a

=


	{0.7619, 0.85, 0.95}

	
	
[image: image8.wmf]0.85

a

=


	{0. 7619, 0.85, 0.9, 0.95}

	{64QAM, QPSK}
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(1) Throughput performance                    (2) Detection probability
Figure 1. Simulation results of power ratio detection for QPSK+QPSK for case 1
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(1) Throughput performance                  (2) Detection probability 
Figure 2. Simulation results of power ratio detection for 16QAM+QPSK for case 1
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(1) Throughput performance                  (2) Detection probability 
Figure 3. Simulation results of power ratio detection for 64QAM+QPSK for case 1
Based on the evaluations results, we have the following observations:
1. The detection rate is largely depends on the minimum distance between any two constellation points. When 0.8, 0.7619 and 0.7529 are selected for QPSK, 16QAM and 64QAM at transmitter, separately, the detection rate are always 1. This is because the minimum distance between any two points in these constellation diagrams is larger than other choices, which is beneficial to make the right decision. When 0.85 is selected at transmitter, the performance of detection rate is very poor. One reason is the smaller minimum distance between any two points, another reason is the smaller difference between two neighbour power ratios.
2. The gap between any two values in the subset should not be small because it is hard to correctly distinguish between these two constellations at receiver, especially at lower SNR region. In the simulation, we use two subsets with the same power ratio region (e.g., [0.7529, 0.95]) to investigate the impact of different gaps between power ratios. It can be observed that when 3 power ratios in the subset outperforms 4 power ratios at 64QAM scenarios.
3. The detection rate directly impacts the throughput. With QPSK modulation order, even the receiver cannot detect the right power ratio the throughput would not significantly decreased due to the larger distance between constellation points. This phenomenon cannot be observed for 16QAM and 64QAM, with modulation order increasing, the throughput degradation due to power ratio detection error is obvious.
Observations: 
1. The detection rate is largely depends on the minimum distance between any two constellation points as well as the gap between any two power ratios in the subset. The gap between any two values in the subset should not be small.
2. The throughput degradation due to power ratio detection error is obvious for 16QAM and 64QAM. 
Proposal 1: For MUST case1, it is proposed to set 3 power ratios in subset.
3. Conclusion
In this contribution, we evaluate the performance of power ratio detection for MUST case 1. Based on the simulation results, we have the following observations and proposal:
Observations: 
1. The detection rate is largely depends on the minimum distance between any two constellation points as well as the gap between any two power ratios in the subset. The gap between any two values in the subset should not be small.
2. The throughput degradation due to power ratio detection error is obvious for 16QAM and 64QAM. 
Proposal 1: For MUST case1, it is proposed to set 3 power ratios in subset.
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