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1
Introduction 
In this paper, we provide the simulation assumptions and results for MUST Case 1 and Case 2 for companies to calibrate.
2
Simulation assumptions
In this section, we provide the simulation assumptions based on the discussion of our companion paper [1]. In [1], we proposed 3 test cases

· Test #1: TM2, 64QAM, with p-a-must. Both UEs are rank-1

· Test #2: TM3, QPSK, without p-a-must. Both UEs are rank-2

· Test #3: TM4, 16QAM without p-a-must. MUST-near UEs is rank-2, and MUST-far UE is rank-1

In the following, we provide our simulation assumptions for the 3 test cases. The common simulation assumptions are listed in Table 1. The specific parameters for Test #1, #2 and #3 are provided in Tables 2, 3 and 4, respectively. Here we shortly provide our reasons of choosing some parameters.
· CRS ports: since MUST Case 1 and Case 2 are supported only with 2Tx, CRS ports should be only 0 and 1.

· Number of Rx antennas: We focus on 2Rx UE first when calibrating the performance. RAN4 can further study how to extend the test for 4Rx UEs.
· Subframe # with PDSCH: Skip subframe 0 and 5 in order to keep const coderate for all subframes. 
· Value of p-a-must: Just keep it the same as p-a at this moment of performance calibration. RAN4 can further study on how to choose the value in tests. 

· Demapper algorithms: We first adopt MMSE to decouple the two spatial layers. For each layer, we use a joint R-ML demapper to calculate log-likelihood ratios. 
· MCS: 

· In Test #1 and #3, we try to use the lowest MCSs (in 64QAM and 16QAM, respectively) to avoid DL Tx EVM issue.  

· In Test #2, we try to use the highest QPSK MCS so that the SNR point would be as high as possible to make the interference more dominant than white noise.
Table 1: Common test parameters 

	Parameter
	Unit
	Value

	Bandwidth
	MHz
	10

	Duplex mode
	
	FDD

	Cyclic Prefix
	
	Normal

	Cell_ID
	
	0
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	dB
	-3
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	dB
	-3

	(
	dB
	0

	Cell-specific reference signals
	
	Antenna ports 0,1

	Propagation Condition
	
	EVA5

	Correlation Matrix and Antenna Configuration
	
	2x2 Low

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

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2 

	Value of p-a-must
	
	Same as p-a 

	Demapper algorithm for decoupling spatial layers
	
	MMSE

	Demapper algorithm for calculating LLR within one layer
	
	R-ML


Table 2: test parameters for Test #1
	Parameter
	Unit
	Value

	Transmission mode
	
	2

	MCS of near UE
	
	MCS#17

	 Modulation of far UE
	
	64QAM

	Power ratio
	
	{0.7529, 0.7941, 0.8728}

	Tx EVM
	%
	0%, 3%


Table 3: test parameters for Test #2
	Parameter
	Unit
	Value

	Transmission mode
	
	3

	MCS of near UE
	
	MCS#9

	 Modulation of far UE
	
	QPSK

	Power ratio
	
	{0.8, 0.8621, 0.9152}

	Tx EVM
	%
	0%, 6%


Table 4: test parameters for Test #3
	Parameter
	Unit
	Value

	Transmission mode
	
	4

	MCS of near UE
	
	MCS#10

	 Modulation of far UE
	
	16QAM

	Power ratio for codeword 0
	
	{0.7619, 0.8653, 0.9275}

	Interference for codeword 1
	
	Absent

	Tx EVM
	%
	0%, 6%

	Precoding
	
	Random wideband precoder per TTI


3
Simulation Results

· Test #1
Figure 1 shows the throughput performance of Test #1, when DL Tx EVM is 3%. In Figure 1.a, 1.b and 1c, Tx side transmits the superposed constellation with the 1st, 2nd and 3rd power ratios, respectively. In the case when near UE is 64QAM, the power ratios are {0.7529, 0.7941, 0.8728}. In each sub-figures, 3 curves are simulated, corresponding to 3 power ratio assumptions adopted by UE. As can be observed, in some cases the performance degradation of wrong power ratio assumption is small, and in some cases it is big. To choose a good power ratio setting for the test, we suggest the 3rd power ratio at Tx in Test #1.
Figure 2 provides the same simulation results as Figure 1, except that the DL Tx EVM is 0%. Comparing Figure 2 and Figure 1, the performance improvement for DL Tx EVM tightening is very small. This implies RAN4 can keep discussing the detail test setups under legacy TX EVM assumption, no matter what conclusions will be made on the issue of DL TX EVM tightening. 
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(a)                           (b)                        (c) 

Figure 1. Throughput performance for Test #1 with EVM 3% and different power ratio assumed by UE: (a) 1st power ratio used in Tx, (b) 2nd power ratio used in Tx and (c) 3rd power ratio used in Tx
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(a)                           (b)                        (c) 
Figure 2. Throughput performance for Test #1 with EVM 0% and different power ratio assumed by UE: (a) 1st power ratio used in Tx, (b) 2nd power ratio used in Tx and (c) 3rd power ratio used in Tx

· Test #2
Figure 3 shows the throughput performance of Test #2 when DL Tx EVM is 6%. In all cases the performance degradation of wrong power ratio assumption is very small. This observation aligns with the property of QPSK, which is very robust to power ratio detection error, as shown in [2]. Since we can still see some performance degradation in Figure 3(c), we also suggest the 3rd power ratio to be used in this test.
Figure 4 provides the same simulation results with DL Tx EVM is 0%. Similarly, the performance improvement for DL Tx EVM tightening is very small. RAN4 can keep discussing MUST performance requirement under legacy TX EVM assumption.
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(a)                           (b)                        (c) 
Figure 3. Throughput performance for Test #2 with EVM 6% and different power ratio assumed by UE: (a) 1st power ratio used in Tx, (b) 2nd power ratio used in Tx and (c) 3rd power ratio used in Tx
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(a)                           (b)                        (c) 
Figure 4. Throughput performance for Test #2 with EVM 0% and different power ratio assumed by UE: (a) 1st power ratio used in Tx, (b) 2nd power ratio used in Tx and (c) 3rd power ratio used in Tx

· Test #3
Figure 5 shows the throughput performance of Test #3 when DL Tx EVM is 6%. In this test, we still suggest the 3rd power ratio to be used in this test. Figure 6 provides the same simulation results with DL Tx EVM is 0%.
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(a)                           (b)                        (c)
Figure 5. Throughput performance for Test #3 with EVM 6% and different power ratio assumed by UE: (a) 1st power ratio used in Tx, (b) 2nd power ratio used in Tx and (c) 3rd power ratio used in Tx
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(a)                           (b)                        (c) 
Figure 6. Throughput performance for Test #3 with EVM 0% and different power ratio assumed by UE: (a) 1st power ratio used in Tx, (b) 2nd power ratio used in Tx and (c) 3rd power ratio used in Tx

Observation 1: The 3rd power ratio can distinguish wrong UE behaviour best.

Observation 2: RAN4 can assume DL Tx EVM to be 3% during the discussion performance requirements for MUST Case 1 and 2 with near UE 64QAM.

Observation 3: RAN4 can assume DL Tx EVM to be 6% during the discussion performance requirements for MUST Case 1 and 2 with near UE QPSK and 16QAM.

4
Summary 
In this paper, we provide the simulation assumptions and results for MUST Case 1 and Case 2 for companies to calibrate. Based on the results, we have the following observations
Observation 1: The 3rd power ratio can distinguish wrong UE behaviour best.

Observation 2: RAN4 can assume DL Tx EVM to be 3% during the discussion performance requirements for MUST Case 1 and 2 with near UE 64QAM.

Observation 3: RAN4 can assume DL Tx EVM to be 6% during the discussion performance requirements for MUST Case 1 and 2 with near UE QPSK and 16QAM.
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