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1
Introduction 
In this paper, we provide the simulation assumptions and results for MUST Case 3 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: TM9, k-max =1, BMUST = 2, 2Rx
· Test #2: TM9, k-max =1, BMUST = 4, 2Rx
· Test #3: TM9, k-max =3, BMUST = 6, 4Rx 
where BMUST is the number of additional bits carrying assistance information in the extended DCI formats. 

In the following, we provide our simulation assumptions for the 3 test cases. In general, we try to re-use the test setting of 8.3.1.1 Test #2 as much as possible. 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.

· Number of Tx antennas: During RAN1 discussion, MUST Case 3 is preferred to be used in the scenario with 4 or 8 Tx antennas. Here, we start from 4Tx for performance calibration.

· Subframe # with PDSCH and MCS: simply follow the FRC channel R.50 FDD. 
· Transmission mode: Since the choice of TM8, 9, 10 does not make significant performance difference, we simply adopt TM9 at this moment of performance calibration. 
· Precoding: Random precoding is used per TTI and per PRB. The 2 precoders of both UE will form a legal Rank-2 precoder specified in Table 6.3.4.2.3-2 of TS36.211. We are open to consider other precoder assumptions.
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
	0
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	dB
	0

	(
	dB
	-3

	Transmission mode
	
	9

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2

	CSI reference signal configuration
	
	3

	Zero-power CSI-RS configuration

ICSI-RS / ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 / 0001000000000000

	Propagation Condition
	
	EPA5


	Subframe # with PDSCH
	
	#0, 1, 2, 3, 4, 6, 7, 8, 9

	Reference channel
	
	R.50 FDD

	Modulation order of interference channel
	
	QPSK, 16QAM and 64QAM

	Precoding
	
	Random wideband rank-2 precoder per TTI and per PRB

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,0,1,2}

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2 

	Demapper algorithm 
	
	Enhanced IRC and Reduced ML

	DL Tx EVM
	
	6%


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

	Correlation Matrix and Antenna Configuration
	
	4x2 Low

	OCC length
	
	2


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

	Correlation Matrix and Antenna Configuration
	
	4x2 Low

	OCC length
	
	4


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

	Correlation Matrix and Antenna Configuration
	
	4x4 Low

	OCC length
	
	4


3
Simulation Results

Figures 1, 2 and 3 show the throughput performance of Test #1, #2 and #3, respectively. In sub-figures (a), (b) and (c), the MOD of interference UE are QPSK, 16QAM and 64QAM, respectively. In each sub-figure, we simulate 4 different UE behaviours: 

· UE adopts R-ML receiver with the assumption that interference MOD is QPSK 

· UE adopts R-ML receiver with the assumption that interference MOD is 16QAM 

· UE adopts R-ML receiver with the assumption that interference MOD is 64QAM 

· UE adopts eIRC receiver 

Only one of above behaviours is correct, while others are not. The performance gap in dB of different UE behaviours to correct UE behaviour is summarized in Table 5.
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(a)                           (b)                        (c) 

Figure 1. Throughput performance for Test #1 with different modulation order of interference UE: (a) QPSK, (b) 16QAM and (c) 64QAM
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(a)                           (b)                        (c) 
Figure 2. Throughput performance for Test #2 with different modulation order of interference UE: (a) QPSK, (b) 16QAM and (c) 64QAM
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Figure 3. Throughput performance for Test #3 with different modulation order of interference UE: (a) QPSK, (b) 16QAM and (c) 64QAM

Table 5 Performance gap (dB) to correct UE behaviour at 70% throughput

	Interference MOD order used in Tx
	QPSK

(a)
	16QAM

(b)
	64QAM

(c)

	Demapper algorithm
	R-ML
	eIRC
	R-ML
	eIRC
	R-ML
	eIRC

	Interference MOD assumed by UE
	16QAM
	64QAM
	-
	QPSK
	64QAM
	-
	QPSK
	16QAM
	-

	Test #1
	>10
	4.1
	4.9
	>10
	1.8
	2.0
	>10
	4.3
	0.8

	Test #2
	>10
	4.1
	4.7
	>10
	1.8
	2.0
	>10
	4.4
	0.8

	Test #3
	9.2
	2.3
	2.6
	>10
	0.6
	1.1
	>10
	1.0
	0.4


Some observations can be drawn here:

1. No big performance difference between OCC2 and OCC4. Comparing Test #1 and Test #2, the performance difference is trivial. Perhaps same requirements can be used. Moreover, some applicability rule can be introduced to conduct only one of Test #1 and Test #2 based on UE capability, in order to reduce testing cost.

2. Adopt QPSK as interference modulation. As shown in Table 5, configuring interference modulation to be QPSK can best discriminate normal UE from those who do not follow the indication of assistance information in extended DCI formats. E.g., we see more than 4dB gap in Test #1 and #2 and 2dB gap in Test #3 when interference is QPSK-modulated. With other interference modulation, the gaps become smaller.
3. Always assuming 64QAM for interference modulation in R-ML demapper achieves very similar performance to eIRC. 
4. Comparing with 2Rx cases, the gaps in 4Rx become smaller.

Observation 1: QPSK can best discriminate normal UE from those who do not follow the indication of assistance information in extended DCI formats.
4
Summary 
In this paper, we provide the simulation assumptions and results for MUST Case 3 for companies to calibrate. Based on the results, we have the following observations

Observation 1: QPSK can best discriminate normal UE from those who do not follow the indication of assistance information in extended DCI formats.
5
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