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1. Introduction
In RAN4 #78bis, RAN4 agreed on detailed test configuration for CQI tests for 4 Rx UE [1]. In this contribution, we provide simulation results for CQI test for MMSE-IRC receiver and provide our proposal for TBD parameters.  
2. Simulation results
Simulation was run based on test configuration in 9.3.5.1.1 for TM1 and test configuration in 9.3.5.2.1 for TM9. Table 1A and table 2A in annex shows test configuration. For 4 Rx UE, the only change is using 1x4 or 2x4 antenna configuration and corresponding propagation channel. Note that DIP=-0.41dB corresponds to INR1=10dB. In the simulation, we also evaluated the performance of UE with CRS interference cancellation.
For TM1 test, figure 1 shows PDSCH throughput and corresponding throughput ratio and figure 2 shows BLER. For TM9 test, figure 3 shows PDSCH throughput and corresponding throughput ratio and figure 4 shows BLER. From the simulation results, we can observe that
· 4 Rx MMSE-IRC receiver can provide much higher throughput in interference limited channel than in AWGN channel by suppressing interference by IRC combining. 
· Throughput ratio is higher for 4 Rx UE than 2 Rx UE.

· For TM1, BLER is around 10% both in interference limited channel and AWGN channel. 

· For TM9, BLER is higher in interference limited channel than in AWGN channel. 

· CRS interference cancellation has negligible effect on test metric since interference cell is fully loaded. 

Due to higher BLER for TM9 in interference limited channel, throughput ratio for TM9 at SINR=-2dB is very close to 1.8, which is existing throughput ratio threshold. In TM9, interference covariance matrix for demodulation is estimated from DM-RS while CRS is used for interference covariance matrix estimation for CSI feedback. It seems that, since interference covariance estimation from CRS is more accurate, IRC gain is overestimated and thus lead to too optimistic CQI reporting. On top of this, general improvement of overall DM-RS receiver processing can also contribute to reduced throughput ratio. 
Based on these observation, we would like to propose following. 

Proposal 1. Specify TM1 CQI test for 4 Rx MMSE-IRC receiver UE by reusing test configuration in 9.3.5.1 of 36.101. Test can be specified at SINR=-4dB with throughput ratio requirement of 1.8 and BLER requirement of 2%. 

Proposal 2. Specify TM9 CQI test for 4 Rx MMSE-IRC receiver UE by reusing test configuration in 9.3.5.2 of 36.101. Test can be specified at SINR=-4dB with throughput ratio requirement of 1.8 and BLER requirement of 2%. 
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Figure 1. PDSCH throughput and throughput ratio for TM1 MMSE-IRC receiver
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Figure 2. BLER for TM1 MMSE-IRC receiver
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Figure 3. PDSCH throughput and throughput ratio for TM9 MMSE-IRC receiver
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Figure 4. BLER for TM9 MMSE-IRC receiver

3. Conclusions

In this contribution, we provided simulation results for CQI test for 4 Rx MMSE-IRC receiver UE to determine test configuration and performance requirement metric. Our proposals are

Proposal 1. Specify TM1 CQI test for 4 Rx MMSE-IRC receiver UE by reusing test configuration in 9.3.5.1 of 36.101. Test can be specified at SINR=-4dB with throughput ratio requirement of 1.8 and BLER requirement of 2%. 

Proposal 2. Specify TM9 CQI test for 4 Rx MMSE-IRC receiver UE by reusing test configuration in 9.3.5.2 of 36.101. Test can be specified at SINR=-4dB with throughput ratio requirement of 1.8 and BLER requirement of 2%. 
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Annex

Table A1. TM1 test configuration
	Parameter
	Unit
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Cyclic Prefix
	
	Normal
	Normal

	Cell ID
	
	0
	1

	 SINR (Note 8)
	dB
	-2
	N/A
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	dB[mW/15kHz]
	-98
	N/A

	Propagation channel
	
	EPA5
	Static (Note 7)

	Correlation and antenna configuration
	
	Low (1 x 2)
Low (1 x 4)
	(1 x 2)
(1 x 4)

	DIP (Note 4)
	dB
	N/A
	-0.41

	Reference measurement channel
	
	Note 2
	R.2 FDD

	Reporting mode
	
	PUCCH 1-0
	N/A

	Reporting periodicity
	ms
	Npd = 2
	N/A

	CQI delay
	ms
	8
	N/A

	 Physical channel for CQI reporting
	
	PUSCH (Note 3)
	N/A

	PUCCH Report Type
	
	4
	N/A

	cqi-pmi-ConfigurationIndex
	
	1
	N/A

	Max number of HARQ transmissions
	
	1
	N/A


Table A2. TM9 test configuration
	Parameter
	Unit
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	9

	Cyclic Prefix
	
	Normal
	Normal

	Cell ID
	
	0
	1

	 SINR (Note 8)
	dB
	-2
	N/A
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	dB[mW/15kHz]
	-98
	N/A

	Propagation channel
	
	EPA5
	Static (Note 7)

	Correlation and antenna configuration
	
	Low (2 x 2)
Low (2 x 4)
	(1 x 2)
(1 x 4)

	DIP (Note 4)
	dB
	N/A
	-0.41

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna port 0

	CSI reference signals
	
	Antenna ports 15,16
	N/A

	CSI-RS periodicity and subframe offset
	
	5/1
	N/A

	CSI-RS reference signal configuration
	
	2
	N/A

	Zero-power CSI-RS configuration

ICSI-RS /       ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	N/A
	 1 /

0010000000000000

	CodeBookSubsetRestriction bitmap
	
	001111
	N/A

	Reference measurement channel
	
	Note 2
	R.2 FDD

	Reporting mode
	
	PUCCH 1-1
	N/A

	Reporting periodicity
	ms
	Npd = 5
	N/A

	CQI delay
	ms
	8
	N/A

	 Physical channel for CQI/PMI reporting
	
	PUSCH (Note 3)
	N/A

	PUCCH Report Type for CQI/PMI
	
	2
	N/A

	PUCCH channel for RI reporting
	
	PUCCH Format 2
	N/A

	PUCCH Report Type for RI
	
	3
	N/A

	cqi-pmi-ConfigurationIndex
	
	2
	N/A

	ri-ConfigIndex
	
	1
	N/A

	Max number of HARQ transmissions
	
	1
	N/A
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