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Background
In the last meeting, RAN 4 has agreed to define the CQI reporting requirements in inter cell interference scenario [1], but there are still some open issues left. In this paper, we provide our simulation results and discussions. The agreements and open issues are shown as follows:

	Issue 2-1-1: Whether to define PMI reporting requirements
· Agreement:
· Not to define PMI reporting requirements in the Rel-17 Further enhancement on NR demodulation performance WI
Issue 2-1-1a: whether to add the following note: ‘RAN4 will continue the discussion on the PMI reporting performance with inter-cell interference condition in Rel-17 FeMIMO WI performance part’
· Agreement:
· Not to add such note
Issue 2-2-1: CSI-IM on target cell
· Agreement:
· Only consider overlapping with PDSCH from interference
Issue 2-2-2: NZP CSI-RS on target cell 
· Agreement:
· Overlaps with NZP CSI-RS from interference
Issue 2-3-1: Antenna configuration for serving cell 
· Option 1: 2T2R, 2T4R, ULA Low
· Option 2: 1x2/1x4 ULA Low 
Issue 2-3-2: Channel model for serving cell 
· Agreement:
· TDLA30-5
Issue 2-3-3: Antenna configuration for interference cell (s)
· Agreement:
· 1Tx
Issue 2-3-4: Channel model for interference cell (s) 
· Agreement:
· Static
Issue 2-3-5: INR value 
· Agreement:
· One cell with 10.04 dB (DIP -0.41dB)
Issue 2-3-6: Other parameters 
· Agreement:
· Reuse from Rel-15 CQI test with fading channel
Issue 2-3-7: Test metric 
· Agreement:
· Re-use the test metric as LTE CQI reporting in ICI
· the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP and that obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white Gaussian noise source shall be ≥ γ;
· when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP, the average BLER for the indicated transport formats shall be greater than or equal to X%.
Issue 2-3-8: Requirements defination 
· Agreement:
· SINR, γ and X values should be decided based on the simulation results
· Criteria will be further decided in the next meeting based on simulation results
· Test metric for CQI reporting in ICI is chosen such that it cannot be met with MMSE processing (example).


Discussions and simulations
The only one remaining issue for IRC CQI testing is MIMO configuration, based on our understanding, performance with IRC is more sensitive to number of receiving antennas rather than transmitting antennas since the interference to be handled with IRC processing is the sum of interference from all transmit antennas. Moreover, we think there is less possible that base station transmit signal with only one antenna, therefore, 2TX is more feasible.
Proposal 1: Use 2T2R and 2T4R for IRC CQI test
RAN 4 agreed to choose test metric such that it cannot be met with MMSE processing. For this test, we think there are following four types of possible UE behaviours: 
· Perform both demodulation and CQI calculation with IRC.
· Perform both demodulation and CQI calculation with MRC
· Perform demodulation with IRC and CQI calculation with MRC
· [bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]Perform demodulation with MRC and CQI calculation with IRC
Based on our understanding, UE behaviour performing demodulation with MRC processing has been verified in demodulation test. Hence in CQI test, we can assume that UE uses IRC for demodulation and set the test metric that UE with different schemes for CQI calculation can be distinguished.
Proposal 1: Assume that UE use IRC for demodulation and set the test metric that UE with different schemes for CQI calculation can be distinguished.
Simulation results based on WF [1] are captured in Figure 2-1 and Table 2-1. In the simulation, three schemes are simulated:
· Scheme 1: Transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with INR=10.04dB (DIP=-0.41dB); Demodulation is based on MMSE-IRC processing and CSI reporting is based on MMSE-IRC processing. 
· Scheme 2: Transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with INR=10.04dB (DIP=-0.41dB). Demodulation is based on MMSE-IRC processing and CSI reporting is based on MMSE-MRC processing. 
· Scheme 3: Transmitting the transport format indicated by each reported wideband CQI index subject to a white Gaussian noise source.
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Figure 2-1: Simulation results for MMSE-IRC CQI test
Table 2-1: Summary of simulation results for MMSE-IRC CQI test
	2RX
	SINR (dB)
	Median CQI
	TP (Mbps)
	TP ratio(TP with scheme 1/TP with scheme3)
	TP ratio(TP with scheme 2/TP with scheme3)
	BLER of scheme 1

	
	
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 1
	Scheme 2
	Scheme 3
	
	
	

	
	-6
	1
	1
	1
	1.37
	0.84
	0.58
	2.36
	1.45
	0.02

	
	-4
	2
	1
	1
	1.77
	0.96
	0.73
	2.42
	1.32
	0.03

	
	-2
	2
	1
	1
	2.44
	1.20
	0.90
	2.71
	1.33
	0.04

	
	0
	2
	1
	1
	3.36
	1.67
	1.14
	2.94
	1.46
	0.05

	
	2
	3
	2
	2
	4.93
	2.23
	1.55
	3.18
	1.44
	0.03

	
	4
	4
	2
	2
	6.44
	3.15
	2.38
	2.71
	1.32
	0.04

	
	6
	5
	3
	2
	8.18
	4.42
	3.33
	2.45
	1.33
	0.04

	
	8
	6
	3
	3
	10.33
	5.88
	4.81
	2.15
	1.22
	0.04

	
	10
	6
	4
	4
	12.60
	7.61
	6.54
	1.92
	1.16
	0.04

	
	12
	8
	5
	5
	15.02
	9.76
	8.53
	1.76
	1.14
	0.04

	
	14
	9
	6
	5
	17.67
	12.06
	10.56
	1.67
	1.14
	0.04

	
	16
	9
	6
	6
	19.61
	14.53
	13.15
	1.49
	1.10
	0.05

	
	18
	10
	8
	8
	22.53
	16.95
	15.75
	1.43
	1.08
	0.03

	4RX
	SINR (dB)
	Median CQI
	
	TP (Mbps)
	TP ratio(TP with scheme 1/TP with scheme3)
	TP ratio(TP with scheme 2/TP with scheme3)
	BLER of scheme 1

	
	
	Scheme 1
	Scheme 2
	Scheme 3
	Scheme 1
	Scheme 2
	Scheme 3
	
	
	

	
	-6
	2
	1
	1
	2.76
	0.8
	0.78
	3.54
	1.03
	0.02

	
	-4
	3
	1
	1
	3.71
	0.85
	0.95
	3.90
	0.89
	0.04

	
	-2
	3
	1
	1
	4.34
	1.14
	1.30
	3.34
	0.88
	0.03

	
	0
	3
	2
	2
	6.42
	1.49
	1.80
	3.57
	0.83
	0.02

	
	2
	5
	2
	2
	8.14
	2.27
	2.69
	3.03
	0.84
	0.07

	
	4
	6
	2
	3
	10.06
	3.05
	3.53
	2.85
	0.86
	0.06

	
	6
	8
	3
	3
	14.22
	3.89
	4.38
	3.24
	0.89
	0.05

	
	8
	9
	3
	3
	18.43
	5.64
	5.96
	3.09
	0.95
	0.03

	
	10
	10
	4
	5
	21.70
	7.81
	8.43
	2.57
	0.93
	0.02

	
	12
	11
	6
	6
	24.92
	10.29
	11.14
	2.24
	0.92
	0.01

	
	14
	11
	6
	7
	27.58
	13.12
	14.16
	1.95
	0.93
	0.01

	
	16
	13
	8
	8
	30.14
	16.43
	17.60
	1.71
	0.93
	0.01

	
	18
	14
	9
	10
	32.80
	19.75
	21.00
	1.56
	0.94
	0.02


From our simulation results, if UE uses MMSE-IRC for CQI calculation, the throughput ratio of interference source to white noise source is further higher than that when UE uses MMSE-MRC for CQI calculation.
For SINR operation, we can reuse it from LTE .i.e, SINR=-2dB and at this SINR point, the TP ratio when UE uses MMSE-IRC for CQI calculation is 2.73 for 2RX and 3.34 for 4RX which is further higher than 1.33/0.88 when UE uses MMSE-MRC for CQI calculation which is enough to verify IRC based CQI calculation. Therefore, we think it is feasible to reuse the LTE value. i.e. SINR=-2dB.Considering the addition of margin,   can be set to 2 for 2RX and 3 for 4RX . X can be set to 0.02
Proposal 2: Use following test metric for CQI testing: 
· SINR=-2dB,  is 2 for 2RX and 3 for 4RX, X =0.02 
Conclusion
Proposal 1: Assume that UE use IRC for demodulation and set the test metric that UE with different schemes for CQI calculation can be distinguished.
Proposal 2: Use following test metric for CQI testing: 
· SINR=-2dB,   is 2 for 2RX and 3 for 4RX, X=0.02
Reference 
[1] R4-2120708, WF on CSI requirements for inter-cell interference MMSE-IRC. Ericsson
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