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

	Issue 1-1: Whether to define CQI reporting requirements
· Agreement:
· Define CQI reporting requirements for MMSE-IRC receiver for inter-cell interference

Issue 1-2: Whether to define PMI reporting requirements
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
Issue 2-1: CSI-IM on target cell
· Agreement:
· CSI-IM overlaps with PDSCH from interference is the baseline scenario for defining CSI reporting requirement. 
· Other scenarios are FFS.
· Option 1: Only consider overlapping with PDSCH from interference
· Option 2: Further include overlapping with NZP CSI-RS from interference
· Option 3: Further include overlapping with Interf. cell CSI-IM
· Option 4: Make further down selection based on simulation results and also take practical network configuration into account.
· If using target CSI-IM overlaps with neighbor NZP CSI-RS, target CSI-IM port number (X) shall be equal to neighbor cell NZP CSI-RS port number
Issue 2-2: NZP CSI-RS on target cell 
· Option 1: Overlaps with PDSCH from interference
· Option 2: Overlaps with NZP CSI-RS from interference
· Option 3: Make further down selection based on simulation results and also take practical network configuration into account.
· if using target NZP CSI-RS overlaps with neighbor NZP CSI-RS, same port number for the 2 cells shall be configured. 
Issue 3-1: Test configuration 
· Agreement:
· Serving cell
· Reuse assumptions from Sections 6.2.2.1.2.1, 6.2.2.2.2.1, 6.2.2.2.2.1, 6.2.3.2.2.1 in TS 38-101-4.
· Interference cell
· 1 TX with static channel
· NZP CSI-RS and CSI-IM is based on outcome of Issue 2-2-1 and Issue 2-2-2
· INR configuration
· Option 1: 10.04 dB (DIP -0.41dB)
· Other options are not precluded
· Based on the discussion of Deployment and Number of explicitly modeled interference cells in MMSE-IRC receiver for inter-cell interference – Demodulation requirements. 


Discussions
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][bookmark: OLE_LINK103][bookmark: OLE_LINK19]Test setup
In LTE, CQI reporting requirements were defined with the purpose of verifying CQI reporting is based on IRC processing and following two test metrics have been defined:
a)	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 ≥ ;
b)	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 2%.
Based on our understanding, the test metrics can be reused for NR IRC CQI test. If UE uses IRC processing, the interference power will be mitigated when UE transmits the transport format with interference source and the SINR will be higher than case with transmitting the transport format with a white Gaussian noise and corresponding CQI and TP will be higher. If UE uses MRC processing, the interference can’t be mitigated and the corresponding throughput will be lower than or equal to that of Gaussian noise. Therefore, we propose to reuse the test metric. 
As for other simulation assumptions, we propose to reuse Rel-15 CQI test except the following configurations:
· Serving cell: 
· MIMO configuration: 2T2R, 2T4R, ULA Low
· Propagation conditions: TDLA30-5
· Interference cell: 
· INR: 10.04dB (DIP: -0.41dB)
As for antenna correlation, ULA high for 2RX and XPL high for 4RX were used for the existing CQI test, but for IRC test, performance gain of high antenna correlation for 4RX vs 2RX will be very low. It would be better to use low antenna correlation instead of high antenna correlation.    
Initial simulation results 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.
In the simulation, CSI-IM is overlapped with PDSCH from interference and NZP-CSI-RS is overlapped with NZP-CSI-RS from interference.
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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. It is enough to verify behaviour of CQI calculation based on IRC processing. 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 .
Proposal 1: Use following configurations for CQI testing: 
· Serving cell: 
· MIMO configuration: 2T2R, 2T4R, ULA Low
· Propagation conditions: TDLA30-5
· Interference cell: 
· INR: 10.04dB (DIP: -0.41dB)
· Other parameters:
· Reuse from Rel-15 CQI test with fading channel
· Test metric:
· a)	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 ≥;
· b)	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 2%.
· SINR=-2dB,  can be set to [2] for 2RX and [3] for 4RX. 
Open issues
CSI-IM and NZP-CSI-RS configuration 
In the last meeting, two important open issues are serving cell’s CSI-IM and NZP CSI-RS configurations. Some companies’ concern is that interference can’t be estimated correctly due to some practical network configuration. As we have agreed to use 1TX for interference cell, so there is no performance difference between option 1 and option 2 for both CSI-IM configuration and NZP CSI-RS configuration.
Observation 1: As RAN 4 has agreed to use 1TX for interference cell, there is no difference between option 1 and option 2 for both CSI-IM configuration and NZP CSI-RS configuration.  
Another scenario is that serving cell’s CSI-IM may be overlapped with neighbour cell’s CSI-IM so interference can’t be estimated by serving cell’s CSI-IM. We did evaluations for this scenario and the simulation results are captured in Figure 2-2, two options are simulated:
· Option 1: Serving cell’s CSI-IM is overlapping with interference cell’s PDSCH.  Serving cell’s NZP CSI-RS is overlapping with interference cell’s NZP CSI-RS
· Option 2: Serving cell’s CSI-IM is overlapping with interference cell’s CSI-IM.  Serving cell’s NZP CSI-RS is overlapping with interference cell’s NZP CSI-RS
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Figure 2-2 Simulation results for different CSI-IM configurations
From the simulation results we can observe that no big performance difference between two options, so we prefer to use the baseline scenario. i.e. Serving cell’s CSI-IM is overlapping with interference cell’s PDSCH. Meanwhile, for NZP CSI-RS configuration, we prefer to use the scenario that serving cell’s NZP CSI-RS is overlapping with interference cell’s NZP CSI-RS
Observation 2: No big performance difference between two scenarios that serving cell’s CSI-IM is overlapping with neighboring cell’s CSI-IM and serving cell’s CSI-IM is overlapping with neighboring cell’s PDSCH.
Proposal 3: Use following configurations:
· Serving cell’s CSI-IM is overlapping with interference cell’s PDSCH.  Serving cell’s NZP CSI-RS is overlapping with interference cell’s NZP CSI-RS
PMI requirements
For PMI requirements, our understanding is that PMI selection mainly depends on channel conditions rather than noise type. i.e. White noise or colour noise. Furthermore, RI, PMI and CQI are selected together, if UE can pass the CQI test, we can derive that UE chose the correct RI, PMI and CQI together with IRC processing. Therefore, it is enough to only define the CQI requirements.
In order to verify the impact on PMI requirements with MRC processing, we did simulations and corresponding simulation results are shown in Figure 2-3. In the simulation, following configurations are used:
· MCS 13
· Antenna configuration and MIMO configuration: 8T2R ULA Low and 8T4R ULA Low
· Serving cell’s CSI-IM is overlapping with interference cell’s PDSCH.  Serving cell’s NZP CSI-RS is overlapping with interference cell’s NZP CSI-RS.
· PDSCH is transmitted according to each reported PMI.
· IRC is used for demodulation.
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Figure 2-3 Simulation results for PMI requirements
From the simulation results we can observe that no obvious performance difference for PMI selection with MRC processing and that with IRC processing. Therefore, we think there is no need to define the PMI requirements.
Observation 3: No obvious performance difference for PMI selection with MRC processing and that with IRC processing with neighbouring cell interference.
Proposal 4: Not to define the PMI requirements
Conclusion
In this paper, we provide our initial simulation results and discussions for IRC CSI requirements. The observations and proposals are:
Proposal 1: Use following configurations for CQI testing: 
· Serving cell: 
· MIMO configuration: 2T2R, 2T4R, ULA Low
· Propagation conditions: TDLA30-5
· Interference cell: 
· INR: 10.04dB (DIP: -0.41dB)
· Other parameters:
· Reuse from Rel-15 CQI test with fading channel
· Test metric:
· a)	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 ≥;
· b)	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 2%.
· SINR=-2dB,  can be set to [2] for 2RX and [3] for 4RX. 
Observation 1: As RAN 4 has agreed to use 1TX for interference cell, there is no difference between option 1 and option 2 for both CSI-IM configuration and NZP CSI-RS configuration.  
Observation 2: No big performance difference between two scenarios that serving cell’s CSI-IM is overlapping with neighboring cell’s CSI-IM and serving cell’s CSI-IM is overlapping with neighboring cell’s PDSCH.
Proposal 3: Use following configurations:
· Serving cell’s CSI-IM is overlapping with interference cell’s PDSCH.  Serving cell’s NZP CSI-RS is overlapping with interference cell’s NZP CSI-RS
Observation 3: No obvious performance difference for PMI selection with MRC processing and that with IRC processing.
Proposal 4: Not to define the PMI requirements
Reference 
[1] R4-2115730, WF on CSI reporting requirements for inter-cell interference MMSE-IRC. Ericsson
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