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1. Introduction 
In RAN4#99-e CQI reporting requirements for inter-cell interference was discussed and way forward [1] was agreed. In this contribution we present our views on CSI reporting requirements for inter-cell interference with MMSE-IRC receiver.  
2. Discussion
The agreements in [1] related to CQI requirements for ICI:
	General
· Issue 1: Whether to define CQI reporting requirements with inter-cell interference scenario?
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
· Issue 2: Whether to define PMI reporting requirements with inter-cell interference scenario?
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
Interference Model
· Interference Profile
· As the starting point, model one inter-cell interferer with DIP of -0.41dB. Interferer is with static channel and target UE is with fading channel.
· Interference covariance estimation granularity for CQI reporting
· Up to UE implementation
· Interference signal with serving cell’s NZP CSI-RS and CSI-IM REs
· CSI-IM on target cell
· Option 1: Overlaps with PDSCH from interference 
· Option 2: Overlaps with NZP CSI-RS from interference 
 
· NZP CSI-RS on target cell
· Option 1: Overlaps with PDSCH from interference
· Option 2: Overlaps with NZP CSI-RS from interference 
· Option 3: Interference free




In LTE CQI reporting requirements with MMSE-IRC were introduced to evaluate performance of CQI estimation with IRC receiver in the presence of intercell interference. In NR since Rel-15 the baseline receiver assumption is MMSE-IRC, but no requirements are introduced for CQI reporting in the presence of ICI. PDSCH demodulation requirements in ICI are being introduced in Rel-17 and introducing CQI and PMI reporting requirements are being discussed. 
PMI selection is mainly based on the propagation channel rather than interference and we shouldn’t see different performance for PMI reporting with MMSE or MMSE-IRC receiver. Hence, we should not define any PMI reporting requirements in ICI for MMSE-IRC.
Proposal #1: Do not define PMI reporting requirements in ICI.
Regarding CQI reporting requirements, in the presence of intercell interference, MMSE-IRC receiver would show gain over MMSE receiver. We think that it is unlikely that UE would not implement MMSE-IRC receiver and introducing requirements in ICI for CQI reporting are not very critical. For completeness, we are fine with introducing CQI reporting requirements in ICI with MMSE-IRC receiver. 
Proposal #2: Define CQI reporting requirements in ICI with MMSE-IRC receiver for completeness.
An open issue related to interference model was how to configure the interference on target cell NZP CSI-RS and CSI_IM. 
· CSI-IM on target cell
· Option 1: Overlaps with PDSCH from interference 
· Option 2: Overlaps with NZP CSI-RS from interference 
 
· NZP CSI-RS on target cell
· Option 1: Overlaps with PDSCH from interference
· Option 2: Overlaps with NZP CSI-RS from interference 
· Option 3: Interference free
We evaluated the performance of different interference configuration, based on the simulation assumption provided in table below
Table 1: Simulation Parameters for CQI reporting in ICI
	Parameter
	Cell1
	Interferer Cell

	Duplex mode
	FDD

	DIP 
	N/A
	-1.73dB

	Active DL BWP index
	1
	N/A

	CBW/SCS
	10 MHz/ 15 KHz

	RB allocation
	Full bandwidth

	MIMO layer
	Rank 1
	Rank 1

	Antenna Config and Correlation
	2x2, ULA Low
	1x2, ULA Low 

	Channel
	TDLA30-5 
	Static 

	PDSCH configuration

	Mapping type
	Type A
	Type A

	Starting symbol (S) 
	2
	2

	Length (L)
	12
	12

	PDSCH DMRS configuration
	Type 1
1+1
Port: 0
	Type 1
1+1
Port: 1

	Precoding Granularity
	2 PRB
	2 PRB

	MCS
	4 (QPSK)
13 (16QAM)
	 13 (16QAM)

	HARQ Parameters

	Number of HARQ Processes
	4-FDD
	N/A

	Maximum HARQ transmission
	1
	N/A

	CSI Report Config

	reportConfigType
	Periodic
	N/A

	Reporting periodicity and   slot offset
	5/0
	

	Codebook Restriction
	000001
	

	Reporting granularity
	Wideband
	

	CQI table
	Table 2
	



Interference configurations
1. NZP CSI-RS of target cell overlaps with PDSCH from interference and CSI-IM overlaps with NZP CSI-RS from interference
2. NZP CSI-RS of target cell overlaps with PDSCH from interference and CSI-IM overlaps with PDSCH from interference
3. NZP CSI-RS of target cell overlaps with NZP CSI-RS from interference and CSI-IM overlaps with PDSCH from interference
4. NZP CSI-RS of target cell is interference-free and CSI-IM overlaps with NZP CSI-RS from interference
5. NZP CSI-RS of target cell is interference-free and CSI-IM overlaps with PDSCH from interference

NZP CSI-RS resource config (target and interferer cell)
Periodic resource
Periodicity and offset: 5/1 slot
We evaluate the performance of different interference config by comparing the performance with fixed PMI and follow CQI. 
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Figure 1: Performance with different interference config

Based on the results for different interference configurations, we don’t see very large performance delta for the assumed simulation parameters. 
Observation #1: For the simulation parameters used, we don’t see large performance delta with different interference configs. 
At certain points, we do observe that performance with no interference on NZP CSI-RS shows slightly better performance. But it would be unrealistic to assume that NZP CSI-RS would be interference free in intercell interference scenario. We propose to configure NZP CSI-RS of target cell overlaps with NZP CSI-RS from interference and CSI-IM overlaps with PDSCH from interference.
Proposal #3: For CQI reporting requirements in ICI configure NZP CSI-RS of target cell overlaps with NZP CSI-RS from interference and CSI-IM overlaps with PDSCH from interference.
Performance of MMSE-IRC receiver in the presence of ICI compared to AWGN is shown in the figure below.

[image: ]
Figure 2: Performance of MMSE-IRC in ICI vs AWGN
From the results in figure 2 we see throughput increase with MMSE-IRC with ICI compared to AWGN. 

Observation #2: For the simulation parameters used, we see throughput increase with MMSE-IRC with ICI compared to AWGN. 
3. Conclusion
In this contribution we present simulation results and views for CSI reporting with MMSE-IRC in ICI. Our proposals are summarized below.
Proposal #1: Do not define PMI reporting requirements in ICI.
Proposal #2: Define CQI reporting requirements in ICI with MMSE-IRC receiver for completeness.
Observation #1: For the simulation parameters used, we don’t see large performance delta with different interference configs. 
Proposal #3: For CQI reporting requirements in ICI configure NZP CSI-RS of target cell overlaps with NZP CSI-RS from interference and CSI-IM overlaps with PDSCH from interference.
Observation #2: For the simulation parameters used, we see throughput increase with MMSE-IRC with ICI compared to AWGN.
Reference
[1]. R4-2108665, “WF on CQI reporting requirements for inter-cell interference MMSE-IRC”, Ericsson.  
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