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1. Introduction
In the RAN4#98-bis-e meeting, we first discussed the test parameters for MMSE-IRC receiver for suppressing inter-cell interference, and the WF was agreed in [1].
In this paper, we give our views on the remaining open issues.
2. PDSCH demodulation requirements
In this section, we will discuss the test parameters for PDSCH demodulation requirements with MMSE-IRC receiver.
2.1  Common Test Parameters
Channel bandwidth
Status in the WF in [1]:
· Channel bandwidth
· Use 10MHz for FDD 15kHz and 40MHz for TDD 30kHz for initial simulation purpose:
· Other options are not precluded
· Option 1: In addition, consider 50 MHz for FDD 15kHz and 100 MHz for TDD 30kHz 
· Option 2: In addition, consider 40 MHz for FDD 15kHz and 100 MHz for TDD 30kHz 

For the channel bandwidth, in addition to the agreed 10MHz for FDD 15kHz and 40MHz for TDD 30kHz for initial simulation, we propose to also consider 40 MHz for FDD 15kHz SCS, and 100MHz for TDD 30kHz SCS. We think the performance of MMSE-IRC receiver under larger CBW should also be investigated.
Proposal 1: For the channel bandwidth, additionally cover 40 MHz channel bandwidth for FDD 15kHz SCS, and 100MHz channel bandwidth for TDD 30kHz SCS.

SSB, TRS/CSI-RS configuration
Status in the WF in [1]:
· SSB, TRS/CSI-RS configuration 
· Configure SSB with different locations and no PDSCH scheduled in SSB slots considering limited number of SSB transmitted
· FFS for HeNet scenario if introduced 
· SSB Position in burst is FFS
· Further evaluate the performance difference among following options for TRS/CSI-RS
· TRS/CSI-RS colliding with TRS/CSI-RS interference
· TRS/CSI-RS colliding with data interference
· TRS/CSI-RS with interference free
· Reuse same config for TRS/ CSI-RS as Table 5.2-1

For the SSB configuration, as we have decided to use different time/frequency locations for different cells’ SSBs, we need to discuss how to configure the SSB burst position for each cell within slot#0, especially in the scenario where there are 1 target call plus 2 interference cells.
For whether to have TRS/CSI-RS collide with data or neighbor cell’s TRS/CSI-RS, we slightly prefer TRS/CSI-RS colliding with TRS/CSI-RS interference which is a typical network configuration to ensure PDSCH data will not be interfered by CSI-RS which is not precoded.
Proposal 2: For SSB, discuss how to configure the SSB burst position for each cell within slot#0, especially in the scenario where there are 1 target call plus 2 interference cells.
Proposal 3: For TRS/CSI-RS, slightly prefer TRS/CSI-RS colliding with TRS/CSI-RS interference which is a typical network configuration to ensure PDSCH data will not be interfered by reference signals.

Propagation condition
Status in the WF in [1]:
· Propagation condition 
· Use TDLA30-10 and for initial simulation purpose
· Other options are not precluded
· Option 1: TDLC300-100

For propagation condition, we propose to evaluate both TDLA30-10 and TDLC300-100 conditions for initial simulation. We can make further down-selection based on results.
Proposal 4: For propagation condition, evaluate both TDLA30-10 and TDLC300-100 conditions for initial simulation.

2.2  Interference model
Interference profile
Status in the WF in [1]:
· Interference profile
· Using DIP approach for interference profile definition for initial simulation purpose 
· Interference profiles from LTE MMSE-IRC can be used for initial simulation 
· Further decide the exact DIP value(s) and interference cell number based on simulation results.
· FFS whether HetNet scenario need to be considered 
· The interference profile from LTE NAICS can be used for initial simulation purpose under this scenario 
· Other interference profiles not precluded with the consideration of NR deployment scenario pending on further discussion
· Companies are encouraged to bring evaluation for the analysis of performance gain with MMSE-IRC receiver over MMSE receiver under the same inter-cell interference 

For the interference profile, in the last meeting, we have decided to reuse the DIP approach from LTE MMSE-IRC. 
In LTE, following interference profiles were used in the LTE PDSCH demodulation tests
· Synchronous network:
· DIP1= -1.73 dB, DIP2 = -8.66 dB, at the target geometry of -2.5dB (DIP2 is used when 2 interferers are modeled)
· Asynchronous network:
· DIP1= -2.23 dB, DIP2 = -8.06 dB, at the target geometry of -2.5dB (DIP2 is used when 2 interferers are modeled)
For the number of the interference cell number, in LTE MMSE-IRC demodulation tests in single carrier scenario, two interferers are modeled for downlink 2x2 antenna configuration, and one interferer is modeled for 4x2 and 2x4 antenna configuration, which is the tradeoff between test complexity and the gain of MMSE-IRC over MMSE receiver.
In additional, we also support to cover HetNet scenarios. In HetNet with co-channel micro cells, the interference will be severer, and MMSE-IRC can help suppress the inference. The interference profile from LTE NAICS can be used for initial simulation purpose under this scenario
Proposal 5: Reuse the interference profiles for LTE MMSE-IRC receiver, i.e., assume target geometry of -2.5dB, use DIP1/2= -1.73/-8.66 dB for synchronous network, and use DIP1/2= -2.23/-8.06 dB for asynchronous network.
Proposal 6: The number of explicit interferers can be 2 or 1 for different tests, by considering the tradeoff between test complexity and the gain of MMSE-IRC over MMSE receiver.
Proposal 7: Additionally cover HetNet scenarios and the interference profile from LTE NAICS can be used for initial simulation.
3. CQI reporting requirements
The following objective is included in the WID for inter-cell interference MMSE-IRC receiver:
· Further decide whether to introduce the corresponding CQI reporting requirements during the WI
We think the necessity and importance of specifying CQI reporting requirement of UE supporting MMSE-IRC receiver under inter cell interference is clear.
However, there remain issue that whether the interference experienced in CSI-RS and PDSCH can be the same which is related to CSI-RS/DMRS configurations in the serving and interfering cells. There are several possible scenarios:
Scenario 1: In serving cell’s NZP CSI-RS REs, DMRS and/or data is transmitted in interfering cell
· In scenario 1, the interference observed at NZP CSI-RS REs is also precoded.
Scenario 2: In serving cell’s NZP CSI-RS REs, NZP CSI-RS is transmitted in interfering cell
· In scenario 2, with no precoding in the interfering cell’s NZP CSI-RS REs, the interference in data and CSI-RS REs is not completely the same, while the interfering power is the same. Simulation on the IRC gain is needed for this scenario.
Scenario 3: In serving cell’s NZP CSI-RS REs, ZP CSI-RS is transmitted in interfering cell.
· In scenario 3, since no interference is observed in the serving cell’s NZP CSI-RS REs, the interference can be estimated in the serving cells’ ZP CSI-RS REs. And similar to scenario 2, with no precoding in the interfering cell’s CSI-RS, the interference in data and CSI-RS REs is not completely the same, while the interfering power is the same. Simulation on the IRC gain is needed for this scenario.

Proposal 8: Propose to define CQI reporting requirements with inter-cell interference scenario.
Observation 1: Two categories of scenarios can be considered for further discussion on CQI reporting requirement:
· A) Interference is precoded as data, i.e., in serving cell’s NZP CSI-RS REs, DMRS and/or data is transmitted in interfering cell. For these scenarios, MMSE-IRC based CQI calculation is beneficial for the PDSCH performance.
· B) Interference is not precoded as data, i.e., in serving cell’s NZP CSI-RS REs, NZP CSI-RS or ZP CSI-RS is transmitted in interfering cell. For these scenarios, check the performance benefits brought by MMSE-IRC based CQI calculation over MMSE based CQI calculation if needed.

Interference modeling
For the interference modeling, the following assumptions are used in LTE CQI reporting test to model the correlated noise:
· Model one inter-cell interferer with static propagation condition
· Use DIP of -0.41dB, which corresponding to INR of 10dB
These assumptions can be reused for NR as the starting point.
Proposal 9: As the starting point, model one inter-cell interferer with DIP of -0.41dB and static propagation condition.

Performance metric
In LTE CQI reporting tests for MMSE-IRC receiver, two aspects are measured: 1) the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with a white Gaussian noise model, and 2) 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%.
The second metric is motivated by preventing UE implementation of using MMSE for CQI calculation and MMSE-IRC for PDSCH demodulation, as discussed in [2].
Proposal 10: Reuse the LTE test metric as a starting point, which include: 1) the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with a white Gaussian noise model, and 2) 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%.
4. Conclusions
The following proposals were given for PDSCH demodulation requirements:
Proposal 1: For the channel bandwidth, additionally cover 40 MHz channel bandwidth for FDD 15kHz SCS, and 100MHz channel bandwidth for TDD 30kHz SCS.
Proposal 2: For SSB, discuss how to configure the SSB burst position for each cell within slot#0, especially in the scenario where there are 1 target call plus 2 interference cells.
Proposal 3: For TRS/CSI-RS, slightly prefer TRS/CSI-RS colliding with TRS/CSI-RS interference which is a typical network configuration to ensure PDSCH data will not be interfered by reference signals.
Proposal 4: For propagation condition, evaluate both TDLA30-10 and TDLC300-100 conditions for initial simulation.
Proposal 5: Reuse the interference profiles for LTE MMSE-IRC receiver, i.e., assume target geometry of -2.5dB, use DIP1/2= -1.73/-8.66 dB for synchronous network, and use DIP1/2= -2.23/-8.06 dB for asynchronous network.
Proposal 6: The number of explicit interferers can be 2 or 1 for different tests, by considering the tradeoff between test complexity and the gain of MMSE-IRC over MMSE receiver.
Proposal 7: Additionally cover HetNet scenarios and the interference profile from LTE NAICS can be used for initial simulation.

The following proposals were given for CQI reporting requirements:
Proposal 8: Propose to define CQI reporting requirements with inter-cell interference scenario.
Observation 1: Two categories of scenarios can be considered for further discussion on CQI reporting requirement:
· A) Interference is precoded as data, i.e., in serving cell’s NZP CSI-RS REs, DMRS and/or data is transmitted in interfering cell. For these scenarios, MMSE-IRC based CQI calculation is beneficial for the PDSCH performance.
· B) Interference is not precoded as data, i.e., in serving cell’s NZP CSI-RS REs, NZP CSI-RS or ZP CSI-RS is transmitted in interfering cell. For these scenarios, check the performance benefits brought by MMSE-IRC based CQI calculation over MMSE based CQI calculation if needed.
Proposal 9: As the starting point, model one inter-cell interferer with DIP of -0.41dB and static propagation condition.
Proposal 10: Reuse the LTE test metric as a starting point, which include: 1) the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with a white Gaussian noise model, and 2) 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%.
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