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Introduction
The scope of this email thread is the following topics of Rel-17 Further enhancement on NR demodulation performance WI:
· MMSE-IRC receiver for inter-cell interference
· MMSE-IRC receiver for intra-cell inter-user interference
Email discussion targets for the 1st round and 2nd round 
· 1st round: 
· Discussion on open issues
· Collection of comments on MMSE-IRC MU-MIMO TPs
· Collection of comments on CR work split
· 2nd round: 
· Discussion on open issues
· Revision of MMSE-IRC MU-MIMO TPs
· WFs preparation

Topic #1: MMSE-IRC receiver for inter-cell interference – Demodulation requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117432
	Apple
	Proposal #1: Only consider synchronized network for ICI requirements. 
Proposal #2: Configure non-overlapping SSBs on target and interfering cells. 
Proposal #3: Down select the MCS based on operating SINR > -6dB and SNR > INR. 
Proposal #4: Only consider homogeneous network deployment for requirements with inter-cell interference.
Observation #1: Performance with 1 cell and 2 cells interference with MMSE-IRC is very comparable. 
Proposal #5: Do not consider INR values of 13.91 and 3.34 dB for requirements definition with ICI.
Proposal #6: Define requirements with 1 interference cell. 
Proposal #7: Define requirements with INR 3.1 dB in case of 1 interference cell.
Observation #2: With 1 cell and 2 cells interference with option 1 INR levels, SINR at 70% max TP with 4RX and MCS 4 is < -6dB.
Observation #3: Performance gain with MMSE-IRC if slightly better with TDLA channel compared to TDLC.  
Proposal #8: Define PDSCH demod requirements for ICI with MCS 13 and TDLA channel model. 

	R4-2117642
	Nokia, Nokia Shanghai Bell
	Proposal 1: Do not deviate from the synchronized frequency offsets and limit the frequency offset of each basestation to within ±0.1 ppm of carrier frequency
Observation 1: IRC receiver gain is only slightly larger with TDLA30-10 channel model and requires slightly lower SNR to achieve 70% throughput
Proposal 2: Choose channel model that better fits the propagation conditions at cell edge (delay spread, etc.), i.e. TDLC300-100.
Observation 2: Option 3 interference profile gives the highest gain for the IRC receiver.
Proposal 3: Define requirements based on option 3 in addition to baseline option 1.
Observation 3: Gain of IRC receiver in HetNet deployment is similar to that observed with homogenous deployment.
Observation 4: TDLA30-10 channel model gives higher gain of IRC receiver with HetNet deployment using option 1.
Proposal 4: Not to define requirements for HetNet deployment for 2 Rx antenna configuration.
Proposal 5: In case HetNet is agreed we prefer TDLA30-10 channel model.

	R4-2117735
	CMCC
	Proposal 1: Include FDD asynchronized network type in FR1. 
Proposal 2: Reuse LTE time and frequency offset configuration as the starting point.
Proposal 3: In the case of similar PDSCH performance between Option 1 and Option 2, configure all SSBs (serving cell and interference cell(s)) in the same time/frequency resources.
Proposal 4: At least cover MCS 13 for all MIMO configuration.
Proposal 5: Include HetNet deployment in R17 inter-cell interference suppressing work item.
Proposal 6: For HetNet, use INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.

	R4-2117736
	CMCC
	Observation 1: Performance gain from MMSE-IRC can be observed for both MCS 4 and MCS 13.
Observation 2: For MCS 4 configuration, the SNR at 70% throughput is lower than INR.

	R4-2117994
	NTT DOCOMO, INC.
	Proposal 1: For SSB configuration, use Option 1 configuration ( i.e. serving cell and interference cells SSBs are in the same time/frequency resources).

	R4-2117998
	Intel Corporation
	Proposal 1: Use the following common test parameters for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario:
· SSB configuration: 
· 2 interference cells modelling: Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
· 1 interference cell modelling: Different SSB configurations for Demodulation and CSI tests
· Propagation condition: TDLC300-100
Proposal 2: Further discuss the following options on interference modelling for different deployment assumptions:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).
Proposal 3: Consider INRs 7.77 and 2.29 dB (2 interference cells) or INR 5.49 dB (1 interference cell) for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario in case Homogeneous deployment assumptions will be used
Observation #1: If 1 interference cell is explicitly modelled then the contribution of the total receive signal power from dominant interference cell to the total receive signal power from all interference cells is 50% or less for the 50% of user.
Observation #2: In 2 interference cells are explicitly modelled then the contribution of the total receive signal power from dominant interference cells to the total receive signal power from all interference cells is 73% or less for the 50% of user
Proposal 4: Use explicit modelling of 2 interference cells for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Proposal 5: Use MCS 13 for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Observation #3: MMSE-IRC performance benefits are rather same for different channel models.
Observation #4: MMSE-IRC performance benefits for scenario with INRs 5.43 and -1.50 dB, 2 Rx and 16QAM are less or equal to 1 dB.
Observation #5: MMSE-IRC performance benefits for scenario with INR 3.10 dB, 2 Rx and 16QAM are less than 1 dB.
Observation #6: MMSE-IRC performance benefits are higher than 1 dB for all considered scenarios with INR values: 7.77 and 2.29 dB; 5.49 dB; 13.91 and 3.34 dB; 10.59 dB.

	R4-2118406
	Ericsson
	Observation 1: Async. test case was introduced in LTE IRC WI.
Observation 2: All SSBs (serving cell and interference cell(s)) in the same time/frequency resources had already agreed in RAN4 to define RRM requirements.
Observation 3: MIB decoding requirement is defined based on multiple trials other than one shot.
Proposal 1: RAN4 to consider FDD asynchronous test case with interf. cell whose time offset relative to serving cell is 0.5 slot + half a OFDM symbol.
Proposal 2: RAN4 to define the test cases with the same SSB time/frequency resources for interfering inter-cells.
Proposal 3: RAN4 to define the test cases for both TDLA30-10 and TDLC300-100 based on the following down-selection rule.
· Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC
· such as TDLA30 for heterogeneous scenario and TDLC300 for homogeneous scenario
Proposal 4: RAN4 to select MCS based on the following rules.
· Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC
· SINR is not lower than -6 dB
· Consider the difference between SNR and INR to avoid possible handover (SNR-INR > -3dB)
Proposal 5: RAN4 can evaluate both homogeneous and heterogenous scenarios with different interference power settings.
· Consider INRs 5.43 dB and -1.5 dB in homogeneous scenario
· Consider INRs 11.39 dB and 5.45 dB in heterogenous scenario

	R4-2118408
	Ericsson
	Observation 1: Compared with MRC, IRC receiver can have about 2dB or even more gain in 70% of maximum throughput SNR point.
Observation 2: IRC receiver have gains in both QPSK and 16QAM scenarios.
Observation 3: IRC receiver have gains in both TDLA and TDLC channels.
Observation 4: The higher the inference from the interferer cell(s) the higher the gain with IRC receiver.

	R4-2118861
	China Telecom
	Proposal 1: For the requirement definition for MMSE-IRC for inter-cell interference for synchronized network, reuse the same time and frequency offsets for CRS-IM:
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
Observation 1: For async networks, UE will suffer from completely different interference within one slot. In such case, UE should implement different IRC processing in the slot.
Proposal 2: Additionally include async FDD scenario for MMSE-IRC receiver for suppressing inter-cell interference.
Proposal 3: For SSB, support Option 1 to use same time/frequency resource for different cells.
Proposal 4: Use TDLC300-100 channel model for the target and interference cells.
Proposal 5: Cover 16QAM and QPSK in different new test cases to balance the test coverage and test case number.
Proposal 6: For QPSK, use higher MCS index with higher code rate instead of MCS 4 to have higher SINR point, i.e., MCS 9.
Proposal 7: For the INR values for HomNet scenario, use INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell.
Proposal 8: We support to cover both 1 cell and 2 cells.
Proposal 9: Additionally cover HetNet scenarios and the interference profile from LTE NAICS can be used for initial simulation, i.e., INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB).
Proposal 10: Both considering the test coverage and not duplicate the IRC test with purely increasing the interference power, ok to cover HomNet and HetNet scenarios in different test cases with different antenna configuration, e.g., define HomNet IRC receiving requirements for 2Rx test case and define HetNet receiving requirements for 4Rx test case.
Proposal 11: If there are companies’ simulation results show that the interfered TRS will impact the UE synchronizing, and leads to PDSCH demodulation performance degradation, we are ok to add such clarification only in the simulation assumptions.
Proposal 12: The UE demodulation requirements under inter-cell interference should be released independent from Rel-15.

	R4-2119043
	Huawei, HiSilicon
	Proposal 1: Not consider asynchronized scenario.
Observation 1: Modelling two interference cells will lead to larger INR level and the performance gain for IRC processing will be more obvious.
Observation 2: There is only 1.1dB performance gain for one interference cell with INR=3.1dB, MCS 13, TDLC and 2RX
Proposal 2: Use two modelled interference cells.
Observation 3: In RRM cell handover test, the power difference between interference and serving cell is 3dB for known target cell and 0dB for unknown target cell.
Proposal 3: Consider option 1, option 2 and option 4 as conditions for MCS and INR value selection.
Proposal 4: Use INR1=7.77dB, INR =2.29dB for INR values.
Proposal 5: Consider no overlapping PBCH resources for serving cell and interference cells.
Proposal 6: Consider TDLC300-100
Proposal 7: Use SNR for performance measurement and INR for interference profile configuration.
Proposal 8: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition

	R4-2119044
	Huawei, HiSilicon
	Simulation results for PDSCH demodulation requirements for inter-cell MMSE-IRC receiver

	R4-2119403
	MediaTek inc.
	Proposal 1: Suggest to set serving cell SSB and interference cell(s) SSB(s) in the different time/frequency resources. If it is agreed to set SSB(s) of serving cell and interference cell(s)) in the same time/frequency resources, the configuration should be properly chosen to avoid the case that the performance of SSB is the bottleneck.
Observation 1: From the simulation results, the gain of MMSE-IRC over MMSE-IRC is larger than 1dB for all cases.
Observation 2: From the simulation results, the corresponding SINR for “SNR for 70% of Max T-put” are smaller than -6 dB in many cases.
Proposal 2: Suggest to apply SINR < -6dB as the first criterion for down selection.

	R4-2119545
	Qualcomm Incorporated
	Proposal 1: Only consider 10MHz CBW for 15kHz SCS and 40MHz CBW for 30kHz SCS.
Proposal 2: Serving cell SSB and interference cell(s) SSB(s) are specified in the different time/frequency resources.
Proposal 3: Do not define test cases for HetNet deployment.
Proposal 4: Only consider 1 interfering cell for defining the requirements.
Proposal 5: Use same INR levels as in LTE for defining Intercell Interference requirements.
Proposal 6: Use MCS13 for defining Intercell Interference requirements.
Proposal 7: Use TDLA30-10 propagation condition for defining Intercell Interference requirements.



Open issues summary
[bookmark: _Hlk71880830]Sub-topic 1-1: Common test parameters
Issue 1-1-1: Network type
· Background
· Synchronized for FDD and TDD
· FFS asynchronized for FDD
· Interested companies are encouraged to provide view on test setup for asynchronized FDD scenarios (especially, time and frequency offsets)
· Proposals
· Option 1 (Apple, Huawei): Only consider synchronized network
· Option 2 (Nokia): Do not deviate from the synchronized frequency offsets and limit the frequency offset of each basestation to within ±0.1 ppm of carrier frequency
· Option 3 (CMCC, Ericsson, China Telecom): Include FDD asynchronized network type in FR1. 
· Option 3A (CMCC): Reuse LTE time and frequency offset configuration as the starting point (i.e. 0.33 ms and 0 Hz for cell 1 and 0.67 ms and 0 Hz for cell 1)
· Option 3B (Ericsson): Time offset relative to serving cell is 0.5 slot + half a OFDM symbol.
· Recommended WF
· Collect detailed companies views on pros and cons to include asynchronized scenario in the scope

Issue 1-1-2: SSB configuration
· Background
· Option 1: All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· Interested companies can check the PBCH performance for both options
· Use simulation assumptions from Section 5.4 of TS 38.101-4 for serving cell
· Use the following SSB configuration for Option 2
· SSB of serving cell is transmitted in PRB 0~19 in first occasion
· For case with 1 interference cell (if agreed), SSB of interference cell is transmitted in PRB 0~19 in second occasion. 
· For case with 2 interference cell, SSB of interference cell 1 is transmitted in PRB 20~39 in first occasion, SSB of interference cell 2 is transmitted in PRB 0~19 in second occasion.
· Other simulation assumptions are FFS
· Proposals
· Option 1 (CMCC, DOCOMO, Ericsson, China Telecom): All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· CMCC: In the case of similar PDSCH performance between Option 1 and Option 2
· MediaTek: If it is agreed to set SSB(s) of serving cell and interference cell(s)) in the same time/frequency resources, the configuration should be properly chosen to avoid the case that the performance of SSB is the bottleneck.
· Option 2 (Apple, Huawei, MediaTek, Qualcomm): Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· Option 3 (Intel):
· 2 interference cells modelling: Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
· 1 interference cell modelling: Different SSB configurations for Demodulation and CSI tests
· Recommended WF
· Collect views on options above. 
· Check whether any impact on PDSCH testing can be expected in case Option 1 will be used.

Issue 1-1-3: Propagation condition
· Background
· Consider TDLA30-10 and TDLC300-100 channel models for evaluation purpose and select only one for requirements definition
· Interested companies are encourage to provide views on down-selection criteria
· Proposals
· Option 1 (Apple, Ericsson for HetNet, Qualcomm): TDLA30-10
· Nokia: In case HetNet is agreed we prefer TDLA30-10 channel model.
· Option 2 (Nokia for HomoNet, Intel, Ericsson for HomoNet, China Telecom, Huawei): TDLC300-100
· Recommended WF
· Check whether we can consider TDLC300-100 for scenario with homogenies network
· Further discuss channel model for heterogenous network is case it will be agreed for requirements definition

Sub-topic 1-2: Target PDSCH parameters for scenario 1
Issue 1-2-1: MCS
· Background
· Down selection between MCS 4 and MCS 13 based on results for agreed INR values based on the following criteria
· Option 1: Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC
· Option 2: SINR is not lower than -6 dB
· Option 3: Consider the difference between SNR and INR to avoid possible handover (SNR-INR > -3dB)
· Option 4: SNR > INR
· Other options are not precluded
· Using of multiple options is not precluded
· Interested companies are encouraged to provide views on criteria for MCS down selection
· Proposals on criteria
· Option 1 (Apple): Down select the MCS based on operating SINR > -6dB and SNR > INR.
· Option 2 (Ericsson): Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC; SINR is not lower than -6 dB; Consider the difference between SNR and INR to avoid possible handover (SNR-INR > -3dB)
· Option 3 (Huawei): Consider option 1, option 2 and option 4 as conditions for MCS and INR value selection.
· Option 4 (MediaTek): Suggest to apply SINR > -6dB as the first criterion for down selection.
· Proposals on MCS
· Option 1 (Apple, CMCC, Intel, Qualcomm): MCS 13
· Option 2 (China Telecom): Cover 16QAM and QPSK in different new test cases to balance the test coverage and test case number. For QPSK, use higher MCS index with higher code rate instead of MCS 4 to have higher SINR point, i.e., MCS 9.
· Recommended WF
· Criteria: Check whether we can consider at least Option 1 (Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC) and Option 2 (SINR is not lower than -6 dB) and further discuss Option 3 (SNR-INR > -3dB) and Option 4 (SNR > INR)
· MCS: 
· Check whether we can use at least MCS 13 and further discuss proposal from China Telecom.
· Check companies’ views on list of PDSCH tests cases

Sub-topic 1-3: Interference model for scenario 1
Issue 1-3-1: Deployment
· Background
· Consider Homogeneous deployment assumptions
· FFS whether for consider HetNet deployment assumptions
· Proposals
· Option 1 (Apple, Qualcomm): Only consider homogeneous network deployment
· Option 2 (Nokia): Not to define requirements for HetNet deployment for 2 Rx antenna configuration
· Option 3 (CMCC, Ericsson, China Telecom): Include HetNet deployment
· China Telecom: Both considering the test coverage and not duplicate the IRC test with purely increasing the interference power, ok to cover HomNet and HetNet scenarios in different test cases with different antenna configuration, e.g., define HomNet IRC receiving requirements for 2Rx test case and define HetNet receiving requirements for 4Rx test case.
· Option 4 (Intel): Further discuss the following options on interference modelling for different deployment assumptions:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).
· Recommended WF
· Collect views on options above

Issue 1-3-2: INR values for Homogeneous deployment assumptions
· Background
· Further discuss the following options for PDSCH requirements definition for synchronous network
· Option 1: INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell
· Option 2: INRs 7.77 and 2.29 dB in case of 2 interference cells and FFS in case of 1 interference cell
· Option 3: INRs 13.91 and 3.34 dB in case of 2 interference cells and FFS in case of 1 interference cell
· Other options are not precluded
· FFS assumptions for asynchronous network
· Proposals
· Option 1 (Apple): Do not consider INR values of 13.91 and 3.34 dB for requirements definition with ICI. Define requirements with INR 3.1 dB in case of 1 interference cell.
· Option 2 (Nokia): INRs 13.91 and 3.34 dB
· Option 3 (Intel): Consider INRs 7.77 and 2.29 dB (2 interference cells) or INR 5.49 dB (1 interference cell)
· Option 4 (Ericsson, China Telecom, Qualcomm): INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell
· Option 5 (Huawei): Use INR1=7.77dB, INR =2.29dB for INR values.
· Recommended WF
· Collect views on options above

Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
· Background
· Option 1: INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB)
· Other options are not precluded
· Proposals
· Option 1 (CMCC): For HetNet, use INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.
· Option 2 (Ericsson, China Telecom): INRs 11.39 and 5.45 dB
· Recommended WF
· Check whether we can consider INRs 11.39 and 5.45 dB (2 interference cells) and INR 4.84 dB (1 interference cell) as baseline in case requirements for HetNet will be agreed

Issue 1-3-4: Number of explicitly modeled interference cells
· Background
· Companies are encouraged to check performance with 1 and 2 interference cells for initial simulations
· Further discuss the assumptions for requirements definition
· Proposals
· Option 1 (Apple, Qualcomm): Define requirements with 1 interference cell.
· Option 2 (Intel, Huawei): Use explicit modelling of 2 interference cells
· Option 3 (China Telecom): Cover both 1 cell and 2 cells.
· Recommended WF
· Collect views on options above

Issue 1-3-5: Time and frequency offsets for synchronized network
· Proposals
· Option 1 (China Telecom):
· Time offset: The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Frequency shift: The serving cell is 300 Hz and -100 Hz for interfering cell 1 and cell 2 respectively.
· Recommended WF
· Collect views on option above

Sub-topic 1-4: Receiver assumptions
Issue 1-4-1: TRS-IC/IM
· Background
· Further discuss whether to add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
· No such clarification will be added in the TS 38.101-4
· Interested companies are encouraged to check with performance for scenarios with and without TRS-IC/IM
· Proposals
· Option 1 (China Telecom): If there are companies’ simulation results show that the interfered TRS will impact the UE synchronizing, and leads to PDSCH demodulation performance degradation, we are ok to add such clarification only in the simulation assumptions.
· Option 2 (Huawei): Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
· Recommended WF
· Check views on options above

Sub-topic 1-5: Release independency of requirements
Issue 1-5-1: Release independency of Demodulation requirements
· Background
· RAN4 discuss whether the UE demodulation with inter-cell interference is released independent from Rel-15 or not, after RAN4 agree with the detailed simulation assumption
· Proposals
· Option 1 (China Telecom): The UE demodulation requirements under inter-cell interference should be released independent from Rel-15.
· Recommended WF
· Follow previous meeting agreement

Companies views’ collection for 1st round 
Open issues 
Sub-topic 1-1: Common test parameters
	Company
	Comments

	Apple
	Issue 1-1-1: Network type
Option 1. We would like to understand the motivation for introducing requirements for async network. 
We would like to understand if the UE is aware of the time offset for any advanced processing-we would like clarification from China Telecom on the following:
Observation 1: For async networks, UE will suffer from completely different interference within one slot. In such case, UE should implement different IRC processing in the slot.
Also, are we assuming the same simulation parameters for interferer as sync case for parameters other than time offset? 
Issue 1-1-2: SSB configuration
We support option 2. We don’t see why the SSBs have to be overlapping. We are defining PDSCH demod requirements in inter-cell interference with MMSE-IRC. We are not sure if the effect on performance if any can be captured in link levels simulations for PDSCH demod, but in actual testing might lead some issues with tracking loops. 
Issue 1-1-3: Propagation condition
We support option 1. Based on companies’ preference of defining requirements where we see more measurable gain with MMSE_IRC over MMSE, TDLA seems to be a better choice as we observe more gain with IRC in TDLA than TDLC.  We would like to understand the reason for choosing TDLC.


	CMCC
	Issue 1-1-1: Network type
We prefer Option 3.
Option 3A can be the starting point (0.33 ms and 0 Hz for cell 1 and 0.67 ms and 0 Hz for cell 2), we are open to have more discuss about specific value.
Issue 1-1-2: SSB configuration
Option 1, which is also common configuration in our practical network.
Issue 1-1-3: Propagation condition
We propose to use TDLC300-100 for HomoNet, TDLA30-10 for HetNet. Because the ISD in HetNet is smaller than HomoNet, and usually UE in serving cell (such as pico) is in low mobility. In this way, the test coverage can be guaranteed, and the number of test cases will not increase.

	China Telecom
	Issue 1-1-1: Network type
We support to cover FDD async network. 
FDD sync cannot always be guaranteed, and under async scenario, if the time offset between target and interference cells is as large as 0.33ms, UE will observe different interference on the different DMRS symbols, which will impact the MMSE-IRC processing including Rnn estimation. Therefore, similar with the test case design in LTE, we think a test for MMSE-IRC under FDD async is necessary to verify the PDSCH demodulation performance.
As CMCC proposed, we are ok to take the LTE’s assumption for FDD async as a start point, i.e., Option 3A is our preference:
	
	Interference Cell 1
	Interference Cell 2

	Time offset relative to target cell
	0.33(ms)
	0.67(ms)

	Frequency shift relative to target cell
	0(Hz)
	0(Hz)



Clarification to Apple: In our initial thinking, we are ok to reuse the simulation assumptions for FDD sync scenario other than time/frequency offset. We have agreed to use random precoding for the interference cell whose precoder will be updated per slot, therefore, the interference power at the target cell will be different in time domain.

Issue 1-1-2: SSB configuration
Support Option 1: All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources.
We do not think option 2 is a practical SSB configuration in the real network. And in LTE, tracking RS such as PSS SSS are naturally collided, which did not cause big problem.
There are companies provided simulation results for PBCH demodulation performance degradation due to ICI. However, it is still not clear whether PBCH demodulation performance degradation will truly impact the time/frequency tracking accuracy and leads to PDSCH performance degradation.
To try to address Huawei’s concern, we are ok to use option 1 plus an additional note that ‘Assume no SSB-IM/IC is considered for inter-cell MMSE-IRC requirements definition’ in the chairman note or the simulation assumption, which is similar with issue 1-4-1.

Issue 1-1-3: Propagation condition
Support Option 2 TDLC300-100 to better verify the Rnn estimation accuracy under frequency selective condition.

	Nokia, Nokia Shanghai Bell
	Issue 1-1-1: Network type
We are fine with options 3A or 3B for the time offset. Concerning frequency offset, we can compromise to 3A, if companies confirm that there is no practical performance difference between 0Hz and 0.1ppm fc.
Issue 1-1-3: Propagation Conditions
We agree with proposed WF for homogenous network
Option 1 in heterogenous networks gives slightly higher gain and mirrors the propagation conditions more appropriately.

	Intel
	Issue 1-1-1: Network type
Before further discussion on this topic, we would like to check whether asynchronous network is practical scenarios and what is the benefit to consider such scenario. Based on our understanding, in case all cells, for example, are used GNSS as reference sync source, we don’t expect to have the asynchronous network.
Issue 1-1-2: SSB configuration
Based on our analysis, PBCH decoding for Option 1 can have impact on PDSCH testing only for scenario with QPSK modulation. Same time, we think that it is not the practical use case where PDSCH performance is better than PBCH performance. Therefore, in case 16QAM modulation is used for PDSCH, we don’t expect any issue with testing for any of SSB mapping option.
To cover different SSB mapping options, we suggest to consider the following assumption for scenario with 2 interference cell:
· Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
· Serving cell SSB and second dominant interference cell SSB are in the same time/frequency resources
Also, in case HetNet will be considered, we can consider Option 1 for HomoNet and Option 2 for HetNet.
Issue 1-1-3: Propagation condition
We support to consider TDLC300-100 for scenario with homogenies network
Based on our analysis, the MMSE-IRC gains over MMSE-MRC are same for different channel models. SNR operating point for scenarios with TDL-C channel model is higher in comparison to TDL-A channel model. Therefore, it allows to consider more scenarios in case we consider the criteria from Issue 1-2-1

	Qualcomm
	Issue 1-1-1: Network type
Prefer Option 1. 
Issue 1-1-2: SSB configuration
Prefer option 2. In general, system will have better performance if UE can at least get one reference signal which it can rely on for timing/frequency tracking. We already agreed to have colliding TRS. So, we prefer to have non-colliding SSB. 

	MediaTek
	Issue 1-1-1: Network type
Prefer Option 1. 
Issue 1-1-2: SSB configuration
Prefer Option 2. We are now defining the PDSCH requirement under the scenario of inter-cell interference. It should prevent the case that UE fails the test due to the poor performance of PBCH or poor tracking accuracy rather than improper interference handling. Hence, we prefer to have non-overlapping SSB for serving cell and interference cells.
Also, we would like to raise a question that do we need to also consider the SSB configuration for CQI testing? In the CQI testing, UE also need to perform PDSCH demodulation under the scenario of inter-cell interference.

	Docomo
	Issue 1-1-2: SSB configuration
We support Option 1
In LTE, PBCHs between serving cell and interference cells are collided, but it did not cause big problem for real network. Therefore, we think that UE can maintain the acceptable performance of SSBs even if the SSBs from interfering cells are fully collided with serving cell.
In addition, we don’t think that it is practical to configure serving cell and all interference cells SSB in different time/frequency resources. 
In intel’s comments, in case 16QAM modulation for PDSCH, PBCH performance degradation don’t cause big problem for PDSCH performance. So, in order to avoid PDSCH performance degradation, it is acceptable for us to use 16QAM modulation for PDSCH in this topic.

	ZTE
	Issue 1-1-1: Network type
Option 1. Are we going to define two sets of performance requirements for sync and async scenarios respectively? 
Issue 1-1-2: SSB configuration
Given the NR design on SSB, we are not sure why SSBs have to be overlapping while the design itself can avoid this?
Issue 1-1-3: Propagation condition
The listed two options are not really in parallel options. We are fine with : TDLA30-10 for HetNet and TDLC300-100 for HomoNet.

	Huawei
	Issue 1-1-1: Network type
Support Option 1. Asynchronized FDD will lead to different interference within one slot as Apple pointed out due to the random PMI selection for interference cells. We share the same views with Intel that there is no motivation to introduce such scenario since more practical deployment is synchronized.
@ CTC: 
Should we study more advanced IRC processing for asynchronized? Based on our understanding, it may be difficult for UE to know the boundary of different interference within one slot. LTE uses TM3 for interference cell which causes same interference within one slot, so it is not a big issue for UE to handle the asynchronized scenario with legacy IRC. But for NR, it is related to uneven interference processing that is still under discussion for Rel-18 performance enhancement, it is out of the scope of this WI. 
Issue 1-1-2: SSB configuration
Support Option 2. Based on our evaluations, PBCH colliding has impact on PDSCH from the following two aspects:
1) PBCH colliding will cause poor PBCH(MIB) performance leading to cell access failure. As our simulations show, target SNR of PBCH is higher than that of PDSCH even if MCS 13 is used without combination
2) PSS/SSS and PBCH DMRS colliding will cause poor accuracy of time/frequency tracking which will degrade the PDSCH performance. The evaluation of such impact has been captured in our contribution RP-212486 and we observed up to 1.8dB for 64QAM and 2.1dB for 256QAM performance gain with SSB-IM under the low network load compared to without IM receiver, it means the interference from the SSB of neighbour cells in the real network due to the colliding SSB configuration has serious impact on PDSCH performance.
Considering that the intention of this WI is to verify the performance with pure PDSCH colliding configuration, it is better to setup a clear test environment and avoid any other possible impacts on the performance degradation.
Issue 1-1-3: Propagation condition
We support only to consider TDLC300-100. The performance gain of IRC over MRC is similar for most cases between TDLA and TDLC, but our preference is to consider the worst propagation condition. We agree with CTC that TDLC will be more suitable to verify the correct Ruu calculation.  



Sub-topic 1-2: Target PDSCH parameters for scenario 1
	Company
	Comments

	Apple
	Issue 1-2-1: MCS
For criteria: We prefer to select based on SINR > -6dB and SNR>INR as the first criteria. The measurable / testable performance benefit doesn’t seem very critical to us given that MMSE-IRC is baseline receiver since Rel-15. 
For MCS: Performance results show that with MCS4 SINR is very low and not suitable to define requirements, so MCS 13 seems suitable. How many testcases do we plan to define to be able to over 16QAM and QPSK in different tests? 
 We should also ensure that there are no PDCCH decoding errors at the chosen operating SINR/SNR with ICI. 

	CMCC
	Issue 1-2-1: MCS
For the proposals on MCS, both Option 1 and Option 2 are ok for us. Option 2 may need further evaluation.

	China Telecom
	Issue 1-2-1: MCS
We have proposed to use higher MCS index within QPSK to try to solve the low SINR point issue. Our thinking was that both QPSK and 16QAM should be covered in the test since both can be scheduled under ICI scenario.
Same time, considering the majority’s view, we can give our compromise to only use MCS13 in the MMSE-IRC demodulation test.

	Nokia, Nokia Shanghai Bell
	Issue 1-2-1: MCS
Concerning criteria: Option 1 and 2 seems reasonable.

	Intel
	Issue 1-2-1: MCS
Based on our understanding, Option 1 is the main criteria for MCS and Test setup selection, because it allows to verify that MMSE-IRC is used by UE in scenario with inter-cell interference (this is the main purpose of these tests).
As for Option 2 (SINR is not lower than -6 dB), it is rather reasonable criteria to avoid any RRM related issues.
As for Option 3 (SNR-INR > -3dB) or 4 (SNR > INR), we don’t see any technical justification to consider on of these criteria, because the handover procedure is rather flexible in NR and doesn’t restrict the difference between SNR and INR value. 3 dB threshold is used for intra-frequency NR cells for IDLE mode, but demodulation requirements are applied in RRC_CONNECTED mode. Also, in case we want to compare the values which will be measured by UE, probably, it is better to check the difference between S/(I1+I2+N) and I1/(S+I2+N).
However, we think that using of Option 1 and Option 2 criteria is sufficient.
As for MCS, based on previous meeting agreement, we think that it is sufficient to consider single MCS for MMSE-IRC requirements to have sufficient test coverage. Therefore, we support to consider MCS 13.

	Qualcomm
	Issue 1-2-1: MCS
Based on the comments so far, it seems that companies can agree to using only MCS13. We prefer to define only one test rather than try to cover different MCS because it won’t change the UE receiver algorithm.

	MediaTek
	Issue 1-2-1: MCS
For MCS, we support to use MCS13 as most of SINR for MCS4 is too low from the simulation results. Also, we think it is sufficient to use only MCS13 to define test case.

	Docomo
	Issue 1-2-1: MCS
For MCS, our preference is Option 1.

	ZTE
	Issue 1-2-1: MCS
Both options are fine.

	Huawei
	Issue 1-2-1: MCS
Based on our simulation, MCS 13 should be considered since target SINR for MCS4 is lower than -6dB for most cases in our simulations that is too low.
For option 3 and option 4 of criteria, we agree that it is flexible for network to inform UE the handover indication and threshold is not a fixed value. But to be more practical, it is better to set good conditions for serving cell to avoid potential cell handover.
For RRM handover test specified in A.6.3.1.1 and A.6.3.1.2 of TS 38.133, the SNR =8dB and INR=8dB for known cell and SNR=8dB and INR=11dB for unknown cell are used as conditions which can be considered as the typical configurations for real network.
To be safer and more practical, we propose to use SNR>INR1 as criteria.
@ Intel: Thanks for your analysis, based on our understanding, we just only compare the ‘S’ and  ‘I1’ in case SNR>INR1 is used, since the relation of ‘S’ and ‘I1’ is equivalent to that of S/(I1+I2+N) and I1/(S+I2+N). 



Sub-topic 1-3: Interference model for scenario 1
	Company
	Comments

	Apple
	Issue 1-3-1: Deployment
We prefer to only cover HomNet to define requirements. For verifying performance with MMSE-IRC for PDSCH demod, the only difference is different interference levels between HomNet and HetNet. We think HomNet assumption would be better suited for NR deployment.  We don’t think different interference levels changes any processing in the receiver for MMSE-IRC, of course if there is more interference, there is more rejection with IRC. 
We prefer to have same settings for 2RX and 4RX for ease of test setup and not introduce requirements with different interference levels or deployment assumption.
The interference levels for PDSCH demod and CSI requirements are different in our understanding. Not sure if INR for CQI reporting is from HomNet or HetNet deployment. 
Issue 1-3-2: INR values for Homogeneous deployment assumptions
Thanks Intel for providing the INR values for 1 cell interference for different INR levels with 2 interferers.
We are fine with option 3 or option 5.
Issue 1-3-4: Number of explicitly modeled interference cells
We propose to have 1 interference cell. UE processing is not impacted by more number of interferers. At the end its an interference level seen at the UE. It would simplify test setup if we use 1 interference cell. 
Issue 1-3-5: Time and frequency offsets for synchronized network
Option 1 is okay for 2 interference cells and FDD. 
For 1 interference cell – time offset: 3 us for 15KHz, 1us for TDD 30KHz; Freq offset: 300 Hz for both TDD and FDD.  


	CMCC
	Issue 1-3-1: Deployment
As we mentioned in previous meetings, HetNet is widely deployed and we have already observed Inter-cell interference in this scenario. We also support CTC’s suggestion that cover different configuration under HomoNet and HetNet such as Rx configuration, propagation condition and so on.

Issue 1-3-2: INR values for Homogeneous deployment assumptions
We think the following options can be considered for Homogeneous:
· Option 1: INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell
· Option 2: INRs 7.77 and 2.29 dB in case of 2 interference cells and FFS in case of 1 interference cell
In order to guarantee the test coverage without introducing additional test cases, we propose to use Option 1 for synchronous network and use Option 2 for async network.

Issue 1-3-3: INR values for HetNet deployment assumptions
We support Option 1.

Issue 1-3-4: Number of explicitly modeled interference cells
We prefer Option 3. If companies concern with test burden or workload, we propose 2 interference cell for HomoNet and 1 interference for HetNet.

Issue 1-3-5: Time and frequency offsets for synchronized network
Ok with Option 1.

	China Telecom
	Issue 1-3-1: Deployment
We support to cover HetNet scenarios. UE will suffer larger interference power level under HetNet scenarios.
Considering the test coverage and try not to increase the test case number with different interference power, we are also ok to cover HomNet and HetNet tests for test cases with different Rx number, for example, using HomNet for 2Rx and HetNet in 4Rx cases. 
However, we prefer not to cover HetNet by CSI cases. We have agreed to use static channel model for the CQI test, and we do not think it will be sufficient to verify MMSE-IRC process.

Issue 1-3-2: INR values for Homogeneous deployment assumptions
Under the proposed interference power level in option 1, companies have shown ~1dB performance gain with MMSE-IRC. We think such performance gain can be sufficient for requirement definition. Therefore, we still prefer Option 1 to reuse the same interference power level in LTE test.

Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
INRs 11.39 and 5.45 dB in case of 2 interference cells is fine for us. Need further check on the 1 interference cell scenario.

Issue 1-3-4: Number of explicitly modeled interference cells
Support Option 3 to cover 1 cell and 2 cells. 
We are ok to cover different cell number within different test cases for 4Rx and 2Rx to control the test case number.

Issue 1-3-5: Time and frequency offsets for synchronized network


	Nokia, Nokia Shanghai Bell
	Issue 1-3-1: Deployment
We can agree to option 2 and 3.
Option 2 and 3 can be combined to decide on the deployment. i.e., 4 Rx for heterogenous while 2Rx and 4 Rx or 2 Rx only for homogenous
Issue 1-3-2: INR values for Homogeneous deployment assumptions
We can compromise to Option 4.
Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
We support the recommended WF.
Issue 1-3-4: Number of explicitly modeled interference cells
IRC gain with 2 interferer cells is higher. So 2 interferer cells should be included. Hence we support Option 2 or 3.


	Intel
	Issue 1-3-1: Deployment
We are fine to include the HetNet assumptions as additional test. However, we prefer to have same test setup for 2Rx and 4Rx UEs as the typical procedure for definition of demodulation requirements.
One of potential option we can consider the following set of requirements:
1) HomoNet: All SSBs are in the same time/frequency resources, TDL-C channel model, 2 and 4 Rx
2) HetNet: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources, TDL-A channel model, 2 and 4 Rx
To reduce the test effort, we can define the applicability rule that verification for one of scenarios is sufficient.
Issue 1-3-2: INR values for Homogeneous deployment assumptions
We support Option 3, because such INR values can be observed in NR deployment based on our system level analysis. These values are used in the LTE NAICS, for which the system level analysis was done in later release in comparison to system level analysis for LTE MMSE-IRC. Therefore, we assume that LTE NAICS values are closer to typical NR deployment rather than LTE MMSE-IRC values.
Also, based on our NR system level analysis we don’t see any scenarios with INR values 5.43 and -1.50 dB.
Issue 1-3-3: INR values for HetNet deployment assumptions
We are fine to consider Option 1 as baseline. However, we first need to take a look in results from companies to understand whether we can fulfill the criteria from Issue 1-2-1 (at least, MMSE-IRC gain and SINR > -6 dB). In case not, we probably need to consider another values.
Issue 1-3-4: Number of explicitly modeled interference cells
We support the Option 2, because it allows to achieve trade off between test complexity and practical conditions. For most of LTE requirements with inter-cell interference, 2 cells modelling is considered.
Issue 1-3-5: Time and frequency offsets for synchronized network
Option 1 is fine for us

	Qualcomm
	Issue 1-3-1: Deployment
We have similar comment as Apple. WE prefer to only consider homogeneous deployment since UE implementation is agnostic to the deployment. Also, we prefer to have same setup between 2Rx and 4Rx because we usually have an applicability rule between those 2 sets.
Issue 1-3-2: INR values for Homogeneous deployment assumptions
We prefer to use LTE values, i.e., Option 4.
Issue 1-3-4: Number of explicitly modeled interference cells
We prefer to have only 1 cell for simplified test setup. As we increase the number of interfering cells, combined interference will start losing its structure and will get closer to AWGN. While, with 1 interference cell, we are definitely testing the structured interference. So, we don’t see the advantage of having multiple cells in the test setup. 
Issue 1-3-5: Time and frequency offsets for synchronized network
Same comment as Apple.
Nov 4th Updated:
Other:
It seems that there is a large span in simulation results for intercell interference case. So, we would like to clarify a few assumptions with the companies. Can other companies confirm if below assumptions were made for their simulations?
· Interfering cell has 2Tx and random precoding with PRB granularity of 2.
· Interfering cell has same channel model as for serving cell and it is independently generated for each cell.
Interfering cell has full PDSCH allocation on all slots where serving cell has PDSCH grant.

	MediaTek
	Issue 1-3-1: Deployment
Prefer to define homogeneous deployment only. We share the same view as Qualcomm that IRC processing is agnostic to the deployment.
Issue 1-3-2: INR values for Homogeneous deployment assumptions
We are OK with Option 5.
Issue 1-3-4: Number of explicitly modeled interference cells
It is sufficient to consider only 1 interference cell or 2 interference cells. We slightly prefer Option 2 which consider only 2 interference cells.

	Docomo
	Issue 1-3-1: Deployment
We slightly prefer to Option 1. And also we would like to clarify the applicability rule proposed by China Telecom in Option 3 at first.
Considering TS 38.101-4 Table 5.1.1.2-1, if UE support 4Rx, UE can skip 2Rx requirement.
Based on our understanding about Table 5.1.1.2-1, in case China Telecom’s proposal is introduced, we think that 4Rx UEs pass only one scenario (e.g. HetNet) test. Therefore, RAN4 cannot verify both scenario. Since we think that HomNet is also typical deployment, we should avoid such a situation. In addition, we prefer to have same settings for 2Rx and 4Rx UEs.
Based on above, if HetNet is introduced, RAN4 should introduce ”HomNet requirement with 2Rx/4Rx” and “HetNet requirement with 2Rx/4Rx.”
Issue 1-3-4: Number of explicitly modeled interference cells
Our preference is Option 3, but Option 2 is acceptable for us.
Issue 1-3-5: Time and frequency offsets for synchronized network
We are fine with Option 1.

	Huawei
	Issue 1-3-1: Deployment
We share the same views with QC and Apple, UE is agnostic to the specific deployment that doesn’t affect IRC processing. Furthermore, the INR values for HetNet is so high that more effort should be spent to select a suitable MCS to meet target SNR>INR1
 Issue 1-3-2: INR values for Homogeneous deployment assumptions
We prefer option 5. 
From the simulation results with MCS13 in our contributions we have following observations:
· [bookmark: OLE_LINK28][bookmark: OLE_LINK30][bookmark: OLE_LINK27]For case with 3.1dB, 1 interference cell, the performance difference is only 1dB for one interference cell with MCS 13, TDLC and 2RX.
· For cases with INR1=5.43dB, INR2=-1.5dB, the target SNR is always higher INR, but the performance gain for IRC is only 1.3dB~2.2dB. 
· For cases with INR1= 7.77dB, INR2= 2.29dB, only cases with TDLA30-10, 4RX and TDLC300-100,4RX has the observation that target SNR is lower than INR, but the difference is small and can be ignored by addition of margin. Meanwhile, the performance gain for IRC is considerable (2.7dB~5.7dB).
· For cases with INR1= 13.91dB, INR2=3.34dB, the target SNR for most cases is far lower than INR.
From the above observations, INR1=7.77dB, INR2=2.29dB is the most suitable configuration among all the options. 
Issue 1-3-4: Number of explicitly modeled interference cells
We prefer to consider 2 interference cells since 1 interference cell can’t bring enough performance gain for IRC over MRC based on the given INR value from our simulation results.
Issue 1-3-5: Time and frequency offsets for synchronized network
Option 1 is OK



Sub-topic 1-4: Receiver assumptions
	Company
	Comments

	Apple
	We support option 1. For the agreed simulation results we would like to see performance impact with and without TRS-IM/IC before we add such clarification. 

	CMCC
	Option 1. Share similar view with Apple.

	China Telecom
	To address Huawei’s concern, we are ok to include such clarification in the simulation assumption.

	Nokia, Nokia Shanghai Bell
	We support option 1. We agree with the reasoning behind option 1.

	Intel
	Based on our analysis from RAN4 #99 meeting (R4-2109198), we didn’t observe significant performance difference in case Serving cell TRS colliding with TRS interference and Serving cell TRS with interference free for different INR conditions. Therefore, we don’t expect big impact of TRS-IC/IM on PDSCH performance. Same time, we are fine to add such clarification in the simulation assumptions.

	Qualcomm
	Ok with Option 1.

	Ericsson
	Option 1. 
Same view as Apple.

	MediaTek
	OK with Option 1.

	Docomo
	We are fine with Option 1.

	Huawei
	We share the logic behind Option 1 and welcome interesting companies to do evaluation to check the performance difference with and without TRS colliding configuration.
Currently based on our evaluation results shown in RP-212486 and we observed about 3.2dB performance gain for 64QAM with TRS-IC under the low network load compared to without TRS-IC receiver, it means the interference from the TRS of neighbour cells due to the colliding TRS configuration has serious impact on PDSCH performance, so we prefer to add such clarification.
Also as several companies pointed out for colliding SSB configuration, it is better to preclude all other potential impact on PDSCH performance degradation and focus on the IRC for interference handling due to colliding PDSCH. It should prevent the case that UE fails the test due to the poor FO/TO tracking accuracy rather than improper interference handling.



Sub-topic 1-5: Release independency of requirements
	Company
	Comments

	Apple
	We support to follow previous meeting agreement. 

	China Telecom
	Fine to follow previous meeting agreement.

	Qualcomm
	Ok with recommended WF.

	Ericsson
	Fine to follow previous meeting agreement.

	Docomo
	We are fine to follow previous meeting agreement.

	Huawei
	Prefer to follow previous meeting agreement.



Summary for 1st round 
Open issues 
Sub-topic 1-1: Common test parameters
	
	Status summary 

	Issue 1-1-1: Network type
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Qualcomm, MediaTek, ZTE, Huawei): Only consider synchronized network
· Option 2 (CMCC, China Telecom, Nokia): Include FDD asynchronized network type in FR1. 
· Option 3A (CMCC, China Telecom, Nokia): Reuse LTE time and frequency offset configuration as the starting point (i.e. 0.33 ms and 0 Hz for cell 1 and 0.67 ms and 0 Hz for cell 1)
· Option 3B (Ericsson, Nokia): Time offset relative to serving cell is 0.5 slot + half a OFDM symbol.
Recommendations for 2nd round: Continue discussion to collect more comments and address the following questions:
· Apple: We would like to understand if the UE is aware of the time offset for any advanced processing-we would like clarification from China Telecom on the following:
Observation 1: For async networks, UE will suffer from completely different interference within one slot. In such case, UE should implement different IRC processing in the slot.
Also, are we assuming the same simulation parameters for interferer as sync case for parameters other than time offset? 
· China Telecom: In our initial thinking, we are ok to reuse the simulation assumptions for FDD sync scenario other than time/frequency offset. We have agreed to use random precoding for the interference cell whose precoder will be updated per slot, therefore, the interference power at the target cell will be different in time domain.
· Intel: We would like to check whether asynchronous network is practical scenarios and what is the benefit to consider such scenario. Based on our understanding, in case all cells, for example, are used GNSS as reference sync source, we don’t expect to have the asynchronous network.
· ZTE: Are we going to define two sets of performance requirements for sync and async scenarios respectively?
· Huawei: 
Asynchronized FDD will lead to different interference within one slot as Apple pointed out due to the random PMI selection for interference cells. We share the same views with Intel that there is no motivation to introduce such scenario since more practical deployment is synchronized.
@ CTC: Should we study more advanced IRC processing for asynchronized? Based on our understanding, it may be difficult for UE to know the boundary of different interference within one slot. LTE uses TM3 for interference cell which causes same interference within one slot, so it is not a big issue for UE to handle the asynchronized scenario with legacy IRC. But for NR, it is related to uneven interference processing that is still under discussion for Rel-18 performance enhancement, it is out of the scope of this WI. 

	Issue 1-1-2: SSB configuration
	Tentative agreements: N/A
Candidate options:
· Option 1 (CMCC, China Telecom, Docomo): All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2 (Apple, Qualcomm, MediaTek, Huawei): Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· Option 3 (Intel): Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources. Serving cell SSB and second dominant interference cell SSB are in the same time/frequency resources
· Option 4 (Intel): Option 1 for HomoNet and Option 2 for HetNet (in case HetNet will be considered)
Recommendations for 2nd round: Continue discussion and take into account comments from 1st round
· Apple: We are not sure if the effect on performance if any can be captured in link levels simulations for PDSCH demod, but in actual testing might lead some issues with tracking loops.
· CMCC: Common configuration in our practical network.
· China Telecom: We do not think option 2 is a practical SSB configuration in the real network. And in LTE, tracking RS such as PSS SSS are naturally collided, which did not cause big problem.
There are companies provided simulation results for PBCH demodulation performance degradation due to ICI. However, it is still not clear whether PBCH demodulation performance degradation will truly impact the time/frequency tracking accuracy and leads to PDSCH performance degradation.
To try to address Huawei’s concern, we are ok to use option 1 plus an additional note that ‘Assume no SSB-IM/IC is considered for inter-cell MMSE-IRC requirements definition’ in the chairman note or the simulation assumption, which is similar with issue 1-4-1.
· Intel: In case 16QAM modulation is used for PDSCH, we don’t expect any issue with testing for any of SSB mapping option.
· Qualcomm: In general, system will have better performance if UE can at least get one reference signal which it can rely on for timing/frequency tracking. We already agreed to have colliding TRS. So, we prefer to have non-colliding SSB.
· Docomo: In LTE, PBCHs between serving cell and interference cells are collided, but it did not cause big problem for real network. Therefore, we think that UE can maintain the acceptable performance of SSBs even if the SSBs from interfering cells are fully collided with serving cell.
In addition, we don’t think that it is practical to configure serving cell and all interference cells SSB in different time/frequency resources.
· ZTE: Given the NR design on SSB, we are not sure why SSBs have to be overlapping while the design itself can avoid this?
· Huawei: Based on our evaluations, PBCH colliding has impact on PDSCH from the following two aspects:
· PBCH colliding will cause poor PBCH(MIB) performance leading to cell access failure. As our simulations show, target SNR of PBCH is higher than that of PDSCH even if MCS 13 is used without combination
· PSS/SSS and PBCH DMRS colliding will cause poor accuracy of time/frequency tracking which will degrade the PDSCH performance. The evaluation of such impact has been captured in our contribution RP-212486 and we observed up to 1.8dB for 64QAM and 2.1dB for 256QAM performance gain with SSB-IM under the low network load compared to without IM receiver, it means the interference from the SSB of neighbour cells in the real network due to the colliding SSB configuration has serious impact on PDSCH performance.
Considering that the intention of this WI is to verify the performance with pure PDSCH colliding configuration, it is better to setup a clear test environment and avoid any other possible impacts on the performance degradation.

	Issue 1-1-3: Propagation condition
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, CMCC for HetNet, Nokia for HetNet, ZTE for HetNet, [Qualcomm], [Ericsson for HetNet]): TDLA30-10
· Option 2 (CMCC for HomoNet, China Telecom, Nokia for HomoNet, Intel, ZTE for HomoNet, Huawei, [Ericsson for HomoNet]): TDLC300-100
Recommendations for 2nd round:
· Check whether there is any technical concern to consider TDLC300-100 for HomoNet assumptions



Sub-topic 1-2: Target PDSCH parameters for scenario 1
	
	Status summary 

	Issue 1-2-1: MCS
	Tentative agreements: MCS 13
Recommendations for 2nd round: Double check whether this agreement is applicable to Sync HomoNet only or same MCS can be used for HetNet and Async scenarios is case introduced



Sub-topic 1-3: Interference model for scenario 1
	
	Status summary 

	Issue 1-3-1: Deployment
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Qualcomm, MediaTek, Docomo, Huawei): Only consider homogeneous network deployment
· Option 2 (CMCC, China Telecom, Nokia, Intel, [Ericsson]): Include HetNet deployment
· CMCC: Cover different configuration under HomoNet and HetNet such as Rx configuration, propagation condition and so on
· China Telecom: Cover HomNet and HetNet tests for test cases with different Rx number
· Nokia: 4 Rx for heterogenous while 2Rx and 4 Rx or 2 Rx only for homogenous
· Intel: Consider the following set of requirements
· HomoNet: All SSBs are in the same time/frequency resources, TDL-C channel model, 2 and 4 Rx
· HetNet: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources, TDL-A channel model, 2 and 4 Rx
· To reduce the test effort, we can define the applicability rule that verification for one of scenarios is sufficient.
GTW agreement:
Introducing test cases with different parameters for Homogenous scenario and HetNet scenario with minimized test cases:
· One test case applied for Homogenous for each duplex mode and 2Rx/4Rx
· One test case applied for HetNet for each duplex mode and 2Rx/4Rx
· If UE supporting both TDD and FDD with same Rx number, UE will pass test case under homogenous scenario with FDD mode, and pass test case under HetNet scenario with TDD mode

Recommendations for 2nd round: N/A

	Issue 1-3-2: INR values for Homogeneous deployment assumptions
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, Apple): Consider INRs 7.77 and 2.29 dB (2 interference cells) or INR 5.49 dB (1 interference cell)
· Option 2 (CMCC for Sync Network, China Telecom, Nokia, Qualcomm, [Ericsson]): INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell
· Option 3 (Apple, CMCC for Async Network, MediaTek, Huawei): Use INR1=7.77dB, INR =2.29dB for INR values.
Recommendations for 2nd round: Check whether we can keep the following two options for further discussion:
· Option 1: INRs 7.77 and 2.29 dB in case of 2 interference cells and INR 5.49 dB in case of 1 interference cell
· Option 2: INRs 5.43 and -1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell

	Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
	Tentative agreements: N/A
Candidate options:
· Option 1 (CMCC, Nokia, Intel): For HetNet, use INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.
· Intel: We first need to take a look in results from companies to understand whether we can fulfill the criteria from Issue 1-2-1 (at least, MMSE-IRC gain and SINR > -6 dB).
· Option 2 (China Telecom, [Ericsson]): INRs 11.39 and 5.45 dB
Recommendations for 2nd round: Check whether we can consider the following option as baseline: INRs 11.39 and 5.45 dB in case of 2 interference cells and INR 4.84 dB in case of 1 interference cell.

	Issue 1-3-4: Number of explicitly modeled interference cells
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Qualcomm): Define requirements with 1 interference cell.
· Option 2 (Nokia, Intel, MediaTek, Docomo, Huawei): Use explicit modelling of 2 interference cells
· Option 3 (CMCC, China Telecom, Nokia, Docomo): Cover both 1 cell and 2 cells.
· CMCC: 2 interference cell for HomoNet and 1 interference for HetNet
· China Telecom: Cover different cell number within different test cases for 4Rx and 2Rx to control the test case number.
Recommendations for 2nd round: Continue discussion.

	Issue 1-3-5: Time and frequency offsets for synchronized network
	Tentative agreements:
· FDD 15 kHz
· Time offset: The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modeled)
· Frequency shift: The serving cell is 300 Hz for interfering cell 1 and -100 Hz for interfering cell 2 (in case modeled)
· TDD 30 kHz
· Time offset: The serving cell is [3 or 1] us for interfering cell 1 and [-1 or FFS] us for interfering cell 2 (in case modeled)
· Frequency shift: The serving cell is 300 Hz for interfering cell 1 and FFS Hz for interfering cell 2 (in case modeled)
Candidate options for time offset for TDD:
· Option 1 ([China Telecom], CMCC, Intel, Docomo, Huawei): The serving cell is 3 us and -1 us for interfering cell 1 and cell 2 respectively
· Option 2 (Apple, QC): For 1 interference cell – 1us for TDD 30KHz 
Recommendations for 2nd round: Continue discussion on assumptions for TDD case.



Sub-topic 1-4: Receiver assumptions
	
	Status summary 

	Issue 1-4-1: TRS-IC/IM
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, Apple, CMCC, Nokia, Qualcomm, Ericsson, MediaTek, Docomo): If there are companies’ simulation results show that the interfered TRS will impact the UE synchronizing, and leads to PDSCH demodulation performance degradation, we are ok to add such clarification only in the simulation assumptions.
· Option 2 (China Telecom, Intel, Huawei): Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
Recommendations for 2nd round: Continue discussion.



Sub-topic 1-5: Release independency of requirements
	
	Status summary 

	Issue 1-5-1: Release independency of Demodulation requirements
	Tentative agreements: RAN4 discuss whether the UE demodulation with inter-cell interference is released independent from Rel-15 or not, after RAN4 agree with the detailed simulation assumption
Recommendations for 2nd round: N/A



Discussion on 2nd round (if applicable)

Topic #2: MMSE-IRC receiver for inter-cell interference – CSI reporting requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117433
	Apple
	Proposal #1: Do not introduce PMI reporting requirements for MMSE-IRC in ICI.
Proposal #2: Define requirements for CQI reporting with NZP CSI-RS overlapping on target and interference cell.
Proposal #3: Re-use the test metric as LTE CQI reporting in ICI. 
Proposal #4: Test metric for CQI reporting in ICI is chosen such that it cannot be met with MMSE processing.

	R4-2117641
	Nokia, Nokia Shanghai Bell
	Observation 1: The PMI reporting may be impacted by a relative strong interference cell when UE is at cell edge
Proposal 1: Introduce the PMI reporting requirements with inter-cell interference scenario.
Observation 2: There is only a small throughput improvement when NZP CSI-RS from interference cell overlaps with CSI-IM compared to overlap with PDSCH. 
Observation 3: Based on these simulation results, we don’t observe a significant benefit of option 2 versus option 1.
Proposal 2: Based on our observations, we propose to go with option 1.
Observation 4: Option 2 was not selected as baseline in RAN4#100e, as one contributor asked for more time to confirm provided simulation results.
Proposal 3: If the provided simulation results are not disputed, by the remaining contributor asking for more time to check in the last meeting, then option 2 shall be as used baseline.

	R4-2117737
	CMCC
	Proposal 1: Only consider CSI-IM on target cell overlapping with PDSCH from interference.
Proposal 2: NZP CSI-RS on target cell overlaps with NZP CSI-RS from interference.

	R4-2118000
	Intel Corporation
	Proposal 1: Do not define PMI reporting requirements for MMSE-IRC receiver for scenario with inter-cell interference.
Proposal 2: Consider the following NZP CSI-RS assumptions for CQI requirements: NZP CSI-RS on target cell overlaps with PDSCH from interference
Proposal 3: Consider the following interference modelling assumptions for CQI requirements for further downselection:
· Option 1: 2 interference cells, INR1 13.91 dB, INR1 4.34 dB
· Option 2: 1 interference cell, INR 10.04 dB
· Option 3: 2 interference cells, INR1 7.77 dB, INR2 2.29 dB
· Option 4: 1 interference cell, INR 5.49 dB

	R4-2118407
	Ericsson
	Observation 1: The PDSCH Tput performance is the same for possible NZP CSI-RS overlapping scenarios.
Observation 2: NZP CSI-RS overlapping had already deployed in real field.
Observation 3: RAN1 is discussing ‘false-PMI’ issue for multiple cells in Rel-17 FeMIMO.
Proposal 1: RAN4 should consider the real deployment and use the following CSI-RS configuration:
· Target cell NZP CSI-RS colliding with interf. cell NZP CSI-RS
Proposal 2: RAN4 should consider the following serving cell CSI-IM configurations:
· Scenario 1: serving cell CSI-IM colliding with Interf. cell CSI-IM
· Scenario 2: serving cell CSI-IM colliding with Interf. cell PDSCH
Proposal 3: RAN4 to define the PMI reporting tests for MMSE-IRC inter-cells’ requirement or change some PDSCH demodulation test case with follow PMI.
Proposal 4: RAN4 to confirm the following interference configuration as the baseline for CQI reporting test.
· 1 TX with static channel
· INR configuration: 10.04 dB (DIP -0.41dB)

	R4-2118409
	Ericsson
	Observation 1: Compared with MRC-based CQI reporting, IRC-based CQI reporting receiver can have obvious throughput gain about 2dB gain in 70% of maximum throughput SNR point.
Observation 2: The BLER is greater than or equal to 10% which implies a reasonable CQI reporting to NW.

	R4-2118862
	China Telecom
	Proposal 1: For this meeting, make decision not to define PMI reporting requirements with inter-cell interference scenario unless some PMI calculation difference can be shown.
Observation 1: Since we have decided to use 1Tx with static channel model for the interference cell, there will be no difference between neighbor cell’s PDSCH and NZP CEI-RS in terms of interference level.
Proposal 2: For target CSI-IM, we propose only to consider overlapping with PDSCH from interference, and for NZP CSI-RS on target cell, we slightly prefer overlaps with NZP CSI-RS from interference since it is more practical.

	R4-2119045
	Huawei, HiSilicon
	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:
· 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 2%.
· [bookmark: _Hlk86324618]SINR=-2dB, γ 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

	R4-2119404
	MediaTek inc.
	Proposal 1: NZP CSI-RS on target cell overlaps with NZP CSI-RS from interference.
Proposal 2: Not to introduce PMI reporting requirements with inter-cell interference scenario.

	R4-2119548
	Qualcomm Incorporated
	Proposal 1: Do not define PMI reporting test cases for Intercell Interference scenario.
Proposal 2: Do not consider other scenarios for CSI-IM apart from collision with PDSCH interference.
Proposal 3: Use 1x2/1x4 ULA Low antenna configuration on serving cell for defining CQI reporting requirements under intercell interference scenario.
Proposal 4: Use 1Tx PDSCH interference colliding with target cell NZP CSI-RS.



Open issues summary
Sub-topic 2-1: CSI requirements
Issue 2-1-1: Whether to define PMI reporting requirements
· Background
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
· Proposals
· Option 1 (Apple, Intel, China Telecom, Huawei, MediaTek, Qualcomm): No
· China Telecom: For this meeting, make decision not to define PMI reporting requirements with inter-cell interference scenario unless some PMI calculation difference can be shown.
· Option 2 (Nokia, Ericsson): Yes
· Recommended WF
· Check whether RAN4 can use Option 1 (Not to define PMI requirements)
· Collect views on the following Ericsson observation: “RAN1 is discussing ‘false-PMI’ issue for multiple cells in Rel-17 FeMIMO.”

Sub-topic 2-2: Interference Model
Issue 2-2-1: CSI-IM on target cell
· Background
· CSI-IM overlaps with PDSCH from interference is the baseline scenario for defining CSI reporting requirement. 
· Other scenarios are FFS.
· Proposals
· Option 1 (Nokia, CMCC, China Telecom, Huawei, Qualcomm): Only consider overlapping with PDSCH from interference
· Option 2 (Ericsson): RAN4 should consider the following serving cell CSI-IM configurations:
· Scenario 1: serving cell CSI-IM colliding with Interf. cell CSI-IM
· Scenario 2: serving cell CSI-IM colliding with Interf. cell PDSCH
· Recommended WF
· Check whether RAN4 can use Option 1 (Only consider overlapping with PDSCH from interference)

Issue 2-2-2: NZP CSI-RS on target cell
· Background
· 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. 
· Proposals
· Option 1 (Intel, Qualcomm): Overlaps with PDSCH from interference
· Option 2 (Apple, Nokia, CMCC, Ericsson, China Telecom, Huawei, MediaTek): Overlaps with NZP CSI-RS from interference
· Recommended WF
· Check whether Option 2 (Overlaps with NZP CSI-RS from interference) can be considered

Sub-topic 2-3: Simulation assumption for CQI requirements
Background
· 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. 

Issue 2-3-1: Antenna configuration for serving cell
· Proposals
· Option 1 (Huawei): 2T2R, 2T4R, ULA Low
· Option 2 (Qualcomm): 1x2/1x4 ULA Low antenna configuration
· Recommended WF
· Check views on options above

Issue 2-3-2: Channel model for serving cell
· Proposals
· Option 1 (Huawei): TDLA30-5
· Recommended WF
· Check views on option above

Issue 2-3-3: Antenna configuration for interference cell (s)
· Proposals
· Option 1 (Ericsson): 1 Tx
· Recommended WF
· Confirm Option 1 based on previous meeting agreement

Issue 2-3-4: Channel model for interference cell (s)
· Proposals
· Option 1 (Ericsson): Static
· Recommended WF
· Confirm Option 1 based on previous meeting agreement

Issue 2-3-5: INR values
· Proposals
· Option 1 (Intel): Consider the following interference modelling assumptions for CQI requirements for further downselection:
· Option 1: 2 interference cells, INR1 13.91 dB, INR1 4.34 dB
· Option 2: 1 interference cell, INR 10.04 dB
· Option 3: 2 interference cells, INR1 7.77 dB, INR2 2.29 dB
· Option 4: 1 interference cell, INR 5.49 dB
· Option 2 (Ericsson, Huawei): INR configuration: 10.04 dB (DIP -0.41dB)
· Recommended WF
· Check views on options above

Issue 2-3-6: Other parameters
· Proposals
· Option 1 (Huawei): Reuse from Rel-15 CQI test with fading channel
· Recommended WF
· Confirm Option 1 based on previous meeting agreement

Issue 2-3-7: Test metric
· Proposals
· Option 1 (Apple, Huawei): 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 2%.
· Recommended WF
· Check whether Option 1 is acceptable

Issue 2-3-8: Requirements definition
· Proposals
· Option 1 (Apple): Test metric for CQI reporting in ICI is chosen such that it cannot be met with MMSE processing.
· Option 2 (Huawei): SINR=-2dB, γ can be set to [2] for 2RX and [3] for 4RX. 
· Recommended WF
· Check view on Option 1
· Final values will be decided based on agreed simulation assumptions

Companies views’ collection for 1st round 
Open issues 
Sub-topic 2-1: CSI requirements
	Company
	Comments

	Apple
	Issue 2-1-1: Whether to define PMI reporting requirements
We support option 1.
Could Ericsson provide some clarification on their observation/ false-PMI issue?


	China Telecom
	Issue 2-1-1: Whether to define PMI reporting requirements
Option 1.

	Intel
	Issue 2-1-1: Whether to define PMI reporting requirements
Based on our analysis we support not to define the PMI requirements.
Same time, we need some time to double check this ‘false-PMI’ issue. Additional information from Ericsson will be very helpful.

	Qualcomm
	Issue 2-1-1: Whether to define PMI reporting requirements
Prefer Option 1. We are not clear on Ericsson’s comment on ‘false-PMI’ issue. If RAN1 is already discussing that issue in FeMIMO WI, shouldn’t RAN4 discuss it as part of that WI when RAN1 is done? If that issue is important enough, RAN1 will address it.

	Ericsson
	Issue 2-1-1: Whether to define PMI reporting requirements
RAN1 is discussing ‘false-PMI’ issue for multiple cells in Rel-17 FeMIMO TEI (See R1-2019722 TEI proposal #4). When UE is in the cell edge, the UE may report the false PMI based on the strongest interference cell other than PMI based on serving cell. We also encouraged interesting companies to further check RAN1 colleagues. 
Since many companies (including operators, UE vendors, and infra vendors) in RAN1 also prefer to discuss/solve in RAN4, we can compromise to not define PMI reporting requirements in this Further enhancement on NR demodulation performance WI, but we want to add the note ‘RAN4 will continue the discussion on the PMI reporting performance with inter-cell interference condition in Rel-17 FeMIMO WI performance part’.

	Nokia, Nokia Bell Labs
	Issue 2-1-1: Whether to define PMI reporting requirements
Based on companies feedback, we can also support option 1. The issue of wrongly choosing PMI in certain scenarios is important but as long as it will be discussed in FeMIMO we can compromise to option 1.

	Huawei
	Support not to define the PMI requirements.
Whether “false-PMI” issue needs to be discussed in R17 FeMIMO WI performance part, it should depend on RAN1 discussion and conclusion, also it is contribution driven, maybe it is not so suitable to mandate further actions for another WI in this WI discussion.



Sub-topic 2-2: Interference Model
	Company
	Comments

	Apple
	Issue 2-2-1: CSI-IM on target cell
We support the recommended WF.
Issue 2-2-2: NZP CSI-RS on target cell
We support the recommended WF.


	CMCC
	Issue 2-2-1: CSI-IM on target cell
Option 1 is ok for us.

Issue 2-2-2: NZP CSI-RS on target cell
We support Option 2.

	China Telecom
	Issue 2-2-1: CSI-IM on target cell
We support the recommended WF.
Issue 2-2-2: NZP CSI-RS on target cell
We support the recommended WF.

	Intel
	Issue 2-2-1: CSI-IM on target cell
Support recommended WF
Issue 2-2-2: NZP CSI-RS on target cell
We are fine with recommended WF

	Qualcomm
	Issue 2-2-1: CSI-IM on target cell
Ok with recommended WF.
Issue 2-2-2: NZP CSI-RS on target cell
If it is agreed to use 1Tx on interfering cell, we are ok with Option 2.

	Ericsson
	Issue 2-2-1: CSI-IM on target cell
We support the recommended WF.
Issue 2-2-2: NZP CSI-RS on target cell
We support the recommended WF.

	MediaTek
	Issue 2-2-1: CSI-IM on target cell
Support the recommend WF.
Issue 2-2-2: NZP CSI-RS on target cell
Support the recommend WF.

	Docomo
	Issue 2-2-1: CSI-IM on target cell
We Support the recommended WF.

	Nokia, Nokia Bell Labs
	Issue 2-2-1: CSI-IM on target cell
We support the recommended WF.
Issue 2-2-2: NZP CSI-RS on target cell
We support the recommended WF.

	Huawei
	Issue 2-2-1: CSI-IM on target cell
Support the recommended WF
Issue 2-2-2: NZP CSI-RS on target cell
We are fine with the recommended WF



Sub-topic 2-3: Simulation assumption for CQI requirements
	Company
	Comments

	Apple
	Issue 2-3-1: Antenna configuration for serving cell
We evaluated performance for 2TX and see reasonable measurable gains. We are fine to further evaluate 1TX. 
Issue 2-3-2: Channel model for serving cell
Option 1 is fine.
Issue 2-3-3: Antenna configuration for interference cell (s)
We support the recommended WF.
Issue 2-3-4: Channel model for interference cell (s)
We support the recommended WF.
Issue 2-3-5: INR values
We don’t see the necessity to have 2 interference cells with static channel. 1 interfernece cell is sufficient to verify CQI reporting with MMSE-IRC. 
We support to use the values from LTE – INR: 10.04 dB
Issue 2-3-6: Other parameters
We support the recommended WF.
Issue 2-3-7: Test metric
Option 1 is fine.
Issue 2-3-8: Requirements definition
SNR and  values can be decided based on simulation assumptions.
Support option 1.
 

	CMCC
	Issue 2-3-1: Antenna configuration for serving cell
We are ok with Option 1.
Issue 2-3-3: Antenna configuration for interference cell (s)
Support the recommended WF.
Issue 2-3-4: Channel model for interference cell (s)
Support the recommended WF.
Issue 2-3-5: INR values
Option 2 is fine for us.
Issue 2-3-6: Other parameters
Support the recommended WF.
Issue 2-3-7: Test metric
Option 1 is acceptable for us.

	China Telecom
	Issue 2-3-1: Antenna configuration for serving cell
2T2R and 2T4R are used for the existing NR CQI FR1 test, therefore, we prefer to reuse the same antenna configuration for MMSE-IRC based CQI test.
ULA high for 2RX and XPL high for 4RX were used for the existing NR CQI FR1 test, we prefer to reuse the same antenna correlation for MMSE-IRC based CQI test.

Issue 2-3-2: Channel model for serving cell
Option 1 is fine for us.

Issue 2-3-3: Antenna configuration for interference cell (s)
Option 1 is fine for us.

Issue 2-3-4: Channel model for interference cell (s)
Option 1 is fine for us.

Issue 2-3-5: INR values
We did not see the need to introduce 2 interference cells with 1Tx and static channel model which will only change the interference power level.
We prefer to reuse the INR value in LTE, i.e., INR configuration: 10.04 dB (DIP -0.41dB)

Issue 2-3-6: Other parameters
Support the recommended WF.

Issue 2-3-7: Test metric
Option 1 is fine for us.


	Intel
	Issue 2-3-1: Antenna configuration for serving cell
Both options are fine for us.
Issue 2-3-2: Channel model for serving cell
Option 1 is fine for us
Issue 2-3-5: INR values
To move forward and reduce simulation effort, we are fine to focus on scenario with 1 interference cell and INR 10.04 dB for CQI requirements.
Issue 2-3-6: Other parameters
Option 1 is fine for us
Issue 2-3-7: Test metric
Option 1 is fine for us
Issue 2-3-8: Requirements definition
Option 1 is fine for us.

	Qualcomm
	Issue 2-3-1: Antenna configuration for serving cell
We prefer Option 2 because when we have 2x2 Low, there are two observations and UE needs to solve the equation for two inputs, then UE can’t do much to cancel out the interference. With 1x2 Low, there are two observations and UE needs to solve for only 1 input, then UE can also do something to cancel out interference, which will improve the performance further.
Issue 2-3-2: Channel model for serving cell
Ok with Option 1.
Issue 2-3-3: Antenna configuration for interference cell (s)
Ok with recommended WF.
Issue 2-3-4: Channel model for interference cell (s)
Ok with recommended WF.
Issue 2-3-5: INR values
Same comments as other companies. Prefer Option 2.
Issue 2-3-6: Other parameters
Ok with recommended WF.
Issue 2-3-7: Test metric
Ok with Option 1 in principle. But we prefer to have X% for the 2nd bullet instead of 2% and it should be confirmed based on simulation results.
Issue 2-3-8: Requirements definition
SINR and  values should be decided based on the simulation results.

	Ericsson
	Issue 2-3-1: Antenna configuration for serving cell
OK with Option 1.
Issue 2-3-2: Channel model for serving cell
OK with Option 1.
Issue 2-3-3: Antenna configuration for interference cell (s)
OK with Option 1.
Issue 2-3-4: Channel model for interference cell (s)
OK with Option 1.
Issue 2-3-5: INR values
Option 2 is fine for us which aligns with legacy LTE test.
Issue 2-3-6: Other parameters
OK with Option 1.
Issue 2-3-7: Test metric
OK to include both Tput ratio and BLER.
We suggest to FFS the BLER value and further check the reasonable value based on simulation
Issue 2-3-8: Requirements definition
It’s too early to define the Tput ratio γ. We suggest to conclude the value after the simulation.
@Apple,
Could you further explain the meaning of option 1? 

	MediaTek
	Issue 2-3-1: Antenna configuration for serving cell
Both options are fine to us. 
However, we would like to mention that the CRI-RS port is 1 for the interference cell as we agreed 1Tx in the last meeting. If we use 2T2R in the serving cell based on the Table 6.2.2.1.1.1-1. Do we need to modify the “Number of CSI-RS ports (X)” from 2 to 1? 
Issue 2-3-2: Channel model for serving cell
OK with Option 1.
Issue 2-3-3: Antenna configuration for interference cell (s)
OK with the recommend WF.
Issue 2-3-4: Channel model for interference cell (s)
OK with the recommend WF.
Issue 2-3-5: INR values
Prefer Option 2.
Issue 2-3-7: Test metric
Agree with Option 1 but the  value and BLER requirement can be confirmed later based on the simulation results.
Issue 2-3-8: Requirements definition
OK with Option 1.

	Docomo
	Issue 2-3-1: Antenna configuration for serving cell
Option 1 is fine for us.
Issue 2-3-4: Channel model for interference cell (s)
Option 1 is fine for us.
Issue 2-3-6: Other parameters
Option 1 is fine for us.

	Nokia, Nokia Bell Labs
	Issue 2-3-1: Antenna configuration for serving cell
We are OK with both options for initial simulations. We are also fine to restrict the to single layer, if this helps achieving agreement here.
Issue 2-3-2: Channel model for serving cell
We are OK with option 1
Issue 2-3-3: Antenna configuration for interference cell (s)
We are OK with option 1
Issue 2-3-4: Channel model for interference cell (s)
We are OK with Option 1.
Issue 2-3-5: INR values
We are OK with option 2
Issue 2-3-6: Other parameters
We are OK with recommended WF
Issue 2-3-7: Test metric
We are OK with option 1 and agree with companies suggesting to finalize BLER value based on simulation results. Hence we should put the 2% in [].
Issue 2-3-8: Requirements definition
Concerning option 1, we agree that the MMSE-IRC requirements should not be achievable with legacy MMSE receivers. However, this can be discussed if the simulation results point towards such a questionable outcome.


	Huawei
	Issue 2-3-1: Antenna configuration for serving cell
We prefer  option 1
Issue 2-3-2: Channel model for serving cell
Option 1
Issue 2-3-3: Antenna configuration for interference cell (s)
Option 1
Issue 2-3-4: Channel model for interference cell (s)
Option 1
Issue 2-3-5: INR values
We prefer Option 2
Issue 2-3-6: Other parameters
OK with recommended WF
Issue 2-3-7: Test metric
OK with recommended WF
Issue 2-3-8: Requirements definition
OK with recommended WF



Summary for 1st round 
Open issues 
Sub-topic 2-1: CSI requirements
	
	Status summary 

	Issue 2-1-1: Whether to define PMI reporting requirements
	Tentative agreements: 
· Not to define PMI reporting requirements in the Rel-17 Further enhancement on NR demodulation performance WI
· FFS 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’
Candidate options:
· Option 1 (Ericsson): Define note
· Option 2 (Huawei): Note is not needed
· Huawei: it should depend on RAN1 discussion and conclusion, also it is contribution driven
Recommendations for 2nd round: Continue discussion on whether to define the note from Ericsson.



Sub-topic 2-2: Interference Model
	
	Status summary 

	Issue 2-2-1: CSI-IM on target cell
	Tentative agreements: Only consider overlapping with PDSCH from interference
Recommendations for 2nd round: N/A

	Issue 2-2-2: NZP CSI-RS on target cell
	Tentative agreements: Overlaps with NZP CSI-RS from interference
Recommendations for 2nd round: N/A



Sub-topic 2-3: Simulation assumption for CQI requirements
	
	Status summary 

	Issue 2-3-1: Antenna configuration for serving cell
	Tentative agreements: N/A
Candidate options:
· Option 1 (Huawei, Apple, CMCC, Intel, Ericsson, MediaTek, Docomo, Nokia): 2T2R, 2T4R, ULA Low
· Option 2 (Qualcomm, Apple, Intel, MediaTek, Nokia): 1x2/1x4 ULA Low antenna configuration
· Option 3 (China Telecom): 2T2R ULA high and 2T4R XPL high
Recommendations for 2nd round: Continue discussion taking into account comments from the first round:
· China Telecom: 2T2R and 2T4R are used for the existing NR CQI FR1 test, therefore, we prefer to reuse the same antenna configuration for MMSE-IRC based CQI test.
ULA high for 2RX and XPL high for 4RX were used for the existing NR CQI FR1 test, we prefer to reuse the same antenna correlation for MMSE-IRC based CQI test.
· Qualcomm: We prefer Option 2 because when we have 2x2 Low, there are two observations and UE needs to solve the equation for two inputs, then UE can’t do much to cancel out the interference. With 1x2 Low, there are two observations and UE needs to solve for only 1 input, then UE can also do something to cancel out interference, which will improve the performance further.
· MediaTek: However, we would like to mention that the CRI-RS port is 1 for the interference cell as we agreed 1Tx in the last meeting. If we use 2T2R in the serving cell based on the Table 6.2.2.1.1.1-1. Do we need to modify the “Number of CSI-RS ports (X)” from 2 to 1?
· Nokia: We are also fine to restrict the to single layer, if this helps achieving agreement here.

	Issue 2-3-2: Channel model for serving cell
	Tentative agreements: TDLA30-5
Recommendations for 2nd round: N/A

	Issue 2-3-3: Antenna configuration for interference cell (s)
	Tentative agreements: 1 Tx
Recommendations for 2nd round: N/A

	Issue 2-3-4: Channel model for interference cell (s)
	Tentative agreements: Static
Recommendations for 2nd round: N/A

	Issue 2-3-5: INR values
	Tentative agreements: One cell with 10.04 dB (DIP -0.41dB)
Recommendations for 2nd round: N/A

	Issue 2-3-6: Other parameters
	Tentative agreements: Reuse from Rel-15 CQI test with fading channel
Recommendations for 2nd round: N/A

	Issue 2-3-7: Test metric
	Tentative agreements: 
· 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%.
Recommendations for 2nd round: N/A

	Issue 2-3-8: Requirements definition
	Tentative agreements: SINR, γ and X values should be decided based on the simulation results
Candidate options:
· Option 1 (Apple, Intel. MediaTek): Test metric for CQI reporting in ICI is chosen such that it cannot be met with MMSE processing.
· Ericsson: Could you further explain the meaning of option 1?
Recommendations for 2nd round: 
· Discuss whether we need to define any criteria for definition of SINR, γ and X values. Option 1 below is one of the examples.



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.

Topic #3: MMSE-IRC receiver for intra-cell inter-user interference
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2117434
	Apple
	Observation #1: With rank 2 on target UE and variable rank on interference UE the test set-up would be very complicated. 
Observation #2: Depending on signal power assumption the SIR and rank combination the SIR level would be either 0dB or 3dB. 
Proposal #1: Define requirements with either rank combination 2+1 or 2+2 for 4x4 case.
Observation #3: With random precoder we observe 0.6~0.8 dB degradation in MCS4 and 1.5~2dB degradation with MCS13 with random precoder compared to orthogonal precoder for co-scheduled UEs.
Observation #4: There is severe performance degradation with random precoder and 2 layers per co-scheduled UE, especially with TDLC channel.
Proposal #2: Define requirements with orthogonal precoder for co-scheduled UEs. 
Observation #5: For 2TX with 1 layer per co-scheduled UE there is no significant performance delta between various DMRS port mapping between co-scheduled UEs.
Proposal #3: For 2TX configure co-scheduled UEs on same CDM group with number of CDM groups without data as 1. 
Observation # 6: With XPL-Low defined with α1=0, α2=0, β=0, γ=0, there would be no difference between ULA low and   XPL-Low correlation models.
Proposal #4: Define requirements with ULA Low MIMO correlation model for all antenna configurations. 
Observation #7: In LTE for simultaneous transmission, the transmit powers are normalized by the total number of layers. 
Proposal #5: Use the following assumptions for MU-MIMO requirements:
Signal power assumption - Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal.
SNR definition - SNR = (STargetUE+ SInterfUE)/N
Observation #8: For 2x2 there is no significant performance delta between MMSE-IRC and MMSE for MCS4 and there is performance improvement with MMSE-IRC over MMSE for MCS13.
Proposal #6: Define requirements for MU-MIMO with 2Tx with MCS13 and TDLA channel. 
Observation #9: Performance with TDLC channel is degraded by over 2 dB compared to TDLA channel for MCS13 with 2 layers per UE and MCS 19 with  2+1 rank combination.
Observation #10: With TDLC and 2 layers per UE with MCS-19, MMSE-IRC cannot achieve good performance.
Proposal #7: For 4x4 define requirements with either 2+1 or 2+2 rank combination with TDLA channel.

	R4-2117435
	Apple
	TP to TR 38.833: Interference Modeling for intra-cell inter-user interference

	R4-2117738
	CMCC
	TP to TR 38.833: Summary of link level evaluation for inter-user interference suppression for MU-MIMO

	R4-2118001
	Intel Corporation
	Observation #1: For PMI matrix selection for co-scheduled UE Option 1 (Select the precoder to ensure orthogonality) provides better performance in comparison to Option 2 (Random) for all considered scenarios and different receiver assumptions.
Observation #2: For DMRS ports mapping for scenario with Rank 1+1 configuration Option 2 (different CDM groups mapping) and Option 3 (variable CDM groups mapping) allows to verify correct interfere-plus-noise covariance matrix estimation for 2 Rx UE for scenarios with different CDM groups for target and interference UEs.
Observation #3: Test setup for Option 3 (variable CDM groups mapping) is more complicated in comparison to Option 2 (different CDM groups mapping) for DMRS ports mapping for scenario with Rank 1+1 configuration.
Observation #4: For scenario with Rank 2 MCS 19 serving PDSCH and TDL-C channel model, MMSE-IRC does not allow to achieve maximum throughput in case of Rank 2 interference PDSCH signal
Proposal 1: Consider the following assumptions for MU-MIMO modelling for requirements definition: 
· Precoder selection for interference UE: Option 1 (Select the precoder to ensure orthogonality)
· DMRS ports mapping DMRS ports for case with rank 1+1:
· First priority: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups
· Second priority: Variable DMRS port mapping
· Rank for target and interference PDSCH for 4 Rx UE test
· First priority: Rank 2 (Target UE) + Rank 2 (Co-schedule UE)
· Second priority: Rank 2 (Target UE) + Variable rank (Co-scheduled UE)
· Same DMRS scrambling ID for target UE and co-scheduled UE
Observation #5: For scenario with 2 TX antenna
· MMSE-IRC performance benefits over MMSE-MRC is rather close for different propagation conditions for the most of scenarios except 4 Rx with MCS 13
· MMSE-IRC performance benefits over MMSE-MRC for scenario with 1+1 rank configuration and MCS 4 is not higher than 1 dB
Observation #6: For scenario with 4 TX antenna
· MMSE-MRC cannot reach the 70% of maximum throughput for most of the considered cases
· MMSE-IRC cannot reach the 70% of maximum throughput for scenarios the following scenarios:
· TDL-C channel model, Rank 2 Interference UE signal, MCS 13 target PDSCH and random PMI selection options
· TDL-C channel model, Rank 2 Interference UE signal and MCS 19 target PDSCH
Proposal 2: Consider the following assumptions for General PDSCH parameters:
· Correlation model: ULA Low
· Propagation conditions: TDL-C
· MCS: MCS 13 in case of target UE Rank 1 and Rank 2
· Signal power assumptions: Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal
· SNR assumptions: SNR = (STargetUE+ SInterfUE)/N

	R4-2118002
	Intel Corporation
	TP to TR 38.833: Link level simulation results for inter-user interference suppression for MU-MIMO

	R4-2118410
	Ericsson
	Observation 1: No performance difference for configuring the interference UE between the same CDM group and different CDM groups for rank(1,1).
Observation 2: No performance difference between same and different scrambling ID when paired UEs are in the same CDM group.
Proposal 1: RAN4 to test rank (2, 1) and (2, 2) either independently or using a combination.
Proposal 2: RAN4 to define the MMSE-IRC performance based on random PMI selection for both target and interference UE in intra-cell inter-users, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test.
Proposal 3: RAN4 to define the MU-MIMO rank 1 test case with variable DMRS port mapping.
· The number of CDM groups shall be 2 for same CDM group
· Example: the modulation symbols of the signal under test are mapped to port 0, and the modulation symbols of the signal for interfering UE are mapped randomly onto antenna port 1, 2, or 3.
Proposal 4: RAN4 to define the MU-MIMO rank 1 test case with variable scrambling ID configurations.
Proposal 5: RAN4 to not define TDLC300-100 for the case 64QAM, 2layers on target UE.
Proposal 6: RAN4 to consider the following MCS to define the requirements.
· Rank 1: MCS 13 
· Rank 2: MCS 13 for Rank 2 interference signal and MCS 19 for Rank 1 interference signal
Proposal 7: Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal for signal power assumption.
Proposal 8: Use SNR = (STargetUE+ SInterfUE)/N for SNR assumption.

	R4-2118411
	Ericsson
	Observation 1: Compared with MRC, IRC receiver can have about 2dB gain in 70% of maximum throughput SNR point.

	R4-2118412
	Ericsson
	draftTP to TR38.833: receiver structure for intra-cell inter-user IRC

	R4-2118863
	China Telecom
	Observation 1: The reported RI for the co-scheduled UE mainly depends on its estimated SINR and channel condition. Therefore, companies’ system-level simulation will be necessary to find such a reasonable percentage before adopting it in the real test case.
Proposal 1: Not to consider variable rank for the co-scheduled UE.
Observation 2: In the situation that we use rank 2 for the target UE and rank 1 for the co-scheduled UE, if we assume BS signal power is equally allocated for each layer, target UE’s SNR will be 3dB larger than that of the co-scheduled UE. We have concern on whether BS will pair such 2 UEs within the real MU-MIMO transmission.
Proposal 2: For the signal power assumption, the average total signal power should be the same for each paired UE regardless of the rank allocation.
Proposal 3: Ok to use rank 2+2 to save the phase I simulation workload, and it can also avoid the misalignment on the different power allocation for each rank.
Proposal 4: Support to cover both option 1 and option 2 for phase I evaluation, also ok to select one option in the phase II both considering the simulation result and realistic BS implementation.
Observation 3: With using the same CDM group, the Rnn estimation accuracy will be decreased. Therefore, using the same CDM group will have additional test point in terms of Rnn estimation.
Proposal 5: Support to cover both same and different CDM groups for phase I, to cover our study on both possible DMRS ports allocation in the TR.
Proposal 6: Use same CDM group in the phase II to test the Rnn estimation accuracy.
Proposal 7: As for the proposed variable DMRS port mapping, encourage companies to have more discussion on how option 3 can be performed the real test based on FRC.
Proposal 8: Set the number of CDM groups without data configuration as 1.
Proposal 9: Same scrambling ID when paired UEs are in the same CDM group. Different scrambling ID when paired UEs are in different CDM groups.
Proposal 10: Use TDLC300-100 channel model to better verify the Rnn estimation accuracy for the IRC receiver.

	R4-2118864
	China Telecom
	TP to TR 38.833: Conclusion for phase I evaluation on inter-user interference suppression for MU-MIMO scenario

	R4-2119046
	Huawei, HiSilicon
	Observation 1: Selecting orthogonal PMI matrix for paired UEs during the test is not near to the real network behaviour without emulating the network’s real precoding process.
Observation 2: The target SNR for most cases with random PMI selection is at reasonable range based on our simulation results
Observation 3: Without network assistance, interference plus noise covariance matrix can’t be estimated correctly if number of CDM groups without data of target UE 1 is set to 1 and number of CDM groups without data of co-scheduled UE 2.
Observation 4: Interference + noise covariance can be calculated by using two CDM groups for Option 2; While for Option 1, with the assumption that number of CDM groups without data for paired UEs is 1, it can be calculated by using only one CDM group, which will bring slight performance degradation.
Observation 5: Scrambling ID configuration has negligible effect on performance.
Observation 6: Different scrambling configuration will cause extra signalling overhead for the test without any performance changes. 
Proposal: Define the intra cell inter user MMSE-IRC receiver with following assumptions:
· Propagation conditions: TDLC300-100
· PMI selection for interference UE: Random and Select the PMI matrix randomly from the codebook to ensure it is not equal to PMI matrix of target UE.
· Same scrambling ID 
· MIMO correlation: ULA Low as baseline and XPL Low if time allows
· Rank1+1: 
· Same CDM groups
· Number of CDM groups without data: 1
· MCS13
· Rank2+1: 
· MCS19
· Rank2+2:
· MCS13 
· Signal power assumptions: Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal
· SNR assumptions: SNR = (STargetUE+ SInterfUE)/N

	R4-2119047
	Huawei, HiSilicon
	For rank 1+1：
Observation 1: There is no obvious much gain for MMSE-IRC receiver over MMSE-MRC receiver for MCS4, but much gain can be achieved for MCS 13.
Observation 2: The performance for case with different CDM groups is better than that with same CDM groups.
For rank 2+1:
Observation 3: The performance gain is always obvious for MMSE-IRC receiver over MMSE-MRC receiver.
For rank 2+2:
Observation 4: MMSE-IRC can’t work for case with MCS 19 under TDLC300-100.
Observation 5: MMSE-IRC always has obvious performance gain over MMSE-MRC.

	R4-2119049
	Huawei, HiSilicon
	TP: Introduction of simulation assumptions for intra cell inter user MMSE-IRC receiver

	R4-2119402
	MediaTek inc.
	TP to TR 38.833 Scenario for inter-user interference suppression for MU-MIMO

	R4-2119405
	MediaTek inc.
	Observation 1:  Except the case 2+2 (MCS19, TDLC300-100), all cases including 1+1, 2+1 and 2+2 with MMSE-IRC can attain the maximum achievable throughput and have compatible performance gain compared with MMSE-MRC receiver.
Proposal 1: For rank 1+1, consider the test case with MCS13. For rank larger than 2, consider the test case with rank 2+2 only. 
Proposal 2: Use only TDLA30-10 to define test cases.
Proposal 3: Select the PMI matrix from the codebook of co-scheduled UE to ensure it and PMI matrix of target UE are orthogonal.
Proposal 4: Consider same CDM group for target UE and interference UE for the case with rank 1+1.
Proposal 5: Consider to set “Number of CDM groups without data” to 1 for the case with rank 1+1.
Proposal 6: Consider different scrambling sequence for all cases or variable scrambling ID during the test.

	R4-2119549
	Qualcomm Incorporated
	Proposal 1: Consider only rank combinations of 1+1 and 2+2 in the evaluation.
Proposal 2: Use different CDM group for target and interfering UE in 1+1 case.
Proposal 3: Use random PMI selection for the target UE, and select the precoder for the interference UE to ensure orthogonality.
Proposal 4: Use same DMRS scrambling ID for all co-scheduled UEs.
Proposal 5: Consider only TDLA30-10 for the evaluation.



Open issues summary
Sub-topic 3-1: Inter-user interference modeling
Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
· Background
· Option 1: Rank 2 (Target UE) + Rank 1 (Co-schedule UE)
· Option 2: Rank 2 (Target UE) + Rank 2 (Co-schedule UE)
· Option 3: Rank 2 (Target UE) + Variable rank (Co-scheduled UE)
· Proposals
· Option 1 (Apple, Huawei): Rank 2 (Target UE) + Rank 1 (Co-schedule UE)
· Option 2 (Apple, Intel - First Priority, China Telecom, Huawei, MediaTek, Qualcomm): Rank 2 (Target UE) + Rank 2 (Co-schedule UE)
· Option 3 (Intel - Second Priority): Rank 2 (Target UE) + Variable rank (Co-scheduled UE)
· Option 4 (Ericsson): Option 1 and Option 2 or Option 3
· Recommended WF
· Check whether RAN4 can use Option 2

Issue 3-1-2: Precoder selection for interference UE
· Background
· Option 1: Select the PMI matrix from the codebook of Co-scheduled UE to ensure it and PMI matrix of target UE are orthogonal.
· Option 2: Select the PMI matrix randomly from the codebook of Co-scheduled UE to ensure it is not equal to PMI matrix of target UE.
· Option 2A : Use following method to randomly select PMI matrix for interference UE that is not identical to that of Target UE for rank 2+1
· 1) Randomly select the PMI matrix in codebook with rank2 and rank1 respectively. 
· 2) Normalize the PMI matrix for each layer for both target UE and co-scheduled UE to make the norm of each PMI matrix of each layer equal to 1/3.  
· 3) If the PMI matrix of rank 1 equals to the PMI matrix of any one layer of rank 2, reselect PMI matrix for Rank 1 with PMI index plus 1 and go back to step 2)
· Option 3: Cover both Option 1 and Option 2 for phase 1 evaluation.
· Proposals
· Option 1 (Apple, Intel, MediaTek, Qualcomm): Select the precoder to ensure orthogonality
· Option 2 (Ericsson, Huawei): Select the PMI matrix randomly from the codebook of Co-scheduled UE to ensure it is not equal to PMI matrix of target UE.
· Option 3 (China Telecom): Support to cover both option 1 and option 2 for phase I evaluation, also ok to select one option in the phase II both considering the simulation result and realistic BS implementation.
· Recommended WF
· Check the following procedure:
· Cover both option 1 and option 2 for phase I evaluation
· Downselection from option 1 and option 2 for phase II is FFS
· Check views on downselection criteria

Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
· Background
· Option 1: DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 2: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 3: Variable DMRS port mapping during the test.
· FFS the percent of each mapping and other details
· Number of CDM groups without data configuration for case with rank 1+1 if same CDM group is agreed for target UE and co-scheduled UE
· Proposals
· Option 1 (Apple, China Telecom – for phase I and II, Huawei, MediaTek): DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 2 (Intel - first priority, China Telecom – for phase I, Qualcomm): DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 3 (Intel - second priority, Ericsson): Variable DMRS port mapping during the test.
· China Telecom: As for the proposed variable DMRS port mapping, encourage companies to have more discussion on how option 3 can be performed the real test based on FRC.
· Recommended WF
· Check the following procedure:
· Cover both option 1 and option 2 for phase I evaluation
· Downselection from option 1, 2 and 3 for phase II is FFS
· Check views on downselection criteria

Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
· Background
· Option 1: 1 for target UE and co-scheduled UE.
· Option 2: 2 for target and co-scheduled UE
· Note: It depends on issue with DMRS ports mapping.
· Proposals
· Option 1 (Apple, China Telecom, Huawei, MediaTek): 1 for target UE and co-scheduled UE.
· Option 2 (Ericsson): 2 for target and co-scheduled UE.
· Recommended WF
· Check the following WF
· Use Option 1 in case Option 1 is agreed for Issue 3-1-3
· Use Option 2 in case Option 3 is agreed for Issue 3-1-3

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
· Background
· Option 1: Same scrambling ID when paired UEs are in the same CDM group. Different scrambling ID when paired UEs are in different CDM groups.
· Option 2: Same scrambling ID for all cases
· Option 3: Configure variable scrambling ID during the test. FFS the details
· Proposals
· Option 1 (China Telecom): Same scrambling ID when paired UEs are in the same CDM group. Different scrambling ID when paired UEs are in different CDM groups.
· Option 2 (Intel, Huawei, Qualcomm): Same scrambling ID for all cases
· Option 3 (Ericsson for Rank 1 tests, MediaTek): Configure variable scrambling ID during the test.
· Option 4 (MediaTek): Different scrambling sequence for all cases
· Recommended WF
· Check views on options above

Sub-topic 3-2: PDSCH parameters
Issue 3-2-1: MIMO correlation for each UE
· Background
· Option 1: Use ULA Low for 2TX and XPL Low for 4TX 
· FFS the correlation matrix for XPL Low
· Option 2: ULA Low 
· Proposals
· Option 1 (Apple, Intel, Huawei): ULA Low
· Huawei: ULA Low as baseline and XPL Low if time allows
· Recommended WF
· Check whether RAN4 can use ULA Low as baseline

Issue 3-2-2: Propagation condition
· Background
· Option 1: Only TDLA30-10
· Option 2: Only TDLC300-100
· Option 3: Further down select based on analysis
· Proposals
· Option 1 (Apple, MediaTek, Qualcomm): Only TDLA30-10
· Option 2 (Intel, China Telecom, Huawei): Only TDLC300-100
· Option 3 (Ericsson): RAN4 to not define TDLC300-100 for the case 64QAM, 2layers on target UE.
· Recommended WF
· Check views on options above.

Issue 3-2-3: MCS for target UE
· Background
· For case with rank 1+1
· Option 1: MCS 13
· Option 2: Not consider 16QAM/MCS 13
· For case with rank 2+1(if introduced)
· Option 1: 13
· Option 2: 19
· For case with 2+2(if introduced)
· Option 1: 13
· Option 2: 19
· Option 3: Not consider 64QAM
· Proposals
· For case with rank 1+1
· Option 1 (Apple, Ericsson, Huawei, Mediatek): MCS 13
· For case with rank 2+1
· Option 1 (Intel): 13
· Option 2 (Ericsson, Huawei): 19
· For case with rank 2+2
· Option 1 (Intel, Ericsson, Huawei): 13
· Recommended WF
· Check the following WF
· Rank 1+1: MCS 13
· Rank 2+1 (if introduced): Further discuss between MCS 13 and 19
· Rank 2+2 (if introduced): MCS 13

Issue 3-2-4: Signal power assumptions
· Background
· Option 1: Average target UE signal power is equal to 1 and average interference UE signal power is equal to 1
· [bookmark: OLE_LINK93][bookmark: OLE_LINK94]Option 2: Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal
· Proposals
· Option 1 (Apple, Intel, Ericsson, Huawei): Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal
· Option 2 (China Telecom): For the signal power assumption, the average total signal power should be the same for each paired UE regardless of the rank allocation.
· Recommended WF
· Check views on options from Proposals section

Issue 3-2-5: SNR assumptions
· Background
· Option 1: SNR = STargetUE/N
· Option 2: SNR = (STargetUE+ SInterfUE)/N
· Proposals
· Option 1 (Apple, Intel, Ericsson, Huawei): SNR = (STargetUE+ SInterfUE)/N
· Recommended WF
· Check whether RAN can use the following assumptions: SNR = (STargetUE+ SInterfUE)/N

Companies views’ collection for 1st round 
Open issues 
[bookmark: _Hlk86999242]Sub-topic 3-1: Inter-user interference modeling
	Company
	Comments

	Apple
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
We are fine to go with Option 2.
Issue 3-1-2: Precoder selection for interference UE
We provided results for both options for phase 1 evaluation and suggest using option 1 for requirements definition. 
We observe that in many cases with TDLC channel random precoder doesn’t achieve max TP at reasonable SNR. 
Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
We support option 1 or option 2. We don’t support option 3 as it makes test setup complicated. 
We are not ok with having option 3 as an option in phase 2 as it was not evaluated in study phase, and we need to first evaluate it. 
Issue 3-1-4:
We support option 1.
Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
Option 2. We think in practical network same scrambling IDs would be used for co-scheduled UEs. 


	CMCC
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
Ok with Option 2.
Issue 3-1-2: Precoder selection for interference UE
Option 2 is preferred. We think it is more practical. Also ok with the procedure in recommended WF.
Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
The recommended WF should also add the condition ‘in case Option 2 is agreed’
· Use Option 1 in case Option 1 is agreed for Issue 3-1-3
· Use Option 2 in case Option 3 and Option 2 are agreed for Issue 3-1-3

	China Telecom
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
Support to go with Option 2 to avoid misalignment for Issue 3-2-4.

Issue 3-1-2: Precoder selection for interference UE
Support the recommended WF.
 
Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
Cover both option 1 and option 2 for phase I evaluation. And prefer option 2 for requirement definition to test the Rnn estimation accuracy under IUI.
Prefer to exclude option 3, the rank 2 percentage is hard to be decided and it is not clear how to perform the test based on FRC.

Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
We support option 1.

Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
Option 1. We do not think UE should assume the network have the same scrambling ID if the co-scheduled UE is in the different CDM group.


	Intel
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
We support to consider Option 2 for requirements definition
Issue 3-1-2: Precoder selection for interference UE
We support recommended way forward and we think that it is aligned with previous agreements.
As for down selection for Phase II, we suggest to use Option 1 because for several considered scenarios using of Option 2 doesn’t allow to achieve the maximum throughput or even 70% of maximum throughput with MMSE-IRC receiver. We think that it is closer to practical condition where scheduler tries to select PMIs for co-scheduled UEs to improve the system performance.
Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
We are fine with recommended WF. 
As for downselection from option 1, 2 and 3, we think that Option 3 can be considered as good way forward taking into account such diverse views. As for issue from China Telecom, we don’t see any issue with FRC in case Number of CDM groups without data will be equal to 2.
We are also fine not to consider Option 3, in case RAN4 can reach consensus on Option 1 or Option 2.
Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
We are fine with correction from CMCC.
Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
Option 1 or Option 2 is fine for us.

	Qualcomm
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
Ok with Option 2.
Issue 3-1-2: Precoder selection for interference UE
Similar comments as Intel and Apple. Prefer to define requirements only based on Option 1. 
Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
We slightly prefer Option 2 because it will improve the quality of channel estimation since target and co-scheduled UEs are in different CDM group.
We strongly oppose Option 3 since that is not practical.
Issue 3-1-4:
Ok with recommended WF with CMCC’s correction.
Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
Prefer Option 2. We also think that in practical network, same scrambling IDs would be used for co-scheduled UEs. Also, as RAN4 is considering to define the requirements for enhanced receivers in future where joint channel estimation of target and co-scheduled UE will be required, i.e., need to have same scrambling ID, we prefer to have baseline requirements defined in Rel-17 to be also based on same scrambling ID so that RAN4 can show gains for the same setup. 
We strongly oppose Option 3 since that is not practical.

	Ericsson
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
Option 3.
From our understanding, all the rank 2 combinations are possibly deployed and important to real network. Thus, we suggest defining requirements for all the possible rank combinations. To reduce the number of test cases, RAN4 may consider to merge the interfering configurations. For example,
· Probability of occurrence of transmission rank in interfering cells 
· 80% for Rank 1 and 20% for Rank 2
If companies don’t want to introduce a variable test case, our 2nd priority is to cover both option 1 and option 2.
From our evaluation, there is great performance difference comparing rank combination 2+1 and 2+2. Besides, 64QAM is not suitable for rank (2,2) since it can not reach the maximum throughput, but it works for rank (2,1). Therefore, we suggest to define one test case for rank (2,2) with MCS=13 and one test case for rank (2,1) with MCS=19. 

Issue 3-1-2: Precoder selection for interference UE
Option 2.
RAN4 has agreed an important criterion on how to down selection of test as follow.
	Criteria for down selection of test parameters
· The agreed baseline performance evaluation metric, i.e., evaluate the gain of MMSE-IRC over MMSE in terms of 70% max throughput performance of the target UE, under the same simulation setup, will be used for down-selection of critical test parameter for both phase I and phase II.


Based on our simulation for orthogonal PMI selection, there is no performance gain for IRC receiver over MRC receiver. 
Furthermore, in real deployment, the network is unlikely only based on the target UE’s feedback to decide the PMI (e.g., UL reference signal for TDD). Network cannot always guarantee to choose the optimal paired UEs for MU-MIMO which is different with the intention of option 1.

Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
Our 1st priority is to have a test to cover  all the possible DMRS ports combination for interfering UE. An example to define the test case is: the modulation symbols of the signal under test are mapped to port 0, and the modulation symbols of the signal for interfering UE are mapped randomly onto antenna port 1, 2, or 3.
We’re also fine with recommended WF. 

Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
Fine with recommended WF.

Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
Option 3.  
We’re also fine with option 1.
There is no performance for same or different DMRS scrambling IDs. It’s better to test whether UE supports both same and different scrambling IDs.

	MediaTek
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
Support the recommended WF.
Issue 3-1-2: Precoder selection for interference UE
Prefer Option 2. 
Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
Slightly prefer Option 1.
Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
OK with the recommend WF and we are fine with the correction form CMCC.
Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
We think it is more practical to have different scrambling ID but we can compromise to Option 1.

	ZTE
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
For defining performance requirements, Option 2 is fine.

Issue 3-1-2: Precoder selection for interference UE
Option 2. Orthogonality cannot be always guaranteed, so if we go for Option 1, we may have too optimistic performance gains

Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
 Fine with the recommended WF.

Issue 3-1-4:
Fine with the recommended WF.

Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
Option 1: same scrambling ID for the same CDM group, and different scrambling ID for different CDM groups. 


	Huawei
	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
We prefer to consider both option 1 and option 2 to cover all typical scenarios in real network
 @ Ericsson. Based on our understanding, it is feasible to use variable rank configurations for interference in inter cell scenario because different interference rank don’t have impact on performance. While for MU-MIMO, interference ranks have large impact on performance, so it is better to separate the test into different cases with different rank configurations to verify UE supporting different interference. 
Issue 3-1-2: Precoder selection for interference UE
We support option 2 because: 
1) Random PMI selection leads to larger interference so larger performance gain of IRC over MRC can be observed compared to orthogonal PMI selection
2) From our simulations, 70% of maximum throughput with random PMI selection can be reached for all cases except rank 2+2 with TDLC300-100 and MCS19.
3) It is impossible to always schedule paired UEs with ideal orthogonal PMI only based on UE feedback. Too optimistic and strict performance requirements will be defined based on ideal orthogonal PMI selection that deviates from the minimum requirements definition that RAN4 should focus on.
Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
We support option 1 because:
1) Channel estimation with interference of co-scheduled UE can be verified.
2) Interference plus noise covariance matrix estimation with one CDM groups can be verified.
While above two aspects can’t be verified for Rank 1.
We don’t support option 3 since the test setup is complex, while the test purpose can be achieved with fixed number of DM-RS ports.
Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
We support option 1
As discussed in our paper, different Number of CDM groups without data configurations for paired UEs will cause incorrect Ruu estimation. From the point of resource utilization, we prefer option 1.
Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
 We support option 2 because:
1) Different DMRS scrambling ID needs high layer signaling which will bring additional test complexity
2) Scrambling ID configuration has negligible impact on performance if legacy IRC processing is used.
3) We agree with QC that it helps to compare the performance for E-MMSE-IRC with MMSE-IRC in Rel-18 performance enhancement stage.





Sub-topic 3-2: PDSCH parameters
	Company
	Comments

	Apple
	Issue 3-2-1: MIMO correlation for each UE
ULA Low for all. We don’t see a difference between XPL-Low and ULA low if the parameters are set to 0 for XPL-Low.
Issue 3-2-2: Propagation condition
We support option 1. We don’t think TDLC300-100 is suitable for MU-MIMO where typically PMI feedback from UEs are used at gNB for precoder selection.
Also with MMSE-IRC, TDLSC has degraded performance in some cases.
Issue 3-2-3: MCS for target UE
We support the recommended WF. 
Issue 3-2-4: Signal power assumptions
Option 1
Issue 3-2-5: SNR assumptions
We support the recommended WF. 


	CMCC
	Issue 3-2-1: MIMO correlation for each UE
Support ULA low.
Issue 3-2-2: Propagation condition
TDLA30-10 and TDLC300-100 can be covered by different test cases. We can take Option 1 as compromise.
Issue 3-2-4: Signal power assumptions
Option 2, we share similar view with China Telecom, while if we use RANK 2+RANK 2, then Option 2 is equal to Option 1.
Issue 3-2-5: SNR assumptions
Option 1 is clearer to us. We can compromise to Option 2 if other companies concern about the definition.


	China Telecom
	Issue 3-2-1: MIMO correlation for each UE
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]We need check on the correlation matrix for ULA low and XPL low under the proposed 1=0, 2=0, =0 and . We can come back to this in the second round.
China Telecom Update: Based on our calculation, we are fine to only consider ULA low.
Issue 3-2-2: Propagation condition
Support TDLC300-100 to better verify the Rnn estimation accuracy.

Issue 3-2-3: MCS for target UE
Based on companies’ simulation results, with rank 2+2 and MCS 19, the SNR point @70% TP is either very high or N/A. Therefore, we are ok to only consider MCS13 for rank 2+2 case for phase II.
Same time, we suggest to capture our simulation results for both MCS13 and MCS19 in the TR for phase I.

Issue 3-2-4: Signal power assumptions
The only concern we have on option 1 is that, if Rank 2 (Target UE) + Rank 1 (Co-schedule UE) is used, 
With Option 1, the co-scheduled UE’s SNR will be 3dB lower than the target UE, we are not sure if it is a practical UE pairing.

Issue 3-2-5: SNR assumptions
We support the recommended WF. 

	Intel
	Issue 3-2-1: MIMO correlation for each UE
Support recommended WF
Issue 3-2-2: Propagation condition
In case requirements will be defined with orthogonal precoder, we suggest to consider TDL-C channel model, because the higher MMSE-IRC gains are observed for several scenarios.
In case requirements will be defined with random precoder, we suggest to consider TDL-A channel model because MMSE-IRC can not reach the 70% on max throughput for scenario with TDL-C and Rank 2+2 configuration, based on our results.
Issue 3-2-3: MCS for target UE
Recommended WF is fine for us.
As for Rank 2+1, in case this scenario will be considered as dedicated test, we are fine use MCS 19. Same time, in case scenario with variable rank will be considered, same MCS should be used for scenario with Rank 2+1 and Rank 2+2. Therefore, we suggest to use MCS 13 for this case.
Issue 3-2-4: Signal power assumptions  
We assume that Option 1 is more typical assumption because we consider equal power split between layers. In case Option 2 is considered, it means that per layer signal quality for different UEs will be different and we think that it is rather unfair assumption.
Issue 3-2-5: SNR assumptions
Support recommended WF.

	Qualcomm
	Issue 3-2-1: MIMO correlation for each UE
Same comment as Apple. Ok with recommended WF.
Issue 3-2-2: Propagation condition
Prefer option 1. Low mobility scenario is more friendly to MU-MIMO since reported PMI will be more relevant in that case compared to higher Doppler scenario.
Issue 3-2-3: MCS for target UE
Ok with recommended WF. Prefer MCS13 for all cases.
Issue 3-2-4: Signal power assumptions
Prefer Option 1.
Issue 3-2-5: SNR assumptions
We prefer Option 1. Regardless of the option chosen, the performance is not going to change. It’s just a matter of how we capture it in the spec. In the end, RAN4 is defining the requirements for target UE. So, in our opinion, we should define the requirement based on target UE SNR only and define the power ratio between the two UEs as discussed in Issue 3-2-4. We believe that this way will be clearer to the reader of the spec.

	Ericsson
	Issue 3-2-1: MIMO correlation for each UE
Option 1. 
Same view as Apple.

Issue 3-2-2: Propagation condition
Option 3.
Based on our simulation results, it seems TDLC is not suitable for rank2 test, but it can achieve max Tput for rank 1 case. Thus, we suggest to define rank 1 with TDLC300-100 and rank 2 with TDLA30-10.

Issue 3-2-3: MCS for target UE
We support the recommended WF.

Issue 3-2-4: Signal power assumptions
Fine with option 1.

Issue 3-2-5: SNR assumptions
We support the recommended WF.


	MediaTek
	Issue 3-2-1: MIMO correlation for each UE
Support the recommended WF.
Issue 3-2-2: Propagation condition
Prefer Option 1. We also think low mobility environment is more suitable for MU-MIMO.
Issue 3-2-3: MCS for target UE
OK with the recommended WF.

	Huawei
	Issue 3-2-1: MIMO correlation for each UE
Ok with recommended WF.
Issue 3-2-2: Propagation condition
We think that TDLC300-100 should be covered:
1) For some cases, performance gain for TDLC300-100 of IRC over MRC is higher than that of TDLA30-10
2) Performance for scenarios with large Doppler should be verified. 

Issue 3-2-3: MCS for target UE
Based our simulation results, we support:
For rank 1+1: MCS 13
For rank 2+1: MCS 19
For rank 2+2: MCS 13
Issue 3-2-4: Signal power assumptions
Option 1
Issue 3-2-5: SNR assumptions
Option 1



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2117435
	Intel: TP can be revised based on outcome of Issue 3-1-2 and Issue 3-2-4.
Another comments:
· NL is used in the text and NLc is used in equation. Probably it is better to align naming.
Based on our understanding, to align per layer power, we need to apply scaling sqrt(NLi/NLc) to each Wi, because each Wi has normalization coefficient 1/sqrt(NLi*NTX)

	
	China Telecom: 1) It may be clearer to put the ‘NL is the total number layers across all users’ into the second paragraph, since it is the first time NL appears. 
2) Based on the last meeting’s agreement, we will capture in the TP the background of not selecting 8Tx or 16Tx. So we can add the following wording within the interference modeling part:
‘RAN4 recognize that under practical MU-MIMO scenario, BS with larger antenna scales like 8Tx, 16TX is more likely to be used. However, with the random precoder selection method for the target and the co-scheduled UEs, the performance for 8Tx and 16Tx is too poor to show performance gain for the inter-user interference suppressing receiver. Therefore, for this study, we use 2Tx and 4Tx to serve the same purpose. For UEs capable of inter-user interference suppression ability discussed in this TR, they can also be used in the deployments with larger number of Tx ports configuration.’

	
	Intel2: Update of our previous comment. We’ve realized that for Phase I we plan to cover scenarios with different precoder options. Therefore, it is better to provide details of random and orthogonal PMI selection methodologies.

	
	Apple2: Thanks for the comments, Intel. We plan to add random and orthogonal in the revision.
Thanks China Telcom for the comment. We don’t recall such agreement to add this in TR. Could you please point it out? Perhaps this is not correct for interference modeling part. 

	R4-2117738
	Intel: TP will be revised to include the observations of simulation results

	
	Company B

	
	

	R4-2118002
	Intel: TP will be revised to include the simulation results

	
	Qualcomm: A minor suggestion from our side: Please provide simulation results spreadsheet as an attachment instead of embedding it since MCC doesn’t allow embedded documents.

	
	Intel2: Thank you for information. We will take it into account in the revised version.

	R4-2118412
	Apple: We don’t think the sub-clause for Network assistance and QCL information is needed.
Re-wording suggestion: 
In this section, we provide details of the  enhanced receiver for evaluating performance in the presence of inter-cell intra-user interference. 


	
	China Telecom: Regarding the interference plus noise matrix estimation method, the current TP only include the situation when the 2 paired UEs’ DMRS using the same CDM group. When the 2 paired UEs’ DMRS using the different CDM group, in our understanding, the Rnn can be estimated by simply power estimation on the other REs.
So, related to Issue 3-1-3, if we agree to cover both DMRS port assignation, we think both Rnn estimation methods may need to be covered.

	
	

	R4-2118864
	Intel: TP can be revised to include the outcome of Phase I study.

	
	Qualcomm: 10CBW and 40CBW should be 10MHz CBW and 40MHz CBW.

	
	China Telecom: Will be updated based on more consensus on phase I parameters and the outcome will be added.
To QC: Thanks for the comment and it will be revised.

	R4-2119049
	Intel: Correlation model can be updated based on outcome of Issue 3-2-1.
Based on our understanding, MCS 4 is also considered for Phase I evaluation. Therefore, we can include it in the simulation assumptions.

	
	Qualcomm: 2+1/2+2 may have to be modified based on outcome of Issue 3-1-1.

	
	China Telecom: We are also fine to capture MCS4 as a phase I evaluation.

	
	Intel2: @Qualcomm. We think that for Phase I (i.e. results which will be captured in TP) we can cover 2+1 and 2+2 based on agreement from R4-2108666. Same time, we will continue the discussion on scenarios for requirements definition which is handled by Issue 3-1-1.

	R4-2119402
	China Telecom: To align with R4-2117435, better to add a sub-clause 4.1.1 for scenario.

	
	Company B

	
	



Summary for 1st round 
Open issues 
Sub-topic 3-1: Inter-user interference modeling
	
	Status summary 

	Issue 3-1-1: Rank of interference PDSCH for rank of target UE is 2
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, CMCC, China Telecom, Intel, Qualcomm, MediaTek, ZTE): Only Rank 2 (Target UE) + Rank 2 (Co-schedule UE)
· Option 2 (Ericsson – First Priority): Rank 2 + Variable Rank
· Option 3 (Ericsson – Second Priority, Huawei): Rank 2 + Rank 1 and Rank 2 + Rank 2
GTW agreement:
Option 1.
Recommendations for 2nd round: N/A

	Issue 3-1-2: Precoder selection for interference UE
	Tentative agreements: Cover both option 1 and option 2 for phase I evaluation and make further downselection between these options for Phase II
Candidate options:
· Option 1 (Apple, Intel, Qualcomm, MediaTek): Select the precoder to ensure orthogonality
· Ericsson: Based on our simulation for orthogonal PMI selection, there is no performance gain for IRC receiver over MRC receiver.
· Option 2 (CMCC, Ericsson, ZTE, Huawei): Select the PMI matrix randomly from the codebook of Co-scheduled UE to ensure it is not equal to PMI matrix of target UE.
· Apple: We observe that in many cases with TDLC channel random precoder doesn’t achieve max TP at reasonable SNR.
· Intel: For several considered scenarios using of Option 2 doesn’t allow to achieve the maximum throughput or even 70% of maximum throughput with MMSE-IRC receiver
· Huawei: From our simulations, 70% of maximum throughput with random PMI selection can be reached for all cases except rank 2+2 with TDLC300-100 and MCS19.
Recommendations for 2nd round: Continue discussion in the second round and check companies results.

	Issue 3-1-3: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
	Tentative agreements: Cover both option 1 and option 2 for phase I evaluation and make further downselection between option 1, 2 and 3 for Phase II
Candidate options:
· Option 1 (Apple, Intel, MediaTek, Huawei): DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 2 (Apple, China Telecom, Intel, Qualcomm): DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 3 (Intel, Ericsson): Variable DMRS port mapping during the test.
Recommendations for 2nd round: Continue discussion taking into account 1st round comments
· Apple: We are not ok with having option 3 as an option in phase 2 as it was not evaluated in study phase, and we need to first evaluate it. 
· China Telecom: And prefer option 2 for requirement definition to test the Rnn estimation accuracy under IUI.
· Qualcomm: We slightly prefer Option 2 because it will improve the quality of channel estimation since target and co-scheduled UEs are in different CDM group.
· Ericsson: Our 1st priority is to have a test to cover  all the possible DMRS ports combination for interfering UE. An example to define the test case is: the modulation symbols of the signal under test are mapped to port 0, and the modulation symbols of the signal for interfering UE are mapped randomly onto antenna port 1, 2, or 3.
· Huawei: We support option 1 because:
· Channel estimation with interference of co-scheduled UE can be verified.
· Interference plus noise covariance matrix estimation with one CDM groups can be verified.
While above two aspects can’t be verified for Rank 1.
We don’t support option 3 since the test setup is complex, while the test purpose can be achieved with fixed number of DM-RS ports.

	Issue 3-1-4: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, China Telecom, Huawei): 1 for target UE and co-scheduled UE.
· Option 2 (CMCC, Intel, Qualcomm, Ericsson, MediaTek, ZTE):
· Use Option 1 (1 for target UE and co-scheduled UE) in case Option 1 is agreed for Issue 3-1-3
· Use Option 2 (2 for target UE and co-scheduled UE) in case Option 2 or Option 3 is agreed for Issue 3-1-3
Recommendations for 2nd round: Check whether we can consider Option 2 and make decision based on outcome of Issue 3-1-3

	Issue 3-1-5: DMRS scrambling ID for target UE and co-scheduled UE
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, Intel, Ericsson, MediaTek, ZTE): Same scrambling ID when paired UEs are in the same CDM group. Different scrambling ID when paired UEs are in different CDM groups.
· Option 2 (Apple, Intel, Qualcomm, Huawei): Same scrambling ID for all cases
· Option 3 (Ericsson): Configure variable scrambling ID during the test.
Recommendations for 2nd round: Continue discussion and check whether RAN4 can use Option 1.



Sub-topic 3-2: PDSCH parameters
	
	Status summary 

	Issue 3-2-1: MIMO correlation for each UE
	Tentative agreements: ULA Low as baseline
Recommendations for 2nd round: N/A

	Issue 3-2-2: Propagation condition
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, CMCC, Intel for random PMI, Qualcomm, MediaTek): Only TDLA30-10
· Option 2 (China Telecom, Intel for orthogonal PMI, Huawei): Only TDLC300-100
· Option 3 (Ericsson): Rank 1 with TDLC300-100 and Rank 2 with TDLA30-10.
Recommendations for 2nd round: Continue discussion taking into account 1st round comments
· Apple: We don’t think TDLC300-100 is suitable for MU-MIMO where typically PMI feedback from UEs are used at gNB for precoder selection. Also with MMSE-IRC, TDLSC has degraded performance in some cases.
· China Telecom: Support TDLC300-100 to better verify the Rnn estimation accuracy.
· Intel: In case requirements will be defined with random precoder, we suggest to consider TDL-A channel model because MMSE-IRC can not reach the 70% on max throughput for scenario with TDL-C and Rank 2+2 configuration, based on our results.
· Qualcomm: Low mobility scenario is more friendly to MU-MIMO since reported PMI will be more relevant in that case compared to higher Doppler scenario.
· Ericsson: Based on our simulation results, it seems TDLC is not suitable for rank2 test, but it can achieve max Tput for rank 1 case.
· MediaTek: We also think low mobility environment is more suitable for MU-MIMO.
· Huawei: For some cases, performance gain for TDLC300-100 of IRC over MRC is higher than that of TDLA30-10. Performance for scenarios with large Doppler should be verified.

	Issue 3-2-3: MCS for target UE
	Tentative agreements: Use the following MCS for requirements definition
· For case with rank 1+1: MCS 13
· For case with rank 2+1: FFS between MCS 13 and 19
· For case with rank 2+2: MCS 13
Candidate options:
· For case with rank 2+1
· Option 1 (Intel, Qualcomm): 13
· Option 2 ([Ericsson], Huawei): 19
Recommendations for 2nd round: Continue discussion

	Issue 3-2-4: Signal power assumptions
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Intel, Qualcomm, Ericsson, Huawei): Average target UE signal power is equal to RankTargetUE/RankTotal and average interference UE signal power is equal to RankInterfUE/RankTotal
· Option 2 (CMCC, China Telecom): For the signal power assumption, the average total signal power should be the same for each paired UE regardless of the rank allocation.
Recommendations for 2nd round: Discuss this issue as a part of TP preparation.

	Issue 3-2-5: SNR assumptions
	Tentative agreements: N/A
Candidate options:
· Option 1 (CMCC, Qualcomm): SNR = STargetUE/N
· Qualcomm: Regardless of the option chosen, the performance is not going to change. It’s just a matter of how we capture it in the spec. In the end, RAN4 is defining the requirements for target UE. So, in our opinion, we should define the requirement based on target UE SNR only and define the power ratio between the two UEs as discussed in Issue 3-2-4. We believe that this way will be clearer to the reader of the spec.
· Option 2 (Apple, CMCC, China Telecom, Intel, Ericsson, Huawei): SNR = (STargetUE+ SInterfUE)/N
GTW agreement:
Option 2 with further working on the clarification when defining performance requirements into specification.
Recommendations for 2nd round: N/A



Discussion on 2nd round (if applicable)
Moderator can provide summary of 2nd round here. Note that recommended decisions on tdocs should be provided in the section titled ”Recommendations for Tdocs”.


Topic #4: CR work split
In this section we collect companies views on CR work split and plan the assignment. 
Open issues summary
Moderator note: Each company can provide the company name to the table below in the row with interested topic and section. In case, company have any comments on missing section, work split of the section or other issues, please use the form in Section 4.2.
	Topic
	Section
	Company

	MMSE-IRC receiver for inter-cell interference – Demodulation requirements
	General and applicability section
	[Apple], Huawei

	
	PDSCH requirements
Moderator note: This part can be split into two blocks – FDD and TDD depending on number of volunteers
	Apple, CMCC

	
	[Annex A: FRC]
Moderator note: Necessity is based on outcome of Issue 1-2-1
	[Intel]

	
	Annex B: Interference modelling assumptions
	Nokia

	MMSE-IRC receiver for inter-cell interference – CSI requirements
	General and applicability section
	Huawei

	
	CQI requirements
Moderator note: This part can be split into two blocks – FDD and TDD depending on number of volunteers
	China Telecom, Qualcomm
Ericsson

	
	[PMI requirements]
Moderator note: Necessity is based on outcome of Issue 2-1-1
	Ericsson

	MMSE-IRC receiver for intra-cell inter-user interference
	General and applicability section
	ZTE

	
	PDSCH requirements
Moderator note: This part can be split into two blocks – 2 RX and 4 RX depending on number of volunteers
	[CMCC], China Telecom

	
	[Annex A: FRC]
Moderator note: Necessity is based on outcome of Issue 3-2-3
	[Intel]

	
	Annex B: MU-MIMO Beamforming Model 
	[Intel], Huawei



Companies views’ collection for 1st round 
	Company
	Comments

	XXX
	

	CMCC
	We are happy to take care of PDSCH TDD or FDD requirements for inter-cell interference demodulation. If only one company is needed for requirement part, we are also happy to prepare the PDSCH requirements for intra-cell inter-user interference demodulation.

	China Telecom
	Thanks for initiating the work split. We are happy to take the CR drafting work for the CQI requirements for the MMSE-IRC receiver for inter-cell interference – CSI requirements. And we can also take the PDSCH requirements for MMSE-IRC receiver for intra-cell inter-user interference.

	Intel
	We have also included the possible additional section for MU-MIMO: FRC. 

	ZTE
	We are interested in intra-cell inter-user interference, and would like to take General and applicability section.



Summary for 1st round
Tentative plan for CR work split is presented below. 
	Topic
	Section
	Company

	MMSE-IRC receiver for inter-cell interference – Demodulation requirements
	General and applicability section
	[Apple, Huawei]

	
	PDSCH requirements - FDD
	Apple

	
	PDSCH requirements - TDD
	CMCC

	
	[Annex A: FRC]
Moderator note: Based on current status, R.PDSCH.1-2.1 FDD and R.PDSCH.2-2.1 TDD can be reused. Therefore, definition of new FRC is not needed. We can double check it in 2nd round.
	

	
	Annex B: Interference modelling assumptions
	Nokia

	MMSE-IRC receiver for inter-cell interference – CSI requirements
	General and applicability section
	Huawei

	
	CQI requirements - FDD
	Qualcomm

	
	CQI requirements - TDD
	Ericsson

	
	[PMI requirements]
Moderator note: Based on 1st round discussion, this section is not needed
	

	MMSE-IRC receiver for intra-cell inter-user interference
	General and applicability section
	ZTE

	
	PDSCH requirements – 2 Rx
	CMCC

	
	PDSCH requirements – 4 Rx
	China Telecom

	
	Annex A: FRC
Moderator note: At least we need to define FRC for MCS13 with Rank 2 and 2 CDM groups
	Intel

	
	Annex B: MU-MIMO Beamforming Model 
	[Intel, Huawei]



Recommendations for 2nd round: 
· Confirm plan and resolve the conflict for two sections
· Check the following Moderator suggestion to balance the workload:
	Topic
	Section
	Company

	MMSE-IRC receiver for inter-cell interference – Demodulation requirements
	General and applicability section
	[Apple, Huawei]

	
	PDSCH requirements - FDD
	Apple

	
	PDSCH requirements - TDD
	CMCC

	
	[Annex A: FRC]
Moderator note: Based on current status, R.PDSCH.1-2.1 FDD and R.PDSCH.2-2.1 TDD can be reused. Therefore, definition of new FRC is not needed. We can double check it in 2nd round.
	

	
	Annex B: Interference modelling assumptions
	Nokia

	MMSE-IRC receiver for inter-cell interference – CSI requirements
	General and applicability section
	Huawei

	
	CQI requirements - FDD
	Qualcomm

	
	CQI requirements - TDD
	Ericsson

	
	[PMI requirements]
Moderator note: Based on 1st round discussion, this section is not needed
	

	MMSE-IRC receiver for intra-cell inter-user interference
	General and applicability section
	ZTE

	
	PDSCH requirements – 2 Rx
	[CMCC -> Intel]

	
	PDSCH requirements – 4 Rx
	China Telecom

	
	Annex A: FRC
Moderator note: At least we need to define FRC for MCS13 with Rank 2 and 2 CDM groups
	Intel

	
	Annex B: MU-MIMO Beamforming Model 
	[Intel, Huawei]




Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on general and PDSCH demodulation requirements for inter-cell interference MMSE-IRC
	Intel Corporation
	

	WF on CSI requirements for inter-cell interference MMSE-IRC
	Ericsson
	

	WF on MMSE-IRC receiver for intra-cell inter-user interference
	Huawei, HiSilicon
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2117435
	TP to TR 38.833: Interference Modeling for intra-cell inter-user interference
	Apple
	Revised
	

	R4-2117738
	TP to TR 38.833: Summary of link level evaluation for inter-user interference suppression for MU-MIMO
	CMCC
	Revised
	

	R4-2118002
	TP to TR 38.833: Link level simulation results for inter-user interference suppression for MU-MIMO
	Intel Corporation
	Revised
	

	R4-2118412
	draftTP to TR38.833: receiver structure for intra-cell inter-user IRC
	Ericsson
	Revised
	

	R4-2118864
	TP to TR 38.833: Conclusion for phase I evaluation on inter-user interference suppression for MU-MIMO scenario
	China Telecom
	Revised
	

	R4-2119049
	TP: Introduction of simulation assumptions for intra cell inter user MMSE-IRC receiver
	Huawei, HiSilicon
	Revised
	

	R4-2119402
	TP to TR 38.833 Scenario for inter-user interference suppression for MU-MIMO
	MediaTek inc.
	Revised
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-210xxxx
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-210xxxx
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-210xxxx
	LS on …
	ZZZ
	Agreeable, Revised, Noted
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a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents

