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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 Draft CRs
· 2nd round: 
· Discussion on open issues
· Revision of MMSE-IRC MU-MIMO TPs
· Revision of Draft CRs
· WFs preparation

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

	R4-2203764
	Apple
	Common Test Parameters for Scenario 1
Proposal #1: Only consider synchronized network for ICI requirements. 
Proposal #2: Use different assumptions for different deployment scenarios: SSB Option 1 (overlapping) for homogeneous deployment and SSB Option 2 (non-overlapping) for heterogeneous deployment assumptions. 
Interference Model for Scenario 1
Proposal #3: Use INR value of 7.58dB for heterogeneous deployment assumption with 1 interference cell.
Proposal #4: Define requirements for homogeneous and heterogeneous deployment with 1 interference cell. 
Observation #1: No significant performance delta with different TO assumptions with 1 interference cell. 
Observation #2: With time offset of 3us in 30KHz, the synchronized network assumption is no longer met.
Proposal #5: Define requirements with time offset of interference cell in TDD as 1us. 
Proposal #6: Model PDCCH interference from interference cells in PDCCH region.
Requirements for Scenario 2
Observation #3: Non-slot-based transmission is not widely deployed in networks.
Observation #4: Handling of partial slot transmission needs some enhancements to baseline MMSE-IRC receiver assumed for ICI requirements
Observation #5: Additional signalling is needed for symbols with interference for correct UE processing
Proposal #7: Do not introduce requirements in Rel-17 for non-slot-based transmission for ICI.

	R4-2203765
	Apple
	Draft CR on PDSCH demod requirements in ICI-FDD

	R4-2204376
	Intel Corporation
	Scenario 1 (slot-based transmission and aligned SCS among cells)
Proposal 1: Define requirements for asynchronous scenario using INRs 13.91 and 3.34 dB and TDL-C channel model.
Proposal 2: Use different assumptions for different deployment scenarios: SSB Option 1 (overlapping) for homogeneous deployment assumptions and SSB Option 2 (non-overlapping) for heterogeneous deployment assumptions.
Proposal 3: Use INR 7.58 dB for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario with Heterogeneous deployment assumptions in case of 1 cell interference modelling.
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 2 interference cells modelling for homogeneous deployment assumptions and 1 interference cell modelling for heterogeneous deployment assumptions.
Observation #3: Negligible MMSE-IRC and MMSE-MRC performance difference (≤ 0.2 dB) is observed for different time offset options.
Proposal 5: Use the following time offset configuration for TDD requirements: 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modelled).
Observation #4: PDCCH decoding with AL8 does not have impact on PDSCH performance for different PDCCH interference modelling options.
Proposal 6: Use explicit modelling of interference PDCCH signal for definition of PDSCH demodulation MMSE-IRC requirements for scenario with inter-cell interference.
Observation #5: For Async scenarios with INR1 3.87 dB and INR2 -1.96 dB, MMSE-IRC performance improvement over MMSE-MRC is less than 1 dB for all considered scenarios. 
Observation #6: For Async scenario with INR1 7.77 dB and INR2 2.29 dB, MMSE-IRC performance improvement over MMSE-IRC is less than 1 dB for scenarios with 2 Rx UEs.
Observation #7: For Async scenario with INR1 13.91 dB and INR2 3.34 dB, MMSE-IRC performance improvement over MMSE-IRC is higher or equal to 2 dB for all considered scenarios.
Observation #8: For Async scenario with INR1 13.91 dB and INR2 3.34 dB, MMSE-IRC SINR operating region is slight less than -6 dB for scenario with 4 Rx UE and TDL-A channel model.

Scenario 2 (non-slot-based transmission and aligned SCS among cells)
Proposal 7: Don’t consider the scenarios with Serving DMRS not overlapping with inter-cell interference signal in Rel-17 WI.
Proposal 8: Define the PDSCH demodulation MMSE-IRC requirements for Scenario 2 with inter-cell interference under the following conditions (one or both):
· Only DMRS symbol(s) and a few data symbol(s) are interfered by ICI
· Non-slot based PDSCH transmission for the serving cell
Proposal 9: Use the following assumptions for further performance analysis for Scenario 2 which are based on Scenario 1 assumptions:
· Common parameters: 
· Synchronized network
· SCS/CBW: FDD 15kHz/10MHz, TDD 30kHz/40MHz
· PDCCH allocation in time domain: symbols #0 and #1 of each slot
· PDSCH allocation in frequency domain for all cells: Full PRB
· TRS/CSI-RS configuration: Colliding among the cells
· Propagation conditions: TDLC300-100 or TDLA30-10
· Antenna configuration: 2x2 and 2x4 ULA Low
· Serving cell parameters
· PDSCH FRC for serving cell: Rank 1, MCS 13
· PDSCH allocation in time domain: 
· Option 1: Mapping type A, Start symbol 2, Duration 12
· Option 2: Mapping type B, Start symbol 5, Duration 7
· DMRS configuration: 
· PDSCH Type A: DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data
· PDSCH Type B: DMRS Type 1 with single symbol front loaded and without additional DMRS, with FDM applied between DMRS and data
· PRB bundle size: Set PRB bundle size as 2 for target PDSCH
· HARQ process number: 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS as baseline 
· Precoding model: Random precoder with Type I SP codebook
Proposal 10: Consider the following interference modelling assumptions for Scenario 2:
· Transmission rank: Random rank with 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s)
· Precoding: Random precoding with single panel type I codebook per slot and per PRB bundling granularity, with PRB bundling size of 2.
· Modulation order: 16QAM randomly modulated symbols.
· PDSCH mapping in time domain and DMRS configuration:
· Scenario 2-1 (for Type A Serving Cell PDSCH): Type A PDSCH mapping with starting symbol 2 and duration 5 for both interference cells, Single symbol front-loaded DMRS and no additional DMRS.
· Scenario 2-2 (for Type A Serving Cell PDSCH): Type A PDSCH mapping with starting symbol 2 and duration 5 for interference cell #1 and Type B PDSCH mapping with starting symbol 7 and duration 7 for interference cell #2, Single symbol front-loaded DMRS and no additional DMRS.
· Scenario 2-3 (for Type B Serving Cell PDSCH): Type B PDSCH mapping with starting symbol 5 and duration 4 for both interference cells, Single symbol front-loaded DMRS and no additional DMRS.
Proposal 11: Consider the following receive processing for Scenario 2-2: 
· MMSE-IRC with DMRS based covariance matrix estimation
· Use covariance matrix from the first DMRS for demodulation of resource elements in the first half of slot and covariance matrix from the second DMRS for demodulation of resource elements in the second half of slot.
Proposal 12: Consider baseline MMSE-IRC with DMRS based covariance matrix estimation and per slot processing for Scenario 2-1, 2-2 and 2-3.
Observation #9: For Scenario 2-1: MMSE-IRC processing allows to achieve 1.3 – 1.9 dB performance benefits over MMSE-MRC. Enhanced MMSE-IRC processing with per-half slot processing leads to additional 0.4-0.7 dB performance improvement in comparison to MMSE-IRC processing.
Observation #10: For Scenario 2-2: MMSE-IRC processing allows to achieve 1.5 – 2.0 dB performance benefits over MMSE-MRC. Enhanced MMSE-IRC processing with per-half slot processing leads to additional 0.6-1.6 dB performance improvement in comparison to MMSE-IRC processing.
Observation #11: For Scenario 2-3: MMSE-IRC processing allows to achieve 0.8 – 1.8 dB performance benefits over MMSE-MRC.

	R4-2204488
	NTT DOCOMO, INC.
	Proposal 1: Define the following rules:
· For 2Rx/4Rx UE that only support FDD mode, we can have 2 HomNet test for sync/aync scenario and 1 HetNet test for sync scenario.
· For 2Rx/4Rx UE that support both FDD and TDD modes, we can have 2 test for HomNet FDD sync/async and 1 test for HetNet TDD sync respectively.
Proposal 2: Define the requirement of only sync network. (i.e. We support Option 1)
Proposal 3: We support Option 1, but Option 3 is also acceptable for us as a compromise solution.
Proposal 4: Our preference is Option 2, but Option 3 is also acceptable for us.

	R4-2204523
	CMCC
	Draft CR for TS38.101-4 PDSCH TDD demodulation requirements for inter-cell interference MMSE-IRC

	R4-2204524
	CMCC
	Proposal 1: Include FDD asynchronized network type with applicability rule
Proposal 2: For applicability rule, whether the FDD async is tested in HomoNet or HetNet can be further decided according to simulation results
Proposal 3: 
· SSB Option 1(All SSBs are in the same time/frequency resources) for homogeneous deployment assumptions 
· SSB Option 2 (Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources) for heterogeneous deployment assumptions
Proposal 4: INR=7.58 for HetNet deployment assumptions.
Proposal 5: Use different assumptions for different deployment scenarios: 2 interference cells for homogeneous deployment assumptions and 1 interference cell for heterogeneous deployment assumptions
Proposal 6: Tighten the total time offset to less than CP. For example, the time offset for interfering cell 1 is 1.5 us, and the time offset for interference cell 2 is -0.5 us.

	R4-2204830
	Nokia, Nokia Shanghai Bell
	Draft CR for 38.101-4 Interference model for enhanced performance requirements

	R4-2204832
	Nokia, Nokia Shanghai Bell
	Common test Parameters
Observation 1: INR profile considered for homogenous synchronous network type shows lower performance gain for asynchronous network.
Observation 2: With option 2, requirements for FDD networks will be based only on asynchronous deployment and hence INR profile with low interference levels is not enough to highlight interference suppression.
Observation 3: If a comparable performance between synchronous and asynchronous network types is required, the MMSE-IRC implementation needs to be improved for async.
Observation 4: MMSE-IRC improvement possibilities for async are questionable in general and in particular for the timeframe of this WI.
Proposal 1: Consider only synchronized networks for defining PDSCH demodulation requirements. 
Proposal 2: Use SSB Option 1, all SSBs (serving cell and interference cell(s)) are at the same time/frequency resources, or option 3.
Interference model for scenario 1
Observation 5: Performance gain is higher with INR value of 7.58 dB for 1 interferer heterogenous deployment.
Proposal 3: Define requirements based on INR value 7.58 dB for 1 interferer heterogenous deployment
Proposal 4: To use option 3 to define the number of explicitly modelled interferer cell.
Proposal 5: For TDD 30kHz, we propose to use option 1 for TDD: The time offset is 3 us for interfering cell 1 and –1 us for interfering cell 2.
Proposal 6: To use option 2 to define the INR values for asynchronous networks if introduced.
Proposal 7: To use option 1 to model interference in PDCCH region.

	R4-2205497
	China Telecom
	Observation 1: There is clear performance degradation for MMSE-IRC in async scenario compared with sync scenario, due to the lower accuracy of Rnn estimation.
Proposal 1: Include MMSE-IRC performance requirements for async FDD scenarios, to better verify the UE MMSE-IRC implementation since we cannot always assume the real networks are well synchronized.
Proposal 2: Fine to have the following applicability rule to ensure the test number will not be increased:
· For 2Rx/4Rx UE that only support FDD mode, we can have 1 HomNet test for aync scenario and 1 HetNet test for sync scenario.
· For 2Rx/4Rx UE that support both FDD and TDD modes, we can have 1 test for HomNet FDD async and 1 test for HetNet TDD sync respectively.
Proposal 3: Support using aligned SSB configuration for HomNet and we are fine to use either same or different SSB configuration for HetNet scenario.
Observation 2: We have agreed to use INR 5.49dB with 1 interference cell cases for HomNet scenario, we think it will be reasonable to configure higher INR value for HetNet scenario.
Proposal 4: INR 7.58 dB for 1 interference cell for HetNet scenario is slightly preferred by us.
Proposal 5: Cover both 1 cell and 2 cells for the MMSE-IRC testing. Fine to use different assumptions for different deployment scenarios: 2 interference cells for homogeneous deployment assumptions and 1 interference cell for heterogeneous deployment assumptions.
Proposal 6: For the INR values for asynchronous network, reuse INR values options from sync scenario.
Proposal 7: Assume PDCCH transmission from the interference cells in the test.

	R4-2205502
	Ericsson
	Observation 1: All SSBs (serving cell and interference cell(s)) in the same time/frequency resources had already agreed in RAN4 to define RRM requirements with SINR=-6dB(target cell SNR=1dB and interfering cell SNR=-6dB).
Observation 2: MIB decoding requirement is defined based on multiple trials other than one shot.
Observation 3: UE cannot adaptively switch the receiver type between scenario 1 and scenario 2 because UE doesn’t know the transmission model in neighbour cells.
Observation 4: NWA is useless due to dynamic scheduling for URLLC service.
Proposal 1: RAN4 to define the test cases with the same SSB time/frequency resources for interfering inter-cells.
Proposal 2: RAN4 to use 2 interference cells for homogeneous deployment assumptions and 1 interference cell for heterogeneous deployment assumptions.
Proposal 3: RAN4 to define TDD test case with 3 us for interfering cell 1 and -1 us for interfering cell 2.
Proposal 4: RAN4 to deprioritize the scenario 2 discussion in Rel-17.

	R4-2205503
	Ericsson
	Simulation results on PDSCH performance for inter-cell interference

	R4-2205789
	Huawei, HiSilicon
	Observation 1:  For case with INR1=3.87dB, INR2=-1.96dB, the performance gain of MMSE-IRC receiver for async is smaller than 1dB for 2RX.
Observation 2:  For case with INR1=7.77dB, INR2=2.29dB with 4RX, the performance gain of MMSE-IRC receiver for async is reduced by 1.1dB
Observation 3:  For case with INR1=11.39dB, INR2=5.45dB with 4RX, the performance gain of MMSE-IRC receiver for async is reduced by 1.3dB
Observation 4: For HetNet scenario.i.e.INR1=11.39dB and INR2=5.45dB with 4RX, target SNR for PBCH is higher than that of PDSCH, there is a risk that tested UE can’t access the network.
Observation 5: SSB colliding will cause poor accuracy of time/frequency tracking, which will degrade the performance of PDSCH.
Observation 6: In most cases the performance gain for 2 modeled interference cells is larger than that for 1 modeled interference cell
Observation 7: No obvious performance difference between case with time offset=3us and -1us and case with 1us and -0.25us.
Observation 8: According to the WI, DMRS based interference and noise covariance estimation is used as baseline receiver which is only applicable for limited non-slot scenarios.
Observation 9: MMSE-IRC is agnostic to interference type.
Proposal 1: Only consider synchronized network
Proposal 2: Consider no overlapping PBCH resources configuration for serving cell and interference cells.
Proposal 3: Only consider 2 modeled interference cells.
Proposal 4: Add in the simulation assumptions the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition
Proposal 5: Assume PDCCH transmission from interference cells and use non-overlapping PDCCH configurations.
Proposal 6: Use parameters in Table 2-4 as PDCCH configurations
Proposal 7: Consider option 1. I.e. The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2
Proposal 8: Not consider scenario 2 in Rel-17

	R4-2205790
	Huawei,HiSilicon
	Simulation results on demodulation requirements for inter cell MMSE-IRC receiver

	R4-2205791
	Huawei,HiSilicon
	Draft CR for introduction of general applicability section of inter-cell MMSE-IRC receiver in TS 38.101-4

	R4-2205901
	MediaTek inc.
	Observation 1: Compared to the results with synchronous scenario, there is almost no performance loss for MRC processing but nonnegligible performance loss for IRC processing.
Observation 2: Compared to synchronous scenario, the MMSE-IRC gain decrease when considering asynchronous scenario and random per-slot interference precoder.
Observation 3: With the decreased MMSE-IRC gain, it is more difficult to differentiate whether UE applies IRC or MRC processing. 
Proposal 1: Support option1 to define test cases for synchronized network only. 
Proposal 2: Support option3 to use different assumptions for different deployment scenarios: SSB Option 1 for homogeneous deployment assumptions and SSB Option 2 for heterogeneous deployment assumptions.
Proposal 3: Do not define requirements for scenario 2 in Rel-17.

	R4-2206070
	Qualcomm Incorporated
	Observation 1: Gain of MMSE-IRC over MMSE-MRC is higher with 1 interfering cell compared to 2 interfering cells.
Proposal 1: Only consider 1 interfering cell for defining the requirements.
Observation 2: INR of 4.84dB achieves > 1.5dB gain of IRC over MRC in case of 1 interference cell HetNet deployment.
Proposal 2: Use INR = 4.84dB for defining requirements for 1 interference cell HetNet deployment. 
Observation 3: Considering time offset of 3us for interfering cell 1 and -1us for interfering cell 2 violates cell phase synchronization accuracy of 3us.
Proposal 3: Time offset from serving cell is 1 us for interfering cell 1 and -0.25 us for interfering cell 2 (if modeled) for 30kHz SCS.
Proposal 4: Assume no interference signal in PDCCH region when SSB is non-colliding and PDCCH transmission from interference cells when SSB is colliding.
Proposal 5: Do not define requirements for scenario 2 in Rel-17.



Open issues summary
[bookmark: _Hlk71880830]Sub-topic 1-1: Common test parameters for scenario 1
Issue 1-1-1: Network type
· Background
· Option 1: Only consider synchronized network
· Option 2: Include FDD asynchronized network type with applicability rule:
· For 2Rx/4Rx UE that only support FDD mode, we can have 1 HomNet test for aync scenario and 1 HetNet test for sync scenario.
· For 2Rx/4Rx UE that support both FDD and TDD modes, we can have 1 test for HomNet FDD async and 1 test for HetNet TDD sync respectively.
· Proposals
· Option 1 (Apple, DOCOMO, Nokia, Huawei, MediaTek)
· Option 2 (Intel, China Telecom)
· Option 3 (DOCOMO): Define FDD asynchronized network type without applicability rule (i.e. 2 tests, sync and async for FDD case)
· Option 4 (CMCC): Include FDD asynchronized network type with applicability rule. For applicability rule, whether the FDD async is tested in HomoNet or HetNet can be further decided according to simulation results.
· Recommended WF
· Taking into account that this topic is open for many meetings, check whether companies can compromise to use Option 1.

Issue 1-1-2: SSB configuration
· Background
· Option 1: Use SSB Option 1 (All SSBs are in the same time/frequency resources) for all test
· Option 2: Use SSB Option 2 (Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources) for all test
· Option 3: Use different assumptions for different deployment scenarios: SSB Option 1 for homogeneous deployment assumptions and SSB Option 2 for heterogeneous deployment assumptions
· Proposals
· Option 1 (DOCOMO, Nokia, China Telecom, Ericsson)
· Option 2 (Huawei)
· Option 3 (Apple, Intel, DOCOMO, CMCC, Nokia, China Telecom, MediaTek)
· Recommended WF
· Taking into account that this topic is open for many meetings, check whether Ericsson and Huawei can compromise to use Option 3.

Issue 1-1-3: Channel model for asynchronous network (if introduced)
· Proposals
· Option 1 (Intel): TDL-C
· Recommended WF
· Focus on discussion of Issue 1-1-1. Interested companies can provide views on option above.

Sub-topic 1-2: Interference model for scenario 1
Issue 1-2-1: INR values for HetNet deployment assumptions
· Background
· Use INRs 11.39 and 5.45 dB in case of 2 interference cells are modelled
· Select one of the following options for scenario with 1 interference cell
· Option 1: INR 4.84 dB.
· Option 2: INR 7.58 dB
· Proposals
· Option 1 (Qualcomm)
· Option 2 (Apple, Intel, CMCC, Nokia, China Telecom)
· Recommended WF
· Check whether Option 2 can be used

Issue 1-2-2: Number of explicitly modeled interference cells
· Background
· Option 1: 1 interference cell for all tests
· Option 2: 2 interference cells for all tests
· Option 3: Use different assumptions for different deployment scenarios: 2 interference cells for homogeneous deployment assumptions and 1 interference cell for heterogeneous deployment assumptions
· Proposals
· Option 1 (Apple, Qualcomm)
· Option 2 (DOCOMO, Huawei)
· Option 3 (Intel, DOCOMO, CMCC, Nokia, China Telecom, Ericsson)
· Recommended WF
· Taking into account that this topic is open for many meetings, check whether Apple, Qualcomm and Huawei can compromise to use Option 3.

Issue 1-2-3: Time for synchronized network with 30 kHz SCS
· Background
· Option 1: The serving cell is 3 us for interfering cell 1 and -1 us for interfering cell 2 (in case modeled)
· Option 2: The serving cell is 1 us for interfering cell 1 and -0.25 us for interfering cell 2 (in case modeled)
· Other options are not precluded
· Proposals
· Option 1 (Intel, Nokia, Ericsson, Huawei)
· Option 2 (Apple, Qualcomm)
· Option 3 (CMCC): Tighten the total time offset to less than CP. For example, the time offset for interfering cell 1 is 1.5 us, and the time offset for interference cell 2 is -0.5 us.
· Recommended WF
· Collect views on options above

Issue 1-2-4: Interference modelling in PDCCH region
· Background
· Option 1: NR interference model to have unallocated RE’s in control region filled with QPSK randomly modulated symbols with random precoding for the number of antenna ports in the requirement scenario.
· Option 2: No interference signal in PDCCH region
· Option 3: Assume PDCCH transmission from interference cells
· Proposals
· Option 1 (Nokia)
· Option 3 (Apple, Intel, China Telecom)
· Option 4 (Huawei): Assume PDCCH transmission from interference cells and use non-overlapping PDCCH configurations. Use parameters in Table 2-4 from R4-2205789 as PDCCH configurations
· Option 5 (Qualcomm): Assume no interference signal in PDCCH region when SSB is non-colliding and PDCCH transmission from interference cells when SSB is colliding.
· Recommended WF
· Collect views on options above

Issue 1-2-5: INR values for asynchronous network (if introduced)
· Background
· Option 1: DIP1= -2.23dB and DIP2= -8.06dB (INR1=3.87dB and INR2= -1.96dB)
· Option 2: Reuse INR values options from sync scenario
· Other options are not precluded
· Proposals
· Option 2 (Nokia, China Telecom)
· Option 3 (Intel): INRs 13.91 and 3.34 dB
· Recommended WF
· Focus on discussion of Issue 1-1-1. Interested companies can provide views on listed options.

Sub-topic 1-3: Receiver assumptions for scenario 1
Issue 1-3-1: 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 (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 whether companies can accept Option 1. If many concerns will be received then check whether Huawei can compromise not to define this clarification.

Sub-topic 1-4: Requirements for scenario 2
Issue 1-4-1: Whether to define requirements for scenario 2
· Background
· Further discuss whether to define requirements for scenario 2
· For information, interested companies can check proposals 8-10 from R4-2200512 and comments in Sections 1.3.1.7 – 1.3.1.10 from R4-2203109
· Proposals
· Option 1 (Apple, Ericsson, Huawei, MediaTek, Qualcomm): Do not define requirements for Scenario 2
· Option 2 (Intel)
· Don’t consider the scenarios with Serving DMRS not overlapping with inter-cell interference signal in Rel-17 WI.
· Define the PDSCH demodulation MMSE-IRC requirements for Scenario 2 with inter-cell interference under the following conditions (one or both):
· Only DMRS symbol(s) and a few data symbol(s) are interfered by ICI
· Non-slot based PDSCH transmission for the serving cell
· Recommended WF
· Check whether Option 1 can be used.
· Check views on Option 2.

Issue 1-4-2: Common test parameters for scenario 2 (if introduced)
· Proposals
· Option 1 (Intel): Use the following assumptions for further performance analysis for Scenario 2 which are based on Scenario 1 assumptions:
· Synchronized network
· SCS/CBW: FDD 15kHz/10MHz, TDD 30kHz/40MHz
· PDCCH allocation in time domain: symbols #0 and #1 of each slot
· PDSCH allocation in frequency domain for all cells: Full PRB
· TRS/CSI-RS configuration: Colliding among the cells
· Propagation conditions: TDLC300-100 or TDLA30-10
· Antenna configuration: 2x2 and 2x4 ULA Low
· Recommended WF
· Focus on Issue 1-4-1 and interested companies can provide views on option above

Issue 1-4-3: Target PDSCH parameters for scenario 2 (if introduced)
· Proposals
· Option 1 (Intel): Use the following assumptions for further performance analysis for Scenario 2 which are based on Scenario 1 assumptions
· PDSCH FRC for serving cell: Rank 1, MCS 13
· PDSCH allocation in time domain: 
· Option 1: Mapping type A, Start symbol 2, Duration 12
· Option 2: Mapping type B, Start symbol 5, Duration 7
· DMRS configuration: 
· PDSCH Type A: DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data
· PDSCH Type B: DMRS Type 1 with single symbol front loaded and without additional DMRS, with FDM applied between DMRS and data
· PRB bundle size: Set PRB bundle size as 2 for target PDSCH
· HARQ process number: 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS as baseline 
· Precoding model: Random precoder with Type I SP codebook
· Recommended WF
· Focus on Issue 1-4-1 and interested companies can provide views on option above

Issue 1-4-4: Interference model for scenario 2 (if introduced)
· Proposals
· Option 1 (Intel): Consider the following interference modelling assumptions for Scenario 2:
· Transmission rank: Random rank with 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s)
· Precoding: Random precoding with single panel type I codebook per slot and per PRB bundling granularity, with PRB bundling size of 2.
· Modulation order: 16QAM randomly modulated symbols.
· PDSCH mapping in time domain and DMRS configuration:
· Scenario 2-1: Type A PDSCH mapping with starting symbol 2 and duration 5 for both interference cells, Single symbol front-loaded DMRS and no additional DMRS.
· Scenario 2-2: Type A PDSCH mapping with starting symbol 2 and duration 5 for interference cell #1 and Type B PDSCH mapping with starting symbol 7 and duration 7 for interference cell #2, Single symbol front-loaded DMRS and no additional DMRS.
· Scenario 2-3 (for Type B Serving Cell PDSCH): Type B PDSCH mapping with starting symbol 5 and duration 4 for both interference cells, Single symbol front-loaded DMRS and no additional DMRS.
· Recommended WF
· Focus on Issue 1-4-1 and interested companies can provide views on option above

Issue 1-4-5: Receiver assumptions for scenario 2 (if introduced)
· Proposals
· Option 1 (Intel): 
· Consider the following receive processing for Scenario 2-2: 
· MMSE-IRC with DMRS based covariance matrix estimation
· Use covariance matrix from the first DMRS for demodulation of resource elements in the first half of slot and covariance matrix from the second DMRS for demodulation of resource elements in the second half of slot.
· Consider baseline MMSE-IRC with DMRS based covariance matrix estimation and per slot processing for Scenario 2-1, 2-2 and 2-3.
· Recommended WF
· Focus on Issue 1-4-1 and interested companies can provide views on option above

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

	China Telecom
	Issue 1-1-1: Network type
Based on the simulation results from all companies, we observe that there is clear performance degradation for MMSE-IRC receiver between sync and async scenario. With the purpose of defining minimum performance requirement for the IRC receiver, we think that requirement under async scenario should be included. 
We notice that there are following technical issues which need to be discussed:
1) INR values for async scenario:
In our discussion paper, we proposed to use the same INR values for sync and async scenarios because it is our understanding that practically there is no big difference in terms of INR values between the 2 scenarios.
However, the simulation results from 2 companies out of 4 have shown that the IRC gain for async scenario, is less than 1 dB under the same INR values for sync scenario, which makes it harder to verify the IRC receiver performance.
Therefore, for IRC receiver requirements for async, we are also fine to use higher INR values as long as it is reasonable in practical, we are open to discuss whether the option 3 in Issue 1-2-5 can be used. 
2) neighbor cell PDCCH resource allocation 
In async scenarios, with the time offset we agreed as the start point (0.33ms for cell 1 and 0.67ms for cell 2), the serving cell PDSCH will suffer neighbor cell PDCCH (instead of neighbor cell PDSCH) interference on some symbols. Therefore, we also need to discuss how to model the neighbor cell PDCCH interference for async scenario test. 
To make it simpler, we propose to fill the unallocated REs with random QPSK symbols for neighbor cell PDCCH, which is similar with the option 1 in Issue 1-2-4 for async scenario only.

Same time, as proposed in our paper, we are fine to have some test applicability rule to try to control the test case number. Generally, it is our understanding that since IRC processing is same for sync and async scenarios, UE performance under FDD sync scenario can be ensured if it can pass the FDD async test with reasonable test setting.
But there are operators’ concern that the sync FDD scenario is not covered in case UE support both FDD and TDD. 
Considering the above, for UE supporting both FDD and TDD, we are ok to define an async FDD test in addition to the HomNet FDD sync and HetNet TDD sync tests. And we are also open to discuss other applicability rules if possible.

Issue 1-1-2: SSB configuration
Support option 3.

Issue 1-1-3: Channel model for asynchronous network (if introduced)
Support option 1.

	Huawei
	Issue 1-1-1: Network type
Option 1. Based on our simulation results, the IRC performance gain for async scenario is lower than that for sync scenario without any impact on IRC baseband processing. Hence, we propose to only consider sync scenario 
Issue 1-1-2: SSB configuration 
Based on our simulation results in R4-2205789, there is some problem for PBCH decoding in HetNet scenario. I.e. INR=11.39dB and INR=5.45dB. Our concern is that UE will decode PBCH to acquire the scheduling of SIB frequently and it will affect the PBCH performance. Anther concern is that it will affect the accuracy of time/frequency tracking. Therefore, we think at least SSB should be non-overlapping for HetNet scenario. To move forward, we can compromise to option 3.

	MediaTek
	Issue 1-1-1: Network type
Support Option 1. We think there are no different baseband processing for UE under synchronous and asynchronous network. Also, compared to synchronous scenario, the MMSE-IRC gain decreases when considering asynchronous scenario. With the decreased MMSE-IRC gain, it is more difficult to differentiate whether UE applies IRC or MRC processing. Hence, we think the scenario of synchronous network is sufficient to verify the behaviour of IRC processing. 
Issue 1-1-2: SSB configuration 
We support Option 3.

	Intel
	Issue 1-1-1: Network type
Based on our analysis testable MMSE-IRC performance benefits for scenario with asynchronous network can be achieved under certain conditions. Therefore, we support to consider the asynchronous scenarios to increase test coverage. We are also fine to define the async requirements without applicability rule. Same time, in case there will be many technical concerns to consider async case, we can compromise and keep only sync case.
Issue 1-1-2: SSB configuration
Based on our analysis, we don’t expect any issue with PDSCH performance for both options 1 and 2. Same time, taking into account that this topic is under discussion for many meetings, we think that Option 3 is good way forward, because overlapping configuration will be considered for scenario with less INR settings.


	CMCC
	Issue 1-1-1: Network type
We support to include FDD asynchronized network type with applicability rule.
Issue 1-1-2: SSB configuration
We support Option 3.

	Apple
	Issue 1-1-1: Network type
We are fine with the recommended WF. We support option 1.
Issue 1-1-2: SSB configuration
We are fine with the recommended WF. We support option 3 as a compromise.

	Nokia, Nokia Shanghai Bell
	Issue 1-1-1: Network type
We follow DoCoMo’s understanding that sync is more important than async and should be the first priority. We have a slight preference for the proposed way forward, that is option 1, because our simulation show lesser IRC performance gain at the agreed INR levels for homogenous deployments.
Issue 1-1-2: SSB configuration 
We are ok with proposed way forward, i.e option 3

	Ericsson
	Issue 1-1-1: Network type
We slightly support to include FDD asynchronized network type with applicability rule.
Issue 1-1-2: SSB configuration
We are fine with the recommended WF. We support option 3 as a compromise.

	Qualcomm
	Issue 1-1-1: Network type
Ok with the recommended WF. In our understanding, the purpose of this test is to show the gains of MMSE-IRC receiver and async scenario will have less gains compared to sync scenario. UE algorithm is agnostic to sync or async NW. Therefore, we prefer to define the requirements only for sync scenario.
Issue 1-1-2: SSB configuration
Ok with recommended WF.

	Docomo
	Issue 1-1-1: Network type
We have similar view as Intel.
In terms of increasing test coverage, we are Ok to define the async requirements without applicability rule. However, if it is not possible to increase the number of tests, we support Option 1
Issue 1-1-2: SSB configuration
We support Option 3.



Sub-topic 1-2: Interference model for scenario 1
	Company
	Comments

	China Telecom
	Issue 1-2-1: INR values for HetNet deployment assumptions
Support the Recommended WF

Issue 1-2-2: Number of explicitly modeled interference cells
Support the Option 3.

Issue 1-2-4: Interference modelling in PDCCH region
It is our understanding that, overlapped PDCCH between serving cell and neighbor cells for sync scenario, does not bring much impact to the PDSCH performance, which is also proved in Intel’s simulation result. We support option 3 as the most practical configuration.

Issue 1-2-5: INR values for asynchronous network (if introduced)
We provided related comments in Issue 1-1-1.

	Huawei

	Issue 1-2-1: INR values for HetNet deployment assumptions
We prefer option 2 to maximum IRC performance gain if 1 cell is agreed.
Issue 1-2-2: Number of explicitly modeled interference cells
We still think there is no need to model 1 interference cell in demodulation requirement since it has been included in CQI requirements. To move forward, we can compromise to option 3.
Issue 1-2-3: Time for synchronized network with 30 kHz SCS
Based on our simulation results, there is no obvious performance difference between two set of time offsets. From the point of performance, both are feasible.
But according to the section 7.4 TS 38.133 following requirements are defined:
[image: ]
Option 1 means the time offset between two interference cells is 4us which exceed the maximum time offset specified by RRM part. Therefore, we think option 2 is more feasible.

Issue 1-2-4: Interference modelling in PDCCH region
We prefer option 4. Firstly, we think it is more reasonable to explicitly transmit PDCCH in interference cells. Secondly we prefer configure non-overlapping PDCCH transmissions to guarantee PDCCH performance. If we configure overlapping PDCCHs, we should further check the PDCCH performance in the same interference with PDSCH. Considering the timeline and workload, we think option 4 is more reasonable.

	Intel
	Issue 1-2-1: INR values for HetNet deployment assumptions
Support option 2 because it is more aligned with INR definition used for LTE NAICS item.
Issue 1-2-2: Number of explicitly modeled interference cells
Our first preference is modelling of 2 interference cells, because it allows to achieve the trade off between test complexity and practical conditions. However, to move forward, we are fine to consider Option 3.
Issue 1-2-3: Time for synchronized network with 30 kHz SCS
Based on our analysis, PDSCH performance is rather same for different TO options. Also, we think that it looks strange that, in case different time offset will be considered, different assumptions on deployment structure (cell size) will be assumed for FDD and TDD scenarios. Therefore, we think Option 1 should be used.
As for comment from Huawei, based on our understanding, in comparison to reference the accuracy of each cell should be ± 3 us. Therefore, maximum difference can be 6 us due to cell synchronization error. However, here TO offset also includes the propagation delay. Therefore, we should not refer to RRM requirements only.
Issue 1-2-4: Interference modelling in PDCCH region
Based on our analysis, PDCCH performance for serving cell is very robust. Therefore, all options can be used. However, we think that Option 2 is unrealistic, and Option 3 better reflects the practical conditions. We are also fine to consider Option 1 to simplify the test description.

	CMCC
	Issue 1-2-1: INR values for HetNet deployment assumptions
We support Option 2.
Issue 1-2-2: Number of explicitly modeled interference cells
We support Option 3.
Issue 1-2-3: Time for synchronized network with 30 kHz SCS
We think Option 3 is a good compromised way.
We also provide another example in our Tdoc, 1 us for interfering Cell 1 and -1 us for interfering Cell 2.
Issue 1-2-4: Interference modelling in PDCCH region
Option 3 is supported, which is more aligned to practical configuration.

	Apple
	Issue 1-2-1: INR values for HetNet deployment assumptions
Support the Recommended WF

Issue 1-2-2: Number of explicitly modeled interference cells
From UE processing there is no impact based on number of interference cells. If the purpose is to verify UE performance in ICI, we achieve it with 1 interference cell as well and with lower INR levels.
Since this has been discussed for a long time we can compromise to option 3.

Issue 1-2-3: Time for synchronized network with 30 kHz SCS
We support option 2 or option 3.

Issue 1-2-4: Interference modelling in PDCCH region
We support option 3 as it would be the most practical.


	Nokia, Nokia Shanghai Bell
	Issue 1-2-1: INR values for HetNet deployment assumptions
We agree with the proposed way forward, i.e option 2.

Issue 1-2-2: Number of explicitly modeled interference cells
We agree with the proposed way forward, i.e option 3.

Issue 1-2-3: Time for synchronized network with 30 kHz SCS
We agree with Huawei that option 1 leads to a total of 4us time offset between the two interfering cells. But 1us synchronization as proposed in option 2 is rarely feasible with commercially available GNSS based solutions. So we can compromise to Option 3 which gives a 2us total time offset between interfering cells. i.e 1.5 us for interfering cell 1 and -0.5 us for cell 2.
Regarding Intel’s comment, the definition of Cell phase synchronization accuracy (Section 7.4.1, TS 38.133) is between any pair of cells and hence 3us max between two basestations.
Issue 1-2-4: Interference modelling in PDCCH region
Interference modelling in PDCCH region is important if async requirements are introduced in order to have interference levels matching those of sync case. Option 1 was proposed to match LTE interference model. But we have no strong opinion and we can compromise to either of option 3 or 4.

	Ericsson
	Issue 1-2-1: INR values for HetNet deployment assumptions
Support the Recommended WF

Issue 1-2-2: Number of explicitly modeled interference cells
Option 3.

Issue 1-2-3: Time for synchronized network with 30 kHz SCS
Option 1.
Based on companies’ simulation results, there is no obvious performance difference between two set of time offsets.
According to the section 7.4 TS 38.133, the synchronized network’s definition in TS38.133 is 3us.
At the same time, RAN4 RRM also defined the MRTD (Maximum Receive Timing Difference) requirement 7.6.4	 Minimum Requirements for NR Carrier Aggregation.
. From our understanding, this requirement also includes the propagation delay impact which is also 3us for UE. Thus, we support option 1.
Table 7.6.4-1: Maximum receive timing difference requirement for intra-band non-contiguous NR carrier aggregation
	Frequency Range
	Maximum receive timing difference (µs) 

	FR1
	31

	FR2
	0.26

	Note 1: 	In the case of different SCS on different CCs, if the receive time difference exceeds the cyclic prefix length of that SCS, demodulation performance degradation is expected for the first symbol of the slot.



Issue 1-2-4: Interference modelling in PDCCH region
Based on Intel’s simulation, PDCCH performance for serving cell is very robust. Thus, we support option 3.

	Qualcomm
	Issue 1-2-1: INR values for HetNet deployment assumptions
We are ok to compromise to Option 2.
Issue 1-2-2: Number of explicitly modeled interference cells
We still think that 1 interfering cell provide most non-white interference and UE processing does not change for 1 or 2 interfering cells. To make progress, we can compromise to Option 3.
Issue 1-2-3: Time for synchronized network with 30 kHz SCS
We have similar comment as Huawei and prefer Option 2.
Issue 1-2-4: Interference modelling in PDCCH region
As explained in our paper, our concern is that radio link monitoring procedure is based on SSS SNR. In case SSB SINR and PDCCH SINR are not aligned, we may see issues in the field. For example, if SSB does not see any interference and PDCCH does, UE will not declare RLF even if it can’t receive PDCCH for lower SNRs, resulting in poorer system performance. Therefore, we prefer to align the interference between SSB and PDCCH. So, we prefer overlapping PDCCH when SSBs are colliding and non-overlapping PDCCH (Option 4) when SSBs are non-colliding.
Also, we don’t see why NW will have this mismatched configuration where NW makes an effort to have non-colliding SSB and then have colliding PDCCH.

	Docomo
	Issue 1-2-1: INR values for HetNet deployment assumptions
We support Option 2.
Issue 1-2-2: Number of explicitly modeled interference cells
We are fine with Option 3 as a compromised solution.
Issue 1-2-4: Interference modelling in PDCCH region
We support Option 3.



Sub-topic 1-3: Receiver assumptions for scenario 1
	Company
	Comments

	China Telecom
	Issue 1-3-1: TRS-IC/IM
We are fine with this option 1.

	Huawei
	Issue 1-3-1: TRS-IC/IM
According to our simulations. there is up to 3.2dB performance gain for 64QAM with CR=0.45 with interference cell TRS, it means there is obvious impact on PDSCH performance due to poor accuracy of time-frequency tracking. Moreover, as our purpose is to evaluate PDSCH requirements in inter-cell interference scenario, interference mitigating for other reference signal should be excluded to avoid the mix of difference interference mitigating.

	Intel
	Issue 1-3-1: TRS-IC/IM
Based on our analysis in the past, accuracy of TRS based parameters estimation has limited impact on PDSCH performance for considered scenarios. Therefore, we don’t see the strong need to define such clarification. However, we don’t have any technical concern to include it. 

	Apple
	Issue 1-3-1: TRS-IC/IM
Based on our analysis previously for overlapping and non-overlapping TRS, we didn’t observe any performance difference with no enhanced processing. Hence, we don’t see the strong need to define such clarification. We are fine to include it. But could Huawei clarify where this assumption would be included? Only in WF? 

	Ericsson 
	Issue 1-3-1: TRS-IC/IM
We don’t think it’s necessary to include the assumption. Whether apply TRS interference cancellation/mitigation is up to UE. At the same time, as mentioned by other companies, there is limited performance impact on whether apply the algorithm or not. Thus, we suggest RAN4 not to further discuss this issue. 

	Qualcomm
	Issue 1-3-1: TRS-IC/IM
As mentioned by other companies, we did not observe any perf difference when comparing colliding v/s non-colliding TRS. Therefore, we prefer not to have this clarification.



Sub-topic 1-4: Requirements for scenario 2
	Company
	Comments

	China Telecom
	Issue 1-4-1: Whether to define requirements for scenario 2
From the simulation result provided by Intel, we can observe that MMSE-IRC receiver can bring performance gain under most of the situations as long as the serving cell DMRS can observe the interference.
Considering this, we are fine to define IRC performance requirements for scenario 2, and the test requirements should cover typical different PDSCH mapping cases as listed in option 2.

	Huawei
	Issue 1-4-1: Whether to define requirements for scenario 2
Option 1. As discussed in our contribution, DMRS-based Ruu estimation which has been agreed as baseline receiver can’t work in all non-slot scenarios. Maybe it can work in some corner cases, but these cases are not commonly used in real deployment. Therefore, we support option 1.

	MediaTek
	Issue 1-4-1: Whether to define requirements for scenario 2
Support Option 1. We think non-slot-based transmission is not common in current deployment. Also, it needs more advanced UE to handle the scenario of uneven interference. Hence, we support not to define requirements for scenario 2.

	Intel
	Issue 1-4-1: Whether to define requirements for scenario 2
One of main observations from our analysis is that basic MMSE-IRC allows to achieve the performance improvement even in scenario with not only DMRS symbol and a few data symbols are interfered. Therefore, we can define the MMSE-IRC requirements for such scenarios to show that MMSE-IRC can work under such conditions.
In our paper we also analyze the performance of MMSE-IRC with per half slot processing, which allows to improve the performance in comparison to basic MMSE-IRC under certain conditions. However, if companies have strong technical concern not to consider such receiver, we are fine to focus on basic MMSE-IRC processing.

	CMCC
	Considering of Scenario 2 has not been widely deployed in the real network so far. Therefore, we are fine with Option 1.

	Apple
	Issue 1-4-1: Whether to define requirements for scenario 2
In our understanding and also from Rel-18 demod enhancements discussion, we don’t think non-slot based transmission is widely deployed yet and don’t see the necessity to introduce requirements in scenario 2. 

	Nokia, Nokia Shanghai Bell
	There seems to be no interest in non-slot based deployments and hence defining requirements for scenario 2 are of low priority to us.

	Ericsson
	Issue 1-4-1: Whether to define requirements for scenario 2
Option 1.
As also mentioned by other companies, non-slot based transmission isn’t widely deployed yet. Considering the timeline for Rel-17, we don’t think we need to further discuss non-slot based performance requirement.

	Qualcomm
	Issue 1-4-1: Whether to define requirements for scenario 2
Support Option 1. As mentioned by other companies, it is not a widely deployed scenario.

	Docomo
	Issue 1-4-1: Whether to define requirements for scenario 2
We think that RAN4 should focus on defining the test in scenario 1 at first. After that, we are Ok to discuss requirements for scenario 2.



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2203765
	Huawei: Thanks for preparing the CR. Please check following comments from Huawei:
1)	For the table of test purpose and requirements, we are not sure whether to point out the network type since it is agnostic to UE and just interference power level is different.
2)	Please add the unit of INR in Table 5.2.2.1.15-2 and Table 5.2.3.1.15-2
3)	Please add the row of PDCCH configurations if different PDCCH configurations compared to that of normal PDSCH requirements are agreed.

	
	MediaTek: We have the same concern as Huawei for the network type. Maybe it is not necessary to point out the network type. 

	
	Intel: 
1) Similar comment as Huawei for network type. Probably we can just keep 
2) Modulation format and code rate. We think that only serving cell parameters can be specified for this parameter. For Cell 2 and 3, we can add a note in table with test parameters with reference to annex section with interference modelling assumptions.

	
	Qualcomm: In clause 5.2.3.1.15, “The performance requirements are specified in Table 5.2.3.1.15-3 and Table 5.2.3.1.16-4,” 5.2.3.1.16-4 should be 5.2.3.1.15-4.

	
	CMCC2: We are ok to delete the network type, and use Note to clarify that Modulation format and code rate of interference cells is reference to annex section.
After that, we propose the following modifications:
1. The table 5.2.2.1.15-3 and Table 5.2.2.1.15-4 can be combined, and the table 5.2.3.1.15-3 and 5.2.3.1.15-4 can be combined. 
2. Replace ‘test 2-1’ by ‘test 1-2’
3. For the illustration part under 5.2.2.1.15 and 5.2.3.1.15, the wording ‘and Table 5.2.2.1.15-4’ and ‘and Table 5.2.3.1.15-4’ should be deleted separately.

	R4-2204523
	Huawei: Thanks for preparing the CR. Please check following comments from Huawei:
1)	For the cover sheet, please add the affected specification “TS 38.521-4”
2)	For the table of test purpose and requirements, we are not sure whether to point out the network type since it is agnostic to UE and just interference power level is different.
3)	Please add the unit of INR in Table 5.2.2.2.16-2 and Table 5.2.3.1.16-2
Please add the row of PDCCH configurations if different PDCCH configurations compared to that of normal PDSCH requirements are agreed.

	
	MediaTek: We have the same concern as Huawei for the network type. Maybe it is not necessary to point out the network type.

	
	Intel: Probably we can focus on discussion of structure of FDD tests to get stable version and then align the structure of FDD and TDD sections.

	
	CMCC2: We are ok to delete the network type, and use Note to clarify that Modulation format and code rate of interference cells is reference to annex section.
After that, we propose the following modifications:
1. The table 5.2.2.2.16-3 and Table 5.2.2.2.16-4 can be combined, and the table 5.2.3.2.16-3 and 5.2.3.2.16-4 can be combined. 
2. Replace ‘test 2-1’ by ‘test 1-2’
3. For the illustration part under 5.2.2.2.16 and 5.2.3.2.16, the wording ‘and Table 5.2.2.2.16-4’ and ‘and 5.2.3.2.16-4’ should be deleted separately.

	R4-2204830
	Huawei: Thanks for preparing the CR. Please check following comments from Huawei:
1) For the cover sheet, the “Proposed change affects:” should be “ME” rather than “Radio Access Network”. Meanwhile, please add the affected specification “TS 38.521-4”
Nokia: We have changed as suggested in the updated version in drafts folder
2) The INR definition is confusing, it may be definition of DIP rather than INR. Based on our understanding, the INR should be derived as follows: 

where [image: ]  is the average received power spectral density from the i-th strongest interfering cell involved in the requirement scenario ([image: ] is assumed to be the power spectral density associated with the serving cell) and N_oc is the average power spectral density of a white noise source consistent with definition provided in section [4.4.3/4.5.3].
Nokia: We based the formulation on DIP description in 36.101 Annex B.5.1. But we have adapted it to be INR. The Noc’ is including only power from non-dominant interferers and white noise Noc 
However, if preferred we can replace with Huawei’s formulation and also add Intel’s comment about aligning to SNR definition and sum over receive antennas.
Please check the updated version in the draft folder and certify.
3) For the second bullet of B.X.2, please remove the sentence ”Each interfering cell has 80% DTX probability” since we it was only agreed in CRS-IM WI
Nokia: We have removed this from the updated version in the draft folder.
4) For the third bullet please remove the sentence “with PRB bundling size of 2”, since it has been included in parameter table 
Nokia: We have rephrased this to “PRB bundling size as given in the requirements”
Whether modelled PDCCH transmission is needed should depend on output of issue 1-2-4 

	
	 Intel: 
INR definition: Agree with Huawei comment. Also, we probably need to align with SNR definition and add the sum over multiple Rx antennas.
Nokia: We based the formulation on DIP description in 36.101 Annex B.5.1. But we have adapted it to be INR. The Noc’ is including only power from non-dominant interferers. 
However, if preferred we can replace with Huawei’s formulation and we also add Intel’s comment about aligning to SNR definition and add over receive antennas.
Please check the updated version in the draft folder and certify.


	
	Nokia, Nokia Shanghai Bell,
Thanks to Huawei and Intel for your comments. We have taken care of points 1, 2, 3, 4 as described above.
Regarding PDCCH transmission modelling, it will be adjusted based on outcome of issue 1-2-4.

	
	Qualcomm: In our opinion, we should not use “enhanced performance requirements” because MMSE-IRC receiver has been the baseline since Rel-15 and this term was never used thus far. It may be better to use “for Intercell Interference scenario”.
We think that rank probabilities should be specified in the test parameter rather than in the Annex so that it is more generic. Also, as we are only considering Rank1/Rank2 with 2Tx antennas, precoder should be picked from Table 5.2.2.2.1-1 of 38.214.

	R4-2205791
	Intel: Content of this Draft CR depends on outcome of discussion on Sub-topic 4-1. Therefore, it can be discussed later.

	
	Apple: Same comment as Intel. Based on CR split we need to provide the CR for general and applicability. We will provide it once we have conclusion on UE capability if any. Since MMSE-IRC is baseline receiver since Rel-15, we don’t think we can call this Enhanced Type A receiver. 

	
	Qualcomm: It needs to be updated based on the outcome of UE feature. We are not sure where “Enhanced Receive Type A” term is defined in the spec. Given that we have been using MMSE-IRC receiver as baseline since Rel-15, we are not sure if this receiver needs a new name.



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

	Issue 1-1-1: Network type
	GTW agreement: 
· Only consider synchronized network

	Issue 1-1-2: SSB configuration
	Tentative agreements:
· Use different assumptions for different deployment scenarios: SSB Option 1 for homogeneous deployment assumptions and SSB Option 2 for heterogeneous deployment assumptions

	Issue 1-1-3: Channel model for asynchronous network (if introduced)
	Moderator’s note:
· Stop the discussion on this issue based on agreement for Issue 1-1-1.



Sub-topic 1-2: Interference model for scenario 1
	Issue 1-2-1: INR values for HetNet deployment assumptions
	Tentative agreements:
· INR 7.58 dB for scenario with 1 interference cell

	Issue 1-2-2: Number of explicitly modeled interference cells
	Tentative agreements:
· Use different assumptions for different deployment scenarios: 2 interference cells for homogeneous deployment assumptions and 1 interference cell for heterogeneous deployment assumptions

	Issue 1-2-3: Time offset for synchronized network with 30 kHz SCS
	GTW agreements:
· The time offset for interfering cell 1 is 1.5 us, and the time offset for interference cell 2 is -0.5 us.

	Issue 1-2-4: Interference modelling in PDCCH region
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, Nokia): NR interference model to have unallocated RE’s in control region filled with QPSK randomly modulated symbols with random precoding for the number of antenna ports in the requirement scenario.
· Option 3 (China Telecom, Intel, CMCC, Apple, Nokia, Ericsson, Docomo): Assume PDCCH transmission from interference cells
· Option 4 (Huawei, Nokia): Assume PDCCH transmission from interference cells and use non-overlapping PDCCH configurations. Use parameters in Table 2-4 from R4-2205789 as PDCCH configurations
· Option 5 (Qualcomm): Assume no interference signal in PDCCH region when SSB is non-colliding and PDCCH transmission from interference cells when SSB is colliding.
Recommendations for 2nd round:
· Continue discussion on the above options. Collect views on comments from Huawei and Qualcomm

	Issue 1-2-5: INR values for asynchronous network (if introduced)
	Moderator’s note:
· Stop the discussion on this issue based on agreement for Issue 1-1-1.



Sub-topic 1-3: Receiver assumptions for scenario 1
	Issue 1-3-1: TRS-IC/IM
	GTW agreements:
· [How to handle TRS interference for colliding case up to UE implementation, from RAN4 performance requirements and simulation perspective, the baseline assumption is without consideration of TRS interference cancellation/mitigation. Note: No performance difference observed for the cases TRS with and without interference for the scenario specified in RAN4 for inter-cell MMSE-IRC requirements.]
Recommendations for 2nd round:
· Based on GTW discussion, it is needed to check whether [] or whole agreement can be removed.



Sub-topic 1-4: Requirements for scenario 2
	Issue 1-4-1: Whether to define requirements for scenario 2
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Ericsson, Huawei, MediaTek, Qualcomm, CMCC): Do not define requirements for Scenario 2
· Option 2 (Intel, China Telecom)
· Don’t consider the scenarios with Serving DMRS not overlapping with inter-cell interference signal in Rel-17 WI.
· Define the PDSCH demodulation MMSE-IRC requirements for Scenario 2 with inter-cell interference under the following conditions (one or both):
· Only DMRS symbol(s) and a few data symbol(s) are interfered by ICI
· Non-slot based PDSCH transmission for the serving cell
· Option 3 (Docomo): Focus of Scenario 1. After that, discuss Scenario 2
Recommendations for 2nd round:
· Continue discussion taking into account comments from the 1st round




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

	R4-2203766
	Apple
	Proposal #1: Define the test based on SINR.
Proposal #2: Use SINR of 0/1/2 dB for 2RX and -3/-2/-1 for 4RX.
Proposal #3: Set TP gain (γ) metric as 2 for 2RX and 2.5 for 4RX. 
Proposal #4: Define requirements with BLER metric (X) with follow CQI in ICI as 2%

	R4-2204378
	Intel Corporation
	Proposal 1: Consider the following setup for CQI MMSE-IRC requirements in scenario with inter-cell interference:
· SNR based methodology for signal power configuration
· Requirements
· 2 Rx: SINR – 0 or -1 dB, T-put gain lower bound – 2, BLER lower bound – 0.02
· 4 Rx: SINR – -3 or -4 dB, T-put gain lower bound – 2.5, BLER lower bound – 0.02
Proposal 2: Consider the following NR CSI test configuration for power related parameters as one of the options:
	
	
	Test 1
	Test 2

	Parameter
	Unit
	Cell 1
	Cell 1
	Cell 2

	SNR
	dB
	X dB
	Y dB (Note 1)
	N/A

	INR
	dB
	N/A
	N/A
	10.04

	Note 1: SNR is calculated under assumption that SINR for Test 2 is equal to SNR for Test 1




	R4-2204831
	Nokia, Nokia Shanghai Bell
	Proposal 1: Prefer option 1 (SINR based) to define the test methodology
Proposal 2: Use SINR of -2 and TP ratio (γ) value of 1.5 for 2 Rx CQI reporting requirements
Proposal 3: Use option 1 (BLER = 0.02) for defining 2 Rx CQI requirements

	R4-2205498
	China Telecom
	Observation 1: The SNR will be changed while executing the CQI test with MMSE-IRC under ICI scenario.
Proposal 1: SINR based requirement definition is more preferable.

	R4-2205504
	Ericsson
	Proposal 1: RAN4 to define CQI reporting test metric with SINR=-2dB for both 2Rx and 4Rx.
Proposal 2: RAN4 to define CQI reporting test metric with γ=2 for both 2Rx and 4Rx.
Proposal 3: RAN4 to introduce the BLER metric such as BLER > 2% for both 2Rx and 4Rx.

	R4-2205505
	Ericsson
	Simulation results on CSI reporting for inter-cell interference

	R4-2205508
	Ericsson
	draftCR on CSI reporting test case (TDD)

	R4-2205792
	Huawei, HiSilicon
	Proposal 1: Use follow assumptions for IRC CQI requirements definition:
· Use SINR methodology
· BLER low bound: 0.02
· SINR=-2dB
· Gama=2

	R4-2205793
	Huawei, HiSilicon
	Simulation results for inter-cell MMSE-IRC CQI requirements

	R4-2205902
	MediaTek inc.
	Proposal 1: We prefer to follow LTE methodology to define test based on SINR. 
Proposal 2: Use the following parameters to define FDD CQI reporting tests
· 2Rx: SINR -2 dB, γ = 2 and X% = 2%
· 4Rx: SINR -4 dB, γ = 3 and X% = 2%

	R4-2206086
	Qualcomm Incorporated
	Simulation results for Inter-cell Interference CQI Reporting Tests



Open issues summary
Sub-topic 2-1: Requirements setup
Issue 2-1-1: Test setup methodology for signal power
· Background
· Option 1: Define test based on SINR
· Option 2: Define test based on SNR
· Proposals
· Option 1 (Apple, Nokia, China Telecom, Huawei, MediaTek)
· Option 2 (Intel)
· Intel: Consider the following NR CSI test configuration for power related parameters as one of the options:
	
	
	Test 1
	Test 2

	Parameter
	Unit
	Cell 1
	Cell 1
	Cell 2

	SNR
	dB
	X dB
	Y dB (Note 1)
	N/A

	INR
	dB
	N/A
	N/A
	10.04

	Note 1: SNR is calculated under assumption that SINR for Test 2 is equal to SNR for Test 1


· Recommended WF
· Collect companies comments on options above

Issue 2-1-2: SINR for 2 Rx
· Background
· The final value shall be deduced based on the simulation.
· Proposals
· Option 1 (Apple): 2 dB
· Option 2 (Apple): 1 dB
· Option 3 (Apple, Intel): 0 dB
· Option 4 (Intel): -1 dB
· Option 5 (Nokia, Ericsson, Huawei, MediaTek): -2 dB
· Recommended WF
· Check views on option above

Issue 2-1-3: T-put gain for 2 Rx
· Background
· The final value shall be deduced based on the simulation.
· Proposals
· Option 1 (Apple, Intel, Ericsson, Huawei, MediaTek): 2
· Option 2 (Nokia): 1.5
· Recommended WF
· Decide based on simulation results after agreement on SINR point

Issue 2-1-4: BLER for 2 Rx
· Background
· Option 1: 0.02
· Option 2: 0.01
· Note: Other options are not precluded.
· Proposals
· Option 1 (Apple, Intel, Nokia, Ericsson, Huawei, MediaTek): 0.02
· Recommended WF
· Decide based on simulation results after agreement on SINR point

Issue 2-1-5: SINR for 4 Rx
· Background
· The final value shall be deduced based on the simulation.
· Proposals
· Option 1 (Apple): -1 dB
· Option 2 (Apple, Ericsson, Huawei): -2 dB
· Option 3 (Apple, Intel): -3 dB
· Option 4 (Intel, MediaTek): -4 dB
· Recommended WF
· Check views on option above
· Check whether 2Rx and 4Rx requirements should be defined for same or different SINR values

Issue 2-1-6: T-put gain for 4 Rx
· Background
· The final value shall be deduced based on the simulation.
· Proposals
· Option 1 (Apple, Intel): 2.5
· Option 2 (Ericsson, Huawei): 2
· Option 3 (MediaTek): 3
· Recommended WF
· Decide based on simulation results after agreement on SINR point

Issue 2-1-7: BLER for 4 Rx
· Background
· Option 1: 0.02
· Option 2: 0.01
· Note: Other options are not precluded.
· Proposals
· Option 1 (Apple, Intel, Ericsson, Huawei, MediaTek): 0.02
· Recommended WF
· Decide based on simulation results after agreement on SINR point

Companies views’ collection for 1st round 
Open issues 
Sub-topic 21: Requirements setup
	Company
	Comments

	China Telecom
	Issue 2-1-1: Test setup methodology for signal power
Since SNR is changed during the test, it is more straight forward to use the SINR for requirement definition. Option 1 is fine for us. 
Issue 2-1-2: SINR for 2 Rx
Ok with option 5 which is same with the LTE definition.
Issue 2-1-5: SINR for 4 Rx
Generally we think the SINR requirement for 4Rx should be lower than that for 2Rx.

	Huawei
	Issue 2-1-1: Test setup methodology for signal power
Option 2 is based on SNR methodology which seems more complex than SINR methodology. Hence, we prefer option 1 to be simple but no strong views.
Issue 2-1-2: SINR for 2 Rx
Option 5
Issue 2-1-3: T-put gain for 2 Rx
Option 1 
Issue 2-1-4: BLER for 2 Rx
We prefer to reuse the LTE value. I.e. Option 1
Issue 2-1-5: SINR for 4 Rx
Option 2
Issue 2-1-6: T-put gain for 4 Rx
Considering the margin, we support use option 2. The requirements of option 1 and option 3 are tight for us.
Issue 2-1-7: BLER for 4 Rx
Option 1 

	MediaTek
	Issue 2-1-1: Test setup methodology for signal power
Support Option 1. We think it is more straight forward to define tests based on SINR.
Issue 2-1-2: SINR for 2 Rx
Option 5.
Issue 2-1-3: T-put gain for 2 Rx
Option 1.
Issue 2-1-4: BLER for 2 Rx
Option 1.
Issue 2-1-5: SINR for 4 Rx
For the CQI test under inter-cell interference, we compare the throughput ratio between throughput with interference and without interference. It is different from the conventional CQI test. We think the SINR requirement for 4Rx is not necessary to be lower than that for 2Rx. We also support Option 2.
Issue 2-1-6: T-put gain for 4 Rx
We also support Option 2.
Issue 2-1-7: BLER for 4 Rx
Option 1.

	Intel
	Issue 2-1-1: Test setup methodology for signal power
Based on discussion from our paper, SNR based methodology will simplify the test description and provide clear description of power related parameters for two types of tests (with AWGN only and with interference) Therefore, we prefer Option 2
Issue 2-1-2: SINR for 2 Rx and Issue 2-1-5: SINR for 4 Rx
We suggest to consider the different SINRs values for 2 Rx and 4 Rx requirements with 3 dB difference (similar to existing CQI requiremnets). Therefore, to avoid very low SINR for 4 Rx case, we suggest to use 0 or -1 for 2 Rx and -3 or -4 for 4 Rx.

	Apple
	Issue 2-1-1: Test setup methodology for signal power
SINR based methodology will simplify the test setup in our understanding. 
Issue 2-1-2: SINR for 2 Rx and Issue 2-1-5: SINR for 4 Rx
For 2RX SINR ≥ 0dB and for 4RX SINR ≥ -3 dB is our preference if different SINRs are considered. No strong view on having different SINR for 4RX and 2RX> we can have both as -2 dB as well. 

	Nokia, Nokia Shanghai Bell
	Issue 2-1-1: Test setup methodology for signal power
Option 1, i.e. SINR based methodology is preferable in terms of requirement definition. 
Issue 2-1-2: SINR for 2 Rx
We propose Option 5 which is also the same as in LTE.
Issue 2-1-5: SINR for 4 Rx
We think SINR for 4 Rx should be less than or equal to 2 Rx.

	Ericsson
	Issue 2-1-1: Test setup methodology for signal power
Option 1.
Issue 2-1-2: SINR for 2 Rx
Option 5.
Issue 2-1-3: T-put gain for 2 Rx
Option 1.
Issue 2-1-4: BLER for 2 Rx
Option 1,
Issue 2-1-5: SINR for 4 Rx
Option 2.
Issue 2-1-6: T-put gain for 4 Rx
Option 2.
Issue 2-1-7: BLER for 4 Rx
Option 1,

	Qualcomm
	Issue 2-1-1: Test setup methodology for signal power
Option 1. It seems cleaner for this test setup.
Issue 2-1-2, 2-1-5: SINR for 2 Rx/4Rx
Similar comment as Apple. Ok with using -2dB for both.
Issue 2-1-3, 2-1-6: T-put gain for 2 Rx/4rx
Prefer to set it to 1.5 so that we have some margin.
Issue 2-1-4, 2-1-7: BLER for 2 Rx
Ok with 2%

	Docomo
	Issue 2-1-1: Test setup methodology for signal power
We don‘t have the strong motivation. However, we think it is more straightforward to use the SINR for requirement definition. Therefore, we support Option 1.
Issue 2-1-2: SINR for 2 Rx
We support Option 5.
Issue 2-1-5: SINR for 4 Rx
We have similar view as China Telecom. We think that the SINR requirement for 4Rx should be lower than that for 2Rx.



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2205508
		Huawei: Thanks for preparing the CR. Please check the comments from Huawei:
1)	For the first bullet “The purpose of the requirements is to verify that the UE is tracking the channel variations and selecting the largest transport format possible based on intra-cell interference mitigation receiver.”  is confusing. We prefer to modify it as “The purpose of the requirements is to verify that the UE is tracking the channel variations and selecting transport format with largest throughput possible based on inter-cell interference mitigation receiver. ”
2)	Maybe ZP CSI-RS configuration in Table x.y.z1.2-1 is needed
3)	In table x.t.z1.2-1. The propagation condition for interference cell should be static and there is no correlation configuration for interference cell.
4)	Please correct the typo of Table name of table x.t.z1.2-1 “Wideband CQI reporting test with intra-cell interference (TDD)”->“Wideband CQI reporting test with inter-cell interference (TDD)”
5)	For the coversheet, the affected specification should be “38.521-4” rather than “38.533”
6)	We should add the clarification that “The sum of power of white noise and interference for case with inter-cell interference equals to the power of white noise for case with only white noise”

	
	 Intel: Based on discussion of Issue 2-1-1, we suggest to separate the table with simulation assumptions in two tests: one test is only single cell modelling and another test is two cells modeling. We can probably discuss this first and, after that, discuss the structure of test parameters.

	
	



Summary for 1st round 
Open issues 
Sub-topic 2-1: Requirements setup
	
	Status summary 

	Issue 2-1-1: Test setup methodology for signal power
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, Huawei, MediaTek, Apple, Nokia, Ericsson, Qualcomm. Docomo): Define test based on SINR
· Option 2 (Intel): Define test based on SNR
Recommendations for 2nd round:
· Check whether Option 1 can be used.

	Issue 2-1-2: SINR for 2 Rx
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple): 2 dB
· Option 2 (Apple): 1 dB
· Option 3 (Intel, Apple): 0 dB
· Option 4 (Intel): -1 dB
· Option 5 (China Telecom, Huawei, MediaTek, Apple, Nokia, Ericsson, Qualcomm): -2 dB
Recommendations for 2nd round:
· Check whether Option 5 can be used.

	Issue 2-1-3: T-put gain for 2 Rx
	Tentative agreements: N/A
Candidate options:
· Option 1 (Huawei, MediaTek, Ericsson): 2
· Option 2 (Qualcomm): 1.5
Recommendations for 2nd round:
· Check in the 2nd round for the agreed SINR based on simulation results

	Issue 2-1-4: BLER for 2 Rx
	Tentative agreements: N/A
Candidate options:
· Option 1 (Huawei, MediaTek, Ericsson, Qualcomm): 0.02
Recommendations for 2nd round:
· Confirm in the 2nd round that Option 1 can be used

	Issue 2-1-5: SINR for 4 Rx
	Tentative agreements: N/A
Candidate options:
· Option 1 (Huawei, MediaTek, Apple, Nokia, Ericsson, Qualcomm): -2 dB
· Option 2 (China Telecom, Intel, Nokia, Docomo): SINR requirement for 4Rx should be lower than that for 2Rx
· Option 2a (Intel): Consider 3 dB difference for 2 and 4 Rx requirements
Recommendations for 2nd round:
· Continue discussion on options above

	Issue 2-1-6: T-put gain for 4 Rx
	Tentative agreements: N/A
Candidate options:
· Option 1 (): 2.5
· Option 2 (Huawei, MediaTek, Ericsson): 2
· Option 3 (): 3
· Option 4 (Qualcomm): 1.5
Recommendations for 2nd round:
· Check in the 2nd round for the agreed SINR based on simulation results

	Issue 2-1-7: BLER for 4 Rx
	Tentative agreements: N/A
Candidate options:
· Option 1 (Huawei, MediaTek, , Ericsson, Qualcomm): 0.02
Recommendations for 2nd round:
· Confirm in the 2nd round that Option 1 can be used



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

	R4-2203767
	Apple
	Proposal #1: For requirements with MU-MIMO configure same DMRS scrambling ID for target and co-scheduled UEs. 

	R4-2203768
	Apple
	TP to TR 38.833: MU-MIMO-Receiver structure

	R4-2204379
	Intel Corporation
	Proposal 1: Consider one of the following options on scrambling ID for MU-MIMO modelling for requirements definition: 
· 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

	R4-2204380
	Intel Corporation
	TP to TR 38.833: Link level simulation results for Inter-user interference suppression for MU-MIMO

	R4-2205499
	China Telecom
	Proposal 1: Fine with either same or different scrambling ID when paired UEs are in different CDM groups. Do not use variable DMRS scrambling ID.

	R4-2205506
	Ericsson
	Observation 1: No significant performance difference between same and different scrambling ID when paired UEs are in the same CDM group for 70% maximum Tput point.
Proposal 1: RAN4 to define the test case with same scrambling ID when paired UEs are in the same CDM group and different scrambling ID when paired UEs are in different CDM groups.

	R4-2205507
	Ericsson
	Simulation results on PDSCH performance for intra-cell inter-user interference

	R4-2205794
	Huawei, HiSilicon
	Observation 1: Scrambling ID configuration has negligible effect on performance.
Proposal 1: Use same scrambling ID for all cases

	R4-2205795
	Huawei, HiSilicon
	Simulation results on intra cell inter-user MMSE-IRC receiver

	R4-2205796
	Huawei, HiSilicon
	Draft CR for introduction of MU-MIMO Beamforming model in TS 38.101-4

	R4-2206089
	Qualcomm Incorporated
	Proposal 1: Use same DMRS scrambling ID for all co-scheduled UEs.



Open issues summary
Sub-topic 3-1: Inter-user interference modeling
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Issue 3-1-1: 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.
· Proposals
· Option 1 (Intel, China Telecom, Ericsson)
· Option 2 (Apple, Intel, China Telecom, Huawei, Qualcomm)
· Recommended WF
· Check whether Option 2 can be considered based on majority companies views

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

	China Telecom
	Issue 3-1-1: DMRS scrambling ID for target UE and co-scheduled UE
Support the recommended WF.

	Huawei
	Issue 3-1-1: DMRS scrambling ID for target UE and co-scheduled UE
Option 2. 
From our simulation results, we can observe that scrambling ID configurations have negligible effect on performance.
From the following extraction from TS 38.211, we can know that scrambling ID needs to be configured by higher layer for different scrambling ID, so Option 2 is the simplest implementation for test setup (Without scrambling id configuration from high layer, it equals to the cell ID). Option 3 will increase the test complexity and is not commonly used in real world.
	 are given by the higher-layer parameters scramblingID0 and scramblingID1, respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_1 or 1_2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI
-	 is given by the higher-layer parameter scramblingID0 in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI format 1_0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI;
-	 otherwise; 




	Intel
	Issue 3-1-1: DMRS scrambling ID for target UE and co-scheduled UE
Options 1 and 2 are fine for us. Option 1 increases the test coverage. Option 2 slightly simplifies test design.

	Apple
	Issue 3-1-1: DMRS scrambling ID for target UE and co-scheduled UE
We support the recommended WF an option 2 is our preference. 

	Ericsson
	Issue 3-1-1: DMRS scrambling ID for target UE and co-scheduled UE
From our understanding, both option 1 and 2 configurations are simple in test, but option 1 can take much test coverage. But considering the comments from other companies that it highly possible to introduce enhanced MU-MIMO receiver. For fair comparison to MMSE-IRC receiver in Rel-17, we can compromise to use option 2.

	Qualcomm
	Issue 3-1-1: DMRS scrambling ID for target UE and co-scheduled UE
Ok with the recommended WF. 



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2203768
	Company A

	
	Company B

	
	

	R4-2204380
	Intel: We plan to update the simulation results and remove [] this meeting.

	
	Company B

	
	

	R4-2205796
	Intel:
-  of size . Based on our understanding, the second size probably should be .
- Description of two methods of precoders selection can be added in this section.

	
	Apple: Is there any update to B.4.1 since its included in change?
Suggest using the TR for beamforming model


	
	Qualcomm: As per our understanding, draft CRs are not allowed for this item in this meeting. So, we prefer to postpone it. Regarding the CR: Some notations need to be fixed. For example, p_n = p_n, p_n+1,.. has two kind of p_n – one on left hand side and one on the right hand side but they mean different things. So, one of them should have a different notation. Similar comment for y^(p_n)(i).



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

	Issue 3-1-1: DMRS scrambling ID for target UE and co-scheduled UE
	Tentative agreements:
· Same scrambling ID for all cases



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: UE feature list, capability signalling and release independence
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2204375
	Intel Corporation
	Proposal 1: No need to introduce new UE feature for MMSE-IRC receiver for scenarios with inter-cell interference and requirements can be defined as release independent from Rel-15.
Proposal 2: No need to introduce new UE feature for MMSE-IRC receiver for scenarios with intra-cell inter-user interference and requirements can be defined as release independent from Rel-15.

	R4-2205788
	Huawei, HiSilicon
	Observation 1: For MMSE-IRC receiver, UE is agnostic to interference type and there is no difference for algorithm with inter-cell interference and intra cell inter user interference.
Proposal 1: Introduce one new UE feature (optional) for MMSE-IRC receiver for both scenarios with inter cell interference and intra cell inter user interference. 
Observation 2: UE capability signalling will affect the network’s scheduling for MU-MIMO scheduling with one UE feature for both scenarios.
Proposal 2: Define the UE capability for UE support of the MMSE-IRC receiver for scenarios of inter-cell interference and intra cell inter-user interference.

	R4-2204488
	NTT DOCOMO, INC.
	Proposal 5: We support Option 1.

	R4-2204524
	CMCC
	Proposal 7: Requirements should be release independent from Rel-15.
Proposal 8: For UE feature, we support no need to introduce new UE feature.
Proposal 9: For UE feature, our compromise proposal is optional UE feature without capability signalling for Rel-15/16 UE, and mandatory UE feature without capability signalling from Rel-17.

	R4-2205497
	China Telecom
	Proposal 8: No need to introduce new UE feature for MMSE-IRC receiving for ICI scenario, requirements release independent from Rel-15.

	R4-2205502
	Ericsson
	Proposal 5: RAN4 to define Rel-17 PDSCH demodulation with inter-cell interference requirements as optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17.

	R4-2205789
	Huawei, HiSilicon
	Proposal 9: Introduce the MMSE-IRC requirements for both scenario including inter-cell and intra-cell as optional with only one capability signalling and applicable from Rel-17

	R4-2205901
	MediaTek inc.
	Proposal 4: Support Option 3a: Optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17.

	R4-2204525
	CMCC
	Proposal 1: The performance requirements should be release independent from Rel-15.
Proposal 2: For UE feature, we prefer the following schemes
· 1st priority: no need to introduce new UE feature. 
2nd priority: optional without UE capability signaling for Rel-15 and Rel-16, mandatory without UE capability signaling from Rel-17

	R4-2205499
	China Telecom
	Observation 1: IRC receiving under MU-MIMO is different from that of under ICI in the following aspects:
1. From UE point of view, due to flexible DMRS port mapping configured by the BS, UE needs to read the DCI and to detect whether there exists co-scheduled UE interference on the same or different CDM group.
2. From BS point of view, UE’s reported CQI cannot predict its performance under real MU-MIMO, because there is no IUI on the CSI-RS. It is better for UE to inform the BS the support of IRC for MU-MIMO, to better assist the UE pairing algorithm..
Proposal 2: Define the UE MMSE-IRC receiving under MU-MIMO as mandatory with capability signaling and the test requirement to be release independent from Rel-15.

	R4-2205506
	Ericsson
	Proposal 2: RAN4 to define Rel-17 PDSCH demodulation with intra-cell inter-user interference requirements as optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17.

	R4-2205794
	Huawei, HiSilicon
	Observation 1: MMSE-IRC is agnostic to interference type
Proposal 2: Introduce the MMSE-IRC requirements for both scenario including inter-cell and intra-cell as optional with only one capability signalling and applicable from Rel-17

	R4-2205903
	MediaTek inc.
	Proposal 1: For UE feature list MMSE-IRC requirements for scenarios with intra-cell inter-user interference, we propose “Optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17”.



Open issues summary
Sub-topic 4-1: MMSE-IRC requirements for scenarios with inter-cell interference
Issue 4-1-1: UE feature list, capability signalling and release independence
· Background
· Option 1: No need to introduce new UE feature, requirements release independent from Rel-15
· Option 2: Optional without UE capability signalling and applicable from Rel-17
· Option 3: Optional without UE capability signalling and applicable from Rel-15
· Option 3a: Optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17
· RAN4 will make decision on RAN4#102-e meeting with above options
· Proposals
· Option 1 (Intel, DOCOMO, CMCC, China Telecom): No need to introduce new UE feature, requirements release independent from Rel-15
· Option 2 (CMCC, Ericsson, MediaTek): Optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17
· Option 3 (Huawei): Single feature, optional with UE capability signalling for both scenario including inter-cell and intra-cell and release independent from Rel-15
· Recommended WF
· Check views on options above

Sub-topic 4-2: MMSE-IRC requirements for scenarios with intra-cell inter-user interference
Issue 4-2-1: UE feature list, capability signalling and release independence
· Background
· Option 1: No need to introduce new UE feature, requirements release independent from Rel-15
· Option 2: Mandatory with or without UE capability signaling 
· Option 3: Optional with or without UE capability and applicable from Rel-17
· Option 4: Optional without UE capability and applicable from Rel-15
· Proposals
· Option 1 (Intel, CMCC): No need to introduce new UE feature, requirements release independent from Rel-15
· Option 2 (Huawei): Single feature, optional with UE capability signalling for both scenario including inter-cell and intra-cell and release independent from Rel-15
· Option 3 (CMCC, Ericsson, MediaTek): Optional without UE capability signaling for Rel-15 and Rel-16, mandatory without UE capability signaling from Rel-17
· Option 4 (China Telecom): Mandatory with capability signaling and the test requirement to be release independent from Rel-15
· Recommended WF
· Check views on options above

Companies views’ collection for 1st round 
Open issues 
Sub-topic 4-1: MMSE-IRC requirements for scenarios with inter-cell interference
	Company
	Comments

	China Telecom
	Issue 4-1-1: UE feature list, capability signalling and release independence
We support option 1. 
Same time, under option 1 approach, if all UEs with IRC processing can support Rnn estimation through different DMRS ports (which is only needed in MU-MIMO scenario), we are also ok to combine the UE capabilities for ICI and IUI scenarios.

	Huawei
	Firstly, our understanding is that MMSE-MRC was selected as baseline receiver in Rel-15 demodulation requirements definition. If not, why we spend lots of time and effort here to study the performance gain of IRC over MRC?  Secondly, we think we should define the single optional feature for MMSE-IRC receiver for both scenarios (Inter-cell interference and intra cell inter user interference) since MMSE-IRC is agnostic to the interference type as discussed in R4-2205788. Then think it should be optional from Rel-15 but as a compromise, optional from Rel-15 and mandatory from Rel-17 is also fine for us.
As for the capability signaling, we think it is needed since BS c use it for scheduling MU-MIMO.

	MediaTek
	Support Option 3. We think no capability signaling is needed as gNB can do nothing even UE reports its capability. Also, to address the concern that there was no inter-cell interference introduced in R15/R16, we suggest it is optional for R15/R16 UE. As we have conduct detailed simulation considering inter-cell interference, it has to be mandatory for R17 UE. 

	Intel
	Support Option 1.
Based on our understanding, the MMSE-IRC is baseline receiver from Rel-15, because MMSE/MMSE-IRC were agreed as a part of WF. Same time, only MMSE-IRC is captured in paper with detailed simulation assumptions for Rel-15 requirements. Also, MMSE-IRC is agreed as baseline receiver for Normal CA requirements, which are release independent from Rel-15. In case Rel-15 UE supports CA, MMSE-IRC should be used. Therefore, it will be strange that MMSE-MRC is baseline for Single Carrier and MMSE-IRC is baseline for CA.
Also, MMSE-IRC is optional receiver from Rel-11 LTE. Therefore, we assume that Rel-15 NR devices should support such processing by default.
@Huawei. The main purpose of this requirements is to verify the correct MMSE-IRC processing. Therefore, as one of criteria for selection of correct test setup is testable performance benefits of MMSE-IRC over MMSE-MRC to ensure proper implementation.
As for Option 3. Based on our understanding, this option is not workable, because, based on our understanding, during the test we don’t have information about the release of DUT and we just have information about supported features. If our understanding is correct than whether we can assume that if DUT supports at least one Rel-16 feature, then this is Rel-16 DUT. Probably proponents of Option 3, can clarify how it can be capture in the spec. 

	CMCC
	Option 1 is our first preference. Option 2 is our second preference.
We are open to further discuss whether to introduce a single UE capability for both scenarios including inter-cell and intra-cell after achieving consensus for Issue 4-1-1 and Issue 4-2-1

	Apple
	New UE capability signalling need not be introduced as MMSE-IRC is baseline receiver since Rel-15. We don’t think the NW can use this information in anyway. 
For release independence we don’t have strong view. 
@Huawei, we had proposed not to use comparison of MMSE and MMSE_IRC since MMSE-IRC is baseline receiver since Rel-15. We think current network can schedule MU-MIMO transmission without any new capability.


	Ericsson
	We’re fine with both option 1 and 2.
There is no UE capability signalling is needed as MMSE-IRC is baseline receiver since Rel-15.

	Qualcomm
	We are ok with Option 1 and Option 2. We don’t want to have a single feature since they are for completely different scenarios. Also, we don’t think UE capability will be useful because NW can’t add/remove intercell interference.

	Docomo
	We support Option 1.
MMSE-IRC receiver is the baseline from Rel-15. Therefore, we think that there is no need to introduce new UE capability in Rel-17.



Sub-topic 4-2: MMSE-IRC requirements for scenarios with intra-cell inter-user interference
	Company
	Comments

	China Telecom
	Issue 4-2-1: UE feature list, capability signalling and release independence
We also support Option 1.
We observe that there are many companies proposed to define UE IRC processing under MU-MIMO to be an optional feature for Rel-15/16, which means there will be both MRC and IRC UEs in the market.
In that case, we are open to discuss whether Rel-15/16 UEs signaling the capability to the network will assist the BS MU-MIMO scheduler, since UE supporting IRC processing will have better performance, which cannot be shown from its CSI reporting. 

	MediaTek
	Support Option 3. Similar comment as sub-topic 4-1.

	Intel
	Support Option 1. Similar comments as for Sub-topic 4-1.
As for signaling, based on our understanding, it will be hard to use this information during the scheduling procedure, because the MMSE-IRC benefits over MMSE-MRC depend on multiple factors (MCS, Rank, Propagation Conditions etc). Also, we think that BS can assume that MMSE-IRC is baseline NR receiver. Therefore, signaling is not needed.

	CMCC
	Option 1 is our first preference. Option 3 is our second preference.
We are open to further discuss whether to introduce a single UE capability for both scenarios including inter-cell and intra-cell after achieving consensus for Issue 4-1-1 and Issue 4-2-1

	Apple
	New UE capability signalling need not be introduced as MMSE-IRC is baseline receiver since Rel-15. We don’t think the NW can use this information in anyway. 
For release independence we don’t have strong view. 

	Ericsson
	We’re fine with both option 1 and 2.
There is no UE capability signalling is needed as MMSE-IRC is baseline receiver since Rel-15.

	Qualcomm
	We are ok with Option 1 and Option 3. We don’t want to have a single feature since they are for completely different scenarios. In our opinion, NW has already deployed MU-MIMO and is not going to change that based on UE capability, given that MMSE-IRC receiver was baseline receiver since Rel-15.



Summary for 1st round 
Open issues 
Sub-topic 4-1: MMSE-IRC requirements for scenarios with inter-cell interference
	
	Status summary 

	Issue 4-1-1: UE feature list, capability signalling and release independence
	GTW Working assumption: 
· Optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17
Candidate options:
· Option 1 (China Telecom, Intel, CMCC, Apple, Ericsson, Qualcomm, Docomo): No need to introduce new UE feature, requirements release independent from Rel-15
· Option 2 (MediaTek, CMCC, Ericsson, Qualcomm): Optional without UE capability signalling for Rel-15/16 UE and mandatory from Rel-17
· Option 3 (Huawei): Single feature, optional with UE capability signalling for both scenario including inter-cell and intra-cell and release independent from Rel-15
Recommendations for 2nd round:
· Continue discussion on working assumption in the 2nd round



Sub-topic 4-2: MMSE-IRC requirements for scenarios with intra-cell inter-user interference
	Issue 4-2-1: UE feature list, capability signalling and release independence
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, Intel, CMCC, Apple, Ericsson, Qualcomm): No need to introduce new UE feature, requirements release independent from Rel-15
· Option 2 (Huawei): Single feature, optional with UE capability signalling for both scenario including inter-cell and intra-cell and release independent from Rel-15
· Option 3 (MediaTek, CMCC, Ericsson, Qualcomm): Optional without UE capability signaling for Rel-15 and Rel-16, mandatory without UE capability signaling from Rel-17
· Option 4 (China Telecom): Mandatory with capability signaling and the test requirement to be release independent from Rel-15
Recommendations for 2nd round:
· Continue discussion in the 2nd round. Check whether agreement from Issue 4-1-1 (in case it will be reached) can be applied for this issue.



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”.

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

	R4-2203765
	Draft CR on PDSCH demod requirements in ICI-FDD
	Apple
	Revised
	

	R4-2204523
	Draft CR for TS38.101-4 PDSCH TDD demodulation requirements for inter-cell interference MMSE-IRC
	CMCC
	Revised
	

	R4-2204830
	Draft CR for 38.101-4 Interference model for enhanced performance requirements
	Nokia, Nokia Shanghai Bell
	Revised
	

	R4-2205791
	Draft CR for introduction of general applicability section of inter-cell MMSE-IRC receiver in TS 38.101-4
	Huawei, HiSilicon
	Postponed
	Taking into account that Issue 4-1-1 is not finally concluded, it is suggested to postpone this Draft CR.

	R4-2205508
	draftCR on CSI reporting test case (TDD)
	Ericsson
	Revised
	

	R4-2203768
	TP to TR 38.833: MU-MIMO-Receiver structure
	Apple
	Agreeable
	

	R4-2204380
	TP to TR 38.833: Link level simulation results for Inter-user interference suppression for MU-MIMO
	Intel Corporation
	Revised
	

	R4-2205796
	Draft CR for introduction of MU-MIMO Beamforming model in TS 38.101-4
	Huawei, HiSilicon
	Postponed
	Based on guidelines for this meeting, only Draft CRs for inter-cell scenario are allowed. Therefore, we can come back to discussion on this Draft CR in the next meeting



All other discussion paper under AIs 10.12.2.1 and 10.12.2.2 can be Noted.

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
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
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) Do not include hyper-links in the documents

Annex 
Contact information
	Company
	Name
	Email address

	MediaTek
	Licheng Lin
	licheng.lin@mediatek.com

	Apple
	Manasa Raghavan
	Manasa.raghavan@apple.com

	Nokia, Nokia Shanghai Bell
	Karsten Petersen
	Karsten.petersen@nokia-bell-labs.com

	Qualcomm
	Gaurav Nigam
	gnigam@qti.qualcomm.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
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