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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
· 2nd round: 
· Discussion on open issues
· WFs preparation

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

	R4-2112104
	Apple
	Observation #1: No performance delta is observed while configuring 1 or 2 interferer cells in homogeneous deployment.
Proposal #1: Introduce requirements for intercell interference with 1 interferer cell. 
Proposal #2: Only consider synchronized network for ICI requirements.
Proposal #3: Do not introduce requirements for ICI with additional BWs for TDD and FDD.
Proposal #4: Use deployment assumption and interference profile that is more suitable for ICI scenario in NR.
Proposal #5: Use INR based methodology to define interference profile in NR.
Proposal #6: Define test requirement metric for ICI as SNR at 70% of max TP. 

	R4-2112148
	China Telecom
	Proposal 1: Additionally consider 40 MHz for FDD 15kHz and 100 MHz for TDD 30kHz for requirements definition, and discuss the test applicability to ensure that the test case number will not be increased.
Proposal 2: For SSB, support Option 1 to use same time/frequency resource for different cells.
Observation 1: Using different SSB time/frequency locations for different cells, will exaggerate the UE synchronize performance and will also leads to better UE demodulation performance.
Proposal 3: Support to use SINR as the measurement point (option 1).
Proposal 4: Additionally cover HetNet scenarios and the interference profile from LTE NAICS can be used for initial simulation, i.e., INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB).
Proposal 5: Use DIP methodology to align with the test parameter defined for Enhanced Performance Requirement Type A requirement in LTE.

	R4-2112207
	CMCC
	Proposal 1: Include FDD asynchronized network type in FR1. 
Proposal 2: In addition, consider 40MHz for FDD 15kHz and 100MHz for TDD 30kHz. 
Proposal 3: Configure all SSBs (serving cell and interference cell(s)) in the same time/frequency resources.
Proposal 4: Use MCS 4 and MCS 13 for 2T2R test configuration
Proposal 5: At least cover MCS 13 for 2T4R test configuration, MCS 4 can also be used for 2T4R test configuration. 
Proposal 6: Include HetNet deployment in R17 inter-cell interference suppressing work item.

	R4-2112208
	CMCC
	Observation 1: For 2T4R MCS 4 configuration, the SINR is lower than -6dB.

	R4-2112956
	NTT DOCOMO, INC.
	Proposal 1: For SSB configuration, use Option 1 configuration (i.e. All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources)


	R4-2113118
	Intel Corporation
	Proposal 1: Further discuss the following options on interference modelling for different deployment assumptions:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).
Observation #1: INR values for NR UMa 4 GHz, SINR 5-25%, RU 40%, INR1 80% (i.e. 7.24 and 3.65 dB) and for NR UMa 2 GHz, SINR 5-25%, RU 60%, INR1 80% (i.e. 7.64 and 3.85 dB) are rather close to INR values for NAICS, SINR 5-25%, RU 40%, INR1 60% (i.e. 7.77 and 2.29 dB).
Observation #2: INR values for NR UMa 4 GHz, SINR 40-60%, RU 60%, INR1 80% (i.e. 13.40 and 2.91 dB) and for NR UMa 2 GHz, SINR 40-60%, RU 60%, INR1 80% (i.e. 13.51 and 2.48 dB) are rather close to INR values for NAICS, SINR 5-25%, RU 40%, INR1 80% (i.e. 13.91 and 3.34 dB).
Proposal 2: Consider INRs 7.77 and 2.29 dB or 13.91 and 3.34 dB for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario in case Homogeneous deployment assumptions will be used
Observation #3: 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 #4: 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 3: Use explicit modelling of 2 interference cells for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Proposal 4: Use INR methodology for interference profile configuration for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario.
Proposal 5: Use the following common test parameters for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario:
· Network type: Synchronized – first priority, asynchronized – second priority
· Channel bandwidth: 10MHz for FDD 15kHz and 40MHz for TDD 30kHz
· SSB configuration: Serving cell SSB and interference cells SSBs are in the different time/frequency resources or Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
· Propagation condition: TDLA30-10
Proposal 6: Use the following target PDSCH parameters for the definition of MMSE-IRC PDSCH demodulation requirements for inter-cell interference scenario:
· MCS: Down selection between MCS 4 and MCS 13 based on results for agreed INR values
· Performance measurement point: SNR at 70% TP
Observation #5: MMSE-IRC performance benefits are rather same for different channel models.
Observation #6: MMSE-IRC performance benefits for scenario with INRs 5.43 and -1.50 dB, 2 Rx and 16QAM are less than 1 dB.
Observation #7: MMSE-IRC performance benefits for scenario with INRs 13.91 and 3.34 dB are higher than 2 dB for all considered scenarios.

	R4-2113638
	Ericsson
	Proposal 1: RAN4 to consider synchronized network configuration for both FDD and TDD for alignment, but RAN4 will discuss the asynchronous network configuration (i.e., time offset and/or frequency shift) for FDD after RAN4 stabilizes the test setup.
Proposal 2: RAN4 only consider 10MHz for FDD 15kHz and 40MHz for TDD 30kHz.
Proposal 3: RAN4 consider the same SSB configuration (SSB index 0, slot #0 with periodicity 20 ms) for interfering inter-cells.
Proposal 4: RAN4 to define the test cases for both TDLA30-10 and TDLC300-100, but the overall number of test cases won’t be increased.
Proposal 5: RAN4 to define requirements for both QPSK and 16QAM.
Proposal 6: RAN4 defines the MMSE-IRC for suppressing inter-cells’ interference requirements based on SINR. The SINR definition is shown as follows and will be captured in TS38.101-4 Clause 4.4.2.
	
Where  is the averaged received energy per Hz of the wanted signal during the useful part of the symbol, i.e. excluding the cyclic prefix, at the j-th UE receiver antenna connector; average power is computed within a set of REs used for the transmission of physical, divided transmission bandwidth within the set.
And  is the power spectral density (average power per RE normalised to the subcarrier spacing) of the summation of the received power spectral densities of the strongest interfering cells explicitly defined in a test procedure plus , as measured at the j-th UE receiver antenna connector. The respective power spectral density of each interfering cell relative to  is defined by its associated DIP value, or the respective power spectral density of each interfering cell relative to  is defined by its associated Es/Noc value. 


Proposal 7: RAN4 can evaluate both homogeneous and heterogenous scenarios with different interference power settings.
Proposal 8: RAN4 to reuse the DIP to specify the received signal powers from interfering cells.

	R4-2113640
	Ericsson
	Observation 1: Compared with MRC, IRC receiver can have about 2dB gain in 70% of maximum throughput SNR point.
Observation 2: IRC receiver have gains in both QPSK and 16QAM scenarios.
Observation 3: Compared with MRC, the performance gain will be larger when lower SNR for interfere cells.

	R4-2113780
	Huawei, HiSilicon
	Proposal 1: Use following assumptions for performance requirement of inter-cell MMSE-IRC receiver:
· Synchronized for FDD and TDD
· 10MHz for FDD 15kHz and 40MHz for TDD 30kHz
· SSB of serving cell is transmitted in PRB 0~19 in first occasion
· For case with 1 interference cell (if agreed), SSB of interference cell is transmitted in PRB 0~19 in second occasion. 
· For case with 2 interference cell, SSB of interference cell 1 is transmitted in PRB 20~39 in first occasion, SSB of interference cell 2 is transmitted in PRB 0~19 in second occasion.
· Add the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition.
· Only consider Homogeneous deployment assumptions.
· 2 interference cells
· Not introduce the release independence for MMSE-IRC receiver for inter-cell interference.

	R4-2113781
	Huawei, HiSilicon
	Observation 1: Propagations conditions have little impact on gain between two types of receiver
Observation 2: Gain of MCS4 is larger than that of MCS 13
Observation 3: Gain of 4RX is larger than that of 2RX.
Observation 4: There are small difference of target SNR between case with 1 interference cell and 2 interference cells

	R4-2114039
	MediaTek inc.
	Proposal 1: Use the DIP methodology for interference profile configuration.
Proposal 2: Define performance measurement point with SINR

	R4-2114566
	Qualcomm Incorporated
	Proposal 1: Only consider 10MHz CBW for 15kHz SCS and 40MHz CBW for 30kHz SCS.
Proposal 2: Serving cell SSB and interference cell(s) SSB(s) are specified in the different time/frequency resources.
Proposal 3: Do not define test cases for HetNet deployment.
Proposal 4: Only consider 1 interfering cell for defining the requirements.
Proposal 5: Use INR methodology for interference profile configuration.



Open issues summary
[bookmark: _Hlk71880830]Sub-topic 1-1: Common test parameters
Issue 1-1-1: Network type
· Background
· Synchronized for FDD and TDD
· FFS asynchronized for FDD
· Proposals
· Option 1 (CMCC): Include FDD asynchronized network type in FR1.
· Option 1a (Ericsson): RAN4 to consider synchronized network configuration for both FDD and TDD for alignment, but RAN4 will discuss the asynchronous network configuration (i.e., time offset and/or frequency shift) for FDD after RAN4 stabilizes the test setup.
· Option 2 (Apple, Huawei): Only consider synchronized network
· Option 3 (Intel): Synchronized – first priority, asynchronized – second priority
· Recommended WF
· Collect detailed companies views on pros and cons to include asynchronized scenario in the scope

Issue 1-1-2: Channel bandwidth
· Background
· Use 10MHz for FDD 15kHz and 40MHz for TDD 30kHz for initial simulation purpose
· FFS whether to consider 40 MHz for FDD 15kHz and 100 MHz for TDD 30kHz for requirements definition
· Proposals
· Option 1 (China Telecom, CMCC): additionally cover 40 MHz for FDD 15kHz SCS, and 100MHz for TDD 30kHz SCS.
· Option 2 (Apple, Intel, Ericsson, Huawei, Qualcomm): Only 10MHz for FDD 15kHz and 40MHz for TDD 30kHz
· Recommended WF
· Collect detailed companies views on pros and cons to include additional channel bandwidths in the scope

Issue 1-1-3: SSB configuration
· Background
· Option 1: All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2: Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· Proposals
· Option 1 (China Telecom, CMCC, DOCOMO, Ericsson): All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2 (Intel, Huawei, Qualcomm): Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· Huawei: 
· SSB of serving cell is transmitted in PRB 0~19 in first occasion
· For case with 1 interference cell (if agreed), SSB of interference cell is transmitted in PRB 0~19 in second occasion. 
· For case with 2 interference cell, SSB of interference cell 1 is transmitted in PRB 20~39 in first occasion, SSB of interference cell 2 is transmitted in PRB 0~19 in second occasion.
· Option 3 (Intel): Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
· Recommended WF
· Collect views on options above. 
· Check whether any impact on PDSCH testing can be expected in case Option 1 will be used.

Issue 1-1-4: Propagation condition
· Background
· Consider TDLA30-10 and TDLC300-100 channel models for evaluation purpose and select only one for requirements definition
· Proposals
· Option 1 (Intel): Only TDLA30-10
· Option 2 (Ericsson): RAN4 to define the test cases for both TDLA30-10 and TDLC300-100, but the overall number of test cases won’t be increased.
· Recommended WF
· [bookmark: _Hlk71838184]Collect views on options above
· Check the performance difference for different propagation conditions and whether there are any benefits to introduce requirements for one or another or both channel models

Sub-topic 1-2: Target PDSCH parameters for scenario 1
Issue 1-2-1: MCS
· Background
· Use MCS 4 (QPSK, CR=0.3) and MCS 13 (16QAM, CR=0.5) for initial simulation purpose 
· Further discuss MCS for requirements definition 
· Consider MCS corresponding to QPSK and 16QAM modulation formats
· Proposals
· Option 1 (CMCC):
· Use MCS 4 and MCS 13 for 2T2R test configuration
· At least cover MCS 13 for 2T4R test configuration, MCS 4 can also be used for 2T4R test configuration.
· For 2T4R MCS 4 configuration, the SINR is lower than -6dB.
· Option 2 (Intel): Down selection between MCS 4 and MCS 13 based on results for agreed INR values
· Option 3 (Ericsson): RAN4 to define requirements for both QPSK and 16QAM.
· Recommended WF
· Collect views on options above
· MCS can be selected based on simulation results collected from different companies. Check views on criteria for MCS selection (gain IRC vs MRC?, SINR operating point? …).

Issue 1-2-2: Performance measurement point
· Background
· Option 1: SINR at 70% TP
· Option 2: SNR at 70% TP
· Proposals
· Option 1 (China Telecom, Ericsson, MediaTek): SINR at 70% TP
· Ericsson: RAN4 defines the MMSE-IRC for suppressing inter-cells’ interference requirements based on SINR. The SINR definition is shown as follows and will be captured in TS38.101-4 Clause 4.4.2. (more details are in R4-2113638)
· Option 2 (Apple, Intel): SNR at 70% TP
· Recommended WF
· Collect views on options above
· Focus on discussion of other topics. This issue does not affect the test setup parameters.

Sub-topic 1-3: Interference model for scenario 1
Issue 1-3-1: Deployment
· Background
· Consider Homogeneous deployment assumptions
· FFS whether for consider HetNet deployment assumptions
· Proposals
· Option 1 (China Telecom, CMCC): Additionally cover HetNet scenarios
· Option 2 (Apple): Use deployment assumption that is more suitable for ICI scenario in NR.
· Option 3 (Intel): Further discuss the following options on interference modelling for different deployment assumptions:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).
· Option 4 (Ericsson): RAN4 can evaluate both homogeneous and heterogenous scenarios with different interference power settings.
· Option 5 (Huawei, Qualcomm): Only consider Homogeneous deployment assumptions.
· Recommended WF
· Collect views on options above

Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
· Background
· Consider DIP1/2 = -1.73/-8.66 dB (INR1/2 = 5.43/-1.50 dB in case of 2 interference cells and INR 3.1 dB in case of 1 interference cell) as baseline for initial link level analysis for Synchronous network
· Results for other interference profiles are welcome
· Other options are not precluded for requirements definition
· FFS assumptions for asynchronous network
· Proposals
· Option 1 (Apple): Use interference profile that is more suitable for ICI scenario in NR.
· Option 2 (Intel): Consider INRs 7.77 and 2.29 dB or 13.91 and 3.34 dB
· Option 3: Consider DIP1/2 = -1.73/-8.66 dB
· Recommended WF
· Collect views on options above

Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
· Background
· Option 1: INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB)
· Other options are not precluded
· Proposals
· Option 1 (China Telecom): INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB)
· Recommended WF
· Collect views on option above

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

Issue 1-3-6: Methodology for interference profile configuration
· Background
· Option 1: Use the DIP methodology 
· Option 2: Use the INR methodology
· Proposals
· Option 1 (China Telecom, Ericsson, MediaTek): Use the DIP
· Option 2 (Apple, Intel, Qualcomm): Use the INR
· Recommended WF
· Collect views on options above
· Focus on discussion of other topics. This issue does not affect the test setup parameters.

Sub-topic 1-4: Receiver assumptions
Issue 1-4-1: TRS-IC/IM
· Proposals
· Option 1 (Huawei): Add the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition.
· Recommended WF
· Check views on option above

Sub-topic 1-5: Release independency of requirements
Issue 1-5-1: Release independency of Demodulation requirements
· Background
· RAN4 discuss whether the UE demodulation with inter-cell interference is released independent from Rel-15 or not, after RAN4 agree with the detailed simulation assumption
· Proposals
· Option 1 (Huawei): Not introduce the release independence for MMSE-IRC receiver for inter-cell interference.
· Recommended WF
· Follow previous meeting agreement

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

	Ericsson
	Issue 1-1-1: Network type
Option 1.
Considering async. scenario is also practical; we suggest further discussing no negative impact to the async. FDD network after RAN4 have a common understanding on test setup.

Issue 1-1-2: Channel bandwidth
Option 2.
From TS 38.101-1 RF core specification, it is possible to support FDD 40/50MHz and TDD 100MHz, but there are less RF bands supporting such a wider channel bandwidth compared with FDD 10MHz and TDD 40MHz. Meanwhile, from evaluating MMSE-IRC performance’s perspective, it doesn’t bring more information to test more BWs for verifying UE’s performance.

Issue 1-1-3: SSB configuration
Option 1.
Considering the real network deployment scenario, it’s highly possible to configure multiple SSBs in the same time domain occasions between serving cells and inter-cells.
Some companies shared the PBCH simulation results, but we don’t think it’s a valid result without considering the multiple trials in MIB decoding. In RAN4 RRM session, the agreed PBCH decoding times is about 3-5 times. We think PBCH has less impact after multiple trials in real world. 
We’re open to further check timing tracking impact due to SSB collision.

Issue 1-1-4: Propagation condition
We’re fine with recommended WF. 

	Intel
	Issue 1-1-2: Channel bandwidth
Support Option 2.
Based on our understanding, MMSE-IRC performance benefits can be verified for all channel bandwidths. Also, taking into account that MMSE-IRC have very limited impact on UE complexity in comparison to MMSE-MRC, we don’t expect that some UEs will use MMSE-IRC processing only for small channel bandwidths and will use MMSE-MRC processing for large channel bandwidths. Therefore, we don’t see benefits to define requirements for multiple CBWs per SCS.
Issue 1-1-3: SSB configuration
In this meeting, we’ve provided the initial results with analysis on PBCH performance of different serving and interference cells configurations, which shows that Option 2 is safer configuration to avoid potential impact on PDSCH testing. However, we are fine to have further discussion on detailed assumptions for PBCH performance analysis.
Issue 1-1-4: Propagation condition
Based on our analysis, gap between MMSE-MRC and MMSE-IRC performances is rather same for different channel models. Therefore, we’ve suggested to choose only one channel model (i.e. TDLA) which is more typical for existing PDSCH requirements. However, we are fine to define requirements with TDLC model.
We can collect the results from interested companies to check whether they have similar observation. If yes than we suggest to select one channel model for requirements definition.

	Apple
	Issue 1-1-1: Network type
We support option 2. 
We would like to understand what is verified from UE performance or capability if we have async network assumption. Also, what will the time and frequency offset be for such a case? 
Issue 1-1-2: Channel bandwidth
We support option 2.
We don’t think UE BW would affect UE performance for MMSE-IRC. We already have 40MHz for TDD, which is larger than 10MHz for FDD. We would be unnecessarily introducing additional requirements / test cases when nothing extra is being tested or verified. 
Issue 1-1-3: SSB configuration
We support option 2. 
We already have CSI-RS for tracking in the same resources for serving and interference cell, which we understand is common network deployment. But SSBs need not be overlapping.. Also, based on simulation results from Intel, having SSB overlapping would affect QPSK performance. 
Issue 1-1-4: Propagation condition
We prefer option 1.
There is no benefit of introducing requirements for TDLA and TDLC channel. 

	CMCC
	Issue 1-1-1: Network type
We prefer Option 1. FDD async is practical deployment scenario.
Issue 1-1-2: Channel bandwidth
Option 1. We would like to test one typical CBW and one maximum CBW to check the performance. The additional CBW configuration will not increase the test burden. 
Issue 1-1-3: SSB configuration
Option 1. In Homogeneous scenario, typically, all SSBs are in the same time/frequency resources.
Issue 1-1-4: Propagation condition
Ok with the recommended WF.

	Huawei

	Issue 1-1-1: Network type
Support Option 2.  Based on our understanding, the only difference for asynchronized scenario is larger time/frequency offset that will impact the accuracy of the interference estimation, but they don’t affect the IRC processing. Also we want to know what is the specific time/frequency offset value to be set.
Issue 1-1-2: Channel bandwidth
Option 2. Since interference are estimated based on small RB granularity, we don’t think large bandwidth has impact on performance and IRC processing. 
Issue 1-1-3: SSB configuration
Option 2. Considering no SSB-IC algorithm is introduced in this WI. Based on the simulation results from Intel, large performance degradation can be observed for SSB collision between serving cell and interference cells. What’s more, the impact of time and frequency tracking should also be considered. Our purpose is to verify the performance of PDSCH with interference of neighbouring’ cell, so it is better to set all the other assumptions same as Rel-15 PDSCH baseline and preclude all other possible impact factors, we can investigate the performance impact caused by SSB colliding in the future.
Issue 1-1-4: Propagation condition
Based on our simulation results, there is similar performance gain for TDLA and TDLC for IRC over MRC, we are open to the specific propagation condition to choose, but we prefer to select one of them.

	China Telecom
	Issue 1-1-1: Network type
As we have commented in the last meeting, we support to include FDD async network, and at current stage we are also fine with prioritizing FDD and TDD sync network. 
We propose to discuss the asynchronous network configuration (i.e., time offset and/or frequency shift) for FDD after RAN4 stabilizes the test setup for sync networks (Option 1a).

Issue 1-1-2: Channel bandwidth
We support to additionally cover test requirements for 40 MHz for FDD 15kHz SCS, and 100MHz for TDD 30kHz SCS. We are open to discuss the test applicability.

First, to E///: 40 MHz for FDD 15kHz SCS, and 100MHz for TDD 30kHz SCS are widely deployed in our real NW in 2.1GHz and 3.5GHz scenario respectively. So, we cannot agree that ‘there are less RF bands supporting such a wider channel bandwidth compared with FDD 10MHz and TDD 40MHz’.

Second, additional test point for larger CBW is that:
With smaller CBW like 10MHz for FDD 15kHz (52 PRBs), if we assume UE using per PRB frequency domain interference covariance matrix estimation, within the covariance matrix calculation function listed below, its interference part at the right side can be independently calculated for each PRB.
[image: ].
However, when it comes to larger CBW such as 40 MHz for FDD 15kHz SCS (216 PRBs), it is not clear to us: 
a. whether UE will use the interference estimation of PRB#n also for PRB#n-1 and PRB#n+1, or
b. whether UE will use larger frequency domain granularity for interference covariance matrix estimation 
to reduce the overall complexity for the demodulation for 216 PRBs.
In our previous work in LTE (R4-154299 in http://3gpp.org/ftp/tsg_ran/WG4_Radio/TSGR4_76/Docs/R4-154299.zip), as summarized below, around 0.8 ~ 2.2 dB performance degradation is observed, when the interference covariance matrix estimation granularity in frequency domain is switched from per PRB to per 5 PRBs. And larger performance degradation can be observed when it comes to WB estimation.
	Case Num.
	Case description
	MMSE
	MMSE-IRC, 1PRB CovEst
	MMSE-IRC, 5PRB CovEst
	MMSE-IRC, 10PRB CovEst
	MMSE-IRC, 50PRB CovEst

	1
	EPA5 for serving channel
	1x2, HomNet
	-2.05
	-5.49
	-4.60
	-3.98
	-2.84

	2
	
	1x2, HetNet
	-1.71
	-7.49
	-5.49
	-4.63
	-3.10

	3
	
	1x4, HomNet
	1.63
	-2.84
	-1.84
	-1.17
	0.19

	4
	
	1x4, HetNet
	1.50
	-5.90
	-3.71
	-2.74
	-0.52



As a result, we propose to define additional MMSE-IRC requirements for 40 MHz for FDD 15kHz SCS, and 100MHz for TDD 30kHz SCS to verify that MMSE-IRC processing will not be changed for larger CBW.

Issue 1-1-3: SSB configuration
Option 1. 
On the one hand, we would like to know if there is any operator has option 2 SSB configuration? If no, it seems option 2 is of less practical meaning.
On the other hand, even if option 2 is used, in the real NW, we cannot avoid PDSCH transmission of interference cell on SSBs.
In addition, in LTE, PSS SSS and PBCH from all cells are also collided, which should not bring so big issue for the test.
Manually prevent such interference in the test case will exaggerate the UE performance.

Issue 1-1-4: Propagation condition
We are fine to select one channel model for the target cell for requirement definition.
Same time, we propose to use TDLC channel model for the interference cell to better verify the performance of covariance matrix estimation process for MMSE-IRC. 
It is worth noted that channel model with higher delay spread (EVA70) is also used for interference cell in LTE MMSE-IRC ICI test cases.

	Qualcomm
	Issue 1-1-1: Network type
Prefer Option 2. We don’t see any difference in UE demod algorithm for sync vs async.
Issue 1-1-2: Channel bandwidth
Prefer Option 2. We don’t see any impact on UE performance based on CBW.
Issue 1-1-3: SSB configuration
Prefer Option 2. As it is already agreed to have TRS colliding with TRS, we prefer to have non-colliding SSB so that UE has at least one clean reference signal to reliably track timing/frequency. Otherwise, UE performance will suffer in the field as shown by Intel’s simulation results.
Issue 1-1-4: Propagation condition
Prefer Option 1.

	MediaTek
	Issue 1-1-1: Network type
Support Option 2 to only consider synchronized network.
Issue 1-1-2: Channel bandwidth
Support Option 2 as we do not think there is a large performance impact. 
Issue 1-1-4: Propagation condition
Prefer Option 1. 

	ZTE
	Issue 1-1-1: Network type
Option 2. We prefer to focus on sync case at this stage. 
Issue 1-1-2: Channel bandwidth
Option 2. Channel bandwidth plays very little impact on the performance.
Issue 1-1-3: SSB configuration
Option 1. As other companies observed, SSB collision may have impact in some cases, so with this option the evaluation results may be closer to what can be achieved in some real network.
Issue 1-1-4: Propagation condition
For evaluation purpose only, both channels can be investigated, but eventually only one of them is selected for specifying requirements.

	DOCOMO
	Issue 1-1-3: SSB configuration
Our preference is Option 1.
The serious impact for PBCH performance can be seen in the Intel’s contribution, but we don’t think that it is practical to configure serving cell and all interference cells SSB in different time/frequency resources. Therefore, we think it is necessary to consider the scenario that SSBs of serving cell and interference cells are in the same time/frequency resources.
Issue 1-1-4: Propagation condition
We slightly prefer to Option 2.



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

	Ericsson
	Issue 1-2-1: MCS
From our simulation results, both MCS has performance gain for IRC. Considering the test coverage, we suggest defining requirements for both MCS.

Issue 1-2-2: Performance measurement point
Option 1.
It depends on the interf. modeling by DIP or INR. 

	Intel
	Issue 1-2-1: MCS
Based on our analysis depending on INR conditions, testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-IRC can be observed for both MCS. Therefore, probably it is better to agree on INR values first and, based on results, select the MCS. Also, probably it is better to select the MCS for which the SINR is not lower than -6 dB to avoid any issue with testing.
Issue 1-2-2: Performance measurement point
Support Option 2.
This topic is connected with issue of interference modelling methodology (DIP or INR). Based our understanding, INR and SNR-based test configuration definition provides the clearer test description in comparison to DIP and SINR and does not require definition on new methodologies in 38.101-4.

	Apple
	Issue 1-2-1: MCS
We support option 2. 
We can decide based on the chosen INRs and operating SINR range. 
Issue 1-2-2: Performance measurement point
We support option 2.
This issue is also related to Issue 1-3-6. We prefer to use INR methodology for interference profile config as it is more straight forward to understand the interference levels from INR values. Hence we prefer to use metric as SNR at 70% of TP. 


	CMCC
	Issue 1-2-1: MCS
We would like to further clarify our observation about simulation results that “For 2T4R MCS 4 configuration, the (ideal)SINR is lower than -6dB”. For the impairment result, the SINR is higher than -6dB. Therefore, we also support Option 3.
Issue 1-2-2: Performance measurement point
Open to both options. Maybe this issue can be merged with issue 1-3-6, since they are highly related with each other. 

	Huawei
	Issue 1-2-1: MCS
Generally we share the similar view with Intel that RAN4 should agree on the INR value and then decide the MCS as per the aligned simulation results by taking into account the SINR not lower than -6dB, at the same time, maybe we need to consider the difference between SNR and INR to avoid possible handover.
Issue 1-2-2: Performance measurement point
Don’t have strong views and it depends on Issue 1-3-6

	China Telecom
	Issue 1-2-1: MCS
We support to cover both QPSK and 16QAM for both 2Rx and 4Rx cases. And we are fine to select higher or lower MCS indexes based on companies’ simulation results.

Issue 1-2-2: Performance measurement point
We think this issue can be combined with Issue 1-3-6: Methodology for interference profile configuration
According to companies’ proposals, there are 2 schemes:
Scheme#1: Use DIP approach + SINR for requirement definition.
Scheme#2: Use INR approach + SNR for requirement definition.
We proposed scheme#1 in our discussion paper, because scheme#1 is aligned with the requirement definition in LTE MMSE-IRC receiver, and it is worth noted that in LTE, it is DIP approach that is defined for full buffer test cases. 
Same time, we agree with the recommended WF that this issue does not impact the test parameters, therefore we are also ok to follow the majority view.

	Qualcomm
	Issue 1-2-1: MCS
Prefer Option 2. As other companies mentioned, we can choose an MCS where SNR and INR are not far from each other and preferably SNR > INR. But RAN4 should define the test for only one of the MCS.
Issue 1-2-2: Performance measurement point
Prefer Option 2. From the reader’s perspective, it is easier to interpret SNR and INR since that clearly tells the user how strong or weak interferer is compared to serving cell without doing any calculations.

	MediaTek
	Issue 1-2-1: MCS
No strong preference. But we think the MCS selection should depend on the simulation result by considering the gain between MMSE-IRC and MMSR-MRC and SINR operating point.  
Issue 1-2-2: Performance measurement point
OK with both options. We think it is related to the Issue 1-3-6, if DIP methodology is agreed, we can go for Option 1. Otherwise, we can go for Option 2.

	ZTE
	Issue 1-2-1: MCS
Option 2 is preferred to select one MCS after agreeing INR values. 
Issue 1-2-2: Performance measurement point
Both options can work.

	DOCOMO
	Issue 1-2-1: MCS
Both Option 1 and Option 3 are acceptable for us.



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

	Ericsson
	Issue 1-3-1: Deployment
We’re also fine with option 3.

Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
We’re fine with option 2 and 3. How to define the interf. setting depends on DIP or INR.

Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
Fine with option 1.

Issue 1-3-4: Number of explicitly modeled interference cells
Option 2.
RAN4 should consider the typical interf. configuration. From our understanding, whether 1 or 2 interf. cells are agnostic in UE receiver.

Issue 1-3-6: Methodology for interference profile configuration
Open with both.
INR is much easier in simulation configuration setting, but DIP with SINR can directly reflects the interference suppression capability for IRC receiver.

	Intel
	Issue 1-3-1: Deployment
In case we assume that the only difference between different deployment assumptions is interference power profile configuration, we think that Option 3-2 can be rather good compromised solution in case definition of CSI requirements will be agreed. 
Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
Based on our system level analysis of NR UMa and UMi scenarios, INR profiles 7.77 and 2.29 dB or 13.91 and 3.34 dB can be considered to reflect typical NR deployment.
Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
Option 1 is fine for us at current stage, but we would like to double check whether such conditions can be observed in NR by system level analysis.
Issue 1-3-4: Number of explicitly modeled interference cells
Support Option 2.
Based on our system level analysis, if 2 interference cells are explicitly modelled then the contribution of the total receive signal power from dominant interference cells (i.e. explicitly modelled) to the total receive signal power from all interference cells is 73% or less for the 50% of users. However, for scenario with 1 interference cell, we have 50% or less for the 50% of users.
Issue 1-3-6: Methodology for interference profile configuration
Support Option 2. Same comment as for Issue 1-2-2.

	Apple
	Issue 1-3-1: Deployment
Option 2 or option 5 is fine for us. 
We don’t support to consider both deployment assumptions. We think we should consider a deployment suitable for NR. With Option 3 we might need some system level analysis to determine suitable INRs for both deployments based on NR profiles/ scenarios. 
Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
We are fine with Option 2 based on SLS analysis provided by Intel. 
Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
We should agree on deployment and perform some system level analysis to determine suitable INRs. 
Issue 1-3-4: Number of explicitly modeled interference cells
We are fine Option 2 to make progress.
The number of interferers modeled don’t affect or test anything in the receiver for MMSE-IRC as shown in our simulation results. We proposed option 1 to reduce test setup complexity. But if companies have strong preference to model 2 interferers, we are fine with it. 
Issue 1-3-6: Methodology for interference profile configuration
We support Option 2. 
INR is easier to understand the interference levels. With DIP, more calculation is needed to know the interference level. 

	CMCC
	Issue 1-3-1: Deployment
Option 1. 
The difference between HetNet and Homogeneous are:
1.The interference power setting
2. The SSB configuration
In HetNet, Serving cell SSB and interference cell(s) SSB(s) configured in the different time/frequency resources is a common configuration. For test coverage, we propose to check the different SSB configuration in Homogenous and HetNet.
For Homogeneous, all SSBs are configured in same resource
For Heterogenous, serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources.

	Huawei
	[bookmark: OLE_LINK45]Issue 1-3-1: Deployment
We support Option 5. Only difference for HetNet deployment is INR level of the neighboring cell which has no impact on IRC processing. Therefore, there is no need to consider the HetNet deployment.
Considering that SSB-IC will be not executed in this inter-cell IRC performance requirements definition, it has no difference with the same or different SSB configuration for IRC processing.
Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
Based on our understanding, maybe we need to consider whether cell handover will happen under such high INR, especially for INR=13.91dB. Also the SINR lower than -6dB should be taken into account as per the simulation results. 
Issue 1-3-4: Number of explicitly modeled interference cells
We support Option 2
Issue 1-3-6: Methodology for interference profile configuration
Both Options are OK. 

	China Telecom
	Issue 1-3-1: Deployment
We support option 1 to additionally consider HetNet scenarios.

Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
We support option 3 to reuse the interference value assumptions for LTE. 
The agreed interference value in LTE was obtained by all companies’ simulation results at that time, and the performance gain of MMSE-IRC receiver has already been verified under DIP1/2 = -1.73/-8.66 dB.
If companies would like to propose other higher interference levels for requirement definition, it will be necessary for more companies’ system level simulation to verify the proposed DIP values.

Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
Option 1.

Issue 1-3-4: Number of explicitly modeled interference cells
In our understanding, the difference between modeling 1 or 2 interference cells are not only affects interference power, but also the verifying the UE MMSE-IRC capability of mitigating interference from both one and two directions, whose performance difference will be shown when switching from 2Rx to 4Rx.
As a result, we support to cover both 1 and 2 interference cells for different tests taking performance gain, test complexity and SS fader number in to consider, like we have done in LTE test cases:
In LTE MMSE-IRC demodulation tests in single carrier scenario, two interferers are modeled for downlink 2x2 antenna configuration, and one interferer is modeled for 4x2 and 2x4 antenna configuration. In CA scenario, one interferer is modeled for 2x2 and 2x4 antenna configurations.

Issue 1-3-6: Methodology for interference profile configuration
Same with Issue 1-2-2: Performance measurement point

	Qualcomm
	Issue 1-3-1: Deployment
Prefer Option 5 since UE receiver algorithm is agnostic to homogeneous vs HETNET. 
Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
Thank you Intel for providing the SLS. We would like to understand more on how to interpret the system level simulations provided by Intel. Can Intel please clarify the following:
1. What is SINR % and INR1%? Is it different percentile range from their cdf?
2. What is RU%? Is it % of time serving cell is loaded?
3. How do we choose which row makes most sense?
4. Why are proposed values for NR so different compared to LTE?
In this meeting, we are ok to keep both option2 and option3 so that other companies can get a chance to analyze option 2. But, in this meeting, we are more inclined to go with Option 3.
Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
This should be discussed after we conclude on Issue 1-3-1. 
Issue 1-3-4: Number of explicitly modeled interference cells
We prefer Option 1. Based on our analysis, 2 cell vs 1 cell only changes the SINR. Having 2 cells vs 1 cell doesn’t change the structure of the interference. If we have 2 cells with INR values as INR1 and INR2 vs 1 cell with INR as INR1+INR2, we don’t expect a change in the performance. Therefore, to simplify the test setup, we prefer to define requirements with 1 cell.
Issue 1-3-6: Methodology for interference profile configuration
Prefer Option 2. From reader’s perspective, it is easier to interpret SNR and INR since that clearly tells the user how strong or weak interferer is compared to serving cell without doing any calculations. With DIP approach, reader will have to make calculations to understand the interference and signal levels. In LTE, DIP approach was adopted in the earlier releases but RAN4 later switched to INR approach for the same reason.

	MediaTek
	Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
We are fine with Option 2 to consider higher INR values.
Issue 1-3-6: Methodology for interference profile configuration
We do not have a strong view on DIP or INR methodology. Either one is OK to us.

	ZTE
	Issue 1-3-1: Deployment
Option 5 preferred.  We may infer HetNet situation by looking into high INR values. 
Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
We tend to align with LTE, i.e, Option 3, but we are open to further discuss Option 2 if there are more inputs. 
Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
Fine with Option 1 if HetNet is agreed. 
Issue 1-3-4: Number of explicitly modeled interference cells
Option 1. If we use 2 interference cells, the power level difference between them is quite high, so the strongest interference cell may dominate the performance, thus it should be enough to specify requirements just with only 1 interference cell. 
Issue 1-3-6: Methodology for interference profile configuration
Both options can work, but slightly to align to LTE, i.e., Option 1 DIP.

	DOCOMO
	Issue 1-3-1: Deployment
We slightly prefer Option 1.
If RAN4 need to consider the SSB configuration in this issue, we prefer to discuss Issue 1-1-3 (i.e. SSB configuration) first.
Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
We’re fine with Option 2 and Option 3.



Sub-topic 1-4: Receiver assumptions
	Company
	Comments

	Ericsson
	Issue 1-4-1: TRS-IC/IM
We don’t think need such a clarification.

	Intel
	Issue 1-4-1: TRS-IC/IM
We are fine to assume that the minimum performance requirements will be defined under assumption that no TRS interference cancellation/mitigation is considered. However, we don’t see a strong need to add such clarification because based on our analysis from previous meeting we didn’t observe big PDSCH performance difference in case of Serving TRS collides with inference cell TRS or not. Also, we think that such clarification is not required in test description in TS 38.101-4.

	Apple
	Issue 1-4-1: TRS-IC/IM
We don’t think such clarification is needed for requirements definition. Also, from results presented in last meeting, we don’t observe any impact on performance with TRS overlapping. Could Huawei elaborate the concern here? 

	Huawei
	Issue 1-4-1: TRS-IC/IM
Our concern is that the simulation results will not be aligned if different companies use different schemes to handle interference caused by TRS colliding. Although some companies’ results have shown that TRS colliding has no impact on performance, we don’t know if TRS-IC processing were considered or not. Based on our understanding, we are fine to not add this clarification to TS.38.101-4, but it should be added to the simulation assumptions for common understanding to avoid possible results misalignment and the factors considered for the final performance requirements definition.

	China Telecom
	Issue 1-4-1: TRS-IC/IM
This issue is mainly related to whether there is demodulation performance difference between with and without TRS-IC/IM, if so, such clarification will be needed.
And in our understanding, similar clarification will be also needed for overlapped SSBs of different cells if performance difference is observed. Related to Issue 1-1-3: SSB configuration

	Qualcomm
	Issue 1-4-1: TRS-IC/IM
It should be left up to UE implementation. For simulation assumptions, we can assume no TRS-IC/IM, but we don’t need to specify that in the spec.

	MediaTek
	Issue 1-4-1: TRS-IC/IM
We do not think it is necessary to add such clarification in the specification.

	ZTE
	Issue 1-4-1: TRS-IC/IM
We don’t think such clarification should be added into specs, anyway, it is up to UE implementation as long as it can satisfy the minimum requirements.



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

	Ericsson
	Issue 1-5-1: Release independency of Demodulation requirements
Agree recommended WF.

	Intel
	Issue 1-5-1: Release independency of Demodulation requirements
Support recommended WF

	Apple
	Issue 1-5-1: Release independency of Demodulation requirements
We support recommended WF.

	CMCC
	Issue 1-5-1: Release independency of Demodulation requirements
Agree with the recommended WF.

	Huawei
	Issue 1-5-1: Release independency of Demodulation requirements
We support option 1. It is unfair to ask an earlier release 15 and release 16 UE to support IRC and meet the related performance requirements to be introduced in later release 17.  

	China Telecom
	Issue 1-5-1: Release independency of Demodulation requirements
The requirement for UE demodulation with inter-cell interference should be release independent from Rel-15.
MMSE-IRC has been the baseline receiver in the Rel-15 UE demodulation simulation assumptions in R4-1814239.

	Qualcomm
	Issue 1-5-1: Release independency of Demodulation requirements
Ok with recommended WF to discuss this issue later.

	MediaTek
	Issue 1-5-1: Release independency of Demodulation requirements
Support the recommended WF.

	ZTE
	Issue 1-5-1: Release independency of Demodulation requirements
Fine with Moderator’s recommendation.

	DOCOMO
	Issue 1-5-1: Release independency of Demodulation requirements
We support the recommended WF.



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

	Issue 1-1-1: Network type
	Tentative agreements: N/A
Candidate options:
· Option 1 (CMCC, China Telecom, Ericsson): Include FDD asynchronized network type in FR1.
· Option 1a (Ericsson, China Telecom): RAN4 to consider synchronized network configuration for both FDD and TDD for alignment, but RAN4 will discuss the asynchronous network configuration (i.e., time offset and/or frequency shift) for FDD after RAN4 stabilizes the test setup.
· Option 2 (Apple, Huawei, Qualcomm, MediaTek, ZTE): Only consider synchronized network
· Option 3 (Intel): Synchronized – first priority, asynchronized – second priority
Recommendations for 2nd round:
· Continue discussion on whether to consider FDD asynchronized network type
· Collect views on time/frequency offset values for FDD asynchronized network type

	Issue 1-1-2: Channel bandwidth
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, CMCC): additionally cover 40 MHz for FDD 15kHz SCS, and 100MHz for TDD 30kHz SCS.
· Option 2 (Apple, Intel, Ericsson, Huawei, Qualcomm, MediaTek, ZTE): Only 10MHz for FDD 15kHz and 40MHz for TDD 30kHz
Recommendations for 2nd round:
· Check views on concerns from China Telecom
· Discuss whether we can go with Option 2 in case concern from China Telecom will be resolved

	Issue 1-1-3: SSB configuration
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, CMCC, DOCOMO, Ericsson, ZTE): All SSBs (serving cell and interference cell(s)) are in the same time/frequency resources
· Option 2 (Intel, Huawei, Qualcomm, Apple): Serving cell SSB and interference cell(s) SSB(s) are in the different time/frequency resources
· Option 3 (Intel): Serving cell SSB and first dominant interference cell SSB are in the different time/frequency resources
Recommendations for 2nd round:
· Keep this topic open for this meeting
· Further discuss in the 2nd round the simulation assumptions for PBCH performance analysis which can help to resolve this issue

	Issue 1-1-4: Propagation condition
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, Apple, Qualcomm, MediaTek): Only TDLA30-10
· Option 2 (Ericsson, DOCOMO): RAN4 to define the test cases for both TDLA30-10 and TDLC300-100, but the overall number of test cases won’t be increased.
· Option 3 (Ericsson, CMCC): Check the performance difference for different propagation conditions and whether there are any benefits to introduce requirements for one or another or both channel models
· Option 4 (Intel, Huawei, ZTE): Select one channel model based on simulation results
· Option 5 (China Telecom): TDLA30-10 or TDLC300-100 for serving cell and TDLC300-100 for interference cell(s)
Recommendations for 2nd round:
· Check whether we can agree on definition of requirements for one channel model
· Collect views on criteria for selection of channel model if previous bullet is agreeable

	Issue 1-1-5: Test setup methodology for signal powers
(Combined issue of 1-2-2 and 1-3-6)
	Tentative agreements:
· Use SNR and INR methodology for signal powers setup
Candidate options:
· Option 1 (Ericsson, CMCC, Huawei, China Telecom, MediaTek, ZTE): SINR and DIP 
· China Telecom: we are also ok to follow the majority view
· Ericsson (Issue 1-3-6): Open with both.
· Option 2 (Intel, Apple, CMCC, Huawei, Qualcomm, MediaTek, ZTE): SNR and INR
Recommendations for 2nd round:
· Check whether tentative agreement is fine for everyone



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

	Issue 1-2-1: MCS
	Tentative agreements: N/A
Candidate options:
· Option 1 (CMCC, DOCOMO):
· Use MCS 4 and MCS 13 for 2T2R test configuration
· At least cover MCS 13 for 2T4R test configuration, MCS 4 can also be used for 2T4R test configuration.
· Option 2 (Intel, Apple, China Telecom, Qualcomm, Huawei, ZTE): Down selection between MCS 4 and MCS 13 based on results for agreed INR values
· Intel: Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-IRC
· Intel, Huawei: SINR is not lower than -6 dB
· Huawei: consider the difference between SNR and INR to avoid possible handover
· Qualcomm: preferably SNR > INR
· Option 3 (Ericsson, CMCC, China Telecom, DOCOMO): RAN4 to define requirements for both QPSK and 16QAM.
Recommendations for 2nd round:
· Check whether we can agree on definition of requirements for one MCS
WF for the next meeting (to be checked in the 2nd round)
· Select [MCS or MCSs] based on simulation results for agreed INR values based on the following criteria
· Testable performance benefit (i.e. > 1 dB) of MMSE-IRC vs MMSE-MRC
· SINR is not lower than -6 dB
· Consider the difference between SNR and INR to avoid possible handover
· SNR > INR
· Other criteria are not precluded



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

	Issue 1-3-1: Deployment
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, CMCC, DOCOMO): Additionally cover HetNet scenarios
· Option 2 (Apple): Use deployment assumption that is more suitable for ICI scenario in NR.
· Option 3 (Intel, Ericsson): Further discuss the following options on interference modelling for different deployment assumptions:
· Option 1: Use same deployment assumptions (Homogeneous or HetNet) for Demodulation and CSI requirements
· Option 2: Use different deployment assumptions for Demodulation and CSI requirements (i.e. HetNet for Demodulation and Homogeneous for CSI or vice versa).
· Option 4 (Ericsson): RAN4 can evaluate both homogeneous and heterogenous scenarios with different interference power settings.
· Option 5 (Huawei, Qualcomm, Apple, ZTE): Only consider Homogeneous deployment assumptions.
Recommendations for 2nd round:
· Collect views on comment from CMCC
· Check whether we can use different deployment assumptions for Demodulation and CSI requirements as compromise solution

	Issue 1-3-2: DIP/INR values for Homogeneous deployment assumptions
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple): Use interference profile that is more suitable for ICI scenario in NR.
· Option 2 (Intel, Ericsson, Apple, MediaTek, ZTE, DOCOMO): Consider INRs 7.77 and 2.29 dB or 13.91 and 3.34 dB
· Option 3 (Ericsson, China Telecom, Qualcomm, ZTE, DOCOMO): Consider DIP1/2 = -1.73/-8.66 dB
· Option 4 (Huawei): Select values taking into account handover issue and SINR value (> -6 dB)
Recommendations for 2nd round:
· Collect additional comments if any
WF for the next meeting (to be checked in the 2nd round)
· Keep Option 2 and 3 for further analysis

	Issue 1-3-3: INR values for HetNet deployment assumptions (if HetNet will be agreed for Issue 1-3-1)
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom, Ericsson, Intel for initial analysis, ZTE): INRs 11.39 and 5.45 dB (DIPs -1.23 and -7.16 dB)
· Intel: we would like to double check whether such conditions can be observed in NR by system level analysis.
· Option 2 (Apple, Qualcomm): Agree on deployment first
Recommendations for 2nd round:
· No discussion on this issue in the second round. First agree on deployment assumptions for issue 1-3-1.

	Issue 1-3-4: Number of explicitly modeled interference cells
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Qualcomm, ZTE): Introduce requirements for intercell interference with 1 interferer cell.
· Option 2 (Intel, Huawei, Ericsson, Apple): Use explicit modelling of 2 interference cells
· Option 3 (China Telecom): Cover both 1 and 2 interference cells
Recommendations for 2nd round:
· Check whether we can consider different assumptions for different requirements, for example, 2 interference cells for PDSCH and 1 interference cell for CSI



Sub-topic 1-4: Receiver assumptions
	
	Status summary 

	Issue 1-4-1: TRS-IC/IM
	Tentative agreements: N/A
Candidate options:
· Option 1 (Huawei): Add the clarification that no TRS interference cancellation/mitigation is considered for inter-cell MMSE-IRC requirements definition.
· Option 2 (Ericsson, Apple, MediaTek): No need such clarification
· Option 3 (Intel, Huawei, Qualcomm, [ZTE?]): Add such clarification in simulation assumptions, but not in TS 38.101-4
· Option 4 (China Telecom): The clarification is needed if performance difference on PDSCH demodulation is shown between with and without TRS-IC
Recommendations for 2nd round:
· Check whether we can go with Option 3



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

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



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

	R4-2112105
	Apple
	Proposal #1: Do not define PMI reporting requirements in ICI.
Proposal #2: Define CQI reporting requirements in ICI with MMSE-IRC receiver for completeness.
Observation #1: For the simulation parameters used, we don’t see large performance delta with different interference configs. 
Proposal #3: For CQI reporting requirements in ICI configure NZP CSI-RS of target cell overlaps with NZP CSI-RS from interference and CSI-IM overlaps with PDSCH from interference.
Observation #2: For the simulation parameters used, we see throughput increase with MMSE-IRC with ICI compared to AWGN.

	R4-2112149
	China Telecom
	Proposal 1: Support to define CQI reporting requirements for inter cell interference scenario for UEs supporting MMSE-IRC receiver.
Proposal 2: For PMI reporting requirements for inter cell interference scenario for UEs supporting MMSE-IRC receiver, encourage more investigation on whether the PMI calculation will be different for UEs with and without MMSE-IRC receiver, under ICI scenario.
Observation 1: Whether the CSI-IM/NZP CSI-RS is overlapped with neighbor cell PDSCH data or NZP CSI-RS, may leads to different interference estimation since NZP CSI-RS is not precoded.
Proposal 3: Investigate the performance difference of each of the 6 CSI-IM and NZP CSI-RS configuration combinations above, and make further down selection based on simulation results and also take practical network configuration into account.
Proposal 4: To ensure the interference estimation accuracy, 1) if we are using target CSI-IM overlaps with neighbor NZP CSI-RS, target CSI-IM port number (X) shall be equal to neighbor cell NZP CSI-RS port number. 2) if we are using target NZP CSI-RS overlaps with neighbor NZP CSI-RS, same port number for the 2 cells shall be configured.

	R4-2112209
	CMCC
	Proposal 1: Define the CQI reporting requirements with inter-cell interference scenario. 
Proposal 2: For Homogenous scenario, CSI-IM on target cell overlaps with NZP CSI-RS from interference.
Proposal 3: For Homogenous scenario, NZP CSI-RS on target cell overlaps with NZP CSI-RS from interference or interference free.

	R4-2113119
	Intel Corporation
	Proposal 1: Define CQI reporting requirements for MMSE-IRC receiver for scenario with inter-cell interference.
Proposal 2: Consider the following NZP CSI-RS and CSI-IM assumptions for CQI requirements:
· CSI-IM on target cell overlaps with PDSCH from interference
· NZP CSI-RS on target cell overlaps with PDSCH from interference
Proposal 3: Do not define PQI reporting requirements for MMSE-IRC receiver for scenario with inter-cell interference.

	R4-2113639
	Ericsson
	Observation 1: NZP CSI-RS overlapping had already deployed in real field.
Proposal 1: RAN4 to define the CQI reporting tests with neighboring cell(s) interference condition.
Proposal 2: RAN4 to define the PMI reporting tests for MMSE-IRC inter-cells’ requirement or change some PDSCH demodulation test case with follow PMI.
Proposal 3: RAN4 should consider the real deployment and cover the following CSI-RS configurations:
· NZP CSI-RS: Target cell NZP CSI-RS colliding with interf. Cell NZP CSI-RS
· CSI-IM:
· Scenario 1: serving cell CSI-IM colliding with Interf. cell CSI-IM
· Scenario 2: serving cell CSI-IM colliding with Interf. cell PDSCH
Proposal 4: RAN4 to reuse legacy NR R15 CQI reporting configuration to define CQI reporting for inter-cells as much as possible.

	R4-2113783
	Huawei, HiSilicon
	Proposal 1: Not introduce the CQI reporting requirements with inter-cell interference scenario.
Proposal 2: Not introduce the PMI reporting requirements with inter-cell interference scenario.



Open issues summary
Sub-topic 2-1: CSI requirements
Issue 2-1-1: Whether to define CQI reporting requirements
· Background
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
· Proposals
· Option 1 (Apple, China Telecom, CMCC, Intel, Ericsson): Yes
· Option 2 (Huawei): No
· Recommended WF
· Collect views on options above with detailed justification
· Check whether Option 1 can be considered

Issue 2-1-2: Whether to define PMI reporting requirements
· Background
· Option 1: Yes
· Option 2: Need further discussion
· Option 3: No
· Proposals
· Option 1 (Ericsson): Yes
· Option 2 (China Telecom): Need further discussion
· Option 3 (Apple, Intel, Huawei): No
· Recommended WF
· Collect views on options above with detailed justification

Sub-topic 2-2: Interference Model
Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
· Background
· Option 1: Overlaps with PDSCH from interference
· Option 2: Overlaps with NZP CSI-RS from interference
· Proposals
· Option 1 (Apple, Ericsson, Intel): Overlaps with PDSCH from interference
· Option 2 (CMCC for Homogeneous Network): Overlaps with NZP CSI-RS from interference
· Option 3 (China Telecom): Make further down selection based on simulation results and also take practical network configuration into account.
· China Telecom: if we are using target CSI-IM overlaps with neighbor NZP CSI-RS, target CSI-IM port number (X) shall be equal to neighbor cell NZP CSI-RS port number
· Option 4 (Ericsson): Overlaps with Interf. cell CSI-IM
· Recommended WF
· Collect views on options above

Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
· Background
· Option 1: Overlaps with PDSCH from interference
· Option 2: Overlaps with NZP CSI-RS from interference 
· Option 3: Interference free
· Proposals
· Option 1 (Intel)
· Option 2 (Apple, CMCC for Homogeneous Network, Ericsson): Overlaps with NZP CSI-RS from interference
· Option 3 (China Telecom): Make further down selection based on simulation results and also take practical network configuration into account.
· China Telecom: if we are using target NZP CSI-RS overlaps with neighbor NZP CSI-RS, same port number for the 2 cells shall be configured.
· Recommended WF
· Collect views on options above 
· Check whether Option 2 (Overlaps with NZP CSI-RS from interference) can be considered

Sub-topic 2-3: Simulation assumption for CQI requirements
Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
· Proposals
· Option 1 (Ericsson): RAN4 to reuse legacy NR R15 CQI reporting configuration to define CQI reporting for inter-cells as much as possible.
· Recommended WF
· Collect views on option above
· Identify the list of test parameters which can be reused

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

	Ericsson
	Issue 2-1-1: Whether to define CQI reporting requirements
Option 1.
In LTE, RAN4 has defined CQI reporting tests under fading condition assuming neighboring cell. Thus, we think it’s naturally to introduce NR CQI reporting test case for multiple cells.
Issue 2-1-2: Whether to define PMI reporting requirements
Option 1.
From our perspective, UE may report the inaccurate PMI because serving cell’s CSI-RS is interfered by inter-cells, especially, when UE is in the cell edge and have a strong interference neighbor cell. In LTE IRC, several test cases for follow PMI are also defined. Thus, it’s important for RAN4 to further define test cases for PMI reporting or define some PDSCH demodulation test cases with follow PMI instead of random PMI.
We also noticed some companies submit the results which shows no performance difference between MRC and IRC receiver. Since this is the first time to have the simulation results, we suggest further evaluating PMI reporting and make the conclusion in next meeting. 

	Intel
	Issue 2-1-1: Whether to define CQI reporting requirements
Support Option 1.
Based on our analysis for this meeting, it was shown that it rather important to verify that UE has correct CQI reporting under interference-limited conditions.
Also, we understand that in real field gNB will use OLLA to make CQI adjustment. However, we think that correct CQI reporting with OLLA will lead to more optimal system performance in comparison to incorrect CQI reporting with OLLA.
Issue 2-1-2: Whether to define PMI reporting requirements
For this meeting, we’ve prepared the analysis which shows that type of CSI reporting (MRC or IRC) does not have impact on PMI. Same time, we are fine to have further analysis to make the final conclusion in the next meeting.

	Apple
	Issue 2-1-1: Whether to define CQI reporting requirements
We support option 1, to introduce CQI requirements in ICI with MMSE-IRC for completeness 
Issue 2-1-2: Whether to define PMI reporting requirements
We support option 3.
We don’t believe PMI reporting is affected by ICI / MMSE-IRC vs MMSE receiver. 

	CMCC
	Issue 2-1-1: Whether to define CQI reporting requirements
Option 1.
Issue 2-1-2: Whether to define PMI reporting requirements
We are fine with Option 1 and open to have further analysis and evaluation.

	Huawei
	Issue 2-1-1: Whether to define CQI reporting requirements
We are also fine with Option 1 considering the possible gain for CQI reporting by using IRC over MRC.
Issue 2-1-2: Whether to define PMI reporting requirements
We support Option 3.
Based on our understanding, PMI, CQI and RI are estimated together based on the calculation of SINR depending on receiver type. i.e. IRC or MRC, the test purpose of CSI in interference modeling  is to verify if SINR is calculated by using IRC processing and CQI requirements is enough to verify this function. If UE uses correct processing to calculate SINR, then PMI can also be selected correctly. Moreover, based on our understanding, the performance gain for following PMI with IRC processing is limited with small number of transmission antenna. 
@Ericsson. We agree that requirements for IRC with following PMI has been defined in LTE TM4, but it is classified in PDSCH demodulation test instead of CSI test and TM4 is closed loop schemes with follow CQI, RI and PMI. For NR IRC, it is impractical to define the demodulation test with following PMI, but with fixed RI and MCS since they are bundled together. 

	China Telecom
	Issue 2-1-1: Whether to define CQI reporting requirements
Option 1.
It is clear that UEs with and without MMSE-IRC would have different CQI calculation under ICI condition. And UE itself should have the capability of MMSE-IRC based correct CQI reporting rather than purely counting on OLLA which will waste the overall throughput.
Issue 2-1-2: Whether to define PMI reporting requirements
Open to discuss.

	Qualcomm
	Issue 2-1-1: Whether to define CQI reporting requirements
Ok with Option 1 for completeness. 
Issue 2-1-2: Whether to define PMI reporting requirements
Prefer Option 3. We don’t see why PMI reporting will change for this scenario. Interference mainly impacts the observed SNR which in turn impacts reported CQI.

	MediaTek
	Issue 2-1-1: Whether to define CQI reporting requirements
We are OK with Option 1.
Issue 2-1-2: Whether to define PMI reporting requirements
Support Option3. 

	ZTE
	Issue 2-1-1: Whether to define CQI reporting requirements
Fine with Option 1.
Issue 2-1-2: Whether to define PMI reporting requirements
Option 3 preferred.

	DOCOMO
	Issue 2-1-1: Whether to define CQI reporting requirements
We support Option 1.
To maintain a sufficient UE performance in the real network, it is necessary to ensure both PDSCH and the CQI reporting performance under the inter-cell interference from neighboring cells.



Sub-topic 2-2: Interference Model
	Company
	Comments

	Ericsson
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
Option 1 and 4.
From our understanding, both serving cell CSI-IM overlapping with interf. Cell CSI-IM or PDSCH are valid scenarios. We suggest RAN4 further evaluating both scenarios and make the decision based on the simulation results.
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
Option 2.
NZP CSI-RS on neighboring cell colliding with the NZP CSI-RS on serving cell is a typical deployment in commercial networks.

	Intel
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
Support Option 1.
In case we consider CQI test with one TX antenna and one port NZP CSI-RS, we don’t expect big performance difference between Option 1 and 2.
As for Option 4, we think that using of such configuration in real field will lead to big system performance impact, because UE will not be able to make the correct interference estimation and will overestimate the SINR conditions. We are fine to double check such configuration by link level analysis to check our expectations.
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
Option 2 is fine for us. Based on our analysis, no big performance difference is observed for all considered options.

	Apple
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
We support Option 1.
We don’t think option 4 is practical. How is UE expected to perform interference measurement if CSI-IM is overlapping with CSI-IM instead of signal transmitted from interferer(s)? It defeats the purpose of configuring CSI-IM and UE would only measure noise instead of noise + interference. 

Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
We support Option2. 

	CMCC
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
Option2. For MMSE-IRC receiver, the UE estimation behavior is irrelevant to whether the interference is precoded or not based on our knowledge. We are open to have more analysis. Besides, Option 2 is more aligned with practical network configuration.
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
Option 2.

	Huawei
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
We support Option 1.
For Option 4: Our purpose to verify whether UE can estimate the interference correctly, we think that it is corner case that CSI-IM is not overlapping with neighboring cell’s interference. In this case, only white noise can be seen, so there is no performance difference between processing with IRC and that with MRC.
For Option 2 and Option 3: Since 1TX is used for interference cell, the direction of interference between NZP-CSI-RS and PDSCH is same, so there is no difference between option1 and option 2 
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
We support Option 2. 
NZP-CSI-RS is used for channel estimation and interference power is different among these options, but the impact of interference can be mitigated by using advanced channel estimation algorithm. Moreover, we think configurations in option 2 is more typical.

	China Telecom
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
In our understanding, it is CSI-IM that is used to observe the inter cell interference level. 
Our main concern is that the interference level measured on the neighbor NZR CRI-RS which is not precoded, may be different from that of neighbor PDSCH data.
We appreciate companies’ analysis and initial simulation results for the 2 options and show that minor performance difference is observed for the 2 options, where 1 port interference cell is assumed.
However, since there is proposal to define 2Tx ports for the interference cell, it will be not clear for option 2 that how many target CSI-IM Res will be overlapped with neighbor NZP CSI-RS RE, which remains uncertain whether the CQI reporting will be different. 
We request to have more time to evaluate this issue after we have decided the interference port number.
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
In our understanding, NZP CSI-RS is used to estimate the channel between UE and target BS. 
NZP CSI-RS suffers different interference with option 1 and option 2 since neighbor cell NZP CSI-RS is not precoded.
Based on companies’ analysis and simulation results which show minor performance difference between the above options, we are also fine with option 2 as baseline.

	Qualcomm
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
Prefer Option 1. It is essential for UE to see the actual PDSCH interference on CRS-IM for it to be able to compute proper CQI. For NZP CSI-RS interference, power may not be same as the interfering PDSCH depending on the CDM group. Also, the structure of interference may also be different.
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
Our preference is Option 3. But we are ok to make this down-selection in the next meeting so that we get some time to compare the performance of all the options.  

	MediaTek
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
Support Option 1. As for Option 4, we also think it is not a practical configuration. 
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
Support Option 1 but we are OK with Option 2.

	ZTE
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
Option 1. 
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
Option 2.

	DOCOMO
	Issue 2-2-1: CSI-IM on target cell (if introduction of CSI requirements is agreed)
We support Option 1.
We would like to check two points about the configuration of CSI-IM and NZP CSI-RS in Option 2.
[1] In our understanding, the number of CSI-IM symbols should be same as that of NZP CSI-RS symbols in Option 2. 
Considering the Rel-15 CQI reporting test, the number of CSI-IM symbols is two, and the number of NZP CSI-RS symbols is one (ex. TS 38.101-4 Table 6.2.2.2.1.1-1 CQI reporting definition test). On the other hand, based on our understanding of Option 2, the number of CSI-IM symbols and NZP CSI-RS symbols is two. Is our understanding correct?
[2] If NZP CSI-RS and CSI-IM are in same symbol at the same UE, how do you operate them?
Followings are our understanding. Is it correct understanding?
· Prepare several CSI-IM mapping patterns with different frequency resources.
· Operate the serving cell CSI-IM and the interference cells NZP CSI-RS with not overlap.
To CMCC
Based on our understanding, we don’t think that it is practical to configure different mapping patterns of CSI-IM for all neighboring cells NZP CSI-RS. We would like to hear your view for above our understanding / questions.
Issue 2-2-2: NZP CSI-RS on target cell (if introduction of CSI requirements is agreed)
Our preference is Option 1 (i.e. Overlaps with PDSCH from interference).



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

	Ericsson
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
Option 1.
Serving cell’s CQI reporting configuration with rank=1 can be reused.
Interf. cell’s configuration can be defined based all the possible overlapping scenarios for initial evaluation.
RAN4 can further update interf. cell’s configuration based on the agreements for interf. cell’s NZP CSI-RS/CSI-IM/ZP CSI-RS setting.

	Intel
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
We are fine to reuse the following parameters from existing Rel-15 CQI requirements for fading conditions:
· CBW/SCS configuration 
· CSI-RS/CSI-IM configurations
· CQI table
· CQI format Indicator


	Apple
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
We are fine to use the R15 CQI reporting test config for fading channel as a baseline for the serving cell config. Our proposals were based on this assumption. If we change any assumptions like CQI format indicator, we might need to re-evaluate the interference modeling options. 
If we follow the same test methodology as LTE, for interference cell it is important to configure as 1 TX with static channel, otherwise the desired correlated interference is not introduced. 

	Huawei
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
We are fine with the test parameters proposed by Intel and Apple.

	China Telecom
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
Option 1 can be start point. 
To Ericsson: We have similar concern with Apple on whether the agreed DIP value reused from LTE is still reasonable if we change the Tx port to 2?
We suggest to make decision on the interference Tx port number in this meeting, to assist the simulation evaluation for other issues.

	Qualcomm
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
We are ok to use the test parameters proposed by Intel and Apple as a starting point for initial simulations and it can be modified later, if needed.

	MediaTek
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
We are OK to Option1.

	ZTE
	Issue 2-2-1: Test configuration (if introduction of CQI requirements is agreed)
Fine with Option 1.



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

	Issue 2-1-1: Whether to define CQI reporting requirements
	Tentative agreements:
· Define CQI reporting requirements for MMSE-IRC receiver for inter-cell interference

	Issue 2-1-2: Whether to define PMI reporting requirements
	Tentative agreements: N/A
Candidate options:
· Option 1 (Ericsson, CMCC): Yes
· Option 2 (China Telecom): Need further discussion
· Option 3 (Apple, Intel, Huawei, Qualcomm, MediaTek, ZTE): No
Recommendations for 2nd round:
· Keep this issue open. Collect views on simulation assumptions for analysis which can help to resolve this issue in the next meeting



Sub-topic 2-2: Interference Model
	
	Status summary 

	Issue 2-2-1: CSI-IM on target cell
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Ericsson, Intel, Huawei, Qualcomm, MediaTek, ZTE, DOCOMO): Overlaps with PDSCH from interference
· Option 2 (CMCC for Homogeneous Network): Overlaps with NZP CSI-RS from interference
· Option 3 (China Telecom): Make further down selection based on simulation results and also take practical network configuration into account.
· China Telecom: if we are using target CSI-IM overlaps with neighbor NZP CSI-RS, target CSI-IM port number (X) shall be equal to neighbor cell NZP CSI-RS port number
· Option 4 (Ericsson): Overlaps with Interf. cell CSI-IM
Recommendations for 2nd round:
· Check whether we can consider Option 1 as baseline

	Issue 2-2-2: NZP CSI-RS on target cell
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, MediaTek, DOCOMO): Overlaps with PDSCH from interference
· Option 2 (Apple, CMCC for Homogeneous Network, Ericsson, Intel, Huawei, China Telecom, MediaTek, ZTE): Overlaps with NZP CSI-RS from interference
· Option 3 (China Telecom, Qualcomm): Make further down selection based on simulation results and also take practical network configuration into account.
· China Telecom: if we are using target NZP CSI-RS overlaps with neighbor NZP CSI-RS, same port number for the 2 cells shall be configured.
Recommendations for 2nd round:
· Check whether we can consider Option 2 as baseline



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

	Issue 2-2-1: Test configuration 
	Tentative agreements: N/A
Candidate options:
· Serving cell
· Option 1 (Ericsson, Apple, China Telecom, MediaTek): RAN4 to reuse legacy NR R15 CQI reporting configuration to define CQI reporting for inter-cells as much as possible.
· Option 2 (Intel, Huawei, Qualcomm, MediaTek): reuse the following parameters from existing Rel-15 CQI requirements for fading conditions:
· CBW/SCS configuration 
· CSI-RS/CSI-IM configurations
· CQI table
· CQI format Indicator
· Interference cell
· Option 1 (Apple, Huawei, Qualcomm): 1 TX with static channel
Recommendations for 2nd round:
· Check the following assumptions:
· Serving cell configuration: Reuse assumptions from Sections 6.2.2.1.2.1, 6.2.2.2.2.1, 6.2.2.2.2.1, 6.2.3.2.2.1
· Interference cell configuration:
· 1 TX with static channel
· NZP CSI-RS and CSI-IM is based on outcome of Issue 2-2-1 and Issue 2-2-2
· INR configuration
· Option 1: 10.04 dB (DIP -0.41dB)
· Other options are based on discussion of Issues 1-3-1 and 1-3-4



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

	R4-2112106
	Apple
	Observation #1: With 8/16TX, follow PMI will need to be used. 
Proposal #1: Do not combine PDSCH demodulation and PMI reporting requirements.
Observation #2: Zero forcing would need to be used to ensure orthogonality, which is infeasible based on TE vendor’s feedback.
Observation #3: Selecting precoder(s) for co-scheduled UE(s) to ensure orthogonality based on PMI feedback for target UE is not trivial for 8/16TX codebook. 
Proposal #2: Do not introduce requirements with 8TX or 16TX for PDSCH demod for MU-MIMO. 
Proposal #3: For 2TX and 4TX case select precoders to ensure orthogonality.
Proposal #4: Introduce network assistance for PDSCH demodulation for MU-MIMO.
Proposal #5: RAN4 further discuss details of network assistance for MU-MIMO. 
Proposal #6: Evaluate performance with CBW of 10MHz and 40MHz for FDD and TDD, respectively. 
Observation #4: For 2x2 with 1 layer per UE, we observe degradation with MU-MIMO for 16QAM case.
Observation #5: For 2x2 with 1 layer per UE, we observe degradation with MU-MIMO for 16QAM case in TDLC300.
Observation #6: For 16QAM and 2 layers for each user, in TDLC300 channel, max TP is not achieved at reasonable SNR. 
Observation #7: For 64QAM in TDLC300 channel, performance is severely degraded. 
Proposal #7: Do not consider the following configurations for further evaluation or requirements definition for MU-MIMO:
· TDLC300-100 channel model
· 2TX with 16QAM / MCS13
· 64QAM with 2 layers per user

	R4-2112150
	China Telecom
	Proposal 1: UE performance under 8Tx/16Tx should be additionally evaluated at least in this phase I stage.
Proposal 2: Encourage companies to have more investigation and discussion, on whether we can come up with alternative test metrics for UE supporting MMSE-IRC receiver under 8Tx/16Tx MU-MIMO scenarios, e.g., using random target precoder selection under SNR that achieves larger TP, or testing the reported PMI or CQI under MU-MIMO scenarios, etc.
Proposal 3: Support to cover both option 1 and option 2 for phase I evaluation, but we prefer not to include fixed PMI from practical implementation perspective.
Proposal 4: Cover 10 MHz and 40 MHz channel bandwidth for FDD 15kHz SCS, 40MHz and 100MHz channel bandwidth for TDD 30kHz SCS.

	R4-2112210
	CMCC
	Proposal 1: Do not introduce network assistance to assist the receiver.
Proposal 2: 
· For FDD 15kHz SCS: Cover 10MHz and 40MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW

	R4-2113120
	Intel Corporation
	Observation #1: Option 1 (Select the precoder to ensure orthogonality) provides better performance in comparison to Option 2 (Random) for all considered scenarios and different receiver assumptions.
Observation #2: Option 1B allows to verify correct interfere-plus-noise covariance matrix estimation for 2 Rx UE for scenarios with different CDM groups for target and interference UEs.
Observation #3: For scenario with Rank 2 MCS 19 serving PDSCH and TDL-C channel model, MMSE-IRC does not allow to achieve maximum throughput in case of Rank 2 interference PDSCH signal
Observation #4: Using of different antenna configurations just changes the SNR operating region and MMSE-IRC processing can be verified for all considered configuration.
Proposal 1: Consider the following assumptions for MU-MIMO modelling for requirements definition: 
· Precoder selection for interference UE: Option 1 (Select the precoder to ensure orthogonality)
· DMRS ports mapping
· Option 1B: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups
· Option 2A: DMRS port 0 (and 1) for target UE, port 2 (and 3) for the interference UE, i.e., use different CDM groups for the target and interference UEs
· Rank for target and interference PDSCH for 4 Rx UE: 2+2 rank configuration in case target PDSCH MCS is 13 and 2+1 rank configuration in case target PDSCH MCS is 19
· Tx antenna configuration: 2 Tx for 1 + 1 rank configuration and 4 Tx for 2+1 and 2+ 2 rank configurations
Observation #5: MMSE-IRC processing with joint demodulation allows to achieve performance benefits over MMSE-IRC processing with serving signal demodulation in scenarios with frequency and time selective channel (for example, TDL-C 300 ns 100 Hz)
Proposal 2: Consider the following assumptions for reference receiver for requirements definition: 
· Candidate receiver: Prioritize definition of requirements for MMSE-IRC processing with serving signal demodulation and further discuss the definition of requirements for MMSE-IRC processing with joint demodulation if time allows.
· Network assistance is not required for MMSE-IRC processing with serving signal demodulation and is FFS for MMSE-IRC processing with joint demodulation
· Specifying of QCL assumptions for different CDM groups is not required for MMSE-IRC processing with serving signal demodulation and FFS for MMSE-IRC processing with joint demodulation
Observation #6: Relative performance benefits of MMSE-IRC receiver over MMSE-MRC receiver are expected the same for different CBW/SCS configuration.
Proposal 3: Consider the following assumptions for General PDSCH parameters:
· SCS/CBW: 15 kHz/10 MHz and 30 kHz/40 MHz
· Propagation conditions: TDL-A for requirements for MMSE-IRC processing with serving signal demodulation
· MCS:
· Rank 1: MCS 13 
· Rank 2: MCS 13 in case on Rank 2 interference signal and MCS 19 in case of Rank 1 interference signal
Observation #7: For scenario with 2 TX antenna
· MMSE-IRC performance benefits over MMSE-IRC is rather close for different propagation conditions
· MMSE-IRC performance benefits over MMSE-IRC for scenario with 1+1 rank configuration and MCS 4 is not higher than 1 dB
Observation #8: For scenario with 4 TX antenna
· MMSE-IRC performance benefits over MMSE-IRC is rather close for different propagation conditions for the most of considered scenarios (except several scenario with Rank 2 Serving PDSCH, where MMSE-IRC cannot reach the 70% for TDL-C channel model)
· MMSE-IRC performance benefits over MMSE-IRC for scenario with 1+1 rank configuration and MCS 4 is not higher than 1.2 dB

	R4-2113128
	Intel Corporation
	TP to TR 38.833: Link level simulation results for Inter-user interference suppression for MU-MIMO

	R4-2113641
	Ericsson
	Proposal 1: RAN4 to focus on 2Tx and 4Tx with 1 target UE + 1 interference UE scenarios.
Proposal 2: RAN4 to define the MMSE-IRC performance based on random PMI selection for both target and interference UE in intra-cell inter-users, with ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test.
Proposal 3: To reduce the number of requirements, RAN4 may consider to merge the interfering configurations for target UE rank equaling 1. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
Proposal 4: To reduce the number of evaluation scenarios, RAN4 may consider to merge the interfering configurations for target UE rank equaling 2. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
Proposal 5: Based on the simulation results, RAN4 to define the MU-MIMO requirement for
· Same scrambling sequence when paired UEs are in the same CDM group
· Different scrambling sequence when paired UEs are in the different CDM group  
Proposal 6: RAN4 to only consider 10MHz for FDD 15kHz and 40MHz for TDD 30kHz.
Proposal 7: RAN4 to only define UE demodulation requirements based on MMSE-IRC processing with serving signal demodulation.
Proposal 8: Do not have the assumption of network assistant information when RAN4 evaluates UE performance for MU-MIMO.
Proposal 9: Target UE shall assume different QCL information for different CDM groups for co-scheduled UEs.

	R4-2113778
	Huawei, HiSilicon
	Observation 1: The target SNR is in a reasonable range and corresponding gain between MMSE-IRC and MMSE-MRC is obvious for random precoding matrix generation.
Observation 2: DMRS sequence is non-orthogonal to each other if different scrambling ID is used and 1dB performance degradation can be observed for rank 1+1 with same CDM group.
Proposal 1: Only consider 2TX and 4TX with random PMI for target UE.
Proposal 2: Consider 1 target UE + 1 interference UE for performance requirement definition.
Proposal 3: Consider Type I SP codebook only for performance requirement definition.
Proposal 4: Define the intra-cell inter-user interference requirements with a randomly selected precoding matrix that is not identical.
Proposal 5: Only consider TDLC300-100 for performance requirement definition.
Proposal 6: Define the requirements for rank [1+1] and rank [2+1] in TDLC300-100 with following conditions:
· For rank [1+1] (same CDM group): Use MCS 13
· For rank [2+1]: Use MCS 19
Proposal 7: Define the intra-cell inter-user interference requirements with the same scrambling ID for co-scheduled UEs.
Proposal 8: Define the intra-cell inter-user interference requirements using the MMSE-IRC as the reference receiver.
Proposal 9: Keep it up to UE implementation for cases with 2 DMRS CDM group. If large span is observed among companies, maybe further discussions are required. 
Proposal 10: Keep it up to UE implementation for interference estimation granularity for the intra-cell inter-user interference requirements definition.
Proposal 11: Not introduce network assistance for the intra-cell inter-user interference requirements definition.
Proposal 12: Assume the same QCL information of different DMRS CDM groups configured for co-scheduled UEs.
Proposal 13: Define the intra-cell inter-user interference requirements for channel bandwidth and SCS:
· FDD: 10MHz for 15kHz SCS
· TDD: 40MHz for 30kHz SCS
Proposal 14: Use ULA for 2TX (i.e. rank 1+1) and XPL for 4TX (i.e. rank 2+1 and rank 2+2).

	R4-2113779
	Huawei, HiSilicon
	For rank 1+1:
· Observation 1: MMSE-IRC have the similar performance with MMSE-MRC in cases with MCS=4.  For MCS=13, performance for MMSE-MRC has serve degradation and the relative throughput can’t reach 70% of peak value. 
· Observation 2: RE-IRC (MMSE-IRC with joint detection) have large performance gain in cases with TDLC300-100, MCS 13. In other cases, the gain is small.
· Observation 3: Similar performance can be observed between rank 1+1 with same CDM group and different CDM groups.
· Observation 4: 0.7 dB~2.5dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.

For rank 2+1
· Observation 5: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 
· Observation 6: RE-IRC has large performance gain for TDLC300-100. In other cases, the gain is small.
· Observation 7: 1.59dB~3.94dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.

For rank 2+2
· Observation 8: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 
· Observation 9: Relative throughput of MMSE-IRC can’t reach 70% of peak value for TDLC300-100 for MCS19.
· Observation 10: 3.48dB~5.33dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.
· Observation 11: RE-IRC has large performance gain for TDLC300-100 compared to other types of receivers. In other cases, the gain is small.

	R4-2113782
	Huawei, HiSilicon
	TP: Introduction of simulation assumptions for inter-cell inter-user MMSE-IRC receiver

	R4-2114040
	MediaTek inc.
	Observation 1: For the case of same CDM group, the difference between same scrambling ID and different scrambling ID is quite small.
Observation 2: For the case of different CDM group, no difference between same scrambling ID and different scrambling ID.
Observation 3: The maximum achievable throughout for same CDM group and different CDM group is different.
Proposal: RAN4 can consider to merger different configurations to define the test case.

	R4-2114414
	MediaTek inc.
	TP to TR 38.833: Scenario for inter-user interference suppression for MU-MIMO

	R4-2114559
	Qualcomm Incorporated
	Proposal 1: Consider only rank combinations of 1+1 and 2+2 in the evaluation.
Proposal 2: Use same CDM group for target and interfering UE in 1+1 case.
Proposal 3: Assume same QCL information for different CDM groups for studying scenarios with target and interfering UEs on different CDM groups.
Proposal 4: Use random PMI selection for the target UE, and select the precoder for the interference UE to ensure orthogonality.
Proposal 5: Use only Single Panel Type I codebook for defining intra-cell inter-user interference requirements.
Proposal 6: Define the intra-cell inter-user interference requirements up to 4Tx only.
Proposal 7: Consider only TDLA30-10 for the evaluation.
Proposal 8: Only consider 10MHz CBW for 15kHz SCS and 40MHz CBW for 30kHz SCS.



Open issues summary
Sub-topic 3-1: Inter-user interference modeling
Issue 3-1-1: Tx antenna configuration
· Background
· Using 2Tx and 4Tx with random PMI for target UE as starting point for initial simulation
· Other options not excluded 
· Interested companies can bring analysis with 8Tx and 16Tx cases with following PMI for target UE
· Proposals
· Option 1 (Apple, Intel, Ericsson, Huawei, Qualcomm): Consider 2 Tx and 4 Tx only
· Intel: 2 Tx for 1 + 1 rank configuration and 4 Tx for 2+1 and 2+ 2 rank configurations
· Option 2 (China Telecom): 
· UE performance under 8Tx/16Tx should be additionally evaluated at least in this phase I stage.
· Encourage companies to have more investigation and discussion, on whether we can come up with alternative test metrics for UE supporting MMSE-IRC receiver under 8Tx/16Tx MU-MIMO scenarios, e.g., using random target precoder selection under SNR that achieves larger TP, or testing the reported PMI or CQI under MU-MIMO scenarios, etc.
· Recommended WF
· Collect detailed views on options above
· Check whether Option 1 can be used

Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
· Background
· Consider [1+1], [2+1] and [2+2] for phase I evaluation and make further down selection based on the simulation results
· Proposals
· Option 1 (Apple): Do not considered 64QAM with 2 layers per user
· Option 2 (Intel): 2+2 rank configuration in case target PDSCH MCS is 13 and 2+1 rank configuration in case target PDSCH MCS is 19
· Option 3 (Ericsson):
· To reduce the number of requirements, RAN4 may consider to merge the interfering configurations for target UE rank equaling 1. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
· To reduce the number of evaluation scenarios, RAN4 may consider to merge the interfering configurations for target UE rank equaling 2. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
· Option 4 (Huawei): Define the requirements for rank [1+1] and rank [2+1]
· Option 5 (Qualcomm): Consider only rank combinations of 1+1 and 2+2 in the evaluation.
· Recommended WF
· Moderator suggestions:
· Use 1+1 for 2 Rx and 4 Rx UE
· Further discuss this meeting the following options for 4 Rx UE
· Option 1: 2+1
· Option 2: 2+2
· Option 3: 2+variable interference signal rank (Ericsson suggestion)
· Collect comments from companies on moderator suggestions and options from “Proposals” part

Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
· Background
· Prioritize option 1 and 2 for phase I evaluation
· Options:
· Option 1: Select the precoder to ensure orthogonality
· Option 2: Random ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test
· Option 3: Fixed
· Proposals
· Option 1 (Apple, Intel, Qualcomm): Select the precoder to ensure orthogonality
· Option 2 (Ericsson, Huawei): Random ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test
· Option 2A (Huawei):Use following method to randomly select PMI matrix for interference UE that is not identical to that of Target UE for rank 2+1
1) Randomly select the PMI matrix in codebook with rank2 and rank1 respectively. 
2) Normalize the PMI matrix for each layer for both target UE and co-scheduled UE to make the norm of each PMI matrix of each layer equal to 1/3.  
3) If the PMI matrix of rank 1 equals to the PMI matrix of any one layer of rank 2, reselect PMI matrix for Rank 1 with PMI index plus 1 and go back to step 2)
· Option 3 (China Telecom): Support to cover both option 1 and option 2 for phase I evaluation
· Recommended WF
· Collect views on options above. Discuss the pros and cons of each option.

Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
· Background
· Consider Option 1A, 1B and 2A for phase I evaluation
· Options:
· Option 1A: DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 1B: DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups 
· Option 2A: DMRS port 0 (and 1) for target UE, port 2 (and 3) for the interference UE, i.e., use different CDM groups for the target and interference UEs
· Proposals
· Option 1 (Intel): DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups
· Option 2 (Huawei, Qualcomm): DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 3 (Ericsson, MediaTek): Variable DMRS port mapping
· Ericsson: To reduce the number of requirements, RAN4 may consider to merge the interfering configurations for target UE rank equaling 1. TE can change the rank and/or DMRS ports of interference UE during the test. RAN4 to further discuss the percentage of each interfering UE within the interference model.
· MediaTek: RAN4 can consider to merger different configurations to define the test case. For example, we can use 50% of slots with same CDM group and 50% of slots with different CDM group.
· Recommended WF
· Check views on options above

Issue 3-1-5: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
· Proposals
· Option 1: (Huawei): Set “Number of CDM groups without data” to 1 for both target UE and co-scheduled UE.
· Recommended WF
· Check views on option above

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
· Background
· Prioritize on scenarios with following configurations for phase I evaluation
· Same DMRS type
· Same DMRS additional position
· Same scrambling ID
· Same cell ID
· Interested companies can evaluate the performance between configuring same or different scrambling ID
· Proposals
· Option 1 (Ericsson):
· Same scrambling sequence when paired UEs are in the same CDM group
· Different scrambling sequence when paired UEs are in the different CDM group  
· Option 2 (Huawei): Same scrambling ID for co-scheduled UEs.
· Option 3 (MediaTek): Variable scrambling ID configuration
· RAN4 can consider to merger different configurations to define the test case.
· Recommended WF
· Check views on options above

Sub-topic 3-2: Reference receiver
Issue 3-2-1: Candidate Receiver
· Background
· Prioritize MMSE-IRC processing with serving signal demodulation for Phase I evaluation
· Interested companies can check the benefits of MMSE-IRC processing with joint demodulation
· Proposals
· Option 1 (Intel): Prioritize definition of requirements for MMSE-IRC processing with serving signal demodulation and further discuss the definition of requirements for MMSE-IRC processing with joint demodulation if time allows.
· Option 2 (Ericsson, Huawei): RAN4 only define UE demodulation requirements based on MMSE-IRC processing with serving signal demodulation.
· Recommended WF
· Check views on options above

Issue 3-2-2: Network assistance
· Background
· FFS on whether considering network assistance
· Companies are encouraged to investigate the pro’s and con’s in the next meeting in order to make decision  
· Proposals
· Option 1 (Apple): Introduce network assistance for PDSCH demodulation for MU-MIMO.
· Option 2 (CMCC, Ericsson, Huawei): Do not introduce network assistance to assist the receiver.
· Option 3 (Intel): Network assistance is not required for MMSE-IRC processing with serving signal demodulation and is FFS for MMSE-IRC processing with joint demodulation
· Recommended WF
· Collect views on options above

[bookmark: OLE_LINK70]Issue 3-2-3: QCL assumptions
· Background
· Option 1: Assume different QCL information for different CDM groups for studying scenarios with target and interfering UEs on different CDM groups.
· Option 2: Same QCL assumption
· Option 3: No need to consider and specify the QCL assumptions if we agree on using baseline reference receiver.
· Proposals:
· Option 1 (Intel): Specifying of QCL assumptions for different CDM groups is not required for MMSE-IRC processing with serving signal demodulation and FFS for MMSE-IRC processing with joint demodulation
· Option 2 (Ericsson): Target UE shall assume different QCL information for different CDM groups for co-scheduled UEs.
· Option 3 (Huawei, Qualcomm): Assume the same QCL information of different DMRS CDM groups configured for co-scheduled UEs.
· Recommended WF
· Collect views on options above

Sub-topic 3-3: PDSCH parameters
[bookmark: OLE_LINK1]Issue 3-3-1: Channel bandwidth
· Background
· Option 1 
· For FDD 15kHz SCS: Cover 10MHz and 50MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW
· Option 2: 
· For FDD 15kHz SCS: Cover 10MHz
· For TDD 30kHz SCS: Cover 40MHz 
· Option 3: 
· For FDD 15kHz SCS: Cover 10MHz and 40MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW
· Option 4: Different assumptions for evaluation phase and for requirements definition can be considered
· Proposals
· Option 2 (Apple, Intel, Ericsson, Huawei, Qualcomm)
· Option 3 (China Telecom, CMCC)
· Recommended WF
· Moderator suggestion
· Consider 10 MHz/15 kHz and 40 MHz/30 kHz
· Further discuss this meeting whether to include 40MHz/15 kHz and 100 MHz/30 kHz
· Check views on options above and moderator suggestion

Issue 3-3-2: MIMO correlation for each UE
· Background
· Consider ULA Low and XP Low for further phase I evaluation
· Proposals
· Option 1 (Huawei): Use ULA for 2TX (i.e. rank 1+1) and XPL for 4TX (i.e. rank 2+1 and rank 2+2).
· Recommended WF
· Check views on option above.

Issue 3-3-3: Propagation condition
· Background
· Cover both TDLA30-10 and TDLC300-100 in phase I, and decide whether down-selection or adjustment is needed based on the simulation results
· Proposals
· Option 1 (Apple, Intel, Qualcomm): Only TDLA30-10
· Option 2 (Huawei): Only TDLC300-100
· Recommended WF
· Check views on option above.

Issue 3-3-4: MCS for target UE
· Background
· Cover QPSK MCS 4, 16QAM MCS 13, and 64QAM MCS 19 for initial simulation
· Rank 1: QPSK, 16QAM
· Rank 2: 16QAM, 64QAM
· Other options are not precluded
· Proposals
· Option 1 (Apple): Do not consider 2TX with 16QAM / MCS13 and 64QAM with 2 layers per user
· Option 2 (Intel):
· Rank 1: MCS 13 
· Rank 2: MCS 13 in case on Rank 2 interference signal
· Option 3 (Intel, Huawei):
· Rank 1: MCS 13 
· Rank 2: MCS 19 in case of Rank 1 interference signal
· Recommended WF
· Check views on options above.
· Select based on simulation results. Discuss the selection criteria.
Companies views’ collection for 1st round 
Open issues 
Sub-topic 3-1: Inter-user interference modeling
	Company
	Comments

	Ericsson
	Issue 3-1-1: Tx antenna configuration
Option 1.

Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
Option 3.
From our understanding, all the rank 1 and rank 2 combinations can be deployed. To reduce the number of test cases, RAN4 may consider merging the interfering configurations. For example, define the requirement for target UE rank 1 with combination of different paired UE’s configuration, such as paired UE with port 1, or port 2, but we may further check TE vendors on the possibility to have such settings.

Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
Option 2.
Considering the real network deployment, network cannot always choose the optimal paired UEs for MU-MIMO. To verify the UE’s performance, we prefer not to define the test cases based on the assumption to always select the orthogonal PMI between paired UEs. 
Meanwhile, from TE vendors’ feedback, option 2 is more feasible than option 1.

Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
Option 3.
This is a similar issue as 3-1-2.
From our understanding, all the DMRS ports’ combinations can be deployed.
Support option 3 which gives consideration on both reducing the test number and test coverage.

Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
We can go option 3.
In real network deployment, more than 2 UEs with different configurations can be grouped as MU-MIMO. UE-specific sequence is more widely used. 
In RAN4 test case, to simplify the test, we suggest only defining 1+1 UEs test, but to enlarging the test scope and consider the real scenario, it’s better to consider both same and different scrambling configuration even for the same CDM group.
Thus, we can support option 3 which gives consideration on both reducing the test number and test coverage.

	Intel
	Issue 3-1-1: Tx antenna configuration
Support Option 1.
Benefits of additional testing for higher number of TX antenna are not clear. MMSE-IRC processing can be verified with 2 and 4 Tx configurations.
Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
We are fine with any option from Moderator suggestions for scenario with Rank 2 Serving UE configuration. Options 1 and 2 from Moderator suggestions are slightly preferred to simplify test setup.
Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
Support Option 1.
Based on our understanding, network can try to select the precoder to reduce the inter-user interference. Therefore, Option 1 looks feasible from real field point of view.
Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
We fine with all options. Options 1 and 3 allows to verify correct interference-plus-noise covariance estimation processing. Test setup for Options 1 and 2 is simpler in comparison to Option 3. Therefore, Option 1 is slightly preferred.
Issue 3-1-5: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
Option 1 is fine for us.
Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
Options 1 and 2 are fine for us.
Joint comment for Issues 3-1-2, 3-1-4 and 3-1-6
Too may variable parameters during the test can overcomplicate test setup and simulation alignment. Therefore, in case we are going to have variable configuration during the test, we suggest to have only one variable parameter.

	Apple
	Issue 3-1-1: Tx antenna configuration
We support Option 1.
We don’t see any benefit of introducing requirements for 8/16TX which increases the complexity overall. The purpose is to verify performance for inter-user interference with MMSE-IRC and its achieved with 2TX/4TX.
Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
We are fine with the following based on moderator’s suggestion:
· Use 1+1 for 2 Rx and 4 Rx UE for 2TX only
· For 4RX UE: either 2+1 or 2+2
· We are not sure of test complexity with option 3. Also should be limited to 16QAM if variable rank is used. We don’t prefer option 3. 

Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
We support Option 1.
If we don’t select precoder to ensure orthogonality, we would see performance degradation which would not serve the purpose of MU-MIMO. In our understanding the network would ensure that the transmission to co-scheduled UEs are orthogonal to the extent possible. 
Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
We support Option 1
We prefer to use different CDM groups for co-scheduled UEs.  
Issue 3-1-5: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
We don’t support to schedule co-scheduled UEs on same CDM groups. 


	CMCC
	Issue 3-1-1: Tx antenna configuration
Option1.
Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
Ok with moderator suggestions. The alternatives for 4Rx UE, either Option1: 2+1 and Option3: 2+variable interference signal rank (Ericsson suggestion) is ok for us
Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
Option 2 is preferred. We think it is more practical.

	Huawei
	Issue 3-1-1: Tx antenna configuration
We support Option 1.
Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
We agree with moderator’s suggestion that consider Rank 1+1 for 2Rx and Option1 2+1 and Option 2 2+2 for 4Rx, at the same time, we should consider the Rank combination with the selected MCS and propagation condition, such as: 
For rank 1+1: MCS 13
For rank 2+1: MCS 19 (if introduced)
For rank 2+2: MCS 13 (if introduced )
[bookmark: OLE_LINK63]For Option 3, we don’t support dynamic rank scheduling since it is too complex for test setup and it has never been introduced in RAN 4 demodulation test. Moreover, based on our understanding, it is impractical to define such case without CSI measurement and rank indication feedback. 
Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
We support Option 2 because:
1. Based on our simulation results, the performance gain for MMSE-IRC over MMSE-MRC is larger for random PMI selection. For example, the simulation results with rank 1+1, MCS13, TDLA30-10  derived from R4-2113779 as follows:
[image: ]       [image: ]
1. TDLA30-10, MCS 13,   (b) TDLA30-10, MCS 13, Precoding matrix selection: Op2
We can observe that peak throughput for MRC with random PMI selection is lower than that with orthogonal PMI selection. But peak throughput or MMSE-IRC can achieve the max value.
1.  It is impractical for the base station to always schedule orthogonal precoding matrix for all the paired UEs, especially when there are large number of paired UEs.
1. [bookmark: OLE_LINK68][bookmark: OLE_LINK69]Selecting the PMI matrix to ensure orthogonality may increase the complexity to TE since extra orthogonalization processing should be implemented  
Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
Prefer Option 2. Considering different CDM groups for target UE and co-scheduled UE are inevitable for rank 2+1 and 2+2. To cover all the scenarios, we prefer use same CDM group for rank 1+1. Moreover, both scenarios has similar performance.
[bookmark: OLE_LINK31][bookmark: OLE_LINK29][bookmark: OLE_LINK30]Issue 3-1-5: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
We support Option 1
As shown in the following figure, if number of CDM groups without data for target UE and co-scheduled UE are set to 1 and 2 respectively, without the network assistance, target UE can’t estimate the interference by CDM group 1 correctly due to the power boosting of co-scheduled UE. To avoid this worse case, we prefer Option 1.
[image: ]
Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
Option 2
Option 2 is the simplest implementation for test setup. If we use different scrambling ID, extra high signaling will be configured. Option 3 will increase the test complexity and can also cause performance degradation due to different scrambling ID according to our simulation results.


	China Telecom
	Issue 3-1-1: Tx antenna configuration
On the one hand, in the real network, it is 8Tx/16Tx that will be used for MU-MIMO instead of 2Tx/4Tx. 
In addition, it is unclear that whether MMSE-IRC’s performance under MU-MIMO scenario with 2Tx/4Tx can take place the performance under 8Tx/16Tx condition, since BS with 8Tx/16Tx has 128/512 precoding matrix to select, comparing with only 4/32 precoding matrix for 2Tx/4Tx (assuming 1 layer condition).
Based on the above scenario, for this meeting, we would like to technically discuss with other companies whether the process for MMSE-IRC under MU-MIMO scenario will be different between 8Tx/16Tx with 128/512 precoders and 2Tx/4Tx with 4/32 precoders.

Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
It is shown in Intel’s and Huawei’s simulation results that all cases including 1+1, 2+1 and 2+2 with MMSE-IRC can achieve compatible performance gain compared with baseline MMSE receiver. Therefore, we support to include 1+1, 2+1 and 2+2 rank configuration for requirement definition, we are also ok to exclude 2+1 test case considering the workload.

Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
Cover both option 1 and option 2 for phase I evaluation.
For requirement definition, it is shown in companies’ simulation results that option 1 has clear performance improvement over option 2. So, we suggest to use option 1 as start point.

Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
No clear performance difference is shown between option 1A and option 1B, so either option is fine for us for requirement definition.

Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
Option 1 looks more reasonable from our perspective.

	Qualcomm
	Issue 3-1-1: Tx antenna configuration
Prefer Option 1.
Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
We are ok with 1+1 for 2Rx and 4Rx UE with 2Tx and 2+2 for 4Tx-4Rx case. We don’t support variable interference rank as that unnecessary complicates the test setup. In our opinion, 2+2 is the worse case compared to 2+1. So, we can just evaluate the worse case of 2+2.
Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
Prefer Option 1. In practice, gNB will try it’s best to have orthogonal precoding between co-scheduled UEs and gNB is not limited to the codebooks defined in 38.214. So, gNB has better chance of finding orthogonal precoders.
If we don’t select precoder to ensure orthogonality, we would see performance degradation which would not serve the purpose of MU-MIMO. In our understanding the network would ensure that the transmission to co-scheduled UEs are orthogonal to the extent possible. 
Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
We prefer Option 2 since we have already considered different CDM groups for 2+1/2+2 scenario. So, we would like to cover same CDM group scenario for 1+1. Also, if there are only 2 co-scheduled UEs, we don’t see why gNB will use more resources by scheduling them in different CDM groups.
For Option 3, throughput will be different for same vs different CDM groups. That will unnecessary complicate the test setup.
Issue 3-1-5: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
Ok with Option 1.
Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
Prefer Option 2.

	MediaTek
	Issue 3-1-1: Tx antenna configuration
Support Option 1.
Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
We support to use 1+1 for 2 Rx and 4 Rx UE. As for options to 4Rx UE, we support Option 2, which is the 2+2 case.
Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
We support Option 1 as we think there will be a performance degradation for the case of random precoders which are not orthogonal to each other.
Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
There is no limitation for gBN to schedule UEs in the same or different CDM group. Also, form our results, there is almost no performance difference. Hence, either option 1 or 2 is also fine to us.
Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
There is no limitation for same or different scrambling ID. Also, form our results, there is almost no performance difference. Hence, either option 1 or 2 is also fine to us.

	ZTE
	Issue 3-1-1: Tx antenna configuration
Option 1 at this stage.
Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
For 2Tx case, 1+1, and for 4Tx-4Rx, 2+2.
Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
Option 2. Orthogonality cannot be always guaranteed, so if we go for Option 1, we may have too optimistic performance gains.
Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
Option 2. The same consideration on the same CDM group.
Issue 3-1-5: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
Fine with Option 1.
Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
Option 1 preferred.

	DOCOMO
	Issue 3-1-1: Tx antenna configuration
We support Option 1.



Sub-topic 3-2: Reference receiver
	Company
	Comments

	Ericsson
	Issue 3-2-1: Candidate Receiver
Option 2.
From our understanding, whether UE will implement an enhanced MMSE-IRC receiver is up to UE implementation as far as UE does not require any additional assistance signaling from the network. Since RAN4 will only define the minimum performance requirements, we propose to only define demodulation requirements by baseline MMSE-IRC receiver.

Issue 3-2-2: Network assistance
Option 2.
Considering RAN4 will define the minimum requirement based on MMSE-IRC receiver, we doubt the performance gain even with such information to UE. When we evaluate UEs’ performance for MU-MIMO, it is assumed that UE can have the similar performance even in Rel-15 network, while there is no network assistant information in current network. Thus, it’s unnecessary to introduce any network assistant information when RAN4 define UE demodulation performance requirements.

Issue 3-2-3: QCL assumptions
No strong views.
Generally, when network paired two UEs with MU-MIMO, the paired UEs may experience the different wireless channel environment since the network may choose sub-optimal pairs for MU-MIMO.
We also support option 1’s observation for MMSE-IRC receiver.

	Intel
	Issue 3-2-1: Candidate Receiver
Support Option 1
We think that RAN4 can first define the requirements for MMSE-IRC processing with serving signal demodulation. After such requirements are defined, we can further discuss whether to define additional requirements for MMSE-IRC processing with joint demodulation if time allows. Therefore, we suggest not to exclude the discussion on definition of such requirements at current stage.
Issue 3-2-2: Network assistance
Support Option 3.
Based on our understanding, network assistance signaling is not required for MMSE-IRC processing with serving signal demodulation, because UE just makes channel estimation of target PDSCH and interfere-plus-noise covariance matrix estimation using target DMRS. Same time, more analysis is needed for MMSE-IRC processing with joint demodulation
Issue 3-2-3: QCL assumptions
Support Option 1.
Based on understanding, typical TCI state configuration provides the connection of TRS and PDSCH (i.e. all DMRS ports associated with this PDSCH) (i.e. not connection of TRS and DMRS ports or CDM groups). Therefore, Option 3 is not clear for us in case we consider MMSE-IRC processing with serving signal demodulation.
Same time, we need to further discuss the specifying of QCL assumptions for MMSE-IRC processing with joint demodulation

	Apple
	Issue 3-2-1: Candidate Receiver
We support Option 2 for the initial requirements definition for MU-MIMO. 
We are open to also consider joint processing, but with network assistance assumption. 
Issue 3-2-2: Network assistance
We support Option 1.
We understand that network assistance signaling is not needed for the baseline receiver assumption of MMSE-IRC and the simulation assumptions agreed. But providing network assistance would improve UE performance especially for MU-MIMO for advanced receiver processing. Also, if joint processing is considered, we believe network assistance should be introduced. 
Issue 3-2-3: QCL assumptions
We support Option 1.
We don’t think we need to make any assumptions if joint processing is not involved. 


	CMCC
	Issue 3-2-2: Network assistance
Support Option 2.

	Huawei
	Issue 3-2-1: Candidate Receiver
[bookmark: OLE_LINK36]We support Option 2. RAN4 should focus on MMSE-IRC for the minimal requirements in Rel-17. MMSE-IRC with joint detection can be discussed in further release.
Issue 3-2-2: Network assistance
We support Option 2. Considering that we mainly focus on MMSE-IRC receiver, network assistance is not needed. 
Issue 3-2-3: QCL assumptions
Option 3. Based on our understanding, UE pairing always occurs when two UEs have similar channel conditions. Moreover, it can reduce the complexity of test setup if we set same QCL assumptions for both UE.

	China Telecom
	Issue 3-2-1: Candidate Receiver
We are fine to prioritize MMSE-IRC receiver requirement definition.
Issue 3-2-2: Network assistance
Option 2. NW assistance will not bring performance gain for MMSE-IRC.

	Qualcomm
	Issue 3-2-1: Candidate Receiver
Prefer Option 2 for Rel-17.
Issue 3-2-2: Network assistance
Prefer Option 2 for current receiver assumption of MMSE-IRC. 
Issue 3-2-3: QCL assumptions
Prefer Option 3. No need to complicate the test setup.

	MediaTek
	Issue 3-2-1: Candidate Receiver
We support Option 2. We can discuss MMSE-IRC with joint detection in further release.
Issue 3-2-2: Network assistance
Support Option 2. We think network assistance is not necessary for MMSE-IRC receiver for MU-MIMO.

	Huawei
	[bookmark: OLE_LINK71]Issue 3-2-3: QCL assumptions
We would like to further clarify our views on this issue. Based on our understanding, from the target UE side, the signal of target UE and interference UE reach the receiving side through the same physical channel and the precoding matrix is randomly generated, so we think the Doppler spread and time offset spread are same and QCL are same. Therefore, we think there is no need to specific the QCL assumptions for different CDM groups and QCL assumptions have no effect on MMSE-IRC processing. 

	ZTE
	Issue 3-2-1 Candidate Receiver
Option 2 considering the workload required.
Issue 3-2-2: Network assistance
Option 2. 
Issue 3-2-3: QCL assumptions
Option 3.



Sub-topic 3-3: PDSCH parameters
	Company
	Comments

	Ericsson
	Issue 3-3-1: Channel bandwidth
Option 2.

Issue 3-3-2: MIMO correlation for each UE
Option 1.

Issue 3-3-3: Propagation condition
We suggest further down selecting the fading channel based on more simulation analysis.

Issue 3-3-4: MCS for target UE
Option 2 and 3.
We also want to further check other companies’ simulation results and make the final decision in next meeting.

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

	Intel
	Issue 3-3-1: Channel bandwidth
Support Option 2
In case we consider MMSE-IRC processing with serving signal demodulation, we don’t expect big impact on UE processing complexity. Therefore, we assume that if UE supports MMSE-IRC processing for one CBW then such UE supports MMSE-IRC for all channel bandwidths.
Issue 3-3-2: MIMO correlation for each UE
ULA Low is considered as typical configuration for the most of PDSCH tests cases. Therefore, we suggest to consider such configuration for MU-MIMO requirements. Based our understanding, the performance will be rather same for ULA Low and XP Low configurations.
Issue 3-3-3: Propagation condition
Support Option 1 or 2
Based on our analysis, MMSE-IRC performance benefits over MMSE-MRC are rather same for different propagation conditions. However, we can further check based on results.
Issue 3-3-4: MCS for target UE
We are fine to make the further down selection based on simulation results from multiple companies. As for criteria, we think that we can select the scenarios where MMSE-IRC performance benefits over MMSE-MRC is larger than 1 dB.

	Apple
	Issue 3-3-1: Channel bandwidth
We support Option 2.
We don’t think performance is impacted by larger CBW.
Issue 3-3-2: MIMO correlation for each UE
We are fine with ULA Low for 2x2, 2x4 and XPL for 4x4. We need to further clarify XPL-Low as its not defined in 38.101-4. We only have XPL-Med and XPL-High. 
All our simulation results were based on ULA-Low. 
Issue 3-3-3: Propagation condition
We support Option 1.
Based on our results, we observe performance degradation with TDLC channel. Also, we don’t think MU-MIMO is suitable for high doppler conditions as the network would typically use the PMI feedback from co-scheduled UEs to further determine precoder to ensure some orthogonality to ensure optimal performance. 
Issue 3-3-4: MCS for target UE
We prefer option 1 based on our simulation results. This is also related to Issue 3-1-2. Perhaps we can down select based on the agreement in 3-1-2 and simulation results.  

	CMCC
	Issue 3-3-1: Channel bandwidth
Option 3.
We would like to check the performance of larger CBW by test case. Besides, 100MHz CBW is also typical in real deployment.

	Huawei
	Issue 3-3-1: Channel bandwidth
We support Option 2. Bandwidth doesn’t affect the IRC processing and performance
Issue 3-3-2: MIMO correlation for each UE
Option 1.
Issue 3-3-3: Propagation condition
We support Option 2. TDLC is typical propagation condition in the real scenario and it has been included in Rel-15. If we UE pass the case with TDLC300-100, it can also pass the case with TDLA30-10.
Issue 3-3-4: MCS for target UE
Both Option 2 and Option 3 are fine to us.

	China Telecom
	Issue 3-3-1: Channel bandwidth
Option 3. Similar with issue 1-1-2.
Issue 3-3-2: MIMO correlation for each UE
Option 1 can be the start point for requirement definition.
Issue 3-3-3: Propagation condition
For requirement definition, request more time for further evaluation.
Issue 3-3-4: MCS for target UE
As observed in companies’ simulation results, in the case Rank 1 with QPSK modulation, MMSE-IRC cannot show enough gain compared with MMSE baseline receiver. 
For requirement definition, we are fine to only consider 16QAM with rank 1, and we support to consider both 16QAM and 64QAM for rank 2.

	Qualcomm
	Issue 3-3-1: Channel bandwidth
Prefer Option 2. CBW doesn’t impact UE processing algorithm.
Issue 3-3-2: MIMO correlation for each UE
We are in general ok with Option 1. However, XP Low is not defined in the spec. So, we would like to clarify the definition first before agreeing to this.
Issue 3-3-3: Propagation condition
Prefer Option 1. In practice, gNB relies on CSI reporting to come up with precoders for co-scheduled UEs. Channel with higher Doppler may lead to obsolete PMI report. So, we prefer to use TDLA30-10 as it is more suitable for MU-MIMO.
Issue 3-3-4: MCS for target UE
MCS can be discussed after we finalize the propagation condition. In general, ok with Option 2 and Option 3 but will prefer to decide after propagation condition is finalized.

	MediaTek
	Issue 3-3-1: Channel bandwidth
Support Option 2.
Issue 3-3-3: Propagation condition
Support Option 1. We think low mobility is a more suitable assumption for MU-MIMO case.



	Company
	Comments

	China Telecom
	Others: On performance evaluation metric
In RAN4#98-bis-e meeting, following performance metric for MU-MIMO has been agreed in R4-2106118:
· Performance evaluation metrics
· Measure the 70% max throughput performance of the target UE 
· Evaluate the gain of MMSE-IRC over MMSE under the same simulation setup as baseline
· Interested companies also encouraged to bring analysis for performance difference between the case with and without co-scheduled UE 
With the above agreement, in our understanding, if we are trying to make some down-selection for some critical test parameters (such as channel model, layer of the UEs, etc.) based on simulation results, the above baseline metric should be used instead of observing the UE performance degradation from SU-MIMO to MU-MIMO.
In summary, we would like to confirm that:
The agreed baseline performance evaluation metric, i.e., evaluate the gain of MMSE-IRC over MMSE in terms of 70% max throughput performance of the target UE, under the same simulation setup, will be used for down-selection of critical test parameter for both phase I and phase II.

	ZTE
	Issue 3-3-1: Channel bandwidth
Option 2 preferred.
Issue 3-3-2: MIMO correlation for each UE
Fine with Option 1.
Issue 3-3-3: Propagation condition
Option 1 at this stage.
Issue 3-3-4: MCS for target UE
Fine with Option 2 and 3 and make further down-selection afterwards for the requirements.




CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2113128
	Apple:
It is not clear what Opt 1 and Opt 2 are in the tables. Assume it will be defined in 4.3.1, but do we  have agreement to evaluate for both options? 

	
	CTC: We have agreed to consider both ULA Low and XP Low MIMO antenna correlation for phase I evaluation, simulation results for both correlations need to be captured.

	
	

	R4-2113782
	Intel: 
- Probably we also need to include 2T4R antenna configuration with 1+1 rank configuration as one of scenarios. 
- Definition of correlation matrix for XPL Low, because it is not defined in TS 38.101-4.
- Assumptions on interference PDSCH modelling (i.e. random 16 QAM signal generation) are missing
- We can also add reference to TS 38.101-4 for some general parameters (BWP config, CSI-RS, TCI states etc.)

	
	Apple:
Separate the target and co-scheduled UE parameters in different columns for better readability. 
Need to add 2x4 for 1+1 config
Do we need both precoding options for interference ? 
We need to specify antenna config and correlation together. Like 2x2 ULA Low. Also XP-Low is not defined in 38.101-4. 


	
	Huawei: Thanks for the comments. We will update the TP.
@Intel. Do we need to add the general parameters considering it doesn’t affect simulation results?

	
	CTC: rank configuration for 2T4R and 4T2R is missing

	R4-2114414
	Apple: Scenario 4 the illustration for target UE AP1001 is incorrect. 

	
	Company B

	
	



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

	Issue 3-1-1: Tx antenna configuration
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Intel, Ericsson, Huawei, Qualcomm, CMCC, MediaTek, ZTE, DOCOMO): Consider 2 Tx and 4 Tx only
· Option 2 (China Telecom): 
· UE performance under 8Tx/16Tx should be additionally evaluated at least in this phase I stage.
· Encourage companies to have more investigation and discussion, on whether we can come up with alternative test metrics for UE supporting MMSE-IRC receiver under 8Tx/16Tx MU-MIMO scenarios, e.g., using random target precoder selection under SNR that achieves larger TP, or testing the reported PMI or CQI under MU-MIMO scenarios, etc.
Recommendations for 2nd round:
· Collect views on comment from China Telecom
· Check whether we can go with Option 1 in case concern from China Telecom will be addressed.

	Issue 3-1-2: Rank for target and interference PDSCH for 2 and 4 Tx cases
	Tentative agreements:
· Use 1+1 for 2 Rx and 4 Rx UE
Candidate options:
· Additional test for 4 Rx UE
· Option 1 (Intel, Apple, CMCC, Huawei, China Telecom): 2+1
· Option 2 (Intel, Apple, Huawei, China Telecom, Qualcomm, MediaTek, ZTE): 2+2
· Option 3 (Ericsson, Intel, CMCC): 2+variable interference signal rank
Recommendations for 2nd round:
· Check whether we can consider Option 2 as baseline
· Further discuss whether we need to cover both scenarios 2+1 and 2+2 in the requirements

	Issue 3-1-3: Precoder selection for interference UE for 2 and 4 Tx cases
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Intel, Qualcomm, China Telecom, MediaTek): Select the precoder to ensure orthogonality
· Option 2 (Ericsson, Huawei, CMCC, ZTE): Random ensuring the selected PMI matrix shall not be identical to the precoding matrix applied for the UE under test
· Option 2A (Huawei):Use following method to randomly select PMI matrix for interference UE that is not identical to that of Target UE for rank 2+1
· Randomly select the PMI matrix in codebook with rank2 and rank1 respectively. 
· Normalize the PMI matrix for each layer for both target UE and co-scheduled UE to make the norm of each PMI matrix of each layer equal to 1/3.  
· If the PMI matrix of rank 1 equals to the PMI matrix of any one layer of rank 2, reselect PMI matrix for Rank 1 with PMI index plus 1 and go back to step 2)
· Option 3 (China Telecom): Support to cover both option 1 and option 2 for phase I evaluation
Recommendations for 2nd round:
· Continue discussion on whether to use Option 1 or Option 2 for requirements definition

	Issue 3-1-4: DMRS ports for 1 target and 1 interfering UE scenario and 1+1 rank configuration
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, Apple, China Telecom, MediaTek): DMRS port 0 for target UE, DMRS port 2 for the interference UE, i.e., different CDM groups
· Option 2 (Huawei, Qualcomm, Intel, China Telecom, MediaTek, ZTE): DMRS port 0 for target UE, DMRS port 1 for the interference UE, i.e., same CDM group
· Option 3 (Ericsson, MediaTek, Intel): Variable DMRS port mapping
Recommendations for 2nd round:
· Check issue on different throughput from Qualcomm for Option 3
· Continue discussion on three options

	Issue 3-1-5: Number of CDM groups without data configurations for case with rank 1+1 that target UE and co-scheduled UE are located in the same CDM group
	Tentative agreements: N/A
Candidate options:
· Option 1: (Huawei, Intel, Qualcomm, ZTE): Set “Number of CDM groups without data” to 1 for both target UE and co-scheduled UE.
Recommendations for 2nd round:
· Keep open. Can be decide after Issue 3-1-4 will be resolved

	Issue 3-1-6: DMRS pattern and sequence for all co-scheduled UEs
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, China Telecom, MediaTek, ZTE):
· Same scrambling sequence when paired UEs are in the same CDM group
· Different scrambling sequence when paired UEs are in the different CDM group  
· Option 2 (Huawei, Intel, Qualcomm, MediaTek): Same scrambling ID for co-scheduled UEs.
· Option 3 (MediaTek, Ericsson): Variable scrambling ID configuration
Recommendations for 2nd round:
· Further discuss whether we need to cover scenarios with Same and Different scrambling sequence and discuss pros and cons of each option



Sub-topic 3-2: Reference receiver
	
	Status summary 

	Issue 3-2-1: Candidate Receiver
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, China Telecom?): Prioritize definition of requirements for MMSE-IRC processing with serving signal demodulation and further discuss the definition of requirements for MMSE-IRC processing with joint demodulation if time allows.
· Option 2 (Ericsson, Huawei, Apple for initial requirements definition, Qualcomm, MediaTek, ZTE): RAN4 only define UE demodulation requirements based on MMSE-IRC processing with serving signal demodulation.
Recommendations for 2nd round:
· Check whether we can use Option 2

	Issue 3-2-2: Network assistance
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple): Introduce network assistance for PDSCH demodulation for MU-MIMO.
· Option 2 (CMCC, Ericsson, Huawei, China Telecom, Qualcomm, MediaTek, ZTE): Do not introduce network assistance to assist the receiver.
· Option 3 (Intel): Network assistance is not required for MMSE-IRC processing with serving signal demodulation and is FFS for MMSE-IRC processing with joint demodulation
Recommendations for 2nd round:
· Check whether we can assume that network assistance is not required for MMSE-IRC processing with serving signal demodulation

	Issue 3-2-3: QCL assumptions
	Tentative agreements: N/A
Candidate options:
· Option 1 (Intel, Ericsson for 1st part, Apple for 1st part, Huawei for 1st part?): Specifying of QCL assumptions for different CDM groups is not required for MMSE-IRC processing with serving signal demodulation and FFS for MMSE-IRC processing with joint demodulation
· Option 2 (Ericsson): Target UE shall assume different QCL information for different CDM groups for co-scheduled UEs.
· Option 3 (Huawei, Qualcomm, ZTE): Assume the same QCL information of different DMRS CDM groups configured for co-scheduled UEs.
Recommendations for 2nd round:
· Further discuss the details of test setup for Option 1 and 3 to have clear understanding of difference between these two options and make final decision



Sub-topic 3-3: PDSCH parameters
	
	Status summary 

	Issue 3-3-1: Channel bandwidth
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Intel, Ericsson, Huawei, Qualcomm, MediaTek)
· For FDD 15kHz SCS: Cover 10MHz
· For TDD 30kHz SCS: Cover 40MHz 
· Option 2 (China Telecom, CMCC)
· For FDD 15kHz SCS: Cover 10MHz and 40MHz CBW
· For TDD 30kHz SCS: Cover 40MHz and 100MHz CBW
Recommendations for 2nd round:
· Check views on concerns from China Telecom for Issue 1-1-2
· Discuss whether we can go with Option 1 in case concern from China Telecom will be resolved

	Issue 3-3-2: MIMO correlation for each UE
	Tentative agreements: N/A
Candidate options:
· Option 1 (Huawei, Ericsson, Apple, China Telecom, Qualcomm, ZTE): Use ULA for 2TX (i.e. rank 1+1) and XPL for 4TX (i.e. rank 2+1 and rank 2+2).
· Qualcomm: We are in general ok with Option 1. However, XP Low is not defined in the spec. So, we would like to clarify the definition first before agreeing to this.
· Option 2 (Intel): Use ULA Low for all tests
Recommendations for 2nd round:
· Check the correlation matrix for XPL Low first and make decision

	Issue 3-3-3: Propagation condition
	Tentative agreements: N/A
Candidate options:
· Option 1 (Apple, Intel, Qualcomm, MediaTek, ZTE): Only TDLA30-10
· Option 2 (Huawei, Intel): Only TDLC300-100
· Option 3 (Ericsson, China Telecom, Intel): Further down select based on analysis
Recommendations for 2nd round:
· Keep both options at current stage
· Check views on concerns from Apple, Qualcomm and MediaTek that low mobility is a more suitable assumption for MU-MIMO case

	Issue 3-3-4: MCS for target UE
	Tentative agreements:
· Keep all MCS options and make down selection in the next meeting based on simulation results
Candidate options:
· Option 1 (Apple): Do not consider 2TX with 16QAM / MCS13 and 64QAM with 2 layers per user
· Option 2 (Intel, Huawei, Ericsson, Qualcomm, ZTE):
· Rank 1: MCS 13 
· Rank 2: MCS 13 in case on Rank 2 interference signal
· Option 3 (Intel, Huawei, Ericsson, Qualcomm, ZTE):
· Rank 1: MCS 13 
· Rank 2: MCS 19 in case of Rank 1 interference signal
· Option 4 (China Telecom): MCS 13 for Rank 1 Target UE and MCS 13 or 19 for Rank 2 Target UE
Recommendations for 2nd round: N/A



Sub-topic 3-4: Other (New)
	
	Status summary 

	Issue 3-4-1: Criteria for down selection of test parameters (New)
	Tentative agreements: N/A
Candidate options:
· Option 1 (China Telecom): The agreed baseline performance evaluation metric, i.e., evaluate the gain of MMSE-IRC over MMSE in terms of 70% max throughput performance of the target UE, under the same simulation setup, will be used for down-selection of critical test parameter for both phase I and phase II.
Recommendations for 2nd round:
· Check views on option above



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
	

	Summary of PDSCH simulation results for scenario with inter-cell interference
	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
	

	Summary of PDSCH simulation results for scenario with intra-cell inter-user interference
	Huawei, HiSilicon
	



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2113128
	TP to TR 38.833: Link level simulation results for Inter-user interference suppression for MU-MIMO
	Intel Corporation
	Revised
	

	R4-2113782
	TP: Introduction of simulation assumptions for inter-cell inter-user MMSE-IRC receiver
	Huawei, HiSilicon
	Revised
	

	R4-2114414
	TP to TR 38.833: Scenario for inter-user interference suppression for MU-MIMO
	MediaTek inc.
	Revised
	



Moderator: All discussion papers under 9.12.2.1, 9.12.2.2 can be noted.

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

	Ericsson
	[Zhixun]
	[zhixun.tang@ericsson.com]

	Intel Corporation
	Dmitry
	dmitry.belov@intel.com

	Apple
	Manasa Raghavan
	Manasa.raghavan@apple.com 

	Qualcomm
	Gaurav Nigam
	gnigam@qti.qualcomm.com

	MediaTek
	Licheng Lin
	licheng.lin@mediatek.com

	China Telecom
	Jingzhou
	wujingzhou@chinatelecom.cn

	CMCC
	TBA
	TBA

	Huawei
	Tricia Li
	tricia.li@huawei.com

	DOCOMO
	TBA
	TBA

	ZTE
	TBA
	TBA



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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