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1. Introduction

The following objectives has been included in Rel-17 WI on Further enhancement on NR demodulation performance [1]:
· MMSE-IRC receiver for suppressing inter-cell interference
· Type of requirements:
· Define PDSCH demodulation requirements
· Further decide whether to introduce the corresponding CQI reporting requirements during the WI
· SCS and slot duration
· Scenario 1: Slot-based transmission and aligned SCS among cells (first priority)

· Scenario 2: Non-slot-based transmission and aligned SCS among cells (second priority)

· Further discuss the assumptions for requirements definition

· Note: Requirements for scenario 1 will first be stabilized before commencing scenario 2.

· Reference receiver:
· MMSE-IRC with DMRS based interference covariance estimation
· Note: use the DRMS for target UE’s PDSCH.
· Target frequency: FR1
· Rx antenna number: 2Rx and 4Rx
· Interference profile

· Reuse LTE interference profiles as a starting point

· Other interference profiles are not precluded
2. PDSCH demodulation requirements
In this section, we will discuss the test parameters for PDSCH demodulation requirements with MMSE-IRC receiver.

2.1  Network scenario

Sync/async network

Similar to LTE UE MMSE-IRC test, we propose to cover both sync and async network scenarios for FDD, and sync network scenario for TDD.
Proposal 1: Cover both sync and async network scenarios for FDD, and sync network scenario for TDD.
SCS, slot duration and channel bandwidth
For the SCS and slot duration, the following scenarios and priority have been captured in the WID. So in the next meeting, we can focus on scenario 1 with slot-based transmission and aligned SCS among cells.
· SCS and slot duration
· Scenario 1: Slot-based transmission and aligned SCS among cells (first priority)

· Scenario 2: Non-slot-based transmission and aligned SCS among cells (second priority)

· Further discuss the assumptions for requirements definition

· Note: Requirements for scenario 1 will first be stabilized before commencing scenario 2.

For the exact SCSs, as typical scenarios, at least 15kHz SCS for FDD and 30kHz SCS for TDD should be covered. For the channel bandwidth, we propose to consider 10 MHz and 40 MHz for FDD 15kHz SCS, 40MHz and 100MHz for TDD 30kHz SCS.

Proposal 2: For the SCS, cover at least 15kHz SCS for FDD and 30kHz SCS for TDD.
Proposal 3: For the channel bandwidth, cover 10 MHz and 40 MHz channel bandwidth for FDD 15kHz SCS, 40MHz and 100MHz channel bandwidth for TDD 30kHz SCS.
TDD configurations for 30 kHz SCS

Consider the following two TDD configurations for 30kHz SCS:
· Configuration 1: 7D1S2U, S = 6D:4G:4U
· Configuration 2: DDDSUDDSUU, S1=10G: 2G: 2U, S2 = 10G: 2G: 2U
Proposal 4: Consider two TDD configurations for 30kHz SCS:
· Configuration 1: 7D1S2U, S = 6D:4G:4U
· Configuration 2: DDDSUDDSUU, S1=10G: 2G: 2U, S2 = 10G: 2G: 2U
Targeted and interference channels
To simplify the test scenario, we can only consider PDSCH to PDSCH interference, i.e., the number of control symbols is the same among cells. For the exact symbols of control channel, the Rel-15 assumption can be reused, which is symbols #0 and #1 in each slot, and PDSCH is not scheduled in control symbol duration.

Proposal 5: Only consider PDSCH to PDSCH interference. Use symbols #0 and #1 of each slot for control channel in all the considered cells.
2.2  Reference receiver
The following description on the reference receiver is captured in the WID:

· Reference receiver:
· MMSE-IRC with DMRS based interference covariance estimation
· Note: use the DRMS for target UE’s PDSCH.
The detailed description on DM-RS based covariance matrix estimation scheme can be found in section 4.3 of LTE TR 36.829 [2].
One issue to be discussed is the granularity of interference covariance estimation in the reference receiver. Our view is that it is unknown whether the precoding matrix in any two contiguous PRBs in the neighboring/interfering cell(s) is the same, the estimation of interference covariance matrix can be performed at per PRB and per slot basis.
Observation 1: It is unknown whether the precoding matrix in any two contiguous PRBs in the neighboring/interfering cell(s) is the same.

Proposal 6: The estimation of interference covariance matrix can be performed at per PRB and per slot basis.
2.3  Interference model
Interference profile
In LTE, substantial efforts on system level and link level simulation have been spent to find appropriate interference profiles for MMSE-IRC receiver, and finally the following interference profiles were used in the LTE PDSCH demodulation tests.

· Synchronous network:
· DIP1= -1.73 dB, DIP2 = -8.66 dB, at the target geometry of -2.5dB (DIP2 is used when 2 interferers are modeled)
· Asynchronous network:
· DIP1= -2.23 dB, DIP2 = -8.06 dB, at the target geometry of -2.5dB (DIP2 is used when 2 interferers are modeled)

In LTE MMSE-IRC demodulation tests in single carrier scenario, considering the tradeoff between test complexity and the gain of MMSE-IRC over MMSE receiver, 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.
Proposal 7: Reuse the interference profiles for LTE MMSE-IRC receiver, i.e., assume target geometry of -2.5dB, use DIP1/2= -1.73/-8.66 dB for synchronous network, and use DIP1/2= -2.23/-8.06 dB for asynchronous network.
Proposal 8: The number of explicit interferers can be 2 or 1 for different tests, by considering the tradeoff between test complexity and the gain of MMSE-IRC over MMSE receiver.
Transmission rank
In LTE MMSE-IRC test, rank 1 and rank 2 transmissions are assuemd in the interfericng cell with a certain probability derived from the system level simulation. More specifically, 80/20% probability for rank 1/2 are assumed for CRS-based transmission mode, 70/30% probability for rank 1/2 are assumed for DMRS-based transmission mode. Following the statistics in LTE, we can assume 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s) for NR MMSE-IRC tests.
Proposal 9: Assume 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s).
Precoding model and PRB bundling size
For the precoding model for the interferers, the assumption on Rel-15 PDSCH demodulation test can be reused, i.e., random precoding, per slot, per PRB bundling granularity (codebook configuration Single panel Type 1). As for the PRB bundling granularity, 2 PRB bundling is proposed.
Proposal 10: For the interferers, assume random precoding per slot and per PRB bundling granularity, with PRB bundling size of 2.
Modulation scheme
Similar to LTE MMSE-IRC test, 16QAM randomly modulated symbols can be transmitted in the interfering PDSCH.
Proposal 11: Assume 16QAM randomly modulated symbols in the interfering PDSCH.
2.4  Target PDSCH parameters

Rank
Assuming MMSE-IRC receiver is mainly used for cell edge UE suffering strong inter-cell interference, rank 1 can be assumed for the target PDSCH.
Proposal 12: Use rank 1 for target PDSCH.
MCS and SINR
If it is agreed to reuse the interference profiles from LTE, i.e., use the the interference profiles at the target geometry of -2.5dB, the methodology for MCS selection used in LTE can also be reused, i.e., choose MCS for which the resulting geometry value falls in the range ~[-2.5dB, 0dB] with typical margin considered.

Proposal 13: As baseline, choose MCS for which the resulting geometry value falls in the range ~[-2.5dB, 0dB] with typical margin considered.
Precoding model
For the precoding model, we can further discuss whether to use random precoding or follow PMI.
Proposal 14: For the precoding model of target PDSCH, further discuss whether to use random precoding or follow PMI.

Throughput test point
For the throughput test point, use 70% of max TP as baseline.
Proposal 15: For the throughput test point, use 70% of max TP as baseline.
HARQ process number
For the HARQ process number, the Rel-15 assumptions can be reused, i.e., 
· 4 HARQ processes for FDD 15kHz SCS
· 8 HARQ processes for TDD 30kHz SCS
Proposal 16: Re-use the Rel-15 assumptions on HARQ process number, i.e., 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS.
2.5  Common parameters for target and interfering PDSCH
Antenna configuration
For the Tx antenna number, if it is agreed to use rank 1 transmission for the target PDSCH, 2Tx can be assumed as baseline unless any techical issues are identified in the future.
For the Rx antenna number, as stated in the WID, 2Rx and 4Rx are covered.

Proposal 17: For the antenna configuration, use 2Tx as baseline, and cover both 2Rx and 4Rx.
Propagation condition
For the propagation channel, we suggest to include both TDLA30-10 and TDLC300-100 at this early phase, and decide whether down-selection is needed later. As for the antenna correlation, ULA low can be assumed.
Proposal 18: For the propagation condition, include both TDLA30-10 and TDLC300-100 at this early phase, and decide whether down-selection is needed later. Use ULA low for the antenna correlation.
PDSCH mapping type and DMRS configuration
Assume PDSCH mapping type A with full PRB allocation in both target and interfering PDSCH. DMRS Type 1 with single symbol front loaded and 1 additional DMRS is assumed in both target and interfering PDSCH, and FDM is applied between DMRS and data.
Proposal 19: In both target and interfering PDSCH, assume PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data.
SSB position
For SSB position in target and interfering cells, the Rel-15 assumptions can reused, i.e., configure the first SSB in slot #0 in every 20 slots. In addtion, similar to Rel-15 PDSCH demod test, slot #0 with SSB in every 20 slots is not scheduled for PDSCH transmission.
Proposal 20: For SSB in both target and interfering cells, reuse the Rel-15 assumptions , i.e., configure the first SSB in slot #0 in every 20 slots, and the slot #0 in every 20 slots is not scheduled for PDSCH transmission.
Physical Cell ID
Physical cell ID of 0 can be used for the serving cell, and cell ID 1 and 2 can be used for the two interfering cells.

Proposal 21: Use Physical cell ID of 0 for the serving cell, and cell ID 1 and 2 for the two interfering cells
ZP CSI-RS, NZP CSI-RS and TRS configurations
For ZP CSI-RS, NZP CSI-RS and TRS, in general, the Rel-15 assumptions can be reused for the serving cell, and the main question whether TRS/CSI-RS are collided among cells.
Another issue is whether DMRS and TRS/CSI-RS are collided among cells. Considering that precoding is applied for DMRS, but not for TRS/CSI-RS, this issue needs to be considered in the simulation setup.

Proposal 22: Further discuss whether TRS/CSI-RS are collided among cells, as well as whether DMRS and TRS/CSI-RS are collided among cells.
3. CQI reporting requirements
The following objective is included in the WID for inter-cell interference MMSE-IRC receiver:
· Further decide whether to introduce the corresponding CQI reporting requirements during the WI
The necessity and importance of CQI reporting requirement is clear, and the issue is whether the interference experienced in CSI-RS and PDSCH can be the same. This issue is related to CSI-RS/DMRS configurations in the serving and interfering cells. There are several possible scenarios:
Scenario 1: In serving cell’s NZP CSI-RS REs, DMRS and/or data is transmitted in interfering cell
· In scenario 1, the interference observed at NZP CSI-RS REs is also precoded.
Scenario 2: In serving cell’s NZP CSI-RS REs, NZP CSI-RS is transmitted in interfering cell

· In scenario 2, with no precoding in the interfering cell’s NZP CSI-RS REs, the interference in data and CSI-RS REs is not completely the same, while the interfering power is the same. Simulation on the IRC gain is needed for this scenario.

Scenario 3: In serving cell’s NZP CSI-RS REs, ZP CSI-RS is transmitted in interfering cell.
· In scenario 3, since no interference is observed in the serving cell’s NZP CSI-RS REs, the interference can be estimated in the serving cells’ ZP CSI-RS REs. And similar to scenario 2, with no precoding in the interfering cell’s CSI-RS, the interference in data and CSI-RS REs is not completely the same, while the interfering power is the same. Simulation on the IRC gain is needed for this scenario.

Observation 2: Two categories of scenarios can be considered for further discussion on CQI reporting requirement:
· A) Interference is precoded as data, i.e., in serving cell’s NZP CSI-RS REs, DMRS and/or data is transmitted in interfering cell. For these scenarios, MMSE-IRC based CQI calculation is beneficial for the PDSCH performance.
· B) Interference is not precoded as data, i.e., in serving cell’s NZP CSI-RS REs, NZP CSI-RS or ZP CSI-RS is transmitted in interfering cell. For these scenarios, check the performance benefits brought by MMSE-IRC based CQI calculation over MMSE based CQI calculation if needed.
PRB granularity for interference covariance estimation
With much lower density for CSI-RS compared to DMRS, the interference covariance can be estimated and averaged among multiple PRBs, and the PRB number for interference covariance averaging should be not larger than the subband size for CQI reporting if subband CQI reporting is configured. The exact PRB number needs further discussion.
Proposal 23: For MMSE-IRC based CQI reporting, the interference covariance can be estimated and averaged among multiple PRBs, and the exact PRB number for interference covariance averaging needs further discussion.
Interference modeling
For the interference modeling, the following assumptions are used in LTE CQI reporting test to model the correlated noise:

· Model one inter-cell interferer with static propagation condition

· Use DIP of -0.41dB, which corresponding to INR of 10dB
These assumptions can be reused for NR as the starting point.
Proposal 24: As the starting point, model one inter-cell interferer with DIP of -0.41dB and static propagation condition.
Performance metric

In LTE CQI reporting tests for MMSE-IRC receiver, two aspects are measured: 1) the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with a white Gaussian noise model, and 2) when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP, the average BLER for the indicated transport formats shall be greater than or equal to 2%.
The second metric is motivated by preventing UE implementation of using MMSE for CQI calculation and MMSE-IRC for PDSCH demodulation, as discussed in [3].
Proposal 25: Reuse the LTE test metric as a starting point, which include: 1) the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with a white Gaussian noise model, and 2) when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP, the average BLER for the indicated transport formats shall be greater than or equal to 2%.
4. Conclusions
The following proposals were made w.r.t. the network scenario:

Proposal 1: Cover both sync and async network scenarios for FDD, and sync network scenario for TDD.
Proposal 2: For the SCS, cover at least 15kHz SCS for FDD and 30kHz SCS for TDD.
Proposal 3: For the channel bandwidth, cover 10 MHz and 40 MHz channel bandwidth for FDD 15kHz SCS, 40MHz and 100MHz channel bandwidth for TDD 30kHz SCS.
Proposal 4: Consider two TDD configurations for 30kHz SCS:
· Configuration 1: 7D1S2U, S = 6D:4G:4U
· Configuration 2: DDDSUDDSUU, S1=10G: 2G: 2U, S2 = 10G: 2G: 2U
Proposal 5: Only consider PDSCH to PDSCH interference. Use symbols #0 and #1 of each slot for control channel in all the considered cells.
The following observation and proposals were made w.r.t. the reference receiver:

Observation 1: It is unknown whether the precoding matrix in any two contiguous PRBs in the neighboring/interfering cell(s) is the same.

Proposal 6: The estimation of interference covariance matrix can be performed at per PRB and per slot basis.
Proposal 7: Reuse the interference profiles for LTE MMSE-IRC receiver, i.e., assume target geometry of -2.5dB, use DIP1/2= -1.73/-8.66 dB for synchronous network, and use DIP1/2= -2.23/-8.06 dB for asynchronous network.
Proposal 8: The number of explicit interferers can be 2 or 1 for different tests, by considering the tradeoff between test complexity and the gain of MMSE-IRC over MMSE receiver.
Proposal 9: Assume 70% and 30% probability for rank 1 and rank 2 transmission in the interfering cell(s).
Proposal 10: For the interferers, assume random precoding per slot and per PRB bundling granularity, with PRB bundling size of 2.
Proposal 11: Assume 16QAM randomly modulated symbols in the interfering PDSCH.
The following proposals were made w.r.t. the target PDSCH parameters:

Proposal 12: Use rank 1 for target PDSCH.
Proposal 13: As baseline, choose MCS for which the resulting geometry value falls in the range ~[-2.5dB, 0dB] with typical margin considered.
Proposal 14: For the precoding model of target PDSCH, further discuss whether to use random precoding or follow PMI.

Proposal 15: For the throughput test point, use 70% of max TP as baseline.
Proposal 16: Re-use the Rel-15 assumptions on HARQ process number, i.e., 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS.

The following proposals were made w.r.t. the common parameters for target and interfering PDSCH:

Proposal 17: For the antenna configuration, use 2Tx as baseline, and cover both 2Rx and 4Rx.
Proposal 18: For the propagation condition, include both TDLA30-10 and TDLC300-100 at this early phase, and decide whether down-selection is needed later. Use ULA low for the antenna correlation.

Proposal 19: In both target and interfering PDSCH, assume PDSCH mapping type A with full PRB allocation, use DMRS Type 1 with single symbol front loaded and 1 additional DMRS, with FDM applied between DMRS and data.

Proposal 20: For SSB in both target and interfering cells, reuse the Rel-15 assumptions , i.e., configure the first SSB in slot #0 in every 20 slots, and the slot #0 in every 20 slots is not scheduled for PDSCH transmission.
Proposal 21: Use Physical cell ID of 0 for the serving cell, and cell ID 1 and 2 for the two interfering cells
Proposal 22: Further discuss whether TRS/CSI-RS are collided among cells, as well as whether DMRS and TRS/CSI-RS are collided among cells.
The following observation and proposals were made w.r.t. the CQI reporting requirements:

Observation 2: Two categories of scenarios can be considered for further discussion on CQI reporting requirement:

· A) Interference is precoded as data, i.e., in serving cell’s NZP CSI-RS REs, DMRS and/or data is transmitted in interfering cell. For these scenarios, MMSE-IRC based CQI calculation is beneficial for the PDSCH performance.
· B) Interference is not precoded as data, i.e., in serving cell’s NZP CSI-RS REs, NZP CSI-RS or ZP CSI-RS is transmitted in interfering cell. For these scenarios, check the performance benefits brought by MMSE-IRC based CQI calculation over MMSE based CQI calculation if needed.
Proposal 23: For MMSE-IRC based CQI reporting, the interference covariance can be estimated and averaged among multiple PRBs, and the exact PRB number for interference covariance averaging needs further discussion.
Proposal 24: As the starting point, model one inter-cell interferer with DIP of -0.41dB and static propagation condition.
Proposal 25: Reuse the LTE test metric as a starting point, which include: 1) the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with a white Gaussian noise model, and 2) when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP, the average BLER for the indicated transport formats shall be greater than or equal to 2%.
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