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1. Introduction

The following objective is included in Rel-17 WI on Further enhancement on NR demodulation performance [1]:
· MMSE-IRC receiver for suppressing intra-cell inter-user interference
· Phase I: Evaluate the performance under practical MU-MIMO interference profile for the candidate reference receiver.
· Identify practical MU-MIMO interference modelling methodology 
· Reference receiver: MMSE-IRC receiver. Use the DMRS-based interference covariance estimation method as a starting point

· Prioritize slot-based transmission scenario
· Phase II: Define the requirements if needed based on the outcome of phase I
· Target frequency: FR1
· Rx antenna number: 2Rx and 4Rx for FR1

2. Parameters related to MU-MIMO interference modeling
Tx/Rx antenna number
For the number of Tx antenna ports, on one hand, MU-MIMO is usually used in scenarios with big number of Tx antennas at BS. On the other hand, with a much larger number of Tx antennas, a number of channel faders is needed, which will increase the test cost/complexity; additionally, the computational complexity in deriving the precoding matrix by the TE will also be increased. In this sense, we would propose to consider 8 and 16 Tx antenna ports.

For the Rx antenna number, as stated in the WID, cover 2Rx and 4Rx in FR1.
Proposal 1: Cover 8Tx and 16 Tx antenna ports, 2Rx and 4Rx antennas.
PMI selection and performance measurement of the target UE
In Rel-15 PDSCH demodulation tests, random PMI selection is used, and one of the reasons is due to the small Tx antenna number assumed. For the MMSE-IRC receiver in MU-MIMO scenario, it is used to suppress the residual inter-user interference after the BS precoding, so we suggest to use follow PMI in the PDSCH throughput simulation.
As for the performance measurement, one possible option is to measure the throughput performance of one target UE.
Proposal 2: Only measure the PDSCH throughput performance of one target UE, and use follow PMI in the PDSCH simulation.
PMI selection of paired UE(s) and BS precoding algorithm
For the PMI selection of paired UE(s), we suggest to use random PMI selection, and not really model the paired UEs as well as the fading channel from the BS to the paired UEs. In this way, the number of channel faders needed and test complexity can be reduced.

For the BS precoding algorithm, as discussed in Rel-16, Zero Forcing can be considered as the starting point if the feasibility can be confirmed by the TE vendor.

Proposal 3: Use random PMI selection for the paired UE(s).
Proposal 4: Use Zero Forcing as the BS precoding algorithm if the feasibility can be confirmed by the TE vendor.
Codebook structure and wideband/subband PMI
For 8Tx, we suggest to use type I single panel codebook with wideband PMI for all the target and paired UEs, since it is a mandatory UE feature without capability. Correspondingly, the same BS precoding matrix is applied in the whole transmitted bandwidth.
For 16Tx, Rel-15/16 (e)type II codebook can be assumed since it is designed and optimized for the MU-MIMO scenario. Subband PMI can be assumed for all the target and paired UEs, if it is feasible for TE to calculate ZF precoding matrix per subband.
Proposal 5: For 8Tx, use type I single panel codebook with wideband PMI for all the target and paired UEs, and the same BS precoding matrix is applied in the whole transmitted bandwidth.
Proposal 6: For 16Tx, use Rel-15/16 (e)type II codebook for all the target and paired UEs, and use subband PMI if it is feasible for TE to calculate ZF precoding matrix per subband.
Correlation level between the co-scheduled UEs
To simplify the simulation and test setup, we propose to assume low correlation among the co-scheduled UEs.

Proposal 7: Assume low correlation among the co-scheduled UEs.
Number of co-scheduled UEs, number of layers per UE
For the number of co-scheduled UEs and number of layers per UE, we propose to consider several different options for the initial simulation, and make down-selections later based on the simulation outcome:
· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 1 layer per UE.

· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 2 layers per UE.

· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 1 layer per UE.

· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 2 layers per UE.

As discussed earlier, with random PMI selection assumed for the paired UEs, it is not needed to model the paired UEs as well as the fading channel from the BS to the paired UEs, the impact of the number of paired UEs is mainly on the precoding matrix computation complexity.
Proposal 8: In the initial simulation, consider different options for the number of co-scheduled UEs an the number of layers per UE:
· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 1 layer per UE.

· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 2 layers per UE.

· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 1 layer per UE.

· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 2 layers per UE.

PDSCH mapping type and DMRS configuration
Assume PDSCH mapping type A with full PRB allocation in both target and interfering PDSCH.

For DMRS, as typcial configuration, it is proposed to use Type 1 DMRS with 1 additional DMRS. For simulation cases with no more than 4 layers for all the considered UEs, it is proposed to use single symbol front loaded DMRS. For simulation cases with 5-8 layers for all the considered UEs, it is proposed to use double symbol front loaded DMRS. 

Furthermore, FDM between DMRS and data can be applied, i.e., the number of DMRS CDM groups without data is 1, for no more than 2 layers for all the considered UEs; and TDM between DMRS and data can be applied, i.e., the number of DMRS CDM groups without data is 2, for 3-8 layers for all the considered UEs. 
In addition, for the i-th UE with 2-layer transmission, DMRS port 2i-2 and 2i-1 (i = 1, 2,...) are used. 
Proposal 9: In both target and interfering PDSCH, assume PDSCH mapping type A with full PRB allocation.

Proposal 10: Use Type 1 DMRS with 1 additional DMRS:
· Use single symbol front loaded DMRS for cases with no more than 4 layers for all the considered UEs, and use double symbol front loaded DMRS for cases with 5-8 layers for all the considered UEs.

· Assume FDM between DMRS and data, i.e., the number of DMRS CDM groups without data as 1, for no more than 2 layers for all the considered UEs; and assume TDM between DMRS and data, i.e., the number of DMRS CDM groups without data as 2, for 3-8 layers for all the considered UEs.

· For the i-th UE with 2-layer transmission, DMRS port 2i-2 and 2i-1 (i = 1, 2,...) are used.
As for the ratio of PDSCH EPRE to DM-RS EPRE, according to Table 4.1-1 in TS 38.214, 0 dB and -3 dB should be assumed when the number of DM-RS CDM groups without data is 1 and 2 respectively.
Proposal 11: The ratio of PDSCH EPRE to DM-RS EPRE is assumed as 0 dB and -3 dB when the number of DM-RS CDM groups without data is 1 and 2 respectively.
Modulation scheme of the interfering PDSCH
To simplify the test setup, 16QAM randomly modulated symbols can be transmitted in the interfering PDSCH.

Proposal 12: Assume 16QAM randomly modulated symbols in the interfering PDSCH.
MCS for the target PDSCH
Mutliple different MCSs can be covered in the initial simualtions, for example, cover QPSK MCS 4, 16QAM MCS 13, and 64QAM MCS 19 and further discuss whether to down-select and adjust the MCS index.
Proposal 13: Cover QPSK MCS 4, 16QAM MCS 13, and 64QAM MCS 19 in the initial simualtions.
3. Reference receiver

The following description on the reference receiver is captured in the WID:

· Reference receiver: MMSE-IRC receiver. Use the DMRS-based interference covariance estimation method as a starting point

One issue to be discussed is the granularity of interference covariance estimation in the reference receiver. In practical systems, since it is unknown whether the precoding matrix in the multiple contiguous PRBs for the co-scheduled UE(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 the multiple contiguous PRBs for the co-scheduled UE(s) is the same.

Proposal 14: The estimation of interference covariance matrix can be performed at per PRB and per slot basis.
Another issue for the cases with 2 DMRS CDM groups is that, the occupied REs for DMRS port 2/3/6/7 is different with DMRS port 0/1. Therefore, the interference should be estimated based on the REs occupied by both of the two DMRS CDM groups.
Proposal 15: For cases with 2 DMRS CDM groups, the interference should be estimated based on the REs occupied by both of the two DMRS CDM groups.
4. PDSCH simulation parameters
SCS and channel bandwidth

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 16: Cover at least 15kHz SCS for FDD and 30kHz SCS for TDD.
Proposal 17: 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

Cover 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 18: Cover two TDD configurations for 30kHz SCS:
· Configuration 1: 7D1S2U, S = 6D:4G:4U
· Configuration 2: DDDSUDDSUU, S1=10G: 2G: 2U, S2 = 10G: 2G: 2U
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 19: Re-use the Rel-15 assumptions on HARQ process number, i.e., 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS.

Propagation condition
For the propagation channel, we suggest to include TDLA30-10 and TDLC300-100 in Phase I, and decide whether down-selection or adjustment is needed later. As for the antenna correlation, XP high or XP medium can be considered for initial simulaitons.
Proposal 20: For the propagation condition, include TDLA30-10 and TDLC300-100 in Phase I, and decide whether down-selection or adjustment is needed later. Use XP high or XP medium for the antenna correlation.

SSB position

For SSB position, 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 demodulation test, slot #0 with SSB in every 20 slots is not scheduled for PDSCH transmission.

Proposal 21: For SSB position, 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.
TRS, NZP CSI-RS and ZP CSI-RS configurations
For TRS and ZP CSI-RS configurations, the Rel-15 assumptions for PDSCH demodulation requirement can be reused.

For NZP CSI-RS configuration, the general Rel-15 assumptions for PDSCH demodulation requirement can also be reused, and need to be extended for more than 4 ports.

Proposal 22: For TRS and ZP CSI-RS, reuse the Rel-15 assumptions for PDSCH demodulation requirement. For NZP CSI-RS, reuse the Rel-15 general assumptions for PDSCH demodulation requirement and extend the configuration for more than 4 ports.
5. Conclusions
The following proposals were made w.r.t. the parameters related to MU-MIMO interference modeling:

Proposal 1: Cover 8Tx and 16 Tx antenna ports, 2Rx and 4Rx antennas.
Proposal 2: Only measure the PDSCH throughput performance of one target UE, and use follow PMI in the PDSCH simulation.
Proposal 3: Use random PMI selection for the paired UE(s).

Proposal 4: Use Zero Forcing as the BS precoding algorithm if the feasibility can be confirmed by the TE vendor.
Proposal 5: For 8Tx, use type I single panel codebook with wideband PMI for all the target and paired UEs, and the same BS precoding matrix is applied in the whole transmitted bandwidth.
Proposal 6: For 16Tx, use Rel-15/16 (e)type II codebook for all the target and paired UEs, and use subband PMI if it is feasible for TE to calculate ZF precoding matrix per subband.
Proposal 7: Assume low correlation among the co-scheduled UEs.
Proposal 8: In the initial simulation, consider different options for the number of co-scheduled UEs an the number of layers per UE:
· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 1 layer per UE.

· 2 co-scheduled UEs (1 target UE and 1 paired UEs) and 2 layers per UE.

· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 1 layer per UE.

· 4 co-scheduled UEs (1 target UE and 3 paired UEs) and 2 layers per UE.

Proposal 9: In both target and interfering PDSCH, assume PDSCH mapping type A with full PRB allocation.

Proposal 10: Use Type 1 DMRS with 1 additional DMRS:

· Use single symbol front loaded DMRS for cases with no more than 4 layers for all the considered UEs, and use double symbol front loaded DMRS for cases with 5-8 layers for all the considered UEs.

· Assume FDM between DMRS and data, i.e., the number of DMRS CDM groups without data as 1, for no more than 2 layers for all the considered UEs; and assume TDM between DMRS and data, i.e., the number of DMRS CDM groups without data as 2, for 3-8 layers for all the considered UEs.

· For the i-th UE with 2-layer transmission, DMRS port 2i-2 and 2i-1 (i = 1, 2,...) are used.
Proposal 11: The ratio of PDSCH EPRE to DM-RS EPRE is assumed as 0 dB and -3 dB when the number of DM-RS CDM groups without data is 1 and 2 respectively.

Proposal 12: Assume 16QAM randomly modulated symbols in the interfering PDSCH.

Proposal 13: Cover QPSK MCS 4, 16QAM MCS 13, and 64QAM MCS 19 in the initial simualtions.

The following observation and proposals were made w.r.t. the reference receiver:

Observation 1: It is unknown whether the precoding matrix in the multiple contiguous PRBs for the co-scheduled UE(s) is the same.

Proposal 14: The estimation of interference covariance matrix can be performed at per PRB and per slot basis.

Proposal 15: For cases with 2 DMRS CDM groups, the interference should be estimated based on the REs occupied by both of the two DMRS CDM groups.

The following proposals were made w.r.t. other PDSCH simulation parameters:

Proposal 16: Cover at least 15kHz SCS for FDD and 30kHz SCS for TDD.
Proposal 17: Cover 10 MHz and 40 MHz channel bandwidth for FDD 15kHz SCS, 40MHz and 100MHz channel bandwidth for TDD 30kHz SCS.
Proposal 18: Cover 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 19: Re-use the Rel-15 assumptions on HARQ process number, i.e., 4 for FDD 15kHz SCS and 8 for TDD 30kHz SCS.

Proposal 20: For the propagation condition, include TDLA30-10 and TDLC300-100 in Phase I, and decide whether down-selection or adjustment is needed later. Use XP high or XP medium for the antenna correlation.

Proposal 21: For SSB position, 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 22: For TRS and ZP CSI-RS, reuse the Rel-15 assumptions for PDSCH demodulation requirement. For NZP CSI-RS, reuse the Rel-15 general assumptions for PDSCH demodulation requirement and extend the configuration for more than 4 ports.
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