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1	Introduction
According to the revised WID on NR demodulation performance evolution, RP-222330 [1], one of the objectives of performance part WI for canceling inter-user interference for MU-MIMO is to:
	· Evaluate and specify advanced receiver to cancel inter-user interference for MU-MIMO
· Phase I: Study the performance gain, reference receiver assumption, interference modeling, testability, required signalling overhead, as well as impact on other WGs 
· Further discuss reference receiver assumption with below candidates
· E-MMSE-IRC
· R-ML
· Target scenario: Focus on slot based transmission 
· Phase II (if any pending on the conclusion for phase I): 
· Specify PDSCH demodulation requirements under MU-MIMO scenario with advanced receiver
· Note: As baseline, performance requirements shall be specified under single reference receiver assumption. This baseline can be revisited at RAN #100 if necessary.



Since this meeting is the first meeting for this objective, companies shall follow the instruction for phase I to study the performance gain, reference receiver assumption, interference modeling, testability, required signaling overhead, as well as impact on other WGs. 
In this contribution, we provided our views on aspects listed above. In addition, we also shared suggested receiver assumptions for candidate advanced receivers based on some initial simulation results. 


2	Discussion
Within the NR Performance enhancement demodulation WI in Rel-17, there was a comprehensive discussion on the cancellation for intra-cell interference. With solid simulation assumptions agreed, related demodulation requirements have been introduced. 
For phase I study, we think it is very important to evaluate both advanced receiver candidates (E-MMSE-IRC and R-ML) listed in the WID under several assumptions and configurations to see the performance. It is also reasonable to re-consider previous simulation assumptions and interference models with necessary modifications based on the further evaluations. Following model and parameter discussions are applied for both E-MMSE-IRC and R-ML receivers. 
2.1 Candidate receivers 
The WID lists two candidate receivers: E-MMSE-IRC and R-ML. To avoid the misunderstanding, we show our understanding for these candidate receivers.
2.1.1	E-MMSE-IRC
E-MMSE-IRC (Enhanced MMSE-IRC) receiver is a variant of MMSE-IRC receiver, where noise covariance matrix models the interference. RAN4 has studied E-(L)MMSE-IRC receiver in LTE NAICS WI and the MMSE combining weights are given in TR 36.866 9.1.1, as follows: 

,
In the case of MU-MIMO, H0 is the channel estimates from DMRS allocated for target DMRS port, and H1 is the channel estimates from DMRS allocated for interfering DMRS port. This means UE needs to know the DMRS sequence information assigned for co-scheduled UE(s).
Observation 1: To perform E-MMSE-IRC for MU-MIMO inter-user interference mitigation, UE need to know DMRS port number(s) and DMRS sequence(s) allocated for co-scheduled UE(s). 
2.1.2	R-ML
RAN4 has defined PDSCH demodulation requirements with ‘SU-MIMO Interference Mitigation advanced receiver’, which is based on the reduced complexity maximum likelihood (R-ML) receiver. R-ML is also studied in LTE NAICS as shown in TR36.866 9.1.3. Similar to E-MMSE-IRC, if R-ML is applied for MU-MIMO inter-user interference mitigation, UE need to calculate the channel estimates for DMRS(s) allocated for other (co-scheduled) UE(s). For R-ML, on top of that, UE also need to know the modulation order information scheduled for co-scheduled UE(s).
Observation 2: To perform R-ML for MU-MIMO inter-user interference mitigation, the UE needs to know DMRS port number(s), DMRS sequences(s), and PDSCH modulation order(s) allocated for co-scheduled UE(s). 
Proposal 1: In the WI phase I, RAN4 evaluates MU-MIMO inter-user interference mitigation performance using E-MMSE-IRC and R-ML receivers with the following assumption:
· For E-MMSE-IRC receiver, UE knows DMRS port number(s) and DMRS sequence(s) allocated for co-scheduled UE(s).
· For R-ML receiver, UE knows DMRS port number(s), DMRS sequences(s), and PDSCH modulation order(s) allocated for co-scheduled UE(s).
RAN4 discuss further how UE knows the information in Phase II after RAN4 decides the candidate receiver(s). 
2.2 Interfering model parameters 
Modulation order
As for the interference UE, 
LTE specified the inter-user interference model as the following:
	· Modulation symbols of an interference signal are random mapped onto one of the remaining DMRS antenna port (e.g., 7, 8, 11, or 13, depending on the configured DMRS ports). The update granularity for randomized mapping antenna port is 1 PRB in frequency domain and 1ms in time domain.



In Rel-17 intra-cell inter-user inteference canellation requirements 16QAM modulation was assumed for interference UE modulation.t was also used for Rel-17 intra-cell inter-user interference cancellation requirements with agreed 16QAM for modulation. We therefore think it can be reused in this Rel-18 work item for phase I study. 
Proposal 2: Reuse the Rel-17 intra-cell inter-user interference cancellation assumption for interference UE modulation: Random 16QAM symbols
As for the target UE, MCS13 of Rel-17 intra-cell inter-user interference cancellation requirements can be reused for phase I study. Besides that, we think it is also worth evaluating more candidates for example MCS4 with QPSK, as same as Rel-17 NR_demod_enh2 WI Phase I (e.g., R4-2108666) to see the performance and the possible gain for E-MMSE-IRC and R-ML receivers.
Proposal 3: Evalute MCS13 and MCS4 of the target UE to see the performance in phase I
Antenna configuration and number of paired UEs
For antenna configuration, we prefer to reuse Rel-17 assumption, that is, 2Tx and 4Tx and not to consider larger number of Tx antenna, since for larger Tx antenna configuration, follow PMI for all co-scheduled UEs needs to be considered in order to avoid bad performance by random precoding. Furthermore, introducing following PMI reporting into the test will combine demodulationrequirement with PMI reporting requirement. Therefore, we propose to only consider 2Tx and 4Tx for antenna configuration for phase I study, and down select if needed based on the simulation results. 
Proposal 4: Only consider 2Tx and 4Tx for antenna configuration for phase I study, and down select if needed based on the simulation results 
Based on the previous discussion on the Rel-17 intra-cell inter-user interference, more than 1 interference UE can be considered only if we are going to consider more than 4Tx antenna configurations. 
As we are proposing to only consider 2Tx and/or 4Tx for phase I evaluation, we prefer to 1 + 1 model (1 target UE plus 1 interference UE) for paired UE model.
Proposal 5: Consider 1+1 (1 target UE plus 1 interference UE) for paired UE model 
Rank combination
As for rank combination, we suggest to reuse the Rel-17 configurations: 1+1 (Target UE and the interference UE both configured with rank 1) for 2Rx/4Rx UE, and 2+2 for 4RX UE, for phase I study, which are more common and simpler for testing. Note that we should exclude 8Rx UE from this WI.  
For phase I study, we suggest to evaluate different rank combinations with different MCS values and propagation conditions in order to facilitize test cases in phase II for defining requirements, since some of the parameter combinations showed bad performance (see the following section) and that should be avoided when considering requirements in phase II. 
Proposal 6: Consider rank combination: 1+1 for 2Rx/4Rx UE and 2+2 for 4Rx UE for phase I study
DMRS configurations
We suggest to consider different CDM groups (DMRS port 1000/1001 for target UE, 1002/1003 for interference UE) for rank combination: 2+2 scenario and same CDM group (DMRS port 1000 for target UE, 1001 for interference UE) for rank combination: 1+1 scenario. 
Proposal 7: Consider different CDM group (DMRS port 1000/1001 for target UE, 1002/1003 for interference UE) for rank combination: 2+2 scenario and same CDM group (DMRS port 1000 for target UE, 1001 for interference UE) for rank combination: 1+1 scenario
Precoder selection 
As for precoder selection, following Rel-17 agreements can be reused:
	For target UE:
· Random precoding with Single panel Type 1 per PRB bundling size per slot
For interference UE:
· For case with rank 1+1: Select the PMI matrix randomly from the codebook of Co-scheduled UE to ensure that any column of precoding matrix of Co-scheduled UE is not equal to any column of precoding matrix of Target UE
· For case with rank 2+2: Select the precoding matrix to ensure orthogonality with Target UE



Proposal 8: Reuse Rel-17 precoder selection method
2.3 Test case design and initial simulation results
For phase I study, we suggest testing different parameter combinations in various test cases to firstly see the performance to better select proper configuration for defining requirement in phase II, and secondly to see the performance gain from E-MMSE-IRC and R-ML receiver in comparison with MMSE-IRC receiver of Rel-17 so that we can choose the reference receiver from these two candidates. 
Based on the proposed parameter assumptions above, we accomplished some initial simulations to see the performance (SNR value at 70% max Tput), which are helpful for selecting some of the proper configurations and selecting from 2 candidate reference receivers to see which one in which condition can have larger gain over Rel-17 MMSE-IRC receiver.  
We first consider the agreed test cases in Rel-17 performance enhancement:
· Test case 1: 1+1 rank combination with MCS13 for 2Rx and 4Rx
· Test case 2: 2+2 rank combination with MCS13 for only 4Rx
As for 1+1 rank combination and 2Rx, we compared the performance of configuring different antenna correlations.
The following figure is to show the performance of three different receivers with low correlation. Note the low correlation is used to define PDSCH demodulation requirements for Rel-17 MU-MIMO scenario. 

[image: ]
Figure 2.3-1 Performances of configuring MCS13, 1+1 rank combination, TDLC300-100 and 2x2 low
Observation 3: Configuring MCS13, 1+1 rank combination, TDLC300-100 and 2x2 low, E-MMSE-IRC can have 1.0dB gain to the baseline, and the R-ML can have 1.3dB gain to the baseline
Following figure is to show the performance of three different advanced receivers with medium correlation while others are the same. Note the medium antenna correlation scenario is used to define PDSCH demodulation requirements with SU-MIMO Interference Mitigation advanced receiver in Rel-15.

[image: ]
Figure 2.3-2 Performances of configuring MCS13, 1+1 rank combination, TDLC300-100 and 2x2 med
Observation 4: Configuring MCS13, 1+1 rank combination, TDLC300-100, 2x2 medium, E-MMSE-IRC can have 1.2dB gain to the baseline, and the R-ML can have 2.1dB gain to the baseline
Observation 5: Configuring medium antenna correlation for the case with MCS13, 1+1 rank combination, 2Rx and TDLC300-100 can have larger gain from both two advanced receivers to the baseline
Observation 6: For 1+1 rank combination, with medium correlation, R-ML receiver can have more gain in comparison to E-MMSE-IRC receiver
Except the legacy test cases for Rel-17 performance enhancement WI, we also investigated the possibility of MCS4 combining with different parameter configurations. Among them, configuring MCS 4 with 2+2 rank combination, TDLA30-10 and 4x4 low showed obvious gain over the baseline receiver, see:
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Figure 2.3-3 Performances of configuring MCS4, 2+2 rank combination, TDLA30-10 and 4x4 low
Observation 7: Configuring MCS4 with 2+2 rank combination, TDLA30-10 and 4x4 low can also show 2.0 gain for E-MMSE-IRC receiver and 3.1 gain for R-ML receiver
Based on the above evaluations and observations, we propose the following general parameter configurations and test cases for phase I study:
Scenario 1 (Rank 1+1):
Table 2.3-1 General parameter for scenario 1
	Parameter
	Target UE
	Interference UE

	Rank 
	1
	1

	DMRS port
	1000
	1001

	Precoding
	Random precoding with Single panel Type 1 per PRB bundling size per slot
	Select the PMI matrix randomly from the codebook of Co-scheduled UE to ensure that any column of precoding matrix of Co-scheduled UE is not equal to any column of precoding matrix of Target UE

	Propagation condition
	TDLC300-100



Test case 1:
	Parameter
	Target UE
	Interference UE

	Modulation
	16QAM (MCS13)
	Random 16QAM symbols

	Antenna configuration
	2x2, 2x4 low



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Test case 2:
	Parameter
	Target UE
	Interference UE

	Modulation
	16QAM (MCS13)
	Random 16QAM symbols

	Antenna configuration
	2x2, 2x4 ULA medium (See TS38.101-4 B.2.3.1.2)



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Test case 3:
	Parameter
	Target UE
	Interference UE

	Modulation
	QPSK (MCS4)
	Random 16QAM symbols

	Antenna configuration
	2x2, 2x4 low



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Test case 4:
	Parameter
	Target UE
	Interference UE

	Modulation
	QPSK (MCS4)
	Random 16QAM symbols

	Antenna configuration
	2x2, 2x4 medium (See TS38.101-4 B.2.3.1.2)



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Scenario 2 (Rank 2+2):
Table 2.3-2 General parameter for scenario 2
	Parameter
	Target UE
	Interference UE

	Rank 
	2
	2

	DMRS port
	1000, 1001
	1002, 1003

	Precoding
	Random precoding with Single panel Type 1 per PRB bundling size per slot
	Select the precoder to ensure orthogonality with the precoder for the target PDSCH

	Propagation condition
	TDLA30-10



Test case 5:
	Parameter
	Target UE
	Interference UE

	Modulation
	16QAM (MCS13)
	Random 16QAM symbols

	Antenna configuration
	4x4 low



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Test case 6:
	Parameter
	Target UE
	Interference UE

	Modulation
	16QAM (MCS13)
	Random 16QAM symbols

	Antenna configuration
	4x4 medium (See TS38.101-4 B.2.3.1.2)



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Test case 7:
	Parameter
	Target UE
	Interference UE

	Modulation
	QPSK (MCS4)
	Random 16QAM symbols

	Antenna configuration
	4x4 medium (See TS38.101-4 B.2.3.1.2)



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Test case 8:
	Parameter
	Target UE
	Interference UE

	Modulation
	QPSK (MCS4)
	Random 16QAM symbols

	Antenna configuration
	4x4 medium (See TS38.101-4 B.2.3.1.2)



	
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	SNR @70% max Tput
	
	
	



Proposal 9: Consider proposed general parameter configurations and test cases for phase I study
3	Summary
In summary, we provided our views on aspects listed above. Meanwhile, we also shared suggested receiver assumptions for candidate advanced receivers based on some initial simulation results. We summarize our observations and proposals as follows:
Observation 1: To perform E-MMSE-IRC for MU-MIMO inter-user interference mitigation, UE need to know DMRS port number(s) and DMRS sequence(s) allocated for co-scheduled UE(s). 
Observation 2: To perform R-ML for MU-MIMO inter-user interference mitigation, the UE needs to know DMRS port number(s), DMRS sequences(s), and PDSCH modulation order(s) allocated for co-scheduled UE(s). 
Observation 3: Configuring MCS13, 1+1 rank combination, TDLC300-100 and 2x2 low, E-MMSE-IRC can have 1.0dB gain to the baseline, and the R-ML can have 1.3dB gain to the baseline
Observation 4: Configuring MCS13, 1+1 rank combination, TDLC300-100, 2x2 medium, E-MMSE-IRC can have 1.2dB gain to the baseline, and the R-ML can have 2.1dB gain to the baseline
Observation 5: Configuring medium antenna correlation for the case with MCS13, 1+1 rank combination, 2Rx and TDLC300-100 can have larger gain from both two advanced receivers to the baseline
Observation 6: For 1+1 rank combination, with medium correlation, R-ML receiver can have more gain in comparison to E-MMSE-IRC receiver
Observation 7: Configuring MCS4 with 2+2 rank combination, TDLA30-10 and 4x4 low can also show 2.0 gain for E-MMSE-IRC receiver and 3.1 gain for R-ML receiver


Proposal 1: In the WI phase I, RAN4 evaluates MU-MIMO inter-user interference mitigation performance using R-MMSE-IRC and R-ML receivers with the following assumption:
· For E-MMSE-IRC receiver, UE knows DMRS port number(s) and DMRS sequence(s) allocated for co-scheduled UE(s).
· For R-ML receiver, UE knows DMRS port number(s), DMRS sequences(s), and PDSCH modulation order(s) allocated for co-scheduled UE(s).
RAN4 discuss further how UE knows the information in Phase II after RAN4 decides the candidate receiver(s). 
Proposal 2: Reuse the Rel-17 intra-cell inter-user interference cancellation assumption for interference UE modulation: Ramdom 16QAM symbols
Proposal 3: Evalute MCS13 and MCS4 of the target UE to see the performance in phase I
Proposal 4: Only consider 2Tx and 4Tx for antenna configuration for phase I study, and down select if needed based on the simulation results 
Proposal 5: Consider 1+1 (1 target UE plus 1 interference UE) for paired UE model 
Proposal 6: Consider rank combination: 1+1 for 2Rx/4Rx UE and rank combination: 2+2 for 4Rx UE, for simulation for phase I study
Proposal 7: Consider different CDM group (DMRS port 1000/1001 for target UE, 1002/1003 for interference UE) for rank combination: 2+2 scenario and same CDM group (DMRS port 1000 for target UE, 1001 for interference UE) for rank combination: 1+1 scenario
Proposal 8: Reuse Rel-17 precoder selection method
Proposal 9: Consider proposed general parameter configurations and test cases for phase I study
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