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1	Introduction
After last RAN4 #106 meeting’s discussion in Athens, the definition of the E-MMSE-IRC receiver has been agreed. Meanwhile, several parameter configurations and assumption have been agreed for companies to do the phase I evaluations. Agreements have been captured in the agreed Way forward [1]. Thus, in this meeting, companies are encouraged to bring simulation results to compare the performance, and to see how much gain can be found for different candidate receivers. 
However, besides the simulation assumptions, companies have not had enough time for discussing the required information that will be used for the UE to perform E-MMSE-IRC and R-ML receivers, including what kind of information is needed and how to obtain it. 
In this contribution, we shared our simulation results based on the agreed parameter assumptions. Based on that, we provided our views on down selecting some options listed in the Way forward [1]. Observations and proposals were captured in the summary section.
2	Discussion
Modulation order for co-scheduled UE
As for the modulation for the co-scheduled UE, following agreements have been made in the last meeting according to the agreed WF [1]:
	· For R-ML, E-IRC and IRC (baseline in Rel-17, for performance comparison purpose) for initial simulation
· For rank 1+1: QPSK (high priority for the next meeting)
· For rank 2+2: 64QAM (high priority for the next meeting)
· For rank 2+2: QPSK (high priority for the next meeting)
· For rank 1+3: 16QAM (high priority for the May meeting)
· For rank 1+1 (64QAM) +1 (QPSK) (lower priority)
· For rank 1+1 (64QAM) +1 (16QAM) (lowest priority)
· Other options on the modulation order for co-scheduled UE are not precluded.
· These assumptions can be updated in the next meeting based on available simulation results.



As for the scenario of rank 1+1, we evaluated the following cases:
	Test num
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	Rank 1+1

	2
	10 / 15
	16QAM, 0.48
	QPSK
	TDLC300-100
	1+1
	2x2, ULA medium
	20.7
	19.6(+1.1)
	/

	2b
	10 / 15
	16QAM, 0.48
	16QAM
	TDLC300-100
	1+1
	2x2, ULA medium
	15.7
	14.5(+1.2)
	13.6(+2.1)



In our simulation results, SNR is defined as SNR = (STargetUE + SInterfUE)/N, which is the same SNR definition as Rel-17 MU-MIMO requirements.  
From the simulation results we can observe that with the same modulation order for the target UE and co-scheduled UE (case 2b), it can result in reasonable gain from both E-MMSE-IRC and R-ML receivers to the baseline MMSE-IRC receiver(for both ULA low and ULA medium correlation). 
For the case of configuring different modulation order for the target UE and co-scheduled UE (case 2, 16QAM for the target UE and QPSK for the co-scheduled UE), the performance of R-ML receiver can not reach the max TP when SNR<=30dB.
Observation 1 : For the scenraio of rank 1+1, configuring same modulation order for the target UE and co-scheduled UE can result in reasonable gain from both E-MMSE-IRC and R-ML receivers to the baseline MMSE-IRC
Observation 2 : For the scenraio of rank 1+1, configuring different modulation order for the target UE and co-scheduled UE can result in no gain for R-ML receiver
Proposal 1 : Consider same modulation order for the target UE and co-scheduled UE for the scenraio of rank 1+1
As for the scenario of rank 2+2, we also evaluated the following cases:
	Test num
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	5
	10 / 15
	16QAM, 0.48
	QPSK
	TDLA30-10
	2+2
	4x4, ULA Low
	12.9
	11.7(+1.2)
	13.5(-0.6)

	6
	10 / 15
	16QAM, 0.48
	16QAM
	TDLA30-10
	2+2
	4x4, ULA Low
	12.9
	11.8(+1.1)
	12.3(+0.6)

	6a
	10 / 15
	16QAM, 0.48
	64QAM
	TDLA30-10
	2+2
	4x4, ULA Low
	12.9
	11.7(+1.2)
	13.1(-0.2)



From the simualtion results we can observe that configuring same modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC receiver and limit gain from R-ML receiver. Configuring different modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC but no gain from R-ML receiver.
Observation 3: Configuring same modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC receiver and limit gain from R-ML receiver
Observation 4: Configuring different modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC but no gain from R-ML receiver
Proposal 2: Consider same modulation order for the target UE and co-scheduled UE for the scenraio of rank 2+2
Modulation order for target UE
As for the target UE, it was agreed to use MCS13 for rank 1 and rank 2 test cases for phase I. Meanwhile, we also evaluated MCS4 and MCS19 following the below instruction from the agreed WF [1] to compare the gain. 
	Issue 2-6: MCS for the target UE
· Cover MCS 13 for rank 1 and rank 2 for initial simulation
· Further discuss whether to cover MCS 4 for rank 1 and MCS 19 for rank 2 in the next meeting
· The assumption can be updated later based on available results.



For MCS4, following cases have been evaluated:
	Test num
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	3
	10 / 15
	QPSK (MCS4)
	QPSK
	TDLC300-100
	1+1
	2x2, ULA Low
	1.8
	2.1(-0.3)
	2.2(+0.4)

	4
	10 / 15
	QPSK (MCS4)
	QPSK
	TDLC300-100
	1+1
	2x2, ULA Medium
	3.1
	3.7(-0.6)
	3.2(-0.1)

	13a
	10 / 15
	MCS4
	16QAM
	TDLA30-10
	2+2
	4x4, ULA Low
	1.3
	0.5(+0.8)
	1.8(-0.5)

	13
	10 / 15
	MCS4
	QPSK
	TDLA30-10
	2+2
	4x4, ULA Low
	1.4
	0.5(+0.9)
	1.5(-0.1)

	15
	10 / 15
	MCS4
	QPSK
	TDLA30-10
	2+2
	4x4, ULA Medium
	11.6
	9.6(+2.0)
	8.5(+3.1)



From the simulation results we can observe that for scenario of rank 1+1, the performance of MCS4 with 2x2 ULA low and ULA medium can not have obvious gain over the baseline receiver. 
For scenario rank 2+2, the performance of MCS4 with 2x2 ULA low can have 2.0dB gain for E-IRC receiver and 3.1dB gain for R-ML receiver.
Observation 5: For scenario of rank 1+1 the performance of MCS4 with 2x2 ULA low and ULA medium can not have obvious gain over the baseline receiver
Observation 6: For scenario rank 2+2 the performance of MCS4 with 2x2 ULA low can have 2.0dB gain for E-IRC receiver and 3.1dB gain for R-ML receiver
Proposal 3: Either not to consider MCS4 at all, or consider MCS4 only for the following 1 case:
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	10 / 15
	MCS4
	16QAM
	TDLA30-10
	2+2
	4x4, ULA Medium
	
	
	



For MCS19, following cases have been evaluated:
	Test num
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	10
	10 / 15
	MCS19
	64QAM
	TDLA30-10
	2+2
	4x4, ULA Low
	/
	/
	/

	12
	10 / 15
	MCS19
	64QAM
	TDLA30-10
	2+2
	4x4, ULA Medium
	/
	/
	/



From the simulation results we can observe that the max Tput can not be reached if the modulation order for the co-scheduled UE is 64QAM. We only consider the cases when the target UE and the co-scheduled UE configured the same modulation order based on our observations and proposals above.
Observation 7: the max Tput can not be reached if the modulation order for the co-scheduled UE is 64QAM.
Proposal 4: Not to consider MCS19 
Antenna correlation
For phase I study, following candidates were agreed in the last meeting to be evaluated according to the WF [1]: 
	Issue 2-10: Antenna correlation
· For initial simulation in Phase I only:
· Rank 1+1: ULA medium
· Rank 1+1+1: ULA medium A, XPL medium
· Rank 2+2, 1+3: ULA Low
· The assumptions can be updated later based on available results



For the scenario of rank combination: 1+1, we verified the ULA medium antenna correlation on MCS13. Simulation results for related cases are summarized below:
	Test num
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	2b
	10 / 15
	16QAM, 0.48
	16QAM
	TDLC300-100
	1+1
	2x2, ULA medium
	15.7
	14.5(+1.2)
	13.6(+2.1)



From the simualtion results we can observe that configuring ULA medium antenna correlation on the case above can achieve reasonable gain so that ULA medium was verified to be valid for scenario rank 1+1 for MCS13. 
Observation 8: Configuring ULA medium for scenario rank 1+1 with MCS13 for both UEs can achieve reasonable gain over the baseline receiver for both E-IRC and R-ML receiver
Proposal 5: Only consider ULA medium antenna correlation for scenario rank 1+1
For the scenario of rank combination: 2+2, we verified the ULA low antenna correlation for MCS13. In addition, we verified the ULA medium for MCS13 as well. Simulation results for related cases are summarized below:
	Test num
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	6
	10 / 15
	16QAM, 0.48
	16QAM
	TDLA30-10
	2+2
	4x4, ULA Low
	12.9
	11.8(+1.1)
	12.3(+0.6)

	8
	10 / 15
	16QAM, 0.48
	16QAM
	TDLA30-10
	2+2
	4x4, ULA Medium
	/
	/
	/



From the simulation results we can observe that the performance of configuring ULA medium can not reach the max Tput. Thus, only ULA low should be considered for rank 2+2 scenario.
Observation 9: Configuring ULA low for scenario rank 2+2 with MCS13 for both UEs can achieve reasonable gain over the baseline receiver for both E-IRC and R-ML receiver
Observation 10: The performance of configuring ULA medium can not reach the max Tput
Proposal 6: Only consider ULA low antenna correlation for the scenario rank 2+2
Rank allocation for the target and co-scheduled UEs
Following candidates were agreed in the last RAN4 meeting:
	Issue 2-2: Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
· Agreement on ‘rank number for target UE + rank number for co-scheduled UE’:
· 2Rx UE: 1+1
· 4Rx UE: 2+2 and 1+3 



From our evaluations, we can observe more than 1dB gain for E-IRC and more than 2dB gain for R-ML for applying rank combination 2+2. Therefore, we think there is no need to consider rank combination 1+3 as it is known that it will bring more gain over rank combination 2+2. However, rank combination 2+2 are more typical to be considered. 
Proposal 7: Consider only 2+2 for 4Rx cases
Channel model
Regarding the channel model, companies agreed to consider the following configurations:
	Issue 2-9: Channel model
· For initial simulation assumptions:
· Use TDLC300-100 when the rank of the target UE is 1
· Use TDLA30-10 and TDLC300-100 when the rank of the target UE is 2
· The assumption can be updated later based on available results.



We compared the gain for using TDLC300-100 and TDLA30-10 channel model；
	Test num
	Bandwidth (MHz) / Subcarrier spacing (kHz)
	Modulation format and code rate
	Propagation condition
	Rank
(target UE + co-scheduled UE)
	Correlation matrix and antenna configuration
	Reference value SNR (dB)

	
	
	Target UE
	Co-scheduled UE
	
	
	
	Baseline
	E-IRC
	RML

	6
	10 / 15
	16QAM, 0.48
	16QAM
	TDLA30-10
	2+2
	4x4, ULA Low
	12.9
	11.8(+1.1)
	12.3(+0.6)

	17a
	10 / 15
	16QAM, 0.48
	16QAM
	TDLC300-100
	2+2
	4x4, ULA Low
	21.5
	14.2(+7.3)
	13.8(7.7)



From the simulation results above we can observe that when using the TDLC300-100 as the channel model, the gain from E-IRC and R-ML receivers are way too large to the baseline receiver MMSE-IRC that is over 7dB. 
Observation 11: When using the TDLC300-100 as the channel model, the gain from E-IRC and R-ML receivers are way too large to the baseline receiver MMSE-IRC
Meanwhile, channel model TDLC300-100 has higher Doppler shift which reduce the possiblity for the network side to select rank 2+2 for MU-MIMO transmission in reality. Therefore, we propose to only consider TDLA30-10 for the case that the rank of the target UE is 2. 
Proposal 8: Only consider TDLA30-10 for the case that the rank of the target UE is 2
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



We prefer to consider reusing the previous agreement above to distribute different precoding method to different rank combination scenarios. 
Proposal 9: Reuse Rel-17 precoder selection method:
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
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 summarized our observations and proposals as follows:
Observation 1 : For the scenraio of rank 1+1, configuring same modulation order for the target UE and co-scheduled UE can result in reasonable gain from both E-MMSE-IRC and R-ML receivers to the baseline MMSE-IRC
Observation 2 : For the scenraio of rank 1+1, configuring different modulation order for the target UE and co-scheduled UE can result in no gain for R-ML receiver
Proposal 1 : Consider same modulation order for the target UE and co-scheduled UE for the scenraio of rank 1+1
Observation 3: Configuring same modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC receiver and limit gain from R-ML receiver
Observation 4: Configuring different modulation order for the target UE and the co-scheduled UE can result in reasonable gain from E-IRC but no gain from R-ML receiver
Proposal 2: Consider same modulation order for the target UE and co-scheduled UE for the scenraio of rank 2+2
Observation 5: For scenario of rank 1+1 the performance of MCS4 with 2x2 ULA low and ULA medium can not have obvious gain over the baseline receiver
Observation 6: For scenario rank 2+2 the performance of MCS4 with 2x2 ULA low can have 2.0dB gain for E-IRC receiver and 3.1dB gain for R-ML receiver
Proposal 3: Either not to consider MCS4 at all, or consider MCS4 only for the following 1 case:
Observation 7: the max Tput can not be reached if the modulation order for the co-scheduled UE is 64QAM.
Proposal 4: Not to consider MCS19 
Observation 8: Configuring ULA medium for scenario rank 1+1 with MCS13 for both UEs can achieve reasonable gain over the baseline receiver for both E-IRC and R-ML receiver
Proposal 5: Only consider ULA medium antenna correlation for scenario rank 1+1
Observation 9: Configuring ULA low for scenario rank 2+2 with MCS13 for both UEs can achieve reasonable gain over the baseline receiver for both E-IRC and R-ML receiver
Observation 10: The performance of configuring ULA medium can not reach the max Tput
Proposal 6: Only consider ULA low antenna correlation for the scenario rank 2+2
Proposal 7: Consider only 2+2 for 4Rx cases
Observation 11: When using the TDLC300-100 as the channel model, the gain from E-IRC and R-ML receivers are way too large to the baseline receiver MMSE-IRC
Proposal 8: Only consider TDLA30-10 for the case that the rank of the target UE is 2
Proposal 9: Reuse Rel-17 precoder selection method:
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
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