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[bookmark: _Toc116995841]Introduction
This document details Nokia’s current simulation results for alignment on the WID for advanced receivers for MU-MIMO scenario. Agreements were made in RAN4#106-bis [1] for facilitating companies to provide simulation results for Phase I.
Simulation assumptions for Phase I
Table 1 provides an overview of the already agreed simulation assumptions for Phase I taken from the WF [1]:
[bookmark: _Ref129608381]Table 1: Agreed simulation assumptions for Phase I
	Reference receiver assumption for E-MMSE-IRC
	
,
 .


	Reference receiver for phase I simulation
	Consider both R-ML and E-IRC in initial evaluation stage

	Rank allocation for the target and co-scheduled UEs, with 1 co-scheduled UE
	2Rx UE: 1+1
4Rx UE: 2+2

	DMRS port configurations for the target and co-scheduled UEs
	· Use different CDM groups for:
· rank 2 (DMRS port 0, 1) + 2 (DMRS port 2, 3)
· rank 1 (DMRS port 0 for target UE) +1 (port 1) +1 (port 2)
· Use the same CDM group for rank 1+1


	Antenna configuration
	For rank 1+1: cover 2T2R
For rank 2+2, rank 1+1+1: 4T4R

	Channel model
	Use TDLC300-100 when the rank of the target UE is 1
Use TDLA30-10 when the rank of the target UE is 2

	Antenna correlation
	Rank 1+1: ULA medium
Rank 2+2: ULA Low
Rank 1+1+1: XPL medium

	Precoder selection target and co-scheduled UEs
	Single panel Type 1
For rank 1+1: Random PMI selection 
For rank 2+2: Orthogonal PMI selection

	QCL assumptions
	Assume all scheduled DMRS ports have same QCL assumptions

	Evaluation metric
	Reuse the Rel-17 MMSE-IRC phase I evaluation assumptions captured in TR38.833 as a start point.

	The number of co-scheduled UEs
	Option 1: 1 co-scheduled UE as higher priority
Option 2: Cover 2 co-scheduled UEs at least in phase I study

	DMRS sequence for the co-scheduled UE
	For initial simulation in phase I, assume the scrambling ID for DMRS sequence is the same for the target UE the co-scheduled UE(s)

	MCS for the target UE
	For rank 1: MCS 13 
For rank 2: MCS 13 and MCS 17 

	Modulation order for the co-scheduled UE
	For rank 1+1: QPSK (high priority)
For rank 2+2: 64QAM (high priority)
For rank 2+2: QPSK (high priority)
For rank 1+1 (64QAM) +1 (QPSK) (lower priority)
For rank 1+1 (64QAM) +1 (16QAM) (lowest priority)

	PDSCH resource allocation for the target and co-scheduled UE
	Maximum transmission bandwidth configuration for all UEs.
Full OFDM symbol allocation.

	Assumptions on the required information
	Assume the needed parameters of the co-scheduled UE are all known to UE (upper bound for the potential performance gain).

	MCS
	Table 1



Based on the information in Table 1, we provide the simulation results on the highest priority cases for this meeting, listed in Table 2.
[bookmark: _Ref130826170]Table 2 - Simulation Overview – high priority cases
	Case
	# Co-scheduled UE
	Rank target UE
	Rank Co-scheduled UE

	Modulation order target UE
	Modulation order co-scheduled UE
	MIMO
	Channel model
	Precoder selection for the Co-scheduled UE

	1A
	1

	1

	1

	QPSK (MCS 4)
	QPSK (MCS 4)

	2Tx 2Rx ULA medium

	TDLC300-100
	random


	1
	
	
	
	16QAM (MCS 13)
	
	
	
	

	2
	
	2

	2

	
	64QAM (MCS19)
	4Tx 4Rx ULA low
	TDLA30-10
	orthogonal

	3
	
	
	
	
	QPSK (MCS 4)
	
	
	

	4
	
	
	
	64QAM (MCS 17)
	64QAM (MCS19)
	
	
	

	5
	
	
	
	
	QPSK (MCS 4)
	
	
	

	Note1: Case 1A is not a high-priority case but is listed in [1] as a potential addition left for discussion in the RAN#107 meeting.
Note2: All tests consider the use of MCS index Table 1.
Note3: FDRA allocation is taken to occupy the full CHBW (52 PRBs).



Simulation Results
This section displays our current simulation results. Normalized throughput curves are shown for the baseline receiver MMSE-IRC (IRC) against the E-MMSE-IRC (E-IRC) and R-ML receivers. A black reference line is included to highlight the SNR @ 70% of maximum throughput metric for each receiver, captured in Table 3.

[bookmark: _Ref131597831]Table 3 – Summary of Receiver performance.
	Case
	# Co-Sch UE*
	Rank target UE
	Rank Co-Sch UE

	MO* Target UE1
	MO Co-Sch UE1
	MIMO
	Channel model
	Precoder Co-Sch UE
	Nokia

	
	
	
	
	
	
	
	
	
	SNR@70%maxTP (dB)
	Gain of R-ML
	Gain of E-IRC
	Gain of R-ML over E-IRC

	
	
	
	
	
	
	
	
	
	R-ML
	E-IRC
	IRC (baseline)
	
	
	

	1A
	1

	1

	1

	MCS4  
	QPSK 

	2Tx 2Rx ULA medium

	TDLC300-100
	random

	5.89
	8.53
	13.68
	7.79
	5.15
	2.65

	1
	
	
	
	MCS13
	
	
	
	
	14.22
	22.48
	25.73
	11.51
	3.25
	8.26

	2
	
	2

	2

	
	64QAM 
	4Tx 4Rx ULA low
	TDLA30-10
	orthogonal
	12.69
	13.23
	14.23
	1.54
	1.00
	0.54

	3
	
	
	
	
	QPSK
	
	
	
	9.95
	13.24
	14.22
	4.27
	0.98
	3.29

	4
	
	
	
	MCS17 
	64QAM 
	
	
	
	17.98
	17.45
	18.32
	0.34
	0.87
	-0.53

	5
	
	
	
	
	QPSK 
	
	
	
	12.90
	17.45
	18.32
	5.42
	0.87
	4.55

	Note1: All tests consider the use of MCS index Table 1.
Note2: FDRA allocation is taken to occupy the full CHBW (52 PRBs).
Note*: Co-scheduled UE (Co-Sch UE) and Modulation order (MO).



Table 3 offers a summary of the results above, along with each receiver’s gain over the baseline IRC. Some observations follow below:
· Results show that both E-IRC and R-ML offer improved receiver performance over the IRC baseline for all the tested cases.

·  R-ML generally outperforms E-IRC but the improvement margin is reduced for higher modulation orders of the co-scheduled UE.

Case 1A: 
	Case
	# Co-Sch UE
	Rank target UE
	Rank Co-Sch UE

	Modulation order Target UE1
	Modulation order Co-Sch UE1
	MIMO
	Channel model
	Precoder selection for the Co-Sch UE

	1A
	1
	1
	1
	MCS4
	MCS4
	2Tx 2Rx ULA medium
	TDLC300-100
	random
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Figure 1 - Case 1A (2T2R Rank 1+1 TDLC300-100, medium correlation, MCS4-MCS4, random precoder).

Case 1: 
	Case
	# Co-Sch UE
	Rank target UE
	Rank Co-Sch UE

	Modulation order Target UE1
	Modulation order Co-Sch UE1
	MIMO
	Channel model
	Precoder selection for the Co-Sch UE

	1
	1
	1
	1
	MCS13
	MCS4
	2Tx 2Rx ULA medium
	TDLC300-100
	random
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Figure 2 -Case 1 (2T2R Rank 1+1 TDLC300-100, medium correlation, MCS13-MCS4, random precoder).

Case 2: 
	Case
	# Co-Sch UE
	Rank target UE
	Rank Co-Sch UE

	Modulation order Target UE1
	Modulation order Co-Sch UE1
	MIMO
	Channel model
	Precoder selection for the Co-Sch UE

	2
	1
	2
	2
	MCS13
	MCS19
	4Tx 4Rx ULA low
	TDLA30-10
	orthogonal
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Figure 3 - Case 2 (4T4R Rank 2+2 TDLA30-10, low correlation, MCS13-MCS19, orthogonal precoder).

Case 3: 
	Case
	# Co-Sch UE
	Rank target UE
	Rank Co-Sch UE

	Modulation order Target UE1
	Modulation order Co-Sch UE1
	MIMO
	Channel model
	Precoder selection for the Co-Sch UE

	3
	1
	2
	2
	MCS13
	MCS4
	4Tx 4Rx ULA low
	TDLA30-10
	orthogonal
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Figure 4 - Case 3 (4T4R Rank 2+2 TDLA30-10, low correlation, MCS13-MCS4, orthogonal precoder).

Case 4: 
	Case
	# Co-Sch UE
	Rank target UE
	Rank Co-Sch UE

	Modulation order Target UE1
	Modulation order Co-Sch UE1
	MIMO
	Channel model
	Precoder selection for the Co-Sch UE

	4
	1
	2
	2
	MCS17
	MCS19
	4Tx 4Rx ULA low
	TDLA30-10
	orthogonal
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Figure 5 – Case 4 (4T4R Rank 2+2 TDLA30-10, low correlation, MCS17-MCS19, orthogonal precoder).

Case 5: 
	Case
	# Co-Sch UE
	Rank target UE
	Rank Co-Sch UE

	Modulation order Target UE1
	Modulation order Co-Sch UE1
	MIMO
	Channel model
	Precoder selection for the Co-Sch UE

	5
	1
	2
	2
	MCS17
	MCS4
	4Tx 4Rx ULA low
	TDLA30-10
	orthogonal
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Figure 6 - Case 5 (4T4R Rank 2+2 TDLA30-10, low correlation, MCS17-MCS4, orthogonal precoder).
[bookmark: _Toc116995848]Conclusion
This paper presents Nokia's current simulation results on the WID for advanced receivers for MU-MIMO scenario. It includes the configurations agreed in RAN#106-bis to be highest priority.
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