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Background
In last meeting, a WF [1] on the receiver for MU-MIMO scenario was approved. This contribution provides our views related to test parameter part and simulation results.
1   Discussions
The simulation assumptions are captured in Table 2-1:
Table 2-1: Simulation assumptions
	Parameter
	Unit
	Target UE
	Co-scheduled UE

	Duplex mode
	
	FDD, TDD

	SCS
	kHz
	FDD:15
TDD:30

	Bandwidth 
	MHz
	FDD:10
TDD:40

	TDD pattern
	
	7D1S2U, S=6D4G4U

	Active DL BWP index
	
	1

	PDSCH configuration
	Mapping type
	
	Type A

	
	k0
	
	0

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	
	PDSCH aggregation factor
	
	1

	
	PRB bundling type
	
	Static

	
	PRB bundling size
	
	2

	
	Resource allocation type
	
	Type 0

	
	RBG size
	
	Config2

	
	VRB-to-PRB mapping type
	
	Non-interleaved

	
	VRB-to-PRB mapping interleaver bundle size
	
	N/A

	PDSCH DMRS configuration
	DMRS Type
	
	Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	
	Antenna ports indexes
	
	Rank1+1: 1000
Rank2+2:1000, 1001
	Rank1+1:1001
Rank 2+2:1000,1001

	
	Number of PDSCH DMRS CDM group(s) without data
	
	Rank1+1: 1
Rank2+2: 2
	Rank1+1: 1
Rank2+2: 2

	PDSCH & PDSCH DMRS Precoding configuration
	
	Single Panel Type I, Randomized precoder selection for every PRB bundle and updated per slot, with equal probability of each applicable i1/i2 combination or codebook
Index, chosen from section 5.2.2.2.1 of TS 38.214 [12].
	Random PMI selection:
Single Panel Type I, Randomized precoder selection for every PRB bundle and updated per slot, with equal probability of each applicable i1/i2 combination or codebook
Index, chosen from section 5.2.2.2.1 of TS 38.214 [12].Any column of precoder matrix is not equal to any column of precoder matrix of Target UE
Orthogonal PMI selection:
Select the precoder to ensure any column of precoder is orthogonal to any column of precoder for the target PDSCH 

	MU-MIMO Beamforming Model
	
	As specified in B.4.2 in 38.101-4

	Receiver
	
	R-ML with modulation order detection
R-ML without modulation order detection
MMSE-IRC 

	Modulation order estimation assumption 
	
	Per PRG detection with range from QPSK to 256QAM

	Number of HARQ Processes
	
	FDD:4
TDD:8
	N/A

	The number of slots between PDSCH and corresponding HARQ-ACK information
	
	Specific to each TDD UL-DL pattern and as defined in Annex A.1.2
	N/A

	Note 1:	The DMRS scrambling ID is same for both target UE and Co-scheduled UE.



We provide our simulation results for agreed cases in Table 2-2 to Table 2-5
Table 2-2: Summary of simulation results without modulation order detection for FDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR@70% maxTP(dB)
	MMSE-IRC
SNR@70% maxTP(dB)
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100
	ULA medium
	13
	QPSK
	13.7
	22.1
	8.4

	
	
	
	
	ULA Low
	
	
	10.8
	15.0
	4.2

	
	2T4R 
	
	TDLA30-10
	ULA Low
	
	
	5.9
	7.4
	1.5

	
	
	
	TDLC300-100
	ULA medium
	
	
	12.9
	25.0
	12.1

	
	2T2R 
	Orthogonal
	TDLC300-100
	ULA medium
	
	
	13.0
	19.4
	6.4

	
	2T4R 
	
	
	
	
	
	12.1
	20.5
	8.4

	2+2
	4T4R
	Orthogonal
	TDLA30-10
	ULA Low
	
	
	9.5
	12.1
	2.6

	
	
	
	
	XP medium
	
	
	10.5
	13.9
	3.4

	
	
	
	
	ULA Low
	17
	16QAM
	15.1
	16.4
	1.3

	
	
	
	
	XP medium
	
	
	16.8
	18.4
	1.6



Table 2-3: Summary of simulation results without modulation order detection for TDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR@70% maxTP(dB)
	MMSE-IRC
SNR@70% maxTP(dB)
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100
	ULA medium 
	13
	QPSK
	14.3
	23.7
	9.4

	
	
	
	
	ULA Low
	
	
	11.1
	16.3
	5.2

	
	2T4R 
	
	TDLA30-10
	ULA Low
	
	
	6.1
	7.6
	1.5

	
	
	
	TDLC300-100
	ULA medium 
	
	
	13.6
	27.7
	14.1

	
	2T2R 
	Orthogonal
	TDLC300-100
	ULA medium
	
	
	13.4
	20.4
	7.0

	
	2T4R 
	
	
	
	
	
	12.5
	22.3
	9.8

	2+2
	4T4R
	Orthogonal
	TDLA30-10
	ULA Low
	
	
	9.6
	12.3
	2.7

	
	
	
	
	XP medium
	
	
	10.6
	14.1
	3.5

	
	
	
	
	ULA Low
	17
	16QAM
	15.4
	16.6
	1.2

	
	
	
	
	XP medium
	
	
	17.0
	18.7
	1.7



Table 2-4: Summary of simulation results for case with modulation order estimation for FDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR(dB)@70% max TP
	MMSE-IRC
SNR(dB)@70% 
max TP
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100
	ULA medium
	13
	QPSK
	14.5
	22.1
	7.6

	
	
	
	
	ULA Low
	
	
	11.2
	15.0
	3.8

	
	2T4R 
	
	TDLA30-10
	ULA Low
	
	
	6.0
	7.4
	1.4

	
	
	
	TDLC300-100
	ULA medium
	
	
	14.6
	25.0
	10.4

	
	2T2R
	
	TDLC300-100
	ULA medium 
	17
	16QAM
	22.7
	N/A
	N/A

	
	
	
	
	ULA Low
	
	
	17.7
	24.3
	6.6

	
	2T4R
	
	TDLA30-10
	ULA Low
	
	
	10.8
	10.8
	0.0

	
	
	
	TDLC300-100
	ULA medium
	
	
	22.7
	N/A
	N/A

	
	2T2R 
	Orthogonal
	TDLC300-100
	ULA medium
	13
	QPSK
	13.6
	19.4
	5.8

	
	2T4R 
	
	
	
	
	
	13.5
	20.5
	7.0

	
	2T2R 
	
	
	
	17
	16QAM
	20.9
	26.1
	5.2

	
	2T4R 
	
	
	
	
	
	20.9
	27.9
	7.0

	2+2
	4T4R
	
	TDLA30-10
	ULA Low
	13
	QPSK
	10.6
	12.1
	1.5

	
	
	
	
	XP medium
	
	
	10.7
	13.9
	3.2

	
	
	
	
	ULA Low
	17
	16QAM
	15.9
	16.4
	0.5

	
	
	
	
	XP medium
	
	
	17.0
	18.4
	1.4



Table 2-5: Summary of simulation results for case with modulation order estimation for TDD
	Rank for target + Co-UE
	MIMO
	Precoder selection
	Channel Model
	Antenna correlation
	MCS for the target UE (MCS Table 1)
	Modulation order for the co-scheduled UE
	R-ML
SNR(dB)@70% max TP
	MMSE-IRC
SNR(dB)@70% 
max TP
	Gain R-ML vs MMSE-IRC (dB)

	1+1
	2T2R 
	Random
	TDLC300-100
	ULA medium
	13
	QPSK
	15.2
	23.7
	8.5

	
	
	
	
	ULA Low
	
	
	11.5
	16.3
	4.8

	
	2T4R 
	
	TDLA30-10
	ULA Low
	
	
	6.1
	7.6
	1.5

	
	
	
	TDLC300-100
	ULA medium
	
	
	15.9
	27.7
	11.8

	
	2T2R
	
	TDLC300-100
	ULA medium 
	17
	16QAM
	24.4
	N/A
	N/A

	
	
	
	
	ULA Low
	
	
	18.4
	N/A
	N/A

	
	2T4R
	
	TDLA30-10
	ULA Low
	
	
	11.1
	11.0
	-0.1

	
	
	
	TDLC300-100
	ULA medium
	
	
	25.4
	N/A
	N/A

	
	2T2R 
	Orthogonal
	TDLC300-100
	ULA medium
	13
	QPSK
	14.1
	20.4
	6.3

	
	2T4R 
	
	
	
	
	
	14.3
	22.3
	8.0

	
	2T2R 
	
	
	
	17
	16QAM
	22.1
	28.8
	6.7

	
	2T4R 
	
	
	
	
	
	22.5
	32.4
	9.9

	2+2
	4T4R
	
	TDLA30-10
	ULA Low
	13
	QPSK
	10.6
	12.3
	1.7

	
	
	
	
	XP medium
	
	
	10.6
	14.1
	3.5

	
	
	
	
	ULA Low
	17
	16QAM
	15.8
	16.6
	0.8

	
	
	
	
	XP medium
	
	
	17.0
	18.7
	1.7


Based on the simulation results, we have following observations:
Observation 1: For cases without modulation order detection.
For Rank 1+1: 
Cases with TDLA30-10, ULA low have limited gain.
For 16QAM+QPSK: The performance gain is significant except case with TDLA30-10 and ULA Low
For Rank 2+2:
For 16QAM+QPSK, FDD: the performance gain is 2.6dB for ULA low and 3.4dB for XP medium. 
For 16QAM+QPSK, TDD: the performance gain is 2.7dB for ULA low and 3.5dB for XP medium.
For 64QAM+16QAM, FDD: the performance gain is 1.3dB for ULA low and 1.6dB XP medium.
For 64QAM+16QAM, TDD: the performance gain is 1.2dB for ULA low and 1.7dB for XP medium.
Cases with ULA Low have lower performance gain than that with XP medium
Cases with 64QAM+16QAM have lower performance gain than that with 16QAM+QPSK.

Observation 2: For cases with modulation order detection:
For Rank 1+1:
Cases with TDLA30-10, ULA low have limited gain.
For 16QAM+QPSK: The performance gain is significant for all cases except cases with TDLA30-10, ULA low. 
For 64QAM+16QAM: The performance gain is significant for all cases except case with TDLA30-10, ULA Low.
For Rank 2+2:
For 16QAM+QPSK, FDD: the performance gain is 1.5dB for ULA low and 3.2dB for XP medium.
For 16QAM+QPSK, TDD: the performance gain is 1.7dB for ULA low and 3.5dB for XP medium.
For 64QAM+16QAM, FDD: the performance gain is 0.5dB for ULA low and 1.4dB for XP medium.
For 64QAM+16QAM, TDD: the performance gain is 0.8dB for ULA low and 1.7dB for XP medium.
Cases with ULA Low have lower performance gain than that with XP medium
Cases with 64QAM+16QAM have lower performance gain than that with 16QAM+QPSK.

For test with modulation order detection, we propose to only consider Rank 1+1. The reason is that there are too many diverse modulation order detection algorithms, which means it’s very challengeable to unify the modulation order detection algorithm and align the simulation results. Taking Rank 2+2 as an example, at least two algorithms are likely to be implemented:
a) UE performs MO detection per interference layer with whitening the remaining layers in advance. 
b) UE performs joint maximum likehood detection for all interference layers. 
Obviously b) has better performance than a) but also has higher complexity. Based on that, companies with different implementations may have different results,  considering there is limited time left for this WI, we propose to only introduce Rank 1+1 which is the simplest MU-MIMO case with 1 interference layer, bringing the benefits that different algorithms are expected to have same performance and it's much easier to align the simulation results.
Observation 3:  Defining case with Rank 1+1 can minimize the performance impact of diverse implementation of MO detection, which makes it easier to align the simulation results.
To guarantee the performance gain, we propose following test setups: 
Proposal 1: RAN4 to consider following test setup for cases without modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R/2T4R ULA medium, MCS17(Target UE) +16QAM(Co-UE)
For Rank 2+2: TDLA30-10, Orthogonal PMI selection, 4T4R, XPL medium, MCS13(Target UE) +QPSK(Co-UE)

Proposal 2: RAN4 to consider following test setup for cases with modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R/2T4R ULA medium, MCS17(Target UE) +16QAM(Co-UE)

Additionally, we propose following test setup:
For cases without modulation order detection: DCI 1~5 is indicated, all RRC signalling are configured.
For cases with modulation order detection: DCI 6 is indicated, all RRC signalling are configured. MCS table/ maximum modulation order information indicates the maximum modulation order UE to detect is 8 (256QAM)
Proposal 3: Consider following test setup:
For cases without modulation order detection: DCI 1~5 is indicated, all RRC signaling are configured.
For cases with modulation order detection: DCI 6 is indicated, all RRC signaling are configured. MCS table/ maximum modulation order information indicates the maximum modulation order UE to detect is 8 (256QAM)
2   Conclusion
This contribution provides our views on test parameters. The proposals and observations are:
Observation 1: For cases without modulation order detection.
For Rank 1+1: 
Cases with TDLA30-10, ULA low have limited gain.
For 16QAM+QPSK: The performance gain is significant except case with TDLA30-10 and ULA Low
For Rank 2+2:
For 16QAM+QPSK, FDD: the performance gain is 2.6dB for ULA low and 3.4dB for XP medium. 
For 16QAM+QPSK, TDD: the performance gain is 2.7dB for ULA low and 3.5dB for XP medium.
For 64QAM+16QAM, FDD: the performance gain is 1.3dB for ULA low and 1.6dB XP medium.
For 64QAM+16QAM, TDD: the performance gain is 1.2dB for ULA low and 1.7dB for XP medium.
Cases with ULA Low have lower performance gain than that with XP medium
Cases with 64QAM+16QAM have lower performance gain than that with 16QAM+QPSK.

Observation 2: For cases with modulation order detection:
For Rank 1+1:
Cases with TDLA30-10, ULA low have limited gain.
For 16QAM+QPSK: The performance gain is significant for all cases except cases with TDLA30-10, ULA low. 
For 64QAM+16QAM: The performance gain is significant for all cases except case with TDLA30-10, ULA Low.
For Rank 2+2:
For 16QAM+QPSK, FDD: the performance gain is 1.5dB for ULA low and 3.2dB for XP medium.
For 16QAM+QPSK, TDD: the performance gain is 1.7dB for ULA low and 3.5dB for XP medium.
For 64QAM+16QAM, FDD: the performance gain is 0.5dB for ULA low and 1.4dB for XP medium.
For 64QAM+16QAM, TDD: the performance gain is 0.8dB for ULA low and 1.7dB for XP medium.
Cases with ULA Low have lower performance gain than that with XP medium
Cases with 64QAM+16QAM have lower performance gain than that with 16QAM+QPSK.

Observation 3:  Defining case with Rank 1+1 can minimize the performance impact of diverse implementation of MO detection, which makes it easier to align the simulation results.

Proposal 1: RAN4 to consider following test setup for cases without modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R/2T4R ULA medium, MCS17(Target UE) +16QAM(Co-UE)
For Rank 2+2: TDLA30-10, Orthogonal PMI selection, 4T4R, XPL medium, MCS13(Target UE) +QPSK(Co-UE)

Proposal 2: RAN4 to consider following test setup for cases with modulation order detection.
For Rank 1+1: TDLC300-100, Orthogonal PMI selection, 2T2R/2T4R ULA medium, MCS17(Target UE) +16QAM(Co-UE)

Proposal 3: Consider following additional test setup:
For cases without modulation order detection: DCI 1~5 is indicated, all RRC signaling are configured.
For cases with modulation order detection: DCI 6 is indicated, all RRC signaling are configured. MCS table/ maximum modulation order information indicates the maximum modulation order UE to detect is 8 (256QAM)
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