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Background
As per [1], WF for advanced receiver for MU-MIMO was agreed and all simulation cases for phase I study are determined. In this contribution, we provide our simulation results, corresponding observations and suggestions on test setup.
Discussions 
The performance for blind DMRS port detection and FDRA detection can be guaranteed based on the study experience of CRS-IM topic with acceptable implementation complexity, furthermore, it seems impossible to introduce related signalling, the necessity to perform such study is low from our side.
Simulation assumptions are listed in Table 2-1:
Table 2-1: Simulation assumptions
	[bookmark: OLE_LINK111]Parameter
	Unit
	Value

	
	
	Target UE 
	Co-scheduled UE

	Channel Bandwidth/SCS
	MHz/KHz
	10/15

	Duplex mode
	
	FDD

	Allocation for interference UE and target UE
	Rank allocation
	
	1
	1

	
	
	
	2
	2

	
	Scrambling ID 
	
	Same scrambling ID for both UEs

	MIMO and antenna configuration
	
	For Rank 1+1: 2T2R Medium
For Rank 2+2: 4T4R Low

	Number of CDM groups without data
	
	1 for paired UE allocated in same CDM groups and 2 for paired UE allocated in different CDM groups

	HARQ process number
	
	4

	[bookmark: _Hlk78538817]PDSCH configuration
	Mapping type
	
	Type A

	
	Starting symbol (S) 
	
	2

	
	Length (L)
	
	12

	[bookmark: _Hlk78538787]
	[bookmark: OLE_LINK53]PRB bundling size
	
	2

	
	PRB bundling type
	
	Static

	PDSCH DMRS configuration 
	DMRS Type
	
	DMRS Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	Test metric
	
	SNR @ %70 of maximum Throughput 
	N/A



Cases with genie knowledge of required information
Figure 2-1 shows simulation results for genie aided knowledge of required information
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Figure 2-1: Simulation results for genie aided knowledge of required information 
Table 2-1 shows simulation summary for genie aided knowledge of required information
Table 2-1: Summary of simulation results for genie aided knowledge of required information 
	Rank allocation
	Propagation 
Conditions
	PMI selection
	MCS for Serving UE
	Interference UE
	MMSE-IRC
	E-MMSE-IRC
	R-ML
	E-MMSE-IRC(Gain)
	R-ML(Gain)

	Rank 1+1
	TDLC300-100 Medium
	Random
	4
	QPSK
	5.6
	5.3
	4.2
	0.3
	1.1

	
	
	
	13
	QPSK
	21.9
	20.8
	13.7
	1.1
	8.2

	Rank 2+2

	TDLA30-10 Low
	Orthogonal
	13
	QPSK
	12.1
	12.1
	9.3
	0.0
	2.8

	
	
	
	
	16QAM
	12.1
	12.0
	11.3
	0.1
	0.8

	
	
	
	
	64QAM
	12.1
	12.1
	11.7
	0.0
	0.4

	
	
	
	17
	QPSK
	16.4
	16.4
	13.1
	0.0
	3.3

	
	
	
	
	16QAM
	16.5
	16.4
	15.1
	0.1
	1.4

	
	
	
	
	64QAM
	16.5
	16.4
	16.2
	0.1
	0.2

	
	TDLC300-100 Low
	Random
	13
	QPSK
	22.3
	18.3
	13.7
	4.0
	8.6

	
	
	
	
	64QAM
	22.3
	18.3
	17.4
	4.0
	4.9

	
	
	Orthogonal
	
	QPSK
	14.5
	13.3
	10.7
	1.2
	3.8

	
	
	
	
	64QAM
	14.5
	13.3
	12.9
	1.2
	1.6



The common observations should be captured in the TR:
Observation 1: High fading selective propagation conditions contributes most to the performance gain of E-MMSE-IRC
Observation 2: 
· The modulation of co-scheduled UE is lower, the performance gain of R-ML is larger.  
· Modulation order has no impact on MMSE-IRC and E-MMSE-IRC receiver. 
· Under the condition of genie aided knowledge of required information, R-ML has larger performance gain than E-MMSE-IRC in all above cases.

Observation 3: Better PMI implementation reduces the performance gain of advanced receiver
Cases with modulation order estimation
Figure 2-2 shows the performance of R-ML receiver with modulation order detection. For case of Rank2+2, serving UE assumes two layers have same modulation order in each PRB.
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Figure 2-2: Simulation results for cases of modulation order estimation 
Table 2-2 shows simulation summary for modulation order detection.
Table 2-2: Summary of simulation results for case with modulation order estimation
	Rank allocation
	Propagation 
Conditions
	PMI selection
	MCS for Serving UE
	Interference UE
	E-MMSE-IRC
	R-ML
(With Modulation order detection)
	R-ML
(Ideal)
	Performance loss for modulation order estimation

	Rank 1+1

	TDLC300-100 Medium
	Random
	13
	QPSK
	20.8
	13.3
	13.3
	0.0

	
	
	
	
	16QAM
	TBD
	17.1
	16.9
	0.2

	
	
	
	
	64QAM
	TBD
	19.6
	18.9
	0.7

	Rank 2+2

	TDLA30-10 Low
	Orthogonal
	13
	QPSK
	12.1
	10.7
	9.3
	0.6

	
	
	
	
	16QAM
	12.0
	11.4
	11.4
	0.0

	
	
	
	
	64QAM
	12.1
	12.0
	11.7
	0.3

	
	
	
	17
	QPSK
	16.4
	14.0
	13.1
	0.9

	
	
	
	
	16QAM
	16.4
	16.0
	15.1
	0.9

	
	
	
	
	64QAM
	16.4
	16.2
	16.2
	0.0
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We have following observation for performance of R-ML receiver with modulation order estimation.
Observation 4: The performance loss due to the modulation order detection is about 0~0.9dB.
Observation 5: Performance gain of R-ML with modulation order estimation compared to E-MMSE-IRC for Rank 2+2 is quite low for most cases. For case of Rank1+1, the performance gain is quite high (7.5dB for MCS13 (Target UE)+QPSK (Co-scheduled UE)).
It is proposed to introduce two optional UE features based on UE’s declaration, one is supporting R-ML receiver on MU-MIMO scenario with signalling on modulation order of co-scheduled UEs, the other is supporting R-ML receiver on MU-MIMO scenario without signalling on modulation order of co-scheduled UEs (modulation order detection), same time, RAN4 can introduce two type of cases to verify the capabilities of supporting such two cases. Based on observation 2, we suggest to configure QPSK for co-scheduled UE to maximize the performance gain of R-ML and consider both Rank 1+1 and Rank 2+2 for case without modulation order detection. For case with modulation order detection, our concern is that it’s very difficult to align the results from companies for Rank 2+2 due to diverse modulation order detection methods and based on observation 5, case of Rank 1+1 has more performance gain, hence it is more feasible to only consider Rank 1+1.
Proposal 1: RAN4 to consider following test setup in phase II if R-ML receiver is agreed as baseline in phase I
· Define two optional features based on UE’s declaration: supporting R-ML receiver on MU-MIMO scenario with signalling on modulation order of co-scheduled UEs and supporting R-ML receiver on MU-MIMO scenario without signalling on modulation order of co-scheduled UEs (modulation order detection)
· For case without modulation order detection: 
· Rank 1+1, TDLC300-100 medium 
· Rank 2+2, TDLA30-10 Low 
· QPSK configured for co-scheduled UE
· For case with modulation order detection:
· Rank 1+1, TDLC300-100 medium 
· QPSK configured for co-scheduled UE
Conclusion 
This contribution provides the simulation results, corresponding observations and suggestions on test setup for advanced receiver on MU-MIMO scenario. The observations are:
Observation 1: High fading selective propagation conditions contributes most to the performance gain of E-MMSE-IRC
Observation 2: 
· The modulation of co-scheduled UE is lower, the performance gain of R-ML is larger.  
· Modulation order has no impact on MMSE-IRC and E-MMSE-IRC receiver. 
· Under the condition of genie aided knowledge of required information, R-ML has larger performance gain than E-MMSE-IRC in all above cases.
[bookmark: _GoBack]
Observation 3: Better PMI implementation reduces the performance gain of advanced receiver
Observation 4: The performance loss due to the modulation order detection is about 0~0.9dB.
Observation 5: Performance gain of R-ML with modulation order estimation compared to E-MMSE-IRC for Rank 2+2 is quite low for most cases. For case of Rank1+1, the performance gain is quite high (7.5dB for MCS13 (Target UE)+QPSK (Co-scheduled UE)).
Proposal 1: RAN4 to consider following test setup in phase II if R-ML receiver is agreed as baseline in phase I
· Define two optional features based on UE’s declaration: supporting R-ML receiver on MU-MIMO scenario with signalling on modulation order of co-scheduled UEs and supporting R-ML receiver on MU-MIMO scenario without signalling on modulation order of co-scheduled UEs (modulation order detection)
· For case without modulation order detection: 
· Rank 1+1, TDLC300-100 medium 
· Rank 2+2, TDLA30-10 Low 
· QPSK configured for co-scheduled UE
· For case with modulation order detection:
· Rank 1+1, TDLC300-100 medium 
· QPSK configured for co-scheduled UE
Reference 
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