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1 Introduction
[bookmark: _GoBack]In RAN4#107 meeting, some conclusions has been reached for advanced receiver and a WF was agreed[1]. In this paper, we will provide our simulation results for MU-MIMO.
2 Discussion

2.1 Simulation assumptions
The simulation assumptions are summarized 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

	MCS
	
	4,13,17
	Rank 1+1: QPSK
Rank 2+2: QPSK, 16QAM and 64QAM 

	Allocation for interference UE and target UE
	Rank allocation
	
	1
	1

	
	
	
	2
	2

	
	Scrambling ID 
	
	Same scrambling ID for both UEs

	MIMO configuration
	
	For Rank 1+1: 2T2R ULA Medium
For Rank 2+2: 4T4R ULA 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

	Precoding model 
	Target UE
	
	Random precoding with Single panel Type 1 per PRB bundling size per slot
	· Option 1: Select the precoding matrix to ensure orthogonality with target UE
· Option 2: Select the precoding matrix randomly ensuring the selected precoding matrix shall not be identical to the precoding matrix of target UE

	[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

	[bookmark: _Hlk78537861]Propagation conditions
	
	TDLC300-100,TDLA30-10

	Receiver type
	
	MMSE-IRC,E-MMSE-IRC, R-ML
	N/A

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



2.2 Simulation results
2.2.1 Rank 1+1
In this section, we compared the throughput performance of R-ML receiver, MMSE-IRC receiver and E-MMSE-IRC receiver in case of all information of co-schedule UE is known to target UE.
The results of link level analysis are shown in Figure 2-1 and Figure 2-2. And for Figure 2-2 which is partial CHBW for co-schedule UE.
	[image: ]
Figure 2-1. Rank 1+1 MCS4 2T2R TDLC300-100 Medium, co-schedule UE: QPSK

	[image: ]
Figure 2-2. Rank 1+1 MCS13 2T2R TDLC300-100 Medium, co-schedule UE: QPSK



2.2.2 Rank 2+2
In this section, we compare the throughput performance of R-ML receiver, MMSE-IRC receiver and E-MMSE-IRC receiver in case of all information of co-schedule UE is known to target UE.

The results of link level analysis for Rank 2+2 are shown in Figure 2-3 and Figure 2-4.

	[image: ]
Figure 2-3. Rank 2+2 MCS13 4T4R TDLA30-10 Low,  co-schedule UE: 16QAM

	[image: ]
Figure 2-4. Rank 2+2 MCS17 4T4R TDLA30-10 Low,  co-schedule UE: 16QAM



And summary results are shown in Table 2-1.
Table 2-1. Summary of simulation results
	Rank 
allocation
	Modulation Order
	Propagation conditions
	PMI selection
	Antenna configuration
	MMSE-IRC
	E-MMSE-IRC
	R-ML

	
	Target UE
	Co-schedule UE(s) 
	
	
	
	SNR
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)
	Gain
(dB)

	Rank1+1
	MCS 4
	QPSK
	TDLC300-100
ULA medium
	Random
	2T2R
	4.7
	4.1
	0.6
	3.2
	1.5

	Rank1+1
	MCS 13
	QPSK(partial CHBW)
	TDLC300-100
ULA medium
	Random
	2T2R
	15.2
	14.1
	1.1
	10.8
	4.4

	Rank2+2
	MCS 13
	16QAM
	TDLA30-10
ULA Low
	Orthogonal
	4T4R
	13.3
	13
	0.3
	11.8
	1.5

	Rank2+2
	MCS 17
	16QAM
	TDLA30-10
ULA Low
	Orthogonal
	4T4R
	17.7
	17.3
	0.4
	16.3
	1.4



We can make following conclusions based on the observations from above simulation results:
Observation 1. E-MMSE-IRC receiver has less performance gain over MMSE-IRC for TDLA30-10 and TDLC300-100.
Observation 2. In partial CHBW scenario, R-ML receiver has significant performance gain over E-MMSE-IRC.



2.2.3 Blind detection
In this section, we provide the summary of link-level analysis of the co-schedule UE(s) modulation order blind detection performance and advanced receiver throughput performance. The simulation results for the co-schedule UE(s) modulation detection error rate and normalized throughput are illustrated below:
	[image: ]
Figure 2-5. Modulation order detection error rate

	[image: ]
Figure 2-6. Rank 1+1 MCS13 2T2R TDLC300-100 Medium, co-schedule UE: QPSK



And for Figure 2-7 and Figure 2-8 which covered two co-schedule UEs for blind detection.

	[image: ]
Figure 2-7. Modulation order detection error rate

	[image: ]
Figure 2-8. Rank 1+1 MCS13 2T2R TDLC300-100 Medium, co-schedule UEs: QPSK and 16QAM



And summary results are shown in Table 2-2.
Table 2-2. Summary of simulation results
	Rank 
allocation
	Modulation Order
	Propagation conditions
	PMI selection
	Antenna configuration
	MMSE-IRC
	E-MMSE-IRC
	R-ML(BD)
	R-ML
(Genie)

	
	Target UE
	Co-schedule UE(s) 
	
	
	
	SNR
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)
	Gain
(dB)
	SNR
(dB)

	Rank1+1
	MCS 13
	QPSK
	TDLC300-100
ULA medium
	Random
	2T2R
	22.4
	19.8
	3.6
	12.7
	9.7
	12.7

	Rank1+1
	MCS 13
	QPSK,16QAM
	TDLC300-100
ULA medium
	Random
	2T2R
	23.4
	17.9
	5.5
	12.2
	11.2
	12.2



Based on these results we make the following observations with respect to the modulation order detection for Rank 1+1 :
Observation 3. The modulation order detection error rate decreases with SNR growth.
Observation 4. Modulation order blind detection has almost no performance degradation for R-ML receiver  in Rank 1+1 scenario.
Regarding blind detection complexity, the R-ML receiver based modulation classification involves search all possible combinations of the modulation order which include QPSK, 16QAM, 64QAM and 256QAM for co-schedule UE(s). Since blind detection needs to search all candidate constellation points, the total complexity should be 16×(4+16+64+256) in each data REs for Rank 1+1. 
Also for Rank 2+2 with MCS 17 for target UE, the complexity should be 64×64×(4+16+64+256)×(4+16+64+256) for each data REs. So in Rank 2+2 or more layers, the R-ML receiver based blind detection may become a bottleneck factor from the complexity perspective.
Observation 5. Blind detection may imply significant computational complexity burden on UE implementation in multi-layers.


3 Conclusion
In this contribution, we give some simulation results on demodulation performance requirements for MU-MIMO , The conclusions are:
Observation 1. E-MMSE-IRC receiver has less performance gain over MMSE-IRC for TDLA30-10 and TDLC300-100.
Observation 2. In partial CHBW scenario, R-ML receiver has significant performance gain over E-MMSE-IRC.
Observation 3. The modulation order detection error rate decreases with SNR growth.
Observation 4. Modulation order blind detection has almost no performance degradation in Rank 1+1 scenario.
Observation 5. Blind detection may imply significant computational complexity burden on UE implementation in multi-layers.

4 References

[1] R4-2309892, WF on advanced receiver for MU-MIMO scenario, China Telecom.
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