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Background
In RAN4 #99-e meeting, WF R4-2108666 [1] is approved and corresponding initial simulation assumptions are determined. In this paper, we provide our initial simulation results.
Simulation results
The simulation results as per [1] are shown in Table 2-1:
Table 2-1: Simulation assumptions for intra cell inter-user receiver
	Parameter
	Unit
	Value

	Channel Bandwidth
	MHz
	10MHz for FDD and 40MHz for TDD

	SCS
	kHz
	15kHz for FDD and 30kHz for TDD

	Duplex mode
	
	FDD,TDD

	Interference model
	
	1 target UE + 1interference UE

	MCS for target UE
	
	4 and 13 if rank of target UE is 1, 13 and 19 if rank of target UE is 2

	Allocation for interference UE and target UE
	Rank allocation
	
	Rank 1(Target UE)+1(Interference UE)
Rank 2(Target UE)+1(Interference UE)
Rank 2(Target UE)+2(Interference UE)

	
	DMRS port allocation 
	
	For Rank 1+1  
· Port 1000 for target UE and Port 1001 for interference UE
· Port 1000 for target UE and Port 1002 for interference UE
For Rank 2+1 
· Port 1000 and 1001 for target UE and Port 1002 for interference UE
For Rank 2+2 
· Port 1000 and 1001 for target UE and Port 1002 and 1003 for interference UE

	
	Scrambling ID 
	
	Same scrambling ID for both UEs

	Antenna configuration
	
	2T2R for case with rank1+1 and 4T4R for case with rank 2+1 and rank 2+2

	HARQ process number for target UE
	
	4

	Precoding model 
	Target UE
	
	Random precoding with Single panel Type 1 per PRB bundling size per slot

	
	Interference UE
	
	· Option1:Select the precoding matrix to ensure orthogonality with target UE
· Option2: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 for target UE and interference UE
	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 for target UE and interference UE
	DMRS Type
	
	DMRS Type 1

	
	Number of additional DMRS
	
	1

	
	Maximum number of OFDM symbols for DL front loaded DMRS
	
	1

	SSB position 
	
	First SSB in slot #0 in every 20 ms periodicity that is not scheduled for PDSCH transmission 

	[bookmark: _Hlk78537861]Propagation conditions and MIMO configuration
	
	TDLA30-10 ULA Low, TDLA30-10 XPL Low,
TDLC300-100 ULA Low, TDLC300-100 XPL Low.

	Receiver type
	
	MMSE-IRC, MMSE-MRC and RE-IRC(Jointly demodulation between two UEs)

	Test metric
	
	SNR @ %70 of maximum Throughput of target UE


[bookmark: OLE_LINK157][bookmark: OLE_LINK158]Rank 1+1 with same CDM group
Simulation results for case with rank 1(Target UE) + 1(interference UE) with same CDM group are shown in Figure 2-1
	[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK29][image: ]
(a)  TDLA30-10, MCS 4 , Precoding matrix selection: Op1
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(b) TDLA30-10, MCS 4, Precoding matrix selection: Op2
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(c) TDLA30-10, MCS 13, Precoding matrix selection: Op1
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(d) TDLA30-10, MCS 13, Precoding matrix selection: Op2
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(e) TDLC300-100, MCS 4, Precoding matrix selection: Op1
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(f) TDLC300-100, MCS 4, Precoding matrix selection: Op2
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(g) TDLC300-100, MCS 13, Precoding matrix selection: Op1
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(h) TDLC300-100, MCS 13, Precoding matrix selection: Op2


Figure 2-1: Simulation results for case with rank 1(Target UE) + 1(interference UE) with same CDM group
[bookmark: OLE_LINK159]Rank 1+1 with different CDM group
Simulation results for case with rank 1(Target UE) + 1(interference UE) with different CDM group are shown in Figure 2-2
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(a)  TDLA30-10, MCS 4, Precoding matrix selection: Op1
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(b) TDLA30-10, MCS 4, Precoding matrix selection: Op2
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(c) TDLA30-10, MCS 13, Precoding matrix selection: Op1
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(d) TDLA30-10, MCS 13, Precoding matrix selection: Op2
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(e) TDLC300-100, MCS 4, Precoding matrix selection: Op1
	[image: ]
(f) TDLC300-100, MCS 4, Precoding matrix selection: Op2
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(g) TDLC300-100, MCS 13, Precoding matrix selection: Op1
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(h) TDLC300-100, MCS 13, Precoding matrix selection: Op2


Figure 2-2: Simulation results for case with rank 1(Target UE) + 1(interference UE) with different CDM group
The summary of simulation results for rank 1+1 is captured in Table 2-2, “None” means that the relative TP can't reach 70% of peak value.
Table 2-2: Summary of simulation results for case with Rank 1+1
	Propagation conditions
	TDLA30-10
	TDLC300-100

	MCS
	4
	13
	4
	13

	Precoding Matrix selection
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	Same CDM group
(SNR@70% of max TP)
	MRC
	2.7
	1.6
	None
	None
	3.08
	2.22
	None
	None

	
	MMSE-IRC
	2.11
	1.34
	12.64
	10.85
	2.56
	[bookmark: OLE_LINK114]1.2
	15.18
	12.69

	
	RE-IRC
	1.93
	1.1
	12.5
	10.63
	2.38
	1.47
	12.82
	11.75

	Different CDM group (SNR@70% of max TP)
	MRC
	2.59
	1.73
	None
	None
	3.1
	2.18
	None
	None

	
	MMSE-IRC
	2.12
	1.31
	12.54
	10.88
	2.57
	1.22
	14.99
	12.61

	
	RE-IRC
	1.92
	1.14
	12.36
	10.66
	2.4
	1.42
	12.74
	11.84


We have following observations for rank 1+1 according to the simulation results:
[bookmark: OLE_LINK128][bookmark: OLE_LINK116][bookmark: OLE_LINK117]Observation 1: MMSE-IRC have the similar performance with MMSE-MRC in cases with MCS=4.  For MCS=13, performance for MMSE-MRC has serve degradation and the relative throughput can’t reach 70% of peak value. 
Observation 2: RE-IRC (MMSE-IRC with joint detection) have large performance gain in cases with TDLC300-100, MCS 13. In other cases, the gain is small.
Observation 3: Similar performance can be observed between rank 1+1 with same CDM group and different CDM groups.
[bookmark: OLE_LINK119]Observation 4: 0.7 dB~2.5dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.
[bookmark: OLE_LINK161]Rank 2+1 with different CDM group
[bookmark: OLE_LINK160]Simulation results for case with rank 2(Target UE) + 1(interference UE) with different CDM group are shown in Figure 2-3
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(a)  TDLA30-10, MCS 13, Precoding matrix selection: Op1
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(b) TDLA30-10, MCS 13, Precoding matrix selection: Op2
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(c) TDLA30-10, MCS 19, Precoding matrix selection: Op1
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(d) TDLA30-10, MCS 19, Precoding matrix selection: Op2
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(e) TDLC300-100, MCS 13, Precoding matrix selection: Op1
	[image: ]
(f) TDLC300-100, MCS 13, Precoding matrix selection: Op2
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(g) TDLC300-100, MCS 19, Precoding matrix selection: Op1
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(h) TDLC300-100, MCS 19, Precoding matrix selection: Op2


Figure 2-3: Simulation results for case with rank 2(Target UE) + 1(interference UE) with different CDM group
Summary of simulation results for rank 2+1 is captured in Table 2-3:
Table 2-3: Summary of simulation results for case with Rank 2+1
	Propagation conditions
	TDLA30-10
	TDLC300-100

	MCS
	13
	19
	13
	19

	Precoding Matrix selection
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	Receiver Type
(SNR@70% of max TP)
	MRC
	None
	None
	None
	None
	None
	None
	None
	None

	
	MMSE-IRC
	10.51
	8.92
	16.64
	14.07
	12.01
	10.16
	21.08
	17.14

	
	RE-IRC
	10.4
	8.55
	16.02
	13.7
	11.06
	8.84
	18.3
	15.37


[bookmark: OLE_LINK120][bookmark: OLE_LINK121]According to the simulation results, we have following observations for rank 2+1:
[bookmark: OLE_LINK118][bookmark: OLE_LINK129]Observation 5: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 
[bookmark: OLE_LINK126][bookmark: OLE_LINK127]Observation 6: RE-IRC has large performance gain for TDLC300-100. In other cases, the gain is small.
Observation 7: 1.59dB~3.94dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.
Rank 2+2 with different CDM group

Simulation results for case with rank 2(Target UE) + 2(interference UE) with different CDM group are shown in Figure 2-4
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(a)  TDLA30-10, MCS 13, Precoding matrix selection: Op1
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(b) TDLA30-10, MCS 13, Precoding matrix selection: Op2
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(c) TDLA30-10, MCS 19, Precoding matrix selection: Op1
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(d) TDLA30-10, MCS 19, Precoding matrix selection: Op2
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(e) TDLC300-100, MCS 13, Precoding matrix selection: Op1
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(f) TDLC300-100, MCS 13, Precoding matrix selection: Op2
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(g) TDLC300-100, MCS 19, Precoding matrix selection: Op1
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(h) TDLC300-100, MCS 19, Precoding matrix selection: Op2


Figure 2-4: Simulation results for case with rank 2(Target UE) + 2(interference UE) with different CDM group
[bookmark: OLE_LINK113]Summary of simulation results for rank 2+2 is captured in Table 2-4:
Table 2-4: Summary of simulation results for case with Rank 2+2
	Propagation conditions
	TDLA30-10
	TDLC300-100

	MCS
	13
	19
	13
	19

	Precoding Matrix selection
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2
	Op1
	Op2

	Receiver Type
(SNR@70% of max TP)
	MRC
	None
	None
	None
	None
	None
	None
	None
	None

	
	MMSE-IRC
	16.34
	12.69
	23.23
	18.97
	21.82
	15.12
	None
	None

	
	RE-IRC
	15.91
	12.43
	23.17
	18.81
	18.02
	12.87
	26.95
	21.62


According to the simulation results, we have following observations for rank 2+2:
[bookmark: OLE_LINK133][bookmark: OLE_LINK134][bookmark: OLE_LINK150][bookmark: OLE_LINK125][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124]Observation 8: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 
Observation 9: Relative throughput of MMSE-IRC can’t reach 70% of peak value for TDLC300-100 for MCS19.
Observation 10: 3.48dB~5.33dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.
Observation 11: RE-IRC has large performance gain for TDLC300-100 compared to other types of receivers. In other cases, the gain is small.
Conclusion
In this paper, we provide our simulation results for intra cell inter-user MMSE-IRC receiver. The observations are:
· For rank 1+1:
· [bookmark: OLE_LINK142]Observation 1: MMSE-IRC have the similar performance with MMSE-MRC in cases with MCS=4.  For MCS=13, performance for MMSE-MRC has serve degradation and the relative throughput can’t reach 70% of peak value. 
· Observation 2: RE-IRC (MMSE-IRC with joint detection) have large performance gain in cases with TDLC300-100, MCS 13. In other cases, the gain is small.
· Observation 3: Similar performance can be observed between rank 1+1 with same CDM group and different CDM groups.
· [bookmark: OLE_LINK131]Observation 4: 0.7 dB~2.5dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.

· [bookmark: OLE_LINK130]For rank 2+1
· [bookmark: OLE_LINK146][bookmark: OLE_LINK147]Observation 5: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 
· Observation 6: RE-IRC has large performance gain for TDLC300-100. In other cases, the gain is small.
· [bookmark: OLE_LINK136][bookmark: OLE_LINK137]Observation 7: 1.59dB~3.94dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.

· For rank 2+2
· Observation 8: Relative throughput of MMSE-MRC can’t reach 70% of peak value. 
· Observation 9: Relative throughput of MMSE-IRC can’t reach 70% of peak value for TDLC300-100 for MCS19.
· [bookmark: OLE_LINK135][bookmark: _GoBack]Observation 10: 3.48dB~5.33dB gain can be observed for orthogonal precoding matrix generation compared to random precoding matrix generation that is not identical.
· Observation 11: RE-IRC has large performance gain for TDLC300-100 compared to other types of receivers. In other cases, the gain is small.
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