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1. Introduction

In RAN #73 meeting the “LTE Enhanced CRS and SU-MIMO Interference Mitigation Performance Requirements” WI was approved [1]. The work item has the following objective on the SU-MIMO IM enhancements:
	· Investigate feasibility and specify requirements for the enhanced SU-MIMO inter-stream interference mitigation (SU-MIMO IM) receivers for the scenarios with 4 receive antennas UEs.

· Stage 1: Investigate performance benefits and feasibility of using SU-MIMO IM receivers for the scenarios with 4 receive antennas UEs.

· Stage 2: Specify UE demodulation performance requirements to verify enhanced SU-MIMO receivers for the UEs equipped with 4 RX antennas


In RAN4 #80bis meeting initial agreements on the Enhanced SU-MIMO requirements were reached and are captured in [2-3]. In this contribution we provide our evaluation results of the SU-MIMO performance based on the simulation assumptions agreed in [3] and also additional scenarios.

2. Performance analysis
2.1 Baseline scenarios
In this section we provide the simulation results based on the simulation assumptions agreed in RAN4 #80bis [3]. The detailed simulation assumptions are provided in [3] and Annex A. The summary of simulation results is provided in Table 1 and Figure 1.
Table 1. Simulation results summary (baseline)

	Test #
	TM
	Interf.
	Channel model
	Antenna Cfg
	Antenna Model
	Rank
	Modulation
	Observation

	1
(H-A-1)
	TM4
	No
	ETU70
	2x4
	ULA Med
	2
	16QAM
	Gain: 3 dB
SNR: 15.2 dB

	2

(H-A-2)
	TM9
	No
	EPA5
	2x4
	ULA Med
	2
	16QAM
	Gain: 2.9 dB
SNR: 12.3 dB

	3

(L-A-1)
	TM3
	TM1
	EVA70
	2x4
	ULA Med
	2
	16QAM
	Small gain: 0.5 dB
High SNR: 22.4 dB

	4

(L-A-2)
	TM4
	No
	EPA5
	4x4
	XPL Med A
	2
	64QAM
	No gains

	5

(H-B-1)
	TM4
	No
	EPA5
	4x4
	ULA Med A
	2
	256QAM
	Small gain: 0.3 dB
SNR: 19.8 dB

	6

(L-B-1)
	TM9
	No
	EPA5
	4x4
	XPL Med A
	2
	256QAM
	No gains

	7

(H-C-1)
	TM3
	No
	EVA70
	4x4
	XPL Med A
	3
	64QAM
	Small gain: 1.4 dB
SNR: 13.2 dB

	8

(H-C-2)
	TM4
	No
	EPA5
	4x4
	ULA Med A
	4
	16QAM
	Gain: 7.7 dB
High SNR: 23.5 dB

	9

(H-C-3)
	TM9
	No
	EPA5
	4x4
	XPL Med A
	4
	16QAM
	Gain: 1.8 dB
SNR: 14.9 dB

	10

(H-D-1)
	TM3
	No
	EPA5
	4x4
	XPL Med A
	3
	256QAM
	No gains

	11

(H-D-2)
	TM4
	No
	EPA5
	4x4
	XPL Med A
	4
	256QAM
	Small gain: 0.6 dB
High SNR: 28.6 dB

	12

(L-D-1)
	TM9
	No
	EPA5
	4x4
	XPL Med A
	4
	256QAM
	Small gain: 1.5 dB
High SNR: 32.8 dB


Note: “H/L-A-1”… – test case number in [3], “H” – High priority test case in [3]; “L” – Low priority test case in [3]. 

	Test case #1 (High priority Case A-1)
	Test case #2 (High priority Case A-2)
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	Test case #3 (Low priority Case A-2)
	Test case #4 (Low priority Case A-2)
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	Test case #5 (High priority Case B-3)
	Test case #6 (Low priority Case B-1)
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	Test case #7 (High priority Case C-4)
	Test case #8 (High priority Case C-2)
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	Test case #9 (High priority Case C-3)
	Test case #10 (High priority Case D-1)
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	Test case #11 (High priority Case D-2)
	Test case #12 (Low priority Case D-1)
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	Figure 1. Link level results for Baseline scenarios


Observations #1: Testable performance gains are achieved under a limited set of agreed candidate scenarios:

· TC #1: TM4, 2x4, ULA Med, Rank 2 + 16QAM
· TC #2: TM9, 2x4, ULA Med, Rank 2 + 16QAM

· TC #9: TM9, 4x4, XPL Med A, Rank 4 + 16QAM

Eventually, the results show that SU-MIMO IM performance can be tested for a limited set of agreed candidate scenarios and further studies on the candidate scenarios are needed. The link-level performance analysis for the additional scenarios is provided in Section 2.2.
2.2 Additional scenarios
In this section we provide the result of additional performance analysis covering a larger set of scenarios for the following scenarios (detailed assumptions are provided in the Annex B):
· Modulation format: 16QAM, 64QAM, 256QAM
· Rank 2, 3, 4

· EPA-5Hz

· Scenarios: 
· Scenario #1: TM4 + 4x4 ULA Medium
· Scenario #2: TM4 + 4x4 ULA Medium A
· Scenario #3: TM4 +  4x4 ULA Medium A + Interference
· Scenario #4: TM4 +  4x4 XPL Medium A
· Scenario #5: TM4 +  4x4 ULA Low
· Scenario #6: TM9 + 8x4 ULA Medium A
· Scenario #7: TM9 + 16x4 2D XPL High (FD MIMO)
· PMI feedback
The summary of simulation results is provided in Table 2 and are illustrated in Figures 2 - 8.
Table 2. Simulation results summary (additional)
	Modulation
	Rank
	4x4 ULA Medium
	4x4 ULA Medium A
	4x4 ULA Med A + Interf.
	4x4 XPL Medium A
	4x4 ULA Low
	8x4 ULA Medium A
	16x4 2D XPL High

	16QAM
	2
	Gain: 3.6 dB
SNR: 12.3 dB
	Gain: 1.0 dB
SNR: 7.2 dB
	Gain: 1.2 dB
SINR: -1.0 dB
	No Gain
	No Gain
	Gain: 1.4 dB
SNR: 5.5 dB
	No Gain

	
	3
	Gain: >10dB
SNR: 24.5 dB
	Gain: 5.5 dB
SNR: 17.1 dB
	Gain: 4.3 dB
SINR: 8.6 dB
	Gain: 0.2 dB
SNR: 8.9 dB
	No Gain
	Gain: 5.2 dB
SNR: 23.3 dB
	Gain: 2.5 dB
SNR: 12.1 dB

	
	4
	Gain: >5dB
SNR: 33.1 dB
	Gain: 8 dB
SNR: 23.6
	Gain: 5.6 dB
SINR: 15.0 dB
	Gain: 1.0 dB
SNR: 12.8 dB
	Small Gain
	Gain: >10dB
SNR: 23.5 dB
	Gain: 4.3 dB
SNR: 15.0 dB

	64QAM
	2
	Gain: 1.4 dB
SNR: 18.3 dB
	Gain: 0.4 dB
SNR: 12.1 dB
	Gain: 0.4 dB
SINR: 3.8 dB
	No Gain
	No Gain
	Gain: 0.5 dB
SNR: 10.6 dB
	No Gain

	
	3
	Very high SNR 
	Gain: 2.4 dB
SNR: 26.6 dB
	Gain: 1.5 dB
SINR: 17.2 dB
	No Gain
	No Gain
	Gain: 3.1 dB
SNR: 30.1 dB
	Gain: 1.4 dB
SNR: 18.2 dB

	
	4
	Very high SNR 
	Very high SNR 
	Very high SINR 
	Gain: 0.4 dB
SNR: 19.2 dB
	Small Gain
	Very high SNR 
	Gain: 2.9 dB
SNR: 23.2 dB

	256QAM
	2
	Gain: 1.2 dB
SNR: 27 dB
	Gain: 0.3 dB
SNR: 20.1 dB
	Gain: 0.4 dB
SINR: 11.8 dB
	No Gain
	No Gain
	Gain: 0.6 dB
SNR: 20.1 dB
	No Gain

	
	3
	Very high SNR 
	Very high SNR 
	Gain: 1.6 dB
SINR: 26.6 dB
	No Gain
	No Gain
	Very high SNR 
	Gain: 1.7 dB
SNR: 29.4 dB

	
	4
	Very high SNR 
	Very high SNR 
	Very high SNR 
	Gain: 0.5 dB
SINR: 28.6 dB
	Small Gain
	Very high SNR 
	Very high SNR 


Notes on abbreviations: 

Green => Testable Gain/SNR
Yellow => FFS is Gain/SNR is testable. Some issues can be expected

Red => Gain/SNR is not testable.

	TM4. 4x4 ULA Medium

	16QAM + Rank 2
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	64QAM + Rank 2
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	64QAM + Rank 3
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	256QAM + Rank 2
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	Figure 2. E-SU-MIMO simulation results. TM4. 4x4 ULA Medium


	TM4. 4x4 ULA Medium A

	16QAM + Rank 2
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	64QAM + Rank 2

[image: image25.emf]0 5 10 15 20 25 30 35

SNR, dB

0

5

10

15

20

25

30

35

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM4, EPA-5Hz, 4x4, ULA Medium A, Rank2, 64QAM

LMMSE

R-ML


	64QAM + Rank 3
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	64QAM + Rank 4
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	256QAM + Rank 2
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	Figure 3. E-SU-MIMO simulation results. TM4. 4x4 ULA Medium A


	TM4. 4x4 ULA Medium A + Interference

	16QAM + Rank 2
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	64QAM + Rank 2
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	64QAM + Rank 3

[image: image35.emf]-10 -5 0 5 10 15 20 25 30

SINR, dB

0

5

10

15

20

25

30

35

40

45

50

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM4, EPA-5Hz, 4x4, ULA Medium A, Rank3, 64QAM

LMMSE

R-ML


	64QAM + Rank 4

[image: image36.emf]-10 -5 0 5 10 15 20 25 30

SINR, dB

0

10

20

30

40

50

60

70

T

h

r

o

u

g

h

p

u

t

,

 

M

b

p

s

PDSCH, TM4, EPA-5Hz, 4x4, ULA Medium A, Rank4, 64QAM

LMMSE

R-ML



	256QAM + Rank 2
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	Figure 4. E-SU-MIMO simulation results. TM4. 4x4 ULA Medium A


	TM4. 4x4 XPL Medium A

	16QAM + Rank 2
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	Figure 5. E-SU-MIMO simulation results. TM4. 4x4 XPL Medium A


	TM4. 4x4 ULA Low

	16QAM + Rank 2
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	Figure 6. E-SU-MIMO simulation results. TM4. 4x4 ULA Low


	TM9. 8x4 ULA Medium A

	16QAM + Rank 2
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	Figure 7. E-SU-MIMO simulation results. TM9. 8x4 ULA Medium A


	TM9. 16x4 2D XPL High

	16QAM + Rank 2
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	Figure 8. E-SU-MIMO simulation results. TM9. 16x4 2D XPL High


Observations #2: 

· The testable performance gains of R-ML receivers can be achieved for a subset of scenarios:

· Rank 2 + 16QAM: TM4 + 4x4 ULA Medium
· Rank 3 + 16QAM: TM4 + 4x4 ULA Medium A; TM4 + 4x4 ULA Medium A + Interf; TM9 + 16x4 2D XPL High 
· Rank 3 + 64QAM: TM4 + 4x4 ULA Medium A, TM9 + 8x4 ULA Medium A

· Rank 4 + 16QAM: TM4 + 4x4 ULA Medium A + Interf; TM9 + 16x4 2D XPL High
· For ULA Low correlation antenna models the 4RX SU-MIMO IM is not testable due to limited performance gains over LMMSE-IRC

· 4RX SU-MIMO IM testability is improved for 8 and 16 TX antenna scenarios due to reduced SNR operating point

· 4RX SU-MIMO IM testability can be improved by using interference limited scenarios
3. Conclusions

In this contribution, we’ve presented out initial link level performance analysis on the E-SU-MIMO IM receivers. These results can be used for downselection of test cases for further analysis.
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Annex A – Simulation assumptions – Baseline scenarios
Table 3. Baseline scenarios - Common simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Cyclic Prefix
	Normal

	Tx EVM
	6% for 16QAM and 64QAM; 

3% for 256QAM


Table 4. Baseline scenarios - Other simulation assumptions

	Test #
	TM
	Channel model
	Antenna Cfg
	Antenna Correlation
	Rank
	Modulation
	TBS
	Allocation
	CSI FB mode

	1
	TM4
	ETU70
	2x4
	ULA Med
	2
	16QAM
	12960
	WB, SF 0-4, 6-9
	3-1

	2
	TM9
	EPA5
	2x4
	ULA Med
	2
	16QAM
	11448
	WB, SF 1-4, 6-9
	1-2

	
	
	
	
	
	
	
	9528
	41 PRB, SF 0
	

	3
	TM3 + TM1
	EVA70
	2x4
	ULA Med
	2
	16QAM
	12960
	WB, SF 0-4, 6-9
	NA

	4
	TM4
	EPA5
	4x4
	XPL Med A
	2
	64QAM
	18336
	WB, SF 0-4, 6-9
	1-2

	5
	TM4
	EPA5
	4x4
	ULA Med A
	2
	256QAM
	31704
	WB, SF 0-4, 6-9
	1-2

	6
	TM9
	EPA5
	4x4
	XPL Med A
	2
	256QAM
	31704
	WB, SF 1-4, 6-9
	1-2

	
	
	
	
	
	
	
	26415
	41 PRB, SF 0
	

	7
	TM3
	EVA70
	4x4
	XPL Med A
	3
	64QAM
	16416/32856
	WB, SF 1-4, 6-9
	NA

	
	
	
	
	
	
	
	15264/30576
	WB, SF 0
	

	8
	TM4
	EPA5
	4x4
	ULA Med A
	4
	16QAM
	25456
	WB, SF 1-4, 6-9
	3-1

	
	
	
	
	
	
	
	22920
	WB, SF 0
	

	9
	TM9
	EPA5
	4x4
	XPL Med A
	4
	16QAM
	25456
	WB, SF 1-4, 6-9
	3-1

	
	
	
	
	
	
	
	21384
	41 PRB, SF 0
	

	10
	TM3
	EPA5
	4x4
	XPL Med A
	3
	256QAM
	31704/63776
	WB, SF 0-4, 6-9
	NA

	11
	TM4
	EPA5
	4x4
	XPL Med A
	4
	256QAM
	63776
	WB, SF 0-4, 6-9
	3-1

	12
	TM9
	EPA5
	4x4
	XPL Med A
	4
	256QAM
	63776
	WB, SF 1-4, 6-9
	3-1

	
	
	
	
	
	
	
	52752
	41 PRB, SF 0
	


Annex B – Simulation assumptions – Additional scenarios
	Parameter
	Value

	Channel model
	EPA - 5Hz

	System bandwidth
	10 MHz

	Duplex mode
	FDD

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Scenarios
	Scenario #1: TM4 + 4x4 ULA Medium

Scenario #2: TM4 + 4x4 ULA Medium A

Scenario #3: TM4 + 4x4 ULA Medium A + Interference

Scenario #4: TM4 + 4x4 XPL Medium A

Scenario #5: TM4 + 4x4 ULA Low

Scenario #6: TM9 + 8x4 ULA Medium A

Scenario #7: TM9 + 16x4 2D XPL High

	MCS
	Rank 2 + 16QAM: MCS 14 (TBSCW0 = 12960, TBSCW1 = 12960)
Rank 2 + 64QAM: MCS 19 (TBSCW0 = 18336, TBSCW1 = 18336)
Rank 2 + 256QAM: MCS 20 (TBSCW0 = 31704, TBSCW1 = 31704)
Rank 3 + 16QAM: MCS 14 (TBSCW0 = 12960, TBSCW1 = 25456)
Rank 3 + 64QAM: MCS 19 (TBSCW0 = 18336, TBSCW1 = 36696)
Rank 3 + 56QAM: MCS 20 (TBSCW0 = 31704, TBSCW1 = 63779)

Rank 4 + 16QAM: MCS 14 (TBSCW0 = 25456, TBSCW1 = 25456)
Rank 4 + 64QAM: MCS 19 (TBSCW0 = 36696, TBSCW1 = 36696)
Rank 4 + 56QAM: MCS 20 (TBSCW0 = 63779, TBSCW1 = 63779)

	Reporting mode
	TM4: PUSCH 1-1
TM9: PUSCH 1-2

	Cyclic Prefix
	Normal

	Tx EVM
	6% for 16QAM and 64QAM; 

3% for 256QAM
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