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1 Introduction
In RAN4#72bis, a WF [1] was agreed upon for SU-MIMO demodulation.
For single cell demodulation, following test cases were discussed:
· Agreements from RAN4#72bis (R4-145746):
· Use R-ML simulation results for impairment performance definition
· Alignment achieved for R-ML receiver
· Companies are encouraged to provide impairment results based on R-ML in RAN4#73
· FFS TM9/TM8 test setup down-selection
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1 8.2.1.3.1 FDD TM3 [2x2 Medium] [EVA 70] 16QAM

2 8.2.1.4.2 FDD TM4 [2x2 Medium] [ETU 70] 16QAM

3 (option 1) 8.3.1.2  FDD TM9 [2x2 Medium] [EPA 5] 16QAM

3 (option 2) 8.3.1.2 FDD TM9 [2x2 Medium] [ETU 5] 16QAM

4 8.2.2.3.1 TDD TM3 [2x2 Medium] [EVA 70] 16QAM

5 8.2.2.4.2 TDD TM4 [2x2 Medium] [ETU 70] 16QAM

6 (option 1)  8.3.2.2 TDD TM8 [2x2 Medium] [EPA 5] 16QAM

6 (option 2)  8.3.2.2 TDD TM8 [2x2 Medium] [ETU 5] 16QAM


For multi-cell test cases, following was the agreed WF:
· Option 1:

· Test setup as illustrated in R4-144800

· Option 2:
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case 2.1 TM3/TM1 EVA70 2x2 Medium 1x2 Low

1/3:  MCS5 for subframe 0, 1, 2, 3, 4, 6, 7, 8 and 9

2/5:  MCS6 for subframe 0, 1, 2, 3, 4, 6, 7, 8 and 9

16QAM   6.24

case 2.2 TM3/TM1 EVA70 2x2 Medium 1x2 Medium

2/5:  MCS6 for subframe 0, 1, 2, 3, 4, 6, 7, 8 and 9

3/5:  MCS8 for subframe 0 and MCS9 for subframe 1, 2, 3, 4, 6, 7, 8 and 9

16QAM  6.24


· Interested company can investigate higher INR values

· Companies are encouraged to provide simulation results in RAN4#73

· Down-selection between option 1 and 2 are FFS

In this contribution we present the following:
· Single cell demodulation results with impairments

· Multicell demodulation discussion
2 Single Cell Demodulation
Figures 2.1, 2.2, 2.3 and 2.4 show the simulation results for FDD TM3 (test 1), FDD TM4 (test 2), TDD TM3 (test 4), and TDD TM4 (test 5), respectively.

Figures 2.5 and 2.6 show the simulation results for FDD TM9 (option 1) and TDD TM8 (option 1), respectively. 

In the FDD TM9 test, we reused the same parameters as defined in the current TM9 test defined in 36.101 (Dual-Layer Spatial Multiplexing defined in clause 8.3.1.2) with the following modifications:

· Single cell only (CRS colliding interferer is not present)

· ρA = ρB  = 0 dB
Results are shown for R-ML receiver in comparison with Rel-11 LMMSE-IRC receiver. 
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Figure 2.1: FDD TM3 (test 1), ref: 8.2.1.3.1
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Figure 2.2: FDD TM4 (test 2), ref: 8.2.1.4.2
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Figure 2.3: TDD TM3 (test 4), ref: 8.2.2.3.1
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Figure 2.4: TDD TM4 (test 5), ref: 8.2.2.4.2

	[image: image7.emf]10 12 14 16 18 20 22 24 26 28

6

8

10

12

14

16

18

20

22

FDD TM9 1 cell (test 3 option 1), EPA5 Medium Correlation

Serving SNR (dB)

PDSCH Throughput (Mbps)

 

 

Rel 11 LMMSE - 1cell

R-ML - 1cell


Figure 2.5: FDD TM9 (test 3 option 1), ref: 8.3.1.2
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Figure 2.6: TDD TM8 (test 6 option 1), ref: 8.3.2.2


Table 2.1 shows the gains for R-ML over LMMSE-IRC for FDD and TDD @ 70% and 85% of peak throughput. 
Table 2.2 shows the R-ML results with impairments @ 70% and 85% peak throughput.
Table 2.1: Single cell SNR gains @ 70% and 85% of peak throughput (without impairments)
	
	
	
	SNR @ 70% Peak Tput
	SNR @ 85% Peak Tput

	Test case
	Duplex Mode
	Transmission Mode
	LMMSE-IRC
	R-ML
	R-ML Gain (dB)
	LMMSE-IRC
	R-ML
	R-ML Gain (dB)

	1
	FDD
	TM3
	17.18
	15.21
	1.97
	18.65
	16.32
	2.33

	2
	FDD
	TM4
	17.01
	15.27
	1.74
	19.75
	16.95
	2.8

	3 (option 1)
	FDD
	TM9
	16.53
	14.76
	1.77
	19.73
	17.06
	2.67

	4
	TDD
	TM3
	16.66
	14.92
	1.74
	18.2
	16.12
	2.08

	5
	TDD
	TM3
	16.58
	15.04
	1.54
	19.34
	16.79
	2.55

	6 (option 1)
	TDD
	TM8
	16.48
	14.75
	1.73
	19.57
	16.87
	2.7


Table 2.2: Single cell SNR gains @ 70% and 85% of peak throughput (with impairments)

	Test case
	Duplex Mode
	Transmission Mode
	R-ML 

(SNR @ 70% Peak Tput)
	R-ML
(SNR @ 85% Peak Tput)

	1
	FDD
	TM3
	17.21
	18.32

	2
	FDD
	TM4
	17.27
	18.95

	3 (option 1)
	FDD
	TM9
	16.76
	19.06

	4
	TDD
	TM3
	16.92
	18.12

	5
	TDD
	TM3
	17.04
	18.79

	6 (option 1)
	TDD
	TM8
	16.75
	18.87


For FDD TM9 and TDD TM8 tests, option 1 (EPA5) yield good R-ML gains.

Proposal 1: Consider using EPA5 (option 1) for FDD TM9 and TDD TM8 for SU-MIMO single cell cases.

3 MultiCell Demodulation

3.1 Simulation Results and Observations
For multicell demodulation, the agreement in RAN4 was to introduce tests that would make sure that SU-MIMO receiver UEs employ IRC capability. 
Option 1:

Option 1 measures the relative throughput gain for multicell with respect to single cell as described in [2]. In this case, we can argue that most of the gains will be achieved from the IRC capability of the UE and not from the R-ML receiver. This means that the gains of multicell as compared to single cell for R-ML would be very similar to those for LMMSE. Hence, it will not be a useful test to differentiate R-ML and LMMSE based UEs. 

Another aspect is the use of follow CQI. Since this is a demodulation test, where demodulation performance is measured, adding a CQI component may blur the results since now the performance is characterized by a mix of demodulation and CSI performances. 

If such a test is to be studied, we prefer to use a fixed MCS relative throughput. This will focus on the demodulation aspects only without any other factors (like CQI). 

Proposal 2: If Multicell Option 1 is adopted, consider using fixed MCS relative throughput and not the follow CQI option.

To illustrate the argument above, figures 3.1 and 3.2 show the simulation results for TM3 and TM4, respectively. 

Simulation assumptions used for option 1 are as follows:
· 1 serving + 2 interferers

· CFI = 2

· RV = {0,1,2,3}

· TM3 serving:

· Interf: TM3 with 80% R1, 20% R2, 16QAM

· R.11 FDD

· EVA70 medium corr

· TM4 serving:

· Interf: TM4 with 80% R1, 20% R2, 16QAM, random PMI

· R.11 FDD
· EVA5 medium corr

· WB FB PMI

· EVM 6%

· NAICS scenario 1 RU 40%, SINR 40-60%ile, 80%ile INR1

· INR1 = 12.95, INR2 = 3.47
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Figure 3.1: FDD TM3 MultiCell Option 1
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Figure 3.2: FDD TM4 MultiCell Option 1


As can be seen from figures 3.1 and 3.2, the gain (over 1 cell) is dominated by the IRC capability and R-ML + IRC and LMMSE + IRC have the almost the same gain. 

Effectively this has the same effect as a test with absolute throughput comparison between R-ML + IRC and LMMSE + IRC, but with a more complicated setup.

Observation 1: Multicell option 1 has the same effect as a test with absolute throughput comparison between R-ML + IRC and LMMSE + IRC, but with a more complicated setup (needing to run the test twice). Hence adding a relative throughput metric is not beneficial.
Option 2:
Option 2 is an absolute throughput test with an interferer having single Tx antenna. 
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case 2.2 TM3/TM1 EVA70 2x2 Medium 1x2 Medium

2/5:  MCS6 for subframe 0, 1, 2, 3, 4, 6, 7, 8 and 9

3/5:  MCS8 for subframe 0 and MCS9 for subframe 1, 2, 3, 4, 6, 7, 8 and 9
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Simulation assumptions used for option 2 are:

· 1 serving + 1 interferers

· CFI = 2

· RV = {0,1,2,3}

· TM3 serving
· Interf: TM1, 16QAM

· EVM 6%

· INR: 

· NAICS scenario 1 RU 40%, SINR 40-60%ile, 50%ile INR1 = 6.24 dB
· NAICS scenario 1 RU 40%, SINR 40-60%ile, 80%ile INR1 = 12.95 dB

Figure 3.3 through 3.10 show the simulation results for option 2. 
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Figure 3.3: FDD TM3 MultiCell Option 2

Case 2.1, QPSK 1/3, INR = 6.24 dB
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Figure 3.4: FDD TM3 MultiCell Option 2

Case 2.1, QPSK 1/3, INR = 12.95 dB
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Figure 3.5: FDD TM3 MultiCell Option 2

Case 2.1, QPSK 2/5, INR = 6.24 dB
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Figure 3.6: FDD TM3 MultiCell Option 2

Case 2.1, QPSK 2/5, INR = 12.95 dB
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Figure 3.7: FDD TM3 MultiCell Option 2

Case 2.2, QPSK 2/5, INR = 6.24 dB
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Figure 3.8: FDD TM3 MultiCell Option 2

Case 2.2, QPSK 2/5, INR = 12.95 dB
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Figure 3.9: FDD TM3 MultiCell Option 2

Case 2.2, QPSK 3/5, INR = 6.24 dB
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Figure 3.10: FDD TM3 MultiCell Option 2

Case 2.2, QPSK 3/5, INR = 12.95 dB


Tables 3.1 and 3.2 show the gains (dB) @ 70% and 85% of peak throughput, respectively. 
Table 3.1: MultiCell Option 2 SNR gains (dB) @ 70% of peak throughput
	Case
	Interf
	Serving
	INR
	LMMSE
+ IRC
	R-ML
+ IRC
	LMMSE
+ non-IRC
	R-ML
+ non-IRC
	R-ML + IRC
wrt
R-ML non-IRC Gain (dB)
	R-ML + IRC
wrt
LMMSE + IRC Gain (dB)

	Case 2.1
	1x2 Low
	QPSK 1/3
	6.24
	7.74
	7.11
	9.17
	8.64
	1.53
	0.63

	Case 2.1
	1x2 Low
	QPSK 1/3
	12.95
	11.82
	10.94
	14.65
	14.00
	3.06
	0.88

	Case 2.1
	1x2 Low
	QPSK 2/5
	6.24
	9.88
	8.54
	11.21
	10.04
	1.50
	1.34

	Case 2.1
	1x2 Low
	QPSK 2/5
	12.95
	14.23
	12.40
	16.74
	15.43
	3.03
	1.83

	Case 2.2
	1x2 Med
	QPSK 2/5
	6.24
	10.25
	9.79
	11.98
	11.54
	1.75
	0.46

	Case 2.2
	1x2 Med
	QPSK 2/5
	12.95
	13.83
	13.35
	17.70
	17.36
	4.01
	0.48

	Case 2.2
	1x2 Med
	QPSK 3/5
	6.24
	15.58
	13.77
	17.16
	15.87
	2.10
	1.81

	Case 2.2
	1x2 Med
	QPSK 3/5
	12.95
	19.33
	17.36
	22.62
	21.76
	4.40
	1.97


Table 3.2: MultiCell Option 2 SNR gains (dB) @ 85% of peak throughput
	Case
	Interf
	Serving
	INR
	LMMSE
+ IRC
	R-ML
+ IRC
	LMMSE
+ non-IRC
	R-ML
+ non-IRC
	R-ML + IRC
wrt
R-ML non-IRC Gain (dB)
	R-ML + IRC
wrt
LMMSE + IRC Gain (dB)

	Case 2.1
	1x2 Low
	QPSK 1/3
	6.24
	9.14
	8.50
	10.68
	10.17
	1.67
	0.64

	Case 2.1
	1x2 Low
	QPSK 1/3
	12.95
	13.42
	12.54
	16.37
	15.72
	3.18
	0.88

	Case 2.1
	1x2 Low
	QPSK 2/5
	6.24
	11.22
	9.89
	12.66
	11.53
	1.64
	1.33

	Case 2.1
	1x2 Low
	QPSK 2/5
	12.95
	15.73
	14.02
	18.42
	17.13
	3.11
	1.71

	Case 2.2
	1x2 Med
	QPSK 2/5
	6.24
	11.53
	11.11
	13.64
	13.27
	2.16
	0.42

	Case 2.2
	1x2 Med
	QPSK 2/5
	12.95
	15.14
	14.64
	19.56
	19.30
	4.66
	0.50

	Case 2.2
	1x2 Med
	QPSK 3/5
	6.24
	16.91
	15.05
	18.79
	17.58
	2.53
	1.86

	Case 2.2
	1x2 Med
	QPSK 3/5
	12.95
	20.82
	18.68
	24.49
	23.76
	5.08
	2.14


We can look at the results above (in tables 3.1 and 3.2) in these different ways:

· Low correlation vs medium correlation interferer: It can be seen from the results that medium correlation interferer yield more IRC gains
· INR: it can be seen from the results that high INR levels yields more IRC and more R-ML gains 

Observation 2: For Multicell option 2, medium correlation interferer yield more IRC gains as compared to low correlation and higher INR levels yields more IRC and R-ML gains.

In general, this option can yield good IRC gains, but have limited R-ML (over LMMSE) gains.

Observation 3: Multicell option 2 can yield good IRC gains but limited R-ML (over LMMSE) gains.

Proposal 3: If mulicell option 2 is used, consider using medium correlation channel for the interferer (case 2.2) and higher INR levels (12.95 dB).
3.2 MultiCell Discussion
For SU-MIMO demodulation in general, the objective is to make sure that the UE is implementing a more advanced receiver as compared to the Rel 11 LMMSE receiver AND to make sure that this receiver employs some kind of IRC capability. As apparent from the multicell options discussed in this paper, it is difficult to design a test case where both functionalities are verified, since in multicell case, the gain is most predominantly dominated by the IRC functionality. 
Observation 4: It is difficult to design a test case where both functionalities (SU-MIMO gains and IRC gains) are verified

This suggests that we may need 2 tests to define the R-ML gain and make sure that IRC is implemented. Single cell tests can make sure that a SU-MIMO receiver is implemented and verifies the gains for SU-MIMO, whereas multicell tests can make sure that IRC is implemented. These 2 tests complement each other and satisfy the objective of SU-MIMO demodulation verification.

Observation 5: Need to define 2 tests: a single cell configuration with large SU-MIMO gains, and a multicell configuration with large IRC gains.

Proposal 4: Consider using option 2 for SU-MIMO multicell with the following setup:

· Case 2.2: Medium correlation channel for the interferer
· INR = 12.95 dB

4 Conclusions
In this contribution we presented simulation results for SU-MIMO PDSCH demodulation and we presented our views for FDD TM9 and TDD TM8 single cell options. 

We also presented our views on selecting the multicell setup.

Proposal 1: Consider using EPA5 (option 1) for FDD TM9 and TDD TM8 for SU-MIMO single cell cases.

Proposal 2: If Multicell Option 1 is adopted, consider using fixed MCS relative throughput and not follow CQI option.

Observation 1: Multicell option 1 has the same effect as a test with absolute throughput comparison between R-ML + IRC and LMMSE + IRC, but with a more complicated setup (needing to run the test twice). Hence adding a relative throughput metric is not beneficial.

Observation 2: For Multicell option 2, medium correlation interferer yield more IRC gains as compared to low correlation and higher INR levels yields more IRC and R-ML gains.

Observation 3: Multicell option 2 can yield good IRC gains but limited R-ML (over LMMSE) gains.

Proposal 3: If mulicell option 2 is used, consider using medium correlation channel for the interferer (case 2.2) and higher INR levels (12.95 dB).

Observation 4: It is difficult to design a test case where both functionalities (SU-MIMO gains and IRC gains) are verified

Observation 5: Need to define 2 tests: a single cell configuration with large SU-MIMO gains, and a multicell configuration with large IRC gains.

Proposal 4: Consider using option 2 for SU-MIMO multicell with the following setup:

· Case 2.2: Medium correlation channel for the interferer

· INR = 12.95 dB
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