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1	Introduction
In 3GPP RAN4 #72 meeting, RAN4 has confirmed that the test cases for TM3 and TM4 under single-cell high geometry scenario to be feasible, and alignment for all test cases in the following table is required for single-cell scenario [1].
Table 1: Single-Cell Test Cases for Performance Alignment
	Test Case
	Test setup reference in 36.101
	TM
	Duplex Mode
	Antenna configuration
	Fading channel
	Mod

	1
	8.2.1.3.1
	TM3
	FDD
	2x2 Medium
	EVA 70
	16QAM

	2
	8.2.1.4.2
	TM4
	FDD
	2x2 Medium
	ETU 70
	16QAM

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

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



Furthermore, to verify UE proper implementation of interference and noise whitening, the following test options for multi-cell scenario should be evaluated:
· Option 1: Relative Tput with following CQI (Ericsson R4-144800 [2]);
· Option 2: Absolute Tput with FRC and TM3 (Huawei R4-144301 [3]), FFS if to replace one single cell test; 
· Option 3: Absolute Tput with FRC and TM9 (The interfering cell/cells are considered with colliding CRS), FFS if to replace one single cell test. 
· For option 2 and 3, both QPSK and 16QAM for serving cell should be evaluated.
In this contribution, we present the update simulation results of single-cell cases for alignment purpose, and provide our analysis on the whitening functionality verification under the multi-cell scenario.
2 Alignment Results of Single-Cell Test Case
In this Section, we presented the simulation results of the agreed single-cell cases with R-ML receiver. At the same time, the performance of legacy MMSE receiver is also provided for comparison.
The throughput performances of the agreed tests cases are listed in Figure 1 and Figure 2 as shown below. 
Furthermore, the required SNR @70% throughput are also summarized in Table 2 below. Detailed results can be found in the accompany excel file.
Table 2: Required SNR @70% Throughput
	Test Case
	Test setup reference in 36.101
	TM
	Duplex Mode
	Antenna configuration
	Fading channel
	Mod
	R-ML (dB)
	MMSE (dB)

	1
	8.2.1.3.1
	TM3
	FDD
	2x2 Medium
	EVA 70
	16QAM
	16.0
	18.0

	2
	8.2.1.4.2
	TM4
	FDD
	2x2 Medium
	ETU 70
	16QAM
	16.7
	18.7

	3 (option 1)
	8.3.1.2
	TM9
	FDD
	2x2 Medium
	EPA 5
	16QAM
	15.8
	17.5

	3 (option 2)
	8.3.1.2
	TM9
	FDD
	2x2 Medium
	ETU 5
	16QAM
	16.3
	17.8
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Figure 1: Performance of Test Case 1 and Test Case 2 (Left: TM3, Right: TM4)
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Figure 2: Performance of Test Case 3 (Left: Option 1, Right: Option 2)
3 Results of Multi-Cell Test Case
In order to verify UE proper implementation of interference and noise whitening, the three test options as follows has been proposed in last RAN4 meeting:
–	Option 1: Relative Tput with following CQI (Ericsson R4-144800 [2]);
–	Option 2: Absolute Tput with FRC and TM3 (Huawei R4-144301 [3]), FFS if to replace one single cell test;
–	Option 3: Absolute Tput with FRC and TM9 (The interfering cell/cells are considered with colliding CRS), FFS if to replace one single cell test.
First of all, it is RAN4 principle to separate the verification of PDSCH demodulation performance and CQI reporting accuracy since Rel-8, in order to properly test and verify UE each function block. As discussed in RAN4, the purpose of multi-cell test is to verify UE correctly implement R-ML demodulator together with interference whitening block. In this sense, it is natural to prioritize the usage of PDSCH FRC test (e.g., Option 2 and Option 3) to serve this purpose which follows the typical RAN4 methodology. Therefore, our proposal is:
Proposal 1: Following the typical RAN4 methodology, prioritize the usage of PDSCH FRC test (e.g., Option 2 and Option 3) for joint verification of R-ML receiver and interference whitening block.
Next, we analyzed the feasibility of Option 2 and Option 3 for the joint verification of R-ML receiver and interference whitening block by performing the link level simulation.
Option 2: Absolute Throughput with FRC and TM3
Since the possibility of replacing single-cell test case should be considered, we modify the test setup based on the agreed single-cell counterpart. 
1. Interference Model: 2x2 Medium
Firstly, we assume that both TM3 interfering cells have 2x2 medium for antenna configuration. Specifically, the simulation assumptions are summarized in Table 3:
Table 3: Simulation Setup-1 for Multi-Cell Test Case, Option 2
	Test Setup
	Transmission Mode
	Antenna configuration
	Fading channel
	Intf. Level(INR)
	Mod. and Coding Rate

	Serving Cell
	TM3
	2x2 Medium
	EVA 70
	N/A
	16QAM 1/2 (R.11 FDD), 

	
	
	
	
	
	QPSK 2/5 (R.46 FDD)

	Intf. Cell
	TM3, TM3
	2x2 Medium
	EVA 70
	INR1 = 3.87dB, INR2 = -1.96dB
	16QAM



Figure 3 shows the simulation results under TM3 interference. It can be observed that under 2x2 medium antenna configuration for interfering TM3 cells, the advanced SU-MIMO receivers with proper whitening functionality outperforms other implementations without whitening by more than 1.5dB and 1.2dB for 16QAM and QPSK respectively. However, the margin achieved by RML-IW is not enough to discriminate it from MMSE-IRC: i.e., the margin is less than 0.6dB and 0.4dB for 16QAM and QPSK respectively.
Observation 1: Under 2x2 medium antenna configuration for interfering TM3 cells, the margin achieved by the advanced SU-MIMO receivers is insufficient to discriminate it from other improper implementations. 
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Figure 3: Performance Analysis of Option 2 with TM3 interference (Left: 16QAM, Right: QPSK)

2. Interference Model: 1x2 Low
Similar to [3], we also simulate the test setup in which the antenna configuration for interfering cells is changed to be TM1 and 1x2 low, as summarized in Table 4:
Table 4: Simulation Setup-2 for Multi-Cell Test Case, Option 2
	Test Setup
	Transmission Mode
	Antenna configuration
	Fading channel
	Intf. Level(INR)
	Mod. and Coding Rate

	Serving Cell
	TM3
	2x2 Medium
	EVA 70
	N/A
	16QAM 1/2 (R.11 FDD), 

	
	
	
	
	
	QPSK 2/5 (R.46 FDD)

	Intf. Cell
	TM1, TM1
	1x2 Low
	EVA 70
	INR1 = 3.87dB, INR2 = -1.96dB
	16QAM



Figure 4 shows the simulation results under TM1 interference. It can be observed that under 1x2 low antenna configuration for interfering TM1 cells, the advanced SU-MIMO receivers with proper whitening functionality outperforms other improper implementations by approximate 1.0dB and more than 1.5dB for 16QAM and QPSK respectively. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 2: Under 1x2 low antenna configuration for interfering TM1 cells, the margin achieved by the advanced SU-MIMO receivers from other improper implementations is approximate 1.0dB for 16QAM and more than 1.5dB for QPSK. 
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Figure 4: Performance Analysis of Option 2 with TM1 interference (Left: 16QAM, Right: QPSK)

Based on the above observation, we have the following proposal:
Proposal 2: The test setup, i.e., 2x2 medium, EVA70, TM3 and QPSK for the serving cell and 1x2 low, EVA70, TM1 and 16QAM for interfering cells, can be considered as the candidate for multi-cell scenario. 

Option 3: Absolute Throughput with FRC and TM9
We also evaluate the option-3, in which TM9 is utilized by the serving and interfering cells. We assume that both TM9 interfering cells have 2x2 low for antenna configuration, and the detailed simulation assumptions are summarized in Table 5:
Table 5: Simulation Setup for Multi-Cell Test Case, Option 3
	Test Setup
	Transmission Mode
	Antenna configuration
	Fading channel
	Intf. Level(INR)
	Mod. and Coding Rate

	Serving Cell
	TM9
	2x2 Medium
	ETU 5
	N/A
	16QAM 1/2 (R.51 FDD), 

	
	
	
	
	
	QPSK MCS-6

	Intf. Cell
	TM9, TM9
	2x2 Low
	ETU 5
	INR1 = 3.87dB, INR2 = -1.96dB
	16QAM Rank=1 or 2
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Figure 5: Performance Analysis of Option 3 with TM9 Rank-1 interference (Left: 16QAM, Right: QPSK)

[image: ][image: ] Figure 6: Performance Analysis of Option 3 with TM9 Rank-2 interference (Left: 16QAM, Right: QPSK)

Figure 5 and Figure 6 show the simulation results under TM9 interference. It can be observed that Under 2x2 low antenna configuration for interfering TM9 cells, the margin achieved by the advanced SU-MIMO receivers from other improper implementations is no more than 1dB, which is insufficient to design a test case to fail other improper implementations. 
Observation 3: Under 2x2 low antenna configuration for interfering TM9 cells, the margin achieved by the advanced SU-MIMO receivers from other improper implementations is no more than 1dB, which is insufficient to design a test case to fail other improper implementations. 
4 Conclusion
In this contribution, we present the simulation results of single-cell cases for alignment purpose, and provide our analysis on the whitening functionality verification under the multi-cell scenario. Our proposal and observations can be summarized as:
Proposal 1: Following the typical RAN4 methodology, prioritize the usage of PDSCH FRC test (e.g., Option 2 and Option 3) for joint verification of R-ML receiver and interference whitening block.
Observation 1: Under 2x2 medium antenna configuration for interfering TM3 cells, the margin achieved by the advanced SU-MIMO receivers is insufficient to discriminate it from other improper implementations. 
Observation 2: Under 1x2 low antenna configuration for interfering TM1 cells, the margin achieved by the advanced SU-MIMO receivers from other improper implementations is approximate 1.0dB for 16QAM and more than 1.5dB for QPSK. 
Observation 3: Under 2x2 low antenna configuration for interfering TM9 cells, the margin achieved by the advanced SU-MIMO receivers from other improper implementations is no more than 1dB, which is insufficient to design a test case to fail other improper implementations. 
Proposal 2: The test setup, i.e., 2x2 medium, EVA70, TM3 and QPSK for the serving cell and 1x2 low, EVA70, TM1 and 16QAM for interfering cells, can be considered as the candidate for multi-cell scenario.
5 Reference
[1] 3GPP, R4-145411, Ericsson, “Way forward of SU-MIMO demodulation and CSI tests”, Aug. 2014. 
[2] 3GPP, R4-144800, Ericsson, “Verification of whitening functionality for SU-MIMO receivers”, Aug. 2014.
[3] 3GPP, R4-144301, Huawei and HiSilicon, “Discussion on whitening verification for SU-MIMO demodulation test”, Aug. 2014.

1/5
image3.jpeg
Throughput (Mbps)

2

TMI, 2Tx, EPAS, Medium, 16QAM

Eil

18

16

—E— MMSE Rx
—&—RMLRx

14

12

10

701% Max Throtighput

3
10

12 14 3 16 Eil
SNR (d8)

2

24




image4.jpeg
Throughput (Mbps)

2

T, 2T, ETUS, Medium, 16QAM

Eil

18

16

—E— MMSE Rx
—&—RMLRx

14

12

10

7% Max Throtighput

3
10

12 14 3 16
SNR (d8)

Eil

2

24




image5.jpeg
Throughput (Mbps)

TM3, 2T, EVATO, Medium, 16QAM (ntf.: TM3 2x2 Medium)

24 l
—8— MMSE Rx
2|{ —e—mmsEW R
£ RML Rx *
20 - RML-IW Ric
18
& 70% e
o Widi Thrsiighput 3

14
12
10

8

n H H

14 15 16 17 18 19 20 21 2 23 24

SNR (d8)




image6.jpeg
Throughput (Mbps)

10

TM3, 2T, EVATO, Medium, QPSK (Intf.: T3 2x2 Medium)

—E— MMSE Rx
—&— MMSEW R
£ RML Rx
- RMLIW Rx

70% Max. Througtiput.

[ 10 12 14 3 18
SNR (d8)




image7.jpeg
Throughput (Mbps)

TM3, 2T, EVATO, Medium, 160AM (Intf.: TM1 1x2 Low)

2
—E—MMSE Rx
2| —e—MMSEW Rx
£ RML Rx
20f| -+ RMLIW Rx
18 *
15 =

14

12

10

70% Max. Thraughput

5 1B 17 18

19
SNR (d8)

il

21

2

E3)

24




image8.jpeg
Throughput (Mbps)

10

TM3, 2T, EVATO, Medium, QPSK (Intf.: TM1 1x2 Low)

—E— MMSE Rx
—&— MMSEW R
£ RML Rx
- RMLIW Rx

o

70% Niax. Thioughipu

[ 10 12 14 3
SNR (d8)

18




image9.jpeg
Throughput (Mbps)

TS, 2T, ETUS, Medium, 16QAM (intf.: TMS, Rank, 2¢2 Low)

2
—5— MMSE R
£ RMLRx +
-+ RMLIW R
15
4 ]
70% Max. Thrcughput =
5
4 15 6 17 1819 20 21 22 23 2

SNR (d8)




image10.jpeg
Throughput (Mbps)

10

TS, 2T, ETUS, Medium, QPSK (intf.: TMS, Rank1, 242 Low)

—E— MMSE Rx

£ RML Rx re
+ - RMLIW Rx o
&
¥
& T 70% Max; Throughput
*
&
*

& 10 12 14 1 18 20 2 24
SNR (d8)




image11.jpeg
Throughput (Mbps)

TS, 2T, ETUS, Medium, 16QAM (intf.: TMS, Rank2, 2¢2 Low)

18 2
—E—MMSE Rx
1ol 2 RMLR
+ - RMLIW Rx
1
70% Max Thrdughput ¥
4 i 1
4 15 16 17 18 19w 2 2 23 2

SNR (d8)




image12.jpeg
Throughput (Mbps)

10

TS, 2T, ETUS, Medium, QPSK (intf.: TMS, Rank2, 2¢2 Law)

—E— MMSE Rx

£ RML Rx e
+-RMLIW Rx
x
X i 70% Max. Thraughput
*

& 10 12 14 1 18 20 2 24
SNR (d8)




image1.jpeg
Throughput (Mbps)

24

TM3, 2Tx, EVATD, Medium, 16QAM

2

—E— MMSE Rx
—&—RMLRx

Fil

18

16

14

12

10

7% Max Thivughpit

g
0

12 14

3 16
SNR (d8)

Eil

2

24




image2.jpeg
Throughput (Mbps)

24

TM4, 2T, ETUTD, Medium, 16QAM

2

—E— MMSE Rx
—&—RMLRx

Fil

18

16

14

12

10

7% Max Thivughipit

g
0

12 14

3 16
SNR (d8)

Eil

2

24




