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1 Introduction

In RAN4#71 meeting, it was agreed that interested companies could provide simulation alignment results of SU-MIMO single cell demodulation performance for the set of agreed test cases [].  In this contribution, we provide our simulation results of advanced receivers, i.e. R-ML and CWIC, along with legacy MMSE receiver for comparison. We also discuss the remain issues in deciding the final set of demodulation test for SU-MIMO demodulation requirements.
2 Simulation results
2.1 Test cases
Table 1 shows the target test cases. EVM assumption is 6%.
Table 1 SU-MIMO test cases for simulation alignment

[image: image1.emf]Test case

Test setup 

reference in 

TS 36.101

Duplex 

mode

Transmission 

mode

Antenna 

configuration

Fading channel

Modulation 

format

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 v. FDD TM9 [2x2 Medium] [EPA 5] 16QAM

3 (option 2) 8.3.1.2 v. 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


2.2 Simulation alignment results
Test 1:  FDD, TM3, 2x2, Medium,16QAM ½, EVA 70 

The throughput performances for this case are captured in Table 2 and are also plotted Figure 1. 
Table 2   Throughput performance of test 1
[image: image2.emf]SNR MMSE CWIC R-ML 70%throughput Max throughput

4 5.4367 5.6419 5.6851 16.3296 23.328

6 7.115 7.4606 7.2749 16.3296 23.328

8 7.9898 8.3635 8.2598 16.3296 23.328

10 9.6163 10.2816 10.2946 16.3296 23.328

12 11.502 11.6338 11.651 16.3296 23.328

14 11.7353 12.3336 12.2429 16.3296 23.328

16 12.6878 15.3014 15.8198 16.3296 23.328

18 16.1222 19.9022 21.181 16.3296 23.328

20 20.0815 22.5677 23.2027 16.3296 23.328

22 22.4597 23.2286 23.328 16.3296 23.328

24 23.0882 23.3194 23.328 16.3296 23.328

26 23.2308 23.3237 23.328 16.3296 23.328
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Figure 1 R.11 FDD, TM3, 2x2, Medium, 16QAM ½, EVA 70, 6% EVM

Test 2: FDD, TM4, 2x2, Medium,16QAM ½, ETU 70
The throughput performances for this case are captured in Table 3 and are also plotted Figure 2.  
Table 3   Throughput performance of test 2
[image: image4.emf]SNR MMSE CWIC R-ML 70%throughput Max throughput

4

3.4171 4.1645 3.672 16.3296 23.328

6

5.3136 7.1021 5.737 16.3296 23.328

8

7.1539 9.0288 7.5989 16.3296 23.328

10

8.7696 11.0074 9.2966 16.3296 23.328

12

10.1693 12.3379 10.8907 16.3296 23.328

14

11.6597 13.7592 12.7224 16.3296 23.328

16

13.5 16.7357 15.0682 16.3296 23.328

18

15.5304 21.168 18.7013 16.3296 23.328

20

17.6947 22.8701 22.0363 16.3296 23.328

22

20.101 23.2848 23.1466 16.3296 23.328

24

21.8592 23.328 23.3064 16.3296 23.328

26

22.6886 23.328 23.3194 16.3296 23.328
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Figure 2 R.11 FDD, TM4, 2x2, Medium, 16QAM ½, ETU 70, 6% EVM

Test 3 option 1: FDD, TM9, 2x2, Medium,16QAM ½, EPA 5
The throughput performances for this case are captured in Table 4 and are also plotted Figure 3.
Table 4 Throughput performance of test 3 option 1
[image: image6.emf]SNR MMSE QRM-ML CWIC SLIC 70% Throughput

4

2.3652 1.9764 2.7994 2.2615 14.1557

6

3.7843 3.4214 4.6073 3.6806 14.1557

8

5.1192 5.0155 6.655 5.022 14.1557

10

6.7586 7.1086 8.735 6.7716 14.1557

12

8.3009 9.0202 10.5948 8.3203 14.1557

14

10.0181 11.191 12.5064 10.0505 14.1557

16

11.664 13.459 14.5606 11.5798 14.1557

18

13.5043 16.349 16.7897 13.1544 14.1557

20

15.876 18.7726 18.9929 15.2474 14.1557

22

17.671 20.0038 19.9066 17.2303 14.1557

24

19.0188 20.399 20.3018 18.643 14.1557

26

19.6279 20.5934 20.5027 19.4789 14.1557

28

20.1124 20.6645 20.671 20.0149 14.1557
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Figure 3 FDD TM9, 2x2, 16QAM 1/2, EPA5, Medium
Test 3 option 2: FDD, TM9, 2x2, Medium,16QAM ½, ETU 5
The throughput performances for this case are captured in Table 5 and are also plotted Figure 4.  
Table 5   Throughput performance of test 3 option 2
[image: image8.emf]SNR MMSE CWIC R-ML 70%throughput Max throughput

4

3.1468 3.9394 3.1992 14.1557 20.2224

6

4.8179 6.2898 5.0707 14.1557 20.2224

8

6.451 8.1517 6.8955 14.1557 20.2224

10

7.8628 9.5362 8.3474 14.1557 20.2224

12

8.9236 10.3269 9.7249 14.1557 20.2224

14

10.2037 11.6079 11.2978 14.1557 20.2224

16

12.1984 15.4416 14.8386 14.1557 20.2224

18

14.7194 19.5881 19.0281 14.1557 20.2224

20

17.9636 20.2224 20.1623 14.1557 20.2224

22

19.8408 20.2224 20.2224 14.1557 20.2224

24

20.1852 20.2224 20.2224 14.1557 20.2224

26

20.2224 20.2224 20.2224 14.1557 20.2224
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Figure 4 R.51 FDD, TM9, 2x2, Medium, 16QAM ½, ETU 5, 6% EVM

Test 4: TDD, TM3, 2x2, Medium,16QAM ½, EVA 70
The throughput performances for this case are captured in Table 6 and are also plotted Figure 5. 
Table 6   Throughput performance of test 4
[image: image10.emf]SNR MMSE CWIC R-ML 70%throughput Max throughput

4

1.4658 1.5517 1.6913 6.2966 8.9952

6

2.7865 2.8945 2.8501 6.2966 8.9952

8

3.2879 3.5877 3.4146 6.2966 8.9952

10

3.7611 3.7781 3.7655 6.2966 8.9952

12

3.8202 3.897 3.9386 6.2966 8.9952

14

4.1414 4.6304 4.7532 6.2966 8.9952

16

4.9885 5.9908 6.1894 6.2966 8.9952

18

6.3788 7.7507 8.337 6.2966 8.9952

20

7.8519 8.7297 8.9359 6.2966 8.9952

22

8.7301 8.9519 8.9952 6.2966 8.9952

24

8.8892 8.9952 8.9952 6.2966 8.9952

26

8.9727 8.9952 8.9952 6.2966 8.9952
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Figure 5 R.11-1 TDD, TM3, 2x2, Medium, 16QAM ½, EVA 70, 6% EVM
Test 5: TDD, TM4, 2x2, Medium,16QAM ½, ETU 70
The throughput performances for this case are captured in Table 7 and are also plotted Figure 6.
Table 7   Throughput performance of test 5
[image: image12.emf]SNR MMSE CWIC R-ML 70%throughput Max throughput

4

1.165 1.4388 1.262 6.2966 8.9952

6

1.9414 2.7679 2.0767 6.2966 8.9952

8

2.7809 3.5453 2.8898 6.2966 8.9952

10

3.2934 3.8456 3.5093 6.2966 8.9952

12

3.7841 4.173 4.0021 6.2966 8.9952

14

4.2632 4.8647 4.6059 6.2966 8.9952

16

4.7807 6.3896 5.703 6.2966 8.9952

18

5.7337 8.1016 7.3942 6.2966 8.9952

20

6.9379 8.805 8.6604 6.2966 8.9952

22

7.8289 8.9373 8.9857 6.2966 8.9952

24

8.5079 8.9952 8.9887 6.2966 8.9952

26

8.8041 8.9952 8.9952 6.2966 8.9952
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Figure 6 R.11-1 TDD, TM4, 2x2, Medium, 16QAM ½, ETU 70, 6% EVM
Test 6 option 1: TDD, TM8, 2x2, Medium,16QAM ½, EPA 5
The throughput performances for this case are captured in Table 8 and are also plotted Figure 7.
Table 8 Throughput performance of test 6 option 1
[image: image14.emf]SNR MMSE CWIC R-ML 70%throughput Max throughput

4

1.7114 2.0493 1.6934 6.7054 9.5792

6

2.3104 3.0455 2.4279 6.7054 9.5792

8

3.0596 4.0286 3.3187 6.7054 9.5792

10

3.9099 4.9067 4.2777 6.7054 9.5792

12

4.8012 5.8914 5.2061 6.7054 9.5792

14

5.6633 7.3396 6.3943 6.7054 9.5792

16

6.6356 8.3387 7.6987 6.7054 9.5792

18

7.6714 9.1807 8.9071 6.7054 9.5792

20

8.5027 9.3962 9.3947 6.7054 9.5792

22

8.9634 9.4658 9.5523 6.7054 9.5792

24

9.228 9.5359 9.5753 6.7054 9.5792

26

9.3882 9.5553 9.5792 6.7054 9.5792
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Figure 7 R.51 TDD, TM8, 2x2, Medium, 16QAM ½, EPA 5, 6% EVM
Test 6 option 2: TDD, TM8, 2x2, Medium,16QAM ½, ETU5
The throughput performances for this case are captured in Table 9 and are also plotted Figure 8.
Table 9 Throughput performance of test 6 option 2
[image: image16.emf]SNR MMSE CWIC R-ML 70%throughput Max throughput

4

1.6895 2.1991 1.7343 6.7054 9.5792

6

2.5227 3.2736 2.6591 6.7054 9.5792

8

3.1388 3.8556 3.3529 6.7054 9.5792

10

3.7284 4.2891 3.9703 6.7054 9.5792

12

4.2637 4.9344 4.5965 6.7054 9.5792

14

4.9833 5.8835 5.7567 6.7054 9.5792

16

6.1141 8.1864 7.7416 6.7054 9.5792

18

7.4755 9.5464 9.3311 6.7054 9.5792

20

8.9246 9.5792 9.5715 6.7054 9.5792

22

9.492 9.5792 9.5792 6.7054 9.5792

24

9.5753 9.5792 9.5792 6.7054 9.5792

26

9.5792 9.5792 9.5792 6.7054 9.5792
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Figure 8 R.51 TDD, TM8, 2x2, Medium, 16QAM ½, ETU 5, 6% EVM

3 Discussion
In last meeting, no consensus was reached regarding which option should be adopted for FDD TM9 test. Test 3 option 1 is the legacy test setup for FDD TM9. Test 3 option 2 was recently introduced to verify UE proper SNR estimation from DMRS instead of from CRS in TM9. In option 2 test setup, an interference cell is introduced only transmitting colliding CRS with serving cell. Since the interference cell has no impact on PDSCH RE, there should be no performance difference in term of SU-MIMO demodulation throughput. Thus both test setups can be selected for SU-MIMO TM9 test case setup. Considering that option 2 has larger performance gap between advance receiver and legacy MMSE receiver, we slightly prefer to adopt option 2 for SU-MIMO TM9 test setup.

Proposal 1:

Consider adopt ETU 5 and interference cell with colliding CRS only for SU-MIMO FDD TM9 test setup
If ETU 5 could be adopted for FDD TM9 test setup, we think it is better adopting the similar test setup for TDD TM8. In such case, the test setup for FDD and TDD could be aligned. 
Proposal 2:

Consider adopt ETU 5 and interference cell with colliding CRS only for SU-MIMO TDD TM8 test setup
4 Conclusion
In this contribution, simulation results for alignment for SU-MIMO demodulation are provided. Based on the simulation results we propose to down-select the options for TM9/TM8 test setup and finalize the test case set. Our proposals are summarized in the following:  
Proposal 1:

Consider adopt ETU 5 and interference cell with colliding CRS only for SU-MIMO FDD TM9 test setup

Proposal 2:

Consider adopt ETU 5 and interference cell with colliding CRS only for SU-MIMO TDD TM8 test setup  
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