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1 Introduction

In RAN4#70bis meeting, discussions were started on the three objectives described in the WID [1]. In the agreed way forward [2], the agreements and assumptions for further study regarding demodulation are as following: 

Typical scenarios
· Prioritize single cell high geometry scenarios to verify UE advanced receiver implementations

· Multi-cell scenario is FFS.

· Prioritize medium antenna correlation

· Current 36.101 single cell multi-layer spatial multiplexing FRC test setups can be used as the starting point for aligning simulation results for demodulation
· Other fading propagation channels and MCS values can be studied
Reference receiver
· Candidate reference receiver set: CWIC/R-ML/SLIC
· Companies are encourage to provide simulation results under the typical scenarios in the next meeting for the candidate reference and LMMSE receivers
Based on the agreed way forward, in this contribution we provide the simulation results for SU-MIMO demodulation test and propose the possible way forward to progress the SU-MIMO demodulation work.
2 Simulation results
As agreed in the way forward, medium antenna correlation will be prioritized hence in all of our following simulations medium antenna correlation is assumed. Referencing with the existing test cases in current 36.101 for SU-MIMO demodulation for single cell high geometry scenarios [3], the summarized the simulation assumptions for alignment is listed in Table 1 below:

[image: image1.emf]Table 1Single cell demodulation simulation assumptions

TM Antenna configuration Fading channel Mod Test setup reference in 36.101

TM3

2x2 Medium EVA 70 16QAM 8.2.1.3.1

4x2 Medium EVA 70 16QAM 8.2.1.3.2

TM4

2x2 Medium

EPA 5 64QAM 8.2.1.4.2

ETU 70 16QAM 8.2.1.4.2

4x2 Medium EPA 5 64QAM 8.2.1.4.3

TM9 2x2 Medium EPA 5 16QAM 8.3.1.2


Test 1.1: Section 8.2.1.3.1, TM3, 2x2, 16QAM ½, EVA 70, Medium
The throughput performances for this case are captured in Table 2 for 6% EVM. The plotted results can also be found in Figure 1.

Table 2   Throughput performance of test 1.1
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4

5.3741 4.5619 5.5469 5.5922 16.3296

6

7.1021 6.804 7.4455 7.2122 16.3296

8

7.9963 7.9445 8.2944 8.0806 16.3296

10

9.5731 9.6228 9.9533 9.8366 16.3296

12

11.5214 11.5538 11.6446 11.5214 16.3296

14

11.7418 12.1241 12.4675 11.8195 16.3296

16

12.636 15.8436 15.6427 13.297 16.3296

18

15.9926 21.4618 20.5351 17.3081 16.3296

20

19.9152 23.2567 22.7318 21.4423 16.3296

22

22.3344 23.328 23.2762 22.9198 16.3296

24

22.9824 23.328 23.328 23.2243 16.3296

26

23.1984 23.328 23.328 23.3086 16.3296

28

23.2549 23.3345 23.3345 23.3215 16.3296


[image: image3.png]Fixed MCS, TM3, 2x2, R.11 FDD, EVA70, Medium, EVM=6%
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Figure 1 Test 1.1: section 8.2.1.3.1, TM3, 2x2, 16QAM 1/2, EVA70, Medium
Test 1.2: Section 8.2.1.3.2, TM3, 4x2, 16QAM ½, EVA 70, Medium
The throughput performances for this case are captured in Table 3 for 6% EVM. The plotted results can also be found in Figure 2.  

Table 3 Throughput performance of test 1.2
[image: image4.emf]SNR MMSE QRM-ML CWIC SLIC 70% Throughput

4

5.3335 4.5976 5.5318 5.3453 16.1182

6

7.0968 6.7592 7.3752 7.1186 16.1182

8

7.9896 7.8517 8.7637 8.0886 16.1182

10

9.3771 9.2897 10.4367 9.4513 16.1182

12

10.8687 10.9521 11.3181 10.981 16.1182

14

11.4121 11.5184 11.6567 11.4523 16.1182

16

11.4849 12.2047 12.5346 11.7111 16.1182

18

11.8194 14.8818 15.5706 12.8712 16.1182

20

12.834 19.4452 19.8834 15.6972 16.1182

22

14.9041 22.4365 22.2631 19.4498 16.1182

24

17.3825 22.9651 22.8751 21.6065 16.1182

26

19.5047 22.9997 22.991 22.2906 16.1182

28

20.7791 23.0246 23.0159 22.6982 16.1182
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Figure 2 Test 1.2: section 8.2.1.3.2, TM3, 4x2, 16QAM 1/2, EVA70, Medium
Test 2.1: Section 8.2.1.4.2, TM4, 2x2, 64QAM ½, EPA 5, Medium
The throughput performances for this case are captured in Table 4 for 6% EVM. The plotted results can also be found in Figure 3.
Table 4 Throughput performance of test 2.1
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4

2.7088 0.7161 2.7309 2.6126 24.7968

6

4.3471 1.8498 4.4654 4.5029 24.7968

8

5.8732 3.1676 6.5534 6.1992 24.7968

10

7.3528 5.3701 8.9027 7.7337 24.7968

12

9.6989 7.678 12.5466 10.1157 24.7968

14

12.4664 10.6899 15.7141 13.1619 24.7968

16

15.5354 13.8856 19.9101 16.1606 24.7968

18

18.4572 16.8059 23.0462 19.5444 24.7968

20

21.4942 20.1299 26.381 22.8424 24.7968

22

24.2776 23.5592 29.7638 25.3786 24.7968

24

27.662 26.9825 32.758 28.5759 24.7968

26

30.5349 30.0982 33.9284 31.8633 24.7968

28

32.572 31.7692 34.4769 33.2112 24.7968
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Figure 3 Test 2.1: section 8.2.1.4.2, TM4, 2x2, 64QAM 1/2, EPA5, Medium
Test 2.2: Section 8.2.1.4.2, TM4, 2x2, 16QAM ½, ETU 70, Medium
The throughput performances for this case are captured in Table 5 for 6% EVM. The plotted results can also be found in Figure 4.

Table 5 Throughput performance of test 2.2
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3.3502 2.9354 3.8621 3.5316 16.3296

6

5.2942 4.9442 6.8947 5.5339 16.3296

8

7.115 7.0438 8.9748 7.3872 16.3296

10

8.735 8.8193 10.9966 8.9035 16.3296

12

10.1282 10.5235 12.2861 10.2967 16.3296

14

11.5668 12.487 13.5497 11.677 16.3296

16

13.446 14.9623 17.0294 13.5043 16.3296

18

15.4613 18.8438 21.4229 15.4418 16.3296

20

17.671 22.2264 22.9586 18.5263 16.3296

22

19.9649 23.2049 23.2567 21.7404 16.3296

24

21.8635 23.315 23.328 22.9651 16.3296

26

22.68 23.328 23.328 23.2178 16.3296

28

23.0357 23.3345 23.3345 23.3215 16.3296
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Figure 4 Test 2.2: section 8.2.1.4.2, TM4, 2x2, 16QAM 1/2, ETU70, Medium
Test 2.3: Section 8.2.1.4.3, TM4, 4x2, 64QAM ½, EPA 5, Medium
The throughput performances for this case are captured in Table 6 for 6% EVM. The plotted results can also be found in Figure 5.
Table 6 Throughput performance of test 2.3
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4.6818 2.8971 4.7551 4.7185 23.1028

6

7.3711 4.3884 7.8234 7.4811 23.1028

8

10.3537 6.9921 11.0994 10.4637 23.1028

10

12.3096 9.6325 13.5809 12.3218 23.1028

12

13.9843 11.9917 15.7812 14.0576 23.1028

14

16.1724 14.0576 18.3604 16.4168 23.1028

16

18.3482 16.3435 21.3553 18.666 23.1028

18

20.9519 19.6317 24.8636 21.7587 23.1028

20

23.6045 23.14 28.3352 24.5336 23.1028

22

26.2205 26.4038 30.2055 27.3329 23.1028

24

28.8731 28.7866 31.049 29.3987 23.1028

26

30.3644 29.9488 31.6113 30.45 23.1028

28

31.2508 30.48 31.9458 31.3437 23.1028
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Figure 5 Test 2.3: section 8.2.1.4.3, TM4, 4x2, 64QAM 1/2, EPA5, Medium
Test 3.1: Section 8.3.1.2, TM9, 2x2, 16QAM ½, EPA 5, Medium
The throughput performances for this case are captured in Table 7 for 6% EVM. The plotted results can also be found in Figure 6.
Table 7 Throughput performance of test 3.1
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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 6 Test 3.1: section 8.3.1.2, TM9, 2x2, 16QAM 1/2, EPA5, Medium
3 Discussion
3.1 Reference receiver down-selection
From the above simulation results, it can be observed that except one test case, i.e. test 1.2: TM3, 4x2 16QAM ½ and EVA70, SLIC does not achieve large performance gain over legacy MMSE receiver. Considering margin will be added in the test case requirement, it seems that under current simulation assumptions, there are no enough performance differentiations between SLIC and MMSE receivers. So it is reasonable to exclude the SLIC receiver from the candidate reference receiver considerations for SU-MIMO demodulation test.
Observation 1:

From performance point of view, SLIC is not suitable for specifying enhanced SU-MIMO demodulation performance requirement due to its insufficient performance differentiation over MMSE receiver

Comparison between CWIC and R-ML receivers shows that for most of cases, CWIC achieves similar or better performance over R-ML receiver. The biggest difference happens in the setup of TM4, 64QAM and EPA5 which is the worst scenario for the R-ML receiver. In some test case, e.g. test 1.1: TM3, 2x2, 16QAM ½ and EVA70, R-ML outperforms CWIC at the median to high SNR range. It should be noted that for the evaluated CWIC receiver, soft iterative cancellation algorithm is employed to suppress the inter-stream interference which results in very high implementation complexity. Also the NAICS SID has reached the conclusion that CWIC is not feasible for inter-cell interference cancellation/suppression. It means that for UE which implements CWIC to handle inter-stream interference, a different type of receiver, e.g. R-ML, has to be implemented for inter-cell interference handling hence increasing the UE implementation complexity and cost. So it will be very desirable that unified hardware blocks can be shared for handling both inter-stream and inter-cell interference. Based on the above discussion, it seems reasonable to leave UE with the freedom to implement its preferred receiver algorithms. So in the SU-MIMO performance test, R-ML could be selected as the reference receiver to define the requirement specifications.

Proposal 1:

Consider selecting R-ML to be the reference receiver for specifying the performance requirement for SU-MIMO demodulation tests
2.2 Test case down-selection
The test cases to verify the enhanced demodulation performance could be a sub-set of current SU-MIMO test cases. The selected test cases should have enough performance differentiation over legacy MMSE receiver also taking into account the test coverage. Based on the simulation results, we proposed to consider down-select the test cases to include:
· Test 1.1: section 8.2.1.3.1, TM3, 2x2, 16QAM 1/2, EVA70, Medium
· Test 1.2: Section 8.2.1.3.2, TM3, 4x2, 16QAM ½, EVA 70, Medium
· Test 2.2: section 8.2.1.4.2, TM4, 2x2, 16QAM 1/2, ETU70, Medium
· Test 3.1: section 8.3.1.2, TM9, 2x2, 16QAM 1/2, EPA5, Medium
The proposed test case set covers different transmission modes, antenna configurations and fading channels. The following table summarizes our proposed down-selected test cases.
Proposal 2:

Consider down- selecting the demodulation test cases for SU-MIMO to the following table

[image: image14.emf]Down-selected test cases for SU-MIMO demodulationtest

TM Antenna configuration Fading channel Mod Test setup reference in 36.101

TM3

2x2 Medium EVA 70 16QAM 8.2.1.3.1

4x2 Medium EVA 70 16QAM 8.2.1.3.2

TM4 2x2 Medium ETU 70 16QAM 8.2.1.4.2

TM9 2x2 Medium EPA 5 16QAM 8.3.1.2


4 Conclusion
In this contribution, we provide the simulation results of UE demodulation for SU-MIMO simulation assumptions agreed in the way forward. We summarize our observation and proposals as following:
Observation 1:

From performance point of view, SLIC is not suitable for specifying enhanced SU-MIMO demodulation performance requirement due to its insufficient performance differentiation over MMSE receiver
Proposal 1:

Consider selecting R-ML to be the reference receiver for specifying the performance requirement for SU-MIMO demodulation tests
Proposal 2:

Consider down- selecting the demodulation test cases for SU-MIMO to the following table

[image: image15.emf]Down-selected test cases for SU-MIMO demodulationtest

TM Antenna configuration Fading channel Mod Test setup reference in 36.101

TM3

2x2 Medium EVA 70 16QAM 8.2.1.3.1

4x2 Medium EVA 70 16QAM 8.2.1.3.2

TM4 2x2 Medium ETU 70 16QAM 8.2.1.4.2

TM9 2x2 Medium EPA 5 16QAM 8.3.1.2
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