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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 regarding typical scenario 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
In contribution [3], concern was raised about verifying UE proper handling of inter-cell interference through IRC whitening in addition to enhanced inter-stream interference mitigation by employing advanced receivers (CWIC/R-ML/SLIC). So in the way forward the multi-cell scenarios were put as FFS. In this contribution, we investigate through simulation the necessity of introducing additional multi-cell demodulation test cases and propose the way forward to progress this work.
2 Simulation setup
2.1 Interference levels

For simulation in multi-cell scenarios, the inter-cell interference profile needs to be determined. In the previous work item of MMSE-IRC, DIP kind of methodology was used to set the interference powers. In the recent NAICS study item [4], partially loaded inter-cell interference scenarios are characterized by sets of scaled Noc, the strongest interference I1/ Noc and the second strongest I2/ Noc. Different sets are corresponding to different deployment scenarios, utilization ratio, UE geometries and percentile of interference levels. In this contribution we adopt the NAICS methodology and the inter-cell interference profile is selected as the following:
· NAICS scenario-1
· 40% utilization ratio

· 40-60% geometries UE

· I1/ Noc at 50%-tile
The interference levels corresponding to the above profile and used in our simulations are: I1/ Noc=6.24dN and I2/ Noc=1.54dB.
2.2 Interference cell transmission model
In our simulation, we reuse the interference transmission model as defined for MMSE-IRC test case in 36.101 [5]. The interference transmission consists certain amount of rank 1 and rand 2 transmissions (80%/20%). The modulation order of the interference is fixed to be 16QAM. 
The overall simulation assumptions are listed in Table 1. 

Table 1 Simulation assumptions for multi-cell demodulation
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3 Simulation results
Under the above given simulation assumptions, we evaluate the demodulation performance of several types of receiver algorithms, the descriptions of each receiver are as following:
· MMSE: MMSE for inter-stream interference suppression and no inter-cell interference suppression
· MMSE-IRC: MMSE for inter-stream interference suppression and inter-cell interference suppression with whitening filter

· R-ML w/o WF: R-ML for inter-stream interference suppression and no inter-cell interference suppression

· R-ML w/ WF: R-ML for inter-stream interference suppression and inter-cell interference suppression with whitening filter
In the following, we provide the simulation results for each of the test case in the simulation assumption table. For each of the test case, single cell MMSE result is also presented for comparison. 
Test 1.1: Serving: TM3(QPSK 2/5), Interfering: TM3(16QAM ½, rank 80%/20%)
The throughput performances for this case are captured in Table 2. Figure 1 plots the results.

Table 2 Throughput results of multi-cell test 1.1

[image: image2.emf]SNR MMSE-IRC R-ML w/ WF R-ML w/o WF MMSE MMSE_Single cell 70% Throughput

0 0 0 0 0 3.8958 6.5016

2 0.0929 0.0593 0 0.0052 4.5821 6.5016

4 1.5377 1.4603 0.1342 0.3225 4.8659 6.5016

6 2.998 3.0083 1.1997 1.806 6.8215 6.5016

8 3.8932 4.0145 2.8199 3.1063 8.9526 6.5016

10 4.7291 4.9871 3.9061 4.0325 9.2467 6.5016

12 5.6167 6.579 4.9588 4.9097 9.288 6.5016

14 7.7968 8.723 6.3494 6.2152 9.288 6.5016

16 9.0352 9.2312 8.1322 7.998 9.288 6.5016

18 9.2725 9.2828 9.1177 9.0635 9.288 6.5016

20 9.288 9.288 9.2674 9.257 9.288 6.5016

22 9.288 9.288 9.288 9.288 9.288 6.5016
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Figure 1 Serving: TM3(QPSK 2/5) Interfering: TM3(16QAM ½) 
Test 2.1: Serving: TM4 (16QAM ½), Interfering: TM4 (16QAM ½, rank 80%/20%)
The throughput performances for this case are captured in Table 3. Figure 2 plots the results. 

Table 3 Throughput results of multi-cell test 2.1

[image: image4.emf]SNR MMSE-IRC R-ML w/ WF R-ML w/o WF MMSE MMSE_Single cell 70% Throughput

2 0 0 0 0 2.6698 16.3296

4 0.1879 0.1037 0.0583 0.013 4.5619 16.3296

6 0.7906 0.4212 0.2203 0.1426 6.3634 16.3296

8 1.9958 1.6783 0.6739 0.7128 7.5816 16.3296

10 3.5186 3.4409 1.9181 2.0995 9.7848 16.3296

12 5.171 5.346 3.5057 3.8491 11.988 16.3296

14 7.277 7.8797 5.2423 5.7542 13.595 16.3296

16 9.4543 10.0829 7.8473 7.9445 15.9538 16.3296

18 11.826 13.0442 10.1606 10.3226 18.4032 16.3296

20 14.7744 16.3231 13.1674 13.0766 20.2046 16.3296

22 17.2238 19.3039 15.7334 16.1352 22.1227 16.3296

24 19.8029 22.1033 18.2218 18.6365 23.1984 16.3296

26 21.8182 23.2243 20.8267 20.7619 23.328 16.3296

28 23.0234 23.328 22.4986 22.1292 23.328 16.3296
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Figure 2 Serving: TM4(16QAM1/2) Interfering: TM4(16QAM ½)
Test 2.2: Serving: TM4 (16QAM 1/3), Interfering: TM4 (16QAM ½, rank 80%/20%)
The throughput performances for this case are captured in Table 4. Figure 3 plots the results.
Table 4 Throughput results of multi-cell test 2.2
[image: image6.emf]SNR MMSE-IRC R-ML w/ WF R-ML w/o WF MMSE MMSE_Single cell 70% Throughput

2 0.1215 0.1255 0.0689 0 3.6743 10.9301

4 0.6223 0.4179 0.1645 0.1207 5.0816 10.9301

6 1.6077 1.1935 0.5387 0.5044 6.6349 10.9301

8 2.719 2.4577 1.3735 1.5949 8.4851 10.9301

10 4.141 3.998 2.746 2.9751 9.7644 10.9301

12 5.8112 6.0719 4.2104 4.4383 11.2862 10.9301

14 7.8306 8.2465 6.1431 6.349 12.752 10.9301

16 10.0606 10.6704 8.2598 8.5401 13.5742 10.9301

18 11.6841 12.1899 10.4919 10.566 14.9731 10.9301

20 13.2534 14.2 12.0876 12.3552 15.6144 10.9301

22 14.5823 15.4375 13.9621 13.7757 15.6144 10.9301

24 15.3882 15.6144 15.0799 14.86 15.6144 10.9301

26 15.5622 15.6144 15.575 15.3411 15.6144 10.9301

28 15.6144 15.6144 15.6144 15.6144 15.624 10.9301
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Figure 3 Serving: TM4(16QAM1/3) Interfering: TM4(16QAM ½)
4 Discussion
From the simulation results, we can observe that under the simulation assumptions:
· Compared to single cell MMSE, all the simulated receivers in the multi-cell scenarios suffer significant performance loss

· Without inter-cell interference suppression, MMSE and R-ML receivers which only suppress inter-stream interference achieve similar performance
· Compared to receivers performing interference suppression, e.g. MMSE-IRC, MMSE and R-ML perform over 1dB worse at 70% maximum throughput  

· R-ML with whitening filtering for suppressing inter-cell interference achieves the best performance among all the simulated receivers. The relative ranking is R-ML w/ WF>MMSE-IRC>R-ML w/o WF/MMSE
· For R-ML receiver with inter-cell interference suppression achieves 2dB better than the one without it at 70% maximum throughput 
Since in single cell SU-MIMO demodulation tests, the enhanced performance achieved by employing advanced receiver will be verified. So we think in multi-cell demodulation test, we only need to make sure that UE with advanced receiver for inter-stream interference suppression also performs proper inter-cell interference suppression. As shown in the observation, the performance difference between R-ML w/ WF and R-ML w/o WF is about 2dB which is large enough for differentiation purpose. So it seems to be reasonable and feasible to introduce an additional multi-cell demodulation test. 
Proposal 1:

Consider introduce additional multi-cell demodulation test to verify UE implementing advanced receiver for inter-stream interference suppression also performs proper inter-cell interference suppression 
5 Conclusion
In this contribution, we provide the simulation results of UE demodulation for SU-MIMO under multi-cell scenarios. Based on the simulation results, we propose:
Proposal 1:

Consider introduce additional multi-cell demodulation test to verify UE implementing advanced receiver for inter-stream interference suppression also performs proper inter-cell interference suppression 
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