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1 Introduction

In RAN4#72 meeting, there is no consensus on the setup of TM9 single cell demodulation test. Regarding the multi-cell UE whitening verification, no final decision has been reached either. During the meeting, it was proposed to consider converting the single-cell TM9 demodulation test to one test option for multi-cell whitening verification [1]. In this contribution, we provide the simulation results of TM9 multi-cell whitening verification performance and proposals on TM9 test for SU-MIMO.
2 Whitening simulation results
In our companion paper [2], we provide the multi-cell whitening verification simulation results with TM3. For TM9 whitening test, we adopt similar test setups with the modification on the fading channel, i.e. replacing EVA 70Hz with ETU 5 Hz. Also colliding CRS is configured for serving and interfering cells. Table 1 summarizes the simulation setup for serving cell QPSK modulation scenario. 
Table 1 Simulation setup of TM9 for QPSK serving cell scenario
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Serving cell TM9 2x2 Medium ETU 5 QPSK  2/5 2 NA

Interfering cell TM1 1x2 Low ETU 5 16QAM 1/2 1 6.24


Simulations are performed for five receiver types, i.e. R-ML w/ whitening, R-ML w/o whitening, CWIC w/o whitening, MMSE w/ whitening and MMSE w/o whitening. Figure 1 plots their throughput respective performance. 
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Figure 1 Throughput performance of TM9 whitening with serving cell QPSK modulation

From the figure, we can observe that with serving cell QPSK modulation:
· Whitening has a big impact on the throughput performance, e.g. R-ML w/ whitening outperforms R-ML w/o whitening by more than 2 dB
· CWIC w/o whitening performs a little better than R-ML w/o whitening but still there is 2 dB performance degradation compare to R-ML w/ whitening. So UE implementing CWIC without noise and interference whitening will fail the test requirement defined by receiver w/ whitening
· Advanced inter-stream interference mitigating with R-ML or CWIC receiver also have large impact on the performance, e.g. R-ML w/o whitening achieves 1 dB SNR gain compared to MMSE w/ whitening

We could conclude from the above observations that the proposed TM9 test setup with serving cell QPSK modulation provides an effective way to verify UE proper implementations of both whitening and inter-stream interference mitigation. 
Observation 1:

The proposed multi-cell TM9 test setup as summarized in Table 1 could effectively differentiate advanced inter-stream interference mitigating receiver (R-ML or CWIC) with inter-cell interference whitening from other insufficient receiver implementations
In the following, we further investigate whether similar setup with serving cell 16QAM modulation could also serve the whitening verification purpose. The simulation setup is summarized in Table 2.
Table 2 Simulation setup of TM9 for 16QAM serving cell scenario
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Serving cell TM9 2x2 Medium ETU 5 16QAM  2/5 2 NA

Interfering cell TM1 1x2 Low ETU 5 16QAM 1/2 1 6.24


Figure 2 plots the throughput performance with various receiver implementations. 
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The results show that R-ML w/ whitening achieves close to 1.5dB performance gain over CWIC w/o whitening and 2dB over R-ML w/o whitening at 70% maximum throughput point but at very high SNR range, i.e. around 24dB. As pointed out in our TM3 companion paper, the target SNR of median geometry UE should be around [11.06 15.23] dB which is much low than the 70% maximum throughput testing point. 

Observation 2:

 TM9 test setup with 16QAM serving cell modulation could effectively differentiate advanced inter-stream interference mitigating receiver (R-ML or CWIC) with inter-cell interference whitening from other insufficient receiver implementations. But the SNR testing point is unrealistic for target median geometry UE

Based on the previous discussion on simulation results, TM9 test setup with 16QAM modulation for serving cell is a more favourable setup. 

Proposal 1:
 In case TM9 is selected for multi-cell whitening verification, consider to adopt the test setup, i.e. 2x2 medium, ETU5, TM9 and QPSK for serving cell and 1x2 low, ETU5, TM1 and 16QAM,  for SU-MIMO UE whitening implementation verification at the 70% maximum throughput point 
3 TM9 test in single-cell demodulation test
In the discussion of SU-MIMO TM9 single-cell demodulation test setup, there is no consensus on whether a blanking interference cell with colliding CRS should be included in the setup. The original purpose of introducing the blanking interference cell in Rel.11 is to verify UE performing correct SNR estimation based on DMRS instead of CRS in TM9 [3]. Our view is that since UE with SU-MIMO advanced receiver still needs to pass the legacy TM9 test in which the proper SNR estimation is verified, there is no need to repeat the verification again in SU-MIMO single-cell demodulation test with unnecessary testing complexity. 

Proposal 2:
 In case TM9 is selected for single-cell demodulation test, consider not to include the blanking interference cell with colliding CRS in the test setup  
4 Conclusion
In this contribution, we investigate the feasibility of multi-cell whitening verification with TM9. The test setup of TM9 in single-cell demodulation test is also briefly discussed. Our observations and proposals are summarized in the following:  
Observation 1:

The proposed multi-cell TM9 test setup as summarized in Table 1 could effectively differentiate advanced inter-stream interference mitigating receiver (R-ML or CWIC) with inter-cell interference whitening from other insufficient receiver implementations

Observation 2:

 TM9 test setup with 16QAM serving cell modulation could effectively differentiate advanced inter-stream interference mitigating receiver (R-ML or CWIC) with inter-cell interference whitening from other insufficient receiver implementations. But the SNR testing point is unrealistic for target median geometry UE

Proposal 1:
 In case TM9 is selected for multi-cell whitening verification, consider to adopt the test setup, i.e. 2x2 medium, ETU5, TM9 and QPSK for serving cell and 1x2 low, ETU5, TM1 and 16QAM,  for SU-MIMO UE whitening implementation verification at the 70% maximum throughput point

Proposal 2:
 In case TM9 is selected for single-cell demodulation test, consider not to include the blanking interference cell with colliding CRS in the test setup 
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