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1 Introduction

In RAN4#72 meeting, we propose an effective test setup to verify UE proper whitening filtering implementation with TM3 [1]. The proposed setup pointed to a promising direction for designing SU-MIMO inter-cell interference whitening verification test case. While some concerns were raised from other companies on the setup before final decision could be made on the adoption of this test setup proposal. In this contribution, we provide more simulation results trying to ease the concerns and to help making the conclusive decision on the test setup.
2 Summary of test setup and results from last meeting
In our contribution from RAN4 meeting #72 [1], we proposed the test setup of reusing the interference levels obtained from NAICS study item [3], i.e. I1/ Noc=6.24dB as the interference level. TM1 with 1x2 low-antenna correlation was also proposed for the interfering cell.  For the serving cell, it is to keep the 2x2-medium antenna configuration. The proposed test setup is copied and pasted below in Table 1.
Table 1 Simulation assumptions for whitening verification (R4-144301)
[image: image1.emf]Test setup

Transmission 

mode

Antenna 

configuration

Fading 

channel

Modulation

Transmission 

rank

Interferce level (dB)

Serving cell TM3 2x2 Medium EVA 70 QPSK  2/5 2 NA

Interfering cell TM1 1x2 Low EVA 70 16QAM 1/2 1 6.24


The simulation results is also copied and pasted in the following Figure 1 for reference. 
[image: image2.emf]0

1

2

3

4

5

6

7

8

9

10

6 8 10 12 14 16 18 20 22

Throughput (Mbps)

SNR (dB)

MMSE-IRC

QRM w/ WF

MMSE

QRM w/o WF

70% Tput


Figure 1 Throughput performance of SU-MIMO whitening verification simulation (R4-144301)
We can see from the simulation results that the proposed test setup could fully fulfill the test purpose of verifying UE proper whitening operation in term of passing only the UEs with R-ML and whitening implementation by large SNR margin.  While other companies express some concerns before the final adoption of the proposed test setup. Mainly there are two concerns as the following:
1. The simulation results lack the results of CWIC. There is possibility that CWIC without whitening filtering implementation could achieve good enough throughput performance and hence pass the test 
2. QPSK modulation is proposed in the test setup, it is more favorable if 16QAM modulation could be used 
In the rest of the contribution, we try to provide more simulation evaluation results and proposals to address these two concerns and help making the conclusive decisions.
3 CWIC without whitening performance
For the same test setup as in section 2, we run the simulation with CWIC reference receiver without whitening to compare its performance relative to other receiver implementations. Figure 2 shows the total performance curves of various receiver implementations. 
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Figure 2 Relative throughput performances of CWIC without whitening
We can observe from the simulation results that CWIC w/o whitening perform a little better than QRM w/o whitening. QRM with whitening still outperforms CWIC w/o whitening with very large margin, i.e. more than 2 dB at 70% maximum throughput point. So we can conclude that CWIC w/o whitening is unable to pass the proposed test setup. Only the UE with proper advanced receiver (R-ML or CWIC) and inter-cell interference whitening implementations could pass the proposed test. Thus concern 1 could be removed and the proposed TM3 QPSK setup could be considered as one effective option.
Observation 1:

The proposed 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
4 Test setup with 16QAM
Regarding the second concern on the test setup with 16QAM, we replace the serving cell QPSK modulation with 16QAM and run simulation to evaluate its testing feasibility. Table 2 summarizes the test setup with serving cell 16QAM modulation. 
Table 2 Simulation assumptions for serving cell 16QAM modulation
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The performances of various receiver implementations are plotted in Figure 3.
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Figure 3 Throughput performances with serving cell 16QAM modulation
We can observe from the simulation results that,
· With a large SNR margin, e.g. around 1.5 dB at 70% maximum throughput, QRM w/ whitening outperforms all the other insufficient receiver implementations, i.e. QRM w/o whitening, MMSE w/o whitening, MMSE w/ whitening and CWIC w/o whitening. 
· QRM w/o whitening and CWIC w/o whitening achieve similar performance. There is 1.5dB performance gap between w/ and w/o whitening

· MMSE w/ and w/o whitening achieve similar performance. There is over 1 dB performance gap between MMSE and advance inter-stream interference mitigating receivers (R-ML or CWIC)
· The 70% maximum throughput point is achieved at around 20dB SNR region. With the implantation margin added on top of the simulation SNR, the final SNR point to define the test case  may have some concerns on the test setup feasibility

The observations indicate that from performance point of view, the test setup with 16QAM serving cell modulation could also provide an effective way in verifying UE whitening implementation.
Observation 2:

Test setup with 16QAM serving cell modulation could also effectively differentiate advanced inter-stream interference mitigating receiver (R-ML or CWIC) with inter-cell interference whitening from other insufficient receiver implementations

Observation 3:

The SNR at 70% maximum throughput point with the test setup could be over 20 dB
Recall that high geometry is the typical scenario in SU-MIMO. The whitening verification is targeting UE of median geometry which we propose to reuse the finding from NAICS study item, i.e. 40%-60% geometries with SINR in the range of [3.89 8.06] dB and @50%-tile interference level: I1/Noc=6.24dB which translate to SNR in the range of [11.06 15.23] dB. The SNR testing point around 20dB of 16QAM is not inside this range. Considering that TM3 with QPSK has larger performance gap between w/ and w/o whitening, we propose to adopt QPSK as the serving cell modulation in the whitening verification test setup.
Proposal 1:
 Consider to adopt the test setup, i.e. 2x2 medium, EVA70, TM3 and QPSK for serving cell and 1x2 low, EVA70, TM1 and 16QAM,  for SU-MIMO UE whitening implementation verification at the 70% maximum throughput point
5 Conclusion
In this contribution, to address the two concerns raised in the last meeting regarding our test setup proposal on UE inter-cell interference whitening verification, we firstly we provide further simulation results of CWIC w/o whitening filtering for QPSK serving cell modulation scenario. Then we also provide the evaluation the test feasibility for 16QAM serving cell modulation scenario. Based on the evaluation results and discussions, we summarize our observations and proposal regarding adopting UE whitening verification test setup with TM3 as in the following:
Observation 1:

The proposed 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:

Test setup with 16QAM serving cell modulation could also effectively differentiate advanced inter-stream interference mitigating receiver (R-ML or CWIC) with inter-cell interference whitening from other insufficient receiver implementations

Observation 3:

The SNR at 70% maximum throughput point with the test setup could be over 20 dB

Proposal 1:
Consider to adopt the test setup, i.e. 2x2 medium, EVA70, TM3 and QPSK for serving cell and 1x2 low, EVA70, TM1 and 16QAM,  for SU-MIMO UE whitening implementation verification at the 70% maximum throughput point
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