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1 Introduction

During RAN4#71 meeting, the necessity of introducing additional new CQI/RI test case and modifying existing RI test requirements were briefly discussed without much agreement being reached [1][2][3][4][5][6]. To progress the CSI work in this SU-MIMO work item, in this contribution we firstly analyze the impacts of improved dual layer demodulation capability on existing CQI/RI tests. Secondly, we propose some new test setup to investigate the CQI new test feasibilities. At the end, our views on whether to introduce additional test cases for SU-MIMO CQI/RI requirements are provided.
2 CQI test
2.1 Measurement of angle
The angle between the two complex channel vectors can be used as an indication of inter-stream interference severity. The more interference imposed on one codeword, the larger the gain can be potentially achieved by employing advance receivers over legacy MMSE receiver. Hermitian angle, which is defined in the following equation, can be adopted here to quantify the angle:


[image: image1.wmf]÷

÷

÷

ø

ö

ç

ç

ç

è

æ

×

×

=

2

1

2

*

1

acos

h

h

h

h

J


 A reading of 90o means these two code words are orthogonal to each other and no performance gap can be expected between advanced receiver (R-ML/CWIC) and legacy MMSE. The smaller the angle, the larger the performance gap is. 
2.2 Summary of current CQI tests
In this section, we provide the summary of current CQI tests related to rank 2 transmissions. For each test case, the Hermitian angle between the two codeword is also calculated to investigate whether there is any possible impact resulted from the unmatched demodulation and feedback algorithms implemented in UE. Table 1 shows the summary for only current FDD CQI test cases as an example.  

Table 1 Summary of current rank 2 FDD CQI test cases
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The table shows that only three CQI test cases are related to two-layer transmission. In all of these three test cases, the combinations of channel model and applied PMI result in orthogonal effective channel vectors of these two codeword. Thus current CQI test cases are not able to differentiate whether UE implemented matched demodulation and CQI feedback algorithms or not. In the following section, we will change the channel models to have un-orthogonal effective channel vectors.
2.3 Modification on static channel models
To make the angle between the two effective channel vectors smaller than 90o, one can change the static channel models combined with proper pre-coding matrix to introduce inter-stream interference. There are two criteria in selecting the combinations: 
· Rank 2 effective channel vectors and their  Hermitian angle is sufficiently smaller than 90o
· The effective channel vectors have balanced MMSE SNR between the two layers
The first criteria is to make sure there is enough performance gap between advanced receiver and legacy MMSE thus maximizing the CQI reporting difference between matched and unmatched demodulation and feedback algorithms. The second criteria guarantee that these two layers have similar SINR levels thus avoiding introducing any CQI offset.  
As an example, the static channels for 2 and 4 transmit antennas can be modified as following:
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For both 2 and 4 transmit antenna cases, we sweep all the possible rank 2 pre-coding matrix and calculate the Hermitian angles and MMSE SNR imbalance of the resulting effective channels. The results are listed in Table 2 and 3. 
Table 2 Effective channel for 2 TX antennas
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Table 3 Effective channel for 4 TX antennas
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The tables clearly show that for 2 TX antenna test cases, no PMI meets the criteria. While for 4 TX antenna test cases, the last four pre-coding matrix (PMI=12, 13, 14 and 15) meet the criteria and can be used to investigate the impact of unmatched demodulation and CQI reporting algorithms for SU-MIMO.
2.4 Simulation results with the modified test setup 

Recall the minimum requirements to pass the CQI static test are [7]:

· The wideband CQI1 shall be within the set {median CQI1 -1, median CQI1 +1} for more than 90% of the time
· For both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 – 1 and median CQI1 – 1 shall be less than or equal to 0.1
· Furthermore, for both codewords #0 and #1, the PDSCH BLER using the transport format indicated by the respective median CQI0 + 1 and median CQI1 + 1 shall be greater than or equal to 0.1
We modify the two layer test 9.2.2.1, i.e. TM4 2x2 Clause B.1, to the new test setup: TM4 4x2 with the modified static channel matrix as shown in previous section and PMI 12. The effective channel in this case has 45o Hermitian angle and equal MMSE SNR for the two codeword. The simulation is run with other test parameters as defined in section 9.2.2.1. Table 4 show the simulation results. In the table, MMSE/R-ML+MMSE means MMSE algorithm is used to generate the CQI feedback and the demodulation is based on either MMSE or R-ML algorithms.  
Table 4 CQI simulation results for mismatched demodulation and feedback algorithms
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From the table we can see that even with un-orthogonal effective channel between the two codeword, the unmatched demodulation and CQI feedback algorithms still can still meet the requirements. The reason is the combination of not very tight passing requirements and insufficient performance differentiation between the matched and unmatched algorithms. So the current test framework is insufficient to differentiate matched and unmatched demodulation and CQI feedback algorithm combinations.    
2.5 OLLA compensation

It is common understanding that to achieve full performance gain promised by advanced receiver in inter-stream interference cancellation, more accurate feedback is beneficial. On the other hand, even with unmatched demodulation and CQI reporting algorithms implementation, in real network OLLA could compensate the performance loss caused to some degree. In general scenarios, OLLA compensation should be good enough to recover most of the performance loss. For some special scenarios, e.g. UE PDSCH scheduling is hopping within the system bandwidth and fading channel is quite dispersive, there could be larger performance gap between matched and OLLA compensated unmatched receiver algorithms. But we think that is not the typical scenario and should not happen frequently in practice. 

  2.6 CQI test necessity
To summarize the above discussion: 
· UE with unmatched demodulation and CQI feedback algorithms could pass current static CQI test frameworks for even un-orthogonal effective channels
· In practical network, the performance loss due to unmatched demodulation and CQI feedback algorithms could largely be compensated by means of OLLA
Since it is not easy to design test case to differentiate matched or unmatched receiver algorithm implementations under normal testing conditions and there is no significant performance loss in real network with OLLA compensation, it is reasonable not to introduce new CQI test case for SU-MIMO.
Proposal 1:

Consider not introducing new CQI test case for SU-MIMO
3 RI test
As discussed in RAN4 71 meeting, more effective suppression/cancellation of inter-stream interference brought by advanced receiver leads to lower SNR switching point from rank 1 to rank 2 transmission and higher throughput performance. In contributions [1] and [4], simulation results were provided for the switching point investigation and test case considerations. Figure 1 copy and paste these simulation results just for convenience. 
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Figure 1 Simulation results from R4-143653 and R4-143077
Some observations can be made from the RI switching point evaluation:
· With medium antenna correlation, earlier rank 1 to rank 2 switching brings noticeable throughput differentiation between matched and unmatched demodulation and feedback algorithms. But the switching point happens at high SNR range.
· With low antenna correlation, the switching point happens at lower SNR range, but the throughput differentiation between matched and unmatched receiver algorithms is small 
The above observations indicate there are concerns on the feasibility of finding practical and effective test case design. Having enough performance differentiation imposes too stringent test conditions. While relaxed test conditions lacks the performance differentiations. On the other hand, UE with advanced inter-stream interference mitigation receiver still has to pass the legacy RI test cases which guarantee certain minimum performance requirements. Thus it seems that we should not consider introducing new RI test case for SU-MIMO unless we could find a good comprise between the test setup and throughput performance.  
Proposal 2:

Consider not introducing new RI test case for SU-MIMO
4 Conclusion
In this contribution, we discuss the test case design feasibility and necessity of introducing new CQI and RI test cases for SU-MIMO. Based on the discussion and simulation results, we propose that 
Proposal 1:

Consider not introducing new CQI test case for SU-MIMO

Proposal 2:

Consider not introducing new RI test case for SU-MIMO
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