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1  Introduction
The PMI test for TDD transmission mode 9 has been discussed in RAN4 #60 [1]. It has been agreed that high correlation channel model will be used for the single PMI test. A new phase rotation on top of current 8Tx cross-polarized channel model will also be introduced to randomize the main channel direction in angular domain [2]. 

In this contribution, we discuss the remaining issues related to PMI tests for eDL-MIMO TDD. 

2 Single PMI test
2.1 Antenna calibration for high correlation antenna
Antenna calibration on test equipments has also been extensively discussed for CQI test case. It was pointed out by several test equipment vendors that LTE BS emulators do not calibrate phases across different transmit antenna ports. It was later confirmed that special calibration can be done for static CQI tests to remove the  performance impact due to phase uncertainty. For fading CQI tests, it is still not confirmed whether calibration can be done. For PMI test with 2Tx antennas or 4Tx antennas, low correlation channel is used so there is no issue related to the un-calibrated phases per antenna. However, for high correlation antennas used in TDD 8Tx antenna testing, random phases across Tx antenna ports would alter the channel statistics, which could result in unpredictable performance.

To analyze the calibration effect, we can model the received signal of the PMI tests as the following.
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where H is the channel defined in [3]; W is the precoder; x is the data vector; n is the noise vector; 
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 is the introduced phase rotation in the channel model to randomize the channel main look direction [2], and  
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 is a 8x8 diagonal matrix modelling the phases at the transmitters;
The equivalent channel is 
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. Due to the random phase rotation matrix
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, the high correlation property of the equivalent channel does not hold anymore.  
To see how exactly BS Tx port uncertainty impacts the PMI selection throughput, simulation is done based using feedback mode 1-1. We use reference measurement channel defined in the first column of Table A.4 [1]. For simplicity, we simulate EPA-5Hz channel model with fixed 
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. The random phase matrix
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is introduced to each of the BS Tx ports independently at the beginning of the simulation run, and is kept the same through the simulation run. We run a total of 50 independent simulation run, each simulation run simulate 400 subframes. Fig. 1 shows the average throughput for calibrated and un-calibrated channel. The blue curves are the calibrated results. There is a big gap between follow PMI (both W1 and W2) and random PMI due to the high correlation. The red curves are the un-calibrated results. Like the low correlation antenna, the W1 gain is lost and the gap between follow PMI and random PMI shrinks significantly.  
Fig. 2 plot the throughput spread of the 50 individual simulation runs. Due to different random phase introduced at the beginning of the test, the throughput suffers large variance. So the relative throughput gains over random PMI (red curve in Fig. 2) vary dramatically. Such a big variance makes the test results unrepeatable. 
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Fig. 1 Single PMI throughput low correlation 
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Fig. 2. Single PMI throughput high correlation 
Proposal 1: PMI test in high correlation channel requires calibrated antenna phase 

2.2 MCS selection 
The measurement channel is specified as Table A.4 [1]. The MCS is chosen as QPSK with 1/3 coding rate, the same as rel-8/9 PMI test. However, much higher beamforming gain is observed in eDL-MIMO TDD case due to high correlation channel and larger number of Tx antennas, the follow PMI throughput curve saturates at around -6dB, as shown in Fig. 1. In this case, the testing SNR points are very low, creating problem for PDCCH reception, etc. We propose to user higher MCS, such as 64QAM with ½ coding rate, as shown in Fig. 3, to achieve more reasonable SNR range.
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Fig. 3. Throughput curve with 64QAM transmission (CQI index 10)
 Proposal 2: User higher MCS such as 64QAM 1/2 for the TDD single PMI test 

2.3 SNRrnd selection 

The minimum performance requirements of PMI reporting are defined based on the precoding gain relative to random precoding in terms of throughput. In release 8/9 test case, the comparison is done at an SNR point, denoted by SNRrnd, where the random precoding throughput is 60% of the maximum throughput. However, in the TDD test case where high correlation channel is used, the beamforming gain is much higher. The throughput of adaptive W1 and W2 has saturated at an SNR many dBs less than SNRrnd. Therefore the test cannot fully verify the UE PMI selection capability using Rel 8/9 SNRrnd. It seems that we need to significantly lower the SNRrnd in high correlation case. In Fig. 1 for example, use 10-20% maximum throughput point seems more appropriate to capture the interesting range. 

Proposal 3: Consider using a lower percentage of maximum throughput , such as 10% or 20%, to define SNRrnd 
3 Multiple PMI test

Since feedback mode 1-2 only defines W2 as multiple PMI, we think it is natural to test W2 only for multiple PMI test. To separate the effect of W1, it is desirable to fix W1 selection. Since the look direction in high correlation antenna is fixed, it is easy to set i1 = 1 and test W2 performance only. Fig. 3 shows the throughput of multiple PMI performance in EVA-5Hz high spatial correlation channel, for feedback mode 1-2. The reference measurement channel is listed in the middle column of Table A.4 [4], with 16QAM and ½ coding rate. When W1 is fixed at the main look direction, adapting W2 shows good gain over random W2 selection. Based on this observation, we propose that
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Fig. 3 Multiple PMI throughput in high correlation channel
Proposal 4: Use high correlation antenna and feedback mode 1-2 for the multiple PMI TDD test. The requirements are specified in terms of the ratio 
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where 
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 is the throughput obtained using fixed i1=1 and random W2 precoding, and 
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 is the throughput measured with fixed i1=1 and W2 precoders configured according to the UE PMI reports. 

4 Conclusion

In this contribution, we discuss remaining issues of PMI test. We have the following proposals:
Proposal 1: PMI test in high correlation channel requires calibrated antenna phase. 

Proposal 2: User higher MCS for measurement channel definition 

Proposal 3: Consider using a lower percentage of maximum throughput , such as 10% or 20%, to define SNRrnd 

Proposal 4: Use high correlation antenna and feedback mode 1-2 for the multiple PMI TDD test. The requirements are specified in terms of the ratio 
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 is the throughput measured with fixed i1=1 and W2 precoders configured according to the UE PMI reports. 
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