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1  Introduction
The PMI test for TDD transmission mode 9 has been discussed in RAN4 #59AH [1]. Three areas are identified that need further discussion: (1) Identify test scenarios in terms of channel model and & spatial correlation (2) Decide whether separate or join testing of W1 and W2 components (3) Decide test metric. 

The effect of channel spatial correlation on W1 and W2 has been discussed in [2]. It is concluded that high correlation channel is desirable for the test. In order to verify W1 performance, we need to introduce a new phase rotation on top of current 8Tx crosspol channel model. The new phase rotation will change the look direction of the array and therefore can effectively test W1 performance. [3] proposed to use low correlation channel for single PMI test, and high correlation channel for multiple PMI test.     

In this contribution, we share our view on PMI test.  
2  Single PMI test
It is agreed in [1] that EPA-5Hz will be used for single PMI test for FDD. In the rest of discussion, we also use the same EPA-5Hz channel and focus on the selection of the spatial correlation and the test metric. It has been pointed in [2] that “exhaustive searching should not be mandated by the test”. The PMI test cases should allow receiver to explore the 8Tx codebook structure to simplify the codebook search.  
Fig. 1 shows the throughput of single PMI performance in low spatial correlation channel, for feedback mode 1-1 with submode 1. The reference measurement channel is listed in Table A.4 [4]. The ri-ConfigurationInd is set to 1, which adapts RI and W1 every 5ms. The “full search” result corresponds to the exhaustive searching of the combined W1 and W2 codebook. “Separate i1 and i2 search” algorithm searches W1 first, then W2 in order to reduce the search complexity. “Random i1 and adapt i2” skip the first step of W1 search, and do an exhaustive search of W2 with random W1. It can be seen that the joint search of W1 and W2 provides significant throughput gain at SNRrnd point, where random W1 gives similar performance as separate W1 and W2 search. The gain over fully random PMI is mainly coming from W2. 
Fig.2 shows the throughput of single PMI performance in high spatial correlation channel. Same configurations are simulated as the low correlation case. 

We have a few observations based on Fig. 1 and Fig. 2. 

· W1 and W2 jointly contribute to the beamforming gain in single PMI feedback in low spatial correlation channel. 
· Separate W1 search in low correlation channel does not provide W1 precoding gain. Exhaustive search is required in order to get W1 gain in low correlation channel. 
· Separate W1 and W2 search gives similar performance as exhaustive W1 and W2 search in high correlation channel. 

· W2 gain in high correlation is much smaller compared to low correlation channel.

· W1 gain dominates the throughput gain in high correlation channel.  The throughput ratio over random W1 is very large, and convergence speed is much faster compared to random W1 case. In Rel 8/9 PMI test, the SNRrnd is calculated as the 60% maximum throughput point using random precoding. However 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. 2 for example, use 10-20% maximum throughput point seems more appropriate to capture the interesting range. 

· Due to the much higher beamforming gain compared to Rel 8/9 beamforming test, the SNRrnd is too low. We suggest using either rank-2 PMI, or higher MCS selection for higher SNRrnd.
· High correlation channel requires test equipment vendor calibrate the transmit phase error.

Base on this observation, we have the following proposals:

Proposal 1: Use feedback mode 1-1 for single PMI W1 and W2 test. 
Proposal 2: Use high correlation channel with phase rotation as proposed in [2] for single PMI test.
Proposal 3: Use random W1 and W2 throughput in the denominator of the throughput ratio for the single PMI test
Proposal 4: Consider using higher rank or higher MCS for more proper SNR testing point

Proposal 5: Consider using a lower percentage of maximum random PMI throughput, such as 10% or 20%, to define SNRrnd 
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Fig. 1 Single PMI throughput low correlation 
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Fig. 2. Single PMI throughput high correlation 
3 Multiple PMI test

Since feedback mode 1-2 only define 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 Table A.4 [4]. Fixed i1=1 achieves the same performance as adapt W1. 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 6: Use feedback mode 1-2 for multiple PMI W2 test. 
Proposal 7: Use high correlation channel with i1=1 for W2 test. 
Proposal 8: Use i1=1 and random W2 throughput in the denominator of the throughput ratio for the multiple PMI test
4 Conclusion

For single and multiple PMI test, we have the following proposal:
Proposal 1: Use feedback mode 1-1 for single PMI W1 and W2 test. 
Proposal 2: Use high correlation channel with phase rotation as proposed in [2] for W1 test.

Proposal 3: Use random W1 and W2 throughput in the denominator of the throughput ratio for the single PMI test
Proposal 4: Consider using higher rank or higher MCS for more proper SNR testing point

Proposal 5: Consider using lower throughput ratio, such as 10% or 20%, to define SNRrnd 
Proposal 6: Use feedback mode 1-2 for multiple PMI W2 test. 

Proposal 7: Use high correlation channel with i1=1 for W2 test. 
Proposal 8: Use i1=1 and random W2 throughput in the denominator of the throughput ratio for the multiple PMI test
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