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1  Introduction

The agreed way forward on Tx antenna phase errors is summarized in [1]:

· Phase error should be static throughout simulation

· Phase error is introduced on a per antenna basis

· Single PMI TDD test will be used as the evaluation scenario

· Phase errors from 0 to 20 degrees should be evaluated

· Interested companies can use method 1 to see the impact of phase errors and make proposals on the tolerable phase errors

· Worst case is not easy to be identified for the single PMI test. Companies are encouraged to study the wrost case scenario and propose new method in the next meeting. One possibility is to use +/- max theta for phase errors instead of uniform distribution. 
In this contribution, we study the Tx antenna phase error issue with worst case modeling and uniform modeling. 
2 Tx antenna phase error modelling

The received signal in PMI tests can be written as 
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where H is the high correlation channel ; 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, and  
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 is a 8x8 diagonal matrix modelling the phases at the transmitters;
There are two methods of modeling 
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 matrix: uniform distribution modeling, and worst case modeling. The uniform modeling is for single PMI test is discussed in [2]. It has been observed that the throughput loss for worst case error is much higher than the averaged throughput loss due to the uniform distribution error modeling. There are two issues related to uniform phase error modeling: (1) it is hard to identify the worst case error due to limited random phase realization. (2) For each phase error realization, it also requires large number of Monte Carlo runs to get smooth curve.  Therefore, worst case error modeling is more preferable to define the phase error requirement. In order to find out the worst phase error matrix, we fix the main look direction as
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, then we can easily define the worst case error phase matrix as
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Fig.1 shows the throughput curve of different calibration errors from 1% (3.6 degree) to 6% (21.6 degree). Fig 2 shows the relative throughput loss comparing with perfect calibration. At the interested SNR point (around -1dB) where follow PMI achieve 70% of maximum throughput, 3% calibration error results in around 4% throughput loss, while 6% calibration error results in around 10% throughput loss. On the other hand, the impact of random phase on random precoding performance is minimum, because we fixed the random phase error across the simulation, which is equivalent to rotate the random precoding codebook from
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.  Therefore, the loss of follow PMI throughput directly affects the UE performance in single PMI and multiple PMI test. Since the throughput requirement is defined assuming perfect calibration, we propose to limit the worst case throughput loss within 5%.     
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Fig. 1.  Throughput with different calibration errors
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Fig. 2.  Relative throughput with different calibration errors

Proposal: Maximum tx antenna phase error is 10 degree.   
3 Conclusion

In this contribution, we submit simulation results with worst case error modeling for single PMI test. We propose 
Proposal: Maximum tx antenna phase error is 10 degree.   
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