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Introduction
Relative phase discontinuity (RPD) for UL-MIMO has been studied and discussed for several meetings in [1-8]. Analysis has been carried out from both UE RF implementation and BS demodulation performance perspectives.

A way forward [9] was drafted in Zhuhai meeting but not approved due to lack of time. In this paper we provide further simulation results based on the measurement data in [7]. Hopefully the simulations presented in this paper, together with the discussions and analyses that have been done so far would facilitate further understandings on this issue.
Discussion
In contribution [7], UE vendor supplied measurement results on RPD. Meanwhile they are also with the opinion that it is difficult to have a qualitative analysis on the budget of relative phase discontinuity due to too many unknown factors on the hardware.
 That is to say the relative phase discontinuity should be studied based on statistical approach.
A measurement statistic provided by UE vendor [7] is copied here in Figure 1:
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Figure 1 Phase Discontinuity Measured by UE vendor in [7]
It was pointed out in [7] that from this set of measurement, RPD varies between about +12 degrees and -25 degrees. If we take a close observation on Figure 1, it can be speculated that the major RPD occurs around the points of PA power state change: there are three PA power states on these measured UEs. The transition points are around -3dBm and +10dBm.
The largest RPD at around -3dBm is about 25 degree and the largest RPD at around +10dBm is about 12 degree at most.
We simulate the performance impact on BS side assuming the two worst cases of 25 degree and 12 degree RPD with frequency of occurrences at 100Hz, 500Hz, and 1000Hz. Please be noted that the occurrence rate should be much lower in the real network. 

The RPD modelling in the simulation is in accordance with RPD definition agreed in RAN4. Simulation results can be found in Figure 2 and Figure 3:
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Figure 2 BS performance for RPD of 12 degree
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Figure 2 BS performance for RPD of 25 degree

From the simulation results at around 70% of maximum throughput, for RPD of 12 degree the performance loss for occurrences of 100Hz and 500Hz are marginal. Even for the occurrence of 1000Hz which means there is 12 degree RDP change for every sub-frame, there is 1.5dB performance loss.
For RPD of 25 degree, the performance loss for 100Hz is marginal. The performance loss for 500Hz is <2dB. . 
There is 3dB performance loss at extreme condition of 1000Hz, which means no UL MIMO gain achieved at this point.
However, the 25 degree RPD changes at 500Hz (which means 25 degree changes every the other sub-frame) or 1000Hz (which means 25 degree change for every sub-frame) are far from being reasonable in real life network. 
Conclusion
This contribution provides simulation results partially based on the measurement data from [7]: 
· The performance loss is related with the occurrence rate. 
· The performance loss at 100Hz with the worst case RPD values is marginal.
· There are performance gains even at 500Hz occurrence rate.

· No performance gain at 1000Hz for 25 degree RPD (or 25 degree change for every sub-frame) but it seems this will not happen in reality.
The RPD measurement and analysis so far are all for typical UE phase characterisation between independent transmitters. Requirements are needed if the additional apparatus for phase alignment between Tx branches are considered in the future.
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