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1
Introduction
In this document we propose a simulation model for UE Relative Phase Discontinuity for UL_MIMO in closed loop spatial multiplexing mode. 
2
Relative Phase Discontinuity

Relative phase discontinuity is the change in the phase difference between transmitters measured across any two sequential subframes. The phase for each of the individual transmitters is defined as the phase at which the subframe EVM is minimized. 
Various factors relating to Relative Phase Discontinuity have been described in [1]. Here we have refined the model using measurements of UE transmitters,
For this discussion we break the model into three components.
2.1 UE Architecture

In order make some meaningful estimates we need a UE architecture. In Figure 1 we show a diagram of the architecture. The transmitter architecture is essentially two transmit chains which are connected to a single frequency reference. We would like to emphasize that within the upconversion blocks there are separate phase-locked loops operating to generate the upconverter LO signals.
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Figure 1 Simplified Block Diagram of Transmitter

2.2
Phase discontinuity due to power level changes
We conducted measurements using multiple UTRA phones on 5 different bands (I, II, IV, V, VIII) and 3 channels per band. Phase discontinuity is measured with a 1 dB power step. Based on the phase discontinuity measurement results, we provide a simplified phase discontinuity model shown in Figure 2. It should be noted that the phase discontinuity due to PA gain switching is not included in the statistics.
In order to study UL-MIMO performance impact, it is proposed to vary the distribution of phase discontinuity as follows:
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Phase discontinuity presented in this contribution is valid only for a 1 dB power step. For a phase discontinuity with a larger step size, the distribution is different from that with a 1 dB step size. It is also observed that assuming a phase discontinuity in Figure 1 for each dB is not a valid assumption. Unfortunately it is almost impossible to derive a phase discontinuity model for every power step size. Therefore, it is suggested that the phase discontinuity requirements be derived based on the available model.
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Figure 2: Phase discontinuity model for a 1 dB power step
2.3
Phase discontinuity due to PA gain state switching

PA gain state switching can be assumed with the following properties:

· Up direction PA switching points = 2 dBm, 12 dBm

· Hysteresis = 3 dB

For the worst case, 30 degrees of phase discontinuity can be applied when power increases with a gain state switching, and -30 degrees of phase discontinuity can be applied when power decreases with a gain state switching. In practice, the polarity of phase discontinuity can be the other way, namely negative with power increase and positive with power decrease, but for a given PA vendor model in a given band, and a given transition (mid to high as an example), the transition polarity would stay consistent for the up direction, and the opposite in the down direction.
2.4
Phase discontinuity due to LO frequency difference
The phase-locked loops in the circuits have a random frequency component due to the delta-sigma modulator resolution even in the locked and stabilized state. For these circuits the phase difference between two separate circuits can have a time varying component of about 4 degrees per subframe.
2.5
Phase discontinuity for UL-MIMO
Considering two individual TX chains for a UL-MIMO capable UE, phase discontinuity in each TX chain can be assumed to be independent. Therefore, independent phase discontinuity can be modeled in each TX chain. The polarity of phase discontinuity due to PA gain state switching also could be independent. As a result, each chain could result in opposite direction of phase discontinuities due to the PA gain state switching for the worst case. However, it should be noted that PA gain state switching occurs on each TX chain at the same time.
In addition to these two factors the phase discontinuity due to frequency difference is a time dependent factor that needs to be added. In this case this would be +/-4 degrees per subframe.
3
Conclusions
This contribution has provided a phase discontinuity model for UL-MIMO based on measurements at the multiple UEs. Phase discontinuity is modeled as a factor from power changes, another factor from PA state switching and a 3rd factor from the frequency difference between modulators.
Proposal 1

It is proposed to study UL-MIMO performance assuming the phase discontinuity model in this contribution. 
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