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1. Introduction

In [1], RAN1 asked for RAN4 feedback on relative phase continuity for UL MIMO. 

From [1] “At the RAN1#63bis, Rel-10 UE capability related to DL MIMO and UL MIMO work items were discussed, and RAN1 identified features related DL and UL MIMO. One identified feature is relative phase continuity between multiple ports for UL MIMO transmission, which needs to be ensured for closed-loop precoding gain in UL MIMO transmission. RAN1 thinks that phase continuity should be mandatory feature of Rel-10 if UL MIMO is supported, pending on availability of RAN4 performance requirement in Rel-10 time frame, otherwise the UE capability may need to be defined for phase continuity.”
[2] points out the fact that neither the UE capabilities nor the relationship between phase continuity and system performance are known. 

In this contribution we describe some of the UE factors that contribute to Relative Phase Discontinuity, expanding on the description in [4].
2. Discussion

Various factors relating to Relative Phase Continuity are described below
Definition of Relative Phase Discontinuity
In [2] it was pointed out that the relative phase continuity i.e., the angle between the phases of the two antennas needs to be maintained in a continuous fashion.  
Also if RAN4 agrees on a definition of relative phase discontinuity the time duration over which this is measured has not been defined. For the purposes of this discussion we’ll consider subframe to subframe phase differences. 
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. 
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Figure 1 Simplified Block Diagram of Transmitter

Sources of RPD
Baseband and RF Driver

As power control commands are received the gain of these circuits changes. These gain changes result in a corresponding phase change. The rate of change is about 1.5 degree per dB. In a modem supporting this feature the two baseband circuits will be at different gain states. The gain difference could easily be 3 dB as the gain states are changed up and down by power control, so 4.5 degrees is a reasonable number to use for these circuits.
There is a second and separate factor. Because these circuits are designed to be as efficient as possible they operate near compression. Just below each of the PA switch points some AMPM conversion occurs. The phase near these points can be 5 degrees.

Upconverter   
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. Consider that there is probably 8 subframe delay from modelling the channel to determine the beam setting until that setting takes effect., the constantly increasing error due to the LO will consume some of the beamforming gains. The amount of degradation is unknown.
In normal operation for LTE the upconverter will be powered up and powered down to save battery life during unused subframes. The phase during this settling time may have some effect and the amount of phase here is unknown at this time.

 Power Amplifier
Power amplifiers are designed for the best possible power efficiency. The state of the art and most common designs use switchable gain states in order to maximize the power efficiency. In these designs gain states are switched in and out. One result of this efficient architecture is phase changes during transitions.
Designers of these PAs strive to minimize these phase changes. In some designs circuits are added to the PA in order to minimize this artifact. These circuits however require added die area and cost, and PA manufacturers are seeking to eliminate these circuits, accepting larger phase changes.

For RPD the task is to determine how much two identical PAs differ from each other when they are switched. We made measurements of 20 different units of one PA design to attempt to estimate this. Figures 2 and 3 show the measurements. For this small set of measurements and for this design the difference was as high as 20 degrees. 
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Figure 2 Phase Change for 20 PAs, Transition from High Power to Medium Power Mode, Frequency MHz vs Degrees
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Figure 3 Phase Change for 20 PAs, Transition from High Power to Low Power Mode, Frequency MHz vs Degrees
As the PA approaches compression in each of it’s gain states the power amplifiers start to exhibit amplitude dependent phase shifts (AMPM). The amount of AMPM is dependent on the specific power amplifier design. Some measurements are shown in Figure 4.
If the operating power levels are kept the same for both power amplifiers then 5 degree relative phase continuity is reasonable for a budget. 
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Figure 4 Band 2 LTE PA AMAM and AMPM

Post PA Antenna Tuning
There is considerable research going on in the area of band tuneable antennas and in load tuning for PA power amplifiers to improve efficiency and survivability under severe loads. At this time we don’t have an estimate of the phase changes across these networks. The intent here is to recognize that this could become a factor in the future.
WCDMA UE Measurements
We took 10 WCDMA UEs and measured the transmitter phase. To read the component that would contribute to RPD take the Figure 5 shows the results. To read the RPD portion for any power level look at the gap between the plots at that power ... in other words in the vertical direction. Note that for these 10 UEs this varies between about +12 degrees and -25 degrees.
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Figure 5 Phase Discontinuity Measured on 10 UEs
3. Conclusion 

Calculating RPD is a complicated endeavour. The factors that contribute are power varying and in some cases time varying. For every transition and time period different factors can come in to play. As the UE power level changes the RPD will change, and the RPD changes from subframe to subframe will be highly dependent on the power control sequence and the circuits themselves.
We have identified a number of these factors.
A RPD requirement with a statistical allotment of RPD is one way to specify this. In reality there will be some number of relatively large phase jumps, a lot of smaller ones and an error due to LO. These should be considered in the specification.
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