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Introduction
[bookmark: _Hlk126747574]The idea of phase retrieval [1] to estimate the phase drift in the case of two antenna transmission was proposed in RAN4 #109. This contribution provides simulation results and further assesses its practicality.
Discussion on phase drift in UL MIMO
Let EA and EB represent received signal amplitude at a given point from antenna A and B, respectively. The EIRP or power measurement at any given point on the measurement grid can be written as below.
EIRP = |EA+EB*e-j(t)|2 = (EA+EB*e-j(t)) * ( EA+EB*ej(t))
= EA*EA + EA*EB*e-j(t) + EA* EB*ej(t) + EB*EB
= EA2+EB2+2*EA*EB*cos((t))                          (1)
with(t) =  or any other series of time representing the phase difference between EB and EA, i.e. the phase of EA is assumed to be zero without loss of any generality.
Typically, EIRP variation is only due to phase drift between the two transmit antennas. Namely, EA and EB can remain unchanged during TRP measurement. The following cases are considered.
Case 1: phase drift is a linear function of time, i.e. (t) = k*t, where k is a constant.
Case 2: phase drift is a nonlinear function of time, e.g. (t) = tn, where n = 0.2, 0.5, 2, 3 and 5 
In both case 1 and 2, assuming the measurement period is long enough for cos((t)) to go through one or more cycles, EIRP =  EA2+EB2+2*EA*EB*cos((t)) reaches maximum and minimum when cos((t)) = 1 and -1, respectively.
EIRPmax = EA2 + EB2 + 2*EA*EB = (EA + EB)2                  (3)
EIRPmin = EA2 + EB2 - 2*EA*EB = (EA - EB)2                    (4)
Combining equation (3) and (4), EA and EB can be solved as 
EA = 0.5 * ( + )                       (5)
EB = 0.5 * ( - )                        (6)
[bookmark: _GoBack]If the phase drift is a linear function of time, the unknown a in cos(k*t) can be solved by using the fact that the time lapse between minimum and maximum in cosine is 180 degrees or π radians. If tmax and tmin corresponds to the time instances when maximum and minimum in EIRP occur, the unknown k can be solved using equation (7)
π = k*(tmax – tmin)                                       (7)
Observation 1: if the phase drift between the two transmit antennas is linear, the phase drift can be characterised analytically.
In case 2, or if the phase drift is a nonlinear function of time in general as in chirp frequency techniques used in radars, numerical solution is the only approach. The simulation results below are for two dipoles mounted at the top and bottom edge of a device 15 cm in length. Obviously, the scenarios are not real, but the aim is to illustrate the numerical approach.
In the simulations, according to equation (1), EIRP at an arbitrary point in space is expressed as EA2+EB2+2*EA*EB*cos((t)) with(t) =  and L = 4. A total of 7 variables or unknowns, viz. EA, EB and Ci where i = 0, 1, … 4, are used to minimize the difference between assumed EIRP and calculated EIRP over a 300 second period with each antenna transiting 100mW. If the phase drift produces one or more cycles within TRP measurement period, EA and EB can be solved using equation (5) and (6). This would reduce the number of unknowns to solve.
It is worth noting that the minimization of difference between assumed EIRP and calculated EIRP is carried out by numerical minimization procedures and may or may not lead to a global minimum. In other words, the retrieved phase pattern may not be unique. However, the associated impact on EIRP would be very similar.
As shown through Figures 1 to 5, the retrieved EIRP and phase drift over time correspond to the assumed ones reasonably well. Although the assumed phase drift patterns are artificial, but they serve illustration purpose. With real phase drift or other distributions, the length of the phase expansion series may need to be increased to cope with more complex phase drift patterns.
Once the phase drift pattern is retrieved, it can be assumed that all the points on the measurement grid have the same pattern. Assume t = 0 is the start of TRP measurement and the impact of phase drift on TRP can be removed if EIRP measurement at all grid points can be calibrated back to t = 0. EIRP value at a given grid point measured at time t = tk can be traced or “corrected” back to t = 0 using the relative difference from retrieved EIRP pattern between t = 0 and t = tk even though the absolute EIRP values at other measurement grid points are not the same.
[image: ][image: ]
Figure 1 the power index n = 0.2 in (t) = tn,                     Figure 2 the power index n = 0.5 in (t) = tn
[image: ][image: ]
Figure 3 the power index n = 2 in (t) = tn,                         Figure 4 the power index n = 3 in (t) = tn
[image: ]
Figure 5 the power index n = 5 in (t) = tn
Observation 1: if the phase drift between the two transmit antennas is linear, the phase drift can be characterised analytically.
Observation 2: simulations show that EIRP due to phase drift and phase drift pattern can be retrieved from EIRP measurement at a single point over the TRP measurement duration. 
Observation 3: If observation 1 and 2 hold, EIRP measurement at all grid point can be calibrated back to a single time instance, e.g. t = 0. This removes the impact of phase drift. 
Observation 4: the function of retrieved phase drift over time may not be unique as it is achieved minimization. However, the associated impact on TRP is very similar.
Observation 5: If observation 1, 2 and 3 hold, TRP measurement needs to be done twice, together with post measurement data processing.
Proposal 1: Encourage companies to comment on the practicality and reliability of this approach.
Proposal 2: if phase retrieval is not deemed usable, consider using EIRP measurement at a single or a few grid points to assess MU due to phase drift.
Conclusions
This contribution makes the following proposals and observation.
Observation 1: if the phase drift between the two transmit antennas is linear, the phase drift can be characterised analytically.
Observation 2: simulations show that EIRP due to phase drift and phase drift pattern can be retrieved from EIRP measurement at a single point over the TRP measurement duration. 
Observation 3: If observation 1 and 2 hold, EIRP measurement at all grid point can be calibrated back to a single time instance, e.g. t = 0. This removes the impact of phase drift. 
Observation 4: the function of retrieved phase drift over time may not be unique as it is achieved minimization. However, the associated impact on TRP is very similar.
Observation 5: If observation 1, 2 and 3 hold, TRP measurement needs to be done twice, together with post measurement data processing.
Proposal 1: Encourage companies to comment on the practicality and reliability of this approach.
Proposal 2: if phase retrieval is not deemed usable, consider using EIRP measurement at a single or a few grid points to assess MU due to phase drift.
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