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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The TRP TRS test enhancement for 2Tx UEs was discussed in RAN4 #104-bis-e meeting. When the power radiated from two transmit antennas on UE, the power combined over the air would be affected if the phase difference between two transmit antennas variates with time. Therefore, it was agreed to study the impact of phase variation between two antennas when measuring the TRP [1].
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This contribution presents our observations and findings on the TRP impact with phase difference variation for 2Tx transmission.
2 Discussion
There is not much doubt that the combined power in a certain point in space, i.e. EIRP, from two transmit antennas will be affected by the phase difference between the two transmit antennas. And if the phase difference variates, the combined power will shift higher or lower accordingly. However, the phase difference impact on TRP, which is weighted summation of EIRPs around the spherical surface, do not reach consensus so far.
To find out the TRP impact of the variation of phase difference between two antennas, a set of simulations is performed. The simulations are based on two antenna patterns which are measured from the primary antenna and the secondary antenna of a commercial smart phone. Then, the spatial corresponding EIRPs of the two antenna patterns are combined with different phase differences. Finally, the TRP of 2Tx transmission simultaneously is derived from the spatial combined EIRPs. 
Firstly, the TRP shift with different phase variation range is studied. When the phase difference between the two antennas variates uniformly distributed within 60 degree, the TRP value has less than 0.5 dB shift. When the phase difference variates within 90 degree, the TRP value shifts around 0.9 dB. And when the phase difference variation range increases to within 180 degree, the TRP value has about 2 dB shift. The chart is illustrated below. It is noted that the simulation results are not well aligned with the Observation 2 in the contribution of R4-2215324 that phase shifts between 0 and 90 degrees produce 0.5dB variation in TRP values. The main reason is probably that different antenna patterns and different antenna imbalance between the primary and secondary antennas are used for TRP value simulation. 
From the simulation results, the phase difference variation range has evident impact on the TRP value. So, it is proposed to further study the possible phase difference variation range in RAN4.
Observation 1: The phase difference variation range has evident impact on the TRP value.
Proposal 1: It is proposed to further study the possible phase difference variation range in RAN4.
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Secondly, the standard deviation of the TRP shift is further studied. The uniformly distributed random phase difference is generated twenty times to derive the standard deviation of the TRP shift. The simulation results show that the standard deviation increases with phase difference variation range expanded. More standard deviation will naturally bring more measurement uncertainty. Thus, the corresponding MU contribution should be considered.
Observation 2: More standard deviation will naturally bring more measurement uncertainty.
Proposal 2: The MU contribution of 2Tx with different phase variation range should be considered.
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Lastly, considering the measurement grid is reconsidered as an approach of test time reduction in the last RAN4 meeting, the simulations is performed under constant step size of 15-degree, 30-degree and 60-degree respectively. From the simulation results, the deviation of TRP shift severely increases under 60-degree constant step size.
Observation 3: Large constant step size is not fit for 2Tx TRP measurement.
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3 Conclusions
This paper discussed about the TRP impact with phase difference variation for 2Tx transmission. And got the following conclusions.
Observation 1: The phase difference variation range has evident impact on the TRP value.
Proposal 1: It is proposed to further study the possible phase difference variation range in RAN4.
Observation 2: More standard deviation will naturally bring more measurement uncertainty.
Proposal 2: The MU contribution of 2Tx with different phase variation range should be considered.
Observation 3: Large constant step size is not fit for 2Tx TRP measurement.
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: Phase impact when measure 2Tx TRP (general for TxD and TPMI-based TRP)«

Agreements: -

Study the impact of phase variation between two antennas when measuring the TRP. »
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