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1. Introduction
In the last RAN4#109 meeting, the discussion on TRP test method for UE supporting UL-MIMO continued without consensus. Meanwhile, the simulation about phase variation was further discussed and a set of simulation assumptions was agreed based on the general definition of coherent UE. Further study and simulations should be updated based on the updated assumptions, shown as below [1].
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This contribution provides our simulations to demonstrate the impacts of power and phase variations for fully coherent UE supporting UL-MIMO.

2. Discussion
The UE which supports UL-MIMO with TPMI index of 2~5 shall satisfy the requirement for coherent UE. The maximum allowable difference of relative phase and power errors of coherent UE are specified in 3GPP TS 38.101-1 [2] as below.
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To find out the TRP impact of the variation of phase and power variations between two antennas, a set of simulations is performed based on the updated assumptions of amplitude and phase. It should be noted that the antenna patterns used in the simulations are actually measured from the primary antenna and the secondary antenna of a commercial mobile phone. The EIRPs of every test point on measurement grid are combined the two antenna patterns with corresponding phase and power variations. Then, the TRP of 2Tx transmission simultaneously is derived from the spatial combined EIRPs. Besides, the simulations are performed with three kinds of measurement step size to compare the measurement grid impact when random variation on phase and/or power is involved.

Firstly, the power variation impacts are simulated. When the difference of the powers transmitted from the primary antenna and the secondary antenna variates between [0. 4]dB with a uniform distribution, the TRP with 15-degree step size measurement grid does not shift too much. From the simulation results, the maximum TRP minus the minimum TRP equals to 0.06dB. With the measurement grid getting loose, the difference and the STD of TRP both increases. The simulation results are illustrated below.

Observation 1: TRP deviation is quite limited when transmitting power variates within the range of [0, 4] dB, with constant measurement grid of 15-degree step size.
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Secondly, the phase variation impacts are simulated separately, when the difference of the phases between the primary antenna and the secondary antenna variates within the range of [0, 40] degree and [0, 360] degree with a uniform distribution. 40 degree is that the phase difference between two antenna ports of a coherent UE can variate within 20 msec. However, an EIRP measurement is hard to be performed within 20 msec. a typical measurement time including dwell period is 200 msec. Therefore, the phase variation range of [0, 360] degree is also simulated to meet the actual measurement situation. From the simulation results, the phase difference between two antenna ports variating between 0 and 40 degree has minor impact on the UE’s TRP, i.e. no more than 0.1dB for any of three step sizes. However, the TRP changes dramatically when the variation range of the phase difference increases to [0, 360] degree, i.e. 0.43dB for 15-degree step size, 0.84dB for 30-degree step size and 1.43dB for 45-degree step size. And the STD of TRP with phase variation range of [0, 360] is also enlarged more than 10 times compared with that of [0, 40]. The simulation results are illustrated below.

Observation 2: For the phase variation range of [0, 40] degree, the impact on TRP is minor.

Observation 3: For the phase variation range of [0, 360] degree, the impact on TRP is more significant, i.e. 0.43dB for 15-degree step size, 0.84dB for 30-degree step size and 1.43dB for 45-degree step size.
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Finally, the power and phase variation impacts are combined in the simulations. From the simulation results, the [0, 40] degree phase variation still has limited impact on TRP, i.e. 0.06dB for 15-degree step size, 0.16dB for 30-degree step size and 0.26dB for 45-degree step size. While, the TRP deviation with [0, 360] degree phase variation gets larger obviously, i.e. 0.69dB for 15-degree step size, 1.57dB for 30-degree step size and 2.17dB for 45-degree step size. The STD of TRP has similar findings with the TRP deviation, i.e. 0.02 for 15-degree step size, 0.03 for 30-degree step size and 0.06 for 45-degree step size for [0, 40] degree of phase variation, and 0.17 for 15-degree step size, 0.45 for 30-degree step size and 0.59 for 45-degree step size for [0, 360] degree of phase variation. 

Observation 4: The TRP deviation with [0, 40] degree phase variation and power variation is limited and acceptable, especially for measurement grid of 15-degree step size.

Observation 5: The TRP deviation with [0, 360] degree phase variation and power variation gets larger obviously, and further increases with looser measurement grid.
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In summary, for a coherent UE, the simulation results show that the variation of phase and power on the two antenna ports will lead to the deviation of TRP. For the phase variation range of [0, 40] degree, the TRP variation is limited. However, typical EIRP measurement can not be performed within 20 msec. For the phase variation range of [0, 360] degree, only the TRP measured with measurement grid of 15-degree constant step size is acceptable, which bring 0.69dB of the TRP deviation and 0.17 of TRP STD. Therefore, it is proposed to adopt 15-degree step size as constant measurement grid for 2Tx transmission test. And additional MU should be introduced by the variation of phase and power on the two antenna ports of DUT.

Proposal 1: Regarding the simulation results of the TRP deviation, it is proposed to adopt 15-degree step size as constant measurement grid for 2Tx transmission test.

Proposal 2: Additional MU should be introduced by the variation of phase and power on the two antenna ports of DUT.

3. Conclusions
This contribution provides our simulations to demonstrate the impacts of power and phase variations for fully coherent UE supporting UL-MIMO. And provide the following proposals.

Observation 1: TRP deviation is quite limited when transmitting power variates within the range of [0, 4] dB, with constant measurement grid of 15-degree step size.

Observation 2: For the phase variation range of [0, 40] degree, the impact on TRP is minor.

Observation 3: For the phase variation range of [0, 360] degree, the impact on TRP is more significant, i.e. 0.43dB for 15-degree step size, 0.84dB for 30-degree step size and 1.43dB for 45-degree step size.

Observation 4: The TRP deviation with [0, 40] degree phase variation and power variation is limited and acceptable, especially for measurement grid of 15-degree step size.

Observation 5: The TRP deviation with [0, 360] degree phase variation and power variation gets larger obviously, and further increases with looser measurement grid.

Proposal 1: Regarding the simulation results of the TRP deviation, it is proposed to adopt 15-degree step size as constant measurement grid for 2Tx transmission test.

Proposal 2: Additional MU should be introduced by the variation of phase and power on the two antenna ports of DUT.
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Issue 1.1

: Phase variation for single-layer UL-MIMO

Agreements:

+ The amplitude and phase relative error behaviour longer than 20ms should be considered in coherent UE
simulation. The UL-MIMO simulation should be updated based on updated assumption of amplitude and
phase.

*  Details of amplitude and phase assumptions in Annex part of this WF can be used.
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