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Introduction
At the last RAN4 #89 meeting in Spokane, extensive discussions on the FR2 OTA TDD transient time were conducted. A TP [1] was approved for the removal of test procedures for OFF power and transient period in 38.141-2. A WF [2] was also approved and the related issue will be treated under Rel-15 TEI agenda as an exception. 
In WF [2], candidate test methods are discussed and listed as below:
[image: ]
In this contribution, we further analyze different transient time test methods and some test results are presented.
Discussion
1.1 Background
The FR2 OTA TDD transient time is adopted as an essential metric to ensure key performance such as cell coverage. The transient time was initially defined as the time difference when the OTA transmit power drops to OFF level defined by TRPOFF. However, considering the test feasibility and complexity, EIRP is preferred to be used to measure the FR2 TDD transient time instead of TRP.
To define the EIRPOFF level properly, the relationship between the EIRP and TRP are expressed as:


D represents the directivity of the antennas. At OFF level, a proper measurement/definition of the antenna directivity will help find the corresponding EIRPOFF. The transient time measurement can then be determined with measurements only in the reference direction in regard to EIRP.
1.2 Analysis of Candidate Test Options
Based on WF [2], the proposed methods/options can be summarized as follows:
Option a: The difference between EIRPON and TRPON is used for DOFF.
If the directivity is assumed to be constant, DOFF can be directly calculated with TRP and EIRP. This method is straightforward and shows very good test feasibility. We have conducted tests to evaluate this method.
Due to the limitation of the dynamic range of the OTA test system, the TX OFF EIRP can’t reach -85dBm/Hz. Instead the test is based on how much the power will drop according to the EIRP at a fixed time in different positions. The test is performed from 0 to 90 degree in horizontal cut, with the step size of 10 degrees. Both the EIRP and power drop are recorded.

The test device is fully analog beamforming at 26GHz with 256 analog phase shifter and one RF input. Both CW and modulation signal are tested. However, no digital beamforming is involved.
1) CW test
i) only turn off the CW signal with the PA on:

ii) only turn off the PA with the CW signal on:

2) Modulation signal test
i) only turn off the modulation signal with the PA on：

ii) only turn off the PA with the modulation signal on：

It can be observed that for both CW and modulation signal test, the power drop behavior is similar for different directions. Based on this observation, the transient time is nearly spatial flat for analog beamforming. However, no test results are recorded yet when digital beamforming is used. Further test is needed to fully validate this method.
Option b: Minimum radiator gain or antenna array gain is used for DOFF.
When minimum radiator gain or antenna array gain is used for DOFF, no beamforming gain is included in the calculation of DOFF. However, based on our test results, the beamforming gain may not be completely zero when the transmit power is switched OFF in different test cases. Therefore, this method may introduce a stricter criterion for the transient time test. Considering this method also shows low test complexity, further exploration can be conducted to evaluate the minimum radiator gain value and how much will the test requirement increase in different test cases.
Option c: Measure TRP (gated in the near-fieild)
Based on the observations from TE vendors [3], Tx OFF test may not be feasible for EIRP with far field distance. Instead, near field test is proposed as an alternative method. If TRP of the Tx OFF mode is sitll needed for the near field, the measurement accuracy is small, but there is still the problem of how to align the time measurement between different measurement directions. If PSD of some measurement directions are used for this test, the PSD is not an formal metric in RAN4.
Option d: Show compliance via OTA sensitivity
The transient time characterizes how fast the Tx can switch from ON state to OFF state. This is an essential attribute since it will affect the co-channel cell interference and the cell coverage. Admittedly, the receiver sensitivity test may provide some information on the transient time of the Tx. However, considering the isolation condition of the Tx/Rx switch may be nearly ideal in many cases, the receiver sensitivity test can be easily passed even if Tx is not at the required OFF level. Also, since the sensitivity is measured when the transmitter is completely OFF, this measurement can only indicate the static OFF power level, not the transient time. And for the sensitivity test, the time delay of the signal generator can be changed to get better performance, which leaves the test meaningless. Therefore, the Rx sensitivity test may not be sufficient.
Conclusions
In this contribution, different test options are analyzed together with test results. The following proposals are made to reach for a feasible test solution:
Proposal 1: Use Option a as a baseline method for FR2 TDD transient time measurement and evaluation.
Proposal 2: The near field may be used as Option c indicated, however, the test procedure complexity needs to be reduced. PSD definition in RAN4 can also be further studied if necessary.
Proposal 3: Option b can also be considered as a candidate method but further evaluation is needed.
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Option a The difference between EIRPON and TRPON is used for Dygr

Option b Minimum radiator gain or antenna array gain is used for Dygr
Option ¢ Measure TRP (gated in the near-fieild)
Option d Show compliance via OTA sensitivity
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