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Introduction
One of the objectives in the TRP-TRS WI [1] is the enhancement of the OTA methodologies to ensure predictable verification of TRP/TRS results for devices implementing Tx or Rx diversity and Tx antenna switching. We present herein our analysis of potential methods to test antenna switching without the need for a test mode. 
Background
Typical OTA test system setups for TRP and TRS are presented in Figure 2‑1 and Figure 2‑2. It has to be noted that these are oversimplified sketches and the actual test systems most probably include other components (e.g. switching units, amplifiers, combiners, etc.) in order to perform all the required measurements.
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[bookmark: _Ref79156982]Figure 2‑1: TRP reference test setup
In Figure 2‑1, two power sensors (e.g. R&S NRQ6) are shown as receiver for power measurements, one connected to each polarization of the test antenna in order to optimize the test time. The communication tester (e.g. CMW500) is connected to the link antenna 
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[bookmark: _Ref79156983]Figure 2‑2: TRS reference test setup
In Figure 2‑2, the communication tester is connected to the test antenna to provide the DL signal and perform the sensitivity measurements, but also connected to the link antenna to ensure a stable UL. 
With this reference setups in mind, the test of Rx diversity should be transparent to the test system assuming that TRS is measured. I.e. DL coming from measurement antenna (not link) makes the UE to “follow” the Angle of Arrival (AoA) so the antenna diversity, and any potential Rx switching, is fully covered in the TRS result.
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The case for Tx diversity is similar assuming that there is no dynamic behavior (e.g. power sharing between antennas), or in cases where this dynamic behavior can be assumed to be controlled in the same way as Tx antenna switching described in next section. Therefore, we understand the main focus for this study should be Tx antenna switching. 
Tx antenna switching OTA test method
OTA test for devices implementing Tx antenna switching has been always a contentious topic given the lack of information on how UE determines the antenna selection. 
As identified in [2], the traditional approach for testing is based on vendor declaration and the usage of proprietary test modes to control which antenna is used during testing. This approach has obvious drawbacks like additional test time (i.e. having to repeat tests for X number of antenna states) or the access to those proprietary test modes.
On the other hand, modern devices seem to share common mechanisms to drive the antenna selection process:
1. Human proximity sensors are used to decide which Tx antenna(s) is used depending on the usage position (e.g. beside head).
2. Best reception among antennas is used to determine the best Tx antenna(s).

Unless there are other more complex mechanisms involved in the Tx antenna switching algorithm, current OTA test systems are capable of presenting realistic conditions to the UE so it decides the switching states based on:
1. The usage of phantoms to mimic human proximity for the different use cases.
2. The usage of the test antenna to transmit the DL signal so AoA from which the DL signal is received correspond to the angle for which the power is being measured.  
Figure 3‑1 presents a reference OTA test setup that could be used for TRP testing when the UE implements some sort of Tx antenna switching.
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[bookmark: _Ref79157043]Figure 3‑1: TRP reference test setup for Tx antenna switching
In Figure 3‑1, the communication tester is connected to the test antenna to provide the DL signal at the same time it performs power measurements. The actual test system implementation can be further improved. For example, to speed up the test time (e.g. usage of power sensors like in Figure 2‑1) while ensuring a stable connection through the same test antenna. 
[bookmark: _Toc79156859][bookmark: _Toc79157141]Observation 2: test system implementations on anechoic chambers are capable of presenting the right conditions to test Tx switching without the need for a test mode.
Before further study or concrete system design are proposed, clarification is highly recommended on the conditions under which the UE determines the Tx antenna to be used, and whether the assumptions made above are accurate. 
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Proposal
In this contribution we make the following observations and proposal:
Observation 1: Rx diversity is already covered with current OTA test systems and procedure.
Observation 2: test system implementations on anechoic chambers are capable of presenting the right conditions to test Tx switching without the need for a test mode.

Proposal 1: UE vendors to clarify at high-level what mechanisms are used in UE’s to control Tx antenna switching.
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