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1. Introduction
In RAN4#103-e repeater OTA measurement setup was discussed. Various challenges regarding OTA measurements and especially TRP measurements were identified, and captured in WF [1]. In this contribution repeater OTA TRP measurements are discussed.
2. Discussion
[bookmark: _Hlk54351566]The repeater OTA TRP measurement setup topics identified for further discussion include:
· TRP measurement with input antenna rotating together with repeater;
· Testing chamber size with testing antenna;
· Two calibration antenna for repeater within the OTA chamber;
· Other approach should not be precluded e.g. moving measurement antenna or measure with multiple test antennas;
· The impact of feeding signal to measured signal, such as two calibrated directional paths in the chamber, the signal power impact, etc.
In this contribution we concentrate on two aspects that need to be guaranteed for a reliable measurement to be done. Firstly, how the input signal is provided to the repeater, and secondly, how the measurement of the output is done.
2.1 Providing OTA input signal to repeater
TRP is defined as the measured power through a surface which encloses the DUT. Traditionally, TRP measurement is done by rotating the DUT in different directions while output measurement antenna stays static. This enables to output measurement antenna to capture individual EIRP measurement from different directions relative to the DUT orientation and TRP can be calculated from these measurement results. 
If the same process were to be used for a repeater, the input signal provided to repeater would need to be present no matter of the DUT, i.e. repeater, orientation, in effectively this means that the test antenna via which the input signal is being transmitted towards the repeater needs to be rotated together with the repeater. Depending on the required distance between the test antenna and the repeater, physical dimensions of the measurement chamber may become a limiting factor. Therefore, other approaches can be explored with the aim to find a feasible method to provide the input signal to the repeater.
To make the required distance between the input side test antenna and repeater smaller, it could be considered to replace the test antenna with a small omnidirectional antenna. If the omni-antenna is smaller and lighter than regular test antenna, enabling the rotation together with the repeater would be easier. Such omni-antenna could possibly be placed relatively close to the repeater. In case the rotation together with repeater is not possible, omni-antenna would still provide input signal even though the alignment with repeater input antenna would not be perfect. However, in such case uncertainty of input signal level would increase.
To offset the uncertainty in input signal level, input signal level could be increased. Repeater is required to fulfill emission requirements with 10 dB higher input signal level compared to the declared input power level which produces the declared maximum output power. Therefore, repeater operation should not be disturbed if the input signal level is increased. Still, even if the input signal level would be guaranteed to be above the level required to produce maximum output power level, the uncertainty in absolute input signal level would increase, and higher input signal level would have more potential to disturb the output measurement.
Another option to enable more flexibility in rotation of the repeater would be to place more than one input side test antenna in different positions inside the measurement chamber. This would mean that even if the repeater is rotated to different orientation, input signal would still be present. However, this approach has also the downsides of uncertainty of the absolute input signal level as well as higher potential to disturb output measurement, and the cost incurred in chamber development.
As such, there seems to be no silver arrow available to provide one absolutely superior method of providing the input signal to the repeater. On top of that, all measurement systems are not identical, meaning that the faced issues and required solutions are different from chamber to chamber and also depend on the repeater design. Therefore, the preferred method is to keep the 3GPP description of input signal delivery very general to allow test engineers to use their expertise in providing the right solution for each system, and not restrict the freedom in 3GPP specification too much. The tool that 3GPP has in use is total maximum allowed measurement uncertainty and setting the uncertainty in a reasonable level will make sure that measurement approaches won’t become so exotic that they would risk being unreliable.
Observation 1: Multiple measurement approaches can be identified as potential solutions to providing input signal to the repeater, but none of them solves all the issues.
Proposal 1: Keep the 3GPP description of providing input signal to the repeater generic and allow reasonable uncertainty for it, allowing test engineers to use appropriate solutions in various different test systems.

2.2 Repeater output measurement
A second aspect considered in this document is the output side of the repeater and how to measure the output. Before going into that, it is useful to consider what actually is necessary to measure as TRP. Some TRP requirements in RAN4 are based on regulatory limits, such as spurious emissions, and for those requirements other than TRP measurement is challenging to justify, unless it is shown that other measurement would over-estimate the emission level. 
On the other hand, there are other RAN4 requirements which are fully internal to RAN4. For those cases there is more freedom to explore whether the performance can be verified to be met with other measurement types. There can be cases where it is known that the interference will be the highest in a single direction, and it could be possible to verify the requirement with a single directional measurement instead of complete TRP measurement. This would also ease difficulties of providing the input signal in at least some of the requirements.
Observation 2: It is safe to use different measurements than TRP measurement if the other method overestimates the emission level.
Proposal 2: RAN4 should look into possibilities to reduce the number of required TRP measurements. 
Another aspect to consider is that what is measured is actually the repeater output and the input signal does not corrupt the output measurement. Generally, this might not be an issue as the repeater is expected to have significant amplification of the input signal, and therefore the repeater output will be dominating. In many of the measurements the output measurement frequency is also different compared to the input signal, and given sufficient spectral purity of the input signal, issues should be avoidable.
One specific case exists where the measured output level is both low and at the same frequency as input signal, namely TDD On/OFF power, where repeater OFF power needs to be measured at the wanted signal frequencies. To avoid any issue, it may be necessary to turn the input signal off during the measurement time instant.
Proposal 3: In TDD ON/OFF power measurement, input signal generator does not transmit towards repeater during the OFF-power measurement.
3. Conclusion
In this contribution, we have discussed OTA TRP measurement challenges in repeater testing. We have made following observations and proposals:
Observation 1: Multiple measurement approaches can be identified as potential solutions to providing input signal to the repeater, but none of them solves all the issues.
Proposal 1: Keep the 3GPP description of providing input signal to the repeater generic and allow reasonable uncertainty for it, allowing test engineers to use appropriate solutions in various different test systems.
Observation 2: It is safe to use other than TRP measurement if the other method overestimates the emission level.
Proposal 2: RAN4 should look into possibilities to reduce the number of required TRP measurements. 
Proposal 3: In TDD ON/OFF power measurement, input signal generator does not transmit towards repeater during the OFF-power measurement.
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