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1. Introduction
During RAN4#86bis meeting a WF on the EIRP accuracy at extreme conditions for FR2 BS was agreed [1]. In this contribution relevant technical aspects are discussed.
2. Discussion
FR2 EIRP accuracy at extreme conditions has been discussed for several meetings and in RAN4#86bis it was agreed that final decision will take place in RAN4#87. If no agreement on the value is reached then requirement is either removed or replaced by manufacturer declaration. This contribution aims to provide a full picture on the technical aspects which impact EIRP accuracy in extreme conditions. 

These items can be divided into two categories: aspects impacting the requirement itself and additional aspects impacting the measurement. First setting the requirement is discussed.
It has been observed that operation of active electronics at higher frequencies is more sensitive to temperature changes. Therefore also FR2 devices are more sensitive to temperature than FR1 devices. 
Observation 1: FR2 devices are more sensitive on temperature changes than FR1 devices.

As the antenna array consist of multiple semiconductor devices which are placed as close to antenna elements as possible to minimize losses, having feedback from each antenna element is not feasible. Therefore it is also not feasible to do power control to compensate output power variation for each output individually. This makes the power control less accurate compared to FR1 BS.

Observation 2: Power control of FR2 BS to compensate for output power variations is less accurate compared to FR1 BS.

Overall, mmWave devices are still relatively new, and they have not been characterized as thoroughly as their lower frequency counterparts. In practice this means that the behaviour of the devices may differ from what is expected, and in some cases unit-to-unit variations can be large.
Observation 3: Technology for FR2 is not as mature as for FR1 leading to larger variations.

In FR2 the output power of a single PA is typically significantly lower than in FR1, i.e. in the order of 0…10 dBm. To have sufficient coverage the smaller output power is compensated using larger arrays, which means higher antenna array gain and narrower beams. When the beam pointing error is the same in degrees, narrower beam has larger loss measured in dB. Therefore, beam pointing errors in FR2 may have greater impact than in FR1.
Observation 4: Due to narrower beamwidths, beam pointing errors may have more significant impact in FR2 than in FR1.

Additionally, the measurement in extreme conditions brings further challenges. One possible method could be to enclose the EUT into a temperature chamber, while the measurement antenna and measurement equipment remain outside the temperature chamber. However, the measurement chamber will introduce significant additional measurement uncertainty, up to the point where the measurement does not give any meaningful additional information.
For example, when the transmitted signal propagates through the wall of the temperature chamber there will be disturbance to the signal. Part of the effects have been brought to light in [2] where the radome impact has been described to be up to 3 dB. The temperature chamber likely is not placed as accurately relative to the antenna as antenna radome, so the additional impact will be likely higher than from the regular antenna radome.
Observation 5: Temperature chamber will cause similar impact to signal as antenna radome, but the impact will likely be more severe as the chamber placement relative to antenna is not as accurate.

On top of this, there may be additional reflections from the physical structure of the temperature chamber, which will impact the measurement accuracy.

Observation 6: Physical structure of the temperature chamber will cause unwanted reflections which negatively impact measurement accuracy
To somehow limit the measurement uncertainty and enable reliable EIRP test the used temperature chamber needs to be very large, making the practical measurement arrangement very complicated. It also needs to be remembered that accreditation for official type approval is needed for these, increasing the cost even though it is not clear if new meaningful information can be obtained from the measurement.
Observation 7: Practical measurement arrangement including a very large temperature chamber is complex and the accreditation process increases cost – only due to a single requirement.
3. Conclusion

In this contribution, we further discussed issues related to EIRP accuracy at extreme conditions for FR2 BS and several observations and one proposal were made as summarized below.
Proposal 1: Final decision shall take into account all the observed technical aspects.
Observation 1: FR2 devices are more sensitive on temperature changes than FR1 devices.

Observation 2: Power control to compensate for output power variations is less accurate compared to FR1.

Observation 3: Technology for FR2 is not as mature as for FR1 leading to larger variations.

Observation 4: Due to narrower beamwidths, beam pointing errors may have more significant impact in FR2 than in FR1.

Observation 5: Temperature chamber will cause similar impact to signal as antenna radome, but the impact will likely be more severe as the chamber placement relative to antenna is not as accurate.

Observation 6: Physical structure of the temperature chamber will cause unwanted reflections which negatively impact measurement accuracy

Observation 7: Practical measurement arrangement including a very large temperature chamber is complex and the accreditation process increases cost – only due to a single requirement.
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