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1. Introduction

In Release 14, the work with eAAS is ongoing. Following the WI plan, it is suggested to abandon the transceiver boundary in favour an all radiated specification. Keeping equivalent requirement coverage with respect to environmental conditions as in legacy specifications some requirement may need to be tested OTA in extreme conditions. 
At last meeting (RAN4#80 in Gothenburg) a contribution [1] presented some ideas on how to define radiated transmit power requirement in extreme condition. This paper continues that discussion.
2. Discussion

The current RAN4 specifications for AAS base stations (TS 37.105 and TS 37.145) specifies the test environment in terms of ambient temperature, barometric pressure, relative humidity, power supply and vibration. The majority of all defined requirements are defined in normal condition which corresponds to normal indoor laboratory conditions, while a small fraction is defined in an extended environment conditions. In the conformance test specifications those two environmental conditions are referred to as: Normal condition and Extreme condition. 
For Release 14 and eAAS, the intention is to create a set of radiated requirements replacing all the conducted requirements archiving the same protection and performance in a network as before. Moving away from requirements defined at the TAB connectors would require possibilities to capture some characteristics OTA in extreme condition. Developing a RAN4 specification for AAS base station with only OTA requirements will put new challenges on conformance testing. Requirement for out-of-band and in-band will cover a very large frequency range, requires different types of test facilities, as shown in Figure 2-1.
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Figure 2-1: Frequency regions and OTA testing

For in-band requirement the test methods introduced for radiated transmit power and OTA sensitivity can be used, while for out-of-band requirements another test method is required. Potentially, out-of-band requirements such as blocking and spurious emission can be consolidated with radiated EMC susceptibility and emission testing. Nevertheless, radiated testing is typically performed in normal condition, which means that for extreme condition testing new test facilities capable of doing extreme testing is needed or a new type of requirement allowing for a simpler type of test should be established. Currently, RAN4 specifies output power in extreme conditions, meaning that radiated output power would be subjected to extreme condition testing.
From a conformance testing perspective, it is rather difficult to perform OTA testing in an environment where temperature, humidity, vibration and pressure is under strict control and changed within large intervals during the test. The reason is that a traditional antenna test range, such as Compact Antenna Test Range (CATR) or any type of Spherical Near-Field Scanner (SNFS) test range requires the temperature, vibration and humidity to be fixed at normal room environment. 
The challenge with measuring radiated characteristics such as EIRP under extreme conditions is that EIRP is defined in the far-field region. Producing measurement results in the far-field region requires large test facilities, even in the case where a near-field scanner is used. It is not feasible to control the environment as defined for extreme conduction testing for current test methods. The distance to the far-field region is determined of the physical size of the test object antenna aperture and the operating frequency. It is common that the far-field distance becomes very large, requiring large antenna test facilities. Also, relevant for all types of antenna test ranges is that they consist of high-precision mechanical equipment (such as positioners, reflectors, reference antennas, test range antennas) that are not designed for operation in large temperature ranges. Also, if the equipment could operate in extreme temperature condition, the amount of energy needed to cycle the test range would be enormous. Neither can it be made to vibrate according to what is required according to the environmental requirements.

At the first glance there are two possibilities when defining OTA extreme condition requirements:

1. Use the extreme condition requirement approach as of today. This approach requires that the environmental conditions for the test object is controlled according to the definition of the specified extreme condition. 

2. Another approach is to define a new type of requirement, which is not absolute in terms of dBm. Instead the relative change between normal and extreme condition is specified in dB. This method could allow for a pragmatic approach where probe antennas could be used to monitor a relative change in extreme condition.
Option 1, requires that the test object environment is locally controlled in a OTA test setup. This could be done for temperature extreme testing if the test object is located within a tent, balloon, or box, which is RF transparent. The temperature can then be locally controlled around the test object. This approach has been proposed for usage within other industry segments such as space and military. This approach could allow for temperature extreme testing, while controlling vibration and humidity would be more complex or even impossible. Before adopting this approach for telecommunication equipment, careful considerations is needed with respect to cost and complexity. 
For option 2 a new requirement concept where the absolute figure of merit (such as EIRP part of radiated transmit power) is measured in normal condition. For the extreme condition testing a probe is located very close to the antenna aperture. The probe will not be able to measure absolute EIRP, but it could measure a power difference between normal condition and extreme condition. The difference between the probe power level could be stated as a requirement for output power in extreme condition. The test setup principle is shown in Figure 2-2.
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Figure 2-2: Relative change test approach

The temperature control (e.g. temperature box connected with hoses) can control the temperature inside the small shielded anechoic chamber. 
The details related to the relative test approach in option 3 for extreme condition testing will now be described. A requirement for a specific characteristic (e.g. desired signal EIRP) is specified in absolute terms in normal condition, while the extreme condition is specified as a relative offset. The power levels are not associated to the far-field, rather instead to a region very close to the test object.  For radiated output power, this would be sufficient to capture power drop due to e.g. high temperature. 

The relative extreme condition concept is based on the principle that RF characteristics for an AAS base station can be verified in environmental condition by splitting up requirement and testing in two stages:

1. An absolute reference measurement of radiated transmit power (EIRP) in normal condition. This measurement is performed in a direct far-field test range, CATR or SNFS.

2. Using the probing method shown in Figure 2-2 the RF characteristics in normal and extreme condition is performed. This stage produces two results, one per environmental condition. 

It is suggested to define the requirement level so that the difference between the two results in stage two is kept at an acceptable level.
This concept allows usage of traditional antenna test ranges operating in room temperature condition (e.g. direct far-field, Compact Antenna Test Range (CATR) or near-field scanner based approaches). The absolute measurement values in normal condition are used as a reference for the relative measurement conducted in extreme temperature condition. The extreme temperate condition measurement requires a new type of OTA test approach, where the test object is put in a rather small shielded anechoic chamber, where the temperature can easily be controlled, as described in Figure 2-2. In the chamber the field strength in the near-field close to the test object is measured for relevant positions over the test object antenna aperture. With this type of near-field measurement the intention is not to extract any absolute measurement values related to the far-field, instead it can be used to measure relative deviation to the absolute measured value in room temperature.

3. Conclusion

This contribution presents some information about how to handle environmental aspects with respect to radiated transmit power for AAS base stations. 
Traditional antenna test ranges (e.g. direct far-field, spherical near-field scanner) supports operation with in normal environmental conditions. 

To be able to create an all OTA specification for AAS base stations RAN4 needs to consider new approaches when it comes to requirements in extreme condition. 

Two options for how to define requirement have been identified; Absolute approach or Relative approach as described above.
Commercially available antenna test ranges, does not support testing in extreme condition environments, therefore new concept for specifying e.g. output power is required. This contribution briefly described a potential approach to be adopted for capturing radiated output power in extreme condition environments.
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