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1. Introduction

The discussion related to environmental aspects considering AAS base station OTA testing started at RAN4#66bis in Chicago and has continued in the background since then [1, 2].

In Release 13 AAS specification requirement defined in extreme condition have been captured at the transceiver boundary in the same way as single RAT and MSR base station specifications. In Release 14, the work with enhanced AAS has started. According to the WID it is suggested to abandon the transceiver boundary in favour for 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. 
This contribution elaborates around the possibilities to test radiated performance in extreme conditions.  
2. Discussion

The current specification for AAS base station specifies the test environment in terms of ambient temperature, barometric pressure, relative humidity, power supply and vibration. Most the requirements are defined in 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. A detailed description of the environmental aspects is captured in section 5. The concept of those environmental conditions was developed when all RF core requirements was defined at the transceiver connector aka TAB connector for AAS bases stations. 
Requirements defined under normal conditions are traditionally tested in laboratory environment and a limited set of requirements required extra test equipment such as temperature controlled rooms or similar to facilitate the environment specified for extreme condition. The concept of normal and extreme condition well established throughout the industry based on the fact that all requirements are defined at the transceiver boundary. However, in Release 13, two new radiated requirements was introduced for AAS base stations, while all legacy requirements with AAS adaptation where adopted at the transceiver connector. Compliance towards extreme condition requirements is captured from conducted requirements. But for Release 14, 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.
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 during the test. The reason is that a traditional antenna test range, such as Compact Antenna Test Range (CATR) or any type of Near-Field Scanner requires the temperature, vibration and humidity to be fixed otherwise the calibration would fail resulting in unacceptable measurement uncertainty. Another aspect is that for large test facilities it is not practical to control the environment according to the large variations specified by extreme conditions. 
When conducting OTA testing, absolute radiated power will correspond to Equivalent Isotropic Radiated Power (EIRP). Assuming a “black-box” approach without any knowledge about the test object implementation this parameter will be verified in some sort of antenna test range producing far field results, with validated measurement uncertainty assessment in normal condition environment.

The challenge with measuring absolute EIRP OTA 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, which not allow for extreme condition testing.  

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.
Since only a small fraction of requirement is specified in extreme condition RAN4 need to consider new approaches when it comes to radiated requirements defined in extreme conditions. At the first glance there are two possibilities:

I. Instead of control the environment of the whole test facility, including the test object, it would be possible to create an environmental encapsulation abound the test object. The encapsulation needs to transparent for RF radiation, otherwise it will affect the performance of the test object. A drawback is that the encapsulation most probable needs to be customized for each product variant. Controlling temperature would be possibly, while controlling vibration and humidity would be more complex or even impossible.
II. Developing 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. 

Since it is unrealistic to assume that an encapsulation around the test object can be created to fulfil environmental requirement for extreme condition, a more preferable approach is to develop a concept where a requirement for a specific characteristic is specified in absolute terms in normal condition, while the extreme condition is specified as a relative offset in the near-field. 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 RF characteristics in normal condition is performed.
2. An relative measurement of radiated RF characteristics in normal and extreme condition is performed. This stage produces two results, one per environmental condition.
The requirement in extreme condition is defined so that the difference between the two results is 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. Also extreme conditions for vibration can be managed in this type of chamber.

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.

The measurement procedure to capture extreme temperate can briefly be described as, where measurement facility A is a CATR and B is a small shielded box, with a probe antenna:

a. Measure absolute reference value in normal condition (room temperature) using measurement facility A.

b. Measure near-field coupled value in normal condition (room temperature) using measurement facility B. This test point associates the measure EIRP level measured in (a) with the power measured in the near-field using measurement facility B.

c. Measure near-field coupled value in extreme condition (maximum temperature) using measurement facility B.

d. Measure near-field coupled value in extreme condition (minimum temperature) using measurement facility B.

This approach of handling OTA testing in extreme condition requires the test object to be configured exactly the same when RF characteristics are tested in facility A and B.

First the test object is tested according to OTA requirements (such as radiated transmit power, defined in TS 37.105 and TS 37.145). This test is conducted in test facility A.

The test object is thereafter directly moved to a test facility B, which can be described as a shielded anechoic box. Inside the box a probe antenna is situated that can either transmit power OTA. The probe antenna could be moved to scan the electrical field over the whole antenna aperture of the test object. The environment with respect to temperature and vibration can be controlled during the testing. In a shielded anechoic chamber, the temperate can be controlled by either changing the air using an external temperate chamber and circulating fan or placing the test box with test object in a large temperate chamber. The approach to achieve temperature balance is selected based on access to specific test equipment.

3. Conclusion

This contribution presents some information about how to handle environmental aspects with respect to OTA testing of RF requirements for AAS base stations. RAN4 needs to consider new approached when requirements for extreme conditions are defined in the radiated domain in the work related to enhanced AAS part of Release 14. 
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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5. Annex
This section describes the traditional environmental parameters applicable for base station equipment stated in TS 37.141, annex B.
5.1
General

For each test in the specification, the environmental conditions under which the BS is to be tested are defined. The environmental conditions and class shall be from the relevant IEC specifications or the corresponding ETSI specifications. 
5.1.2
Normal test environment


When a normal test environment is specified for a test, the test should be performed within the minimum and maximum limits of the conditions stated in Table 5.1.2-1.

Table 5.1.2-1: Limits of conditions for Normal Test Environment

	Condition
	Minimum
	Maximum

	Barometric pressure
	86 kPa
	106 kPa

	Temperature
	15(C
	30(C

	Relative Humidity 
	20 %
	85 %

	Power supply
	Nominal, as declared by the manufacturer

	Vibration
	Negligible


The ranges of barometric pressure, temperature and humidity represent the maximum variation expected in the uncontrolled environment of a test laboratory. If it is not possible to maintain these parameters within the specified limits, the actual values shall be recorded in the test report.
5.1.3
Extreme test environment


The manufacturer shall declare one of the following:

1)
The equipment class for the equipment under test, as defined in the IEC 60721-3-3 or ETSI EN 300 019-1-3 ("Stationary use at weather protected locations");

2)
The equipment class for the equipment under test, as defined in the IEC 60721-3-4 or ETSI EN 300 019-1-4 ("Stationary use at non weather protected locations");

3)
The equipment that does not comply with the mentioned classes, the relevant classes from IEC 60721 and documentation for Temperature, Humidity and Vibration shall be declared.

NOTE:
Reduced functionality for conditions that fall outside of the standard operational conditions is not tested in the present document. These may be stated and tested separately.
5.1.3.1
Extreme temperature


When an extreme temperature test environment is specified for a test, the test shall be performed at the standard minimum and maximum operating temperatures defined by the manufacturer's declaration for the equipment under test.

Minimum temperature:

The test shall be performed with the environment test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60068-2-1.

Maximum temperature:

The test shall be performed with the environmental test equipment and methods including the required environmental phenomena into the equipment, conforming to the test procedure of IEC 60068-2-2.

NOTE:
It is recommended that the equipment is made fully operational prior to the equipment being taken to its lower operating temperature.

5.1.3.2
Vibration


When vibration conditions are specified for a test, the test shall be performed while the equipment is subjected to a vibration sequence as defined by the manufacturer’s declaration for the equipment under test. This shall use the environmental test equipment and methods of inducing the required environmental phenomena in to the equipment, conforming to the test procedure of IEC 60068-2-6. Other environmental conditions shall be within the ranges specified in section 5.

NOTE:
The higher levels of vibration may induce undue physical stress in to equipment after a prolonged series of tests. The testing body should only vibrate the equipment during the RF measurement process.

5.1.3.3
Power supply


When extreme power supply conditions are specified for a test, the test shall be performed at the standard upper and lower limits of operating voltage defined by manufacturer's declaration for the equipment under test.

Upper voltage limit:

The equipment shall be supplied with a voltage equal to the upper limit declared by the manufacturer (as measured at the input terminals to the equipment). The tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 60068-2-1 Test Ab/Ad and IEC 60068-2-2 Test Bb/Bd: Dry Heat.

Lower voltage limit:

The equipment shall be supplied with a voltage equal to the lower limit declared by the manufacturer (as measured at the input terminals to the equipment). The tests shall be carried out at the steady state minimum and maximum temperature limits declared by the manufacturer for the equipment, to the methods described in IEC 60068-2-1 Test Ab/Ad and IEC 60068-2-2 Test Bb/Bd: Dry Heat.
5.1.4
Measurement of test environments


The measurement accuracy of the BS test environments shall be.

Pressure:
5 kPa.
Temperature:
2 degrees.
Relative Humidity:
5 %.
DC Voltage:
1,0 %.

AC Voltage:
1,5 %.

Vibration:
10 %.

Vibration frequency:
0,1 Hz.

The above values shall apply unless the test environment is otherwise controlled and the specification for the control of the test environment specifies the uncertainty for the parameter.

