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1.
Introduction

In RAN#53, A SI for further investigation of RF and EMC Requirements for Active Antenna Array System (AAS) Base Station were approved. As a part of study item, RAN4 should investigate the appropriate approaches for standardization, specification implementation and test methodologies where feasibility of OTA tests is included.

In this paper, we initiate the discussion on the need and feasibility of OTA tests when Active Antenna Array BS is concerned.
Definitions of terms of antennas used in this contribution can be found in [3].
2. Discussion
In previous RAN4 meeting, a number of possible approaches for AAS were briefly discussed. Before settling the approach, it is crucial to agree upon the fact that with AAS, we face new challenges given the spatial domain consideration both in horizontal and vertical plane. In [1], the discussion over spatial domain aspects is initiated while in [2], the impact of spatial domain on in-band blocking is further elaborated. 
In [2], the need for OTA testing for in-band blocking becomes obvious since depending on the height, direction and distance towards the antenna array, the interferer level would change towards sub-arrays as described in figure 1. There are no other ways beside OTA testing to capture the particular loss of spatial selectivity.
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Figure 1
schematic figure showing loss of spatial selectivity
Given the UE related OTA WI experience and the complexity of OTA, it is clear that OTA testing is a challenge and thus should be adopted sparsely for AAS i.e. a few requirements preferably one on the receive side and one on the transmit side. Given the discussion in [2], in-band blocking is a proper candidate for receiver requirements while UEM could be suitable requirement for OTA testing on the transmitter side.
It should also be noted that there is a difference between OTA testing of unwanted emission and in-band blocking. For unwanted emissions the emissions are captured in one direction at a time, while for in-band blocking, the wanted signal should be in certain direction and distance while the blocking interferer should be allocated at other distances and possibly also different directions.
2.1
OTA for in-band blocking

2.1.1
Problem

For fixed-beam antennas, RAN4 studies included the spatial filtering of the antenna to derive the blocking requirement with the relative side lobe level. A user close to the antenna will be in the side lobe region and a user far away will be in the main beam, but at significantly higher pathloss. Using the 3GPP antenna model, this spatial filtering will result in a blocking requirement with interferer levels significantly lower, compared with an isotropic antenna or a sub-array. 

When using AAS it is no longer obvious that this spatial filtering can be counted upon. Using one radio per array element puts the blocking requirement on the array element level. Since the array element can be either a single radiating element with isotropic radiation pattern or a sub-array with any directivity and side lobe level, the straightforward way to test is OTA.

2.1.2
OTA measurement method

An OTA measurement that tests blocking taking the spatial filtering of the antenna into account would with necessity have to have the incident user signal and the incident interferer arriving at the antenna array from different directions. This means two different transmit antennas at the OTA measurement range. 

There are in principle three different types of antenna measurement ranges:

a). Nearfield scan

This method probes the nearfield of the antenna, and in post-processing the field is transformed to the farfield. Since testing blocking is a non-linear process, this method most probably can not be applied for testing blocking OTA.

b) Indoor compact range

In this method the transmitting antenna is illuminating a large reflector, creating a plane wave in the test zone around the device under test. It is usually built in an indoor, shielded anechoic chamber. Placing two transmitter antennas and two large reflectors in the chamber will probably result in the two reflectors possibly disturbing each other, making it difficult to accomplish good measurement accuracy. If one or both of the transmit antennas need to be movable to create different angles of arrival the accuracy of the measurement could be even more degraded.

c Farfield range

The farfield distance of a 2m 2.6GHz antenna is 70m, so a far field range for such a long antenna would probably need to be outdoors. This causes problems both for frequency license for transmitting in the mobile bands and possible interference from mobile infrastructure in the neighbourhood. Also, having a movable transmitter moving on a radius of 70m around the test object is a costly setup. However, blocking is an effect of the individual LNA at each array element, so it is sufficient to be in the farfield of the array element. The farfield distance of a 0.5m array element at 2.6GHz is only 4.3m, so an indoor farfield OTA range should be feasible.
The directions of the user signal and the interfering signal to use in the tests as well as the measurement accuracy are FFS.
2.2
Unwanted Emissions

2.2.1
Problem

OTA measurements of unwanted emissions can only be done in terms of EIRP, Equivalent Isotropic Radiated Power as it is defined by regulators in some regions. For emissions in frequencies close to the operating frequency of the antenna array, the radiation pattern and maximum gain of the array element will likely be very similar to the radiation pattern and maximum gain at the operating frequency. If the emissions from the array elements are correlated, the same can be said for the whole array. 

On the other hand, emissions on frequencies far from the operating frequency of the antenna array can radiate in any direction. It is probably a safe assumption, though, that the maximum gain at the emission frequency will not be higher than the maximum gain at the operating frequency. So the ratio of EIRP between the wanted signal and the emissions can be lower, but will probably never be higher, than the ratio of the signals when measured conducted and thus conducted emission can be suitable for spurious emission requirements. 
2.2.2
OTA measurement method

Operating band unwanted emissions can be measured on any of the three antenna measurement ranges mentioned above. However, the instrumentation is not the same as for standard passive antenna measurements. 

3.
Summary
In this paper, the discussion on the need to capture the spatial domain aspects by performing OTA tests on very limited requirements for AAS is initiated. The feasibility of OTA tests for in-band blocking and unwanted emissions are further elaborated and some challenges regarding the OTA testing is also being discussed.
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