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1. Introduction

At the last RAN4 meeting (RAN4#86 in Athens) the work associated to the development of OTA conformance test specifications for eAAS (TS 37.145-2) and NR (TS 38.141-2) started. Both for eAAS and NR a new concept for co-location requirements have been introduced in Rel-15. 
The concept is based around a co-location reference antenna that mimics a base station to base station co-location scenario. The type of antenna used and the placement with respect to the tested base station is essential. Therefore, the description of the co-location reference antenna and how it is supposed to be placed must be captured correctly in the conformance specifications. The benefits with the co-location reference antenna concept must be balanced with its sensitivity to alignment errors related to how the co-location reference antenna is placed with respect to the base station that is tested. 
Last meeting two contributions [2, 3] was presented. In addition, some more details are required for a complete description.

In this contribution we summaries the background of the co-location reference antenna concept and presents some improvements to make the description solid.
2. Discussion

At last meeting a new sub-clause was included in TS 37.145-2 with a description of the Co-location Reference Antenna (CRA) characteristics and the placement of the co-location reference antenna with respect to AAS BS. The CRA is a vital component in conformance testing with respect to following requirements;
· OTA Transmit ON/OFF power requirement in sub-clause 6.5. The CRA is used to mimic a victim base station to receive transmitter OFF power leakage from the aggressor AAS base station.
· OTA Spurious emission; Protection of the BS receiver of own or different BS in sub-clause 6.7.6.3. The CRA is used to mimic a victim base station to receive spurious emission from the aggressor AAS base station.
· OTA Spurious emission; Co-location with other base stations in sub-clause 6.7.6.5. The CRA is used to mimic a victim base station to receive spurious emission from the aggressor AAS base station. 
· OTA Transmitter intermodulation in sub-clause 6.8. The CRA is used to mimic an aggressor base station to inject an interferer signal into the AAS victim base station.  
· OTA Blocking; Co-location Requirement in sub-clause 7.6.3. The CRA is used to mimic an aggressor base station to inject an interferer signal into the AAS victim bases station.
Co-location requirements are requirements which are based on assuming the AAS BS is co-located with another BS of the same base station class, they ensure that both co-located systems can operate with minimal degradation to each other. Unwanted emission and out-of-band blocking co-location requirements are optional requirements based on manufacturer declaration, while TDD TX OFF power and Transmitter intermodulation are mandatory requirements and is the form of a co-location requirement as it represents the worst-case scenario of all the interference cases.
The fundamental aspects of the CRA is described as:
The co-location reference antenna, shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of AAS BS and nominal 65 degrees horizontal half-power beam width suitable for 3-sector deployments at a distance d from the edge of the AAS BS. 
This antenna was selected to mimic a co-location scenario with two co-located base station mounted side-by-side horizontally. The edge-to-edge separation d, between the AAS BS and the co-location reference antenna is specified to 0.1 m.

The alignment of the AAS BS and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in Figure 2-1. 

For co-location requirements where the frequency range of the signal at the co-location reference antenna is different from the AAS BS, a co-location reference antenna suitable for the frequency stated in the requirement is assumed.

OTA co-location requirements are based on power at the conducted interface of a co-location reference antenna, depending on the requirement this interface is either an input or an output. For AAS BS with dual polarization the co-location reference antenna has two conducted interfaces each representing one polarization.
All co-location requirements thresholds depend on the isolation in a base station to base station co-location scenario, where two base station are mounted in the same mast side by side. Measurements have shown that the isolation in such configuration is in the range of 30 dB, under the condition that antennas are aligned correctly. If the alignment of the base station and the co-location reference antenna is not done properly, the isolation could be much lower than 30 dB or much larger than 30 dB, which would result in a too strict requirements or not relevant requirements. Therefore, it is necessary to clarify some aspects regarding the description of the placement of the co-location reference antenna in TS 37.145-2, sub-clause 4.15. The descriptive text in sub-clause 4.15 is updated according to latest agreements in eAAS and NR. Regarding Figure 4.15-1, there are some issues to be corrected. A solution to solve the issues was presented in [1] but was not agreed by RAN4. The open issues to re-solve are highlighted in red in Figure 2-1.
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Figure 2-1: Current description of placement of CRA
The detailed description of identified open issues is given below;
Radiating aperture size
The radiation aperture alignment along the vertical axis (z-axis) is essential. If the length of the aperture of the co-location reference antenna is not matched to the AAS base station, the port-to-port isolation deviates from the intended 30 dB and the assumed scenario. As an example, if the co-location reference antenna that is larger than the AAS base station, power would be spread out outside side the aperture of the AAS base station, resulting in a lower interferer signal seen by the AAS base station. This would of cause lead to a test case that is easier to fulfil. Therefore, the aliment of radiating apertures needs to be aligned. This alignment needs to be captured in Figure 4.15-1 in TS 37.145-2. 
In addition, if the co-location reference antenna is to short, then the AAS BS station will not be illuminated uniformly overt the vertical dimension. How exact the differences in height of the co-location reference antenna and AAS BS that can be acceptable will be described as an error contribution in the measurement uncertainty evaluation assessment for co-location requirements. 

Radiating aperture alignment

Measurements indicated the importance to determined how the AAS base station and the co-location reference antenna shall be aligned. Currently the separation along the y-axis is set to 0.1 m edge-to-edge. However, the alignment along x-axis and z-axis is not clear. 

 If the antennas are aligned at the mechanical mounting brackets, the height of the enclosure for the electronics would interact with the co-location reference antenna making the port-to-port isolation to increase from 30 dB up to 50 dB or more as function of the x-axis offset. Therefore, it is suggested to align the antenna aperture fronts with the y/z-plane. This alignment is currently not clear. It is suggested to mark this alignment with a dashed line in the descriptive figure.  
The alignment along the y-axis is also not clear. Since the physical height of the AAS base station is different to the radiating antenna aperture height, some guidelines on how the correct alignment is done must be included in the figure. In [4], some examples of different antenna apertures were presented. Its clear that the physical size of the enclosure and the size of the antenna aperture can be very different. 

Intended radiation direction
Assume that the reference coordinate system for the AAS base station is placed in the middle of the antenna aperture front, with the x-axis pointing the mechanical bore-sight direction. Then the reference coordinate system for the co-location reference antenna must be placed to that the mechanical bore-sight directions are parallel. This means the fronts of the antennas are aligned in the y/z-plane, with x-axis directions parallel to each other. In other words, the AAS BS and the co-location reference antenna is not turned towards each other.
Based on feedback received last meeting and the aspects described above, a new figure showing the placement from all three sides (vertical, horizontal, and side) have been created in Figure 2-2. 
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Figure 2-2: New description of CRA placement
3. Conclusion

In this contribution solutions to improve the description of co-location reference antenna was presented. As an outcome a new figure have been created, where the mutual alignment of the test object and the co-location reference antenna described. Together with this contribution text proposals for 37.145-2 [5] and 38.141-2 [6] to update the descriptive figures in respective specification have been prepared in companion contributions.  
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