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1. Introduction
It has been agreed that co-location method shall be used in testing of co-location spurious emissions, Tx OFF power, Tx IMD and co-location blocking. This document discusses practical issues related to co-location reference antenna.
2. Discussion
Section 4.9 of TS 38.104 describes the co-location and especially co-location reference antenna as follows:
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 the BS type 1-O and nominal 65 degrees horizontal half-power beam width suitable for 3-sector deployment at a distance d from the edge of the BS type 1-O, as shown in figure 4.9-1.
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Figure 4.9-1: Illustration of BS type 1-O enclosure and co-location reference antenna
Edge-to-edge separation d between the BS type 1-O and the co-location reference antenna shall be set to 0.1 m.

The alignment of the BS type 1-O and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 4.9-1.
The co-location reference antenna and the BS type 1-O can have different width.  

The vertical radiating regions of the co-location reference antenna and the BS type 1-O composite antenna shall be aligned.

For co-location requirements where the frequency range of the signal at the co-location reference antenna is different from the BS type 1-O, a co-location reference antenna suitable for the frequency stated in the requirement is assumed.

While it is important to have an accurate definition in the core specification to understand the basis for the requirements, some practical difficulties can be identified from the definition. We consider those should be resolved to be able to perform the conformance tests in an efficient manner, or even at all. Practical aspects shall be considered in the conformance specification and no changes to core specifications are proposed.
Observation 1: Current definition of co-location reference antenna has some practical difficulties which should be addressed in the conformance specification.

2.1 Antenna type and dimensions
Firstly, it is stated that reference antenna shall be a single column passive antenna which has the same vertical radiating dimension(h)… …as the composite antenna of BS type 1-O.

In our view a multiple column antenna, which has separate antenna connectors for each column, can be used in case only the column closest to the EUT is used. This keeps the actual distance between EUT and co-location reference antenna the same as for single column antenna, and does not tighten nor relax the test requirements.

Proposal 1: A multi-column antenna, which has separate antenna connectors for each column, can be used as co-location reference antenna in case only the column closest to EUT is used and other connectors are terminated. 
In our view a multi-band antenna can be used as co-location reference antenna. Using a multi-band antenna can lower the number of different antennas needed in testing and therefore make the testing faster.  
Proposal 2: A multi-band antenna can be used as co-location reference antenna.

We also think that mandating the co-location reference antenna to have exactly the same vertical radiating dimension as EUT is not feasible in practice. In our view the most important aspect is that the co-location reference antenna is able to receive all the interference from EUT. Therefore we propose that the co-location reference antenna enclosure shall have at least as long vertical dimension as the EUT. However, some limit should be in place to avoid using excessively large reference antennas.
Proposal 3: The vertical dimension of the enclosure of the co-location reference antenna shall be between 100% and [125%] of the vertical dimension of the enclosure of the EUT.
2.2 Antenna alignment
When it comes to the alignment of the radiating faces and radiating regions, it is not straightforward to define the exact position of radiating face inside the antenna enclosure. Therefore we propose that it is sufficient to align the midpoints point of antenna enclosures in vertical dimension, and to align the extreme point of enclosures in antenna boresight directions. These are illustrated in Figure 1, which illustrates the aforementioned alignment.
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Figure 1: Midpoints of EUT and co-location antenna enclosures are aligned, and enclosures are also aligned in the boresight direction of the antennas
Proposal 4: The midpoints of the enclosures of the EUT and the co-location reference antenna shall be located on the same horizontal plane.
Proposal 5: The extreme points of the enclosures of the EUT and the co-location reference antenna in the boresight direction shall be located on a common plane perpendicular to the boresight direction.
3. Conclusion
In this contribution, practical issues related to co-location reference antenna were discussed, and following proposals are presented for approval.
Observation 1: Current definition of co-location reference antenna has some practical difficulties which should be addressed in the conformance specification.

Proposal 1: A multi-column antenna, which has separate antenna connectors for each column, can be used as co-location reference antenna in case only the column closest to EUT is used and other connectors are terminated. 
Proposal 2: A multi-band antenna can be used as co-location reference antenna.

Proposal 3: The vertical dimension of the enclosure of the co-location reference antenna shall be between 100% and [150%] of the vertical dimension of the enclosure of the EUT.

Proposal 4: The midpoints of the enclosures of the EUT and the co-location reference antenna shall be located on the same horizontal plane.
Proposal 5: The extreme points of the enclosures of the EUT and the co-location reference antenna in the boresight direction shall be located on a common plane perpendicular to the boresight direction.
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