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1. Introduction

At last meeting (RAN4#83 in Hangzhou) a concept for handling co-location requirements was discussed. Some outcome of the discussion and issues for further considerations was captured in an agreed way forward contribution [1]. In the way-forward following proposals was agreed:
1. Co-location requirements are based on the so-called proximity method which is based on the co-location scenarios.

2. The distance d is defined between the edges of the AAS BS enclosure and the co-located antenna enclosure.

3. The value of d is FFS, companies are encouraged to submit proposals for d so a single figure can be agreed next meeting.

4. The co-located antenna is named the co-location reference antenna.
5. The definition of the collocation reference antenna is FFS. Companies are encouraged to submit proposed definitions to enable an agreement in the next meeting.

This contribution continues work to develop OTA co-location requirements. The focus is this contribution is on transmitter intermodulation.
2. Discussion

From the agreements from last meeting, the edge to edge separation between the test object and co-location reference antenna. The distance, d, will be different on what co-location scenario showed in Figure 2-1.
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Figure 2-1: Co-location scenario
The antenna port-to-port isolation depends on scenario (I, II, II to V). Each scenario is assorted to a specific separation. For traditional base stations antennas, the co-location antenna port-to-port isolation has been extensively studied by ITU/R in [3]. Form the conclusion it is clear that one common distance, d achieving 30 dB isolation for all scenarios cannot be determined. 
Observation:

The 30 dB antenna port-to-port isolation corresponds to different separations per co-location scenario.

However, for the most critical co-location scenario the separation can be determined based on measurements and simulations creating a solid foundation for decision on requirement definition. From the work done by ITU/R on the topic, the most stringent scenario is IV, where the victim base station and aggressor base station is co-located side by side horizontally. 
The definition of co-location scenario IV is defined as two antennas located in the same reference plane (y/z-plane) with the edge-to-edge separation of d m.

To find relevant values for the antenna separation a measurement of the antenna port-to-port isolation have been performed using a standard base station antenna at the victim and an AAS antenna array with access to single elements at the aggressor side, as showed in Figure 2-2.
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Figure 2-2: Test setup
The antennas are placed side by side radiating into anechoic material. A network analyser was used to measure the antenna port-to-port isolation. The victim base station antenna was connected to network analyser port 1 and the edge AAS elements are connected to network analyser port 2, port 3 and port 4.
The network analyser was configured to sweep between 1500 MHz to 2900 MHz. 

In the first measurement, the antenna isolation between the victim port 1 to all AAS elements have been measured for 0.03 m separation. The results are plotted in Figure 2-3. It can be noted that the isolation lowest for the elements closest to the victim antenna, which is expected. For the elements, far away the isolation gets larger. This means that the injection of the interference signal over the antenna aperture is not constant for co-location scenario IV.
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Figure 2-3: Network analyzer output

In Figure 2-3 it can be noted that the isolation (S21, S31 and S41) varies over frequency between 1500 MHz to 2900 MHz. The needs consideration when a proper separation is selected. In this contribution, the bulk of measurements were done at one single frequency at 2.14 GHz.
The isolation was measured between the aggressor antenna and single AAS elements. The measurement results are plotted in Figure 2-4.
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Figure 2-4: Measurement results for 0.03 m edge to edge separation
In Figure 2-4, it can be noted that the variation between AAS elements in the row closest to the victim antenna is small, while variation increases for other rows. 

In the second measurement the isolation for the centre element closest to the victim antenna as function of element separation (0.03, 0.10 and 0.15 m) was measured. The results are listed in Table 2-1.
Table 2-1: Centre edge element antenna port-to-port isolation
	Separation
[m]
	Isolation

[dB]

	0.03
	40

	0.10
	45

	0.15
	47


The measurement results show the antenna port-to-port isolation relevant for a typical AAS base station antenna aperture and a traditional base station antenna. This case reflects co-location between an AAS base station and a non-AAS base station using a traditional passive column antenna. For other types of antenna combinations, it is reasonable to believe that the isolation will be very different for separations used in this measurement. 
Observation:
The isolation between a traditional passive base station antenna and an AAS antenna element the edge-to-edge separation required to maintain isolation larger than 30 dB is in the range of centimetres. 
The measurement result is expected, since isolation is created by metal walls used to shade the sector coverage (65 degrees HPBW in the horizontal plane). For other types of antenna with different radiation properties, the antenna port-to-port isolation characteristics would require larger separation for the same absolute isolation. This aspect must be considered when the antenna separation (d) is determined.
3. Conclusion

The measurements presented in this contribution suggests that the isolation is larger than 30 dB for the case where a non-AAS BS is co-located with an AAS base station. It indicates that relevant antenna separation for the eAAS co-location concept is in the range of tens of centimetres (0.1-0.2 m), assuming a traditional base station antenna as co-location reference antenna. 
With other combination of antennas, other antenna separations and isolations need to be considered. 
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