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1. Introduction

At the last meeting in Hangzhou (RAN4#83) some considerations regarding co-location requirements for base stations operating at frequencies above 24 GHz was presented in [1]. 
At frequencies above 6 GHz the assumption of antenna port-to-port coupling needs careful consideration. Due to higher propagation loss at higher frequencies it is reasonable to assume that the antenna port-to-port isolation at higher frequencies is larger than 30 dB. This means that the background and justification related to base station to base station co-location requirements needs to be revisited. As proposed in [1], due to the large isolation between co-located base stations, requirements such as transmitter intermodulation is not needed.  

In this contribution, the background and test setup description together with some more measurement results related to antenna port-to-port isolation, is presented.
2. Discussion

The reference architecture for a AAS base station is visualized in Figure 2-1. The Radio Distribution Network (RDN) is purely a passive network of combiner and splitters. This means that each antenna element antenna reference point is at the transceiver boundary. For low frequencies (below 6 GHz), this is the location of TAB connectors if available. At millimetre wave frequencies, many RF connectors is not feasibly for products. However, for testing purposes, we have created special fixtures with RF connectors at the transceiver boundary to be able to evaluate the element to element isolation.
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Figure 2-1: Reference architecture
At millimetre wave frequencies, if analogue beam-forming is used the composite beam is created by analogue summation in the antenna port mapping block, unlike digital beam-forming where the signals are digitalized in the transceiver array. Since the antenna port-to-port isolation is used to derive co-location requirement such as unwanted emission and receiver blocking, the isolation of interest is the isolation that is seen by active electronics. Therefore, the isolation between an element in the victim system to an element in the aggressor system is of interest, not the composite array gain since that is created within the digital domain or deep in the transceivers at intermediate frequency for analogue beam-forming.  
In Figure 2-2, the antenna aperture fixtures (one white and one grey) with RF connectors mounted at the transceiver boundary is depicted. The reason to why the fixtures is colour coded, is that the antenna elements in the white fixture is vertical polarized and antenna elements in the grey fixture is horizontally polarized. Doing the measurements, the fixtures are oriented towards each other achieving polarization matching. 
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Figure 2-2: Test setup
The antenna technology used for this test is patch antennas, which reasonable to believe to be a common type of antenna aperture to be used for base stations operating at millimeter wave frequencies. 
To minimize uncertainties due to reflections, absorption material in placed in front of the antenna fixtures. The isolation as function of separation is measured using a standard network analyser, as showed in Figure 2-3.
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Figure 2-3: Output from Network analyzer
In Figure 2-3, it can be noted that S12 and S21 is not similar as expected. The reason for this behaviour is not related to the antennas to be measured. The coupler in the network analyser is not configured equally for both ports, that the reason to unsymmetrical plots between S12 and S21. The network analyser is configured for OTA measurement, where the loss is expected to be low allowing for optimized noise floor settings for S21 measurement is used. 
The isolation between element located closest to each other is measured, as showed in Figure 2-4.
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Figure 2-4: Separation between elements
The measurement result at 27.925 GHz, is listed in Table 2-1 for different edge-to-edge separations.
Table 2-1: Measurement results
	Separation [mm]
	Isolation 

[dB]

	100
	61 dB

	200
	64 dB

	300
	72 dB


In [1] simulations results indicated that the isolation was larger than 50 dB for 100 mm separation. Measurements confirms that the isolation for a real antenna implementation is rather 61 dB.
For typical wide area base stations the area of the antenna aperture is less than the front area of the base station encapsulation. Hence the closest distance relevant for base station to base station co-location is significantly larger than 0 mm edge to edge.

During the measurements, it was noted that the dynamic range of the specific network analyser used limited the maximum separation between fixtures to be measured. For larger separation, another setup is required. 
3. Conclusion

This contribution presents measurement results for antenna port to port isolation. The measurement results showed in this contribution shows that the assumption used for current requirements for frequencies around 2 GHz is not relevant for millimetre wave frequencies.
For a typical base station co-location scenario, the distance of 300 mm between antenna apertures of the victim and aggressor seems reasonable due to mechanical limitations set by the encapsulations. At 300 mm edge-to-edge separation the isolation is 72 dB.
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