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1. Introduction

The work in eAAS WI requires a concept of defining an equivalent requirement OTA without the means of specifying an antenna port-to-port isolation of 30 dB. In current specifications, assumptions for 30 dB antenna port-to-port isolation is assumed for requirements related to co-location spurious emission, receiver out-of-band blocking and transmitter intermodulation. 

In this contribution background information related to co-location scenarios based on physical separation and orientation, maintaining 30 dB antenna port-to-port isolation, is presented. 
2. Discussion

Since there is no possibility to define an antenna port-to-port isolation in the case of moving the requirement to the OTA domain, the requirement needs to be re-worked to use other means of capturing the co-location isolation aspects of co-location. 
Co-location is often used for two base stations located in their close vicinity, there are two main cases;

1. Co-location where two base stations are located close to each other in different masts. This is the scenario used for deriving 30 dB in TR 25.942.

2. Co-siting where two base stations are located close to each other in the same mast. Investigations and measurement shows that the antenna port-to-port isolation is 30 dB or larger for this case. 

The background source information to the antenna port-to-port isolation of 30 dB used for unwanted emission, receiver blocking and transmitter intermodulation is found in TR 25.942 [1], sub-clause 10.1:

The coupling losses between two co-sited base stations are depending on e.g. the deployment scenario and BS antenna gain values. As seen from e.g. [28], different deployment scenarios give raise to a large variation in coupling loss values. However, in order not to have different requirements for different deployment scenarios, it is fruitful to use one value of the minimum coupling loss (MCL) representing all deployment scenarios.

For the case of two operators co-siting their antenna installations on a roof-top, the antennas could be situated in each other's far-fields and the isolation that occur between the sites can be analysed using the ordinary Friis' transmission equation:
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where R is the distance between the antennas,
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 is the wavelength and Gain is the total effective gain of the two antennas.

When applying this equation to a deployment scenario with a separation distance of 10 meters between the two sites, both using 65 (14 dBi) sector antennas, an isolation of about 30 dB occur when the antennas are situated in a 35 angle compared to each other. This deployment scenario is regarded as typical to many co-sited antenna installations.

A coupling loss value of 30 dB also coincides with the minimum coupling loss value reported in [29] and one of the measured antenna configurations in [28]. It is also typical to many existing installations, as reported by several operators.

Worth mention is that the formula used in TR 25.925 above, is not correct. The well-known Friis free space transmission equation normally uses the factor 4 instead of 2 in the numerator. 

To analyse the relation between the antenna separation and mutual orientation a simple link budget for RF signals coupled from an aggressor base station to a victim base station is created.
Traditionally, antenna port-to-port isolation describes the isolation between a victim base station and an aggressor base station, where it is reasonable to assume that the transmitter power and antenna used is equal for both base stations. In Figure 2-1, the current concept of defining antenna port-to-post isolation is visualized. Independent of operating frequency, antenna characteristics, polarization and antenna separation, the antenna port-to-port isolation is always assumed to be 30 dB. This concept worked perfectly for system using simple passive column antennas with access to TAB connectors. 
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Figure 2-1: Traditional concept of co-location requirements
Currently, the antenna port-to-port isolation (Liso) is set to 30 dB, regardless of operating frequency or antenna separation. 

The relation between the aggressor power level (Pa) and the received victim power level (Pv) can be described in logarithmical scale as:
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, Ga is the antenna gain of the aggressor and Gv is the antenna gain of the victim,  is the wave length in meters and d is the distance in meters.   

The above expression suggests that the antenna port-to-port isolation is a function of antenna separation, wave-length and the orientation of the antennas.
If we assume a fixed value of antenna port-to-port isolation set to 30 dB and typical values for feeder loss (Lfeeder) of 0.5 dB and 3GPP antenna model is used for both aggressor and victim. Then the relation between the distance and the horizontal orientation angle can be determined, maintaining the same antenna port-to-port isolation.
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Figure 2-2: Horizontal radiation pattern

In Figure 2-2 the horizontal radiation pattern cut for a passive antenna for a 3-sector deployment is plotted, based on antenna models defined in TR 37.842, sub-clause 5.3.3.2. It can be noted that at +/-90 degrees’ horizontal angle the antenna gain is -6 dBi. 

It could be argued that the far-field criteria is not fulfilled for a typical base station at a short distance, but studies in [4] shows that for a BS antenna seen from 90 degrees azimuth angle the gain is very low, which allows the antenna model assumed in 3GPP to be used. The results have been verified by measurements. 

In eAAS WI the intention is to remove the need for access to the TAB connectors allowing for all OTA conformance testing. Therefore, a new concept for handling co-location is required. Instead of defining the antenna port-to-port isolation a concept of specifying co-location in terms of distance and orientation of victim base station and aggressor base station is needed, as showed in Figure 2-3.
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Figure 2-3: Radiated concept for co-location requirements
Moving the requirement into the OTA domain means that parameters such as EIRP and EIRL to be introduced for describing radiated power levels. Also, spatial aspects, such the mutual physical orientation of the aggressor and victim system needs to be defined, in terms of distance and angles with respect to antenna apertures. 
In general, of possible configurations of co-location may be relevant, but too reduce the complexity it is suggested to focus on a case where the aggressor base station and the victim base station is located beside each there in the horizontal plane, separated physically at a certain distance and mutual horizontal angles. Eventually, this case would be defined as the reference case for co-location and could be used as foundation for both RF core requirement and conformance test requirement with respect to BS-to-BS co-location. 
The challenge is to determine the distance and the mutual angular orientation between the co-located base stations. A simple approach is to assume horizontal beam characteristics for a non-AAS base station and figure out the relation between the separation and angular orientation towards each other. 
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Figure 2-4: Antenna separation as function of rotation
For frequencies between 450 to 4500 MHz, the result is plotted in Figure 2-4. It is clear that the antenna port-to-port isolation is frequency dependent. For 2000 MHz, the plot indicate that the antenna separation is 1 meter when the aggressor base station and the victim base station is rotated towards each other approximately 65 degrees maintaining the isolation of 30 dB. Also, the distance between antennas placed in the same plane (with =0) gives a separation on approximately 0.1 m. 
In this analysis, it was assumed that the antenna gain of the aggressor and victim is equal and independent of frequency. This assumption is not correct for co-locations between base stations where operating frequencies differs (e.g. low band and high band configurations), even though base station antenna typically are wideband and covers many bands, but not all 3GPP bands. 

The challenge is to find a realistic co-location description of how the antennas are mounted with respect to each other that can be used as foundation for describing co-location with two base stations. To make the co-location scenario for AAS BS as simple as possible, we need to find an antenna configuration scenario where the location of the aggressor and victim is described with as few parameters as possible.  
A potential solution could a fixed distance with a certain orientation of the aggressor and victim to be used for all frequencies.
Also, depending of requirement to be tested (spurious emission, blocking or transmitter intermodulation) a reference antenna is needed to be used as the victim or aggressor conducting conformance testing. The requirement levels for spurious emission (see companion contribution [3]), blocking and transmitter intermodulation must be translated to the OTA domain. Then, the characteristics of the reference antenna can be seen as arbitrary if its included in the measurement calibration procedure.
3. Conclusion

This contribution presents the background to how the antenna port-to-port isolation used for unwanted emission, receiver blocking and transmitter intermodulation with respect to base station to base statin co-location. In 3GPP for non-AAS base station requirements, 30 dB is associated to co-location of two base station separated 10 m.   

For AAS base stations having OTA requirements there is a need to define a co-location scenario that could be replicated in a OTA test environment. From that perspective it would be better to find a co-siting case with the aggressor base station antenna separated a certain distance to the victim antenna. This contribution shows how the distance relates to mutual angular orientation. 
The results show that a distance of 0.5 m to 1 m could be reasonable  for co-location testing, while maintaining the isolation of 30 dB. 

The intension is to use the results in this contribution as background for defining a relevant and practical test scenario for co-location requirement for AAS base stations. 

4. References

[1]
TR 25.942, “Radio Frequency (RF) system scenarios”, v13.0.0, 3GPP

[2]
R4-168302, “On co-location requirements aspects in the spatial domain”, Ericsson
[3]
R4-1703388, “BS to BS co-location spurious emission requirement for AAS BS”, Ericsson
[4]
Report ITU-R M.2244, “Isolation between antennas of IMT base stations in the land mobile service”, ITU-R

_1549965827.unknown

_1549970351.unknown

