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1. Introduction

For non-AAS BS and release 13 AAS BS the co-location aspect has been captured by assume an antenna port-to-port isolation of 30 dB between victim base station antenna and aggressor base station antenna. The antenna port-to-port isolation is used for spurious emission co-location requirement, receiver out-of-band blocking requirement and transmitter intermodulation requirement. Moving the requirement to the OTA domain means that the antenna port-to-port isolation assumption cannot be used anymore. Therefore, new concepts for describing co-location scenarios of AAS base stations are required.  
This contribution presents a summary of requirements depending on port-to-port isolation together with some aspects for considerations moving forward defining new requirements.
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 aspects of co-location. 

The tradition 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. 
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Figure 2-1: Base station co-location scenario
It is assumed that the co-polarization antenna port-to-port isolation is 30 dB. It shall also be noted that intra-antenna port-to-port isolation is assumed 30 dB. An extensive analysis of the background for antenna port-to-port isolation can be found in a report from ITU/R [1].
For current requirement the antenna port-to-port isolation, 
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 is 30 dB independent of frequency. This assumption is relevant for typical base station deployments with passive antennas co-located at the same site. When passive antennas with a clear interface is used it is very easy to verify that the isolation between two co-located antennas is what it is supposed to be to guaranty emission levels and co-location interference levels. For base station considered in eAAS the concept of having access to antenna connectors is abandoned, which requires a new concept for handling co-location isolation between base stations. Also the concept of having a fixed isolation between base stations may need to be revisited.
2.1
Co-location requirements

In current specifications there are three requirements related to co-location of base stations assuming 30 dB port-to-port isolation; spurious emission, receiver blocking and transmitter intermodulation. A brief background is given how the port-to-port isolation has been used to establish requirement values.

2.1.1
Spurious emission

The power levels to be met in the co-location spurious emission requirements are derived as:
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Where kTF is the noise floor spectral density in dBm/Hz of the victim base station receiver and  is the victim receiver sensitivity degradation in dB due to co-location. The 50 dB value is a bandwidth conversion factor to end up with dBm/100kHz, which is traditionally used for spurious emission levels. With some agreed assumptions for the noise figure and sensitivity degradation, values for F and  was defined. The spurious emission level, 
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 is calculated to -96 dBm/100kHz.  

This emission threshold is applicable in UL frequency regions of defined 3GPP bands. If the victim system emission level within UL bands is lower than specified, then the system can operate co-located close to each other. 
For AAS base stations operating at legacy frequency bands, the spurious emission requirement level is still relevant. The challenge is to measure the emission in a radiated environment, where the path-loss and far-field criteria is working against each other. Methods to capture co-location spurious emission levels have been discussed in eAAS WI. A set of technical aspects to consider when a method for capturing spurious emission OTA is captured a companion contribution [2]. 

For higher frequencies above 2 GHz, the discussion on the assumed port-to-port isolation could be revisited based on findings in [1].
2.1.2
Receiver out-of-band blocking
The blocker signal part of receiver blocking requirement is derived as:
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For receiver blocking it is assumed that the aggressor base station output power is 46 dBm.

If the victim receiver can withstand the blocker signal, it can be co-located with the aggressor base station.

This requirement is about maintain performance in the case of out-of-band blocking from a co-located base station. Eventually the assumed port-to-port isolation could be changed to an assumption on distance between a reference antenna ante the victim base station. 
The intention with radiated equivalent requirement is to create a field-strength at the victim base station aperture that corresponds to the legacy port-to port isolation of 30 dB and 46 dBm aggressor power. The challenge is to define the relevant level of the electrical field or EIRL (Equivalent Isotropic Received Level) at the victim antenna aperture.
2.1.3
Transmitter intermodulation
The reverse signal power level due to co-location is derived as:
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For transmitter intermodulation it is assumed that the output power of the aggressor base station is equal to the output power of the victim base station. The emission is tested under the condition that an interfering signal is feed towards the wanted signal. If the emission levels are maintained the victim base station is suitable for co-location with the aggressor base station. The intention is to create a field-strength at the victim base station aperture that corresponds to the legacy port-to port isolation of 30 dB and the declared radiated power of the wanted signal power.
2.2
Concept without port-to-port isolation
Moving away from the TAB boundary means that a new concept of handling co-location requirements is required. Defining requirements in the radiated domain means than instead of referring to power levels at the TAB connector it is about field-strength levels in dBV/m, of cause field strength can be converted to EIRP or EIRL to make thing easier. So what is needed is a defined level of interference in terms field-strength corresponding to a relevant co-location case.  

Instead of using a fixed assumption of an antenna port-to-port isolation of 30 dB, an aggressor signal could be introduced as part of the requirement. The requirements could be created so that performance shall be met under the condition that an aggressor signal is impinging from a defined location on to the victim base station. In the test procedure the impinging signal can be generated by a similar base station as the test object or a standardized antenna placed at a standardized location corresponding to the traditional antenna port-to-port isolation in previous requirements. The antenna could be referred to a reference aggressor antenna. In Figure 2.2-1, a principle test setup for out-of-band blocking and transmitter intermodulation showed. 
Presumably for spurious emissions there will be no aggressor, but a nearby placed antenna with a fixed distance will used to measure the spurious emission level from the base station.
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Figure 2.2-1: Test setup for out-of-band blocking and TX intermodulation
The aggressor can be a base station transmitting an aggressor signal causing degradation of victim link or a passive antenna. The challenge is to define a relevant configuration with respect to mutual physical location and orientation of the test object and aggressor. The configuration should be chosen so that it corresponds to an antenna port-to-port isolation equal to 30 dB in terms of distance. The configuration will first of all set the physical distance between the victim and aggressor, but also mutual horizontal angles, in the case of placement in horizontal plane. 

Maybe in some circumstances, it might be appropriate to fix a distance from the aggressor base station to the victim base station even if the isolation would be greater than 30 dB. This would be more likely for higher frequencies. It is not useful to design requirements relating to separations that would not happen in practice.

This concept removes the need to define different values for antenna-port-to-port isolation indicated in ITU-R report M.2244 [1] and also mentioned earlier in the RAN4 discussion, that 30 dB is too strict for frequencies over 2 GHz.

Since the isolation between victim and aggressor is dependent on how the base stations are oriented with respect to each other, radiated transmit power and antenna aperture size. Therefore, all these parameters needs to be specified 

The challenge is to find a concept to determine parameters with respect to the placement of the aggressor. Also parameters related to antenna size and corresponding signal properties must be defined.    

3. Conclusion

In this contribution we have summarised background information relevant for co-location requirement. The intention is to use this information when radiated equivalent requirements for co-location is developed in eAAS WI. 
An idea where a defined reference antenna is introduced in the OTA environment have been suggested. Instead of defining 30 dB isolation, now RAN4 needs to define the reference antenna and how it should be mounted with respect to the test object.
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