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1. Introduction

In eAAS the plan is to develop an all OTA specification for AAS base stations without any associations to the TAB connector interface. The baseline for OTA requirement is to guarantee the same level of performance and protection for co-located base stations as the current specification. The current specification assumes an antenna port-to-port isolation of 30 dB between two co-located transceivers. 
Currently, the antenna port-to-port isolation is primarily used for transceiver requirements related to unwanted emission and receiver blocking. There could also be other requirement that are using the co-location antenna-port-port isolation of 30 dB. This contribution is handling the following requirements:

1. Transmitter Intermodulation

2. Co-location unwanted emission

3. Co-location receiver blocking  

At last meeting several contributions related to the definition of OTA co-locations requirements was discussed [1, 2, 3, 4]. A new concept for handling co-location requirements was introduced, where a co-location reference antenna is introduced in an OTA test environment. The co-location reference antenna is used to illuminate the test object with interfering signal for transmitter intermodulation requirement and receiver blocking requirement and receive emission from a test object for co-location spurious emission requirement. 

Also, a way-forward was agreed in [5] as a guidance for the discussion at this meeting. The way-forward is summarized as:

The 2 options can be represented as:
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The following open issues should be resolved

1. Should all co-location requirements use the same methodology?

For the proximity based solution

1. What is used for the test antenna?

a. A representative BS antenna

b. A calibrated test probe (dipole?)

2. If a test probe is used then what is the coupling factor between the test probe and the AAS under test?

3. What are the worst cases scenarios (at least IV)?

4. What is the min separation (d)?

For the virtual connector solution

1. How is the antenna gain estimated?

This intension with this contribution is give our view on the above given open issues listed in the way-forward agreed last meeting.
2. Discussion

An all OTA RF core specification for AAS base station requires all requirements to be defined in the radiated domain (e.g. as far-field parameters). This means that the requirement definition cannot assume access to the TAB interface. However, to the agreed procedure is to use the current requirement as a base line. For an AAS base station with integrated antennas and no access to a connector interface, a new concept for co-location is required. It has been suggested in [] to place the AAS base station (test object) in proper OTA test environment together with a co-location reference antenna which mimics the aggressor or victim depending on requirement. 
At the first glance, it would be reasonable to assume that the co-location antenna is of the same type as the antenna used in the test object. This assumption would be in line with assumptions used for legacy systems. For legacy system the following was assumed:

1. The victim and aggressor base station is assumed to have the same output power.

2. The victim and aggressor base station is assumed to have the same type of antenna (equal gain).

3. The co-location assumption used currently does only capture interaction between one aggressor transceiver to one victim port transceiver.
The antenna port-to-port isolation between base stations of 30 dB corresponds to a co-location scenario of antenna apertures located in in the same mechanical plane (y/z) separated horizontally a distance d m as shown in Figure 2-1.
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Figure 2-1: BS-to-BS co-location scenario
The co-location reference antenna is part of the test setup. The antenna is placed close to the test object, as described above. Eventually, other test scenarios may be needed to fully capture co-location characteristics of the test object. A study of applicable co-location configuration with respect to antenna placement have been conducted by ITU/R in M.2244 [7]. The conclusion form that study was that the case with horizontally separated BS antennas is the case with lowest isolation and therefore most relevant for developing OTA co-location requirements for AAS base stations. 
A challenge form OTA testing perspective is that the test object and co-location reference antenna aperture is supposed to be of the same type and size. In an OTA test environment having two antennas mounted together may put very stringent requirements on the chamber size and the mechanics of the positioner or near-field scanner. It is therefore desirable to define a co-location reference antenna that can described by the standard and generic for all type of AAS base stations. 

At last meeting it was suggested to use a dipole antenna or other type of antenna with specified antenna characteristics for the co-location reference antenna. Replacing the base station antenna with another antenna opens up some questions:

1. Since the base station element gain at 90 degrees azimuth angle is typically around -6 dBi for a classical passive BS antenna with 65 degrees azimuth HPBW. Changing the co-location reference antenna to a dipole antenna with approximate 2 dBi gain would requirement the distance to be changed to maintain 30 dB antenna port-to-port isolation. 

2. Using another type of antenna than the test object could potentially introduce an unbalance between antenna aperture size between test object and co-location reference antenna. The impact of this unbalance needs further considerations.  
3. The orientation of the co-location reference antenna will also affect the antenna port-to-port isolation, due to the gain characteristics and polarization matching aspects. It is suggested to find a fixed orientation, such as a dipole located mounted along the vertical axis. The typical gain characteristics for a dipole antenna is visualized in Figure 2-2.
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Figure 2-2: Typical antenna characteristics for a dipole antenna
Another aspect with respect to co-location requirements for AAS BS is to understand how beam-forming concept such as digital beam-forming and analog-beamforming or hybrids works. In the case where the radio is distributed and beam-forming is performed in the digital domain, the antenna area per transceiver tends to get smaller compared to the traditional non-AAS case, where the element is a column antenna. 
Proposal 1:

Define a test scenario(s) for co-location, where a co-location antenna is located at a specified location with respect to the test object.

For unwanted emission, the co-location reference antenna is used to receive the emission generated by the test object within other frequency bands than the operating band of the test object.
For receiver blocking and transmitter intermodulation, the co-location reference antenna is used to illuminate the test object with a signal corresponding to the interfering signal part of the requirement definition. 

With a proper scenario, where the induvial location and orientation of the test object and co-location reference antenna is specified together with the antenna type of the co-location reference antenna, it is possible to use the same scenario for all three requirements (Unwanted emission, Receiver blocking and Transmitter intermodulation). Using the same setup is beneficial from a testing perspective.

Proposal 2:

Study feasibility to use the same test scenario for all co-location requirements (Unwanted emission, Receiver blocking and Transmitter intermodulation).

Re-using the assumption that the co-location reference antenna is similar as the test object would be reasonable from a requirement point of view. However, from an OTA test perspective the total since of the test object and the co-location antenna mounted together may be difficult to handle for many types of test ranges including far-field, near-field and reverberation chamber base test ranges. Therefore, it has been suggested to use an antenna with standardized characteristics for as the co-location reference antenna. 
As an example, the characteristics for a dipole antenna mounted at a certain distance from the edge from the test object with a certain orientation could be specified. 

Proposal 3:

Study the feasibility to specify a scenario with a standardized co-location antenna.

A co-location scenario used for conformance testing requires the orientation of the test object and co-location reference antenna to be defined and captured in the specification. 

An example is given in Figure 2-3. The antennas are placed with the y/z-plane, with distances dv and dh defined to mimic a co-location scenario where antenna port-to-port isolation is 30 dB.
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Figure 2-3: Principle of probe proximity concept for co-location
Also other co-location scenarios may be needed, even though from a OTA testing perspective it would be beneficial to have as few scenarios as possible. 
3. Conclusion

This contribution continues the discussion started last meeting related to how to handle OTA co-location requirements for AAS base stations. 
The contribution does not resolve all issues in the way-forward from last meeting, but proposes some guidance with respect to focus areas for coming meetings.

In the contribution the following proposals are suggested for the continuing work related to the topic in this contribution:

Proposal 1:

Define a test scenario(s) for co-location, where a co-location antenna is located at a specified location with respect to the test object.

Proposal 2:

Study feasibility to use the same test scenario for all co-location requirements (Unwanted emission, Receiver blocking and Transmitter intermodulation).

Proposal 3:

Study the feasibility to specify a scenario with a standardized co-location antenna.
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