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1. Introduction
At the last RAN4 meeting (RAN4#87 in Busan) specific details regarding the definition of the co-location reference antenna, an essential component part of conformance testing of co-location requirements. The co-location reference antenna is used to inject an interferer signal or to measure emission for a specific co-location scenario. 
It has been suggested to replace the co-location reference antenna with a general antenna (e.g. dipole antenna or horn antenna) located at a different location than described currently. The essential part for the new setup is that it must correspond to a situation where the same interferer signal level is injected, and the same emission level is measured, similar to the co-location reference antenna specified in TS 37.105, sub-clause 4.10 for which RF core requirements are based on.  
In this contribution some technical background related to the possibilities and challenges associated to a generalized co-location concept is presented for further considerations.

2. Discussion
In eAAS WI a category of RF core requirements is referred to as co-location requirements. Those are requirements which are based on assuming the AAS base station is co-located with another base station of the same base station class (e.g. wide area), they ensure that both co-located systems can operate with minimal degradation to each other. The current co-location concept is described in TS 37.105, sub-clause 4.10 and corresponding test aspects in TS 37.145-2, sub-clause 4.15. 
The co-location concept defined in eAAS WI for Rel-15, is based on a passive base station antenna referred to as Co-location Reference Antenna (CRA) located close to the AAS base station referred to as Equipment Under Test (EUT). The co-location requirements defined in eAAS WI are summarized in Table 2-1.
Table 2-1: Co-location requirements 
	Requirement

	TS 37.145-2, sub-clause 
	CRA operation
	CRA frequency region

	OTA Transmit ON/OFF power
	6.5
	Measure emission 
	Emission within the carrier during RX period

	OTA Spurious emission
	6.7.6.3
6.7.6.5
	Measure emission 
	Out-of-band region at other 3GPP bands

	OTA Transmitter intermodulation
	6.8
	Inject an interferer signal
	Within the operating band  

	OTA Blocking
	7.6.3
	Inject an interferer signal
	Out-of-band region at other 3GPP bands



It can be noticed that there are two main use-cases for the CRA; 
· The CRA is used to inject an interfering signal
· The CRA is used to measure emission 



For both cases, the CRA needs to operate within the EUT operating band and within the EUT out-of-band region. 
In the RF core specification (TS 37.105) co-location requirements have different classifications;
· OTA co-location unwanted emission and OTA co-location blocking requirements are optional requirements based on declaration. 
· OTA TDD OFF power and OTA transmitter intermodulation are mandatory requirements and is the form of a co-location requirement as it represents the worst-case scenario of all the interference cases.
The CRA, shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of AAS BS and nominal 65 degrees horizontal half-power beam width suitable for 3-sector deployments at a distance d from the edge of the EUT. The edge-to-edge separation d, between the EUT and the CRA shall be set to 0.1 m.
The alignment of the EUT and the CRA shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in Figure 2-1. For co-location requirements (OTA co-location blocking and OTA spurious emission) where the frequency range of the signal at the CRA is different from the EUT, a CRA suitable for the frequency stated in the requirement is assumed.
All co-location requirements are based on power at the conducted interface of a CRA, depending on the requirement this interface is either an input or an output. For EUT with dual polarization the CRA has two conducted interfaces each representing one polarization.
 
Figure 2-1: EUT/CRA setup
This description of the CRA and alignment is defined with wide-area base station co-location scenario in mind. For other base station classes (medium range and local area), it is worth to further study if details of the description need additions to apply for all scenarios. 
Instead of using a passive base station antenna as CRA, any antenna can be used as test CRA (TCRA) under the following conditions;
1. The transceiver in the EUT experience the same interferer signal, in the case of transmitter intermodulation and receiver blocking.
2. The emission level measured for unwanted emission and TDD OFF power is kept equal as the emission measured with the CRA described in TS 37.105, sub-clause 4.10.
A generalized co-location concept where a general test antenna located at any angle would open for potential simplification during OTA testing. 

2.1 [bookmark: _Hlk516213588]Injection of interferer signal
For the case where an interfering signal is injected in the EUT, such as transmitter intermodulation and receiver blocking, changing CRA type and location with respect to the EUT will also affect the interferer level (PI) feed to the CRA, as showing in Figure 2.1-1. 
Since there is a need to rotate the EUT when measuring TRP part of transmitter intermodulation a mechanical structure is attached between the positioner and the TCRA. 


Figure 2.1-1: Injection of interferer signal
The challenge is to find an analytical expression or procedure for how the interferer power level feed to the CRA is determined based on location and antenna characteristics. The intension is to inject the same level as specified by the RF core requirement in TS 37.105, sub-clause 4.10. To be able to find this baseline for the interferer level, a coupling model capturing the coupling between EUT elements and the CRA is necessary together with EUT antenna parameters.
[bookmark: _Hlk516216622]The interferer signal level feed to the TCRA can be described as: 
PI = FI(d, GEUT, GTCRA, f)
, where d is the distance between EUT and TCRA, GEUT is the EUT element gain, GTCRA is the gain of the TCRA, f is the frequency and FI is an unknown function holding information about the base line coupling determined by the co-location scenario used as base line for the CRA described in TS 37.105.  
An alternative approach is to use the CRA as described in TS 37.105 as base line in a calibration procedure. Then the received interferer level per transceiver can be determined by the EUT. The receiver power level is stored in the EUT for all transceivers in the AAS base station. Then the traditional CRA is replaced with a TCRA (which can be a dipole antenna or horn antenna), which can be placed at an angle aligned to the EUT mechanical bore-sight. 
Then the power level feed to the test TCRA is adjusted until the level measured per EUT transceiver is equal or higher than the level recorded from the traditional CRA. The challenge with the calibration approach is to find the reference to the calibration. The intension is that the reference should correspond to the isolation achieved by the CRA defined in TS 37.105, sub-clause 4.10. This isolation would depend on frequency and is not 30 dB (used as baseline for legacy requirements) as shown in companion contributions [1, 4].

2.2 Measure emission
One of the driving factors for the co-location concept in eAAS WI was the very low requirement levels part of OTA unwanted emission requirements and OTA TDD OFF power requirement. The co-location concept measures emission in the near-field region mimicking a real base station to base station co-location scenario and was seen as the most suitable method to show conformance. Using a traditional far-field test range would be unrealistic due to the path-loss (typically 50-60 dB) in the chamber required to maintain the far-field criteria. 
Using a dipole antenna or horn antenna as TCRA for emission measurement requires careful consideration of the test distance. For a test distance less than the far-field criteria associated to the physical size of the radiating aperture, the receiver power by the TCRA risk not capture all emissions generated by the EUT. Its not clear how the TCRA shall be selected and located to replicate the result of the specific CRA. 
A potential solution could be to calibrate the isolation and thereby secure uniform illumination by the alternative approach based on a calibration introduced for the case where an interferer signal is injected (in section 2.1). By using the same antenna and placement for all co-location requirements a generalized TCRA can be defined in the case of measuring emission. 

3. Conclusion
In this contribution some background and ideas for how to define a generalized test co-location reference antenna (TCRA) can be defined in the conformance test specification. 
Its clear that there is no simple common solution that can be used for all co-location requirements.
For co-location requirements where an interferer signal is injected (transmitter intermodulation and receiver blocking), two different approaches have been identified;
1. RAN4 needs to establish a parameterized coupling model to be able to determine the interferer power level injected to the TCRA. 
2. RAN4 needs to describe an optional procedure where the CRA is used as a calibration reference. Then any antenna and location can be used for the TCRA.
Potentially, for option 2, the antenna and location can be fixed which would allow for conformance testing of all co-location requirements. 
The drawback with option 2 is that it will require a calibration procedure to be added to the conformance test specification. Also, the isolation to be used as reference for the calibration must be defined by RAN4. 
In companion contributions, draft CRs to improve specification text and background information is presented for approval in [2, 3]. 
For Rel-15, it is suggested to allow for flexibility in terms of selection of the CRA as discussed in [1, 4] instead of introducing full freedom to select any antenna as the TCRA. 
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