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1. Introduction
At the last RAN4 meeting (RAN4#87 in Busan) several contributions [1, 2, 3, 4 and 5] related to conformance testing related to co-location requirements was presented for technical discussion, together with draft CRs for TR 37.843 and TS 37.145-2 [6, 7, 8, 9 and 10] presented for approval. In addition, draft test was approved for TS 37.145-2 and TR 37.843 recognizing the need for further editorial alignment and additional work to resolve open issues.  From the discussion several open issues were identified. The open issues were collected in a way-forward contribution [11]. 
One of the issues was related to the length of the co-location reference antenna to properly conduct OTA conformance testing for co-location requirements. This contribution studies the port-to-port isolation and the relation to the length of the co-location reference antenna, together with some options on solutions how to specify a solid conformance test specification. Other still not resolved issues is discussed in a companion contribution [12].

2. Discussion
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 antennas are located in the horizontal plane with individual edge-to-edge separation is specified to 0.1 m, as described in Figure 2-1.
[image: ] 
Figure 2-1: EUT/CRA setup
The detailed description of the co-location reference antenna is specified in TS 37.105, sub-clause 4.10 and corresponding test aspects in TS 37.145-2, sub-clause 4.15. Currently, the description in TS 37.105 and TS 37.145-2 is equivalent, but it wold be reasonable to adopt the text to be more test specific in TS 37.145-2. In a previously presented contribution [13], some open issues related to the current description of the EUT/CRA alignment have been highlighted, but not resolved.  
In the way-forward [11] from last meeting the following decisions and guidance is captured:
1. The base station manufacturer will declare the worst-case side of the EUT on which the CRA is placed and test will be done only on the declared side. 
2. Multicolumn and multiband antennas can be used as CRA, specific details for this kind of setup requires additional descriptive text to be added. 
3. For next meeting it is encouraged to bring contributions with input how issues related to transmitter intermodulation test and measurements close to interferer signal and noise floor are addressed.
In this contribution, the issue related to the different length between the EUT and CRA is analysed. The length of the CRA is very important to mimic the co-location scenario for which the requirements are defined (e.g. wide area, medium range or local area). Also, for the out-of-band region the selected CRA length needs some considerations, since the length of the CRA will change as function of frequency to maintain the EUT coverage area. 
The co-location requirements are requirements which are based on assuming the AAS base station is co-located with another base station of the same base station class; they ensure that both co-located systems can operate with minimal degradation to each other. For these requirements a concept of a CRA is introduced. The CRA is a key component for requirements listed in Table 2-1.
Table 2-1: CRA operation 
	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



From Table 2-1, it can be noticed that the CRA is used for injecting an interferer signal and measure emission. Since the CRA in a crucial component in both cases, detailed characteristics and eventual flexibility of characteristics needs very careful consideration per requirement basis. The co-location concept adopted for co-location requirements in Rel-15 version of TS 37.105, release on a CRA with equal length as the EUT. From a practical point of view, it may be difficult to mandate the CRA to have exactly the same length as the EUT. Therefore, the impact of the length of the CRA is analysed using a simple coupling model presented in an earlier contribution [13]. Instead of using element port-to-port coupling information derived from the scattering matrix. It is here assumed that all elements at 90 degrees horizontal angle fulfils the far-field criteria, which means that Friis free-space path loss formula can be used. 
For the case where an interfering signal is injected by the CRA (which is the case for transmitter intermodulation and receiver blocking) the port-to-port isolation per polarizations can be expressed in decibel scale as:
[bookmark: _Hlk516126491]
, where N is the number of elements in the CRA, Ln is the path loss between reference element and one element in the CRA. The port-to-port isolation is defined as the power received by the reference element within the EUT coming from the CRA. To analyse the power injected into the EUT electronics the reference element is moved along the z-axis. For each reference location at the z-axis Ln contributions will change according to individual distances between the reference element and CRA elements. The CRA element antenna gain (G1) and reference antenna gain (G2) at 90 degrees horizontal angle is here assumed to be -10 dBi.
This simplistic model is based on following fundamental assumptions:
1. Free-space path loss between individual elements is assumed.
2. The power received by the reference element is calculated as the sum of multiple CRA element contributions. 
3. The reference element gain and CRA element gain at 90 degrees horizontal angle is assumed to be -10 dBi.
Which means that effects due to mutual coupling and signal correlation is not captured in this analysis. 
The background for the coupling model is visualized in Figure 2-2. The reference element experience multiple signal contributions from the CRA antenna, coming from all individual elements. The reference element is moved along the z-axis at y set to a location corresponding to the column narrowest to the CRA antenna. The EUT and CRA, edge-to-edge separation (d) is 0.1 m. The CRA element separation is here assumed to be 0.5 m.   
[image: ]
Figure 2-2: Interferer signal port-to-port isolation
In Figure 2-3, the port-to-port isolation is plotted for 2.5 GHz operating frequency. The isolation is a function of the reference element location as an offset with respect to the midpoint of the CRA. The port-to-port isolation is defined as the ratio between P1 and P2 per polarization.
[image: ]
Figure 2-3: Port-to-port isolation
For requirements where an interferer signal is injected (such as transmitter intermodulation and receiver blocking) the size of the CRA is crucial to guarantee the interferer level seen by the test object. It can be notices that the isolation between a single element to a single element CRA is at 0 m offset 46.4 dB at 2.5 GHz. 
For an EUT with radiating aperture length of 0.6 m, which corresponds to 10 vertical elements, assuming element separation of 0.5. Therefore, here the CRA length of 8, 10, 12 or 14 vertical elements is selected for the analysis. The results is plotted in Figure 2-4 together with the EUT length marked with red dashed lines.
[image: ]
Figure 2-4: Port-to-port isolation over EUT aperture
The number of elements in the CRA is directly related to the length of the CRA as l=0.5Nm, for element separation of 0.5. The length relation between the CRA and EUT can be expressed as a length ratio as CRA-to-EUT length ratio expressed in percent. The CRA length, minimum port-to-port isolation, port-to-port isolation variation over EUT aperture and corresponding CRA-to-EUT length ratio is listed in Table 2-2. 
Table 2-2: CRA length ratio
	CRA 
Configuration

	CRA length 
(m)
	Minimum isolation
(dB)
	Variation
(dB)
	CRA/EUT length ratio
(%) 

	8x1URA
	0.48
	47.8
	2.8
	80

	10x1URA
	0.60
	48.3
	2.0
	100

	12x1URA
	0.72
	48.8
	1.3
	120

	14x1URA
	0.84
	49.2
	0.8
	140



In general, a too short CRA results in a too small interfering signal to be injected and measuring fractions of emission generated by the EUT. Using a CRA longer than the test object would result in a flatter response (see Figure 2-3), but with port-to-port isolation higher than for the case where the CRA length is equal as the test object. 
To summarize, from Figure 2-4, and Table 2-2, it can be concluded that a long CRA gives less variation of the interferer signal seen by each EUT transceiver, while shorter CRA gives larger variation and stronger peak level at the centre element of the EUT. The result suggests that the variation added to allow 20% larger CRA corresponds to 0.7 dB less variation for edge element interfering signal level. Also, if the CRA is 20% shorter, the variation increases 0.8 dB.  
The analysis in this contribution is only valid for frequencies for which the CRA is designed for. For out-of-band requirements, such as spurious emission and receiver blocking, the CRA length aspect also needs careful considerations, which is out of scope for this analysis. 



Regrading, additional flexibility selection of CRA for conformance testing of transmitter intermodulation, following three options have been identified for further consideration:

Option 1:
The conformance test specification (TS 37.145-2) mandates the CRA to be selected with equal length as the EUT. In practice this would mean that the base station manufacturer needs to design a custom CRA designed for the specific EUT. 

Option 2:
The conformance test specification (TS 37.145-2) allows flexibility of the CRA length and radiating characteristics. For this a calibration procedure is required to secure the interfering level seen by the test object (in the case of transmitter intermodulation). This approach requires calibration interfaces and functionality to be supported by the EUT.

Option 3:
[bookmark: _GoBack]The conformance test specification (TS 37.145-2) allows flexibility in terms of a specified length interval for the selected CRA. This would allow for lager pool of candidates for the selection of CRA used for conformance testing. As an example the CRA length interval for transmitter intermodulation can be specified as EUT length  +/- 20%. 

For other requirements where the CRA is used to measure emission (Spurious emission, TDD OFF power) the size of the CRA is also crucial parameter to guarantee the measurement uncertainty.  
To be able to establish a solid foundation for co-location requirements, the selected CRA used during conformance testing must be carefully defined. Currently, the alignment of the EUT and CRA and CRA characteristics is described in detail in TS 37.145-2, sub-clause 4.15. The description is common for all co-location requirements. However, the impact of the CRA length is different for requirements where the CRA is used to inject an interferer signal than for requirements where the CRA is used to measure emission. Also, the frequency version length aspect will matter in the out-of-band region. 
Additional information to sub-clause 4.15 to be add is required to include alignment aspects and guidance on flexibility related to the selection of test CRA. 

3. Conclusion
In this contribution the aspects related to alignment of EUT length and CRA length is studied using a simple coupling model. The result shows that the port-to-port isolation will depend on the length of the CRA. The implications for co-location requirement will be different, but in common for all requirements the CRA length aspect must be settled before starting the measurement uncertainty evaluation.   
In this contribution, three options for how the test CRA length issue can be resolved is presented for further consideration. 
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