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1. Introduction
The current criteria for choosing a suitable CO-location Test Antenna (CLTA) may lead to adverse situations. Especially, when the tests require a CLTA running at a significantly lower frequency than the frequency of the Equipment Under Test (EUT). If the CLTA shall be selected to match the beam width of the EUT, the fraction  where L is antenna length and  is the wave length of the design frequency, must be the same for the CLTA and the EUT. Hence, a CLTA at N times lower frequency than the inband frequency would have to be about N times as large.
This contribution emphasizes on the property that the co-location test is taking place in the nearfield region, a fixed sideways separation of 0.1 m. Hence, the beamwidth criterion is probably not relevant for OOB CLTA selection. The amount of coupling between antennas can be written as the reaction integral [1]

dS
Here c is a constant (not important for this discussion),   is the electric field induced by antenna 1 and  are the currents of antenna 2. The integration goes over a surface circumscribing antenna

2. Discussion
Three distinct cases can now be identified:
a) The CLTA is smaller than the AAS 
b) The CLTA has the same size as the AAS
c) The CLTA is larger than the AAS


[image: ]
Figure 1 Three cases for discussion of the impact of the CLTA length. The vertical black lines illustrate the field from the CLTA ((E_ ⃗ 1 ) ) and the currents on the AAS ( J ⃗_2) flows on the surface, here depicted as a green rectangle. 
Comparing case c) and b)  it can be argued that the field strength is reduced in case c) compared to case b) as the power is spread out over a larger surface. As a result, the coupling decreases. By reciprocity the same is true for case a), i.e. the coupling is reduced both when the CLTA is under-sized or over-sized and the highest coupling occurs when the CLTA is length-matched to the AAS.

To find further evidence for this argumentation, the coupling has been calculated by using the Induced EMF method [2]. Here, this method has been applied to a pair of vertical dipole arrays, assuming that the edge elements of the AAS are primarily affected by the neaerfield coupling effects. The AAS uses a fixed number of dipole elements, whereas the number of dipole elements varies in the CLTA array. The elements are dual-polarized +/- 45 dipoles with passive reflector dipoles a quarter wave length behind, to get a somewhat directive element pattern which is considered to be realistic.



[image: ]
Figure 2 Simulation setup for CLTA length effects. The AAS is modelled as a single column antenna with one slanted polarization active (blue) and the orthogonal ports as passive radiators (grey) the CLTA, here at another frequency, is modelled the same way but with different number of elements and length. The dipoles are half-wavelength at the design frequency of the antenna, and the vertical element separation is half a wave length.

3. Results
The absolute levels of the coupling are specific for the used antenna elements. Especially the results corresponding to nulls and harmonics in the frequency response of the used antenna elements. A 10 dB extra isolation factor has been added to account for mismatch and other imperfections, and mechanical structures present in realistic antennas.
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Figure 3 Coupling at different frequencies for a range of relative lengths. Clearly, the maximum coupling occurs when the CLTA has the same length as the AAS. In this figure the AAS and the CLTA have the same design frequency.
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Figure 4 Coupling between an AAS designed at 3000MHz and a CLTA designed at 2500 MHz (left) and 2000 MHz (right). The two curves correspond to coupling at the design frequency of the AAS and the design frequency of the CLTA, respectively. The curves indicate that the mismatch of the AAS and the CLTA are similar. However, again the maximum coupling occur close to when the antennas are of identical lengths.
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[bookmark: _Ref44066425]Figure 5 Coupling for a 700 MHz CLTA and a 3000 MHz AAS. At this frequency combination there are no strong resonant phenomena. However, the large frequency offset presents a quantization problem when selecting the number of antenna elements in the CLTA. Here, the AAS has 16 elements and the best matched CLTA has 4 elements.
When the frequency offset is large the selection of a best matched CLTA presents a quantization problem. In the case of an AAS at 3000 MHz and a CLTA at 700 MHz, see Figure 5, the best match lengthwise is when the CLTA has 3 elements which yields a CLTA length of  and an AAS length of  0.80 m.

The following two figures shows the coupling effect at frequencies where the CLTA is resonant in two extreme ways. In Figure 6 the CLTA elements will be short-circuited when driven at the AAS design frequency 3000 MHz. In Figure 7 the CLTA has a harmonic at the AAS design frequency. Note, that dipole antennas typically have odd harmonics, i.e., at 3, 5, 7, … times the fundamental frequency. Such cases must be avoided in co-location testing.
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[bookmark: _Ref44058366]Figure 6 In this case the AAS is tuned to 3000 MHz and the CLTA to half the frequency. Hence, the CLTA will have zero gain at the AAS design frequency. At the CLTA design frequency the AAS will merely be detuned.
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[bookmark: _Ref43992533]Figure 7 In this case the CLTA is tuned to 1000 MHz and, being built of dipole element, it will have a harmonic resonance at 3000 MHz. Morever, the fluctuation in the coupling depends on whether an even or odd number of elements is being used in the CLTA. Still, the worst-case coupling occurs when the CLTA has roughly the same length as the AAS. 

Observation 1: The worst-case coupling (lowest isolation) occurs when the CLTA has roughly the same length as the AAS, independently of the frequency offset.
Observation 2: In the case of a CLTA frequency of 1/3 of the AAS frequency, a matched vertical beam width would correspond to using a 3 times longer CLTA than the AAS. With this choice the coupling is reduced by a roughly a factor 3 (4.8 dB), as can be seen in Figure 7.
Observation 3: In cases where the CLTA is longer than the AAS, the decrease in coupling is roughly given by the length fraction, i.e., the coupling level is reduced by . Hence, selecting a too long CLTA can be compensated by adjusting the used power levels accordingly. This could be added in the calibration stage of co-location testing procedures.
Observation 4: Based on Observation 3 it is reasonable to formulate the co-location requirements in terms of near-field field strength levels. This would lead to co-location requirements without the need of designated physical test antennas, CLTAs, and instead using wideband standard test antennas such as Standard gain horns etc.

4. Conclusion
The length of the CLTA should be matched to the length of the EUT. 
Small length variations lead to acceptably small changes in the coupling level (1-2 dB). 
Use of beamwidth criteria for OOB testing leads to too low coupling levels when the EUT and the CLTA operate at different frequencies.  The beamwidth criterion should hence not be used for OOB co-location testing. 
A too long CLTA antenna could be used provided the power levels are adjusted to get similar nearfield power density levels as in the case of matched length.
Observation 1: The worst-case coupling (lowest isolation) occurs when the CLTA has roughly the same length as the AAS, independently of the frequency offset.
Observation 2: In the case of a CLTA frequency of 1/3 of the AAS frequency, a matched vertical beam width would correspond to using a 3 times longer CLTA than the AAS. With this choice the coupling is reduced by a roughly a factor 3 (4.8 dB), as can be seen in Figure 7.
Observation 3: In cases where the CLTA is longer than the AAS, the decrease in coupling is roughly given by the length fraction, i.e., the coupling level is reduced by . Hence, selecting a too long CLTA can be compensated by adjusting the used power levels accordingly. This could be added in the calibration stage of co-location testing procedures.
[bookmark: _GoBack]Observation 4: Based on Observation 3 it is reasonable to formulate the co-location requirements in terms of near-field field strength levels. This would lead to co-location requirements without the need of designated physical test antennas, CLTAs, and instead using wideband standard test antennas such as Standard gain horns etc.
Proposal 1: The CLTA length shall be matched to the EUT length for out-of-band co-location testing
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