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1 Discussion
The existing transmitter intermodulation requirement in 36.104 defines the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by the presence of the own transmit signal and an interfering signal reaching the transmitter via the antenna.

The interfering signal level is specified as being 30dB below the mean power of the wanted signal.

The AAS system has a number of differences which may affect the levels of the co-location intermodulation test.

1.
Is the 30dB coupling still valid.

a.
AAS antenna may have greater gain/directivity than legacy antenna does this effect coupling loss.

b.
What is the coupling loss assumption between a co located BTS antenna and an AAS element.

2.
Each antenna element is connected to a transceiver element

a.
Should the level be 30dB lower than transceiver element power level.

b.
Should the level applied to each element be 30dB below the total AAS power (requires a total power requirement). 

1.1 
Minimum coupling

The coupling of 30dB between antenna’s has been used since the first GSM requirements, [1] shows antenna coupling levels for 2GHz antennas with various physical relationships. It shows that


Worst case coupling is between like polarisations with low horizontal separations

Measurements of cross polarised antennas also show that isolation between the 2 polarisations result in isolations which are approx 30dB.

Measurements carried out in [2], show that coupling between an antenna array and an AAS array element is on average  lower and that the cross coupling case still dominates.

The results from [2] show that coupling in the horizontal plane from an element with approx 9dBi gain are of a approximately 5dB lower than the passive 7 element array with approx 17.5dBi gain.

In the vertical domain the coupling is slightly greater but eth difference between the element and the array is only 2dB.

Clearly there is not a 1:1 relationship between the coupling level and the antenna gain.  

Whilst the precise coupling methods and sources of such could be dependent on many variables. It can be seen that the variation in coupling and the differences between coupling to an element and to a passive array are occurring at levels significantly below the existing requirement of 30dB.

1.2 Reference power

The reverse intermodulation level is expressed as a level relative to the transmitter output power. 

This assumption is reasonable assuming that co-located systems will be in locations which have similar cells and hence similar output power.

In the case of the AAS on a system level the same assumption is still valid
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Figure 1. Common co-location scenarios (a) co-located, (b) shared antenna

In the co-located case (a) the coupling between the systems is the coupling between the physically separate antennas and is likely to be >45dB. 

When a common antenna is used for a combined systems (b) the dominant coupling is between the cross polarisations of the elements (as well as the isolation of any combiners used). In this case 30dB is between the polarisation is likely.

Using a coupling ratio of 30dB the coupled power for the IMD requirement is approx 47dBm-30 = 17dBm

If an AAS system has 4x12 elements or 48 in total then the power output from each element (assuming even distribution) is 1.04W or 30.2dBm.

In case 2 where the dominant coupling mechanism is between the cross polarised elements then the interferer level being applied to this figure seems reasonable.

However in the co-located case, if we applied 30dB coupling between the system power and each element then this would result in a total coupled power of.

47dBm-30dB+18.8dB=34.8dBm

At the AAS elements this would be a ratio (with respect to the element power) of 

Pelement – Pcoupled = 30.2dBm-17dBm = 13.2dB

In this case as the coupling is dominated by the proximity of the arrays rather than the cross polarisation isolation, it seems reasonable to use the lower coupling factor measured for this. This would give a ratio at the element of:

Pelement –(Psystem-45) = 30.2dBm-(47dBm-45dB) = 28.2dB

Hence we have 2 cases for the interferer level


Co-located (a),
30dB below element power


Same antenna (b),
28.2dB below element power

The current system requirement also still applies with an interferer level of


30dB below total system power

2 Conclusion
Using available measurement results of coupling between antennas the likely coupling performance between antenna and elements in a second array have been estimated. 
The dominant coupling factor was found to be approx. 30dB between cross polarised elements, but this scenario is not relevant to the co-location scenario addressed by TX inter-modulation requirements.
Based on the measurement in [2], it was found that the coupling between element and co-located antenna is approximately 50dB, which is 20dB more than the current 30dB assumption for existing requirements.  
It is hence suggested that the power used to derive the interference power is that of the transceiver unit under test.
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