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1 Introduction

The existing transmitter intermodulation requirement relies on the assumption that co-located BS antennas have a minimum coupling between them of 30dB.

An AAS system consists of an antenna array which is populated by array elements connected (via the RDN) to an array of transceiver units.

The level or reverse interferer from co-located bases stations in this case is dependent on the coupling between the interfering system and the array element. 

The following measurements were made to investigate the relationship between the coupling between the array and the elements.

1.1 Test set up

A standard BTS antenna consisting of a vertical array of 7x2 cross polarised dipoles was used as a reference and a second identical antenna was modified to gain access to the array elements as follows:
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Figure 1. Test antennas

The antennas were tested in the following configurations
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Figure 2. Test measurement configurations.

To minimise the number of tests the antennas were tested with 

φ=0° ,  Hd=2m and Vd=Lant+0.5m

1.2 Results

The reference measurements are as follows:

Table 1. Reference measurement results

	Freq range
	Hd (m)
	vd (m)
	Ѳ
	port12
	port13
	port14
	port23
	port24
	port34

	1710-1780
	2
	0
	0
	-32.8
	-56.0
	-50.0
	-55.0
	-57.0
	-29.3

	1900-2690
	2
	0
	0
	-32.6
	-54.0
	-55.0
	-52.0
	-54.0
	-30.0

	1710-1780
	0
	Lant+0.5
	0
	-32.8
	-64.8
	-66.0
	-65.0
	-65.0
	-29.3

	1900-2690
	0
	Lant+0.5
	0
	-32.6
	-47.9
	-52.0
	-49.0
	-49.0
	-30.0


The worst case coupling is the between the cross polarised elements in each antenna and this is worst case 29.3dB. On average the cross polarisation coupling is 31dB.

 The worst case between the physically separate antennas is 47.9dB which is in the higher frequency range between the same polarisations with the antennas place vertically separate.

On average the horizontal coupling is 54dB, the vertical coupling has very different results in the different frequency ranges, it is very high in the lower frequency range (65dB) but an average of 49.5dB in the higher frequency range.

The isolation between the passive array and the elements in the AAS antenna are:

Table 2. Array element results

	Freq range
	Hd
	vd
	Ѳ
	port 3,9
	port 4,9
	port 5,9
	port 6,9
	port 7,9
	port 8,9
	port 3,10
	port 4,10
	port 5,10
	port 6,10
	port 7,10
	port 8,10

	1710-1780
	2
	0
	0
	-60
	-60
	-57
	-58
	-57
	-58
	-62
	-60
	-60
	-57
	-57
	-58

	1900-2690
	2
	0
	0
	-61
	-62
	-60
	-55
	-59
	-60
	-59
	-60
	-58
	-60
	-57
	-56

	1710-1780
	0.5
	0
	0
	-52
	-55
	-50
	-44
	-53
	-58
	-50
	-50
	-48
	-48
	-56
	-59

	1900-2690
	0.5
	0
	0
	-52
	-54
	-51
	-48
	-52
	-57
	-50
	-51
	-45
	-49
	-55
	-55

	1710-1780
	0
	Lant+0.5
	0
	-51
	-54
	-56
	-57
	-48
	-56
	-52
	-52
	-60
	-60
	-55
	-48

	1900-2690
	0
	Lant+0.5
	0
	-49
	-48
	-54
	-58
	-48
	-54
	-50
	-45
	-55
	-55
	-50
	-50


Comparing the 2m horizontal separation reference measurements to the 2m horizontal separation element measurements on average the isolations are higher.
The element measurements with 0.5m separation has lower coupling levels with worst case 44dB between ports 6 and 9 (opposite polarisations).
With vertical separation the worst case is 45dB between a port 4 and 10 with vertical separation, in the higher band. Port 4 is at the top of the AAS antenna and hence closest to the passive array, however this physical relationship does not hold under all cases.

As there are no clear patterns between the location and polarisation of the elements and the passive antenna comparing the average isolations seems reasonable.

Table 3. Results average.

	Freq range
	Hd (m)
	vd (m)
	Ѳ
	cross polar

(dB)
	Ref average

(dB)
	Element average

(dB)

	1710-1780
	2
	0
	0
	-31.1
	-54.5
	-59

	1900-2690
	2
	0
	0
	-31.3
	-53.8
	-59

	1710-1780
	0.5
	0
	0
	
	
	-52

	1900-2690
	0.5
	0
	0
	
	
	-52

	1710-1780
	0
	Lant+0.5
	0
	-31.1
	-65.2
	-54

	1900-2690
	0
	Lant+0.5
	0
	-31.3
	-49.5
	-51


The smaller horizontal separation of 0.5m has an average isolation of -52dB compared to 59dB for 2m separation. The difference of 7dB is significantly less than a far field assumption of 12dB (10*log10(2/0.5)^2).
2 Conclusion
With the exception of the lower band vertical case which has an unusually high isolation in the reference case, the coupling between the passive antenna and the AAS array elements is higher than the reference case.
The measurement data also shows that the “Element to Antenna” coupling is lower than “Antenna to Antenna” coupling. However, this measurement is not a dB to dB relation.  
In all case the coupling between co-located antennas is >20dB greater than the current assumption of 30dB. The cross coupling is by far the dominant coupling mechanism. It is clear that existing requirements are more than sufficient for an AAS BS. Further study is needed on what would be an appropriate requirement
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