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1 Introduction

To properly specify the requirements related to coupling between antennas or antenna elements, the first very important step is to understand the coupling level itself. As coupling is near field effects, simulation could be possible but it’s very easy to deviate from the real effects as the many boundary conditions are required to be properly modelled. Real measurement results are much helpful to have the direction impression on the coupling levels that could impact the requirements.
The measurements on coupling between antenna and antenna, as well as the coupling levels between antenna and elements are provided in [2].
In this paper, the measurement results for coupling between antenna elements within one antenna package are provided. 

2 Measurement Results
2.1 Measurement setup
We modified an array antenna so that antenna port to each element can be accessed. The lay out of the antenna elements is shown in Figure 1. The antenna element is ultra-wideband cross-polarized dipole, and the element gain is 9dBi. Each column of the antenna is non-coaxial, and the two axis of each column is offset by 48mm for performance optimization.  The distance between the elements can be easily calculated.
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Figure 1: Layout of the antenna array.
The design of the antenna allows measurement to access two elements via one antenna port. For example, antenna port 25 consists of two antenna elements vertically placed adjacently to each other, as shown in Figure 1. Antenna port 26 refers to the co-located cross-polarized two elements. 
The measurements were conducted in an anechoic chamber using vector network analyzer. The coupling levels between antenna ports are measured for the following combinations. All measurement results are expressed in dB.

2.2 Measurement results for coupling between co-polarized elements
There following tables contain the results for co-polarized elements.
Table 1: Coupling between co-polarized elements, adjacent columns
	Frequency Band

(MHz)
	Port 
26/18
	Port

26/20
	Port

26/22
	Port

26/24

	1710-1780 
	38.2
	46.0
	41.3
	43.4

	1900-2690
	33.2
	38.1
	39.4
	43.5


Table 2: Coupling between co-polarized elements, adjacent to the next columns 
	Frequency Band

(MHz)
	Port 

26/10
	Port 

26/12
	Port

26/14
	Port

26/16

	1710-1780 
	50.5
	48.1
	55.2
	47.7

	1900-2690
	45.8
	42.4
	41.1
	44.5


Table 3: Coupling between co-polarized elements, adjacent columns 
	 Frequency Band

(MHz)
	Port

28/18
	Port

28/20
	Port

28/22
	Port

28/24

	1710-1780 
	39.2
	37.9
	41.7
	46.2

	1900-2690
	34.8
	32.0
	29.5
	37.9


Table 4: Coupling between co-polarized elements, adjacent to the next columns 
	 Frequency Band

(MHz)
	Port

28/12
	Port

28/14

	1710-1780 
	49.8
	52.1

	1900-2690
	43.8
	42.7


Table 5: Coupling between co-polarized elements, adjacent columns 
	Frequency Band

(MHz)
	Port

32/18
	Port

32/20
	Port

32/22
	Port

32/24

	1710-1780 
	47.9
	42.5
	40.6
	36.0

	1900-2690
	41.5
	39.6
	34.8
	30.6


2.3 Measurement results for coupling between cross-polarized elements
There following tables contain the results for cross-polarized elements.
Table 6: Coupling between cross-polarized elements, adjacent columns
	Frequency Band

(MHz)
	Port 
26/17
	Port

26/19
	Port

26/21
	Port

26/23

	1710-1780 
	31.8
	40.2
	40.5
	47.9

	1900-2690
	32.3
	37.5
	41.9
	48.3


Table 7: Coupling between cross-polarized elements, adjacent to the next columns 
	Frequency Band

(MHz)
	Port 

26/9
	Port 

26/11
	Port

26/13
	Port

26/15

	1710-1780 
	51.2
	52.7
	50.5
	50.9

	1900-2690
	48.7
	42.8
	48.7
	45.3


Table 8: Coupling between cross-polarized elements, adjacent columns 
	 Frequency Band

(MHz)
	Port

28/17
	Port

28/19
	Port

28/21
	Port

28/23

	1710-1780 
	44.5
	34.5
	42.0
	48.2

	1900-2690
	31.2
	30.5
	36.7
	40.9


Table 9: Coupling between cross-polarized elements, adjacent to the next columns 
	 Frequency Band

(MHz)
	Port

28/11
	Port

28/13

	1710-1780 
	46.9
	52.5

	1900-2690
	42.1
	42.7


Table 10: Coupling between cross-polarized elements, adjacent columns 
	Frequency Band

(MHz)
	Port

32/17
	Port

32/19
	Port

32/21
	Port

32/23

	1710-1780 
	49.5
	42.2
	34.2
	34.5

	1900-2690
	34.3
	32.2
	32.9
	34.4


2.4 Observations

It was found the coupling level is very sensitive to the distance between the elements. The coupling between elements depends on the distance between the elements. 

The coupling between adjacent elements is > 30dB.When the elements are placed not adjacent to each other, the coupling increases quickly. Further processing of the data can show the relations between coupling and the distance between the antenna elements.
3 Conclusion

More measurement data on coupling between antenna elements are provided. 

The coupling between elements depends on the distance between the elements.  The coupling increases according to the distances between the elements that are placed not adjacent to each other.
It’s clear that we can’t assume the same level of coupling between all the elements. The elements adjacent to the concerned element are the dominated a few. The effects of coupling from element not adjacent to the concerned element could be neglected. 

Further processing of the data can show the relations between coupling and the distance between the antenna elements.

We somehow believe it’s necessary to capture the data in the paper, together with data in [2] in the Technical Report for future reference.
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