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Introduction
In RAN4#72bis a section in the TR [1] was created to specify intra-AAS coupling requirements for the AAS BS.  The current approved text in the TR is minimal and the actual level and definition of the requirement are FFS, its shown below:
In an AAS BS there could be coupling between two transmitters within one antenna package. In this case, the central frequencies of the transmitted signals are aligned in frequency domain, and they could transmit the same level of power.  
The reference wanted signal and the interference signal level are FFS.
There has been some discussion about how to define the levels in this requirement and basing the assumed coupling level on a manufacturer’s declaration highlighting the worst coupling factor between array elements in the antenna array.
However it has also been noted that in the antenna array there are a number of issues which need to be clarified to confirm that this method is appropriate:
1. Coupling occurs from more than 1 element, in a linear array an element may have up to 6 neighbouring elements
2. Not all elements will experience worst case coupling.
3. All elements may not have equal power capability, i.e. in the case of a tapered beam profile the central elements would have greater power than the outer elements.
These points will be further investigated in this paper.
Discussion
Coupling
The important coupling is the total coupling between the transmitter unit ports at the transceiver array boundary when connected to the RDN and the antenna array. The coupling is due to a number of things; the coupling in the RDN, the coupling between antenna elements, and the mapping in the RDN, etc.. A method for measuring the coupling between these ports is discussed in [5].
[image: ]Figure 1. General AAS Radio Architecture

If the RDN is 1:1 then this is simplified to the coupling between the array elements, this example is used here.  For the purposes of this discussion the following definitions are used:

Element to element coupling  factor ,, – the coupling between any 2 elements (n and m), looking towards the RDN/Antenna array at the transceiver array boundary.
Array element coupling factor -  sum of the element to element coupling factors between the array element and every other element, ), looking towards the RDN/Antenna array at the transceiver array boundary.


	, 
Where N is the number of elements in array (or number of RDN ports)
Taking the 4x10 linear array used for many of the simulations in the TR.
[image: ]
Figure 2. Types of element with respect to number of neighbours
There are 4 types of elements with respect to coupling:
1. A centre element where there are 17 neighbours (2 horizontal at 0.5λ separation, 2 vertical at 0.9λ separation, 4 diagonal at ≈1λ separation, 1 cross polarised, 2 horizontal cross polarised at 0.5λ separation, 2 vertical cross polarised at 0.9λ separation, 4 diagonal cross polarised at ≈1λ separation).
2. Vertical Edge Element where there are 11 neighbours (1 horizontal at 0.5λ separation, 2 vertical at 0.9λ separation, 2 diagonal at ≈1λ separation, 1 cross polarised, 1 horizontal cross polarised at 0.5λ separation, 2 vertical cross polarised at 0.9λ separation, 2 diagonal cross polarised at ≈1λ separation).
3. Horizontal Edge Element where there are 11 neighbours (2 horizontal at 0.5λ separation, 1 vertical at 0.9λ separation, 2 diagonal at ≈1λ separation, 1 cross polarised, 2 horizontal cross polarised at 0.5λ separation, 1 vertical cross polarised at 0.9λ separation, 2 diagonal cross polarised at ≈1λ separation).
4. Corner element where there are 7 neighbours (1 horizontal at 0.5λ separation, 1 vertical at 0.9λ separation, 1 diagonal at ≈1λ separation, 1 cross polarised, 1 horizontal cross polarised at 0.5λ separation, 1 vertical cross polarised at 0.9λ separation, 1 diagonal cross polarised at ≈1λ separation).
Contributions [2][3] contain some measurement results for element to element coupling facto, the antenna measured was not the same as the one described here, and the results vary with frequency. However for the purposes of this exercise it is better to use figures with some background, hence they will be used as a basis for the coupling level assumptions used here.
	 
	co polarised (dB)
	cross polarised (dB)

	same element
	 
	-30

	horizontal 0.5λ
	-30 (est.)
	-30 (est.)

	Vertical 0.9λ
	-35 (est.)
	-30 (est.)

	diagonal 1λ
	-38
	-32


Table 1. Coupling assumptions
Using the above figures the Array element coupling factor for each of the elements in the array (or RDN ports) can be calculated.
	 
	co polarised
	cross polarised
	Array element coupling factor
(dB)

	 
	horizontal 0.5λ
	Vertical 0.9λ
	diagonal 1λ
	same element
	horizontal 0.5λ
	Vertical 0.9λ
	diagonal 1λ
	

	 
	No.
	cpl
	No.
	cpl
	No. 
	cpl
	No. 
	cpl
	No. 
	cpl
	No. 
	cpl
	No. 
	cpl
	

	centre
	2
	-30
	2
	-35
	4
	-38
	1
	-30
	2
	-30
	2
	-30
	4
	-32
	-19.7

	vertical edge
	2
	-30
	1
	-35
	2
	-38
	1
	-30
	2
	-30
	1
	-30
	2
	-32
	-21.0

	horizontal edge
	1
	-30
	2
	-35
	2
	-38
	1
	-30
	1
	-30
	2
	-30
	2
	-32
	-21.4

	corner
	1
	-30
	1
	-35
	1
	-38
	1
	-30
	1
	-30
	1
	-30
	1
	-32
	-22.9


Table 2. Array element coupling factor for each element type.
This table can be used to estimate an average array element coupling factor, 


In this case

	 (1)
IMD level
The dominant requirement for the intra BS IMD is probably the ACLR which is a dBc level per transceiver. The operating band unwanted emissions (UEM) requirements are a dBm level and the requirement is the power sum of all the contributions. 
Hence to meet an ACLR requirement (as it stands) the worst case transceiver must have IMD lower than 45dBc.
As with the UEM, it is perhaps reasonable to apply a power sum requirement to the ACLR requirement (although this is another discussion). If that were the case then the power sum of all the intra BS IMD contributions would be required to pass the level.
For example
	40 * 1W Tx units = 40W = 46dBm, ALCR requirement (power sum) = 46dBm – 45dB = 1dBm (2)
For a single system (non AAS), this would require a reverse IMD performance of:

 (3)
The IMD is the unwanted signal that must pass the ACLR requirement, and the interferer
 is 30dB below the wanted signal (in this case) so:

	
In a simplistic model of the AAS with a single interference level (-30dB) the same requirement per TX (assume the 40 element system used above). The power per Tx is 46dBm-10*log10(40) = 30dBm, and the required ACLR level is 1-10*log10(40) = -15dBm

		
Applying the same equations to the average array coupling factor calculated in (1) and calculating the required IP3 per Tx gives


	

In reality due to the different Array element coupling factor each transmitter unit will have a different interferer level and hence a different IMD level. Using the model we have developed which has knowledge of every Array element coupling factor individually, the total IMD power from each can be calculated and the sum compared to the sum generated by using the average.
	Transceiver unit position
	No. Elements
	Power per element
	Rev ip3
	coupling factor
	Total coupled power
	IMD per element
	IMD total

	 
	 
	W
	dBm
	dBm
	dB
	dBm
	dBm
	dBm

	centre
	16
	1.0
	30
	42.2
	-19.7
	10.33
	-14.07
	-2.028

	vertical edge
	16
	1.0
	30
	42.2
	-21.0
	8.97
	-15.43
	-3.385

	horizontal edge
	4
	1.0
	30
	42.2
	-21.4
	8.58
	-15.82
	-9.799

	corner
	4
	1.0
	30
	42.2
	-22.9
	7.08
	-17.32
	-11.3

	Total
	40
	40.0
	 
	 
	 
	 
	 
	1.0187


Table 3. Total IMD product using actual coupling for each element
So by calculating the IMD power of each of the Tx individually and then forming the power sum the total IMD power level is 1dBm.
This is the required value from (2), and the same as the level calculated using the average array element coupling factor.  This remains true as long as the condition in (3) holds, which is equivalent to the total coupling effect is less than 0 and hence a safe condition.
Power taper
The final point is that not all Tx elements may have the same power rating. If a simple taper is applied to the array used in the model. 
i.e. the outer elements have half the power of the inner elements
Then with the same total power the outer elements have 0.71W applied and the inner have 1.43W.
As the wanted power has changed by 1.5dB (up for larger amplifiers, down for smaller ones) it is reasonable to assume the amplifier designs (and reverse IP3 values) will be different, let’s assume the IP3 requirement has changed by approx 3dB for each.
	Transceiver unit position
	No. Elements
	Power per element
	Rev ip3
	coupling factor
	Total coupled power
	IMD per element
	IMD total

	 
	 
	W
	dBm
	dBm
	dB
	dBm
	dBm
	dBm

	centre
	16
	1.4
	31.549
	45.5
	-19.7
	11.88
	-16.02
	-3.981

	vertical edge
	16
	0.7
	28.539
	39.5
	-21.0
	7.51
	-14.41
	-2.369

	horizontal edge
	4
	0.7
	28.539
	39.5
	-21.4
	7.12
	-14.80
	-8.783

	corner
	4
	0.7
	28.539
	39.5
	-22.9
	5.62
	-16.30
	-10.28

	Total
	40
	40.0
	 
	 
	 
	 
	 
	0.8116


 Table 5. Total IMD power using actual coupling factor and realistic IP3, with power taper
We now have a model for a system which is passing the requirement. So by using an average array element coupling factor for each transmitter unit can we sufficiently show the same level of compliance?  Using the same figures but with a constant coupling factor assumed to be the average, -20.7dBm.
	Element position
	No. Elements
	Power per element
	Rev ip3
	coupling factor
	Total coupled power
	IMD per element
	IMD total

	 
	 
	W
	dBm
	dBm
	dB
	dBm
	dBm
	dBm

	centre
	16
	1.4
	31.5
	45.5
	-20.7
	10.85
	-17.05
	-5.011

	vertical edge
	16
	0.7
	28.5
	39.5
	-20.7
	7.84
	-14.08
	-2.042

	horizontal edge
	4
	0.7
	28.5
	39.5
	-20.7
	7.84
	-14.08
	-8.063

	corner
	4
	0.7
	28.5
	39.5
	-20.7
	7.84
	-14.08
	-8.063

	Total
	40
	 
	 
	 
	 
	 
	 
	0.9783


 Table 6 Total IMD power using fixed average coupling factor and constant IP3, with power taper
It can be seen the result is close but is slightly worse. This is ok as it would mean by using the average value the test becomes easier to implement but stricter.
In this implementation the assumptions mean that using the average array element coupling factor is stricter, however this is because the IP3 levels chosen for each amplifier generate similar levels of IMD for each amplifier and the edge amplifiers dominate the total, hence the lower average figure used on the centre amplifiers and higher used on the edge amplifiers is a stricter requirement. It is also possible to generate a scenario which is the other way around. The important point is the model using the average array element coupling factor is no longer valid.
Summary
This analysis shows
1) The array element coupling factor for each element is considerably greater than the worst case element to element coupling factor. In the example shown the worse case element to element coupling factor is 30dB but the average array element coupling factor is 20.7dB.
2) If it is assumed that all transmitter units are of equal power, that coupled signals to each element add with a power sum, and that the resulting IMD products also add with a power sum. Then it is sufficient to calculate the average array element coupling factor for the RDN/Antenna array and apply this each transmitter unit  rather than using the worst case array element coupling factor. Or use different array element coupling factor for different transmitter unit locations.
3) A simplified version of a non-equal power system was investigated and it showed that the equivalence no longer held. 
Whilst there are advantages in having a single interference level which can be applied to all transceiver units, it requires the assumption that all transceiver units are of equal power. In some cases this may be an acceptable method to show compliance but in others it may be preferable to have different interference levels for different transceiver unit locations.
As it is envisaged that the coupling factors of the array will be known by the manufacturers and can be identified by way of declaration. It can be left to the manufacturer to declare the array element coupling factor/ or reverse interference level in a method which guarantees that the system will meet the Unwanted emissions requirements.
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