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1. Introduction
At the last RAN4 meeting (RAN4#92-bis in Chongqing) the technical background related to co-location spurious emission was discussed. In [1], a new approach was proposed, where the requirement for co-location spurious emission is designed without any dependences to a co-location reference antenna and a fixed distance. In general, the feedback on the concept overview was positive, details regarding how the specific requirement is constructed is for further study. The concept is suitable for measuring emissions, but co-location requirements also include requirements where an interferer signal is injected, e.g. transmitter intermodulation. The background for transmitter intermodulation was to secure emission requirements when the base station is illuminated with an interferer signal from a co-located base station. Traditionally, the interferer signal was set to 30 dB below the power generated per port. For AAS base stations an additional requirement was defined to capture intra-system effects. 
For base stations operating within the frequency range 7 GHz to 24 GHz, the intra-system isolation and inter-system isolation is of great interest to be able to decide whether the transmitter intermodulation requirement is relevant or not. 
In this contribution we continue the discussion regarding the technical background and relevance for defining transmitter intermodulation requirement for base stations operating within the frequency range 7 GHz to 24 GHz.

2. Discussion
Before considering the relevance of transmitter intermodulation requirement for base station for 7 GHz to 24 GHz, the technical background on why the requirement was defined from the beginning is important.   
For base stations operating within FR1 (BS type 1-C, BS type 1-H and BS type 1-O) the transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit from a co-located base station. For base station operating within FR2 (BS type 2-O), no transmitter intermodulation requirement was defined, since the coupling effects occurring in the array it self (intra-system) is much stronger than the coupling effects due to a co-located system. In Figure 2-1, the two different coupling effects are visualized. Intra-system interference is caused by neighbouring elements in an array antenna, while inter-system interference is caused by another base station acting as an aggressor.
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Figure 2-1: Coupling effects
As a consequence, for the intermediate frequency range between FR1 and FR2, a careful study of intra-system and inter-system coupling effects is essential to be able to determine relevant requirement coverage and requirement levels. 
A model to evaluate the interferer signal power seen from intra-system coupling effects and inter-system coupling effects is required. An exact coupling model will be complex and implementation specific and therefore RAN4 needs to find pragmatic solution where the most significant aspects are captured. 
One way is to create a model based on three main parameters; 
1. The element to element isolation determined by the separation and frequency.
2. The power addition effect depends on how many elements that significantly add to the interferer signal seen by the victim PA. For a specific co-location scenario this can be set to a constant value, due to the fact that edge elements will be dominant and other elements will be negligible. 
3. An implementation margin capturing additional isolation from radiating element circuitry and array mechanical structure.
The power seen at each PA for transmitter intermodulation can be modelled as:
		(Eq. 2-1)
, where Ce is the antenna element to element isolation, TRPa is the aggressor TRP, Cp is a power scaling factor to account for power addition effects and Ci is an implementation margin.
The antenna element to element isolation can be established by a simulation for a specific antenna geometry, which will be described later in this contribution. 
The TRPa is the aggressor TRP, which have been equal to the victim TRP for the FR1 systemization. 
The factor Cp handles that not all the aggressor power will significant add to the interferer signal. Depending on antenna geometry, this factor will be in the range of N/8 to N/4 for intra-system coupling effects and N/17 or less for 3x3URA geometry intra-system coupling effects for the middle element.  
The implementation factor Ci is for the high end of FR1 is in the range of 10 to 20 dB. 
The first step to be able to understand the need for co-location requirements is to establish an array antenna coupling model, where the antenna port-to-port isolation can be evaluated. A model of an actual base station will be too complex. Instead a simple model where the coupling between two elements is evaluated as function of separation gives relevant information. By analysing two individual elements, separated along one axis (in this case horizontally), the intra-system interference effects and the inter-system interference effects can be studied.  
A potential approach is to use a coupling model based on the induced EMF method [2]. The induced EMF method is a classical method to compute the self and mutual impedances. In this method it is assumed that the current shape on the antenna is known, in this case for a dipole. The induced voltage on the receiving antenna is then calculated as described in [3, page 399]. 
The model does not capture;
· Ground plane effects
· Mutual coupling effects due to other elements
· Edge effects of the antenna array, e.g. electrical fences to shape the radiation pattern
· Impedance mismatch effects
· Behaviour of active components
· Dissipative losses
The scenario to be modelled consists of the victim base station array elements and the aggressor base station array elements, as depicted in Figure 2-2.
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Figure 2-2: Geometry and distances
For an AAS base station operating at frequencies within 7 GHz to 24 GHz it is reasonable to assume that the array antenna is separated from the edge of the base station enclosure, due to the size of cooling flanges, power supply and mechanical structure. Hence, the distance between the edge element centre and the base station enclosure edge de will be larger than 0.25. From a practical perspective it is reasonable to assume the distance between to edge of the enclosure and the antenna array to be in the region 2 to 4 .
For FR1 co-location requirements the edge to edge distance, d was set to 0.1m. For the frequency range 7 GHz to 24 GHz, the co-location distance needs to be further studied. Eventually the distance can be defined as a declaration where co-location requirement can be meet as described in [1] or as a fixed distance suitable for the frequency range. The centre-to-centre distance between two elements is determined by mechanical limitations and edge-to-edge separation as:
		(Eq. 2-2)
, where de and d needs to be determined to be able find the port-to-port isolation. 
The antenna port-to-port isolation can then be evaluated for different relevant distances and dipole geometries. The considered dipole geometries are +45 to +45, +45 to -45, and V to V as shown in Figure 2-3. 
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Figure 2-3: Dipole geometries
The cases H to H and V to H are not considered as they result in infinite isolation when horizontal separation is studied. 
In Figure 2-4, the antenna port-to-port isolation defined by:
		(Eq. 2-3)
The port-to-port isolation is plotted for relevant element polarization geometries as function of element c-c separation.
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Figure 2-4: Simulation result
As reference for FR1 requirements, the isolation equal to 30 dB is assuming element c-c separation of 0.1 m + 0.5 at 2 GHz (1.2 wavelengths) is marked as a black dot.
The intra-system coupling in the array antenna due to the small element separation, about 0.5 produces interferer effects significantly larger than from a co-located base station. The coupling between two induvial elements in an array antenna is typically in the region 15 to 20 dB, while the coupling between a victim base station and a co-located aggressor base station is significantly larger than 44 dB for the frequency range 7 to 24 GHz.
In Table 2-1, Table 2-2 and Table 2-3, the example isolation expected for +45polarized elements for different edge to edge separation is listed. The mechanical exclusion distance was set to 2 for 10 GHz, 3 for 15 GHz and 4 for 20 GHz. 
Table 2-1: Example isolation for d=0.1 m
	Example frequency
(GHz)
	Element c-c separation, dc-c 
()
	Isolation, Ce
(dB)

	10
	7.3
	44.0

	15
	11.0
	47.6

	20
	14.7
	50.1



Table 2-2: Example isolation for d=0.2 m
	Example frequency
(GHz)
	Element c-c separation, dc-c 
()
	Isolation, Ce
(dB)

	10
	10.7
	47.3

	15
	16.0
	51.0

	20
	21.3
	53.4



Table 2-3: Example isolation for d=0.5 m
	Example frequency
(GHz)
	Element c-c separation, dc-c 
()
	Isolation, Ce
(dB)

	10
	20.7
	53.1

	15
	31.0
	56.5

	20
	41.4
	59.1



Observe that the model assumed here does not consider mechanical aspects such as ground plane, fences, etc. The isolation is calculated based on two elements, hence the isolation in a real implementation is expected to be larger. 
From the simulation results presented in this contribution, it can be noticed that the intra-system isolation is always less than the inter-system isolation. Hence, the interferer signal at an induvial PA is dominated by the contribution from intra-system coupling effects. This means that if the integrated system meets general requirements, such as unwanted emission, there is no need to specific dedicated requirements for transmitter intermodulation due to co-location of base stations. 
However, the current NR BS specification supports multiple BS types where antenna effects is captured differently. Based on simulation results we can draw some conclusions on how to handle different BS types for 7 to 24 GHz. In Table 2-4, the impact for different BS types are described.
Table 2-4: BS type observations
	BS type
	Requirement assumption
	Observations

	-C
	Define a requirement where the isolation is set to 30 dB. 
	Based on the simulation the isolation between polarization would be less than 30 dB. However, for column antennas the isolation can be improved to be in the region of 30 dB.  BS type -C requirement is applicable for system with maximum 8 transmitters.

	-H
	Define a requirement based on intra-system coupling effects only.
	Since emission is tested per TAB connector, a requirement is needed to secure unwanted emission with the antenna mounted. Here the intra-system requirement is essential to guarantee unwanted emission. 

	-O
	No need to define a requirement
	If emission is met for the whole system there is no need to define a transmitter intermodulation requirement, since the intra-system effects are dominating.





3. Conclusion
In this contribution a simple model for evaluating intra-system isolation and inter-system isolation relevant for systemization of the transmitter intermodulation requirement was presented. It can be concluded that the mutual coupling effects is stronger for the intra-system case than the inter-system case. Indicative values for intra-system and inter-system isolation relevant for studies investigating the need for a transmitter intermodulation for the frequency range 7 GHz to 24 GHz were presented. 
Based on isolation values, assumptions on implementation margin, and power addition effects, it can be concluded that the coupling effect due to co-location of two base station will generate a composite signal always lower then the neighbouring elements in the system itself. Therefore, it is suggested to consider the following approaches when requirements for the frequency range 7 GHz to 24 GHz are developed;
1. For BS type -C, define requirements where the antenna port-to-port isolation is assumed to be 30 dB.
2. For BS type -H, define intra-system transmitter intermodulation requirements only.
3. For BS type -O, not define dedicated requirements for transmitter intermodulation.
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