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1. Introduction
At the last RAN meeting (RAN#82 in Sorrento) a new SI studying the feasibility of operating access radio at the intermediate frequency range (7000 to 24000 MHz) between FR1 and FR2 was initiated. The objective of SI is not to develop requirements and specifications for NR access technology, instead initiate an early start of the intermediate frequency range work in RAN4. The outcome would be essential for development of requirements for NR later as well as handling future expected ITU-R related work. 
A traditional base station antenna or an AAS base station (described in [1,2]) consists of radio electronics an array antenna protected by a common enclosure. The enclosure protects against environmental factors, such as wind, rain, and dirt. The enclosure protecting the antenna also referred to as an antenna radome and is part of the mechanical structure of the base station enclosure which means that industrial design aspects and mechanical strength aspects are important. 
Regarding this contribution, the intension is:
•	Present an overview on some important aspects for products operating within 7000 to 24000 MHz. 
•	No intention to enforce models and mandate any implementations.
•	Balance the possibilities and limitations both for receiver and transmitter including the antennas and other necessary means for efficient beam-forming.
•	Discuss areas that need to be considered before core requirements are settled.
In this contribution, we summarize the discussion on some important and fundamental aspects related to microwave (7000 to 24000 MHZ) technologies to better understand the performance that the technology can offer but also the limitations. 

2. Discussion
The characteristics of the base station antenna will affect requirement levels, concepts as well as parameters used for performance simulations. Traditionally, base station used for cellar networks is utilizing array antenna techniques to achieve intended coverage. The array antenna is configured to use different types of beam-forming, e.g. analogue beam-forming, switched beam-forming, digital-beam forming and variants. 
For base stations operating with a set of fixed beams the directivity for a certain direction is varying as function of direction. The directivity is varying if the direction is aligned with beam peak direction or to the crossing between beams as the lowest archived directivity. This phenomenon is often referred to as straddling loss and is unique for switch beam systems. The straddling loss is a consequence of switching between a fixed set of beams, which is often used for analogue beamforming for systems operating at the upper part of the microwave frequency region. The straddling loss depends on the number of beams and how they are placed to create coverage within the service region.
For traditional base stations, all requirement was anchored at the RF connector at the transceiver or at the TAB connector for AAS base stations. The transmission loss (including matching and insertion loss) due to the feeder cable between the transceiver and antenna was not considered, since the mast feeder cable was excluded from the system.  However, for integrated base stations, without any access to the antenna reference point or RF connectors, these losses must also be considered being part of the implementation. For base stations operating at frequencies 7000 to 24000 GHz the transceiver electronics is tightly integrated with the array antenna. Even though, the transmission losses between single elements and the transceiver will not be neglectable. 
Many different types of base station implementation are foreseen, with different type of configuration of the Radio Distribution Network (RDN), ranging from a single 1-to-1 mapping to a combination network creating columns. Therefore, the signal routing from the transceiver output to the antenna element feeding point must be considered. Another aspect is that insertions loss and matching loss for band pass filters for the operating band is placed in the RDN to fulfil emission and blocking requirements. 
For the analogue or digital up-link beam-forming, the array gain is achieved by adding signals from multiple antenna branches together coherently. The foundation for doing that is that the coherent power combination is that the system amplitude and phase characteristics is known (e.g. from in operation calibration or manufacture characterisation). The output SNR is proportional to N/F in the ideal case assuming perfect coherent signal combining. But due to imperfections, such as impedance matching variation between branches, an implementation margin is required. 
In general, an array antenna design consists of several parts; radiating elements, a finite ground plane radome and mechanical structure components. The radiating elements are typically placed in a lattice on the ground plane. The individual location of each element together with the radiation characteristics of each element determines the composite array antenna characteristics. The element characteristics in terms of radiation properties (aka. element factor) are specified by the use-case related to the deployment scenario. A wide area base station providing sector coverage very often requires more narrow elements pattern compared with medium range and local area base stations. Also, if the base station is mounted in a mast, it is reasonable to down-tilt the element for optimized ground coverage. Down-tilt can easily be realized by creating sub-array, where the phase is shifted between individual elements. The base station antenna characteristics required by the network is determined by the intended coverage area or volume and propagation condition as well of implementation losses. Since an antenna is a frequency tuned device, the whole array antenna design will be heavily dependent on the operating frequency. In Figure 2-1, an overview of typical antenna apertures is visualized as function of frequency.  
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Figure 2-1: Antenna aperture overview
At low frequencies the radiating antenna aperture is equivalent to the enclosure area, while for higher frequencies the radiating antenna aperture is scientifically smaller than the radiating antenna aperture. Since the radiating antenna aperture is rather different between FR1 and FR2, RAN4 needs to carefully study what antenna parameters to assume for the intermediate frequency region. In Table 2-1, a high-level overview of differences between base station antenna operating at FR1 and FR2 is listed. When introducing an intermediate frequency range between FR1 and FR2, it’s not clear how to handle parameters associated to the antenna. Antenna parameters are required for performance simulation and co-existence simulations part needed to defined proper RF core requirements.   
Table 2-1: Typical base station antenna parameters for FR1 and FR2 
	Parameters
	FR1 (450 to 6000 MHz)
	7000 to 24000 MHz
	FR2 (24250 to 52600 MHz)

	Radiating element types
	Dipole
	







?
	Patch

	Antenna aperture geometry
	The antenna aperture tends to be rectangular with the largest dimension in the vertical domain
	
	The antenna aperture tends to be rectangular with the largest dimension in the horizontal domain

	Antenna aperture size
	The antenna aperture is in the approximately the same size as the front of the base station encapsulation
	
	The antenna aperture is smaller than the base station encapsulation

	Element configuration
	Sub-elements
	
	Single element

	Polarization support
	Dual polarization
	
	Dual polarization

	Polarization orientation
	+/- 45 degrees
	
	V/H

	Beamforming
	Passive analog and Digital
	
	Analog switched beam 

	Transmission loss 
	Low
	
	High

	Radome design
	Simple
	
	Complex

	Array directivity
	15-25 dBi
	
	20-25 dBi

	RDN complexity
	High to Low
	
	Low



For a single polarized radiating element, the individual embedded element pattern for an array antenna with N elements is denoted Rn(,,f), where n=1..N. Observe that an element can be implemented using several elements and passive combining part of the RDN, constituting a sub-array. An array antenna consists of many radiating elements located close to each other placed under a weather proof encapsulation also referred to as a radome. The locations of the n-th element in an antenna array can be described as a vector as: 
		(Eq. 2-1)
Each element in the array antenna is feed with a signal described as a complex weight factor as wn(t). For a linear polarized array antenna, the transmitted signal is created from super-positioning in the far-field region. The composite field strength can be expressed as:
		(Eq. 2.2)
, where k is the wave vector defined as:
		(Eq. 2-3)
The wave vector refers to a vector that describes the phase variation of a plane wave, in three orthogonal directions.
The challenge in designing array antennas is that radiation characteristics for individual element will not be the same in the whole array, due to mutual coupling effect. That means that the element factor R, cannot be seen independent of location and element separation. The element separation also relates to radiation characteristics by means of spatial sampling resolution used for a specific antenna aperture. Typically, for an array implementation where the element separation is larger than 0.5 side-lobe performance will be affected. Generally, the maximum steering without grating lobes can be expressed as:
		(Eq. 2-4)
, where d is the element separation and max is the maximal steering angle (along one dimension). If the spatial sampling criterion is not fulfilled folding effects will occur creating a grating lobe response. Therefore, antenna designers strive to set the element separation close to 0.5for system using large steering angles. However, when the elements are close the interaction between them is more severe, which results in ripple in induvial element radiation patterns. Hence the interaction between element separation and element radiation characteristics is a delicate challenge for antenna engineers. Typical element separation is in the range of 0.5 to 0.7. The consequence of grating lobes is that energy will be spread in unintended direction, this may or may not be harmful for the system from an interference perspective. Nevertheless, the power in the intended direction drops because of large grating lobes. From a system design perspective, grating lobes, and the fact that the effective antenna area is reduced due to projection will reduce the directivity. This phenomenon is referred to as scan-loss. This effect needs considerations from a system perspective. 



2.1		Transmitter
The radiated transmit power delivered by an active array antenna is determined by the capability to generate and direct power as Equivalent Isotropic Radiated Power (EIRP). In general, peak EIRP can be expressed in logarithmical scale as:
		(Eq. 2.1-1)
, where Pacc is the total power accepted by the array antenna and G0 is the peak gain created by the array antenna. However, the exact calculation of EIRP for an array antenna required careful handling, since both Pacc and G0 will depend on array excitation array geometry and mutual coupling.  
Antenna element coupling is caused by the fact that antenna elements are located close to each other and thus there is electromagnetic interaction between them. It is reasonable to believe that mutual coupling between elements is stronger in an active array antenna compared to a traditional passive array antenna, since beam-forming performance requires element separations to be in the region of 0.5, and it may not be possible to build high isolation circuits, such as traditional isolators in the limited space as is common for traditional passive array antennas. To a specific array antenna, the matching and mutual coupling can be evaluated by introducing a scattering matrix, S. The scattering matrix will capture the S-parameters seeing the array antenna as an N-port circuit. The S-parameters hold information about the relationship between reflected and incident waves. For an N-port array antenna, the S-parameter matrix is given by:
	 	(Eq. 2.1-2)
The diagonal holds the voltage reflection coefficient for each radiating element, other indices holds coupling coefficients between all radiating elements. The reflection coefficients determine the impedance matching between the transceiver array and individual elements in the array at the Antenna Reference Point (ARP). For microwave systems operating within the frequency range 7000 to 24000 MHz there may not be physical access to the ARP due to the expected integration of the transceiver and the antenna element. The impedance matching is directly related to the realized gain of the active array antenna. All the elements in the S-matrix are dependent of frequency. In an active array antenna, the array excitation is determined by the total voltage, defined as the sum of forward and reflected voltage wave at the ARP. The voltages feed by the power amplifiers to the antenna array can be expressed as:
		(Eq. 2.1-3)
, where an is a complex value describing the forward voltage waves. The backward voltages coming from matching effect and mutual coupling can be described as:
		(Eq. 2.1-4)
The reflected power component is moving back-wards towards the power amplifier and must be handled properly (That is, the PA in the transceiver array should be designed such that the signal appearing at its output does not substantially disturb its behavior).
For a loss less array antenna, the radiated power, Prad can be expressed as:
		(Eq. 2.1-5)
This means that the radiated power is a complex function of deployment parameters such as steering angle and design parameters such as antenna mutual coupling. Hence, EIRP will be a function of both the power accepted by the antenna and array gain, which both depends on the array excitation and mutual coupling characteristics of the array antenna. With this type of analysis, phenomenon such as scan-loss and scan blindness will be captured properly, producing the correct composite EIRP vital for downlink performance. 
A simplified model to calculate EIRP can be expressed as:
		(Eq. 2.1-6)

2.2		Receiver
For a receiver array antenna that consists of N antenna elements, where each element is routed to receiver front-end branch, the array gain is created in a summation point where signals and noise from all receiver branches are summed together, as showed in Figure 2.2-1. The principle architecture is just an example, different types of implementations exists with respect to the locations of frequency down-conversion, analogue-to-digital conversions and so forth, while the requirement level is maintained. 
[image: ]
Figure 2.2-1: Principle architecture 
For simplicity it is assumed that all branches are equal in terms of GE,n, G1,n, F1,n. Also, all amplitude weights are set to wn=1. With these assumptions, EIS can be determined in logarithmical scale in dBm as:
		(Eq. 2.2-1)
, where B is the bandwidth in Hz, F is the noise figure per receiver branch in dB, N is the supported number of array elements per polarization and GE is the element gain. The signal-to-noise ratio at the detector (SNR) is associated to a link quality threshold part of the OTA sensitivity requirement. Eq. 2.2-1, gives a lower bound in EIS, for an implementation. This model mandates certain implementation by hard wire the element separation to 0.5 as one example. Also, it does not capture scan-loss and system noise figure properly. Since RAN4 now is deriving a minimum requirement EIS level (maximum EIS level in absolute terms) as reference to other up-link requirements it is crucial to understand the background. The minimum requirement level to be set needs to apply for the bore-sight direction as well in other directions, therefore the spatial aspects of EIS needs further considerations. Also, at higher frequencies losses due to material and mechanical tolerances cannot be neglected as for FR1.The very simplified model used in Eq. 2.2-1 is therefore expanded, to capture spatial characteristics and implementation losses for the frequency range 7000 to 24000 MHz as:
		(Eq. 2.2-2)
, where GE=DE-LE, DE is the element directivity, LE is the dissipative loss in the element, LS is a directivity scan-loss factor due to steering, LR is a loss factor related to radome losses, LP is a polarization loss, LRDN is a transmission loss in the feeder network aka. RDN due to transmission loss and matching loss and LC is a combination loss, due to non-perfect coherent combining. 

2.3		Antenna Enclosure
[bookmark: _GoBack]The antenna enclosure function as a protective shell around an antenna. The antenna is protected against weather impact such as rain, snow, salt, and UV radiation that can cause reduction of the electromagnetic properties of the antenna. The most basic antenna enclosure could be just a piece of cover material of a certain thickness that is placed above the antenna at a certain distance. It can be shaped to follow the antenna structure itself, or just simply a planar sheet of some material. This simple enclosure has only one layer, but to give strength to the mechanical design, a sandwich structure could be used. 
For integrated base stations a common enclosure is used both for transceiver electronics and the antenna as showed in Figure 2.3-1. The electromagnetic part of the base station enclosure is often referred to as the antenna radome.  
[image: ]
Figure 2.3-1: Antenna and enclosure interaction
Typical, for passive base station antennas operating within FR1, the radome is designed in homogeneous plastic material. In modern radome design, usually some sort of plastic material strengthened with fiberglass, quartz, etc. is used. The different layers are usually held together with polyester, epoxy, and other resins. The bearing materials often have dielectric properties with high relative permittivity constant. In a sandwich structure, foam or honeycomb material with low permittivity is often placed between stiffer materials for the mechanical/structural strength and rigidity. This structured radome makes the electromagnetic properties more complex than a simple dielectric slab. 
As a general rule for radome design is that it should be invisible at the frequency of design. This may be accomplished for a certain frequency and for normal incidence to the radome. The signal loss due to the radome can be split up is three main contributions; dissipative loss, reflections loss and directivity loss. The dissipative loss is associated to the selected radome material parameters. 

3. Conclusion
A traditional base station antenna or an AAS base station consists of radio electronics an array antenna protected by a common enclosure. The enclosure protects against environmental factors, such as wind, rain, and dirt. The enclosure protecting the antenna also referred to as an antenna radome and is part of the mechanical structure of the base station enclosure which means that industrial design aspects and mechanical strength aspects are important. Together will the array antenna and radio electronics the base station can control spatial selectivity via beam-forming processing. 
In this contribution, we present some fundamental background information relevant for the coming work to define OTA requirements for the frequency range 7000 to 24000 GHz. 
To be able to model and understand the antenna characteristics (including the radome) within the frequency range 7000 MHz to 24000 MHz careful considerations is required.
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