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1.
Introduction
At previous RAN4 meeting during the AAS SI it has been suggested to define radiated requirement for AAS BS. It has also been discussed intensively in the SI to define radiated requirements capturing the AAS performance fully, but allow for testing in radiated domain and at the transceiver boundary and vice versa. To allow testing at a point not equal to the requirement point requires a well-defined transformation between the points. 
The antenna gain is a vital component in the transformation between conducted and radiated boundaries. This contribution defines equivalent gain as an important component transforming requirements and test results between the transceiver boundary and the radiated domain.
2.
Discussion
Translating a conducted requirement defined at the transceiver boundary (based on requirements defined at the ARP connector) to a radiated requirement in far-field will require a model capturing the antenna characteristics. 
Introducing equivalent antenna gain is a way of parameterize and find a formula relating the conducted performance with the radiated performance and vice versa. Instead of always use the maximum gain achieved by the aperture of the AAS BS, the equivalent gain can be used to break down the antenna aperture in sub-apertures, such as parts columns and rows. The gain for columns could easily be associated to assumption and conditions used in TR 36.942 and TR 36.814 and regulatory studies.

As an example a concept of equivalent gain will be presented for equivalent isotropic radiated power (EIRP). EIRP is a characteristic of interest for transmitted output power and unwanted spurious emission.

The equivalent antenna gain, Gequ is defined as:
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, where Ptx is the power accepted by the antenna array not equal to total power measured at the transceiver boundary since antenna matching is not captured and under condition that Gequ is defined per equivalent antenna port defined in a companion contribution [2]. The equivalent gain could be defined for dual polarized arrays, nevertheless it is a good starting point to divide per polarization then it is easy to compare with passive systems. For a dual polarized ULA/URA with Nrow rows and Ncol columns several typical configurations exists. In figure 2.1 several array antenna configurations applicable for wide area BS are presented. The radiating elements are colour coded associating an array antenna for each baseband port. In this case a baseband port is by definition a port associated with reference signals which will define the ground coverage of the cell. The cell specific beam-forming is for passive BS antennas created in the antenna itself, while for an AAS the cell-specific beam forming will be handled in the baseband.
Type A corresponds to the array antenna geometry of a passive BS antenna with dual polarization ad Type B and C is array antenna geometries supporting up to 8 basebands ports. It can be seen from the figure that the antenna gain provided by the aperture can be split up in two different categories: Cell specific gain and UE specific gain that corresponds to vertical and horizontal gain. For special cases there may be a need for other configurations, such as diagonal arrays. These special configurations shall not be precluded. 
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Figure 2.1: AAS Array Antenna Geometries
The mathematics need to calculate the exact gain of an array antenna is captured in Annex C.5 [1] of SI TR. The expression can be rearranged and simplified so the gain can be expressed as a function of number of elements, nominal element gain and a loss factor [eq. 1 and 2]. This expression is valid for element separation of 0.5 as shown in figure 2.2. The loss factor will capture element gain variation (as consequence of mutual coupling and ground plane effects), dissipative losses and impact from array geometries. For array antenna geometries where the element separation is larger than 0.5 the loss factor will hold contribution related to the directivity characteristics show in figure 2.2 valid for an ULA. It must be noted that in TR 37.840, table 5.4.4.2.1-1 vertical elements separation of 0.9 is commonly used. This means that for a 10 element ULA the directivity is 12 dB, consequently the loss factor need to be adjusted 2 dB to compensate for this behaviour.
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Figure 2.2: Array directivity as function of element separation 
As shown in earlier presented contribution the gain of an array antenna will depend on array excitations. Even if only a phase taper is applied the gain will drop as function of tilt angle. This phenomenon is called scan-loss and it is described in [2]. It can be concluded that for low tilt angles (In the range of 0-8 degrees the gain drop is neglect able), but for large tilt angles the scan-loss can be quiet high. It shall also be mentioned that scan-loss characteristics of AAS will depend on implementation It shall be noticed that the scan-loss will be higher for large tilt angles and sparse arrays with large element separations. Capturing scan-loss characteristics fully will require a new type of beam quality requirement. 
The cell specific gain will be determined by the number of elements stacked along the vertical axis as:
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The cell-specific gain will be applied per baseband port for creation of cell/sector coverage on the ground for specific signalling (e.g. Reference symbols and broadcast signals). It shall also be noted that L1 will hold a loss contribution associated with the properties related to how coherent the transceiver array is.
The UE-specific beam-forming is created by combing signals from several MIMO ports. If UE specific beam forming is utilized the combined gain can be approximated as:
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Where the number of vertical columns is Ncol. This means that GUE will be the maximum possible gain for a specific UE in the sector. It the UE specific gain will vary and depend on current channel conditions. A loss factor L2 is defined to capture processing losses associated with the combination of several columns.
From a network planning perspective is it the cell-specific gain that will be of most interest, since it will be included and captured by EIRP measured by column and polarization. Another reason to focus on cell-specific gain is the fact that UTRA currently not supports UE specific pilots and consequently only cell-specific beam-forming is feasible.   
Another thing to consider is that for future AAS BS other geometries based on non-rectangular lattice can be adopted and shall not be excluded by standardization, but it is highly recommended to focus on column based geometries in the WI phase.
The transformation between conducted requirement and radiated requirement will of cause require knowledge about the array antenna itself. The transformation can be parameterized to capture the number of element, element gain and total efficiency.
It is important to note that equivalent gain is not a general mapping. It can be used case by case for different requirements. One example is the translation related to conducted spurious emission and radiated spurious emission requirements. It’s a way of structure the declaration from a vendor. It should not be used to transform a radiated requirement to a conducted test point if the aim of the test is to characterize the antenna gain.

3.
Conclusion
It is important to find a way of re-using definitions already set for earlier releases applicable for conducted testing. Therefore we suggest a concept where the equivalent antenna gain is defined. The equivalent gain is the gain for a sub-part declared by the manufacture. The equivalent antenna gain is a tool that can be used for:

· Tool to structure manufactures declaration of antenna gain

· It can be used for relating a far-field requirement to baseline conducted requirements

· In some cases, it can be used to relating a far-field requirement and a conduced test

However it cannot be used to relate a requirement level to a test level in cases in which the test is intended to test also the declared antenna gain, or to measure other spatial effects that are not captured in the antenna gain formulation. 
The equivalent gain will be a tool used to consistently find requirement level for relevant requirements such as radiated output transmission power, radiated spurious emission and radiated reference sensitivity.
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