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1.
Introduction
At RAN4#66bis in Chicago, we introduced the concept of “equivalent antenna gain”. The motivation for introducing such a concept is to enable flexibility to define requirements that can be applied to the wide variety of potential AAS applications and implementations.  The equivalent antenna gain is a vital part required to find a proper transformation between the transceiver boundary and radiated boundary. The introduction of equivalent antenna gain is captured in [1], unfortunately was this contribution not presented due to lack of time.

This contribution continues the discussion related to equivalent antenna gain as a tool in the way of finding relevant RF performance requirements for AAS BS.

2.
Discussion
In the process of translating a conducted requirement defined at the transceiver boundary (based on requirements defined at the ARP connector per transceiver) to a radiated requirement in far-field, a transformation model capturing the antenna characteristics is required. The equivalent antenna gain gives a way to parameterize and find a formula relating the conducted performance with the radiated performance and vice versa. Instead of using the maximum gain achieved by the antenna aperture, it is possible to break down the gain associated to a transceiver and create sub-apertures with an equivalent antenna gain. A typical scenario is that equivalent antenna gain is defined per column. This will maintain consistency with current specifications where a single column passive antenna has been used as assumption in TR 36.942 and TR 36.814 when co-existence studies were performed for non-AAS specifications.
The equivalent antenna gain can be defined as cell-specific antenna gain or UE-specific antenna gain. The cell-specific gain can be applied per baseband port for creation of cell/sector coverage on the ground for cell-specific signalling (e.g. Reference symbols and broadcast signals), while the UE-specific gain is be created by beam-forming between several base-band ports.

For an AAS BS with an array configuration of Nrow rows and Ncol columns the equivalent cell-specific gain and equivalent UE-specific gain can be calculated as:
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, where GE is the element gain assumed to be equal for all elements, L1 is a loss factor associated with the AAS BS implementation such as mutual coupling [2], phase coherency, element separation [1], RDN matching and polarization matching. Scan-loss as function of tilt and scan angles is not captured. This is consistent with assumptions for non-AAS BS studies done earlier. The cell-specific equivalent antenna gain is associated to en equivalent antenna port as described in [3].

This is an example for a single column AAS BS. A BS vendor declares following parameters: 

Nrow=10
Ncol=1
GE= 8 dBi
L1= 0.5 dB
The equivalent antenna gain can be calculated to 17.5 dBi.
If an AAS BS vendor have other array geometries than ULA/URA this break down to element level is not feasible. In that case the equivalent antenna gain must be declared by the BS vendor.
The radiated boundary and transceiver boundary is associated by the following formula:
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, where Ptx is the total power accepted by the antenna array Observe that the matching loss introduced between the transceiver, RDN and antenna element is captured in L1. Ptx is the power sum measured at the transceiver boundary.

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 antenna 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.
3.
Conclusion

This contribution has elaborated on the concept of “equivalent antenna gain” as a tool. By using this concept, requirements on an AAS system can be defined in a manner that is parallel with the current specifications and that allows flexibility to define applications and implementations whilst applying requirements and test consistently.
The concept will be useful for defining several requirements; for example EIRP for maximum TX power and EIRS for reference sensitivity.
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