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1 Introduction

During past meetings, there has been discussion around the need and feasibility of specifying radiated requirements for AAS systems. The justification for radiated requirement is elaborated in other contributions [1], and is basically that radiated power and sensitivity levels, as required for coverage planning, cannot be derived from conducted levels where beamforming is involved. Further issues for consideration include how requirements and tests should be defined and with what accuracy measurements for verification of the requirements can be made.
This document considers how requirements can be defined, whilst further documents [2,3]  elaborate on measurement accuracy. Means for defining requirements have been discussed at earlier stages in the WI by means of concepts termed as “equivalent antenna ports” and “virtual antenna ports”. It was noted in discussions that this terminology, and the underlying concepts were somewhat ambiguous. This document therefore further elaborates on the concept and potential terminology.
2 Defining suitable antenna apertures for setting radiated requirements
As discussed in [1], radiated requirements are needed for AAS systems for TX EIRP since directional radiated power cannot be derived from the existing conducted requirements. There exist a large number of potential AAS architectures and implementations, and it is necessary to provide a framework for defining radiated requirements that can provide meaningful quantities for the full spectrum of AAS systems.

Examples of application options for AAS systems include variable downtilt, vertical and horizontal cell splitting, cell shaping and user specific beamforming applications. Whatever type of application is targeted, however, there is a need for at least one beam that is available with cell wide coverage, for carrying at least common reference symbols and common control channels. For a basestation performing downtilt with no MIMO, the basestation will produce a single beam. A basestation performing MIMO with downtilt may generate several beams, each of which carries a common reference symbol. A basestation performing MIMO and cell splitting will provide several beams with MIMO branch common reference symbols in each cell. Whatever the application, however, fundamentally any AAS basestation needs to provide at least one or more beams that can provide cell wide coverage. Cell coverage beams can be steered over a certain range in the horizontal and vertical domains and varied in power.
From the perspective of planning, it is of importance to know what the maximum configurable power is that can be directed into each coverage related beam and over what range of steering angles the beam can be steered. The EIRP, beamwidth and steering range for a beam will depend on the combined performance of the transceivers, RDN and antenna array. Thus it is important to define a radiated requirement and perform appropriate testing to demonstrate that the combined RF performance of these subsystems delivers power accurately such that coverage can be achieved as planned.

Many AAS applications will also generate user specific beams. The range and flexibility of user specific beam configuration is significant. The ability of the basestation to direct user specific beams will influence the performance of the AAS application, but not the basic coverage, which will depend on the cell specific beams. Therefore an appropriate scope for downlink requirements is to ensure that RF performance is such that cell specific coverage can be obtained; performance of user specific beams may not need to be covered by core requirements. Of course, setting a requirement that ensures that the core components of the basestation achieve the declared cell wide beamforming provides some, although not necessarily for all applications complete characterization of user specific beamforming capability. Whether some aspect of user specific beamforming can and should be covered in core requirements should be discussed further. 

In the uplink, it is necessary to demonstrate that the core performance of the system can meet a declared minimum sensitivity when the UE is within the cell coverage area.
It is not meaningful to define a radiated requirement on transmit power with all beams activated at the same time. For example, if the target application is cell splitting, it is not desirable to measure the maximum configurable radiated power of one cell with the second cell activated. What is meaningful, however for the downlink is to ensure that each cell specific beam meets a declared maximum EIRP level individually.
In the existing specifications, the core requirements on TX power accuracy and receiver sensitivity are specified per antenna connector. In the absence of beamforming and in general (apart from some LTE configurations) an antenna connector corresponds to a common reference signal visible to the UE baseband and to a beam that should provide cell wide coverage. By analogy, it is meaningful to define AAS requirements for beams that are intended to provide cell wide coverage and are visible to the UE baseband. Due to the analogy, we termed the beams on which radiated requirements should be set for AAS as “Equivalent Antenna Ports”. However we appreciate that this terminology could be misleading and a more appropriate terminology should be sought.
In the receive direction, receiver sensitivity accuracy should be declared and tested within the coverage area and a defined steering range for declared cell beams for UL coverage planning.
3 Parameterisation of the antenna aperture set

Using the principles described in section 2, for downlink radiated TX power requirements, the following should be declared:

· The set of downlink beams that are visible to the UE baseband (i.e. carry a common reference symbol)

· For each beam, the maximum configurable radiated power for that beam

· For each beam, the steering range over which the maximum configurable EIRP is supported

· Potentially, for each beam further parameters such as beamwidth, side lobe suppression etc.

· The set of uplink “beams” that are supported by the basestation (This may be as low as one)

· For each beam, the minimum reference sensitivity with zero beam steering

· For each beam, the range of viewing angles in the horizontal and vertical domains over which the reference sensitivity is sustained

Given these declarations, the radiated requirements are then as follows:

· For downlink, the EIRP should remain within +-XdB of the declared value over the declared range of steering angles for each declared beam
· For uplink, the receiver sensitivity should remain within +-YdB of the declared value for a point source placed within the declared range of steering angles

4 Examples of hardware mappings
The abstract concept of beams on which requirements are set maps differently to actual antenna elements for different hardware architectures. However defining beams on which requirements are set generically avoids placing any constraints on implementation architectures, since the vendor is free to declare the number, power and scan range of the beams he supports. For the radiated requirements, declaring how the beams map to hardware is not necessary. (Such a declaration may, however prove necessary for some of the conducted requirements).

This section shows a couple of examples of hardware architecture; these are, however examples as the concept does not constrain implementation. In the left hand example, a 4 TX branch MIMO system is able to perform variable downtilt. The implementation is 2 columns of cross polarized elements. Each polarization forms a MIMO branch. In this example, 4 beams are declared, along with the range of vertical downtilt angles that is supported. Although not part of the declaration needed for the radiated part of the requirements, it can be seen from the figure that each declared beam maps to a one polarization in one column.
During testing of the requirement, beams are activated one at a time. Thus in each test, one polarization on one column is activated and the resulting beam is steered across it’s declared range. EIRP is measured in boresight at least with the beam set to the extremes of the steering range. The measured EIRP is then compared with the declared EIRP, and based on the required accuracy and the measurement accuracy a statement can be made as to whether the declared EIRP is met with sufficient accuracy.

In the second example, in the right hand figure. 4 TX branches are supported that can be steered both horizontally and vertically. Again, 4 beams are declared. In this case, steering ranges in both the horizontal and vertical planes are declared. The elements are grouped to form 2 matrices.
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Numerous other forms of array and application exist. For some applications, some element groups may be re-used for more than one beam. Other types of application may apply user specific beamforming. The principle of declaring which cell wide beams/beamwidths are supported, their range of steering angles and EIRP, and setting a requirement on meeting the declared EIRP with a specified accuracy when within the steering range remains, however the same in all cases.
5 Conclusion

This paper has provided an outline of how useful radiated requirements for TX power and RX EIRS accuracy can be declared and defined in a manner that is meaningful, generic and does not constrain implementations.

Proposal: RAN4 adopts the methodology of declaring a set of supported cell coverage beams along with relevant parameters of each beam, and setting a requirement on the accuracy of meeting EIRP for each beam. RAN4 then discusses which parameters need to be captured in the declaration.

A suitable terminology that is not confusing to RAN4 should be sought for this concept. Some examples of terminology could include:
· Cell specific beams

· Requirement specific beams

· Virtual array apertures

We would welcome and encourage further contribution and discussion on a suitable naming convention
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