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1 Introduction

This document was submitted to RAN4#70. Conducted requirements were not discussed online during that meeting, but several offline discussions took place. A companion document summarizes our understanding of the options [1]. This document is resubmitted for information on one of the options in [1] (option 2), which is a general approach that aims to achieve the same effective requirement levels as the existing non AAS 3GPP specifications. Whether this option or option 3 of [1] should be adopted is discussed further in [1].
2 Discussion

At RAN4#68bis, it was agreed that radiated requirements are seen as necessary for AAS basestations. The AAS WI will develop radiated requirements relating to radiated transmit power and radiated receiver sensitivity. In addition, conducted requirements will continue to be specified for AAS basestations.

Radiated requirements will be based on declared cell wide and cell specific beams [2,3]. For transmit power, at least an EIRP will be declared for each declared beam, and a requirement and associated test will be placed on the accuracy with which the declared EIRP is met.

Conducted requirements will be placed and tested at the transceiver boundary, at antenna connectors. As discussed in previous contributions, conducted requirements should not contain any phase or spatial aspect, and in general should be a power sum of levels measured at antenna connectors [4].

A key principle of the AAS WI is that the existing xx.104 specification is used as a baseline. Thus the conducted requirements should relate to xx.104. However this does not mean that it is necessarily appropriate to apply the xx.104 requirement directly at an AAS antenna connector. Taking as an example spurious emissions, if the current per connector spurious emissions requirement would be applied per antenna connector, then the total emissions level of a basestation could increase in proportion with the number of transceivers.

There is a need to determine a framework to relate the radiated requirements, AAS conducted requirements and xx.104 requirements. This paper discusses some principles involved and proposes a general framework for how this may be done in a manner that is consistent with the requirement levels for non AAS basestations. The framework will most likely not need to be captured in any specification, but may help in considering how the scaling should work for each requirement.
In the current xx.104 specifications, RF requirements are set at antenna connectors:
6.1
General

Unless otherwise stated, the requirements in clause 6 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with multiple transmitter antenna connectors, transmit diversity, DB-DC-HSDPA or MIMO transmission, the requirements apply for each transmitter antenna connector. 
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At RAN4#70, an agreement was made on the definition of a cell specific beam. A cell specific beam is similar to the signal radiated from an antenna connector in a legacy basestation. Thus, it is assumed that one reasonable approach to setting RF requirements for an AAS basestation such that the total requirement levels are consistent with non AAS basestations is to set requirements each cell specific beam.

Each cell specific beam in an AAS basestation will be generated by a number of transceivers. In some cases, cell specific beams may be generated by means of separate sets of transceivers, Such a situation is illustrated in the figure below. In the figure, 2 cell specific beams are transmitted via a 10 element cross polarized column, with one cell specific beam on each polarization. This particular AAS basestation drives each element with a separate transceiver. In this example, there are a total of 20 transceivers. The transceivers that generate the first cell specific beam are separate from the transceivers that generate the second cell specific beam.
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Figure 1 Example 2 beam configuration
There are other cases, however in several cell specific beams may be generated using the same set of transceivers. One such example is two cell specific beam that are subject to a common precoder before being mapped to the same architecture as illustrated in figure 1. In this case, cell specific beam branch is generated by all 20 transceivers.

3 Mapping of existing conducted requirements to AAS conducted requirements
Existing conducted requirements are effectively defined per antenna connector. In order to obtain equivalent performance from an AAS basestation as that obtained from passive basestations, the existing requirements should be met per cell specific beam generated by an AAS basestation.
Conducted requirements for AAS basestations should be set such that the existing requirements are met by the groups of transceivers generating each cell specific beam 

Cell specific beams for an AAS basestation will be declared as part of the declarations needed for radiated requirements, and radiated EIRP requirements will be placed on the cell specific beams. In order to derive conducted requirements, it is necessary to define which transceivers are responsible for generating which cell specific beams. 
To do this, two steps are needed (i) Group cell specific beams into groups that are generated from the same set of transceivers (ii) For each group, identify the transceivers that are responsible for generating the group
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Figure 2 Grouping of cell specific beams (CSB)
Radiated requirements are related to conducted requirements by grouping declared cell specific beams into groups that are generated from the same set of transceivers, and then identifying the transceivers responsible for generating each group.

The groups of cell specific beams that are generated from the same sets of transceivers will be referred to in this document as “Beam groups”
To relate the requirements to those in xx.104 implies that the per cell specific beam requirements of each cell specific beams in a beam group should be combined in some way. The manner of combination will depend on the specific requirement, and may be e.g. summation, taking the maximum requirement, taking the minimum requirement or a weighted summation. The type of combination is requirement specific and combination methods for each requirement. For example, emissions would be combined using power summation; EVM requirements per cell specific beam would likely not be summed.
The combined requirement for a beam group is called a combined requirement. Given the combined requirement and the identified set of transceivers that are responsible for generating the beam group, the requirement then needs to be distributed across the transceivers. The means for distribution across the transceivers is again specific to the requirement, but might be, for example equal allocation to each transceiver (i.e. scale by N), power weighted allocation to each transceiver, requiring the average of the transceiver measurements to meet the requirement or requiring each individual transceiver to meet the combined requirement. As examples, distribution of the emissions combined requirement would likely be by 10log(N) scaling, whereas it is likely that each individual transceiver would need to individually meet the EVM requirement (i.e. no scaling).
Some basestations may be declared to support multiple configurations (e.g. configured with 1 cell, or 2 cells using cell splitting, or configurable with 2x2 MIMO or 4x2 MIMO etc.). In this case, per transceiver requirements need to be calculated by grouping cell specific beams and distributing the requirements to the involved transceivers for each declared configuration, and then the configuration that leads to the most stringent requirements used.

The proposed framework is summarized in the flowchart below.
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Figure  3 Procedure for calculating per transceiver conducted requirements from xx.104 requirements
4 Conclusion

This document has discussed a possibility for setting conducted requirements for AAS basestations in a manner that is flexible and for which the total requirement levels will be consistent with the legacy requirements.
Conducted requirements for AAS basestations should be set such that the existing requirements are met by the groups of transceivers generating each cell specific beam 

Radiated requirements are related to conducted requirements by grouping declared cell specific beams into groups that are generated from the same set of transceivers, and then identifying the transceivers responsible for generating each group.

For each beam group for each specific requirement, a procedure for combining the per MIMO beam requirements in xx.104 should be discussed and agreed
For each beam group, for each specific requirement, a procedure for distributing the combined requirement to the individual transceivers responsible for generating the cell specific beam should be discussed and agreed

If these 4 proposals are agreed, then the following discussion can focus on how to define the MIMO branch combination and the distribution to transceiver branches for each requirement.
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