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1 Introduction

It is proposed in [1] that the AAS Work Item should develop radiated requirements for TX power accuracy and receiver sensitivity. Radiated requirements are needed because for AAS systems, conducted power and antenna gain alone are insufficient to predict the accuracy with which an EIRP can be met [2]. Requirements on meeting EIRP are needed to facilitate planning.
In additional to radiated requirements, however conducted requirements on TX power accuracy and receive sensitivity are needed, because other requirements are likely to be conducted in Release 12 (for example, a conducted test for spurious emissions was agreed at RAN1#67). These requirements require a reference TX power or RX sensitivity level.

This paper discusses some issues that should be considered in defining a conducted TX power requirement for an AAS basestation 
2 Discussion
The justification for defining any requirement as conducted is that it does not have any spatial effect, or that any spatial effect it does have does not harm system or co-existence performance. If a requirement can have a spatial effect then the impact of the antenna array needs to be taken into account and the requirement should be defined as a radiated requirement.

A conducted power requirement (and indeed other requirements) may be based on the output of a combiner that combines the outputs of all of the transceivers or may be set on each transceiver individually.

2.1 Combined or individual TX power requirement

Proposal 1: The conducted TX power accuracy requirement should be defined per transceiver in a similar manner to the existing specification
If a quantity that is subject to a requirement is subject to spatial effects, then it is important to take into account the pattern with which energy is radiated when defining the requirement. If there is no significant spatial effect associated with a particular requirement, however then the spatial pattern of the radiated energy is not of importance, but rather it is the total radiated level of the quantity (i.e. the total radiated in all directions) that is of importance and should be subject to the requirement. (For example, with spurious emissions the total level of radiated spurious emissions is of importance). 
For requirements for which the total radiated level is measured, then a conducted requirement can be set and tested at the antenna connectors. Levels measured at each connector should be summed, since only the total radiated level is of importance and not any beamforming effects.
Such an approach is entirely in line with the existing means for setting and testing conducted requirements for basestations that poses more than one antenna port [3]:
4.10.1.1
Transmission with multiple transmitter antenna connectors

Unless otherwise stated, for the tests in clause 6 of the present document, the requirement applies for each transmitter antenna connector in the case of transmission with multiple transmitter antenna connectors.

Transmitter requirements are tested at the antenna connector, with the remaining antenna connector(s) being terminated. If the manufacturer has declared the transmitter paths to be equivalent, it is sufficient to measure the signal at any one of the transmitter antenna connectors.
Proposal 2: The conducted TX power accuracy requirement should be defined at the sum of all output ports

In the case of a combiner, the measured power level will not be the total TRP, but will be the power level in a particular direction (depending on the phase offsets into each branch of the combiner). Requirements set on individual transceivers relate to the proportion of the total radiated power that each transceiver is responsible for. The total power for the array will be the power sum of the transceiver power levels.
Defining a combined TX power requirement would pose practical and measurement accuracy issues. Large arrays would require a large combiner, and combiner losses could be dependent on signal correlation, array size and combiner design. It is likely that 3GPP would need to specify the combiner in some manner, and a generic specification could be difficult.

2.2 Tx power requirement when Tapering is applied 
Tapering is a technique to reduce sidelobe interference levels by means of applying different TX power levels to different transceivers in a linear array, dependent on the positions of the transceivers. Tapering is likely to be applicable to techniques such as downtilt and cell partitioning.

For user specific beamforming, amplitude in addition to phase weights may be applied at each antenna connector.

The radiated power requirement should be based on the basestation being configured to provide a beam with zero degrees steering and within a declared steering range [4]. In meeting the radiated power requirement, the basestation may apply tapering. This raises the question whether potential tapering should be taken into account in the conducted power requirement. Considering tapering could imply that some requirements (such as emissions requirements) need not be distributed evenly between transceivers; different transceivers (with different individual TX power levels) could produce different levels of emissions, but a basestation could pass as long as the sum of all emissions on all transceivers is lower than the requirement limit.

There exist a couple of options for how to define maximum TX power on the individual transceivers:
Option 1: The conducted TX power accuracy requirement should configure the transceivers in the same manner as radiated TX power
· Assume that the transceivers are configured in the same manner as for the radiated TX power test; in this case tapering may be applied. The TX power per transceiver should be declared. Emissions etc. may be distributed unevenly between transceivers

· This approach enables a direct comparison with the radiated TX power requirement

Option 2: The conducted TX power accuracy requirement should configure with maximum declared TX power 
· Assume that all transceivers are configured with their maximum declared TX power

· It may never be the case that all transceivers operate at maximum power due to different patterns of tapering or amplitude weight setting

· On the other hand, declaring and testing TX power in this way enables testing of the worst case for emissions etc.

· For some types of AAS implementation, it may be the case that the maximum TX power of different transceivers differs.
3 Conclusion

RAN4 should further discuss which of these options is preferable for declaring and testing TX output power. In addition to a radiated power accuracy requirement, a conducted accuracy power requirement should be defined for AAS.  The conducted power requirement should be defined and tested per transceiver. Whether the conducted power requirement is defined with transceivers configured in the same manner as for the radiated power requirement (which may include tapering) or with transceivers configured to maximum power should be further discussed in RAN4.
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