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1. Introduction

This contribution summarizes the view that Vodafone has regarding the specification of AAS, and specifically provides feedback to the group on the discussion about radiated or conducted requirements.
2. About the need to have radiated or conducted requirements for AAS
For traditional BS system
For conventional systems, there is clear distinction and split between active and passive parts. In most cases both parts are well differentiated, placed sufficiently far from each other so that interactions from one another are minimum in terms of electromagnetic coupling. Additionally the connection between these two main parts of the BS is accessible which allows specifying both elements independently. Additionally and consequently 3GPP decided to only specify main RF requirements at the antenna ports of the BS, hence conducted requirements, leaving antenna RF performance out of 3GPP specification.
Moreover this left to operators with the need to define specific acceptance procedures not only to increment the level of characterization made in 3GPP, but also in this case to evaluate antennas according to internal requirements alone.
It is also important to notice that due to the nature of the split between active radio and passive antenna, the actual cables that interconnect one another are actually the cables that allow characterizing both the antenna and the active part. No measurement ports are required, but direct measurements are taken where real signals go through during network operation.

For AAS

There are different flavours of AAS in the market from different suppliers, with a different range of capabilities, performance, size and integration levels.

Nonetheless AAS assumes highly integrated equipment forming a new product which needs to be characterized similar to legacy equipment but now considering the particular aspects of this new product.

These particular aspects that differ from legacy equipment relate to the intrinsic nature that defines an AAS product, and they are, but not limited to:

· High integration

· Ability of beamforming

For operators, a complete characterization and validation of RRH and antennas are required for accepting these in the network, likewise for the AAS obviously.
The difference to legacy equipment is that the two aspects highlighted above clearly have an impact on to the traditional characterization of the BS at the antenna ports.

In principal all RF requirements are impacted, and this impact can be related to the two aspects highlighted above:

· High integration:
This high integration creates electromagnetic interactions between active transceivers and antenna array that can only be observed when AAS is evaluated. As a result full evaluation of the composite effect is required in 3GPP.

Additionally doing otherwise will mask these effects and any alternative process to account for (separated measurements of different elements) or minimize these effects will not characterize the final product and will miss the intrinsic objective of 3GPP specifications, and it is not acceptable.
· Ability of beamforming:
And hence the ability to modify amplitude and phase of the signals across the TX and RX paths within the AAS till signals are radiated through the antenna array or demodulated at the receiver. The final energy that is radiated in a particular direction over the air is therefore a consequence of the combined effects of both active and passive elements, on the signals that run through till they are radiated.
The measure of the ability of the AAS to deliver a given output power in a certain range of directions is required for network planning and therefore, similar to traditional BS, the combined effect of transceivers and antenna array is required. This means that all causes that are part of the formation of the beam and the direction of the beam, gain and phase impact of all the elements of the AAS need to be evaluated jointly. Doing otherwise will not characterize the ability of the antenna to operate as expected, and therefore it would be impossible for the operator to have a predictor of the real performance of the AAS in the field.
Additionally, even if an alternative process is established to measure the RF performance at different stages (separated measurements) this would have the following unacceptable drawbacks:

· Measurement ports: even if measurement cables are made available, these would only capture the performance partially due to the lack of a final composite effect of the beamforming (see below). But it would also entail that the RF path that signals undergo in the measurement process is not the actual RF path signals undergo in network operation.
· Not final composite effect: for the reasons explained above, a measurement setup that splits the characterization of the transceiver and the antenna array including the distribution network (RDN) will not be able to take into account the total phase and gain effect that will drive the characteristics in terms of output power and beam direction of the actual signals. Additionally this would apply to all RF requirements and not only output power.
Due to the above, it becomes clear the need to have a complete, representative, and useful characterization of AAS that considers all aspects that are introduced by AAS compared to legacy equipment. And hence the above explains the need for radiated requirements.
Proposal 1: Radiated requirements are required for a complete RF characterization of AAS systems
Regarding what RF requirements should be tested radiated or conducted if there was a possibility to define conducted requirements, it is believed that due to the reasons above, in principle all RF requirements are impacted by those aspects that influence and characterize the AAS product.

3. What RF requirements shall be radiated?
For all the reasons presented in previous sections there is no indication that radiated requirements are not appropriate for a full AAS characterization but in fact required. However previous studies have indicated that probably maximum output power and reference sensitivity may be the minimum set of requirements that require an OTA evaluation.

Therefore it is proposed that maximum output power and reference sensitivity are measured in radiated mode and continue the evaluation of the rest.
Proposal 2: Maximum output power and reference sensitivity shall be measured in radiated mode. And continue to evaluate the need for the rest
4. Reference sensitivity in OTA not required if maximum output power is measured OTA?
Some companies have argued that once output power is measured, due to reciprocal properties of TX and RX chains, refsens would not be required to be measured in OTA.

Vodafone thinks this is not a solid argument due to the following:

· Received signals do not undergo the same RF path than transmitted signals

· The beamforming processing applied by the AAS along all the stages to conform the received signal depends on all of the intermediate elements, and may differ greatly from those to be applied in the TX side

· Additionally in case AAS with different number of RF paths for TX and RX, like 1T2R AAS systems would represent a case where measuring the TX path does not characterize at all the RX path
This results on the need to have a radiated evaluation of reference sensitivity.

Proposal 3: A radiated measurement of maximum output power does not fully characterize the inverse RX path which is not fully reciprocal. And so refsens shall be measured radiated
5. Testing aspects
Vodafone thinks and proposes that fully OTA testing techniques are the only ones that can fully characterize RF requirements of AAS.
Other approaches discussed by the group like 2-stage approach, or splitting of testing (methods 2 and 3 in [2]) are not alternatives that can be considered.

Additionally first proposals for investigation of radiated requirement such as maximum output power should consider the evaluation of the ability of the AAS to radiate maximum output power according the minimum requirements for a range of different beam directions or tilts within the declared range of possible tilts. A subset of them or a sweep can be performed to characterize the AAS.

Proposal 4: Only fully OTA tests can fully evaluate AAS
6. Conclusions
This contribution has presented the reasons why Vodafone believes radiated requirements for AAS shall be required, as well as motivated to start specifying radiated requirements for output power and reference sensitivity. Additionally testing aspects have been briefly discussed.

In summary the following is proposed:

Proposal 1: Radiated requirements are required for a complete RF characterization of AAS systems
Proposal 2: Maximum output power and reference sensitivity shall be measured in radiated mode. And continue to evaluate the need for the rest
Proposal 3: A radiated measurement of maximum output power does not fully characterize the inverse RX path which is not fully reciprocal. And so refsens shall be measured radiated
Proposal 4: Only fully OTA tests can fully evaluated AAS
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