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1 Introduction

A key issue under debate during the RAN4 AAS Study and Work items has been on the need to set radiated requirements for at least some parameters. During RAN4#67, it was proposed to define radiated requirements for at least transmit power accuracy and receiver sensitivity.

There may be several reasons for setting a radiated requirement on transmit power and receiver sensitivity. One may be an eventual goal of accommodating advanced integrated designs in which antenna connectors are not available for all transceivers. However a fundamental reason is that what is of importance to an operator is the accuracy with which a basestation is able to deliver the output power that it is configured to deliver within the targeted coverage area. As will be outlined in this paper, with passive antenna systems this accuracy can be characterized in a straightforward manner by means of considering the conducted output power delivered by the PA and the antenna gain. However with an active antenna system, the delivered power is a complex combination influenced by multiple parameters, and a simple demonstration that an accuracy level is achieved with PA TX power, or even a wider set of TX parameters does not enable the operator to predict delivered power within his planned coverage area, since there is an interaction between transceiver behavior and array design that is specific to the particular type of array.
For brevity, the paper refers to TX output power. However similar considerations apply in the receive direction when considering reference sensitivity.
2 Requirement point and testing point for output power
If a radiated requirement is set, then the whole basestation, including the transceivers and the antenna array must be able to radiate power with a defined accuracy around the declared radiated power.
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Figure 1 Radiated requirement point

If a conducted power requirement is set, then the transceivers must be able to deliver output power to an antenna connector with a defined accuracy level. In this case, 3GPP may not set requirements that relate to antenna array performance. However a vendor could declare antenna parameters and the accuracy with which the parameters are met


[image: image2]
For a passive antenna system, it is quite straightforward to predict the amount of radiated power that is delivered to the targeted coverage area:

EIRP = Transceiver output power at antenna connector – cable loss + antenna gain
The accuracy with which radiated power is achieved is the combined accuracies with which the antenna connector output power and the declared antenna gain are met. This combined accuracy can easily be calculated from the individual accuracies. Furthermore, the influence of the accuracy of PA power and that of antenna gain on the overall accuracy of radiated power are independent of one another. Thus, for a passive antenna system, it is a reasonable approach to set a requirement on PA output power accuracy in 3GPP, since it’s influence on overall system performance is independent of antenna choice.
With an Active Antenna System, on the other hand, the accuracy with which power is radiated into the desired coverage area is influenced by a number of parameters, for example:
Transceiver array parameters:

· Output power accuracy of each of the transceivers

· Phase coherency 

· Frequency coherency

· Calibration and frequency/phase correction algorithms and interactions between transceivers, and their update rates

· Any effects on the transceivers of cross transceiver near field coupling

RDN parameters:

· Alignment of individual cabling losses and cable lengths/phase

· Impacts on impedance matching

· Phase and amplitude alignment (If sub-arrays are deployed)

Antenna array parameters:

· Element gains
· Element beamwidths 

· Accuracy of element pointing directions
· Element positioning and positioning accuracy
· Mutual coupling effects
· Impedance matching and variation (which may interact with mutual coupling)
Transceiver array
A transceiver array is likely to consist, amongst other things of D/A and A/D conversion, filtering, a PA, a means of generating the carrier, up/down conversion, potentially a PA linearization. The transceiver array may contain a calibration function for maintaining frequency and phase synchronization between transceivers. 

In an advanced AAS array, different transceivers may transmit phase shifted versions of the same signal, or differing signals, or a combination of signals. The combination of signals applied to different transceivers may differ between carriers if e.g. different levels of MIMO are applied. Furthermore, the transmit power at each transceiver may differ for some types of beamforming functions (e.g. windowing). These aspects may have implications on the parameters mentioned above. For example, different TX power levels and signal combinations could cause differing behaviors of a PA linearization algorithm in different transceivers. The approach to calibration may also differ depending on the signals applied to the transceivers.

It is also possible in an AAS array that if a large amount of antennas are closely spaced, signals from other transceivers could be reflected back into transceiver inputs. Such effects could impact calibration and PA linearization and the overall  efficiency of the array as a whole.
Setting requirements on a transceiver array along would require consideration of whether requirements should be set on individual transceivers, or on the array as a whole assuming a combiner. For large arrays, a combiner may not always be practical, since large uncertainties will be added.
RDN:

The RDN could differ significantly depending on the type of basestation. An “Integrated AAS” basestation [1], in which radio and antenna elements are closely integrated may have a simple RDN which causes little gain and phase effects, depending on the type of coupling. In a “beamforming” type basestation, if antenna and transceivers are separable then there may be some potential for differing cable lengths or cable losses between array elements. In a system with passive sub-arrays requiring complex passive networks, effects from RDN could be significant.
Antenna array

The gain, positioning and accuracy of individual elements will impact the array performance in terms of gain, beam shape, sidelobe levels. Mutual coupling between elements could also significantly impact the array pattern and overall array efficiency. For an antenna integrated AAS array, it is entirely possible that the element patterns and mutual coupling could differ once the radio is integrated with PCBs etc.
Setting requirements on an antenna array in isolation would require consideration as to whether to set requirements on individual elements or the array as a whole; probably both would be required. Furthermore, the test signal would require consideration; in particular the type of signals and steering to be applied to the array and the coherency level of the test signal itself.
Achieving a given accuracy level with PA output power does not provide on it’s own sufficient information to derive the radiated power accuracy. A simple example is an AAS with poor phase coherency; in this case the desired lobe would become smeared and the radiated power in the desired direction would become low. In such a case, a requirement on PA output power would easily be met, but the accuracy in achieving a stated radiated power level could be poor.
It could be postulated that all relevant parameters relating to the transceiver array could be identified, tolerance levels for accuracy could be set and conducted testing of all of the relevant parameters at the transceiver boundary could be sufficient for predicting radiated power accuracy independently of the antenna array. This is, however not the case. Each of the parameters listed above related to both the transceiver and to the antenna array interact in a complex manner. The influence of each parameter on radiated power cannot be isolated and treated in isolation in a manner that is independent of implementation and allows for setting generic requirements.
Furthermore, integration or connection of the antenna array, RDN and transceiver can influence the parameter values that would be observed compared with those observed when the components are in isolation. Examples include the integration of radio PCBs influencing the array gain, or coupling between array elements could influence the calibration.
An integrated AAS basestation or a beamforming basestation pose complex design issues, and individual vendors with different designs will carry out appropriate system engineering to solve them. The role of 3GPP is to define RF requirements in a manner that are meaningful and enable operators to meaningfully evaluate the ability of the basestation to deliver power to their planned coverage area whilst not delivering unwanted interference to areas outside of the coverage. Since the parameters that influence the delivered power and the beam shape interact in a complex manner and influence one another, the means to meaningfully provide information on the ability of the RF system to deliver power accurately is to set requirements on the system as a whole, including transceivers, RDN and the antenna array.
AAS basestations of course offer a large range of possible application scenarios and the RF requirements should not aim to test each individual application. However whichever application is forseen for the array, it is always necessary to provide some level of coverage over the whole cell, if only for the reference symbols and common control channels, and it always necessary to quantify the array efficiency.
3 Testing of a radiated requirement

3 conceivable approaches to testing of a radiated TX power accuracy requirement have been proposed in 3GPP:
1. Direct OTA testing by means of e.g. far field measurement, near field conversion,etc.

2. Splitting the testing into testing of array parameters and testing of transceiver parameters of a specific basestation together with a demonstration that the combination of specifically measured parameter values ensure that the measured basestation meets the radiated accuracy requirement

a. This is referred to as “2 stage testing” and is elaborated further in [2]

3. Splitting the testing into conducted tests and antenna parameter tests with tolerance values for each of the parameters derived for the specific array design by means of appropriate system engineering, together with a method for demonstrating that a basestation and array whose parameters meet the derived accuracy levels will always meet the radiated power requirement for that specific array type.

Methods (2) and (3) require further investigation, as each method breaks down the overall requirement into sub tests that are specific to an implementation.  Breaking down the requirement this way is complex and likely to be implementation specific. It must be further investigated whether it is possible to specify testing in this way and whether such a breakdown is feasible. The difference between (2) and (3) is that (2) involves measuring on a specific basestation and array and proving that the specific basestation will meet the overall accuracy requirement, whereas (3) involves deriving design specific tolerance values for transceiver and array parameters that if met individually will ensure that the whole system always meets the overall requirement. In other words, (2) can be used to break down a measurement on a single basestation into 2 stages. (3) implies independent design specific  accuracy measurements on transceivers and an antenna array that may not come from the same basestation. In all cases, however the measurements must be capable to demonstrate that a composite accuracy requirement on the AAS as a whole is met.
There exist a large range of implementation and application scenarios for an AAS basestation, and setting a radiated requirement specific to the application is not possible. However all types of basestation must provide basic cell wide coverage with common reference symbols and control signaling. Thus a radiated requirement that verifies the accuracy of the basestation in delivering power into a main lobe with a defined range of steering angles provides useful information for network planning purposes. A basic requirement can be set for each MIMO branch on the accuracy of meeting declared EIRP for a declared range of horizontal and vertical scan angles.
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Such a requirement would relate to the ability of the system as a whole to deliver power and to the ability and overhead to provide cell coverage. For applications such as downtilt and cell splitting, the requirement would entirely cover the intended mode of operation. For more advanced applications involving user specific beamforming, the requirement would ensure cell wide coverage and check array efficiency.

OTA testing of such a requirement would require configuration of the basestation to provide maximum power in the configured MIMO branch and calibrated measurement of the receive power in the intended direction of the main lobe, for at least the minimum and maximum scan angles. OTA testing is discussed further in [3]
4 Conclusion

An integrated AAS basestation or a beamforming basestation pose complex design issues, and individual vendors with different designs will carry out appropriate system engineering to solve them. The role of 3GPP is to define RF requirements in a manner that are meaningful and enable operators to meaningfully evaluate the ability of the basestation to deliver power to their planned coverage area whilst not delivering unwanted interference to areas outside of the coverage.

For passive systems, conducted TX power is a feasible means to achieve this. However with an active antenna basestation, the radiated beam pattern and the amount of power that is delivered into the operators intended coverage area is a complex interaction of many parameters of the transceiver and antenna arrays. Achieving a specific accuracy level with PA output power and other transceiver parameters does not relate directly to radiated power accuracy. Defining radiated requirements for TX power accuracy (and reference sensitivity in the RX direction) ensures that the system delivers power as declared and allows operators to plan coverage consistently.
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