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1 Introduction

During RAN4#68, discussion took place on the justification for radiated requirements. Ericsson presented a document [1], which summarized the justification for TX radiated requirements. The basic justification is that the TX EIRP (in effect, both PA output power and “antenna gain”) depends on the combined performance of the whole basestation system and cannot be predicted from a conducted requirement alone.
This paper summarizes again the argument with regard to transmitter requirements, and adds justification for receiver radiated requirements in a generic sense. Companion papers [2-5] outline in more details proposals for how to define EIRP and EIRS requirements and on potential measurement techniques.
As a reminder, the Ericsson view on AAS requirements is as follows:

· It is necessary to develop a radiated requirement on transmit power accuracy

· It is necessary to develop a radiated requirement on receiver sensitivity accuracy

· Conducted requirements should be defined based on the current specifications as a baseline (allowing for minor modifications here and there if necessary for e.g. distributing the requirement across transceiver chains (10 log N scaling etc.)

· It may be necessary to consider also radiated adjacent channel emissions performance, however the need for this should be considered further

2 Transmitter radiated requirements justification
A more detailed discussion on transmitted radiated requirements was presented in [1]. It is concluded that a radiated TX accuracy requirement is necessary. It should be noted that what is needed is an EIRP accuracy requirement; that is, similarly to the existing TX power requirement the vendor declares what the EIRP within a declared reference beam will be and the requirement is on the accuracy with which the EIRP is achieved. Such a requirement does not require any calculation or declaration of antenna gain and does not place any restriction on what type of array can be build and what the gain will be.
The fundamental justification behind a TX EIRP accuracy requirement can be summarized as follows:
1. An operator needs to know the (declared) EIRP and the accuracy with which it is met within the planned coverage area for network planning

2. With AAS basestations, EIRP cannot be predicted from the conducted PA power

The second statement applies because AAS basestations carry out electronic beamforming. The radiated beam is a product of a large number of parameters of the transceivers, RDN and antenna array, as described in [1]. The impact of each of the parameters on the beam is not isolated, but the parameters interact.
· The relative impact of each parameter depends on other parameters. For example, the impact of phase inaccuracy will depend on the array geometry

· Some parameters can influence each other. For example, signals coupled across the antenna array between transceiver chains can impact the behavior of a linearization algorithm, and hence adjacent channel emissions, phase accuracy etc. Thus it is important to place a requirement and test the whole system such that all interactions relevant to the beamshape and radiated power are captured

· Some parameters can change once a basestation is physically integrated. For example, when a transceiver array is integrated into an antenna array, the composite beam pattern could shift. Or when a remote antenna array is connected via cabling, the relative phase and gain differences between branches could shift

Thus because AAS systems carry out beamforming, their beampattern is not an independent sum of PA power and antenna gain, but rather due to the whole integrated system.

3 Receiver radiated requirement justification
In principle, similar considerations can be made on the receiver. A top level overview for an AAS receiver is shown in the figure. It is important to note that the antenna elements and the RDN configuration may differ between transmit and receive.
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The combination number of parameters of each subsystem determine the beam shape:

Antenna array:

· 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)

RDN:

· Alignment of individual cabling losses and cable lengths/phase

· Impacts on impedance matching

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

· Gain/delay of any additional filtering etc…

Transceivers:

· LPA properties

· Properties of internal loops such as AGC, frequency tracking etc.

· In some cases, gain and phase accuracy

In many receivers, the baseband is likely to carry out advanced receiver processing in order to maximise the received signal. However a more semi-static combining of some ports either within the RDN or even in between the transceivers and baseband ports is also possible, in which case the accuracy of gain and phase in the receivers becomes more critical.

Similarly to the transmit direction, also for the receive there exists the possibility that coupling and/or IM effects within the antenna array could impact the array efficiency and in turn influence the behaviour of the transceivers, for example with respect to AGC or frequency tracking loops. Thus performing conducted measurements on transceivers alone might give a misrepresentative result for the transceiver RF properties.
Thus, as in the transmit direction, the receiver sensitivity performance can also not be predicted from the sensitivity performance at the transceiver boundary. Thus, we believe that it is justified to specify a radiated receiver sensitivity requirement, since there is no other means for an operator to ensure that RF performance is adequate for his uplink coverage planning. 

Apart from receiver sensitivity, other uplink requirements are likely to be specified as conducted. For specifying these requirements, a reference receiver sensitivity is required. We propose that for this purpose, in addition to a radiated reference sensitivity, a conducted reference sensitivity should also be specified and met by an AAS basestation.

Receiver sensitivity at the transceiver boundary is specified as an absolute number. For WCDMA it is -121dBm; for LTE it is -101.5dBm for a 5MHz macro carrier. In order to assess that the receiver sensitivity requirement is met, it is necessary in addition to the requirement to specify a quality metric that indicates acceptable receiver performance at the minimum RX level. Currently. Inxx.104 for WCDMA, the quality metric is BER; for LTE it is throughput.

We propose that conducted reference sensitivity should continue to be specified as an absolute minimum RX power value. Conducted and radiated reference sensitivity are related, and the relationship between them depends on the RDN and the antenna array. The RDN and antenna array are implementation specific, and it would be highly undesirable for the specification to impose constraints on their design. It is therefore preferable to leave the absolute value of the radiated receiver sensitivity value open. An appropriate means to do this is to use a similar approach for the radiated receiver sensitivity requirement as for the transmit power; that is to specify an accuracy requirement with which a vendor declared radiated reference sensitivity should be met. The purpose of the specification is then to provide a standardised means of declaring and verifying the radiated receiver performance, without imposing constraints on implementation.
4 Conclusion

This document reviews the justification for defining TX EIRP and RX EIRS radiated accuracy requirements. In both cases, the justification is fundamentally that due to electronic beamforming and hardware integration effects, radiated RF performance cannot be simply derived from conducted RF performance as is the case with passive systems

In both cases, the requirement should be an accuracy requirement, such that a vendor declared TX EIRP and RX EIRS can be tested without constraining AAS implementation. 
Companion contributions [2-5] discuss in more detail how EIRP and EIRS declarations can be made in a manner that provides meaningful requirements that can be applied to a spectrum of applications and implementations and on measurement techniques and accuracies.
Proposal: It is proposed that RAN4 conclude that radiated requirements for EIRP and EIRS accuracy are needed, and that since radiated quantities cannot be derived from conducted requirements alone also justified. Discussion should proceed on the specifics of declaring and defining the requirements and measurement accuracy,
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