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1 Introduction

During RAN4#76, it was suggested that for the IMD requirement, the interference level should be changed from being defined as 30dB relative to the maximum power level of each transceiver to 30dB relative to a power level that is determined according to a tapering/amplitude weighting profile. The rationale behind this is that it may be the case that an AAS BS always does amplitude weighting and that the transmitters are designed such that the sum of the maximum output power levels from each transmitter exceeds the rated total output power of the basestation.
Apart from IMD, this consideration could impact the reference power setting used for emissions testing in general during conformance testing. If for some reason the sum of the rated output power of the transmitters is greater than the rated combined output power because amplitude tapering is always performed, then the emissions may be tested at a greater power level than strictly necessary.
This paper provides some analysis of the situation in general, and then analyses the cases of IMD and general emissions conformance testing separately.
2 Analysis of the scenario in general
Figure 1 provides a fictitious example of the issue. An AAS has 8 transmitters. For some reason, an amplitude weighting A may be performed in which the blue transmitters transmit at 50% of their rated power and the red transceivers at 100%. An alternative amplitude weighting is also possible, in which the red transmitters transmit with 50% of their rated power and the blue transmitters at 100%. In this example, only two amplitude weightings are possible. Of course realistic amplitude weighting would be more complex than this example. The rated total output power of the AAS is 8*100+4*50 = 6 times the power of any individual transmitter as this total output power is never exceeded with any available amplitude weighting. However, if the rated output power of the transceivers would be used, then the rated total output power would be 8 times the individual transceivers.
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Figure 1 Fictitious example of a system with 2 amplitude weighting vectors
In this example, there is a substantial difference between the rated total output power when amplitude tapering is applied and the total of the individual rated output power levels of the transmitters. However in order to design an AAS that is power efficient in general, it is undesirable to design for the difference between the maximum possible and maximum used rated output power to be large.
Observation 1: To design an AAS that is power efficient, the difference between the maximum possible and maximum used power is unlikely to be large.

A BS that is able to apply amplitude tapering is likely to be able to apply different amplitude weights, possibly from an infinite set. If the transmitters in the BS differ from one another, then it is possible that some amplitude weighting combinations could lead to larger emissions levels than other combinations. Considering again the example of figure 1, if the red transmitters would have larger emissions than the blue transmitters, then the emissions from the first amplitude weight set would be higher than from the second amplitude weight set. This implies that it is not necessarily the case that the emissions will always be the same for every set of amplitude weightings. 

Observation 2: It is conceivable that for some implementations different sets of amplitude weightings could lead to different emissions levels.

Other examples in which different amplitude weightings could lead to different emissions levels are discussed in section 4. 

It will also not necessarily be the case that it is obvious which amplitude weight set would be the worst case for emissions.

Observation 3: It is not intuitively obvious which amplitude weight set would be the worst case for emissions.

3 Interference levels for the (co-location related) IMD requirement
This section considers the setting of the interference level for the IMD requirement for the co-location case (IMD due to intra-array coupling is a separate issue and is not dealt with in this contribution). For the co-location case, the interferer represents interference coming from an independent, co-located AAS basestation that may or may not be an AAS basestation itself. In general, it is assumed that the total TX power level of the co-located basestation is the same as that of the AAS. Previous studies suggested that when all transmitters have equal power, it is reasonable to assume that if the coupling between BS as a whole is 30dB, then each individual transmitter will experience an interferer around 30dB below it’s own TX power.
The exact interferer level experienced at individual transmitters of a co-located BS will depend on the amplitude weighting applied at the interferer basestation and the architecture of both interferer and aggressor basestations. A 3GPP requirement must provide an interferer level that assures that co-location is not degraded in comparison with the non AAS BS. Three methods could conceivably be considered:
· (average case) Set the interference level to be equal to the rated TX power for the whole BS – 30dB -  10log(#antenna connectors)
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Figure 2 “Average case” for setting (co-location) IMD level
· (Max case) Set the interference level to be equal to the rated TX power of each individual transmitter -30dB
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Figure 3 “Max case” for setting (co-location) IMD level
In addition, [1] suggested a further possibility:

· For each transmitter, set the interferer level equal to the actual TX power of the transmitter with some amplitude weighting applied -30dB.
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Figure 4 Transmitter specific (co-location) IMD level
The average case considers an average of different possibilities for amplitude weighting in the aggressor BS. In general, some transmitters in the AAS may experience interference less than the average and some greater than the average. 

The max case applies the maximum possible per transceiver interference level to all transceivers, even though the total power from the interfering BS would be in effect greater than it’s rated power. For basestations that would always apply an amplitude weighting, the worst case is pessimistic. However as noted in observation 1, the degree of pessimism may be relatively low.
The third case matches interference level with the actual TX power of transmitters assuming some nominal weighting function. Identifying which weighting function should be used to ensure adequate capture of behavior with all possible weighting functions may be difficult.

The IMD requirement should be straightforward and robust. Since it is not straightforward to standardize a means of identifying a worst case amplitude weighting pattern and the requirement should be robust, it is preferable to select either the “average” or “max case” as described above.
Currently, our preference is for the “max case”, as this will be robust and corresponds to the way in which IMD is specified today. As observed in section 1, the difference between the average and worst case is anyhow likely to be small in most cases.

4 TX power levels for the UEM requirement

A second question that could arise (although was not discussed previously) is whether the maximum declared power per transceiver or the maximum declared BS power, considering all transceivers and an amplitude weighting vector should be considered, as depicted in figure 5
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Figure 5 Examples of UEM testing with maximum power on all transmitters and UEM testing with an amplitude weighting applied to different transmitters
Emissions are tested with maximum power because, amongst other things, if a PA is backed off from maximum power then it’s linearity increases and the emissions reduce by more than the reduction in TX power alone. If approach (b) if figure 5 is used, then it is essential to identify which kind of weighting vector is the most stressful for testing emissions. Two examples of weighting vector could be one in which all Pas are backed off slightly from full power, or alternatively one in which all transmitters transmit at full power except for a single one, whose power is reduced significantly, as depicted in figure 6.
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Figure 6 Example of two different weighting vectors with the same total BS output power. These two weighting vectors could lead to quite different total emissions
The two types of weighting vectors depicted in the figure could lead to quite different emissions levels, since the backoff from maximum power is different in each case. Of course, other and more realistic weighting vectors are also possible. It is not clear in general what type of weighting vector will maximize emissions. The problem of finding the worst case weighting vector will be compounded if the transceivers in the array do not all have the same characteristics.

It is hard to specify a conformance test that guarantees that emissions will not be exceeded if option (b) from figure 5 is selected. If option (a) is selected, emissions testing would be a little more stringent than option (b). However, as observed in section (1), it does not seem likely that basestations will operate at less than their maximum TX power due to weighting.
It should be noted that in case a basestation would be designed to always operate at less than maximum power for all weighting vectors (e.g. 1W PAs would be used, but a maximum of 0.9W per PA would never be exceeded for all configurations) then even with option (a) adopted, the output power of the transmitters could be declared to be the reduced value. The issue under consideration is only how to handle amplitude tapering.
5 Conclusion

It is conceivable that a BS may operate in such a way that amplitude tapering is always applied and not all PAs operate at their full power for all tapering possibilities. If all PAs are at less than full power for all amplitude weighting vectors, then the declaration of maximum power for the PAs can be reduced. Otherwise, for IMD it is preferable and more straightforward to assume that the interferer level is equal to the declared TX power per transceiver -30dB, and that emissions testing is carried out with transceivers configured to maximum power.
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