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1 Introduction

A key task during the work item would be to develop OTA unwanted emissions requirements. During RAN4 meetings a discussion is needed of what a good figure of merit should be for unwanted emissions.  Today with conducted tests directly relates to the total radiated power for unwanted emissions as it is specified on total power at the antenna port.  Although for passive antenna systems EIRP has been considered as a means of capturing OTA unwanted emission, this document will discuss how measuring EIRP may well not be an appropriate means to capture emissions and the impact of emission for an active array [1].  
2 Discussion
In past RAN4 discussions the topic of unwanted emissions has surfaced and discussions now look towards what the right figure of merit should be used.  A passive system is a system which uses passive RF components to achieve beamforming and contains a low number of transmitters.  An active system is a system with a large number of transmitters and beamforming is performed digitally.

2.1 General Remarks:
In order to capture the correct figure of merit it is important to first understand the behaviour or characteristics of radiated unwanted emissions from different transmitters.  During earlier Release 11/12 Study Item [2] on AAS discussion on the behaviour of unwanted emissions from different transmitter were both simulated and measured data has been presented.  In summary, these results show that unwanted emissions from different transmitters are often uncorrelated, meaning that the emissions are spread over and therefore dispersed over a wide area rather than being beam formed.  
Beamforming requires a high level of correlation between signals in order to form and steer a beam towards a specific direction in space, this practice is done to steer the wanted signal towards a set of users.  The figure below shows the difference between beamformed signals versus an uncorrelated (or not beamformed) signal.  
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Figure 1: Beamformed (Correlated) pattern (Black) vs. Not Beamformed (Uncorrelated) pattern (Blue)
Although unwanted emissions are in general uncorrelated, there may still be some degree of correction in the unwanted emissions between transceivers, in certain circumstances for some time intervals, frequency and in space.  In cases where correlation occurs, the following aspects should be considered:
The effects of amplitude tapering/weighting:
In the case of using amplitude tapering the impact of this upon non-linearity processing such as digital pre-distortion will be such that each output of the transmitter will be different.  The basic linearity of the power amplifier depends on the mean power level of the input signal.  The beamformed emissions signal will change compared to the wanted signal if the output of the power amplifier is differently impacted at different transmitters due to different power back offs performed for amplitude tapering.  This is because any power amplifier back off will change the emissions magnitude and phase in a manner that is not directly proportional to the input signal to the power amplifier. Therefore, even if the emissions are correlated they will be transmitted from the array differently to the wanted signal.

The potential impact of analogue filtering:

With a good filter the out of band unwanted emissions are significantly reduced.  Additionally filter responses outside of the operating band are likely random and probably vary between transmitters and between basestations.  So outside of the operating band the spatial pattern of emissions is spatially whitened due to randomly different phase responses.
The effects of grating lobes:

With beam steering capabilities also arise grating lobes which will in effect cause emission to peak in those directions.  In cases which there is some partial correlation of the unwanted emissions, the assumption cannot be made that there would only be one beam, due to beam steering effects such as grating lobes that could be present depending on array geometry and steering.  This would cause multiple emissions peaks and would require testing over many scenarios such as over time, space and frequency if the aim would be to capture a directional emissions level.

Time variant, frequency variant, and spatial variants within an LTE signal:
Under the assumption that the unwanted emissions are not fully uncorrelated or said to be partially correlated, these partially correlated signals will also be varied by space and time over the air.  For an AAS it will be more than likely a combination of several sets of antenna array weightings are used for applying beamforming or beam steering to different resource elements or MIMO layers.  

In an LTE signal there will be different beamforming on different REs such as CRS, precoded data channels, and possibility of TM9 user specific beams to name a few.  If there is interaction between these different beamforming patterns via intermodulation, then the resulting spatial pattern of the emissions will be a product of the individual beams and over the specific REs.  Over the bandwidth of the adjacent channels, the emissions spatial pattern may vary with frequency due to different frequencies being intermodulation products of different beams.  The varying spatial pattern over frequency is likely to average if an assessment is made over a wider bandwidth. In addition any instantaneous emissions pattern will only be valid for a specific TTI since these variations must happen all at the same instance and will only last for that specific TTI.  

The change of frequency and spatial distribution over time and over the bandwidth of the adjacent channel will cause emissions power levels to vary instantaneously in both time and frequency.  As measurements are made over a time duration and bandwidth interval these emissions power levels will be averaged.  The specific interaction between these different beamforming patterns through intermodulation, then the spatial pattern of the resulting emissions will be a product of the individual beams and the specific REs.  A directional emissions measurement would only be valid within the context of a specific frequency and time interval.  TRP on the other hand, would be able to capture better the impact of emissions especially since the total emissions will be spread through several dimensions.  It is not feasible to track instantaneous emissions directions at multiple locations in time and space, and not useful to do so.  TRP will capture the energy located in the distributed spatial pattern and so it is potentially a more meaningful metric to capture and ensure co-existence for example.
Finally, these effects as mentioned above such as the impact of amplitude weighting/tapering and the effects of multiple beams could be circumvented by transmitting a single beam over all frequency and continuously during an emissions test. However measuring EIRP on which a beam would not be a good means to predict the impact of an emissions pattern which spreads energy widely during real operation, whereas measuring TRP would directly relate the test scenario and the emissions impact during real operation.  However, since they will be present in real operation, TRP would capture this effect.  Although the measurement may be on a single beam, the reality of the spatial pattern of emissions is much more complex and thus EIRP on an artificial single beam would be a poor predictor of actual emissions output. 
Validity of EIRP as a metric:
Using EIRP as a metric does not consider the beam width or beam shape of the emissions and different beam widths and beam shapes will carry different levels of emissions power in different spatial directions.  (This observation would also be true even in the unlikely event that emissions would be 100% correlated and beam formed in the same manner as the wanted signal.)  The sketches below show the example of two different array patterns.  The second pattern contains a wider/broader main beam leaving the peak to smaller side lobe level ratio.  Both patterns have the same EIRP but the second pattern (right hand side) radiates more emissions and creates more interference to more to more users. 
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Figure 2: Azimuth cut for different beams
2.2 System’s simulations in TR 37.842:
As discussed in the previous sections an AAS the spatial pattern of emissions will be complex and shift in frequency and time with potentially multiple small peaks and a lot of averaging.  In addition, there are additional complexities such as time scheduling of different users with different beams.  As such, the direction of maximum emissions will move around in a complex and unpredictable manner.  However, in general emissions will be well spread and is why TRP will be a good predictor of their impact on other systems.

Study item simulation outcome:
During the SI phase of AAS system simulations have demonstrated that it is the total power of radiated emissions that impacts co-existence KPIs such as mean and 5th percentile victim throughput.  The result of the simulations demonstrated that when varying correlation from 0 to 100% the spatial pattern of the emissions had no impact on the performance.  This is because the changing of the spatial pattern changes the profile of where interference will occurs but the average impact of interference remains constant. However the ACLR; i.e. total emissions did impact co-existence performance. This suggests that the TRP should be considered as the figure of merit as it more accurately predicts the impact to other systems affect out of band from the AAS under test.

2.3 Comments on EIRP based limits for passive systems:

In some circumstances, for passive antenna systems some parties have suggested EIRP as an emissions limit.  With today’s passive antenna systems it is reasonable to expect the emissions to have the same beam width as the wanted signal and a distinct EIRP value.  There is a single transmitter and a passive phase shifting network that subjects all signals to the same beamforming, as opposed to multiple transmitters emitting potentially uncorrelated signals with an active array.  
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Figure 3: Radio with passive antenna configuration (left), AAS basestation configuration (right)
In addition, traditional base station passive antennas have a much wider beam widths in order to fulfil e.g. 65 degree cell sector coverage.  It is not expected that the variation in antenna gain between passive basestations of the same class is large.  The relationship between EIRP and TRP for passive systems is fairly fixed and therefore for passive systems EIRP is directly proportional to TRP.  As discussed above, it is TRP that impacts coexistence properties but in the passive case, EIRP provides a good proxy measurement.  As more elements are added to provide an antenna array the variation in EIRP between a passive antenna and different types of active antenna array becomes larger and EIRP will no longer provide a good general predictor for TRP independently of the active array size.    Furthermore, for passive arrays the direction of EIRP of emissions is the same as the wanted beam and highly predictable.  For active arrays on the other hand, emissions peaks will be multiple and frequency and time variant, and thus attempting to measure EIRP would necessitate searching for peaks.
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Figure 4: Grey colouring represents unwanted emissions; blue lines represent the wanted signal 

Active Antenna basestation system (Left), Traditional base station with passive antenna system (Right)
Relation to today’s conducted requirements: 
Today’s existing conducted requirements are capturing the total emissions energy at the antenna port, i.e. total emissions radiated by the antenna.  This in effect is capturing the effect of emissions as TRP.

2.4 Co-location related emissions requirements:

Unwanted emissions requirements regarding co-location (e.g. protection of receive band) relates to victims that are in the near field (e.g. other co-located base stations). EIRP is not a good predictor of near field interference.  
2.5 Array configuration:

For array configurations which are not on a planar structure, but perhaps on a conformal structure would have different behaviour and beam pointing direction.  Each individual radiating element would have different pointing directions, shown in the figure below.  This would be problematic for measuring EIRP for emissions.  Assuming all radiating element pointing in the same direction would be a strong assumption that would potentially restrict implementation.  
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Figure 5 (Left to Right): Conformal array element placement, all beams shown by elements, one element illuminated
2.6 Measurement considerations:
From a measurement perspective, the measurement of EIRP for emissions would be more complicated than TRP.  The peaks as described above and would not be predictable and could vary over frequency and direction in space.  This would require a method of time averaging measurements as a minimum.  To fully capture all unwanted emissions in all directions a full 3-dimensional sphere with high resolution testing is required.  
Defining a test set up or configuration for EIRP of emissions could be complex, especially when considering the black box approach.  The different beam steering directions could have an impact on spatial emissions distribution.  This variation would be different for different AAS designs, thus leading to a general test configuration that would require main test points such as a high resolution sphere to ensure all directions are tested.
3 Conclusions

This contribution has presented technical explanations were in general unwanted emissions are uncorrelated.  Due to this fact, the unwanted emissions produce no strong peaks due to beamforming.  Beamforming requires a high level of correlation between signals in order to form and steer a beam towards a specific direction in space.   
Traditional base stations are comprised of passive antenna systems whose gain for a particular basestation class, does not vary extremely much.  For AAS base stations, this is not necessarily the case as UE specific or cell specific beam forming may be done.  The relationships between EIRP and TRP for passive systems is fairly fixed and therefore for passive systems EIRP directly proportional to TRP and therefore can provide a good estimate.

For the reasons listed above, TRP appears to be more appropriate means to capture emissions and the impact of emissions for an active array.
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