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1 Introduction

A very significant topic that needs to be resolved for NR is testability. In particular for higher frequency systems, requirements will need to be set over the air (OTA) and appropriate means of measuring the requirements need to be devised. 
Each requirement must be devised in such a manner that the requirement provides protection from the effect that it is meant to regulate, or sets a minimum performance for some aspect of BS behavior. Additionally, a means of testing the requirement should be identified that is practical to implement, tests the requirement as it is defined with a reasonable test coverage and provides an acceptable test tolerance.
One of the most important aspects of NR is that it will incorporate active array technologies into both basestations and devices. Active array technologies will change the manner in which unwanted emissions propagate from the array in comparison with passively beamformed or omnidirectional transmissions. Furthermore, the technology behind arrays will necessitate Over the Air testing. It is important to consider the characteristics of unwanted emissions from active arrays in order to ensure that unwanted emissions requirements properly regulate co-existence and co-location properties and are testable.

Since basestations are likely to contain larger arrays than UEs, the examples in this paper are written from a basestation perspective. However the conclusions are equally applicable to UEs with active array systems.
2 Unwanted emissions from passive and omnidirectional systems
Traditionally, basestation antennas achieve a cell wide beamforming pattern using a so-called passive antenna. A passive antenna is an array of radiating elements, however the relative amplitude and phase of each of the elements is determined by a passive phase shifting network
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Figure 1: Functional illustration of a traditional RBS radio & antenna
A device will typically have a radiating element(s) with a reasonably omnidirectional radiation pattern. The use of a passive antenna has a few important implications:

· The behavior of the transmitter that drives the antenna can be separated from the antenna and beamforming performance, since the transmitter is not involved in the beamforming and is generally not integrated with the antenna.
· Thus, wanted power, emissions etc. can be calculated as TRP = conducted power – matching losses or EIRP = conducted power + antenna gain – matching losses.

· For in-band unwanted emissions, the unwanted emissions will pass through the same phase shifting network and antenna array as the wanted emissions and can thus be considered to have the same radiation pattern / antenna gain etc.

· For out of band spurious emissions, the unwanted emissions will be correlated between antenna elements and will experience beamforming. The different relative properties of the antenna array at substantially different frequencies to the carrier (e.g. different lamda spacing) will lead to the beamforming pattern being distorted compared to the wanted signal. However the spurious emissions pattern will still be static and predictable.

· Since with a passive antenna user specific beam adaptation is not possible, the basestation antennas must attempt to cover the whole cell (and UE antennas be omnidirectional). Thus for a given basestation/UE class and sector width, the beamwidth and gain of different antennas will be reasonable similar. 

· This in turn implies that the relationship between TRP and EIRP for a certain sector size does not vary much between antennas.

3 Far field considerations for unwanted emissions from NR systems
 With the possible exception of at low frequencies (e.g. below 1GHz), NR basestations are likely to constitute active arrays. Devices at mm wave frequencies may also constitute active arrays. The key difference between an active array and a passive array is that with an active array, individual radio transmitters drive radiating elements or groups of elements. This enables independent RF signals to be transmitted from different elements, which in turn enables features such as user specific beam adaptation, multi-layer transmission, massive MIMO etc. For basestations, the number of transmitters is expected to be significantly higher than E-UTRA (up to 256 or possibly even more).
When wanted carriers are transmitted using an active array then the behavior of unwanted emissions becomes more complex than is the case for passive systems due to a number of mechanisms.
Uncorrelated unwanted emissions

Beamforming occurs on transmissions that, apart from phase and amplitude differences, are fully correlated between transmitters. The wanted signal may contain one signal that is modified by phase weights at each transmitter, or several signals each modified by different phase and amplitude weights. Where are several signals, on the wanted carrier the signals are in effect additive and will be beamformed independently.

The instantaneous signal from the unwanted emissions will be a product of intermodulation components, artefacts from any pre-distortion algorithms as well as any LO leakages or any other leakages from the RF. If the wanted signal components are combined with different phase and amplitude weights at each transmitter, or if the wanted signal components are time shifted (due to lack of calibration between some transmitters) or are uncorrelated (due to transmitting different spatial layers from different transmitters) then the instantaneous properties of the wanted signal will differ at each transmitter. This will in turn lead to the nonlinearity impacts of the PA differing between different transmitters and the resulting unwanted emissions becoming uncorrelated. Moreover, the properties of individual RF components, in particular PAs are likely to differ slightly between transmitters, which can also lead to decorrelation of unwanted components of emissions.
Out of band spurious emissions may be subject to further analogue filtering. Although the gain and phase response of the filters in the pass bands will be carefully managed, in the stop bands the phase responses are likely to differ in a manner that may further serve to destroy any beamforming effect on spurious emissions.

The effect of unwanted emissions being fully uncorrelated between transmitters is that the emissions are not beamformed and the radiation pattern will depend on the array element pattern (or patterns).
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Variation of spatial patterns between unwanted emissions

For emissions at some frequencies, in particular closer to the wanted carrier, some components of the unwanted emissions will be correlated whilst others will be uncorrelated (whilst at other frequencies, in particular in the spurious domain it is more likely that the unwanted emissions become fully uncorrelated between transmitters). The components of the unwanted emissions that are correlated between transmitters will experience beamforming, however the beamforming may differ from the wanted signal.
A basestation may transmit several beams simultaneously (UEs may do too if e.g. transmitting to multiple basestations). An E-UTRA basestation transmits CRS with a cell wide beam pattern, CSI-RS and beamformed CSI-RS and potentially different precoded PDSCH. An NR basestation may also transmit different beams to different users in a frequency multiplexed manner and also control or cell wide signaling on occasions. When several beams are transmitted on different resource blocks and in different directions, intermodulation components between the different beams will have beamwidth and directions that are different to, and a function of both beams.
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In some circumstances, beam steering is carried out in response to a multipath fading channel. The adaptation may be by means of fast PMI feedback, or reciprocity. Whatever mechanism is used for channel adaptation, for some or all of the unwanted emissions frequencies the channel response will be uncorrelated with the channel response for the wanted signal. This will in turn lead to the observed spatial power distribution for the unwanted emissions differing between the wanted signal and unwanted emissions.
If any type of correlated emission occurs at spurious emissions frequencies further away from the carrier, then the resulting spatial pattern will be impacted by the fact that the array geometry relative to the wavelength is different to that of the wanted signal, and thus the array response and beam pattern will differ.

Thus in fading channels and far from the wanted carrier, correlated beamforming impacts of the array are unlikely to be seen.
Time variation of unwanted emissions
The purpose of building adaptive arrays with a large number of transmitters is to enable transmission of beams with a narrow beamwidth to achieve high SINR. Beams will be by nature specific to the scheduled user(s) and adaptive to the channel conditions. 

The nature of multi-user scheduling will result in different users being scheduled at different times and frequencies. Furthermore, adaptation to the channel will also cause changes in beam pattern.

At the UE, selection of different basestations to transmit to, and in particular compensation of channel variations will lead to changes in the beam pattern.

The changing nature of beamforming on the wanted signal as different users are scheduled and adaptation to channel conditions takes place will lead to changes  in the spatial distribution of unwanted emissions. This spatially shifting unwanted emissions pattern differs to the unwanted emissions pattern observed from a passive antenna, which remains static.

In reality, unwanted emissions near to the carrier will never be fully correlated but may be partially correlated, in which case the emissions pattern will contain a slightly beamformed and a non beamformed component. The beamformed component will be a time varying product of the different transmitted beams, and the non beamformed component will be radiated with the element pattern.

Away from the wanted carrier and out of the band, and also when observed in a fading channel the unwanted emissions are more likely to be fully uncorrelated and exhibit no spatial properties.
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4 Requirements necessitating consideration of near field effects

The area around an antenna can be modelled as consisting of 3 regions; the so called reactive near field, the radiative near field and the far field. Most beamforming effects, as discussed in the previous section occur in the far field of the antenna. In the near field, the relationship between the electrical and magnetic fields in space is more difficult to define, and in the radiative near field the presence of other antennas can impact the impedance seen at the transmitting antenna. The distance at which a receiver should be located in order to be considered to be in the far field should be 
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In which D is the size of the transmitting antenna and λ the wavelength.

Other devices, basestations or systems for which co-existence should be assessed are within the far field with respect to an NR basestation. For devices, only far field emissions need to be considered. However the interference limits must also take into account the need for co-location of adjacent basestations at the same site. Co-location related requirements include TX IMD, protection of receive band emissions and blocking.

For array BS operating at below 6GHz, the interaction between an aggressor BS at <6GHz and a victim system may be in the near field. Interactions from a co-located mm wave BS are, however more likely to be in the far field.
Where interactions in the near field are likely to take place, then the unwanted emissions pattern observed in the near field will differ from a far field pattern. The likely coupling and the interactions between co-sited <6GHz and other basestations should be considered further in order to derive an appropriate metric for the unwanted emissions limits that are intended to ensure co-location functions correctly.
5 Conclusion

This contribution presents some considerations on the spatial nature of unwanted emissions for active array systems that will form an essential part of NR. Whereas for previous generations of BS with passive antennas, unwanted emissions had a fixed spatial pattern that aligns with the wanted signal, for NR the unwanted emissions pattern can be expected to be complex, smeared out in space and shifting in time.
 Furthermore, emissions related to co-location with BS at <6MHz may take place in the near field. The difference between array transmissions and passive antenna transmissions in the near field needs further consideration.

These impacts on the emissions spatial pattern should be taken into account when designing OTA unwanted emissions requirements for NR. In particular, it should be understood that assumptions made on emissions patterns for passive systems should be re-examined as they may not be suitable to apply to active systems.
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