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1. Introduction
For rel. 16, a new study item pertains to utilizing spectrum in the 7GHz – 24 GHz range for mobile communications [1].
In this contribution, we share our thoughts on decisions that can impact UE design. 
2. Discussion

The RF requirements for NR UEs are broadly classified based on whether the UE is tested in the conducted domain (FR1) or OTA (FR2). The elephant in the room is how 7-24G UEs should be classified. For the sake of compactness, we refer to this range as FR3.
From UE point of view, RF system design must balance several considerations such as antenna size and polarization, semiconductor NF and phase noise associated, gain and linearity. Below in Figure 1 we show the equivalent antenna array size to what was used in co-existence study and referred among others in [2]. There has been discussion that needed three antenna modules are too big for handheld implementations. From Figure 1 we can see the antenna module doubles in size going from 28 GHz to 20 GHz and further doubles at 14 GHz. Some handhelds are bigger today so it is hard to set an absolute limit for the size and for example new antenna implementations may surface. 

Figure 1. FR2 type antenna sizes

Antenna size is not the only problematic issue, the pathloss also increases and analog beamforming was used to compensate for that among other reasons. Similarly pathloss halves from 28 to 20 and further halves from 20 to 14 GHz.   

Phasenoise was also seen one of the problematic issues at FR2 and it will impact on usable modulations. This should be studied further to understand when pathloss enables better SNR at the receiver and phasenoise improves so that e.g. 256 QAM is usable at DL. 

Testability is also one of the practical issues. 28 GHz CATR is still somewhat feasible for normal laboratory spaces but if the chamber size were to more than double, it may increase the testing cost significantly since new standard building floor height may become an issue. 

Above discussion was looking in to lowering FR2 limit but we could also study increasing FR1 frequency limit which was already done with the introduction of 6 – 7.125 GHz band. The omni direction antenna size get small with frequency and placing in a handhelds so that casing does not block radiation pattern so that TRP or TRS will fail maybe difficult. One solution is to increase number of antennas which would then enable advanced MIMO schemes but then we would be approaching FR2 implementation where multiple antennas are needed. 

An other aspect for conducted testing is that at some point with increasing frequency the testing cable losses start to increase beyond the limit of making test reliability questionable.     
One influencing aspect is planned deployment and application. For example, if target is boardband access where FWA type devices are not so size limited, bigger FR2 type antennas are more feasible for implementation and provide nice improvement in link capabilities where as if the target is to enable new frequency spectrum for handheld hotspots, then FR1 type implementation is more feasible with multiple antennas that target higher order MIMO. 
3. Conclusion
We discussed aspects on UE RF design for new frequency range. 
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