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1 Background
Study on the 7 – 24 GHz frequency range was discussed in RAN4 #90 Bis in Xian and RAN4 #91 in Reno, where the WF for the deployment scenarios has been approved [1].
In this document Sony will share our views on front-end components 7 – 24 GHz frequency range for handheld mobile devices.
2 Discussion
Output Power for Handheld Device in Spectrum from 7-24 GHz
[bookmark: _Ref16513457]It has been discussed in [2] that both Si and III-V based active technologies are available to support 7-24 GHz range given appropriate node is chosen and output power requirement known. On the other hand, the UE output power requirement is depending on the deployment scenarios as well as the possible antenna technology. In [3], the possible UE antenna architecture in the spectrum of 7-24 GHz is discussed based on measurements in an indoor studio environment at 15 GHz. Based on the measured rank of the channel and the availability of inside a device with a smartphone form factor, it has shown that utilizing spatial multiplexing/MIMO antenna topology is promising for handheld mobile devices. 
However, climbing up to 15 GHz with spatial multiplexing/MIMO antenna topology requires that output power of PA should be as high as reasonably possible (to overcome link budget at higher frequencies). Considering the similarity with FR1 antenna topology, it is suggested that high power UE, e.g. 26 dBm UE, should be considered for the spectrum of 7-24 GHz in urban macro/dense urban/indoor hotspot.
[bookmark: _Ref21111634]Observation 1	To overcome the increasing path loss with frequency it is suggested that 26dBm is considered in parallel with PC3.
In addition, PA should be inherently broadband in order to address a wide range of perceivable band combinations without needing too many separate PA devices. 
III-V Based Technologies in Spectrum from 7-24 GHz
High output power is often difficult in battery-powered equipment. It has been discussed in [2] that the III-V based PAs provides higher efficiency and power capability over a large bandwidth than silicon-based technologies, which offers reasonable performance in this spectrum.  Based on our estimation on public domain information [4]-[7], the following performance can be achieved for some key components within the range of 7-24 GHz based with III-V based technologies: 
PA
· Output Power: >+26dBm average possible with modulation with PAPR up to 10 dB
· Channel BW: >500MHz
· Bandwidth coverage from 1 PA: >40% with >Octave possible e with adaptive load matching [4]
· Efficiency: Saturated efficiency >60%. 
· Efficiency at +26dBm >30%
· ACLR <-35dB at +26dBm

· EVM: as per current FR1 spec 
· Gain (3 stage): >30dB attainable
For example, refer to Reference [4] on a wideband III-V semiconductor power amplifier with wide instantaneous bandwidth capability and ultra-wide frequency range due to adaptive matching. Whilst this particular PA coverage is 0.7-3.8GHz, the high Ft and Fmax of commonly available III-V processes permit the similar types of wideband performance at higher frequencies.

LNA
· Noise Figure <2dB
· Gain (2 Stage): >20dB 
SPDT Switch
· Insertion Loss: <0.8dB
· Isolation: >20dB
Based on this estimation, the with III-V based technologies also offer feasible performance to adapt spatial multiplexing/MIMO technology for mobile handheld devices in the spectrum of 7-24 GHz.

[bookmark: _Ref21111646]Observation 2	The III-V Based Technologies can offer high power and efficiency, which are feasible for spectrum of 7-24 GHz. 
3 Conclusion
In this contribution we have discussed UE components for the frequency range 7 – 24 GHz. We have made the following observations:
Observation 1	To overcome the increasing path loss with frequency it is suggested that 26dBm is considered in parallel with PC3.
Observation 2	The III-V Based Technologies can offer high power and efficiency, which are feasible for spectrum of 7-24 GHz. 
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