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1 Background
Study on the 7 – 24 GHz frequency range was discussed in RAN4 #90 Bis in Xian. A few WF documents were agreed [1], [2], [3].
In this document Sony will share our views on the 7 – 24 GHz frequency range.
2 Discussion
Besides presentation of some very good document on components and performance a lot of the discussion was on division into sub-frequency ranges and on agreeing on example frequencies for aligning further studies.
Antennas for Handheld Device in Spectrum from 7-24 GHz
The use cases for the new frequency range has not been penetrated much. The cell size (ISD) (together with the frequency) has a large impact on UE design, especially when it comes to the antenna arrangement, which will impact different device types differently. The physical size of antenna arrays must be taken into account. Antenna arrangements capable of beam forming (BF) in the UE may include antenna arrays, which might be too bulky for some applications such as handheld UE device types but may be OK for other device types. In case of mobile devices, BF is discussed together with requirement on spherical coverage. In order to have a decent link budget the total antenna aperture need to be large. For higher frequencies this implies several antenna elements being deployed in a way the signals can be added together, e.g. in a beam forming arrangement. 
Currently, it is a common understanding in RAN4 that 4×4 MIMO will be used in FR1 where in FR2 4 element, dual polarized, antenna array with at least 1 panel will be used for a handheld mobile device.  
As an example, a 4×1 linear array panel roughly occupies an area of 25mm × 6 mm at 24 GHz. At 12 GHz this will be as large as 50 mm × 12 mm. Such a dimension will make the antenna panel to be very difficult to integrate into a handheld mobile device. Smaller antenna arrays could be used, e.g. 2×1, however, taking the complexity of beam management into account, the benefit from using a beam steering antenna system with such a small number of elements need to be clearly motivated. 
[bookmark: _Ref7798978]Observation 1	Beam forming antenna systems in the lower frequency part of the 7-24 GHz spectrum is not suitable in a handheld UE form factor.	
On the other hand, if we look upon the antenna system for 7-12 GHz as FR1 like, e.g. 4×4 MIMO, it is possible to extend current FR1 antenna system bandwidth to cover higher spectrum, and thus saving space. 
[bookmark: _Ref7798989]Observation 2	FR1 type antenna systems, i.e. 4x4 MIMO could be extended to higher spectrum. 
The availability of RF components should also be a factor taken into account. For example, to our understanding 12 GHz could be a critical point due to that different filter technology might be implemented below respectively above this frequency [4]. In addition, the conductive measurement is feasible below 12 GHz [4] [7]. 
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Figure 1. Example of placement of antennas in a smartphone type UE.

The usage of the spectrum shall be clarified. E.G. the extension of cellular frequency to FR2 was targeting a large bandwidth for eMMB. However, it is unclear what will be the major usage of the spectrum from 7-24 GHz. The usage will impact the device form factor, cost target, current consumption target, mobility expectation etc. and thus impact the choice of RF components as well as the antenna design, e.g. the bandwidth, the gain and so on. 
[bookmark: _Hlk7786241]In the FR2 core specification (TS 38.101-2) the UE power classes (PC) are linked to the device types (i.e. applications) whereas in FR1 there is no such connection. For the frequency range 7 – 24 GHz the use-cases and applications should be clarified in order to determine the PCs. However, whether the device types shall be linked to PCs in the core specification is FFS. 
[bookmark: _Ref7799003]Observation 3	For the frequency range 7 – 24 GHz the use cases and applications should be clarified in order to determine the power classes.
The RF requirements are applied differently in FR1 and FR2. With the additional spectrum between 7-24 GHz, preferable the spectrum would be extended as an extension from FR1 up, and as an extension from FR2 down, in order to simplify the RF requirement types. 
[bookmark: _Ref7799015]Observation 4	In order to simplify the RF requirement, preferable the spectrum could be extended as an extension from FR1 up, and as an extension from FR2 and down.
As pointed out in [4], the power density/MPE will be required to be tested by current regulators in the spectrum between 7-24 GHz. How the test shall be done, and how it is going to impact the UE design is unclear right now and need to be studied.  
[bookmark: _Ref7799023]Observation 5	How to test MPE in the 7 -24 GHz frequency range need to be studied.
3 Conclusion
In this contribution we have discussed UE antenna aspects in the frequency range 7 – 24 GHz mainly from a handheld (smart phone) formfactor point of view. We have made the following observations:
Observation 1	Beam forming antenna systems in the lower frequency part of the 7-24 GHz spectrum is not suitable in a handheld UE form factor.
Observation 2	FR1 type antenna systems, i.e. 4x4 MIMO could be extended to higher spectrum.
Observation 3	For the frequency range 7 – 24 GHz the use cases and applications should be clarified in order to determine the power classes.
Observation 4	In order to simplify the RF requirement, preferable the spectrum could be extended as an extension from FR1 up, and as an extension from FR2 and down.
Observation 5	How to test MPE in the 7 -24 GHz frequency range need to be studied.
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