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1	Introduction
The study on the 7 – 24 GHz frequency range [1] has made progress in identifying the technological feasibility of NR operation in this frequency range.  The topic of NR UE requirements classification has been discussed in [2], [3], [4], [5], [6].  This contribution summarizes the feasibility of classifying NR UE requirements in this frequency range as conducted requirements.
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3	Text proposal (for approval)
<< begin text proposal >>
[bookmark: _Toc9865810]6.2	NR UE requirements classification
Editor’s note: conducted vs. OTA requirements. 
- Study shall take into account agreed design of RF specifications for UE (different specifications for FR1 and FR2) 
FR2 requirements carry with them an additional layer of complexity associated with beam management procedures and antenna array RF architecture both for the network and the UE, and this complexity provides a motivation to determine whether conducted UE RF requirements over the entire frequency range of 7.125 to 24.25 GHz are feasible.
A reasonable starting point for this analysis is in the form of a connector capability study, as shown in Table 6.2-1 below.
Table 6.2-1: Connector capability
	Supplier
	Connector dimensions
	Frequency range
	IL
	VSWR

	Supplier A
	< 2x2 mm
	0 - 12 GHz
	< 2 dB
	< 1.6

	Supplier B
	< 3x3 mm
	0 - 11 GHz
	< 2 dB
	< 1.5

	Supplier C
	< 3x3 mm
	0 - 11 GHz
	< 2 dB
	< 1.5

	Supplier D
	< 2x2 mm
	0 - 15 GHz (NOTE 1)
	< 2dB
	< 1.6

	Supplier E
	< 4x4 mm
	0 - 26.5 GHz
	< 0.5 dB
	< 1.25

	Supplier F
	< 2x2 mm
	0 - 11 GHz
	< 0.3 dB
	< 1.4

	Supplier G
	< 5x2 mm
	0 - 26.5 GHz
	< 0.4 dB
	< 1.4

	NOTE 1: Operation up to 12 GHz per spec sheet; operation up to 15 GHz feasible based on experimental data



When evaluating the connector from Supplier D, it was possible to verify experimentally that the connector’s use up to 15 GHz (3 GHz above the spec sheet) is feasible.  Evaluations of connectors from Supplier E and Supplier G have revealed that the full range of the frequencies in this study item’s scope is supported; however, the connector dimensions pose a mechanical challenge to their integration into a handset form factor.  In this aspect, an outlook on future capabilities in terms of connector dimensions is needed rather than a survey of currently available dimensions.
Market need tends to identify innovation trends, and it is feasible that a convergence of an actual band plan, deployment scenario, and real market need can promote the industry to further innovate the connector technology to enable integration into a handset form factor.
Another consideration which can impact the NR UE requirement classification for this frequency range is the physical availability of space in the handset platform for an antenna array.  Taking the microstrip patch array design as an example, the patch width and ground plane extension can be calculated based on a common Rogers substrate: the element dimensions and array length (assuming 4 elements with half-wavelength spacing) can be calculated, as shown in Figure 6.2-1.

[image: ]
Figure 6.2-1: Patch array dimensions vs. frequency 

It is important to note that for frequencies close to 24 GHz the antenna array dimensions are similar to the FR2 (24.25 - 52.6 GHz) array dimensions:  especially if the UE is a multi-band design which co-locates 28 GHz and 39 GHz antenna arrays in the same volume.  Thus, an antenna array for the upper frequencies in the 7 - 24 GHz range competes for physical space in a handset with an FR2 antenna array, and it is not likely that UE FR2 coverage performance can be traded off to support beamforming arrays in the 7 - 24 GHz frequency range.  As the wavelength increases with decreasing frequency, the antenna array size becomes prohibitively large, with the array at 7 GHz approaching a significant percentage of the entire length of a handset.  Thus, from the perspective of potential array size, a radiated requirement with an antenna beamforming assumption is not likely to be integrated into a handset form factor.
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