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Introduction
During the RAN #82 meeting a new study item on the 7 – 24 GHz frequency range was approved with the following objectives [1]:

General:
1. Conduct a regulatory landscape survey for each geographical area 
2. Identify representative proxy frequencies for study
3. Study how to define a boundary frequency and/or boundary conditions, including extending FR1 upwards and/or FR2 downwards in frequency, or alternatively introduce new frequency range(s), so that it is clear where conducted requirement and/or OTA requirement will apply for both BS and UE, which requirements apply and how the requirements are derived for BS. Note there may be some grey frequency range for which conducted and/or OTA requirement will apply. 
a. Study shall take into account agreed design of RF specifications for UE (different specifications for FR1 and FR2) and BS (different specification for conducted and radiated test requirements)
4. Study applicable maximum bandwidths and SCS for SSB/PBCH block and control/data
UE related:
1. Study basic RF characteristics (e.g. Max power, NF) and associated device constraints for the proxy frequencies. As an outcome the device RF characteristics are evaluated for both conducted maximum frequency and OTA minimum frequency
· At least handheld mobile and FWA UE’s are in the scope
2. Provide appropriate information on characteristics of UE Requirements in 7-24 GHz to RAN WG5


During the RAN4 #90bis meeting a way forward on general aspects, as they are related to the definition of boundary frequency conditions, was agreed in [2]:

· One of the 7-24GHz SID objectives is to: 
· “Study how to define a boundary frequency and/or boundary conditions, including extending FR1 upwards and/or FR2 downwards in frequency, or alternatively introduce new frequency range(s)… ”
· During RAN4#90bis discussion it was identified that for the purpose of SI progress, it is essential to conclude what is meant by “FR1/FR2 frequency ranges extension” as this term was used in multiple contributions and understanding of it’s consequences was varying among companies. 
· For that purpose, multiple NR technology items which differ among FR1 and FR2 were identified as valid inputs to be considered during further investigation on potential “FR1/FR2 extension” consequences: 
· Conducted vs. OTA interface, 
· Set of SCS and CHBW supported,
· Broadcast channels coverage (beam-sweeping vs. static), 
· Set of supported modulation and coding schemes,
· Duplex mode, 
· Single/multi-band support,
· Consideration of deployment scenarios,
· Consideration of UE types and usage conditions,
· For BS only: 
· BS types, 
· Presence or lack of certain BS requirements, 
· Concept for BS receiver requirements, 
· Requirement values common in some cases across an FR.
· This list may not be exhaustive; companies are encouraged to indicate next meeting whether there are more aspects to add

Action: Based on the above list, companies are encouraged to provide further analyses of “FR1/FR2 extension” understanding and its potential impact analysis on RAN4 specifications for UE and/or BS.


Apple provided initial views on this topic in [4].  This paper provides our views on the applicability of conducted requirement types to frequencies in the range of 7-24 GHz.
Discussion
As observed in [4], 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 a frequency sub-range within 7.125 to 24.25 GHz within which conducted requirements can be defined for the UE.

Proposal 1: RAN4 first identifies a frequency X within the range of 7.125 – 24.25 GHz to define a sub-range 7.125 – X GHz over which conducted requirements can be defined for the UE.

A reasonable starting point for this analysis was proposed in [5] in the form of a connector capability study; the data is reproduced in Table 1 below.

[bookmark: _Ref7658092]Table 1: Connector capability data from [5]
	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



Four additional connector designs have been evaluated with results captured in Table 2 below.

[bookmark: _Ref7658163]Table 2: Additional connector capability data
	Supplier
	Connector dimensions
	Frequency range
	IL
	VSWR

	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.

Observation 1:  In the world of RF components, market need tends to identify innovation trends, and it is our understanding 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.

Proposal 2:  Based on a study of connector capabilities and future outlook, it is feasible to define conducted UE RF requirements over the entire range of 7.125 – 24.25 GHz.

It can be appreciated that connector capaiblity alone should not drive the RAN4 decision on requirement type applicability.  Given two alternative requirement types (conducted and radiated), we identify radiated requirement types with the additional layer of complexity associated with beam management procedures and antenna array RF architecture both for the network and the UE.  Thus, in order to select the radiated requirement type for a sub-range in 7.125 – 24.25 GHz, a compelling case to motivate the need for this additional complexity is needed.

Proposal 3:  Since a radiated UE RF requirement type can be coupled with antenna array architecture for the UE and, by extension, the BS as well as beam management procedures in the RAN specification, the motivation for this additional complexity needs to be compelling.  Thus, conducted UE RF requirements shall be the baseline for the entire range of 7.125 – 24.25 GHz.

Further discussion to potentially motivate an upper sub-range to map to radiated requirement types is encouraged.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Proposal 1: RAN4 first identifies a frequency X within the range of 7.125 – 24.25 GHz to define a sub-range 7.125 – X GHz over which conducted requirements can be defined for the UE.

Observation 1:  In the world of RF components, market need tends to identify innovation trends, and it is our understanding 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.

Proposal 2:  Based on a study of connector capabilities and future outlook, it is feasible to define conducted UE RF requirements over the entire range of 7.125 – 24.25 GHz.

Proposal 3:  Since a radiated UE RF requirement type can be coupled with antenna array architecture for the UE and, by extension, the BS as well as beam management procedures in the RAN specification, the motivation for this additional complexity needs to be compelling.  Thus, conducted UE RF requirements shall be the baseline for the entire range of 7.125 – 24.25 GHz.
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