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Introduction
At RAN#82, a Study Item on 7-24 GHz frequency range was approved [1]. As the regulatory situation for this vast frequency range is not settled and no frequency bands for cellular systems exist, there is a need to find an approach to discuss and investigate the technology potential and limitations which is representative. 
In this paper, beside an overview of the SI, a discussion around handling different needed technology feasibility aspects, possible requirement sets etc is given. A more elaborated discussion around the regulatory landscape is given in [2]. 
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The objectives of this SI are divided in three parts; General, UE, and BS related as following. 

General:
1. Conduct a regulatory landscape survey for each geographical area 
1. Identify representative proxy frequencies for study
1. 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. 
2. 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)

1. 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
0. At least handheld mobile and FWA UE’s are in the scope
1. Provide appropriate information on characteristics of UE Requirements in 7-24 GHz to RAN WG5
 
BS related:
1. Study applicability (or lack thereof) of conducted/hybrid/radiated requirement sets for these bands/frequencies, with a focus on how to define a boundary frequency and/or boundary conditions for conducted domain and OTA domain requirements. 
0. Consider different BS architecture options. Note in R15, there are non-AAS architectures (BS type 1-C for FR1) and AAS BS architectures (BS type 1-H, BS type 1-O for FR1 and BS type 2-O for FR2) for NR BS.
1. Study RF characteristics for proxy frequencies including both TX and RX. In particular: 
1. Study how to design TX emissions mask for these frequencies 
1. Study the spurious region and its upper frequency limit for practical measurements
1. Study how to design TDD TX switching time requirement 
1. Study need for requirement coverage; e.g. co-location related requirements (TX IMD etc.) for each proxy frequency 
1. Study how to design requirements where approach differs between FR1 and FR2; e.g. RX sensitivity requirement, RX ACS, blocking, RX IMD requirements
1. Investigate the need for EMC characteristics updates due to the existing EMC requirements and their frequency range limitations.

Note: Co-existence studies might be required during the follow up WI.
The technology characteristics around 24GHz are likely to resemble 28GHz and around 7 to be more similar to 6GHz. Some level of differentiation is required for the analysis. In order to have a reasonable work load considering the technology feasibility, there is a need to break down the 7-24 GHz into few smaller ranges and limit the investigation for these frequency ranges to an “example frequency” per range. The use of “example frequency” instead of “proxy frequency” is used to avoid possible confusion as “proxy frequency” was used when RAN4 studied the technology potential, limits and feasibility aspects for mm-wave frequency ranges. At that time, the possible frequency bands were clearly defined for WRC-19 whereas for this range, possible frequency bands have not been identified and any implication that they have should be avoided.
A possible break-down to sub-ranges is presented in Figure 1 where the boundaries in the proposed ranges are aligned with the regulatory landscape survey outlining current possible allocation to mobile systems.
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Figure 1	Proposed frequency ranges and example frequencies
The example frequencies have thus no relation to possible future frequency bands in this range but the feasibility studies around performance, and limitations could be useful in conjunction with co-existence studies when frequency bands in the future are considered in different regions and administrations.
Proposal 1: Break the range down into 3 sub-ranges, each with it’s own example frequency for analysis (it can later be decided whether to merge these ranges if they are similar).
It may be that for future specification work, it is convenient to define one or more new “frequency ranges”. This would be necessary if, for example requirement concepts would differ from both FR1 and FR2. One example is two new sub-frequency ranges i.e. FR3 and FR4 as in Figure 1 where for FR3, the future 3-H and 3-O requirement sets could be considered while for FR4, as the possibility for conducted measurements would be quite limited, only 4-O requirement set is considered. Obviously more work is needed on the requirement concepts before making such a decision. The NR requirement structure and the possible need to introduce FR3 and FR4 is further elaborated in [3].
Based on the example frequencies, for the transmitter, aspects such as PA parameter behavior, phase noise and filtering over frequency should be studied. 
Considering the receiver, as extensively discussed during NR SI and the work during rel-15 WI as Noise Figure, routing losses, switch losses etc has frequency dependencies and would degrade over frequency, the receiver performance for example frequencies would also require proper investigation to conclude on feasible levels. We will contribute around the receiver complex dependencies between noise figure, linearity and technology potential and limitations in the coming meetings.
 In [4], some first consideration is provided around the trends of PA behavior for different semi-conductor technologies as well as phase noise and receiver considerations.
Proposal 2: Use the breakdown to investigate PA behavior, phase noise, receiver performance, filtering possibilities etc. for each example frequency.
The outcome of the technology capabilities analysis would enable some preliminary estimations of the feasibility of key parameters such as ACLR, noise figure etc.
Considering the possible study around SSB and data sub-carrier spacings, the selection very much depends on specific frequency bands, band size etc which at this stage is probably too early to discuss. Considering the possible bandwidth and SCS in NR rel-15 for FR1 and FR2, there is already 40 combinations which indicate no need for additional combinations rather once the frequency bands are settled, RAN4 can make a proper selection.
Proposal 3: Consideration of sub-carrier spacings can be left for a later WI.	
There is also a need to consider what work is needed in specification terms for the BS and UE requirements (e.g. how to write spectrum masks, how to write blocking and RX requirements etc.). We propose that this SI should consider mainly technology potential and key parameters and come to a top-level conclusion of the work that is needed for each requirement. Detailed work on developing requirements should be left until a later stage when proposed frequency bands are known and settled in regulation.
Proposal 4: The SI should conclude on what work is needed in a later stage for developing detailed requirements, but leave the detail to a later WI once the band is known.
Conclusion
In this paper, an overview of 7-24 GHz frequency range SI was discussed. It was concluded that there is a need to break down the vast range into smaller ranges which are presented by example frequencies. A break down into 3 sub-ranges and corresponding example frequencies were proposed to be able to initiate the detailed technical work on technology potential, limitations trends and feasibility.
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