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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


The approved work plan for the SI lists the following objectives for the RAN4 #90bis meeting:

· TR: further extensions of the skeleton structure
· Selection of proxy/example frequencies: final decision 
· Regulatory survey: collection of inputs
NOTE: no TPs to TR until RAN92bis/ RAN#93
· System parameters: discussion on expected modifications in case of future bands, and related TR scope
· RF technology aspects: collect inputs
· e.g. PA properties, antenna properties, receiver properties in particular noise factor, filter capabilities, noise figure, phase noise, etc.
· BS specifications and requirements: continue discussion
· Expected impacted on specs and requirements
· Comparison with existing FR1 and FR2 requirements 
· Further discuss need for co-location requirements
· UE specifications and requirements: continue discussion 
· Expected impacted on specs and requirements, e.g. comparison with existing FR1 and FR2 requirements
· BS RF architecture: 
· Discussion on the potential BS architecture variants feasible (conducted, hybrid, OTA)
· Consider antenna array sized
· UE RF architecture: Discussion on the potential UE architecture variants feasible (conducted, hybrid, OTA)
· EMC: discussion on EMC requirements impact


This paper provides views on how to define a boundary frequency for FR1.
Discussion
During the concluding stages of the NR Rel-15 specification work, a picture of distinct requirements and functionality for devices operating in FR1 vs FR2 has emerged.  Compared to LTE, FR2 features lower latency (up to 8x), wider bandwidth (up to 20x), NW-controlled beam management procedures based on measurement reports (no such requirements in LTE), UE-controlled beam selection based on DL measurements (beam correspondence; also no analogue in LTE).  FR2 UE RF requirements are defined over-the-air as a consequence of the lack of conducted connectors above 24 GHz and, perhaps more fundamentally, as a consequence of the underlying assumption of beam steering by an array (or multiple arrays) of antenna elements.  FR1 UE RF requirements have largely been extension of LTE requirements with incremental enhancements:  lower latency (up to 4x), wider channel bandwidth (up to 5x), and mandatory 4rx operation for high bands.  FR1 UE RF requirements are defined at the conducted connector in the same manner as LTE requirements.

Observation 1: In general, 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.

For frequencies between 7.125 and 24.25 GHz it is difficult to define a clean boundary between extended FR1 and FR2 ranges.  One approach can be to first identify a feasible extension of FR1 up to a frequency X and then to study if and extension of FR2 down is feasible.  This approach allows a straightforward discussion of use cases for the range of 7.125 – X GHz.

Proposal 1: RAN4 first identifies a frequency X within the range of 7.125 – 24.25 GHz for an extension of FR1.

The use case discussion for such an extension of FR1 should include use cases and typical network deployment.  As an extreme example, consider X is chosen to be 24.24 GHz, and inter-site distance (ISD) remains according to the LTE/FR1 assumptions (1500m) [3].  Without the beam forming features of FR2 and a denser BS deployment (200m – 150m) [4] a network deployed under such assumptions would not work.

Proposal 2: RAN4 includes discussion of usage scenario and network deployment assumptions into the decision on frequency X for an extension of FR1.

The FR2 UE RF requirements span a diverse set of UE types (fixed wireless access, vehicle mounted, handheld, and high power non-handheld), as documented in [5].  When deriving the RF requirements for these UE types, RAN4 found alignment on a reference RF architecture (the number of antenna elements, PA output power, receiver noise figure, etc.) and typical usage conditions (i.e. relationship between spherical coverage and network performance).  For this intermediate frequency range there may a sub-range of frequencies where not all UE types (including potential new UE types not yet considered in Rel-15) can easily follow the same assumptions on parameters which impact system design.

Proposal 3: RAN4 should consider how to address different UE architectures across different UE types when discussing possible extensions of FR2 into the range of 7.125 – 24.25 GHz.
Conclusions
Based on the analysis provided in this paper, the following observations and proposals can be made:

Observation 1: In general, 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.

Proposal 1: RAN4 first identifies a frequency X within the range of 7.125 – 24.25 GHz for an extension of FR1.

Proposal 2: RAN4 includes discussion of usage scenario and network deployment assumptions into the decision on frequency X for an extension of FR1.

Proposal 3: RAN4 should consider how to address different UE architectures across different UE types when discussing possible extensions of FR2 into the range of 7.125 – 24.25 GHz.
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