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1 Introduction

During recent meetings, discussion has taken place on the meaning the terms “FR1” and “FR2” and whether it is sensible to consider “extending” these ranges or creating one or more new ranges. It has become apparent that across different parts of RAN4 and different working groups, the terms have come to imply different interpretations of the specifications. Attempting to “extend” and FR implies that the specifications should be interpreted in a consistent manner across all WGs. Whether this is feasible is not yet clear. In any case, what label is given to a particular band or set of bands is not of primary importance; what is of greater importance at this stage is to establish the extent to which principles/parameters/procedures/requirements can be re-used.
2 Text Proposal
5.3
Comparison of FR1 and FR2 characteristics
Editor’s note: compare FR1 and FR2 for potential consequences of extensions within 7-24 GHz range.
At the start of the NR Study Item, it was clear that NR would encapsulate two types of system; one operating in existing E-UTRA bands or at similar frequencies, and a new kind of technology operating within the so-called “mm wave” frequency range, which is an order of magnitude greater than the frequency range addressed by E-UTRA. In a RAN4 context, there is a very substantial difference between the technology characteristics and system behaviors for these two types of spectrum, and so it was useful to split evaluation of the two. To facilitate discussions, RAN4 introduced the terms “FR1” to refer to frequencies similar to E-UTRA bands and “FR2” to refer to the new mm wave spectrum. Initially, the intention was only to provide a simple name to the two types of spectrum, but as a natural consequence, since the approach to defining RAN4 requirements differs between the two, the terms “FR1” and “FR2” evolved to refer to approaches for setting requirements, in some cases, applicable requirement values and testing approaches. 

Within RAN4, the understanding of what is meant with FR1 and FR2 differs between the basestation RF specifications, the UE RF specifications and the RRM specifications. Furthermore, RAN1 and RAN2 have also used the terms FR1 and FR2 to refer to signaling concepts and types of UE and network behavior.
Thus, in the release 15 specifications, the terms “FR1” and “FR2” imply certain characteristics or types of behavior. A short summary of the main implications of the frequency range classification is provided below.
RAN4 specification impacts
General:
The FR categorization has some impact on general system parameters in RAN4; for example, the set of bandwidths and sub-carrier spacings that can be applicable. The specific BW and SCS are specified on a band specific basis but must be a subset of the BS/SCS defined for the applicable frequency range.
Basestation RF:

In the BS RF specifications, apart from the frequencies of bands, the term frequency range encompasses aspects of requirement concept and design, requirement applicability, requirement levels and test methodologies.

Requirement concept and design differs for the TDD OFF power requirement, where a co-location type requirement is applicable for all FR1 bands and a TRP/EIRP requirement for FR2 bands. Importantly, the concept for receiver requirements differs substantially. For all FR1 bands, RX requirements are based on base conducted values that are scaled with a virtual gain. For FR2 bands, the reference level is declared within a specific range, and other interferer levels are tied to the declared value. There are a number of other smaller differences in concept between FR (e.g. which modulation orders may have power backoff for EVM)

The largest example of applicability difference is that for all FR1 bands, co-location requirements are applicable, whereas for FR2 bands, there are no co-location requirements. Apart from this, there are several other requirements that are applicable for FR1 bands only. Also, the applicable set of performance requirements differ depending on whether the band is an FR1 or FR2 band.

In some cases, requirement levels are generally applicable for any band in a frequency range. An example of this is ACLR, which is 45dB for all (licensed) FR1 bands. Similarly, OBUE masks, blocking levels etc. are all FR and not band specific. In some other cases, band specific requirements are defined.

In terms of testing, all bands in FR1 may be declared to comply with conducted, hybrid or OTA requirements, whereas for FR2 bands, only OTA requirements are applicable.
UE RF:

In the UE RF specifications, the major difference between FR1 and FR2 is that for FR1, requirements are defined and tested as conducted, whereas for FR2 OTA definitions and tests are applied. As a consequence of the OTA testing, in FR2 some additional requirements on spherical coverage and beam correspondence are included that are not applicable for FR1. 

Apart from the OTA aspects, the requirement concept and applicability between FR1 and FR2 is in general more similar for the UE than for the BS. FR1 includes some additional blocking requirements compared to FR2. Handling of duty cycle and power backoff for EMC & absorption regulatory compliance differs between the two ranges.
Requirement values differ between FR1 and FR2. Some requirements are band specific and others frequency range specific.
RRM:

The main difference in RRM specification between FR1 and FR2 UEs is that FR1 UEs are not assumed to perform RX beam sweeping, whereas RX beam sweeping is necessary for FR2 handover which leads to longer delays in requirements (larger multipliers for SMTC periodicity). In addition, the UE cannot simultaneously perform analogue beamforming towards the serving cell and RX beam sweeping so there are various scheduling restrictions specified in 38.133 for FR2 operations to allow the UE to beamsweep.

Thus, there is a need to consider both whether beamsweeping is required, and how likely it is that the restriction is needed.

There are also differences in other aspects of RRM requirements such as UE measurement capabilities (eg minimum number of SSB that the UE shall be capable of measuring), however these are more a consequence of different parameterization of the physical layer (up to L=64 TX beams are possible in FR2) rather than fundamentally different operations and requirements.

Hence, when considering a frequency band in the range 7-24GHz the fundamental questions which need to be answered from an RRM perspective are whether RX beam sweeping is used, and if so how does it differ from the existing RX beam sweeping operation assumed for FR2? At what frequency is it feasible to operate a UE without RX beam sweeping? The answers to these questions would determine the extent to which existing FR1 or FR2 requirements could be reused in the 7-24GHz range, and how the existing requirements could be modified to make them applicable to bands in 7-24GHz range. RAN2 specifications

RAN2 specification impacts:

FR1 and FR2 differ in terms of requirements and functionality. This implies that if the total functionality in a band in the 7-24GHz range does not correspond exactly to FR1 or to FR2 then the RRC signaling may need to differ. Furthermore, signaling of parameters may need to differ in case the parameter values do not correspond directly to FR1 or FR2 in all cases.

Based on input from RAN1 and RAN4, RAN2 distinguishes "FR1" and "FR2" both in the (interpretation of) UE capability signaling as well as in the (interpretation of) DL configuration messages. The terms "FR1"/"FR2" are mentioned 106/81 times in 38.331 (RRC) and 93/95 times in 38.306 (UE Capabilities). If the 7-24GHz range would be introduced as a new FR3, all those (and possibly more) occasions would need to be updated. In some it may just be and textual amendment ("in FR1 and FR3") but in other cases it will require new fields or entire branches in RRC signaling. If most properties of the new frequency range differ from FR1 and FR2 or if some are like in FR1 and others like in FR2, a new term may anyway be preferable. In case of the latter, RAN2 will have to discuss and incorporate many changes. Planning of work items should account for that. 

However, if the new frequency range would inherit most of its properties from either FR1 or FR2, it would be preferably from signaling point of view to reuse those existing terms (and hence the signaling structure). This would minimize the changes to the RAN2 specifications and hence the work-load and possibly also the time to market. 
RAN1 specification impacts:

The RAN1 specifications differentiate FR1 and FR2 in the following aspects:

38.211: FR1/FR2: 7/6 occurrences. Random access configuration depends on FR1/FR2. Transition times RX(TX and TX(RX depend on FR1/FR2. offsetToPointA unit depends on FR1/FR2.

38.212: FR1/FR2: 0/0 occurrences

38.213: FR1/FR2: 38/23 occurrences. SSB pattern and cell search depend on FR1/FR2. Power control aspects for dual connectivity depend on FR1/FR2. BWP switching in RA procedure depends on FR1/FR2. Actions related to bwp-InactivityTimer in BWP switching depend on FR1/FR2. Type0-PDCCH monitoring behavior depends on FR1/FR2.

38.214: FR1/FR2: 9/8 occurrences. Different behavior w.r.t. overlapping reception of unicast PDSCH and SI-PDSCH. FR2 supports TRS in single slot. PT-RS support is different w.r.t. FR1/FR2. PDSCH and PUSCH processing capability 2 is only defined for FR1. FR1 supports almost contiguous allocation for UL CP- OFDM while FR2 does not.

An important question in a new range of frequencies is whether all of the impacted RAN1 procedures are the same as for FR1 or FR2, or whether it is the case that some procedures are like one of the FRs and other procedures are more like the other FR, or different to either FR. If the latter is the case (i.e. not all procedures can be inherited from an FR), then a new FR seems needed, whereas if the latter is the case then from a RAN1 perspective the FR could be extended.
In conclusion, during a WI phase when considering a specific band, there would need to be an investigation in RAN1 and RAN4 of what set of functionality is needed (e.g. beam sweeping or not) as well as the applicable system parameters such as SCS and bandwidth. RAN4 would need to consider the applicability, formulation and applicability of requirements, as well as requirement values. If the characteristics, requirements, system parameters and functionality would correspond exactly to FR1 or FR2, extension of the FR could be feasible. If there would be deviations, a strategy for dealing with the deviations would be needed (creation of sub-FR, new FR or similar) that could be applied consistently across the working groups. Time would need to be allocated appropriately in all WG to develop the necessary descriptions of requirements, functionality and signaling.
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