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1. Introduction

One task of the work item on extending NR operation to 71GHz is to define how to refer to the frequencies in the range between 52.6 GHz and 71 GHz. RAN plenary tasked WGs to provide a recommendation by RAN#92. A number of contributions on this topic were provided to earlier meetings [1-8]. The main options to consider are extending FR2 up to 71 GHz, defining a new frequency range (e.g. FR3) or defining 52.6-71 GHz as a sub-range of FR2 (among which several alternatives have been proposed e.g. in [4]). This exercise to define a designator for the range of 52.6-71 GHz should have no impact to the technical work needed to design the procedures for this range of frequencies, thus a decision should be based on the analysis of specification effort. This paper provides an analysis of the different options and proposes a RAN1 recommendation.
2. List of options
Various options have been proposed in WGs, which we summarized below:
	
	Denomination for 24250 – 71000 MHz
	Denomination for 52600 – 71000 MHz
	Notes

	Option 1
	FR2
	FR2
	FR2 is defined as 24250 MHz – 71000MHz

	Option 2
	FR2.1 (or FR2-part1)
	FR2.2 (or FR2-part2)
	FR2 is defined as 24250 MHz – 71000MHz

	Option 3
	FR2
	FR2x
	FR2 is defined as 24250 MHz – 71000MHz 

FR2x is defined as a sub-part of FR2

	Option 4
	FR2
	FR2x
	FR2x is defined outside FR2

Practically already ruled out by RAN4

	Option 5
	FR2
	FR3
	Practically already ruled out by RAN4


Options 4 and 5, which introduce a new denomination for 52.6-71 GHz outside FR2, have been practically ruled out already by the formulation of the RAN4 tentative agreement at RAN4#98bis-e [10]:

	“Tentative agreements: 
Option 1: No new spec (include 60 GHz in UE and BS existing specs)”


The consequence would be to reuse and extend the following specifications for NR operation in 52.6-71 GHz: 

· TS 38.101-2: NR; User Equipment (UE) radio transmission and reception; Part 2: Range 2 Standalone

· TS 38.101-3: NR; User Equipment (UE) radio transmission and reception; Part 3: Range 1 and Range 2 Interworking operation with other radios

· TS 38.101-4: NR; User Equipment (UE) radio transmission and reception; Part 4: Performance requirements 

· TS 38.104: NR; Base Station (BS) radio transmission and reception

· TS 38.133: NR; Requirements for support of radio resource management
· TS 38.141-2: NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing

The naming convention of TS 38.101-2, TS 38.101-3 and TS 38.141-2 directly refers to FR2 (and FR1), while other specification names are worded in a general way without frequency range indication. Based on the above observation where 38.101-2 and 38.101-3 will be reused to incorporate 52/6-71 GHz, “FR3” and a denomination like FR2x outside FR2 shall be ruled out from the discussions.  

RAN5 has been using the frequency sub-range designations of FR2a, FR2b and FR2c already, so reusing such designations should be ruled out. Referring to the RAN5 CR to TS38.521-2 (R5-210731), the following was already agreed for the MU and TT purposes:
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51 General

‘The channel arrangements presented in this clause are based on the operating bands and channel bandwidths defined in
the present release of specifications.

NOTE:  Other operating bands and channel bandwidths may be considered in future releases.

Requirements throughout the RF specifications are in many cases defined separately for different frequency ranges
(FR). The frequency ranges in which NR can operate according to this version of the specification are identified as
described in Table 5.1-1

Table 5.1-1: Definition of frequency ranges

Frequency range | Corresponding frequency range
designation
FRT 410 MHz - 7125 MHz
FR2 24250 Mz - 52600 MHz

‘The present specification covers FR2 operating bands.

For fine MU and TT derivation, the frequency range FR2 is further divided into sub-ranges as below:

Table 5.1-2: Definition of frequency sub-ranges

Frequency sub- | Corresponding frequency range

range designation
FR2a 2345 GHz <1< 32126 GHz

FR2D 32125 GHz <1< 40.8 GHz
FR2C 40.8GHz << 44.3GHz







Observation 1: the following options should be precluded:

· Definition for 52.6-71 GHz outside FR2, such as FR3 or FRx (defined outside FR2)
· Denominations for 52.6-71 GHz such as FR2a or FR2b (already used in RAN5)
This leaves 3 options for further discussion based on their specification impact:

	
	Denomination for 24250 – 71000 MHz
	Denomination for 52600 – 71000 MHz
	Notes

	Option 1
	FR2
	FR2
	FR2 is defined as 24250 MHz – 71000MHz

	Option 2
	FR2.1 (or FR2-part1)
	FR2.2 (or FR2-part2)
	FR2 is defined as 24250 MHz – 71000MHz

	Option 3
	FR2
	FR2x
	FR2 is defined as 24250 MHz – 71000MHz 

FR2x is defined as a sub-part of FR2


One obvious drawback of option 3 is that when referring to FR2, it would be unclear whether this refers to 24250-71000 MHz or 24250-71000MHz. Thus either option 1 or 2 seems preferable from a logical standpoint.
One possible drawback of option 2 is that current references to FR2 may need to be updated to FR2.1. On the other hand, many such references may still apply to the entire new FR2 and thus may not actually need to be updated. Basically, current requirements for FR2 would extend up to 71 GHz, and additional requirements specific to FR2.2 would be introduced, with perhaps a few instances of FR2 needing to be changed to FR2.1.

An example of the definition of the sub-ranges according to option 2 would be the following:

	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	FR2.1: 24250 MHz – 52600 MHz

	
	FR2.2: 52600 MHz – 71000 MHz


Note also that RAN2 has concluded at its April 2021 meeting that:

· RAN2 can adapt to other groups decision on FRx notation for 52-71 GHz. No critical dependency in RAN2. 
· From RAN2 TS point of view the impact will be smaller if it is chosen to re-use FR2 for 52-71 GHz. 
3. RAN1 specification impact analysis
For 120 kHz, as a legacy subcarrier spacing from FR2, the complete framework already available in FR2 can be directly extended to frequencies above 52.6 GHz, with the additional consideration of potential enhancements for PTRS and DMRS (as agreed to be further investigated by RAN1). Extending FR2 to 52.6-71 GHz offers the simplest solution to support bands in the range of 52.6-71 GHz using 120 kHz SCS.
The main difference in physical layer between FR1 and FR2 is the enhanced support for beam management (supporting analog beamforming) and the support of PTRS. All conclusions of the RAN study on extending NR up to 71 GHz were assuming reusing the FR2 mechanisms. For operation with 120 kHz SCS, it is only the range of frequencies that differ from how FR2 is currently defined (24250 MHz – 52600 MHz).

Dependencies on FR1 and FR2 in RAN1 specifications are as follows. Differences in RA configuration, transition time, SSB pattern, power control, CORESET#0 monitoring, single-slot TRS (Rel-15) are mostly originated from analog beamforming at both gNB and UE.
	RAN1 spec
	FR1/FR2 differentiation

	TS 38.211
	Random access configuration

	
	Transition times RX(TX and TX(RX

	
	OffsetToPointA unit

	TS 38.213
	SSB pattern and cell search

	
	Power control aspects for dual connectivity

	
	BWP switching in RA procedure

	
	Actions related to bwp-InactivityTimer in BWP switching

	
	Type0-PDCCH monitoring behaviour

	TS 38.214
	Different behaviour w.r.t. overlapping reception of unicast PDSCH and SI-PDSCH

	
	In Rel-15, only FR2 supports TRS in single slot

	
	PT-RS support is only optional for FR1

	
	PDSCH and PUSCH processing capability 2 is only defined for FR1

	
	FR1 supports almost contiguous allocation for UL CP-OFDM while FR2 does not


In case of FR3 introduction, the differentiation would have to be extended to FR1/FR2/FR3 differentiation. This would be artificial since FR2 and FR3 would appear functionally equivalent from a RAN1 perspective. Therefore such complexity should preferably be avoided in RAN1 specifications.
Specification impact related to the introduction of new features for 52.6 – 71 GHz, such as new SCS, would be applicable to RAN1 specifications irrespective of the selected naming convention (i.e. FR2 extension, or FR3 introduction). In case of extension of FR2 up to 71 GHz, the minimum impact on the RAN1 specifications for the new SCS would mostly consist of adding new values to already defined timelines such as transition times, switching times, and processing times. Other RAN1 impact from the WID (enhancements of PT-RS, PDCCH monitoring, PDSCH/PUSCH scheduling) are not dependent on extending FR2 or creating FR3.

The introduction of new subcarrier spacing values of 480 kHz and 960 kHz will require changes to the specifications, and the support of the new SCS values is expected to apply only in 52.6-71 GHz. Some way to refer to these frequencies may be needed in the RAN1 specifications, or alternatively the limitations to the support of the new SCS values may just need to be defined in RAN4 band-specific definitions and requirements, similar to how the support of 15, 30, 60, 120 and 240 kHz SCS is already band-dependent. In this case, it would be sufficient in RAN1 specifications to define procedures directly linked to the new SCS values, and the relation to the supported frequencies comes from the RAN4 specifications only.

Therefore, from RAN1 perspective, extension of FR2 is feasible and is preferable, and the precise denomination of the frequencies between 52.6 and 71 GHz may be left for decision at RAN plenary considering the input from all WGs, in particular from RAN4.
Observation 2: from RAN1 perspective, extension of FR2 or use of a new label (e.g. FR2x) within FR2 for 52.6-71 GHz would incur less specification impact than creating FR3 or introducing a new denomination for 52.6-71 GHz outside FR2. The introduction of 480 and 960 kHz SCS would mostly impact the value range of specific parameters (adding new values to already defined timelines such as transition times, switching times, and processing times), which can be handled by RAN1 under any of the options.

4. Conclusions

The analysis shows that treating 52.6-71 GHz under FR2 is simple and would be have lower impact on the RAN specifications than introducing FR3 or a new denomination outside FR2. It should also be noted that the Frequency Range terminology is reused in external bodies, e.g. ETSI ERM, ETSI TFES, and thus introduction of FR3 would also have implications in external bodies. In conclusion, the following is proposed:
Proposal: send an LS to RAN plenary to provide the analysis and recommendation from RAN1 perspective:

· Extension of FR2 up to 71 GHz incurs less RAN1 specification impact than introducing FR3 or a new denomination for 52.6-71 GHz outside FR2 such as FR2x 
· A new denomination for sub-ranges of FR2 can be accommodated from the perspective of RAN1 specifications, while common requirements can continue referring to FR2
· Specification impact for the introduction of 480 kHz and 960 kHz SCS is similar under all options
· All features supported by 120 kHz SCS will remain supported and unchanged in 52.6-71 GHz
· RAN1 recommendation is that 52.6-71 GHz becomes part of FR2
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