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1 Introduction
Referring to the revised WID on Extending current NR operation to 71GHz in RP-202925 [1], the following note was captured on the FR3 terminology consideration: 
	[bookmark: _Hlk58594589]Note 5: RAN plenary will decide whether new FR (e.g. FR3) shall be defined for the frequency range from 52.6GHz-71GHz or the existing FR2 shall be extended to cover frequency range from 52.6GHz-71GHz.



Furthermore, during RAN#91-e meeting, the following proposal related to the discussion on the 60GHz frequency range designator was formulated in the moderator’s summary for email discussion #24 on the 52.6_71GHz_WI in [13]:
	Task RAN1, RAN2 and RAN4 to provide its analysis or recommendation to Jun. RAN meeting, respectively.



Finally, during previous RAN4#98bis-e meeting, number of contributions were submitted to discuss on the topic of 60 GHz frequency range designation [3 - 11]. The discussion was captured in the summary [12], collecting related proposals and moderators recommendations, we extracted below: 
	Issue 4-1: 60 GHz range designator
· Proposals
· Option 1: FR2
· Option 2: FR2a
· Option 3: rename FR2 FR2a and 60 GHz  FR2b
· Option 4: defer pending 2nd 3rd harmonic interference analysis
· Option 4: FR3
· Recommendations for 2nd round: We have no consensus. This is not a technical issue and our work is not impeded by this decision. Next plenary will be discussing this. For RAN4 no further discussion in round 2.
Issue 4-2: Same or different minimum performance TS
· Proposals
· Option 1: No new spec (include 60 GHz in UE and BS existing specs)
· Tentative agreements: 	Option 1: No new spec (include 60 GHz in UE and BS existing specs)



First round summary of topic #4 in as discussed during RAN4#98bis-e in topic #138 in [12], was extracted for reference below: 
	[image: ]



During previous RAN4 meeting the discussion on the FR2-extension vs. FR3 introduction was not extensive, and the overall conclusion was received as possibly somehow confusing (i.e. there was only a “tentative agreement” captured). Therefore for sake of clarify, some of our arguments against FR3 are repeated in this contribution, with additional inputs provided based on last meeting discussion. 
In this contribution we continue the discussion on RAN4 aspects related to the 60 GHz frequency range designator, providing analysis and recommendations. Based on the discussion, it is also proposed to provide RAN4 feedback and recommendation to RAN. Related Draft LS to RAN is provided in [2].
2 Discussion
2.1 	60 GHz range designator 
Referring to the Issue 4-1 (i.e. “60 GHz range designator”) as discussed during RAN4#98bis-e in topic #138 in [12], number of options were proposed by the companies to handle the 52-6 – 71GHz frequency range. Below we provide brief analysis of all the options.
2.1.1	Option 1: FR2
Option 1 was initially the most straight forward from the specification implementation point of view. Initially this option was seed as the one having no extra effort needed for the terminology and specification updates, as opposed to options 2, 3, and 5. The work would follow with introduction of necessary updates for new numerologies, introduction of new operating bands, etc. The FR2 designator would be used for the whole frequency range 24.25 – 71 GHz. 
On the other hand, it was identified that it would be beneficial to have a unique terminology to refer to the legacy FR2, to the new range of frequencies, as well as both combined. 
2.1.2	Option 2 FR2a
This option was proposing to introduce new FR2-based designation for the 52.6 – 71 GHz frequency range (similar as option 3). Looking at the resulting terminology (i.e. FR2 and FR2a) the terminology does not seem to be the most optimal. Please note that RAN5 has already used the FR2a/FR2b/FR2c terms for the MU and TT purposes. Referring to the RAN5 CR to TS38.521-2 (R5-210731), the following was already agreed: 
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Please note, that in case of higher frequency ranges (band n262 (47GHz), 52.6-71GHz range, and possibly even higher frequency ranges in future), it is expected that RAN5 will introduce further FR2x terms. 

Discussion on the possible alternative for the “FR2a” term, is captured in separate contributions [15, 16].
Furthermore, there would be a need to have yet another term to refer to a combined frequency range of both “FR2” and “FR2a” at the same time, e.g. the “FR2-comb” (as discussed in [12]).

Please note, that the newly introduced term for the NR operation in 52.6 – 71 GHz should be future-proof, i.e. it shall allow for possible continuation of the terminology extensions in case we would look into frequencies above 71 GHz in the future. 

Additionally, refer to the analysis in clause 2.2, where tentative agreement on Issue 4-2 is discussed (i.e. 52-71GHz NR operation to be captured in the existing FR2 specifications).

2.1.3	Option 3: rename FR2 FR2a and 60 GHz  FR2b
This option as such shall be excluded due to the same RAN5 argument as above. 
More clarification on the details of such approach would be needed as one can say that renaming FR2 into another term FR2a would trigger unnecessary complications in the specification. 

Similar to option 2, the newly introduced term for the NR operation in 52.6 – 71 GHz should shall allow for possible continuation of the terminology extensions in case we would look into frequencies above 71 GHz in the future. 
Similar to option 2, there would be a need to have yet another term to refer to a combined frequency range of both “FR2” and “FR2a” at the same time, e.g. the “FR2-comb” (as discussed in [12]).

For more analysis of the alternative approach to option 3, refer to [15, 16].

2.1.4	Option 4: defer pending 2nd 3rd harmonic interference analysis
This option proposes to first have technical discussion on the 2nd 3rd harmonic interference analysis, before concluding on the 60 GHz range designator. 
In our view, such technical analysis can be run in parallel and there is no need to introduce such dependency. It is proposed to rule out this option from further discussions and focus on the other options.

2.1.5	Option 5: FR3
During discussion last meeting, multiple companies (including Huawei) have indicated that introduction of FR3 would have significant impact on the RAN4 specifications and requirements implementation. 
There was no good argumentation provided what would be the benefit on introducing such new FR3 term. 
As no consensus was reach last meeting, for sake of progress it is proposed to rule out this option from further discussions and focus on the other options. 

Please also refer to the analysis in clause 2.2, where tentative agreement on Issue 4-2 is discussed (i.e. 52-71GHz NR operation to be captured in the existing FR2 specifications).

Based on the analysis above, it is proposed to rule out options 3, 4, 5 from further discussions and focus on the other options. 
2.2 	Same or different minimum performance TS
Referring to the Issue 4-2 (i.e. “Same or different minimum performance TS”) as discussed during RAN4#98bis-e in topic #138 in [12], the tentative agreement was formulated as follows: 
	“Tentative agreements: 	Option 1: No new spec (include 60 GHz in UE and BS existing specs)”



Consequence would be to reuse and extend the following specifications for the NR operation in 52.6 – 71 GHz frequency range: 
· 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:
· TS 38.141-2: NR; Base Station (BS) conformance testing Part 2: Radiated conformance testing

Please note that the naming convention of the following specifications directly refers to FR2 (and FR1): 
UE: TS 38.101-2, TS 38.101-3
BS: TS 38.141-2
Other specification names are worded in a general way without frequency range indication. 
In order to respect the above referred agreement, and based on the above observation, the following can be observed: 
Observation 1: “FR3” shall be ruled out from the discussions due to the RAN4 specifications impact.  
2.3 	RAN1 specifications impact
The main difference in physical layer design among FR1 and FR2 is the enhanced support for beam management (supporting analog beamforming) and the support of PTRS. RAN SI conclusions on NR operation extension up to 71 GHz were assuming the reuse of the FR2 mechanisms. For 120 kHz SCS operation, only the range of frequencies for NR operation differs from how the current FR2 is defined (i.e. 24250 – 52600 MHz).
For 120 kHz SCS (being the legacy subcarrier spacing from FR2) there is already a complete FR2 framework available to be reused for the 52.6 - 71 GHz frequency range extension. Potential enhancements for PTRS and DMRS are to be further discussed in RAN1.
The introduction of 480 kHz and 960 kHz SCS will require specifications changes. The support of the new SCS values is to apply only in 52.6 - 71 GHz frequency range. Due to this differentiation of the supported SCS (i.e. 120kHz SCS in 24.25 – 71GHz range, while 480kHz and 960kHz SCS only in 52.6-71GHz) it would be useful to refer to these two frequency ranges in a clear and unique way. 
Observation 2: Due to differentiation of the range of supported SCS values in 24.25 – 71GHz and in 52.6-71 GHz frequency range, it is seen useful to refer to these two frequency ranges in a clear and unique way.  
A detailed analysis of the specification impact comparing extending FR2 vs. defining a new frequency range (e.g. FR3) was provided in [14], and summarized in the table below: 
	RAN1 specification
	FR1/FR2 differentiation

	TS 38.211
	Random access configuration

	
	Transition times RXTX and TXRX

	
	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 above FR1/FR2 differentiation would have to be extended to FR1/FR2/FR3 differentiation. Introduction of such extension would be seen as artificial, since FR2 and FR3 would appear functionally equivalent from a RAN1 perspective.
The above analysis does not consider aspects related to the introduction of new features for 52.6 – 71 GHz, such as new SCS – such specification impact would be applicable to RAN1 specifications irrespective of the selected naming convention (i.e. FR2 extension, or FR3 introduction). It should however be noted that all the aspects above are already specified for 120 kHz SCS in FR2. In case of extension of FR2 up to 71 GHz, the minimum impact on the RAN1 specifications would mostly consist of adding new values to already defined timelines such as transition times, switching times, processing times, etc, for the new SCS values of 480 kHz and 960 kHz. 
Therefore, from RAN1 perspective, extension of FR2 is feasible and is preferable.
Observation: from RAN1 perspective, extension of FR2 with 52.6-71 GHz would incur less specification impact than creating FR3. 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.
2.4 	RAN2 specifications impact
RAN1 and RAN2 have used the terms FR1 and FR2 to refer to signaling concepts and types of UE and network behavior. Thus, terms “FR1” and “FR2” imply certain characteristics or types of behavior. It is likely there will be some delta (in terms of RRC signaling, etc.) between FR2 and 52.6-71 GHz behaviors. 
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. If the 52.6-71 GHz range would be introduced as a new FR3, RAN2 specifications would need to be updated. In some cases it may just be a textual amendment (“in FR2 and FR3”) but in other cases it will require new fields or entire branches in RRC signaling. If most properties of the new FR differ from FR2, a new term may anyway be preferable.
However, as the 52.6-71 GHz range would inherit most of its properties from 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.
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. 


2.5 	RAN4 specifications impact
The FR categorization has some impact on general system parameters in RAN4. For example, the set of channel bandwidths and subcarrier spacings that can be applicable. The specific BWChannel and SCS are specified on a band specific basis but must be a subset of the BS/SCS defined for the applicable frequency range.
In terms of testing: NR products operation in the 52.6 – 71 GHz range are expected to be tested in OTA domain only, i.e. same as in case of FR2. Therefore, from overall RAN4 perspective, an extension of FR2 is preferred. Some more detailed analysis is provided below.
2.5.1	NR BS /IAB
Baseline of the BS RF requirements framework for 52.6 – 71 GHz is expected to be based on the FR2 framework (i.e. as opposed to FR1; please note that some requirements are defined in different way for FR1 and FR2, e.g. TDD OFF power requirement, lack of co-location requirements for FR2). 
One visible aspect of potential FR3 introduction would be the need to introduce related product terms, e.g. 
· BS type 3-O
· IAB type 3-O

All RAN4 requirements referring to BS type 2-O would have to be revised. List of specifications using “BS type 2-O” terminology, which would require review and revisions: 
· TS 38.104 (NR BS RF core), 
· TS 38.141-1/-2 (NR BS conformance testing), 
· TS 38.174 (IAB RF),
· TS 38.113 (NR BS EMC)

It should however be noted that the introduction of IAB in 52.6-71 GHz would have to be conditioned to either the availability of a band defined for licensed operation, or to the definition of channel access mechanisms for unlicensed IAB operation. It is likely that none of the above two conditions may be met during the Rel-17 specification timeframe.
2.5.2	NR UE 
Referring to the tentative agreement for issue 4-2 referred in the introduction, there is not new spec expected for the NR operation extension to 71 GHz. Still, our argumentation is captured below based on previous contributions:  
In the UE RF specifications (TS 38.101-1, TS 38.101-2, TS 38.101-3), 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. Similar to BS, the NR UE operating in 52.6 – 71 GHz range is expected to be tested in OTA domain only, same as FR2. 
Regarding the UE specifications we have the following breakdown: 
· TS 38.101-1 	NR; User Equipment (UE) radio transmission and reception; Part 1: Range 1 Standalone 	 
· 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

The above listed NR UE RF specification clearly divide FR1 and FR2 requirements. Potential introduction of FR3 would require certain modifications, e.g.: 
-	Introduction of new part of the TS 38.101 specification for FR3 RF requirements (please note TS 38.101-3 specification number is already allocated; another specification part number would be needed for NR UE RF requirements for FR3), or
-	Extension of TS 38.101-2 to cover both FR2 and FR3 RF requirements for NR UE, or the creating of new specifications for FR3.
Careful consideration will be needed when it comes to the future CA/DC band combinations to incorporate 52.6 – 71GHz range. The TS 38.101-3 specification is using the following classification of operating bands: 
· Inter-band CA between FR1 and FR2
· Intra-band contiguous EN-DC (FR1)
· Intra-band non-contiguous EN-DC (FR1)
· Inter-band EN-DC within FR1 (up to 6 bands)
· Inter-band NE-DC within FR1 (2 bands)
· Inter-band EN-DC including FR2 (up to 5 bands)
· Inter-band EN-DC including FR1 and FR2 (up to 6 bands)
· Inter-band NR-DC between FR1 and FR2 (2 bands)
If FR3 would be introduced, the above classification would be further expanded. The interesting question to answer would be if the next step would be to generalize all the permutation of the FR1, FR2 and FR3 bands for the CA and DC scenarios. Definitely that would not be the preferred evolution direction from the specification readability perspective. 
For the NR UE conformance testing specifications impact, RAN5 shall be asked for their assessment. 
2.5.3	RRM requirements
Baseline of the RRM requirements framework for 52.6 – 71 GHz is expected to be based on the FR2 framework. Other RRM impact including beam management, BWP switching delay and interruption are dependent on RAN1 design, but don’t depend on whether 52.6-71 GHz is a new FR or an extension of FR2.
There is a set of RRM interruption requirements which are defined for the “between FR1 and FR2”. Similar to the band combinations discussion, in case of FR3 introduction there may be a need to expand those requirements to all other cases like: 
· “between FR1 and FR3”
· “between FR2 and FR3”

Therefore, from a RAN4 perspective, an extension of FR2 or the definition of a sub-range for 52.6-71GHz within FR2 seems preferable. 
3 Conclusions
Despite of tentative agreement last meeting (i.e. no new spec for 60GHz range, implying that it would need to be included in the existing FR2 specifications), we have provided an updated analysis showing cons of the FR3 introduction. 
The above analysis shows that treating 52.6-71 GHz under FR2 is preferred and simple, leading to lower impact on RAN specifications, as opposed to the introduction of FR3. 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.
The following proposals are formulated: 
Proposal 1: RAN4 to exclude FR3 from considerations and extend the FR2 frequency range up to 71 GHz (i.e. FR2 to become 24 – 71 GHz range). Related naming conventions (e.g. FR2.1 + FR2.2) can be further studied. 
Proposal 2: send an LS to RAN to provide RAN4 recommendations, capturing the following: 
· RAN4 recommends to exclude FR3 from further considerations. 
· RAN4 recommendation is that 52.6-71 GHz remains part of FR2, either as a sub-range of FR2 or as an extension of FR2. 
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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
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