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1 Introduction
During RAN#90e both the Study Item on supporting NR from 52.6 GHz to 71 GHz, as well as the related WID on extending current NR operation to 71GHz were discussed, as captured in the meeting report [1]. 
Referring to the moderator's summary for email discussion [90E][08][52.6-71GHz_WI_scoping] in [2], one of the discussed topics was the potential new Frequency Range 3 definition introduction: 
	Contribution [12] proposes to include a new RAN4 objective to “Extending NR operations to 71 GHz” WID to identify whether new FR (e.g. FR3) shall be defined for the 52.6-71GHz frequency range or the existing FR2 shall be extended to cover 52.6-71GHz range.



Based on the feedback collected, the moderator’s summary captured the following proposal: 
	6-4.2-I Updated intermediate summary of the discussion on 4.2 Question 2: Definition of the frequency range 52.6-71GHz
Introducing FR3: Nokia, Charter Communications, Samsung, OPPO, InterDigital, Lenovo, Motorola Mobility, Qualcomm, Apple, Sony, Nokia, AT&T (11)
Reusing FR2: CATT, Ericsson (2)
Leave it to RAN4 decision: Intel, FUTUREWEI, ZTE, LG Electronics, Huawei, HiSilicon (6)
Moderator’s proposal:
Considering the RAN4’s workload, RAN plenary makes decision to introduce FR3 for frequency range 52.6-71GHz to save time in RAN4



Furthermore, referring to the revised WID on Extending current NR operation to 71GHz in RP-202925 [3], 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.



The above note does not request RAN4 to discuss on the “FR2-extension vs. FR3 introduction” topic for NR operation in 52.6 - 71 GHz range. Still, we would like to share our observations in this contribution with other companies. 
In this contribution we collect observations on the RAN4 specification impact (as well as selected RAN1 and RAN2 aspects) considering FR2-extension and FR3 introduction alternatives for the NR operation in 52.6 – 71 GHz range. This is provided to ease decision taking at the RAN level.
2 Discussion
Referring to the TR 38.820 on the Study on 7 – 24 GHz frequency range for NR, an analysis of the FR1 and FR2 differentiators among RAN specifications was performed. That analysis was done as a background work for the potential FR1/FR2 extensions, or consideration of new Frequency Range for the 7 – 24 GHz range. 
In was observed that similar analysis would be useful for the identification of the workload related to the potential introduction of the new FR3 frequency ranged for the 52.6 – 71 GHz. In the following sections we provide a brief analysis of RAN1, RAN2 and RAN4 specifications impact, starting from the FR1/FR2 differentiator’s analysis done for 7 – 24 GHz range.
2.1 	RAN1 specifications impact
Below we list aspects where RAN1 specifications differentiate FR1 and FR2:
-	TS 38.211: Random access configuration depends on FR1/FR2. Transition times RXTX and TXRX depend on FR1/FR2. OffsetToPointA unit depends on FR1/FR2.
-	TS 38.213: 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 behaviour depends on FR1/FR2.
-	TS 38.214: Different behaviour w.r.t. overlapping reception of unicast PDSCH and SI-PDSCH. FR2 supports TRS in single slot. PT-RS support is only defined for 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.
In case of FR3 introduction, the above FR1/FR2 differentiation would have to be extended to FR1/FR2/FR3 differentiation. 
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. Other RAN1 impact from the WID (enhancements of PT-RS, PDCCH monitoring, PDSCH/PUSCH scheduling) are not resulting from the discussion on extending FR2 or creating FR3.
Based on the above analysis, the main differentiations between FR1 and FR2 are the support of PT-RS only in FR2, and no support of processing capability 2 and almost contiguous allocation for UL CP-OFDM in FR2, which would remain the same if FR3 was defined since there is no objective in the WID that would change this aspects. If so, apart from the different frequency range, FR2 and FR3 would appear functionally equivalent from a RAN1 perspective, with the additional differentiation for 52-6.71 GHz being the support of 480 and 960 kHz SCS. Therefore, from the RAN1 perspective, it can be inferred that extension of FR2 is feasible and may be preferable.
2.2 	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. Therefore it would be important to identify delta (in terms of RRC signaling, etc.) among 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 e.g. 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 frequency range differ from FR2, a new term may anyway be preferable. 
However, if 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.
2.3 	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.
RAN4 would need to consider the applicability of requirements, as well as requirement values. If the requirements correspond sufficiently to FR2, extension of the FR2 up to 71 GHz may be preferred. Already now we have different RF requirements within the same FR, e.g. different ACLR in 28 GHz and 39 GHz frequencies. If there would be large deviations, a strategy for dealing with the deviations would be needed that could be applied consistently across the working groups to develop the necessary descriptions of requirements, functionality, signaling, etc.
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. 
2.3.1	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)

2.3.2	NR UE 
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

Potential introduction of the FR3 range could be problematic as to fit the current NR UE specifications structure. The need for the NR standalone operation in 52.6 – 71 GHz range may require some discussion but it seems it may not to be needed due to challenging propagation characteristics. Then capturing the 52.6 – 71 GHz UE RF requirements in the TS 38.101-3 only may be seen as the way forward. 
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. 
2.3.3	RRM requirements
Baseline of the RRM requirements framework for 52.6 – 71 GHz is expected to be based on the FR2 framework. 
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”

2.3.4 Implementation aspects 
Irrespective of the conclusion on FR2 extension, or FR3 introduction for the NR operation in 52.6 – 71 GHz range, it is worth to clarify that the following aspects are expected to be done in RAN4: 
· Introduction of new frequency bands (with all related RF, RRM requirements review)
· Some requirements will require to be updated with the new SCS,
· Derivation of the MU and TT values for new frequency ranges
· Re-visit existing test methodologies and their applicability for higher frequency ranges 
· 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.
3 Conclusions
In this contribution, multiple concerns of the potential FR3 introduction were raised, highlighting areas of additional workload. 
On the other hand, if we consider 52.6-71GHz range as extension of FR2, it shall not be assumed that all the existing requirements would be directly reused from FR2 – for sure this is not the case, especially considering new features introduced for that range, e.g. new SCS, etc. Detailed review of all RAN4 requirements requires case by case analysis in Rel-17 WI. 
Valid questions to be answered by all RAN working groups are as follows: 
- Whether the delta (e.g. features, procedures, signaling, requirements and their level values, testing aspects, etc.) among the existing FR2 specification and the foreseen 52.6 – 71 GHz specification justifies introduction of brand new FR3.
- If yes, whether the additional workload (as compared to FR2 extension option) related to the introduction of FR3 is justified.  
- Whether decision on the FR3 vs. FR2-extension shall be deferred till WI, when more details on the FR2/ 52-71GHz differentiators will be known. 
Based on the above discussion it is suggested to collect more inputs on the specification impact analysis (new FR3 vs. FR2 extension) and provide the summary to the RAN before taking the decision. To progress further, the following proposals are formulated: 
Proposal 1: RAN4 specification impact analysis was performed for the NR operation introduction in 52.6 – 71 GHz range. Based on the comparison of the additional workload and specifications complexity for both cases (i.e. FR2 extension and FR3 introduction) it is suggested by RAN4 to extend the FR2 frequency range up to 71 GHz (i.e. FR2 to become 24 – 71 GHz range). 
Proposal 2: other RAN working groups (RAN1-5) are encouraged to provide TSG RAN with similar workload and specification impacts analyses. Related LS may be considered. 
Companies are welcome to provide further inputs to the discussion. 
NOTE:	It shall be also noted that the Frequency Range terminology is also further re-used in external bodies, e.g. ETSI ERM, ETSI TFES. Potential introduction of FR3 would also have some implication in external bodies. 
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