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Introduction
In RAN#90-e the definition of the frequency range 52.6 – 71 GHz was discussed. As the outcome of the discussion, the latest approved WID [1] captured the plenary guidance as follows:
“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.”
In RAN#91-e additional extensive discussions took place without conclusion, and plenary tasked each working group to discuss and provide recommendations to the upcoming June plenary RAN #92e meeting.
“RAN1, RAN2 and RAN4 are asked to provide its analysis or recommendation to RAN#92E (June) on how to introduce the 52.6-71GHz frequency range”
The topic was discussed in RAN1/2/4 in Q2’2021 and the WG conclusions were provided in [2-3]. In this paper we present our further views on the frequency range definition on NR 52.6 – 71 GHz. 
Discussion
Overview of RAN1/2/4 feedback
RAN1 conclusions
The RAN1 conclusions are summarized in RP-210959 “LS on how to introduce the 52.6-71GHz frequency range” [2] as follows:
	Following up on the conclusion from RAN#91E ("RAN1, RAN2 and RAN4 are asked to provide its analysis or recommendation to RAN#92E (June) on how to introduce the 52.6-71GHz frequency range."), RAN1 would like to inform RAN about the following RAN1 conclusions on the issue:
1) Regarding the impact on specifications maintained by RAN1, there are only relatively small differences between potential options.
2) RAN1 can adapt to other groups' preferences on the notation for 52.6-71 GHz.
3) Regardless of if the frequency range 52.6 to 71 GHz is an extension of FR2 or a new FR, the related UE capabilities and their applicability to the frequency range 52.6 to 71 GHz will have to be analyzed on a case by case basis.
4) From RAN1's perspective, an easy distinction between features, capabilities and other characteristics in the specifications that apply specifically to the following ranges may be useful:
· 24.25-52.6 GHz
· 52.6-71 GHz
· 24.25-71 GHz
NOTE: The distinction can be realized with or without a designated frequency range (FRx) definition.



Observation #1: RAN1 specification impact from different potential options is relatively small and RAN1 is open to whatever is decided by other groups. RAN1 also provided a view that an easy distinction between frequency ranges (24.25-52.6 GHz, 52.6-71 GHz, 24.25-71 GHz) would be useful.

RAN2 conclusions
RAN2 conclusions on the FR definition are directly captured in chairman notes [3]:
	1) RAN2 can adapt to other groups decision on FRx notation for 52-71 GHz. No critical dependency in RAN2. 
2) From RAN2 TS point of view the impact will be smaller if it is chosen to re-use FR2 for 52-71 GHz. 



Observation #2: RAN2 specifications do not have critical dependency on the adopted FR notation and RAN2 is open to whatever is decided by other groups. 

RAN4 conclusions
In RAN4 #98-bis-e it was agreed not to introduce new dedicated specifications for 60 GHz (i.e., include 60 GHz in the existing UE and BS specs) [4].  
The discussion continued in RAN4 #99e. No final conclusions on the 52.6 – 71GHz range designation method were reached and several options were identified. RAN4 conclusions are summarized in RP-210965 “LS on RAN4 recommendation for the 52.6 - 71 GHz frequency range designation” [5] as follows:
	…
Based on the RAN WG4 discussion, the following is provided as recommendation to 3GPP TSG RAN: 
1. To drop “FR3” terminology from consideration on the 52.6 - 71 GHz frequency range designation. 
2. Terminology for BS operating in 52.6 - 71 GHz frequency range to be reused from TS 38.104 specification, i.e. BS type 2-O.

Furthermore, RAN WG4 would like to inform that the discussion on the terminology for the NR operation in 52.6 - 71 GHz frequency range will continue in RAN WG4, including pros and cons analyses of concepts based on Option A, Option B and Option C, as listed below:
· Option A: 
· Introduce FR2-1 (or FR2.1) for 24.25 – 52.6 GHz, and FR2-2 (or FR2.2) for 52.6 – 71 GHz,
· The above two ranges to be introduced under the FR2 common range.
	
	Option A

	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	FR2
	 FR2-1 (or FR2.1): 24250 MHz – 52600 MHz

	
	FR2-2 (or FR2.2): 52600 MHz – 71000 MHz

	NOTE:	Whenever the FR2 is referred, both FR2.1 and FR2.2 frequency sub-ranges shall be considered, unless otherwise stated.



· Option B:
· All UE RF/demodulation requirements defined as function of band, BW, PC or band combo within FR2,
· BS requirements can be updated to cater for an extension of FR2 to include 52.6 – 71 GHz,
· All RRM requirements for higher SCS applicable for 52.6 – 71 GHz can be defined as function of SCS within FR2.
· Option C: in addition to reusing the existing FR2 for 24.25 – 52.6GHz:
· Introduce FR2-2 (or FR2x) for 52.6 – 71 GHz,
· Possibly introduce FR2-comb for 24.25 – 71 GHz.
	
	Option C

	Frequency range designation
	Corresponding frequency range 

	FR1
	410 MHz – 7125 MHz

	“FR2-comb”, or no common term
	FR2: 24250 MHz – 52600 MHz

	
	FR2-2 (or FR2x): 52600 MHz – 71000 MHz






Observation #3: RAN4 agreed not to introduce FR3 and consequently not to introduce new specifications for 60 GHz (i.e., include 60 GHz in the existing UE and BS specs). RAN4 identified several additional solutions on the 52.6-71GHz FR designation method and provided respective recommendations to RANP.

Given that RAN1/2 conclusions do not provide specific options to denote the the 52.6 – 71GHz range range, it is recommended to further downselect among the options provided by RAN4.
Proposal #1: RAN#92e downselects one of the options provided in RAN4 LS RP-210965.
· Option A: 
· Introduce FR2-1 (or FR2.1) for 24.25 – 52.6 GHz, and FR2-2 (or FR2.2) for 52.6 – 71 GHz,
· The above two ranges to be introduced under the FR2 common range.
	
	Option A

	Frequency range designation
	Corresponding frequency range 

	FR2
	 FR2-1 (or FR2.1): 24250 MHz – 52600 MHz

	
	FR2-2 (or FR2.2): 52600 MHz – 71000 MHz

	NOTE:	Whenever the FR2 is referred, both FR2.1 and FR2.2 frequency sub-ranges shall be considered, unless otherwise stated.



· Option B:
· All UE RF/demodulation requirements defined as function of band, BW, PC or band combo within FR2,
· BS requirements can be updated to cater for an extension of FR2 to include 52.6 – 71 GHz,
· All RRM requirements for higher SCS applicable for 52.6 – 71 GHz can be defined as function of SCS within FR2.
· Option C: in addition to reusing the existing FR2 for 24.25 – 52.6GHz:
· Introduce FR2-2 (or FR2x) for 52.6 – 71 GHz,
· Possibly introduce FR2-comb for 24.25 – 71 GHz.
	
	Option C

	Frequency range designation
	Corresponding frequency range 

	“FR2-comb”, or no common term
	FR2: 24250 MHz – 52600 MHz

	
	FR2-2 (or FR2x): 52600 MHz – 71000 MHz



RAN4 specification impact analysis
The selection of candidate options will have impact on RAN4 specifications, and the final decision should ensure that the RAN4 requirements can be captured in a flexible way.
The general set of RAN4 mmWave RF/RRM/Demod requirements can be categorized into the following types: 
1) FR agnostic 
2) FR specific 
3) Band specific 
4) UE Power Class specific
6) SCS/CBW specific
Band specific and UE PC specific requirements can be modified without introduction of the 52.6 – 71GHz range and can be handled simply via introduction of the new bands and UE power classes (i.e. Option B). Meantime, in case certain changes need to be defined for the FR-specific requirements, then a new notation to differentiate the 52.6 – 71GHz range needs to be considered (i.e. Option A or C).
Observation #4: Band specific and UE PC specific requirements can be modified without introduction of the 52.6 – 71GHz range and can be handled via introduction of the new bands and UE power classes (i.e. Option B). Meantime, in case certain changes need to be defined for the FR-specific requirements, then a new notation to differentiate the 52.6 – 71GHz range needs to be considered (i.e. Option A or C).
UE RF spec (TS 38.101-2/3)
The FR2 UE RF requirements are defined in TS 38.101-2 and TS 38.101-3 (interworking requirements). In general, RAN4 needs to go through the full set of requirements and make a decision whether the specific requirements can be reused or need to be adjusted for the 52.6 – 71GHz range. It is expected that several FR2 requirements can be reused (e.g. max TRP/EIRP), while some requirements can be defined as band-specific (operating bands, REFSENS) or UE PC specific (TX power). Meantime, at least the following RF requirements may need to be revisited/reevaluated for the 52.6 – 71GHz range and can be considered as FR-specific:
· Channel BW: not only FR2 CBW, i.e., 100, 200, 400 MHz, but also 800, 1200, 1600, 2000 MHz are defined for 60 GHz.
· SU: Different SU values are being discussed in the range from 87% to 95 %.
· Channel raster: FR specific raster is under discussion and it is FFS whether harmonization between licensed and unlicensed bands is possible.
· ACLR
· OOBE 
· ACS
· In-band blocking
Therefore, a new notation to differentiate the new 52.6 – 71 GHz range is required and proposed option B cannot be applied, while Options A or C can work. 
Observation #5: Some UE RF requirements for the 52.6 – 71GHz range cannot be introduced in a band-specific or in a UE power class specific manner and a new notation to differentiate the 52.6 – 71GHz range is required for UE RF specification. Therefore, Option B cannot allow sufficient flexibility to define the UE RF requirements.
RRM spec (TS 38.133)
Many of the RRM requirements defined in TS 38.133 are differentiated between FR1 and FR2. In addition, a number of FR2 requirements are defined in a UE power class specific. At least the following requirements are currently defined in FR-specific manner: 
· Measurement delay requirements (RX beam sweeping related)
· MTRD/MTTD requirements 
· Timing (NTAoffset, MTTD/MRTD) 
· RLM/BFD/CBD
· Scheduling availability/restrictions
· MG patterns applicability
· Interruption requirements 
· Measurement accuracy requirements 
· Others
Currently the RAN4 work on the definition of RRM requirements has just started. We expect that it may not be possible to reuse all the existing FR2 requirements and new requirements need to be introduced. Therefore, a new notation to differentiate the frequency range can be helpful similar to the UE RF specifications
Observation #6: Multiple RRM requirements are defined in a FR-specific manner. Some of the existing FR2 requirements cannot be reused for the 52.6 – 71GHz range and a new notation to differentiate this range is required for the RRM specification.
UE Demodulation spec (TS 38.101-4)
The UE demodulation requirements in TS 38.101-4 for FR2 are defined in separate radiated performance requirements clauses (Clause 7 and Clause 8). Although it is expected that radiated testing shall be applied for the 52.6 – 71GHz range testing, the existing requirements are applicable for FR2 frequency bands and their applicability for the higher frequencies needs further assessment. In addition, RAN1 is discussing potential L1 enhancements to support the 52.6 – 71GHz range  (e.g. multi-slot transmission, PTRS) and it is not clear whether the existing L1 design will be directly applicable to the new range. Therefore, it is also helpful to have sufficient flexibility to introduce a specific set of requirements for NR > 52GHz and a new notation can be helpful.
Observation #7: It is FFS whether existing UE demodulation test cases can be reused for the 52.6 – 71GHz range. Introduction of the new notation for the 52.6 – 71GHz range can be beneficial to differentiate the test cases if it is needed.
Conclusion
Based on the analysis of RAN4 specifications we conclude that Option B may not provide sufficient flexibility to capture the 52.6 – 71GHz range specific requirements. Options A and C will allow better flexibility and indeed can be considered as an extension of Option B concept. Options A and C in fact have much in common and in general either one can be adopted. In our view, Option A provides a clearer description and can be further easily extended to support additional mmWave frequency ranges. In addition, Option A is better aligned with RAN1 recommendation to provide an easy distinction between 24.25-52.6 GHz, 52.6-71 GHz, and 24.25-71 GHz frequency ranges.
Proposal #2: Introduce a new notation for the 52.6 – 71 GHz frequency range based on Option A in RP-210965
· Introduce FR2-1 (or FR2.1) for 24.25 – 52.6 GHz, and FR2-2 (or FR2.2) for 52.6 – 71 GHz,
· The above two ranges to be introduced under the FR2 common range.
	
	Option A

	Frequency range designation
	Corresponding frequency range 

	FR2
	 FR2-1 (or FR2.1): 24250 MHz – 52600 MHz

	
	FR2-2 (or FR2.2): 52600 MHz – 71000 MHz

	NOTE:	Whenever the FR2 is referred, both FR2.1 and FR2.2 frequency sub-ranges shall be considered, unless otherwise stated.



Summary
In this paper we present our views on the frequency range definition on NR 52.6 – 71 GHz. In summary, we make the following proposals.
Proposal #1: RAN#92e downselects one of the options provided in RAN4 LS RP-210965.
Proposal #2: Introduce a new notation for the 52.6 – 71 GHz frequency range based on Option A in RP-210965
· Introduce FR2-1 (or FR2.1) for 24.25 – 52.6 GHz, and FR2-2 (or FR2.2) for 52.6 – 71 GHz,
· The above two ranges to be introduced under the FR2 common range.
	
	Option A

	Frequency range designation
	Corresponding frequency range 

	FR2
	 FR2-1 (or FR2.1): 24250 MHz – 52600 MHz

	
	FR2-2 (or FR2.2): 52600 MHz – 71000 MHz

	NOTE:	Whenever the FR2 is referred, both FR2.1 and FR2.2 frequency sub-ranges shall be considered, unless otherwise stated.
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