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Introduction
In RAN#90e, it was agreed in the revised WID [1] that 

[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.

In RAN#91e [2], this issue was discussed further, and it was agreed that 

As an agreement in 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

Based on the discussion in RAN#91e, the possible options to decide this issue include:
· Option 1: extend FR2 to cover the new frequency range 52.6-71GHz
· Option 2: introduce a new range, FR3, for the new frequency range 52.6-71GHz
· Option 3a: introduce a new FR2a and FR2b notation for 24.25-52.6GHz and 52.6-71GHz respectively
· Option 3b: keep the FR2 notation for 24.25-52.6GHz and introduce a new FR2a notation for 52.6-71GHz

In this contribution, we outline the pros and cons of these options with respect to RAN1. Our corresponding views with respect to RAN4 can be found in [3] and [9].
On the options to define the frequency range 52.6 GHz to 71 GHz
In this section, the pros and cons of different options are outlined

	
	Pros
	Cons

	Option 1: extend FR2 to cover the new frequency range 52.6-71GHz

	· Easy for spec maintenance if majority of existing FR2 requirements and features can be reused. 
	· It is difficult to handle the existing FR2 requirements which may not be extended to 52.6-71GHz. These include the Layer 1 UE features that are directed at FR2 only, Layer 1 UE features that have FR1/FR2 differentiation and parameters in the specifications (38.xxx) that have been hard-coded for FR2. Major revisions may be needed.

	Option 2: introduce a new range, FR3, for the new frequency range 52.6-71GHz

	· No impact on existing spec 
· Flexibility to either reuse FR2 or introduce 60GHz-specific features and requirements 

	· Duplication is expected for the features and requirements which can be extended from the existing FR2 band
· Need to identify additional band differentiations including FR1/FR3, FR2/FR3, and FR1/FR2/FR3 in the Layer 1 UE features. 

	Option 3a: introduce a new FR2a and FR2b notation for 24.25-52.6GHz and  52.6-71GHz respectively

	· Need editorial modification of existing specifications for FR2a. 
· Flexibility to either reuse FR2 or introduce 60GHz-specific features and requirements 
	· Revisions are needed for the existing FR2 features and requirements which cannot be extended to FR2b. Those that can be extended will just be re-labelled.

	Option 3b: keep FR2 notation for 24.25-52.6GHz and introduce a new notation FR2a notation for 52.6-71GHz

	· No impact on existing spec
· Flexibility to either reuse FR2 or introduce 60GHz-specific features and requirements 

	· Need to define if FR2a is part of FR2. If yes, the issues with Option 1 may occur here. If no, issues of Option 2 apply.



In general, options 3a and 3b seem to be a middle ground between the option 1 and 2 and there will need to be a detailed analysis of the UE layer 1 features which ever option is chosen. Options 2 and 3 allow for differentiation between the new band and existing FR2 band. Given the need for a decision on the negatives of option 3b, RAN1 should down-select to Option 2 and Option 3a for discussion. 

Proposal 1: it is proposed to narrow down the list of options to Option 2 and 3a for further discussion.  

Proposal 2: the following principles should be considered to define the frequency range of 52.6 GHz to 71 GHz
· Ensure flexibility to either reuse FR2 or introduce 60GHz-specific features and requirements 
· Ensure that Layer 1 UE features are considered
· Minimize the need for a specifications  update 
Some considerations on the frequency range 52.6 GHz to 71 GHz
In the NR feature list [4], there are a variety of Layer 1 UE features that are (a) mandatory without capability signaling for FR2sdf and (b) mandatory with capability signaling for FR2.  Some of the UE features that mandatory without capability signaling may be applicable to the existing FR2 band but not be applicable to the new 60 GHz band e.g. Feature Group (FG) 3-1 on DL control channel and procedure. Others that are mandatory with capability signaling for FR2 may need a more fundamental modification than adding a few new parameters e.g. FG 2-2 on PDSCH beam switching.

Secondly, in the RAN1 UE capability specification 38.306 [11], parameters that have FR1-FR2 differentiation need to be reviewed. 

Thirdly, in the RAN1 specifications 38.211 [5], 38.213 [6], and 38.214 [7], there are procedures and rules that are hardcoded for FR2 operation that may need to be modified. 

Finally, as highlighted in [8], one key issue in RAN1 is the introduction of the new subcarrier spacings (SCS) of 480 kHz and 960 kHz that are defined only for this part of the band and not the existing FR2 band. There is a benefit in having a special designation for this part of the band. 

In the following sections, we highlight some of these issues in more detail.

UE Layer 1 Features and UE capabililty
The following table summarizes some of the issues with the UE Layer 1 features with further details in the subsequent sub-sections.

	FG
	Description

	general
	FR1/FR2 differentiation and Channel Access

	FG 2-2
	PDSCH Beam Switching (timeDurationForQCL)

	FG 2-3
	FG 2-3 PDSCH MIMO Layers

	FG 2-21
	FG 2-21 Periodic beam support

	FG 2-27
	Beam switching (maxNumberRxTxBeamSwitchD)

	FG 3-1/3-1'/3-3  
	Mandatory FGs focused on DL control channel and procedures

	FG 5-1
	Scheduling/HARQ operation 



FR1/FR2 differentiation and Channel Access
The current specification assumes only FR2 licensed TDD (unpaired) spectrum. However, a major component of channel access above 52.6 GHz is unlicensed. This needs to be taken into consideration.   

Secondly, in both Rel-15 and Rel-16, there was a lot of discussion on FR1 and FR2 differentiation. The decisions did not consider operation in NR above 52.6 GHz. For  all the FGs in which the FR1/FR2 differentiation column is set to “Yes”, there may be an ambiguity and a risk that we may not be able to differentiate between FR2 and the new 60 GHz design. A non-exhaustive list of Rel-15 FGs with FR1/FR2 differentiation includes FG 2-3 (PDSCH MIMO layer), FG 2-51 TRS operation) and FGs 6-7/8/9/9a (PUCCH group related) and for Rel-16, FG16-1g/FG1-1g- (BM related UE capability), FG11-9 (CG limitation for URLLC) and FG19-1 (DRX adaptation). 

FG 2-2 PDSCH Beam Switching (timeDurationForQCL)
This FG indicates the time duration to determine and apply spatial QCL for a corresponding PDSCH reception with the time duration defined counting from the end of the last symbol of the PDCCH to the beginning of the first symbol of the PDSCH and is mandatory with capability signaling for FR2. It is selected from a candidate value set.

With the introduction of multi-PDSCH scheduling with a single DCI in the 60 GHz design, There may be a need to modify the description to capture the new UE behavior that could occur before or after the timeDurationForQCL and is specific to the 60GHz band as agreed  in RAN1 #104-e  [6]:
 
Agreement:
Further study the following: 
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when some of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL while some have scheduling offset equal to or greater than timeDurationForQCL.
· For multi-PDSCH scheduling with a single DCI, study the QCL assumption(s) the UE should apply for each PDSCH for the case when all of the scheduled PDSCHs have scheduling offset less than timeDurationForQCL 
· Note: If the current Rel-16 behavior would be extended to multiple-PDSCH scheduling, it could result in a different QCL assumption for each PDSCH due to the fact the that the CORESET with the lowest ID can be different for different slots, resulting in a potentially different TCI state for each slot
· Note: Applicability to multi-TRP can be discussed further

A simple extension of the FG to additional candidate values may not be feasible and this will prevent a simple extension of FR2 to the new band.

FG 2-3 PDSCH MIMO Layers
This FG  is mandatory with capability signaling to support at least 2 MIMO layers in FR2. It is unclear if this requirement should hold for the 60 GHz band, especially with the large bandwidths and SCSs in this band. 

FG 2-21 Periodic beam support
This FG indicates support for the report on PUCCH formats over 1 – 2 OFDM symbols once per slot and support for the report on PUCCH formats over 4-14 OFDM symbols once per slot and is mandatory with capability signaling for FR1 and FR2. Given the size of the slots, there may be a need to modify the periodicity from once per slot to once per multi-slot which would make a new FG necessary for the new band.
FG 2-27 Beam switching (maxNumberRxTxBeamSwitchD)
In the existing FR2 design, switching Tx/Rx beams was assumed to be on the order of 100ns (based on TR38.317-2 Section 9.10.2) and switching from DL-to-UL or UL-to-DL requires up to 13792 Tc (as specified in 38.211 Section 4.3.2 based on R4-1805766). An LS R1-2102202 has been sent to RAN4 to ask whether the existing assumption can apply for 60 GHz band or not. There will be official RAN4 discussion on this issue. If it turns out that the assumption can no longer apply, new requirements will be defined for the 60GHz band.

FG 3-1/3-1'/3-3  Mandatory FGs focused on DL control channel and procedures
These FGs govern the DL control channel. FG3-1 is mandatory without capability signaling, while  FG3-1' and FG 3-3 are  mandatory with capability signalling for FR2. In RAN1, there is a current discussion on enabling multi-slot PDCCH monitoring to reduce the complexity associated with this procedure. As at now, there is no agreement on whether single slot monitoring will be supported. As such, extending the FR2 to cover this band may result in a need to fundamentally change these FG especially FG 3-1. 

FG 5-1 Scheduling/HARQ operation 
This feature group governs basic scheduling/HARQ operation and is mandatory without capability signaling. It specifies the TDRA, FDRA, number of unicast PDSCHs per slot, mapping types and number of HARQ processes amongst other things. As multi-PDSCH transmission with a single DCI is being specified for the 60 GHz design, and up to 32 HARQ processes are being considered, it is unclear whether a directed extension of FR2 to the 60 GHz band is feasible. 

Specifications	
In addition to the Layer 1 UE features, in the RAN1 specification, a variety of concepts such as subcarrier spacing restrictions, timing, SSB pattern and offset, power control, MR-DC operation and SRS configuration are dependent on the band [10].  Some of these have parameters that have been hard-coded in the specifications and as such will need modifications especially if they are specific to the new band. In the following table, we refer to a few of them:

Table 1: Summary of UE Features affected
	Section
	Details and Discussion

	Section 4.4.4.2 of 38.211
	Defines Point A, the offset is expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FR1 and 60 kHz subcarrier spacing for FR2. This will need to be adjusted

	Section 4.3.2 of 38.211
	Defines a transition time (NRx-Tx and NTx-Rx) with a specific time for FR2. This also may need to be adjusted given the change in slot duration

	Section 6.3.3.2, of 38.211
	Random access configurations specified for FR2 and unpaired spectrum in Table 6.3.3.2-4. Additional tables may need to be defined for the new band that differ from the existing parameters.

	Section 4.1 of 38.213
	Defines cell search, patterns have been defined specifically for FR2. Given that additional SCSs and patterns are under discussion that may differ greatly from the existing FR2 patterns, a simple band extension may require multiple changes to the existing FR2 specification.

	Section 7.6 of 38.213
	Defines power control for dual connectivity with band specific behavior

	section 12 of 38.213
	Defines  the bandwidth part inactivity timer for FR2 operation based on a half a subframe duration. Given that there may be a substantial change in this duration for higher sub-carrier spacings, there may be a need to revisit this number during the 60 GHz design.

	Section 6.2 of 38.214
	Defines band specific SRS configurations 



In summary, based on both the Layer 1 UE features and the RAN1 NR specifications, we see that a simple extension of FR2 to the new band may need to careful consideration before making any decisions.  

Observation 1: At least for the Layer 1 FR2 UE features, it may be not straightforward to reuse the FR2 choices for the frequency range from 52.6GHz to 71GHz

Observation 2: Multiple RAN1 specifications may need to be modified from hard-coded values to incorporate the new band.
Conclusion
In this contribution, have the following conclusions:
Observation 1: At least for the Layer 1 FR2 UE features, it may be not straightforward to reuse the FR2 choices for the frequency range from 52.6GHz to 71GHz

Observation 2: Multiple RAN1 specifications may need to be modified from hard-coded values to incorporate the new band.

Proposal 1: it is proposed to narrow down the list of options to Option 2 and 3a for further discussion.  

Proposal 2: the following principles should be considered to define the frequency range of 52.6 GHz to 71 GHz
· Ensure flexibility to either reuse FR2 or introduce 60GHz-specific features and requirements 
· Ensure that Layer 1 UE features are considered
· Minimize the need for a specifications  update  
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