Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #115-e	R2-2107476
Electronic meeting, 16th – 27th August, 2021

Agenda Item:	8.20.2
Source:	Ericsson
Title:	RRC impact due to FR2-1 and FR2-2 distinction
Document for:	Discussion
1	Introduction
At RAN#92-e, it was agreed to include the new frequencies in FR2; the old frequency range (24.25 - 52.6GHz) will be labelled as FR2-1 and the new frequencies, i.e. 52.6 - 71GHz, will be labelled as FR2-2. The WID was updated accordingly, see RP-211584 [1]:
	[bookmark: _Hlk58594589]Note 5: FR2 is extended to cover 24.25GHz to 71GHz with FR2-1 for 24.25-52.6GHz and FR2-2 for 52.6-71GHz. 
· The related UE capabilities and their applicability to the frequency range 52.6 to 71 GHz will have to be analysed on a case by case basis
· The application of any of the UE feature introduced for 52.6-71 GHz to existing FR1/FR2 should be discussed case by case.
· TSG RAN specifications shall make it very clear (to readers) that frequency bands in the 52.6-71GHz range are only Release-independent from Rel-17 onwards, to ensure that there is clear industry understanding about which FR2 features are applicable for operation in 52.6-71 GHz range.
NOTE 5a: Whenever the FR2 is referred, both FR2-1 and FR2-2 frequency sub-ranges shall be considered in this release, unless otherwise stated.
NOTE 5b: The designations FR2-1 and FR2-2 should only be used when needed.


[bookmark: _Ref178064866]
The above corresponds to Option A as discussed by RAN4 in R4-2107879 [2]:
	· 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.






In this contribution, we will discuss potential RRC impacts due to the new designation of the FR2 frequency sub-ranges FR2-1 and FR2-2.
2	Discussion
Before starting the discussion, it should be clarified that RAN has agreed on the following, see Note 5b in the updated WID, RP-211584 [1]: 
	The designations FR2-1 and FR2-2 should only be used when needed.



For many cases, the specification will not need to distinguish between the FR2 frequency sub-ranges, such that it will be sufficient to refer to FR2. However, as described in the WID, RP-211584 [1],  new subcarrier spacings (SCS) - 480 kHz, and 960 kHz - were introduced specifically for FR2-2, but 120 kHz SCS is also applicable for FR2-2. 
In the following, we will discuss some fields and corresponding field descriptions that relate to FR2. Configurations for the subcarrier spacing (SCS) and SSB subcarrier spacings will be impacted by the SCS extension and may thus require extensions of the fields for FR2-2. This will be discussed based on RAN1 agreements and specific examples. Furthermore, some features may be coupled to specific SCS’s as discussed below.
2.1	Initial access aspects
As captured in the WID, see RP-211584 [1], the following restrictions related to SCS apply for initial access (only relevant SCS information is kept):
	· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17
· Note: 480 kHz is an optional SSB numerology for initial access for the UE. A UE supporting a band in 52.6-71 GHz must at least support 120 kHz SCS (for initial access and after initial access)



And the following related to SCS is captured in the WID, RP-211584 [1], for ANR and PCI confusion detection: 
	· Support ANR and PCI confusion detection for 120, 480 and 960kHz SCS based SSB, support CORESET#0/Type0-PDCCH configuration in MIB of 120, 480 and 960kHz SSB
· FFS: additional method(s) to enable support to obtain neighbour cell SIB1 contents related to CGI reporting
· Only 1 CORESET#0/Type0-PDCCH SCS supported for each SSB SCS, i.e., (120, 120), (480, 480) and (960, 960).




	RAN1#104-e agreements
For the case where SSB location and SCS are explicitly provided to the UE (non-initial access) and SSB does not configure Type-0 PDCCH, support 480 kHz and 960 kHz numerologies for the SSB
RAN1#105e agreement
FFS: Support DBTW at least for 120kHz 
· FFS whether DBTW will be applicable for 480/960 kHz SSB SCS 



Summary
	Feature
	Subcarrier spacings (SCS)

	Initial access
	Only 480 kHz in addition to 120 kHz

	Discovery Burst Transmission Window (DBTW)
	Support is FFS



For initial access, SCS information is usually provided in the MIB. However, analogous to shared spectrum channel access, the “common SCS” will be the same as for the corresponding SSB. Thus, no explicit signalling of the SCS value is required.
–	MIB
	subCarrierSpacingCommon
Subcarrier spacing for SIB1, Msg.2/4 for initial access, paging and broadcast SI-messages. If the UE acquires this MIB on an FR1 carrier frequency, the value scs15or60 corresponds to 15 kHz and the value scs30or120 corresponds to 30 kHz. If the UE acquires this MIB on an FR2 carrier frequency, the value scs15or60 corresponds to 60 kHz and the value scs30or120 corresponds to 120 kHz. For operation with shared spectrum channel access (see 37.213 [48]), the subcarrier spacing for SIB1 is same as that for the corresponding SSB and this field instead is used for deriving the QCL relation between SS/PBCH blocks as specified in TS 38.213 [13], clause 4.1.



A modified field description could look as follows.
	subCarrierSpacingCommon
Subcarrier spacing for SIB1, Msg.2/4 for initial access, paging and broadcast SI-messages. If the UE acquires this MIB on an FR1 carrier frequency, the value scs15or60 corresponds to 15 kHz and the value scs30or120 corresponds to 30 kHz. If the UE acquires this MIB on an FR2-1 carrier frequency, the value scs15or60 corresponds to 60 kHz and the value scs30or120 corresponds to 120 kHz. For operation with shared spectrum channel access (see 37.213 [48]), and for FR2-2, the subcarrier spacing for SIB1 is same as that for the corresponding SSB and for operation with shared spectrum channel access this field instead is used for deriving the QCL relation between SS/PBCH blocks as specified in TS 38.213 [13], clause 4.1.



[bookmark: _Toc79073027][bookmark: _Toc79073148]For the common subcarrier spacing in MIB, clarify that subcarrier spacing is the same as that for the corresponding SSB.
2.2	Other SCS configurations
For the configuration of subcarrier spacings, there is already a corresponding information element, SubcarrierSpacing:
SubcarrierSpacing information element
-- ASN1START
-- TAG-SUBCARRIERSPACING-START

SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, spare3, spare2, spare1}

-- TAG-SUBCARRIERSPACING-STOP
-- ASN1STOP

For this IE, we can simply use the spare values to include the new SCS values, i.e. 480 kHz and 960 kHz:
-- ASN1START
-- TAG-SUBCARRIERSPACING-START

SubcarrierSpacing ::=               ENUMERATED {kHz15, kHz30, kHz60, kHz120, kHz240, kHz480-r17, kHz960-r17, spare1}

-- TAG-SUBCARRIERSPACING-STOP
-- ASN1STOP

[bookmark: _Toc79073028][bookmark: _Toc79073149]Use the spare values in the SubcarrierSpacing IE to introduce the new SCS values {480 kHz, 960 kHz}.
For SCS fields, it would be necessary to distinguish between FR2-1 and clarify which values would be applicable for FR2-2. Current field descriptions for SCS configurations, e.g. for CSI-RS-ResourceConfigMobility, state:
	CSI-RS-ResourceConfigMobility field descriptions

	subcarrierSpacing
Subcarrier spacing of CSI-RS. Only the values 15, 30 kHz or 60 kHz (FR1), and 60 or 120 kHz (FR2) are applicable.



The new field description could look as follows:
	subcarrierSpacing
Subcarrier spacing of CSI-RS. Only the values 15, 30 kHz or 60 kHz (FR1), 60 or 120 kHz (FR2-1), and 120, 480 or 960 kHz (FR2-2) are applicable.



[bookmark: _Toc79073029][bookmark: _Toc79073150]For SCS field descriptions, clarify that 60 kHz and 120 kHz are applicable for FR2-1 (instead of FR2) and 120 kHz, 480 kHz, and 960 kHz are applicable for FR2-2.

2.3 	PDSCH/PUSCH enhancements
In the following, we discuss potential impacts related to the channel/carrier bandwidth that will be extended for higher carrier frequencies. 
	[bookmark: _Toc73161115]RAN1#104-e agreement:
· From RAN1 perspective, for NR operation in 52.6 GHz to 71 GHz,
· The maximum channel bandwidth for 120 kHz SCS is 400 MHz
· The maximum channel bandwidth for 480 kHz SCS is 1600 MHz
· The maximum channel bandwidth for 960 kHz SCS is one of the following options
· 2000 MHz
· 2160 MHz



As can be seen in the above RAN1 agreement, the maximum channel bandwidth will be increased from 400 MHz to 2000 MHz or 2160 MHz (value still FFS). 
In TS 38.331, the carrier bandwidth is defined in number of PRBs, which scales with the SCS:
	SCS-SpecificCarrier field descriptions

	carrierBandwidth
Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier) (see TS 38.211 [16], clause 4.4.2).



Thus, no changes should be required to define the maximum channel bandwidths.
[bookmark: _Toc79073023][bookmark: _Toc79073140]As the carrier bandwidth for SCS-SpecificCarrier is defined in number of PRBs which scales with the SCS, no changes are expected to support the extended channel bandwidths.

However, for UE assistance information, the reduced maximum channel bandwidth for FR2, reducedMaxBW-FR2 (impacts reducedBW-DL, reducedBW-UL) are signaled in the unit of MHz:
ReducedAggregatedBandwidth ::= ENUMERATED {mhz0, mhz10, mhz20, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100, mhz200, mhz300, mhz400}

Also, the supported bandwidth supported by the UE is signaled in the unit of MHz:
SupportedBandwidth ::=      CHOICE {
    fr1                         ENUMERATED {mhz5, mhz10, mhz15, mhz20, mhz25, mhz30, mhz40, mhz50, mhz60, mhz80, mhz100},
    fr2                         ENUMERATED {mhz50, mhz100, mhz200, mhz400}
}

Even though the maximum bandwidth for FR2-2 has been increased beyond 400 MHz, the existing values defined for FR2 may still apply. However, new values that go beyond 400 MHz need to be added to the above fields for FR2-2. Detailed values and how to extend the fields in detail can be addressed during Stage-3 discussions.
[bookmark: _Toc79073030][bookmark: _Toc79073151]As new maximum bandwidths depending on the SCS configuration are introduced for FR2-2, corresponding fields (e.g. ReducedAggregatedBandwidth and SupportedBandwidth) that are defined in the unit of MHz need to be extended for FR2-2 to support bandwidths beyond 400 MHz. Details are left for Stage-3.

2.4	Other configurations apart from SCS
Furthermore, there may be impacts on configurations related to 
· measurement reports and measurement gaps
· uplink power (p-max) and other uplink configurations
· UE capability information for carrier aggregation, IAB, and sidelink
· Inter-node RRC messages
For many of the above configurations, RAN2 has to wait for RAN1/RAN4 progress whether it is possible to reuse specification for FR2.
With regard to capabilities there is most likely a need to explicitly mentioning FR2-2. However, this can wait for RAN1 progress.
[bookmark: _Toc79073031][bookmark: _Toc79073152]Several FR2 related configurations, e.g. measurement reports/gaps, uplink (power) configurations, and UE capability information for CA, IAB, and SL, may be specific to FR2-2 and can wait for further RAN1/RAN4 progress.

Changes on inter-node RRC messages depend on the actual modifications of corresponding fields, and thus, discussion on inter-node RRC messages can be discussed when the Stage-3 work on fields within RRC messages have progressed.
[bookmark: _Toc79073024][bookmark: _Toc79073141]Changes regarding inter-node RRC messages depend on the modifications that are specified for RRC messages exchanged between the gNB and the UE and can thus be discussed when stage-3 work has further progressed. 


3 Conclusion
In the previous sections we made the following observations: 
Observation 1	As the carrier bandwidth for SCS-SpecificCarrier is defined in number of PRBs which scales with the SCS, no changes are expected to support the extended channel bandwidths.
Observation 2	Changes regarding inter-node RRC messages depend on the modifications that are specified for RRC messages exchanged between the gNB and the UE and can thus be discussed when stage-3 work has further progressed.

Based on the discussion in the previous sections we propose the following:
Proposal 1	For the common subcarrier spacing in MIB, clarify that subcarrier spacing is the same as that for the corresponding SSB.
Proposal 2	Use the spare values in the SubcarrierSpacing IE to introduce the new SCS values {480 kHz, 960 kHz}.
Proposal 3	For SCS field descriptions, clarify that 60 kHz and 120 kHz are applicable for FR2-1 (instead of FR2) and 120 kHz, 480 kHz, and 960 kHz are applicable for FR2-2.
Proposal 4	As new maximum bandwidths depending on the SCS configuration are introduced for FR2-2, corresponding fields (e.g. ReducedAggregatedBandwidth and SupportedBandwidth) that are defined in the unit of MHz need to be extended for FR2-2 to support bandwidths beyond 400 MHz. Details are left for Stage-3.
Proposal 5	Several FR2 related configurations, e.g. measurement reports/gaps, uplink (power) configurations, and UE capability information for CA, IAB, and SL, may be specific to FR2-2 and can wait for further RAN1/RAN4 progress.
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