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[bookmark: _Toc116995841]Introduction
During the previous RAN2#125-bis meeting an LS from RAN2 to RAN4 [1] was received with the following question:
· RAN2 respectfully ask RAN4 whether gNB should enable RRM enhancements for all serving cells in the same frequency band (i.e. intra-band CA) in consistent manner.
In this paper, we recap the RAN4 discussion on the relevant topic and clarify RAN2 understanding.
The draft of LS reply to RAN2 is contained in our accompanying contribution [2].

[bookmark: _Toc116995842]Discussion
Below is the overall description of the issue provided by RAN2 in the LS [1]:
	In RAN2 #125, RAN2 agreed a TS38.331 CR (R2-2401565) to support RRM enhancement for Rel-18 NR FR2 HST. For the intra-frequency measurement enhancement on SCC, RAN2 agreed to use the existing RRC configuration parameter highSpeedMeasFlagFR2 in serving cell configuration of each SCell.
During RAN2 discussion, it was questioned whether gNB should enable RRM enhancements for all serving cells in the same frequency band (i.e. intra-band CA) in consistent manner. That is, it is whether the presence of highSpeedMeasFlagFR2 should be the same for all serving cells in the same frequency band. For example, if highSpeedMeasFlagFR2 is present for PCell, highSpeedMeasFlagFR2 should be present to all SCells in the same frequency band as PCell.  
Some companies think that given that HST is a dedicated deployment, it is likely that all carriers in the same frequency band in CA are deployed for HST. In this case, if the same HST configuration is applied for all serving cells in the same frequency band, unnecessary complexity in UE implementation could be avoided. 



In the CR to TS 38.331  referenced by RAN2 the following changed are provided:
	6.3.2	Radio resource control information elements
……….omitted……………..
[bookmark: _Toc60777242][bookmark: _Toc156130402]–	HighSpeedConfig
The IE HighSpeedConfig is used to configure parameters for high speed scenarios.
HighSpeedConfig information element
-- ASN1START
-- TAG-HIGHSPEEDCONFIG-START

HighSpeedConfig-r16 ::=  SEQUENCE {
    highSpeedMeasFlag-r16    ENUMERATED {true}        OPTIONAL,   -- Cond SpCellOnly
    highSpeedDemodFlag-r16   ENUMERATED {true}        OPTIONAL,   -- Need R
    ...
}

HighSpeedConfig-v1700 ::=  SEQUENCE {
    highSpeedMeasCA-Scell-r17    ENUMERATED {true}        OPTIONAL,   -- Cond SCellOnly
    highSpeedMeasInterFreq-r17   ENUMERATED {true}        OPTIONAL,   -- Cond SpCellOnly2
    highSpeedDemodCA-Scell-r17   ENUMERATED {true}        OPTIONAL,   -- Need R
    ...
}

HighSpeedConfigFR2-r17 ::=  SEQUENCE {
    highSpeedMeasFlagFR2-r17                    ENUMERATED {set1, set2}                       OPTIONAL,   -- Need R
    highSpeedDeploymentTypeFR2-r17              ENUMERATED {unidirectional, bidirectional}    OPTIONAL,   -- Need R
    highSpeedLargeOneStepUL-TimingFR2-r17       ENUMERATED {true}                             OPTIONAL,   -- Need R
    ...
}

-- TAG-HIGHSPEEDCONFIG-STOP
-- ASN1STOP
	HighSpeedConfig field descriptions

	HighSpeedDemodCA-Scell
If the field is present and UE supports demodulationEnhancementCA-r17, the UE shall apply the enhanced demodulation processing for HST-SFN joint transmission scheme with velocity up to 500km/h as specified in TS 38.101-4 [59]. This parameter only applies to SCell.

	highSpeedDemodFlag
If the field is present and UE supports demodulationEnhancement-r16, the UE shall apply the enhanced demodulation processing for HST-SFN joint transmission scheme with velocity up to 500km/h as specified in TS 38.101-4 [59]. This parameter only applies to SpCell.

	highSpeedDeploymentTypeFR2
If the field is present, and field value is unidirectional, the UE shall assume uni-directional deployment or if field value is birectional the UE shall assume bidirectional deployment for FR2 up to 350km/h as specified in TS 38.133 [14].

	highSpeedLargeOneStepUL-TimingFR2
If the field is present, large one step UE autonomous uplink transmit timing adjustment for FR2 up to 350km/h as specified in TS 38.133 [14] is enabled.

	highSpeedMeasCA-Scell
If the field is present and UE supports measurementEnhancementCA-r17, the UE shall apply the enhanced RRM requirements to the serving frequency of SCell for carrier aggregation to support high speed up to 500 km/h as specified in TS 38.133 [14].

	highSpeedMeasFlag
If the field is present and UE supports measurementEnhancement-r16, the UE shall apply the enhanced intra-NR and inter-RAT EUTRAN RRM requirements to support high speed up to 500 km/h as specified in TS 38.133 [14].
If the field is present and UE supports intraNR-MeasurementEnhancement-r16, the UE shall apply enhanced intra-NR RRM requirement to support high speed up to 500 km/h as specified in TS 38.133 [14].
If the field is present and UE supports interRAT-MeasurementEnhancement-r16, the UE shall apply enhanced inter-RAT EUTRAN RRM requirement to support high speed up to 500 km/h as specified in TS 38.133 [14].
This parameter only applies to the serving frequency of SpCell.

	highSpeedMeasFlagFR2
If the field is present and UE supports ue-PowerClass-v1700 set to pc6, the UE shall apply enhanced intra-frequencyNR RRM requirement to the serving frequency of SpCellset one to support high speed up to 350 km/h for FR2 as specified in TS 38.133 [14]., if the field value is set1 or RRM requirement set two if the field value is set2.
If the field is present and the UE supports enhanced inter-frequency RRM requirements for FR2 HST in RRC_IDLE and RRC_INACTIVE, the UE shall apply enhanced inter-frequency RRM requirement to support high speed up to 350 km/h for FR2 as specified in TS 38.133 [14] in RRC_IDLE and RRC_INACTIVE.
If the field is present for SpCell and the UE supports measEnhCAInterFreqFR2-r18, the UE shall apply enhanced inter-frequency RRM requirement to support high speed up to 350 km/h for FR2 as specified in TS 38.133 [14] in RRC_CONNECTED.
If the field is present for SCell(s) and and the UE supports measEnhCAInterFreqFR2-r18, the UE shall apply enhanced intra-frequency RRM requirements to the serving frequency of the corresponding SCell to support high speed up to 350 km/h for FR2 as specified in TS 38.133 [14] in RRC_CONNECTED.
The field value, set1 or set2, is applied as specified in TS38.133 [14].

	highSpeedMeasInterFreq
If the field is present and UE supports measurementEnhancementInterFreq-r17, the UE shall apply the enhanced RRM requirements for inter-frequency measurement in RRC_CONNECTED to support high speed up to 500 km/h as specified in TS 38.133 [14].






The IE HighSpeedConfig is used to configure parameters for high-speed scenarios.
In HST FR1 Rel-17, the support and indication of of CA and inter-frequency measurements were defined separately. Whereases in HST FR2 Rel-18, a need for such separation was not identified.
highSpeedConfig-v1700, highSpeedConfig-r16, and highSpeedConfigFR2-r17 information elements can be indicated in (as specified in TS 38.331) in ServingCellConfigCommon RRC information element.
The IE ServingCellConfigCommon is used to configure cell specific parameters of a UE's serving cell. The IE contains parameters which a UE would typically acquire from SSB, MIB or SIBs when accessing the cell from IDLE. With this IE, the network provides this information in dedicated signalling when configuring a UE with a SCells or with an additional cell group (SCG). It also provides it for SpCells (MCG and SCG) upon reconfiguration with sync.
Additionally, ServingCellConfigCommonSIB RRC information element can also indicate highSpeedConfig-r16 and highSpeedConfigFR2-r17. The IE ServingCellConfigCommonSIB is used to configure cell specific parameters of a UE's serving cell in SIB1.

During the discussions of HST FR2 Enhanced PC6 UE capabilities in RAN4 Rel-18, the following agreements were captured at RAN4#108 in the WF [R4-2314297]:
	Topic #2: Intra-band carrier aggregation (CA) scenario
Agreements in Monday RRM session
The following agreement was achieved in Monday session: 
	Topic #2: Intra-band carrier aggregation (CA) scenario
Issue 2-1-1: Whether need to support separate CA and inter-frequency enhancements for Rel-18 FR2 HST
· Agreements
· Introduce per-UE capability to indicate whether the UE is capable of supporting the enhanced RRM requirements for Connected and Idle mode inter-frequency measurements for FR2 HST
· FFS whether to introduce a cell specific network signalling to inform UE whether to apply the enhanced RRM requirements for Connected and Idle inter-frequency measurement for FR2 HST. 
· FFS: Do not introduce new network indication or UE capabilities to support CA enhancements for R18 FR2 HST



Sub-topic 2-1: Inter-frequency measurement requirements
Issue 2-1-1: Whether need to support separate CA and inter-frequency enhancements for Rel-18 FR2 HST (UE capability)
· Agreement: 
· A single per-UE capability is introduced for FR2 HST CA and inter-frequency measurement enhancement: 
· [bookmark: _Hlk143778360][measurementEnhancementCAInterFreqFR2-r18] indicates whether the FR2 PC6 UE supports the enhanced RRM requirements for carrier aggregation as specified in TS 38.133 and the UE supports the enhanced RRM requirements for inter-frequency measurements in connected and idle mode as specified in TS 38.133.

Issue 2-1-1: Whether need to support separate CA and inter-frequency enhancements for Rel-18 FR2 HST (network flag signaling)
The following agreement was achieved in Tuesday ad-hoc session:
· Agreement: 
· Reuse Rel-17 signaling highSpeedMeasFlagFR2 to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in Connected mode. 
· Reuse Rel-17 signaling highSpeedMeasFlagFR2 to inform UE whether to apply the enhanced RRM requirements for intra-frequency measurement on SCC for FR2 HST in Connected mode. 

Issue 2-1-2: Whether need to introduce signalling for idle mode inter-frequency measurement requirements
· Agreement: 
· Reuse Rel-17 IE highSpeedMeasFlagFR2-r17 in SIB to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in idle mode.

Sub-topic 2-2: Intra-frequency measurement requirements on SCC 
· Agreement: 
· For UE supporting power class 6 with [highSpeedMeasFlagFR2] configured, the TSSB_measurement_period_intra specified for UE supporting [measurementEnhancementCAInterFreqFR2-r18] shall apply for SCC.
· Specification change is required, because new capability [measurementEnhancementCAInterFreqFR2-r18] is introduced.  




[bookmark: _Toc166515817]It was agreed at RAN4#108 that highSpeedMeasFlagFR2-r17 signaling is re-used for:
a. [bookmark: _Toc166515818]Reuse Rel-17 signaling highSpeedMeasFlagFR2 to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in Connected mode.
b. Reuse Rel-17 signaling highSpeedMeasFlagFR2 to inform UE whether to apply the enhanced RRM requirements for intra-frequency measurement on SCC for FR2 HST in Connected mode. 
c. [bookmark: _Toc166515819]Reuse Rel-17 IE highSpeedMeasFlagFR2-r17 in SIB to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in idle mode.

Indeed, RAN4 have not discussed specifically on how Rel-17 signaling highSpeedMeasFlagFR2 shall be reused because usually the design of signaling is left to RAN2.
In general, RAN4 have consistently assumed that HST FR2 feature is used only in dedicated railways deployments. Therefore, the enhanced HST requirements are applicable to all configured CCs in the band.
Fir example, in our understanding, if highSpeedMeasFlagFR2 is present for PCell, highSpeedMeasFlagFR2 should be present to all SCells in the same frequency band as PCell.
[bookmark: _Toc166515820]RAN4 assumed that HST FR2 feature is used only in dedicated railways deployments, i.e., including all subcarriers allocated to HST FR2 in the frequency band.
[bookmark: _Toc166515821]In HST FR2 deployments, gNB shall enable RRM enhancements for all serving cells/carrier components in the same frequency band (i.e., intra-band CA) if highSpeedMeasFlagFR2 is present for PCell.


[bookmark: _Toc116995848]Conclusion
The paper, we made a recap of HST FR2 RAN2 signaling and former RAN4 agreements related to CA operation and inter-frequency measurements to answer the question in LS from RAN2 [1].
The following Observations and Proposals were made:
Observation 1: It was agreed at RAN4#108 that highSpeedMeasFlagFR2-r17 signaling is re-used for:
a.	Reuse Rel-17 signaling highSpeedMeasFlagFR2 to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in Connected mode.
c.	Reuse Rel-17 IE highSpeedMeasFlagFR2-r17 in SIB to inform UE whether to apply the enhanced RRM requirements for inter-frequency measurement for FR2 HST in idle mode.
Observation 2: RAN4 assumed that HST FR2 feature is used only in dedicated railways deployments, i.e., including all subcarriers allocated to HST FR2 in the frequency band.
Proposal 1: In HST FR2 deployments, gNB shall enable RRM enhancements for all serving cells/carrier components in the same frequency band (i.e., intra-band CA) if highSpeedMeasFlagFR2 is present for PCell.
[bookmark: _Toc116995849]
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