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[bookmark: _Toc116995841]Introduction
At the previous RAN4#104bis-e meeting the discussion of the new Rel-18 WI, NR_HST_FR2_enh, devoted to the further enhancement of HST operation in FR2 has started. One of the objectives of the WI [1] is to specify new intra-band CA RRM requirements:
	•	Specify the RF requirements for intra-band carrier aggregation (CA) scenario, and investigate and specify the RRM requirements for intra-band carrier aggregation (CA) scenario [RAN4]




Following the WF [2], it is generally agreed by the companies that the following requirements are impacted by the introduction of CA
· Measurement period for Inter-frequency measurement 
· L1-RSRP measurement requirements
and the requirements specified in Rel-17 HST FR2 should be reusable for SCells for open-space deployments.
In this paper we discuss further the aspect below that might cause RRM impacts due to the introduction of CA operation in HST FR2:
· Dependency on the ongoing discussion of tunnel deployment and simultaneous multi-panel reception,
· How to define signaling to indicate the support of CA in HST FR2 scenario,
· What is the primary use case for CA in HST FR2 and how this impact the scope of the CA related requirements.


[bookmark: _Toc116995842]Discussion
Firstly, it seems to us that the discussions of new features and deployments introduced in Rel-18 HST FR2 such as tunnel deployments and simultaneous multi-panel operation might impact the baseline RRM requirements, i.e., PCell requirements. Therefore, to make the progress more efficient it makes sense to consider, firstly, Rel-17 PC6 UEs in open space and formulate CA requirements for those. Then, when more clarity is achieved regarding those new features and scenarios, it can be decided whether basic CA requirements should be further enhanced.
[bookmark: _Toc118750015]Single Carrier and consequently CA RRM requirement might be impacted by the new Rel-18 features (e.g., support of simultaneous multi-panel reception) or deployments (e.g., tunnel deployments). The discussions of these new Rel-18 aspects are not mature enough.
[bookmark: _Toc118750016]RAN4, firstly, to specify CA RRM requirements in HST FR2 scenarios only for open space deployment and for PC6 UEs capable of single-panel reception, i.e., by specifying CA capability based on Rel-17 PC6 UEs.

Signaling
Based on the Proposal 1 above, it is necessary to agree on signaling that will indicate that has UEs necessary CA capabilities and NW supports CA as well.
Regarding signaling in Rel-18, the following options were listed in the RA4#104-bis-e WF [2]:
	2.3 Network signaling for Rel-18 FR2 HST CA Scenario 
Way forward: 
Open issue needs further discussion: 
· HST signaling for CA enhancement: 
· Option 1: Reuse PCell signaling (i.e., Rel-17 HST FR2 flag with CA configuration from NW) 
· Option 2: New signaling 
· Other options are not precluded 




In our view, Option 1 and Option 2 do not necessary contradict each other. Firstly, it is necessary to define what are the pre-conditions for the application on CA in HST FR2 scenario. These pre-conditions are at least the following:
· It shall be HST FR2 deployment, i.e., highSpeedMeasFlagFR2-r17 flag shall be configured.
· Following our Proposal 1, we can initailly assume that possible values for the flag are set1 and set2 like in Rel-17.
· highSpeedDeploymentTypeFR2-r17 is mandatory (i.e., uni- vs bi-directional deployment), so it can be still kept as a pre-requisite. However, it does not look to be related directly to CA.
· The UE should be Power Class 6 (PC6).
In this respect, we can follow Option 1, at least partially. There is no need to introduce new signaling to identify HST FR2 deployment and PC6 clearly identifies necessary type of the UE.
[bookmark: _Toc118750017]HST FR2 CA enhancements in Rel-18 can be applied in a cell only if highSpeedMeasFlagFR2-r17 and highSpeedDeploymentTypeFR2-r17 flags are configured and for PC6 UEs.

Following our Proposal 1 Rel-17 deployments and UEs can be a starting point:
[bookmark: _Toc118750018]Firstly, consider CA requirements only for highSpeedMeasFlagFR2-r17 equal set 1 or set 2.

Then, it is necessary to identify that CA is configured in the NW and that UE can support it.
In Rel-17, new HST FR1 CA requirements can be identified in TS 38.133 with the highSpeedMeasCA-Scell-r17 and UE supports measurementEnhancementCA-r17 or when highSpeedMeasInterFreq-r17 flag is configured and UE supports measurementEnhancementInterFreq-r17.
Following TS 38.306, the UE capabilities used in SHT FR2 Rel-17 may not be applicable directly because they are defined for FR1 and for maximum train speed is up to 500 km/h:
		[bookmark: _Hlk89774334]measurementEnhancementCA-r17
Indicates whether the UE supports the enhanced RRM requirements for carrier aggregation to support high speed up to 500 km/h as specified in TS 38.133 [5].

UE indicating support of this feature shall indicate support of measurementEnhancement-r16 or intraNR-MeasurementEnhancement-r16.
	UE
	No
	No
	FR1 only

	[bookmark: _Hlk89774549]measurementEnhancementInterFreq-r17
Indicates whether the UE supports the enhanced RRM requirements for inter-frequency measurements in connected mode to support high speed up to 500 km/h as specified in TS 38.133 [5].

UE indicating support of this feature shall indicate support of measurementEnhancement-r16 or intraNR-MeasurementEnhancement-r16.
	UE
	No
	No
	FR1 only






Similarly, the definition of High Speed RRC configuration is also tied to Rel-17 as per TS 38.331:
	
	HighSpeedConfig field descriptions

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

	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].






[bookmark: _Toc118750019]NW signalling introduced for CA in HST Rel-17 is dependent on the HST FR1 assumptions, e.g., it is based on the maximum speed of 500 km/h.
[bookmark: _Toc118750020]RAN4 to consider introducing new Rel-18 NW signalling flag for the indication of HST FR2 deployment with CA.
[bookmark: _Toc118750021]RAN4 to consider introducing a new Rel-18 PC6 UE capability indicating the support of CA in HST FR2 scenario.
[bookmark: _Toc118750022]RAN4 to define Rel-18 PC6 UE capability to support CA in HST FR2 scenario as optional.

HST FR2 CA use case and measurements
At the previous meeting several RRM requirements were identified that might be impacted by the RRH requirements [2]:
	0. Impacted RRM requirement for CA 
Agreement: 
· For NSCC_SSB for CSSFoutside_gap,i, Rel-17 fixed requirement is applied to both FR1 and FR2 HST if CA operation is applied. 
 
Way forward: 
Open issue needs further discussion: 
· For Rel-18 FR2 PC6, by introducing CA operation, RRM impacts are expected for: 
· Measurement period for Inter-frequency measurement 
· L1-RSRP measurement requirements 
· FFS whether the follow requirements shall be considered: 
· PSS/SSS detection, Time index detection for Intra-frequency and inter-frequency measurements 
· IDLE mode in inter-frequency measurement requirements 
· Beam failure recovery on SCell 
· TCI state switch in SCell. 
· SCell activation and deactivation delay 
· FFS whether deactivated SCell and corresponding requirements shall be con[2]sidered. 




However, before going forward, we see it beneficial to discuss what is the baseline use-case of CA in HST FR2.
In our view, the main use case of CA in SHT FR2 is just providing more bandwidth. Since only intra-band CA is considered, the coverage area of Carrier Component 1 (CC1) and of CC2 will be very close. Therefore, all the measurements performed on one/primary CC should be also valid for the measurements on the other/secondary CCs. Hence, there is not much justification for the independent mobility and beam management on different CCs.
Regarding the requirements with expected impacts from CA listed in the WF [2] from RAN4#104bis-e, they are needed for [TS 38.133]:
· Measurement period for Inter-frequency measurements (Clause 9.3)
· The UE shall be able to identify new inter-frequency cells and perform SS-RSRP, SS-RSRQ, and SS-SINR measurements of identified inter-frequency cells if carrier frequency information is provided by PCell or PSCell, even if no explicit neighbour list with physical layer cell identities is provided.
· L1-RSRP measurement requirements (Clause 9.5)
· When configured by the network, the UE shall be able to perform L1-RSRP measurements of configured CSI-RS, SSB or CSI-RS and SSB resources for L1-RSRP. The measurements shall be performed for a serving cell, including PCell, PSCell, or SCell, on the resources configured for L1-RSRP measurements within the active BWP.
The UE shall report the measurement quantity (reportQuantity) and send periodic, semi-persistent or aperiodic reports, according to the reportConfigType according to the CSI reporting configuration(s) (CSI-ReportConfig) for the active BWP.

[bookmark: _Toc118750023] The main use case of CA in HST FR2 is the extension of BW. Due to intra-band CA, the coverage, measurements and mobility behaviour of aggregated CCs should be very similar.
[bookmark: _Toc118750024]RAN4 to discuss what is the minimal set of UE functionalities need for the support of CA in HST FR2 scenario and defined requirements only for those.

Additionally, since PC6 UE is not power limited device and it forwards traffic for multiple users inside the train, there is little need in deactivating SCells.
[bookmark: _Toc118750025]RAN4 not to consider deactivated SCells for CA in HST FR2 context.


[bookmark: _Toc116995848]Conclusion
In this paper we share our views on the ways how RRM requirement for the support of CA in HST FR2 scenarios should be defined.
The following Observations and Proposals were made:

Observation 1: Single Carrier and consequently CA RRM requirement might be impacted by the new Rel-18 features (e.g., support of simultaneous multi-panel reception) or deployments (e.g., tunnel deployments). The discussions of these new Rel-18 aspects are not mature enough.
Proposal 1: RAN4, firstly, to specify CA RRM requirements in HST FR2 scenarios only for open space deployment and for PC6 UEs capable of single-panel reception, i.e., by specifying CA capability based on Rel-17 PC6 UEs.
Proposal 2: HST FR2 CA enhancements in Rel-18 can be applied in a cell only if highSpeedMeasFlagFR2-r17 and highSpeedDeploymentTypeFR2-r17 flags are configured and for PC6 UEs.
Proposal 3: Firstly, consider CA requirements only for highSpeedMeasFlagFR2-r17 equal set 1 or set 2.
Observation 2: NW signalling introduced for CA in HST Rel-17 is dependent on the HST FR1 assumptions, e.g., it is based on the maximum speed of 500 km/h.
Proposal 4: RAN4 to consider introducing new Rel-18 NW signalling flag for the indication of HST FR2 deployment with CA.
Proposal 5: RAN4 to consider introducing a new Rel-18 PC6 UE capability indicating the support of CA in HST FR2 scenario.
Proposal 6: RAN4 to define Rel-18 PC6 UE capability to support CA in HST FR2 scenario as optional.
Observation 3: The main use case of CA in HST FR2 is the extension of BW. Due to intra-band CA, the coverage, measurements and mobility behaviour of aggregated CCs should be very similar.
Proposal 7: RAN4 to discuss what is the minimal set of UE functionalities need for the support of CA in HST FR2 scenario and defined requirements only for those.
Proposal 8: RAN4 not to consider deactivated SCells for CA in HST FR2 context.
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