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[bookmark: _Toc116995841]Introduction
At the previous RAN4#105 meeting it was agreed not to specify RRM requirements for deactivated SCell.
	Issue 2-2-1: Impacted RRM requirement for CA
Agreement:
· RAN4 shall not specify requirements for deactivated SCell in FR2 HST scenario.



It was also concluded that the RRM impacts are expected for some of the requirements due to the introduction of CA in HST FR2 scenarios:
	Issue 2-2-1: Impacted RRM requirement for CA
Way forward:
· For Rel-18 FR2 PC6, by introducing CA operation, RRM impacts are expected at least for:
· Measurement period for Inter-frequency measurement
· L1-RSRP measurement requirements



On the other hand, there is still no agreement in between the companies on the scope of CA RRM requirements.
Hence, in this paper we focus on the following aspects
· What should be the baseline for the introduction of CA and how to treat new Rel-18 HST FR2 enhancements together with CA?
· What requirements should be enhanced due to the introduction of CA in HST FR2 scenarios?
· What network signaling needs to be defined and how?

[bookmark: _Toc116995842]Discussion

Approach to HS FR2 CA requirements
The following issues are listed in the WF [1] after RAN4#105 meeting that are intended to frame the discussion of CA in HST FR2 scenarios: 
	Issue 2-2-1: Impacted RRM requirement for CA
Way forward:
· Whether basic CA requirements should be further enhanced can be discussed after more clarification is achieved.
· [bookmark: _Toc118750016]Option 1 (Nokia): 
· [bookmark: _Hlk127290691]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.
· 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.
· Other options are not precluded

Issue 2-2-2: Measurement enhancement for CA
Way forward:
· FFS whether enhancement on CA also need to consider tunnel deployment scenario and multi-RX capabilities
· FFS RX beam scaling factor for tunnel scenario



Related to Issue 2-2-1:
In this section we want to highlight that, there are multiple aspects that can affect setting the requirements for the carrier aggregation.
1) Rel-18 HST FR2 UE may support the functionality to add a carrier from the same or different panels. The hardware details to achieve this support is not relevant for the network as long as the network knows the carrier aggregation can be supported from the same direction or has to be supported from the opposite direction to the special cell. 
a. As a way forward we suggest to go ahead with the simple assumption of a single panel UE where the Primary cell and the Secondary cells has to be supported from the same panel. 
2) The measurement capability of the UE to be able to detect the component carrier in time needs to be known by the network. In other words, it should be clarified whether UE can measure the component carriers while having a data transmission on a panel. In case the blind activation of a SCell is possible (i.e., same beamforming as the spcell and similar transmission power), the UE may not need to explicitly measure the SCell.
a. As a simple way forward, we assume that UE can be configured to measure the SCells with and without measurements gaps depending on the carrier of the SCells and the requirements should be set accordingly.
[bookmark: _Toc127540384][bookmark: _Toc127552319]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.

Related to Issue 2-2-2:
In the way forward it is captured that the tunnel scenario is not initially considered for the requirement setting. The CA for tunnel deployment scenario is a specific sub-case of the enhancements on CA scenario for HST. In case the details of the tunnel scenario are provided before the work item closure, the specific enhancements can be considered to the broader enhancements on CA to provide the required performance for the tunnel scenario. This can be discussed once the tunnel scenario is clarified more. 
Multi-Rx capability of Rel-18 HST FR2 UE is discussed separately in the corresponding AI. We think that by default CA requirement setting should be based on single panel scenario and the requirements for Multi-Rx UEs can follow the conclusion of Multi-Rx discussions.
[bookmark: _Toc127552320]Support of tunnel scenario and simultaneous multi-panel reception might cause further enhancement of requirements introduced for HST FR2 in Rel-17.
[bookmark: _Toc127552321]De-prioritize CA requirements for multi-Rx and Tunnel scenario until the completion of the baseline CA enhancements and the completion of the studies on each specific topic. 

Definition of HST FR2 CA requirements
The WF [1] lists a number of requirements that may require enhancement to support CA in HST FR2 scenarios:
	Issue 2-2-1: Impacted RRM requirement for CA
Way forward:
· For Rel-18 FR2 PC6, the necessity of the following requirements shall be FFS:
· PSS/SSS detection, Time index detection for Intra-frequency and inter-frequency measurements
· FFS IDLE mode in inter-frequency measurement requirements
· Beam failure recovery on SCell
· TCI state switch in SCell.
· Active SCell measurement requirement (measurement period)



In general, before going into the details of particular CA enhancements we see it important to clarify and agree how different carrier components can be in HST FR2 deployments. Firstly, following the WID, only intra-band CA is considered. This means that CCs should be co-located and have the same origin. It also implies that the carrier frequencies of the CCs are close enough.
HST FR2 conditions are very different from the regular deployments and even from HST FR1 because of the deterministic mobility of the UEs and especially because of LoS propagation. On the other hand, if it could be assumed that different Tx power or different antenna panels can be used for different CCs then a difference in CCs are expected.
[bookmark: _Toc127552322]Propagation and coverage characteristic of intra-band CCs in HST FR2 scenario can be very similar to each other.
[bookmark: _Toc127552323]RAN4 to discuss whether spectrum flatness is an issue for intra-band CA in HST FR2 scenarios.

On PSS/SSS detection 
The parameter “TPSS/SSS_sync_intra” was enhanced to consider the requirements in HST FR2 scenario. The UE would need similar enhancements to be able to detect SCells in the RRC Connected mode.
[bookmark: _Toc127552324]RAN4 agrees that enhanced HST FR2 requirements for PSS/SSS detection is considered for SCells.

On Beam failure detection
The parameter “TEvaluate_BFD_SSB“ that sets the time period for beam failure detection through SSB monitoring is enhanced for HST FR2 settings. This parameter makes no distinction for PCells and SCells. As such the requirements already directly apply to SCells of the UE. 
[bookmark: _Toc127552325]RAN4 agrees that the enhanced HST FR2 requirements for beam failure detection are also applied for SCells when the UE is configured with beam failure detection.

On RRC IDLE state mobility
The UE doesn’t distinguish, primary cell, secondary cell or primary cell of secondary cell group in RRC IDLE state. For this reason, extra requirements for carrier aggregation is not needed for IDLE mode measurements. 
[bookmark: _Toc127552326]IDLE mode measurement requirements are not enhanced for carrier aggregation.

UE does not distinguish the SCells from PCells during cell re-selection but the network has a preference on which cell UE should initially establish connection. From this point it might be meaningful to consider how the FR2-HST CA enhancement can be reflected on the cell re-selection behavior of the UE.
[bookmark: _Toc127552327]RAN4 to discuss if cell re-selection should be enhanced to steer UE to the dedicated PCell frequency.

On SSB based L1-RSRP reporting
The network makes use of SSB based L1-RSRP reporting for beam management, e.g., to determine TCI state switch for SCells and activation/de-activation of SCells. Thus, it makes sense to discuss if the L1 reporting needs to be enhanced for proper operation. Using similar argumentation for L1-RSRP reporting for the PCell, we believe similar enhancements should be considered for SCells for robust beam management.
[bookmark: _Toc127552328]RAN4 agrees that enhanced HST FR2 requirements for SSB based L1-RSRP reporting, used for TCI state switch for SCells and activation/deactivation of SCells, are also considered for SCells.

Network Signaling and UE capabilities
Below, we continue NW signaling discussion following the way forward from [1]:
	2.3	Issue 2-2-3: Network signalling for Rel-18 FR2 HST CA Scenario
Way forward:
· HST signaling for CA enhancement:
· Option 1: Reuse PCell signaling (i.e., Rel-17 HST FR2 flag with CA configuration from NW)
· Option 1a (Nokia): Reuse PCell signalling partially, i.e., highSpeedMeasFlagFR2-r17 for HST FR2 scenario indication on SCell
· Option 2 (Ericsson, Nokia): Define new signaling



We would like to recap for reference what NW flags and UE capabilities were introduced for HST FR1 CA:
· UE
· measurementEnhancementCA-r17
· Indicates whether the UE supports the enhanced RRM requirements for carrier aggregation to support high speed up to 500 km/h
· 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
· NW
· 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
· highSpeedMeasInterFreq
· (Dedicated signaling) 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
· (Broadcast signaling) If the field is set to true and UE supports high speed inter-frequency IDLE/INACTIVE measurements, the UE shall apply the enhanced inter-frequency RRM requirements on the inter-frequency carrier to support high speed up to 500 km/h in RRC_IDLE/RRC_INACTIVE as specified in TS 38.133 [14].
The signaling above is introduced on top of baseline Rel-16 HST FR1 indications:
· highSpeedMeasFlag-r16 NW signaling 
· UE is supporting either measurementEnhancement-r16 or intraNR-MeasurementEnhancement-r16

For HST FR2 the following signaling was introduced in Rel-17:
· PC6 UE introduce specifically for HST FR2 deployment
· highSpeedMeasFlagFR2-r17 is NW signaling that defines which type of enhanced requirement to use: Set1 or Set2
The network signaling depends heavily on the final shape of the agreed CA requirements for FR2. In case no major new requirement is agreed the existing signaling can be re-used, in case new requirements are needed a new signaling may be required.
[bookmark: _Toc127540395][bookmark: _Toc127540396][bookmark: _Toc127552329]The frequency composition of the SCells may require novel network signalling.
[bookmark: _Toc127540398][bookmark: _Toc127552330]RAN4 postpones the agreement on network signaling until the CA requirements are defined. 


[bookmark: _Toc116995848]Conclusion
In the paper we share our view on the scope and necessary enhancements in RRM requirements that are caused by the introduction of intra-band CA in HST FR2 deployments.
The following Observations and Proposals were made:
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.
Observation 1: Support of tunnel scenario and simultaneous multi-panel reception might cause further enhancement of requirements introduced for HST FR2 in Rel-17.
Proposal 2: De-prioritize CA requirements for multi-Rx and Tunnel scenario until the completion of the baseline CA enhancements and the completion of the studies on each specific topic.
Observation 2: Propagation and coverage characteristic of intra-band CCs in HST FR2 scenario can be very similar to each other.
Proposal 3: RAN4 to discuss whether spectrum flatness is an issue for intra-band CA in HST FR2 scenarios.
Proposal 4: RAN4 agrees that enhanced HST FR2 requirements for PSS/SSS detection is considered for SCells.
Proposal 5: RAN4 agrees that the enhanced HST FR2 requirements for beam failure detection are also applied for SCells when the UE is configured with beam failure detection.
Proposal 6: IDLE mode measurement requirements are not enhanced for carrier aggregation.
Proposal 7: RAN4 to discuss if cell re-selection should be enhanced to steer UE to the dedicated PCell frequency.
Proposal 8: RAN4 agrees that enhanced HST FR2 requirements for SSB based L1-RSRP reporting, used for TCI state switch for SCells and activation/deactivation of SCells, are also considered for SCells.
Observation 3: The frequency composition of the SCells may require novel network signalling.
Proposal 9: RAN4 postpones the agreement on network signaling until the CA requirements are defined.

[bookmark: _Toc116995849]
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