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[bookmark: _Toc116995841]Introduction
The outcomes of the previous RAN4#108bis meeting are summarized in the WF [1]. The following undiscussed/open issues are further discussed in this paper in relation with the intra-band carrier aggregation scenario:
· SCell activation delay requirement
· CA related capabilities

[bookmark: _Toc116995842]Discussion
SCell activation delay requirement
The existing FR2 SCell activation delay requirements from TS 38.133 for non-HST case are presented below:
	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the UE supporting scellWithoutSSB is not provided with any SMTC for the target SCell, Tactivation_time is 3 ms, provided
the RS (s) of SCell being activated is (are) QCL-TypeD with RS (s) of one active serving cell on that FR2 band.



	If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, then Tactivation_time is TFirstSSB+ 5ms provided:
-	The UE is provided with SMTC for the target SCell, and
-	The SSBs in the serving cell(s) and the SSBs in the SCell fulfil the condition defined in clause 3.6.3,
-	The parameter ssb-PositionsInBurst is same for the serving cell(s) and the SCell.
-	SSB is in the same half-frame on the SCell and the contiguous FR2 active serving cell



The activation time for the case with SCellwithoutSSB is “3 ms” while for the default case it is “TFirstSSB+ 5ms “. The activation delay difference between two cases is 2 ms + TFirstSSB delay, e.g., on the level of 22 ms what results in 2.2m displacement of the train. Thus, the gain from UE having a slightly shorter activation time is not very high in HST use-case.
[bookmark: _Toc145609391][bookmark: _Toc146642599]Technical benefit of specifying the new requirement with a shorter activation time is “2 ms + TFirstSSB” faster activation.

The SCellwithouSSB is defined in TS 38.306 as:
	scellWithoutSSB 
· Defines whether the UE supports configuration of SCell that does not transmit SS/PBCH block. This is conditionally mandatory with capability signalling for intra-band CA but not supported for inter-band CA. 



Additionally, following the definition from R 38.822 (UE feature least for Rel-17), Feature group 1-10 “Support of SCell without SS/PBCH block” is “Mandatory with capability signalling for intra-band CA”. It describes “Whether or not UE is able to use SS/PBCH block from other Cells for time/frequency synchronization of SCell without SS/PBCH block”.
As the suggested requirement does not indicate the SCellwithoutSSB capability like in the current TS 38.133 specification, it is then assumed with the suggested requirement that the HST-FR2 UEs supports this capability by default. However, currently, in TS 38.508-2 SCellwithoutSSB capability is not listed as an indicated capability by any test case. This means that the direct SCell activation with the suggested requirement was not tested in RAN4. 
[bookmark: _Toc145609392][bookmark: _Toc146642600]No test cases were defined for “3 ms” SCell activation delay. SCellwithouSSB is mandatory with capability signalling for intra-band CA, i.e., shall be supported by default but may not be supported yet by the UEs.
In any case to support the 3 ms SCell activation delay a new test-case has to be defined. The new test case can re-use the existing capability “SCellwithoutSSB” to test the SCell activation delay requirement for HST FR2 UE.
[bookmark: _Toc145609393][bookmark: _Toc146642601]Enhanced requirement for HST FR2 is not justified enough when the existing requirement with the “SCellwithoutSSB” capability can be re-used.

Regarding direct SCell activation delay requirement following point is open from previous meeting [1]:
	[bookmark: _Hlk145947369]Issue 1-2-1: SCell activation delay requirement
Way forward:
Further discuss additional condition/capability needed for SCell activation delay for PC6 UE:
· Option 1: The SCell activation delay requirement does not need to be enhanced for Rel. 18 PC6 UEs by default, i.e., SCellwithoutSSB capability can be reused to indicate the support for “3 ms” SCell activation delay (revert the CR from RAN4#108)
· Option 2: Keep the Core requirement if a test for the 3ms activation delay in the HST FR2 Rel-18 performance part is introduced
· Option 3: Keep the Core requirements and FFS for test cases


The Option 2 suggest keeping the core requirement if a test for 3ms activation delay is introduced. On this point, a new test is needed as the previous tests do not apply to PC6 device. However, the effort to introduce a new test with existing requirements and only adjusting related parameters related to the PC6 device would be simpler.  
The SCell activation delay requirement does not need to be enhanced for Rel. 18 PC6 UEs by default, i.e., SCellwithoutSSB can still be used as an additional conditions for shorter activation delay.
A new Activation delay test shall be introduced if the requirement does not have SCellwithoutSSB as a condition.
 

CA related capabilities for the feature list
Regarding CA related capabilities following point is open from previous meeting [1]:
	Further discuss whether need to distinguish UE feature and UE capabilities for inter-frequency idle mode and connected mode.
Further discuss how to reflect UE capability for inter-frequency measurements and CA in the feature list:
· Option 1:
· Indicate the support for RRM requirements and inter-frequency measurements requirements for Connected mode as a single capability.
· Indicate the support for inter-frequency measurements requirements for idle mode as two separate capabilities for cell re-selection measurements and idle inactive measurement reporting.
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	x-1
	Enhanced RRM requirements specified for CA including inter-frequency measurement in connected mode for FR2 HST
	Support of the enhanced RRM for requirements CA to support FR2 high speed as specified in TS 38.133
	Rel-17 RAN4 feature 22-1
	Yes
	No
	The performance of RRM for CA in FR2 HST scenario cannot be guaranteed
	Per UE
	NO
	FR2 only
	N/A
	
	Optional with capability signalling

	x-2
	Enhanced RRM requirements specified for inter-frequency measurement in Idle and Inactive mode for FR2 HST cell re-selection
	Support of the enhanced RRM requirements for inter-frequency measurement for cell re-selection in idle and Inactive mode to support FR2 high as specified in TS 38.133
	Rel-17 RAN4 feature 22-1
	No
	No
	The performance of RRM for inter-frequency measurement in idle and Inactive mode for FR2 HST cannot be guaranteed
	Per UE
	NO
	FR2 only
	N/A
	
	Optional without capability signalling

	x-3
	Enhanced RRM requirements specified for inter-frequency measurement in Idle and Inactive mode for FR2 HST idle inactive measurement reporting
	Support of the enhanced RRM requirements for inter-frequency measurement for early measurement reporting in idle and Inactive mode to support FR2 high speed as specified in TS 38.133
	Rel. 16 RAN4 feature 18-7 and Rel-17 RAN4 feature 22-1
	Yes
	No
	The performance of RRM for inter-frequency measurement in idle and Inactive mode for FR2 HST cannot be guaranteed
	Per UE
	NO
	FR2 only
	N/A
	
	Optional with capability signalling


· Other options are not precluded.




In Rel. 17, carrier aggregation enhancements the UE indicated three different capabilities 
1) support for CA RRM requirements (mainly related to intra-frequency CA requirements),
2) support for inter-frequency in connected mode requirements and 
3) support for inter-frequency in idle mode requirements.

The main reasoning behind this is to allow UE vendors to implement the features supporting the requirements in an order related to their priority as they are optional with capability signalling.
Importantly, the idle mode feature is an optional feature without capability signalling in Rel. 17, while the connected mode feature is optional with capability signaling. The reasoning behind this is two features would use different signalling as in Idle mode UE cannot have RRC signalling with the network. Thus, it makes sense to define this as a separate feature that can work without capability signalling. The same logic can be followed for HST FR2 CA work as well.  
[bookmark: _Toc145609395][bookmark: _Toc146642603]Rel. 17 specified the HST FR1 CA related capabilities as three separate capabilities. Separate feature definition for idle mode enhancements is mainly related to this feature being an optional feature without capability signaling as this feature is expected to work in idle mode. 
We believe similar approach can be followed as RRM requirements have the highest priority and this being signaled separately can enable the operation of the HST FR2 CA feature as soon as possible. The inter-frequency requirements for Connected mode will enable fast SCell switch and SCell measurement and reporting which is less critical for FR2 CA operation. Finally, inter-frequency requirements for Idle mode are less critical for HST FR2 operation compared to the previous two as such it can be implemented later. 
[bookmark: _Toc145609396][bookmark: _Toc146642604]Define the support for RRM requirements and inter-frequency measurements requirements for Connected and Idle mode as separate features.

The idle mode measurement enhancements can be done for two separate reasons: cell re-selection and idle inactive measurement reporting. Cell re-selection is a procedure supported by all UEs. It is expected that the UE mainly camps the same frequency band as such the inter-frequency measurements in idle mode is not expected to be done any idle mode load balancing. On the contrary the main advantage of doing measurements in idle mode for the UE can be fast setup of carrier aggregation, as it is the main aim of this agenda item. 
The carrier aggregation related benefit of inter-frequency measurements in idle mode is the early CA setup that enables fast increased throughput, using the idle/inactive measurement enhancement. 
The support of idle/inactive measurement reporting for HST depends on the support of idle/inactive measurement reporting. Consequently, the feature should indicate the dependency to the Rel. 16 RAN4 feature  (captured as “RRM during IDLE/INACTIVE – Support of NR SSB measurement and reporting upon network request” in TS 38.822 section 5.2.8 feature 18-7). Network can use this capability indication to configure the UE with idle inactive mode measurement configuration in the RRC Release message. For this reason, the idle mode measurement enhancement for early measurement reporting in idle and Inactive mode can be indicated as a separate capability. 
[bookmark: _Toc146642605]Cell re-selection is a procedure supported by all the UEs and is not related to CA directly, whereas EMR support requires NW configuration and additional UE capability.
[bookmark: _Toc145609397][bookmark: _Toc146642606]Indicate the support for inter-frequency measurements requirements for idle mode measurement enhancement for early measurement reporting in idle and Inactive mode as a separate capability.

[bookmark: _Toc116995848]Conclusion
In the paper we discuss two open issues left in the maintenance phase of the HST FR2 Enhanced WI related to the support of intra-band CA operation.
The following Proposals are made:
1. [bookmark: _Toc116995849]Technical benefit of specifying the new requirement with a shorter activation time is “2 ms + TFirstSSB” faster activation.
1. No test cases were defined for “3 ms” SCell activation delay. SCellwithouSSB is mandatory with capability signalling for intra-band CA, i.e., shall be supported by default but may not be supported yet by the UEs.
1. Enhanced requirement for HST FR2 is not justified enough when the existing requirement with the “SCellwithoutSSB” capability can be re-used.

1. The SCell activation delay requirement does not need to be enhanced for Rel. 18 PC6 UEs by default, i.e., SCellwithoutSSB can still be used as an additional conditions for shorter activation delay.
A new Activation delay test shall be introduced if the requirement does not have SCellwithoutSSB as a condition.

Rel. 17 specified the HST FR1 CA related capabilities as three separate capabilities. Separate feature definition for idle mode enhancements is mainly related to this feature being an optional feature without capability signaling as this feature is expected to work in idle mode. 

Define the support for RRM requirements and inter-frequency measurements requirements for Connected and Idle mode as separate features.

The carrier aggregation related benefit of inter-frequency measurements in idle mode is the early CA setup that enables fast increased throughput, using the idle/inactive measurement enhancement. 
Cell re-selection is a procedure supported by all the UEs and is not related to CA directly, whereas EMR support requires NW configuration and additional UE capability.

Indicate the support for inter-frequency measurements requirements for idle mode measurement enhancement for early measurement reporting in idle and Inactive mode as a separate capability.
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