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1. Introduction
In RAN#95e meeting, the Rel-18 RAN4-led WI on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. In this contribution, we would like to provide proposals for the update of feature groups led by RAN4 based on the previous agreements and give some analysis for the remaining issues on intra-band carrier aggregation (CA) scenario [2].
2 Discussion 
2.1 Simultaneous multi-panel operation for train roof-mounted FR2 high power devices
2.1.1 Discussion on UE feature definition for FR2 HST multi-Rx  
We achieved the following relevant agreements in the previous meetings:
	#106-bis R4-2306340
Issue 1-2-1: MRTD for FR2 HST multi-panel simultaneous reception
Agreement:
· Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length.
#107 R4-2310041
Issue 1-2-1: The impact to MRTD requirements
· Agreement from Thursday Ad-Hoc Session: 
· For Rel-18 FR2 PC6 UE, the new MRTD requirement shall be defined for simultaneous reception from two panels: 
· MRTD = [8]us
[bookmark: _Hlk135865725]Whether to consider/enhance simultaneous L3+L3, L3+L1 and L1+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI?
· Agreement from Thursday Ad-Hoc Session: 
· RAN4 shall consider the simultaneous L1+L1 measurement for multi-panel RX in Rel-18 FR2 HST WI, and new requirements shall be defined accordingly
#108 R4-2314297
Issue 1-2-1: Whether need to define a new or reuse the existing (simultaneousReceptionDiffTypeD-r16) capability for multi-panel simultaneous reception
· Agreement:
· Define a new UE capability [simultaneousReceptionFR2HST-r18] to indicate support of simultaneous multi-panel reception for Rel-18 FR2 PC6 UE
Issue 1-5-1: Whether to reduce the sweeping factor N1
· Agreement:
· Introduce enhanced scaling factors in L1 measurement requirements for PC6 UE supporting Rel-18 multi-panel reception and when highSpeedDeploymentTypeFR2-r17 is configured as bidirectional
#108-bis R4-2317392
Issue 1-1-1: Scheduling restriction requirements
· Agreement:
· No enhancement on the scheduling/measurement restriction requirements for SSB based L1 measurements.
Issue 1-1-2: Sweeping factor N1
· Agreement:
· Scaling factor N1 = 1.5 when highSpeedMeasFlagFR2-r17 is configured to set1 or scaling factor N1 = 4 when highSpeedMeasFlagFR2-r17 is configured to set2 when UE supports [simultaneousReceptionFR2HST-r18] and highSpeedDeploymentTypeFR2-r17 is configured as bidirectional


From RRM perspective, based on the above agreements, it would be reasonable to introduce a new feature group 34-1 for FR2 HST multi-Rx simultaneous reception as optional with capability signaling to indicate the supported simultaneous reception with different QCL Type-D RSs in NR FR2 HST. However, different from parallel Multi-Rx WI, only simultaneous SSB-based L1+L1 measurement enhancement is introduced in FR2 HST multi-Rx scenario. That means RAN4 only need to consider the support of the enhanced RRM requirements for SSB-based L1 measurement with two panel simultaneous reception including L1-RSRP, RLM, BFD. Besides, considering for Rel-18 FR2 PC6 UE, the UE behaviour of beam sweeping factor reduction is strongly associated to simultaneous multi-panel reception capability, so take “Support of beam sweeping factor reduction for SSB based layer 1 measurement to support FR2 PC6 UE with multi-panel simultaneous reception as specified in TS 38.133” as one of the 34-1 feature group component is essential. Furthermore, the MRTD is enhanced in Rel-18 FR2 HST multi-RX, which is larger than CP and equals to 8 , thus it is necessary to capture the MRTD enhancement as a component as well.
Whilst, the introduction of the new feature 34-1 will bring further impact to RF and demod. For example, the enhanced MRTD will has impact for data reception with multi-panel in demod. Session. In this sense, “Support of enhanced  RF requirements” and “Support of enhanced  demod. requirements” are also need to be highlighted.
Furthermore, considering that the features support of HST FR2 operation and simultaneous reception with different TypeD are need to be identified for the NR_HST_FR2_enh feature, it is necessary to deem Rel-17 RAN4 feature 22-1 and 16-2c as the prerequisite feature groups.
Proposal 1: RAN4 to introduce a new feature group 34-1 for FR2 HST with simultaneous DL reception with two different QCL TypeD RSs as optional with capability signaling to indicate the supported simultaneous reception with different QCL Type-D RSs in NR FR2 HST with:
· Feature 22-1 and 16-2c as the prerequisite feature groups for the new 34-1
· “Support of enhanced  RF requirements”, “ Support of enhanced RRM measurement requirements, including the enhanced requirement of SSB-based Layer-1 measurement and the support of MRTD requirement for FR2-1 PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs specified in TS38.133”, and “Support of enhanced  demodulation processing” to support FR2-1 PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs as specified in TS 38.133 as 34-1 feature group components


2.1.2 Expected UE feature definition for FR2 HST multi-Rx  
	Features
	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
(the ‘type’ definition from UE features should be based on the granularity 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

	[bookmark: _Hlk146020224]34. NR_HST_FR2_enh
	34-1
	Support of NR FR2 HST with simultaneous DL reception with two different QCL TypeD RSs
	1) Support of enhanced  RF requirement to support FR2-1 PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs
2) Support of enhanced RRM measurement requirements, including the enhanced requirement of SSB-based Layer-1 measurement and the support of MRTD requirement for FR2-1 PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs specified in TS38.133
3) Support of enhanced  demodulation processing to support FR2-1 PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs
	1) 22-1
2) 16-2c
	Yes
	No
	UE does not meet FR2 high speed train scenario with simultaneous DL reception with two different QCL TypeD RSs
	Per Band
	NO
	FR2 only
	N/A
	Applicable to HST bi-directional deployment in Scenario-A and Scenario-B
	Optional with capability signaling



2.2 CA
2.2.1 Discussion on remaining issue: SCell activation delay requirement
We achieved the following way forward in the last meeting
	Way forward:
Issue 1-2-1: SCell activation delay requirement
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


We achieved the following agreements in AH 1807 
	AH 1807 R4-1809355
Open issues for SCell acitvation:
Agreements
For SCell activation delay requirement in intra-band CA in FR2, once there is at least one active serving cell on the FR2 band, no scaling factor for Rx beam sweeping is needed.


Based on the above agreements, let me give some interpretations on 3 ms.  For intra-band CA FR2 scenario, the CCs and the channel condition can be assumed as co-locate and QCLed separately, and the same Rx beam can be used. In this sense, when there already exists an active intra-band cell, the UE can reuse the timing information from that cell, and it doesn’t need anymore SSBs for search or timing refinement. Besides, based on the co-located BS assumption, the UE should not need any samples for AGC either. That is to say, only 3 ms is enough (MAC-CE message decode and SW program for baseband). Actually, the same explanations are also applicable for FR2 HST PC6 UE.
Besides, based on the definition of  SCellwithoutSSB capability specified in TS 38.822. it is mandatory with capability signaling for intra-band CA
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	1. Initial access and mobility 
	1-10
	Support of SCell without SS/PBCH block
	Support SCell without SS/PBCH block
	1-1
	scellWithoutSSB
	FeatureSetDownlink
	n/a
	n/a
	Component 1) Whether or not UE is able to use SS/PBCH block from other Cells for time/frequency synchronization of SCell without SS/PBCH block
	Mandatory with capability signalling for intra-band CA
This feature is not supported for inter band CA


Based on the feature, SCellwithoutSSB capability can be reused to indicate the support for “3 ms” SCell activation delay for FR2 intra-band.
However, considering HST is a special scenario, and it is the first time to introduce intra-band CA into HST as a Rel-18 FR2 HST enhancement, we think the specified description of “If the SCell being activated belongs to FR2 and if there is at least one active serving cell on that FR2 band, if the FR2 power class 6 UE is configured with highSpeedMeasFlagFR2-r17, 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. ”
can implicitly means the “3 ms” SCell activation requirement is for Rel-18 FR2 HST PC6 intra-band CA enhancement. From this, we can live with the agreed related core requirement enhancement. But we do not see any strong need to define the TC.
Proposal 2: For SCell activation delay for PC6 UE, keep the core requirements but do not define any test cases for such requirement. 
2.2.2 Discussion on UE feature definition for FR2 HST CA  
We achieved the following relevant agreements in #108 meetings:
	#108 R4-2314297
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
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.


and the following way forward in the last meeting	 
	Way forward:
Issue 1-2-2: CA related capabilities for the feature list
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.


1) Whether need to distinguish UE feature and UE capabilities for inter-frequency idle mode and connected mode
Based on the agreements, three capabilities/features are supported by UE for FR2 HST intra-band CA enhancement.
· Intra-frequency measurement on SCC
· Inter-frequency measurement enhancement in idle/inactive mode
· Inter-frequency measurement enhancement in connected mode
From our understanding, it is necessary to distinguish UE feature and UE capabilities for inter-frequency idle mode and connected mode. That because in idle mode, there is no interaction between NW and UE, and no (capability) signaling is reported to NW in idle mode, but UE can declare it has the optional feature, just like the factory settings. While, in conncted mode, UE can tell NW it has the (optional) feature by reporting optional capability signaling.
Proposal 3: It is necessary to distinguish UE feature and UE capabilities for inter-frequency idle mode and connected mode.
2) How to reflect UE capability for FR2 HST CA in the feature list
First, based on the above analysis, RAN4 to indicate the support of FR2 HST idle/inactive mode inter-frequency measurement enhancements is an optional UE feature without capability signaling. Second, considering a single per-UE capability is introduced for FR2 HST CA and inter-frequency measurement enhancement, it is reasonable to introduce an additonal UE feature as optional with capability signaling to indicate the supported CA and inter-frequency measurement enhancement in connected mode for FR2 HST, which is different from FR1 HST UE feature design where separate CA and inter-frequency capabilities are introduced.  
Proposal 4: RAN4 to introduce a new feature group 34-2 for FR2 HST CA as optional with capability signaling to indicate the supported CA and inter-frequency measurement in connected mode for FR2 HST enhancement with:
· Feature 22-1 as the prerequisite feature groups for the new 34-2
·  “Support of the enhanced RRM for requirement CA in connected mode to support FR2 high speed up to 350 km/h, as specified in TS 38.133” and “Support of the enhanced RRM for inter-frequency in connected mode to support FR2 high speed up to 350 km/h, as specified in TS 38.133” as 34-2 feature group components
Proposal 5: RAN4 to indicate the support of FR2 HST idle/inactive mode inter-frequency measurement enhancements is an optional UE feature without capability signaling
In the TS 38.822, there is a feature 18-7 for EMR, which is captured as below
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	18. LTE_NR_DC_CA_enh-Core

	18-7
	RRM during IDLE/INACTIVE – Support of NR SSB measurement and reporting upon network request
	1) Indicates whether the UE supports configuration of NR SSB measurements in RRC_IDLE/RRC_INACTIVE and reporting of the corresponding results upon network request as specified in TS 38.331 [2].
	
	idleInactiveNR-MeasReport-r16
	MeasAndMobParametersFRX-Diff
	No
	Yes
	1) If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range of measured target cell.
	Optional with capability signalling


For IDLE/INACTIVE mode, cell re-selection and EMR are considered. Particular, the EMR and the corresponding requirements were extensively discussed in Rel-16. EMR means early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. Briefly speaking, EMR is for fast CA/DC setup. In [3], the agreements on the number of EMR carriers and the RAN4 intention to define UE measurement capability to support beam-level measurements for EMR on inter-frequency NR carriers are informed. In [4], the details on the number of beams (SSBs) for different cases are presented. However, for HST scenario, no matter FR1 or FR2, the EMR is not in the scope of RRM core requirments, what RAN4 to discuss is Idle/inactive mode cell reselection requirements enhancement. And whether the requirements discussed for EMR especially the inter-frequency mobility measurements related part are applicable for HST, we did not discuss yet. In this sense, there is no strong need to introduce EMR discussion, and accordingly we do not feel compelled to separate capabilities for idle/inactive measurement reporting in FR2 HST CA.
Proposal 6: There is no need to separate capabilities for idle/inactive measurement reporting in FR2 HST CA. 

2.2.3 Expected UE feature definition for FR2 HST CA
	Features
	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
(the ‘type’ definition from UE features should be based on the granularity 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

	34. NR_HST_FR2_enh
	34-2
	Enhanced RRM requirements specified for CA and inter-frequency measurement in connected mode and for FR2 HST   
	1) Support of the enhanced RRM for requirement intra-frequency CA in connected mode to support FR2 high speed up to 350 km/h, as specified in TS 38.133
2) Support of the enhanced RRM for inter-frequency in connected mode to support FR2 high speed up to 350 km/h, as specified in TS 38.133
	22-1 
	Yes
	No
	The performance of RRM for intra-frequency measurement on SCC and/or inter-frequency measurement in connected mode for NR FR2 HST scenario cannot be guaranteed
	Per UE
	NO
	FR2 only
	N/A
	
	Optional with capability signaling

	34. NR_HST_FR2_enh
	34-3
	Enhanced RRM requirements specified for inter-frequency measurement in Idle and Inactive mode for FR2 HST 
	Support of the enhanced RRM for inter-frequency in idle and Inactive mode to support FR2 high speed up to 350 km/h, as specified in TS 38.133
	22-1
	Yes
	No
	The performance of RRM for inter-frequency measurement in idle and Inactive mode for FR2 HST scenario cannot be guaranteed
	Per UE
	NO
	FR2 only
	N/A
	
	Optional without capability signaling






2.3 UL timing adjustment
2.3.1 Discussion on UE feature definition for UL timing adjustment
In Rel-18, the UL timing adjustment is enhanced by introducing 1 bit MAC-CE cross-RRH indication, and the correponding new capability  [highSpeedTCISwitchEnhMAC-CE-FR2-r18] is defined. The details can be found in [5-6]. Based on such background, from our understanding, the reasonable and clear handling way is:
· Define a new feature group for the new optional [highSpeedTCISwitchEnhMAC-CE-FR2-r18] UE capability and with 22-2 Support of one shot large UL timing adjustment as prerequisite feature groups to indicate the supported one shot large UL timing adjustment with 1 bit MAC-CE based cross-RRH indication in NR FR2 HST.
· Since that there are two impacts of MAC-CE based cross-RRH network signaling assistance: One-shot large timing adjustment and TCI state switching delay. It is reasonable to take “Support of one shot large UL timing adjustment with 1 bit MAC-CE based cross-RRH indication” and “Support of TCI state switching delay measurement with 1 bit MAC-CE based cross-RRH indication”as components for the support of the new feature group 34-4.
Proposal 7: RAN4 to introduce a new feature group 34-4 for FR2 HST enhanced UL timing adjustment as optional with capability signaling to indicate the supported enhanced one shot large UL timing adjustment with:
· Feature 22-2 Support of one shot large UL timing adjustment as the prerequisite feature groups for the new 34-4
· “Support of one shot large UL timing adjustment with 1 bit MAC-CE based cross-RRH indication” and “Support of TCI state switching delay measurement with 1 bit MAC-CE based cross-RRH indication”  as 34-4 feature group components.
2.3.2 Expected UE feature definition for UL timing adjustment
 
	Features
	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
(the ‘type’ definition from UE features should be based on the granularity 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

	34. NR_HST_FR2_enh
	34-4
	Support of enhanced one shot large UL timing adjustment 


	1) Support of one shot large UL timing adjustment with 1 bit MAC-CE based cross-RRH indication.
2) Support of TCI state switching delay measurement with 1 bit MAC-CE based cross-RRH indication.
	22-2 
	Yes
	No
	UE does not meet one shot large UL timing adjustment and TCI state switching delay measurement with 1 bit MAC-CE based cross-RRH indication
	Per Band
	NO
	FR2 only
	N/A
	1) If MAC-CE indicates “1”, when a UE indicates supporting 22-2, the UE is expected to apply one shot large timing adjustment, specified in TS 38.133 Clause 7.1.2.3 and apply Rel-17 TCI state switching delay, specified in TS 38.133 Clause 8.10.3A.
2) If MAC-CE indicates “0”, the UE is expected to apply gradual timing adjustment requirements, specified in TS 38.133 Clause 7.1.2.1 and apply Rel-15 TCI state switching requirements, specified in TS 38.133 Clause  8.10.3
	Optional with capability signaling







3 [bookmark: _Toc116995848]
4 Conclusion
[bookmark: _Toc116995849]In this contribution, we provided our viewpoints on the feature list and remaining issues on intra-band CA for FR2 HST, accordingly the following proposals are obtained: 
Proposal 1: RAN4 to introduce a new feature group 34-1 for FR2 HST with simultaneous DL reception with two different QCL TypeD RSs as optional with capability signaling to indicate the supported simultaneous reception with different QCL Type-D RSs in NR FR2 HST with:
· Feature 22-1 and 16-2c as the prerequisite feature groups for the new 34-1
· [bookmark: _GoBack]“Support of enhanced  RF requirements”, “ Support of enhanced RRM measurement requirements, including the enhanced requirement of SSB-based Layer-1 measurement and the support of MRTD requirement for FR2-1 PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs specified in TS38.133”, and “Support of enhanced  demodulation processing” to support FR2-1 PC6 UEs with simultaneous DL reception with two different QCL TypeD RSs as specified in TS 38.133 as 34-1 feature group components
Proposal 2: For SCell activation delay for PC6 UE, keep the core requirements but do not define any test cases for such requirement.
Proposal 3: It is necessary to distinguish UE feature and UE capabilities for inter-frequency idle mode and connected mode.
Proposal 4: RAN4 to introduce a new feature group 34-2 for FR2 HST CA as optional with capability signaling to indicate the supported CA and inter-frequency measurement in connected mode for FR2 HST enhancement with:
· Feature 22-1 as the prerequisite feature groups for the new 34-2
·  “Support of the enhanced RRM for requirement CA in connected mode to support FR2 high speed up to 350 km/h, as specified in TS 38.133” and “Support of the enhanced RRM for inter-frequency in connected mode to support FR2 high speed up to 350 km/h, as specified in TS 38.133” as 34-2 feature group components.
Proposal 5: RAN4 to indicate the support of FR2 HST idle/inactive mode inter-frequency measurement enhancements is an optional UE feature without capability signaling.
Proposal 6: There is no need to separate capabilities for idle/inactive measurement reporting in FR2 HST CA.
Proposal 7: RAN4 to introduce a new feature group 34-4 for FR2 HST enhanced UL timing adjustment as optional with capability signaling to indicate the supported enhanced one shot large UL timing adjustment with:
· Feature 22-2 Support of one shot large UL timing adjustment as the prerequisite feature groups for the new 34-4
· “Support of one shot large UL timing adjustment with 1 bit MAC-CE based cross-RRH indication” and “Support of TCI state switching delay measurement with 1 bit MAC-CE based cross-RRH indication”  as 34-4 feature group components.
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