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1. Introduction
RAN2 sent a LS [1] to RAN4 in their RAN2 #125-bis meeting regarding intra-band CA intra-frequency RRM enhancements for NR FR2 HST. In their LS, they respectfully ask RAN4
	ACTION: 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 try to give the theoretical analysis on their question.
2 Background
2.1 The IEs used for intra-frequency CA measurement in FR1 HST
In FR1 HST,  a dedicate signalling was introduced for CA enhancement intra-frequency measurements, that is 
	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].


And the applicable scope of the IEs:  highSpeedMeasFlag-r16 and highSpeedMeasCA-Scell-r17 is differentiated. Particularly, in TS 38.331, the parameter highSpeedMeasFlag is indicated to apply to the serving frequency of SpCell, copied as below
	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.


and some limitations on the IE in intra-frequency measurement can also be found in TS 38.133
	Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync_intra

	No DRX
	max( 600ms, ceil( 5 x Kp) x SMTC period )Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max( 600ms, ceil(M2 Note 2x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil(5 x Kp) x DRX cycle x CSSFintra

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	When highSpeedMeasFlag-r16 is not configured, M2 = 1.5; When highSpeedMeasFlag-r16 is configured, M2 = 1.5 if SMTC periodicity > 40 ms;,otherwise M2=1.
NOTE 3: 	When highSpeedMeasFlag-r16 is configured, the requirements apply only to UE supporting either measurementEnhancement-r16 or intraNR-MeasurementEnhancement-r16 on measurements of the primary component carrier and do not apply to measurements of a secondary component carrier with active SCell.
NOTE 4:	When highSpeedMeasCA-Scell-r17 is configured and UE supports measurementEnhancementCA-r17, M2 = 1.5 if SMTC periodicity > 40 ms; otherwise M2=1.





From this, the same configuration issue on CA enhancement intra-frequency measurements pointed out by RAN2 in FR2 HST wont arise in FR1 HST. 
BTB, the following agreement on measurements accuracy for SCells when highSpeedMeasCA-Scell-r17 is configured was achieved based on their previous discussions.
	R4-2210607	WF on RRM for FR1 HST
Sub-topic 2-4 measurement accuracy
Issue 2-4-1: measurement accuracy for SCells when highSpeedMeasCA-Scell-r17 is configured
Agreements in 1st round:
· reuse the Rel-16 HST SS-SINR measurement accuracy requirement for Rel-17 HST Scells 
· legacy SS-RSRP and SS-RSRQ requirements are applied for Rel-17 HST Scells


Observation 1: The specific signalling highSpeedMeasCA-Scell was introduced for CA enhancement intra-frequency measurements in FR1 HST.
Observation 2: The parameter highSpeedMeasFlag is only indicated to apply to the serving frequency of SpCell in FR1 HST
2.2 The IEs used for intra-frequency CA measurement in FR2 HST
In FR2 HST, the story becomes different, since RAN2 agreed to use the existing RRC configuration parameter highSpeedMeasFlagFR2 in serving cell configuration of each SCell. The highSpeedMeasFlagFR2 was introduced in Rel-17 FR2 HST, and the definition of the IE is copied as below
	highSpeedMeasFlagFR2
If the field is present and UE supports ue-PowerClass-v1700 set to pc6, the UE shall apply enhanced intra-frequency RRM requirement to the serving frequency of SpCell to support high speed up to 350 km/h for FR2 as specified in TS 38.133 [14].
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].


Since highSpeedMeasFlagFR2-17 introduced in earlier release (Rel-17) is still considered in Rel-18 FR2 HST, the impact brought by the flag in the two releases should figure out 
1. In Rel-17 FR2 HST, no requirements had been enhanced for CA, only single carrier is supported, so if the highSpeedMeasFlagFR2-17 is considered, UE shall apply the enhanced RRM requirement for intra-frequency measurement to the serving frequency of PCell (SpCell) in connected mode, following the first sentence defined for highSpeedMeasFlagFR2 in RAN2
2. In Rel-18 FR2 HST, the intra-band CA enhancement was introduced, and in such release, there is no restriction that the flag only applies on PCell. That means the flag can be applied on SCell, so if the highSpeedMeasFlagFR2-17 is considered, and UE supports the capability measurementEnhancementCAInterFreqFR2-r18, it shall apply the enhanced RRM requirements for intra-frequency measurement on SCC in connected mode. 
3. In FR2 HST, there is no dedicated flag indicated for SCell.
Observation 3: For FR2 HST,
· In Rel-17, if the highSpeedMeasFlagFR2-17 is considered, UE shall apply enhanced intra-frequency RRM requirement to the serving frequency of SpCell according to the definition of the IE in TS 38.331
· In Rel-18, if the highSpeedMeasFlagFR2-17 is considered, and UE supports the capability measurementEnhancementCAInterFreqFR2-r18, UE shall apply the enhanced RRM requirements for intra-frequency measurement on SCC in connected mode
· There is no dedicated flag indicated for Scell for CA enhancement.
However, if we look at the existing definition of the FR2 HST flag in TS 38.331, a restriction that the flag applies on Pcell in intra-band intra-frequency case is missing, and the definition "If the field is present for SCell(s) and and the UE supports measEnhCAInterFreqFR2-r18…" is not identical with RAN4 intention and it’s ambiguous. That since in FR2 HST, the flag  highSpeedMeasFlagFR2-17 is not a dedicated flag indicated for Scell. 
Proposal 1: For FR2 HST, the definition of HST flag highSpeedMeasFlagFR2-17 for intra-frequency CA enhancement in the current TS 38.331 is not totally aligned to RAN4 intention
3 LS analysis
For convenience, the LS is duplicated as below 
	1. Overall Description:
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. 


From our understanding, the basic reason why RAN2 has such concern is that:
First, from UE measurement capability perspective, for FR2 intra-frequency intra-band, the number of cells UE shall be able to monitor, worst case, is duplicated as below
	TS 38.133 
9.2.3.2 Requirements for FR2
For one single intra-frequency layer in a band, during each layer 1 measurement period, the UE shall be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least:
-	6 identified cells, and
-	24 SSBs with different SSB index and/or PCI,
where this single intra-frequency layer shall be:
-	PCC when UE is configured with SA NR operation mode with PCC in the band; or
-	PSCC when UE is configured with EN-DC with PSCC in the band; or
-	PSCC when UE is configured with NR-DC with PSCC in the band; or
-	One of the SCCs on which UE is configured to report SSB based measurements when neither PCC nor PSCC is in the same band, so that the selected SCC shall be an SCC where the UE is configured with SS-RSRP measurement reporting if such SCC exists, otherwise the selected SCC is determined by UE implementation.
-	The UE shall also be capable of performing SS-RSRP, SS-RSRQ, and SS-SINR measurements for at least 2 SSBs on serving cell for each of the other intra-frequency layer(s) in the same band.


Observation 4: For FR2 intra-frequency intra-band case,  UE shall be capable of performing measurements for at least 6 cells.
From this, since not only one cell to be measured in the same frequency band, the HST flag impact and field are not very explicit based on the following agreements, 
	R4-2314297
· 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. 


The interpretation of the agreement can be "…apply the enhanced RRM requirements for intra-frequency measurement on each/all/which SCC" from RAN2 perspective. That’s why they need a clarification on if highSpeedMeasFlagFR2 is present for PCell, highSpeedMeasFlagFR2 should be present to all SCells in the same frequency band as PCell.  
Observation 5: Since not only one cell to be measured in the same frequency band, RAN4 agreement "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. " may cause confusion on whether the enhanced RRM requirements for intra-frequency measurement is applied on each/all/which SCC for FR2 HST in Connected mode
Based on our understanding, from RAN4 side, the answer on whether gNB should enable RRM enhancements for all serving cells in the same frequency band (i.e. intra-band CA) in consistent manner is YES.
The reasons are:
1. HST is a special scenario, it is RAN4 understanding that the requirements will be defined under assumption that all carriers in the connected mode are HST carriers. Then, we can to say, all carriers in the same frequency band in CA are deployed for HST, in other words, the same kind of intra-frequency carriers, i.e., HST carriers, for PCell is deployed along the railway. 
2. RAN4 agreed to reuse legacy Rel-17 requirements for NR intra-frequency measurement, i.e, PCell requirements, for Rel-18 FR2 HST UE supporting intra-frequency intra-band CA, the agreements is copied as below 
	RAN4 #107 R4-2310041
· Agreement
· Reuse legacy Rel-17 requirements for NR intra-frequency measurement for Rel-18 FR2 HST UE supporting intra-band CA.


3. The UE capability measurementEnhancementCAInterFreqFR2-r18 is a per-band capability (34-2), based on the per-band capability report, the highSpeedMeasFlagFR2-r17 configured has a chance to enable for the same frequency band 
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Fig. 2 Interaction process
Combining the above three reasons, from our understanding, in a HST scenario, we can assume/conclude that intra-band CA RRM requirements are enhanced if applicable implies all the serving frequencies in the same band shall be enhanced. The RRC configuration parameter highSpeedMeasFlagFR2 can be same configured for different serving cells in the identical band. The assumption we think is reasonable and acceptable, and based on the assumption, some unnecessary complexity on UE implementation/NW configuration can be avoided.
Proposal 2: In FR2 HST scenairo, 
· it can be assumed that intra-band CA RRM requirements are enhanced if applicable implies all the serving frequencies in the same band shall be enhanced.
· the RRC configuration parameter highSpeedMeasFlagFR2 can be same configured for different serving cells in the same band
Proposal 3: In FR2 HST, gNB should enable RRM enhancements for all serving cells in the same frequency band (i.e. intra-band CA) in consistent manner
Regarding how to enable RRM enhancements for all serving cells in the same frequency band (i.e. intra-band CA) in consistent manner. From our understanding, the description of highSpeedMeasFlagFR2-r17 in Rel-18 version is expected to correct, and we prefer to put a certain restriction for intra-frequency intra-band CA enhancement on PCell, since based on the CA procedure, PCell is UE initially finds and connects to, after which one or more SCells can be configured once the UE is in connected mode.
Proposal 4: In FR2 HST, it is expected to put a restriction for intra-frequency intra-band CA enhancement on PCell  for the description of highSpeedMeasFlagFR2-r17 in Rel-18 version to enable：
· UE shall apply enhanced intra-frequency RRM requirements to all serving cells in the same frequency band when the field is present for PCell and the UE supports measEnhCAInterFreqFR2-r18.
4 Conclusions
In this contribution, we provided our viewpoints to RAN2 LS.
Observation 1: The specific signalling highSpeedMeasCA-Scell was introduced for CA enhancement intra-frequency measurements in FR1 HST.
Observation 2: The parameter highSpeedMeasFlag is only indicated to apply to the serving frequency of SpCell in FR1 HST
Observation 3: For FR2 HST,
· In Rel-17, if the highSpeedMeasFlagFR2-17 is considered, UE shall apply enhanced intra-frequency RRM requirement to the serving frequency of SpCell according to the definition of the IE in TS 38.331
· In Rel-18, if the highSpeedMeasFlagFR2-17 is considered, and UE supports the capability measurementEnhancementCAInterFreqFR2-r18, UE shall apply the enhanced RRM requirements for intra-frequency measurement on SCC in connected mode
· There is no dedicated flag indicated for Scell for CA enhancement.
Observation 4: For FR2 intra-frequency intra-band case,  UE shall be capable of performing measurements for at least 6 cells.
Observation 5: Since not only one cell to be measured in the same frequency band, RAN4 agreement "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. " may cause confusion on whether the enhanced RRM requirements for intra-frequency measurement is applied on each/all/which SCC for FR2 HST in Connected mode

Proposal 1: For FR2 HST, the definition of HST flag highSpeedMeasFlagFR2-17 for intra-frequency CA enhancement in the current TS 38.331 is not totally aligned to RAN4 intention
[bookmark: _GoBack]Proposal 2: In FR2 HST scenairo, 
· it can be assumed that intra-band CA RRM requirements are enhanced if applicable implies all the serving frequencies in the same band shall be enhanced.
· the RRC configuration parameter highSpeedMeasFlagFR2 can be same configured for different serving cells in the same band
Proposal 3: In FR2 HST, gNB should enable RRM enhancements for all serving cells in the same frequency band (i.e. intra-band CA) in consistent manner
Proposal 4: In FR2 HST, it is expected to put a restriction for intra-frequency intra-band CA enhancement on PCell for the description of highSpeedMeasFlagFR2-r17 in Rel-18 version to enable：
· UE shall apply enhanced intra-frequency RRM requirements to all serving cells in the same frequency band when the field is present for PCell and the UE supports measEnhCAInterFreqFR2-r18.
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