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Introduction
Rel-16 UE feature list and capabilities are disclosed by RAN4 in the latest version in R4-2105854 [1]. It is mentioned in the below two feature groups that the UE needs to report to the network whether it supports up to 500km/h high speed for RRM operations and demodulations regarding either its LTE or NR baseband.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported

	3. LTE HST
	3-1
	Further RRM enhancement for LTE HST
	The enhanced RRM requirements to support high speed with 500 km/h as specified in TS 36.133
	None
	No

	10.  NR HST
	10-1
	RRM enhanced requirements specified within NR and NR-E-UTRAN inter-RAT measurement for NR HST
	The enhanced RRM requirements specified within NR and NR-E-UTRAN inter-RAT measurement to support high speed up to 500 km/h, as specified in TS 38.133
	
	Yes


According to the current FG 10-1 specification, NR UE reports a single capability for supporting RRM enhanced measurement targeting either NR target carrier or LTE target carrier under 500km/h highest speed. When a UE is capable of RRM enhanced measurement on the LTE target carrier with 500kmh highest speed (also capable of operating with its NR module) but not capable of operating with its LTE module (under LTE serving cell) under that speed, there is no way for the UE to report correctly to the network. Consequently, if either the network hands-over/redirects the UE to an LTE cell or the UE reselects to an LTE cell the connection fails.
In the last meeting, two new groups (10-4 and 10-5) are added to further indicate if a UE supports either NR or/and LTE target RRM measurements. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported

	10.  NR HST
	10-4
	RRM enhanced requirements specified within NR HST
	The enhanced RRM requirements specified within NR to support high speed up to 500 km/h, as specified in TS 38.133 
	
	Yes

	
	10-5
	RRM enhanced requirements specified for NR-E-UTRAN inter-RAT measurement for NR HST
	The enhanced NR-E-UTRAN inter-RAT RRM requirements to support high speed up to 500 km/h, as specified in TS 38.133 
	
	Yes


One restriction is that 10-4 and 10-5 are only reported when the UE is not reporting support of 10-1 above. Adding 10-4 and 10-5 facilitates the network differentiating whether the UE is able to measure target LTE or NR or both. However, for the existing field UE-s that are already reporting support of 10-1, there is no way that 10-4 or 10-5 should apply.
This contribution (section 2) presents discussions on technical insights upon the open issues above. Clarification is needed for the cases where a legacy UE is capable of 500km/h RRM enhanced measurement only with its NR module but not capable of enhanced measurement (even demodulation) with its LTE module. Under such cases it is not correct to follow the measurement result on the target LTE carrier to hand-over, redirect or re-select to the LTE carrier if it is assumed with 500km/h mobility condition. We propose that under such circumstances the UE is not required to meet the specified inter-RAT connected or idle mode measurement requirements for R16 HST enhancement.
There was another hot issue discussed in the last meetings which imposes great controversy among companies: per-FR gap capability. A WF was agreed in [2] providing information about the exact discussions happened in the last meeting. The agreements within are copied as in the below box.
	· Further discuss and identify the implementation constraints.
· Further identify which requirements dependent on per-FR gaps cause burden in UE’s baseband complexity or difficulty for UE to implement the per-FR gap feature.
· FFS on how to solve the constraints if any:
· Option 1: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity.
· Option 2:  Discuss in a case-by-case manner to check whether some requirements that were agreed to be introduced for per-FR gap capable UE cause some constraints. If so, RAN4 can discuss and investigate whether to revisit the previous agreement and the compatibility issues. 


In our view, it is pretty obviously beneficial to introduce the per BC indication for per-FR gap UE capabilities, but it is not a perfect time to do it at this late stage in Rel-16. Speaking of the implementation constraints, we recognize that per-FR gap capabilities are not purely RF matter and plus there are so many more demanding requirements in RRM spec for a UE with per-FR gap capability. 
Also, in this paper (section 3) we provide observations on the current matter and try to propose a righteous approach in resolving this issue.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion on HST UE capabilities
Rel-16 UE capabilities signalling 
TS 38.331 and TS 36.331 specify the two sets of UE capabilities respectively to indicate to the network whether the UE supports 500km/h high speed RRM measurements. Both capabilities are optional for the UE to support. 
	38.331 NR UE capability:
[bookmark: _Hlk65662750]HighSpeedParameters-r16 ::= SEQUENCE {
    measurementEnhancement-r16       ENUMERATED {supported}   OPTIONAL,
    demodulationEnhancement-r16      ENUMERATED {supported}   OPTIONAL
}




	36.331 LTE UE capability:
HighSpeedEnhParameters-v1610 ::= SEQUENCE {
	measurementEnhancementsSCell-r16	ENUMERATED {supported}		OPTIONAL,
	measurementEnhancements2-r16		ENUMERATED {supported}		OPTIONAL,
	demodulationEnhancements2-r16	ENUMERATED {supported}		OPTIONAL,
	interRAT-enhancementNR-r16		ENUMERATED {supported}		OPTIONAL
}



In the approved WF [3] from the last meeting, further clarification was discussed
	· FFS whether the clarification on UE behaviors are needed.  
Option 1: UE is capable of HighSpeedParameters-r16 only with its NR module but not capable of HighSpeedEnhParameters-v1610 or highSpeedEnhParameters-r14 with its LTE module the UE is not required to meet the specified connected or idle mode measurement requirements for R16 HST inter-RAT NR-LTE enhancement.
A UE is capable of operating in NR under 500km/h and measure target LTE cell of 500km/h speed with its NR baseband module, however it cannot operate in LTE cell of 500km/h when switched its baseband to the LTE module. This kind of UE reports supporting 10-1 since its NR module is capable of operating/measuring under 500km/h speed. (R4-2106442)


The idea of option 1 is that: for a legacy UE which is not applied with 10-4 or 10-5; and meanwhile it is already in the field and reporting support of 10-1; it is only capable of NR (e.g., NR SA UE) HST with 500kmh but not LTE; we need to clarify in the spec that for this kind of UE, it is not required to meet the inter-RAT measurement requirements.
Correct UE behaviours
TS 38.133 specifies that for UE indicating NR capability HighSpeedParameters-r16, it has to support faster RRM measurement under 500km/h speed targeting on either a neighbour NR or LTE cell. It is probable that the UE has a baseband implementation of separate NR-LTE modules and the UE is able to operates at 500kmh with its NR module but not the LTE one. For example, an NR standalone UE with NR HST capability is a kind of typical field UE which indicates support of 10-1.
Observation 1:  There are field NR standalone UE-s indicating support of 10-1 but not capable of LTE or LTE HST.
	Table 4.2.2.5-2: Tdetect,EUTRAN_HST, Tmeasure,EUTRAN_HST, and Tevaluate,EUTRAN_HST for UE configured with highSpeedMeasFlag-r16
	DRX cycle length [s]
	Tdetect,EURAN_HST [s] (number of DRX cycles)
	Tmeasure,EUTRAN_HST [s] (number of DRX cycles)
	Tevaluate,EUTRAN_HST
[s] (number of DRX cycles)

	
	
	
	

	0.32
	4.16 (13)
	0.64 (2)
	0.96 (3)

	0.64
	7.68 (12)
	1.28 (2)
	1.92 (3)

	1.28
	8.96 (7)
	1.28 (1)
	3.84 (3)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)






Consequently, such a UE needs to tell by referring to the system information SIB5 to see whether a configured target inter-RAT LTE cell runs under 500kmh to avoid hand-over/redirection/reselection from NR to LTE incorrectly and further failure due to its incapability to operate with LTE module under 500kmh high speed.
	38.331 SIB5:
CarrierFreqEUTRA-v1610 ::= SEQUENCE {
    highSpeedEUTRACarrier-r16       ENUMERATED {true}                               OPTIONAL        -- Need R
}




A typical instance to the mentioned scenario is shown below:
A UE is capable of operating in NR under 500km/h and measure target LTE cell of 500km/h speed with its NR baseband module, however it cannot operate in LTE cell of 500km/h when switched its baseband to the LTE module.
In connected mode the UE is configured from the network to measure one LTE target frequency/cell.
The UE compares the target LTE frequency in the measurement configuration with the LTE frequency info it got from the system information to see if the target is a 500km/h high speed cell. If so, the UE does not operate the measurement and corresponding report to the network to prevent itself being handed over or redirected to that cell.
Once the UE enters the idle mode and perform cell reselection procedures, the UE also compares the target LTE frequency with the LTE frequency info it got from the system information to see if the target is a 500kmh high speed cell. If so, the UE does not reselect to the LTE cell even it is considered as good enough in terms of signal quality.
Proposal 1:  Clarify in the spec that regarding UE indicating support of 10-1 but not capable of measuring on or operating under LTE with 500km/h (e.g., NR SA UE), the UE is not required to meet the Rel-16 inter-RAT HST measurement requirements specified for CONNECTED or IDLE mode.
A corresponding CR is submitted in [4] to implement the clarification needed.
Discussion on per-FR gap UE capabilities
FR1 + FR2 band combinations 
There have been thousands of band combinations/configurations specified in TS 38.101-3 for FR1+FR2 band combinations involving all kinds of deployments such as EN-DC, NE-DC, NR CA and NR-DC. In some of the operators’ networks, we have seen some capable UE supporting very high order band combinations with up to 5 bands involved, including both FR1 and FR2 bands. Not to mention usually the involved FR1 bands even are consisted of both TDD bands and FDD bands.
Observation 2:  There are thousands of FR1+FR2 band combinations specified in 3GPP so far and they can be of up to 5 bands of either FDD or TDD in both FR1 and FR2.
Compared with the time when per-FR gap was introduced in 3GPP as a per UE indication, it is so much more demanding for a UE now to implement the per-FR gap for all of its supported FR1+FR2 band combinations since it is a per-UE capability. 
Per-FR gap is not pure RF 
The reason that per-FR gap was introduced as a per-UE capability is that RAN4 thought there was no baseband constraint for supporting FR1+FR2 with the assumption of totally decoupled basebands between the FR1 and FR2 modules. However, this design changes dramatically over time: we have clues to believe that certain level of integration at baseband between FR1 and FR2 modules now seems beneficial and it has become more trendy day by day.
But a problem can be foreseen, as if under such kind of UE implementation supporting per-FR gap can be difficult, especially when there are huge processing complexity coming from increasing band numbers in the band combination. Imagine a UE supporting CA_n1-n78-n79-n257 has to at the same time measure in FR2 gap the neighbour cell of 400MHz in n257 and receive n1 (50MHz), n78 (100MHz) and n79 (100MHz) DL signals simultaneously (not to mention there could be intra-band CA within each of n1, n78 and n79). This is apparently much more demanding for a UE in terms of allocated baseband resources compared to a lower order band combination, say DC_n1_n257.
What is also possible is that a UE needs to support inter-band CA in FR2 in the foreseen future, which makes life even harder for a UE to support per-FR gap and a high order BC at the same time.
Observation 3:  Per-FR gap capability for a UE is not purely depending on RF architecture but also baseband design.
RRM requirements for per-FR gap UE
There are many dedicated RRM requirements across the TS38.133 spec that require more demanding performance for a per-FR gap capable UE than one without it. The below list is a rough summary on how much is coupled between per-FR gap and the requirements for a band combination of FR1+FR2.
Table 1 Summary of RRM requirements with per-FR gaps
	Category
	Item
	Enhancement upon supporting per-FR gap
	Comments

	ALL DL interruptions involving FR1+FR2 BC (CA and MR-DC)
	All kinds of BWP switches on single CC or on multiple CC
	Interruption is only allowed in the same FR where BWP switch happens
	

	
	All kinds of SRS carrier based switching on NR or on E-UTRAN carriers
	Interruption is only allowed in the same FR with the original carrier where SRS is transmitted
	

	
	Inter-frequency SFTD measurement causing DL interruptions
	Interruption is only allowed in the same FR with the target cell
	

	
	Interruptions at CA dedicated operations: SCell addition/release, SCell activation/deactivation, interruption upon measurement on deactivated SCCs, SCell hibernation, SCell dormancy, activating multiple DL SCells 
	Interruption is only allowed in the same FR of the operation that happens
	

	
	All other operations that allows interruptions: transitions related to DRX, UL carrier reconfig, UE specific BW reconfig, UL Tx switching, autonomous gaps
	Interruption is only allowed in the same FR of the operation that happens
	

	Delay at activation of multiple DL SCells
	Activation delay of deactivated multiple DL SCells in both CGs in NR-DC
	No requirement if UE is not capable of per-FR gaps 
	

	
	Activation delay upon addition of multiple DL SCells in both CGs in NR-DC
	No requirement if UE is not capable of per-FR gaps
	

	Delay at all kinds of BWP switch on multiple CCs
	Simultaneous DCI based switch
	Counting only the CC number within the same FR for UE with per-FR gap capability
	

	
	Non simultaneous DCI/RRC based switch
	No requirement if UE is not capable of per-FR gaps
	

	Additional delay of measurement reporting upon SRS carrier switch
	Intra-frequency event triggered measurement reporting
	No additional delay allowed in FR2 for capable UE
	

	
	Inter-frequency event triggered measurement reporting
	No additional delay allowed in FR2 for capable UE
	

	
	L1-RSRP measurement reporting
	No additional delay allowed in FR2 for capable UE
	

	Autonomous gaps
	Autonomous gaps at RSTD measurements
	No autonomous gap is allowed in FR2 for capable UE
	

	Other categories
	Other items related to measurements and measurement gaps
	More demanding requirements for UE capable of per-FR gaps
	

	
	
	
	



By the above table, we have a rough impression that many RRM requirements are still coupled with whether the UE is capable of supporting per-FR gap. In the previous meetings, companies proposed to introduce per band combination indication of whether an UE is capable of per-FR gaps between FR1 and FR2. Meanwhile the existing per UE indication still survives so that we don’t cause any compatibility issue at all. We think this proposal is much feasible.
However, one of the issues that we can think of for the current situation is whether it is still ok to do it in Rel-16. We must admit that it is too late stage to ask RAN2 to start working on a whole set of capability reporting for an UE feature. On this point, we must have sufficient justification on the predicted benefits in order to make RAN4 request on the introduction of per BC indication for per-FR gap capabilities a just one.
One of the alternatives is that we generate a new objective of R17 standards to discuss this issue. I believe it is still in the perfect timing slot for RAN2 to design a R17 UE feature.
Proposal 2: RAN4 agrees on generating a new objective of R17 standards to introduce per-BC indication of per-FR measurement gap UE capabilities, was there no consensus on introducing it in Rel-16.
Conclusions
This contribution (section 2) presents discussions on technical insights upon the open issues above. Clarification is needed for the cases where UE is capable of 500km/h RRM enhanced measurement only with its NR module but not capable of enhanced measurement (even demodulation) with its LTE module. Under such cases it is not correct to follow the measurement result on the target LTE carrier to hand-over, redirect or re-select to the LTE carrier if it is assumed with 500km/h mobility condition. We propose that under such circumstances the UE is not required to meet the specified connected or idle mode inter-RAT measurement requirements for R16 HST enhancement.
Also, in this paper (section 3) we provide observations on the current matter and try to propose a righteous approach in resolving this issue.
Observation 1:  There are field NR standalone UE-s indicating support of 10-1 but not capable of LTE or LTE HST.
Proposal 1:  Clarify in the spec that regarding UE indicating support of 10-1 but not capable of measuring on or operating under LTE with 500km/h (e.g., NR SA UE), the UE is not required to meet the Rel-16 inter-RAT HST measurement requirements specified for CONNECTED or IDLE mode.
Observation 2:  There are thousands of FR1+FR2 band combinations specified in 3GPP so far and they can be of up to 5 bands of either FDD or TDD in both FR1 and FR2.
Observation 3:  Per-FR gap capability for a UE is not purely depending on RF architecture but also baseband design.
Proposal 2: RAN4 agrees on generating a new objective of R17 standards to introduce per-BC indication of per-FR measurement gap UE capabilities, was there no consensus on introducing it in Rel-16.
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