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1. Introduction

In last RAN4 meeting, two new UE capabilities are added to R16 HST [1].

· 10-4) Support of intra-NR HST RRM measurement with speed up to 500km/h
· 10-5) Support of NR-LTE inter-RAT RRM measurement with speed up to 500km/h
The open issue on UE behavior clarification was captured in approved WF [2].
Also in RAN4#98-bis-e meeting, whether to introduce per BC indication of per-FR gap was further discussed. Following the guidance in the previous meeting, the issue will be discussed in May meeting [3]. 
In this paper, we present analysis on the above two topics.
2. Discussion on UE behavior due to separate NR HST capability
In last RAN4 meeting, two new UE capabilities are added to R16 HST [1].

· 10-4) Support of intra-NR HST RRM measurement with speed up to 500km/h

· 10-5) Support of NR-LTE inter-RAT RRM measurement with speed up to 500km/h

The open issue on UE behavior clarification was captured in approved WF [2].

	Clarification on UE behaviors
· 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)
· Option 2 : When both 10-4, 10-5 are reported by UE( 10-4 is set to 1, and 10-5 is set to 0) and if network indicates flag 1 (reuse the existing signalling), UE is not required to meet the specified connected or idle mode measurement requirements for R16 HST inter-RAT NR-LTE enhancement.

· Other options are not precluded.




From network point of view, there is one IE is used to configure parameters for high speed scenarios.

	HighSpeedConfig-r16 ::=  SEQUENCE {
    highSpeedMeasFlag-r16    ENUMERATED {true}        OPTIONAL,   -- Need R
    highSpeedDemodFlag-r16   ENUMERATED {true}        OPTIONAL,   -- Need R

    ...
}


The high speed scenario in R16 HST WI is a dedicated network. The network may indicate HighSpeedConfig-r16 if there is HST UE in the network. Moreover the indication HighSpeedConfig-r16 is cell level rather than UE specific. If some UEs report that they can only support intra-NR HST enhanced measurement, while some UEs report that they can support both intra-NR and inter-RAT NR-LTE HST enhanced measurement, the network will indicate highSpeedMeasFlag-r16 as “true”. In this case, UE behaviour who only support intra-NR HST measurement shall be explicitly specified. 
A feasible clarification is that when UE reports 10-4 as “supported”, 10-5 is not reported (i.e., inter-RAT NR-LTE HST RRM is not supported) and if network indicates highSpeedMeasFlag-r16 as true, then UE is not required to meet the specified connected or idle mode measurement requirements for R16 HST inter-RAT NR-LTE enhancement.
Proposal 1: When UE reports 10-4 as “supported”, 10-5 is not reported (i.e., inter-RAT NR-LTE HST RRM is not supported) and if network indicates highSpeedMeasFlag-r16 as “true”, then UE is not required to meet the specified connected or idle mode measurement requirements for R16 HST inter-RAT NR-LTE enhancement.
3. Discussion on Per BC indication of per-FR gap
The constraints of the current per-UE indication of this independent gap have been elaborated in previous meetings with the consideration that more and more high order FR1 and FR2 BCs to be introduced and the over loading of this independent gap. Regarding how this new per-BC indication could work without causing NBC issues, we have presented detailed analysis during previous meetings. And companies recognized the feasibility of combing the old per-UE indication and the new per-BC indication to have consistent understanding between gNB and UE. The main concern is whether there could be some potential impact on the existing RRM requirements which depends on whether UE is capable of this independent gap.

Observation 1: gNB and UE have consistent understanding on whether the per-FR gap could supported under current serving cell configuration by combining the old per-UE indication and new per-BC indication:

· UE implemented the changes indicate “support” of the old per-UE indication only if the independent gap can be supported under all BCs; otherwise, UE shall indicate “not support” of the old-per-UE indication and indicate whether the independent gap can be supported under each BC by the new per-BC indication.

Based on the discussion in the last meeting, the main concern is about whether there will be impact on the existing Rel-16 RRM requirements which depends on this independent gap feature. From our understanding, no issues is foreseen as gNB and UE have consistent understanding about whether the independent gap could be supported or not under current serving CC configuration. As companies commented that more analysis is needed, we provided detailed analysis and propose the potential changes on the existing specifications.

By looking through the existing requirements in Rel-16 in both TS 36.133 and TS 38.133, the related requirements are summarized as follows:

Table I. RRM requirements related to the per-FR gap capability.

	Related requirements 
	Details 

	Interruption of Active BWP switch
	Interruptions allowed on serving CCs within the same FR 

	Interruption of SRS carrier based switching
	Interruptions allowed on serving CCs within the same FR

	Interruption of inter-frequency SFTD measurement
	Interruptions allowed on serving CCs within the same FR

	Interruption of SCell dormancy switch
	Interruptions allowed on serving CCs within the same FR

	Multiple SCells activation/deactivation delay 
	Requirements apply for UE supporting per-FR gap in NR-DC

	BWP switching delay on multiple CCs
	· For simultaneous DCI based BWP switch delay on multiple CCs, N is the number of CCs within the same FR for UE supporting per-FR gap.

· For Non-simultaneous DCI/RRC based BWP switch on multiple CCs, Requirements apply for UE supporting per-FR gap in NR-DC

	Measurement 
	· Gap pattern configuration

· Switching time when per-FR gap is configured.

· Measurement requirements (e.g. CSSF calculation, determine whether gap is needed)

· Inter-RAT RSTD: autonomous gap only in FR1 when supporting per-FR gap.


It could be the observed from the above table that there are many RRM requirements are defined according to whether the UE supports per-FR gap. From the existing requirements, the dependency could be divided into two categories: UE is capable of per-FR gap and UE is configured with per-FR gap. For the RRM requirements which is not directly related to the measurement (e.g. interruption requirements), the requirements are organized using the former way that when UE is capable per-FR gap, then the corresponding operations are only within a certain FR. For the RRM requirements directly related to the measurement using gap, the later way is adopted, e.g. when to start the MG and gap sharing principle. The very basic principle of having this new per-BC indication of the independent gap is that it will not change the functionality or meaning of the per-FR gap. For instance, when NW determine that under current serving CC configuration, the UE could support per-FR gap, then NW could configure the per-FR gap to this UE. Then how this per-FR gap works (e.g. when to start the gap, how to calculate CSSF, determine whether gap is needed) has nothing changed compared with the existing requirements.

Observation 2: The dependency on the per-FR gap feature of related requirements could be divided into:

· When UE is capable of per-FR gap

· When UE is configured with per-FR gap.

Observation 3: Having the per-BC indication does not have impact on the functionality and usage of the per-FR gap.

Therefore, we provide the detailed analysis for all related parts as summarized in the table above to see whether these will be any impact on the existing requirements and propose some potential changes accordingly if any.

3.1.1. 2.1 Working as conditions (when UE is capable for per-FR gap)

Firstly, most of the related RRM requirements is about interruptions requirements, where the victim CCs could be different when UE is capable of per-FR gap. For example, for interruptions of Active BWP switching, the requirements are shown as follows. When UE is capable of per-FR gap, then the interruption is only allowed within the same frequency range. Under current requirements, UE either supports this per-FR gap in all cases or not support it at all. By having the new per-BC indication, when gNB wants to trigger the BWP switch on a certain active serving CC, gNB knows the current configurations of the serving CCs of this UE. By checking the per-BC indication, gNB could know, at the very moment, this UE is capable of per-FR gap or not, and whether the BWP switching could cause interruption on the serving CCs in the other frequency range.

	TS 38.133 g70 8.2.2.2.5

When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2 when BWP switch occurs on a single CC. The starting time of interruption caused by each BWP switch is only allowed within the BWP switch delay TMultipleBWPswitchDelay +Y as defined in clause 8.6.2A.1 when BWP switch occurs on multiple CCs. Interruptions are not allowed during BWP switch involving any other parameter change.


The situations are similar to other interruption requirements as summarized in the table. For instance, for SRS carrier based switching, the interruption requirements are defined in the similar way. When the SRS carrier based switching happens, gNB and UE have consistent understanding that whether this UE is capable of per-FR gap by checking the per-BC indication and current serving CC configuration. In existing spec, the SRS carrier-based switching could also cause additional delay to other RRM procedure as shown below. Following the same principle, by having this per-BC indication, gNB knows whether the UE is a per-FR gap capable UE, and in which frequency range the additional delay is allowed is also clear.

	TS 38.133 g70 8.2.2.2.9

When SRS carrier based switching is performed between carriers, the UE is allowed interruptions on any active serving cell if UE is not capable of Per-FR gap, or on active serving cell(s) in FR1 if UE is capable of Per-FR gap, during the switching to the carrier of a serving cell in FR1 not configured for PUCCH/PUSCH transmission,

-
with up to X1 slot as specified in Table 8.2.2.2.9-1.

TS 38.133 g70 9.2.4.3

The event triggered measurement reporting delay, measured without L3 filtering shall be less than Tidentify intra with index or T identify intra without index defined in clause 9.2.5.1 or clause 9.2.6.2. When L3 filtering is used an additional delay can be expected. In EN-DC and NE-DC operation, when the UE is configured to perform E-UTRA SRS carrier-based switching an additional delay can be expected in FR1 if the UE is capable of per-FR gap, or an additional delay can be expected in both FR1 and FR2 if the UE is not capable of per-FR gap.


Other cases when per-FR gap capability works as conditions except from interruptions requirements are the delay requirements operated on multiple CCs introduced in Rel-16. For instance, the simultaneous DCI-based BWP switching on multiple CCs, if UE is capable of per-FR gap, N is the number of CCs within the same frequency range when calculating the total delay. Bases on similar considerations, by having this new per-BC indication, gNB could know whether the UE is a per-FR gap capable UE, then how to calculate the N to derive the total delay is also clear.

	TS 38.133 g70 8.6.2A.1

-
For UE which is capable of per-FR gap, and no BWP switch involves SCS change, N is the number of CCs in same FR; For UE which is not capable of per-FR gap, or the BWP switches on any CC involves SCS changing, N is the number of CCs undergoing simultaneous BWP switch.




For non-simultaneous DCI/RRC based BWP switching on multiple CCs and (direct) SCell activations of multiple SCells, the per-FR gap works as conditions in another way. For instance, for non-simultaneous RRC based BWP switching on multiple CC or direct SCell activation of multiple SCells, it is assumed that the feasible scenarios is NR-DC and there is one RRC messages per CG. It is possible that the RRC message is interrupted by actions in the other CG, then the requirements only apply for UE which is capable of per-FR gap, which implies that UE is able to receive two RRC messages in two CGs independently. By having the new per-BC indication, when NW trigger the BWP switch on multiple CCs or SCell activations, the serving CC configuration is not changed, which means NW also know whether the UE is capable of per-FR gap at the very moment. 

Another cases when the per-UE gap capability works as conditions is to determine whether measurement gap is needed when UE performs RRM measurement. For instance, for inter-RAT NR RRM measurement, when UE is capable of per-FR gap and the MO are FR2 only, then UE can perform such measurement without gap. Based on similar principle as analyzed above, gNB is also aware of whether UE is capture of per-FR gap under current serving CC configuration.

	TS 36.133 8.1.2.4.21

For per-FR measurement gap capable UE, when serving cells are in E-UTRA and measurement objects are only in FR2,

-
UE can perform such measurements without gap, and

-
UE fulfils the requirements for FR2 measurement objects based on effective MGRP = 20 ms.


Then, based on the analysis above, for the related RRM requirements when per-FR gap capability works as conditions, some additional clarification about whether UE is capable of per-FR gap with this new per-BC indication is suggested as follows:

	Proposed changes:

When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in Table 8.2.2.2.5-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not capable of per-FR gap under current serving cell configuration, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.2.2.5-2 and the UE is capable of per-FR gap under current serving cell configuration the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. X is defined in Table 8.2.2.2.5-1. The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2 when BWP switch occurs on a single CC. The starting time of interruption caused by each BWP switch is only allowed within the BWP switch delay TMultipleBWPswitchDelay +Y as defined in clause 8.6.2A.1 when BWP switch occurs on multiple CCs. Interruptions are not allowed during BWP switch involving any other parameter change.


Observation 4: For related RRM requirements, when the per-FR gap works as conditions (e.g. when UE is capable of per-FR gap), the conditions could be updated as when UE is capable of per-FR under current serving cells configurations. The related requirements included:

· Interruption requirements (Active BWP switch, SRS carrier based switching, inter-frequency SFTD, SCell dormancy switch and inter-RAT RSTD autonomous gap)

· Delay requirements (Active BWP switch on multiple CCs, SCell activations of multiple SCells, additional delay caused by SRS carrier based switching)

· Determine whether gap is needed when per-FR gap is supported under current serving cells configuration but the independent gap maybe not configured.

3.1.2. 2.1 When per-FR gap is configured

Other requirements depend on the per-FR gap capability is when the per-FR gap is configured. It is mainly lies on the measurement procedure about the functionality and usage the per-FR gap. For instance, the definition of the independent gap, the rules about gap sharing, determine the switching time (0.5ms or 0.25ms) and determine when to start the measurement gap. As mentioned at very beginning, the usage and functionality of the per-FR gap dose not change at all. When the per-FR gap is configured, how to use the independent gap and how to derive the corresponding RRM requirements are unchanged. The only additional procedure is to judge whether the per-FR gap could be configured. 

Observation 5: For RRM requirements related to when the per-FR gap is configured, no change is needed.

Another question one may concern is that is it possible that the UE changes from a “per-FR gap capable UE” to a “per-UE gap capable UE” or the other way around. The answer is yes, and it is only possible when UE is configured with SCell addition/release or PSCell addition/change /release via RRC message. For example, when UE is added with another SCell, it is likely that the current serving CC configuration falls into a BC that the per-FR gap could not be supported anymore, or when a SCell is released, it is possible that UE is able to support the per-FR gap under current serving CC configurations. Then the following question is that is there any impact of these “state transitions”. We fails to see any impact of this as it could only happens via RRC (re)configurations. When gNB is to add or release some SCells to a UE, gNB could know whether the per-FR gap is supported after the addition or release operation, and gNB could change the already configured per-FR gap to per-UE gap in the same RRC messages or the other way around. For other requirements when the per-FR gap works as conditions, when the UE changes from a “per-FR gap capable” UE to a “per-UE gap” capable UE, then UE just follow the corresponding requirements. For example, when UE is added with another SCell and could not support per-FR gap anymore, then when the gNB triggers DCI-based BWP switching afterwards, UE should follow the requirements for per-UE gap capable UE, which means the interruptions are allowed on active serving CCs in both FR1 and FR1.

Observation 6: No impact is foreseen when UE switches from a per-FR gap capable to per-UE gap capable or the other way around. 

Based on the analysis above, no significant changes are foreseen to have the new per-BC indication in Rel-16, and the corresponding updating is straightforward and could be easily implemented. Some companies suggested to further discuss this in Release 17, however, as analyzed in this paper, this is no significant obstacles on introducing the per-BC indication in Rel-16. Even in Rel-17, gNB also need to handle the old UE and new UE, and the only feasible way is to have a new per-BC indication instead of replacing the original one.

Proposal 2: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity in Rel-16.
4. Conclusions

This paper provides the analysis on the UE behaviour due to separate NR HST capability. The following proposal is proposed:
Proposal 1: When UE reports 10-4 as “supported”, 10-5 is not reported (i.e., inter-RAT NR-LTE HST RRM is not supported) and if network indicates highSpeedMeasFlag-r16 as “true”, then UE is not required to meet the specified connected or idle mode measurement requirements for R16 HST inter-RAT NR-LTE enhancement.
This paper present analysis on how this per-BC indication could work and address the concern on the potential changes on the existing requirements. The following observations and proposals are proposed:
Observation 1: gNB and UE have consistent understanding on whether the per-FR gap could supported under current serving cell configuration by combining the old per-UE indication and new per-BC indication:

· UE implemented the changes indicate “support” of the old per-UE indication only if the independent gap can be supported under all BCs; otherwise, UE shall indicate “not support” of the old-per-UE indication and indicate whether the independent gap can be supported under each BC by the new per-BC indication.

Observation 2: The dependency on the per-FR gap feature of related requirements could be divided into:

· When UE is capable of per-FR gap

· When UE is configured with per-FR gap.

Observation 3: Having the per-BC indication do not have impact on the functionality and usage of the per-FR gap.

Observation 4: For related RRM requirements, when the per-FR gap works as conditions (e.g. when UE is capable of per-FR gap), the conditions could be updated as when UE is capable of per-FR under current serving cells configurations. The related requirements included:

· Interruption requirements (Active BWP switch, SRS carrier based switching, inter-frequency SFTD, SCell dormancy switch and inter-RAT RSTD autonomous gap)

· Delay requirements (Active BWP switch on multiple CCs, SCell activations of multiple SCells, additional delay caused by SRS carrier based switching)

· Determine whether gap is needed when per-FR gap is supported under current serving cells configuration but the independent gap maybe not configured.

Observation 5: For RRM requirements related to when the per-FR gap is configured, no change is needed.

Observation 6: No impact is foreseen when UE switches from a per-FR gap capable to per-UE gap capable or the other way around. 

Proposal 2: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity in Rel-16.
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