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1.	Introduction
In the contribution, we discuss the following two capabilities.
· Capability of ‘independentGapConfig’ (per-FR Gap)
· Capability of ‘bwp-SwitchingMultiCCs-r16’
For per-FR gap capability, we summarize proposals and analyses on RAN4 requirements pertaining to ‘overloaded’ implication of the feature. To break the deadlock, we refute all opposing arguments that were received in RAN4#98bis e-meeting.
For bwp-SwitchingMultiCCs capability, we propose to revise prerequisite conditions that were mistakenly defined by RAN2.
2. 	Discussion
Capability of ‘independentGapConfig’ (per-FR Gap)
There have been proposals to address a concern about ‘overloaded’ implication of per-FR Gap capability. The relevant proposals and arguments are excerpted below from R4-2014488 submitted to RAN4#97 e-meeting:
	The per-FR gap capability, independentGapConfig, was introduced in Rel.15 to avoid frequent interruptions during the measurement gaps. The description of the capability in the RAN2 specifications (38.331) is shown below:
	independentGapConfig
This field indicates whether the UE supports two independent measurement gap configurations for FR1 and FR2 specified in clause 9.1.2 of TS 38.133 [5]. The field also indicates whether the UE supports the FR2 inter-RAT measurement without gaps when (NG)EN-DC is not configured.
	UE
	No
	No
	No



As can be seen from the description, this capability is to be used only for measurements. However, this capability was “overloaded” and many other requirements (interruptions, delays) are now dependent on it. This “overloading” of features/requirements that are not directly related can create multiple issues through a “gating” effect. If the UE wants to implement one of the “dependent” features/requirements it also has to implement per-FR gaps. It is possible that even if some UEs could implement the per-FR gaps, interoperability testing is not available and all the features are not supported or not fully tested and create problems in the field.
The example above is only about the specific feature of “per-FR gap”, however, this discussion can be generalized to conclude that overloading of topics is bad practice because it leads to some features gating the implementation of other even though they are not related.
Proposal 1: RAN4 should avoid dependencies between features that are not functionally related.
Requirements for some procedures that are not functionally related to measurements are dependent on per-FR gaps. In the current specifications, many interruption requirements or delays (e.g. BWP switching, etc) depend on the implementation of this feature. If the UE wants to support per-FR gaps then it has to make sure it meets all the other requirements and vice-versa, if it wants to implement the other features or improved requirements, it has to also implement per-FR gaps. Support of per-FR gaps is a useful feature, however, in conjunction with the other requirements dependent on it, it could only be supported by some specific UE implementation. If these requirements were decoupled, the effort to support the features would be greatly reduced. For example, if the interruptions (or lack of interruptions) is tied to support of per-FR gaps, a UE that wants to support per-FR gaps, also has to ensure that it does not cause interruptions that are generally allowed. As UEs support more and more bands and band combinations, this process of ensuring interruptions are not generated will be very cumbersome because interruptions can be cause by several factors.
Proposal 2: Dependencies between per-FR gaps and requirements/features that are not functionally related such as interruptions or switching delays should be eliminated from the specifications or separate capabilities should be created.
For proposal 2, per-FR gaps should be eliminated from the conditions set on the requirements or some separate capabilities should be created. For example, a per-FR gap capable UE is not allowed to generate interruptions on certain CCs, this restriction can be eliminated or a new capability of (need interruption or not) can be created. 
Furthermore, the current per-FR gap definition is assuming that the UE is able to perform per-FR gaps under any configuration, even when configured with the maximum number of bands/CCs it can aggregate. The per-FR gap capability does not only depend on availability of RF chains but also baseband resources. If the UE cannot perform per-FR measurements only in a few of the combinations it supports, it still cannot advertise this capability. As a consequence, the UE is constrained not to support this feature even though it could support it under the large majority of configurations that will be used in the field.
Proposal 3. The per-FR gap capability should be modified from per UE to per band combination.



In order to avoid backward compatibility issue, the following was proposed in R4-2106989.
Proposal 1: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity.

And to justify the proposal, the following analyses on RAN4 requirements have been also provided in R4-2106442 and R4-2106989.
From R4-2106442:
	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.
Table 1 Summary of RRM requirements with per-FR gaps
	Category
	Item
	Enhancement upon supporting per-FR gap

	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






From R4-2106989:
	Observation 1: The constraints of the per UE indication of per-FR gap come from:
· UE may not support per-FR gap for certain high order CA combination 
· Other RRM requirements bundled with the per-FR gap make it hard to support the per-FR gap for some CA combination.
Observation 2: For overloading issues, reverting the assumptions for all related requirements in a case by case manner is not feasible as there will be severe compatibility issues even by introducing new dedicated signaling for each requirements.
Observation 3: The overloading of the per-FR gap with other RRM requirements shall be avoided in further discussion, and the issues shall be fixed in Rel-16 in a backward compatible manner. 



As presented, all the technical analyses provided over 3 RAN4 meetings support the argument that the per-FR gap capability is too overloaded to be supported by UEs supporting FR1 and FR2. Since the feature was introduced expecting both network and UE can benefit from supporting it, the capability should be defined in such a way that it can be supported as much as possible, e.g. if UE can support the feature in most BCs that the UE supports, the UE should be able to enable it at a given BC configuration. And we believe Proposal 1 makes the feature be supported by most UEs, thereby enhancing resource utilization and system/UE throughput.
As for the opposing arguments the proposal has received, we refute them one by one as follows:
· Too late to introduce BC-based per-FR MG capability. Open to further discussion in Rel-17.
· Please recall that RAN4 agreed to add even two new HST related UE capabilities in the previous RAN4#98bis e-meeting and this meeting is in the same plenary cycle(overall same timing of changes to ASN.1).
· If this is due to non-backward compatibility issue, it’s not a valid argument because the proposal doesn’t have any backward compatibility issue. So far nobody has shown any clear backwards compatibility issue.
· Impact on legacy RAN4 RRM requirements
· There is no such issue identified. As RAN4 already defined requirements for both per-UE and per-FR gap capable UEs, no additional issue/work is foreseen. The currently defined requirement will still apply to UEs capable of per-FR gaps for the respective combinations.
· If the per-FR gap capability tied to other requirements, e.g. interruption/BWP switching/SCell activation/etc, is the root cause of the issue, RAN4 can revisit all the related requirements case by case and decouple the relation.
· This approach will have a lot of non-backward compatibility issues. And it is too late to consider this at this stage. Also, the proposal aims to minimize the number of RAN4 changes – none.
· Network may have to keep checking UE’s per-FR MG capability for a given configured BC
· This is not different from a lot of other capabilities that are defined in a band combination manner. Furthermore, the network can always ignore the new capability and not configure per-FR gaps even though some UEs might support it for the configured band combination. 

Observation 1: The advantages of introducing the new capability are very clear (e.g. enables more UEs to support per-FR gap feature) while there is no foreseen disadvantage. In the worst case scenario, the new capability is simply ignored.

Capability of ‘bwp-SwitchingMultiCCs-r16’
In the current capability spec, BWP switching on multiple CCs has requires three prerequisites as shown in the table.
	bwp-SwitchingMultiCCs-r16
Indicates whether the UE supports incremental delay for DCI and timer based active BWP switching on multiple CCs simultaneously as specified in TS 38.133 [5]. The capability signalling comprises of the following:
-     type1-r16 indicates the delay value for type 1 BWP switching delay and has values of {100us, 200us}
-     type2-r16 indicates the delay value for type 2 BWP switching delay and has values of {200us, 400us, 800us, 1000us}

The UE indicating support of this feature shall also support bwp-SwitchingDelay, bwp-SameNumerology and bwp-DiffNumerology.
	UE
	No
	No
	No



In our understanding of the requirement feature, the highlighted above seems to be inconsistent within the UE capability signaling framework. i.e. if bwp-SwitchingMultiCCs-r16 is supported, it is not logically sensible for both bwp-SameNumerology and bwp-DiffNumerology to be supported because these two are mutually exclusive in the first place.

    bwp-SameNumerology                  ENUMERATED {upto2, upto4}                       OPTIONAL,
    bwp-DiffNumerology                  ENUMERATED {upto4}                              OPTIONAL,

We think this is not what RAN4 intended to introduce. We believe that is just because the prerequisite of the feature was not carefully stated, thus, RAN2 came up with the implicitly coupled ‘and’ condition in the feature description. Please see the RAN4 feature list table below that was sent to RAN2 for the relevant capability signaling work.

	9-1
	BWP switching on multiple CCs RRM requirements
	Incremental delay for BWP switch processing on additional CCs in timer/DCI based simultaneous BWP switching on multiple CCs
	RAN1 feature 6-2, 6-3, 6-4 specified in TR 38.822
	…



Here, features 6-2 ~ 4 are as follows:
· 6-2 is upto2 in bwp-SameNumerology
· 6-3 is upto4 in bwp-SameNumerology
· 6-4 is upto4 in bwp-DiffNumerology

We believe “6-2 or 6-3 or 6-4” must have been our intention with “6-2, 6-3, 6-4”. In other words, if this in the table above had been “6-2 or 6-3 or 6-4”, the feature description from RAN2 would have been something like “The UE indicating support of this feature shall also support bwp-SwitchingDelay or bwp-SameNumerology or bwp-DiffNumerology.”? Here, bwp-SwitchingDelay is mandatory with options {type1, type2}, hence, no need to be even mentioned in the description. With this understanding, in the previous RAN4#98bis e-meeting, we suggested the following correction
· Change the current prerequisite for bwp-SwitchingMultiCCs-r16 to “The UE indicating support of this feature shall also support bwp-SwitchingDelay, bwp-SameNumerology or bwp-DiffNumerology.”

However, we received feedback from two companies as follows:
· We would think the dependency on bwp-SwitchingDelay could be kept, as anyway UE will report it since it’s a mandatory parameter for 6-2/6-3/6-4 UEs already in Rel-15
· One question for clarification, does it means if UE support bwp-DiffNumerology ,then bwp-SameNumerology is supported by default and UE should not indicate support for these two capabilities together? Otherwise, maybe and/or is better?

As we think the comments above are valid, we revise the correction and propose the following:
· [bookmark: _Hlk71493379]Change the current prerequisite for bwp-SwitchingMultiCCs-r16 to “The UE indicating support of this feature shall also support bwp-SwitchingDelay and/or bwp-SameNumerology and/or bwp-DiffNumerology.”

Proposal 2: Ask RAN2 to make the following change in their spec.
· Change the current prerequisite for bwp-SwitchingMultiCCs-r16 to “The UE indicating support of this feature shall also support bwp-SwitchingDelay and/or bwp-SameNumerology and/or bwp-DiffNumerology.” 

3.	Conclusion
Capability of ‘independentGapConfig’ (per-FR Gap)
Proposal 1: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity.
Observation 1: The advantages of introducing the new capability are very clear (e.g. enables more UEs to support per-FR gap feature) while there is no foreseen disadvantage. In the worst case scenario, the new capability is simply ignored.

Capability of ‘bwp-SwitchingMultiCCs-r16’
Proposal 2: Ask RAN2 to make the following change in their spec.
· Change the current prerequisite for bwp-SwitchingMultiCCs-r16 to “The UE indicating support of this feature shall also support bwp-SwitchingDelay and/or bwp-SameNumerology and/or bwp-DiffNumerology.” 

