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1. Introduction
The per-FR gap capability was introduced in Rel.15 as a measurement gap optimization to avoid long interruptions on data transmissions during measurements. Currently, this capability has been “overloaded” and many requirements that are not directly related to measurements depend on it. In this paper we discuss this issue and propose to define different capabilities for these cases.
2. Discussion
The per-FR gap capability 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.

3. Conclusion
In this paper we discussed the issue of feature dependency and overloading of RAN4 features which can gate the implementation of useful features. This is currently the case for the per-FR gap capability, to the support of which several other requirements/features were tied. We made the following proposals:

Proposal 1: RAN4 should avoid dependencies between features that are not functionally related.
Proposal 2: Dependencies between per-FR gaps and requirements/features that are not functionally related should be eliminated from the specifications or separate capabilities should be created.

Proposal 3. The per-FR gap capability should be modified from per UE to per band combination.
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