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1	Introduction
RAN#97e concluded the following:
	RP-222590	Moderator's summary for discussion [97e-30-UE-Capabilities]	RAN2 chair (MediaTek)
	handled Tdocs: RP-222068, 2276, 2366, 2473, 2474, 2475
	conclusions:
	Per FR Gaps:
	- Conclusion F1: The following Root Cause / Justification is applicable:
	  a) the possibility to do gapless measurements is valuable, which is possible by using per-FR-gaps,
	  b) the assumption behind per-FR-gaps that FR1 and FR2 has separate resources in the UE is no longer true, and is the main reason why per-FR gaps need more fine-granular capability, or why other solution like needforgap should be considered.
	- Conclusion F2: RAN2 to be tasked to progress this issue (also taking into account comments collected at TSG RAN), including solutions
	  - Alt 1.1 (More fine grained capability for Per-FR-Gaps, 1 bit per BC),
	  - Alt 1.3 (more fine grained capability for Per-FR-Gaps - limited by number of carriers), and
	  - Alt 2 (Use similar framework/procedure as for ”NeedForGap”).
	- Conclusion F3: RAN2 to consider Alt. 1.1, 1.3 and 2, and discuss the signaling overhead and network processing requirements/complexity. RAN2 is tasked to provide results after one Quarter, and leave final
	decision(s) to TSG RAN.



That is, RAN2 was tasked to consider possibilities for the capability signalling based on the RAN discussion. 
2	Per-FR gaps
2.1	Current UE capability for per-FR gaps
When the per-FR gap capability was created in Rel-15, it was left as per-UE capability since it was assumed to be dependent on mainly RF capability: If UE has FR1 and FR2 RFs, those are separate HW capabilities and therefore UE either can use the per-FR gaps or it cannot. 
Observation 1: The per-FR gaps were designed based on the assumption that RF capabilities determine what UE can do.
This assumption has now been called into question with claims that it is actually also related to “UE processing issues”, but without very clear understanding and explanation which processing issues. We understand there is some processing involved in this, but with the explanations mainly saying that with “highest-order CA BCs there are problems”, indicating that there are problems with a limited number of band combinations in extreme configurations. But since no additional details have ever been provided by proponents, it is rather difficult to understand what exactly the root cause is and therefore the best way to address the root cause. Therefore, we think the basic principle of Rel-15 should be followed: UE either can do per-FR gaps or it cannot (UE support Per-UE gaps only). For some configuration scenarios there may be exceptions to this general rule, but as a whole there shall not be flexibility wherein UE can just decide it doesn’t support the per-FR gaps for any of band combination as the UE challenge is limited to certain configuration scenarios. The goal should be to allow UEs to indicate the per-FR gap capability in a more granular manner due to the identified problems, i.e. UE doesn’t support per-FR gaps for a limited number of BCs, while in other scenarios the existing Per-FR/Per-UE gaps remain as in Rel-15.
Proposal 1: UE supporting more granular per-FR gap capability shall support per-FR gaps for at least when only PCell is configured. FFS for which CA band combinations UE shall support per-FR gaps.

2.2	More granular Per-FR gap signalling framework
The options on the table in RAN#97e were:
· Alt 1.1 (More fine grained capability for Per-FR-Gaps, 1 bit per BC),
· Alt 1.3 (more fine grained capability for Per-FR-Gaps - limited by number of carriers)
· Alt 2 (Use similar framework/procedure as is defined for ”NeedForGap”-framework).
We briefly analyse the pros and cons of each of these in the table below.
	Solution alternative
	Pros
	Cons

	Alt 1.1: Per-BC capability
	Simple to signal, simple to understand
	Serious problems with fallback BCs: Since UE only includes the parent BCs in the UE capability signalling, the fallback BC capabilities are not known and UE either increase capability signalling size or requires large signalling size for the fallback BC applicability

	Alt 1.3: Limitation using number of carriers
	Simple to signal, overhead can be limited (i.e. can be per-UE capability)
	May not always work since the number of carriers may not be the only limiting factor

	Alt 2: NeedForGap framework
	Reuses existing framework, known mechanism
	Does not easily allow UE limitations



Based on the above, we think that the NeedForGaps-framework might be the best compromise between extendibility and flexibility. We also see that some form of Alt.1-3 could be used in addition to the NeedForGaps to allow UEs to declare for which BCs they always support per-FR gaps in a way that UE reports the NeedForGaps based on serving cell’s current BC, which leave some UE implementation freedom while still allowing UE to not always support per-FR gaps for those band combinations where the processing issues arise. 
Observation 2: UEs supporting more granular per-FR gaps should support them for most band combinations.
Proposal 2: Extend NeedForGaps-framework to support indicating for which carriers UE needs per-FR gaps for CA and NR-DC cases
It should be noted that the current NeedForGaps-framework doesn’t currently support NR-DC, as this was considered to be too complex due to potential MN/SN interactions. However, this can be solved in a straightforward manner by only allowing MN to request the information from UE, which anyway works since it is the MN who anyway manages the UE gap configuration. 
Proposal 3: For NR-DC, MN can request UE to report per-FR NeedForGaps - information from UE. 
2.3	Extending NeedForGaps to allow per-FR gap signalling
The NeedForGaps-framework was already extended in Rel-17 with the Network-Controlled Small Gaps (NCSG) information, so that it is up to network whether to request UE to report the “plain” Rel-16 NeedForGaps or the Rel-17 NeedForGaps that includes NCSG information. 
Hence, the first step would be to determine the requirements for the solution: What exactly does UE signal to the network? What are the UE capabilities? For which release is this feature considered?
1) Is the per-FR gap capability per frequency band (as with existing NeedForGaps), or per request (i.e. 1-bit indication on whether UE can support per-FR gaps with current configuration)?
2) Is the per-FR gap capability something that is allowed for band combinations? Or are there some restrictions (e.g. as discussed under 2.1)?
3) From which release onwards is the feature introduced? Is it early implementable?
We think the capability need not be per frequency band: since the UE processing is defined by current configuration, either the UE can use per-FR gaps or it cannot with the current configuration, as Figure 1 illustrates. 
[image: ]
Figure 1. Illustration of UE configuration impacts to per-FR gaps
Observation 3: Only the current UE configuration processing affects the capability for per-FR gaps, not the measured frequencies.
Hence, we think that the per-FR gap capability is NOT per frequency band but per UE, as shown in example signalling below (note that suffix -r18 is used only as an example to differentiate from existing Rel-17 signalling – the release still needs to be decided):
NeedForGaps-NR-r18  ::=           SEQUENCE {
    perFR-GapIndication-r18           ENUMERATED {supported}                  OPTIONAL 
}
Proposal 4: Per-FR gap indication in NeedForGaps is per-UE, i.e. UE indicates whether it can do per-FR gaps for all of the measured bands or none of them.
Similarly, the UE capabilities for this should be as simple as possible: UE indicates whether it supports the per-FR gap request via NeedForGaps, which then also implies that it supports per-FR gaps for all single band cases (as per P1). We could also consider that UE could additionally indicate (as per option 1.3) that it can do per-FR gaps always up to CA order of N serving cells. An example signalling and capability description of this is shown below (wherein UE can indicate CA order between 1 (i.e. PCell only, minimum) and 32 (maximum amount of serving cells):
MeasAndMobParametersCommon ::=          SEQUENCE {
    supportedGapPattern                     BIT STRING (SIZE (22))                  OPTIONAL,
    ssb-RLM                                 ENUMERATED {supported}                  OPTIONAL,
    ssb-AndCSI-RS-RLM                       ENUMERATED {supported}                  OPTIONAL,
    ...,
--unnecessary parts omitted
    [[
    per-FR-GapSuppport-r18                  INTEGER {1..32}                  OPTIONAL
    ]]

	per-FR-GapSupport-r18
This field indicates whether the UE supports reporting the per-FR gap information in the UE response to a network configuration RRC message. 
The field also indicates that the UE supports per-FR gaps when the number of serving cells is at most the indicated value.
UE supporting this shall also indicate support for nr-NeedForGap-Reporting-r16.
	UE
	No
	No
	No


Proposal 5: Define a UE capability bit that indicates UE support of per-FR NeedForGaps signalling. The capability can also indicate the CA order band combinations for which UE always supports per-FR gaps. 

3	Conclusion
This document has made the following observations:
Observation 1: The per-FR gaps were designed based on the assumption that RF capabilities determine what UE can do.
Observation 2: UEs supporting more granular per-FR gaps should support them for most band combinations.
Observation 3: Only the current UE configuration processing affects the capability for per-FR gaps, not the measured frequencies.
And proposed the following:
Proposal 1: UE supporting more granular per-FR gap capability shall support per-FR gaps for at least when only PCell is configured. FFS for which CA band combinations UE shall support per-FR gaps.
Proposal 2: Extend NeedForGaps-framework to support indicating for which carriers UE needs per-FR gaps for CA and NR-DC cases
Proposal 3: For NR-DC, MN can request UE to report per-FR NeedForGaps - information from UE. 
Proposal 4: Per-FR gap indication in NeedForGaps is per-UE, i.e. UE indicates whether it can do per-FR gaps for all of the measured bands or none of them.
Proposal 5: Define a UE capability bit that indicates UE support of per-FR NeedForGaps signalling. The capability can also indicate the CA order band combinations for which UE always supports per-FR gaps. 
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