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1.	Introduction
A task was assigned to RAN2 by the RAN plenary meeting (RAN#97-e RP-222590), to select a suitable solution for the challenge imposed by the current description of the per-FR gap feature, in this contribution we provide the motive behind modifying the behaviour of the per FR gap feature to overcome this challenge. In addition, we will discuss the proposed solutions provided in the last RAN plenary meeting (RAN#97-e RP-222590) by illustrating the pros and cons for each solution. Finally we propose a suggested change to the spec based on solution-2 as we see it the most viable approach to address the challenges presented by the current capability. 
Conclusions from the RAN#97-e RP-222590:
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.







Summary description for the proposed solutions:
· Solution 1.1: introduce a new “independentGapConfig“ capability that is defined per BC
· Solution 1.3: UE indicates the maximum number of CCs where per-FR gap is feasible (based on RP-221702)
· Solution 2: dedicated RRC signaling (similar to the NeedForGap feature) indicating the feasibility of the per-FR gap based on the current RRC configuration. 
2.	Motive
The original assumption made when the per-FR-gaps feature was written into the spec was based on the understanding that FR1 and FR2 have separate resources in the UE, hence this capability was defined per UE; However, this is no longer true, as the UE implementation progressively became more efficient, where more reuse/sharing of hardware resources among different CCs/bands in CA implementation, especially when UE is operating in a high order CA combination where no additional hardware is available to perform the per FR gaps. 

As an example, the UE could support a high order CA in FR1(e.g., 5 bands with many MIMO layers). In this CA combination, the UE will have to perform gapless measurements in FR2 if it supports per-FR gaps. If the UE does not have the additional hardware resources to do this (spare RF chain, baseband processing capability) then it cannot do these gapless measurements, therefore it cannot support per-FR gaps for this given CA band combo and number of MIMO layers. having said that, we cannot always assume that the UE will be able to support per-FR gaps irrespective of the CA combos and other configuration.

Based on the definition in the current specification of this capability, if UE cannot support this feature on an extremely limited number of CA combos, UE cannot declare support of this capability, which makes the usage of this feature impractical. 


3.	Proposed Solutions
Solution 1.1 
· Suggested Change: introduce new capability that is similar to the current independentGapConfig capability, but it is defined “per BC” instead of “per UE”.
· Pros: 
· It is based on legacy capability with slight change in the description which makes it a simple and straightforward change. 
· backward compatibility is possible with simple restriction rules. 
· Cons: 
· Increases the signalling overhead significantly as the per-FR gap capability is different for different fallback BCs when superset BC does not support this capability. Given more band combos are being added to the NR spec, this will render the size of the UL capability info message out of proportion.  
Solution 1.3 
· Suggested Change: introduce a new capability where UE indicates the maximum number of CCs at which per FR gap capability is feasible. Two maximum numbers (N1 & N2) can be indicated independently, one for the FR1 and one for FR2 (more details can be found in RP-221702). The solution can be even further enhanced by having 3 instead of 2 max numbers (N1 & N2 & N3) to provide higher granularity, where the third max number will be used for FR1+FR2 band combo. 
· Pros: 
· From UE perspective it is a simple approach, with small overhead signaling. 
· Cons: 
· From network perspective, this approach seems to be complex due to the need to decipher the band combos in order for the network to figure out if per-FR gap can be supported. 
· Other concerns were that this approach lack the flexibility and granularity as it only considers one the constraint, the max number of CCs to determine if this capability can be supported or not. where other constraints may or will rise in the future, e.g., BW, number of MIMO layers.
· Introduce new ASN.1 IEs, in addition to some minor procedural changes. 
Solution 2 
· Suggested Change: introduce a new capability where UE indicates the support of the per-FR gap in a dynamic or semi-static approach (similar to the NeedForGap mechanism) based on the current RRC configuration (assessed by the UE).
· Pros: 
· This approach only introduces a small overhead signaling. 
· It does not limit the decision to support per-FR gap based on the number of CCs, instead other constraints can be considered by the UE (assessed by the UE), which makes this solution a forward compatible approach.
· Simpler from network perspective, as UE will explicitly provide its capability upon the change of the UE configuration (serving band combo and/or NR target band, etc…). 
· Cons: 
· ASN.1 changes are required as some new IEs will be added, in addition to some minor RRC procedural changes, however these changes are still backward compatible changes. 




Proposal 1: RAN2 to agree on solution 2, as it is the most feasible solution as it provides the backward and forward compatibility approach without introducing large overhead signaling.
Proposal 2: RAN2 to agree on the proposed CRs ([1] and [2]) that are based on solution 2.

4. 	Conclusion
The summary of the proposals of this contribution:
Proposal 1: RAN2 to agree on solution 2, as it is the most feasible solution as it provides the backward and forward compatibility approach without introducing large overhead signaling.
Proposal 2: RAN2 to agree on the proposed CRs ([1] and [2]) that are based on solution 2.
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