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1. Introduction
In RAN#97e, companies discussed the necessity of introducing per-BC level per-FR gap capability and following conclusions are made [1]:
	[bookmark: _GoBack]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.
Comment by RAN2 chair: RAN2 would attempt to: select solution, make assumption for the Release and provide technically endorsed CRs to next TSG RAN, and leave remaining decision(s) if any, and final decision(s) to TSG RAN.


In short, per-FR gap feature is defined as per-UE capability in current spec. However, there is difficulty in support this feature for all the supported band combinations, therefore, chipset vendors suggest to introduce more finer granularity capability, for instance, per-BC level, or even per-RRCReconfiguration level (NeedForGap). 
According to the discussion in RANP, there are 
2. Discussion
Based on TS 38.331, per-FR gap feature is defined as per-UE level in both MeasAndMobParameters and MeasAndMobParametersMRDC. The former one is applicable to SA (including single connection, CA) and NR-DC, the latter one is applicable to MR-DC cases (other than NR-DC) for which the capability field is visible to both MN and SN. From UE’s perspective, for MR-DC capable UEs, the capability fields are supposed to be set to the same value. 
In RAN#97e, companies propose to introduce finer granularity reporting for per-FR gap, e.g. per-BC level, and three solutions are listed for further discussion [1]. 
· Solution 1: Directly define per-BC level per-FR gap capability, see below example.
BandCombination-v17x0 ::=          SEQUENCE {
    independentGapConfigBC                  ENUMERATED {supported}                          OPTIONAL
 }
· Solution 2: Defines a maximum number of carriers that per-FR gap can be applied, such maximum number can be per-UE indicated, or two values (one for SA, one for MR-DC). 
· Solution 3: Extend NeedForGap framework to support dynamic per-FR gap capability reporting, e.g. the UE reports whether per-FR gap is supported based on the latest RRC configuration.
For NR SA scenario
For Solution 1, since the capability is indicated per-BC level, it is more flexible for UE to indicate different per-FR gap capabilities for different BCs, and the ASN.1 change is straightforward. However, the UE usually reports super BC in its capability, if the UE only supports per-FR gap for fallback BCs, the UE is expected to report separate fallback BCs together with all relevant capabilities to the network, this will increase the size of UE capability. 
Observation 1 For SA, Solution 1 is straightforward but may increase the signalling overhead.
For Solution 2, the impact on signalling size can be ignored if the maximum number is reported as per-UE level. However, this solution cannot provide full flexibility from UE point of view, it seems also difficult for UE to indicate a specific value which applied to all the BCs. 
Observation 2 For SA, Solution 2 has no impact on UE capability size but it is less flexible from UE perspective.
For Solution 3, we don’t prefer it because we think per-FR gap only relates to operating bands (i.e. configured serving carriers), but NeedForGap mechanism allows the UE to indicate the capability change in any RRCReconfigurationComplete message which is over-flexible. In addition, NeedForGap feature requires RAN4 to specify UE requirements, this will increase the workload in RAN4. 
Furthermore, the drawback of NeedForGap is that the gNB can only obtain UE’s capability after RRCReconfiguration, then the gNB updates the configuration based on the newly reported capability. If the UE capability changes from “per-FR gap supported” to “per-FR gap not supported” and the UE is already configured with per-FR gap, it is unclear how the UE will handle that case, e.g. whether RRC re-establishment will be triggered due to RRC configuration mismatch. 
Observation 3 For SA, Solution 3 is over-flexible and requires RAN4 to define UE requirements, and there is risk of RRC configuration mismatch.
	Solutions 
	Pros 
	Cons

	Solution 1
	· More flexible, the UE is able to report different per-FR gap capabilities for different BCs. 
	· Increased signalling overhead, e.g. in case the UE only supports per-FR gap for fallback BCs.

	Solution 2
	· Less signalling overhead.
	· Less flexible from UE implementation point of view.

	Solution 3
	· Most flexible, the UE can indicate per-FR gap capability based on RRC Reconfiguration (e.g. may not only limited to BC)
(Note: this can be treated as a drawback from NW’s point of view)
	· Requires RAN4 to specify UE requirements;
· The UE not supporting per-FR gap may be configured with per-FR gap for a short while, and the UE behavior is unclear in this case. 


For MR-DC scenarios
Besides SA, the MR-DC scenario should also be considered. 
For MR-DC cases in Rel-15, the MN is responsible to decide the gap type (e.g. per-UE or per-FR). In (NG)EN-DC, the MN is responsible to configure FR1 gap and the MN needs to forward the configured FR1 gap to the SN, the SN is responsible to configure FR2 gap (if per-FR gap type is selected). In NE-DC, the MN is responsible to configure both FR1 gap and FR2 gap, and the MN needs to forward the configured FR1 gap to the SN. In NR-DC, the MN is responsible to configure both FR1 gap and FR2 gap, and the MN needs to forward the configured FR1 gap and FR2 gap to the SN. To assist gap configuration, the MN and SN can exchange serving cell information and measured frequencies. Since the existing capability is per-UE defined, so any SN/SCell change won’t impact the UE capability. 
Observation 4 For MR-DC in Rel-15, the MN is responsible to determine the gap type, MN-SN gap coordination procedures are defined, since the per-FR gap capability is defined as per-UE level, so SN/SCell change won’t impact UE capability.
However, if finer granularity of per-FR gap is defined, besides Uu interface, the impact on MN-SN gap coordination should be considered as well. 
For Solution 1, the newly capability should be added to both 1) UE-NR-Capability->rf-Parameters-> supportedBandCombinationList and 2) UE-MRDC-Capability-> rf-ParametersMRDC -> supportedBandCombinationList. In addition, based on current CG-Config and CG-ConfigInfo in TS 38.331, it already supports the MN and the SN to coordinate band combination used in SCG (via allowedBC-ListMRDC and selectedBandCombination). It is feasible for the MN and the SN to obtain the per-BC level gap capability. More specifically, when the MN establishes the SN, the MN will send UE capability and allowedBC-ListMRDC to the SN, when the SN selects a BC from the allowed list, the SN knows corresponding per-FR gap capability. After the SN sends selectedBandCombination to the MN, the MN also knows whether per-FR gap can be configured or not. If the MN or the SN wants to update the configured BC, the MN and SN anyway needs to coordinate with each other, so the MN can update the gap configuration if per-FR gap capability changes.
For Solution 2, the MN and the SN has to exchange the number of configured CCs even if the selected band combination entry remains the same, this requires more frequency information exchange between the MN and the SN, and companies need more time to discuss whether new IE need to be introduced in INM.
For Solution 3, the existing NeedForGap framework does not work in MR-DC at all, it is impossible to extend it to MR-DC cases in Rel-17. 
	Solutions 
	Support of MR-DC and potential impact on INM 

	Solution 1
	· Introduce capability in both UE-NR-Capability and UE-MRDC-Capability;
· No impact on INM (the existing signalling can cover this). 

	Solution 2
	· Introduce capability in both UE-NR-Capability and UE-MRDC-Capability;
· The SN needs to inform the MN the number of configured SCG cell whenever SCG cell release or add.

	Solution 3
	· Does not support MR-DC


In summary, from network perspective, we should find a solution that fits both SA and MR-DC scenarios. 
Proposal 1 	RAN2 should consider both SA and MR-DC scenrios when discussing the finer granularity of per-FR gap.
For Solution 1~3, considering Rel-17 spec is frozen, if RAN2 aims to find a solution for Rel-17, then solution 1 can be considered because it works for both SA and MR-DC and has less impact on inter-node RRC messages. If it is hard to reach consensus in RAN2 or companies prefer Solution 2 or 3, our suggestion is to postpone the discussion to Rel-18 so WGs (RAN2&4) can further discuss and complete the solutions. 
Proposal 2 	Adopt Solution 1 in Rel-17, or postpone the discussion to Rel-18.
3. Conclusion
In this contribution, proposals and observations are:
Observation 1 For SA, Solution 1 is straightforward but may increase the signalling overhead.
Observation 2 For SA, Solution 2 has no impact on UE capability size but it is less flexible from UE perspective.
Observation 3 For SA, Solution 3 is over-flexible and requires RAN4 to define UE requirements, and there is risk of RRC configuration mismatch.
Observation 4 For MR-DC in Rel-15, the MN is responsible to determine the gap type, MN-SN gap coordination procedures are defined, since the per-FR gap capability is defined as per-UE level, so SN/SCell change won’t impact UE capability.
Proposal 1 	RAN2 should consider both SA and MR-DC scenrios when discussing the finer granularity of per-FR gap.
Proposal 2 	Adopt Solution 1 in Rel-17, or postpone the discussion to Rel-18.
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