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1	Introduction
During RAN#96, the topic of UE capabilities for per-FR gaps was raised in RP-221386 and RP-221702.´Both proposals were claiming that the current UE capability signalling is not flexible enough, but there was no consensus so the topic was postponed to RAN#97.
	RP-221386	UE Capability for per-FR Measurement Gaps                               Qualcomm Incorporated
	Proposal 1. Introduce the per band combination capability for the per-FR measurement gaps feature.
The document was noted.
	 

RP-221702	On per BC indication for the per-FR gap capability                                                   Apple
	Proposal 1: Adopt the above solution and enable the needed signaling. 
	Proposal 2: A CR to 38.133 is needed to clarify the UE behavior. 
	
	discussed together with RP-221386
	Ericsson: would not prefer to add this per band combination
	Mediatek: supports Qualcomm proposal
	Huawei: supports Qualcomm proposal (even if not ideal for the network)
	Qualcomm: there is no backward compatibility issue, is only one bit per combination, is a useful feature to increase throughput
	Nokia: situation is really non-backward compatible; we have to avoid impacting existing networks
	RAN chair: further offline discussion needed
	CMCC: topic was discussed in RAN4 so will RAN4 discuss again?
	Qualcomm: no just at next RAN meeting and not in WGs, otherwise also RAN2 would discuss 
	
	conclusion: topic will be discussed at RAN #97 and not in RAN WGs in Aug.22
The document was noted.



In this contribution, we discuss how to move forward with this topic and what are the potential pitfalls with adopting per-BC indications.
2	Per-FR gaps
The per-FR gaps were born out of the NR division of spectrum to FR1 and FR2: It has been assumed that the UE hardware required to handle FR1 and FR2 is separate, so therefore a gap on FR1 need not require gap on FR2 or vice versa. Since this is more or less related to the presence of FR2 hardware, the capability was made into a per-UE one: Either UE can do per-FR gaps (e.g. if UE has separate HW for FR1 and FR2 measurements), or it cannot (e.g. UE has some shared HW such as BB resources between FR1 and FR2, so cannot guarantee completely independent operation of FRx gaps).
Observation 1: The per-FR gaps are a consequence of different hardware required for FR1 and FR2 operation, which the UE either supports or doesn't support.
That is also why the current UE capabilities for almost all of the measurements gap capabilities are per-UE, as captured in MeasAndMobParameters/MeasAndMobParametersMRDC in terms of RRC signalling. The only per-band capability is the FR2 measurement gaps, which were made per-band due to general RAN2 decision to handle FR1/FR2-specific capabilities using per-band signalling (to avoid certain problematic interpretations of capabilities with both XDD- and FRX-differentiation).
Observation 2: The current UE capabilities for measurements gaps are per-UE or per-FR.
In RAN #96, the rationale for the proposals were that the existing per-FR gap capability is restricting UE implementation since UE may not always be able to test all the possible band combinations, or that UE is required to use dedicated hardware for the per-FR gaps despite not knowing whether networks will support the feature. There were also some concerns that there may be technical problems with certain band combinations. Thus, the supporting arguments are all about UE implementation aspects, arguing allowing per-BC capabilities would allow simplifications for the UEs.
Observation 3: The supporting arguments for per-BC capability of per-FR gaps are all centred on UE implementation difficulties.
However, looking at the overall system behaviour, there would be impacts to the networks: current networks would only comprehend per-UE capabilities and may never be upgraded. This creates operational costs for operators and encourages UE implementations to not support per-FR gaps. This is undesirable and we think a middle ground needs to be found where the network would only need to consider per-BC indications for BCs that are particularly difficult to handle for UE implementations. But for that to happen, one needs first to understand what would define a particular BC as “difficult” for this type of operation in the first place.
Observation 4: Before creating any per-BC indications, the root causes of why per-BC gaps are needed should be understood.
Considering the way features are normally introduced, 3GPP normally builds on top of existing capabilities without negating the previous capabilities and allows for legacy implementations to continue to co-exist with new UEs. We understand the motivation of "reducing UE implementation efforts" is reasonable, but unfortunately the proposals under discussion so far do not seem to consider network implementation aspects and they can create IODT issues and additional feature fragmentation in the market. For that reason, we would propose not to introduce a general per-BC capabilities of per-FR gaps.
Proposal 1: Do not introduce general per-BC capabilities for per-FR gaps in Rel-17.
However, to allow practical UE implementation difficulties to be addressed, a later-release UE capability that allows for "exclusions" to the per-UE aspect could be considered. The basic principles could be as follows:
· BCs are classified into “easy” and “difficult” BCs
· For the “difficult” BCs, UEs can indicate whether they support per-FR gaps or not. 
· For the “easy” BCs, UEs supporting per-FR gaps in one “easy” BC support them on all “easy” BCs.
· Legacy UE capability is retained (as now), and indicates UE support of per-FR gaps in all BCs
· New capabilities are introduced for “easy” and “difficult” BCs: 1-bit indication (similar to the Rel-15 indication) for the easy BCs, and a bitmap for the difficult BCs.
· The meaning of bits in the “difficult” bitmap can be defined later on: The bits are reserved from signalling in the same way as for modifiedMPR, for example.
This would mean two new capabilities: A 1-bit flag in MeasAndMobParameters(MRDC), and a corresponding bitmap for the difficult BCs, as illustrated in Table 1 below.
	UE capabilities: UE supports per-FR gaps for
	UE capability bits

	
	Rel-15
	Rel-18: “Easy” BCs
	Rel-18: “Difficult” BCs

	Legacy UE
	All band combinations
	1
	N/A

	
	All “easy” band combinations
	0
	

	
	Some “difficult” band combinations
	0
	

	New UE
	All band combinations
	1
	-
	-

	
	All “easy” band combinations
	0
	1
	-

	
	Some “difficult” band combinations
	0
	1
	1 for each BC with per-FR support


Table 1. Illustration of the possible middle ground for the "per-FR gap" capabilities
This would still allow real implementation issues, but also focus the discussion on those BCs where the per-FR gaps are considered "difficult" (similar to the 1Tx usage in EN-DC). Since there is a Rel-18 MG enhancements WI, this could be introduced under that scope.
Proposal 2: If any modifications to per-FR gaps is agreed, introduce them under Rel-18 MG enhancements WI as shown above. 
3	Conclusion
We have discussed the use of band subsets, with following observations and proposals:
Observation 1: The per-FR gaps are a consequence of different hardware required for FR1 and FR2 operation, which the UE either supports or doesn't support.
Observation 2: The current UE capabilities for measurements gaps are per-UE or per-FR.
Observation 3: The supporting arguments for per-BC capability of per-FR gaps are all centred on UE implementation difficulties.
Observation 4: Before creating any per-BC indications, the root causes of why per-BC gaps are needed should be understood.
Proposal 1: Do not introduce general per-BC capabilities for per-FR gaps in Rel-17.
Proposal 2: If any modifications to per-FR gaps is agreed, introduce them under Rel-18 MG enhancements WI as shown above.

