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The current granularity of UE capability on per FR measurement gap i.e. independentGapConfig is a per UE capability. As explained in [2] the assumption that FR2 always has its independent hardware could be not valid anymore due to more and more hardware sharing. So it is possible that UE may not be able to support it in high order CA/DC combination, but could support it in low order CA/DC combination.
During RAN#97 this issue is raised for 2nd time and there are also several solutions [2][3][4] on the table. Finally RAN confirm the intention to introduce finer granularity UE capability, but task RAN2 to develop technical solution for further check in RAN#98 i.e. RAN2 need provide a solution with technical endorsed CR. Here are the conclusions in [1]:
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This paper compares the pros and cons of the solutions on the table and recommend RAN2 to adopt needForGap based solution.
Discussion on alternatives
As indicated by the conclusion F3 in [1] the main solutions on the table are:
Alt1.1 [2]: to introduce a neper band combination UE capability
Alt 1.3 [4]: a band combination can’t support per FR measurement gap if the total number of carriers are above one reported threshold “N” by the UE, otherwise the band combination follow existing UE capability i.e. independentGapConfig.
Alt2: needForGap style solution i.e. UE report whether it can support per FR measurement gap based on current carrier configuration.
Few aspects to be considered in the following analysis and comparison:
1, backward compatibility issue
2, Uu signalling overhead
3, flexibility of the Uu signalling
4, inter-node signalling
For alt1.1, if UE supporting this solution can support only partial band combination it has to set legacy UE capability i.e. independentGapConfig to be False but set some of the band combinations to be True. When it is connected to legacy gNB, the legacy gNB will interpret that it can’t support per FR measurement gap at all. When it is connected to new gNB, gNB will interpret based on newly introduced per BC capability hence there is no inter-operability issue. In short alt1.1 is backwards compatible solution. The main problem of this solution is its signalling overhead. This is not only because it is per BC UE capability but also it is necessary to report a fallback combination separately in case its upper order band combination doesn’t support per FR measurement gap i.e. fallback rule doesn’t applies when a band combination doesn’t support per FR measurement gap. Because of the same issue, when the number of configured component carrier in another cell group is reduced it is possible that per FR measurement gap is feasible afterwards hence some inter-Node message exchange is also necessary.
For alt1.3, it only makes sense for UEs who will set independentGapConfig to be True. The new gNB will interpret the UE capability based on another reported parameter N hence it works. But the new parameter N is invisible for legacy gNB hence it will interpret UE can support it for all band combination, which is not the intention of this solution. Therefore solution alt1.3 is not backwards compatible. Another problem for this solution is that it is bit risky to rely on the number of carriers only. For example we have a band combination {band A, band B, band C}, where band A and B are FR1 band while band C is FR2 band. When network release carrier of band B, UE may not be able to support per FR measurement gap, but it may be able to do it when carrier of band C is released. As long as configured carriers are >=2, this issue exists, which makes this solution almost not feasible. 
For alt 2, on top of current signalling UE can simply report when it can support per FR measurement gap. Or UE can also report whether it can support per FR1 or per FR2 or both measurement gap so that gNB can configure a proper measurement gap. The additional indication(s) is only necessary when UE set independentGapConfig to be False. So legacy gNB will not configure per FR measurement gap regardless of the new indication. New gNB will rely on the new indication only. So there is no backward compatibility issue. It is however difficult to compare the overhead of Uu signalling overhead with alt1.1 since the new indication maybe reported during a connection multiple times while UE capability is almost reported only when necessary e.g. during registration. But one thing is clear that alt 2 is more flexible compared to alt 1.1. in the sense it can report for all potential fallback cases of one band combination. Note this solution may not be able to avoid inter-node solution completely since the measurement gap type (per UE or per FR1/2) will change during the connection for any cell group.
Here are the comparison table:
	Solutions 
	Backwards compatibility
	Uu signalling overhead
	Uu signalling flexibility
	Inter-node procedure

	Alt 1.1
	Yes
	high
	Per band combination
	yes

	Alt 1.3
	No
	Low
	Per group of band combination
	Yes

	Alt 2
	Yes
	Middle
	Per all fall back cases of one band combination
	yes


Table 1 pros and cons of alternatives
Based on comparison in table 1 it is clear we should go for alt 2.
Proposal 1: per FR gap indication is reported as part of needForGap signaling.
Stage 3 detail of alt 2
In Rel17 UE answer NeedForGapNCSG-ConfigNR-r17 in RRCReconfiguration/RRCResume message with NeedForGapNCSG-InfoNR-r17, where 3 values i.e. { gap, ncsg, nogap-noncsg } is reported per cell for intra-frequency measurement and per band for inter-frequency measurement. It only makes sense for UE to report per FR gap when it will report either gap or ncsg in current NeedForGapNCSG-ConfigNR-r17 since both imply either per UE gap and/or per FR gap could be configured. So naturally the new indication need be reported on top of existing scheme.
Proposal 2: UE could report per FR gap indication when UE report either value “gap” or “ncsg” in NeedForGapNCSG-ConfigNR-r17
For inter-frequency case, current Rel17 scheme doesn’t support NR-DC and NE-DC architecture. RAN2 basically follow RAN4’s decision captured in LS [5]. While RAN4 made the decision based on the same condition as Rel16 scheme. There are 3 alternatives to proceed with this:
Alt 1: follow existing Rel16/Rel17 scheme i.e. NR-DC and NE-DC architecture are also not supported
Alt 2: both NR-DC and NE-DC are supported in addition to current Rel16/Rel17 scheme
Alt 3: only NR-DC is supported by dropping NE-DC again
For NR-DC it is possible that FR1 carriers and FR2 carriers are aggregated as CA or DC. So technically per FR gap is also feasible and helpful. But the requirement on NE-DC is still not clear on the market. Since Rel17 scheme doesn’t support NR-DC scheme, so proposal 2 is not applicable unless Rel17 scheme is also updated to support NR-DC architecture. We think the reason to support NR-DC for per FR gap indication is also applicable for Rel17 legacy scheme. But to support NR-DC for legacy Rel17 scheme is not backwards compatible. 
Proposal 3: RAN2 make decision on following options w.r.t. supporting NR-DC:
Option 1: not support for both legacy and new scheme i.e. alt2
Option 2: only support for new scheme i.e. alt2
Option 3: support for both legacy and new scheme i.e. alt2
The draft CR in [6] is based on option 2 to show there is additional signalling overhead for option 2.
As for the reported value, we think UE can recommend either per FR1 gap or per FR2 gap or both because such value is reported based on detail carrier configuration. 
Proposal 4: the reported value are {perFR1, perFR2, both}
UE also answer NeedForGapNCSG-ConfigEUTRA-r17 with NeedForGapNCSG-InfoEUTRA-r1, where gapIndication-r17 covers {gap, ncsg, nogap-noncsg} per band. There is no such difference between the inter-frequency measurement and inter-RAT measurement w.r.t. per FR gap i.e. the same scheme can be applied.
Proposal 5: proposal 2, proposal 3 and proposal 4 are also applicable for needForGap for inter-RAT measurement
Conclusion
Proposal 1: per FR gap indication is reported as part of needForGap signaling.
Proposal 2: UE could report per FR gap indication when UE report either value “gap” or “ncsg” in NeedForGapNCSG-ConfigNR-r17
Proposal 3: RAN2 make decision on following options w.r.t. supporting NR-DC:
Option 1: not support for both legacy and new scheme i.e. alt2
Option 2: only support for new scheme i.e. alt2
Option 3: support for both legacy and new scheme i.e. alt2
Proposal 4: the reported value are {perFR1, perFR2, both}
Proposal 5: proposal 2, proposal 3 and proposal 4 are also applicable for needForGap for inter-RAT measurement
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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.




