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1	Introduction
This document discusses problems by UEs that advertises band combinations in UE capability signalling that are not defined by RAN4.
The document applies to both NR and E-UTRA.
[bookmark: _Ref178064866]2	Discussion
In RAN2, problems with the increasing size of the E-UTRA UECapabilityInformation have been discussed a lot. With the introduction of CA in Rel-10,and signalling of the supported CA band combinations led to that RAN2 in the following releases introduced several mechanisms to reduce the message size. 
In Rel-13, the “Skip fallback band combination” scheme was introduced. This scheme allows that a UE includes only a “parent” band combination in UECapabilityInformation message and “skips” the fallback band combinations. In TS 38.331, this is captured as follows (only relevant parts included).
[bookmark: _Toc20486988]5.6.3.3	Reception of the UECapabilityEnquiry by the UE
The UE shall:
<cut>
3>	compile a list of band combinations, candidate for inclusion in the UECapabilityInformation message, comprising of band combinations supported by the UE according to the following priority order (i.e. listed in order of decreasing priority):
<cut>
4>	if the UE supports requestReducedFormat and UE supports skipFallbackCombinations and UECapabilityEnquiry message includes requestSkipFallbackComb:
5>	set skipFallbackCombRequested to true;
5>	for each band combination included in the list of candidates (including 2DL+1UL CA band combinations), starting with the ones with the lowest number of DL and UL carriers, that concerns a fallback band combination of another band combination included in the list of candidates as specified in TS 36.306 [5]:
6>	remove the band combination from the list of candidates;
6>	include differentFallbackSupported in the band combination included in the list of candidates whose fallback concerns the removed band combination, if its capabilities differ from the removed band combination;
<cut>

This means that an eNB has to “generate” or derive the fallback band combinations from the signalled parent band combination, in case it wants to configure the UE with a band combination with less component carriers.

This scheme was also introduced already from the start in NR (i.e. from Rel-15 and defined in TS 38.331):

[bookmark: _Toc20425830]5.6.1.4	Setting band combinations, feature set combinations and feature sets supported by the UE
The UE invokes the procedures in this clause if the NR or E-UTRA network requests UE capabilities for nr, eutra-nr or eutra. This procedure is invoked once per requested rat-Type (see clause 5.6.1.3 for capability enquiry by the NR network; see TS 36.331 [10], clause 5.6.3.3 for capability enquiry by the E-UTRA network). The UE shall ensure that the feature set IDs are consistent across feature sets, feature set combinations and band combinations in all three UE capability containers that the network queries with the same fields with the same values, i.e. UE-CapabilityRequestFilterNR and fields in UECapabilityEnquiry message (i.e. requestedFreqBandsNR-MRDC, requestedCapabilityNR and eutra-nr-only flag) as defined in TS 36.331, where applicable.
NOTE 1:	Capability enquiry without frequencyBandListFilter is not supported.
[bookmark: _Hlk20904419][bookmark: _Hlk20904370][bookmark: _Hlk20908674]NOTE 2:	In EN-DC, the gNB needs the capabilities for RAT types nr and eutra-nr and it uses the featureSets in the UE-NR-Capability together with the featureSetCombinations in the UE-MRDC-Capability to determine the NR UE capabilities for the supported MRDC band combinations. Similarly, the eNB needs the capabilities for RAT types eutra and eutra-nr and it uses the featureSetsEUTRA in the UE-EUTRA-Capability together with the featureSetCombinations in the UE-MRDC-Capability to determine the E-UTRA UE capabilities for the supported MRDC band combinations. Hence, the IDs used in the featureSets must match the IDs referred to in featureSetCombinations across all three containers. The requirement on consistency implies that there are no undefined feature sets and feature set combinations.
NOTE 3:	If the UE cannot include all feature sets and feature set combinations due to message size or list size constraints, it is up to UE implementation which feature sets and feature set combinations it prioritizes.
The UE shall:
1>	compile a list of "candidate band combinations" only consisting of bands included in frequencyBandListFilter, and prioritized in the order of frequencyBandListFilter (i.e. first include band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on), where for each band in the band combination, the parameters of the band do not exceed maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL, maxCarriersRequestedUL, ca-BandwidthClassDL-EUTRA or ca-BandwidthClassUL-EUTRA, whichever are received;
1>	for each band combination included in the list of "candidate band combinations":
2>	if the network (E-UTRA) included the eutra-nr-only field, or
2>	if the requested rat-Type is eutra:
3>	remove the NR-only band combination from the list of "candidate band combinations";
NOTE 4:	The (E-UTRA) network may request capabilities for nr but indicate with the eutra-nr-only flag that the UE shall not include any NR band combinations in the UE-NR-Capability. In this case the procedural text above removes all NR-only band combinations from the candidate list and thereby also avoids inclusion of corresponding feature set combinations and feature sets below.
2>	if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of "candidate band combinations":
3>	remove the band combination from the list of "candidate band combinations";

We would like to raise to the attention of RAN2 that it is essential in this mechanism that the parent band combination(s) that the UE advertises are supported by the UE, and not only a way for UE to reduce the signalling size. This means that the UE must meet the requirements for the advertised parent band combination as defined in the relevant RAN4 TS (36.101, 38.101-x). If this is not the case, future compatibility problems will likely happen:
· The UE vendor cannot claim the advertised parent band combination has been tested, since requirements do not exist.
· If RAN4 has not yet defined the radio requirements for the parent band combination, UE might be non-compliant once the requirements for the parent band combination are defined.
· In a worst-case scenario, UE might even reject configuration of a parent band combination, if not supported.
Beyond these UE aspects, it should also be noted that a network should generally validate a target configuration against the band combinations and bandwidth combination sets defined in 36.101-x?, 38.101-x. If the UE advertises a band combination that has not been defined by RAN4, such a lookup will fail. Hence, the network cannot validate any configuration (not even a fallback combination) against such an undefined band combination. 
When a feature, band, band combination etc is indicated as supported by the UE, we mean that UE supports all requirements applicable for the feature, band or band combination. Typically, this also means that enough UE testing has been completed.

We ask RAN2 to confirm the following:

RAN2 confirms that band combinations advertised by UE in NR and E-UTRA UECapabilityInformation are supported by the UE and defined in RAN4 specifications (36.101, 38.101).

In our understanding, this is sufficiently clear from existing 36.331/38.331 procedure text (see yellow-marked text above), and a note in chairman’s minutes is enough. But we are also open to amend the reference to RAN4 specifications in the RRC procedure texts, e.g. as below:

TS 36.331:
3>	compile a list of band combinations, candidate for inclusion in the UECapabilityInformation message, comprising of band combinations supported by the UE and defined in TS 36.101, according to the following priority order (i.e. listed in order of decreasing priority):

TS 38.331:
1>	compile a list of "candidate band combinations" supported by the UE and defined in TS 38.101-1, TS 38.101-2 or TS 38.101-3, only consisting of bands included in frequencyBandListFilter, and prioritized in the order of frequencyBandListFilter (i.e. first include band combinations containing the first-listed band, then include remaining band combinations containing the second-listed band, and so on), where for each band in the band combination, the parameters of the band do not exceed maxBandwidthRequestedDL, maxBandwidthRequestedUL, maxCarriersRequestedDL, maxCarriersRequestedUL, ca-BandwidthClassDL-EUTRA or ca-BandwidthClassUL-EUTRA, whichever are received;

3	Conclusion
In this document, we have discussed issue related to UE advertising band combinations in UECapabilityInformation
We ask RAN2 to confirm the following:

1. RAN2 to confirm that band combinations advertised by UE in NR and E-UTRA UECapabilityInformation are supported by the UE and defined in RAN4 specifications (36.101, 38.101).

And we ask RAN2 to discuss whether anything need to be captured in specifications.
1. If Proposal 1 is confirmed, RAN2 to discuss if anything need to be captured in specifications.
If proposal 2 is agreed, we volunteer to provide the CRs.
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