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1	Introduction
The newly defined by n90 is largely equivalent to n41. To save signalling overhead when the network requests both bands, it was proposed in R2-1913667 that the UE omits the band combination entries for n90 and that the network uses instead the ones reported for n41.
In this contribution we explain what risks this approach bears and we propose not to introduce such a solution. 
[bookmark: _Ref178064866]2	Discussion
Band n90 is introduced by RAN4 in Rel-16 to improve support for LTE/NR dynamic spectrum sharing by supporting:
100 kHz channel raster to align with the LTE channel raster
UL 7.5 kHz frequency shift to align the NR and LTE UL frequency grid

Besides that, n90 is mostly equivalent to n41 and RAN4 captured the following about n90 in TS 38.101-1:
Unless otherwise stated, the applicability of requirements for Band [n90] is in accordance with that for Band n41; a UE supporting Band [n90] shall meet the requirements for Band n41.
CA operating bands including Band [n90] are defined by the corresponding CA operating bands including Band n41 with Band [n90] replacing Band n41.
It should however be noted that RAN4 did not discuss or agree that UEs shall support and test the same functionality on band n90 that they advertise on n41. 
[bookmark: _Toc24114539]The RAN4 requirements for n41 and n90 are largely equivalent but RAN4 did not require that a UE supporting both bands implements and tests also the same band combinations and features on both. 

To save signalling overhead when the network requests both bands, it was proposed in R2-1913667 that the UE omits the band combination entries for n90 and that the network uses instead the ones reported for n41. This rule would prevent the UE from advertising different band combinations or feature sets for n41 and n90. Any feature that the UE wants to advertise for n41 must also be supported for n90. What might seem attractive at first might turn out to be a real problem later.
UE vendors are usually careful not to advertise functionality in their UE capabilities which they weren’t able to test carefully. Hence, the fact that a UE has successfully passed a test of a band combination or other feature with n41 does not necessarily mean that it performed and passed this test also for n90. 
Even though not foreseen today, there could be reasons why certain functionality is not at all possible or feasible to implement in one of the bands. The above-mentioned rule would then disable that feature for both bands even though it could have been used on one of them. 
While it could happen in both directions, it seems currently so that n41 is already used widely whereas n90 is not yet. A UE vendor that wants to support n90 and cannot implement and test all BCs+FSs with it from the start would either have to reduce the BCs+FSs offered on n41 or it would have to omit support of n90 entirely. The former is unlikely to happen considering the wide use of n41. The would further delay the introduction of n90 and make it less likely that subsequent UEs will support it (the bar is lifted with each feature already available on n41).
[bookmark: _Toc24114540]Enforcing in ASN.1 signalling that UEs must support the same BCs+FSs in n41 and n90 increases the risk that n90 is not at all supported by UEs. 
One could argue that RAN2 could revert the decision if such a challenging situation arises. However, this would not be backwards compatible since networks implemented according to the proposal in R2-1913667 would anyway use all n41 BC+FS for n90 if the UE indicates support for n90. It would not comprehend that it is an even newer UE which reports its capabilities for n90 separately. 
[bookmark: _Toc24114541]A rule that the BC+FS reported for n41 are also applicable for n90 cannot be reverted in a backwards compatible manner. 
To avoid such risks, one could consider a variant where the UE is allowed but not required to omit BC+FSs for n90. If it provides at least one BC with n90, the NW would have to use only those for configurations comprising carriers on n90. Otherwise, the network could use all the BC+FS entries for n41. But while this would be attractive in terms of forward- and backward compatibility, it would make the capability evaluation even more complex as the NW would have to parse all BC first to comprehend whether this is the former or the latter case. To avoid this, the UE could include an explicit indication into the UE capabilities to indicate whether it provides specific n90 BC+FS or whether the NW shall use the ones given for n41. The UE could even indicate whether the NW may use both, the BCs given for n41 as well as for n90 to evaluate feature support on n90. And on could of course make this signalling more general so that the UE can tell the NW to use BC+FS reported for Band X also for Band Y.
All of those and probably many more optimizations (or rather complications) could be introduced. But considering that UE vendors were always keen on being able to report differences for different bands, it seems unlikely that any such re-use would be applied in practice. Its complexity would anyway remain and needs to be dealt with in implementations. And already today the interpretation of the UE capabilities and the selection of an appropriate configuration for the UEs is already one of the most complex though time critical tasks. 
[bookmark: _Toc24114542]While more complex rules and signalling solutions may overcome the problems outlined in the previous proposals, they would also increase the complexity further. 
Complex solutions may still be justified if that cost is justified by a great gain. In this context gain should be measured in terms of reduced capability signalling size. We expect that a network will either operate on n90 or on n41 but not on both. Furthermore, all UEs that support n90 will also support n41. Hence, if the network uses n90, it will only request capabilities for n90. If it runs on n41, it will only request BCs+FSs for n41. It has been mentioned that there could be parts of the network running n41 whereas other parts run n90. We agree that in such deployments a NW should request capabilities for both bands, but we have difficulties seeing the need for such a deployment choice.
[bookmark: _Toc24114543]A network that request capabilities for either n41 or n90 (which should be the typical case) will not benefit at all from the proposed enhancement (but anyway suffer from its risks and complexity). 
If a network anyway decides to enquire capabilities for both bands, the saving will be in the number of reported band combinations. It is impossible to predict how many band combinations a UE will include in the supportedBandCombination list. However, actions were taken in NR to significantly reduce the number of BCs compared to LTE. Specifically, the UE shall support all fallback combinations implicitly and is hence expected to omit it in signalling. Even if the UE supports additional functionality in fallback combinations (with fewer serving cells) or different combinations of features in the top-level combination, it advertises all those by additional rows in the feature set combination. Neither the number nor size of the band combinations will increase. 
Besides reducing the number of band combinations to be signalled, the concept of FeatureSetCombinations also reduces the size of each Band Combination entry since most capabilities were extracted towards the FSD, FSDpCC, FSU, FSUpCC information elements. 
[bookmark: _Toc24114544]In NR the UE advertises different combinations of features in a top-level BCs as well as additional functionality for its fallback BCs by additional entries in the FeatureSetCombination. This is supposed to reduce the number of BCs significantly compared to LTE. 
[bookmark: _Toc24114545]The size of each BC entry is kept reasonably low by extracting many parameters to the feature set combinations (FSD, FSDpCC, FSU, FSUpCC)
[bookmark: _Toc24114546]Even in the unlikely scenario where a network requests UE capabilities for n41 and n90, we do not expect significant savings in overhead as the number of BC entries as well as their size is smaller than it used to be in LTE.
4	Conclusion
In the previous sections we made the following observations: 
Observation 1	The RAN4 requirements for n41 and n90 are largely equivalent but RAN4 did not require that a UE supporting both bands implements and tests also the same band combinations and features on both.
Observation 2	Enforcing in ASN.1 signalling that UEs must support the same BCs+FSs in n41 and n90 increases the risk that n90 is not at all supported by UEs.
Observation 3	A rule that the BC+FS reported for n41 are also applicable for n90 cannot be reverted in a backwards compatible manner.
Observation 4	While more complex rules and signalling solutions may overcome the problems outlined in the previous proposals, they would also increase the complexity further.
Observation 5	A network that request capabilities for either n41 or n90 (which should be the typical case) will not benefit at all from the proposed enhancement (but anyway suffer from its risks and complexity).
Observation 6	In NR the UE advertises different combinations of features in a top-level BCs as well as additional functionality for its fallback BCs by additional entries in the FeatureSetCombination. This is supposed to reduce the number of BCs significantly compared to LTE.
Observation 7	The size of each BC entry is kept reasonably low by extracting many parameters to the feature set combinations (FSD, FSDpCC, FSU, FSUpCC)
Observation 8	Even in the unlikely scenario where a network requests UE capabilities for n41 and n90, we do not expect significant savings in overhead as the number of BC entries as well as their size is smaller than it used to be in LTE.


Based the discussion and observations made in the previous section and for the sake of not making the capability signalling and evaluation thereof even more complex we propose the following:
RAN2 does not introduce a mechanism where band combinations reported for one band are interpreted as being valid for another band.
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