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1	Introduction
The discussion on defining UE features description for Rel-16 has started. Based on the experience from Rel-15, some additional guidelines should be added in order to have uniquely defined UE capabilities. In this contribution we raise some issues that needs attention moving forward with the Rel-16 UE features definitions.
[bookmark: _Ref178064866]2	Discussion
2.1	Define capabilities and not “incapabilities”. 
The definition of the capability should not say that “a UE setting the bit does not support Rel-16 feature X”. Such statements caused a lot of problems in Rel-15. Additionally, adding such “incapabilities” In Rel-16 would mean that all Rel-15 UEs, which will of course not report any Rel-16 capabilities, must support the feature. 
2.2	Absence of a capability bit
The absence of a capability bit shall not imply support for something that is not yet defined. An example could be “absence of channel-BW means that the UE supports all BWs” since new BWs might be added later and maybe in some other specification. Any legacy UE would suddenly be expected to support the new bandwidth as well. 
2.3 	All UEs that support a feature shall set the bit
If a capability bit for a certain “feature X” has been defined, all UEs that support “feature X” shall set the bit. Capability signaling and rules to determine whether a UE supports a feature should not be mixed. An example would be not to say that “In TDD band combinations, only UEs that set the featureX capability bit support feature. In FDD-only band combinations all UEs support feature X even if they do not set the bit”. Again, if later FDD-only band combinations are defined, where UEs are not required to support the feature, band combinations cannot be release independent. An example where this caused problem in Rel-15 was simultaneousRx-Tx for EN-DC.
2.4 	Minimize features “per-BandCombination” and “per-Band-of-a-BandCombination”
The number of features that require capability signaling with “per-BandCombination” and “per-Band-of-a-BandCombination” (FeatureSetPerCC) differentiation should be minimized. Such features cause an explosion in the size of the capability signaling and are even more severe when it comes to the number of possible configurations, making it impossible for the gNB to take all combinations into account. The likely outcome is then that the gNB does not configure such features at all. 
2.5 Network behaviour is indicated by DL RRC parameters 
The specification should not be written so that the network behaviour is implicitly given by the reported UE capabilities. Rather, the gNB should always configure the UE explicitly by DL RRC parameters according to the reported capabilities. In Rel-15 that was e.g. the case for the UL/DL MIMO layers before the explicit MIMO indication was added by RAN2 at a late stage by introducing maxLayersMIMO-Indication. Causing a lot of problems in Rel-15, using implicit indication is basically not feasible in Rel-16 since a legacy gNB of course will not behave according to Rel-16 UE capabilities. 
2.6	Defining a baseline feature
If an optional feature has a baseline feature, the baseline feature must be clearly defined. It is not enough to write that “if the UE does not set the bit it does not support feature group x-y”.  E.g. , for the maximum number of supported PDSCH Resource Element (RE) mapping patterns for FR1, the UE capability signalling is:
pdsch-RE-MappingFR1-PerSymbol 	ENUMERATED {n10, n20} 	OPTIONAL
If UE does not include this optional IE, what does it support? Does it not support any RE-mapping? Or just one pattern? Or does it at least support n10, but why is there then an option to signal n10?
2.7	“Optional” vs. “Mandatory with capability signaling”
In both cases, the UE shall set the capability bit if it has successfully performed IODT and a gNB will use the features only if the capability bits are set. Hence, for a gNB these two cases are identical. 
2.8	Mandatory features in Rel-16
Any functionality in Rel-16 specified as mandatory without having capability signalling defined basically requires that a UE that sets the AccessStratumRelease in the UE capabilities to “Rel-16” must implement all such features. It also means that a UE cannot implement any other Rel-16 before having successfully IODTed the mandatory features and it is not even possible to upgrade UEs to Rel-16. 
2.9	UE capabilities defined in specifications must be self-contained
All implementation of 3GPP products should be based on specifications and not on random TDocs or Technical Reports. Hence, the “features” must be fully described in specifications. If they are optional or “mandatory with capability signalling” the description should be in 3x.306, preferably with references to L1 specifications and possibly to corresponding RRC configurations. While “feature IDs” might be useful in the initial stage of discussion, the main discussion should be on the actual specification text. 
3	Conclusion
[bookmark: _Ref174151459][bookmark: _Ref189809556]In this contribution we discussed some lessons-learned from the definition of Rel-15 UE capabilities and some guidelines on how to proceed in the Rel-16 UE capability definitions.
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