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Introduction  
RAN1 WIs have been scheduled for completion in December 2019, and the related work on compiling the UE capabilities and RRC configuration parameters have started in the last quarter. In this contribution we provide our views on how to move on this issue.

Lessons learned from Rel-15
The UE features and capabilities have been discussed extensively in Rel-15, which is natural given that it was the first release of a new RAT. However, it is also acknowledged that after initial version of UE feature list was available in the working groups it took significant time to converge on a final set, including RAN Plenaries and RAN WG meetings. 
One could argue that one reason for the difficulties in achieving a converged set of features is due to the sheer size of the UE capabilities in NR, but part of the reason lies on the fact that the Rel-15 UE features became fragmented into several smaller capabilities which are intricately related to each other. Moreover, many of the capabilities have been defined with direct mapping to the RRC parameters, such that the UE indicates not only the support of the capability itself, but it also indicates at the same time to which extent it is supported. 
It has been discussed in multiple occasions in RAN, see [1-2], that this approach leads to additional complication for network implementation as different UEs will implement even the mandatory NR features with different flavours, leading to fragmentation on the market. While the issue has been widely recognized, it has not been addressed further for Rel-15. 

Suggested way forward with UE capabilities in Rel-16
[bookmark: _GoBack]RAN WGs are in the process of coalescing the initial inputs on UE capabilities before actual discussion within the WGs, and hence it is timely for RAN Plenary to provide guidance on the general principles to be followed in the process.
In general, Rel-16 capabilities should apply lessons learned from Rel-15 to avoid running into similar fragmentation issues and to avoid spending excessive amount of meeting time for convergence on the final set of capabilities. In part this is due to an attempt to closely follow the RRC configuration parameter structure for the UE capability definition. However, it not required to adopt such structure, and in fact it is not necessarily the most effective approach, given that it leads to non-trivial combinations of sub-features to implement most features in practice. It is thus important to ensure that there are meaningful capabilities that reflect implementable features, instead of scattered components. For example, one could define a basic minimum set which is implementable by a capability with add-ons described by additional capabilities. Moreover, such fragmentation should be avoided by minimizing the number of sub-features in general, e.g. sub-features could be defined when there is a need to specify mutually exclusive building blocks. Along the same lines, 
Another aspect that has generated significant work for RAN2 in Rel-15 is to ensure UE capability signalling size doesn't grow too fast. However, with the multitude of UE capabilities, RAN2 has been working on capability compression for Rel-16, which was required mainly due to the large number of capabilities that are reported per band per band-combination, and hence the WGs should strive to minimize the number of UE capabilities which are defined per band per band-combination when not strictly required. Moreover, whenever there are combinations of UE capabilities to be taken into account, it is critical that the originating WG defines clearly what are the logical combinations of such capabilities, instead of expecting such work to be carried out by RAN2 independently. 
Finally, it is important to clearly define what it means when a UE does not support a given feature (e.g. define the fallback capability the network assumes in the form of a default capability if needed). This information is very helpful for actual implementations and the lack of such information might require further clarification work to be done during maintenance phase. 
In short, we make the following proposal on how to move forward with Rel-16 capabilities:
Proposal 1: No need to force 1-to-1 relationship between UE capabilities and RRC configuration parameters​, i.e. a single feature/capability may correspond to multiple RRC configuration parameters, and a single RRC configuration parameter may be used by different features. ​
Proposal 2: Avoid excessive fragmentation of features into sub-features.
Proposal 3: Ensure meaningful capabilities to reflect implementable features, instead of scattered components that need to be grouped for practical implementation.
Proposal 4: Minimize the number of UE capabilities that are defined per band per band combination.
Proposal 5: In case capabilities are inter-connected, ensure that the originating WG details how the capabilities and capability parameters can be combined.
Proposal 6: The originating WG should clearly define what it means when a UE does not support a given feature.


Summary
In this contribution we have proposed potential directions on how the WGs should formulate the Rel-16 UE capabilities. The proposals are as follows:
Proposal 1: No need to force 1-to-1 relationship between UE capabilities and RRC configuration parameters​, i.e. a single feature/capability may correspond to multiple RRC configuration parameters, and a single RRC configuration parameter may be used by different features. ​
Proposal 2: Avoid excessive fragmentation of features into sub-features.
Proposal 3: Ensure meaningful capabilities to reflect implementable features, instead of scattered components that need to be grouped for practical implementation.
Proposal 4: Minimize the number of UE capabilities that are defined per band per band combination.
Proposal 5: In case capabilities are inter-connected, ensure that the originating WG details how the capabilities and capability parameters can be combined.
Proposal 6: The originating WG should clearly define what it means when a UE does not support a given feature.
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