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1	Introduction
The NR RRC skeleton was introduced in R2-1703922, but as per RAN2#97bis discussions, the structure can be further discussed. In this contribution, we discuss UE capability handling from NR RRC structure viewpoint.
2	UE capability handling in LTE 
The UE capabilities have evolved a lot during the LTE lifetime, with constant updates being done at every release (and even in the middle of releases) to account for new features and corrections done. Until Rel-11, there also existed a separation of Feature Group Indicators (FGIs; mandatory capabilities with IOT bits) and optional capabilities (as defined by named capability bits in RRC), but the practice was done away in Rel-11 to simplify the handling of new capabilities.
The CA capabilities in Rel-10 also created a conundrum: The structure that was done for the band combinations succeeded in the sense that the signalling has been flexible enough to work in all cases, but at the same time it has increased the size of UE capabilities substantially, to the point where it has become a limitation that needs to nbe taken into account in the design of new UE capabilities. Because of this, since Rel-11 the UE capability procedure was enhanced in Rel-11 to allow only requesting some capabilities to reduce the size, and the whole band combination capability signalling was revised in Rel-13 to allow even further size reductions.
At the same time, the procedural text defining the UE capabilities has undergone several revisions, but is still quite complicated and long, taking several pages in the specification. Further, with the LTE-NR operation being specified, it is not inconceivable that the LTE capability operation may require some further changes in Rel-15.
As we have seen from LTE capabilities, there are a few principles we should do with UE capabilities:
· Capability size should be minimized but allow extendibility (preferably in a simple manner)
· Capability structure and procedural handling should be as simple as possible
· It should be possible to request only partial capabilities (e.g. only certain band combinations)
· The signalling of CA/DC band combinations needs special attention in the design phase
Observation 1: Historically, UE capability handling has been changed a lot during LTE evolution 
Observation 2: UE capability handling has been modified substantially from its original version, and takes up several pages in current specification.
Observation 3: The size of UE capabilities is going to grow with every single new release, possibly requiring different handling. 
Observation 4: Minimizing the size of the CA band combination capabilities have been a recurring subject in LTE.

3	UE capability handling in NR 
3.1	Where to put capability handling 
In LTE RRC, the UE capability handling is listed as part of section 5.6 (Other), and the IEs are defined in sub-section 6.3.6 (Other information elements). To make them easier to find, both could be moved to dedicated sections. Given that RAN2 also agreed during RAN2#97 to consider UE capability limitations under exceptional circumstances as shown below, this would also make it easier to capture any such details:
Agreements:
1: following issues should be considered in NR design (e.g. capabilities) with general solution:
	Issue 1: Hardware sharing between NR and other things, e.g. WLAN, BT, GPS, etc 
	Issue 2: Interference between NR and other things, e.g. WLAN, BT, GPS, etc; 
	Issue 3: Exceptional UE issues (e.g. overheating problems)

2: The UE radio access capabilities are static and the change is just to temporarily (e.g. under network control) limit the availability of some capabilities, e.g. due to hardware sharing, interference or overheating. 
FFS To which capabilities it may apply and how the limitation is expressed to the gNB.

3: The temporary capability restrict should be transparent to the NG core, i.e. only static capability is stored in the NG core.

4: The UE signals the temporary capability restriction request to the gNB.

Proposal 1: Define procedural text for NR UE capabilities in a dedicated section (i.e. “UE capability transfer”) separate from “Other” - section.
Proposal 2: Define ASN.1 elements for UE capabilities in a dedicated section (i.e. “UE capability information elements”) separate from “Other Information elements” - section.
These proposals also raise the topic of where to put the UE capability handling: Usually CRs are needed for both TS36.331 and TS36.306 when defining capabilities, and there is a lot of duplication between the two specification. The natural question to ask would be why couldn’t all UE capability information be contained within one specification? At a glance, that could have a lot of benefits, but we see also some drawbacks as shown in Table 1 below.
	UE capability handling in
	Benefits
	Disadvantages

	TS36.331 (RRC specification)
	+ All ASN.1 and procedural descriptions are in one place
+ Can be modified based on RRC message content modifications
	- Lot of repetition between 331 and 306
- Easy to make errors when submitting CRs related to capability (mismatch in descriptions, missing one part, etc.)

	TS36.306 (UE capability specification)
	+ All UE capability handling in one place – easier CR handling
+ No repetition of capability handling across 331 and 306

	- Content of NR ASN.1 spread to two specifications, requiring freezing and review of both
- RRC message has to refer to another specification (much like with inter-RAT capabilities)



Based on this, it’s not clear whether the benefits outweigh the disadvantages. Still, we think RAN2 should discuss this and make a decision on the matter, especially since it would affect the TS36.306 skeleton a lot.
Proposal 3: Discuss whether the UE capability ASN.1 and procedural text could be moved to TS36.306

3.2	Extension of UE capability IEs 
Given that the discussion in NR RRC also has considered to mainly use the regular extension marker, it seems logical to consider whether the approach also works for NR capabilities. However, given observation 4, the UE capabilities could be an exception to the rule: They will be extended regularly, so each extension would cause 1 octet extra size, which would start to accrue over the releases. For example, LTE capabilities have been extended via non-critical extensions currently 36 times, which would have incurred 36 bytes overhead. While this may not seem to be much, given the maximum message size of 8188 bytes, it does contribute to the increase in message size, especially when single capabilities that take up 1-2 bits are introduced, for which the 1 bytes is a lot of overhead.  It’s also not clear whether using the extension marker is inherently “cleaner” approach, as the example of how the specification could evolve shows.
Proposal 4: Discuss whether UE capability IEs could allow using also the “empty SEQUENCE” non-critical extensions.
4	Conclusions 
We have discussed the typical error cases with LTE need codes and observed the following:
Observation 1: Historically, UE capability handling has been changed a lot during LTE evolution 
Observation 2: UE capability handling has been modified substantially from its original version, and takes up several pages in current specification.
Observation 3: The size of UE capabilities is going to grow with every single new release, possibly requiring different handling. 
Observation 4: Minimizing the size of the CA band combination capabilities have been a recurring subject in LTE.

Based on these, we have discussed the minimal set of need codes for NR RRC and proposed the following:
Proposal 1: Define procedural text for NR UE capabilities in a dedicated section (i.e. “UE capability transfer”) separate from “Other” - section.
Proposal 2: Define ASN.1 elements for UE capabilities in a dedicated section (i.e. “UE capability information elements”) separate from “Other Information elements” - section.
 Proposal 3: Discuss whether the UE capability ASN.1 and procedural text could be moved to TS36.306
Proposal 4: Discuss whether UE capability IEs could allow using also the “empty SEQUENCE” non-critical extensions.
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