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1. Introduction

In the RAN2 NR AH the following agreements were captured on UE capabilities reporting:

Agreements:

1: The UE reports its UE capability at least when the network requests.

2
The gNB can request what capabilities for the UE to report (e.g. similar band and band combination requests in LTE). Details to be finalised in stage 3.

However, these agreements are not sufficient as going into NR, we foresee the following problem areas with regard to the UE capabilities, if we inherit the LTE design and add to it the upcoming NR features:

1.
A continued increase in the size of the UE capabilities (inherited from LTE)
2.
The inability of the UE to adapt its capabilities over time (inherited from LTE)

This paper addresses the first issue – a companion paper will address the second.

2. Continued increase in the size of the UE capabilities
The UE capability has become large enough now on LTE, that on cell edges it is causing delays in the Attach procedure and delaying the voice camping triggering IRAT transitions when the user starts dialing a number.
There are two approaches that have been proposed in previous meetings to reducing the size of the UE capabilities reported

1.
Filtering – UE only reports the capabilities relevant to the specific network, e.g., only the bands used in the network

2.
Indexing – UE only reports an index or label to capture a set of capabilities where the network use the value of the index to determine the set of capabilities

The following sections consider further details of each of these proposals

3. Reducing the UE capabilities reported based on filtering
3GPP addressed the limited number of band combinations in the Rel-10 ASN.1, by introducing the following Rel-11/13 features:

· Adding a new container of band combinations

· Allowing the network to provide a list of bands used in this network

· Allowing the network to advertise the maximum number of carriers that are combined in this network

· Allowing the UE to skip intermediate band combinations

With an increased integration of air interfaces, future UEs will support more LTE band combinations, then NR + LTE band combinations and NR + WLAN band combinations. Additionally, features such as MIMO, NAICS, Dual Connectivity, uplink carrier aggregation, number of CSI processes, etc., the number of combinations keeps on growing. Combining different air interface carrier combinations will also create more combinations, and the size of the capabilities that a UE needs to communicate will keep increasing in combinatory manner.

This problem could be alleviated by the techniques introduced in Rel-11 and Rel-13 of LTE as described above. 

Proposal 1: NR shall support the ability to reduce the UE capabilites reported by filtering, e.g., 
· the network’s ability to enquire for specific bands to be included in the UE capabilities, 
· the network’s support of understanding skipped fall back combinations, and 
· the network’s ability to advertise the maximum number of carriers/bandwidth supported in this network on both the uplink and downlink
4. Reducing the UE capabilities reported based on indexing 
There are many devices that have the same capabilities in operation on any given operator network. Using an index or UE capabilities identifier can significantly reduce the amount of capabilities reported to simply providing the identifier. The identifier could take a number of forms, e.g.
1.
Release identifiers: In LTE, the UE continues to report capabilites for features that have been deployed for a number of releases. Some kind of release identifier can be used to capture the functionality that gains traction in each release to avoid continuing to repeat these capabilities in subsequent releases
2.
Device type identifiers: There are finite device types that are actually deployed for each operator. The UE can report the device type and the operator can for example use a database to store the UE capabilities common to many devices of the same type.
2.
Feature specific identifiers: Since some features are deployed that impact a number of capabilities, it may be simpler to report a single feature specific identifier that captures a complete set of capabilities for the feature across a number of individual capabilities. In this case, profiles can be defined that indicate a standard set of features supported by the device.

Proposal 2: NR shall support the ability to reduce the UE capabilites reported by indexing, e.g., 
· the UE provides an identifier in the UE capabilities that includes a given configuration of capabilities across features, device types or releases
5. Conclusions

Based on the summary of NR scenarios and principles provided above, RAN2 should discuss the following proposals:
Proposal 1: NR shall support the ability to reduce the UE capabilites reported by filtering, e.g., 
· the network’s ability to enquire for specific bands to be included in the UE capabilities, 

· the network’s support of understanding skipped fall back combinations, and 

· the network’s ability to advertise the maximum number of carriers/bandwidth supported in this network on both the uplink and downlink
Proposal 2: NR shall support the ability to reduce the UE capabilites reported by indexing, e.g., 
· the UE provides an identifier in the UE capabilities that includes a given configuration of capabilities across features, device types or releases
Annex - Text Proposal
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Mobility
Editor’s note: intended to capture both tight interworking and standalone aspects.
10.4
UE Capability Reporting
A UE shall be able to communicate with the RAN about its radio access capability, 
The UE capabilities reporting shall allow the UE to only report the capabilities relevant to the specific network, e.g., only the bands used in the network

The UE capabilities reporting shall allow the UE only to reports a capabilities identifier to capture a set of capabilities.
***************************************** end text **********************************************
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