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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 finalized in stage 3.

=>
Future contributions on this topic should identify some specific use cases that are intended to be addressed. When use cases are acknowledged then more details of the mechanisms can be discussed.

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. Need for the UE to update its UE capabilities

In the past few years, this problem has been considered a non-issue in RAN2, as delegates have long postulated that “the UE shall be able to support all its advertised capabilities all the time in any combination”. 
On the surface, this statement or proposition could be regarded as self-evidently true; an axiom of some sort, governing RAN2 decisions in the past years.
For network vendors, this postulate simplifies the network implementation, as it minimizes the “market fragmentation”, i.e. number of UE “flavors” the network has to manage at any time. For operators, it also simplifies the roadmap and deployments, and may be seen as a way to mandate quality and concurrency of features.

The postulate worked for UMTS mainly because the UEs were not yet a mini-computer. For LTE, it has a resemblance of working (note that in LTE, the UTRA/GERAN capabilities can be updated by not the LTE ones). The reality is that the lack of standard flexibility places unneeded burden on the UE implementation, and it is only getting worse with time:
· Some operators aggregate networks with different PLMNs, each with a different network deployment and capabilities. Currently, the transition requires a detach/attach.

· Recurrence: Can be daily or more often, based on the UE mobility in said networks.
· The introduction of V2V operation can affect the supported band combinations.

· Recurrence: Can be daily or more often.
· Some UEs can support multiple SIM operation. However, these UEs are not in that mode all the time. Enabling and disabling MSIM operation can change the UE capabilities.

· Recurrence: Can be daily or less often.

· UEs may act as WLAN Access Points, and may need to repartition hardware resources to do so.

· Recurrence: Can be daily or less often.
· The UE may associate with WLAN APs of different capabilities for extended periods of time. There is a large number of legacy WLAN deployments that support older WLAN standards. The UE may share resources between WWAN and WLAN, and as a result, what’s available to WWAN could be increased for an extended period of time when the WLAN load is smaller. In the extreme case, the UE may not be even associated with a WLAN AP, and some resources can be fully dedicated to WWAN.
· Recurrence: Can be daily, each time the user leaves/returns to home/work.
· CA band combination explosion is due to the need to express the limitations in UE capabilities. This leads to a very verbose expression of the UE capabilities. Alternatively, if the UE is able to adapt its capabilities based on the network deployment (as advertised in neighbor lists or network capabilities), the capability size could be reduced.

· Recurrence: Can be daily or more often, based on the UE mobility in said networks.
Observation 1: In future implementations, UE cost can be reduced by sharing resources between different air interfaces. Local UE conditions and considerations, unknown to the network, result in the UE needing to update its UE capabilities occasionally.
The combined above events can happen on average daily or more often for a large number of UEs.
In the current LTE deployments, UE vendors and OEMs end up making engineering designs that may prevent some of the full concurrencies, by either:

· under-reporting capabilities, and as a result under-utilize the hardware, or 
· performing a detach/attach, resulting in an increase on network load, and a service interruption.

Both of which are not good, and affect the user experience negatively or the operator’s capacity. 
The solution is simply to allow the UE to change its capabilities, a reasonable number of times per day. The UE capability updates need not be as frequent as in 3G (every RRC connection).
Proposal 1: The UE shall be able to initiate a NR capabilities update during idle, inactive and connected states. Study how to limit the rate of updates.
Proposal 2: The UE shall be able to initiate an LTE capabilities update during idle and connected states. Study how to limit the rate of updates.
In order to alleviate the impact of the UE capability change on the network implementation:
Proposal 3: Upon the UE indicating a change of capabilities, the network may change the UE configuration during the current RRC connection, or at the next transition to the connected state.

3. Conclusions

Based on the summary of NR scenarios and principles provided above, RAN2 should discuss the following proposals:
Proposal 1: The UE shall be able to initiate a NR capabilities update during idle, inactive and connected states. Study how to limit the rate of updates.
Proposal 2: The UE shall be able to initiate an LTE capabilities update during idle and connected states. Study how to limit the rate of updates.
Proposal 3: Upon the UE indicating a change of capabilities, the network may change the UE configuration during the current RRC connection, or at the next transition to the connected state.
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