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1 Introduction

In the RAN2#95 email discussion [95#30], LTE/NR capability coordination was discussed [1].

Companies looked into the UE capability reporting for the coordination and identified some issues with it.
This contribution looks into the UE capability reporting. 
2 Capability challenges today

In today’s UMTS and LTE network deployments, the UE capabilities sizes have been a recurring problem, despite much discussions in 3GPP.
For 3G, the UE capabilities are sent at every RRC connection. This scheme indirectly offered the UE some flexibility in terms of being able to change its capabilities with time, however, it consumed system resources. This scheme worked well initially when the UE capabilities size was small. Then, the UMTS capability started expanding, and subsequently carried the LTE capabilities, including all the band combinations for carrier aggregation. That’s when call setups started to fail, especially in bad radio conditions, as the transmission of these capabilities was taking so long that the network sometimes releases the RRC connection.
For LTE, 3GPP decided for a number of reasons not to send the UE capabilities with every RRC connection. Instead, the network saves the UE capabilities and move them around following the UE mobility, avoiding the repeated transmissions over the air. This scheme also works when the UE moves from UMTS to LTE, so the UE was supposed to send all its capabilities while in UMTS. However, even this scheme failed in two areas. The capability size expanded to the points where some older implementations couldn’t handle it and dropped it half way, creating network attachment problems. The network-only initiated query left the UE with a rigid set of signaled capabilities.
3 NR foreseen challenges

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. Increased inter-RAT dependency

3. Inefficient hardware designs
4. The inability of the UE to adapt its capabilities over time (inherited from LTE)

3.1 Continued increase in the number of supported combinations 

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 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

3.2 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:
· UEs may act as WLAN Access Points, and may need to repartition hardware resources to do so.

· The UEs are packing more and more complexity and features which could interfere with the 3GPP features:

· WLAN networks can pump very high throughput that may be locally generated and mirrored to an external screen.
· VR and high definition recording can consume the UE’s CPU/GPU/Buses for extended periods of time.

· UEs may be kept in connected (active and inactive) longer.

· Understandably, end users and operators want to pay the least amount of money for the maximum features. UE vendors and OEMs end up making engineering designs that may prevent some of the full concurrencies:
· The UE ends up having to under-report capabilities, because it can’t support some WWAN concurrencies that may not never be configured together.
· 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.
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 UE capability updates need not be as frequent as in 3G (every RRC connection).
Proposal 2: The UE shall be able to initiate a NR capabilities update. Study how to limit the rate of updates.
Proposal 3: The UE shall be able to initiate an LTE capabilities update. Study how to limit the rate of updates.
4 Conclusions

Based on the summary of NR scenarios and principles provided above, RAN2 should discuss the following proposals:
Proposal 1: NR shall support:

· 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: The UE shall be able to initiate a NR capabilities update. Study how to limit the rate of updates.
Proposal 3: The UE shall be able to initiate an LTE capabilities update. Study how to limit the rate of updates.
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