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1. Introduction
The discussion on UE capabilities for dual connectivity was started in the RAN4#71 AH meeting in [1]. In order to progress the work a WF to analyze this issue was endorsed in [2]. In this paper we present our views on this issue. 
2. Discussion

An initial analysis on the UE capabilities was presented in [1]. Several options were listed, among which having separate capabilities for sync and async operations and dual connectivity support per band combination. As no agreement could be reached in RAN4#71AH, a WF on what should be further investigated was endorsed in [2].

In [1] it was proposed to have separate UE capabilities for sync and async operation. In [2] companies are asked to provide some more analysis on the differences between these operating modes that would justify this split. 

First of all, from an RF point of view there will be a big difference in how the UE power control and power scaling algorithms will be defined. For synchronous operation the power control framework used for UL CA can be reused, however, for asynchronous case the UE will always have to make sure that it will not violate the maximum output power requirement. Since the subframe offset could have any value, the power control algorithm and scaling will have to be redefined. As such, in order to support async operation, the UEs will have to support some new RF drivers/controllers. 

From a baseband/upper layer point of view, for synchronous operation most of the current CA implementation in terms of processing timeline can be reused. However, for asynchronous operation, the processing timeline will have to be redesigned to take into account the continuous timing drift and the arbitrary timing offset.  Since from an upper layer point of view the two carrier groups are not completely independent(control information is mainly on PCell), the processing timeline(operations that have to be done on one carrier group or another) has to be redesigned and should be able to accommodate changes stemming from the different time offsets that the UE has to support. We would like to point out that as the carriers drift separately, the UE may have to accommodate timeline even dynamically.
Given the differences highlighted above between sync and async operation/implementation we propose to have separate UE capabilities for sync and async dual connectivities.

Proposal 1: Define different UE capabilities for synchronous and asynchronous dual connectivity operations.

In [1] it was also discussed whether the sync/async capability should be general(apply to all the band combinations for which UE supports DC) or per band combinations. We believe that the signaling should be as generic as possible to accommodate any possible future deployment scenario. For example, future dual connectivity async deployments could also be intra-band. In this case the UE support of async operation would depend mostly on the PA architecture and not have any relation to whether the UE supports async in other band combinations. As such, there could be scnearios/UEs in which the UE support of sync/async operation would be per band combination. In [1] it was mentioned that this option would increase the signaling, however, the increase would be only 1 bit/band combination. Hence, we believe this option is feasible.
Proposal 2: Define the synchronous and asynchronous capabilities per band combination.

In RAN4#71 AH it was also proposed to limit the Rel.12 dual connectivity definition to one carrier per carrier group. While in Rel.12 it is not clear whether any combinations with 2ULs and more than 2 DLs will be defined, we believe it would be better to define the specifications(at least the baseband part) in a generic manner to enable deployments of DC with more than one carrier in each CG. Since the RF specifications are deployed in a release independent manner, this would enable the timely deployment of such scenarios in the future. If the specifications are defined to support only one carrier per CG, in order to deploy DC with more carriers an operator would have to wait for the functional freeze of the next release. This could also bring up the overhead of other features that are mandatory in that release and that could delay the product releases.
Proposal 3: Develop the specifications in a generic manner to allow more than one carrier per carrier group.

3. Conclusion
In this paper we briefly analysed the definition of the UE capabilities for dual connectivity. Given the technical differences between synchronous and asynchronous operation and implementation we propose the following:
Proposal 1: Define different UE capabilities for synchronous and asynchronous dual connectivity operations.
Proposal 2: Define the synchronous and asynchronous capabilities per band combination.
Furthermore, in order to support timely deployment of dual connectivity with more than one carrier per carrier group, we propose:

Proposal 3: Develop the specifications in a generic manner to allow more than one carrier per carrier group.
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