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1 Introduction

A WI on Dual Connectivity (DC) operation was agreed in [1]. According to the WID for DC operation, a UE with multiple Rx/Tx antennas in RRC_CONNECTED state is configured to utilize radio resources provided by two independent schedulers located in a Master eNB (MeNB) and a Secondary eNBs (SeNB). 

This contribution considers the UE capability aspects related with the DC operation according to [1].  
2 UE Processing for DC
2.1 CSS on SeNB

CSS on SeNB is needed to support:

a) RAR
b) eIMTA (re)configuration signaling

c) Fallback associated with CIF, A-SRS, A-CSI (re)configurations

d) Possible scheduling of SIBs or transmission of TPC commands with DCI formats 3/3A (e.g. depending on RAN2 decisions whether to provide SI by CSS scheduling or by RRC and whether to support SPS in the SeNB)
The impact on a UE operating with DC from monitoring CSS on the SeNB is the additional 12 PDCCH blind decoding operations. It is noted that the SeNB can be a stand-alone eNB and therefore it can already include a fully functional CSS. 
Proposal 1: CSS is support for a UE exists on both the MeNB and the SeNB.

2.2 UCI Transmissions
The WID description specifies that a UE can have simultaneous transmissions to the MeNB and the SeNB. Based on this, it was agreed in RAN1#76 to duplicate the Rel-11 UCI transmission structures and UCI prioritization rules within an eNB by using a pSCell in a same manner as the PCell in Rel-11. 

One additional aspect of DC is the increased likelihood that a UE will operate under UL power limitation. A hard power split between the MeNB and the SeNB so that 
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 is never exceeded should not be enforced to a network as it will directly lead to reduced coverage (potentially substantially reduced coverage) and reduced system throughput. Then, due to the largely uncoordinated scheduling of a UE from the MeNB and the SeNB, PHR cannot be as useful as in Rel-11 and power limited operation can occur much more frequently than in Rel-11. UCI prioritization rules are then needed [2] and dropped UCI transmissions, including HARQ-ACK transmissions, are unavoidable. 

To avoid the associated throughput loss resulting from dropped UCI transmissions, an alternative for synchronous DC operation is to use an UL CoMP like transmission for UCI where a UE can transmit a PUCCH Format 3 that includes HARQ-ACK information for both the MeNB and the SeNB. This is the same functionality as in Rel-11 by viewing each eNB as a cell. The transmission power can be the larger between the one required for the MeNB and one required for the SeNB. No new eNB or UE hardware is needed and only a minimal software impact is needed. The benefit is a more robust system operation without dropped UCI transmissions and with increased system throughput.

Proposal 2: A UE can be configured to include HARQ-ACK information for both MeNB and SeNB in a PUCCH.

2.3 Splitting UE Capability for DL/UL Processing
UE categories are defined in [3] and each is associated with a maximum TBS a UE can handle for PDSCH reception or PUSCH transmission. With DC, as the MeNB and SeNB schedulers are independent, a UE capability for DL/UL processing needs to be partitioned between the MeNB and the SeNB in order to avoid a UE having to receive or transmit combined transport blocks with total size that exceeds the UE’s processing capability. This is particularly the case if UP architecture 3C is used. 
One approach is to have no specific coordination between eNBs in which case a UE behavior needs to be specified in case a total scheduled data TBS in a subframe exceeds the UE capability. 
Another approach is a “hard” partitioning of the UE processing capabilities through negotiation between the MeNB and the SeNB over the backhaul link. However, this can result to UE throughput loss as a UE can frequently be scheduled PDSCH/PUSCH only by a single eNB. Then, the additional UE processing capability remains unused when it could have been utilized to improve its throughput, reduce a time required for a completion of a data packet transmission, and therefore reduce interference and improve total system throughput. 
Another approach is a hybrid of the previous two approaches where some negotiation for partitioning the UE capabilities occurs between the MeNB and the SeNB but it is only to provide some guidance to each scheduler without mandating its behavior. This allows to the network to determine the partitioning of the UE capabilities without having unnecessary restrictions that can result to losses in spectral efficiency.
Moreover, at least information regarding subframe patterns where a UE does not receive/transmit in an eNB, such as DRX patterns, measurement gaps, periodic DL/UL transmission patterns, or a TDD UL-DL configuration, need to be exchanged between the MeNBs and the SeNB. This is also beneficial for UL power control [4]. Then, a first eNB can adjust its scheduling and fully utilize the UE processing capability by knowing whether the UE can transmit/receive in the other eNB. Nevertheless, adaptations of UE configuration, such as a number of activated cells or a TDD UL-DL configuration with eIMTA, are also likely to occur at faster time intervals than the latency of the backhaul link which will then become the bottleneck. For cell-specific reconfigurations, such as for a TDD UL-DL configuration in eIMTA, an eNB implementation can possibly receive the respective PDCCH/PDSCH informing of the reconfiguration of communication parameters, but for UE-specific reconfigurations this is not practically possible.  
Proposal 3: The MeNB can inform the SeNB of a maximum total UE processing capability at the SeNB.

Proposal 4: The MeNB and the SeNB should exchange configurations that determine subframes where a UE cannot transmit UL signaling or receive DL signaling in the respective eNB.

3 Conclusions

This contribution considered physical layer aspects for operation with dual connectivity and proposes the following:

Proposal 1: CSS support for a UE exists on both the MeNB and the SeNB.

Proposal 2: A UE can be configured to include HARQ-ACK information for both MeNB and SeNB in a PUCCH.

Proposal 3: The MeNB can inform the SeNB of a maximum total UE processing capability at the SeNB.

Proposal 4: The MeNB and the SeNB should exchange configurations that determine subframes where a UE cannot transmit UL signaling or receive DL signaling in the respective eNB.
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