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1 Introduction

This contribution considers RAN1 related aspects for the UE capability to support dual connectivity. Aspects related to other WGs are not discussed. 
The few remaining aspects related to the UE capability include: 
· The UE behavior in case the maximum number of UL-SCH bits transmitted within a TTI/subframe is exceeded (following up on the LS from RAN2 in [1])
· The UE capability to support UL power control according to synchronous operation (PC Mode 1) or asynchronous operation (PC Mode 2)
· Miscellaneous aspects including PUCCH+PUCCH support, PUCCH+PUSCH support, MTA support, simultaneous Tx-RX support, etc.
This contribution considers the above remaining aspects on the UE capability for dual connectivity operation.

2 UE Capability
Operation under UE limitation in maximum number of DL-SCH/UL-SCH Transport Block Bits

The LS from RAN2 [1] indicates that, in case the UE capability for the maximum number of DL-SCH/UL-SCH transport block (TB) bits within a TTI is exceeded, transmission to and reception from the MCG is more important as they may carry, for example, RRC information.
From a RAN1 perspective, prioritization of a PUSCH transmission over another PUSCH transmission according to the information contents is also important. This has been agreed for the case the UE is power limited and power scaling of transmissions, including dropping of transmissions, for PUSCHs that do not contain any UCI occurs in order for the UE to be able to reliably transmit the PUSCH that contains the UCI. PUSCH transmissions under power limitation or under limitation for the maximum number of UL-SCH TB bits are equivalent in the sense that the UE needs to drop (or de-prioritize) a PUSCH transmission. 

In case of power limited operation, it was deemed necessary to specify the UE operation in order to avoid situations where a UE drops HARQ-ACK. This is particularly important for PUSCH as respective DTX detection is not mandatorily implemented by eNBs and then HARQ-ACK BER is 50% and will require higher layer ARQ to resolve errors.  The same prioritizations as for operation under power limitation should apply in case of operation under a limitation for the maximum number of UL-SCH TB bits.

Proposal 1: In case a total number of UL-SCH TB bits a UE needs to transmit in a subframe exceed the UE capability for the maximum number of UL-SCH bits, the UE prioritizes PUSCH transmissions that include UCI in the same manner as when the UE operates under transmit power limitations.

In [2], several additional proposals are made that draw on the equivalence between a UE dropping or de-prioritizing PUSCH transmissions when it is power limited and a UE dropping PUSCH transmissions when it is limited in the number of UL-SCH bits it can transmit. 

Similar to the UE reporting to one CG its PHR in the other CG in order to facilitate proper UL scheduling with respect to total required power, the UE can report to one CG its BSR in the other CG in order to facilitate proper UL scheduling with respect to total number of UL-SCH TB bits. This is a reasonable proposal but RAN2 specification timelines need to also be considered at this time.

Observation 1: It can be further considered for a UE to report a BSR in one CG to the other CG if RAN2 indicates it can handle the specification within the Rel-12 timeline.

In [2], it is also proposed that a UE transmits HARQ-ACK in the PUCCH when it is to be multiplexed in a PUSCH and the UE drops the PUSCH due to a limitation in the total number of UL-SCH TB bits the UE can transmit. This is similar to an existing FFS aspect for power control [3]. Even though this can be handled by UE implementation, for the same reasons as discussed in [3], specification can be beneficial.

Proposal 2: The UE transmits HARQ-ACK in the PUCCH when it drops an associated PUSCH due to the total number of UL-SCH TB bits the UE needs to transmit in the same subframe exceeding the UE capability.

In [2], it is also proposed that for a PDSCH reception or a PUSCH transmission involving 2 TBs and the total number of DL-SCH/UL-SCH TB bits exceeding the UE capability, the UE can drop reception or transmission of a TB if that can result to operation within the UE capability. In the DL, as explicit DTX is not supported, the eNB will interpret a NACK for the dropped TB and retransmit using a next RV – this is not problematic. In the UL, for an eNB that does not support PUSCH DTX detection, the eNB will receive noise for the second TB only instead for both TBs. Although it is beneficial for the UE to operate according to the suggested behavior in [2], it is not as essential as for providing reliable HARQ-ACK information and avoiding extensive reliance on higher layer ARQ. Moreover, the above condition may not be so frequent; for example, the UE can choose to drop another PUSCH with a single TB. 
Observation 2: It can be left to UE implementation whether to drop reception or transmission of two TBs or of a single TB when otherwise the UE would exceed its maximum number of DL-SCH/UL-SCH TB bits. Dropped PUSCH transmissions do not need to be accounted for when the UE determines a maximum transmission power in a CG.   

UE capability to support DC and UL power control according to synchronous or asynchronous operation
The UL power control mode for a UE configured for operation with dual connectivity should be configured by the eNB [3]. In order to do so, the eNB needs to also know whether the UE can support the UL power control method corresponding synchronous operation (Mode 1) or the UL power control method corresponding to asynchronous operation (Mode 2). For example, in the former case the eNB may configure PMeNB and PSeNB values that allow for dynamic power sharing while in the latter case the eNB may configure PMeNB and PSeNB values so that PMeNB + PSeNB = 100%. Having a hard semi-static split of PMeNB and PSeNB so that PMeNB + PSeNB = 100% should be sufficient for asynchronous operation (assuming no “look-ahead”) [4] and the enhanced performance for dynamic power sharing can be practically obtained only for synchronous operation.

Observation 3: Support of dynamic power sharing for asynchronous operation without “look-ahead” is not expected to provide gains over a semi-static power with PMeNB + PSeNB = 100%. 

Miscellaneous Aspects
PUCCH + PUCCH: The ability for a UE to simultaneously support PUCCH transmission to the PCell of the MCG and to the pSCell of the SCG is essential for supporting DC.
PUCCH + PUSCH: The ability for a UE to simultaneously support PUCCH (or PUSCH) transmission to the MCG and to support PUSCH (or PUCCH) transmission to the SCG is essential for supporting DC.

Multiple Timing Advance: The ability for a UE to different transmission timing between the MCG and the SCG is practically essential for supporting DC.
Simultaneous Tx-Rx: As the MCG and SCG schedulers are independent, simultaneous Tx-Rx capability is practically essential for supporting DC. 

Proposal 3: A UE capability bit for supporting dual connectivity is introduced (FFS whether band-agnostic or per-band combination). A UE supporting dual connectivity is also mandated to support: 
· UL power control for synchronous operation, 
· simultaneous PUCCH transmissions to MCG and SCG, 
· simultaneous PUSCH transmission to a first CG and PUCCH transmission to a second CG, 
· multiple timing advance, and 
· simultaneous Tx-Rx.  
3 Conclusions

This contribution considered remaining aspects related to UE capabilities for supporting dual connectivity. In particular, the following are proposed.
Proposal 1: In case a total number of UL-SCH TB bits a UE needs to transmit in a subframe exceed the UE capability for the maximum number of UL-SCH bits, the UE prioritizes PUSCH transmissions that include UCI in the same manner as when the UE operates under transmit power limitations.

Proposal 2: The UE transmits HARQ-ACK in the PUCCH when it drops an associated PUSCH when the total number of UL-SCH TB bits the UE needs to transmit in the same subframe exceeding the UE capability.

Proposal 3: A UE capability bit for supporting dual connectivity is introduced (FFS whether band-agnostic or per-band combination). A UE supporting dual connectivity is also mandated to support: 
· UL power control for synchronous operation, 
· simultaneous PUCCH transmissions to MCG and SCG, 
· simultaneous PUSCH transmission to a first CG and PUCCH transmission to a second CG, 
· multiple timing advance, and 
· simultaneous Tx-Rx.  
In addition, the following observations are made:

Observation 1: It can be further considered for a UE to report a BSR in one CG to the other CG if RAN2 indicates it can handle the specification within the Rel-12 timeline.

Observation 2: It can be left to UE implementation whether to drop reception or transmission of two TBs or of a single TB when otherwise the UE would exceed its maximum number of DL-SCH/UL-SCH TB bits. Dropped PUSCH transmissions do not need to be accounted for when the UE determines a maximum transmission power in a CG.   

Observation 3: Support of dynamic power sharing for asynchronous operation without “look-ahead” is not expected to provide gains over a semi-static power with PMeNB + PSeNB = 100%. 
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