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1 Introduction
In RAN#62, a new Rel-12 Work Item “Dual Connectivity for LTE” led by RAN2 was approved, the scope of which includes “Identify and introduce physical layer functionalities required for the operation of Dual Connectivity” [1].
In this contribution, we discuss the uplink power control method for dual connectivity.
2 Discussion
2.1 Dynamic power-sharing
It was agreed as a working assumption in [2] that dynamic power-sharing is supported for dual connectivity. The exact mechanisms and specification impact are FFS.
Due to the fact that the MeNB and SeNB are deployed at different locations with non-ideal backhaul, dynamic scheduling coordination between MeNB and SeNB is not feasible. The intention of dynamic power-sharing is for better UE power utilization. It is proposed that dynamic power-sharing is applied for dual connectivity in both synchronized and unsynchronized cases.

On one hand, there may be only transmission towards one eNB/CG in a given subframe. It is desirable that the available UE power can be fully utilized towards one eNB/CG in this case. Therefore, it is not suggested to impose any additional limitation on the maximum transmit power per eNB/CG at the eNB or the UE side. On the other hand, the total required transmit power towards both MeNB and SeNB may exceed the maximum UE transmit power PCMAX, i.e. the UE is power-limited. Power scaling/dropping shall be applied depending on some prioritization rules or transmission timing. The power scaling scheme for dual connectivity is discussed in our companion contribution [3]. 
In summary, it is proposed that dynamic power-sharing is applied for dual connectivity in both synchronized and unsynchronized cases. Candidate 1 in [2] is proposed to be adopted for dynamic power-sharing for dual connectivity.

Proposal 1: Dynamic power-sharing is applied for dual connectivity in both synchronized and unsynchronized cases.

Proposal 2: The following dynamic power-sharing mechanism is adopted for dual connectivity.

· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG is PCMAX
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using PCMAX,c
2.2 Power-limited in unsynchronized case

In RAN1#76bis, it was agreed as a working assumption that power control changes are not allowed one carrier in the middle of subframe in asynchronous case in dual connectivity. In unsynchronized case, it is suggested that UE is power-limited if its total required transmit power on any overlapping period within the subframe exceeds PCMAX.

Power scaling/dropping is applied when UE is power-limited, i.e. the total transmit power of the UE exceed PCMAX where PCMAX is total configured maximum output power defined in RAN4. It is straightforward to leave the definition of PCMAX for dual connectivity to RAN4.

Proposal 3: UE is power-limited if its total required transmit power on any overlapping period within the subframe exceeds PCMAX.
Proposal 4: The definition of PCMAX for dual connectivity is decided by RAN4.
2.3 Processing time reduction

Whether there is additional processing time reduction for power control depends on the prioritization method for power allocation between eNBs/CGs. For example, there is no reduction if the first in time transmission is prioritized. Even if there is up to 1ms time reduction, considering that uplink power setting and encoding processing are independent, the additional processing time reduction is considered acceptable.
Proposal 5: The additional processing time reduction (maximum close to 1ms) is acceptable.

2.4 PH reporting
PUCCH transmission is supported in Pcell and pSCell according to the agreement in the last RAN1 meeting. Therefore, UE shall report both Type1 PH and Type2 PH for Pcell and pScell. For other cells, only Type 1 PH shall be reported.
In RAN2#85, it was agreed that PHR includes PH information of all activated cells in a UE. In RAN2#85bis, following agreements were reached.

=>
Pathloss change, P-MPR change, and SCell activation triggers PHR for both MAC entities.

=>
Periodic, and Reconfiguration triggers PHR to corresponding MAC entity.

=>
Whether to include Real PH or Virtual PH for cells belong to other eNB is left up to RAN1 decision. 

As the eNB is not aware of the resource allocation of the other eNB, virtual PH for cells belong to the other eNB may be more helpful for eNB scheduling.
Hence, we have the following proposals:

Proposal 6: Both Type1 PH and Type2 PH for both Pcell and pScell shall be reported while only Type 1 PH shall be reported for other cells.
Proposal 7: Virtual PH for cells belong to the other eNB is included in PHR.
2.5 TPC transmission method
Independent TPC in different serving cell groups is required since different eNBs have independent scheduling. For PUCCH transmission in each serving cell group, the TPC carried in PDCCH/EPDCCH with DL grant transmitted in the serving cell group shall be used to adjust the PUCCH transmit power. For PUSCH transmission in each serving cell group, the TPC carried in PDCCH/EPDCCH with UL grant transmitted in the serving cell group shall be used to adjust the PUSCH transmit power. In case CSS is supported on the SCG PUCCH serving cell, DCI format 3/3A with group TPC for PUCCH/PUSCH of different UEs in SCG can be transmitted in the CSS of the SCG PUCCH serving cell.
Hence, we have the following proposal:

Proposal 8: Independent TPC for PUCCH/PUSCH transmitted in MCG and SCG shall be supported and specified.
3 Conclusions
In this contribution, we discuss the uplink power control method for dual connectivity, and have the following proposals:
Proposal 1: Dynamic power-sharing is applied for dual connectivity in both synchronized and unsynchronized cases.

Proposal 2: The following dynamic power-sharing mechanism is adopted for dual connectivity.

· Maximum transmit power per serving cell is PCMAX,c
· Maximum transmit power per eNB/CG is PCMAX
· Maximum transmit power per UE is PCMAX
· When UE is power-limited, depending on some prioritization rules or transmission timing, power-scaling/dropping is applied
· PHR is calculated using PCMAX,c
Proposal 3: UE is power-limited if its total required transmit power on any overlapping period within the subframe exceeds PCMAX.
Proposal 4: The definition of PCMAX for dual connectivity is decided by RAN4.
Proposal 5: The additional processing time reduction (maximum close to 1ms) is acceptable.

Proposal 6: Both Type1 PH and Type2 PH for both Pcell and pScell shall be reported while only Type 1 PH shall be reported for other cells.

Proposal 7: Virtual PH for cells belong to the other eNB is included in PHR.
Proposal 8: Independent TPC for PUCCH/PUSCH transmitted in MCG and SCG shall be supported and specified.
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