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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 RAN1#76bis, the following UCI transmission schemes were agreed for dual connectivity:
· With the agreement in RAN1 #76, following UCI feedback mechanisms are supported in Rel-12 dual connectivity
· In dual connectivity, UEs feedback UCI (SR, HARQ-ACK, CSI) related to MCG to MeNB only
· In dual connectivity, UEs feedback UCI (SR (if supported), HARQ-ACK, CSI) related to SCG to SeNB only
· For each UCI feedback, non-dual connectivity based UCI feedback mechanisms using PUCCH/PUSCH are applied within each cell group
· In dual connectivity, in MCG, PUCCH for MCG is supported in Pcell only, while PUCCH for SCG is supported in pSCell only
In RAN1#76, a response LS for RAN2 was agreed to indicate that it is feasible to support parallel PRACH preamble transmissions in MCG and SCG in non-power-limited case, and whether or not and how UE supports parallel PRACH transmission in the power limited case is FFS [2]. In addition, the following working assumptions on the synchronization for dual connectivity were agreed in [3]:
· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 30.26 + X micro sec
· Dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB
Uplink power control for dual connectivity is discussed in our companion contribution [4]. In this contribution we discuss the uplink power scaling method for dual connectivity.
2 Discussion
As it was agreed that separate UCI feedback in MCG and SCG is supported in dual connectivity, and contention based random access procedure will be used in SCG, there shall be the following new concurrent transmissions in different eNB/CGs:

· Concurrent PUCCH transmissions in MCG and SCG
· Concurrent PUCCH and PUSCH with UCI transmissions in MCG and SCG

· Concurrent PUSCH with UCI transmissions in MCG and SCG

· Concurrent PUCCH in one eNB/CG and PUCCH+PUSCH with UCI in the other eNB/CG
· Concurrent PUSCH with UCI in one eNB/CG and PUCCH+PUSCH with UCI in the other eNB/CG
· Concurrent PUCCH+PUSCH with UCI in one eNB/CG and PUCCH+PUSCH with UCI in the other eNB/CG
· Concurrent PRACH in one eNB/CG and PUCCH/PUSCH with UCI in the other eNB/CG
· Concurrent PRACH transmissions in MCG and SCG
It should be noted that the types of UCI in PUCCH/PUSCH in different eNB/CGs may be the same or different, and the MCG and SCG may be synchronized or unsynchronized. Following we discuss the power scaling mechanism in case of power limitation for dual connectivity in synchronized and unsynchronized cases.

In synchronized case, there are basically two options for power scaling.

· Option 1-1: Define new power allocation priority for the new concurrent transmissions. The existing power scaling mechanisms in combination with the new power allocation priority are applied
· Option 1-2: Pre-define or pre-configure a power allocation priority between MCG and SCG. The uplink channels in the higher priority eNB/CG are prioritized. The existing power scaling mechanisms are directly reused in each eNB/CG
For option 1-1, at least new power allocation priority for PUCCH/PUSCH with different types of UCI in MCG and SCG shall be defined to support the new concurrent transmissions. In order to maintain the performance of important UCI, the power allocation priority shall be defined at least according to the importance of different types of UCIs, i.e. PUCCH with SR > PUCCH/PUSCH with ACK/NACK > PUCCH/PUSCH with CSI > PUSCH without UCI. In case of concurrent transmission of PRACH and PUCCH/PUSCH in different eNB/CGs with limited power, for simplicity, PRACH may be assumed with higher power allocation priority than PUCCH/PUSCH as defined in Rel-11. If the concurrent transmission of multiple PRACHs in different eNB/CGs with limited power is supported, equal power scaling for the parallel PRACH transmissions or prioritize PRACH transmission in Pcell can be used. Whether or not to further distinguish the priority of the PUCCH/PUSCH between MCG and SCG or between Pcell and Scell can be further studied.
For option 1-2, the existing power scaling mechanisms in Rel-11 for single TAG and multiple TAGs can be directly reused for each eNB/CG. The eNB/CG priority needs to be pre-defined or pre-configured.
In unsynchronized case, the uplink channels in current subframe may be partially overlapped with the uplink channels in another subframe on multiple SC-FDMA symbols. It is possible to pre-define or pre-configure a max transmit power for MCG and SCG respectively, and ensure the sum of the max transmit power of MCG and SCG does not exceed the max transmit power of UE. In that case, the existing power scaling method in Rel-11 can be directly reused according the max transmit power of the eNB/CG. However, power limitation is involved in option 1 which limits a UE to achieve the max transmit power of UE in one eNB/CG. Therefore, it is not preferred in terms of UE power utilization and cell coverage.

The following power scaling mechanisms can be further considered.
· Option 2-1: Prioritize the first in time transmission and scale the latter in time transmission considering the transmit power of the overlapped uplink channels 
· Option 2-2: Define new power allocation priority for the new concurrent transmissions. The existing power scaling mechanisms in combination with the new power allocation priority are applied
· Option 2-3: Pre-define or pre-configure a power allocation priority between MCG and SCG. The uplink channels in the higher priority eNB/CG are prioritized. The existing power scaling mechanisms are directly reused in each eNB/CG
For option 2-1, during power scaling for the uplink channels in current subframe, the transmit power of the partially overlapped uplink channels earlier in time shall be subtracted from the max transmit power of UE. The existing power scaling mechanisms in Rel-11 for single TAG and multiple TAGs can be reused within the eNB/CG. 
For option 2-2, power requirement of the other eNB/CG is taken into account before allocating available power for the first eNB/CG. The same uplink power allocation priority for option 1-1 can be reused.
For option 2-3, power requirement of the other eNB/CG is taken into account before allocating available power for the first eNB/CG. The uplink channels in the higher priority eNB/CG are prioritized. The existing power scaling method in Rel-11 can be reused in the eNB/CG.
In general, unified solution for both synchronized and unsynchronized cases is preferred. In addition, RAN2 agreed the following working assumptions.

1. The MCG serving cells carry SRBs and are therefore essential for maintaining the connection towards the UE. 

2. The preamble transmission in the PCell is considered more important than preamble transmission in any other cell.
Therefore, option 1-2 and option 2-3 are preferred for power scaling in synchronized and unsynchronized cases respectively. 
3 Conclusions
In this contribution, we discuss the uplink power scaling mechanism for dual connectivity, and have the following proposals:
Proposal 1: Pre-define or pre-configure a power allocation priority between MCG and SCG.
Proposal 2: In both synchronized and unsynchronized cases, the uplink channels in the higher priority eNB/CG are prioritized. 
Proposal 3: In unsynchronized case, power requirement of the other eNB/CG is taken into account before allocating available power for the first eNB/CG.
Proposal 4: The existing power scaling mechanism is directly reused in each eNB/CG.
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