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Discussion and decision
1. Introduction
As an outcome of the agreements from RAN2 #84, the support for dual uplink (i.e. PUCCH and PUSCH  towards MeNB and SeNB) has become a requirement for dual connectivity operation for both U-plane architectures 1A and 3C. In this contribution, we address the impact of dual uplink operation on the UE‘s maximum power configuration and power headroom reporting.  
2. Discussion
2.1. Background
The following agreements were reached by RAN2 regarding the PUSCH and PUCCH requirement for dual connectivity [R2-140002]:
	1)  At least one cell in SeNB has configured UL and one of them is configured with PUCCH resources (could discuss whether to support more if such an enhancement is agreed for CA in Rel-12 in general).
2)  RLC STATUS PDUs are transmitted to corresponding eNBs via the corresponding Uu interface.


The first agreement establishes a dual PUCCH requirement for dual connectivity operation, while the second establishes a dual PUSCH requirement. These requirements hold for both U-plane architectures 1A and 3C.
Such dual uplink requirement raises the issue of how to manage the UE’s transmit power between MeNB and SeNB, especially in light of the dual-MAC principle agreed by RAN2 [1]. 
In this contribution, we discuss the need for UE transmit power sharing in dual connectivity and its impact on the UE power headroom reporting.
2.2. UE transmit power sharing  
When the MeNB and SeNB operate independently and are connected via a non-ideal backhaul, their scheduling decisions cannot be coordinated at the subframe level. It is therefore not feasible for an eNB to obtain an accurate and instantaneous information of the transmit power required by the cell-group of the other eNB.  
This scenario could lead to a situation in which both eNBs attempt to raise the UE transmit power concurrently and cause the UE to exceed its maximum transmit power capability. Note that, in Rel. 10/11 CA, the scheduling decisions can be jointly coordinated across all cells within the eNB and the issue can be mitigated to a large extent. 
A simple approach to avoid such problem in dual connectivity is to define a cell-group specific maximum transmit power. Thus, each eNB is allocated a share of the maximum UE power, applicable to the cell-group of the eNB.  The eNBs can coordinate their required share in semi-static fashion in order to ensure the UE’s maximum transmit power is not exceeded. 
The above approach has the following benefits:

- It enables the eNBs to adjust their respective maximum power share to adapt to the UE’s radio condition and data load;

- MeNB and SeNB can reuse Rel. 10/11 CA power control procedures within the MCG and SCG respectively;
- It ensures that in total those two eNBs are not going to exceed UE max Tx power.
Proposal 1:
A semi-static configuration of a cell-group specific UE max Tx power is supported for dual connectivity operation.
One potential drawback of the semi-static cell-group specific power configuration is that it does not reflect instantaneous scheduling conditions for the UE on a given subframe. For example, if the UE strictly follows the configured value for a cell-group, it could unnecessarily limit its transmission power in a subframe in which only one eNB is active, while still having sufficient total power. To avoid performance impact in such scenarios, the UE should be able to utilize any unused power remaining from one eNB towards satisfying the power requirement of the other eNB. This dynamic power filling complements the semi-static cell-group specific configuration, and together they provide efficient and robust UE transmit power management in dual connectivity.
Proposal 2:
For transmission on a subframe, the UE should utilize any unused power from one eNB towards satisfying the power requirement of the second eNB.  

2.3.  Power headroom reporting
To enable eNBs to coordinate and update their share of UE’s transmit power, it would be necessary for the total available power headroom for the UE (including both MCG and SCG) to be reported to at least one of them. This way, the eNB can obtain knowledge of the available power of the neighbour eNB and trigger an update of the cell-group specific transmit power. 

To realize this, it suffices to extend the current power headroom reporting procedure by including all active cells in the power headroom report.   
Proposal 3:
UE includes power headroom information for all active cells of both MCG and SCG in the power headroom report.
Finally, it seems sufficient to transmit the PHR to a single eNB when it is triggered.

Proposal 4:
UE sends the PHR to the corresponding eNB to which the triggering cell belongs.

3. Conclusion
In this document we discussed UE transmit power sharing and power headroom reporting requirements for dual connectivity. The following proposals were made:
Proposal 1:
A semi-static configuration of a cell-group specific maximum transmit power is supported for dual connectivity operation.
Proposal 2:
For transmission on a subframe, the UE should utilize any unused power from one eNB towards satisfying the power requirement of the second eNB.  

Proposal 3:
UE includes power headroom information for all active cells of both MCG and SCG in the power headroom report.
Proposal 4:
UE sends the PHR to the corresponding eNB to which the triggering cell belongs.
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