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Discussion 
1 Introduction

The power headroom report (PHR) was extended to support multiple PHs of SCells in Rel-10 carrier aggregation. In inter-ENB CA, we have two different SCell group belonging to MeNB and SeNB. In addition, the SeNB may have PUCCH SCell and also support simultaneous uplink transmission with PUSCH, which may require a new PHR format to support common PHR report or not. In this contribution, we discuss PHR issue for dual connectivity to MeNB and SeNB such as PHR triggering, PHR format and PHR-config.
2 Discussion
In Rel-10 carrier aggregation, the UE reports transmission power headroom for all serving cells using extended PHR format.  The extended PHR contains 7 bit-map indicating validity of SCell PH information in the first octet. Next to the bitmap, type 2 PH value of PCell is placed and its’ type 1 PH follows after.  The SCells’ PHs are listed after PCell PHs based on the bit-map information.  For the inter-ENB CA, we have to check whether the legacy PHR format can be reused to report SCells’ PH of MCG and SCG and how each eNB can recognize. 
How to report PHR to proper eNB?
When having activated SCells of MCG and SCG in the inter-ENB CA, the UE should report PH information of those SCells using uplink grant from each CG.  But it has to be clear to deliver the PH information to proper eNB. Here we show two possible alternatives for the solution. 
1)  Double Triggering approach
In this approach, the UE sends same PHR twice to MeNB and SeNB as shown in Fig. 1. For this, a new PHR format might be necessary to include PH information of SCells of both MCG and SCG. When the MeNB and SeNB receive the PHR, they abstract proper information from it. At the UE point of view, management of PHR could be little bit easier than Cell Group specific handling that will be shown later, but its effect might be negligible. 
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Fig. 1 Double PHR Triggering approach
2)  Cell Group specific handling approach
In this approach, the UE sends the PHR based on the cell group, i.e., MCG and SCG as shown in Fig. 2. The UE reports PH of MCG and SCG whenever trigger condition for each eNB is met. In the figure, UE sends first PHR about MCG to MeNB when it is triggered. And next, the PHR about SCG was sent to the SeNB. For this, the UE has to recognize uplink grant from which eNB assigns. It is bit complicate to send CG specific PHR to each eNB but it can reuse legacy PHR format and also save radio resource to remove redundancy mentioned in the ‘redundant triggering’ approach.
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Fig. 2 Cell Group specific handling approach
<Table 1>

	
	Double Triggering approach
	Cell Group specific handling approach

	Pros
	Less impact to the UE design
	Reuse current PHR format

	Cons
	· New PHR format

· Redundant transmission (resource waste)
	· More impact to the UE design 

· No resource waste due to redundant transmission


Proposal 1. Cell group specific PHR handling should be considered, which can reuse current PHR format.
Do we need a new PHR format?
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Fig. 3 PHR format for MCG                    Fig. 4 PHR format for SCG
When the UE sends the PHR based on the cell group, i.e., MCG and SCG as shown in Fig. 2, the only difference between PHR format of MCG and SCG is that PH of MCG PCell is contained in the type 2/type 1 PH field while PH of SCG pSCell (i.e., PUCCH SCell such that SCell of SCG has PUCCH) is in the type 2/type 1 PH as shown in the Fig 3 and Fig. 4. In cell specific PH report, the UE selects the above format based on which CG the PHR is destined. Thus a new PHR format is not necessary since the UE and eNBs know which PH indicates which serving cell. Instead mapping rule between serving cells and possible PH type or indication of pSCell might be necessary. 
Proposal 2. No new PHR format is necessary in cell group specific PHR handling
Common format for PHR of  MCG and SCG
In order to use common PHR format for the MCG and SCG, additional negotiation procedure to make their format in common is necessary. Otherwise, if fixed PHR format or maximum size PHR format is used, then useless filed in the common PHR can cause overhead. For example, common PHR format for MCG PHR with 3 SCell PHs and SCG PHR with only 1 SCell will make two unused PHs for the SCG PHR. Thus, the PHR format can be different according to the CG (i.e. MCG and SCG) as shown in Fig. 3 and 4. 
Proposal 3. Different PHR format should be allowed for different cell groups
Common phr-config for MCG and SCG 

As mentioned before, PHR-config (i.e., periodicPHR-Timer , prohibitPHR-Timer and dl-PathlossChange)  of each MCG and SCG is configured individually by MeNB and SeNB. In similar sense of previous propose, it requires additional negotiation procedure to make a common PHR-config between the MeNB and SeNB. Furthermore there is no obvious gain from the common configuration under circumstance that uplink transmission scheduling is also achieved independently by each eNB. Thus, it is reasonable that PHR-config is configured by each eNB independently. 
Proposal 4. PHR-config can be independently configured by each eNB
3 Conclusion
In this contribution, we investigate PHR for MCG and SCG in dual connectivity. Separate MAC operation to the MeNB and SeNB can allow to send PHR of a cell group to corresponding eNB without introducing a new PHR format to be distinguished between ones for MCG and SCG. So, independent PHR is reasonable approach for the dual connectivity.
Proposal 1. Cell group specific PHR triggering should be considered, which can reuse current PHR format.
Proposal 2. No new PHR format is necessary in cell group specific PHR triggering
Proposal 3. Different PHR format should be allowed for different cell groups
Proposal 4. PHR-config can be independently configured by each eNB
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