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1 Introduction
The power headroom reporting for dual connectivity was discussed at RAN1 #77 and the following is agreed
· For the PHR of the activated cells belonging to another CG/eNB,

· UE is configured using higher layer signaling to report one of the followings

· Always virtual PH

· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH
This topic was further discussed afterwards with the following agreements [1]
· Type 2 PHR for PCell and pSCell whichever belongs to the other CG/eNB is always reported in dual connectivity.

· Send an LS to RAN2 to ask to define corresponding PHR MAC CE.

· New PHR trigger is up to RAN2.

· Working assumptions:

· No additional PH calculation equation other than those in Rel.11 is introduced.

· FFS if PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

· FFS using real PCMAX,c in PH calculation in case that it is available.

· PHR is not averaged over multiple subframes before reported.

· PHR reporting behavior for the serving cells in the scheduling eNB remains the same as in Rel.11.

· FFS: For asyn case, PHR is calculated using the first overlapped portion.

In this contribution we discuss the FFS aspects on power headroom reporting for dual connectivity. 

2 Discussion
The power headroom report (PHR) provides the information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmissions. Power headroom report is required for efficient link adaptation and scheduling. The power headroom in Rel-10/11 carrier aggregation is designed on per carrier basis. In dual connectivity, scheduling is done independently in MeNB and SeNB without tight coordinations. This makes it difficult to exploit the PHR as efficiently as carrier aggregation. However, it is still beneficial that the UE reports PH of all carriers from both MeNB and SeNB to both nodes and this was already agreed in RAN2.
There were extensive discussions at RAN1 #77 on whether virtual or actual PH should be reported for serving cells belonging to the non-scheduling CG/eNB. The proponents of virtual PHR argue that it provide some pathloss estimation based on fixed PRB allocation which could be useful for the (re)configuration of minimum guaranteed (maximum allowable) power levels for power management for each nodes. On the other hand, the proponents of actual PHR argue that the actual PHR provides the power usage information of the other eNB/CG if there is some correlation between consecutive scheduling decisions. Fundamentally, the two proposals targets different use cases and a compromise was reached that configuration flexibility is provided to the eNB to select either of the options. 
One important use case of the actual PHR is that the MeNB or SeNB could detect whether power limitation occurs and make an estimation on how much power is available for UL scheduling. If this information can be acquired by the MeNB and SeNB, MeNB/SeNB could adapt subsequent UL grants so that the overall uplink performance could be improved. The current PH calculation scheme is not sufficient since the PH is reported on per carrier basis hence it is difficult for the MeNB (or SeNB) to know the total transmit power usage. 
In order to derive the overall PH, one alternative is to calculate it at the UE and report it to the eNB as described in [2]. The specification impact of this proposal is that new PH calculation needs to be introduced which will impact both RAN1 and RAN2. Alternatively, the maximum transmit power PCMAX could be reported and the overall PH can be derived at the eNB. This alternative has much less RAN1 impact since no new PH calculation is needed and the RAN2 impact is also marginal, where a new field in the PHR MAC CE is needed.  
Take the PHR to the MeNB as an example, the PHR includes PH information of all activated cells from both MeNB and SeNB. With the actual PH report and the total power Pcmax, it is possible for the MeNB to derive whether there a power limitation and compute the total PH using
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It should be noted that though the total maximum output power PCMAX for dual connectivity should be discussed in RAN4, it can be foreseen that a similar procedure to the Rel-10/11 CA can be reused at least for the synchronized operation, take inter-band CA as an example, a UE will set PCMAX within the following bounds:

PCMAX_L ≤ PCMAX ≤ PCMAX_H
Where the lower bound and the upper bound are determined as follows

PCMAX_L = MIN {10log10∑ MIN [ pEMAX,c/ (tC,c),  pPowerClass/(mprc·a-mprc·tC,c ·tIB,c) , pPowerClass/pmprc], PPowerClass}


PCMAX_H = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
According to the formulas above, it can be seen that the upper bound of PCMAX can be determined as long as pEMAX,c are exchanged between the MeNB and SeNB. However, the lower bound of PCMAX related to a couple of carrier-specific components (e.g. mprc, a-mprc, pmprc, etc), these components will be impacted by the scheduler (modulation order, number of PRBs, frequency position) from each carrier which will not be exchanged between the MeNB and SeNB. Therefore, PCMAX cannot be accurately estimated at MeNB/SeNB.
Proposal 1: PCMAX is reported when the UE is configured to report actual PHR in dual connectivity.
The second FFS aspect relates to whether the real Pcmax,c value should be used in the PH calculation when available. It should be noted that according to the current specification, the Pcmax,c used for PH calculation and the value in PHR (if reported) are the same so that the eNB could know how the PH is derived. It is straightforward that this principle could be kept unchanged when actual PHR is configured for dual connectivity. However, when virtual PHR is configured, a reference format is always assumed in the PH calculation even when there is actual transmission in the serving cell. Considering the motivation of the virtual PHR is for pathloss estimation, it could be fine to use either the real Pcmax,c or the virtual Pcmax,c. However, some clarifications may be needed on the implication of “V” field when virtual PHR is configured. 
Proposal 2: The real Pcmax,c is used in PH calculation when available no matter virtual PH or actual PH is configured.
The third FFS aspect relates to how PH calculation is done for asynchronous dual connectivity operation. It is already mentioned in [1] that this issue can be coupled to how the power control is done in the asynchronous operation, e.g. whether “look-ahead” is supported by the UE or not. There are different options: one alternative is to only consider the on-going transmissions of the other eNB, e.g. actual PH reporting cannot be configured for asynchronous operation; another alternative is that actual PH reporting cannot be configured for UEs not supporting “look-ahead” but can be configurable for UEs supporting “look-ahead” asynchronous behaviours. On the other hand, it is still possible to decouple the design of UL power control and the PHR reporting which could simplify the PHR design for dual connectivity in particular for asynchronous case.
Proposal 3: In asynchronous dual-connectivity, if a subframe towards one eNB overlaps with a subframe towards the other eNB, PHR is calculated using the beginning portion of a subframe.

3 Conclusions

In this contribution, we discussed the remaining issues of the power headroom reporting for dual connectivity. Based on the discussion, we have the following proposals

Proposal 1: PCMAX is reported when the UE is configured to report actual PHR in dual connectivity.
Proposal 2: The real Pcmax,c is used in PH calculation when available no matter virtual PH or actual PH is configured.
Proposal 3: In asynchronous dual-connectivity, if a subframe towards one eNB overlaps with a subframe towards the other eNB, PHR is calculated using the beginning portion of a subframe.
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