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1 Introduction

In RAN2#85 it has been agreed that Power Headroom Report (PHR) includes Power Headroom (PH) information of all activated cells in a UE, i.e. both MeNB and SeNB serving cells. In this contribution, we discuss how the PHR format can look like in case of dual connectivity. We also discuss the pros and cons of sending PHR to both eNBs when it is triggered. 
2 Discussion

2.1 PHR format
The Power Headroom Report provides the eNB with information about the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission in each Serving Cell. Power headroom report is required for link adaptation and scheduling in the UL. 

In Rel-11 carrier aggregation, there are two different types of power headroom reports, Type 1 and Type 2. Type 1 PHR reflects the power headroom assuming PUSCH-only transmission on the carrier, while the Type-2 PHR assumes combined PUSCH and PUCCH transmission. For SCells only Type 1 PH is reported while for the PCell both Type 1 PH and Type 2 PH is reported. 

For dual connectivity, it has been agreed that PHR includes PH information of all activated serving cells in a UE. When dual connectivity is configured, the activated serving cells include at least the PCell of MCG and the special cell of SCG. The special cell of SCG is always activated and is used for PUCCH transmissions. Several other cells, i.e. SCells, may also be activated, but their treatment is similar as in the carrier aggregation case. 
So, similarly to carrier aggregation a Type 1 PHR is needed for all activated serving cells and a Type 2 PHR is needed for the PCell in MCG. In addition for dual connectivity, a Type 2 PHR is also needed for the special cell in SCG.

Dual connectivity has large similarities with carrier aggregation. It is thus natural to reuse the same PHR structure as defined for carrier aggregation. For carrier aggregation, an extended power headroom report MAC control element has been introduced. The extended power headroom format is defined in [2] and looks as in Figure 1.
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Figure 1
Extended PHR MAC Control Element

The first octet notifies the presence of PH per SCell. The second octet indicates the Type 2 PH for the PCell, potentially followed by a field for Pcmax,c. Then comes the octet for the Type 1 PH for the PCell, potentially followed by a Pcmax,c octet. After the power headroom for the PCell, comes the Type 1 PH for each SCell.
For dual connectivity a new PHR MAC Control Element is needed. In this PHR a new octet needs to be added for Type 2 PH for the special SCG cell. An example of the PHR MAC Control Element for Dual Connectivity is given in Figure 2. 
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Figure 2
Example of the PHR MAC Control Element for Dual Connectivity
Proposal 1 Introduce a new MAC Control Element for Dual connectivity PHR where one new octet is dedicated to the Type 2 PH for the special cell in SCG.
2.2 Triggering of PHR
It has been left for further study whether PHR is sent to both eNBs when triggered or just to one eNB. According to [1], several events may trigger PHR:

a. the timer periodicPHR-Timer expires
b. the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell
c. the power headroom reporting is reconfigured by upper layers
d. an SCell with configured uplink becomes activated.
e. prohibitPHR-Timer expires or has expired, when the UE has UL resources for new transmission, and the following is true in this TTI for any of the activated Serving Cells with configured uplink: 

-
there are UL resources allocated for transmission or there is a PUCCH transmission on this cell, and the required power backoff due to power management (as allowed by P-MPRc [10]) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the UE had UL resources allocated for transmission or PUCCH transmission on this cell.
Event a and event c: periodicPHR-Timer expires and PHR reconfiguration
For the events a and c above, it has been agreed in RAN2 that PHR related timers are configured independently in MeNB and SeNB. Therefore, periodic PHR is useful in the eNB that has configured it. It is not needed to send the periodic PHR to both eNBs. 

PHR reconfiguration is not an indicator of a critical change in the utilization of the UE transmit power. So, it is not necessary to trigger PHR for the eNB that didn’t perform the reconfiguration.

Event b and event e: path loss change and change in power management related power back-off
In event b, the path loss or the power back-off has changed more than a configurable threshold in one activated serving cell. As mentioned in [2], this may have an impact on the power utilization at the UE and needs to be considered in the scheduling decisions for this UE. 
Taking as example the case of path loss change, in the best case both MeNB and SeNB would react in a coordinated way to the path loss change. However this requires low-latency backhaul to be able to react timely. The risk with informing the other eNB, e.g. SeNB, of the path loss change in the first eNB, e.g. MeNB, is that the uncoordinated reaction would be inappropriate and thus degrade the UL user throughput. For example, the SeNB could increase its UL grants assuming that the MeNB will decrease significantly its UL grants due to high path loss. But in fact the MeNB only moderately reduces its UL grants to use the same UE power budget. Moreover, this would require the other eNB to be aware of the parameter dl-PathlossChange signalled to the UE. A change in path loss of 1 dB doesn’t require the same reaction as a change in path loss of 3 dB. 
The simplest method would be to let the eNB for which the path loss change is measured react alone. From the PHR due to path loss change, the eNB can know if the maximum power at UE is exceeded and react immediately by reducing its UL grants. With the next periodic PHR report, the other eNB will also be able to take action if the PHR is still low.
It is thus not required to inform both eNBs about the path loss change for one eNB. The eNB for which the path loss change is detected can handle the situation in a fast and appropriate way to avoid exceeding the maximum UE power. 
Event d: activation of an SCell with configured uplink

With event d, the PHR is triggered when a new cell with uplink configured is activated. Reporting this PHR to the other eNB too could be useful for the other eNB to be aware that a new uplink cell has been added. However, based on the PHR the first eNB can make sure the maximum power of the UE is not exceeded, and the other eNB can learn from its periodic PHR if the number of cells configured in uplink has increased. So, the added value of triggering the PHR to both eNBs to that case seems limited in that case.
From the above analysis and as mentioned in [4], reporting the PHR only to the eNB for which it has been triggered is sufficient to guarantee good dual connectivity operation. Moreover, sending PHR to all eNBs when triggered goes with increased UL signalling overhead [3]. So, default-wise the UE should report PHR only to the eNB for which it has been triggered.
However, UE power is a critical resource for dual connectivity and there may be some possibilities to improve the UE power usage with low effort when PHR is reported to all eNBs when triggered. The UL resource allocation decisions of all eNBs can be adapted faster [2]. So, to keep these improvement possibilities open, it is proposed to let the network configure PHR reporting to all eNBs when PHR is triggered. This can be used by extending the MAC-MainConfig Information Element with one new field.
Proposal 2 It is proposed that the network configures if the UE sends PHR to both eNBs when triggered for one eNB.  
3 Conclusion
Based on the discussion in section 2 we make the following proposals:
Proposal 1
Introduce a new MAC Control Element for Dual connectivity PHR where one new octet is dedicated to the Type 2 PH for the special cell in SCG.
Proposal 2
It is proposed that the network configures if the UE sends PHR to both eNBs when triggered for one eNB.
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