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1 Introduction
The discussion on dual connectivity at RAN1 #76bis and afterwards on the email reflector mainly centres on how uplink power control is performed at the UE. In this contribution we address the issues related to power headroom reporting for dual connectivity. 

2 Discussion
The power headroom report (PHR) 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. The power headroom in CA is calculated and reported on a per carrier basis. 

In dual connectivity, the scheduling is done independently in MeNB and SeNB without tight coordination. This makes it difficult to exploit the power headroom report as efficiently as carrier aggregation. However, it is still desirable that the UE reports power headroom of all carriers including both MeNB and SeNB to both node so that both nodes have the full information of the available power and adapt the UL transmissions accordingly. 

The PHR issue was discussion in RAN2 #85 and it was agreed that the PHR includes PH information of all activated cells from both MeNB and SeNB. Given that there will be separate PUCCH on the special cell in secondary cell group (SCG), an additional type 2 PH is most likely needed for this special cell. From RAN1 perspective, the power headroom determination could reuse the existing Rel-11 principles, e.g. PH is calculated using the formulas in [2] for each carrier; a virtual PH is reported based on hypothetical reference format if there is no UL transmission in the serving cell.

As discussed in [1], dynamic power sharing between the MeNB and SeNB is desirable since it provides more efficient power utilization and better UL coverage. Moreover, it will be beneficial for the MeNB or SeNB to derive whether power limitation occurs at the UE and how much power is available for UL scheduling. If this information can be derived by the MeNB or SeNB, it could adapt the UL grant so that the overall uplink transmission performance could be improved. The current PH calculation scheme may not be sufficient since it is on per carrier basis hence it is difficult for the MeNB (or SeNB) to know the total transmit power utilization status. This is a severe deficiency in dual-connectivity since two eNBs are involved and each makes independent decisions about its radio resources. Each eNB does not know each other’s scheduling decision including which configured UL carrier is being utilized. The total transmit power utilization status may also change dynamically over time.  
Take the PHR to the MeNB as an example, the PHR includes includes PH information of all activated cells from both MeNB and SeNB. The PH for MeNB could be calculated in a similar way as carrier aggregation while some further optimizations could be considered in PH calculation for the SeNB. Since the main purpose of reporting PH information of SeNB to MeNB (vice versa) is to provide the power usage of SeNB so that the MeNB could derive the total power usage on all active cells, it is preferred that actual PH is reported by taking the total configured transmit power into consideration.
If the UE transmits PUSCH without PUCCH for serving cell c, power headroom is computed using
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If the UE transmits PUCCH without PUSCH for serving cell c, power headroom is computed using
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If the UE transmits PUSCH with PUCCH for serving cell c, power headroom is computed using
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If the UE does not transmit PUCCH or PUSCH in subframe i for serving cell c, power headroom is computed using 
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Where 
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is the configured UE total transmit power in subframe i which may be further discussed in RAN4. 
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 are defined in section 5.1.1.1 [1].

With this information, it is possible for the MeNB to derive whether there a power limitation and compute the total PH using
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Another alternative is to calculate the total PH at the UE using actual transmissions across all serving cells. The total PH is then reported to both MeNB and SeNB.
Note that the total nominal UE maximum power is also assumed to be reported in the above solution.It should also be noted that the nominal UE maximum transmit power may be different in dual connectivity which needs to be further addressed in RAN4.

Another issue with PHR is which subframe should be considered when PH for the other CG/eNB is reported. This is not a problem when MeNB and SeNB are synchronized. When MeNB and SeNB are unsynchronized, one subframe for one CG/eNB may be partial overlapping with two consecutive subframes from the other CG/eNB, it will be very complicated to consider two subframes in the PH reporting. Therefore it is preferred that PH calculation only considers ongoing transmissions from first CG/eNB in timing. As an example, when calculating PH for MeNB in subframe i, only the transmission in subframe i from SeNB is considered.
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Figure 1: MeNB and SeNB in an unsynchronized network

Proposal 

· The PH calculation for the scheduling CG/eNB reuses the existing Rel-11 CA principles.

· Actual PH is reported for the non-scheduling CG/eNB by considering the total configured maximum power.

· When the MeNB and the SeNB are unsynchronized, PH calculation only considers the ongoing transmissions from the other CG/eNB.
3 Conclusions

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

Proposal
· The PH calculation for the scheduling CG/eNB reuses the existing Rel-11 CA principles.

· Actual PH is reported for the non-scheduling CG/eNB by considering the total configured maximum power.

· When the MeNB and the SeNB are unsynchronized, PH calculation only considers the ongoing transmissions from the other CG/eNB.
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