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1 Introduction

In dual connectivity there are two independent schedulers which are assigning uplink resource allocations for their respective cells. Resource allocations scheduled by one eNB are not known by the scheduler in the other eNB. This contribution discusses UL transmission power management and power headroom reporting in the scope of dual connectivity.  
2 Discussion

In Rel-11 carrier aggregation there is a centralized scheduler which controls uplink transmissions on the aggregated serving cells. Based on the information contained in the extended power headroom report (PHR), which is provided for each activated serving cell, eNB schedules uplink transmissions such that the CC-specific maximum transmission power Pcmax,c and the maximum UE transmit power Pcmax are not exceeded. Even though Pcmax is a UE implementation specific value and hence not known by eNB, the probability of a UE being power-limited can be kept fairly small when eNB is using a conservative scheduling strategy, e.g. assuming maximum values for power reductions.

In dual connectivity there are two independent schedulers which are assigning uplink resource allocations. Since dual TX was agreed as a minimum UE capability in order to achieve throughput enhancements, simultaneous transmission to both MeNB and SeNB by PUSCH/PUCCH is to be supported. Current FFS is only whether a split bearer in the uplink is supported or not. Due to the decentralized schedulers, one scheduling entity doesn’t not know when and how the UE is scheduled by the other scheduler. Therefore there might be a risk that the UE becomes power-limited when UE is transmitting on both links simultaneously, i.e. sum of uplink Tx power for transmissions to MeNB and SeNB exceeds Pcmax. 
Another area is the timing relation between MeNB and SeNB. In CA, the maximum timing alignment difference a UE needs to support is 32.47 µs for inter-band carrier aggregation with multiple TAGs. RAN1#76 discussed synchronization assumptions between MeNB and SeNB for dual connectivity and agreed as a working assumption that dual connectivity should support the scenarios where UE can assume that the maximum received timing difference from MeNB and SeNB is 30.26 + X micro sec (the value X to be decided by RAN4) and also that dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB. 

According to those working assumptions a dual connectivity UE is required to handle larger timing alignment differences for uplink transmissions on cells of different CGs compared to the CA case. In such case, non-aligned slot boundary among the cell towards MeNB and the cell towards SeNB from UE may have the consequence that only some SC-FDMA symbols exceed Pcmax like illustrated in the figure below. This makes the power control mechanism very complex as it requires more frequent RF power control than current mechanism. To have power control during a subframe means PSD of PUSCH is not constant and it has the difficulty on the demodulation of 16QAM and MIMO. 
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In order to avoid situations where UE is power limited and to avoid symbol level power control, to manage the transmit power of the UE from network point of view is necessary. Essentially network could indicate the allowed UE Tx power budget, i.e. Pcmax, between UL Tx to the MeNB and UL Tx to SeNB. In other words network could configure the maximum power UE is allowed to use for uplink transmissions to MeNB and SeNB respectively. Signalling could be for example done by RRC or MAC. The sum of those two power limits, e.g. referred to as Pcmax_MeNB and Pcmax_SeNB should be equal to or lower to Pcmax for the case that synchronization between MeNB and SeNB is not the same order as for CA. For UL transmissions towards one eNB the legacy UE behaviour w.r.t power control/power management is used. 
When the synchronization level between MeNB and SeNB is in the same order as for the case of CA, one possible enhancement could be that UE uses the unused power for one eNB for uplink transmission towards the other eNB. 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 scheduling the UE for uplink transmissions, while still having sufficient total power Pcmax. As an enhancement for 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 behaviour is possible because roughly subframe level timing aligment is available similar to CA and power control among eNB is easier than the case with totally unsynchronizaed operation. Such optimization for only specific situations can be discussed if there is meeting time available. 

The distribution of UEs UL total Tx power budget across the involved eNBs doesn’t need to be updated dynamically in our view, but only when pathloss situation on one link of the mobile or the UL traffic load situation changes significantly. 
Essentially the modeling is more similar to two independent legacy transmission power management functionalities in the UE, one for uplink transmission towards the MeNB (residing in MACMeNB in the “dual MAC” approach ) and one for UL transmissions towards the SeNB (in MACSeNB).       

Proposal1: The network configures the maximum power UE is allowed to use for uplink transmissions to MeNB and SeNB. At least when MeNB and SeNB are not synchronized in the order of CA, the sum of two powers is equal to or lower than Pcmax.

PHR reporting for dual connectivity
Power headroom reporting is needed at the eNB in order to estimate how many additional resources the UE can still be allocated before it starts being power limited. In Rel-11 Carrier aggregation extended power headroom information is reported for every activated serving cell. 
As simultaneous uplink transmission to both MeNB and SeNB are supported, RAN2#85 basically agreed to reuse the current Rel-11 PHR mechanism for CA also for dual connectivity case. Essentially the agreement was that a power headroom report contains PH information for all activated cells, e.g. PHR reported to the MeNB contains also PH information for activated SCG cells. 
However since the power headroom information is directly linked to the uplink resource allocation used in the TTI when PHR is reported and the resource allocation info from one cell is not known by the other eNB, the information which an eNB could generally get from PH information for an serving cell from a different eNB is limited. Looking at the formula for the calculation of the power headroom (shown for the type 1 PH just below) 
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for the other cell. Therefore the information which could be retrieved from power headroom information of a serving cell of other eNB is how close the UE is operating to its serving cell specific maximum transmit power limit. But for example eNB doesn’t know whether changes in the power headroom are caused by a sudden path loss change before to trigger mobility measurement or because of power control commands issued by the other eNB or by resource allocation.  
In order to learn more information from the other cell, UE would be required to provide also information, e.g. resource allocation, together with the power headroom info. 

However in case of a virtual PHR there is a fixed resource allocation used for the calculation of the power headroom. Essentially the virtual PHR together with Pcmax,c provides sufficient information on the pathloss respectively power spectrum density for the corresponding serving cell. This pathloss or PSD info from the other cell could be considered by the scheduler for its own cell uplink scheduling, i.e. if the PSD in one cell increases then UE needs more transmission power for UL transmission in this cell and hence less power can be spent for UL transmissions in the other cell. In general the virtual PHR info could be used for the sharing of the UEs UL Tx power budget for the transmission towards MeNB and SeNB as discussed above. 
Therefore we think it would be useful if UE would report to an eNB extended PHR info for the serving cell controlled by this eNB and a virtual PHR for the other serving cell controlled by other eNB, e.g. UE reports to MeNB the extended PHR for macro cell and virtual PHR for small cell.     
Proposal2: dual connectivity UE should report to an eNB extended PHR for the serving cell controlled by this eNB and virtual PHR for the cell controlled by other eNB. 
           
3 Conclusions

This contribution discussed UL transmission power management and power headroom reporting in the scope of dual connectivity. It’s proposed to agree on the following: 
Proposal1: The network configures the maximum power UE is allowed to use for uplink transmissions to MeNB and SeNB and signals this to UE via RRC or MAC. At least when MeNB and SeNB are not synchronized in the order of CA, the sum of two powers is equal to or lower than Pcmax.
Proposal2: dual connectivity UE should report to an eNB extended PHR for the serving cell controlled by this eNB and virtual PHR for the cell controlled by other eNB.
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