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1
Introduction
In Dual Connectivity, a UE in RRC_CONNECTED state can be configured to utilize simultaneously radio resources provided by two separate eNBs, Master eNB (MeNB) and Secondary eNB (SeNB). Furthermore, there can be multiple serving cells configured for the UE associated to the MeNB and/or SeNB. The MCG (Master Cell Group) is the group of serving cells associated with the MeNB and the SCG (Secondary Cell Group) is the group of the serving cells associated with the SeNB, respectively. However, UE’s total transmission power is to be shared across MCG and SCG, and with non-ideal backhaul link between MeNB and SeNB coordination possibilities among the schedulers are limited. 

In Dual Connectivity, transmission power control instances of uplink physical channels within each CG and across the CGs operate independently of each other. Upon that, scheduling decisions in subframe level done by MeNB and SeNB are performed independent of each other for the UE. That makes managing of UE’s transmission power resources more complicated than for instance in uplink carrier aggregation because the MeNB (SeNB) cannot know the scheduling and resource allocation decision for PUSCH(s) transmissions performed by the SeNB (MeNB) for the certain subframe. 
Per RAN2 agreements, PHR parameters and timers can be configured and operated per CG separately and PHR includes PH information for all the activated cells for a UE. Pathloss change, P-MPR change, and SCell activation triggers PHR for both MAC entities, while the periodic timer expiry and PHR functionality (re)configuration triggers PHR only to the corresponding MAC entity. [1] 

According to RAN2#85bis meeting minutes it was left to RAN1 to decide whether to include Real PH or Virtual PH for cells belonging to the other eNB. [1] 
This contribution provides further discussion on PHR usage to support UL Power Control in Dual Connectivity. 

2
Discussion

2.1
Linkage between Power Headroom values from different CGs

As the PH report includes PH information for all the activated cells for a UE it should be considered that what is the association between PH values from different CGs included in the PHR report. For example, if MCG PHR is to be included in a report towards SCG, the MCG related PH values need to be ready and available for the SCG MAC PDU processing at latest at the same time as the SCG related PH values are in order not to reduce the available processing time. From UE implementation perspective it does not make sense to limit the processing time related to the MAC PDU generation and physical layer processing of the transport block carrying the PHR report only to include a PH value related to a specific subframe. Also, as it is discussed in the following section, it could be even more beneficial to report other type of PH value than instantaneous values from the other CG side.
Proposal 1: UE processing time related to MAC PDU generation and physical layer processing of the transport block carrying the PH report should not be impacted due including other CG PHR into the report.
2.2
Power Headroom Values

The power headroom values for activated serving cells reported by the UE to the serving eNB indicate the available power in a certain subframe for the certain scheduling and resource allocation decision done by the serving eNB giving instantaneous information about UE’s available power budget that can be utilized in upcoming scheduling decisions. 

In DuCo, the UE would report PH values for all the activated cells to the eNB(s) based on existing triggering and reporting rules. Assuming that dynamic power sharing is applied for the DuCo, it’s considered that in order to prevent UE from being power-limited due to scheduling by two independent schedulers, the scheduling eNB should have some knowledge about UE’s transmission power usage on the other CG. The idea of using PH reporting to provide that information has some challenges. First of all, the eNB receiving the report cannot utilize the values reported for the serving cells handled by the other eNB in a similar manner as the ones reported for the serving cells handled by itself. That is because it doesn’t have  knowledge of the uplink transmission(s) on the subframe the report is based on for the serving cells of the other eNB. That makes it difficult for the eNB to estimate the required transmission power for the serving cells of the other CG in the coming subframes. 

Transmitting always a virtual PH value for the serving cells of the other CG could be a meaningful option. From virtual PH values the eNB would learn the path loss and accumulated value of power control command for each serving cell on the other CG. However, that doesn’t provide eNB a clear picture about activity and transmission power requirement on the other CG in general. 

The same would apply if the UE reported real PH for the serving cells of the other CG. The reporting of real PH value could be enhanced by adding information about PUSCH resource allocation on an uplink subframe the real PH value was based on. However, the eNB would still have only limited information to estimate the required power on the serving cells handled by the other eNB. Thus, it’s considered that a measure illustrating somewhat longer term trend in a transmission power allocation or uplink activity could be used instead of an instantaneous value like real or virtual PH. 

For instance, the PH report sent to MeNB (SeNB) could include:

· Type 2 and Type 1 PH values for serving cells of MCG (SCG) are reported as in Rel11

· PH values for serving cells of the SCG could comprise measure(s), for instance about:

· Uplink activity on the serving cells of the SCG (MCG) 

· Statistics of PH values for serving cells of the SCG (MCG), e.g. average PH

Proposal 2: To discuss whether it would be more beneficial that PH values reported for the serving cells of the other CG indicate more longer term trend than instantaneous power headroom values. 

2.3
On Triggering PHR

As discussed above, the PH reporting is a way to indicate the transmission power situation of the UE to the scheduling eNBs. However, the existing trigger conditions (see Appendix) mainly cover cases where path loss or P-MPR changes but the conditions do not consider the situation when the UE becomes power limited due to scheduling. While occasional power-limited situations could be handled via power scaling operation, continuous power-limited situation should be avoided. Thus, it’s considered that a new trigger may need to be developed if PHR reporting is seen the way to handle the possible power limitation of the UE due to scheduling. 

Observation 3: The existing trigger conditions do not take into account the occasion that UE becomes power limited due to scheduling.

Proposal 3: If PHR reporting is seen the way to handle the possible power limitation of the UE due to scheduling it could be discussed whether a new trigger condition is to be developed.

3
Conclusions

Based on above discussion section, the following observations and proposals are drawn:
Proposal 1: UE processing time related to MAC PDU generation and physical layer processing of the transport block carrying the PH report should not be impacted due including other CG PHR into the report.
Proposal 2: To discuss whether it would be more beneficial that PH values reported for the serving cells of the other CG to indicate more longer term trend than instantaneous power headroom values. 

Observation 3: The existing trigger conditions do not take into account the occasion that UE becomes power limited due to scheduling.

Proposal 3: If PHR reporting is seen the way to handle the possible power limitation of the UE due to scheduling it could be discussed whether a new trigger condition is to be developed.
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Appendix – Current PHR trigger definition

Quote from 36.321, section 5.4.6:

	…

A Power Headroom Report (PHR) shall be triggered if any of the following events occur:

-
prohibitPHR-Timer expires or has expired and the path loss has changed more than dl-PathlossChange dB for at least one activated Serving Cell which is used as a pathloss reference since the last transmission of a PHR when the UE has UL resources for new transmission;

-
periodicPHR-Timer expires;

-
upon configuration or reconfiguration of the power headroom reporting functionality by upper layers [8], which is not used to disable the  function;

-
activation of an SCell with configured uplink.

-
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.

NOTE:
The UE should avoid triggering a PHR when the required power backoff due to power management decreases only temporarily (e.g. for up to a few tens of milliseconds) and it should avoid reflecting such temporary decrease in the values of PCMAX,c/PH when a PHR is triggered by other triggering conditions.
…


