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1. Introduction

At the RAN2 #85 meeting, RAN WG2 discussed enhancement of specification on Power Headroom Report (PHR) for Dual Connectivity and made some decision as follows [1].

· The PHR related timers and parameters are independently configured for each MAC entity.
· PHR includes Power Headroom (PH) information of all activated cells in a UE.
Regarding of PHR triggering, some discussions were made and two alternatives below were raised [2], but RAN WG2 has not reached a consensus yet.

1) When a PHR triggering event occurs, the UE triggers PHR in corresponding MAC entity.
2) When a PHR triggering event occurs, the UE triggers PHR in both MAC entities.
In this contribution, we discuss the PHR triggering and show our preference. Hereinafter, we use the phrase “M(S)eNB MAC entity” to denote the MAC entity in UE facing the MAC entity in M(S)eNB.
2. Discussion
One of objectives for which an eNB lets a UE feed back a PHR is to allow eNB to know pathloss between the eNB and the UE By knowing pathloss between the eNB and the UE, the eNB can use the pathloss for radio resource scheduling, for example, controlling the sizes of transport blocks which the UE uses in uplink transmission.
The objective of feeding back this PHR can also be applied in dual connectivity. In the case of Dual connectivity, it is assumed that Master eNB (MeNB) and Secondary eNB (SeNB) are not co-located each other unlike Carrier aggregation (CA). Therefore, the uplink scheduling with thick cooperation between MeNB and SeNB is impossible. However, for example, it might be important from the viewpoint of efficient radio resource scheduling that MeNB grasps a change of PHR from a UE toward SeNB and conducts uplink scheduling for uplink resource utilized by the UE.
In the last RAN2 meeting, it was decided that PHR includes PH information of all activated cells in a UE. This decision means that even if a PHR is triggered only in an M(S)eNB MAC entity, PH information in an S(M)eNB MAC entity is also included in the PHR toward the MeNB. Therefore M(S)eNB can know the PH information toward not only M(S)eNB but also S(M)eNB once the PHR is trigged in an M(S)eNB MAC entity.
Observation 1: From the agreement of the last RAN2 meeting, M(S)eNB can know the PH information in an S(M)eNB MAC entity even if a PHR is triggered only in an M(S)eNB MAC entity.
Next, for PHR triggering conditions, the issue is whether or not a PHR in an S(M)eNB MAC entity should also be triggered when a PHR in an M(S)eNB MAC entity is triggered. In current specification, five PHR triggering conditions are defined as follows [3].
	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 actived 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.


At first, in regard to five conditions listed above, we can consider a method which selects triggered MAC entities from “Both MAC entities” or “MAC entity where the condition is met” for every triggering condition. Table 1 shows one example of selecting triggered MAC entities when a PHR triggering condition is met in a MAC entity.
Table 1
Example of triggered MAC entities for every triggering condition
	PHR triggering condition
	Triggered MAC entity

	Condition 1
	Both MAC entities.

	Condition 2
	Both MAC entities.

	Condition 3
	MAC entity where the condition is met.

	Condition 4
	MAC entity where the condition is met.

	Condition 5
	Both MAC entities


However, this technique might lead to the complexity of specifications, because it is necessary to prescribe some methods for coping with the case that plural triggering conditions are met at the same time. For example, when the conditions 1 and 3 are met at the same time, then some additional rules are needed to determine the triggered MAC entities for UEs, and it is a bit complicated from the viewpoint of specifications. Therefore, it would be better that whether a PHR is triggered only in a MAC entity in which a PHR triggering condition is met or PHRs in both MeNB and SeNB MAC entities are triggered is selected commonly for all triggering conditions.

Observation 2: Whether only one MAC entity is triggered or both MAC entities are triggered should be determined commonly for all triggering conditions.
Then, we consider the case that a PHR is triggered in an M(S)eNB MAC entity. In this case, whether a PHR is triggered in an S(M)eNB MAC entity or not is related to whether the fact that PHR triggering conditions are met in an M(S)eNB MAC entity is instantly notified to S(M)eNB or not. If the PHR is not triggered in an S(M)eNB MAC entity, then S(M)eNB cannot know the fact until a PHR triggering condition is met in an S(M)eNB MAC entity. The advantage of the instant notification is thereby coordination of MeNB and SeNB is facilitated. However, in the case of U-plane architecture 1A, there is not a meaning to facilitate coordination too much because destination of data transmission from UE is fixed when the bearers are established.
On the other hand, we consider that bearer splitting is adopted in uplink U-plane architecture. In this case, a UE can transmit data belonging to one bearer to both MeNB and SeNB, and it might be possible for both schedulers in MeNB and SeNB to enhance frequency efficiency by coordinating and changing their scheduling results dynamically for the splitting bearer. Therefore, as for notifying S(M)eNB of meeting triggering conditions in an M(S)eNB MAC entity instantly, the advantage could be confirmed if bearer splitting is adopted in uplink U-plane architecture.
Proposal 1: If bearer splitting is adopted in uplink U-plane architecture, it is better that UE triggers PHRs in both MAC entities when at least in any of two MAC entities a PHR is triggered. If bearer splitting is not adopted, then there would be no need to trigger PHRs in both MAC entities.
3. Conclusion

 In this contribution, we discussed PHR triggering and our preference in terms of it is shown in the following proposal.
Proposal 1: If bearer splitting is adopted in uplink U-plane architecture, it is better that UE triggers PHRs in both MAC entities when a PHR is triggered at least in any of two MAC entities. If bearer splitting is not adopted, then there would be no need to trigger PHRs in both MAC entities.
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