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1 Introduction
If there are uplink transmissions to the eNB, the UE should perform PHR in order to inform the eNB of an accurate power status of each serving cell. In dual connectivity, as the UE should transmit at least RLC STATUS PDU [1] and BSR to the related eNB [2], uplink transmission to both of MeNB and SeNB is inevitable. Therefore, the UE needs to inform both of the eNBs of the power headroom information of the serving cells.
In this contribution, we discuss how to manage PHR in dual connectivity and address further issue to discuss for split bearer.
2 Discussion
2.1 PHR configuration

PHR trigger is controlled by timers (periodicPHR-Timer, prohibitPHR-Timer) and parameter (dl-PathlossChange) that are configured by the network. In the legacy system, as there is only one eNB, PHR related timers and parameter are managed per UE. With dual connectivity where multiple eNBs are involved with a UE, each eNB is likely to have different scheduling policy and radio channel condition. Accordingly, each eNB might want to have different PHR configuration. Therefore, we think each eNB should be able to independently configure the PHR related timers and parameter so that PHR operation is independently performed per MAC entity.

Proposal 1. In dual connectivity, the PHR related timers and parameter are independently configured for each MAC entity.
2.2 PHR trigger
In the legacy system, PHR is triggered per UE, i.e., PHR is triggered when any PHR triggering events occur in a UE. However, in dual connectivity, PHR triggering events can be specified per MAC entity. Therefore, we should discuss whether PHR is triggered per UE or per MAC entity. 

· PHR is triggered per UE:

When a PHR triggering event occurs in any MAC entity, PHR is triggered in both MAC entities. This implies that PHR is triggered in a MAC entity by the PHR triggering events associated to the other MAC entity as well as one associated to that MAC entity.

· PHR is triggered per MAC entity:
When a PHR triggering event occurs in a MAC entity, PHR is triggered only in that MAC entity. This means that PHR is not triggered in a MAC entity by the PHR triggering events associated to the other MAC entity.  
If PHR is triggered per UE as in the legacy system, frequent PHR trigger is expected. As the PHR is also a signaling overhead, frequent transmission of PHR should be restricted unless there is a big need/gain. Therefore, we think the PHR should be independently triggered per MAC entity.
Proposal 2. In dual connectivity, if a PHR triggering event occurs in a MAC entity, PHR is triggered only in the corresponding MAC entity. 
2.3 PHR transmission
With proposal 1 and 2, we further look into PHR transmission. 

PHR is a scheduler-specific function, i.e., each eNB independently controls the transmission power for the data transmitted to that eNB based on PHR. Accordingly, each eNB needs to know the power headroom information of the serving cells served by that eNB. For this, each MAC entity should send the power headroom information of the serving cells directly to the corresponding eNB to which the serving cells are belonging. 
Alternatively, both MAC entities can be mandated to send the power headroom information of the serving cells only to one eNB (e.g., MeNB). Then, the power headroom information of the serving cells needs to be forwarded to the corresponding eNB over the non-ideal backhaul. In this case, the forwarded power headroom information might be outdated due to the delay in PHR forwarding, and the outdated PHR degrades the scheduling performance. 
Therefore, it seems preferable that each MAC entity sends the power headroom information of the serving cells directly towards the corresponding eNB to which the serving cells are belonging.
Proposal 3. In dual connectivity, when PHR is triggered in a MAC entity, the MAC entity sends PHR towards the corresponding eNB.
2.4 PHR contents

The next question is what should be included in the PHR MAC CE.

In the legacy system, when PHR is triggered in a UE, PHR MAC CE is generated containing PH information of all activated cells of a UE because there is only one MAC entity in a UE.
However, in dual connectivity, the UE has two MAC entities and each MAC entity manages different cells. Then, it has to be discussed which cell’s PH should be included in the PHR MAC CE. Following two options can be considered: 
· Option 1. PHR MAC CE contains PH information of all activated cells of a UE.
· Option 2. PHR MAC CE contains PH information of only activated cells belonging to the corresponding eNB.
For the option 1 to work, the two MAC entities should work closely to each other to request and provide the PH information of cells managed by other eNB. This is main drawback of option 1 compared to option 2. 
If the PH information of cells managed by other eNB is useful for future scheduling, the drawback can be ignored, and we can rely on option 1 as the legacy PHR. However, the information is not so useful because the eNB cannot use the information for future scheduling unless it knows the other eNB’s scheduling information/decision. 
The only thing that may be helpful with the information is to give hint of whether the UE is closed to the power limited state or not. However, this indication is still not accurate, just giving vague information. If the indication of power limited state is required, we can introduce a new field in the PHR MAC CE, as a new PHR MAC CE format is anyway needed to introduce the Type 2 PHR for SCells.

Another drawback of option 1 is increased overhead due to the inclusion of PH of all activated cells. If the information is not useful, this overhead is just waste of radio resource.
Considering that the option 1 does not give much benefit while having more drawbacks, we think the option 2 is better way to go for dual connectivity.
Proposal 4. In dual connectivity, PHR MAC CE contains PH information of only activated cells belonging to the corresponding eNB. 

3 Conclusions
In this contribution, we discussed PHR operation for dual connectivity, and propose followings:
Proposal 1. In dual connectivity, the PHR related timers and parameter are independently configured for each MAC entity.
Proposal 2. In dual connectivity, if a PHR triggering event occurs in a MAC entity, PHR is triggered only in the corresponding MAC entity. 

Proposal 3. In dual connectivity, when PHR is triggered in a MAC entity, the MAC entity sends PHR towards the corresponding eNB.

Proposal 4. In dual connectivity, PHR MAC CE contains PH information of only activated cells belonging to the corresponding eNB. 
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