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1 Introduction

Unlike CA, two eNBs are involved in the operation of dual connectivity. These two eNBs schedule UE’s uplink transmission independently. Hence, both MeNB and SeNB should have information related to UE’s transmission power. In RAN2#85 meeting, we have reached in following agreements [1]:

=>
The PHR related timers and parameters are independently configured for each MAC entity.

=>
PHR includes PH information of all activated cells in a UE.
This contribution addresses the following questions:
· How are PHR received at MeNB and SeNB?
· Should PHR be triggered per MAC entity or per UE?
· What would PHR type and format be?
· How to distribute the UE power for transmissions to MeNB and SeNB?
2 Discussion

2.1 How are PHR received at MeNB and SeNB?
There are 2 options to send PHR to MeNB/SeNB from UE. 
· Option1: Each MAC entity sends its PHR towards the corresponding eNB; 

· Option 2: One MAC entity sends PHR to the corresponding eNB, and the PHR be forwarded to the other eNB by X2 interface. 

In options 2 the PHR need to be forwarded from one eNB to the 2nd eNB. The delay of X2 interface might lead the PHR in the 2nd eNB to be useless. This would hamper the efficiency of UL transmission on the 2nd eNB. RAN2 has agreed to configure PHR related timers and parameters independently, it is reasonable that each MAC entity send its PHR towards the corresponding eNB. 
Proposal 1: Each MAC entity sends its PHR towards the corresponding eNB.
2.2 Should PHR be triggered per MAC entity or per UE?
There are two options as to how a PHR to MeNB or SeNB is triggered: 

· Option 1: PHR is triggered per MAC entity;
· Option 2: PHR is triggered per UE.

Since it has been agreed to configure PHR related timers and parameters independently per MAC entity, it is reasonable that PHR is triggered per MAC entity, too. For example, different periodicPHR-Timers values may be configured to MeNB and SeNB MAC entities. Then, PHR events triggered by periodicPHR-Timer would not always occur at the same time for MeNB and SeNB. In some cases, however, PHRs to MeNB and SeNB may be triggered simultaneously, e.g., when a new cell is activated. Furthermore, if the same value of dl-PathlossChange is configured on both MAC entities, then both MAC entities would trigger the corresponding PHR events, when the pathloss to a serving cell is changed significantly.
Proposal 2: As a baseline, PHRs is triggered per MAC entity.
2.3 What would PHR type and format be?
There are two types of PH in CA: type 1 PH is used for cell with only PUSCH, and type 2 PHR is used for cell with PUCCH and PUSCH [2].

It has been agreed that “at least one cell in SeNB has configured UL and one of them is configured with PUCCH resources” [3]. Hence, UE will be configured with PUCCH in both MeNB and SeNB. As in CA, UE may also be configured with multiple serving cells in an eNB, with some of them having no PUCCH. Therefore, both type 1 PH and type 2 PH are needed for serving cells in MeNB and SeNB with and without PUCCH. 
Proposal 3: Both type 1 and type 2 PH can be reported to MeNB and SeNB.

The current format of MAC control element can carry only one type 2 PH, as there is only one serving cell with PUCCH in CA [2]. Since there are serving cells with PUCCH in MeNB and SeNB, UE needs to report two type 2 PH in a report for dual connectivity.

Proposal 4: PHR MAC control element shall be extended to include two PHs of type 2.
Virtual PH is calculated assuming fixed values for some parameters. Hence, it can be used to derive the pathloss. But virtual PH does not reflect the actual UE transmission power towards an eNB, nor the remaining power headroom on the UE. Therefore, virtual PH information on serving cells of another eNB is less useful than the real PH to the receiving eNB.  
Proposal 5: PHR should include real PH, not virtual PH information, on a scheduled serving cell.
2.4 How to distribute the UE power for transmissions to MeNB and SeNB?
UE power can be distributed between transmissions to MeNB and SeNB through:
· Option 1: semi-static configuration;
· Option 2: Priority and power scaling.
With option 1, maximum transmit power is semi-statically configured for a cell-group. Hence, Option 1 can’t adjust the target maximum transmission power to an eNB based on the actual usage of power for transmission to another eNB. Though it may be possible to allow UE to take any unused power in transmission to an eNB and use it for the transmission to the other eNB [4], the scheduling is always limited, as an eNB doesn't know how much power would be consumed by the transmission scheduled by the other eNB.
With option 2, power is allocated first to the transmissions of higher priority, and the remaining is scaled proportionately for the transmissions of lower priority, if the total transmission power exceeds UE’s maximum transmission power. UE is given high priority to transmit certain kinds of data. The priority can be assigned by the type of transmissions and per eNB. For example, PRACH has higher priority than PUCCH, and PUCCH has higher priority than PUSCH. And between eNBs, PRACH in MeNB has higher priority than that in SeNB; PUCCH in MeNB has higher priority than that in SeNB; and PUSCH in MeNB has higher priority than that in SeNB. The details of option 2 can be FFS by RAN1. Power allocation by priority and scaling allows more dynamic sharing of UE power between transmissions to MeNB and SeNB, and has potential of higher multiplexing gain, if UL traffic load varies significantly from time to time. 
Proposal 6: Priority and power scaling should be considered for UL power allocation in dual connectivity.
3 Conclusion

This contribution investigates the following PHR related issues:

· How are PHR received at MeNB and SeNB?
· Should PHR be triggered per MAC entity or per UE?
· What would PHR type and format be?
· How to distribute the UE power for transmissions to MeNB and SeNB?
Based on the discussions above, we have the following proposals:
Proposal 1: Each MAC entity sends its PHR towards the corresponding eNB.
Proposal 2: As a baseline, PHRs is triggered per MAC entity.
Proposal 3: Both type 1 and type 2 PH can be reported to MeNB and SeNB.

Proposal 4: PHR MAC control element shall be extended to include two PHs of type 2.

Proposal 5: PHR should include real PH, not virtual PH information, on a scheduled serving cell.
Proposal 6: Priority and power scaling should be considered for UL power allocation in dual connectivity.
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