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1 Introduction
During RAN Plenary #62, dual connectivity was approved as a work item. In this contribution, the power headroom reporting (PHR) for dual connectivity has been considered.
2  Discussion
In current LTE systems, UEs report their Power Headroom (PHR) to the serving eNB in the UL control channels to assist the eNBs to allocate the UL radio resources.  The PHR is transmitted periodically or triggered based on the change in the system or radio channel conditions. The eNBs use the PHR reports to determine how much more UL bandwidth per subframe the UE would be capable of using before reaching the power limitation. When a UE is served by multiple eNBs, UE should transmit PHR to the corresponding eNB, i.e. PHR for all serving cells in MCG to MeNB and PHR for all serving cells in SCG to SeNB. The question is whether UE should send all the PHRs (for both MeNB and SeNB) to both eNBs. One thing to note is that due to X2 interface delay, one eNB cannot know the UL scheduling decision from another eNB in advance. That is to say, when one eNB (say MeNB) is scheduling UE in subframe n, it does not know whether the other eNB will schedule UE in subframe n or not. Therefore it is possible that both eNBs are scheduling UE in subframe n, or it is possible that only MeNB is scheduling UE in subframe n. Sending all the PHRs to both eNBs can provide more information about UE UL channel condition, however utilizing such information means that eNB will become more conservative in UL scheduling to avoid UL power scaling. When PHR is sent to corresponding eNB only, eNBs will become more aggressive in UL scheduling, but the problem is that it is more likely that UL total power limitation is reached, which results in power scaling. Note that although it is possible that eNB can forward PHR information to other eNB when PHR is sent to corresponding eNB only, such information is not that helpful considering X2 interface delay. Performance wise, which approach is better needs system level evaluation. Therefore it is necessary to ask RAN1’s opinion on this aspect.
Proposal 1. RAN2 to discuss the benefits of sending all the PHRs (both MCG and SCG) to an eNB over the air for efficient management of UL radio resources   

Proposal 2. RAN2 to send a LS to RAN1 to ask whether PHR is sent to corresponding eNB only, or all PHRs can be sent to both eNBs.

For example, if a UE with PUSCH only (without PUCCH) in subframe 
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 for serving cell  in SCG reports the type 1 power headroom to the scheduler in the MCG.  The corresponding type 1 PH is given by [TS 36.213]
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As we can see from the expression above, the MCG scheduler requires more information about the UE-SCG connection along with the PHR to make the UL resource decisions, for e.g. Pathloss, αc, type of PUSCH, format of PUCCH, etc. [2]. Those information may also be signaled by the UE to the scheduling node and/or by other scheduling node via X2. How to signal such information (e.g. which quantity to signal, whether they are signaled separately or jointly) needs further study.
Proposal 3. If all the PHRs are sent to an eNB, more information about the other uplink connection is needed to make use of the PH information. 
In the LTE Rel. 10 carrier aggregation, the PHRs to multiple component carriers (CCs) is supported (ePHR).  There are two types of PHRs namely, Type1 and Type 2. While the Type 1 PHR takes into account of the PUSCH TX power, Type 2 takes into account of both PUCCH and PUSCH TX powers.  The Type 2 PHR is transmitted to PCell with simultanous PUCCH and PUSCH transmission only. For carrier aggregation, PUSCH power downscaling rules have been introduced to ensure that maximum allowed transmit power is not exceeded in case of parallel PUSCH transmission. The same problem is valid for the dual connected UEs as well.  In Dual connectivity SCG has a special cell with PUCCH.  In such situations reporting Type 2 PHR would help to make the efficient UL resource allocation. 
Proposal 4. For special cell in SCG, the Type 2 PHR is reported for that cell as well.  

There would be multiple MAC entities at the UE to support the different bearers to MCG and SCG in dual connectivity.  The radio channels between UE –MCG and UE-SCG are different.  The loading and the type of traffic at MCG and SCG may be different. In such situation the serving cell group specific timers would be beneficial.      
Proposal 5.  Serving cell group specific periodicPHR-Timers, prohibitPHR-Timers, and dl-PathlossChange values are supported.
In dual connectivity there may be several active UL connections.  The PHR could be triggered for one of the link independently due to changes in the channel or system request (e.g. Scell activation). If a PHR of a link changes it would affect the UL resource allocation decisions of all connected eNBs.  Thus, that PHR should be reported to all serving schedulers. In addition, the triggering events of PHR should include the possibility of having multiple PHR timers at the UE.
Proposal 6. For dual connected UEs, all the PHRs can be sent to both eNBs. When a PHR is triggered for a cell, PHRs to all active cells (MCG and SCG) are reported. The triggering events of PHR include

a. one of the periodicPHR-Timers expires
b. A prohibitPHR-Timer expired and  the pathloss of a link change more than corresponding dl-PathlossChange  value 

3 Conclusion
The PHR for Dual connectivity is considered in this document.  The following proposals regarding PHR are made for efficient UL resource allocation. 
Proposal 1. RAN2 to discuss the benefits of sending all the PHRs (both MCG and SCG) to an eNB over the air for efficient management of UL radio resources   

Proposal 2. RAN2 to send a LS to RAN1 to ask whether PHR is sent to corresponding eNB only, or all PHRs can be sent to both eNBs.

Proposal 3. If all the PHRs are sent to an eNB, more information about the other uplink connection is needed to make use of the PH information. 
Proposal 4. For special cell in SCG, the Type 2 PHR is reported for that cell as well.  

Proposal 5.  Serving cell group specific periodicPHR-Timers, prohibitPHR-Timers, and dl-PathlossChange values are supported.

Proposal 6. For dual connected UEs, all the PHRs can be sent to both eNBs. When a PHR is triggered for a cell, PHRs to all active cells (MCG and SCG) are reported. The triggering events of PHR include

a. one of the periodicPHR-Timers expires

b. A prohibitPHR-Timer expired and  the pathloss of a link change more than corresponding dl-PathlossChange  value 
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