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1. Introduction

In previous meetings including RAN1#76bis meeting and email discussion, issues related to dual connectivity were discussed especially on UL power control including power headroom reporting. Followings agreements are made in RAN2 working group for power headroom reporting for dual connectivity [1][2]:
· RAN2 agreements
· Timers and parameters are independently configured per MAC entity.

· PHR includes PH information of all activated cells in a UE. 

· Pathloss change, P-MPR change, and SCell activation triggers PHR for both MAC entities. 

· Periodic, and Reconfiguration triggers PHR to corresponding MAC entity. 

· PHR prohibit timer is started when a MAC entity sends PHR. 

· One PHR MAC CE format is used for DC. 

· As a working assumption, new LCID is allocated for PHR MAC CE for DC. 

· Whether to include Real PH or Virtual PH for cells belong to other eNB is left up to RAN1 decision. 
In this contribution, we continue to discuss issues related to power headroom reporting for dual connectivity based on the above RAN2 decisions. More specifically, consideration points and possible approaches related to power headroom reporting for dual connectivity are provided.
2. Power headroom computation
In Rel-11 CA, power headroom is calculated per activated serving cell, and then PCMAX,c is used to derive it. With reported power headroom per activated serving cell, network could estimate how much power is available for each activated serving cell. In dual connectivity, it seems desirable to reuse per-serving cell operations in Rel-11 CA as much as possible at least for serving cells within the same eNB/CG. In other words, it would be still beneficial that network knows available power for each serving cell even for dual connectivity. Even if PMeNB and PSeNB are introduced and signalled to UE for dual connectivity, it seems quite straightforward to derive power headroom for each eNB/CG by using reported power headroom value per serving cell since network would know all the values of PMeNB, PSeNB, and PCMAX,c. In that point of view, it seems unclear to compute power headroom using PMeNB or PSeNB instead of PCMAX,c. If PCMAX,c is less than PMeNB or PSeNB, it would cause specification impact for comparison between them to compute suitable power headroom. In other words, additional specification work including clarification of PHR computation considering both PMeNB/PSeNB and PCMAX,c is needed without clear benefits. Therefore, in our view, it would be enough to reuse existing power headroom computation as in Rel-11 for dual connectivity.
Proposal 1: It can be considered that power headroom for dual connectivity is computed per serving cell.
Proposal 2: Even if PMeNB and PSeNB are introduced for dual connectivity, it should be considered to compute power headroom using PCMAX,c to ensure per-serving cell operations.
3. Power headroom reporting for each eNB
In Rel-11 PHR, according to the existence of actual scheduling, PHR consists of either actual power headroom or virtual power headroom for each activated serving cell. If some UL channel is scheduled in serving cell c, then actual power headroom for serving cell c would be computed and reported with PCMAX,c which is used to derive it. Otherwise, virtual power headroom for serving cell c would be computed and reported without PCMAX,c. Network would know whether actual PH or virtual PH is reported and whether PCMAX,c is reported or not based on the field indicated by V in Extended Power Headroom MAC Control Element. The detailed description for the field V is as follows [3]:
· V: this field indicates if the PH value is based on a real transmission or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1 indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real transmission on PUCCH and V=1 indicates that a PUCCH reference format is used. Furthermore, for both Type 1 and Type 2 PH, V=0 indicates the presence of the associated PCMAX,c field, and V=1 indicates that the associated PCMAX,c field is omitted;

Even though scheduling information across eNB/CG would not be shared between different eNBs/CGs dynamically in dual connectivity, employing actual PH can be helpful for network to know at least existence of UL transmissions of the other eNB/CG which will be indicated by the field V. Since it is expected that UE traffic situation would last for a certain duration of time in most cases, it would be beneficial to know the existence of UL channels associated with the other eNB/CG. Furthermore, with RRM measurement, it would be possible that network estimate pathloss value. In this case, the value of actual PH could be more efficiently used to predict how much power is available at the other eNB/CG or how much power is required at the other eNB/CG. Meanwhile, employing virtual PH regardless of actual scheduling information can cause conservative scheduling. For instance, even if virtual PH has positive value, it is possible that actual power headroom has either positive or negative value. Considering this, the other eNB may need to assume the worst case (full RB scheduling) to estimate available power for itself. Thus, with proper exchange of traffic/scheduling status between two eNBs, we think that actual PH would be more beneficial. More importantly, the specification impact using actual would be minimal compared to virtual PH transmission. 
Proposal 3: It can be considered that power headroom for each serving cell is calculated based on actual scheduling. 
4. Power headroom selection in asynchronous case
According to working assumption, dual connectivity should support the scenarios where UE cannot assume any maximum timing difference from MeNB and SeNB. In this case, it is necessary to investigate how to compute PH for dual connectivity even for asynchronous case between different eNBs/CGs as shown in Figure 1. Possible approaches for power headroom in asynchronous case are as follows: 
[Option 1: Select the first one]
In this option, first one between two overlapping parts will be referred for computing power headroom reporting. For example, in Figure 1, power headroom for eNB0 in subframe #3 will use SF#3 for eNB0 and SF#2 for eNB1. 
[Option 2: Select the minimum (or maximum)]
This option will compare PH values for both overlapping parts to select minimum value. For instance, if power consumption in SF#3 for eNB1 is larger compared to SF#2 for eNB1, then power headroom for eNB0 in SF#3 will be decided by using SF#3 for eNB0 and SF#3 for eNB1. 
[Option 3: Select the average]
This option will compare PH values for both overlapping parts to compute average value. 
Unlike power setting for UL transmission, power headroom reporting additionally needs to encode computed power headroom value to report it to eNB. In other words, both Option 2 and Option 3 can cause additional processing time delay to refer second overlapping part, therefore, we prefer Option 1 for power headroom reporting in asynchronous case in dual connectivity. 
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Figure 1: Example of asynchronous case in dual connectivity mode UE.
Proposal 4: It is necessary to investigate how to determine PH for dual connectivity in asynchronous case. 
5. Conclusion
This contribution discussed the issues related to power headroom reporting for dual connectivity. Our proposals are as follows:

Proposal 1: It can be considered that power headroom for dual connectivity is computed per serving cell.

Proposal 2: Even if PMeNB and PSeNB are introduced for dual connectivity, it should be considered to compute power headroom using PCMAX,c to ensure per-serving cell operations.
Proposal 3: It can be considered that power headroom for each serving cell is calculated based on actual scheduling. 
Proposal 4: It is necessary to investigate how to determine PH for dual connectivity in asynchronous case. 
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