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1 Introduction
In RAN1#77 meeting, the following agreements on PHR were reached.
	Agreements:
· For the PHR of the activated cells belonging to another CG/eNB,
· UE is configured using higher layer signaling to report one of the followings
· Always virtual PH
· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH


An email discussion was initiated after RAN1#77 meeting and was summarized in [1]. The following agreements were made.

	Agreement:

· Type 2 PHR for PCell and pSCell whichever belongs to the other CG/eNB is always reported in dual connectivity.

· Send an LS to RAN2 to ask to define corresponding PHR MAC CE.

· New PHR trigger is up to RAN2.

· Working assumptions:

· No additional PH calculation equation other than those in Rel.11 is introduced.

· FFS if PCMAX needs to be introduced in PHR when UE is not configured to always report virtual PH of the activated cells belonging to the other CG/eNB.

· FFS using real PCMAX,c in PH calculation in case that it is available.

· PHR is not averaged over multiple subframes before reported.

· PHR reporting behavior for the serving cells in the scheduling eNB remains the same as in Rel.11.

· FFS: For asyn case, PHR is calculated using the first overlapped portion.

* Above underlined aspects were continued to be discussed.
In addition, RAN1 should confirm the following UE behavior.

· Per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.


In this contribution, we discuss the open issues on PHR in dual connectivity.

2 Discussion
2.1 Introduction of PCMAX in PHR MAC CE
In RAN2#85bis meeting, the following agreements were reached.

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

=>
Periodic, and Reconfiguration triggers PHR to corresponding MAC entity.

=>
Whether to include Real PH or Virtual PH for cells belong to other eNB is left up to RAN1 decision.
Later in RAN1#77, it was agreed that for the PHR of the activated cells belongs to another CG/eNB, UE can be configured to report one of the followings
· Always virtual PH
· Actual PH when there is a PUCCH/PUSCH transmission for a cell in the other CG, otherwise virtual PH
During the email discussion after RAN1#77, for the latter configuration, it was proposed to include PCMAX in PHR MAC CE for eNB to derive the overall power headroom according to the following equation.
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The total power headroom can be used for the schedulers in determining the resource allocation and/or link adaptation under the assumption that there are some correlations between consecutive scheduling decisions for the other eNB. In that sense, to include PCMAX in PHR MAC CE may be helpful for eNB scheduling. Considering different eNB implementations, it is proposed that the UE can be configured to include PCMAX in PHR MAC CE if the UE is configured to report real PH of the activated cells belong to another CG/eNB.
Proposal 1: The UE can be configured to include PCMAX in PHR MAC CE if the UE is configured to report real PH of the activated cells belong to another CG/eNB.
2.2 PCMAX,c in virtual PH report
The extended PHR MAC CE for CA is defined in TS36.321 [2] as follows.
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Figure 1: Extended PHR MAC control element
The fields V and PCMAX,c are defined as follows.
-
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 octet containing the associated PCMAX,c field, and V=1 indicates that the octet containing the associated PCMAX,c field is omitted;
-
PCMAX,c: if present, this field indicates the PCMAX,c or 
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used for calculation of the preceding PH field.
According to the above definitions, V indicates if PH value is based on a real transmission (V=0) or reference format (V=1). Besides, V=0 indicates the presence of PCMAX,c field and V=1 indicates PCMAX,c field is omitted. That is to say, if PH value is based on a reference format, PCMAX,c field is omitted.
The purpose to report PCMAX,c or 
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used for calculation of PH in PHR MAC CE was to faciliate eNB to estimate MPR on each carrier as discussed in [4]

 REF _Ref394482250 \r \h 
[5] in Rel-10 CA. However, if PH is calculated based on a reference format, 
[image: image5.wmf]c

CMAX

P

,

~

 used for virtual PH calculation is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ΔTC =0dB. That explains why PCMAX,c field is omitted if PH is based on a reference format.

Observation 2: PCMAX,c field is omitted if PH is based on reference format because (A-/P-)MPR is assumed 0dB.
In CA, if there is a PUCCH/PUSCH transmission, PH is based on a real transmission. Otherwise, PH is based on a reference format. However, in dual connectivity, virtual PH of the activated cells belonging to the other CG/eNB is reported even though there is a PUCCH/PUSCH transmission if UE is configured to always report virtual PH. 
In this case, it is straightforward to follow the existing virtual PH equation assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ΔTC =0dB. Accordingly, PCMAX,c field shall also be omitted in PHR MAC CE as in CA.
An alternative is to calculate virtual PH using real PCMAX,c and include PCMAX,c in PHR MAC CE. However, it does not provide any additional information as the exact scheduling information in the other CG/eNB is unknown. Therefore, there is no motivation to change virtual PH equation or include PCMAX,c in PHR MAC CE when virtual PH is reported for Rel-12 dual connectivity.
Proposal 2: In Rel-12 dual connectivity, 
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 used for calculation of virtual PH is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ΔTC =0dB as in CA. 

Proposal 3: In Rel-12 dual connectivity, PCMAX,c field is omitted in PHR MAC CE when virtual PH is reported as in CA.

2.3 PHR calculation

One open issue on PHR calculation is whether or not the PHR is calculated using the first overlapped portion in asynchronous case.

In our companion contribution [5], we propose UE shall look ahead when receive timing difference≤33 μs. Look ahead is defined as UE to know actual UL transmission(s) in the latter part of the overlap portion.
On one hand, when UE looks ahead, UE knows the estimated UL transmission power in the latter part of the overlapped portion. Although the processing time of calculating PHR using the latter part is a little bit more stringent as PHR is included in MAC CE and shall be calculated before encoding, UE is considered be able to calculate power headroom using the latter overlapped portion given the very short timing difference we proposed. On the other hand, a PH is valid only for one subframe while the exact scheduling in the other CG/eNB is unknown. In that sense, PHR is calculated using the first or the latter overlapped portion does not make much difference.
Therefore, it is proposed that PHR is calculated using the latter overlapped portion when UE looks ahead. Otherwise, PHR is calculated using the first overlapped portion. Alternatively, PHR is calculated using the first or the latter overlapped portion is up to UE implementation.
Proposal 4: PHR is calculated using the latter overlapped portion when UE looks ahead. Otherwise, PHR is calculated using the first overlapped portion. Alternatively, PHR is calculated using the first or the latter overlapped portion is up to UE implementation.

In Release 8-11, per-CC PHR is computed before per-CC power scaling. It is straightforward to follow the principle in Rel-12 dual connectivity.
Proposal 5: Per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.
3 Conclusions
In this contribution, we discuss the open issues on PHR in dual connectivity with the following proposals:
Proposal 1: The UE can be configured to include PCMAX in PHR MAC CE if the UE is configured to report real PH of the activated cells belong to another CG/eNB.
Proposal 2: In Rel-12 dual connectivity, 
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 used for calculation of virtual PH is computed assuming MPR=0dB, A-MPR=0dB, P-MPR=0dB and ΔTC =0dB as in CA. 

Proposal 3: In Rel-12 dual connectivity, PCMAX,c field is omitted in PHR MAC CE when virtual PH is reported as in CA.

Proposal 4: PHR is calculated using the latter overlapped portion when UE looks ahead. Otherwise, PHR is calculated using the first overlapped portion. Alternatively, PHR is calculated using the first or the latter overlapped portion is up to UE implementation.

Proposal 5: Per-CC PHR is computed before per-CC power-scaling as in Rel.8-11.
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