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1 Introduction
The following agreements were made during email discussion after RAN1#77[1]. 
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.
It is FFS whether using real PCMAX,c in PH calculation in case that it is available. In this contribution, the PH calculation in case that real PCMAX,c  is available is discussed. 
2 Discussion
If the actual PHR is configured, the PH calculation for an eNB is exactly the same as in Rel.11. If the always virtual PH configured, there are two alternatives:
Alternative 1:  Virtual PCMAX,c is always used for virtual PH calculation. No real PCMAX,c is reported.

Alternative 2:  Real PCMAX,c is used for virtual PH calculation if it is available. Real PCMAX,c is reported.
2.1 PH calculation and report in Rel.11
In Rel.11, the power headroom is calculated according to the existence of UL channel transmission: 

· If the UE does not transmit PUSCH or PUCCH/PUSCH in subframe i, UE will calculate a virtual PH with some predefined parameters for reporting. In this case, the real PCMAX,c(i) is not available. A virtual maximum power of UE,
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, which assumes MPR=0dB, A-MPR=0dB, P-MPR=0dB and TC =0dB, is used for calculation of virtual PH. 
· If the UE has PUSCH or PUCCH/PUSCH transmission in a subframe, UE should decide a actual maximum power, PCMAX,c(i), considering the MPR, A-MPR, P-MPR and TC decided by the real  transmission. The real PCMAX,c is used for PH calculation. PCMAX,c(i) is also reported with real PH through MAC CE if the UE has uplink transmission in the subframe. This real PCMAX,c(i) is useful for an eNB to acquire the maximum transmit power decided by UE, and predict the future overall available power of UE.
Observation 1: In Rel.11, the real PCMAX,c is used for PH calculation if it is available. 
2.2 Necessity of the report and use of real Pcmax,c report in DC 
The real PCMAX,c reflects the available maximum power of UE in serving cell c, which can provide further information to the other eNB. For instance, if an eNB is aware that the real PCMAX,c of the other eNB is quite low, it could assume large UL power can be safely scheduled by itself. 
It may fluctuate in every subframe with large variance. As defined in spec 36.321, PHR will be triggered if:

“the required power backoff due to power management (as allowed by P-MPRc [10]) for this cell has changed more than dl-PathlossChange dB since the last transmission of a PHR when the UE had UL resources allocated for transmission or PUCCH transmission on this cell.”
Such a power backoff may occur due to different reasons, including P-MPRc change. As mentioned in 36.321, a “P” bit in the PH MAC CE indicates whether power backoff due to P-MPRc has impacts on the value of PCMAX,c:
“P: this field indicates whether the UE applies power backoff due to power management (as allowed by P-MPRc [10]). The UE shall set P=1 if the corresponding PCMAX,c field would have had a different value if no power backoff due to power management had been applied;”
The information of P-MPR change is basically useful for both eNBs, which allows eNBs being aware of the possible power management scheme change in UE implementation to help scheduling decisions of both eNBs, as mentioned by spec 36.101: “P-MPRc was introduced in the PCMAX,c equation such that the UE can report to the eNB the available maximum output transmit power. This information can be used by the eNB for scheduling decisions.”
Observation 2: The power backoff due to P-MPRc is important information for eNB scheduling decision.
On the other hand, in Rel.11 CA, per-serving cell PCMAX,c is reported to eNB. PCMAX can be roughly estimated by using reported PCMAX,c . eNB can decide future scheduling based on the per-serving cell PH , PCMAX,c and estimated PCMAX. In case of DC, real per-serving cell PCMAX,c can provide similar information about the overall available power of UE. This information is still useful for the scheduling decision of an eNB, even if this eNB does not know the future scheduling decision made by the other eNB.
Observation 3: The real PCMAX,c of the other eNB provides useful information to an eNB for scheduling decision. 
In Rel.11 CA, since PCMAX can be estimated by reported per-serving PCMAX,c, there is no need reporting PCMAX to an eNB. In case of DC, the PCMAX can be acquired in the similar way. Although the reported PCMAX information is more accurate to compute total remaining power, the PRB assignment of an eNB is still unknown to the other eNB. Therefore, the more accurate PCMAX is not necessary for the case of two separate schedulers. 
Observation 4: PCMAX is not needed 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. 
An indicator bit “V” is included in the Extended Power Headroom MAC control element (TS 36.321):
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;
It is clear that “V” field indicates whether or not the real transmission on PUSCH/PUCCH is present, and whether or not PCMAX,c field is present. If the real PCMAX,c is reported and used for PH calculation, the definition of  “V” and “P” can remain unchanged. That is, even a UE is configured with always virtual PH, “V” field should be 0 indicating real PUSCH/PUCCH transmission and the presence of PCMAX,c when the real PCMAX,c  is available.. 
Observation 5: If the real PCMAX,c is reported and used for PH calculation in case that it is available, the definition of  “V” and “P” can remain unchanged and less RAN2 impacts are expected.
Given real PCMAX,c is carried by PHR, it is straightforward that the real PCMAX,c  is used for PH calculation, as defined in current PH calculation principle. Taking type 1 PH as example, two cases should be differentiated as below:

1) No real UL transmission: virtual PH calculation as before 
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2) There is real UL transmission: change the virtual PCMAX,c to real one:
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2.3 Specification impacts

The specification impacts of two alternatives are shown in the following table.

	
	RAN1 Spec impacts
	RAN2 Spec impacts

	Alternative 1
	· Reuse legacy virtual PH equation

· Some clarification for the virtual PH equation in DC case.


	· Re-define the “V” field in the extended PH MAC CE. That is, “V” is always 1, and no longer indicates whether real transmission on PUSCH/PUCCH is present.
· No PCMAX,c field is present in the extended PH MAC CE. 
· Re-define the “P” field

	Alternative 2
	· If there is real UL transmission, change the virtual PCMAX,c to the real one in the legacy virtual PH equation.
· Otherwise, reuse legacy virtual PH equation.
	· Some clarification to ensure the “V” field is not related to PH type but only the presence of real transmission. 



Both alternatives require some specification efforts. 
Observation 6: Alt.2 has balanced or even less standards impacts compared to Alt.1.
Based on the above analysis, following proposal is given:

Proposal: In DC, the real PCMAX,c is reported and used for PH calculation if it is available, regardless of what type of PHR is configured. 
3 Conclusions
In this contribution, the PHR procedure of UE for dual connectivity is discussed. The following is observed:
Observation 1: In Rel.11, the real PCMAX,c is used for PH calculation if it is available. 

Observation 2: The power backoff due to P-MPRc is important information for eNB scheduling decision.
Observation 3: The real PCMAX,c of the other eNB provides useful information to an eNB for scheduling decision.
Observation 4: PCMAX is not needed 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.
Observation 5: If the real PCMAX,c is reported and used for PH calculation in case that it is available, the definition of  “V” and “P” can remain unchanged and less RAN2 impacts are expected.
Observation 6: Alt.2 has balanced or even less standards impacts compared to Alt.1.
The following is proposed: 
Proposal: In DC, the real PCMAX,c is reported and used for PH calculation if it is available, regardless of what type of PHR is configured.
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