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1
Introduction

Enhancements to power control headroom functionality for a UE configured with Dual Connectivity have been discussed in recent RAN1 meetings and most recently in email reflector discussion [77#15]. The following agreements were made [1]:
	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
Email discussion until 17th June about RAN1 related issue for PHR for dual connectivity – Fred (NTT DOCOMO)


	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 this contribution, we discuss the remaining issues for PH reporting in dual connectivity. More specifically, we discuss the following:

-
Whether to include PCMAX in the PHR;
-
Whether to use PCMAX,c based on actual transmission in the (virtual) PH calculation, if available;
-
Which subframe of the other cell group is used for reporting its PH.
2
Discussion
2.1
Inclusion of PCMAX in PH report
During the email discussion, it has been proposed to include the configured maximum total power PCMAX in the PH report. The main rationale for providing the value in the PHR is that it may be useful for the eNB to estimate how much power is available to its cell group. Essentially, the eNB can determine the total power of transmissions of the other cell group based on the PCMAX,c and PH of the other cell group, and subtract this value from the provided PCMAX to obtain the power available to its own cell group (assuming that the power requirement for the other cell group remains approximately the same).
In R11, the PCMAX is not included in the PHR. However, the eNB can generally derive a lower bound of the value of PCMAX based on the knowledge of what has been scheduled during the subframe corresponding to the PH report. On the other hand, when Dual Connectivity is configured the eNB does not know what has been scheduled in the other eNB during this subframe. It is thus more difficult to derive the lower bound of PCMAX.

Considering the above, we think that it may be justified to include PCMAX in the PH report at least when Dual Connectivity is configured.
Proposal 1: PCMAX can be included in the Power Headroom Report at least when Dual Connectivity is configured.

2.2
Use of PCMAX,c based on actual transmissions in virtual PH
It has been proposed that in case virtual PH is reported while an actual transmission occurred in the other cell group, the formula used for calculating the virtual PH be modified such that the PCMAX,c term derived from fixed MPR/A-MPR assumptions is replaced with the value of PCMAX,c based on actual transmission. One justification for this is that it may represent a more realistic assessment of the power headroom in the other cell group. Later during the discussion it was also observed that knowledge of actual PCMAX,c of transmissions of the other cell group can be useful for the scheduler. One example of this is when PCMAX,c is reduced due to power management (P-MPR) in the other cell group. In such situation the reduction may be significant and last for a relatively long period of time. Knowledge of this reduction allows the eNB to reclaim some of the unused power, thus improving performance.

While knowledge of the actual value of PCMAX,c can be useful, using its value in the virtual PH calculation does not seem to be the best solution as it would not be possible to infer it from the PH value. A better solution would be to directly report the actual value of PCMAX,c and leave the existing formula unchanged for the virtual PH. This would also avoid changes to RAN1 specification, although some changes would be required in the MAC specification.
Proposal 2: Virtual PH is calculated using the same formula as R11 (without use of PCMAX,c of actual transmission).
Proposal 3: PCMAX,c of actual transmission is reported (if a transmission took place), even if virtual PH is reported.
2.3
Subframe of other CG used for PH calculation
In the unsynchronous scenario, for the reporting the PH of the other cell group there is a need to specify which subframe is used as a reference given that there is no alignment in time. A natural choice would be to select the earliest subframe of the other cell group (if FDD) which overlaps with the subframe in which the PH is transmitted. Using the earliest overlapping subframe normally avoids any additional latency for the encoding of the PHR since the PH of the other cell group should then be known before the PH of the cell group from which the report is sent. However, during the discussion it was observed that this assumption is not valid in certain scenarios where the timing advance of the other cell group is very large.
We think that deployment scenarios with very large timing advance in one CG should not be supported for Dual Connectivity. This would be consistent with the assumption of maximum timing difference in the synchronized case which is derived from a scenario where the maximum relative propagation time difference is 30 s [2], which itself is based on a maximum cell range of 10 km for the MeNB. Assuming that unsynchronized deployments do not involve larger cell ranges for the MeNB, the maximum timing advance is limited to 60 s. This value is sufficiently low to prevent the aforementioned issue for the reporting of the PH of the other cell group.
In case the other cell group is in TDD duplex, the earliest overlapping subframe may not be an uplink subframe. In this situation two approaches are possible. Either PH is not reported for the other cell group, or the latest uplink subframe that coincides with or is earlier than the earliest overlapping subframe can be used. The latter approach may be preferable as it would provide more information to the network.
Proposal 4: The PH values reported for the other cell group (if FDD) are obtained from the earliest subframe overlapping with the subframe in which the report is transmitted.
· In case the other cell group is TDD, the PH values may be obtained from the latest uplink subframe earlier than, or coinciding with this subframe.
3
Conclusions
This contribution discussed remaining issues for PH reporting in dual connectivity. The following proposals are made:
Proposal 1: PCMAX can be included in the Power Headroom Report at least when Dual Connectivity is configured.

Proposal 2: Virtual PH is calculated using the same formula as R11 (without use of PCMAX,c of actual transmission).
Proposal 3: PCMAX,c of actual transmission is reported (if a transmission took place), even if virtual PH is reported.
Proposal 4: The PH values reported for the other cell group (if FDD) are obtained from the earliest subframe overlapping with the subframe in which the report is transmitted.
· In case the other cell group is TDD, the PH values may be obtained from the latest uplink subframe earlier than, or coinciding with this subframe.
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