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Discussion and Decision
1 Introduction
At RAN2 #85, it was agreed it is important for each eNB to know the power situation on all cells including cells managed by the other eNB. It was therefore agreed, similar to R10/11 intra-eNB carrier aggregation (CA), that PHR provides PH for all activated cells to each eNB [1].

At RAN2 #85b, it was agreed that a PHR trigger associated with a cell of one eNB should also generate a PHR trigger for the other eNB for triggers corresponding to pathloss change, P-MPR change, and SCell activation [2].  Regarding the contents of the PHR, it was agreed [2] to leave the decision as to whether to include real PH or virtual PH for cells belonging to other eNB to RAN1. At RAN1 #76b, some offline discussions took place on this issue [3] but no conclusion was reached.
In this contribution, we discuss whether a PHR report should include real or virtual PH for cells of the other eNB.    
2 Power Headroom Reporting in R11
The main purpose of power headroom reporting is to provide the eNB scheduler with information to enable it to make intelligent scheduling decisions.

In simple terms, the power headroom in R11 for serving cell c in subframe i, PH,c (i) is defined as:

PH,c(i) = Pcmax,c(i) – tx power of serving cell c in subframe i before adjustments to not exceed
                max power

where Pcmax,c(i) is the UE configured maximum power which accounts for the actual MPR reduction taken by the UE; this MPR value can be less than or equal to the maximum value allowed by 36.101.
In R11 CA, in the subframe in which a UE transmits a PHR, the scheduler gets both the headroom and the Pcmax.c for each serving cell which has a grant (or UL transmission) in that subframe.  
From this information, the eNB can determine:

· The MPR reduction taken by the UE for each cell, enabling the eNB to learn over time the MPR reduction the UE will take for different grant sizes
· Whether the UE exceeded its maximum power on any cell and has capped cell channel powers, enabling the eNB to determine whether it can increase or should reduce scheduling on a cell
· Whether the UE exceeded its overall maximum power and has scaled channels, enabling the eNB to determine whether to change the combined scheduling over multiple cells.
MPR for each cell is determined from the Pcmax,c value.  Whether the UE exceeded cell maximum power is based on whether the cell PH is positive or negative.  From the PH and Pcmax,c of each cell, the eNB can determine the transmit power for each cell.  From the sum of those transmit powers, the eNB can deduce whether the UE exceeded maximum overall power and scaled.
Using as an example the equation for power headroom for a PUSCH transmission on cell c in subframe i: 
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we can see that the eNB can also obtain the sum of the pathloss term and TPC accumulator term from Pcmax,c, the PHR, and the values of the other terms (which it has signalled or can determine).
3 Power Headroom Reporting for R12
3.1 Reporting of Real or Virtual PHR for activated cells of the other eNB
It has already been agreed that PH for all activated cells belonging to both eNB1 and eNB2 will be included in any PHR when sent to either eNB1 or eNB2 [1].  A question remaining is whether to provide virtual PH or real PH for eNB1 cells in the PHR to eNB2 and vice versa.

Virtual PH

The virtual PUSCH PH is defined as:


[image: image2.wmf]{

}

)

(

)

1

(

)

1

(

)

(

~

)

(

c

O_PUSCH,

,

CMAX

c

type1,

i

f

PL

P

i

P

i

PH

c

c

c

c

+

×

+

-

=

a

.
When sending a PHR to eNB2, virtual PH for eNB1 will provide the combination of the configured Po_PUSCH,c term plus the pathloss and TPC accumulator terms for eNB1.  This assumes Pemax,c for eNB1 cells are provided to eNB2 over X2 to enable it to determine 
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Having this information will enable eNB2 to know whether eNB1 will need high power for small transmissions, but does not provide any information on the current scheduling or power conditions in the UE. Scaling, available power and MPR effects will be hidden from eNB2. 

Real PH

The real PUSCH PH is defined as:
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Real PH will enable each eNB to know if the other eNB is actively scheduling in the subframe, whether the UE has exceeded its maximum power and is scaling, and what the available power is on each of the cells and for the UE as a whole.  Based on whether maximum power has been exceeded and the available power, the eNB may choose to be more conservative (or aggressive) in its scheduling.

Real PH, which includes Pcmax,c, can also enable the eNB to determine how high the maximum power for a UE transmitting to the other eNB can go.  For example, the eNB could learn over time that the UE always takes nearly a full 1dB MPR reduction and can use that extra dB in its own scheduling.  If one eNB has capped its maximum power using Pemax,c, the other eNB could also learn this from the Pcmax,c without the need to exchange this information over the X2 interface.

Real vs. Virtual Summary

Providing a virtual PH will allow the eNB scheduler to derive pathloss and TPC accumulation (Po_PUSCH,c + pathloss + TPC term), but this comes at the expense of not providing information allowing the eNB scheduler to determine if scaling was applied, what the available power was, or allowing the scheduler to track and estimate the implementation specific MPR effects. In our view, knowledge of scaling, available power, and MPR effects are essential for proper scheduler operation and therefore providing real PH for cells with UL transmissions is necessary.
It should also be noted that providing real PH when UL transmission occurs does not eliminate knowledge of pathloss and TPC accumulation since there will be times when there is no transmission on the other eNB resulting in a PHR with virtual PH providing this information.
Proposal 1: PHR to an eNB includes real PH for all cells with UL transmissions regardless of the eNB the cells belong to.
When real PH is reported, the eNB will not be able to determine the Po_PUSCH,c + pathloss + TPC term for the other eNB since it does not have the scheduling information for the other eNB. This is a deficiency of providing real PH and the motivation for virtual PH. One possibility to enable the eNB to have both the current power and scheduling status as well as the information provided by the virtual PH in every PHR would be to include additional information in the PHR such as scheduling information (e.g., number of RBs) or the virtual PH itself.
Proposal 2: In addition to real PH, consider enabling inclusion of other information in the PHR (e.g. scheduling information or virtual PH) to allow for knowledge of pathloss and TPC accumulation of cells associated with the other eNB in each PHR.
4 Conclusion
In this contribution we have analysed the pros and cons of including what information should be included in power headroom reports for dual connectivity. Based on this analysis the following is proposed:
Proposal 1: PHR to any eNB includes real PH for all cells with UL transmissions regardless of the eNB the cells belong to.
Proposal 2: In addition to real PH, consider enabling inclusion of other information in the PHR (e.g. scheduling information or virtual PH) to allow for knowledge of pathloss and TPC accumulation of cells associated with the other eNB in each PHR.
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