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Introduction
In the last RAN1 meeting, per-UE PHR was discussed. In this document, we discuss per-UE PHR and related aspects.
Discussion
One important purpose of the power headroom reporting is to provide eNB sufficient information in order to be able to evaluate whether future resource allocations will exceed the power limit of an UE.

The required transmission power for an uplink transmission on a CC is basically comprised of a resource assignment related part (e.g. number of RBs) and a non-resource assignment related part (path loss and TPC status). In order to be able to estimate whether a resource assignment exceeds UE’s total power limit, eNB needs to know the non-resource assignment related power part, which is also referred to as base power in the following. Based on the base power of an UL carrier, eNB can also decide whether to schedule multi-CC transmissions. 
Virtual PHR
In case eNB has no information on the base power of a non-scheduled UL CC, it’s impossible for an eNB to estimate whether a future PRB assignment would exceed the UE total power limit. Hence it is essential to inform the non-assignment related part of the power control, i.e. base power, for a non-scheduled UL CC. Therefore we propose that a virtual PHR is reported from UE on the base power for a non-scheduled UL CC. Note that for a scheduled CC, with eNB's knowledge of the resource assignment, eNB can estimate the base power based on a normal received PHR.
Virtual PHR can be defined as following:


[image: image1.wmf])}

(

)

(

)

(

{

)

(

O_PUSCH

C

 

CMAX,

,

i

f

PL

j

j

P

P

i

PH

C

C

virtual

+

×

+

-

=

a


This is equivalent when the resource assignment factor
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 is zero dB and ΔTF is set to zero dB.
It should be kept in mind that for single-UL CC operation, the main case for power limitation is that only a few PRBs are assigned but each PRB has a large power spectrum density, e.g. at cell edge. On the other hand, multiple- UL CC operation is mainly used in the cell center. Therefore, power spectrum density itself is relatively small but UE could reach power limitation by assigning a large number of PRBs. Therefore, base power knowledge is important in spite of smaller power spectrum density situation.

Base power knowledge for both scheduled and non-scheduled UL CCs is not only used by eNB for the estimation whether future resource assignments exceed the UE total power limit but also help eNB to detect and avoid power spectrum density imbalances among aggregated UL CCs. eNB should avoid resource assignments resulting in large power spectrum density differences among CCs as discussed in RAN4, since it could lead to unwanted emissions. Therefore a virtual PHR is essential for the avoidance of future resource assignments causing large power spectrum density differences among the aggregated CCs.
It should be noted that in order to estimate the base power of an UL CC, for the calculation of PHR, the power reduction (MPR/A-MPR) applied for a CC shall not consider transmissions on other CCs. With such a definition of
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 is reduced. Hence, not considering transmissions on other CCs improves the accuracy of base power knowledge. In addition, such a definition would be more similar to release 8.
Per-UE PHR
On per UE PHR, our understanding is that such a PHR reflects the situation when multiple CC transmission is realized by a single PA. If there is more than a single PA available in the UE and the CCs are split among the PAs during multiple CC transmission a per PA PHR should be reported. So we discuss per PA PHR in the following. If RAN4 concludes a single PA as the base assumption, the following discussion is then equivalent to a per UE PHR.
In order to estimate a whether future PRB assignment would require more transmission power than the power limit, eNB needs to also know the actual power reduction (MPR/A-MPR) values applied by the PA for a certain resource assignment. For such purpose, a per-PA PHR which indicates a precise view on the instantaneous total UE power status for the current allocation is helpful. 
However since the actual MPR/A-MPR value would vary depending on the assignment/modulation order, eNB should obtain a per-PA PHR (MPR/A-MPR value) for each possible assignment and modulation order for each UE. This doesn’t seem to be a realistic assumption considering the involved complexity. On the other hand instead of using per-PA PHR/MPR reporting eNB can use a conservative assumption for the used power reduction based on the minimum requirements defined by RAN4. This is not perfect but might work sufficiently well using that reduced MPR/A-MPR as the improvement of BLER. 
Here we assume RAN4 defined MPR/A-MPR takes into account realistic PA and sufficient simplicity without inefficient usage of PA. If the simplest approach like one MPR/A-MPR value for all assignment combination is used for MPR/A-MPR value, per-PA PHR is very useful. So we see the importance also depends on how MPR/A-MPR is defined in RAN4. 

Proposal

This contribution discusses per-UE PHR and related aspects. We propose the following:

- UE should report a virtual PHR in spite of no PUSCH transmission in a certain CC. A virtual PHR is defined as in the formula below and is equivalent to the resource assignment factor
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 does not take into account other CC's assignment.

- Per PA PHR is useful but we see some complexity on the exact usage. The usefulness also depends on how MPR/A-MPR is defined and the assumption on PA in RAN4.
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